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ROTATIONAL MOTION OF TOWER CRANE - DYNAMIC ANALYSIS AND
REGULATION USING SCHEMATIC MODELING

Prof.dr. Dogi Ilir, Prof.ass. Lajqi Shpetim”
Faculty of Mechanical Engineering —University of Prishtina, Kosovo (ilir.doci@uni-pr.edu)
“Corresponding author (shpetim.lajgi@uni-pr.edu)

Abstract: This paper deals with dynamic analysis of particular type Construction Cranes known as tower crane during rotational motion
of its jib. Methodology of analysis consists of Schematic Design of model, which implements schemes with block diagrams to analyze cranes
and their parts during particular work cycle. This procedure consists of crane model development of interconnected elements that represents
crane parts, 3-D visualization and simulation of motion. Analysis will be carried out through simulations, and solution of Euler differential
equations of second order gained from schematic model. Dynamic parameters investigated are: acceleration, angular velocity, forces and
torques in main parts of crane, and influence of load swinging. Diagrams will be presented for main parts of crane as the solution results of
the analyzed system. Results gained will be used to get conclusions about dynamic behavior of crane, present graphs of main parameters and
search for regulation of optimal jib rotation. Analysis will be done using modeling and simulations with computer application MapleSim.
Also, results gained from simulations will be compared with those from experimental measurements.

Keywords: TOWER CRANE, CRANE'S JIB, SCHEMATIC DESIGN, DYNAMIC ANALYSIS, ROTATIONAL MOTION,
SYSTEMS REGULATION, MODELING, SIMULATIONS

Study is based in the theory of crane dynamics, multibody
dynamics and systems design. It is a contribution to the topics of
cranes: dynamic analysis, Modeling & Simulation of construction
cranes, control and optimization of rotational motion, Sustainable
design and control, Safety of heavy lifting devices.

1. Introduction

Tower crane taken for analysis is tower crane, the type of
construction cranes with horizontal jib attached to the mast. Model
of tower Crane is designed with software MapleSim 6.1 [3]. It is
created based on data from manufacturer Wolff (Fig.1), [1].
Technical data for the model of crane are: Length of Jib: L; = 44 m,

Mass of Jib: m; = 5230 kg = 51.3 kN; Mass of counterweight jib:
my;; = 2000 kg = 19.62 kN; Counterweight mass: mg, = 8000 kg =
78.48 kN; Height of Mast: L,; = 28.7 m, Height of upper mast: L s
=4 m, Mass of mast: m, = 27310 kg = 268 kN; Max carrying load:
Qnmax = 62 kN; Jib angular velocity: o = 3.5 deg/s. (Fig.2)

2. Schematic design of Tower crane

In Fig. 3 is presented schematic design and block diagram of
tower crane created with software MapleSim 6.1, which enables
topological representation and interconnects related components

[3]. Schematic diagram is created in order to apply analysis,
generate differential equations and apply simulations. Elements of
diagram are chosen to best represent parts of crane and its motion
through simulations.

SD2

Cc2 J2 SP1
t, xr 1, wr C;.
@ o .
m4 < SD3
-y — 3 E%
Fig. 1. Crane type Wolff 6531.6, at the place of work [1] puo
i sp2 Ty
G e e ;
Ty A= Vi VAV N NN H1
O NI
0 < 5 Load
ol S s T s Q
1 [ - . . .. . .
i Puley —, Fig. 3. Block Diagram of tower crane with jib rotational motion
‘ Hook
1.5m_§ c.,.w..::. Block diagram starts from left, with basement and mast of
E H i Q crane, and continues to the right where hoisting and Load Q is
& ; . connected. All crane parts are designed with these elements (Fig.3):
§ Mast - Rigid body frames (bars): Basement frames, left and right —
‘ Lwl & Rwl; Mast- M1; Upper Mast- UM; Counterweight Jib- LJ;
: Jib first part- J1; Jib second part- J2;
Y E - Fixed Frames — Left basement restraint - Lw; Right basement
H\, « Basement restraint — Rw.
T K - Concentrated masses: Basement mass — mw; Mass of mast —
| 8m | 22m 22m

ma, mal; Mass of upper mast- ml, Counterweight mass - mco;

Fig.2. Tower crane main parts and dimensions [1] Masses of Jib-m2, m3, m4; Mass of Pulley system — Pu; Load - Q;



- Revolute joints: Rotation Gear - RG; Rotation links - P1, P2,
P3, P4; Spherical links: Link between jib and telpher — SP1; Hook
link with pulley system — SP2.

On the Rotation Gear - RG is attached rotation motor MR, the
element that gives the power - torque necessary to rotate the crane
with angular velocity w = 3.5 deg/s. For best simulation scenario is
implemented ramp function connected to rotation motor — Rfn.

- Restrain cables - are created with spring and dumping
elements SD1 & SD2, translation link — C1 & C2, cable length — k1
& k2. Left side restraint cables elements — k1, C1, SD1; Right side
restraint cables elements — k2, C2, SD2; Spring constant for restraint
cables is k = 500 kN/m and Damping constant is d = 7 kNm/s [11].

- Lifting cables - are created with Spring and dumping element
SD3, translation link — C3, cable length — k3; For the element SD1,
pring constant for lifting cables is k = 400 kN/m and Damping
constant isd = 7 kNm/s [11].

- Carrying cables — created with cable length element - H1.

Elements SP1, SD3, C3, k3, Pu, H1 and Q represents hoisting
mechanism, and are modelled as double pendulum system. [2],[12]

In Fig. 3 is presented discrete-continuous model of crane used
for model view and simulation. This model is 3-D visualization
created by software recurring from Block diagram in Fig. 3. On this
model, simulations will be performed in time frame of 0<t < 20 s.
During this simulation time, crane will rotate 50°.

Restrain left
cables, k1, Restrain right
5D1,C1 p3py UPPE cables, k2,
'y "o Mast UM 5pj c2 Rotation Jib part, ma
£ | maotion 12 SPl'
w| MCO
Laft lib part,
Jib, L P2,§12, Lifting cables
n k3,C3, -
503
Pu, SP2 —
./ H1
E
b
o
~N
A
| < w
ff7 7

L 8m . 22m | 2m |
f | 21 1

Fig. 4. Discrete-continuous model of tower crane in the form of 3-D
visualization

3. Differential equations of tower crane for the case of
rotational motion

To formulate dynamics of this system, standard Euler-Lagrange
methods are applied, by considering the crane as a multi-body
system composed by links and joints. For a controlled system with
several degrees of freedom (DOF), the Euler-Lagrange equations
are given as [7], [4], [8]:

d (0Ey\ . OE,
— (—) +—=0
dt \dq; 9q;

Where: q; - are generalized coordinates for system with n
degrees of freedom, E, is Kinetic Energy, E, is Potential energy, Q
is the n-vector of external forces acting at joints. Kinetic energy for
mechanical systems is in the form:

E(,q)=54" M) ¢

(i=1, 2...n) (3.1)

3.2)

Ep(q) — is potential energy that is a function of systems position.

M(q) - is a symmetric and positive matrix of inertias [6].

Modern software’s calculate physical modeled systems through
mathematical models, numeric methods and Finite Elements
Method. These calculations are based on Euler-Lagrange Equation
(3.1), and forces acting on crane applied for regulation [5]. The
modeling result is an n-degree-of-freedom crane model whose
position is described by generalized coordinates q = [q; ... q; 1,
and which is enforced, in addition to the applied forces, by m
actuator forces/moments u = [u;... Uy ]", where m<n, [7]. The crane
dynamic equations can be written in the following second order
differential equation:

0E
M()- ¢ + C(a, ¢)-g+ a—;’ =Q(,4)-B"u

where M is the n x n generalized mass matrix, C(q, g) isn x n

3.3)

matrix of Corriolis Forces, a'ipis the vector of gravity, Q is n-
o

vector of generalized applied forces, and BT is the n x m matrix of

influence of control inputs u on the generalized actuating force

vector f, = - Bu, [7].

After completion and testing of model, Software Maplesim has
powerful module for symbolic generation of differential equations.
There are 18 DOF from crane model (Fig. 3), which gives 18
differential equations. Variables in differential equations are:

C1_F(t) — force in translational joint C1; C1_F2(t) — force 2 in
translational joint C1 (towards y); C2_F(t) — force in translational
joint C2; C2_F2(t) — force 2 in translational joint C2 (towards y);
C3_F(t) — force in C3 translational joint; C3_s(t) — motion in C3
translational joint; Pu_n (1), Pu_&(t), Pu_{(1) — variables of pulley
mass Pu; @ n (1), Q_&®), Q_{(1) — variables of load Q; RG_M(t) —
variable of moment-torque in the RG rotation Gear; PI 0(1)-
Rotational variable of P1 revolute joint; P2_6(t)- Rotational
variable of P2 revolute joint; RG_ {(1)- Rotation of revolute joint
(rotation gear) RG; SD2 _s_rel(t) — Relative length of right restraint
cables SD2; SD1 _s_rel(t) — Relative length of left restraint cables
SD2.

3.1. Differential equations

There are 18 Differential equations that represents rotation
motion of crane. They are long; we will present them in short form:

-4-sin(P1(0(t)) =0 (311
4.sin(P1(0(1)) = 0 .(312)
-4+4-cos(P2(0(t)) -SD2_s_rel(t) =0 .(3.1.3)
4-SD1_s_rel(t)- 4-cos(P1(6(t)) = 0 .(3.14)
-C3_F(t)-400000-C3_s(t)-7000-(5- C3_s(1)) = 0 .(3.15)
576000-sin(P1(0(1)) -(-RG_ 0(1))* cos(P1(0(1))-
4.5in(P1(0(1))-C1_F(0)+4- cos(P1(0(1))-C1_F2(t)y+
5760000001 d ,d
WE(E P1(0(t)))-706320- cos(P1(6(t)) =0 ..(3.1.6)
-292180-cos(RG_6(1))-cos(P2_6(t))-sin(Pu_(t))-
sin(Pu_n(1))-cos(Pu_{(1))-( <-Pu_§(1))* C3_s(t)+1112320.
cos(RG_6(t)): cos(P2_0(t))-...- cos(Q_&(1))
(4-(5-Q_((1)))-291280- sin(RG_0(1))- cos(P2_6(1))
- sin(Pu_§(1))- cos(Pu_n(t)-( S-(-C3_s(H))+

3 d,d
= L(ERG_0(1)-RG_M(t) = 0 (3.1.7)

-66200-cos(Pu_&(t))z-(:—tPu_C(t))z-
cos(Pu_0(1))*+6620- (3-Pu_{(1))*C3_s(t)- cos(Pu_6(1))+6620-
cos(Pu_é(t))z-C3_s(t)-(:—tPu_n(t))z...-12640- sin(Q_n(t)):

sin(Q_g(1))- sin(Q_g(t)): (j—tQ_i(t))2 .

- sin(Pu_g(t))- sin(Pu_n(t))- sin(Pu_{(t)) =0 ..(3.1.8)



12640-sin(Pu_&(t))- sin(Pu_n(t))- (;—tPu_é(t))2 -C3_s(t)-
cos(Pu_n(t))-sin(Q_&(t))-sin(Q_n(t))+...+126400-
cos(Q_{(1)) sin(Q_g(1))-cos(Q_n(t))-sin(Pu_g(t))- cos(Pu_n(t))-

cos(Pu (1) (5rPU_ () ror Q) =0 .319)

10000 dt \dt
-2912800-sin(RG_{(t))-Sin(P2_6(t))-cos(Pu_{(t))-
cos(Pu_E(1)- +(5PU_L(H)+...+582560-sin(RG_(1))-
sin(P2_6(t))-sin(Pu_g&(t))-sin(Pu_n(t))-sin(Pu_¢(t))-

“EPU_L(D)- (:C3_s(1) =0

132400 -C3_(t): <(-Pu_n(1)+6620-C3_s(t)>-(=-Pu_n(t)-
662000-cos(Pu_&(1))*=(5-Pu_n()+126400-sin(Pu_{(1))-
S%H(P u_i(t))'goi(l’ u_n(t))-sin(Q_n())-cos(Q_&(1)-
sin(Q_{(t)) —(-Q_&(t) =0

dt dt

.(3.1.10)

(3.1.11)

£5D1_s rel(t) = ——-C1_F(t) - 22-SD1_s_rel(t)

7000 ~(3117)

£5D2_s rel(t) = ——C2_F(t) - 22-SD2_s_rel(t)

7000 +(3.1.18)

4. Experimental measurements

Measurements in the tower crane are done in the place of work,
where crane is mounted, in one local company in Prishtina, Kosovo
(Fig.1 and Fig.5). They will be used for validation of results. Main
measured parameter was force in carrying cables — Fh (Fy). It was
measured with dynamometer type Dini Argeo attached to the Hook
[10], during the rotation of crane (Fig.5). There were 5
measurements achieved, and results are shown in Table.1:

Time (s) Force in carrying cables - Fy (N)
1 61800
5 62600
8 63100
11 62350
17 62150

Table 1. Results of Fh (Fy) with dynamometer in carrying cables

-

Fig.5. Measurements with Dynamometer during rotation of crane

5. Graphical results for main parts of crane

Based on the model created, differential equations gained, and
simulations, results are achieved for main dynamic parameters [2],
[9]: Velocity (v) (m/s), Acceleration (a) (m/s®), Angular velocity (w)
(rad/s), Angular acceleration (a) (rad/s?), Force (F) (N), Force
Moment-Torque (T) (Nm). Results are achieved after simulations
are applied on designed system, Fig.3 & Fig.4. Simulations are
planned to reflect real rotation of crane in order to achieve reliable
results and comparable with experimental measurements. Time of
simulation ist=20s.

Rotation motion is achieved with moment-torque generated
ftom rotation motor MR, as a power element in the system (fig.3). It
enables simulation of jib rotation. Simulation has three phases
(Fig.6) [41.[9]:

First phase — Initial rotation. Value of power torque is M; =
70000 Nm. Time of rotation is 0 s <t < 14 s. Second phase -
Stopping phase of Jib rotation that usually lasts few seconds, while
there is no sudden stop of motion in reality. This phase starts after
first phase, and lasts 3 seconds, at simulation time 14 s <t < 17 s.
Third phase — there is no torque from motor MR, value is M, = 0.
Jib rotation will slow down until it stops. It lasts between time 17 s
<t<20s, which is the end of simulation. It is implemented in order
to monitor end of rotation.

Simulation of crane rotation is achieved with adjustment of
torque given from rotation motor RM, using ramp function Rfn
(Fig.3, Fig.6). Regulation of rotation motion with regulation of
torque is achieved through numerous tests in order to achieve
planned simulation and angular velocity o = 3.5 deg/s, and to get
best results with less oscillations [2], [9], [4]. The value of torque
gained from simulations that accurately represents rotation of jib is
M; = 70000 Nm = 70 kNm. This is the main process of regulation
and control of crane rotation in this paper [5]. Other important
parameters for regulation are:

- Hoisting mechanism - Spring and dumping element SD3 and
translation link C3, in order to minimize effect of vibrations which
appears in lifting cables and jib during rotation [7]. Spring constant
for SD3 is determined with value k = 400 kN/m and damping
constant isd = 7 kNm/s [11].

- Restrain cables - elements SD1, C1, SD2, C2. Spring constant
for SD1 and SD2 is determined with value k = 500 kN/m and
damping constant is d = 7 kNm/s [4]. Restraint cables have higher
stiffness than lifting cables.

Next will be presented graphical results for main parts of crane,
where horizontal axis is time (t = 0...20 s) and vertical axes are
corresponding values of dynamic and kinematic parameters. Only
most significant graphs will be shown.
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Fig.6. Ramp function Rfn
of torque M;, (Nm)

Fig.7. Force Fh (Fy) in carrying
cables (rol), (N)

5.1. Results for carrying cables H1 and Load Q

Carrying cables — H1 (fig.3) and load Q are connected together
as part of hoisting mechanism, and are being carried by crane’s jib.
Load Q makes swinging and oscillations during rotation motion.
This behavior influences directly and indirectly other parts of tower
crane. Results of main parameters are shown in Fig.7 to Fig.11. It is
important to identify dynamic behavior of carried load in order to
understand dynamic occurrences that affect other parts of crane.

In Fig.7 is graph of vertical force Fy in carrying cables H1.
Force F(y) is Componential Force towards y axis, in negative
direction. It has average value of F(y) = |-61000| N, which is close
to measurements in Tab.l. This validates results achieved with
modelling and simulations. Values of other components F(x) or F(z)
are small and will not be shown in graphs. In Fig.8 are shown
acceleration a(y) and angular acceleration a(x) for carrying cables
H1. Graph of acceleration a(y) in cables is more intense at the start
of rotation. Graph of angular acceleration a(x) has heavy dynamic
curve at entire process of rotation.



In Fig.9 are given graphs of load Q changing position in
distance x and y, during rotation.

In Fig.10 are given velocity components v(y) and v(z), which
concludes that load Q has irregular motion and oscillations. v(y) is
very intense at the start of motion, due to swinging of load toward y
axes, but after time t=10 s it has low oscillations. v(z) is velocity on
z axes, that increases until t = 14 s, and after that it stops, due to
decrease and stop of motor torque M; (Fig6). v(z) has less
oscillations than v(x).
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Fig.8. Carrying Cables H1 — acceleration a(y) (m/s?) and angular
acceleration a(x) (rad/s®)
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Fig.9. Position of Load Q — in x and y axes (m)
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Fig.10. Load Q — Velocity v(y) and v(z), (m/s)
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Fig.11. Load Q — angular velocity w(x) and angular accel. a(x)

In Fig.11 are given graphs of angular velocity w(x) and angular
acceleration a(x) of load Q. Curve of these parameters is dynamic,
in a form of sinusoids, with medium periods of oscillations and high
amplitudes, which are intense aftert > 5 s.

5.2. Results for Crane’s Jib

Jib of tower crane is considered most important part for rotation
motion (Fig.1 & Fig.2). It is a horizontal metallic structure with the
grid of beams. Dynamics and oscillations from the load Q and
hoisting mechanism are passed on the Jib. Results of main
parameters — kinematic and dynamic for the Jib first part-J1 are
shown in Fig. 12 to Fig.15. Important conclusion is that oscillations
occurring on Load Q and lifting cables are passed on the Jib of
crane with similar form of curve, periods, and frequencies.

20

0164

Fig. 12. Acceleration a(x) and a(z) in the Jib, (m/s?)
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Fig. 13. Velocity v(z) (m/s), and Angular velocity w(y) (rad/s) in
the Jib
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Fig. 14. Force components F(x) and F(y) in the Jib, (N)
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Fig. 15. Torque T(z) in the Jib (Nm)

Based on graphs and parameters taken for analysis, we can
conclude that parameters are dynamic in nature, almost on entire
process of Jib motion, with high oscillations and amplitudes at the
start of rotation process.



5.3. Results for Restraint cables

Restraint cables (k1 and k2) have stabilizing effect for crane’s
Jib and counterweight Jib. In fig.16 are given graphs of acceleration
a(x) and angular acceleration a(y). Conclusion is that these cables
are under heavy dynamic process with high amplitudes.
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Fig. 16. Acceleration a(x) (m/s?), and angular acceleration o(y)
in Right restraint Cables, (1/s%)
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Fig. 17. Force F(x) (N), and torque T(z) (Nm), in Right restraint
Cables

In fig. 17 are shown graphs of active force component F(x) and
Torque T(z) that act on right restraint cables. At the beginning they
undergo heavy oscillations, which after t>10 s decrease.

5.4. Results for Crane’s Basement

Basement of crane is part where crane is mounted on the
ground. In Fig. 2 is shown with two Fixed Frames named Lw and
Rw, bars Lwl and Rwl and mass mw. Force component R(y) in Fig.
18 is reaction force. Graph has dynamic form of curve, with
oscillations at the start of rotation. Max value of force F(y) is: Fymax
= |-570000| N, at the start of rotation process. After time t > 5.5 s,
values are lower and less dynamic, with low oscillations. Values of
R(x) and R(z) are small and not shown.
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Fig.18. Force component R(y)

Fig.19. Torque T(x) (Nm)

In Fig.18 to Fig.21 are given graphs of components for
moment-torque in the Basement. Oscillations from the Jib and
Restraint cables are passed at the Basement, which most important
support for keeping the stability of crane. In Fig. 20, value of torque
is similar in form as initial torque given by the motor MR (Fig.6).
Negative values of torques, and for other parameters in this work,
are based on orientation towards referent coordinate system,
originating in the Basement’s center point (Fig.2, Fig.4).

0 5 10 15 20
0 5 10 15 20 ; :
1-106
-10000 110
-20000 -2-108
-30000
-3-108
-40000
-50000 4108
-60000 -5-106
-70000*

Fig.20. Basement - Torque T(y) Fig.21. Basement - Torque T(z)

6. Conclusions

The main problem in tower cranes during rotation are
oscillations as dynamic occurrences. It is important to identify and
regulate them. Essential to the design of high performance motion
control is the development of accurate mathematical models — in
order to describe the crane dynamics [12]. To do this we created
crane model with schematic design and 3-D visualization. Important
part of analysis is creating accurate model and implementing proper
simulations plan that reflects real crane’s rotation motion, so that
results are reliable. Results are gained for main dynamic parameters
and compared with experimental measurements. From results it can
be concluded that oscillations in all parts of crane are heavy and
mostly with irregular occurrence. They occur in different planes.
Oscillations have high intensity are mostly at the start of process.
Minimizing oscillations was achieved through planning of rotation
torque, parameters of hoisting mechanism, parameters of restraint
cables and numerous simulations, in order to find optimal rotation
[4], [8]. This is done with the aim to optimize the value of rotation
torque in the motor which is important parameter for regulation and
optimization. This work is also important for safety at work with
cranes. It can be used also for further optimization analysis for other
work processes like load lifting and telpher travel of tower crane.
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Abstract: In this study, the effects of matrix structure (pearlitic, tempered martensitic, lower ausferritic, and upper ausferritic), boronizing
temperature (800, 825, and 850°C) and time (3, 4.5 and 6 hours) on the wear behaviour of Cu-Ni-Mo alloyed ductile iron were investigated.
Wear tests were performed on ball-on-disc type wear tester under the load of 6.8 N, at sliding speed of 6.5 mm/s, at room temperature and
dry sliding conditions. The mass losses were measured after wear tests and the friction coefficients were obtained during wear tests. The
hardnesses and thicknesses of boride layers, microstructures and worn surface examinations (SEM) of the matrix structures and borided
layers were performed. The surface hardnesses of borided samples were obtained three or four times more than that of the matrix
structures. The best wear performance was observed for the sample borided at 850°C for 6 h. The mass loss of this boronizing condition is
0,2 mg and this value is nine times less compared with that of the as-cast pearlitic structure.

KEYWORDS:DUCTILE IRON, MATRIX STRUCTURE, BORONIZING, MASS LOSS

1. Introduction

Bronizing, which is conventionally carried out by holding the
materials at 700-1100°C in a boron-rich environment for diffusion
of boron atoms into the material in order to form a boride layer, is
very attractive thermochemical surface treating technique for
ferrous alloys[1]. Boronizing medium can be in the form of a solid
powder, paste, liquid, or gas. Pack boronizing is the most widely
used boriding process because of its relative ease of handling,
safety, and the possibility of changing the composition of the
powder mix, the need for limited equipment, and the resultant
economic savings[2,3].

The boronizing treatment mostly forms two boride phases; FeB
(more externally) and Fe,B. The significant features of these
borides are their high melting points (1540°C for FeB and 1390°C
for Fe,B), metallic resistivity, high hardness, and excellent wear,
friction, and corrosion resistance[4]. The coefficient of expansion
of Fe,B (2,9x10°® K?) is less than that of iron (5,7x10® K™ and
hence this phase remains in compression after cooling, while that of
FeB (8,7x10® K1) is greater than iron or Fe,B and therefore
remains in tension[2]. This disparity in residual stress can result in
the formation of cracks in the region of the FeB-Fe,B interface,
especially when a component is subjected to thermal and/or
mechanical shock[5].

Generally, the formation of a monophase (Fe,B) with saw-tooth
morphology is more desirable than a double-phase layer with FeB
and Fe,B for industrial applications[6]. The degree of teething
depends on the quantity of alloying elements, carbon concentration,
temperature and time[7]. Industrial boriding can be carried out on
most ferrous materials such as structural steels, cast steels, Armco
iron, grey iron and ductile iron[8]. The most significant parameters
that determine the characteristics of boride layer are processing
temperature and time. Alloying elements mainly retard the boride
layer thickness (or growth) caused by restricted diffusion of boron
into the substrate because of the formation of a diffusion barrier[9].

Ductile iron is a member of cast iron family which draws great
interest due to its unique mechanical properties. Most of this
superiority is achieved by heat treating and surface hardening
processes. Ductile iron can gain variety of matrix structures via
heat treating, an example of which is ausferrite. Almost all surface
hardening processes, applicable for steels, can be successively
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performed on ductile irons. The aim of the present study is to
investigate the effect of boronizing parameters (temperature and
time) and matrix structure on the wear properties of Cu, Ni, and Mo
alloyed ductile iron.

2. Experimental Procedures

The chemical composition of the ductile iron is given in Table 1.
The nodule diameter and nodule count range between 29-37 pum
and 100-155 mm 2, respectively. The nodularity is above 90%.

Table 1. Chemical composition of the ductile iron (wt.%)

C: 3.730 Mg: 0.044
Si: 2.550 Cu: 1.030
Mn: 0.300 Ni: 1.250
P: 0.045 Mo: 0.180
S: 0.023 Cr: 0.032

The heat treatments, given in Table 2, were carried out in order to
obtain various matrix structures, namely tempered martensitic
(TM), low ausferritic (LA), and upper ausferritic (UA).  Test
materials were machined and ground to a cylindrical shape with
dimensions of 15 mm diameter and 20 mm length. Pack boronizing
technique was performed in a solid commercial Ekabor 2 (B,C -
SiC - KBF,) powder with grain size range of 75-106 um. All
samples were packed in the powders mix and sealed in a stainless
steel container.  Boronizing was performed in an electrical
resistance furnace under atmospheric pressure at various
temperatures (800, 825, and 850°C) for 3, 4.5, and 6 h, respectively.
The steel box was followed by cooling in air to room temperature.

Table 2. Matrix structures and heat treatment parameters
Austenitizing

Matrix temperature/time, Tempgrmg andfor cooling

conditions
Tyl ty

™ 900 °C /1 h Oil quenchl_ng, te_mpermg at 400
°C for 1 h, air cooling

LA 900°C /1 h Aust.emperlng at 300 °C for 1 h, air
cooling

UA 900°C /1 h Aust.empermg at 365 °C for 1 h, air
cooling

The hardness of borided surfaces and matrix structures were
measured on the cross-sections using Metkon Mh-3 Vickers
indenter with a load of 1 kg.



An Eclipse MA100 optical microscope was used to examine the
microstructures and depth of boride layers of polished and etched
(with 5% nital solution) specimens, and a Zeiss Evo40 scanning
electron microscope for the worn surface of specimens.

The ball-on-disc abrasive wear tests were performed on
metallographically polished samples at room temperature with the
humidity of 45+5%. A constant load of 6,8 N, a sliding velocity of
6,5 mm/s, and a sliding distance of 140 m were used. For the
counter body, 5 mm diameter tungsten carbide ball with 68 HRc
hardness was selected. The samples were cleaned by ethyl alcohol
and dried before and after the wear tests. Then, the mass losses
were measured by a balance with sensivity of 10* g. The friction
force was monitored continously by means of a force transducer.
The friction coefficients were recorded during the tests. The wear
tests were repeated three times for each boriding parameters and
matrix structures.

3. Results and Discussion

The microstructures of as-cast (pearlitic), TM, LA, and UA matrix
structures of the ductile iron are illustrated in Fig.1. The as-cast
microstructure consisted of bull’s eye structure; ferrite surrounding
graphite nodules in a pearlitic matrix (Fig 1a). While LA structure
shows fine acicular ferrite (dark needles) in Fig 1c, UA structure
shows coarse feathery ferrite (Fig 1d) in the ausferritic structure.

b)

] d L 9
Figure 1. Microstructures of the matrix structures of
a) as-cast, b) TM, c) LA, and d) UA (200X)

©)

The hardness values of matrix structures are given in Table 3. The
TM structure has the highest hardness due to the brittleness effect of
martensite. The UA structure has higher hardness than the LA one.
This result may be due to the second stage reaction. This reaction
occurs at high austempering temperatures, and/or long durations.
High carbon austenite decomposes into carbides and ferrite by the
second reaction. These carbides rise the hardness and lower the
strength and toughness of ductile iron. [10]

Table 3. Hardnesses and mass losses of the matrix structures

Matrix Hardness Mass loss
[HV1] [mg]
As-cast(pearlitic) 413 1,8
™ 614 1,2
LA 464 1,4
UA 494 1,3
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The surface hardnesses of borided samples are given in Figure 2.
The values varied between 1280-1685 HV;. The hardness of the
boride layer was found to be three or four times higher than that of
the as-cast structure. This result is well agree with the previous
study[11]. The hardnesses increased with both the boronizing
temperature and time. This increase is more clear at 850°C. The
durations at 800 and 825°C made no significant variations in
surface hardness values.
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< 1600 -
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Figure 2. Microhardnesses of the borided surfaces

The microstructures of the borided layers are given in Figure 3 for
6h boriding time at 800, 825, and 850°C temperatures, respectively.
The layer thickness is increased with the boronizing temperature.
The boride layer has a tooth-shaped structure. It is observed that
nonuniformed light lines present at interface between the matrix and
the borided layer. These lines are tought to be silicon-rich zones.
Silicon has no solubility in iron boride. Therefore, during the
boronizing process, silicon atoms diffuse inwards and produce
silicon-rich zone[11].

[9) e
Figure 3. Microstructures of the boride layers boronized for 6 h at

a) 800°C, b) 825°C, and c) 850°C (500X)

The effect of boronizing parameters on the boride layer thickness is
given in Figure 4. As the boronizing temperature and time
increased, the boride layer also increased as consistent with the
previous studies[12,13]. The thickness and hardness of the boride
layer depends on the substrate material being processed, boron
potential of the boronizing compound, boronizing temperature-time,
boronizing mediums and their compositions[3]. The increase rates



of boride layer by the boriding time have close values of
approximately 64, 59, and 60% at 800, 825, and 850°C,
respectively.
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Figure 4. Thicknesses of the boride layers

The mass losses of matrix structures are given in Table 3. The
values are varied inversely proportion with their hardness values.
Namely, the highest hardness structure showed the least mass loss
such as in TM structure. This result confirms that hard surfaces are
more resistant to wear.

The mass losses by the boronizing temperature and time are given
in Fig 5. At 825 and 850°C boronizing treatments, mass losses are
decreased by the process duration. An oppose and unexpected
result is observed at 800°C. For all durations at 800°C, due to
having low microhardness values (Fig 2.), the mass losses are
unexpectedly lower than that of 825°C. It can be concluded that
800°C boronizing temperature is not enough for the studied alloyed
ductile iron. As the alloying elements retard the diffusion rate of
boron into the substrate, the higher boronizing temperatures are
required for the expected performance. The durations at 850°C is
more effective in mass loss as in boride layer. Boronizing at 850°C
for 6h showed the least mass loss among all parameters as 0,2 mg.
C. Li et al. [14] reported that higher temperature and longer process
duration result in more excellent wear resistance. The pearlitic as-
cast structure showed nine times more mass loss comparing to that
of specimen boronized at 850°C for 6h (Table 4 and Fig. 5).

m3h ®45h 6h
0,8 -
=0,6
E
£0,4
K=
A
© .
< 0,2
0
800°C 825°C 850°C
Boriding temperature, [°C]

Figure 5. Mass loses by the boronizing temperature and time
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The friction coefficients of the pearlitic, TM, LA, and UA structures
are given in Fig 6. At the beginning of wear tests, the friction of
coefficients increased to high values and then lowered and catched
the steady state for all structures. The as-cast pearlitic structure has
the lowest friction coefficient with more steady distribution.

Having many boriding variables, it was not possible to illustrate the
friction coefficient distributions of borided surfaces in a graph.
Wider distributions in friction coefficients of borided surfaces were
observed compared with that of the matrix structures. The values
are ranged between 0.15-0.65 at 800 and 825°C boriding
temperatures for all durations. However, a narrow range of values

between 0.15-0.3 was observed at 850°C.  Moreover, the
distributions of friction coefficients were more steady at 850°C.
—— Pearlitic (as-cast)
— Lower ausferritic
07 —— Upper ausferritic
' ——— Tempered martensitic
=06
Q
% 0’4 “'WMMM‘.‘JNM“VMI. LI
]
t 03 ) s b
202
.2
= 0,1
0 T T T T T T T T T T T 1
0 50 100 150
Sliding distance, [m]

Figure 6. The friction coefficients of the matrix structures

Figure 7 illustrates the SEM graphs of worn surfaces of the matrix
structures (TM and LA) and surfaces borided for 6 h at 800°C and
850°C temperatures. The micro scratches in the matrix and the
micro cracks, formed at graphite-matrix interface, are dominant in
the TM structure (Fig 7a). An adhesive wear mechanism is more
effective with significant plastic deformation in the LA structure (
Fig 7b). The worn surface of sample borided at 800°C for 6 h
showed remarkable amount of cracks (Fig 7c)

c) 1
Figure 7. SEM graphs of the worn surfaces of structures a) TM and
b) LA and surfaces borided for 6 h at ¢) 800°C and 850°C (600X)



4.Conclusion
The following conclusions can be drawn from the present study:

The hardness values of the borided surfaces increased
three and/or four times higher than that of the as-cast
structure.

The surface hardnesses increased with both the
boronizing temperature and time. This increase is more
clear 850°C temperature.

The boride layer thickness increased with both the
boronizing temperature and time. This increase rates by
the boriding time have approximately close values as 64,
59, and 60% at 800, 825, and 850°C, respectively.

800°C boronizing temperature is found to be low to
generate expected boride layer on the studied alloyed
ductile iron. Many micro cracks were detached on the
worn surface of 800°C/6 h borided sample.

Boronizing at 850°C for 6 h showed the least mass loss
among all parameters as 0,2 mg. The pearlitic structure
showed nine times more mass loss according to that of
this boriding parameter.

The friction coefficients were more steady for the matrix
structures than the borided ones. The as-cast pearlitic
structure has the most steady and lowest friction
coefficient value.
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ERGONOMIC ASPECTS WHEN DESIGNING LUMINAIRES BASED ON LED LAMPS.
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Introduction

Fixtures based on LEDs lamps are of interest now, as the direction
of actively developing lighting systems and devices.

When designing LED luminaires, tasks are set for matching
ergonomic studies to reduce the contrast of the light pattern,
eliminate the light drop and uniformity of the illuminated space.

It should be noted the current trend in designing fixtures-reducing
size, weight, saving materials.

Fundamentals

The starting points for creating a good living environment lighting:
parameters are formed as a result of studying the visually
perceptible space, taking into account human physiology.

Lighting by LED emitters performs the following tasks:
-operational (allows you to read, recognize visual information of all
kinds, navigate in space)
-psychological ~ (creates
entertainment and mood)
-provides and creates prerequisites for greater safety of work and
leisure

-hygienic (stimulates the maintenance of cleanliness)

favorable incentives, comfort,

The main factors of visual perception:
-maximum improvement of perception of visual information for
performance of work.
-provision of an appropriate level of performance of tasks:
-maximum work safety assurance
-provision of necessary level of visual comfort.
Level of required illumination is determined by the following
parameters:
- the smallest object size of view, in mm (from 0.15 to 5)
-the scope of visual work: (from the 1st to the 9th)
-contrast of the object of view with the background (small,
medium, large)
-characteristics of the background (dark, medium, light)
Dependence of the visual system on the surrounding space
Perception in the work area allows you to determine the
characteristics of the reliability of human performance.
The quality of lighting of any premises should be evaluated
complex, according to the requirements and various lighting
factors.
Artificial lighting is divided into:
general,
local,
combined and special (with specific technical characteristics:
scattered, directional, reflected)
The color of light, or the spectral composition of the light flux,
affects the appearance of the illuminated object. Because of the
brilliance in direct lighting, the reading efficiency, after 3 hours is
reduced by 80%, with a system of reflected light and no glare, the
reduction is -10%.
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Calculation of the required number of luminaires of general
lighting in the premises is made by the formula (the height of the
suspension of luminaries -1000mm above the illuminated surface)

where "n" is the number
of fixtures, pcs .; "k"-coefficient for the color and tone of walls,
floor and ceiling (1,5-2,5); "1" - length of the room, m; "b" - width
of the room, m; "Em" - illumination given, Ix; "®"-light stream of
light sources of one lamp, Im. The level of illumination depends on
the height of the suspension and decreases in proportion to the
square of its change:

The number of lamps must be increased in proportion to
the square of the height change.

For local illumination of the workplace in combination
with general lighting should be at least -20% of the workplace
illumination.

Optimal lighting is designed according to

Distance value

Contrast

The property of the illuminated surface

Dynamics and time

Color Specifications

Physiological - enables a person to see, work, create

Project parameters

Age of the person
Restriction of sight

Performance Visual adaptation
Toti Perception of colors
characteristics Depth of field
Levels of illumination
Lighting Distribution of brightness

Spectral composition-color rendition

(the accuracy of the perception of the color

of the object depending on the color of light)

The absence of zones of glare (glare)

Flicker (light pulsation)

The distribution of the shadow and the direction of light
(light flux)

characteristics

Influence of the human pose

Visual field limitation

Technical requirements for railroad cars - safety during
operation

Recycling

Ecological compatibility

Accuracy of visual work:

-negated

-very high

-medium

Specificity of the
consumer situation

*With age, sensitivity decreases: the need for a person in
the illumination of 30 years of age is 2 times, for a 40-year-old at 3,
and for a 50-year-old is 6 times greater than for a ten-year-old.

Advantages when using LED lights:
- there is no flicker of light.
- small size and weight.
- high light output with low power consumption.
- fast turning lights on and off - instant.
- increased stability to vibrations and impacts to other external
influences.
- white light of high quality, color rendering index in the range of
80-95.



-optimal radiation pattern depending on the purpose of illumination
with the possibility of creating scattered light or directional light.
-absence in the radiation spectrum of the infrared component and
low heat generation, lack of heating of surrounding objects and
surfaces.

-warranty guarantee with any humidity and ambient temperature
from -50 to +50 ° C.

-simplified the supply and management of electricity.

-miniature sizes of radiating elements allow to widely embed LEDs
in bearing structures and elements of lighting systems.

-the maintenance and operation of the luminaire is simplified.
-automatic control of the luminous flux and the process of
switching on the luminaire is possible.

-color temperature control can be provided by electronic sensors
and logic systems). Comfort is provided in use, high consumer
qualities are formed.

-LED lights have a very high efficiency, reaching 75% or more,
which allows you to significantly (in 4-5 times) reduce power, load
on the network. The costs associated with the cost of consumed
electricity are reduced.

Such technological and design solutions are appropriate.

AN

Fig.1,LEDs produced in a very wide range of colors - up to IR and UV
ranges.

They can be either monochrome or multicolored (when several
crystals of x colors are concentrated in one body), for example,
RGB.

One of the drawbacks of these LEDs is the low scattering angle of
the light flux: usually not more than 60°.
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Fig.2, SMD LED

In addition to LEDs, SMD LEDs are also available. This includes
super bright white and color LEDs with a power of about 0.1 W in
a surface mount case. The dimensions of the housings are usually
standard for any SMD type elements: 0603, 0805, 1210, etc., where
the marking denotes length and width in hundredths of an inch or
in millimeters. In this case, there are both varieties with a convex
lens, and without it.
Clearly classifying all the variety of LEDs is difficult, because
rarely those or other LEDs are produced for some specific
purposes. Nevertheless, the main directions of their application -
indication and lighting - remain the same for the time being, and
the classification given here is suitable for creating a general idea
of the types of LEDs.
Specificity and design features of fixtures:

As a rule, the design of the luminaire consists of a support base, a
fixing element, a rod, a bracket, a reflector. Also, the lamp is

equipped with a diffuser of light or diffuser.
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Achievement of uniformly illuminated space is achieved. The
problems of reducing the contrast of the light pattern are solved,
and the difference in the illumination is eliminated.

The luminaire provides the possibility of using in a complex spatial
situation-placement and illumination in hard-to-reach places.

When designing, it is envisaged that the luminaire can be easily
mounted and adjusted for operation.

The envelope of the radiating element is of small size (its size is a
multiple of the design of the lamp). Weight devices are relatively
small, there is a significant savings in materials (while reducing the
cost of the lamp).

Fig.3, Waterproof version of LED for bathroom

No deposits are formed, maintenance and care (removal of dust,
insects, other contaminants) are facilitated.

The electrical safety is easily ensured. The risk of injuries and life
threatening effects is reduced (the work of the light system is
ensured by a low current and voltage strength-usually designed for
safe voltages of 12 + 24V).

The mechanical durability of the LEDs is large. Their service life is
up to 50000 hours. Therefore, a long service life allows you to
increase the period between repair and maintenance.

2

Fig.4, Demonstration of formation on the example of LEAD

Influence of modern lamps on health and human vision:

The negative effects of blue LEDs on humans are noted. The blue
spectrum, when viewed, causes overstrainment of the visual area of
the brain in a matter of minutes.

There are risks of disability in sight at working age. When working
with color information, there is also a danger to health. It has been
shown to have a negative effect on the retina of the eye; for
example, blue light abruptly suppresses the production of
melatonin in humans, there is a risk of blindness. With LED light, a
large proportion of blue falls on the retina of the eye, than in
sunlight with the same illumination of the retina. In sunlight, the
ratio of the various components of its spectrum is adequate and
does not lead to unnecessary intensity of the human eye.

With a large dose of blue in the spectrum of lighting, the so-called
Melanopsin forms a signal to reduce the diameter of the pupil. This
reduces the energy illumination of the retina, protecting it from
exposure to a large dose of blue light. Melanopsin has 2 peaks of
maximum photosensitivity - at 460 nm and 480 nm. The dose of
blue light that gets on the retina depends on the pupil @, which
decreases depending on the amplitude at 480nm, the LED has a dip
of 480nm. With LED lighting, this ratio is not respected, since
there is a dip in the spectrum of such a light source. With a large



dose of blue in the spectrum, melanopsin does not form a signal to
reduce the diameter of the pupil. Thus, most of the blue light of the
LED hits the retina of the eye.

Comparison of TRI-R technology with filters
in a conventional LED:
The newest LEDs of Sun Like emit purple, and the light is not
blue, which then passes through a layer of phosphorus with three
light filters - for blue. Interlayer technology is called TRI-R. The
principle of technology - purple crystals 420 nm, which are painted
with red, blue and green phosphors. In the white light spectrum of
LEDs (TRI-R technology), the dip at 480 nm is eliminated and
there is no excess dose of blue. The spectrum is close to solar.
Advantages of LED lamps using TRI-R technology:
-lighting is optimal in magnitude, close to the calculated
-the spectrum is close to solar
- the lack of pulsation in time and noise from the ballast (ballast)
- uniform distribution of lighting of the working area in accordance
with the design
-high manufacturability and structural variability

Prospects for the development and expansion
of the use of LEDs:
Designers create conceptual models (Fig.11), prototypes of future
systems. The appearance of the lamp is developed in both
traditional and retro style(Fig.6), classical or the latest avant-garde
trends. Formed not stylized eclectic forms, but the most rational
solutions from the structural and aesthetic side.
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Fig.7, Design models of non-traditional forms are created, with new
consumer functions.

The possibility of dynamic editing is provided. Providing rotation,
shearing and moving in space.

A separate class of luminaires with autonomous power supply
(energy sources with solar panels and batteries)

When manufacturing, progressive production processes -3D
printers and other modern technologies can be used. They allow the
integration of light-emitting diodes into various materials (such as
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polycarbonate, polyethylene, epoxy compositions and others)
electrical elements.

LED systems are now actively developing in landscape (Fig.8)
architecture. In the design of the lighting system in this case, it is
easy to take into account various weather factors, difficult weather
conditions. The ventilation of the lighting system is simplified.
Low accumulation of moisture in the luminaire (there is a slight
formation of condensation).

'

Fig.8, Fashionable and conceptual form of a landscape lamp

The experience of architectural application proves the perspective
of light sources on light-emitting diodes. They allow you to get a
light spot of any shape with minimal loss. There are solutions that
allow using a single LED illuminator to highlight light columns,
bridges and  similar  architectural  elements.(  Fig.9)

Fig.9, Formation of a light image in the interior

Based on LEDs, you can create light sources

with a small beam angle of 5 +10°.

Technologies on light-emitting diodes allow to pass from static
illumination of architectural elements of buildings to dynamic and
colorful color representations, to reveal features of architectural
objects (Fig.10).To ensure comfortable lighting in various areas
and.appearance.



Fig.10

The use of light-emitting diodes for illumination of pools and in
premises with high humidity has widely spread.

The main models of luminaires based on LEDs

Fixtures are developed practically for all household needs: floor,
table, suspended, wall, portable, for exterior, landscape use,
souvenir and others.

Performed in designs for lighting paintings, equipment,
highlighting exhibits.

Dynamic lighting using LEDs influences the visual estimation of
interiors, the perception of dimensions, details, and its color
solution. LED lighting fixtures help to harmonize physiological
processes in a person, provide vital modes rhythmically, "around
the clock™.

Fig.12 Forms of LED lamps are simple and geometric

They are designed to perform decorative equipment, functions of
symbolic indexing of space or creation of the necessary
imaginative atmosphere and toys.

Used LEDs of different designs, creating almost all the colors of
the rainbow.

a2 3

Fig.11, Forms of LED lighting fixtures in retro or parametrizm style

I——

Fig.13, A typical example of the shaping of a lamp based on LED
There are models for building graphical interfaces, other
information carriers and systems (visual communications and other
information tools).
The so-called "Art objects" based on LED systems stand out as a
separate consumer niche of household lamps.
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Fig14, Wide possibilities of shaping

Conclusion

Based on the results outlined above.

It is necessary to take into account socio-cultural factors, styles of
basic aesthetic trends. It is possible to carry out synthesis of
modern art and the latest technologies; there are the most extensive
opportunities for creating a form. Such technological and design
solutions are suitable for providing comfort when using LED, and
their high consumer qualities are formed. | believe powerful LEDs
will soon replace outdated light sources.

There is a tendency: designers develop "disposable"models of
fixtures using LEDs.

The cost of replacing the LED element and repair is comparable to
the production of the entire product and may exceed the cost of the
lamp itself. This contributes to the marketing appeal. It is easier
and cheaper to design LEDs.

Thus, they reflect the latest trends. Optimization contributes to
improving consumer properties and quality of household products
based on LEDs.

Now the technologies of LED lamps are actively developing, so
final standards and standards have not been developed yet.
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As an illustration of the appearance of the luminaire on the LEDs,
the "Danko" system is presented,
(overall size - 750mm x 280mm, Material of construction - plastic).

The "Eol" system is presented,
Lamp for comfort in the living room

(overall size -1800mm x@600mm,

Material of execution - steel chromeplated).

The "Shaherezada™ system is presented, Floor lamp for creating a
cozy atmosphere in the home

(overall size -1600mm x @350mm, material of the lampshade-Silk,
base -Cu).


http://finelighting.ru/svetilniki/lampy/svetodiodnye/svetovoj-potok-kratkaya-xarakteristika-osobennosti.html
http://finelighting.ru/svetilniki/lampy/svetodiodnye/svetovoj-potok-kratkaya-xarakteristika-osobennosti.html
http://ledno.ru/svetodiody/vidy-led.html

The "Malevich" system is presented,
for changing the position of the luminaire suspension in a dwelling
(overall size -* @270mm x1000mm,

Material of execution - steel chromeplated).

As an illustration of the appearance of the luminaire on the LEDs,
the "Galaxy" system is presented,

(overall size -2000mm x1000mm, Material of execution - steel
chromeplated).

A feature of this model is the function of changing the
location of the LED modules (conical shape). The lighting system
has a shaped star structure and is easily transformed. The central
reflector can be lowered down for local illumination-an additional
function for providing effective and comfortable illumination of
space.

Design this model (only 5 models)

© Vladimir Vinogradov
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Abstract: This paper presents a model for determining the static load on movable spatial console lattice girder and the clamps which
bounded the same one. The paper presents guidelines for theoretical determination of the static load using an appropriate software package
and conducted modeling for this purpose. Also, the paper displays the methodology for experimental determining the static load by setting a
model for the experimental measurement on the specific measuring points of the clams and the characteristic positions of the carrying
console. The research is carried out on a concrete real object and the results are shown numerically and graphically, which enables
carrying out an analysis of the load and deducing concreting conclusions about the research object.

Keywords: CARRYING CONSOLE, CLAMPS, STATIC LOAD, THEORETICAL DETERMINATION, EXPERIMENTAL

MEASUREMENT

1. Introduction

The carrying construction of the working wheel on a rotating
excavator is a spatial steel console bounded with clamps, which can
be moved in a horizontal and vertical plane. In the horizontal plane,
moving this console is enabled by turning the lower construction of
the excavator. In the vertical plane, the moving is from nethermost
position where digging is below the ground level to the uppermost
position at the maximum digging height above the ground level.

The spatial carrying console is with a lattice design, which at its
first end is jointly connected, and at the free end carries the working
(rotating) wheel of the excavator. The console is bounded with two
clamps, usually with a rectangular cross-section, which with the
opposite ends are carried on to the upper construction of the
counterweight of the excavator (ballast construction).

The static load of the clamps of this spatial console lattice girder
is by its own weight from the construction that they hold, and
theoretically these are the load sizes for the standby condition of the
excavator. In particular, the static loads of the clamps are tensile
forces as a reaction from the weights of the elements on the working
wheel and its carrying construction.

The static load of the clamps can be determined by theoretical
and experimental way. The theoretical determination is based on a
static calculation of the forces in the clamps using the static balance
conditions for the three characteristic positions of the carrying
console - uppermost, horizontal and nethermost position. The
experimental determination is based on an experimental
measurement of the forces in the clamps, at measuring spots
(points) in the most loaded cross-section of the clamps, for the
characteristic positions of the carrying console.

2. Theoretical determination of the static load

For theoretical determination of the static loads onto the clamps,
it is necessary to set up the model of the carrying console and its
clamps. The mathematical (numerical) model needs to implement a
computer static calculation, and the same one should be close to the
real model.

For a concrete rotating excavator, the excavator SRs-630/I
product of the German company TAKRAF, which works in the
coalmine "Suvodol" Bitola, sets the real and mathematical model of
the carrying console and its clamps (Figure 1 and Figure 2).

Knowing the technical characteristics of the construction and
application of a matrix analysis of the construction with a software
package for this purpose, the static loads for the characteristic
positions of the load carrying construction are determined, or loads
on the excavator’s standby without taking into account the working
conditions.
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The theoretical (analytical) determination of the static loads on
the clamps of the rotating excavators finds justification in the
development phase of the excavators (even when there is no real
object) because it is a faster and cheaper way but with less accuracy
than the experimental determination.

Calculated sizes of forces in the clamps which come from static
load, using the SAP 2000 software package, are listed in Table 1.

Upper side

Panel 1 Panel 2 Panel 3 Panel 4 Panel 5 Panel 6 Panel 7 Panel 8

Chief cantilever |

Chief cantilever Il

Under side

%

Fig. 1 Real model of the carrying console

Fig. 2 Mathematical model of the carrying console and its clamps



Table 1. Theoretical sizes of forces from static load

Tension force in [KN]

Position of carrying structure Right Left
clamp clamp
Uppermost 773.13 748.01
Horizontal 850.32 823.39
Nethermost 819.47 792.92

3. Experimental determination of the static load

The experimental determination of the static loads on the
clamps of the carrying consoles could be done by measuring the
strains to which they are exposed when the excavator is on standby,
for characteristic positions of the console. The strains in excavator
standby position are reaction to the own weight of the structural
elements.

Stresses measurement of clamps is carried out in an indirect
way, or by measuring the dilatations at certain measuring spots of
the clamps with the most used method for this purpose - the
tensiometric method. The dilatations of the measuring points are
measured with the set measuring strain gages, and the connection of
the dilatations with stresses and stresses with loads should be
established using certain settings of the materials strength.

The measurement of the static loads of the two clamps on the
carrying console of the rotating excavator working wheel requires a
longer and more difficult preparation, given the working conditions
of the excavator which is carried out according to a conceptual
methodology for this purpose.

For the measurements of the excavator SRs-630 onto the both
clamps there are placed five measuring gages for measuring axial
stresses, with different layout on each clamp. The measuring gages
on the two clamps are placed in the intersection, which according to
the estimation is considered to be the most overloaded, and is
located at the transition from the constant cross-section of the
clamps toward the tilt, where the clamps with the little axles are
joined to the carrying console of the excavator's wheel. The
arrangement of the measuring gages for the right clamp is shown in
Figure 3, and for the left clamp in Figure 4.

Fig. 3 Measuring gages on the right clamp, with an inside view

Fig. 4 Measuring gages on the left clamp, with an inside view

The measured sizes of loads from the static load, at each of the
measuring points (spots) of the both clamps are shown in Table 2
for the three characteristic positions of the carrying console on the
excavator's working wheel.

Table 2. Experimental sizes of forces from static load

Magnitude of force from static load in [KN]

Position Right clamp Left clamp
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In order to obtain a clearer picture of the measurement
magnitudes obtained by the experimental measurement, all the final
results of the performed measurements are processed and
systematized and the diagrammatic shown in Figure 5.
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Fig. 5 Static load on the clamps for the characteristic positions of the
carrying console

4, Measurement characteristics

The static load of the clamps was measured by the following
way: the carrying structure of the working wheel was leaning in a
lower position at rest, on supports with hydraulic pumps, in which
position the clamps were loosened, or unloaded. This condition is
the conditional zero of the load on the clamps. The carrying console
is raised by about 2 m and the static load on both clamps is
measured for a horizontal position. The carrying console was then
lifted up to its uppermost position, for which position the static load
of the clamps was measured. The static load on the clamps was also
measured for the nethermost position of the carrying console on the
working wheel.

During the measurement, the static load change in the clamps
was followed from the influence of:

- removal of the hydraulic support of the carrying console;

- turning the console left and right ;

- turning the working wheel without load;

- the work of the conveyor tape on the carrying console without
load;

- the transport of the excavator.

From all previously mentioned the following conclusion is
ascertained:



The extraction of hydraulic supports does not cause a change in
the static load on the right clamp, while in the left this change is
small by increasing on the measuring spot 6 and decreasing on the
measuring spot 7.

When turning the carrying console to the right, change in the
load on the right and left clamp is recorded. On the right clamps -
the measuring spot 1 and 4 have a lower force, which is 62% and
59% respectively of the load size in this position of the console
before the turning starts; at the measuring spot 3, an increase of
69% of the load before turning; no change in load was recorded at
measuring spot 2. On the left clamp - at the measuring spot 5 there
is a 38% reduction in the load; on measuring spots 7 and 8 there is
an increase of 100%; while no change has been recorded at
measuring spot 6.

When turning the carrying construction to the left it is recorded
for the two clamps the same load change at measuring spots as
when turning to the right, but with some smaller forces.

The rotating of the working wheel without load does not cause a
change in the load condition of the clamps.

The work of the conveyor tape without load does not cause a
change in the load on the clamps.

The transport of the excavator also does not cause a significant
change in the load. Negligible oscillatory load changes are recorded
at measuring spot 3 on the right clamp and measuring spot 6 on the
left clamp.

5. Conclusion

The theoretical determination results of the static loads on the
clamps of carrying console should be treated as orientation values
because they do not take into account the specific working
environment impacts and the actual technical condition of the
excavator, as well as the change in the size of the forces at different
positions at the cross-section of the clamps.
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The experimental determination results of the static loads on the
clamps of carrying consoles are relevant for further analysis. The
analysis of the results of the experimental measurement showed that
the relevant sizes for the loads of the clamps are the measured
forces at the neutral axis of the cross-section of the clamp
(measuring spot 2 at the right and the measuring spot 6 on the left
clamp).

The static loads of the clamps are the largest for the horizontal
position of the carrying console, with the note that the load on the
right clamp is greater.

The display on the same diagram of the measured forces for the
two clamps per measuring spots and positions of the carrying
console allows us to perceive the difference in the load sizes of the
two clamps for the same position of the carrying console, for all
measuring spots, as well as the difference in the load per measuring
spots for the characteristic positions of the console.
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Abstract: A change in essential operating parameters of a high speed direct injection turbocharged diesel engine MAN D0826 LOH15
during the injected fuel mass flow variation was presented. Based on two measurement sets, performed with standard diesel fuel, several
operating parameters were calculated: engine torque, effective power, excess air ratio, specific effective fuel consumption and heat released
per engine process. All of the calculated parameters are presented for a wide engine operating range. Along with calculated, several
important parameters were measured, in addition to those presented in measurement sets. Additional measured parameters were lubrication
oil temperature and exhaust gas temperature before and after the turbocharger turbine. Those calculated and measured parameters allow
deep insight not just into the engine process, but also in the process of turbocharging, which is very important in the analyzed diesel engine

operation.

Keywords: DIESEL ENGINE, TURBOCHARGER, FUEL MASS FLOW VARIATION, EXPERIMENTAL ANALYSIS

1. Introduction

From the invention of an internal combustion engine,
experimental measurements are the basis for their operating
parameters analysis, [1] and [2]. Along with internal combustion
engine measurements, numerical simulations have been developed
to make easier, faster and cheaper investigations of engine operating
parameters.

Today, several types of diesel engine numerical models were
developed: OD (zero dimensional) models [3], multizone models
[4], quasi dimensional models [5] and [6], while the last and most
detailed ones are CFD (Computational Fluid Dynamic) models [7].
In order to determine the accuracy and precision of each model,
they must necessarily be validated in several different measuring
points of the tested engine. Therefore, experimental engine
measurements are inevitable, even nowadays.

To reduce diesel engine emissions and improve engine operating
parameters, researchers are intensively involved in implementing
combustion of different alternative fuels in existing diesel engines.
Two researches of alternative fuel usage in diesel engines are [8]
and [9]. A complete review of green fuels as alternative fuels for
diesel engines is presented in [10] while review of performance,
combustion and emission characteristics of bio-diesel fuelled diesel
engines presented authors in [11].

In this paper was presented change in the operating parameters of
a high speed direct injection turbocharged diesel engine during the
injected fuel mass flow variation. Operating parameters analysis
was based on two measurements set at different engine rotational
speeds. Measurements were obtained with a standard diesel fuel D2.
Analyzed parameters can be divided in two groups: calculated ones
and measured ones. Calculated operating parameters were engine
torque, effective power, excess air ratio, specific effective fuel
consumption and heat released per engine process. Measured
operating parameters were a temperature of lubrication oil and
exhaust gas temperatures before and after the turbocharger turbine.
The presented operating parameters allow insight into a wide
operating range of the analyzed engine.

2. Investigated diesel engine specifications

The investigated diesel engine was a high speed direct injection
turbocharged diesel engine MAN D0826 LOH15, designed for a
truck or small ship drive. The main engine specifications and
characteristics are presented in Table 1. The piston geometry is
characterized by an eccentric hole in piston head which is used for
the fuel injection. In order to maximize the suction and exhaust
valve flow rate, the fuel injector is positioned eccentrically and
hence the hole in the piston head is positioned in the same way.

Table 1. Engine specifications
Number of cylinders 6

The total operating volume 6870 cm®
Peak effective power 160 kW
Cylinder bore 108 mm
Cylinder stroke 125 mm

Compression ratio 18

Crank radius 62.5 mm
Length of the connecting rod 187.2 mm
Nozzle diameter 0.23 mm
Number of nozzle holes 7

3. Diesel engine measurement results and measuring
equipment

Engine measurement was performed in the Laboratory for
Internal Combustion Engines and Electromobility, Faculty of
Mechanical Engineering, University of Ljubljana, Slovenia.

Measured engine was connected to an eddy current brake Zollner
B-350AC, Fig. 1. Measurements control was secured with a control
system KS ADAC/Tornado. Cylinder pressure was measured with
pressure sensor AVL GH12D, placed in an extra hole in the
cylinder head. The cylinder pressure signal was led to a 4-channel
amplifier AVL MicrolFEM.

The piston top dead center was determined by a capacitive sensor
COM Type 2653, and the crankshaft angle was measured by crank
angle encoder Kistler CAM UNIT Type 2613B with an accuracy of
0.1° crank angle.

Lubrication oil temperature was measured with Greisinger GTF
401-Pt100 Immersion probe while the flue gas temperature at the
turbocharger turbine inlet and outlet was measured with two
Greisinger GTF 900 Immersion probes.

D "
/b P ' o 'A. ¥
Fig. 1. Diesel engine MAN D0826 LOH15 connected to eddy
current brake during the measurements



Several measurement sets were carried out and for analysis in this
paper are selected two measurement sets presented in Table 2 and
Table 3. Each measurement set has almost constant engine
rotational speed (1500 rpm and 2400 rpm), but in each
measurement set fuel and air mass flow constantly increases from
operating point 1 to 4. Air mass flow must have the same trend as
fuel mass flow in order to obtain complete combustion.

Table 2. Obtained measurement results - Set 1

IS

e Fuel . . Brake

% o | mass Al;lcr)r\;\?ss Rosta;:ec:jnal reaction | BMEP*

% Z| flow (kgls) (P m) force (bar)

$ | (g | M9 P (N)

=
1 9.198 0.10076 1498 292.2 5.10
2 13.447 | 0.11192 1502 449.7 7.86
3 18.040 | 0.12672 1502 594.6 10.39
4 22.453 | 0.14146 1501 735.0 12.84

* BMEP = Brake Medium Effective Pressure

From the measurement Set 2, Table 3, is visible that at the higher
engine rotational speed (2400 rpm) injected fuel mass flow
increases in comparison with measurement Set 1 (Table 2), along
with simultaneous increase in air mass flow.

Table 3. Obtained measurement results - Set 2

c

o Fuel - . Brake

E S| mass Alltl(;rxss Ros'(a;L(:jnal reaction | BMEP*

3 2| flow (kgs) (IP m) force (bar)

g | komy) | VO P (N)

=
1 14,774 | 0.19158 2401 234.4 4.09
2 21.815 | 0.22495 2402 391.1 6.83
3 | 28.842 | 0.26069 2399 525.4 9.18
4 | 35.364 | 0.29387 2399 638.4 11.15

* BMEP = Brake Medium Effective Pressure

4. Equations for
parameters

calculating engine operating

In each operating point engine torque was calculated according to
the equation:

M=F-.R (1)

where M (Nm) is torque, F (N) is brake reaction force and R (m)
is the brake prong length on which the reaction force is measured.
For eddy current brake Zollner B-350AC, brake prong length
amounts R = 0.955 m.

Engine effective power was calculated by using an equation:

M-2-z-n
60-1000

ef =

O]

where Pg (kW) is effective power and n (rpm) is engine
rotational speed.

Excess air ratio was calculated according to the equation:

Tt -3600

3
e - L ®
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where 4 () is excess air ratio, m, (kg/s) is an air mass flow,
ms (kg/h) is the fuel mass flow and Ly (-) is a stoichiometric air

mass, which is dependable on used fuel properties. During
measurements is used standard diesel fuel D2, which lower heating
value (Hg) amounts Hy = 42700 kJ/kg and stoichiometric air mass
amounts Ly = 14.7.

Specific effective fuel consumption was calculated by using an
equation:

riy -1000

ber = 4
) Fet @
where b (9/kWh) is specific effective fuel consumption.
The heat released per process is obtained with an equation:
_ M Hy 5
Qo ="5 ®)

where Qp, (kd/proc.) is heat released per process.

5. Change in calculated and measured engine
operating parameters with discussion

During the lower engine rotational speed (Set 1), an increase in
engine torque is much sharper than for the higher engine rotational
speed (Set 2), Fig. 2. For the engine rotational speed of 1500 rpm,
maximum obtained torque was 701.93 Nm, while at a rotational
speed of 2400 rpm maximum torque was 609.67 Nm. The change of
engine torque, in each observed measurement set is almost linear
(engine torque linearly increases with the increase in fuel mass
flow). For the same fuel mass flow, significantly higher engine
torque is obtained at lower engine rotational speed.
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Fig. 2. Change in engine torque for each measurement set

For each engine rotational speed, effective power has the same
trend - it increases during the increase in engine fuel mass flow. The
maximum effective power in measurement Set 1 is 110.3 kW, while
in measurement Set 2 maximum effective power amounts 153.2
kW, Fig. 3. For the same fuel mass flow, the higher effective power
is obtained at lower engine rotational speed. From that fact can be
concluded that for the tested engine during the same fuel mass flow,
higher torque at 1500 rpm has a greater impact on engine effective
power increase than the increase in rotational speed from 1500 rpm
to 2400 rpm.

Gasoline engines operate strictly with air excess ratio equal to 1
(because of the three-way catalyst) while diesel engines operate
with excess air ratio bigger than 1. For the analyzed engine, excess
air ratio in each measurement set decreases during the increase in
fuel mass flow, according to equation (3). In measurement Set 1
(1500 rpm) excess air ratio decreases from 2.68 at the lowest fuel
mass flow to the 1.54 at the highest fuel mass flow, Fig. 4. In
measurement Set 2 (2400 rpm) excess air ratio has significantly
higher values than in measurement Set 1. In Set 2 excess air ratio



decreases from 3.18 at the lowest fuel mass flow to the 2.04 at the
highest fuel mass flow. At the higher engine rotational speed, for
the same fuel mass flow, the engine consumes much bigger air mass
flow.
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Fig. 3. Change in engine effective power for each measurement set

33

.
3.4
29 | I | | | | |#set1
_— . ® Set 2
FEE .
E 25 kW .
= ., :
@ 23 o
g 21 -
I - .
19
1.7 + | : 1l “'n.,__
15 il
8 10 12 14 16 18 20 22 24 2 28 30 32 34 38

Fuel mass flow (kg/h)
Fig. 4. Engine excess air ratio change for each measurement set

Specific effective fuel consumption, for engine measurement Set
1 and Set 2 is presented in Fig. 5. For both engine measurement
sets, specific effective fuel consumption, calculated by using
equation (4), firstly decreases after which follows the slight increase
during the increase in fuel mass flow.

In measurement Set 1 (1500 rpm) specific effective fuel
consumption amounts 210.12 g/kWh at the lowest fuel mass flow
and 203.57 g/lkWh at the highest fuel mass flow. The lowest value
of specific effective fuel consumption in measurement Set 1
amounts 199.04 g/kWh for fuel mass flow of 13.447 kg/h.

In measurement Set 2 (2400 rpm) specific effective fuel
consumption amounts 262.57 g/kWh at the lowest fuel mass flow
and 230.85 g/kWh at the highest fuel mass flow. The lowest value
of specific effective fuel consumption in measurement Set 2
amounts 228.82 g/kWh for fuel mass flow of 28.842 kg/h.

From Fig. 5 can be seen that at the higher engine rotational speed,
specific effective fuel consumption has much higher values in
comparison with the lower rotational speed.
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Fig. 5. Specific effective fuel consumption change for each engine
measurement set

The heat released per engine process for both analyzed engine
measurement sets is presented in Fig. 6. For the same fuel mass
flow, heat released per engine process is much higher in Set 1 (1500
rpm) in comparison with Set 2 (2400 rpm).
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In measurement Set 1 heat released per engine process amounts
4.37 kd/proc. at the lowest fuel mass flow and 10.65 kJ/proc. at the
highest fuel mass flow while in measurement Set 2 heat released per
engine process amounts 4.38 kJ/proc. at the lowest fuel mass flow
and 10.49 kJ/proc. at the highest fuel mass flow.
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Fig. 6. The heat released per engine process change for each
measurement set

A temperature change of engine lubrication oil is presented in
Fig. 7 for each observed measurement set. Engine lubrication oil
temperature change has the same trend in each measurement set,
temperature increases during the increase in fuel mass flow.
However, the curves which described oil temperature changes are
not of the same type in each measurement set.

In measurement Set 1 engine lubrication oil temperature
increases from 96.33 °C at the lowest fuel mass flow until 105.42
°C at the highest fuel mass flow. In measurement Set 2 engine
lubrication oil temperature increases from 103.14 °C at the lowest
fuel mass flow until 111.45 °C at the highest fuel mass flow.

Lubrication oil temperature is not an essential engine operating
parameter, but it is important to measure it in order to maintain
lubrication oil temperature within the range recommended by the
producer.
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Fig. 7. Engine lubrication oil temperature change for each
measurement set

Exhaust gas temperature has the highest value before the engine
turbocharger turbine. It is important to measure exhaust gas
temperature before and after turbine in order to calculate turbine
power which is transferred directly to air blower. On that way can
also be calculated air pressure after blower and compared with
measurement results.

At each measurement set, exhaust gas temperature before the
turbine increases during the increase in fuel mass flow, Fig. 8. In
measurement Set 1 exhaust gas temperature before the turbine
increases from 344.39 °C to 623.54 °C while in measurement Set 2
exhaust gas temperature before the turbine increases from 387.44
°C to 632.93 °C from the lowest to the highest fuel mass flow in
each measurement set.
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Exhaust gas temperature after the turbine has the same trend as
exhaust gas temperature before the turbine, Fig. 9, it increases
during the increase in fuel mass flow for each measurement set. The
same trend of temperatures before and after the turbine provides
information about the satisfactory operation regime of turbocharger
turbine, without its detail analysis.

In measurement Set 1 exhaust gas temperature after the turbine
increases from 307.67 °C to 543.6 °C while in measurement Set 2
exhaust gas temperature after the turbine increases from 317.52 °C
to 486.79 °C from the lowest to the highest fuel mass flow in each
measurement set.
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6. Conclusions

In this paper is presented a change in operating parameters for a
high speed direct injection turbocharged diesel engine MAN D0826
LOH15 during the injected fuel mass flow variation.

Based on a two measurement sets at different engine rotational
speed (1500 rpm and 2400 rpm) is presented change of different
engine operating parameters. Calculated engine operating
parameters, based on measurement results, were engine torque,
effective power, excess air ratio, specific effective fuel consumption
and heat released per engine process.

Measured temperature of lubrication oil increases during the
increase in engine fuel mass flow and it is important to maintain the
oil temperature within the range recommended by the producer.
Measured exhaust gas temperature change before and after the
turbocharger turbine are the important elements in the analysis of
turbocharging process and its efficiency.

Engine analysis was performed with standard diesel fuel. In
future research will be interesting to compare the same operating
parameters when engine uses alternative fuels or its blends with
standard diesel fuel. This thought will be the guiding idea in future
investigation of this engine.
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ENERGY EFFICIENCY AND ENERGY POWER LOSSES OF THE TURBO-
GENERATOR STEAM TURBINE FROM LNG CARRIER PROPULSION SYSTEM
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Abstract: Turbo-generator (TG) steam turbine energy efficiency and energy power losses in a wide range of turbine loads were presented in
this analysis. For TG steam turbine was investigated influence of steam specific entropy increment from the real (polytropic) steam
expansion on energy power losses and energy efficiency. TG turbine energy power losses, during the all observed loads, were in the range
from 646.1 kW to 685.5 kW. The most influenced parameter which defines change in TG turbine energy power losses is steam mass flow
change, while for small steam mass flow changes, influence of steam specific entropy increment on steam turbine energy power losses is the
most influential. Steam specific entropy incremental change can be used to estimate the change of TG steam turbine energy efficiency.
Increase in steam specific entropy increment resulted with a decrease in TG turbine energy efficiency and vice versa. Analyzed steam turbine
energy efficiency ranges from 53.84 % to 60.12 %, what is an expected range for low power steam turbines.

Keywords: TURBO-GENERATOR, STEAM TURBINE, ENERGY EFFICIENCY, ENERGY POWER LOSSES

1. Introduction ]
. . . Een = m-h 3)

Marine steam turbine propulsion plants nowadays can be found

in a number of LNG carriers [1]. Such steam propulsion plant Energy efficiency may take different forms depending on the

consists of many constituent components [2] and one of them is o J£'the svstem. Usually. enerqy efficiency can be written as
turbo-generator (TG) which steam turbine is analyzed in this paper [{%]: 4 ' ¥, 9y y

from the aspect of energy.

The analyzed LNG carrier has at disposal two identical turbo- Energy output
generators which are designed to cover all ship requirements for Nen=———
electrical power. Each TG turbine has identical operating
parameters (inlet and outlet temperatures, pressures and mass flows)
and for the analysis is selected one of them. Steam turbine for each
electric generator comprises of nine Rateau stages. Steam turbines
with Rateau stages and their complete analysis can be found in [3].
Many details of the classic and special designs of marine steam
turbines and their auxiliary systems are presented in [4] and [5].

The goal of the TG steam turbine analysis was to determine the
specific entropy increment increase during steam expansion from
the real exploitation for different steam turbine loads. Increase in
steam specific entropy increment, usually indicate an increase in
system energy power losses (in this analysis system is a TG steam
turbine). It was examined the influence of steam specific entropy
increment change on TG turbine energy power losses and energy
efficiency change, at each observed operating point. (fira, h1, 51)

Main characteristics of the LNG carrier in which steam

propulsion system is mounted analyzed turbo-generator are /
presented in Table 1. ¥

Table 1. Main specifications of the LNG carrier Steam turbine
Dead weight tonnage | 84,812 DWT

Overall length 288 m \
Max breadth 44 m Electric generator

= @
nergy input

2.2. Turbo-generator turbine energy efficiency and energy
power losses

Steam turbine for each turbo-generator drive is condensing type
and consists of nine Rateau stages [11]. Schematic view of steam
turbine directly connected to an electric generator (the whole set of
steam turbine and electric generator is called turbo-generator) is
presented in Fig. 1. In Fig. 1 is also presented steam mass flow
along with specific enthalpy and specific entropy at the steam
turbine inlet and outlet.

Design draft 9.3m

Propulsion turbine Mitsubishi MS40-2 (e, ha, 52)
(max. power 29420 kW) 6 12 22
2 x Shinko RGA 92-2 v

Turbo-generators

(max. power 3850 KW each)

Fig. 1. Specific enthalpy, specific entropy and steam mass flow

2. Equations for steam turbine energy analysis through the turbo-generator turbine
2.1. General equations for the energy analysis Steam mass flow in relation to the real developed turbine power
for TG turbine, regarding the producer specifications, is presented

Energy analysis is defined by the first law of thermodynamics, in Fig. 2.

which is related to the conservation of energy [6]. Mass and energy

balance equations for a standard volume in steady state disregarding Real TG turbine power calculation at different loads was

potential and kinetic energy can be expressed according to [7] and necessary for the TG turbine correct energy analysis. The turbine

[8] as: real developed power curve was approximated by the third degree
. . olynomial using data from Fig. 2:

My =2 Moyt 1) e g d

: 4 , =-4354.10" . m3; +6.7683-10° - mé +
Q—P=XmMoyr Nour —ZMin -y ) Frore e Te (®)

+0.251318 - myg — 256.863

Energy power of a flow for any fluid stream can be calculated
according to the equation [9]:
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where Prgre Was obtained in (kW) when myq in (kg/h) was

placed in the equation (5). Steam mass flow through the TG turbine
(myg) was measured component, while the developed real TG

turbine power was calculated according to equation (5).
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250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000

Turbine power (kW)

Fig. 2. Real TG turbine power in relation to the steam mass flow
[11]

During measurements, no steam leakage on the analyzed TG
turbine was observed, so the mass balance for the TG steam turbine
inlet and outlet is valid as:

©

According to Fig. 1 and Fig. 3, h; is steam specific enthalpy at
the turbine inlet, and h, is steam specific enthalpy at the turbine
outlet after real (polytropic) expansion. Steam specific enthalpy at
the turbine inlet was calculated from the measured pressure and
temperature. Steam specific entropy at the turbine inlet s; was also
calculated from measured steam pressure and temperature at the
turbine inlet. Steam real specific enthalpy at the turbine outlet was
calculated from the turbine power Prggre in (kW) and measured
steam mass flow mg in (kg/s) according to [12] by using an

equation:

Myg1=Mrg2 =Mrg

U]

P
h, -y 108

Mrg

The steam real specific entropy at the turbine outlet s, was
calculated from steam real specific enthalpy at the turbine outlet hy,
calculated by using equation (7), and measured pressure at the
turbine outlet.

Steam specific enthalpy after isentropic expansion h,s was
calculated from the measured steam pressure at the turbine outlet p,
and from known specific entropy at the turbine inlet s;. Ideal
isentropic expansion assumes no change in steam specific entropy
(51 = s2s), Fig. 3.

Steam specific enthalpy at the turbine inlet, steam specific
enthalpy at the end of isentropic expansion and both steam specific
entropies (at the turbine inlet and outlet) were calculated by using
NIST REFPROP 8.0 software [13].

To proper described TG turbine energy power losses, in any
steam turbine operating range, it must be known the real turbine
developed power and isentropic power, which can be developed in
the ideal situation (when the change in steam specific entropy does
not occur). Isentropic steam turbine power, according to Fig. 3,
should be calculated as:

@)

Isentropic steam turbine power will always be higher than the
real developed power, because of higher specific enthalpy
difference (increment) during the isentropic expansion in
comparison to the real polytropic expansion.

Prg,is = Mg - (N1~ hys)

Steam turbine (TG turbine) energy power losses can be
calculated as:

©)

Etc.enpL = Pro,is — Pro.re = Mg - (hp —hys)
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h
L.
\

Isentropic expansion

2s

Saturation line

Fig. 3. Turbo-generator steam turbine real (polytropic) and ideal
(isentropic) expansion

Energy efficiency of TG steam turbine can be calculated
according to [14] and [15] by using the following equation:

S (hy—hy) _ Prore
M (h—hys)  Pres

(10)

3. Measurement results and measuring equipment of
the analyzed TG steam turbine

Measurement results of required operating parameters for TG
turbine are presented in relation to the propulsion propeller speed,
Table 2. Propulsion propeller speed is directly proportional to steam
system load, higher propulsion propeller speeds denote higher
steam system loads and vice versa.

Table 2. Measurement results for TG turbine

8 E P “E g E E wn < 5]
§2 |30 L85 208 _|82E
22F |gF=TIEZ5 dF-aT|ELET
S3g |ap2l|§cnSlagel eSS

4 = <5
a5 mcg;v g‘F.E Mmevugo
= 3 ) S E =] a (P =

o [9p) - = wn
25.00 6.21 491.0 0.00541 4648.83
41.78 6.22 491.0 0.00489 4556.16
56.65 5.97 490.5 0.00425 4000.58
65.10 6.07 491.0 0.00392 3838.78
70.37 6.07 502.5 0.00397 3778.91
76.56 6.01 504.5 0.00420 4070.84
80.44 5.89 501.5 0.00554 4689.03
83.00 5.90 493.5 0.00561 4487.93

All the measurement results were obtained from the existing
measuring equipment mounted on the TG turbine inlet and outlet.
List of all used measuring equipment was presented in the Table 3.

Table 3. Used measuring equipment for the TG turbine analysis

Steam temperature | Greisinger GTF 601-Pt100,
(TG inlet) Immersion probe [16]
Steam pressure Yamatake JTG980A,

(TG inlet) Pressure Transmitter [17]
Steam pressure Yamatake JTD910A,

(TG outlet) Pressure Transmitter [18]
Steam mass flow Yamatake JTD960A,

(TG inlet) Pressure Transmitter [18]
Propulsion Kyma Shaft Power Meter,
propeller speed (KPM-PFS) [19]




4. TG steam turbine energy analysis results with the
discussion

Steam specific entropy difference (increment) between the inlet
and outlet of the TG steam turbine is presented in Fig. 4 for all the
observed steam system loads. As the steam specific entropy at a TG
turbine inlet is almost constant during the all propulsion propeller
speeds, specific entropy increment is the most influenced by steam
specific entropy at the TG turbine outlet.

From the lowest to the highest observed propulsion propeller
speeds, TG turbine steam specific entropy increment (difference)
firstly increases from 1.69 kJ/kg-K at 25.00 rpm up to 2.02 kJ/kg-K
at propulsion propeller speed of 70.37 rpm, after which decreases to
the lowest value of 1.69 kJ/kg-K at 83.00 rpm.

Increase in steam specific entropy increment, usually indicates an
increase in system energy power losses, for a large number of
different systems [14]. It will be interesting to analyze does the
same conclusion is valid for the TG steam turbine.

- e °

[ Specific entropy
difference

- Specific entropy
inlet

+ Specific entropy
outlet

Steam specific entropy inletand
outlet (kJ/kg-K)

Steam specific entropy difference
between inlet and outlet (kJ/kg-K)

B =

80.44

=

25.00

41.78 56.65 65.10 70.37 76.56 83.00

Propulsion propeller speed (rpm)

Fig. 4. Steam specific entropy change at the TG turbine inlet and
outlet along with specific entropy difference (increment) between
inlet and outlet

TG steam turbine isentropic and real power is presented in Fig. 5.
The change in both TG turbine power for all observed propulsion
propeller speeds must have the same trend. Isentropic TG turbine
power can theoretically be developed by using the real operating
parameters, but without any losses (without change in steam
specific entropy). TG real power is the power developed according
to real measured operating parameters in the LNG carrier
propulsion system during navigation.

In the whole range of observed steam system loads, isentropic TG
turbine power varies from 1423 kW up to 1711 kW, while in the
same load range real TG turbine power varies from 766 kW up to
1025.5 kW. The real TG turbine power depends on the current need
for electricity and it changes depending on the inclusion or
exclusion of the individual electrical consumers.

The difference in isentropic and real TG turbine power represents
energy power losses of the real TG steam turbine process in
comparison with ideal one.

1750

1650
1550 +
1450 + { — -

-+ TG power-isentropic|
-#- TG power-real

56.65 80.44

1350 +
1250
1150 +
1050

950 +

Turbo-generator power (kW)

850 +

750

25.00 41.78 85.10 70.37 76.56 83.00

Propulsion propeller speed (rpm)

Fig. 5. Change in TG turbine power (real and isentropic) for all
observed propulsion propeller speeds

Increase in steam specific entropy increment reduces available
steam specific enthalpy difference which will be used in steam
turbine. As a result, increase in steam specific entropy increment
will cause a decrease in real developed steam turbine power.
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From Fig. 4 and Fig. 6 can be seen that the change in TG turbine
specific entropy increment does not have the most significant
influence on TG steam turbine energy power losses. For example,
between propulsion propeller speed of 41.78 rpm and 56.65 rpm,
steam specific entropy increment increases, Fig. 4, while for the
same propulsion propeller speeds TG turbine energy power loss
decreases, Fig. 6. The same occurrence is visible between
propulsion propeller speeds of 76.56 rpm and 80.44 rpm when
steam specific entropy increment decreases while for the same
propulsion propeller speeds TG turbine energy power loss
increases.

The most significant influence on TG steam turbine energy power
losses has steam mass flow through the turbine. In general, increase
in steam mass flow will increase TG turbine energy power losses,
while a decrease in steam mass flow will decrease TG turbine
energy power losses. TG steam turbine energy power losses,
between some observed operating points, during a small change in
steam mass flow are also influenced by steam specific entropy
increment.

Between propulsion propeller speed of 41.78 rpm and 56.65 rpm,
TG turbine energy power losses decrease, Fig. 6, because of a
noticeable decrease in steam mass flow from 4556.16 kg/h to
4000.58 kg/h, Table 2. Increase in steam specific entropy increment
between these two propulsion propeller speeds does not have
significant influence on energy power losses change, Fig. 4.

Also, between propulsion propeller speeds of 76.56 rpm and
80.44 rpm TG turbine energy power losses increases, Fig. 6,
because of noticeable increase in steam mass flow from 4070.84
kg/h to 4689.03 kg/h, Table 2, regardless of steam specific entropy
increment noticeable decrease, Fig. 4.

On the other side, for a small change in steam mass flow, steam
specific entropy increment can have an important influence on TG
turbine energy power losses change. When compared propulsion
propeller speeds of 65.10 rpm and 70.37 rpm, steam mass flow
decreases from 3838.78 kg/h to 3778.91 kg/h, Table 2, but this
steam mass flow decrease does not cause a decrease in TG turbine
energy power losses, Fig. 6. Between these two propulsion propeller
speeds, increase in TG turbine energy power losses occurs because
of a notable increase in steam specific entropy increment, Fig. 4.

Final conclusion which can be derived is that the most influenced
parameter on TG turbine energy power losses is steam mass flow.
For a small change in steam mass flow, steam specific entropy
increment takes a leading role in affecting the change of TG turbine
energy power losses.

690

680 1

670 T

660
650 +

640+ |

Energy power loss (kW)

630

620

70.37

65.10

Propulsion propeller speed (rpm)

Fig. 6. TG turbine energy power loss change in all observed
propulsion propeller speeds

Steam specific entropy increment can be used as an essential
parameter for evaluation of TG steam turbine energy efficiency
change. During the increase in steam specific entropy increment,
TG turbine energy efficiency decreases and during the decrease in
steam specific entropy increment, TG turbine energy efficiency
increases. This conclusion is valid for every two observed
propulsion propeller speeds, during the whole investigated TG
turbine load range, Fig. 4 and Fig. 7.

The highest TG turbine energy efficiency of 60.12 % was
obtained for the lowest steam specific entropy increment of 1.69



kJ/kg-K at the propulsion propeller speed of 25.00 rpm (the lowest
observed TG turbine load), Fig. 7. The lowest TG turbine energy
efficiency of 53.84 % was obtained for the highest steam specific
entropy increment of 2.02 kJ/kg-K at the propulsion propeller speed
of 70.37 rpm.

The analyzed TG steam turbine is a low power steam turbine. Its
energy efficiency, for the observed loads, ranges from 53.84 % to
60.12 %, what is an expected range of energy efficiency for low
power steam turbine in general [9].

61
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59 4
58 -
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54
53 1

Energy efficiency (%)

52 1
51 +

50 4

25.00

41.78 56.65 65.10 70.37 76.56 80.44 83.00

Propulsion propeller speed (rpm)

Fig. 7. TG turbine energy efficiency change in all observed
propulsion propeller speeds

5. Conclusions

This paper presents an analysis of energy efficiency and energy
power losses for low power steam turbine, in a wide range of
turbine loads. For the analyzed TG steam turbine was investigated
influence of steam specific entropy increment from the real
(polytropic) expansion process on energy power losses and energy
efficiency.

TG steam turbine energy power losses were calculated as a
difference between steam turbine real developed power (polytropic
steam expansion) and power which can be developed in an ideal
situation without any specific entropy increment (isentropic steam
expansion). It was found that TG turbine energy power losses,
during the all observed loads, were in the range from 646.1 kW to
685.5 kW. Steam specific entropy increment does not have a major
influence on TG turbine energy power losses change in general, but
for small steam mass flow change, influence of steam specific
entropy increment on steam turbine energy power losses is
dominant. The most influenced parameter which defines change in
TG turbine energy power losses is steam mass flow - increase in
steam mass flow caused an increase in TG turbine energy power
losses and vice versa.

Steam specific entropy increment change can be used to estimate
the change of TG steam turbine energy efficiency. Increase in steam
specific entropy increment resulted with a decrease in TG turbine
energy efficiency and decrease in steam specific entropy increment
resulted with an increase in TG turbine energy efficiency.

NOMENCLATURE

Abbreviations: Greek symbols:

LNG Liquefied Natural Gas -

TG Tu(i’bo generator n efficiency, -
Latin Symbols: Subscripts:

E stream flow power, kJ/s en energy

h specific enthalpy, kJ/kg IN inlet

m mass flow, kg/s or kg/h IS isentropic (ideal)
p pressure, MPa ouT outlet

P power, ki/s PL power loss

0 heat transfer, kJ/s RE real

S specific entropy, kJ/kg-K
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THE IMPACT OF THE CONSTRUCTIVE PARAMETERS OF THE BUMPER OVER
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Abstract: With the analysis and synthesis of the process of crashing, the impact of every factor is estimated in the generation and the
development of the accident, and conclusions are drawn regarding the impact of particular elements from the vehicle over the consequences
from the accident.

The bumper system is a component of the vehicle intended to reduce the effects of the bumps on the front and the rear of the vehicle, its
components and the shell. The cost of the damage and the protection regarding the bumper are the main criteria used to evaluate the
efficiency of the impact of the bumper system, especially at low impact velocity.

This paper is representing the results of a deducted analysis and an investigation of the influence of the bumper system alongside its
constructive parameters to the extent of the damage in low impact velocity. The investigation is primarily relating to statistical analysis of
average damage, overall weighted average damage and variations in the amount of damage.

KEYWORDS: bumper system, accident damage, overall weighted average damage.

1. Introduction conditions, certain conclusions will be drawn concerning the
The automotive industry has been known to be very estimate of the safety capabilities of the vehicle regarding its
competitive as far as its design and material usage are concerned. bumpers.

The automotive industry always faces greater market pressure to There are two significant aspects of the impact of the vehicle
develop high quality products more quickly at lower costs, reduce o the aftereffects of the accident regarding the bumper:

weight in order to improve fuel efficiency and costs. One of the  _ The jmpact over the size of the injuries on a pedestrian regarding
many purposes of the traffic jam safety measures is a construction the incursion of the vehicle with the pedestrians.

of a safe vehicle which regarding its functions is supposed to  _ Tpe impact over the size of the damage of the vehicles

represent the least influencing factor in the generation of causes that  harticipants in the accident.

lead to creating detrimental consequences over all participants in

the traffic jam and its environment, and, at the same time, in case an The main target of this paper is expansion and deepening the
accident has occurred, to reduce or to completely baffle all possible knowledge about the impact of the bumper with its constructive
consequences. The vehicle, regarding its constructive-technical and characteristics on the damage of the vehicle low impact velocity.
exploitative assets, the maintenance during the exploitation and the

method of commandeering in traffic is one of the most important 2, The role of the bumper in the safety capacities of
factors regarding safety. Starting from this particular definition the vehicle

regarding a vehicles safety in traffic, a broad space for investigation

of _aII _ parameters is_ unclogged, which through the stage _ of  The automobile bumper is a structural component of a vehicle that
projecting will lead to increase in the total value of safety regarding  contributes to the improvement of the total asperity of the vehicle

vehicles. and its protection at front or rear impact. The bumper, firstly and
Systematizing the characteristics of the safety of the vehicle ~ Mostly is intended to protect the body, the headlights or the

according to its specifics, they can be divided into three categories: stoplights, the indicators, the hood, the coolers and the other safety-

- Characteristics of active safety, which include all parameters that ~ Pounded components of the vehicles in a low impact velocity.

have an impact on the possibility of occurrence of an accident; But of course, the most important factor that affects the

- Characteristics of passive safety, which include the parameters  outcome of the accident is the impact velocity. The size of the
that have a preventive impact over the consequences of the  gamage of the vehicles is proportional to the impact velocity of the

accident; when the vehicle is partaking in an accident, the  yehijcles that partake in the accident. At higher impact velocities
construction of the vehicle and the construction of its parts and units  thejr impact over the damage of the vehicles is primary and

and their setting, to enable minimal or no injuries to the passengers  gominant and the impact of the vehicle with its constructive
in the vehicles and the incoming pedestrians, and also minimize the  characteristics and in that context also the bumper, is secondary. At
material damage of the vehicles, participants in the accident, the v impact velocities of the vehicles the impact of the construction

road and the environment. of the vehicles over the aftereffects of the accident is significant.

- Characteristics of a catalytic safety, which include the parameters In 2002 11HS conducted a research in traffic accidents in five
which indirectly contribute to the occurrence of the accident or pjg cities, recorded in their native departments for estimation of
increment the consequences of that accident. damage of the insurance companies. One of the conclusions of this

The characteristics of the passive safety refer to all of the parts, study was that 14% of the accidents in the urban areas were impact
units and elements which affect the consequences of the prompted itk Jow impact velocities.

accident in any way. The process of crashing is complex and
dependent on various factors and their correlation. The subject of
investigation in this paper is confirmation of the contribution of the
bumper, with its constructive parameters to the consequences of the
crash where the participants are moving with low speed. Through
analysis of series of experimental crashes carried out in controlled

The bumper system is generally composed of four main
elements: bumper cover, absorber, bumper carrier and holders,
which are used for attachment with the body (the shell) of the
vehicle.
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Figure 1: The main components that constitute the bumper system
and their relation [2]

The leading restricting constructive factor for the bumper
system regarding the construction of the entire vehicle is its volume.
The bumper cover for the most part has a design function while its
function regarding the vehicle’s safety is minor. Because of that,
and in order to achieve low production costs, this element at today’s
modern vehicles is only fabricated out of plastic: polystyrene,
polycarbonate or acrylonitrile butadiene styrene. The carrier is the
most significant element of the bumper system which protects the
vehicle against frontal impacts and rear impacts. The carrier is
manufactured out of steel sheet, aluminum, fiberglass, composite
material or plastic. Commonly, an element which absorbs the
energy from the crash is set between the carrier and the cover.
Unlike the carriers, the absorbers are made out of low density
materials. The bumper system is attached to the shell of the vehicles
via holders through a rigid frame or via elastic framework as the
newer constructive solutions suggest, using special mechanisms so-
called shock absorbers, which have additional meaning, to absorb a
part of the kinetic energy of the crash.

The geometry, stability and the capability to absorb energy
from the crash are the key qualities of a good bumper system. Its
width and length and the vehicle’s height position, its capability to
prevail the integrity, form and position before and after a low
impact collision. The bumper also has to be constructed in a way to
be manageably mending, easy and by low costs, after a collision at
low speed of the vehicles.

There are various concepts used while projecting the bumpers,

even for same class vehicles or models from the same manufacturer.
The bumper system is a compromise of its design, its capability to
bsorb a part of the energy of the crash and its manufacturing costs.
Some manufacturers pay special attention to the style and the visual
effect on the account of the safety possibilities of the bumper which
results in high damage costs in collision at low speed of the
vehicles.
By analyzing the behavior of the bumpers, in the implementation of
a controlled series of collisions, a relevant conclusion can be drawn
that today's modern bumpers are not improved with safety features
in relation to bumpers in older vehicles.

3. Regulatory normative regarding the vehicle
bumpers

The need for reaching a certain level of standardized quality of
the bumpers sets the necessity for establishing a certain regulative
in this area.

ECE Regulation No 42, adopted by the United Nations
Economic Commission for Europe, requires the vehicle's safety
system to continue to operate normally after the front or rear of the
vehicle is under the influence of a pendulum set at 455 mm above
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the ground, loaded or unloaded at speed from 4 km per hour, along
the entire length, i.e. 2.5 km per hour when operating in the corner
on the bumper.

49 CFR part 581, American standard, prescribes requirements
regarding the vehicles performance in a collision, front or rear, at
low speed. The requirements apply to both the front and rear
bumper of the vehicle, with a demand to prevent damage to the
body and other equipment when hitting a barrier at a speed of 2
miles per hour along the entire length of the bumper i.e. 1miles per
hour in a hit of the corner on the bumper.

Canadian regulation is very similar to the American. Also, this
area is subject of regulation from the norms, the rulebooks of many
scientific organizations, but not the NCAP programs for assessing
the safety capabilities of the vehicle.

4. Realization of an engineering experiment.
Discussion.

In this paper, by using statistical methods, the dependence of
the height of the damage to the vehicle on the characteristics of the
bumper system is analyzed and assessed, in the event of a low-
speed collision, that is, the subject of statistical analysis are the
results obtained from a series of experimental collisions in
controlled conditions, realized by IIHS [3], according to the
Bumper Test Protocol (Version VIII, September 2010) [4]. In this
case, four types of impacts of the vehicle in a stationary obstacle are
analyzed, which is simulating a bumper of another vehicle at rest:
impact with front bumper, corner impact with front bumper, impact

——
-

)&

with rear bumper and corner impact with rear bumper.

Figure 2: Impact with front bumper; corner impact with front
bumper; impact with rear bumper; corner impact with
rear bumper

The analyzed vehicles are classified into the following four
groups: mini urban vehicles, small urban vehicles, medium-sized
vehicles and limousines.

The subject of calculation and analysis is the average level of
damage segmented by vehicle groups and impact type, overall
weighted average damage (OWAD), level of variation and source of
variations. In order for the measured sample to be considered
relevant for further processing and withdrawing valid conclusions,
it is necessary to be made a revision in the case of existence of
rough errors and their elimination and to check out the fulfillment
of the conditions of normality and homogeneity of the measured
sample. For the four groups of vehicles, or their database, using the
Grabs test, a conclusion can be drawn as the absence of a rough
error. The high values of the p - indicator, significantly larger than
the adopted level of risk of 5%, confirm the basic hypothesis that
the data in the analyzed bases of the four groups of vehicles, follow
the regularity of normal distribution.



TABLE 1: Average costs of damage from the performance of

experimental crashes for the four groups of vehicles.

From the display it is obvious that the average costs for the
calculated damage of the vehicles for the front impact are
significantly higher in relation to rear impact whether it is a full or
corner impact. Considering the configuration of the vehicle, the
greater compactness in the rear as well as the existence of essential
parts in the front of the vehicle, this conclusion is completely
understandable. To see the level of variation, we will analyze the
characteristic sizes of the normal distribution of the so-called
overall weighted average damage (OWAD). OWAD is calculated
when the amount of damage from the front and rear full impact is
multiplied by two, and then collected with the amounts of damage
to the corner front and rear impact. The amount thus obtained is
divided by six and the value of the OWAD is obtained.

FULL IMPACT CORNER IMPACT

Group of

vehicles Front ($) | Rear ($) | Front($) | Rear ($)
Mini urban

vehicles 2.119 1.388 2.161 706
Small

urban 2.553 1.308 1.505 888
vehicles

Medium-

sized 2.244 1.455 1.938 1.193
vehicles
Limousines 3.421 1.657 2.614 1.055

$1,800

42,400

Anderson-Daring Normalky Test
A-Squared 0.25
P-Value 0.733

1834.5
624.1
389443.6
24
855.0
1280.0
1789.5
2299.8
Maximum 2932.0

95% Confidence Interval for Mean
1570.9 2098.0

Mean
StDev
Variance
N

Minimum
1st Quartie
Median

3rd Quartie

3,000

—

95% Confidence Interval for Median
1345.7 2207.9

95% Confidence Interval for StDev
485.0 875.4

95% Confidence Intervals

Median

$1,400 $1,600 $1,800 $2,000 $2,200

Figure 3:  Diagram of probable distribution of OWAD for the

group  of medium-sized vehicles.

Although the number of motor vehicles that were the subject of
this analysis differed significantly in each of the four groups, the
obtained results show a high degree of coincidence. The height of
the OWAD (table 2) ranges from $ 1,718 in the group of small
urban vehicles up to $ 2,463 for the limousine group.

What is particularly noticeable are the huge coefficients of
variation in the height of the OWAD, ranging from 32% to 36%.
What is the reason for such variations in the level of damage in the
groups?

TABLE 2: Values of the characteristic sizes in the analysis of the
OWAD values for the four groups of vehicles.
NO-. of Average Standard Coefficient
Group of | vehicles | O\WAD | Deviation of
vehicles in the variation
group ©) $) (%)
Mini urban | 1.776 609 34 %
vehicles
Small
urban 21 1.718 558 32%
vehicles
Medium-
sized 24 1.834 624 34 %
vehicles
Limousines 11 2.463 884 36 %

Since it is about analysis of the results of destructive tests, the
ANOVA method is used to determine the contribution of both
factors: the type of vehicle and the impact side (front or rear) on the
total variations in the group. In doing so, we must start with the
hypothesis for the homogeneity of the examined series of samples,
that is, all the samples in the examined series are sufficiently
identical for us to be able to consider that we operate with the same
types.

From Table 3, it can be seen that the influence of the vehicle
on the OWAD of the vehicle type with its structural features and in
this context on the bumpers, is significantly greater in relation to the
impact side — front or rear. This influence is stronger in full,
compared to corner impacts, i.e. at vehicles with larger mass and
dimensions compared to vehicles with smaller dimensions and
mass.

TABLE 3: Determining the contribution of the type of the
analyzed vehicle and the impact side on OWAD
FRONT OR REAR FRONT OR REAR
FULL IMPACT CORNER IMPACT
Group of
vehicles % % % %
Influence Influence Influence Influence
of vehicle of impact | of vehicle of impact
type side type side
Mini urban |- 700, 30% 54% 46%
vehicles
Small urban | 750, 30% 54% 46%
vehicles
Medium-
sized 100% 0% 80% 20%
vehicles
Limousines 95% 5% 73% 27%
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5. Conclusion

Thanks to the results of the experimental impacts published by
the IIHS, potential buyers are able to obtain adequate information
about the amount of damage to vehicles at impacts conducted under
controlled conditions. It is a motive for vehicle manufacturers to
work on improving the performance of bumpers at vehicles, in




order to reduce the consequences of a traffic accident at low speeds
of the vehicles.

Today's modern vehicles do not have bumpers with better
impact resistance compared to older models. In support of this
conclusion is the fact that the OWAD for all four groups of
analyzed vehicles are higher than $ 1,500, the boundary for poor
and unacceptable quality of the bumper, according to the criteria
established by IIHS. At the same time, the high level of variations
in the OWAD in the realized experiment also speaks of the great
possibilities for making improvements of the bumper system
regarding the safety measures, starting from the design process and
construction, selection of material, up to its testing.

Finally, the experiment and its results, as well as the
requirements of customers for bumpers with an increased level of
impact resistance, impose the question of the expediency of a more
rigorous legal standardization of the quality of the bumper system.
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Abstract: This paper presents some of the research results on a fundamental and applicative procedures regarding the integrated
intelligent conception of a Romanian series of hydraulic gear pumps. Following the analysis of the pump series in the manufacturing
process, the requirement for a modernized parametric design of this product has been identified. Thus, we observed the beneficiaries'
requirement for certain flows that are currently not provided by the current range of pumps. The parametric design of the pump leads to an
easy and adaptive modification of the supplied flows, resulting in an innovative methodology which is very useful for the design and process
engineers. The methodology is based on a computer-aided 3D modeling, specific pressure, drive torque, flow rate, etc. Each of these
parameters leads to the intelligent modification of the certain geometric and functional features of the pump series designed to be adaptable

to the dynamic demands of a modern economy.
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1. Introduction

Hydraulic gear pumps, due to their constructional simplicity,
reduced number of components, high performance and reliability,
low manufacturing cost and operational safety, are widely used to
drive hydraulic fluids (for increasingly various industrial
applications, from automotive to medical) in complex installations
of different types and sizes.

Generally, these pumps contain two meshed gear wheels (spur
or helical gears). The driving gear (driven by a motor or by an
induced magnetic field) rotates in a certain direction and trains the
driven gear in the opposite direction. Thus, by engaging the gears,
the liquid between the teeth and closed by the pump elements
(body, cover, bearing blocks) is transferred from the suction zone
(inlet) to the discharge zone (outlet). The pumped liquid is trained
around the two gears and not through the gears, thereby creating a
pressure inside the pump [1, 2]. The liquid is transferred without
flow pulse. Some pumps allow the fluid to be transferred in both
directions, being called bidirectional pumps, which is one of the
main advantages the user is looking for when selecting a pump.

Another important advantage of this type of pumps is given by
the self-priming capability because at the moment of engagement/
meshing the air is discharged from the gaps between the teeth,
pressure is created and the liquid is aspirated due to the formation of
an instant vacuum, sufficient for priming [3].

The precise way the pump components are manufactured,
especially the meshing gears and the suction and discharge
chambers, allows the hydraulic pumps to reach high pressure values
with a very good efficiency (75-85%). For this purpose, strict
tolerance conditions [4] have to be observed/fulfilled, the wheels
have corrected teeth profile and often asymmetrical flanks [5, 6].

The current research on hydraulic gear pumps is associated with
the creation of functional models that allow operation at high and
constant pressures, with high efficiency and low weight (certain
pump components are made of composite polymeric materials or
light metal alloys). Also, a current requirement is a low noise and
vibration level [3, 7], but also the ability to quickly create
customized pumps when the manufacturer's standard range does not
meet a particular market demand.

In order to improve modern pumps, to simulate and implement
them, a comprehensive computer-optimized design study, many
calculations, numerical simulations and tests are required [8, 9, 10].

The latest researches in the field, carried out within an
important Romanian pump company [11], highlighted concerns
about reducing the size and weight of the pumps components,
developing micro-pumps, and replacing their current materials
(alloys of steel and aluminum) with polymeric composite materials,
one of the stated goals being the costs reduction for production and
maintenance [12].
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2. Main steps in the conception and parametric
design of hydraulic gear pumps

In this paper we did a research on conception and computer
aided design for improved and new models of hydraulic gear
pumps, their static and dynamic analysis, functional tests etc.

The studied pumps have an important applicability in the
automotive field, operate at high speeds and have good volumetric
efficiency. The constructive and functional parameters of the pumps
are carefully considered. It is observed how modifications of certain
component dimensions influence the flow range, their weight and of
the pump assembly, the driving torque and the efficiency.

During the conception stage, we performed calculations, created
several 3D pump models using the CATIA v5 product and, thus,
many constructive variants were analyzed.

We considered the variations in the pressures of the hydraulic
fluid, the speed and friction between the pump components, the
type, shape and dimensions of the meshing gears. All these
parameters developed the CAD models and, together with
mathematical models, were useful and necessary tools in the stages
of the dynamic evaluation of pumps behavior to reduce noise,
vibration, friction, etc.

Thus, for each pump model, we considered the following steps:
analysis of the functional role of the pump and its structure,
identification of dimensions, tolerances and assembly conditions,
technological possibilities of manufacturing certain components, 3D
parametric design of the pump assembly [13, 14], establishing the
connections between the dimensions of its components, FEM
simulations of the gears behavior in conditions imposed by
hydrostatic pressure [9, 10, 15].

In the 3D modeling steps, we performed a study of the fluid
flow transmitted by the pump, a comparison between the data
resulted from the numerical calculations and those obtained from
the experiments. Thus, we observed a mathematically correct
correlation on how the fluid flow increases with the rising of an
important characteristic of the pump: the geometric volume.

The results of this analysis showed that the parametric 3D
model of the pump based on the variation of this geometric volume
can be particularly important for the design and development of the
pump series, also allowing the determination of the minimum and
maximum pressures (and their variation) in the gaps of the meshing
teeth. This reduces the noise and vibrations during operation, but
especially the mistakes/errors that can lead to failures in pump’s
priming, early wear or even tearing of the teeth after many hours of
service.

We constantly paid attention to the importance of simulating the
functioning of the parametric model pumps to determine their
predictable behavior after manufacturing and installing in the
hydraulic installations.



In the research, for the parametric 3D modeling, we also took
into consideration the technologies of manufacturing the pump
components, the control and assembly methodologies and the
analysis of the running behavior.

3. Parametric conception of a series of pumps

By the parametric design, we generated the drawing and
optimized the teeth profiles (Fig. 1), using involute equations, 3D
creation of the spur gears and then of the pump assembly, using
numerous relations and equations [16, 17] and a methodology
presented in [10, 18, 19]. With this parametric approach applied on
the gear profile, it is possible to change all these parameters easily,
which leads to several pump variants and, consequently, to the
change of the fluid flow transmitted by it.

The main data involved in the design and modeling of the pump
are: geometric and operating parameters (Q, — flow rate, V, -
geometric volume/displacement, pressure py, speed ny, efficiency n,
other conditions and constraints).

We considered some variants such as pumps with one, two or
more rotors, number of teeth, module, gear width, pressure angle,
etc. Generally, the pump is driven by a constant-speed electric
motor, but we focused our attention towards the design and
implementation of the magnetic actuator [20]. For this, however,
certain pump components should be made of polymeric composite
materials to reduce the pumps weight and the driving torque
required to rotate the meshing gears [21].

Figure 1 presents the parametric profile of the pump teeth.
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Fig. 1. Parametric creation of the gears profile

The parametric design of the gear pump assembly should be
characterized by: constructive simplicity, compactness, operational
safety and low noise [10].

The gaps between the gearing’s teeth form conveyor cups for
the hydraulic fluid. The cups volume is determined by the

z1
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blocks

z2
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geometrical elements of the involute tooth gears [17] supported by
the bearings blocks.

Both gears have the same number of teeth. As the gears rotate,
they separate on the intake side of the pump, creating a vacuum and
suction which is filled by the fluid. The driving gear z, rotates at a
constant speed ng in one direction and the driven gear z, rotates in
the opposite direction (Fig. 2).

The fluid is aspired through the Inlet aperture at the atmospheric
pressure po and is carried by the gears to the discharge (Outlet)
aperture of the pump, where the meshing of the gears displaces the
fluid (flow Qp, I/min and pressure p, bar). The mechanical
clearances are small, in the order of 10 pm. The tight clearances [4],
along with the speed of rotation, effectively prevent the fluid from
leaking backwards.

The Q, and p, values represent the basic characteristics of the
pump [16], being particularly important for the user in selecting the
pump and dimensioning the hydraulic system.

Fig. 2. Section through the gear pump

The 3D CAD model of the pump in Figure 3 was created based
on the specific parameters: number of teeth z; = z, = 12, center
distance A = 31.4 mm, module m = 2.54 mm (normal specific
displacements x, = 0.2 mm pinion z;, X, = 0.199 mm gear z, and
frontal specific displacement x; = 0.2 mm), gear width b = 18.3 mm,
pitch circle diameter dy = 30.48 mm, outside circle diameter d, =
37.413 mm, rolling circle diameter d, = 31.4 mm, base circle
diameter d, = 28.642 mm, pressure angle o = 20°, teeth height h =
6.205 mm, normal gear pitch p, normal arc of dividing the
tooth/gap s,/e,, frontal contact ratio € = 1.494, constant chord s; =
3.85 mm.

The parameter values are based on the numerical methods [10,
17] and standards in the field [4, 11]. Analysis of these data shows
that the involute teeth gear is corrected [22, 23].

Screws

Washers

Gaskets  Cover

Fig. 3. The 3D model of the gear pump
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Figure 4 contains a 3D detail of the gear, marked as a gap (cup)
of/between two successive teeth, its volume is denoted as Vq = b-Ap,
mm?, where b, mm, is the gear width and A,, mm? is the area of the
cup profile.

Fig. 4. The cup volume between two successive teeth

The geometric volume V, of the pump is calculated by the
formula (1), [16]:

Vg =2-2-Vy -1073, [cmP/rot] 1)

The pump flow Q, results from the formula (2), [16, 17]:

Q, =Vi(')20 -, » [Vmin] @)

where: ng is the driving speed (rot/min), z the number of teeth for
each gear and m, the volumetric efficiency (%).

High speeds, over 1500-2000 rot/min, lead to appearance of the
cavitation process, which reduces the pump flow, efficiency and gas
occurrence in the hydraulic fluid.

With the 3D CAD model of the pump created in CATIA v5 and
knowing the influence of parameters on the pump’s flow, we
developed a program in Visual Basic Application (VBA) that
directly modifies certain values based on a selection (Fig. 5) of the
pump’s geometric volume. For a certain value of the pump’s
geometric volume and the speed ng at which the pump operates
(between the min and max limits imposed by the manufacturer), the
pump will provide a certain flow, according to the formula (2).

.l
—Ele) Parameters
B ‘Geometric Volume, [cm3/rev]'=16
B
- Relations

: " Constraints Geometric Volume, [cm3/rev]
#5 Assem bly fe

Applications
Fig. 5. User selection of the geometric volume

Figure 6 is a short sequence from the parametric modification of
the pump assembly by the VBA code. The geometric volume
selection paragraphs are observed, as shown in Figure 5, calculating
and imposing certain values for dimensional parameters of many
pump’s components. We previously determined the values based on
a numerical measurements and calculations [10, 18].

[ Inputs: 1

[[parameter: Real |

if ‘Geometric Volume, [cm3/rev] ==11 "
{Corp\PartBody\Pad.1\FirstLimit\Length =28.177mm

‘roata conducatoare\PartBody\Pad.1\FirstLimit\Length™ =9.09mm

‘roata condusa\PartBody\Pad.1\FirstLimit\Length’ =9.09mm

“Surub M10\I_length® =90mm

“Surub M10\threading™ =30mm

Corp\PartBody\Hole.2\Diameter =20mm
Corp\PartBody\Hole.2\Sketch.11\Offset.164\Offset =26.8mm}

else if ‘Geometric Volume, [cm3/rev]’ ==14
{Corp\PartBody\Pad.1\FirstLimit\Length =30.67mm
‘roata conducatoare\PartBody\Pad.1\FirstLimit\Length™ =11.59mm
‘roata condusa\PartBody\Pad.1\FirstLimit\Length® =11.59mm
“Surub M10\I_length® =90mm
“Surub M10\threading’ =30mm
Corp\PartBody\Hole.2\Diameter =20mm
Corp\PartBody\Hole.2\Sketch.11\Offset.164\Offset =31.3mm}

else if ‘Geometric Volume, [cm3/rev] ==16
{Corp\PartBody\Pad.1\FirstLimit\Length =32.37mm
‘roata conducatoare\PartBody\Pad.1\FirstLimit\Length® =13.29mm
‘roata condusa\PartBody\Pad.1\FirstLimit\Length® =13.29mm
“Surub M10\I_length™ =100mm
“Surub M10\threading” =30mm
Corp\PartBody\Hole.2\Diameter =20mm
Corp\PartBody\Hole.2\Sketch.11\Offset.164\Offset =34.7mm}

Fig. 6. Visual Basic code sequence
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The dimensional modifications shown in Figures 7 and 8
applied to the pump assembly represent two extreme variants of the
pump series [10, 17], according to the selection in Figure 5.

Each constructive design passed through the complex FEM
simulation process to determine the forces and pressures generated
in the real operating conditions [9, 19]. When the situation imposed
it, certain components changed their dimensional parameters
(behavioristic 3D modelling).

Fig. 8. Pump assembly for V=26 cm*/rev

For the magnetic drive pump [24, 25] variant, we will replace
the flange and re-design the pump body and the driving gear
(pinion) from Figure 3 to fulfill the main condition of complete
sealing of the hydraulic fluid from the external environment (this is
one of the main imposed conditions for this type of pumps).

The gearing calculations and FEM simulations for the forces
and pressures will be resumed in multiple iterations to reach the
optimal solution. Calculations and tests will also be performed to
design and optimize the choice of magnetic elements (stator and
rotor) and their integration solution in the new pump assembly.

The goal is, of course, to convert the current pumps (Figure 9,
as a test variant or another constructive variant) into a magnetically
driven and highly leak-proof pump [26]. Some components will be
made of composite polymeric materials [27].

Fig. 9. Actual pump in a test configuration [11]



4. Conclusions

This paper presents preliminary results of the research
conducted within the research project GEX, Ctr. No. 57/2017,
Composite Magnetic Pumps and new concepts of pumps applicable
in industrial environment. The proposed methodology of parametric
design of a gear pump series [28] is conditioned by knowing the
influence of the dimensional parameters of the pump on forces,
moments and pressures in real operation in the certain hydraulic
installations. This allows an optimal 3D design and product
validation, important steps in the testing and launch process in serial
production, with further development potential.

The parametric design procedures lead to the optimal
conception of the constructive variants of the magnetic drive pump
with the elaboration of a methodology for the selection and
calculation deviation values and tolerances in the case of the gear
parametric design.

The pump body will also be conceived and developed based on
a precision criterion, but also on the fact that the ingot stock used as
the body of the magnetic drive variant must remain in certain
dimensions not to incur additional costs. Both for the series of
pumps developed by parametric design, especially for the magnetic
drive variant [26], we will consider the optimal solution of the
technological and manufacturing parameters.
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1. Yeoo

OmnpeneneHnero 3a ,,Be4eH* 3acAra OCHOBHO TPH IOJOXKCHUS:
OTHOCHO HeI0, KOeTO He MpecTaBa Ja ChINECTBYBA, HAMA Kpai,
0e3KpaiiHO; OTHOCHO HEII0, KOeTO He IpPEeKbCBa, OE3CPOUHO; U
OTHOCHO HEII0, KOETO ce MOBTAapPsl, KOETO 0CTABA MOCTOSTHHO.

B Hacrosmus A0KI1ax GOKYCHT € BbPXY IIPOAYKTOBHS JAU3AMH U
Nopajy TOBa IBPBUTE JBE IOJOXKEHHMS HE Morar naa ObaaT
akTyanHu. Taka ce oopMsI XHIIOTE3aTa, Ue ,,BeUCH AU3aiH" € OH3H,
KOHTO OCTaBa HEMPOMEHEH 3a MEPUOA OT MHOIO T'OJAMHH, KOHTO
HOBTapsi CBOUTE CTPYKTYPHH, (GYHKIHMOHATHH W ECTCTHYCCKH
XapaKTepUCTHKN ¥ TPOAbJDKaBa 1a ObAe OOCKT Ha JKelaHWe Y
HOTPEOHTEIIS.

Pasbupa ce, ompeneneHnero "3a MHOTO TOAWHH" CHIIO TpsiOBa
Ja ce KOHKpeTWsupa. PammoHamHO € 3a OTHpaBHa TOYKAa Ha
TpOoyYBaHe Jla ce B3eMe HadasoTo Ha 20 BeK, 3alI0TO MPOIYKTOBUST
Iu3aiiH € O00BBp3aH C MPOM3BOJCTBOTO Ha CTOKH 3a MAacOBO
noTpebeHue. PeBomorionapuzupaneTo Ha BUA Ha
MOTPEOUTENICKUTE CTOKH ClieN Ch3aaBaHeTo Ha BepkOynma (1907),
pasButuero Ha "MogepHoTo aswxeHue" B EBpoma, peximaMmupario
MOJIE3HUTE KauecTBa Ha MAalIMHUTE W HA NMPOIYKTHTE, IPOU3BEICHN
Yype3 MallMHHU ¥ Pa3BHUBAaHETO Ha €MH HOB JANW3AHHEPCKH MOJXOJ B
AMmeprka, TTOJYMHEH Ha Ta3apa - TOBa Ca OTIPABHUTE TOUYKH 3a
aHanM3 OTKBM Kputepus "Bpeme". Hait 0610 - oxono 100 roguHm.

2. Pesynmamu u ouckycus

AHanusupaiky BU3YaTHUTE U (QYHKIHOHATHH XapaKTEPUCTHKH
Ha uzfenus (pasrielaHd IO-I0Jy), Ch3JaJeHH OCHOBHO OKOJIO
IIbpBATa MOJOBHHA Ha YIIOMEHATHS BPEMEBH MEPHOJ, ce 000co0mxa
penuna MpHHIHITH, O(OPMSIIY H3MCKBAaHETO 3a "BEYEH IHM3aiH".
Te3n mpuHIMIH 3acAraT KaKTO XapaKTEPUCTHUKHTE Ha (opmara,
Taka ¥  (QYHKOUOHAIHH, ePrOHOMHYHH ¥  TEXHOJOTHYHU
XapaKTepUCTUKH HAa MNPOAYKTHTE, KAaTO OCHOBEH KpUTEpUi 3a
OLICHKA € YOBEIIKHAT (PakTop.

PasrienanuTe U aHalM3UpaHU NpUMEpH ca MOXOpaHU CIOpen
aZICKBaTHOTO UM MPUCHCTBHE HA JHEIIHUS 1Ma3ap KaTo CbBPEMEHHO
TIPOU3BEKIAHU MPOIAYKTH.

IIpunnmmnu:
1. ®opmu ¢ npocT Bu3yaaeH Mofen. CumeTpus.

IIpocroTtara Ha ¢opmara e Moxxe OM Haif-KiIIO4OBaTa M aJeKBaTHA
XapaKTepHUCTHKa Ha MPOAyKTHTe Ha "Beunus" nusaiiH. O0ycioBeHO
OT Bb3MOXKHOCTUTE HA YOBELIKUTE 3PUTEIHHU Bb3NPHUATHA, popmara
C MPOCT BU3YyaJeH MOJEJ CE 3alOMHs JIECHO M TpaiHo. [IpocraTta
¢dopma e secHO cpaBHMMa C 0a30BUTE I'€OMETPHYHH MOJEIU M
3aTOBa € MOAXOJINA 3a MHTEPIPUpaHe B Cpela OT Pa3sIMyueH THII,
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ctuin, Bug. [Ipoctute popmu 0OMKHOBEHO ca TEKTOHUYHH (0COOCHO
aKo ca ChOOpa3eHHW ChC CTPYKTypaTa Ha INPHUPOIHHS IOPSABK),
HUMaT MalbK OpOil CTPYKTYpHH €JIEMEHTH W yCTaHOBSIBAT TpaiHU
BPB3KH C MHOTPEOUTENMTE, 3alIOTO C TAX ce OOpaBH JECHO.
IMpocrara opma Ge3 ykpacHH OPHAMEHTH € HAIO/IBJIACTHA HA MOJIA
Y MOJIHU TEH/ICHIIMH U 3aTOBA UM IBJIBI )KUBOT.

Ot gpyra cTpaHa HATMYMETO Ha CHMETPHUS OCHT'YpsBa BU3yallcH
MOpSAABK M BU3yalieH Oananc. [lopu u Haii-cmoxHaTa (opma ako
Ob/le MOBTOpEHA OTJIEAANHO CIPSMO OC Ha CHMETPHUs, TO HMa
OCHTypeHa  BHU3yalHa "3aBBpIICHOCT" Ha  HAOJIOJABaHOTO
OnarojapeHne Ha 3aJlo)KeHaTa eIHAKBOCT. bazoBuTe reoMeTpuyHH
(opMH, KOWUTO ca Hall OTIPABEH MHCIOBEH OpPHEHTHp CBIIO ca
CHMETPHUYHH.

®ur. 1 Cyclone dining table - Isamu Noguchi; Stool 60 - Alvar Aalto;
Acrilica table lamp - Joe Colombo;

IMpumepu: Cyclone dining table na Isamu Noguchi e ¢ mpoct
BU3yalleH Mozen. [eomeTpuuHHMAT Moxmyn (myOimpaHeTo Ha
OKPBKHOCTTUTE) € KOHTPAaCTHUPaH OT CeleMTe MOJyJa, 0(hopMsIIN
"kpaka" Ha MacaTa, BBPXY KOUTO € IpPHUJIOKEHa POTallMOHHA
cumerpus. [IpoaykrsT e cp3manen 1957 roguna ( 61 rogunun) u ce
npejyiara Ha CbBpeMeHHUs a3ap ot Gpupmara Knoll.

[MomoGen ¢opmoobOpasyBam] NPUHOWII € W3NOI3BaH W TPU
Tabyperkara, kosto Alvar Aalto cw3maBa mpe3 1932 romuna 3a
oburiHCcKata 6ubnrorexa BBB Viipuri. Stool 60 uma BB3MOXHO
Hal-OIPOCTEHA BH3yalHa W T€OMETPUYHA CTPYKTypa M € ChCTaBeH
€/IMHCTBEHO OT YETHPH CTPYKTYpHH enemeHTa. [Ipom3BexnaH OT
1935 roauna ot (abpuka Artek mHec HM3moI3BaMe AM3aHHEPCKH
HPOIYKT Ha 85 rouHu.

®dopmata Ha Acrilica table lamp Ha Joe Colombo (ch3aancHa
npe3 1962 roaWHa) HE W3MOJ3Ba TE€OMETPHYCH MOJEN, HO UMa
ONPOCTEHA M CHMETpPHYHA CTpyKTypa. JlBaTa (yHKIHMOHAIHU
eJleMeHTa ca oOeIWHEeHH (OpMATHO B €AMH, KaTO TO3M HAYHH €
MOCTUTHATaA MaKCHMalHa BH3yalHa M (DaKTOJIOTHYHA IPOCTOTA.
IMpomnseexna ce ot Oluce.

2. IIpoayKkTH, KONTO MO3BOJISIBAT MPOMSIHA B TEXHOJIOTHSATA
32 TAXHOTO NPOM3BOACTBO, 0e3 Ja ObAAaT 3acerHaTH
(IpOMeHEeHH) OCHOBHUTE CTPYKTYPHHM, (QYHKIUHOHAJIHM U
€CTETHYECKH XaPaKTePHCTHKH.



%844

@wur. 2. Mulded Armchair « Mulded Side chair - Ray and Charles Eames

JoObp mpuMep 3a WIIOCTPUpAHE Ha TO3M HNPHHIMUII ca ABETE
cepun sisiti (mulded) cromose Ha Ray and Charles Eames -
Armchair u Side chair. Cs3nanenu npe3 1950 roauHa u BHEIPEHH
ot Herman Miller cronoBere 3ama3BaT HEU3MEHHA CBOSTA CElalKa
(emMH W3MAT  eNeMeHT-uepymKa), Karo OnarogapeHne  Ha
TEXHOJIOTUYHATA CBONIOLMUS TS MOXe 1a Oblae u3paboTeHa OT
(dopmoBaH LINepILIaT, ¢ubpoCTHKIO unu m1acTMaca.
Jln3aiiHepCKUsT MPOEKT INPEABIKIA MOIYIbT-celajka jaa Obie
ChuUeTaBaH ¢ pasninyHa 6asza cropel GYHKIHOHAIHH U €CTETHYCCKH
cbOOpaxkeHHs. EproHOMHYHO NPOEKTHPAHNTE CEAANIKH Ca 3ala3iin
cBOUTE (POPMATHU XapAKTEPUCTHKU Bede 68 TOAUHH.

3. IIpoayKTH, KOUTO UMAT (PYHKIHUS, KOATO MPOAbJLKABA 14
0bae Heo0X0AMMA, He € M3MeCTeHA OT HOBM NOTPeOMTEJICKH
HYXKIU.

IIponykrure, WirocTpUpalid TO3W MPUHLHKI B MO-TOJIIMaTa CH
YacT ca CPeICTBA WM HHCTPYMEHTH. TeXHUAT MU3aiiH ¢ 00BBp3aH ¢
TEXHUYCCKHTE MM XapaKTEPUCTUKH H OOMKHOBEHO € IUCKDETCH,
KaTo OCTaBsl MOJIEe 32 U35ABa HA MOTPEOUTEIS.

®dur. 3 Moka Express - Alfonso Bialetti; Cmpoumenen nepgpopamop -
Robert Bosch GmbH

Kade wmammuara Moka Express na Alfonso Bialetti ce
npom3Bexaa ot 1933 roauna ( ot 85 roaunu). U Bbnpeku, ye mpe3
TOAVMHHTE Ca MPOM3BEKJaHN MHOXKECTBO BapHATHUBHHU PEIICHHUS, TO
CTpyKTypata M HPHHLIUINBT Ha (YHKIMOHMpAHE HA MalldHATa
ocTaBaT HEMPOMEHEHH - JToJTHATa kamepa (A) chABpkKa BOAA, KOSITO
TIpH HarpsiBaHE MIPEMIHAaBa Mpe3 KOHTelHepa che cMilsiHO Kade (B)
W HaIlMTKaTa ce cebupa B ropHara kamepa (C).

[TonoGeH € u mpUMepPBHT ChC CTPOUTEIHUS mephopaTop, KOHTO
Robert Bosch GmbH mnarentoBa mpe3 1932 roaumHa xaro
UHOBAIlMOHEH MPOAYKT U YHUATO OCHOBHA CTPYKTYpa U INPUHIUII Ha
(YHKIMOHHMpPAHE ca CHIIUTE U THEC.

4. KomOuHanus 0T MaTepUAJIH, J0KA3AJH Ce€ B HCTOPUYECKHU
MJIaH KaTo:

- H3IIPBKITHBOCT;
- TIOJIE3HOCT;
- CUMBOJI Ha JIyKCa;

- €CTETUUECKH CUMBOJI (KJIaCHKa)
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®dur. 4 666 Superleggera - Gio Ponti; Wassily chair - Marsel Breuer

Crompr 666 Superleggera wa Gio Ponti ¢ BABXHOBEH OT
TPaIULMOHHUTE MTAIMAHCKH 3aHASATYUICKM CTOJNOBE, B KOMTO
ceflaJikata € IOCTHIHATa IOCPEICTBOM OIUIETKAa Ha pPacTHTEIHH
BJIaKHAa BBPXY AbpPBEHA paMKa. Ta3n KOMOMHALMsA HAa MaTepuaiu ¢
BB30puera oT Cassina KaTo ycToifuuBa, korato npe3 50-Te roguHu
Ha 20 Bek 3amoduBaT IPOW3BOACTBOTO Ha croja. JIHeC CTONBT ce
npejyIara ChC ceflajika OT HHANMCKA TPBCTHKA, KaKTO M ¢ KOXKEHH U
TEKCTHJIHYU TaIlUIePHHL.

Cromsr Wassily na Marsel Breuer e cb3manen 1925 roauna,
Koraro MeOenure ¢ TpPHOHA KOHCTPYKIUS Ca WHOBAaIMOHHU
npoaykru. KomOuHammsATa OT MeTan U KoXa € BCe TaKa yCTOHYMBa
u cnex 93 ToOWHHU, KOETO € JIOKa3aTeJcTBO 3a (OPMHPAHETO Ha
eHa "M3ABPKINBA" €CTeTHKA.

¥

®dur. 5 606 Universal Shelving System - Dieter Rams; Playwood
elephant - Ray and Charles Eames; Womb Chair - Eero Saarinen;

IloxpuBaneTo Ha KpuTepus "MOJIE3HOCT" € SICHO M3paseH B
cuctemara 606 Universal Shelving System na Dieter Rams.
Jlekata amymMuHHEBa KOHCTPYKIUS, MPOHM3BEXkAaHa OT Vitsoe oOT
1960 roauHa e ompezeneHa karo "BeyHa" B caliTa HAa KOMITaHUSTA.
EnHOBpeMeHHO C OmpocTeHaTa BH3US Ha I[UIOTO, €IEMEHTHTE Ha
cucTemMara MoOraT JIeCHO Ja ObJIaT MaHUIYJIHpaHH  OT
HNOTPEOUTENIUTE KAaTO WM IO3BOJISIBAT CH3JABAaHETO Ha JIMYHU
UHTEPHOPHH PEILICHUSL.

Playwood elephant na Ray and Charles Eames oGenunsiBa
(hyHKIMHUTE Ha UTpadka U Ha cTorde. Cr3ganeHo mnpes3 1945 roguHa
U TIPOM3BEXKAAaHO THEC OT Vitra, cJIOHUETO OT (JopMOBaH IIMEPIUIAT
JTOKa3Ba MOJIE3HOCTTA Ha CBOS AW3aifH Beue 73 roAuHU.

Kpecnoro VYtpoba (Womb Chair) na Eero Saarinen e
Ch31aJICHO B MapaMeTpuTe Ha HMHOBAaTHBHHUTE 3a 40-Te TOOMHM Ha
20 Bek CTONOBE C MOHOJMTHH celanku-uepynkd. Ho oOmneueno B
TEKCTHJI M CHaOJEHO C MEKH BB3IJaBHHIM, TO JIOKa3Ba CBOUTE
yIoOCTBO M TOJNE3HOCT OjarogapeHHe Ha EproHOMHYHOTO CH
npoektupane. IlpomsBexkna ce or 70 TOAWHM HENPOMEHEHO OT
Knoll.

®ur.6 Barselona chair - Mies van der Rohe; Eames Lounge chair;
Artichoke pendant lamp - Poul Heningsen; LC3 Grand Confort - Le
Corbusier; Arco lamp - Achille Castiglioni;

Hsixon nuzaiiHepcku pelieHus ce acolMMupar KaTo CUMBOJIM Ha
aykca. OcHoBHMTE (aKTOpH 3a TOBa Ca WHOBAaTUBHOCTTA B
KOHCTPYKIIMATA, KOATO HOBA 32 BPEMETO CU TEXHOJIOTUS ycIsiBa Jia
HPEUTOXKY U KOMOMHAIMATA OT N3MOJI3BAaHNTE MaTepranu. Taka ce



Ch3/1aBaT TakUBa (POpPMaJHU KayecTBa Ha MPOJYKTUTE, KAKBUTO HE €
OuI0 BB3MOXKHO Ja OBIAT IOCTUIHATH B MO-PaHEH BPEMEBHU
nepuoa. B pesynTaT nmpomyKTHTE ca TEXHOJIOTMYEH M ThPrOBCKH
XHT Ha CBOETO BpEME, HATOBAPEHU Ca CMUCIOBO C IPETEHIMS,
CTaBar JIyCO3HH CTOKH.

TakbB npumep ¢ cronst Barselona ma Mies van der Rohe,
ce3gancH 1929 roguHa 3a HeMcKHS MaBUIMOH Ha CBETOBHOTO
usnoxxenue B bapcenona. Uesra, ue cToirbT MOKe J1a MOCIYKHU 3a
OTOMX Ha HCIAHCKaTa Kpajulla [0 BpeMe Ha IOCELICHHEeTO i
JOIBIHUTENIHO My IOMara 3a M3rpaxIaHe Ha OJsCKaB CTaTtyT U
Taka TOW cTaBa MpeIMeT Ha JyKca, HeM3MEHHA 4acT OT MPECTHXKHU
0OIIEeCTBEHH U IOMAIIIHU HHTEPHOPH.

CpueTaHneTo Mexay OnsckaBaTa CTyIZEHHHAa Ha MeTajla H
YyepHaTa TeJIelIKa KoXka BCe OIlle ce Bh3IpHeMa M KaTto obpaser] 3a
I0OBpP BKYC.

HWcrtuncku mykco3na meben e u Eames Lounge chair, ce3nanen
npe3 1956 romuHa KaTo MOAEPEH CBBPEMEHEH MNPOAYKT OT
MajquCcaHAbp, KOXKa U ATyMHUHMH. TEXHONOTMYHMAT Hpolec IO
CIIETIBaHE Ha 7 CJOS MaIHCAaHIPOBa JBbPBECHHA B ,,4EPYIKH € BCE
Ollle HOB 3a BPEMETO CH M IO3BOJISIBA PEAIM3UPAHETO HA YHHKAJIHA
¢dopma. EproHOMHYHHTE XapaKTEpPHUCTHKH HAa CTOJA CBIIO MY
CH3JaBaT BHCOKa PeITyTanusl.

IIpe3 50-te romunan Ha 20 Bex Poul Heningsen ck3maBa cepus
BUCSIIIY JIAMIIM, YUUTO CTPYKTYPHU XapaKTEPUCTUKH ca TaKHUBa, 4e
HE TMO03BOJIABAT 3acliENsBaHE CBC CBETJIMHA Ha TOJ3BaTENHUTE.
3apaay BUCOKUTE CH IOTPEOUTEICKU KauyeCTBa T€3U JIAMITH CTaHAIH
TOJIKOBa MOJHH, Y€ CaMOTO UM IPUCHCTBHE B MHTEPUOpPA CSAKAII
Kapano M Xopara jJa M3IIexJaT Mo-3HauynMH. Tyk e mpeicTaBeHa
Artichoke pendant lamp, ce3gagena mpe3 1958 roguHa u
HpOM3BEK/alla ce o HacTosmeM ot Louis Poulsen.

Jlu3aifHepCKH TPOAYKTH, TPEBBPHATA CE B CCTCTUYCCKU
CHMBOJIM, HKOHHYHH OO€KTH, ,KJIacMka“ ca  MpPOIYKTH,
NPEJCTaBsIIIM 32 BPEMETO Ha Ch3aBaHETO CH HE CaMO MHOBAIHS B
TEXHOJIOTHATA, MaTepuasa W (GopMara, HO W TO3UIHOHHPAHH B
LEHThPa Ha HOB KyITypeH (EHOMEH WM MPOIaraHIupanid HOBa
unes. ITo to3u wauma LC3 Grand Confort ma Le Corbusier ot
1929 mponaranaupa upesta 3a mypuzMa. A Arco lamp Ha Achille
Castiglioni cbc cBoute 210 cM BHCOUMHA OCIOpBa HAeATa 3a
MHTEPHOPHO OCBETHTEJHO TSUI0O — BB3MpPHEMa ce IoBeYe KaTo
APXUTEKTYPEH, a He KaTO HHTEPHOPEH EJIEMEHT.
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3. 3aknrouenue

JluHaMukata B OTHOIIEHHETO UOBEK-M3JeNHe-cpelia  ce
oIpezeNst TJIABHO OT YOBENIKHA (PaKTop, 3aIl0TO YOBEKBT € TO3H,
KOWTO MoJenupa cpejara M U3JelHuara CIpIMO CBOUTE JUMHTH B
NCHXO-(OU3HOJIOTHYEH  acleKT.  [IpoxyKToBHAT — Iu3aliH e
CBIIECTBEHA 4YacT OT TOBa OTHolleHue. EBomonusta Ha
HPOIYKTOBHS qU3aiiH ch3zane eHOMEH, HapedeH "BedeH au3aiH",
KOMTO OCTaBa HENPOMEHEH 3a IEpPHOA OT MHOIO T'OAUHH, KOHTO
HOBTapst CBOUTE CTPYKTYPHH, (GYHKIMOHATHH M €CTCTHYECKH
XapaKTepUCTUKH M IPOJbKaBa Aa ObAe OOEKT Ha KelaHHue y
MOTPEeOHTES.
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Abstract: This paper describes the results of numerical simulations of a vehicle drivetrain model with dual mass flywheel. The
differential equations of the model are given. The vehicle inertia, the tire torsional stiffness and the transmission gear ratios are taking into
account. Numerical simulations with given mass, elastic and damping parameters are carried out. Natural frequencies of the system are
determinate. Vibrational characteristics of the system are shown and analysed.
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1. Introduction

The Dual Mass Flywheel (DMF) is widely used in modern
diesel or gasoline direct injection engines. Downsizing and
downspeeding of engines, lowering friction in gearboxes and
lightweighting of transmissions and drivelines cause increased
vibration and noise. The periodic combustion cycles of a four-stroke
engine create torque and speed fluctuations which cause torsional
vibration to be passed down the drivetrain (Fig. 1). The resulting
noise and vibration, such as gear rattle, body boom and load change
vibration, results in a decrease in comfort [1].

Fig. 1 Angular speed fluctuation of four-cylinder four-stroke engine [2]

The dual mass flywheel consist two masses free to rotate
independently on a ball bearing. Two long coil springs lower the
value of the natural frequency of the system (Fig. 2). Damping
device is also present [3]. The secondary mass helps to increase the
mass moment of inertia on the gearbox side. The total inertia of the
DMF is the same as that of the rigid flywheel.

Fig. 2 Dual mass flywheel (DMF)[4]

As the DMF has an integral spring-damper system a rigid clutch
driven disc without a torsion damper is normally used [1]. Owing to
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the additional mass on the transmission input shaft, the vibration
torque range, which is normally between 1200 min™ and 2400 min™
with original stiffer torsion dampers in the driven disc, is moved to
a lower resonance speed range. This ensures excellent damping of
engine vibration even at idle speeds [1]. Driving with less angular
speed can reduce fuel consumption and CO, emissions [4, 5].

There are many books and research articles on DMF problems
[4,5, 6, 7, 8 and 9]. Their authors examine two or three degree of
freedom engine-transmission model. But the system is more
complicated because the vehicle mass should be reduced to the
engine crankshaft and this is shown in [10, 11] but without
mathematical description. The tire torsional stiffness has to be given
an account too. Thus, the model whose scheme is given in source
[12] most accurately reflects the essence of the real system.
Unfortunately, the author does not present the mathematical
description of this model, as well as numerical studies with specific
values of the parameters. In textbook [13] a modal analysis of a
vehicle drivetrain with and without dual mass flywheel is
performed. In work [14] a dynamic model of friction self-excited
vibration of a vehicle drivetrain with conventional damper in the
driven clutch disc is created and numerical simulations are
performed. In [15] dynamic model of a vehicle drivetrain with
spring and friction damper in driven clutch disk is presented and
test results for amplitude-frequency characteristics are shown. In
work [16] a linear mechanical model of hybrid electric vehicle
drivetrain is considered, a modal analysis is performed and the
effect of the control of the drivetrain on the eigenvalues of the
vibrational system is studied. In this regard, the purpose of this
publication is to draw out the differential equations of dynamic
drivetrain model with dual mass flywheel with taking into account
of the vehicle inertia, the tire torsional stiffness and the transmission
gear ratios and to carry out numerical simulations with given mass,
elastic and damping parameters.

2. Dynamic Model

A front wheel drive vehicle with dual mass flywheel drivetrain
and its kinematic scheme are shown in Fig. 3 and 4 respectively.
The system mainly consists of engine, dual mass flywheel (DMF),
gearbox, final drive, drive shafts, drive wheels, driven wheels and
car body. The symbols used in kinematic scheme are:

Jc — mass moment of inertia of the crankshaft;

Jp— mass moment of inertia of the primary mass of the
flywheel;

Jp, — mass moment of inertia of the secondary mass of the
flywheel and clutch pressure disc;

Jg1 — mass moment of inertia of the clutch driven (friction) disc
and primary shaft with drive gears of the gearbox;

Jgo — mass moment of inertia of the secondary shaft with driven
gears of the gearbox;

Jo — mass moment of inertia of the final gear and the
differential;

Jg — mass moment of inertia of the drive shafts;

Jw — mass moment of inertia of the wheels;

m — vehicle mass;
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Fig. 3 Front wheel drive vehicle with DMF [17]

Jgo —mass moment of inertia of the secondary shaft of the
gearbox;

Jo—mass moment of inertia of the final gear and the
differential;

Jg — mass moment of inertia of the drive shafts;

Jw — mass moment of inertia of the wheels;

m — vehicle mass;

Fig. 4 Vehicle drivetrain kinematic scheme

i1.¢ — gear ratios of the six speed gearbox;

ip — gear ratio of the final drive;

r,, — rolling radius of the wheels;

ki, ci— spring stiffness and damping of the dual mass flywheel;
ki, C;— tire torsional stiffness and damping of the drive wheels.

J.\'

Fig. 5 Equivalent 3 DOF vehicle drivetrain dynamic model

The equivalent dynamic model shown in Fig. 5 has three
degrees of freedom (3 DOF) and the vector of generalized
coordinates is:

a=lp. o, o]

The mass moments of inertia of the dynamic model are:
J=J.+J4
Jo=Ji+ g+, + 3, +235+20,

J,=230 40!
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J; — mass moment of inertia of the crankshaft and primary mass
of the flywheel;

J, — mass moment of inertia of the secondary mass of the
flywheel, clutch, gears and shafts of the gearbox and final drive,
drive shafts and drive wheels;

J; — mass moment of inertia of the driven wheels and mass of
the car body reduced to the engine crankshaft;

The mass moments of inertia reduced (referred) to the
crankshaft are [18, 19]:

3, =dee
g2 i2
1-6
"
0 i2 i2
1-6''0
Rt
d_iZ i2
1-6"70
-
w_lz i2
1-6"°0

2
r
JJ ) m(- W- ]
l_g.1g

where superscript r means reduced or referred to the crankshaft;
J,, —reduced mass moment of inertia of translating mass of the

vehicle to the crankshaft.
For the generalized coordinates can be written:

¢1 = (oc = q)fl
Dy =@t =Pg1 = (ng‘il—G = @ydy gl = Py 60y
.. Sl
O3 =Pyl gly = %

w
where S is the driving distance, m.
k. . .

C
C =

T2 52
I g-lg

ki =

==
i g-lg

where k ", ¢ ", — tire torsional stiffness and damping reduced to
the engine crankshaft.
The differential equations of the model are:

3.4 K, (%“Pz)"’cf (‘Pl _¢2): M,
320, — K ((01 _¢2)+krr(¢’2 _(pS)_Cf (¢1_¢2)+Ctr(§02 _503):0

J3; — ktr(% _(ps)_ctr(@ - ¢3): -M,
The excited moment from the engine is:
M, =M_ +Msinwt

And
M R

g1y

MZ

where Mg is resistive moment acted on the vehicle. It includes
rolling resistance, road inclines and aerodynamic drag.

3. Numerical Simulation

The numerical simulations are performed in program field of
MATLAB. The parameters of the model are taken from different
literature sources [13, 14, 19 and 20]. The actual values of the
parameters are given in Table 1. Some of the parameters are
reduced (referred) according to the formulas given above to the
engine crankshaft for the accurate conduction of the simulations.



Table 1: Parameters of the dynamic model

Parameter Value Dimension
Je 0,045 kg.m?
Jfl 0,115 kgm2
sz 0,115 kgm2
Jo1 0,004 kg.m?
Jg 0,004 kg.m?
I 0,003 kg.m?
Jg 0,015 kg.m?
Ju 0,850 kg.m?
m 1765 kg
e 3,615; 1,947; 1,281; )

0,973; 0,778; 0,646
iy 4,056 -
% 0,316 m
k¢ 600 Nm/rad
C 100 Nms/rad
ki 35000 Nm/rad
Ct 50 Nms/rad

Natural frequencies of the system when 1st gear is engaged:

@, =0 - rotation of the system
@, =153 Hz
w, =4,2 Hz
Natural frequencies of the system when 6th gear is engaged:

@, =0 - rotation of the system
®, =19,9 Hz
@, =912 Hz

In overcritical operating conditions (we>wna), it must be
ensured that the minimum excitation frequency will in all operating
points will remain to a sufficient degree above the natural frequency
and the excitation frequency from the engine is [21]:

o, <10
2 60
where z is the number of cylinders;
n — engine speed, min™.
For 4-cylinder engine on idle speed - 900 min*:

W, =£@ =30Hz
2 60

2o’ B
rad/s”
150} 1

1m0t e .
@ .
s0f @ . 1
v @5
ok ,

-100 1 =

-180 B

-200 B
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L
4 4m

Fig. 7 Angular acceleration of the first (blue), second (green) and third (red
line) mass of the model on idle speed - 900 min™ on 1st gear
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Fig. 8 Angular acceleration of the first (blue), second (green) and third (red
line) mass of the model on idle speed - 900 min™ on 6th gear
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Fig. 9 Angular acceleration of the first (blue), second (green) and third (red
line) mass of the model, 2000 min™ on 1st gear
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Fig. 10 Angular acceleration of the first (blue), second (green) and third
(red line) mass of the model, 2000 min™ on 6th gear
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Fig. 11 Angular acceleration of the first (blue), second (green) and third
(red line) mass of the model, 5000 min™ on 1st gear
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Fig. 12 Angular acceleration of the first (blue), second (green) and third
(red line) mass of the model, 5000 min™ on 6th gear

Analysis of the results for excited vibration shown in Fig. 7 to
Fig. 12 indicates that the system effectively lowers the acceleration
of the vehicle body (third mass of the model) and allows driving the
vehicle on low engine angular speed. The acceleration of the second
mass is less when the higher gear is engaged. Acceleration decrease
when increase the angular speed of the engine.

4, Conclusion

The considered model enable to study the vibration in vehicle
drivetrain and fluctuation in linear movement of the vehicles with
dual mass flywheel. The shown consideration for reduction of all
parameters to the engine crankshaft allows to be studied the
vibration on various gears in vehicle gearbox. The numerical
experiments with given parameters show good damping of
acceleration of the third mass (vehicle) in all speed range of the
engine and for all gears of the gearbox. The acceleration of the
second mass (transmission) decreased with increase the angular
speed and with engagement of the higher gear in the gearbox.
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Abstract: The basics of applying the torque method for kinematic and power analysis of planetary gear trains are presented. With the help of
the method, the speed ratios and efficiency of a real planetary gearbox are determined when operating on different gears (speeds).
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1. Introduction

Due to its undeniable qualities, planetary gear trains (PGT) have a
wide spread [8, 12, 14, 20, 21, 25]. The input and output shaft
coaxiality makes them suitable for wind turbines [10, 11]. But they
are particularly suited to automatic gearboxes because, unlike non-
planetary gear trains, all gear wheels are engaged in all cases of
operating (speeds) and no switching (entry and exit of meshing)
[16, 20, 26, 27]. Steering is done with brakes. On the other hand,
the kinematic and efficiency analysis of planetary gear trains,
especially of the more complex ones (such as gearboxes), creates
considerable difficulties for the designers. Classical methods of
kinematic analysis, Willis's analytic [28] and Kutzbach's graphic
[19], are quite labor-intensive in complex, compound gears. An
easy-to-use, eye-catching and definitely engineering method for
kinematic and power analysis is the torque method.

The purpose of this paper is to demonstrate the capabilities of the
torque method in the kinematic and efficiency analysis of complex
composite planetary gears, in particular gearboxes.

2. Essence of the torque method

The method is proposed by K. Arnaudov in [1], and further
developed in many publications [2, 3, 4, 5, 6, 7, 13, 14, 15, 17]. It is
presented in detail in [8] in Bulgarian and in [9] in English. Its
essence is as follows:

1.) The well-known symbol of Wolf [29] (Figure 1) is used, in
which, due to its circular shape the elementary planetary gear is
depicted with a circle, and the three outgoing shafts — with lines.
With purpose of achieving maximum visibility, Wolf's symbol is
used not in its original form but modified, as the three outgoing
shafts of the gear, as appropriate are designated with different lines
as follows:

- The two shafts with unidirectional ideal external torques T, and
T; (the sun gear 1 and the ring gear 3) are designated with
single lines, but of different thickness, depending on the
magnitude of the respective torque. Since T; < Tj, the sun gear
1 is denoted by a thin single line and the ring gear shaft 3 is a
thick single line;

- The torque 7', of the carrier H is indicated by a double line as

the largest. It is the opposite of the other two and equal in
absolute value to their sum
T, =—(T,+T,)- 1)
In this case, the three ideal external torques (determined without

taking the losses into account) of the gear are arranged in the
following way

T, <T,<[T,|- @
2.) A torque ratio t of one-direction torques is defined
i=BB o ©

Tl Zl
where z; and z; are teeth number of sun gear 1 and ring gear3 and i
is basic speed ratio of PGT (whit fixed carrier).
It should be noted that not all types of PGTs is in effect dependent
t=—i, and that's not some general relation (it’s not the same at

positive-ratio PGTs!) [8].
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The defined torque ratio t is very convenient to work with (and not
only at AI-PGT). It can express the ideal external torque as follows

T,=+-T, and T, =—(G,+T;)=—(1+)T;- @)
If we accepted T,=+1, so-called specific torques are obtained
T,=+ and T, =—(1+1) ®)

and it's very easy to work with them.

Using these dependencies, it is easy to determine the sum of the
three external torques:

‘ZTi:Tl+T3+TH :1+t—(1+t):0‘- (6)

This dependence provides a good opportunity to verify the
correctness of the calculations, an option that is lacking in the
methods of Willis and Kutzbach.

/3 H
TS
TII
@ a -
\ i
T T

-

Tl
Prerequisites: 7y =) 7Ty =1
t= 5 = L >+1
Torques: T R Powers:
T, <T,<|T,| F<F<|F|

TN T, =+1i+1:—(1+1) F:FF, =+li+t:—(1+1)

ZTi =T +T,+T, =0 DY F=R+F+F,=0

Figure 1. Al- planetary gear train — kinematic scheme, external
torques, modified Wolf symbol and lever analogy

3.) It is also very important to bear in mind that the three ideal
external torques 7., T, and T, are in constant ratio

T T =Tt T - ()T, = +1 = (1)) 0]

however

- how many degrees of freedom F the gear train operates, with
F=1orwithF=2;

- which gear train element is stationary at F = 1 degree of
freedom;

- what is the power transmission direction, i.e. whether the gear
train is operating as a reducer or a multiplier with F = 1, or as
summation or dividing gear train at F = 2, i.e. as a differential;

- whether the gear train is operating alone or as part of a
composite multi-stage gear train.

4.)) From the exposed dependencies for the three ideal external
torques of the shafts of the PGT it is not difficult to establish that
there is an analogy of the gear with a lever loaded with three forces,
i.e. there is a leverage analogy. In Fig. 1 is given a comparison of
PGT with a straight lever, showing the full analogy.

This lever analogy with its visibility is very useful for easier
understanding and insight into the work of PGT.

5.) Ideal external torques — input T, ,output T, and reaction T,




(of the stationary element) — are used to determine speed ratio i
when PGT operates with F = 1 degree of freedom (not with F = 21).
It proceeds from the law of conservation of energy, assuming that
the gearbox operates without loss, i.e. that the basic efficiency
1, =1. By denoting the input power with p_and the output with

P, , the energy conservation condition is expressed in the following

way:
D R=P.+R =T, @, +T, @, =0 ®)
From here for the speed ratio is obtained [20]
o Tel. 9)
Wy Ta

6.) Real external torques 7, , 7, T,/ 7/ and T, , considering
the losses in the gear train, are determined by the direction of the

relative power Prel , specifically:

if PIrel is transmitted from the sun gear 1, through the planets 2,

to the ring gear 3;
or vice versa;

- from the ring gear 3 to the sun gear 1.
These real external torques allow the determination of efficiency of
the gear train. This is done by initially determining the so-called
torque transmit ratio from the real external torques of the input A
and the output B of the gear train

_T . (10)

This ratio is used to define efficiency 77 [20]

n=-". ay
|

As opposed to the torque transmit ratio i, the speed ratio i is also

called kinematic speed ratio and in some cases for the sake of
clarity is indicated with index k , i.e. j, .

Formula (11) is derived from the expression

S P =P-n+P=nT, -0,+T, @, =0 (12)
where the formula is obtained (11)
_ R Tow Tk (13)

__V ! M
P Ta-w, ONECN I

3. Kinematic and power planetary gearbox analysis

A real automatic planetary gearbox [20] consisting of a three-stage
planetary gear and a hydrotransformer (Figure 2) is considered.

3.1. Kinematic scheme

As is shown in Figure 2 kinematic scheme shows that the gearbox

performs five gear ratios (forward) and one backward (R). Table 1

shows which brakes/clutches are switched on in the different speed
ratios (gears).

K a B0 E
”—\% E[\:l—” |£|
. E A

D) O e

Figure 2. Kinematic scheme of a three-stage planetary gearbox
[18]

—

e
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Tablel. Combinations of the brakes/clutches switched on in the
various speed ratios (gears) of the gearbox from Figure 2

Gear Uk A B C D E F
1 o . .
2 o . .

3 . . .

4 . . .

5 . . .

R o . .

3.2. Determination of the speed ratios

In the figures below, the component gear trains are depicted with
the Wolf's modified symbol and the switched on brakes/clutches are
indicated.

Torque ratios t, ,t, and t,, of the three stages of the gear train are

1
known.

The ideal torques (without counting the losses) of the loaded shafts
are determined, as with the numbers in the green circles is shown
the sequence of their determination. It is most convenient to start by
setting a +1 value to the torque of any of the sun gears [6, 8, 9, 13,
17] (not obligatory). Then the rates of the torques, in this
component gear train, are determined by (5). The transition to the
next component gear train is through the compound internal shaft,
at both ends of which operate the same size and different by
direction torques. The red arrows show the direction of power flow
of the gear train. It should be noted that a different input torque is
created with the help of the hydrotransformer, which is not relevant
in the kinematic analysis of PGT.

First gear:

Second gear:

T =- Lty +ty 41, -Gy
B
by
T =_1+tll Hhy +E -ty
’ L+t +t,

— L+t +ty

T
g t||| 6

l+t|| +t||| +t|| 'tIII
1+t, +t,



Third gear:

,_1+t| +t|| th||| +t| 'tu +t|| 'tm

(1+t)t,

Lttt et

W=
(1+t)ty,
9
i :_Ti:+1+t| +t|| +t||| +t| 'tu +t|| .tlll
T, Lt 48, +t, +1, 1,
Forth gear:

Fifth gear:

_1+tI +t, +t, +t, -t 5

T, =

1 ﬂ t VY

1
T.=+1 8
b N\ 2+t. B \z(“:ﬂ o P
t, 3 - ty 0 b
71+t, +t,\Ht, -t
3) —(1+t)) t,

k | (e ~ (1:“tl) ;

+(1+t))

T 1+t +t, +t -1,
j=—F=p——— 1A
Ty L+t 4t +t, +t -,
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Reverse (rare) gear:

_1+tI +t, Lty

T. =

,+1+t| +t||| +t| 'tlll
t,

10,

Tq 771+t| +1, 4t
TA tII

i =(L4t, )L_ %J(lﬂm):—m
I 1

3.2. Determination of the efficiency
The efficiency for the different cases of work is defined in p. 6 of

section 2. For this purpose, in addition to the torque ratiosft, , t”

and tIII , the basic efficiencies 77,, , 77y, and 77y, (in the case

of the operating gear with fixed carrier) must be known about the
three stages of the gear.
The real torques (taking the losses into account) of the loaded shafts

are determined, considering the direction of the relative power P,

in the corresponding gear [6, 8, 9, 13, 17] shown in the figures with
a green intermittent arrow.

In some cases this direction is obvious (first gear, reverse gear), in
others it has to be determined, for example by the method of
samples [22]. Then by (10) the power ratio is determined, and by
(11) — the efficiency of the entire gearbox for the relevant case.
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6 = _(1+t||| Mo )
3

i z?zz_(l+tlll ’770|||)
- :7527 _(1+t||| Mo ) _ (l+t||| Mo )
Y (1+t,) (1+t,)
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Forth gear:

Fifth gear:
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Reverse (rare) gear:
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4. Analysis of the obtained results

When driving the car forward (from first to fifth gear) the speed
ratio of the gearbox is positive (the input and output shaft are
rotating in the same direction).

At first gear the power passes only through the third component
PGT, which works with a fixed ring gear as a reducer.

At second gear, the second and third component PGTs operate with

internal power division, and the gearbox works as reducer.

At third gear, the power passes through all of the three component
gear train, as in the closed loop between the first and the second
there is an internal circulation of power, and between the second
and third there is an internal division of power.

In this case, the triple shaft is an internal compound shaft and the
torques of the coupling shafts are in equilibrium (their sum is zero).
The gearbox works as a reducer.

At the fourth gear, the third component gear train works as a block
(gear wheel are not moving with each other) and the speed ratio is
+1 (direct gear). At fifth gear, the gearbox works as a multiplier.
The triple compound shaft is input. Here as in the third gear, the
power passes through all of the three component gear train, as in the
closed loop between the first and the second there is an internal
circulation of power, and between the second and third there is an
internal division of power.

The triple shaft is fixed at the reverse gear and the three component
gear trains operate with one degree of freedom, as sequentially (in
series) connected simple planetary gear trains. This way, there are
no closed power loops. The gearbox speed ratio is negative and can
be achieved both by the torque method and by multiplying the
speed ratios of the three component gear trains.

1+t +t, +t, -t
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5. Example

As an example, gearbox speed ratios and efficiency are
defined with the following output parameter values:

t=t=t,= 3

UOI: 770“ = 770III = 0’ 98
The received results are:

Gear First Second Third Fourth Fifth Rare
(1) (2 ©)] (4) (5) (R)

ik +4 +2,2857 +1,47 +1 +0,84 -5,333

n 0,98 0,999 0,949 1 0,992 0,950

6. Conclusion

The possibilities of the torque method in the kinematic and
efficiency analysis of complex compound planetary gear trains, in
particular gearboxes, have been demonstrated.

Dependencies have been derived to determine the speed ratios and
efficiency of a particular gearbox when operating on different gears.
The derived dependencies are convenient for use in the optimization
analysis [13, 23, 24, 26, 27] of the gearbox under consideration.
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Abstract:

The main task of the research is to establish the regularities of the formation of a non-detachable compound of thin-walled elements from the
Ni-20Cr-6Al-1Ti-1Y203 alloy and to determine the functional condition of the influence of soldering modes on the physical-mechanical
characteristics of the compound. It has been shown the modeling of temperature fields in ANSYS 18.1. It has been established that the
process of vacuum soldering should take place at a temperature of 1350°C for 15-20 min; the strength of the resulting compound is 390-420
MPa when the sample is stretched. The obtained information can be used as a theoretical basis for the development of the manufacturing

process of the elements of the spaceship heat-shielding system.

KEYWORDS: WELDING; SOLDERING; HEAT TRANSFER; VACUUM; HEAT-RESISTANT MULTICOMPONENT ALLOYS

1.INTRODUCTION

Thermal protective structures of reusable aircraft with an
outer metal panel are developed by specialists of all leading space
countries of the world. This thermal protection consists of
individual tiles, fixed on the hull of the spacecraft, and consisting,
as a rule, of the upper and lower casings, between which is the
honeycomb aggregate. So, NASA Langley Research Center (USA)
was developed thermal protection with high resistance to high-
speed collisions with space trash in orbit (fig.1). The outer support
panel was a three-layer honeycomb panel, which is made of Inconel
617 alloy and designed for operation in the temperature range 600-

Kppmxa n
ETYIKa JOCTYIR — @9

Hzonpea Saffil iz ALO:
T aHOEBIE COTBI

Mex aHuecKInit Kperex
Turanosas Qomera

Figure 1 — Thermal protective structures with high
resistance to high-speed collisions

In this case, the main drawback of such structures is the
possibility of penetration of hot gases into the gaps between
individual tiles, which leads to an unacceptable increase in
temperatures at the junction points with a violation of the thermal
protection performance and the spacecraft as a whole.

Ukrainian experts are also developing thermal protective
structures with a metal three-layer outer panel and internal thermal
insulation for the windward part of the orbital spacecraft [3]. To

Figure 3 — Panel in assembly

In this case, the U-shaped element itself must be hermetically
and reliably connected to tiles, the outer walls of which are thin,
thermal resistant plates. Despite the fact that today there are
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980 °C [1]. On the European demonstrator IXV for flight testing,
the thermal protection was installed with the honeycomb panel
«TIMETAL 1000» by «Astrium» company, designed for use at
temperatures up to 850 °C and made of orthorhombic TiAl
(Ti,AIND) or TiAl reinforced with TiB. (fig.2) [2].

The outer metal panel is fixed to the hull of the spacecraft
with the help of racks, plates or other elements that ensure reliable
retention of the tiles during the flight. Between themselves, the tiles
are installed end-to-end or with some overlap.

Closure cabs
Honeycomb panel

substucture

sealng Caning with ntems

microSber insulstion

Figure 2 — Thermal protection with panel
«TIMETAL 1000» by «Astrium» company

ensure complete sealing action of joints and free movement of the
edges of the tile with thermal deformations between them, it is
proposed to use flexible connecting U-shaped elements acting as
expansion joints for the temperature expansion of tiles (fig. 3). This
structure completely excludes the penetration of hot gases and
atmospheric moisture under the panel of tiles and does not prevent
their expansion when heated. The principle of operation of the U-
shaped element is shown in fig. 4.

| | | HeatFlux |

Figure 4 — Scheme of operation of the connecting element

significant developments in the field of welding (in particular,
diffusion welding) and soldering elements from thermal resistant
alloys [4], it is difficult to apply them for developing technologies



for joining non-rigid thin elements into a single structure. The
reason is that the materials used are obtained by powder metallurgy,
followed by plastic deformation (rolling) to obtain the required
sheet thickness. This changes the porosity of the workpiece, and
thermal loads lead to structural-phase changes, the formation of
intermetallide inclusions and oxides on the surface and in the
surface layer, the removal of which is associated, as a rule, with a
number of difficulties.

Various heat-resistant alloys are used for manufacturing
honeycomb thermal protection. The most perspective of them is the
powdered dispersed nano-reinforced material Ni-20Cr-6Al-1Ti-
1Y203, which has significant perspective in use due to its thermal
resistance properties.

Heat-resistant multicomponent alloys, in particular Ni-20Cr-
6AIl-1Ti-1Y203, are used in special engineering, since they
successfully withstand the effects of high temperatures (up to 1100-
1200 °C), while retaining satisfactory strength, bending linear
hardness, other important mechanical characteristics.

Studies aimed at developing ways and methods for obtaining
non-detachable compounds (eg, diffusion welding, soldering in
vacuum, contact welding on a previously applied substrate), show
that the most qualitative for today is diffusion welding in vacuum.
The latter involves the creation of not only the high temperatures
necessary to activate the diffusion process between the
interconnected surfaces, but also significant pressures at the point of
contact (up to 50-75 MPa), which, as a rule, are provided, due to the
temperature expansion of connected elements those which are
enslaved in a special equipment. Typically, such elements are firm

and solid specimens, that withstand specified pressures without
significant deformations, which lead to errors in the shape of the
finished product.

The preparation of specimens, which are spatial non-rigid
elements that contact several planes of a small area, did not succeed
in this way, which requires the search for methods and techniques
for carrying out similar operations with simultaneous optimization
of the stiffness parameter of the seam and the absence of significant
thermal deformations. An example of products that require the
assembly of individual elements in a single design, is a three-layer
cellular panel, used, for example, as the re-usable thermal protection
of a space vehicle.

The multicomponent  Ni-20Cr-6Al-1Ti-1Y203 alloy is
sufficiently investigated by scientists and technical specialists [1-3],
with some papers indicating that the alloy is satisfactorily exposed
to diffusion welding and welding-soldering [1].

At the same time, it is noted that the traditional technologies of
formation of an indivisible connection of thin plates by loading the
junction zone with the nickel-based solder on the basis of nickel
with stresses of 35-70 MPa with a subsequent shut-off at a
temperature of 1250-1350°C for 15-20 minutes in a vacuum are
ineffective. The reason lies in the fact that places for soldering of
heat-protective elements are difficult to access; elements and
systems of the cellular panels are not rigid, and it is practically
impossible to provide such a level of prior compression of surfaces.

Suppose you want to connect two flat elements on the surface,
which is a thin strip (fig. 5).

Figure 5 — The unit that is exposed to soldering in a vacuum and its calculation scheme

To ensure reliable welding of plates, two conditions must be
fulfilled:

— the pressure between the welded plates should be at least ppn;

— the temperature of the connection place should be 7,=1330-
1350°C and be uniform throughout the length of the seam.

Variation of temperature can lead to incomplete soldering or to
the appearance of burning and reflow zones.

Since the connection is performed in a vacuum, the heating of
the welding zone is mainly due to heat radiation and, to a lesser
extent, due to the contact of one of the welded elements with a
heated base.

Microelectronic and photo-optical studies of the state of
elements exposed to soldering in a vacuum are systematized and
summarized in table 1. The composition of the material of the plates
exposed to soldering, the tendency to form intermetallide inclusions
and various defects of the structure during heating, as well as high
activity of the components to carbon, necessitated the complete
abandonment of graphite-containing substrates and expanded stacks,
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since in this case, the processes of adhesion were actively
manifested and there was no qualitative seam; the microelectronic
investigation showed the presence of a graphitized layer, which
reduces mechanical properties, mainly in the zone around the seam.
Lowering the temperature to prevent curvatures deprived the ability
to receive a molten solder in the contact zone of connecting
elements (as a result of which the seam simply crumbled), and the
temperature rise of more than 1750 K resulted in the combustion of
samples on the stocks.

We also observed a characteristic of the alloy, manifested in
involuntary start the exothermic reaction in some points of the
surface, as a result of which it could be formed burnout of the
material.

Use nickel powder without additives as solder led to the fact that
the melt layer acquired a fibrous structure and did not provide a
seam density. At the same time, the small amount of W in the solder
precedes the occurrence of pores in the steam and the area around
the seam.



Table 1 — Condition of elements and defects that occur when soldering

Research result Soldering modes Macro and micro photos
T=1300°C,
Adhesion of the specimen 7=20 min,
before the substrate p=10" Pa
Burnout of the part of T=i§80fc,
material, fistula formation = _rlmn,
p=10"Pa
Incomplete soldering with a T=1250°C,
fault under the action of a 7=20 min,
bending moment p=10"Pa
Deformation of the finer part Tr:-ﬁsr?]incv
of the connection p=10" Pa
The appearance of the fistula T;igor?“nc'
and the porosity of the seam =10 Pa
Cracking and fracture of a T;gs:“nc’
thinner plate =10 Pa

At this stage, a number of unsatisfactory results were received
which can be divided into the following groups:

1) Adhesion of the specimen before the substrate;

2) Combustion of the specimen when there is cobalt in the

chamber;

3) Incomplete soldering with a fault under the action of a
bending moment as a result of temperature deflection in the
furnace from a cycle given by controller during asymmetrical
loading of the chamber;

4) Burnout of the part of the specimen, fistula formation;

5) Deformation of the finer part of the connection due to the
temperature act and asymmetry of the applied load;

6) Cracking and fracture of a thinner plate;

7) The appearance of fistulas (both in machining and during
sintering) and the porosity of the seam.

To improve the quality of solder connections and ensure the

strength optimization was conducted full-scale experiments.

The regulated parameters were chosen: the maximum
temperature of the process T, °C, and excerpt time at the maximum
temperature (z, min), stress in the contact area o, created by the
compression of elements between themselves by force P. An
additional factor was chosen h — the thickness of the workpiece.
Getting regression models that connect the output parameters to
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each other - the strength of the connection ¢ and temperature
deformation, which manifest them in the error of form p, — and the
entrance — carried out according to the classical technique. Total
number of experiments N=2"+2k+k,=25, where k=4 — number of
factors; 2=16 — full factorial experiment (plan core); 2k=8 — star
points (magnitude star shoulder a=2); ky = 1 — experiments in the
center of the plan.

Levels of variation of factors are shown in table 2. The samples
were examined by means of electron microscopy and subjected to
mechanical tests. In order to detect the effect of many repetition of
soldering cycles on mechanical properties of Ni-20Cr-6AI-1Ti-
1Y,0; alloy elements, six times the duplication of heating
(according to the thermal soldering cycle) was performed. Such
studies are due to the fact that the complete assembly of the
honeycomb system in one cycle is complicated.

For soldering using solder: P1 - BIIp36 (composition 0,2% C,
8...10% Cr, 2.5-6,0% Al, 1,4...2,0% Mo, 2...5% NbD, 2...6% W,
2,5...3,0% B, other — Ni); P2 - finely divided powder Ni; P3 —
composition Ni, 5% W, 1,0-1,5% B, other - Ni. Soldering was
performed by stepped temperature increase on 450-500 °C with
short endurance (near 10-15 min) at each level of temperature.



Table 2 — Intervals of variation of factors
Name of factors E'fVEIS of varlatlfln Interval of variation

1200 1450 175

T- soldering temperature, °C
7— duration of the process at maximum temperature, min

. 15 90 37,5
ok — pressing pressure, MPa 0,1 1 0,45
h — workpiece thickness, mm 0,1 15 0,7

As a result of optimization of the soldering process, it was possible to obtain a satisfactory qualitative connection of two plates with
different thicknesses overlapped with an overlap of 7,2 mm. The area of the adhesive contact during measurements is 68 mm?, cracks and
leakiness at the contact point are completely absent. The thickness of the soldered joint is 0,05-0,15 mm and is due to the initial spatial
deviations of the blanks at the point of contact.

To check the accuracy of predictive calculations for a rational mode of soldering, soldering 4 plates of different thicknesses into a single
structure was performed in accordance with fig. 3.

Microelectronic studies of the soldering place and mechanical tests have shown the following. On a plate of the largest (0,8 mm)
thickness, when a load greater than 25 N was applied, one joint was destroyed. There was also a spreading of solder on the contact surfaces,
which not only worsened the appearance of the joint but also changed the mechanical properties of the plate. This is especially dangerous
both from the point of view of a slight increase in the mass of the system and from the point of view of the changes in modulus of elasticity
and the relative elongation of the base material.

An electron microscopic analysis of the samples shown that in the process of vacuum soldering of the blanks between the united
surfaces a nickel adhesive layer is formed, which for solder P2 has a clearly pronounced porous structure, and for solders P1 and P3 —
uniform dense (fig. 6). The absence of pores can be explained by the presence B, which somewhat reduces the melting point Ni, and W,
which is as a reinforcing layer. Attempt to enter WC instead of W according to results [13], did not give the desired result: even minor
content or contact with carbon-containing materials resulted in active carbon erosion of thin plates.

The presence in P1 Al in the solder leads to the formation of intermetallide combinations, which adversely affects the complex of
physical and mechanical properties. Spherical aluminides of nickel were also observed in the study of the surface of the adjoining zone,
which is conditioned by a slow (about 3-4 hours) cooling of the workpiece together with a vacuum furnace. Such intermetallide inclusion
provoked the appearance of grid of microcracks in adjoining zone, which greatly reduced the fracture resistance of connected elements. So,
when attempting to perform bending of the plate, the relative elongation of the material on separate layers within 2-3% caused the
destruction of the workpiece, and in the crack there was a layered structure due to previous operations of multi-stage rolled sheet and
emerging microcracks.

23.00kV  x250
(a) solder P3 and solder without tungsten P2 (b)
= .

> 4

Figure 6 — Comparison of the heat affected zone, formed with the use of tungsten-containing

Figure 7 - Soldered structure from 4 plates of different thicknesses: 0,15 mm, 0,4 mm and 0,8 mm. The dimensions of the plates are 6x6 mm,
the width of the connecting u-like tapes is 2,0 mm, the thickness of the tapes is 0,15 mm, the theoretical contact area is 7,0 mm?

Such a conclusion is made for the following reasons. The layer of the material at the places of contact with the surface by the

of solder that spreads on the surface has a porous structure, and in growth of microcracks oriented at angles to the contact surface.
the case of alternating cyclic loads, it can cause cohesive damage
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We also proved the conclusion about the need for a correct
geometric docking of the elements before welding, since the
existing spatial deviations are not satisfactorily reflected in the
strength of the joint.

Testing the strength of the resulting connection by force
loading of the plates on the bursting machine showed that the
destruction of the specimen occurred when the load reached 520
N, corresponding to the voltage at the intersection of the gap of
320+10 MPa, and the destruction itself was not on the welded
seam, but in the zone of spreading solder on a plate, in a place in
front of a soldered seam. The difference in the claimed strength
limit of 991 MPa can be explained by the following reasons:

1) thin specimens exhibit somewhat different properties
compared to the specimens in the form of rods, thick plates, etc.;

2) after welding by volumetric heating in the material, certain
processes of intermetallide formation probably take place, which
can reduce the ultimate strength, yield stress, elasticity and
elongation of the material. To clarify these circumstances, more
research is needed;

3) in the place of destruction, there are defects that can be
stress concentrators, which reduces the resistance to fracture of the
material.

In order to improve the soldering of products and increase the
strength of the joining, it is advisable to use a function-oriented
approach.

Functional approach to development and creation of new
machines, objects and complex technical systems was studied by
many researchers, in particular, E.l. Galibardov [6]. He states that
any material object is characterized by a certain totality (matrix) of
functions among which it is possible to single out useful, harmful

and neutral functions. Unlike a material approach, a functional
approach is based on the fact that the product is made to perform a
number of functions provided by corresponding material carriers
(the cheapest ones or the ones with the least costly manufacturing
steps).

This approach can also be applied to working
technologies: the manufacturing process expressed through
material carriers is to be minimized according to criteria taken into
consideration — working time, cost price, quality. Systemized data
of this approach are presented in a number of papers, e.g. [7]-[9].

The idea of modularity of technological processes (TP)
and their functional orientation can develop in the following
direction.

As all types of functions (useful, neutral and harmful)
are available in a final product, manufacturing steps are to be
oriented in such a way that harmful functions be weakened and
useful ones, in their turn, be obtained in the minimum number of
steps. Under these conditions a technological process can be
considered prospective if weakening or complete elimination of
harmful functions takes place along with creation of useful
functions during the steps.

Analysis of typical products of mechanical engineering
from the point of view of functional approach reveals that
practically always creation of a particular useful consumer
function F, will go together with manifestation of neutral F, and
harmful F, functions. Then a product having only useful (under
certain conditions) functions is ideal from the point of view of
operation:

Fo=Fp, Fy,=0, F,— min, 1)
where Fy, — product useful functions having the following matrix of consumer properties:
I m D
P = Z—j_ pi Ej:lpnj+zk=1‘c‘uk- 2

Hence, an equation of restrictions (1) and optimization (2) makes it possible to choose the most rational material carriers of
functions on the basis of morphological analysis, then to pass to material carriers in the technological process creating these functions.
As there is a functional interrelation between separate functions, i.e.

F.=pFp Fa=gF,.

®

taking into account the fact that a function is created by a separate TP step in the form of transformation element W, (2) can be presented in

the following form:

P = EI— pp:+z qupj+z

uprk 4

Taking into consideration the fact that TP cannot be aimed at creation of harmful functions and properties in the product,

minimization of the unnecessary functions is expressed by dependence:

P=Z!.:1[44;Fm—|—zj Wqu}—I—Z pprk, ©)

or, after transformation, in the following way:

P=3_ F,(W,+W,q+W,p) ©)

Approaching of the totality of the product properties to the ideal implies transformation of summands M‘; { and M{,p into zero,

which is possible under the condition of absence of functional relation between useful and harmful properties of the product or under the
conditions that the process of obtaining useful properties due to a particular TP step is at the same time the inverse one as to the occurring
harmful functions. Availability and interrelation of TP separate elements enable presentation of (6) in the following way:

P=3Y_F,(W,+W,q+W,p+W,(p+q)). @

For totality of alternative variants of TP the obtained equality is supplemented by quantitative signs of every function the integral

sum of which is equal to 1, then

I= 1—1 pa (bka

under the condition that flm W g = 0. Here EJ;H-, E]m-—

- bva W P bra pi (p + QJ) (8)

corresponding weight coefficients of each of the useful, harmful functions;

Ei'n- — weight coefficients of interaction of independent steps revealing reserves in improvement of output properties of the final product.

Describing the object by setting its initial condition C,, as a totality of parameters characterizing the form and dimensions of the

workpiece, its physical and mechanical properties and final condition CF.: via particular forms (dimensions, relative position of the surfaces,

physical and mechanical properties, etc.), the technological transformation function ¢y is presented as:



Cn 1 CF.: 1

C C
Pory W=y ¥ ©

CnR CF.:T
where — I -th elementary property of the workpiece; Ci.r - t-th elementary property of the product; R, T - total number of
nR kT

parameters of the workpiece and the product, respectively. The function {J5=XW;E;, E; — the product separate elements creating its

properties.

As the product separate functions expressed via obtaining parameters of geometric accuracy, condition, structure, etc. can be
generated in different ways, it is expedient to create morphological tables that may provide the basis for search of more rational variants of
combination of technological actions.

The product properties are generated as a result of a number of manufacturing steps during which a complete or partial change of
the initial properties takes place. Technological transformation of a workpiece into a product is achieved by purposeful total technological
impacts Wj;(t,) of material Sy(ty), energy E(t) and information lo(t,) types which enables presentation of a scheme of output properties
generation according to Fig.3 and writing down:

Wij (t) =S (t) WE o (tk) Ulo(tk).-

Then, on the grounds of the condition that tool technological impacts on the product are to be performed at the levels from nano-
areas to the product on the whole, and the product is a 3D object, to realize the totality of variants of technological impacts the morphological
matrix will correspond to the following form:

Hlsl HlsZ"' stl stz--- Hlsl HlsZ"' stl Ho,... Elsl EISZ'" E281 Ezsz---
AT =\ mt,.. M, M. HL HY.. HY, HL.. EL EL.. EY EL.
), I,. I, I, H H,. H; H,. E| E,. E; E,.

r r r t L] L] L] L] . . .
where 115, 1135, .., 13, 113, ., M09, T0o, .00 05, T05,, .00 oo TOY TY,, o TS, IS, L ... — variants of discontinuous
. . - - = 5 -] = 4 4
technological actions along the corresponding axes s, t and v of the coordinate system of s, t, v; Hy4, Hyo, ...; H5y, H35, o Hyy, Hys,
. H5 HS,, . Hi, HY,, . H3, HE,, .. — different variants of continuous technological actions along the axes s, t and v of the
coordinate system of s, t, v; EJ;, EJ5, ..; E3;, EZ,, ...; — different variants of one-time technological actions.

Presence of variants of discontinuous technological actions makes it possible to consider processing of one element of the product in
the form of a successive totality of different actions. In this case if the element geometric characteristics (e.g. flatness, accuracy of linear
dimensions) are its output index, this process can be realized by different types of actions that more completely correspond to the properties
of the workpiece elements.

For the problems of ensuring the quality of soldering, we need to provide such a redistribution of temperatures, in which the optimum
must to be a warmed end-to-end zone of soldering, and minimal - the planes of the honeycomb.

It is known that the amount of energy emitted by a surface element dF, oriented at a spatial angle dQ2 and ¢ - the angle between the
direction of radiation and the normal to the surface, will be determined as

dQ, = E,dQdF cosg (10)

4
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where 71100 ; € - the degree of blackness of  the radiating body; then

4
e( T

dQ =49—| — | dQdFcos

Q=497 10 @

Since the heated body has a sufficient length, the temperature regime at each particular point can be determined by the third-generation

boundary conditions
AT} ofrs .7
n

where 6 — constant Stefan-Boltzmann: 6=5,67x10W/(m?K%); I

n
conductivity of the absorbing body.
Simultaneously with the transfer of heat by radiation, the specimen will receive heat and from the base on which it is located, which is
determined by the boundary conditions of the 4th genus:

— vector normal to the surface of the body; 4 — coefficient of thermal

oT (M, 1) - T, (M, 1) -
o TR e @

where 4,, 1, — the coefficient of thermal conductivity of the absorbing and radiating body, respectively.
The simplified amount of transferred heat Qy from the N heating lamellae of the vacuum chamber, taking into account the partial

reflection from the body, which is heated, predetermined &, can be defined as:

58



Q=Q+NQ, -Q, =

ts(T ~T,)+NypsoT,* —Fwcos fedl,* 2

where ¢ — coefficient of «not blackness», @ — the corporal angle in WhICh radiation occurs, - the angle between the direction of radiation

and the normal to the surface.

For a cylindrical coordinate system, the temperature change T on the surface of the plate, which receives heat by radiation from heaters:

M
on co’

Here r, ¢ and z — radial, angular and axial coordinates respectively.

An increase in the temperature of a specimen causes its
thermal expansion, which for a plate is defined as follows:

Al = Tl then the emerging stresses with a solid latching of
plate will be: o, = oET .

Since the heating of the plate occurs with several lamellae,
located around the base at a certain distance, and the plate itself is
on the heat insulating surfaces, it is quite difficult to obtain a
picture of the temperature deformations in general. To solve this
problem, and taking into account the configuration of the body,
which is heated, perform modeling of temperature fields in
ANSYS 18.1. Let's take into account the real design features of
the used vacuum equipment: the diameter of the platform for
installation 320 mm; plate dimensions 75x75 mm; plate thickness

an s 410y TA/L‘
— —

o1 1am

= V2T, + L V2T, = —
! Yo rar r2ap? &l

o°T  oT?
—+—

h;=0,4 mm; h,=0,14 mm. The soldered elements are located on
ceramic plates in the thickness of 7,5 mm; the thermal
conductivity of which is much less than the thermal conductivity
of the base and the soldered elements.

The transition from the plate to the assembled cellular
structure requires taking into account the temperature change in
height and on the surface of the heated body. In order to prevent
the overheating of the cellular structure during the soldering,
thermal ballasts in the form of heat sinks made of solid alloy are
installed on the table. Their diameter is d,=35 mm, h,=50 mm.

Figure 8 shows the results of calculations of the thermal field
at the time of heating end and the picture of thermal radiation of
elements that are on the table.

o

w s 3000 gre)
— —
B

Figure 8 — Temperature fields and radiation of heated bodies in the chamber of vacuum furnace

It is shown that on the plate the temperatures are distributed
unevenly, which will result the hogging of the plate or the
structure as a whole. It is possible to reduce deformation of
elements by using clamping plates, the mass my, of which should
be sufficient to prevent hogging, and at the same time, not cause
significant deformations of the construction for which o, ¥=45
MPa.

g ,,: ./ﬂ{/.’!’/

Thus, solving the problem of ensuring the quality of solder
joining of elements in a single design requires the definition of
rational solder conditions, the placement of ballasts for changing
the conditions of absorption of radiant heat, as well as the scheme
of loading the seams with clamping elements.

Figure 9 — Scheme of placement of elements during soldering the design on the palette of the vacuum furnace (a) and layout after
soldering in the vacuum furnace (b)



In order to detect the effect of several soldering cycles on the
mechanical properties of Ni-20Cr-6Al-1Ti-1Y203 alloy elements,
we performed a duplication of heating with a thermal soldering
cycle. It was established that after a 3-fold heating, thin plates of
the experimental specimens began to be rapidly destroyed with the
formation of end defects in the form of burns and fistulas.

Thus, since the soldering temperature of the elements with
high-temperature solders is 1350-1375°C, it can be concluded that
it is desirable to assemble the construction with the minimum
number of operations (possibly one).

Consequently, as a result of our work, we were able to
gradually test the technologies of obtaining the welded-soldered
joints elements into a single system and prove the perspective of
using Ni-20Cr-6AI-1Ti-1Y203 material for use in ultra-light
thermal protection of reusable spacecraft with appropriate
technological upgrading of the design, refining it to process ability
and adapting to the conditions of assembly into a single system.

CONCLUSION

As a result of the work, samples of permanent joints were
obtained: a single plate, a model of a multiplanar system with u-
shaped bridges; sample mock-up.

It has been established that a dense non-porous seam is
obtained with the use of solders BIIp36 (WPr36) and own solder
with a content of W 8-9%, and the process of vacuum soldering
should take place at a temperature of 1350°C for 15-20 minutes.
The strength of the obtained compound is 390-420 MPa when the
specimen is stretched by a tensile machine (with the appearance of
tangential stresses). Surfaces for connection must be cleaned
chemically and mechanically up to Ra 1,25-2,5 pm, non-flatness
and deformation of the surfaces are not allowed (permissible
deviation is 0,03 mm/100 mm of reference length).

The soldering of the heat-protective system is desirable to be
carried out in a single setup in a vacuum chamber, while the
control of the process should be carried out at the temperature in
the soldering spot.

Promising is the approach of using heat shields and heat
conductors, which at the same time serve as means for
compressing the soldering zone to a value of 0,6-0,8 MPa.
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BUSINESS CLIMATE AND PRECONDITIONS FOR REVIVING THE BULGARIAN
INDUSTRY
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Abstract: The inadequate economic policy in 90’s brings to destruction of basic sectors of the Bulgarian industry. Bulgaria is one of
European’s countries mostly engaged with deindustrialization process. Nowadays we have to pay more attention to high technological
sectors in industry which are based upon theoretical and practical knowledge that by its side is based of enormous investments in science.
The condition of Bulgarian industry needs to focus urgently towards inculcating innovations and investments for increasing the enterprise
competitiveness. The introducing innovations needs special attention nowadays because the rapidly speed of changes. The world had gone
through the industrial time to the age of knowledge. In the fast developing global environment the strategic advantage can be brought by
leaders of changes and the only way for that is by introducing innovations. An important role for the long term competitiveness of the
Bulgarian economy has the increasing level of innovative enterprises which produce and inculcate new products and processes and the
participation of the country in the global high technological manufacture. The reviving of the Bulgarian industry is connected with building
new high-tech enterprises and a good example for that is Trakia economic zone (Plovdiv region, Bulgaria).

Keywords: innovations, technology, crisis, economics, management, industry

1. Introduction

The crisis is a widely held view and its indications affect
different aspects of the financial, social, spirit life of the nation.
First of all when we talk about crisis it’s important to accent not
only to the consequences of its manifestation but also to the
opportunities for overcoming. The careful analysis of the crisis
nature in Bulgaria and the mass of its acts force to introducing the
next limitations according the theme:

-as a small country with poor developed and strongly open
economy, Bulgaria cannot be isolated by the world financial —
economic crisis;

-the human resources — a factor for industrial growth and
overcoming the crisis.

The Republic of Bulgaria is a small country in Southeastern
Europe, located in the east part of the Balkan peninsular. Its
uniqueness is hidden in the balanced combination of incredible
nature, Black sea strip of wonderful beaches, beautiful mountains
for summer and winter tourism, rivers and so on. But besides all
these natural resources Bulgaria is a country with poorly developed
economy and is far behind the economics of other countries in the
European Union.

To receive a total explicit idea of the level of Bulgarian’s
economic development in accordance with the global standards and
the vulnerable level toward outside economic treats it can be used
the level of competitive power. According the macro-economic
competitive power stranded on the World economic forum for
2008-2009 Bulgaria takes 76" place by 134 countries in this
research and a last place in the EU. But Bulgaria takes better
position and shows a positive economic growth according the data
from the last World economic forum 2016-2017. According data of
the same forum the index of internet web readiness Bulgaria is on
68" place from 134 countries. This means that in front our countries
are all the participants and candidates in the EU, the countries of
OPEC /organization of the petroleum exported countries/ but also
around 30-35 poorly developed countries from Africa, South Asia,
Latin America. In comparison in the World economic forum in
2016-2017 Bulgaria takes 57" place and proves a better economic
environment in the country.

The aggregated index for competitive power is calculated based
upon 85 analytical macro and micro economics indexes. According
some of the micro ratio especially on the company’s level Bulgaria
is classified between 100" and 120" place of all 134 countries (incl.
quality of business functioning, quality of company’s management,
technological level of manufacture, an assimilation speed for new
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technologies, employee qualification and fluctuation etc.). This is a
very serious reason for anxiety.

Bulgaria still poorly utilizes the advantages of the global
process for raising the national competitive power, realizing an
economic structural reorganization and modernization of the
technical manufacture. This situation is determined by the action of
different factors some of which are: decreasing the general
economic potential of the country, the technical level of
effectiveness of the national manufacture in times of reforms, the
specification of the national economic development till 1989 and so
on.

Especially in this moment of reorganization and reforms the
world and Bulgaria meet the real global economic crisis that puts
new records in all its acts. The current economic crisis is very
important because it leaded the country till the edge of the
economic shock, providing its citizens with new stress and unclear
conditions. Nowadays subject is the decrease of the national
domestic product, mass bankruptcies and unemployment, lowering
the life level of the nation.

The global financial crisis worsens the conditions that were
reached for labor market development in the first decade of 21
century. The country was hit hard by the crisis; it broke the relative
balance of the stock markets, it leaded to commerce contraction and
to investment restrictions. The decrease of investments, commerce
and real economy reflected to the labor markets and a considerable
shrinkage in labor search and unemployment enhancement. The
economic and political leaders tried to fight with the challenges
using packages of programs and restrictions. Their research is
necessary to clear the adequacy, effectiveness and timeliness of the
actions in the short and long run.

The negative crisis influences over the employment in a world
scale and in Europe in private reflect over the employment decrease
and raising the unemployment as well as in intensifying the
structure misbalances standing out the instability of separate groups
on the labor market — youths, middle-aged people, and lowly
qualified workers.

In Europe the crisis measures a loss of more than 1.9 min
working places just for the end of first three months in 2011 that
reflects to decrease of the employment with 1.3% yearly based. This
is the biggest decrease in employment after 1995. The flowing
down in GDP with 4.8% for the end of the second three-months in
2011 because of the manufacture and service compression leads to
decrease of the number of employee as the number of man - hours.

In Europe the crisis from 2008 in its extent and depth has a
different display. For some of Eastern European countries it’s more
considerable and brings back their economic and social



development with years, deletes their efforts and achievements from
the transition period and the years of participation in EU. In
countries like Bulgaria the crisis started later. The population of the
country still remembers the big economic crisis of the 90s, the high
unemployment level, the mass poorness and insecurity, the
various strata of society. The most significant unemployment
decrease is in Baltic countries, Spain and Ireland. The
unemployment reduction corresponds with the strong compression
of the economic activity. The most evident is the reduction in the
countries with biggest decrease in the economic activity and the
number of employed (Lithuania, Estonia, Latvia, Ireland and
Spain). Totally for the EU-27 the unemployment reached 9.5% in
January 2012 as it has a lot varieties in different countries: from
two-digits for Latvia (22,9 %), Spain (18,8 %) and other 5 countries
(Ireland, Slovakia, Hungary, Portugal and France) to the lowest
levels in Holland (4,2%), Austria (5,2%) and round 10 countries
with unemployment level between 6-9%, incl. Bulgaria (8,1%).

The Bulgarian crisis influenced summary at the next fields:
o Lowering the economic growth rate and limited market search;

e In the real sector — manufacture compression with strongest
attitude in building, metallurgy, machine-building, chemical
and textile industries;

e In the financial sector — instability and collapse in the stock
exchange;

e In the bank sector — restrictions in crediting through compression
of the mortgage and consumer credits, slowing down the temps
of crediting the private sector, raising the interests.

e Decrease in investment exportation;
e Increase in unemployment;
e Raising the food prices, etc.

Prognosis

e As a whole in Europe the decrease in economic growth in 2014 is
1.9% in prognosis by the International Monetary Fund drop till
1.5% on average.

¢ In 2016 is expected bigger decrease in economic growth that will
contribute to the Central and Eastern Europe. It’s expected
raising the inflation in short-term but slacken the pace in long-
term because of the reduction in supply and demand.

e In Bulgaria the reduction of growth rates will be weaker but is
expected decrease of revenues by taxes (VAT, corporation tax
and others) that will reflect over budget expenses and budget
surplus.

e It will decrease the money float by Bulgarian emigrants to
Bulgaria.

e The treats for Bulgaria are connected with the existence of
additional factors like corruption, weaknesses in the judgment
system, bad infrastructure.

e The Bulgarian economic dependence of outside resources exposes
it to risk, instability and more expensive outside resources.

o By one side is expected rise in service price but without better the
quality.

e Enhancement of the deficit of budget balance that now is fulfilled
by outside credits, euro funds etc.

Positive points of view by the crisis

e As a whole the stability of the financial system is based upon the
currency board. This is a condition for stability of the bank
system. The crisis forced banks to balance the crediting that is
useful for the bank system. The crisis stimulated these
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institutions to renovate the service packages and restructure
their portfolio. This forces the bank competiveness that is a
positive for the whole system.

e The increased inflation by other side leads to convergence in price
level with that in the EU.

e In the real sector positive effects are the lack of non-elastic
companies and compressions of additional costs in stimulating
the more effective labor.

e A positive tendency is the reduction in petrol prices and gas crisis
that stimulates developing the opportunities of alternative
energy sources.

e It’s found new opportunities for stimulating the agriculture
because of the price raising.

of
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Fig. 1 Positive indicators for the Bulgarian economy: high GDP
growth and falling unemployment
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Fig. 2 Negative indicators for the Bulgarian economy: levels of
foreign debt are at the same levels as during the last financial crisis,
of 1996

2. Undertaken anti - crisis measures in macro and
micro level till the end of 2017

e Decrease to minimum the cash bank ratio and increase of the
credit resource;

e Changes in BNB in the regulations for capital adequacy and for
the evaluation of client’s solvent;

e Bank promotions for deposits, fund extraction that are not in the
bank system — around 200 min.Iv.;

e A coordination between the system for prudential supervision of
credit institutions and the one in EU;

e Force the activity of BNB for credit development for SMEs and
enhancement of the sum for credit guarantee;

e When gathering euro funds to be provided bigger advance for
financial compensations;

e Budget financing of projects in education, health care, ecology;
e Strengthen the financial supervision and control;

e Decrease in ministry expenses till 70% of the stipulated ones;

ment Rate (Bive)



o Redistribution of the social dues as the country takes 12% of all
the payments;

e Funds for unemployed, young families who would like to buy a
house and raising the children additional payments;

e Creating conditions for temporary employment, temporary release
and saving the working places;

e Creating stimulus for employers who hire released workers.
3. Prepositions

e Preparing a plan of the EU for reinforcing the credit inflow in the
region, broaden the range of anti-crisis measures of Central and
Eastern Europe;

e Elaboration of new credit products, enhancement of the market
transparency;

o Decrease of the insurance charge;

e Increase in the export crediting;

e Marking priority fields in the expenses in every ministry;

e Reducing the period for VAT refund;

e Increase the expenses for advertisement in tourism

e Increase in public investments, opening new working places;

e Improvement of the organization for structure funds absorption,
fighting with the misappropriations;

e Accent over applying the legislation and especially the normative
acts.

4. Conclusion

The review of the crisis effects over the labor markets and
applied policies for reducing the negative effects give opportunity
for the next generalizations:

1. In accordance with the crisis duration the labor market
reacts with actions following short term and long term scenario. The
short term scenario includes measurements for stable employment
(flexible working time and labor organization, different training
opportunities and social defense) and including unemployed people
(programs for temporary employment, public-investment projects
and training of unemployed). However these actions lose their
meaning in long term crisis periods. In accordance with this the
long term actions must begin in time.

2. The programs with long term impact are forced toward
improving the competiveness (through integrated education,
technical help and support for the small and medium-sized
enterprises); improving the services in the system for qualification
and teaching; making better the forming, training and employment
of the human capital and flexibility of the system for unemployed
defense. The applying of such programs and policies leads to new
quality of the human resources and their organization that will
enable the faster after crisis economic reconstruction and abilities
for reaching better development in long term periods.

3. On the background of the European practice, the
Bulgarian labor market remains stable but this is as a consequence
of the later crisis development in the country. The short term
measures for minimizing the crisis effects over the labor market
include a wide range of measurements and programs that are
improved their effectiveness in the European practice. A matter of
fact is their contribution to the retaining a moderate level of
unemployment in Bulgaria in accordance with the EU.

4.  Trakia Economic Zone (TEZ) is one of the biggest
economic projects in Bulgaria, a public-private partnership that
includes six major industrial zones in the region of Plovdiv.
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Together the zones in TEZ have attracted over 1.2 billion euro of
fixed- capital investments.
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Source: Industry Watch based on survey among HR companies & industrial employers

Fig. 3 Expected total labor costs in manufacturing in 2018

5. The elaboration of development programs is an obligation
and responsibility not only to the government but also of the social
partners, the civil community and the science potential of the
country.
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Abstract: The poor technical condition of the existing irrigation infrastructure in our country and “Common Strategy for Management
and Development of Hydro melioration and Protection against Harmful Effects of Water”, which was prepared by a World Bank, give us
reason to expect the financing of projects for the rehabilitation and modernization of irrigation systems. Analyzed good practice in this area
shows that project management is essential to the qualitative and effective achievement of the main goal.

In the report, special attention has been paid to the process of planning certain priority projects for the rehabilitation and reconstruction
of irrigation infrastructure at the construction stage and an analysis has been carried out for the different areas of management (time, costs,

quality, human resources, communications, supplies and risks).

Keywords: CONSTRUCTION MANAGEMENT, IRRIGATION INFRASTRUCTURE, PLANNING PROCESS

1. Introduction

Lack of investment in irrigation infrastructure for more than
two decades has contributed to a significant deterioration of its
condition, which has reached a critical level to now. Thefts in the
linear and basic facilities, strong depreciation of the intake and
distribution network, water losses in irrigation systems
amounting to 70-80% are one of the reasons for the development
of a "Common Strategy for Management and Development of
Hydro-melioration and Protection against Harmful Effects of
Water ". It identifies as an important priority the rehabilitation
and modernization of irrigation and drainage infrastructure in our
country and the necessary capital expenditures for this are more
than one billion euro [1].

For this reason, it was urgent to draw up a proposal from the
team of World Bank staff and consultants for a framework,
programming and prioritization of funding from the European
Agricultural Fund for Agricultural Rural Development and the
Rural Development Program (RDP). The main aim of this project
is to contribute to improving the competitiveness of agriculture,
together with promoting effective water consumption and
increasing the environmental sustainability of irrigated areas [2].

Based on this project, the most favorable impacts are
expected to be achieved within RDP Area 5A Increasing
agricultural water efficiency, namely: Measure M4 Investments
in tangible assets, Sub-measure 4.3 aimed at supporting
investments in irrigation and drainage infrastructures [3]. For the
purpose of programming and defining priority irrigation systems,
it is recommended to use a multi-criteria assessment to allow the
ranking of a list of rehabilitation and modernization projects for
irrigation systems.

Beneficiaries of the Sub-measure 4.3 will be Regional Public
Hydro- melioration Enterprises (it is expected that the Irrigation
Systems Company will be restructured into such), Irrigation
Associations (According to the Irrigation Associations law) and
Municipalities, which there are at least one Irrigation Association
on their territory and apply for financial support with the
associations.

Good practices analyzed related to the construction of
irrigation infrastructure show that project management in this
area is essential to the qualitative and effective achievement of
the ultimate goal. The project management process groups
include planning  processes, implementation  processes,
monitoring and control processes and completion processes.
Interaction between the management processes is shown in Fig.
1.

The purpose of this report is to analyse the group of planning
processes at the construction stage of certain rehabilitation and
reconstruction projects for irrigation infrastructure for the
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different areas of management (time, cost, quality, human
resources, communications, supply and risk) [4].

Planning Process Group

v o)
Monitor and Control
Documents | T Process Group
A

v
Execute Process Group ¢
Finish Process Group | €—

-

Fig. 1 Interaction between the management processes

2. Pesults and discusion

The planning process group at the irrigation infrastructure
construction stage aims at establishing the overall scope of the
activity, defining and refining the objectives and developing an
action plan in each management area (Fig.2).

Planning
process
Supply management

Risk management

Quality management

‘ Communications ]

Fig. 2 The planning process group and each management area of the
construction of irrigation systems



2.1 Planning in the time management area

The planning processes in the time management area for the
irrigation infrastructure construction stage are mainly limited to:

e  Definition and decomposition of the activities for the
implementation of the construction stages of the site, including
preparation of the construction site, main construction and
finishing works

3 Choosing the resources needed to implement the
activities, including  human resources, construction
mechanization, materials

3 Determination of the sequence of execution of
individual works and elaboration of working calendar (linear or
network model) with critical path analysis and certain time
reserves for the respective types of works

. Assessment of the duration of the execution of the
construction works and the optimization of the working schedule
if necessary

Effective time planning will ensure consistency of costs and
time for building the site; availability and coordination of
resources used; possibility to predict contingencies; clarity for the
execution of the site within the agreed deadline.

2.2 Planning in the expenditure management area

The planning processes in the expenditure management area
are:

e Planning the financial means according to the budget
envisaged for the implementation of the site during the design
phase and the working calendar schedule

e The analysis and evaluation of the financial charts are the
term of construction — an integrated and differential flowchart of
cash funds.

The cost estimate is designed to be controlled over time,
provide funding during site construction, resource allocation

Based on the preliminary planning of the funds for the
individual decomposed activities for the construction stage of the
site, the baseline framework of costs over time is established and
approved.

2.3 Planning in the supply management area

Planning processes in the supply management area include:

e Preparation of a supply management plan — the plan
provides a description of how the procurement processes will be
managed — from supplier selection to the completion of the
contractual relationship with them. Selected suppliers will need
to equip irrigation systems with water meters, water level
controllers, gates, management and control systems, pumps and
the other.

e An outline of delivery work — the information contained
in this process may include technical specifications of deliveries;
quantity; requirements for: quality level; delivery and
installation time; warranty terms; technical support during the
operation of the site, etc.

e Delivery documents — these documents include a
statement of the supply work, including and binding clauses of
contracts with suppliers; technical capabilities of the selected
suppliers, production capacity, etc.

The supply planning processes are closely related to the
working calendar schedule. For this reason, the decisions made in
the delivery of the supply management plan should be integrated
with the schedule preparation processes.
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2.4 Planning in the quality management area at the stage
of construction of the irrigation infrastructure

Quality planning in the construction of the irrigation
infrastructure is limited to ensuring the quality of the site
construction works and the quality of the management process.
For this purpose, it is necessary to have clear technical
specifications for the implementation of the site, use of Bulgarian
and European standards regarding building materials, experience
of the construction company in building similar sites, use of
skilled labor and modern construction machinery.

2.5 Planning in the human resources management area

The planning process in the human resources management
area at the irrigation infrastructure construction stage involves the
development of a human resources plan on the basis of which the
posts, responsibilities and relationships between human resources
are planned; their working hours, wages, needs, technical safety
of work, etc.

2.6 Planning in the communications management area

The planning process in the area of communications
involves the planning of communication channels and the process
of exchange of information between participants in the
construction process. The Communication Management Plan
provides stakeholders’ requirements for the type and manner of
dissemination of the information; the deadlines and frequency of
transmission of the requested information; restrictions on
communication usually imposed by regulatory or company
policies, etc.; a schedule for project team meetings, etc., which
would improve communications.

2.7 Planning in the risk management area
The planning processes in the area of risk management are:
o Identifying possible sources of risk

e Analysis and assessment of possible consequences when
the risk occurs

e Analyzing and assessing the possibilities for mitigating
the effects of the risk development of a risk control and
management plan

The planning processes in each area build up the project
management plan and its documentation. During the
implementation period, additional planning may be required due
to the accumulation of additional information or the clarification
of certain features. Significant changes that occurred during the
implementation of the site triggered the need to review some of
the planning processes and to gradually detail the project
management plan. The update resulting from the approved
changes during the construction of the sites may significantly
affect parts of the project management plan. Updating these
documents provides greater precision in terms of calendar
planning; the spending of the funds for the implementation of the
site; preventing risks or minimizing their impact, etc.

3. Conclusion

In line with the state of the irrigation systems and facilities,
the priorities and measures formulated in the current
programming period 2014-2020 under the Rural Development
Programme as well as those developed by the World Bank and
endorsed by the Council of Ministers in August 2016, a
“Common Strategy for Management and Development of Hydro-
melioration and Protection against Harmful Effects of Water”
give us reason to expect the preparation, implementation and
management  of investment hydro-melioration  projects
concerning construction, reconstruction and modernization of
irrigation systems and facilities. The restore of irrigation



infrastructure will not only increase the competitiveness of farms
but shall also ensure effective, rational and environmentally
sound management of available water resources.

For this reason, the beneficiaries of the selected priority
projects for the reconstruction and modernization of irrigation
systems and facilities need to focus on effective planning of the
building construction stage in all areas of management, namely:
time, cost, quality, human resources, communications, supplies
and risk. All this will lead not only to the qualitative and timely
implementation of the projects but also to the efficient spending
of the financial resources under the Operational Programme.
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1. Introduction

During the development of electric vehicles and unmanned vehicles
[1] in the Russian Federation, a number of works on the study of
intelligent transport systems are carried out. One of the objects of
the research is the intelligent traffic control system for unmanned
vehicles with a leading pilot vehicle, improving the efficiency and
safety of cargo and passenger traffic in remote regions of the North,
the Arctic and Antarctica.

Leading international firms such as Daimler-benz, VVolvo, IVECO,
MAN, Scania etc. are actively working on the creation of autopilots
for commercial vehicles in the convoy with a pilot car driven by
drivers.

However, repetition of the foreign technical solutions providing
satisfactory functioning of control systems of unmanned trucks as a
part of columns in road climatic conditions of the Western Europe
appears impossible for road climatic conditions of the Arctic zone
of the Russian Federation.

It is generally accepted that the use of unmanned cargo vehicles in
the convoy is the most effective, in which the following results are
expected:

- improvement of road safety, as it minimizes the negative
impact of the human factor, which according to statistics is the
cause of almost 80 % of road accidents;

- achieving fuel savings of up t0 20 % ;

- increase in transportation productivity by 1.3-1.4 times;

- providing comfortable working conditions for drivers in
driven trucks;

- minimization of harmful effects on the environment;

- reducing the need to maintain a large staff of professional
drivers with high wages;

-the possibility of integration of unmanned transport systems
into the technological process of enterprises, primarily large
transport and logistics centers, ports, etc., ensuring their continuous
round-the-clock operation.

The problem of increasing the productivity of road transport is a
priority. The prospects of logistics are based on the development of
transport and infrastructure technologies. At present, domestic and
foreign transport enterprises implementing a modern logistics
technology, transportation and  freight handling:  the
telecommunication system forwarding, terminal system for the
carriage of goods, transportation of “door to door", etc.

According to well — known estimates, the cost of transportation
of goods ranges from 20 to 70% of the total cost of logistics, while
the price of goods transport component has a different share
depending on the type of products: 2...3% — for electronics, 5...6% —
for food, 7...12% — for machinery and equipment, 40...60%-for raw
materials, 80...85% for mineral products. According to experts '
calculations, the introduction of information systems can increase
the average speed of vehicles by 10 ... 30 km/h.

From the standpoint of the organization of freight transport in
General, a promising step is to unite the idea of unmanned transport
and cargo convoy. As a result, there are two types of transport
systems and infrastructure for them:
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- "road train" with a virtual trailer;
- convoy (with virtual connections);
- intelligent logistics center.

2.Prerequisites and means to solve the problem.
Road and climatic conditions of the Arctic zone of the Russian
Federation are characterized by the following features:

- abnormally low temperatures (up to-60 © C), impeding the
start of engines and limiting the normal operation of the technical
means of autopilots;

- heavy traffic conditions on off-road terrain allowing
operation of vehicle only in winter conditions;

- undirected terrain that makes it difficult to visually
determine the location of the pilot vehicle on the route;

- snow drifts, which does not allow to recognize a road
marking and impeding the functioning of the devices technical
vision;

- constancy of reduced visibility in conditions of polar
night;

- unpredictable influence of geomagnetic situation and state
of the earth troposphere and ionosphere in polar latitudes on the
conditions of uninterrupted reception of satellite navigation signals.

The technical solutions of control systems developed in this
applied scientific research and experimental development should
take into account the above peculiarities of the road and climatic
conditions of the Arctic zone of the Russian Federation.

In the course of the work, the following goals were set:

- creation of an intelligent traffic management system column
unmanned vehicles with a leading pilot vehicle, improving the
efficiency and safety of cargo and passenger traffic in remote
regions of the North of the country, the Arctic and Antarctica;

- obtaining significant scientific results, allowing to move to the
creation of new types of cargo vehicles in unmanned design,
providing a significant increase in freight traffic;

- market launch of new intellectual goods vehicles with a
qualitatively new higher technical characteristics;

- ensuring better connectivity of the territory of the Russian
Federation through the creation of intelligent transport and
telecommunication systems, as well as holding leading positions in
the creation of international transport and logistics systems,
development and use in the North of the country and the Arctic and
Antarctic.

For example, in the North of Russia, the Arctic and the
Antarctic, the use of modern cruise control systems is impossible
without improvement. Sensors serial systems do not work properly
at low temperatures, which can lead to emergency situations.

In snowfall, a large amount of snow sticks to the front bumper
of the car and partially closes the front radar view [2]. this, in turn,
leads to inaccurate detection of the road situation and increases the
risk of collision [3].

The climate of the North of Russia is characterized by strong
winds that have a strong impact on the vehicle. This impact may
result in unstable acceleration/deceleration of vehicles by the active



cruise control system, which in turn can cause severe discomfort to
the driver.

The software part of the existing cruise control systems takes
into account the current value of the vehicle speed, the value of the
speed of approach with the driving car and the relative distance.
Based on these data, the algorithms calculate a target deceleration
for the asphalt pavement of the roadway. The presence of snow and
ice on the roads increases the braking distance, which in turn
reduces the efficiency of the active cruise control system and can
lead to a traffic accident [4]. In order to ensure an adequate level of
safety, a number of calibrations are needed that will increase the
distance between vehicles in pursuit mode. Also changes logic of
operation: the system is the cruise control needs to begin braking at
a larger distance to the leading vehicle, but with a lower maximum
deceleration. This configuration will minimize the impact.

By analyzing the characteristics of the chassis design of an
unmanned cargo vehicle, it is possible to draw the following
conclusions.

The chassis of the unmanned cargo vehicle intended for
operation as a part of a column in the conditions of the Far North,
the Arctic and Antarctica shall possess high passability for what
should be equipped with the drive of at least 4 wheels.

The chassis of an unmanned cargo vehicle can be equipped with
a power plant of any type used in automotive technology, but it is
preferable to use the electric drive of the driving wheels without
speed transmissions. This conclusion is formulated on the basis of
the analysis of world experience, according to which almost all
modern unmanned vehicles (both freight and passenger) are
equipped with electric drive.

Modern models of unmanned cargo vehicles are based on the
technologies of leading manufacturers of cars and automotive
components for electronic driver assistance systems (ADAS).

In the conditions of operation of a column of unmanned
vehicles with a pilot driving vehicle in the conditions of the Far
North, the Arctic and Antarctica there are additional restrictions
associated with natural features characteristic of these areas.

One of them should include:

- lack of navigational guidance on a virtually homogeneous
desert area;

- polar night periods of up to six months, making it difficult to
visually detect obstacles on the lane;

- the lack of paved roads and with recognizable markings;

- increased frequency of failures in satellite navigation due to
changes in geomagnetic conditions and other external factors
(interference);

- abnormally low temperatures (up to minus 60 ° C and below)
and winds with speeds up to 25 m /s and above;

- snow drifts that make it difficult for visual recognition of the
lane itself;

- low grip of the tyres when driving on ice, snow and dirt ruts
filled with water;

- the increased fuel consumption of vehicle caused by low

speeds of the movement on the lowered transfers and practically the
round-the-clock mode of operation of internal combustion engine in
the conditions of abnormally low temperatures.
In view of the above, the navigation system, including satellite,
inertial and wheeled navigation system, is required to provide high-
precision positioning solutions in the conditions of loss of radio
visibility of satellites, the drift of coordinates of the inertial system
and wheel errors. Accuracy can be raised through the use of a
weather forecast system, which will give an understanding of the
roadway condition and traffic conditions [5].

3.Results and discussion

Mathematical models and control algorithms are the conceptual
core of intelligent control systems, largely determines the technical
characteristics and basic consumer properties of the final product.
One of the obvious and main requirements for mathematical models
and algorithms used is their adequacy in the entire operating range
of parameter changes, along with the possibility of their use for
indirect measurements and for the formation of control actions.
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3.1 Description of mathematical models of longitudinal
movement of the center of mass of the driven unmanned
vehicles

For the development of control algorithms and interaction
of intelligent transport control system column below is a
description of the mathematical models of longitudinal
motion of the center of mass of the guided unmanned . To
determine the control actions on the engine, transmission and
brake system adequate mathematical model of longitudinal
motion of the center of mass of the vehicle.

As a vector of control actions is considered.

(1) (U = (Uy, Uy, U3)T, when

U; — gearbox transmission number 1 < U; < Uppay; U1 =0 —
corresponds to the neutral state of gearbox;

2 U, = Zsinz(%) — the control action of the accelerator
corresponding to the rotation angle of the throttle ¢,,, engine;

(3) U3 = Py Py,L,, — control action on a braking system equal to the
ratio of pressure Py x its maximum allowable value Pr,,, .

The longitudinal motion of the center of mass of the car is
described by a system of differential equations, in which the first
equation of the system is a special case of the second Newton's law,
and the second equation is the definition of speed as a derivative of
the path [6]:

Vin

(4){ i

m

=ay =agr(U) — kxm(Tan% - k'rpg —arg
Vn

when

a,, = V,, — longitudinal acceleration of the centre of mass;

(5) agr = a4(Uy,U;) — ar(U3z) — traction and acceleration created
by the engine to the transmission to the drive wheels (a;) and brake
deceleration (ar), generated by the braking system;

(6) k, = 0,5C, S, p — drag coefficient, aerodynamic drag;

C, - specific coefficient of aerodynamic drag;

S, — cross-sectional area (midsection) of the object;

mg — vehicle weight;

k1, — the coefficient of rolling friction of the tires;

ar — pitch angle equal to the angle of slope of the road surface to
the horizon;

g — acceleration of gravity.

Drag coefficient, aerodynamic drag k, and rolling friction of tires
k-, unknown in advance and determined experimentally.

3.2. Development of the algorithm of brake control

The problem of development of the brake control
algorithm is solved for the adaptive cruise control system, advanced
emergency braking system and auxiliary braking system.

The principal differences of the considered algorithm of
automatic braking of the developed systems of power-driven
vehicles from those used in existing foreign systems of active safety
are:
- installed on modern vehicles, automatic emergency
braking (AEBS) systems are used in braking ABS function,
therefore, they have all the disadvantages of anti-lock systems,
namely the cyclic principle of action, which does not allow for
effective braking on slippery and uneven surfaces. The algorithm
does not depend on ABS and works on the principle of limiting the
braking deceleration, taking into account the slippery surface;
preventing collisions with passing objects in the rear
hemisphere is not part of the functions of the currently used
systems. However, the danger of such collisions and the severity of
their consequences is no less significant than in the front
hemisphere.

To describe the algorithm of automatic braking should describe
the conditions of collisions of objects when moving in the same
lane.

Consider the differential equations of distances L; and L,
between the driven car and the obstacles in the front and rear traffic
lights on the same lane:



dby
dt
dL,

= Vnpl ) =V (®);
M1

dt Vm (t) - Van (t); when

V. (t) — speed of driven car,
Vi1 (t) and Vyp; (t) — speed front and rear obstacles.
Figure 1 shows the relative position of the front and rear obstacles

on the lane..
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Figure 1-Relative positioning of the front and rear passing
obstacles on the lane

The solution of differential equations (8), presented on the time
interval (t + t5) to the complete stop of objects:

%M@=h@+f%ﬂﬂﬂﬂﬂw

Ly(ts) = Ly (©) + [ [V (2) = Voo (D] .
A natural condition for preventing collisions is the implementation
of inequalities Li(tg) > 0 and L,(ts) > 0, which are converted to
the following:

®%w>fM@—mﬁmu

t
LZ(t) > fts[Van (T) - Vm (T)]dT
The right-hand sides of the inequalities (9) represent the lower
bounds of safe distances AL,,; u ALy, to front and rear hurdles.
Given the time lag of actuation of the brake systems of the
vehicle 7,, and rear obstacles 7, the lower bounds of the safe
range AL.yq1 and ALy, at intervals, delays are:
10) { ALppr1 = 0,580p172 + (Vi = Vi1 )T
ALgpy = 0,587 7202 + (Vapz — Vin )Ty When
@yp1 — projected estimation of the deceleration of the front obstacle;
ar,, — forecast estimate of deceleration of the driven vehicle.
The second pair of lower boundaries of safe distances AL, and
ALy, determined at the time interval until the complete stop:
a1 {ALrp12 = VT + 0,5V a7 — 0,5V5 4001
ALrp22 = VanTan + OvSVrlsza;plZ - OJSVW%aFr}T
The resulting bounds of the safe range AL, and AL, defined as
the maximum of a pair  (ALyyq1, ALppiz) and a pair of
(ALrpZL ALrpZZ):
(12) {ALrpl = max[ALyi1, ALgprz]
ALypy = max|[ALppz1, ALz |
In this case, the inequalities are fulfilled
L1(t) > ALy, (2);
(13){ 1() rpl()
L2 (t) > ALrpZ (t);
means that the collision avoidance conditions are met both on the
lag interval and on the interval to a full stop.

To prevent collisions with an oncoming obstacle Vnpl < 0 the

value of the boundary distance is
(14) ALyyy = Vi Ty + Vip1 Tupr + 0,5V2a75, + 0,5Vi5 400,

Analysis of the conditions for collision prevention, presented in
the form of the problem of dynamic stabilization of distances,
shows that the highest values of boundary distances is characteristic
for the oncoming obstacles [7]. Uncertainty of estimates of delays
in braking of the driven vehicle and obstacles, along with
uncertainty of their decelerations in case of manual control creates
difficulties of adequate forecasting of boundary distances.

The solution of the problem of dynamic stabilization of safe
distances [8] or deceleration ar,, the driven vehicle is determined
from the boundary distance equations provided

(15) Ll = ALrpl u Lz = ALr‘pZ'

So, in particular, brake deceleration ar,,, sufficient to prevent
collision with a forward fixed, passing or oncoming obstacle is
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equal to:
rm,ecau ALy 1 > 0¥ Ary < Armax s
(16) arm = {a ecan ALY = 0 vwiu dpp, > a when
Tmax » ml = Tm Tmax »
(17) “arm = 0,5V (AL, )7
[Ll — VT + 0,5Vnzpld;p11],ecm/1 Vip1 2 0;
[Ll - Vme + Vnpl‘[npl - OJSVanlaerll]'
if Vap1 < 0;
anp1 — assessment of the developed brake deceleration of the front
obstacle;
Braking deceleration arq, sufficient to prevent a collision with the
rear of the associated constraint on the delay interval braking ,;
Qrq, €CU Aty < ATmgy 5

equally:
ATmax » €CIA C_lTl > ATmax »

(19) ary = {
When dTl = Z[Lz'[;pzz + (Vm - Vl‘lpZ)Trl_plz]'

(18) ALy, =

3.3. Development of algorithm of interaction of CU in the
column

After switching to the operating mode, following in the column
the leading vehicle, the leading vehicle, on which the Bluetooth
access server devices are located, begins the exchange with the
driven unmanned vehicles equipped with Bluetooth client modules
[9].

Performing the functions of a server (hereinafter server) device
with Bluetooth access, transmits to customers (driven by unmanned
vehicle) information, on the basis of which the task of managing the
course of driven unmanned vehicles is formed.

Messages are exchanged between the server and clients in
accordance with the Protocol of exchange that guarantees the
delivery of the message.

The exchange session always initializes the server, to verify
communication, the server, with the operator specified frequency,
sends a command to all clients to send telemetry, the clients, if they
have a new regular or emergency telemetry, sends it to the server.

According to the results of telemetry processing, the control
program of the column or the operator sends to the selected
unmanned vehicle control command to perform certain actions
specified in paragraph 3.1.

Driven unmanned vehicles transmit to the server telemetric
information necessary for trouble-free movement as part of the
column.

In the case of identifying obstacles on the lane column in front
of one of the unmanned vehicles, the unmanned vehicle, in the
presence of (according to the engineer reconnaissance), the second
lane begins the maneuver detour obstacles, with a notification over
the communication channel leading unmanned vehicle otherwise
the unmanned vehicle is stopped and sends a notification about an
emergency stop [10,11].

In the event that one of the unmanned vehicles makes an
emergency stop associated with the diagnosed malfunctions, the
emergency unmanned vehicle transmits to the driving car a message
about the emergency stop.

3. Conclusion

The analysis of results of the carried-out researches in the field
of perspective directions of development of systems of functioning
of the unmanned vehicle allows to formulate the following
conclusions: the principles of construction of multilevel information
management systems of the unmanned vehicle and their hierarchy
are defined; the review of technical characteristics of available
devices and systems of technical vision is carried out; the
comparative analysis of opportunities and technical characteristics
of systems of navigation and orientation of the unmanned vehicle;
modern intelligent communication systems of unmanned vehicles
and their technical characteristics are considered..
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Abstract: Serial resonant bridge converter commonly used in process of induction heating on metal materials. In these applications during
the heating process, the converter load equivalent electrical parameters are changed. This contributes to the transferred power from the
converter to the induction device to change. In this paper with mathematical analysis are determined the quantities from which depends the
active power of the resonant converter. Derived is an equation that gives the dependence of the active power from the phase angle between
the voltage and current the converter as and from the duty cycle. This equation can be used in control methods to maintain maximum conver-

tor power transfer.

Keywords: ACTIVE POWER, RESONANT CONVERTER, EQUATION

1. Introduction

In power converters of interest is that the power transferred from
the converter on the load to be maximal. Often due to the change in
the parameters of the output circuit of the converter, this power is
not always maximal [1], [2], [3]. To maintain maximum transferred
power from the converter to the load is needed knowledge of the
parameters that affect the power. Independent of the type of process
controlled by the converter, motor drive or induction device, etc.,
causes leading to a reduction in the transferred power are related to
increasing the phase difference between the voltage and the current
of the converter as well the deviation of duty cycle of value 0.5. The
change in the phase difference is caused by the change of parame-
ters (inductance, resistance, and capacitance) of the output circuit of
the converter. To changing the duty cycle on the output voltage of
the converter comes as a result of the need to change the effective
value of the output voltage, with target to controlling the output
power of the converter. The change on the phase difference leads to
an increase in reactive power and a reduction in the active power of
the converter. Reduction of the duty cycle from 0.5 increases the
harmonic distortion of the output voltage and current of the conver-
ter. Both reasons reduced the output active power and efficiency of
the converter [4], [5], [6] [7]-

In this paper with mathematical analysis are determines the quan-
tities from which depends the active power of the resonant conver-
ter. Derived is an equation which gives the dependence of the active
power from the phase angle between the voltage and current the
converter as and from the duty cycle.

2. Impact on Phase Difference and Duty Cycle at Se-
rial Resonant Bridge Converter

Serial the resonant converter is normally used in the devices for
induction heating [1], [2]. In Fig. 1 is shown the electrical scheme
of this converter with output load: R=0.24 Q, C =26,6 uF and
L = 26,5 uH [8]. In Fig. 2 are shown the output voltage and current
waveforms in the more usual above-resonance mode of operation.
In induction heating/melting and similar applications the heated
workpiece equivalent electrical parameters are part of the resonant
circuit. As the work-piece temperature increases, its equivalent
resistance and inductance change, thus changing the circuit resonant
frequency. Consequently, the deviation of the switching frequency
from the resonant one is also changed, which results in undesired
change of output power.
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Fig. 1 Serial resonant bridge converter topology in mode of induction de-
vice.

The typical R and L change during metal-piece induction melting
is in the range of 50%. These real values are used as an example in
the following examination giving the values for the resonant fre-
quency wq = 37665 rad/s, f; = 5998 Hz [9], [10].

.

Ug(r) T./2

i ()

X

r

Td-tl:w

I
T, 2

Fig. 2 Output voltage and current waveforms in above-resonance mode.

The mode of induction heating changes the value of the resis-
tance and inductance of the resonant circuit of the converter. This
leads to a change in the phase difference between the current and
the voltage of the converter and the change of the output power.

In Table | are given the values on the switching frequency fg, ,
output voltage U,, output current I,, output power P, and phase
difference ¢ for chance on the resistance and the inductance for
20 %, i.e.: change on R from 0.24 Q on 0.29 Q, and change on L
from 26.5 pH on 31.5 puH.

To visualize this rather strange dependence, Fig. 3 gives Power-
Sim simulation results of steady state for several values of the
switching frequency below and above resonance [9].


mailto:goce.stefanov@ugd.edu.mk
mailto:L.Karadzinov@feit.ukim.edu.mk
mailto:tatjana.pacemska@ugd.edu.mk
mailto:maja.kukuseva@ugd.edu.mk

Table I: Values of the output converter parameters for changes of resistance

and inductance for 20%

L R Oi fsw Io Uo PD
mH] | (@ | [] | kHZ | [Al | V] | [kvA]
26,5 0,24 5,00 6.27 208 56 10,7
31,5 0,29 31,34 6.27 145 56 6,16
1 200A 80V 9

100A 40V
AN {
0A \ / / ov
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Fig. 3 Steady state voltage and current waveforms below and above

resonance (R =0.24 Q, L = 26.5 uH, C = 26.6 uF and Q = 4).

From Table | can be seen that the change in the inductance and the
resistance for 20 %, changes the phase angle for 16 % and reduces
the output power for 42 %.
The current waveform for f, = 0.5-f; shows that is very much
distorted deep below resonance, the first harmonic is no longer
dominant, which reflects to the amount of active power transferred
to the load. This explains why below-resonance mode of power
control was less desirable. The first diagram in the Fig. 3 for f; = 0,5
fo shows that phase difference gets zero values every time the
switching period T is multiple of the resonant one T, in this case T
=2T,.

The general conclusion from Fig. 3 is that when switching fre-
quency fy is different from resonant frequency f, the harmonic dis-
tortion of the output current are increased.

In Table 11 are given the values on output voltage U,, output cur-
rent loy , Output power Py, for change on convertor duty cycle.

Table I1: Values of the output converter parameters for changes of the duty

cycle
L R 1) fs D lo U, P,
[WH] | [Q] [o] | [kHZ] Al | V] | [kvA]
26,5 0,24 | 5,00 6.27 05 208 | 56 10,7
26,5 0,24 | 5,00 6.27 0.4 187 | 56 8.5
26,5 0,24 | 5,00 6.27 0.3 125 | 56 3.8
26,5 0,24 | 5,00 6.27 0.2 43 56 0.45

From Table Il can be seen that the change on the duty cycle D
significantly reduces the output power P,. Changing the duty cycle
to 0.1 from optimal value 0.5 causes a change on the power for
21 %. Larger changes in the duty cycle D causes significant changes
on the power P,,.

Also, the change in the duty cycle causes an increase in the har-
monic distortion of the output voltage. In the Fig. 4 is shown har-
monic specter for the output voltage of the converter for duty cycle
0.5and 0.2.

From Fig. 4a can be see that for duty cycle 0.5 the first harmonic
(on frequency 6.027 kHz) has the highest value and for duty cycle
0.2, the highest value has third harmonic, Fig. 4b.
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Fig.4 Harmonic specter of the output converter voltage: a) for duty cycle
0.5 and b) for duty cycle 0.2.

The general conclusion from Fig. 4 is that for less duty cycle
D < 0.5 the harmonic distortion of the output voltage increases.



3. Determination on the active power from phase dif-
ference and duty cycle

The output active power of the serial resonant converter is de-
termine as [2], [3]:

P, =U,I,PF 1)

In (1) U, is the effective value on the output voltage, |, is effec-
tive value on the output current, and PF is power factor of the con-
verter.

In a converter that generates a voltage with a square waveform at
the output, the power factor of the converter is defined as:

PF = DF, - DF, - DPF @

In (2) DF, is a voltage distortion factor and is defined as the ratio
of the effective value of the fundamental voltage harmonic U; and
the effective value of the total voltage U,, ie:

u, 1

= @3)
U, V1+THDV?

In (3) THDV is a total harmonic distortion of the voltage and is
defined as a square root of the ratio of the sum of squares to the
effective values of the higher harmonics of the voltage and the
square of the effective value of the fundamental harmonic of the
voltage Uy, ie:

DF, =

el e
us

THDV = (4)

The second term in (2), DFi is a current distortion factor and is
defined as the ratio of the effective value of the fundamental current
harmonic |, and the effective value of the total current I, ie:

DF, ::—1:; (5)

V1+THDI?

In (5) THDI is a total harmonic distortion of current and is de-
fined as the square root of the ratio of the sum of squares to the
effective values of the higher harmonics of current and the square of
the effective value of the fundamental current harmonic, ie:

2 2 2 2 2
LTl Ll L

2
1]

THDI = ©

The third term in (2), DPF = cosg is the displacement factor.

For frequencies close to the resonance, the current is with the si-
nusoidal waveform, so that the current distortion factor DF; = 1.
Based on the above and (1), the power factor in a resonant converter
with a square waveform of the output voltage and operating fre-
quencies close to the resonance, is given as:

U
PF = DF, cos¢ = —Lcosg (M
UO
In a bridge resonant converter with a square waveform on the
output voltage, when the duty cycle is D = 0.5, the voltage distor-
tion factor is DF, = 0.90 [2]. With this (7) gets the form:

PF =0.9cos¢ (8)
The effective value of the fundamental voltage harmonic U, in a

bridge resonant converter with a square waveform of the output
voltage and the duty cycle factor D is given with [2]:

U, = Mo sin pry ©)
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Replacing (9) in (7) for the power factor is obtained:
1 4U,.
U, 742

When the (10) is replaced in (1) the power gets the form:

U, 4U, . .

—o—0 _—DCgin( Drr)cose =
o N2

| W
" 2

The equation (11) gives the dependence of the output power of a
bridge resonant converter from the output current 1,, the voltage of
DC source Upc, the phase difference ¢ and the duty cycle D.

From (11) can be concluded that the output power of the conver-
ter can be controlled with control of the phase difference and with
duty cycle D. However, control of the output power with changing
the duty cycle D is imitated of the increase of the harmonics which
comes with a decrease on duty cycle.

When D < 0.5 the harmonic distortion increases and the voltage
distortion factor DF, < 0.90. For illustration of this, in Fig. 5 is
shown the dependence of the voltage distortion factor DF, = U;/U,
from duty cycle D.

PF = sin( Dx) cos ¢ (10)

P =
(11)

sin( D) cos g

0.50
0.40 //
0.30

0.00 T T T T ]
0.00 0.10 0.20 0.30 0.40 0.50
D
Fig. 5. Dependence of the voltage distortion factor DF, from duty cycle D.

From Fig. 5 can be noted that to 20 % (value 0.4) decrease of the
duty cycle, the voltage distortion factor are decreased to 0.85. With
this, the power factor will fall below 0.85, the active power will
decrease, and therefore the efficiency will decrease. Therefore, in
practice when adjusting the output power of the resonant converter
by adjusting the duty cycle, it should go with its change in small
range below 0.5.

For greater power deviation from the nominal (due to change in
resonant circuit resistance) is more practical to use a DC/DC con-
verter in a DC power source that will supply the inverter. However,
even considering that the DC/DC efficiency is about 0.9 and the
efficiency of the resonant converter is about 0.9 the total efficiency
will fall about 0.8.

In serial resonant converter, the output voltage is with square
waveform and in such a case phase differences is [8], [10]:

sin( n&)
(0N 12)

@ = arctg

T Wy
20 . w,
e 29 +cos(r—2)

S

2
wg—(;iJ (13)

where:

Series1



is damping frequency and with values for R = 0.24 Q, C = 26,6 uF
u L =26,5 pH has the value 37392 rad/s. When (12) is replaced in
(11), for active power of converter is are obtained:

sin(z 24)

) (14)

S

P=I, —

P ,
e 2 ycos(z—%)
w

S

4. .
——==sin( Dr) cos| arctg
72

Base on (14) in Table 111 are given data for the effective value on
output current l,, the voltage on DC supply Upc, ratio on the
switching and damping frequency fy/fy, the phase difference ¢ and
calculate power P,. These values are obtain with RLC parameters
that are given above.

Table I11: Data for fy/fy, Upc, lo, and P, for D =0.5,D =0.4and D =0.2

D= 05 D= 04 D= 0.2
Une (0] Io Po Io Po Io Po
foffa | [V [o] [Al | kW] | [A] | [KW] | [A] | [kW]
0.1 | 60 -0.02 57 2.88 25 1.26 18 0.91
0.25 | 60 -0.06 33 1.67 23 1.16 32 1.62
0.3 | 60 -15.13 62 3.03 52 2.54 34 1.66
0.4 | 60 20.53 52 2.46 28 1.32 41 1.94
0.5 | 60 -0.06 42 2.13 41 2.07 41 2.07
0.6 | 60 -19.72 55 2.62 55 2.62 42 2
0.7 | 60 -32.56 62 2.64 76 3.24 57 243
0.8 | 60 -37.36 89 3.58 110 4.42 58 2.33
0.9 | 60 -29.32 | 157 6.93 155 6.83 47 2.07
1.0 | 60 0.19 | 211 10.7 186 9.41 43 2.18
1.1 | 60 31.10 | 169 7.32 174 7.54 42 1.82
1.2 | 60 43.88 | 129 471 128 4.67 33 1.2
1.3 | 60 47.70 86 2.93 90 3.06 29 0.99
1.4 | 60 48.17 76 2.57 73 2.46 28 0.95
15 | 60 47.31 62 2.13 62 2.12 26 0.89
1.6 | 60 45.90 55 1.94 53 1.86 24 0.85
1.7 | 60 44.29 46 1.67 47 1.70 26 0.94
1.8 | 60 42.63 41 1.53 44 1.63 23 0.86
19 | 60 40.99 40 1.53 37 141 19 0.73
2.0 | 60 39.42 35 1.37 36 1.40 18 0.7

In the Fig. 6 are shown waveforms of the output power in rela-
tion to the normalized circular frequency fy/fy obtained with equa-
tion (14) for three value of duty cycle: D =0.5 (a), D =0.4 (b) and
D =0.2 (c).

e/

0 T T T T T T T T T
0.1 0.3 0.5 0.7 1.3 15 1.7 19

0.9 oty 11

Fig. 6. Waveforms on the output power of the resonant converter for three
value on duty cycle: D =0.5,D=0.4and D =0.2.

Calculating the output power with (14) the effective value on the
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output current |, is obtained with simulation on the circuit from
Fig.1 in PowerSim program.

From Table 111 and Fig. 6 can be seen that: first, the output power
is maximal for f,=fy and duty cycle D = 0.5, second, the output
power for D =0.4 and f,=f; is reduced for 15 % in ratio on the
power for D = 0.5.

Also, can be noted that for frequencies larger than f, = 1.1 f;, the
waveforms on the output power for D = 0.4 and D = 0.5 are almost
the same.

The waveform on the output power for D = 0.2 shows that in this
case is greatly reduced with maximum value for f; = 0.7f;.

4, Conclusion

The serial resonant bridge converter have output voltage with
square waveform and output current with sinusoidal form when
switching frequency is same with the resonant frequency. When this
converter operates in mode on induction device RL parameters are
changed. This changes cause change on the phase difference be-
tween the output voltage and current. This cause change on trans-
ferred power from the converter to the output load. On the output
power also can be influenced with changes on duty cycle.

To maintain a constant power transfer from the converter to the
load, it is necessary to know the dependence of the power on the
phase difference and duty cycle. In this paper, an exact equation is
derived for the dependence of the output power of the converter
from the phase difference and duty cycle. This equation can be used
for development of an algorithm for the operation of the converter
with constant power.

5. References

[1] G.E.Totten, Steel Head Treatment, Portland State University,
Oregon USA, Second Edition 2006.

[2] W. B. Williams, Principles and Elements of Power Electronics,
University of Strathclyde, Glasgow, 2006.

[3] W. Shepherd, L. Zhang, Power Converter Circuits, Marcel
Dekker, 2004, ch.15

[4] D. Maksimovic, R. Zane, R. Erickson, “Impact of digital control
in power electronics”, In Proceedings of the IEEE 16th Internation-
al Symposium on Power Semiconductor Devices and ICs. May: 13—
22.2004.

[5] K. Harada, Analysis and Design of ZVS-PWM Half-Bridge
Converter, IEEE PESC Record, 1995, pp. 280-285.

[6] J. Shklovski, K. Janson, T. Sakkos, Natural Mode Constant
Power Source for Manual Arc Welding, Elektronika Ir Elektotech-
nika, Vol 18, No 9, 2012.

[7] Y. Kwon, S. Yoo, D. Hyun, “Half-bridge series resonant inver-
ter for induction heating applications with load-adaptive PFM con-
trol strategy”, Applied Power Electronics Conference and Exposi-
tion, pp. 575-581, Dallas, TX, USA, 14-18 Mar 1999.

[8] G. Stefanov, “Resonant Converter for Induction Heating of Met
als with Improved Efficiency”, Ph.D. Thesis, Sts. Cyril and Metho-
dius University, Skopje, Macedonia, 2014.

[9] PowerSim Software, http://www.powersim.com/

[10] Lj. Karadzinov, G. Stefanov, “Direct phase digital control me-
thod in power inverters based on dumping frequency analysis”,
Proceedings of the 16-th IEEE International Conference on Com-
puter as a Tool — IEEE EUROCON 2015, Salamanca, Spain, 8-11
Sep. 2015, pp. 1-6.


http://www.powersim.com/

PRECISE 3D CARTOGRAPHIC DESIGN USING BING-MAPS RESOURCES, 3D
BLENDER AND THE SPECIALIZED BLENDERGIS-ADDON APPLICATION
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Abstract: 3D cartographic design is successfully implemented using the modern resources of Bing-Maps, Blender-3D software and the
BlenderGI1S-addon application. In addition to the quality of the resulting end-models, the performance of these programs and applications is
highlighted by its free license and open source. In the present study, a 3D model of a part of a geographical area in Varna, Bulgaria was
developed. For the research purposes the geographic area of the Technical University - Varna, comprising a part of the campus is
determined. The finished 3D model contains information with the exact positions and names of the selected objects.

Keywords: 3D, GIS, BING, BLENDER, BLENDERGIS-ADDON

1. Introduction

Obtaining quality 3D cartographic models requires the
availability of appropriate resources of a different nature. Even if an
appropriate methodology, including up-to-date technical and
information tools and data, is developed, it is important to keep in
mind that keeping up-to-date is of great significance in maintaining
a system, including the emergence of new versions of operating
systems, especially their interaction. Often, this is accompanied by
the passage of a system from a free to paid version or in other cases,
the abandonment of the product [1]. In turn, the GIS (Geographic
Information System) has its own specific software, hardware, data,
training capabilities for creating, manipulating, storing, analyzing,
and visualizing spatially-defined data [2 - 5].

2. Materials and Methods

The Bing-Maps [6], Blender-3D [7] and BlenderGlS-addon [8]
are methodically supported at this stage (November 2017). For the
current study Bing online resources in the Maps section are used
within the Blender 3D open source program. This is possible with
the support of BlenderGlS-addon. Combining these capabilities into
a unified system, the design of 3D cartographic model is fully
possible, with the end result being with very good visual qualities.
Figure 1 shows the working configuration between the three main
components Bing-Maps, Blender-3D and BlenderGIS-addon,
emphasizing that work is done in real time without hierarchy.

| Bing-Maps |

| Blender-3D |

Vo

| BlenderGl5-addon |

Fig. 1 Interaction between Bing-Maps, Blender-3D and
BlenderGIS — addon

Implementation of the 3D cartographic model takes place in a
Blender software environment. The program is a powerful free
resource that combines a fully-functional and convenient interface
with very good capabilities for high-quality finishing images or
animations [9-17]. After adding BlenderGIS-addon (the addon is
located at: https://github.com/domlysz/BlenderGIS and activated in
Blender software using File-> User Preferences-> Install add-on
from file-> BlenderGis-master.zip ) it is necessary to select the
Cache folder. The BlenderGIS-addon activates Basemap and
Source: Bing; Layer: Map. Directly into the Blender software
interface is included Bing-Maps (fig. 2). In order for visualization to
be possible, Top View should be positioned in Ortho mode.

Fig. 2 Online Bing-Maps in Top View / Ortho

The map of the Technical University - Varna, Bulgaria is
determined by manual or coordinate positioning of the map (fig. 3).

Fig. 3 Selecting the area of the Technical University - Varna,
Bulgaria on the map

Once the zone is set, it switches to Satellite Mode (BlenderGIS-
addon / Basemap / Layer: Satellite). The satellite visualization in
the Blender software of the Technical University - Varna, Bulgaria
is shown in figure 4.

Fig. 4 Satellite Visualization in Blender Software in the region of
Technical University - Varna, Bulgaria



The BlenderGIS-addon defines 3D design parameters: Get
OSM/Ways/building, highway, natural, Default Height: 20, Level
height: 3 and Separate objects. In the workspace of Blender three-
dimensional models corresponding to the real objects are designed
(figure 5 and figure 6).

Fig. 5 The designed 3D model of the region of the Technical
University - Varna, Bulgaria and the surrounding sites

Fig. 6 Exact selection of the Faculty of Mechanical Engineering
of the Technical University - Varna, Bulgaria (the selected 3D
model and the corresponding name obtained directly online are
marked in green)

In figure 7 is shown in isometric view the finished three-
dimensional model of a field of Technical University - Varna,
Bulgaria and the surrounding objects from the selected zone.

Fig. 7 Isometric view of the finished three-dimensional model
of the region of the Technical University - Varna, Bulgaria and the
surrounding objects of the selected area

Result: A three-dimensional model of the area including the
area of the Technical University - Varna, Bulgaria and surrounding
sites is developed through the accessible resources of Bing-Maps,
Blender-3D and BlenderGIS-addon.
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3. Conclusion

This article details the correct technological pathway for
obtaining this model, focusing on the methodological features that
contribute to the right design process. The resulting automated
design result saves technological time to conventional three-
dimensional design according to predefined drawings and
parameters. The obtained result is distinguished by the high
accuracy of the 3-D model and the detailed accompanying
information received in real time..

4. References

[1] A. Scianna, A. Ammoscato. 3D GIS data model using open
source software. ISPRS Archive Vol. XXXVIII, Part 4-8-2-W9, :
Core Spatial Databases — Updating Maintenance and Services —
from Theory to Practice”, Haifa, Israel, 2010.

[2] Geographic information system (GIS).

https://en.wikipedia.org/wiki/Geographic information syst
em

[3] Kenneth E. Foote and Margaret Lynch. Geographic
Information Systems as an Integrating Technology: Context,
Concepts, and Definitions. The Geographer's Craft Project,
Department of Geography, The University of Colorado at Boulder.
2015.
https://www.colorado.edu/geography/gcraft/notes/intro/intr
o.html

[4] Open Source GIS History — OSGeo Wiki Editors".

Retrieved 2009-03-21.
http://wiki.osgeo.org/wiki/Open_Source GIS History
[S] Teorpapcka  undpopmammonna  cucrema  (I'HC).

https://bg.wikipedia.org/wiki/T'eorpadcka_nHdopmarnmoHHa_c
ucrema

[6] Bing — Maps. https://www.bing.com/maps

[7] Blender — 3D. https://www.blender.org/

[8] BlenderGIS
https://github.com/domlysz/BlenderGIS

[9] T. Dovramadjiev. “Modern accessible application of the
system blender in 3d design practice”. International scientific on-
line journal "SCIENCE & TECHNOLOGIES". Publishing House
"Union of Scientists - Stara Zagora", 2015. ISSN 1314-4111; p. 10
—-13.

http://journal.sustz.com/VolumeV/Number4 /Papers/Tiho
mirDovramadjievl.pdf

[10] Brian R Kent. 3D Scientific Visualization with Blender.
National Radio Astronomy Observatory, Charlottesville, VA, USA.
Morgan & Claypool Publishers. 2015.

[11] John M. Blain. Computer Modeling and Animation. The
Complete Guide to Blender Graphics. Taylor & Francis Group,
LLC. ISBN:13: 978-1-4665-1704-2. UK, 2012.

[12] A.A.Ilpaxos, Blender: 3D-moxenmupoBanue n aHUMAIHS.
CII6.: BXB, ISBN 978-5-9775-0393-8, Pycwus, 2009, 272 c: u.

[13] Roger D. Wickes, Foundation Blender Compositing,
ISBN-13 (pbk): 978-1-4302-1976-7, USA, 2009

[14] Ami Chopine, 3D Art Essentials The Fundamentals of 3D
Modeling, Texturing, and Animation, Elsevier, ISBN: 978-0-240-
81471-1, USA, 2011, p. 249 — 252.

[15] Felician Alecu, Blender Institute — the Institute for Open
3D Projects, Open Source Science Journal Vol. 2, No. 1, Economic
Informatics Department, ASE Bucharest, Romania, 2010, 36 — 45.

[16] James Chronister.: Blender Basics 2.6 (4-rd edition).
Cdschools eBook Online, 2011, p. 178.

[17] James Chronister, Blender 3D Basics 3rd Edition, Creative
commons attribution-Non Commercial-share alike 3.0 Unported
License, 2009,146 p.

addon.



https://en.wikipedia.org/wiki/Geographic_information_system
https://en.wikipedia.org/wiki/Geographic_information_system
https://www.colorado.edu/geography/gcraft/notes/intro/intro.html
https://www.colorado.edu/geography/gcraft/notes/intro/intro.html
http://wiki.osgeo.org/wiki/Open_Source_GIS_History
https://bg.wikipedia.org/wiki/Географска_информационна_система
https://bg.wikipedia.org/wiki/Географска_информационна_система
https://www.bing.com/maps
https://www.blender.org/
https://github.com/domlysz/BlenderGIS
http://journal.sustz.com/VolumeV/Number4/Papers/TihomirDovramadjiev1.pdf
http://journal.sustz.com/VolumeV/Number4/Papers/TihomirDovramadjiev1.pdf

THE DEVELOPMENT OF CALIBRATION FOR THE ROLLING BALLS OF
DIAMETER 40 MM IN CONDITIONS OF JSC "SSGPO"

PA3PABOTKA KAJIMBPOBKU JJIS ITPOKATKU HIAPOB
JUAMETPOM 40 MM B YCJIOBUAX AO «CCI'TIO»
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Abstract: Paper presents a preliminary calculation of the calibration rolls for rolling balls with a diameter of 40 mm in a rolling
mill JSC "SSGPQO", which will be rolled from round workpieces with a diameter of 40 mm. The main elements of ball caliber are considered,
their design dimensions are determined. It is established that the height of the flange varies linearly and the width of the spherical area

increases during rolling.
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1. Introduction

For shape rolling mill 320 of JSC "SSGPO" two calibration
schemes of round steel rolling were developed [1]:

1) from the billets 150x150 mm are produced round billets with
a diameter of 100 mm, which are used as the grinding rods into rod
mills factory complex of JSC "SSGPO".

2) from the initial billets 120x120 mm are produced round
billets with a diameter of 40 mm, which are used on ball mills in the
production of thermally hardened grinding balls diameter 40 mm.

In the analysis of techno-economic indicators was revealed that
during the production of round bars with a diameter of 40 mm with
the initial billet is 120x120mm, it has the untapped potential of
production capacity of the rolling mill. The solution to this problem
is the transformation of mill in the production of a round billet with
a diameter of 40 mm from the initial billet 150x150 mm (figure 1).
Such technological scheme of obtaining of a round billet with a
diameter of 40 mm will allow to transfer the workpieces, unsuitable
for rolling circle diameter of 100 mm, to the production of a circle
with a diameter of 40 mm.

Grinding balls
Figure 1 —New scheme of production

Grinding rods

In work [2] a calibration of rolls for rolling round steel Ne 40
from the billet of cross section 150 x 150 mm in a mill 320 was
developed. For this goal the total number of passes was increased
from 9 to 11, the evaluation of compliance with emerging values of
the power parameters of permissible values was considered (for the
exception of equipment failure), and also conformity assessment of
the shape and size of the final profile plant requirements was
performed (to prevent defects of the geometry). In the result, it was
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found that new developed calibration for obtaining the round steel
with a diameter of 40 mm fully conforms to the technical
parameters of shape mill 320. In this work the calculation of the
calibration rolls for rolling balls with a diameter of 40 mm under
conditions of JSC "SSGPQO" from the original round billet with a
diameter of 40 mm is presented.

2. Statement of the problem and initial data

Rolling of ball workpieces is performed between the two rolls 1
and 2 rotating in one direction, on their barrels the screw gauges are
cut (figure 2). The axis of rolls usually tilted at a small angle to the
axis of the rolled workpiece 3, thereby providing axial flow of the
metal into the rolls. Rotating workpiece is crimped by flanges of the
gauge and takes the form of a ball connected by a bridge with the
rest of the workpiece. During the further promotion the ball is
calibrated and completely separated from the rod.

Figure 2 — Scheme of the ball rolling

During balls rolling, the deformation zone has two main
sections [3]: forming section, where the workpiece is crimped with
a change in the shape and size of the screw flange; and finishing
section, where the shape and size of the flange remain constant, but
the compression is due to the ovalization of the workpiece. The
forming of the ball is performed by the flanges of the rolls, the
height of which gradually increases. For ease of calculation,
calibration and manufacturing of the rolls it is accepted that the
height of the flange of the caliber changes according to the law of a
straight line. For normal rolling process the profile and dimensions
of the forming section of caliber are calculated so that during the
compression of the workpiece there are two basic principles [4]:

1) volume of metal, crimped in the caliber, should remain
constant during the forming process;

2) change the profile and size of the caliber flange should match



the stretching of crimping workpiece.

According to the first position, it is necessary that the volume of
a certain part of the workpiece captured by the rolls, was unchanged
as it passes through the remaining sections of the caliber. In this
case, at any time of rolling will not be an excess of metal. When the
excess metal the geometric form of sphere is distorted and the
formation of voids in the axial zone of the workpiece is possible.
The presence of a small excess of metal is permitted only at the
beginning of caliber, when the flange is still relatively low and does
not interfere with the displacement of the metal from the caliber.

The second condition is that for the normal formation of the ball
shape, the stretching of compressed area should match to the
changing shape and sizes of flange. The length of compressed
bridge must be equal to the width of the straight portion of the
flange. If the change of width of the flange is smaller of caliber
stretching, the metal will move away from the flange, and the
surface of the workpiece to form a reel, which upon further
compression of the workpiece is rolled out in defect If the change of
width of the flange is more than the stretching of the workpiece,
then in crimped bridge arise axial tensile stresses, which can lead to
rupture of the bridge. Thus, to perform both the first and second
conditions, the flange on different parts of the caliber must have a
certain thickness. In this regard, the forming section of the caliber
has a variable cutting step.

When developing the rolls calibration, it was decided to use the
calculation algorithm described in detail in works [5-6]. In this
work the results of preliminary calculation are presented. The initial
data for the calibration are the technical characteristics of the rolling
mill, size of the rolls, diameter of the resulting ball.

The calculation of the calibration ball is performed for the left
roll, calibration of right roll is similar. The only difference is that
after cutting the flange of the right roll it is cut on height by a
certain value. The source data for calibration: diameter of the ball ﬁ
dg= 40 mm; diameter of rolls d = 300 mm. In the calculation and a
construction of the sizing rolls it should be guided by the N
recommendations are given in table 1.

(L a

Figure 3 — Basic elements of a calibration for balls rolling:
h, and a, — height and width of flange;
r, and Ry — radii of the bridge and caliber;
C, and S, — width of spherical and cylindrical sections of caliber

Table 1 — Initial data for calculation of calibration

. The size of flange, mm
Length of the caliber, grad
width on a
dg,mm d, mm 2r, mm height on the width at the  |area of 270°
OFULL OFN capture finishing area from the
capture
40 - 50 180 - 300 900 - 1080 540 - 720 3,0-3.2 25-38 3,7-54 20-24
60 - 80 280 - 460 1080 - 1350 630 - 810 3,6-50 44 -45 58-84 3,0
100 - 125 550 - 690 1260 - 1350 630 - 810 6,0 54 9,0-11,0 3,5-4,0
According to GOST 7524 - 2015 "Hot-rolled steel balls for ball 3. Results and discussion
mills" choose the nominal diameter of the ball for subsequent
calibration of the rolls subject to the permissible deviations. Accept Diameter of caliber
that dg=40 mm, allowable deviation of diameter £2 mm. Then the
diameter of the workpiece is d= dg /me= 40/1,03 = 38,8 mm, dx = dg 1y =41,2:1,013 = 41,7 mm )

where g - coefficient taking into account the radial growth of the
ball during rolling (accept that ng= 1,03).

According to the regulations, the balls rolled from a billet of
diameter 40 mm. Then the diameter of the ball is equal to:

where n; = 1,013 - coefficient taking into account thermal
expansion of the metal.

The minimum width of the flange
dg= dw/mo=401,03 =41,2 mm @) a =0,04Rx + 1,3=0,04 » 20,85 +1,3 = 2,1 mm, 3)

Basic sizes of rolls for ball-rolling mill are shown in figure 3.
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where Rx = dk /2 - radius of the caliber, mm;
The initial height of the flange

ho =1,5 + 0,07(Rk - 10) = 1,5 + 0,07(20,85 -10) = 2,3 mm; (4)

The minimum radius of the bridge

r=1+0,04(Rg - 10) = 1 + 0,04(20,85 -10) = 1,4 mm; (5)
The width of the flange before cutting
acur =4 + 0,14(R - 10) = 4 + 0,14(20,85 -10) =55 mm.  (6)

The length of the caliber (number of turns) is conventionally
measured in degrees of the spiral line. For the beginning of the
caliber (0°) the center of the radius of the caliber is adopted, located
on a straight line extending along the end face of the roll on the
output side of the finished ball. During rolling balls are guided by
the recommendations of table 1 and set the total length of caliber as
aryLL = 900°, the length of the forming area arorm = 270° and the
Iength of the fInIShIng area ogN = OpyLL - OFORM — 900-270 = 630°.
The length of a caliber is divided in equal portions; for pre-
calculation it is sufficient Ao, = 90°.

The radius of the jumper at the end of the forming at a = ororm
- Ao is determined from the ratio
RK

—h,—r +20’85_2’3_1’4

270

r

cur =F+

Aa =14 90 =7,1mm(7)

aFORM

Change the height of a flange during turn the roll on 90°:

Ah=ry;—r=71-1,4=57 mm (8)

For each angle of the rolls rotation from agy, . till arory after a
period of 90°, the height of the flange will be:

h, o =h,+Ah=h +57 ©

where h,, - current height of flange, mm.

Then the radius of the bridge is calculated, its size in the
finishing area will be r = 1.4 mm, and the radius of the bridge on the
forming section is defined by the formula
r.,o=r +Ah=r,+57 (10)

The width of the spherical section of the caliber is defined by
the expression

C, =+RZ —r? =,/20,85% —r? (11)

So the cut of bridge begins during forming of the ball, then take
the width of the spherical area on the angle of rotation of the roll
apn+o0, the previous finishing area of the caliber, i.e. Ccyr=Cqrin+0-
Basic design data of pre-calibration stage are given in table 2.

Table 2 - Basic design data of pre-calibration stage of calibration
rolls for rolling ball with a diameter of 40 mm

a, ° hy.g0, MM l'4r90, MM C,, mm
900 2,3 18,5 9,6
810 8,0 12,8 16,4
720 13,7 7,1 19,6
630 19,4 1,4 20,8
540 19,4 14 -
450 19,4 14 -
360 19,4 14 -
270 19,4 1,4 -
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4. Conclusion

Paper presents a preliminary calculation of the calibration rolls
for rolling balls with a diameter of 40 mm in a rolling mill JSC
"SSGPO", which will be rolled from round workpieces with a
diameter of 40 mm. The main elements of ball caliber are
considered, their design dimensions are determined. It is established
that the height of the flange varies linearly and the width of the
spherical area increases during rolling.
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Abstract: Acid mine drainage waters polluted by iron, several non-ferrous metals (mainly copper, zinc and cobalt) and sulphates as the
main pollutants were efficiently treated by a lab-scale passive system consisting of an alkaline limestone drain and a permeable reactive
multibarrier connected in a series. The multibarrier was filled by a mixture of solid biodegradable organic substrates (mainly of plant
biomass) and was inhabited by different metabolically connected anaerobic microorganisms (mainly different heterotrophs including some
iron-reducing and sulphate-reducing bacteria). The effluents from this system were rich in soluble organic compounds and were treated in a
microbial fuel cell in which consortium of electrochemically active microorganisms used these compounds as donors of electrons for

electricity generation.
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1. Introduction

It is well known that the generation of acid drainage waters (both
under natural conditions and as a result of the human activity) is a
very serious environmental problem. This is due to mainly to the
fact that in most cases, apart from the sulphuric acid, such waters
contain different toxic elements, mainly heavy metals, radionuclides
and arsenic. The prevention of this process is usually more desirable
than the subsequent treatment of such waters. However, the
intensive development of mining and/or of mineral processing in
many countries worldwide is an essential factor for their industrial
development and increasing of their living standard. Unfortunately,
the efficient prevention of acid generation in the huge dumps
consisting of rich-in-sulphides low-grade waste ores or other
mineral wastes is usually a difficult and costly process. For that
reason, since a long time in several countries such dumps are
subjected to leaching of the relevant useful components by means of
acidophilic chemolithotrophic bacteria (Groudev, 2015). At present,
apart from the extraction of some valuable components from the
pregnant leach solutions, the treatment of the residual waste waters
by adding some biodegradable organic substrates and different
heterotrophic bacteria using sulphates and/or ferric ions as electron
acceptors can be used for generation of electricity by means of
especially constructed fuel cells (Du et al., 2007; Rabaey and
Verstraete, 2005; Spasova et al., 2014, 2016).

2. Materials and Methods

Acid drainage waters generated during the bioleaching of a
polymetallic sulphide ore were subjected to treatment by means of
lab-scale permeable reactive multbrriers. The multibarriers were
plastic cylindrical columns 120 cm high, with an internal diameters
of 30 cm. The columns were filled with a mixture of limestone
(crushed to a particle size of minus 10 mm) and a biodegradable
organic matter consisting of a mixture of spent mushroom compost,
fresh leaf compost, animal manure and saw dust. The columns were
inoculated by microorganisms of different types: No 1 - by means
of mixed populations of sulphate-reducing bacteria; No 2 — by
means of mixed population of iron (I11)-reducing bacteria; No 3 —
by means of mixed populations of sulphate-reducing and iron-
reducing bacteria. The pH of the solutions inside the different
columns was maintained at different levels - from 5.5 to 9.5.

80

The solutions from the multibarriers were enriched in soluble
organic compounds and were used separately from each other in the
experiments for electricity generation by the microbial fuel cells.
Each of these cells was a Plexiglas cylindrical column 80 cm high,
with an internal diameter of 12 cm. A perforated slab graphite —
Mn4+ anode and a graphite — Fe3+ cathode were located in the
bottom and in the top sections of the column, respectively. The two
sections were separated by a permeable barrier of 5 cm thickness
consisting of a 2.5 cm layer of glass wool and a 2.5 cm layer of
glass beads. The feed stream, i.e. the effluents from the
multibarriers, was supplied to the bottom anodic sections of the
column and the effluents passed through the cathodic section and
continuously exited at the top. Air was injected during the treatment
to the cathodic section.

The quality of the waters treated by means of the permeable
reactive multibarriers and by the microbial fuel cells was monitored
at the inlet and the outlet of these components of the system for the
water cleaning and electricity generation. The parameters measured
in situ included: pH, Eh, dissolved oxygen, chemical composition,
and temperature. The isolation, identification, and enumeration of
microorganisms were carried out by the classical physiological and
biochemical tests (Karavaiko et al., 1988) and by the molecular
PCR methods (Sanz and K6chling, 2007; Escobar et al., 2008).

3.

Data about the composition of the polluted waters before and
after the treatment by means of sulphate-reducing bacteria as well
as by mixed populations of sulphate-reducing and iron-reducing
bacteria are shown in Table 1. The sulphate-reducing bacteria used
in this study were related to six different genera (Desulfovibrio,
Desulfobacteric and Desulfococcus which were able to oxidize the
organic substrates to CO, as a final product, as well as the genera
Desulfobulbus, Desulfomonas and Desulfomicrobium which were
able to oxidize the organic substrates only partially to CO, and
acetate).The bacteria related to the first group as a whole degraded
the organic substrates and reduced the sulphates at higher rates than
the sulphate-reducing bacteria related to the second group.
However, some mixed populations of bacteria from the two groups
were also very active. Some iron (l11)-reducing bacteria from the
genera Geobacter and Schewanella were able to degrade the

Results and Discussion



organic sources of energy used in this study at rates close or even
higher than these achieved by means of most of the sulphate-
reducing bacteria tested in this study. However, the treatment of the
polluted waters by means of iron (Ill) — reducing bacteria acting
independently was not efficient, These bacteria were able to transfer
electrons from the dissolved organic substrates in the anoxic section
of the microbial fuel cells via their own respiratory chains and
extracellular matrix directly to the anode located also in this section
of the microbial fuel cell. It is well known that some members of
the two genera mentioned above differ considerably from each
other with respect to their mechanisms of the extracellular electron
transport from the relevant organic substrates to the cytochromes of
c-type present in their respiratory chains. Furthermore, it is known
that the reduction of the Fe (l11) — acceptors and the growth of Fe
(1N)-reducing bacteria depend not only on the type, composition,
and concentration of the organic substrates but also on the structure
and surface of the iron (I11) acceptors.

Table 1. Treatment of polluted waters by means of different anaerobic
microorganisms

Data about the water treatment
Parameters Initial content by means of:
of the waters sulphate- a mixed
reducing population of
bacteria sulphate-
reducing
bacteria and
iron-reducing
bacteria
pH 1.70-3.25 6.75-7.10 6.90 -7.21
Eh, mV (+345) — (+530) | (-190) — (-260) | (-172) — (-280)
Total dissolved 3250 - 5560 5101320 5211270
solids, mg/I
Dissolved O, mg/I 10-19 01-02 0.1-03
Dissolved org. C, 19-37 260 - 480 240 - 460
mg/I
Sulphate, mg/I 640 — 1490 170 - 305 190 - 325
Cu, mg/I 5.0-23 <0.1-0.40 <0.1-0.35
Zn, mg/l 95-35 <0.1-0.35 <0.1-0.44
Co, mg/l 25-12 <0.1-0.30 <0.1-0.31
Cd, mg/l 01-03 <0.01 <0.01-0.3
Mn, mg/I 35-14 0.21-0.28 0.17-0.23
Fe, mg/l 560 - 1270 44-82 28-51

Apart from the experiments for treatment of the polluted waters
some of the more active sulphate-reducing and iron (I11)-reducing
bacteria were used in experiments for generating electricity by
means of the constructed microbial fuel cells. It was found that the
different representatives of these two groups of anoxic
microorganisms differed considerably from each other with respect
to their ability to generate electricity from biodegradable organic
substrates (Table 2).
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The sulphate-reducing bacteria as a whole were considerably
more efficient in this aspect from the iron(lll)-reducing bacteria.
However, the high electricity generation during these investigations
was achieved by means of a mixed culture consisted of both
sulphate-reducing and iron(I11)-reducing bacteria.

Table 2. Electricity generation by means of different anaerobic
microorganism in the anodic section of the microbial fuel cell

Microorganisms COoD, Cells/ml Power,
mg O2/l.h mwW/m

Sulphate-reducing s

bacteria 400 — 2100 >5.10 1700 - 3500

Sulphate-reducing s

bacteria + Iron(I11) 600 - 2300 >7.10 2600 - 4200

reducing bacteria

Iron(111) reducing .

bacteria 500 - 1700 >3.10 1200 - 2300

Note: Experimental conditions: 37°C, pH 7.1 - 7.5, O, dissolved,
7.7 -8.0 mg/l, COD/SO,? ratio 2.1 — 4.1

Acnowledgements: The authors expressed their gratitude to the
National Science Found of Bulgaria for the financial support
connected with this study (project TO2/2/2014).
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Abstract: A sulphide flotation concentrate containing 15.2 g/t gold and 893 g/t silver finely disseminated in pyrite (4.1 % sulphidic
sulphur in the concentrate) was treated by a two-stage process to recover these precious metals. Initially the concentrate was subjected to
microbial oxidation by means of different acidophilic chemolithotrophic microorganisms (bacteria at 37 °C and archaea at 59 and 86 °C) to
expose the precious metals encapsulated in the pyrite. The precious metals liberated in this way were then subjected to leaching by means of
solutions containing different reagents (protein hydrolysate, thiosulphate, cyanide and some chemical oxidizers). The leaching was carried
out in agitated reactors and up to 93.6 % of the gold and 80.8 % of the silver were solubilised in this way for 48 hours from a pulp density of

20 % at 57 °C.
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1. Introduction

Gold-bearing sulphide concentrates, ores and wastes in which
the gold is finely disseminated as submicron size particles in the
sulphide matrix are refractory to hydrometallurgical treatment for
gold extraction since the leachants cannot penetrate into the interior
of the minerals to reach the enclosed gold. However, since a
relatively long period of time it is known that several acidophilic
chemolithotrophic microorganisms (bacteria and arhaea) are able to
oxidize efficiently the sulphides containing these precious metals
and to make them exposed for leaching by means of suitable
reagents. Furthermore, it has been found that in most cases such
microorganisms are able to attack preferentially just the defect sites
of the sulphide minerals in which the precious metals are located
(Livesey-Goldblatt et al., 1983; Groudev, 1989; Rawlings and
Johnson, 2007; Karavaiko et al., 1985; Van Aswegen et al., 2007).
The gold and silver can be extracted from the pretreated sulphidic
concentrates by means of cyanides or by other less toxic reagents.
The present paper contains some data about laboratory experiments
for microbial pretreatment and subsequent leaching of a sulphide
concentrate containing gold and silver present mainly as metals
finely dispersed in sulphide minerals.

2. Materials and Methods

The concentrate used in this study was produced by flotation of
low-grade sulphide ore taken from a dump located near the deposit
Zlata in the north-west part of Bulgaria, in a short distance from the
small town Trun. The concentrate contained 4.8 % of sulphur (from
which 4.1 % was sulphidic, present in pyrite), 8.2 % of iron, 1.49 %
copper, 15.2 g/t gold and 893 g/t silver as the valuable components.
Data about the phase composition of the precious metals in the
concentrate are shown in Table 1.

Table 1: Phase composition of the precious metals in the flotation
concentrate.

Phase composition DI IE, U

P Au Ag
Free exposed metals 11.3 -
Metals capsulated in iron
oxides 35.2 37.0
Metals finely dispersed in
sulphide minerals 503 59.4
l\_/l(_atals finely dispersed in 32 36
silicates
Total content, % 100.0 100.0

The preliminary microbial oxidation of the concentrate to
expose the precious metals encapsulated in the sulphides was
performed by means of different acidophilic chemolithotrophic
microorganisms (bacteria at 37 °C, and archaea at 57 and 86 °C).
The microbial pretreatment was carried out in the 9K nutrient
medium (Silverman and Lundgren, 1959).
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The pretreatment was connected with an efficient extraction of
the sulphur, copper and iron from the concentrate. The progress of
the microbial oxidation was followed by analysis of the leach
solutions for ferrous, ferric and total iron species, copper, sulphates,
pH, Eh and number of the chemolithotrophic microorganisms.
Solvent extraction plus electrowinning were used to recover copper
from the pregnant solution after bioleaching. The solvent extraction
was carried out by means of the reagent LIX 984N (10 volume
percents in a kerosene diluents).

The precious metals exposed in the solid residue as a result of
the acidic pretreatment of the concentrate were subjected to
leaching by means of different solutions for the comparative testing
of their leach efficiency:

Solution type No 1: microbial protein hydrolysate consisting of
mixture of protein hydrolysates produced from the biomass of three
different microbial species with different amino acids composition
and mixed in different correlations with pH from 9 — 11 (by NaOH);

Solution type No 2: microbial protein hydrolysate from the type
mentioned above but containing also a chemical oxidizer of the
precious metals (KMnO,, NaNO, or H,0,) used in concentrations
from 5 to 10 g/l, at pH from 9 — 11 (by NaOH);

Solution type No 3: thiosulphate in concentrations from 5 to 20
g/l, at pH from 9 — 11;

Solution type No 4: combinations of the microbial protein
hydrolysate and thiosulphate at different ratios and in
concentrations from 10 to 20 g/I, at pH from 9 — 11;

Solution type No 5: solutions of NaCN in concentrations from 5
to 10 g/l, at pH from 9 — 11 (by NaOH).

The microbial pretreatment and the subsequent chemical
leaching of the pretreated concentrate were formed in agitated
reactors with a working volume of 500 ml each and a pulp density
from 10 to 20 g/I. The duration of these two operations was within
72 to 168 hours for each of them.

Elemental analysis of the liquid samples was carried out by
means of atomic adsorption spectrometry and induced coupled
plasma spectrometry. Elemental analysis of the solid samples before
and after the leaching were carried out by the above-mentioned
methods. Control analyses of the gold and silver in the solid
samples before and after the leaching were carried out by
cuppelation (fire assay).

The isolation, identification and enumeration of microorganisms
were carried out by methods described elsewhere (Karavaiko et al.,
1988; Hallberg and Johnson, 2001, Rawlings and Johnson, 2007).



3. Results and Discussion

The extraction of precious metals from the initial concentrate
not subjected to preliminary oxidation was not efficient due to their
significant dispersion and encapsulation in the sulphide minerals,
mainly in the pyrite. The addition of chemical oxidizers (KMnQy,,
NaNO, or H,0,) to the protein hydrolysate acting as a complexing
agent for the precious metals increased to some extend the level of
their extraction but even in these cases the effectiveness of leaching
was relatively low (Table 2).

Table 2: Leaching of gold and silver from the flotation concentrate by means
of different leach solutions.

Table 3: Effect of microbial oxidative pretreatment of the sulphidic
concentrate by means of moderately thermophilic chemolithotrophic
bacteria on the subsequent extraction of the precious metals

- Concentrate subjected
. s to preliminary oxJidation
Lizseli Selliiens Metals extraction, %
Au Ag Au Ag
Thiosulphate 48.2 37.0 92.3 77.0
NaCN 49.5 39.2 93.6 78.5
Protein hydrolysate 14.0 8.6 20.3 14.5
Protein hydrolysate+
chemical oxidizer:
- KMnO, 43.1 32.0 90.5 74.3
- NaNO; 36.1 28.2 85.1 69.1
- H,0, 32.0 24.2 84.2 64.0

Portions of the precious metals solubilised during the leaching,
especially of silver, precipitated in the cases in which the pH of the
leach solution was lower than 9. The maintenance of the pH at
levels higher than 9 decreased considerably the precipitation of the
dissolved precious metals. The most efficient chemical leaching of
these metals was performed within pH of about 9.5 — 10.5.

The optimum concentrations of the chemical oxidizers during
the leaching were within the limits of about 5 — 10 g¢/I. These
concentrations were sufficient to maintain the Eh of the leach
solutions of values higher than 400 mV for a period of about 55 —
60 hours. The addition of the oxidizers in portions during the
leaching was more efficient and decreased to some extent the
consumption of these reagents. Regardless of this, the consumption
of the reagents were high (within 0.5 — 0.8 g/g concentrate). These
high consumptions were due to the fact that the oxidizers reacted
not only with the precious metals but also with the sulphides in the
concentrate and with the amino acids contained in the protein
hydrolysate.

The leaching of the concentrate by means of thiosulphate was
much more efficient than this by means of protein hydrolysate alone
and even from these achieved by means of the protein hydrolysate
in combinations with the chemical oxidizers (Table 2). However,
the combination of the protein hydrolysate with the tiosulphate was
the most efficient and practically equal to the extraction achieved by
means of cyanide.

The microbial oxidative pretreatment of the sulphidic
concentrate by means of acidophilic moderately thermophilic
chemolithotrophic bacteria at 55 — 60 °C or by means of the
extremely thermophilic archaea at 86 — 90 °C gave similar results
during the subsequent leaching of the precious metals by means of
the leach solutions mentioned above. The extraction of these metals
was clearly connected with the level of oxidation of the sulphidic
minerals containing the precious metals (Table 3). It must be noted,
however, that the subsequent leaching of the pretreated concentrate
by means of thiosulphate at temperatures highest than 50 °C was
connected with a considerable increase of the consumption of this
reagent. The further decrease of the content of sulphidic sulphur in
the concentrate (to about 0.7 — 0.8 %) by means of the microbial
pretreatment had partially no additional effect on the extraction of
silver.
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Content of sulphide Levels of the Extraction of the precious
sulphur in the sulphidic sulphur metals, %
concentrate oxidation, % Au Ag
4.1 0 30.7 14.5
3.2 24.4 55.4 41.0
2.6 36.6 73.8 59.0
2.1 51.2 92.3 78.6
15 63.4 93.0 80.2
1.0 75.6 93.2 80.8
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BJIUAHUE HA MPEXKOBOTO O®OPMJIEHUE U BAJOTO NPOCTPAHCTBO
BBHPXY KOMIIO3ULIUATA HA YEb TUIIOT'PAPUATA
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. ac. a-p Wnues, U.

Texnudecku yHusepcureT — Bapua, beirapus

i.iliev@tu-varna.bg

Abstract: The purpose of this report is to study the impact of grid layout and white space on the composition and readability of web
typography. For this purpose, the main types of grid systems used in web design have been analysed: column, modular and hierarchical.
Reviewed is also the impact of white space on the layout of online texts. Attention is paid to the macro- and micro white space in web design.
Based on the research, a conclusion has been drawn on the impact of grid layout and white space on the composition of texts on the Internet.
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1. Yeoo

Ilen Ha HACTOAILMAT JOKJIAJ € Ja Ce M3CIEIBa Bb3ACHCTBUETO
Ha MpEeXOBOTO odopmieHHe H OSJIOTO MPOCTPAHCTBO BBPXY
KOMITO3ULIMATA U YETJIMBOCTTA Ha yeO Tumorpadusra. 3a Ta3u e
ca aHaJIM3UPAHN OCHOBHUTE BHJOBE MPEXXOBU CHCTEMH M3IIOJI3BaHU
B ye0 nu3aifHa — KOJIOHHA, MOAYyJIHA U HepapxuduHa. Pasrienano e u
BIMSHHUETO Ha OsJIOTO TPOCTPAHCTBO BBPXY OGMOPMIEHHETO Ha
oHNaifH Tekcra. OOBpHATO € BHUMaHUE Ha MAaKpo U MHKPO OsII0TO
nmpocTpaHcTBO B yeO amzaifHa. Ha Oasara Ha mnpoydBaHeTo e
HAnpaBeH H3BOJ 32 BIMSHUETO HAa MPEKOBOTO O(GOpMIEHHE U
0570TO MPOCTPAHCTBO BBPXY KOMITO3HIMATA HA TEKCTA B HHTEPHET.

2. H3no0xcenue

MpesxoBoTo oopMiIeHHEe B OSIIOTO MPOCTPAHCTBO Ca €JHU OT
BaXXHUTE (PaKTOPH 32 YETIMBOCTTA Ha TUIOTpadcKaTa KOMITO3UIIUS
B ye6 crpammnure. Crnex Bropara cBeroBHa BoiHa peania
rpabuunn nu3aitnepu, xato Maxc Bum, Emun Pymep u Hosed
Mionep-bpokmaH, NOBIMSHM OT MOAEPHUCTUYHUTE HAEH Ha
Hosama munocpaghusa na Sln Uuxonn, 3amovsar aa MocTaBsIT MO
BBIIPOC 3HAYUMOCTTa Ha TPAIULUOHHOTO OGOpMIICHHE Ha
IeyaTHaTa CTpaHHUIIA Mpe3 TO3H MepHoA. Te pa3paboTBaT I'bBKaBa
cucTeMa, KOATO IIOMara Ha Ju3allHepUTe MOa MOCTUTHAT
CBIVIACYBAHOCT B OpPraHWU3UPaHETO Ha CTPAHUIATA MEKIY
OTHENHHUTE EJIEMEHTH — TEeKCT U n300pakeHus. PesynrarsT oOT
TsxHaTta paboTa € MojepHara THIOrpadcka Mpexa, KOSTO ce
cBbp3Ba ¢ Meoicoynapoonus munozpagpcku cmun (International
Typographic Style). OcHoBomoaram; Tpya MO TO3H BBIPOC €
xuurara Grid Systems in Graphic Design (1968) na Mozed Mionep-
Bbpoxman. Criopen bpokmaH 0OCHOBHOTO MPEAXMCTBO Ha MPEKOBUTE
CHCTEMH €, 4e ynoTpebara MM BOJAM N0 HaMallsiBaHe Ha Opos Ha
H3MOI3BAaHUTE BH3YaJTHH €JIEMEHTH M TIXHOTO BKJIIOUBAaHE B
MpEeXOBa CHCTeMa 3a 0popMIICHHUE Ch3/[aBa yCellaHe 3a KOMIIAKTHO
IUTAaHUpaHe, Pa30MpaeMocCT, SICHOTA W JIONPHUHACS 32 HMOAPENECHOCT
Ha Ju3aiiHa. Tasm cCHCTEMHOCT TIpHIaBa JOCTOBEPHOCT Ha
nHpopMaIMATa U Ipeau3BUKBa qoBepue [1].

Mpexute B rpadUuHUs AU3AHH ca MHCTPYMEHT 3a OpraHu3alus
Ha €JEMEHTUTE Ha Ju3ailHa B €JuWHHA CTpPYyKTypa. Mpexure ca
CKEJIeTBT, BbPXY KOWTO € IOCTpOeHa LfAjaTa KOMIIO3MLHUS Ha
neyatHuTe U yeO crpanuute [2]. OCHOBHHTE XapaKTEPUCTUKH Ha
MpPEXOBOTO 0(hOpPMIIEHHE B AN3aiiHa ca CIICIHUTE:

* V3no3Bane Ha MPEIM3HO M3UepTaHa Mpexa.

* AcuMeTpHYHO pasnojaraHe Ha 0()OpPMIICHHETO.

*UKCTO ¥ OpraHU3MpaHoO MOAPEKIAHE HA PA3IMUHUTE CIICMEHTH
Ha 0(OPMIICHHETO.

* [IpocTo u sicHo mpezacTaBsiHe 0€3 HUIIO M3JIUILIHO.

*PaznensHe Ha MPOCTPAHCTBOTO C XOPU3OHTAIHU U BEPTUKATHH
JIHUY.

* Uznon3Bane Ha 6e3cepudHu mpudrose.

* Texcra o-4ecTo € JIABO IOAPAaBHEH.
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* [To-cHIJIHO NPHCHCTBHE Ha OsI0TO MPOCTpaHCcTBO [3].

Bbnpeku, ye mpexure ce H3MO0JI3BaT OCHOBHO 3a JU3aiH B
MeYaTHUTE MEJUU OT CTpaHa Ha yeO Au3aliHepuTe Mpe3 MOCIEeIHUTE
roJIMHU ce HalMoaBa 3acWJICH HMHTEpeC KbM yrorpedara Ha
MPEXOBH CTPYKTYpH IpH 0opMIeHUETO Ha yeb caiitoBe. Enuu ot
IIBPBUTE AU3aWHEPH, KOUTO PA3TIIekKIaT BbBEKIAHETO HA MPEXKHTE
B ye0 mu3aiiHbeT ca Mapk bonrsr [4] u Xoiit Bun. Ilpu pexn3aiina
Ha cBosi Ouyor mpe3 2004 r. Bun m3mon3Ba oceM KOJOHHA Mpexa
(¢ur. 1). B kuurara cu Ordering Disorder: Grid Principles for Web
Design [5] Bun pasriexaa IeTaiaHo MpeadMCcTBaTa Ipd Iu3aiiHa
Ha caifToBe ¢ MPEXH M BHCOKaTa OpPTraHM3alusl Ha ChIbPXKAHUETO
TIPH TO3U BUJI IPOEKTUPAHE.

Werwos T
P ey

Subtraction

!l F1 Dt Grid Computing... and Design

Pt 5 e
Suthen
Lmgurien

Bosty

e Wirds
Teaige Wb Deaige: and Sulstracior

Thon Layout grid | wmed hor Subraction Sn f way improvined and
PN — | Rttt N L TR LR AT O
Arsight. v mter ested in Qetling s oovmthirs) frished han buldeng
saming Bt weuld confinus 1 maka senss o [ get more and merw
ey aboud the wriing | post hene (e time. By viclae of repeated v
i G M AL, (el In I Femandos
shorioomings Whan you make Lty (Sl e of Bunteatom in yor
posta, you easenmialy wedl yoursell o th purSculins of the C55 pou've
estatine TN (AN o 8 O WAR O DARS) CORBTE N &
peartculat motho R morky in B shee” b bul it presents problems
whan youy 1 dowes b recdesin

Haly Wantedd

Pty | sy
Sotany Daog

C ooy cosntaisntal
[y ]

BCOED W
Ely Lot B o g o 15 s Bt s wrion oot Bhres
Furwied posits Bt iabed, e eirying cogri., 60 Fal dedgy Eamework
S0 sahay | Brially St o) wn 10 B SO SEOLE SESRIE] YN
70 o i Wl v | puied soricnn 0 orition i etablinbing o ational e
andarudio Lryout gric that waud seo me Frough at leas! a b more
pears of o s Wi, | hoper i lovep o ihat long.

Thes e Marynst it aight columin oaf oasr wagper cobamng” and 8
‘shoshorms swenying iz Bl siuck.os, which i 2 kind of tor beer o
wbrse daediakn. Pough | Tenk I's Satiely betel Each column i 95
ey mid andinoparated by & 10 pleod quiter which msam | can craste
graphics of logial ki in incremets of raughly 3 phoss wach [Thngs
L B s ol W g o ok padngAadl
— ot e P . ) ol impowinent tver e arbitany
it e by tha ol layout

iRgznan
il f bt | WET platiaers)

ok pmbegy or Aufeebic Jabs

Sutncrte

émwur—u

— THE OLD WAY'S ARE DEAD

Que. 1 Ilpu ousauna na 6noca cu Subtraction npez 2004 2. Xou Bun
U3NON36a OCeM KONOHHA Mpedca — 6CAKA KOIOHA e wupoka 95 px u e
pasoenena c nonema om 10 px.

MMa HSKOJNIKO OCHOBHHM BHIOBE MpEXOBH cucremMd [6] 3a
odpopmiieHre Ha ye0O CTpaHHUIINTE, BBIPEKH Ye Hail-4ecTto ce
H3II0JI3Ba KOJIOHHATa Mpexka. [loBeueTo MpeOoBU CHCTEMH B yeO
I3aifHa Ce CBCTOST OT CIHAKBO IIMPOKH BEPTHKAIHH KOJIOHH,
pasnpeelicHH paBHOMEPHO ¢ Oernu moiieta. TpaauinOHHO OHIAWH
MpPEKUTE ca ChCTaBeHH OT 8, 12 wimm 16 KOJOHM, HO B HAKOU
caiiToBe uMa Bapualuu Ha Opos um. [loBeuero Opoit KOJIOHH JaBaT
M0-pa3HOOOpa3HU  BB3MOXKHOCTM 32 KOMIO3MIUSA Ha yeb
CTpaHHLHTE.



Jpyr Bu1 Mpexu 3a nu3aitH ca MoAyJHUTE. MOyIHUTE MpEXHU
ca mogoOHM Ha KOJOHHHTE MPEXH, HO HUMAaT M XOPH30HTAIHU
JIMHUY 110 KOUTO C€ MOJPABHABAT OTACTHUTE €IEMEHTH Ha AU3aiiHa.
Tlocneauuar BuA Mpexu ca HepapXUUHUTE MpPEXKU — IPU TIX
MOJIPaBHSABAHETO CTaBa 10 BepTHKana. Ha ¢wur. 2 ca moxazaHu
OTZAENHHUTE BUIOBE MPEXH 3a 0opMIIeHUE B yeb Iu3aiiHa.

3

a

Due. 2 OcHosnu 6UO06e MPENCO8U CUCEMU 3a OU3AH Ha Yeb catimoge
(a) kononna mpedxca, (6) mooyina mpexca, (8) tiepapxuuna mpedxca [6]

Ilonskora mnpu nu3aitHa Ha yeO® calToBe ce W3MOI3BA U
KOMOMHALMs OT pasiM4yHUTe MpexH 3a odopmieHue [6].
Amepukanckus nu3aiiHep J[xeiicen Canara Mapusi u3nonsBa 3a
odopmieHne Ha caiiTa cH iHepapxudyHa M KOJOHHa Mpexa 3a
MOCTHI'aHE Ha ISUI0CTHA KoMmmo3unus (¢pur. 3).
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Due. 3 [[ceticon Canama Mapusa usnonsea 3a ouaiin na caiima cu
(a) tiepapxuuna u (6) xonouna mpedca [6]

Bce moBeue B ChBpeMeHHHs ye0 [Iu3allH ce H3MOJI3BAT
pasmuuan CSS @peiimsoprose 3a odopmiieHHe Ha yeO calToBe.
OpeiiMypKbT € YacT OT OOII KO, KOHTO MOXE Jia Ce W3MOJ3Ba
MHOTOKpAaTHO, KOETO IIpaBH IIpoleca Ha pa3paboTBaHe Ha yed
caiitoBe mo-Obp3 W mo-neceH. [loBewero CSS ¢peiiMBOpKOBe
M3II0JI3BaT PEIISTKH 3a Ch3AaBaHe Ha 0(pOPMIICHHETO Ha Ju3aiiHa Ha
ye6 caiiroBe. Yact ot Haii-momysspuutre CSS dpeiimBopkoBe ca
YUI, Blueprint, 960 Grid System, 1KB CSS Grid u ap. [7].

Bubmnotekara Ha Yahoo User Interface (YUI) ce cuura 3a Haii-
crapus CSS ¢peiimypk. OcHoBHuTe ipeanmctBa Ha Y Ul e, ue uma
OTIINYHO HyNUpaHe W TUnorpadus, a HEZOCTaTbK € CTpaHHATa
Mpexa, KOATO € TpPyAHA 3a ITOJI3BaHe.

3a pasmuka ot YUI Blueprint mma MHOTO 100pa Mpexka, HO
HeraTHBHA 4YacT Ha TO3UW (pelMypK e, Ye mpeaiara MpeKaIeHo
MHOro au3aiiHepcku pemrenus. 960 Grid System u3mos3Ba MHOTO
106po odopMiieHHE HA PELISTKUTE, HO MMa MAajKo AM3aifHepCKH
npennonoxenus. Haii-nek ¢ppeiimypk ot pasriexaanure Tyk ¢ 1KB
CSS Grid — Bepcusita ¢ camo 640 B, HO 3a cMeTKa Ha TOBa MMa
MHOTO MaJIKO (QyHKIHH.
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Haii-ronemust mpoGiieM npu pasauyHuTe (QpeiiMypKoBe €, de
M3M0J3BaT MHOTO M3JIMIIEH KOJ — TOBAa BOAM O yBEIMYaBaHE Ha
YEeCTOTHATA JICHTA Ha MOTPEOUTENHTE | JIolna ceManTrka Ha HTML
KoJa. 3aToBa e 1o0pe a ce M3Moi3Ba caMo Koja oT ¢peiiMypka,
KOWTO € Hy»KeH 3a J13aiiHa Ha caiiTa.

Bsimoro mpoctpaHcTBO B yeO THmorpadusTa € IOpyr BaXeH
(hakTop 3a yeTNIMBOCTTA Ha yeb caifroBere. [IpasHOTO IPOCTPaHCTBO
JlaBa BBH3MOXKHOCT HAa OCHOBHHS TEKCT Ja ,,JUIIA“ W I[OMara Ha
YUTATCINTE Ja BB3MpHEMAaT JiecHO HHMopManusaTa Ha yeb
CTpaHMIaTa. BsAIIOTO MPOCTPaHCTBO OIe ce€ Hapuya ,,HeraTHBHO
MPOCTPAHCTBO* U BKJIIOYBA IPOCTPAHCTBOTO MEXAY €JIEMEHTUTE B
KOMIIO3ULIMATA WIM YacTH OT [Ju3aifiHa, KOUTO OCTaBaT
HE3aIbJIHeHHU, MPOCTPAHCTBOTO MEXAY H300pakeHHsATa U Oenute
IojIeTa OKOJIO TeKCTa. Y CJIIOBHO OSUIOTO NMPOCTPAHCTBO MOXE Jia ce
paszeny Ha JBE rOJIEMHU IPYIU — MAakpo OsUI0 MPOCTPAHCTBO, KOCTO
BKIIIOYBA  PAa3CTOSHUETO MEXKJY OCHOBHHTE CIIEMECHTH Ha
KOMITO3HUIIHATA ¥ TEKCTOBUTE KOJIOHH U MHUKPO OsUIO IIPOCTPAHCTBO,
B KOETO BJIM3a MEXAYPEAOBOTO PA3CTOSHUE B TEKCTA, Pa3CTOSIHUETO
Mexay aymute u Oyksure (dur. 4).

i

a
@uz. 4 Maxpo (a) u muxpo (6) 6510 npocmparncmeo [8]

BsioTo MpOCTPaHCTBO BOAM IIOTJIE[a Ha YHTaTeNsl OT EIUH
CJIEMEHT KbM JIPYyr, OpraHMU3Mpa KOMIIO3MIMATA HAa CTpAHHLATA H
noanomara HH(pOpMalMOHHATA CTPYKTypa Ha ye0 crpaHumara
(¢ur.5). C nobaBsiHETO caMO Ha HAKOJKO JOIBIHUTEIHH IUKCEIN
HETaTHBHO MPOCTPAHCTBO KbM O(OpMIIEHHETO Ha yed cTpaHuIaTa
MOJKE Jla ce NOZ00pH LIIOCTHATA YETIMBOCT Ha ChIbPKAHUETO HA
oHJIaiiH Tekcra [8].
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@ue. 5 Madebysofa.com usnonsea 6s10 npocmpancmeo, 3a 0a Cb30ade
yucm, MuHuMmanucmuyen ousaiin. Ilo mosu nauun akyenmvm ce nocmaes
6bPXY Kamezopuume u 8pv3Kume 6 yeb catima.

Kato 110, MOKyMEHTH C IOBeYe HEraTHBHO HPOCTPAHCTBO
OKOJIO TEKCTa ce dYeraT II0-IeCHO OT JOKyMEHTH, B KOHTO
TPaHUINTE Ha TEKCTa ca OJIM30 0 TPpaHMIUTE Ha 30HATA 3a TJIeJaHe
Ha KOMIIIOTHpHHUS MoHHTOp (dur. 6). VYe® crpanumure c
OrpaHM4eHO OsJI0 HPOCTPAHCTBO M3MIIEKIAT IO-TPETPYNAHU U
Morar Ja 3aTpyAHAT YETEeHeTO Ha TeKcTa. JIONbIHUTEIHO
HPOCTPAHCTBO OKOJIO TEKCTa OCUTYpsBa MO-YMCTO O(GOpPMIIECHHE U
noMara Ha YHWTaTeIMTE Ja Ce ChCPENOTOYaT I0-100pe BBPXY
texkcta. [IpaBMIIHOTO pasnpenesieHHMe M TrojeMuHa Ha Oenure
MIPOCTPAHCTBA Ch3/ABAT YYBCTBO HAa OPraHU3HPAHOCT M CIIOMAaraT



Ha MOTpeOHTENUTE JIECHO Ja pas3neisiar yeb
Pa3INYHU 110 3HAYUMOCT U Bb3/EHCTBUE YaCTH.
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Due. 6 Ogopmnenue na mexcm 6e3 0510 npocmpancmeo (a) u dodasane Ha
15% 6510 npocmpancmeo (6). Texcma ¢ 6enu nonema e no- yemaus

B penuna m3cienBaHus ce JOKas3Ba, ye OSIIOTO IPOCTPAHCTBO
mono0psiBa YETIIMBOCTTA Ha TEKCTa W OOWmMA JOu3aifH Ha yeb
cTpaHHIara. BsjIoTo MpOCTPaHCTBO MOXKE Ja HAmpaBH OCHOBHUS
TEKCT mo-ueTiuB. B mpoBemeHo wuscmensane [9] mpes 2004 1.
M3CIE0BATEeNI CTUTHAIM [0 M3BOJA, Y€ M3IOJ3BaHETO Ha ao0pe
HaMEpEHOTO MPa3HO MPOCTPAHCTBO MEXAY maparpadure u OSI10TO
nosie 3a00MKaIsIIO TEKCTa MOXE [a YBEJIM4YHM pa3OMpaHeTo Ha
Tekcra ¢ okoio 20%. Yuratenure B M3CIEABAHETO ca 3asiBUIIU, Y€
M0-JIECHO CE KOHIICHTPHUPAT BBPXY ChIBPIKAaHHETO Ha TEKCTa.

Wscnenosarenn oT JIbpKaBHUS YHHBEPCHTET Ha YHWUYUTA
(CAILl) cpmio m3cnensar Bh3ACHCTBHETO HA OSUIOTO IMPOCTPAHCTBO
BBPXy YeTmBocTTa Ha Tekcra [10]. Te mpemiarat Ha yJaCTHUIIATE
B M3CIEIBAHETO CJICKTPOHHH TEKCTOBE (hOpPMATHUPAHU IO HETHUPU
Pa3IMYHU HaYKMHA: TEKCT ¢ Oeu MojeTa ¢ ONTUMAIHO MEXIypeaue,
TEKCT ¢ OeJi MojieTa ¢ MaJIKO MeXAype/re, TeKCT 6e3 benu mojera
C ONTHUMAJHO MEXIypeaue W TeKCT Oe3 Oenu IojieTa ¢ MAallko
Mexaypenue. l3ciemoBaTenuTe YCTaHOBHIIM, Y€ XopaTa deTar
TekcT 0e3 Genu mosera no-0bp30, OTKOIKOTO TEKCT ¢ OCNH IMoJeTa,
HO pa30UpaHeTo HAa TEKCTA € MO-BUCOKO, KOTAaTO XOpara 4eTar TEKCT
¢ mo-rosiemu Oenu mosera. OCBEH TOBa MEXIYPEIHETO HE € Mo
3HauUTeNeH e)eKT BBPXY BPEMETO 3a 4YeTeHE WIIM pa30upaHe, HO
YYaCTHUIIUTE MPEANOYUTAT IIOBEYE TEKCTOBE C MO-TOJISIMO
Pa3CTOsIHUE MEXy PEIOBETe, 3aIl0TO TOBAa BOIY 10 HAMaJIsIBaHE Ha
yMopaTa Ha OYHWTE H II0-BHCOKa YIOBJIETBOpPeHOCT. Karto 1o
YYACTHUIIMTE B M3CIECIBAHETO MPEANOYUTAT MOBEYE TEKCT ¢ Oenn
rmoJieTa.

B apyro uscnenpane Ha Maiikbn beprapn [11] u Herosust exun
VUCHHTE aHAIM3UPAT BB3JCHCTBHETO HA TPH BHUJAA TEKCTOBU
odopmiteHHsT C pasaudeH o0eM OsU10 MPOCTPAHCTBO — HHCKO,
CPEOHO MW TOIAMO OO0 MPOCTPAHCTBO. YYacTHULUTE B
eKCIIepUMEHTa Jajl CBOMTE MPEANOYUTAHHSI KbM CPEAHOTO
KOJINUECTBO Ha OAJI0TO MpOCTpaHCTBO. OT MOJy4EHUTE PE3yNTaTH,
H3CIE0BATEINTE CTUTHANH J0 M3BOJA, Y€ CPEAHUTE HHBA Ha OsI0
MPOCTPAHCTBO JOBEKAAT JIO MO-BHCOKH HUBA Ha YIOBJIETBOPCHOCT
H pa3bupaHe, OTKOJIKOTO JIUIICATA WX U3MOJI3BAHETO HA MPEKAICHO
TOJISIMO OSUTO TTPOCTPAHCTBO.
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3. 3aknrouenue

OdopmiieHHeTo ¢ MpeXH U OSUIOTO IIPOCTPAHCTBO Ca KIIOYOBH
(daxTopy 3a IUIOCTHA KOMIO3WIUS Ha yed Tumorpadusara. B
3aKITI0YEeHHe MOXeE J]a Ce CTHTHE 10 W3BOJA, Y€ M3IOJI3BAHETO Ha
MpeXH 3a opopmiIeHHe Ha ye0 caiToBeTe BOAU 10 OpraHU3alus Ha
€IeMEHTUTE Ha Ju3aiiHa B eAMHHA CTpykTypa. Iloctura ce
€IHOPOJIEH CHCTEMEH AN3aifH Ha OTASITHNUTE CTPAHUIH, OT KOUTO ce
cbcToM yeO caiita. Karo pesynrar oT aHanm3a Ha pasiM4HU
H3CJIeIBAaHUS 33 BIMSHHETO Ha OSUIOTO HPOCTPAHCTBO BHPXY yeo
TunorpadusaTa MoXe Ja ce 00o0mm, 4e ymMecTHaTta My yrHoTpeda
MIOBUINIABA YETINBOCTTA Ha yeO CTpaHHITHTE.
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Abstract: The development of ecological and efficient vehicles powered by hydrogen or electricity is one of the priorities of the
automotive industry at the moment. These new propulsion systems should come as a replacement for the internal combustion engines, which
use gasoline or diesel fuel and therefore produce toxic emissions. One of the problems, that hydrogen powered vehicles face, is hydrogen
storage and that is the main topic of our paper Conventional technologies for hydrogen storage, like high pressure and cryogenic reservoirs,
have many drawbacks in terms of compactness, mass (weight), efficiency and safety. In order to get over these problems, there have been
many researches throughout the years in effort to develop new, commercially available technologies. The most advanced storage
technologies today, are tanks filled with metal hydrides which absorb hydrogen by forming chemical bonds with it, and tanks filled with
large contact surface materials that are able to adsorb hydrogen. In this paper we will present the requirements that these solutions have to
fulfill, their current level of development and the expectations for future improvement and usage.

Keywords: HYDROGEN STORAGE, TANKS, METAL HYDRIDES, COMPLEX HYDRIDES, CARBON NANOTUBES

1. Introduction

The development of ecological and efficient vehicles powered
by hydrogen or electricity is one of the priorities of the automotive
industry at the moment. The idea of using hydrogen as a fuel
originates from the 20-th century. It was based on the fact that there
are no toxic components in the exhaust gases as a result of hydrogen
combustion and it doesn’t rely on the usage of fossil fuels. If we
take into account that hydrogen must be produced, because there is
no free hydrogen in nature, we can conclude that hydrogen is not a
power source, but a medium for power transfer.

The development of a safe, reliable, compact and energy
efficient technology for hydrogen storage is one of the main
obstacles for using hydrogen as a propulsion medium in vehicles. In
order to be competitive with the other vehicles available on the
market, hydrogen storage reservoirs must provide a range of at least
500 km, as small as possible mass and dimensions, high energy
efficiency and the most important of all, safety for the passengers.

2. Conventional storage technologies

Nowadays, there are two prevalent and commercially available
technologies for hydrogen storage: high pressure reservoirs and
Cryogenic reservoirs.

2.1. High pressure reservoirs

In high pressure reservoirs (Fig. 1), hydrogen is stored under
extremely high pressure of approximately 700 bar. These tanks are
widely available on the market today, but have a drawback in terms
of their large mass and dimensions. They are also very inefficient,
because a lot of energy is wasted on hydrogen compression.
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In-tank {gas diffusion barrier)

pressure
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. 5
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(impact resistance)

: ; |
Pressure relief device | In-tank gas temparature sensor

Fig. 1 Section view of a high pressure reservoir

Because of the high pressure they are classified as unsafe. With
the increased usage of composite materials, the modern reservoirs
have smaller mass and dimensions, but the other problems
mentioned remain unsolved.
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2.2. Cryogenic reservoirs

Cryogenic reservoirs (Fig. 2) are filled with liquid state
hydrogen and are able to store a greater quantity of hydrogen in a
smaller volume. However, it requires a lot of energy to bring the
hydrogen in a liquified state. Liquid hydrogen has a much greater
specific energy than the hydrogen in high pressure reservoirs. The
hydrogen must maintain a very low temperature, which means that
these reservoirs must have great thermal isolation.

In the last couple of years, hybrid hydrogen reservoirs were
made. They allow hydrogen storage under high pressure and at very
low temperatures. There reservoirs are more compact, but they also
inherit some of the disadvantages of both previously described
reservoirs.
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Fig. 2 Section view of a cryogenic reservoir

3. Advanced storage technologies

Because of the major disadvantages of the conventional storage
technologies, in the last two decades, there were exhaustive
researches, whose goal was development of new, energy efficient
and commercially available technologies for hydrogen storage. The
most advanced storage technologies today include: storage through
absorption in materials (forming chemical bonds between the
hydrogen and the material inside the reservoir) and storage through
adsorption on the surface of materials (Fig. 3).

3.1. Absorption in materials
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Fig. 3 Mechanism of absorption and adsorption



3.1.1. Metal hydrides

Metal hydrides are compounds formed when a metal element is
connected with an atom or molecule of hydrogen. Usually the bond
between the elements is covalent, but some hydrides are formed
with ionic bonds. Metal hydrides appear in solid state at atmospheric
pressure and room temperature. The different types of hydrides,
those of biggest interest for hydrogen storage and their structure are
mentioned in Table 1.

Table 1: Types of metal hydrides and their structure

No. Typ Base Hydrid Structure
1 AB TiFe TiFeH2 Cubic
2 AB3 CeNi3 CeNi3H4 Hexagonal
3 AB5 LaNi5 LaNi5H6 Hexagonal
4 AB5 TiMn2 TiMn2H5 Hexagonal or cubic
5 A2B MgNi Mg2NiH4 Cubic
6 A2B7 Y2Ni7 Y2Ni7H3 Hexagonal

Metal hydrides consist of two different metals. The first one is
usually some rare element or alkaline metal, which has the property
to bond with the hydrogen and form a stable compound. The other is
a so called transitional metal which has the property to form
unstable compounds with hydrogen and acts as a catalyst during the
phases of hydrogen storage and release.

Metal hydrides which are able to absorb and release hydrogen
under conditions such as room temperature and atmospheric
pressure, and are able to achieve high values for volumetric and
gravimetric density of absorbed hydrogen, can be used as materials
in hydrogen storage reservoirs. However, hydrides which are able to
absorb hydrogen under atmospheric conditions, are usually
composed of transitional metals and have a low gravimetric density.
Such an example is LiNi5H6, which has a gravimetric density of
only 1,15 %wt. An opposite example is TiCr2H6, which has a
gravimetric density of 2.43 %wt, but needs high temperature to
release the stored hydrogen. Recent studies deal with simpler
hydrides which are formed from light metals and are easier to
produce, such as MgH2.

The formation of metal hydrides is an exothermal reaction,
which means that during the storage phase a certain amount of heat
is released. The same amount of heat must be brought back in the
system in order for hydrogen to be released. However, if we find a
way to absorb the energy released during the formation phase, the
same energy can be used later in the release phase. Another way is
to use the waste heat from the fuel cell or the ICE.

2M + H2 = 2MH2 +AH

Where the designations mean the following: M-metal or alloy;
MH2 — metal hydride; AH - released heat during the absorption
phase. The reaction is reversible and can be used for both hydrogen
absorption and release, depending on pressure and temperature.

3.1.2. Complex hydrides

Complex hydrides are inorganic materials that are best described
as salts, which are built from complex anions containing hydrogen
as terminal ligand, such as the BH4- (tetrahydroborate or
borohydride) or AlH4—(alanate) anions and counteractions from
many different groups in the periodic table. Most of the attention
drawn by complex hydrides in the recent past is owed to their large
gravimetric hydrogen capacity, i.e. hominal hydrogen-content per
weight unit, which makes them competitive candidates for solid
state on-board hydrogen storage. This was first suggested in 2001
for LiBH4. In such materials the hydrogen molecule can be
eliminated either by hydrolysis or electrolysis at elevated
temperatures.

Although their production was more difficult because of the
complicated structure, researchers thought that complex hydrides
would be the next phase in the development of hydrogen storage
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technologies. However, a problem arose with the slow dynamics of
the process of hydrogen release. The process was consisted of a
couple of phases for which different conditions were needed. There
was a big difference between the theoretical capacity of the
reservoirs and the practically achieved capacity. Another problem
was the low reliability and the short life span of these reservoirs.

3.2. Adsorption on the surface

Adsorption of hydrogen is based on Van der-Waals interactions
between gases and solids (Fig. 4). These interactions are attractive,
intermolecular forces which allow hydrogen to bond with solids.
Van der-Waals forces originate from charge distribution in atoms
and molecules when they get close to each other. Atoms and
molecules are attracted by electrostatic forces.

van der Waals Forces

SNM

Nucleus Electron

Fig. 4 Van der Vaals forces scheme

The balance between attractive and repulsive forces between
two molecules causes an energetic minimum of 1-10 kJ/mol and the
average energy of adsorbed hydrogen on a carbon surface is 4-5
kJ/mol. This low energy level means a weak bond. That is why
hydrogen is released as temperature increases and in high
temperature conditions the level of adsorbed hydrogen is very low.

Usually only a single layer of hydrogen is adsorbed on one
surface. The maximum amount of adsorbed hydrogen on the surface
of a material can be represented as the maximum amount of
hydrogen that can be placed in a single layer. In ideal conditions,
the minimal surface area needed to adsorb one mol of hydrogen is
85.917 (m2/mol). A single layer of graphite has surface area of
1315 (m2/g) so the maximum amount of hydrogen it can adsorb is
3% wt. Larger quantity of hydrogen can only be adsorbed in low
temperature conditions.

3.2.1. Carbon nanotubes as hydrogen storage materials

Porous carbon is considered to be good adsorbent, due to its
large contact surface. Adsorption capabilities of normal porous
carbon are proportional to its contact surface and pore volume, but
it can achieve good gravimetric density (4-6 %wt) only at extremely
low temperatures.

Unlike porous carbon, carbon nanotubes have a smaller contact
surface and pore volume, but they show remarkably good hydrogen
adsorption. At high pressure (10MPa) hydrogen atoms form a
dense, compact structure. Using mathematical models, it is shown
that at high pressure, a single layer of graphite can adsorb up to
4.1% wt of hydrogen. Single-walled nanotubes (SWNT) can adsorb
up to 4% wt of hydrogen (Fig. 5).

SWCNT
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>100nm

Fig. 5 Single and multi walled carbon nanotubes



Multi-walled nanotubes (MWNT) are nested, concentric,
cylindrical layers of graphite with hollow centre and they show
great capability for hydrogen adsorption. Catalysts are used to
increase the amount of adsorbed hydrogen. Researches show that
MWNT activated with KOH (potassium hydroxide) can adsorb up
to 4,7% wt hydrogen, whereas ordinary MWNT can adsorb only
0,7% wt.

4. Energy efficiency comparison

In order to obtain a reasonable estimation of the energy required
for hydrogen storage with the three different technologies, we must
calculate the energy required for compression, cooling and heating.
We must also take into account the efficiency of the generator and
compressor, and the efficiency of the cooling cycle.

To calculate the energy required to store hydrogen in a high-
pressure reservoir one may use the adiabatic compression equation
Compressing hydrogen to 680 bar requires 29 MJ/kg. If we add the
efficiency of the compressor and generator, assuming that their
combined efficiency is 60%, we obtain that compressing hydrogen
to 680 bar requires 47 MJ/kg. These correspond to 30 and 40% of
the low heat value (LHV) of hydrogen. Storing hydrogen as a
compressed gas is quite energy intensive.

To store hydrogen as a liquid, the energy required to cool
hydrogen to the liquid state is critical. Theoretical heat to cool
hydrogen from 25 °C to 20 K and condense it to liquid is about 3.4
MJ/kg (2.94 sensible and 0.45 condensation). But the actual required
energy is much higher due to the inefficiency of refrigeration at
extremely low temperature. The minimum required energy may be
calculated using an ideal refrigeration cycle, the reversed Carnot
cycle. The efficiency of this cycle depends on the temperatures at
which heat is added and rejected, and is equal to T,/(T,-T,), where
Ti,=evaporator temperature=20 K, T,=condensing temperature=298
K. Therefore the efficiency in our case is 20/(298-20)=7.2%. To
generate 3.4 MJ to liquefy 1 kg of hydrogen will require 47 MJ
(3.4/0.072=47). This is 39.2% of the LHV. The actual required
energy can be significantly more because the refrigeration cycle will
be less than ideal. Heat will also be required to evaporate the liquid
and warm up the gas before feeding it to the energy conversion
device such as a fuel cell. This may require an additional of 3.4
MJ/kg. This makes the total required energy to store hydrogen as a
liquid to be 50.4 MJ/kg. This is 42% of the low heat value of
hydrogen. Liquid hydrogen storage is as energy intensive as the
compressed hydrogen storage.

Using metal hydride as hydrogen storage requires an absorption
step and a desorption step. A typical absorption step requires a
supply of 20 bar hydrogen and the removal of about 14.6 MJ/kg heat
of absorption. The energy needed to compress hydrogen to 20 bar is
about 12 MJ/kg (10% of LHV). The heat of absorption is removed
by coolant at temperatures of about 10 °C. The energy required for
cooling will be obtained from the adiabatic compression equation
and is 14.6/5=3 MJ/kg. That is 3/120=2.5% of the LHV. Similar
amount of heat would be needed to desorb the hydrogen, but this
can be provided by the waste heat of the energy conversion device
(fuel cell or internal combustion engine) and is practically free. The
total energy required to operate a metal hydride storage system is
therefore about 15 MJ/kg, or about 12.5% of LHV. This is the
lowest operating energy compared to those of compressed hydrogen
and liquid hydrogen. Therefore, metal hydride for hydrogen storage
has the advantage of low operating energy, moderate pressure and
temperature, and high volumetric density.

The analysis preformed shows that storing hydrogen in metal-
hydride reservoirs improves the energy efficiency 1.45 times in
relation to high-pressure reservoirs and 1.5 times in relation to
Cryogenic reservoirs.

5. Current situation

The properties of modern metal hydrides such as efficiency,
volumetric and gravimetric density and the pressure and

temperature at which hydrogen is stored, can be obtained from table
6.1. The newest materials, which are currently tested, are MgHs,
LiNisHg and LiAIH,. Metal hydride tanks are commercially
available but they are not used in vehicles. The most advanced tanks
that are used in commercial vehicles are composite tanks made of
carbon fibre, where hydrogen is stored under high pressure.

Researchers in Germany in 2015 have created a 3D model
which shows the optimal structure that nanotubes should form. This
is a mathematical model and theoretically, a tank with this structure
should adsorb 5.5%wt hydrogen at room temperature. Nanotubes
are placed parallel to each other and they don’t intersect, but they
have a large contact surface. This structure allows great storage
capabilities. An ideal structure like this is nearly impossible to
achieve with the current technology and that is the reason why no
carbon nanotube tanks have been made yet.

Table 6.1. Properties of different metal-hydrides
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Typ Base Temp. Pressure Wt Density Price
(K) (bar) (%) (g/cm3) ($/kg)
AB TiFe 265 4.1 1.86 6.5 4.68
AB2 TiCr2 182 18.2 2.43 6 8.64
AB2 TiMn2 252 8.4 1.86 6.4 5
AB5 | MmNi5 217 23 1.46 8.6 7.94
AB5 LaNi5 285 1.8 1.49 8.3 9.87
Table 6.2. Properties of different carbon nanotubes
Material Wt (%) Temperature (K) Pressure (bar)
SWNT (low 35-45 298 0.4
purity)
SWNT (high 5-10 273 0.4
purity)
Li-MWNT 20 473 0.1
K-MWNT 14 300 0.1
GNFs 5 300 10.1
Nano-graphite 7.4 300 1
6. Conclusion

The research carried out in this paper presents a series of
findings that are connected with the possibilities for more intensive
application of hydrogen powered vehicles. Hydrogen storage is one
of the basic problems for its commercialisation as a fuel for
vehicles. Conventional storage technologies have limited
application due to their safety and performance deficiencies. Metal
hydrides and carbon nanotubes are imposed as alternative
technologies with the ability to overcome these problems.

During the last two decades, a number of research and
experiments have been carried out, which have enabled the
improvement of the properties of metal hydrides. With further
improvement in terms of reliability and cost of production, it is
possible to use them commercially in the near future. Carbon
nanotubes show even greater potential for hydrogen storage. The
research that is ongoing in this direction is still theoretical due to the
technological limitations associated with the possibilities of
achieving precise nanostructure.
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THE INVESTIGATION OF THE NANORELIEFS OF OPTICAL ELEMENTS
OF MEASURING INSTRUMENTS, WHICH MODIFIED BY ELECTRON-
BEAM MICROPROCESSING

JOCIHIIDKEHHA MOANPIKOBAHUX EJIEKTPOHHO-ITPOMEHEBOIK MIKPOOBPOBKOIO
HAHOPEJILE®DIB OIITUYHUX EJIEMEHTIB BUMIPIOBAJIBHUX [TPUJTA/IIB

Skoryna E.!, Medyanyk V., PhD. Bondarenko M.%, PhD Bondarenko 1.}, PhD Bilokin S.2, Prof. dr. eng. Antoniuk V.2
Faculty of Electronically Technologies®, Department of Physics?— Cherkassy State Technological University, Ukraine
Faculty of instrument-making ® — National Technical University of Ukraine “KPI”, Ukraine

Abstract. The results of microprocessing by the ribbon-shaped electron beam of the elements of optical measuring
instruments (the material of such elements - K8 glass) with the initial nanorelief of surfaces 15-22 nm after industrial
grinding and polishing are presented. Based on the results of studies using a computerized complex control system based on
an atomic force microscope, it was established that after electron-beam microprocessing, the nanorelief of optical elements
of measuring instruments decreased to 1.5-2.2 nm, satisfying to the requirements put forward to their surfaces.
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1. Introduction

For the manufacture of optical elements of measuring
devices and the formation of their microprofile of the
necessary size and shape on them, over the last decades all
known materials of amorphous, crystalline, polycrystalline
structure have been tested, and for their processing various
methods were used, including: industrial deep grinding and
polishing methods, grinding and polishing, and the etc.

As research has shown, modern ukrainian optical
production is not guaranteed to receive surfaces on an
optical glass that would satisfy the requirements imposed on
such optical elements. Herewith, the nanorelief in
industrially manufactured products exceeds the value of 5
nm, which limits their further use as precision optical
elements of optical measuring systems.

At the same time, the impact on the surface of the
optical material of abrasive, washing and pickling solutions
in the grinding and polishing stages inevitably leads to the
formation of chemically heterogeneous defect and fractured
layers, the total depth of which can exceed tenths of
micrometers. This, in many cases, limits the use of
electronic lithography and photolithography technologies.

The problem of compliance withthe necessary level of
nanorelief of the surface layer of optical materials in the
manufacture of elements of a new generation, increasing the
productivity of their manufacture is one of the most relevant
in the technology and technology of processing optical
materials.

One of the ways to overcome this problem is to attract
new tools for the energy microprocessing of optical
surfaces, including concentrated electron fluxes.

The efficiency of processing optical glass by a ribbon-
based electron beam was first shown in the works V.M.
Lisochenka [1].

In papers [2, 3], is shown the possibility of flexible

90

control of the process of electron-beam processing of
optical glass and optical ceramics by melting the surface to
a depth of up to 200 pm. The authors [4-6] confirmed the
efficiency of the use of a ribbon-based electron beam for
surface treatment of both optical and technical glass.

At the same time, the question of the qualitative
changes in the nanorelief and the defective layer of the
optical glass of the silicate group from the action of the low-
energy electron beam (E < 6 keV) has not been studied
sufficiently and the relationship between these changes and
the parameters of electron-beam microprocessing.

The aim of this work is to determine the changes in
nanorelief of the surface of elements from optical glass
under the influence of a low-energy electron beam and to
establish the relationship between the size of the modified
nanorelief and the parameters of electron-beam
microprocessing.

2. Experimental method

Objects that are treated with an electron beam: plane-
parallel round plates (diameter 20 mm, thickness 2, 4, 6
mm) from glass of optical colorless grade K8 (GOST 3514-
76) with silver metal coatings applied to their surface. Such
objects are widely wused in measuring devices as
optoelectronic sensors (pressure, capacitance, density of
medium, etc.).).

The study of processing objects was carried out using
a computerized system of complex control, manufactured
on the basis of an atomic force microscope (AFM) “NT-
206V” (the manufacturer of “Microtestmashines”, Gomel,
Belarus). For visualization of the object of investigation at a
magnification of 100 times, used optical chamber
“Logitech", whose viewing field is 1x0,75 mm?.

The schemes for determining the surface nanorelief



using a computerized integrated control system for non-
contact (a) and contact (b) AFM schemes are shown in
Fig.1.

AFM profile

o

cantilever

a

AFM profile

drop of water

b
Fig. 1. Obtained surface profiles for noncontact (a) and
contact (b) operation schemes of a computerized integrated
control system based on the atomic force microscopy
method

The sensitive element of the microscope is the
cantilever, the deflection of which, when in contact with the
surface, is determined by means of a laser beam. The
positioning of the surface to be measured under the
cantilever is carried out by means of high-precision stepping
motors (in the X-Y plane with a pitch of 2.5 um, along the Z
axis with a step of 200 nm).

The profile of the surface to be examined is
determined by scanning the cantilever in the X-Y plane in a
13 x 13 pm section using a piezoceramic scanner in steps of
up to 1 nm. The displacement of the cantilever along the
vertical axis is carried out by a piezotube with a pitch of
0.02 nm in the range 3 um. The image of the microrelief of
the optical surface was obtained by applying the following
operating modes of the AFM: static (contact), Fig. 1a, and
dynamic (noncontact), Fig. 1 b..

In dynamic mode, the cantilever is superimposed on
the vertical axis with a frequency of 10 Hz to 400 kHz. The
main advantages of this mode are the significantly increased
sensitivity of the measuring system (it is theoretically
possible to achieve an atomic resolution of the device) and
to ensure the mechanical integrity of the probe and sample.

The positioning of the cantilever above the surface of
the optical glass and the further settings of the "laser beam-
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cantilever" system occurs in manual mode using the long-
focusing camera "Logitech™ built into the AFM device with
a 150-fold increase in the image on the PC display. As can
be seen from Fig. 2, the correct positioning of the cantilever,
which provides the most complete and accurate information
retrieval by the sensitive AFM system on the topology of
the surface, is achieved by focusing the laser of the photo
detecting device on the upper edge of the cantilever.

The scanning process is completed automatically, after
which the computer monitor received a surface image. For
processing and analysis of data from the microrelief, the
programm Surface v.6.2 was used, which provides such
types of information: three-dimensional visualization of the
surface; surface profiling in the required section;
distribution of surface heights; angular histogram.

The average time to prepare for work and scan one
sample is 10 ... 12 minutes.

The use of the atomic force microscopy method, it was
possible to investigate the surface modified by the electron
beam and the surface layer of the K8 glass product (Fig. 2).
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Fig. 2. Appearance (a) and nanorelief along the AB (b) line
of the surface area (12x12 pm) of the fragment of the plate
of the optoelectronic capacitance sensor from K8 glass with
a metallic thin silver film fused in its surface by an electron
beam (film thickness 350 nm).

3. Results and discussion

The results of the investigation and comparison of the
nanorelief of the element surface from the optical glass K8
after machining, laser and electron beam microprocessing
with applying a modern computerized complex control
system for nanometric studies have shown the promise of
this method in metrology, in integral optics at the
manufacture and use as elements of measuring devices of
micro- and nano-optical elements [7].



According to the profiles shown in Fig. 3, it can be
concluded that both after mechanical (deep grinding-
polishing)  (profile 1, Fig.3.a) and after laser
microprocessing (profile 3, Fig.3.b), the surface of the plate
from optical glass has a characteristic nanorelief, which is
much higher than the allowable value of the arithmetic
average of the nanoscale, which is 5 nm.

This indicates the inability to use these methods of
surface microprocessing in the manufacture of optical
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elements of measuring systems of modern instrumentation.
At the same time, the nanorelief of the surface
obtained after electron-beam microprocessing (profile 2,
Fig. 3a, b) indicates high accuracy and uniformity of the
surface created, and the use of this method allows obtaining
high-quality surfaces with guaranteed levels of purity and
microroughness, whose value does not exceed 5 nm.

Fig. 3. The characteristic nanorelief of the surface of optical elements from K8 glass after mechanical
(1), electron beam (2), and laser (3) processing. NT-206V
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Fig. 4. Dependence of the average arithmetic roughness
of the nanorelief Ra on the specific power of the electron
beam P,. (a«) and the speed of electron-beam
micromachining V., (6): © — by the works [8, 9]; ® — by
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the advanced technology; the maximum
permissible values of the nanorelief on surfaces for
optical elements

Further studies of the nanorelief of the surface of
elements (on the example of circular plates with a
diameter of 20 mm and a thickness of 2 mm, optical glass
K8) made it possible to establish the dependence of the
arithmetic average roughness Ra on the specific power of
the electron beam P,,, («) and on the speed of the
electron beamV,,,, (6), Fig.4.

As can be seen from the dependences shown in Fig.
4 (a) and (b), according to the technological regimes
described in Refs. [8 and 9], an increase in the specific
power of the electron beam at 300 W/cm? for electron
flow velocities of the order of 1 cm/s sec to 750 W/cm?
for electron flow velocities of 8 cm/s leads to a decrease
in the arithmetic average of the surface roughness below
the permissible value of 5 nm. Herewith, according to the
technological regimes obtained for improved technology
for electron flow rates of 1-8 cm/s, the average arithmetic
nanovelities for the entire range of specific power (100-
1000 W/cm?) is 2.2-1.5 nm.



4. Conclusion

In the process of performing scientific research,
changes in the nanorelief of the surface of optical
elements from glass for measuring system devices from
the action of low energy electron flux have been
determined, and the relationship between the size of the
modified nanorelief and the parameters of electron-beam
microprocessing.

It is established that as a result of electron-beam
microprocessing the nanorelief of the surfaces of
products from optical glass K8 decreases from 4-9 nm to
15-2.2 nm. Drto JoCTHTaeTcs IyTeM VYIPaBICHUEM
CKOPOCTbIO U YJAEIbHOH MOIIHOCTBIO 3JIEKTPOHHOIO
IIOTOKa.

The obtained surfaces of optical elements made of
K8 glass with a nanorelief of 1.5-2.2 nm satisfy the
requirements imposed by modern production of
metrological measuring means for such optical elements.
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THEORETICAL AND NUMERICAL ASPECTS REGARDING THE
THERMOELASTIC BEHAVIOUR OF RUBBERLIKE POLYMERS
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Abstract: Vehicle components made of rubber usually exhibit large deformations. Cyclic finite deformations may induce increasing
temperature in hyperelastic materials. This case - where changes in deformation and in temperature occur simultaneously - is called coupled
thermomechanical problem. Both the mechanical and thermal processes have their own governing equations, that is why special techniques
are needed for the computation. A special technique will be presented for solving coupled problems, this is operator split method. The goal
of this paper is to show how to solve the coupled thermomechanical problem by the principle of virtual power and the principle of virtual

temperature, and how to apply them together.

Keywords: RUBBER, HIGH DEFORMATIONS, THERMODYNAMICS

1. Introduction

Rubber can be classified as a so-called hyperelastic polymer
which has a typical geometrical and material nonlinear behavior. It
means that the relationship between displacements and internal
forces can be described by functions whose order is higher than
linear. The geometrical nonlinearity is easy to handle
mathematically, however the material nonlinearity is only described
approximately [1], [2]. Independently of the experimental
investigations which deal with the material behavior of rubber, a
number of theoretical works treated rubber as an ideally nonlinear
elastic, in particular hyperelastic material. One of the properties of
the constitutive equations of hyper-elastic material is that stresses
are derived from stored elastic energy function. Hyper-elasticity can
be described by particularly convenient constitutive equation given
its simplicity and it constitutes the basis for more complex material
models such as elastoplasticity, viscoplasticity, and viscoelasticity

[1].

Furthermore, the task becomes more complicated because of
some features of rubber parts. The temperature of rubber increases
significantly. Therefore, the tem-perature- and displacement fields
are coupled, and it means that special solving algo-rithms are
required [7]. So the equations of mechanics and thermodynamics
are cou-pled. As described above, the goals of this paper are the
following:

It is necessary to summarize the applied equations and the basic
physical laws which are responsible for the theoretical background
[8,9]. Clarification of these relation-ships is essential because the
material laws of rubber cannot violate those basic phys-ical laws. It
is necessary to extend these relationships like balance of linear
momen-tum and balance of angular momentum, the first and second
law of thermodynam-ics to high deformation of rubber and
rubberlike polymers. After this, it will follow the solution of the
mechanical and heat conduction problem and the coupled thermo-
mechanical problem by using the operator split method. In this
paper, arrows above letters denotes vectors and double underline
denotes tensor.

2. Governing equations

2.1 Equilibrium of linear momentum

The differential formulation of the equilibrium of linear
momentum in the current configuration is

pV= o-V+ f 1)
where p is the mass density, V is the velocity, o is the Cauchy

stress, f is the volume force.

2.2 Equilibrium of angular momentum

The next equality shows the differential form of the balance of the
moments.

=a' @)
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2.3 First law of thermodynamics

When deformations repeatedly occur, significant increase in
temperature can be observed. The differential form of the first law
of thermodynamics is in the current configuration

ép=[-V-g+h]+o-1 (3)
where e is the internal energy per unit mass, G is the heat flux, h

is the heat source, | is the velocity gradient, | = E-E’l ,=VoV.,

2.4 Second law of thermodynamics

The behaviour of viscoelastic materials is described by the second
law of thermodynamics. The second law of thermodynamics in the
current configuration can be written as

G-vT

nTp>-V-4+ +h 4)

where 7 is the entropy per unit mass and T is the absolute

temperature. It will be practical to change the variable from entropy
per unit mass to temperature by applying the Legendre-
transformation and by using the Helmholtz-free energy

y=e-nT (®)
Substitute the Egn. (5) into to the Eqgn. (3) and subtract Eqgn. (3)
from Eqn. (4) the following expression will be generated

(6)

G-1y ql

Fig. 1. Mechanical model of a silent block



3. Solution of the coupled thermomechanical
problem
3.1 Principle of virtual power
Eq. (1) can be generated in the following form:
o-V+f=0 @

The solution of Eq. (15) can be generated by finite element method.
The basis of the finite element method is an energetical principle, in
this case this is the principle of virtual power [4,7].

Fig. 2. Types of loads: t traction, f force per unit volume

Multiplying both sides of Eq. (7) by function
following form will be generated:

V* and integrating the

jv*éwwjv*-?dv:o (8)
v (v)

—

where V™ is called virtual velocity field, which is the difference of
two different kinematically admissible velocity field and has the
following properties: continuous and it can be derivated at least
once. The arrow placed above the Cauchy-stress tensor denotes the

effect of the Hamiltonian differential operator. Using the
J 1 1

V'.0-V=V"0-V+V .o -Videntity the next expression is

generated:
1 0 ~
V*-g-Vdv—IV*~g-Vdv+I\7*-fdv:O 9)

v) v) v)

The first member of Eq. (9) can be converted by Gauss’s theorem
and the second member can be converted by the application of
!

V'-g-V=0-(V o V)identity, where two point means a scalar
multiplication between tensors, therefore Eq. (9) results in the
following form:

Jv anda J'

The above equation refers to the current configuration so the
integration has to be done on the deformed shape of the body. It will
be expedient to convert this equation to the reference configuration.
Due to this transformation the integrations refer to the
undeformable shape of the body.

Let us consider a hyperelastic continuum body in the reference
configuration, its volume is indicated by V and its surface is

indicated by A. Itis known that dv can be expressed by dV
dv =JdV (10)

and the connection between the surfaces da and dA can be
expressed by the Nanson-formula [2]

fida=JF " -NdA

v oV dv+JV* Ffdv=0
(v)

(11)
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where F™' s the inverse of the transpose of the deformation

gradient, N is the normal vector of surface A, J is the
determinant of the deformation gradient. Applying of Eq. (10) and
Eq. (11) the Eqg. (9) can be obtained, as it can be seen in the next
expression:

jv o FT - NJdA- ng
a T W

v)dV+ij*-FdV=0
)

o

(12)
where P Jo F

first Piola-Kirchoff stress tensor does not refer to the reference
configuration thus it needs to be converted. Multiplying the first

is the first Piola-Kirchoff stress tensor. The

member of the left side of Eq. (12) by the I::E-El identity
tensor and using the V:VO-El expression, the following
equation will be generated:
jEEENdA Jo (V' oVy)-F v + [v'- fIdv =0
T V) o V)
s
(13)

where S is the second Piola-Kirchoff stress tensor which refers to

the reference configuration. The surface of the considered body A
can be divided into two parts, namely A, surface where the

displacement is defined and A, where the traction is defined.

The S- N product determines the value of P, which is the traction

vector in the reference configuration. Rearranging the second term
of the left side of Eq. (13) the first Piola-Kirchoff stress tensor can
be appeared:

j F-S- NdA+j F-S-NdA-
po
14
—[ Yo FT(VeV)dv+ [v-fadv =0 (4
(V);F”; v

which can be transformed to the second Piola-Kirchoff stress tensor
applying the | = E-E’1 expression:

el

Z

FF*-P- VOV)dV+

N —

S (15)

The members of this equation can be divided into two groups:
virtual power of internal forces (Pim) and virtual power of external

forces (P, ) .

P=[S-F"(VoV,)-Fdv -
v B

Poc

(16)

- [V E-pdA+ [V
*) (A) (

xt

0

Thus the virtual power of internal forces is equivalent the virtual
power of external forces [1,2,9].



= [VE-poA+ [ v E-S-NdA+ [v'-f,dv
(A) (A) N (V)
Pext

an
Denoting by P the difference of the two virtual power, P is the
function of the position vectorr, the function V" and the
temperature T due to the thermal expansion.
P=P(r,T,v") (18)
The thermal expansion is denoted by the next differential equation:
0J

where ¢, is the linear thermal expansion coefficient. Assuming that
the temperature variations are not significant (T —T, << T, ), where
T, is the reference temperature), the linear thermal expansion

coefficient can be considered constant and in that case the solution
of Eq. (19) can be determined by the next expression [2]:

J(T)=e*™ (20)

Searching the vector field T =7(R)(deformed body) which

satisfies the nonlinear equation. Assuming that the mechanical
processes are quasi-static processes thus the considered system is in
a mechanical equilibrium in each time moment. It means that the
acceleration of the points of the continuum body can be assumed
zero and the other quantities do not depend on time. Since equation
P =0is nonlinear the solution is generated by Newton-Raphson-
method:

P(6.7)oP(1.)a] 0 @

—

where T, (k =0)is an arbitrary vector, DP(rk,v ) is the Gateaux-

derivative [1] and G is the increment of displacement. After kth
iteration steps

e =F+U (22)

the iteration will be stopped when the increment of displacement U
decreases under the certain margin of error:

]
———=x<h (23)
r.—R

g

3.2 Principle of virtual temperature

In order to solve the coupled thermomechanical problem, it is
necessary to solve the heat conduction equation, too [7].
Considering an elastic element which has the property that the total
mechanical energy is reversible. The free energy of the body is the
function of the strain and temperature. Dissipation comes only from
heat conduction.

Starting from the first law of thermodynamics Eq. (8) and changing
the variable from entropy to temperature by using the following

expressions:e =y +nT ,é =y +7iT +7T ,W:W(T,E),n:,%‘/_’
2 2

n=—a"§ '—G—V/-E the equation of heat conduction in the
oT 6T8£ =

reference configuration is

oy oy
W o7V | E
7 oEeT )=

oE (24)

POCT:_Vo'qo+ho+[S_P0

where p, is the mass density in the reference configuration , c is
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the heat capacity, q, is the heat flux vector in the reference
configuration, h, is the heat source, where E is the Green-

Lagrange strain tensor. Correspondingly, the mechanical equation of
the heat conduction equation can be solved by finite element
method. The solution can be determined by the principle of virtual
temperature. Assuming that the considered material is perfectly
elastic the non-recoverable part of the mechanical power is:

(25)

Thus, the equation of heat conduction can be generated in the
following form:
2

: " 0
PoT ==V -To + 1y + poT -

26
OEOT (26)

Multiplying both sides of Eq. (26) by function @(F,t)and
integrating both sides, the following form will be generated:

oy

Y E6dv
PEOT =

. 1
[ pcT 60V == [ VG0V + [ hodV + [ pT
(v) V) v) v)

@7)

where is e(f,t)called virtual temperature field, which has the
similar properties
such as virtual velocity field, so it is continuous and it can be
derivated at least once. Consequence of the second law of
thermodynamics is that the heat flux can be expressed by the
negative gradient of the temperature field [7]:

Go =—K-V,T (28)

K
where = is the heat conduction tensor. Applying Gauss’s theorem:

[ T OV == [ 6G,-NdA- [ 0V,-x-V,TdV +
V) @ o 00w B
oy (29)
+ [ hodv + [ pT———--E0dV
) @ OEOT =

Considering that the surface of the body can be divided according to
the boundary conditions into two parts, the first member of the right
side of Eq. (29) consists of two parts. The first part is the integral on
the surface A, where the temperature is given, the second is the

integral on the surface A, where the heat flux is given, as is

presented in Fig. 3.

;

Fig. 3. Boundary conditions: defined temperature, defined heat flux
Furthermore, assuming that the considered material is isotrop in
respect of heat conduction, thus x =, where | denotes the

identity tensor, the equation of heat conduction will have the next
form:



J. P,CT OV =
v)

jérq0 N dA—
(A1)

o’y
- HV VT dv h,6dVv TV . EHdV
\,!')K( ( +_[ +_[po 6E6T

jx@ (V,T)-NdA-
(Ar)

an

(30)
Directing Eq. (30) to zero, the principle of virtual temperature can
be determined which can be used for the approximate solution of
the differential equation Eq. (26)

Y= [ pcT 6dv + jequA+ [ x0V,-V,Tdv -
) )

a (31)

fj hodV — ijT ‘g’ EOdV =0

where Y is function of the I position vector, the # function and
the T temperature, Y:Y(r,T,H). Searching the temperature field

T(F,t) which satisfies the equation Y =0.

3.3 Solution of the coupled thermomechanical problem

For the solution of the coupled problem, a special technique will be
presented which is called operator split method. The solution is
divided into two parts by the above mentioned method. First of all,
the mechanical problem has to be solved with constant temperature:

P=P(F,T =const,v")=0 (32)

The result of Eq. (32) is the T function. It will be followed by the
solution of the heat conduction problem with constant T function,

in the following manner:

Y =Y(F=const,T,6)=0 (33)

Substituting the resulted temperature field into the mechanical
equation, the mechanical equation has to be solved again. These
above mentioned two steps have to be repeated till the variation of

the I function and temperature decrease under these margin of
errors:

[F =T

— 34
‘ﬁ—R‘ <h (34)
and
\T T“\
e <h, (35)
\T TO\

where h, and h, are margins of errors and T, is the reference
temperature.

In order to solve the thermomechanical problem, it is necessary to
use the weak formulation and to do the linearization of the non-
linear formulation of the mechanical problem. The position vector is
determined from the weak form of the mechanical problem, the
temperature field is determined from the weak form of the heat
conduction problem. The flowchart of the numerical solution is
presented in Fig. 4.
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START

Next timestep

k=1

Solution of heat
conduction problem:

Y="(F' =const,T,0)=0
Result: T

Solution of
mechanical problem:
P(F,T =const., \7‘):0
Result: U

—>

STOP

Fig. 4. Flowchart of solution of the coupled thermomechanical
problem

4. Summary

We represented an algorythm which allows to calculate strain
changes and temperature changes of the rubber part of a vehicle
component under certain conditions. In the future we would like to
develop a solving computer program in order to apply it as a
thermodynamically consistent description.

The present numerical algorithm is the basis of the further fatigue
and lifetime-calculations.
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OPTIONS OF REAL TIME MONITORING METALWORKING FLUIDS
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Abstract: The article is focused to describing the current monitoring systems for cutting liquids used in turning, drilling, milling and
grinding operations. Based on the findings, a proprietary monitoring system is designed. The monitoring system consists of the hardware
and software parts. The hardware part is a data acquisition device that contains sensors of concentration, conductivity, acidity and
temperature. The device is located in the machine tank reservoir with cutting fluids. The Software section - The application displays current
real-time information and a historical overview of the measured quantities. The application allows setting of limit values for monitored
quantities and, if overtaken, it can alert the operator. The proposed device represents a simple way to control selected fluid properties

during their life cycle.

Keywords: REAL TIME MONITORING, CUTTING / METALWORKING FLUIDS

1. Introduction

Cutting area is in process of machining surrounded by cutting
ambient which is made of air, fluids, gases and unsaturated steam.
For the cutting area, we consider the area near the steam of the chip
(1). The physical and chemical properties of the cutting
environment significantly affect the mechanism of chip formation,
force and friction between the workpiece and the tool, deformation
work in the deformation of the workpiece, the formation of an
increase, the hardening of the machined surface, the minimum
thickness of the material to be taken, the residual stress of the
machined surface, The main requirements of the cutting
environment include ensuring a cooling, lubricating and cleaning
effect at the cutting point(2).

The most commonly used cutting environment for drilling,
turning, milling or grinding operations includes cutting liquids. The
influence of cutting liquids on the cutting process is determined by
their lubricating, cooling, cleaning and cutting action. Depending on
the machining operation and the desired properties of the machined
surface, greater or lesser emphasis may be placed on some effect of
the cutting fluid (5). During operation, they are aged due to
oxidation, heat and mechanical stress, pollution and catalytic
effects. Aqueous solutions and emulsions, that is, the media whose
basic constituents are water, are subject to the most rapid changes.
The water has a high degree of evaporation, and due to the
temperatures produced by the cutting process, there is increased
evaporation which causes the salts of electrolytes to disappear from
aqueous solutions and their deposition in the powder coating on the
machine and its functional surfaces. At the same time, salt loss
results in a decrease in acidity and a risk of corrosion (3). At the
same time, dirt and foreign oils (from the sliding surfaces of the
machine) enter the solution. In the case of severe contamination,
suitable conditions for bacterial growth are created. The physical
and chemical parameters are monitored for the condition of cutting
liquids. The most important indicators include:(3)

e the value of Ph,

e concentration

e amount of bacteria,

e  impurity content,

e the content of foreign oils.

If one or more of the quantities monitored are exceeded, the
cutting fluid is degraded. Degraded cutting fluid is not suitable not
only for functional but also for health, because working with such
an emulsion is a source of serious skin problems. It also has an
adverse impact on work and the environment.

Reasons for diagnostics of cutting liquids can be classified into the
following aspects: (7)

Functional point - In the case of the use of cooling emulsions,
in practice, they are gradually degraded or completely
microbiologically decomposed - anaerobic, aerobic or a
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combination of both so that after a certain period of time the cutting
fluid needs to be replaced, the machine and the system cleaned and
put on a new liquid. The uneven consumption of the individual
components of the cutting fluid is also undesirable. Due to the
higher evaporation of water, the concentration of the emulsion may
fluctuate. In order to ensure the stability of the machining process, it
is therefore necessary to continuously monitor and maintain the
state of the cooling emulsions in the machines in the working range
prescribed by the machine manufacturer and the supplier of the
cutting fluid.

Ecological point of view - The development and application of
cutting fluids is influenced by the ever-increasing demands of
legislation. Changes in laws have led to significant changes in the
composition of cutting liquids and thus to changes in their technical
and application properties. Examples are so-called " alternative
process fluids that harm the environment. From an ecological point
of view, the application of Minimum quantity liquid machining
(MQL) technology is a preferred method of machining with
minimal amount of cutting fluid (8).

Health aspects - Employees in engineering companies are in
constant contact with cutting fluids. Liquids must therefore be
relatively non-toxic, non-volatile, non-combustible so as to
maximize the health and safety risks of work (9). The vast majority
of cutting liquids are not highly toxic. However, toxicity problems
associated with cutting fluids are usually caused by bacterial attack,
concentration change, or contamination. Cutting fluids can enter the
body through inhalation (evaporation, aerosol inhalation), ingestion
or absorption of the skin.

Biodegradation - Biological decomposition of cutting fluid is
due to the presence of several species of bacteria and fungi (9).
Contamination of the cutting liquid by these microorganisms is the
main cause of liquid degradation. All cutting fluids are susceptible
to microbial damage that significantly reduces their lifetime.

Diagnostics of cutting fluids

Currently, diagnostics of cutting liquids can be broken down
into the following categories based on the method and frequency of
the control: (4)

Unchecked - the cutting fluid is used until deficiencies related to
workpiece quality, operator health problems, or machine damage
have been identified,

Simple operating control without monitoring devices -
assessment of appearance, liquid odor and surface appearance
washed with cutting fluid. Inspection is often applied, but is not
sufficient for the analysis of cutting liquids,

Operational control - laboratory or manual,

Real-time control - monitoring systems without feedback
(parameter modification is performed by manual operation), -
feedback systems with feedback (parameter modification is
performed automatically without human intervention).
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Overview of monitoring systems
The overview includes a list of existing feedback systems.

FLUID CONDITION MONITORING AND CONTROLLING
SYSTEM FOR A METALWORKING FLUID CENTRAL SYSTEM

System designed for on-line monitoring of water-miscible
cutting liquids for central distribution devices. It was patented in
1990 and includes 4 sensors that simultaneously evaluate
temperature, pH, conductivity and dissolved oxygen. The
measurement is performed every hour and the measured data is
stored in the PC. The computer evaluates the measured data and, if
necessary, corrections are made either manually or automatically by
means of valves, pumps, and under (10).
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Fig. 1 Schematic of Fluid condition monitoring and controlling system for a
metalworking fluid central system(10).

The system is able to monitor properties on multiple devices at
the same time. The computers;s of these devices are connected via a
modemy, to the central systemy; via a telephone networky,. The
central system,; is connected to the modem,, network. It includes a
central computer,;, @ monitor,s, a printer,,, a keyboard,s and a data
repository,s. Four sensors are connected to the computer module;s
on the device. They are a temperature sensorgs, a pHgs Sensor,
oxygen solubility sensorg; and a conductivity sensorgg. Through
these sensors, through the inletgs, the cutting fluid that is being
monitored is passed. The cutting fluid simultaneously passes
through the machines, and returns back to the cutting fluid reservoir
31. The computer module;s records measured data from sensors,
stores them in a data repositoryy; and into a control mechanismy,
which evaluates these values. The control mechanism will, if
necessary, take measures to modify the properties of cutting liquids
by adding additivesgg or by adding a different liquor to the cutting
fluidgs. The additive and correction cutting fluid is fed into the
reservoirs; via a lineg;. The system can produce graphic outputs (10)
based on the measured values.

ORACLE

System designed for cutting and cutting fluids for CNC machine
tools. The device consists of temperature, pH, conductivity and
concentration sensors. The sensors are connected to the control
device which contains the additive container and the concentrate
container. The device is located on each machine individually. The
system automatically evaluates the condition and amount of cutting
fluid and is able to automatically correct the change of quantities by
adding the concentrate, water or additives. All measured values and
addition records of the concentrate and additives are sent to the
server. The user can access and monitor the state of the cutting fluid
through the interface (website) to this data. In addition, the
tolerance ranges for the variables can be changed (13). The working
environment is shown in Fig. 2.
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Fig. 2 Oracle work environment (13).

CASTROL SYSTEM RT

System designed for real-time cutting of cutting liquids for
metal cutting systems with central cutting fluid distribution. The
system automatically monitors quantities such as concentration, pH,
conductivity, temperature and biological activity of water-miscible
cutting liquids (11) (12). On the basis of the measured values, it is
possible to adjust the cutting fluid, which helps to reduce the
changes in the concentration. The working environment is shown in
Fig. 3. In Fig. 4, the system itself can be seen.
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Fig. 4 Castrol system RT.



2. Design of monitoring system

The monitoring system consists of a hardwire and a software
part. The hardware part consists of a probe placed in the machine's
cutting fluid reservoir, which automatically evaluates the selected
properties using built-in sensors. The software part is an application
that displays the properties and state of the cutting fluid based on
the measured values.

Probe

The core of the probe is an electronic circuit consisting of an
energy saving communication module ESP 8266. The
communication module provides two-way communication between
the hardware and the application. The advantage of the used model
is that it contains 18 1/0O pins for the connection of digital and
analog peripherals. The module also has an analogue/digital
converter that is replaced by an external 8-channel 10-bit MCP
3008 transducer due to multiple negative facts. Communication
between the external transmitter and the communication module
takes place via the SPI bus. Analog / digital transducer is connected
to pH and concentration sensors. As a pH sensor, an unbreakable
pH probe based on ISFET technology is used. Sensing the
concentration is provided by a digital refractometer. As a
temperature sensor, the DS18B20 digital thermometer is used to
communicate with ESP 8266 using a 1-wire interface. The block
diagram of the system is shown in Fig. 5. The electronic circuit,
together with the sensors, is located in a closed, water-resistant
container. The container is placed in a container of cutting liquids.

pH

{ mcpP 3008 ESP 8266 DS18B20

% concentrate -

A

Fig. 5 Simplified block diagram of the probe.

The capture of variables takes place at intervals that are defined
by the user in the application. Intervals can be set within arbitrary
limits. Measured values for each dimension are sent using the
HTTP GET request. Data is evaluated using the application and
stored in the database.

Application

The application is a simple tool for managing measured data.
The main window shows individual machines that are equipped
with a data collection device. Provides a brief overview of
measured data on individual machines (Fig. 6).
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Fig. 6 Main page of monitoring system.

After clicking on the button “more” will call up the details
window (Fig 7), which is divided into 4 basic sections. The first part
contains information on the cutting fluid used, the date of filling and
the recommended replacement date. Also, additional information on
the total volume used and the like may be given in this section.

The second part (Actual data) contains information about the
actual values of the monitored properties of the cutting liquid.

The third section (History) contains a graphical overview of the
monitored values in the past. The entire historical overview can be

100

clearly divided into smaller time slots such as months, weeks, days,
and so on. The selected period can be exported to a spreadsheet or
as a photo.

In the fourth section (Settings), it is possible to edit maximum
and minimum boundaries for each monitored property. It is also
possible to select the method of treating the cutting fluid. When
selecting "manual”, the system only monitors the individual
quantities and alerts the operator when the limits are exceeded (if
the Notification box is selected.) When selecting the mode
automatically, the system itself is able to take corrective action. If
the limit values of one or more of the monitored quantities are
exceeded, the system will automatically take the necessary steps to
replenish the fluid, to add additives, and the like.

DMG HSC 105 Linear

o

Fig. 7 Page with details of cutting fluid.

3. Conclusion

The article contains a summary of the liquid cutting
environment information. It points to the negative phenomena
associated with the use of liquids in the machining process in the
absence of care for cutting liquids. To prevent premature
degradation of the cutting fluid, it must be inspected and maintained
at regular intervals. The second part of the article contains a
description of the current monitoring systems and their main
advantages and disadvantages. The proposed system is an effective
tool for cutting liquids. It allows you to get a quick overview of the
current state of the cutting fluid and extends its lifetime by
corrective measures.

This article was created with support projekt VEGA 1/0097/17
,»The research of novel method for cutting edge preparation to
increase the tool performance in machining of difficult-to-machine
materials”
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Abstract: During the last years stable increase of requesting high-purity non-ferrous and rare metals can be seen. They have wide
spectrum of applications such as components in many products, for example batteries, catalysts, electronics, special alloys, high-tech and

products in electronics, chemical, military industry, energetics, etc.

For the production of non-ferrous metals traditionally in Bulgaria for example is used classical scheme for ores mining and
enrichment to produce concentrates which are subject of subsequent processing by pyro- and hydrometallurgical methods. Under this
scheme produced metals are suitable for broad industrial use. These metals do not meet the special requirements for high-tech production.

Research on existing primary and technogenic raw materials for obtaining non-ferrous and rare metals (such as copper, cobalt,
molybdenum, tungsten) is made and going technologies and contemporary methods for obtaining such metals according the ecological effect
of using electron beam method as a final stage in treatment for obtaining high-purity metals, raw material choosing and technological
schemes for their processing are presented. Electron beam technologies are a strategic method in the R&D and they are used in more

applications in the industry in the industrial-developed countries.

Keywords: PRIMARY AND TECHNOGENIC RAW MATERIALS, NON-FERROUS MATALS, RARE METALS, ELECTRON

BEAM METHOD

1. Yeoo

IIpe3 mnocnenuuTe npecetwsieTHs ce HaOmogaBa yCTOWYMB
pacTex Ha TBPCEHETO Ha MHOTO YHCTU IIBETHU M PEIKH METaIH C
MIUPOK CMEKThP Ha IMPUIOKEHHE KaTo KOMIOHEHTH B OaTepuw,

KaTajim3aTopu, CIICIiMaJIHu CIIJIaBH, METAJIOKEPAMHUKU,
AJITCPHATUBHU eHepFHfIHPI HU3TOYHHUIIU, BHCOKOTCXHOJOTUYHHA
NPOAYKTHU B CJICKTPOHHUKATA, TpaHCOpTa, MECAMWIUHATA, BOCHHATA,
neTpoJjiHara, XUMHYECCKaTa, JICKaTa MPOMHUIIICHOCT,

pUOGOPOCTPOCHE U IIp.

Oxa3Ba ce obade, 4e CBETOBHUTE MUHEPAIHH 3allach Ha peuna
METaly, HW3MO0J3BaHW BbB BHCOKOTEXHOJOTHMYHHUTE IMPOU3BOJCTBA
(cmaprdoHM, wuH(]pauepBeHH ONTHYHM  Ypeaw, ypead 3a
MEIUIMHCKAa oOOpa3Ha JAMAarHOCTHKAa M MHOTO JApPYyru) ce
XapakTepu3UpaT ¢ BHCOKa CKopocT Ha m3romasane [1]. ITo-romsima
YacT OT TSAX ca C BUCOKA CTOMHOCT Ha uHOeKca Ha U3non3eane Hd
sanacume (U3, %). Hanpumep, N3 3a depocmnaBanTe Meramn
BoJippaM U MoimbeH choTBeTHO ¢ 2.88% u 1.51%; 3a nBeTHHTE
METald MeJl, 0JIOBO, IIMHK U OUCMYT chOTBEeTHO ¢ 2.69%, 5.48%,
541% u 2.76% u 3a OnaropojHMTE MeTaaM 3J1aTO U cpedpo
cboTBeTHO € 5.44% u 4.74%. Ilocouenure croitHocTn Ha MW3
TOBOPAT 3a BHCOK PHCK OT H3TOLIABAaHE HA CBETOBHUTE WM
MHHEpPAJIHU PECYPCH.

W3cnenBase Ha excrepTd oT YHuBepcutera Meitn [2] nokassa,
4e CBIIECTBYBA JUCOANaHC MEXIY NPEIaraHeTo H ThPCEHETO, T.H.
KpUTEpUH ,,KpUTUUHOCT™ 3a 62 OT Hal-U3MOJI3BAHUTE METAJIH, KaTo
noHe 33 OT TAX Ce M3MOJ3BaT 3a INPOU3BOJCTBOTO Ha IIEYaTHU
wIatku. Meranure, TpaAUIMOHHO H3IIOI3BAHU B IPOH3BOACTBOTO,
KaTO LUHK, MEJ ¥ alyMHIHUH, HE Ca M3JI0)KEHH Ha TO3U PUCK, HO TI0-
HOBHUTE WM TO-PAAKO CPEIIaHM METald KaTro KoOanT, Boidpam,
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MOJMOIEH, XpoM, HHMOOWIl, HM3MOJI3BaHM B TPOU3BOJICTBOTO Ha
cMapThoHH, HHPpaYepPBEHH ONTUYHH ypeau KakTO W B ypeau 3a
Me/MIMHCKa 00pa3Ha IHarHoCTHKa, 00ade, ca cpel Hail-ysI3BUMHUTE.
Te3n Meranau ce cpemar MOYTH H3IPUIO CaMO KaTo CTPaHHYHH
MPOAYKTH Ha APYTH METAIypruuHu mpousBojacTea. He moxe na ce
opraHu3upa 100HB caMo Ha TakiBa MeTalli. Te YeCTO ChIIeCTBYBAT
B MaJIKi KOJMYECTBA M CE€ M3IIOJ3BAT 3a CIICLUAIHH LI U 3a TAX
HsIMa PaBHOCTOMHY 3aMECTHTEIH.

Ot 2008r. B EBpomnelickara KkoMucHs € ch3IaJeHa U JelcTBa
MONUTHKA 332 OCHT'YpsIBAHE HAa CypOBHMHHTE. BBB BpB3Ka C TOBa €
M3TOTBEH CIIMCHK, BKIroYBan] 20 KpUTHYHHU MaTepuaia — IpeMHO
MeTainu (aHTHMOH, OepHiIMi, XpoM, KOOanT, KOKCYBallll BBIUIUIIA,
(iryopuT M 1p.), KOUTO CE€ BHACAT W3KIIOYUTEIHO OT CTPAHH H3BBH
cpio3a. ToBa ch3/aBa roJsIM PUCK OT HEJOCTUT Ha TE3H METalH U
3aBUCUMOCT oT IIPOX3BOIUTEIIUTE-MOHOIIOIHCTH, U3BBH
EBponeiickust cpio3 (Kuraii, Pycus)). B Haii-moOpust ciydaii, 3a
HSIKOM OT MeTauuTe AabpxkaBu oT EBpoma cbC CypoBHHH U
NpOM3BOACTBO 3a TAX Morar jga ocurypst go 10% or
HOTPeOHOCTUTE, HO MMa M HEMalKO METaliM, IPU KOHTO Ta3n
BB3MOXKHOCT € moj 1%. BaxeH MoMeHT mnpu pemiaBaHe Ha
npobieMa € B NMPOM3BOJACTBOTO HA TE3M METAIH Jla CE& HM3IMOJI3BAT
KakTO IbPBHYHUTE PYIHH CYpPOBHHH, TaKa M IIOIIBTHOTO MM
U3BJIMYAHE NPU MPOM3BOJCTBOTO HA MeJ, OJOBO, LIMHK, KOMTO Ca
OCHOBHM MPOAYKTH ¥ Ha OBarapckara I[BETHa METalyprs.
OrpoMeH HOTeHIMAN 3a MOKPHBAaHE HA TojsiMa 9acT OT HYXKHUTE
METaJH ce KpHE B PEIMKIMPAHETO (IOBTOPHOTO H3IOJ3BAaHE) HA
ENIEKTPOHHUSI U OUTOB cKpar [3-6].

WskmounTenen u YHUKaJICH MOTCHHHAI HMa B’bJ’Il"apI/Iﬂ B
MpOU3BOACTBOTO HAa NbPBUYHU CYPOBHUHHU Ha HAKOH (bepOCI'IJ'IaBHI/I



MeTany KaTo MOJuOAeH, BoJdpaMm, MaHraH, KOUTO ca B pPaHEH
cTaguil Ha paszpaborka. Hampumep, roIumHOTO MPOU3BOJCTBO Ha
Boidpam B cBera e mpubOmmsurenHo exsa 90-95 xwnsau TOHA.
HeroBoTo npuinoxeHne € U3KII0UYUTETHO BAKHO B MPOU3BOJICTBOTO
Ha CIENMAJHH CTOMAaHH W CIUIaBH, 3a OTTOBOPHHM MAIIMHH H
armapatypd, B  CIGKTPOHHaTa ¥  CJEKTPOTEXHHYECcKaTa
MPOMHILICHOCT. MOHOIONHO MOJIOKEHHE B IMPOU3BOJICTBOTO MY
uma otHoBo Kuraii (85%) [3].

CepimecTBeHa BB3MOXKHOCT 32  OBJIrapcko  y4acTHe B
MununaruBata 3a cypoBuHuTe Ha EC € penuKInpaHeTo Ha penku
METalH OT aMOPTH3HUPAHU EINEeKTPUUECKU U €NEeKTPOHHU M3IENUs U
Oarepun. B ToBa oTHOomenue EBpoma cu moctaBs MHOTO
amburosHa nen — 10 2020 1. ga ce nocturae 85% cpbupaemMocT Ha
0TpabOTeHN EJEKTPOHHH, ENEKTPUYECKH U OHTOBH CHOPBIKEHHS,
KOETO O3HauaBa, ue Ie ObJar crOpanHu 1o 12 muH. t pecypc. B
MOMEHTA, PELUKIMPAaHEeTO Ha TE3M DPECypcH € U3KIIOUUTENIHO
noxaueHeHo. Hsama crpora cucrema 3a ch0upaHe, KOHTPOII, €KOJIOro-
W WKOHOMHYECKH IenechoOpasHo yrwimsupane. OOHKHOBEHA
MpakTHKa €, ako Hemo € ChOpaHo, TO WM Ce M3HACS, WU HE €
e(eKTHBHO 1a ce mpepaboTBa.

Jlo6pa BB3MOXKHOCT 3a yCIEITHO pean3upaHe Ha YCIOBHATA 3a
yuactue Ha bwirapus B Muunmarusata 3a cypoBunure Ha EC, e
MpoyYyBaHE U aHAJU3MpaHE Ha ChUIECTBYBAIIUTE IbPBUYHHU U
TEXHOI'CHHU CYPOBMHHU H3TOYHHUIM M JEWUCTBAIM CHBPEMEHHHU
TEXHOJIOTHH 32 JOOWB Ha I[BETHHU, PSIKH U BHCOKOTEMIICPATYPHHU
METaJH U CIUIaBH, IPOBEXKAaHEe Ha U3CIeIBaHNA U pa3paboTBaHe Ha
e(eKTUBHH U €KOJIOTHYHO I1eJIeChOOpa3HH TEXHOJIOTHH 3a TIXHOTO
M3BIMYaHe (BKI. W PEIMKIHMpaHE), MPUIAraikd eJIeKTPOHHOIbYEB
METOJ KaTO eTam OT MpepadoTKaTa 3a MOoJydaBaHE Ha CBPBXUUCTH
MeTanu. Upe3 akTHBHAa WHBECTHIIMOHHA IOJIMTHUKA Jia CE€ U3rpaju
HEOOXOJMMOTO  O0OpyIBaHE 3a PCAIM3UPAHETO Ha  TE3H
TEXHOJIOTHH, KOETO Il ¢ MPUHOC 3a eBpoIeiickara U ObJrapckara
WKOHOMHKA, Ch3/laBaHe Ha pabOTHH MecTa M BBH3MOXKHOCTH 3a
pa3BuBaHE Ha MPOMHIUICHW AeHHOCTH, Oe3 1a ce Bpead Ha
OKOJIHATa Cpeja.

2. Memoou 3a nojayuasane Ha UGEMHU U PEOKU
Mmemanu

Knacudeckara cxema 3a HMpPOM3BOJCTBO Ha IBETHU U PEIKH
MeTand € J00MB Ha pyad, oOoraTsBaHe 10 TIOJNy4aBaHE Ha
KOHIIGHTpaTH M TIOCIefBaiia TmpepaboTka dpe3 MHpo- U
xuapomeranypruaan Merond. Ilo Tasm cxema ce mpoum3Bexzaar
METaIM 3a MacoBa IIPOMHIUICHA ymorpeba. Te3m Meramm He
OTroBapsAT Ha M3HMCKBAHMATA 32 BUCOKA UHCTOTA IPH HU3MOJI3BAHETO
UM B CHEHHAIN3UPAHUTE BHCOKOTEXHOJOTWYHH IIPU3BOJICTBA.
OOHNKHOBEHO TaKbB THUI METalM C€ MOJIydaBaT dYpe3 CIOXKHHU
KOMOMHMpPaHH CXEMHM, BKJIIOYBAIIM peauna (U3MYHH M XUMHIHU
texHojornyau meroan (OXTM) 3a mpedyncTBaHE HAa MOTYYCHHTE
M0 TPAAUIIMOHHUTE METOAN METaNH.

Ilopanu BucokaTra MM TeMmiepaTypa Ha TOIEHE, KlacHueckaTa
cXeMma 3a IoJIy4aBaHe Ha MeTaINTe MOJIMOAEH U BoJdpaM BKIIOYBA
pelyKLus Ha TEXHU OKCHIU J0 METaJEH IIpax, KOUTO ce mpeBphIla
B KOMIAKTEH MeTall 4Ype3 CIH4YaHe IO INpaxOBOMETalypruueH
meron. C mosBaTta M pa3BUTHETO HAa CPABHUTEIHO HOBUTE METOAU
Ha BaKyyMHaTa €JEKTPOMETAlyprus, KOMIIAaKTeH MeTal ce
MONTy4YaBa M 4pe3 BAKyyMHH €JIEKTPOIBIOBO U €IEeKTPOHHOIHYEBO
TOTICHE.

M3non3BaHeTo Ha €IEKTPOHHOIBYEBHUS METOJ 3a TOINEHE U
padunupane (EJITP) mnpu mnpepaGoTkaTa Ha CypOBHHHHUTE
W3TOYHMLM Ha I[BETHH, PEJKUM ¥ BHCOKOTEMIIEPATypHU METajH,
KaTo KpaeH eTam 3a IOoJIy4aBaHe Ha BHCOKO YHCTH METajH,
SJIMMUHUPA PeIUNa MEKIMHHU TEXHOJOTHYHH IPOLECH, HSIKOH OT
KOMTO HEEKOJIOTHYHH M BPEIHHM 3a OKOJHATA cpejia U xopara. Tes3u
TEXHOJIOTMH Cca CTPATerHYecKO HAlpaBICHHE Ha  HAy4HO-
TEXHHYECKHSI POrpec M HaMHUpPAT BCE MO-IIMPOKO MPHIOKEHHE B
HHIYCTPHUATA Ha HANpeIHATMTe WHIYCTpUATHU cTpand [7-14].
EnexrpoHHONBUEBAaTa TEXHOJOTWS 3a TONeHE M padUHUpaHE Ha
METaJM M CIUIaBH € EeKOJIOTMYHO 4YhcTa M Oe30TmaabyHa U Ou
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ocurypuia obesra3sBaHe W I10-BHCOKa CTENEH Ha OYMCTBaHE (OT
ra3oBe, METAIN U HEMETAJIHU MPUMECH), KaKTO U €AHOPOIHOCT Ha
XHMUYECKHUS ChCTAB M ONTHMAaJHA CTPYKTYpa Ha IOJYyYCHHTEC HOBU
Marepuaid - XOMOTEHHa MHKDOCTPYKTypa, 0Oe3 nedexru, 0e3
rojsiMO pa3celiBaHe M PAaBHOMEPHO pa3NpeiesieHH IPHUMECH, ¢
nono6peHu paboTHu XapaKTEePUCTUKH, MarHuTHU u
CBIPOTUBHUTEIHN CBOWCTBAa. MeETONBT HaBa BB3MOXKHOCT TaKHBa
MEeTaJM U CIUIaBH Ja ObJaT MojydyaBaHH KAaKTO OT IpepaboTka Ha
MPUPO/IHA CYPOBHMHA TaM, KbJETO S UM, TaKa U Ype3 peLHKINpaHe
Ha OTpabOTEHM Beue METalIW M CIUIABU NPHU JIMICA Ha HPHPOJCH
pecypc. AKTyamHOCTTa Ha mpobiemMa ce ompeiens M OT
BB3MOXKHOCTHTE, KOUTO €JIEKTPOHHON'BYEBHAT METOJ JaBa 3a
MoJNy4aBaHe Ha HOBH MaTepuald, a MMEHHO METalH, CIUIABH U
nonypaOpukaTi ¢ HOBH WM TIOJOOPEHH XHMHYEH CBhCTaB,
CTPYKTYypa U CBOMCTBA.

B bbarapus ceuiecTByBa  IBATOTOAMIIHA  TPAgULMS B
o0orarsiBaHeTo Ha IIbPBUYHH ¥ TEXHOI€HHH CYPOBHHH, 32 JOOUB Ha
nBeTHH M Omaropogun Merand. CBBPEMEHHO HaIpaBIICHUE €
NpUIaraHeTo Ha XuapoMertanyprudad wmeroxd (XMM) 3a
npepaboTKa Ha MHHEPATHU CYpOBHHH, ChAbPKAIIN TPYTHOTOIUMU
n usetHu wmetanu. XMM B enHu ciaydam ce fmpuiara A0
MOTyJaBaHETO Ha KOHIEHTPAT, KOHTO € H3XOJHAa CYpOBHHA 3a
cienBamia npepaboTka, a B JPYrH JO IOJIydaBaHe Ha KpacH

TIPOOYKT.

B bbarapus e HaTpymaH OrpoOMEeH OHNHT B 00OTaTsBaHETo,
HpeIUMHO  (JIOTAIIMOHHO, HAa IbPBUYHM (PYAHH) CYpPOBUHHH
U3TOYHHULM Ha MeJ, B KOMTO ChABPIKAHHETO Ha MeJ OOMKHOBEHO
Bapupa oT 0.2% no 1.4%. Ilpu mpepaboTkaTa UM ce MOTydaBaT
KOHIIEHTPATH ChC ChABPKaHUE OT 22% 10 25%, KOUTO cres ToBa ce
HojjaraT Ha IHPOMETAIyprH4Ha IpepaboTKa ¢ IOJydYaBaHEe Ha
YepHa M KaToJ(Ha MEJI C YHCTOTa ChOTBETHO 99.5% 1 99.98(9) %. B
nocnequure 30 TOmMHM 32 TpepabOTKa HAa OKCHIHU W
BTOPUYHOCYI(GHUIHN  MEJHM  pyAM  C€  H3IOI3BaT U
XHAPOMETATYPTHYHN METOAM — CSPHOKUCENIO H3Jy)KBaHE, TeYHA
eKCTPaKIMS M eJEKTPOyTasiBaHe, C KOETO C€ JOCTHra KpaeH
HPOJYKT KaTOJHA MeJ C YHUCTOTa He mo-BHCoka oT 99.99%. Karo
CHIIPTCTBALlM METalM CBLIO C€ IIOdyYaBaT MOJIMOJEH NpH
npepaboTkata Ha MeIHO-MOJMOICHOBH pyIM M KOOAnT mpu
npepadoTkaTa Ha MeTHO-HUKEIOBH M HUKEJIOBU PYAN.

ChbIbpKaHUETO HAa MOJUOAEH B MEJHO-MOJMOACHOBUTE PYIH €
okoso 0.04%. OOWKHOBEHO B KpUCTaJlHaTa peIIeTKa Ha
MonnOneHnTa (OCHOBHHUS MOJIMOJCHOB MHHEpall) ce ChIbpXKa U
penuii. Upes daoTanus ce momydaBa KOHIEHTPAT ChC ChABPIKAHHE
48-50% monu6aeH. OT TO3M KOHIIEHTpAT Ce MOJIy4aBa TEXHUUCCKU
monnbaeHoB okcun (>57% Mo), pepomommbnenut (60-70% Mo),
MOJIMOAATH, OT KOMTO CJIEJ TOBA Ype3 PeAyKUHUs B IPUCHCTBHETO HA
BOZIOPOJL ce NoJyyaBa MOJIMO/ICH B MeTasiHa Gopma.

KommnekcHaTa TexHOMOTHs 3a mpepaboTka Ha Mo KOHIIGHTpaT
¢ moxyyaBaHe Ha coyt Ha Mo, Re u Cu, kosiT0o € ch3naneHa mpe3
80-re romuum mHa 20 B., € pgelicrBama M A0 JjgHec. Tsa e
HEEKOJOTUYHA, ThI KAaTO 3a pa3flaraHeTO Ha M3XOIHATa CYpOBHHA
ce u3noi3Bar kucenuHu. Karo xpaeH mpoaykT ce mosyyaBaT Mo
pa3TBOpH, OT KOHWTO Ype3 IOIMBIHHUTENHA CENeKTHBHA IMpepadoTKa
ce nosrygaBaT MoOj3 (>99.5%), katonna Cu 1 aMOHUEB TIEppEHaT.

Tasn TexHONOTHS € CHIHO TOKCHYHA M BpeAHA 3a OKOJHATa
cpena M 3a 3][paBeTo Ha Xopara, a HOJTydeHUTe KpalHHU IPOIYKTH ca
HEOCTaThYHM KaTo KOJMYECTBO M KadecTBO Ja 3aJ0BOJIAT
CBHIIECTBYBAIM MHTEPEC OT BHHINHM 3a bbiarapus moTpeOuTemnw.
CohluecTByBa HaTPYMaHO TOJISIMO KOJIMYECTBO MOJIHOACHCHABPIKALL
OTIAJBK Y HaC, KOMTO ocTaBa HEOOpaOOTEH U HEN3IOI3BaH.

VTBBpACH METOX 3a MOIyYaBaHETO Ha TEXHHIECKH UHCT
MeTajeH MOTHOICH 1 BojadpaM U IPH MPOM3BOACTBOTO Ha TBBPIM
CIUIaBM HAa TJIXHA OCHOBAa € IIPaXOBOMETANYPIHYHHAT - Karo
IIbPBOHAYAIHO METAIHHUTE MPAxoBe ce IOJydYaBaT upe3 PeryKIUs
Ha TSAXHO ChCIWHCHHE, OOMKHOBEHO OKCHI, B armocdepa Ha
Bogopoz (Tabmuna 1) [15].



IIpu momywyaBaHe Ha mpaxooOpaseH Bojidpam morar nga ObaaT
U3MONI3BAHU  PA3IMYHH PEIyKTOPH KaTO BOJOPOJ, BBIVIEPOJ,
CWINLMI WM METaluTe alyMUHUM, Hatpuil u nap. Penykuwmsra
IPOTHYA TIPH CPABHHUTEIHO HHUCKH Temmeparypu (800 — 1200 °C).
Haii-yTBbpHeHr 3a IpakTHKaTa ca pPEAYKIMOHHUTE IIPOIECH,
MIPOTHYAIIY IO peaKkIUuTe, npeacraBeny B Tabnmma 1.

IloBemennero W cBOWCTBaTa HAa KOMIIAKTHHS MeTal IIPH
ClIe[[BAllIUTE €TanH Ha 00paboTKa CHIIHO 3aBHUCST OT XUMUYCCKHUS
CbCTaB W CTPyKTypaTa (BKJIIOYBAIIa TrojleMHHa U (opma Ha
YAaCTULIUTE, PA3NPEIENCHHETO MM MO pa3Mep) Ha MOJIyYeHHUTE
MeTanHu npaxoBe. CTPYKTypaTa Ha METAIHUTE NPAXOBE 3aBUCH OT
CTpyKTypaTa Ha H3XOJAHHMTE CBEIMHEHHS W OT PEAYKIMOHHUS
PEXHUM.

IlomydeHusT MeTaneH npax ce 00paboTBa 10 KOMIAKTEH METall
ype3 IMpaxOBOMETAIYPrUu€H METOJ, KOWTO BKJIIOUBA CIICAHUTE
CTaauu:

e  TIpecCOBaHE Ha METAHHUTE MPAaXOBe KaTo OpUKETH, MIaiou
wim ¢ ¢opmu, OMM3KM 1O BHAA M pa3MEpUTe Ha
METaHUTE U3IeHs CJIe]] polieca Ha CIInYaHe;

e  CIMYaHE HAa 3arOTOBKHUTE YpE3 HATPSBAHE JIO ONpeJelicHa
TeMIeparypa;

e JIOIBJIHHTEIIHA 00paboTka (xoBaHe, H3TETJISHE,
BaJIIIOBAHE) HA CIICUCHATA 3arOTOBKA JIO KPAHO U3JIeTHe.

Te3n chbBpeMEHHH TEXHOJIOTHMH 3a IpepaboTka Ha MOJHOJEH U
Bol(paM HE OCHUTYpSBaT Ha MeTala JOCTaThbuHO J00pa
IUIACTUYHOCT U CIIOCOOHOCT 1a ce 3aBapsaBa. DPH3NKO-MEXaHHYHUTE
cBoiicTBa Ha MOJIMOAEH M BoJ(paM, MOTYYSHH 4pe3 CIHYaHe, ca
TBBPJAE AHU3OTPOIHM M 3aBUCAT OT M3XOAHOTO CBCTOSHHE,
YHCTOTATA W CTPYKTypara Ha IMpaxoBere Npead crnudade [16].
MeranbT, MOTydeH cle[ PEeAyKIHsATa, € C BHCOK IPOIEHT OT
METaJIHU ¥ Ta30BU npumecH. Heob6xoanmo e Toii 1a 6b1€ MOAN0KEeH
Ha  JomeiHHTeNHO  paduumpane. Ilpy  mpoMuIIIEHOTO
IPOU3BOJICTBO HA YUCTH BOJ(paM n MOIMOJCH, KAKTO ¥ Ha TEXHU
criaBy, B crpanu kato CAIll, Vkpaiina, Pycus u npyru, 3a
JOIBJIHUTENTHO paUHUpaHe ca Cce HAJIOXKHWIM METOOH Karo
BakyyMHO-IbroBo TomeHe (B/IT) u enekTpOHHOIBYEBO TOIEHE
(EJIT).

IIpu BAT wu3xonHuTe Marepuanu ce TONAT B €IEKTPOIbIOBU
Hemy C M3pa3XojBall ce eIeKTPOJ BbB BaKyyM MM B Cpela OT
aproH, B MeJIeH BOJOOXJIa/IeH KPUCTAIU3aTOp WIK B TUTEIHU HEL’
c meneH wmn rpaduroB Turen. OcoOEHOCT HpPH TOIEHETO Ha
MOJIMOJICH B €JIEKTPOABIOBH IIEIIH €, 4e Ce Halara JONBIHHTEIHA
J€30KCHAAIMA Ha MeTana C BBIVIEPOJ], BOAOPOJ WIIM alyMHHUI.
IIpu pemyxuust ¢ aTyMHHUIA, TOIEHETO CE€ OCBIIECTBSBA B CPEAa OT
aproH, a BBB BAaKyyM NPOTHYA PEIyIHUPAaHETO HA MOIUOAEH C
BBIVIEPO]] WIIH BOJOPOL.

Haii-nepciekTuBeH MeTO 3a TOIIEHE Ha MOJNUOIEH U BoIdpam
1 HETOBU CIUIABH € €IEeKTPOHHOIBYEBOTO TONCHE BHB BaKyyM, MpH
KOETO Ce€ I0JIydaBa MeTal ¢ Hali-HUCKO ChbIbP)KaHHE HAa MPUMECH.
IIpes mocnenHuMTe TOAMHM CTpaHUTE C pPa3BUBAlla CE AaTOMHA
eHepreTuka u aepokocMmuuecka npomunuieHoct (Muaus, Kurait u
Ip.) TPOSBSIBAT TOJNSIM MHTEpeC KbM TE3M TEXHOJOTHH M Ce
Ha0momaBa BHCOK pPBCT B KOHCTPYHPAHETO MW  yCIIENIHATa
ekcrutoaTanuss Ha oOopyzaBane 3a EJITP. VYcmemnu Haydnu
M3CIIeIBAHUsI B Ta3u 00JacT ce mpoBexnar u y Hac [17-19,4,20-
21,6].

KoGanTeT € CKbI MeTall ChC CBOMCTBA, CXOOHH C TE3M Ha
Hukena. Toit nobpe ce crutass u 3aeano ¢ Fe, Cr, W u Mo mox
dbopmara Ha IICHHM H3HOCOYCTOWYHMBH CIUIaBM CE W3MOJI3Ba B
MHCTPYMEHTAJHATa MPOMHIIUICHOCT 3a U3pabOTKaTa Ha PEKCIIH H
npobuBHu Mamunad. Karo serupamnia 1o6aBka KoGanThT yBelndaBa
TOIUIMHHATA YCTOWYMBOCT HA BHUCOKOTEMIIEPATYPHHTE CTOMAHU H
T [IPABH [10-YCTOWYMBH OT XPOM-HHUKEJIOBUTE CILIaBU. [10CTOSIHHM
MAarHuTH, U3pabOTeHH OT KOOAIT WM HErOBH CIUIABH C IUIATHHA
UMaT Hal-7oOpM MarHUTHH nokasatend. Oco0eHO — BaXKHO
IPUIOKEHNE Ha KOOaATa, KOSTO MOBHIIH MHOTOKPATHO THPCEHETO
M ICHaTa My Ha Me)l()IyHapO}lHPITC na3apn B MOCJACOAHUTE I'OJUHH, €

IpH  TPOW3BOJACTBOTO HA JIMTHEBO-MOHHH OaTepHH, KOUTO
3axXpaHBaT BCHYKO — OT eIeKTPOMOOHIH 1o ipoaykTH Ha Apple. ITo
Ta3 MPHYMHA 1Ma3apbT HA KOOAJIT Ce € YABOMII 3a €IHA TOJUHA — OT
4 mupn. Ha 8 mupa. matcku gonapa (cropen Bloomberg), a menara
My mpe3 2017r. e HapacHama cbc 120%. OwuakBaHusiTa Ha
Benchmark ca, ue mpe3 2018 r. nenure Ha KobaTa 1ie MPOABIKAT
Ja ce MOKaYBaT, MaKap M ¢ 0-0aBHH TEMITOBE.

MertaneH KkoOanT ce MOdy4aBa Ype3 pEAyKIUs Ha HETOBH
okcuau. Karo penykropu morar aa ObaaTr H3MOJI3BAaHH BBIJICPOI,
BOJIOPOJI, BBIVICPOACH OKCUA M METaIX (QTyMUHHMH, IUHK, KaIMHA).
B Tabnuua 1 ca npeacraBeHH pa3jiMyHH TEXHOJOTHYHU CXEMH 3a
MOJy4aBaHe Ha MeTajleH KOOamT.

Crien penykius ¢ BBIVISPOJ METAJIHHUAT KOOAnT ce OTAEeNs OT
Hepearupaiusi BBIVICPOJl Ype3 MarHuTHa cenapanus. OKCUABT U
BBIJICPOJBT MOTAT Ja CE CMECST, OpHKETHpaT W Ja ce W3IOJI3BaT
Karo eJeKTpOJW Ha BoONTOBa Jjabra. llpm mnpoTudaHero Ha
CJICKTPUYECKH TOK CNEKTPOJUTE Ce CTamsAT, a pPEIyIHpPaHUusIT
MeTaleH KoOanT ce cThuya B TUTed M ce ChOMpa HOA IIIaka OT
KaJIIMEBH U CHIIMI[MEBH OKCHUJIM, 34 J1a HE CE€ OKHCIIH OTHOBO.

Tabnuya 1: Pedyxyuonnu Memanypeuunu Memoou 3d NOAYHAGAHe HA
quCmu Memaiu Om mexHu OKCUOU.

Penykrop Me Peaxuus TexH.
ycjioBus
C W 2WO;+ 3C =2W +3CO, | 800-1200°C
C Co 2C030, +4C =6Co + 4CO, |60min/900 °C
10min/1000 °C
H, W WO;+ 3H; =W + 3H,0 800 — 1200 °C
H, Co Cos0, +4H; =3Co+4H,0 | 190-250°C
CO Co Cos0, +4CO =3Co +4C0O, | 300-750°C
Al Co | 3C0;04+8A1=4A1,05 +9Co 2100 °C
AIyMOTEPMHUS

Koraro 3a peaykTop BMECTO BBIVIEPO]] CE M3I0J3a BBIIIEPOACH
okcup, peakiusita 3anousa oe mpu 300 °C, a mpu 500 — 750 °C
MpOTHYa MHTEH3UBHO M 3a HAKOJIKO MUHYTHU ce peayuupar 90% ot
mxoaaus okcun. Ocranamure 10% obade, pearupar TBbpae OaBHO
nopu nipu Temmeparypa 900 °C.

IIpu penykuus ¢ BOZOpOA peakuusTa IpoTuya Ha CTENEeHH KaTo
C TOBWIIaBaHE HA TeMIeparypara IbpPBO ce 00Opa3yBaT HHUCIIU
OKCHIH, KOUTO TNPH AONBIHUTEIHO 3arpsBaHe Ce peayLupar 10
MeTal.

MeroabpT 3a Moiy4aBaHe Ha KOOANT 4pe3 peayKius C APYrH
MeTanu (LMHK ¥ KaJMHii) € M3BECTeH KaTo LeMeHTalus. MeTalHusT
KOOaNT ce W3BIMYa OT pa3TBOPH HA HETOBH CONM  4Ype3
3aMECTBaHETO MYy B CHEJMHEHHATA OT NUHK mwid Kaamuil. Kato
KaTaJIM3aTOpH 32 YCKOpPsSBaHE Ha MPOIECUTE CE M3IOJI3BAT COJTU Ha
MeIl ¥ OJIoBO. Peakmmsta mpoTHYa TPH HUCKA TeMIeparypa B
ciabokucena cpea.

Jpyr HauMH 3a [OJMy4aBaHE HA MeTaleH Kobaiar e upe3
SNIEKTPOJIH3a Ha AaMOHHEBH WJIM HUTPATHH PA3TBOPH HAa KOOAITOBU
conu. MI3X0JHUSIT MaTeprall € KoOalITOB H3BJIEK ChC ChbPIKAHUE Ha
Co 98.4-98.7%, KoWTO ce BKIIOYBA KAaTO AaHOJ, a YHCTHAT
CJICKTPOJTUTEH KOOANT ce OoTiara BbPXY BBPTANI C€ KaToJ OT
HEpBXKJIaeMa CTOMaHa. BbpXy MOBBPXHOCTTa HA METATHHS KOOAIT
ce oOpasyBa OKCHJCH CIOH ChC ChabpxaHue Ha okcumu 0.28%,
KOKTO JIECHO MOeE Jia ObJIc OTCTPAaHEH Ype3 HarpsiBaHe JI0 YSPBEHO
B MOTOK OT Bogopoxa. CmsTta ce, 4e TO3M METO[ € MOAXOIAI 3a
MoJTy4aBaHe Ha YHUCT KOOANT B TOJIEMH KOJIMIECTBA.

TMopany M3KIIOYMTENTHOTO THPCEHE W HapacTBaHE Ha HYXKIHUTE
OT KOOAIT ¢ BUCOKA YUCTOTA HEMPEKbCHATO CE THPCAT HAYMHH 3a
nojoOpssBaHe Ha  TEXHOJOTMUTE W  YCHBBPIICHCTBAaHE Ha
00opy/1BaHETO, KOUTO Ja IMOBHMIIAT IPOM3BOACTBOTO HAa KOOAIT,
CTENEHTa Ha W3BIMYAHETO My OT IPUPOAHHUTE CYPOBHHH,
NOHIKAaBaHE  HAa  IPOU3BOJCTBEHHTE  3aryOM W ITBJIHO
OIIOJI30TBOPSIBAHE HA TEXHOT'CHHH MaTEPHANH, IOJIYYCHH I10 LICJIHs
MPOU3BOJCTBEH mporiec. Hampumep, Kato M3XOJeH Marepual 3a
MPOU3BOJICTBO Ha KOOANT MOXKE Ja Ce H3IO0J3Ba CICKTPOIU3CH



KOHIIEHTpAT cbec chabpxkanue Ha Co 15-16%, B koiiTo na uMma orue
1.3 - 1.6% Ni, 2.5-3.0% Fe u ce cbaspixar ome Cu, Mn u apyru
MeTalHU npuMecu. Upes mocTeneHHO HamamsBaHe KHUCETMHHOCTTA
Ha cpefara M peryiupaHe KOJMYECTBOTO Ha BB3JIyX B CHCTeMara
TOCJIEIOBATEIHO C€ OKHUCIABAT, yTasBaT M OTAEISAT METATHUTE
npumecu Fe kato FeO (mpu pH 3.5-4.5), Cu karo CuO (mpu pH 6.0
—6.7), Mn xaro xiopuay, cynduan u cyiadard, JOKaTo ce MoiTydn
yTaiika, B KOSTO ce chabpxka 95% OT IbpBOHAYAIHOTO KOJIUYECTBO
KoOanT mox ¢popmata Ha XHAPOKCHIL.

Tonamo xonuvecTBO KOOANT ce Moy4aBa Npu NpepadoTKara Ha
MEJHO-HUKEJIOBU U HHUKEJOBH pyau. ChABpP)KaHUETO Ha KOOAnT B
HukenoBute pyau e 3-10% or ceabpkaHueTo Ha Huked. I[lpm
obpaboTkara Ha cyla(UIHM MEAHO-HHMKENIOBH pyau 10 95% ot
KobaJTa MpeMHHaBa B MEIHO-HHKEIOBHS LIEHH U ClIEJ HErOBOTO
koHBeptupane 60-70% Co npemMuHaBa B KOHBEpTOpHaTa LUIaKa
(TmaBHO B TOCNIEAHHTE PA3JIMBH), KOSATO € WU3XOJHA CYpOBHHA 3a
U3BJIMYaHE Ha KOOAJT. YCTAaHOBEHO €, 4Ye INpH Pa3AENUTEIHOTO
TOIICHE Ha MEJHO-HUKeNOoB (aifHmeiH 70% oT kobanTa mpeMHHaBa
B HHKe10BHs monynpoaykt (hottom), a 30% ot kobanra — B MeaHHS
noaynponykt (top). Taka B mpormeca Ha npepaboTKa Ha CyIpUIHI
MEJHO-HHUKEJIOBU PYIU C€ IMOTydaBaT TPU HONYHPOIYKTa, KOUTO
Morar Ja ObJaT CypoBHHA 3a IIPOU3BOACTBO Ha KOOANT:
KoHBepTOpHU 1utaku — 50% ot usanoto konuvectso Co;
IIJTAKK OT IPOAYKTUTE HA METHUS ITOIYIPOAYKT;
yTalK{ OT OYMCTKATa HA HUKEJIOBUS MOTYIIPOIYKT.

Ot HampaBeHHs aHANW3 3a IOTy4YaBaHE HA PEIKH U I[BETHH
METaJU € YyCTaHOBEHO, Ye:

— OT CHBPEMEHHUTE METAITyprUYHH METOJH, KaTo JO0CTaThuHO
eekTHBHE 3a padUHUpPAHETO Ha Ta3M TIpyHa MeTall ca ce
HAJIOKWIM  “TIpaxoBaTa METamyprus’, €JNeKTpOoiu3a Ha COJH,
METAJIOTEPMUYHO HOAMAHO padUMHUpAHE M HAKOU OT METOAUTE Ha
CIIEIMaHATA SJIEKTPOMETATYPTHs KaTo IIa3MEHOABTOBO TOIICHE
(ITAT), BakyymHO WHAYKIIHOHHO TOTIEHE (BUT) u
enexTpoHHOIBUeBO ToneHe (EJIT), kouTo ce mpuiaraT ycrielHo B
MeTaJlypru4HaTa IpaKkTUKa 1Mo cBeta. Mexay n30poeHUTe MeToan
kato OescropeH nmaep ce e nokazan EJI merox 3a TomeHe u
paduHUpaHEe BHB BaKyyM;

— 3a cTpaHW Karo bwirapums, KOMTO HE NPOHM3BEXKIAT TE3N
MeTaly TOopajay JNIca Ha CypOBHHA, OCOOCHO BaXXHO € 1a OBaar
MaKCHMAJTHO M3II0I3BAHM BCHYKH HATUYHH OTHATBIHN OT TSX;

— 3a Ja 6’L,He KOHKypeHTHOCHOCO6HO PEreHECPUPAHETO Ha
HCTOJICMH KOJIMYCCTBA CKBII MCTall, € H€06XOIII/IMO MAaKCHUMAJIHO
HpI/IGHH)KaBaHe Ha CbCTaBa U Ka4€CTBOTO HA PEIrCHCPUPAHUA METal
J0 KOHKPETHUTC HYXIU Ha HOTpe6I/ITeJ'II/I WK npeajnarane Ha HOBU
MaT€puajii - HOBU CIlJIaBU C JOCTATb4YHO BUCOK KJjlaC YUCTOTA.

3. Texnozennu mamepuanu, cbObPHCAUIU YGEHHU
u peoxku memanu ¢ bvnzapus

Ha Tteputopmsita Ha bBeirapus celmecTByBa HAaJIMYHOCT OT
OTHAIBIM, CHABPXKAIIM LBETHH, PEJKH M BHCOKOTEMIICpaTypHU
METaI M TEXHUTE CIUIaBH, HATPyNaHU B PE3yJTaT OT HOpPMaJHA
NIpaKTUKa 3a JCHNOHUPAaHE Ha MPOU3BOJACTBEHH OTHNAABLM B
paboTeru NpeanpusaTHsS U OT CHPEHU MPOU3BOACTBA MIH 3aKPUTH
npennpuatHa. TakuBa OTMaAbIM Ce OTAENSAT M B pe3ydraT Ha
HOpMaJiHaTa MpPOM3BOJCTBEHA JAEHHOCT Ha (YHKIMOHHpPAIIN
HpEeIIPHUATHSL.

B pesynrar oT npoyuyBaHe M aHaluM3 Ha HAIWYHHUTE B CTpaHATa
MeTaJI-ChbPXKAIllX OTIAbIN € YCTAaHOBEHO, 4e T€ Ca IJaBHO IO
¢opmaTa Ha IpaxoBe M KbCOBE; OTPAOOTEHHM KaTalM3aTOpU OT
XMMHYECKaTa M XPaHUTEIHO-BKYyCOBaTa IPOMHUIIIICHOCT; CTPYKKH
W MajKM Iapyeta OT MOJHOJCH, BoippaM, BoJppaMoB Kapoum —
OTMAIbK OT BOCHHO—TIPOMHUIICHUS KOMIUICKC; OTIAIbIU IOJ
(opmara Ha [UIAKH; CKpall OT MPETOISIBAHETO W padUHUPAHETO Ha
METald B CIPEHM MNPOM3BOJCTBA WIIM 3aKPUTH METATyprH4HU
HPEINpPUATHS; OTHAABLIU OT M3MOJI3BAHM MHCTPYMEHTH, YacTH OT
3p0HM TNPOTE3W M WHIUIAHTH B MEJUIHATa M CTOMAaTOJIOTHATA,
KOHUTO CBIBpXKaT MOJHMONEH, Bonppam, KoOanT, XpoM, THTaH; OT
NPOU3BOJCTBOTO Ha JIEKapCTBa; W3XaOCHHW TBBPAOCIUIABHU
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IUTACTHHY, ChABPXKALIA BoJIppaM, MOIUOIeH, KOOAIT ¥ HUPKOHHUHA -
OTIagbM OT MeTanooOpadoTBamiaTa MPOMHIUICHOCT; MOPATHO
ocTapenu W JAedeKTHUpaIn eNeKTPOHHH CJIEMEHTH, ChIbPIKAaIH
TaHTan, KoOanr, BoindpaM ¥ LUPKOHUH OTIaABIH  OT
CJIEKTPOHHATA  INPOMHMILIEHOCT M EJEKTPOTEXHHMKaTa M JIp.
PerukimpaneTo Ha OTpabOTEHH METAI-ChABPIKAIIY OTIAIBIN Ype3
NPETONsBaHE B EJIEKTPOJBrOBH M €JICKTPOHHOIBYEBH BaKyyMHHU
MHCTATAIMM € 3HAYUTEIHO I10-€KOJOTHUYHO, IT0-MKOHOMHYHO U
HKOHOMHYECKH M3IBPIKAHO pelleHHe (HAMa Ja ce pasmuisBa
HAJMYHMS Pecypc) B CpPaBHEHHME C HaJOXWiarta ce OT TOAUHHU
MpaKTHKa 3a JCMOHUpaHe Ha OTHaAbLUTe B cMeTHIa. O4aKkBaHHUAT
eKOJIOTHYEH e(eKT OT PEeLHMKIMPAHETO Ha OTIAIbIH, ChIbPIKAIIH
PEIKH ¥ [IBETHU METANH 1 ObJie N3pa3eH I1aBHO B:

® OCBO60)KI[3.BaHe Ha Iuiomy, 3a€Th OT OTHAABUMTE, 3a APYrd
IIEWHOCTH 3a PEKyITUBAUATA UM, C TIOCICABAIIIO U3MOJI3YBAHE,

¢ HEyTpau3alus Ha TOKCUYHU BELIECTBA!

¢ peUYKIIMpAaHE Ha LICHHU METaJM, CbOTBETHO HaMaJIsIBAHC Ha
MPOU3BOACTBOTO UM OT pyJAa MU Ha CBOTBETHHUTE CHLIIBTCTBYBAIIU
3aMBbPCUTEIIN Ha OKOJIHATa cpe€aa.

4. 3axknouenue

AHanm3upaHu ca JeHCTBAIIN TEXHOJIOTHU U CBETOBHHUS OIHT I10
CHBPEMEHHH METO/H 32 U3BJIMYAHE HA PEIKH U [IBETHH METAJIH KaTo
Men, Kkobant, MonuOmeH, BoiadpamMm W JAp. OT IBPBUYHH U
TEXHOT€HHH CYPOBHHHY U3TOUYHHIH C OTJIE/ HA €KOJIOTHYHHSA eeKT
OT NPUJIAraHeTO Ha EJICKTPOHHOIBYEBUS MeTOA. PesynrtaTute naBat
OCHOBaHHE Jla CE ONpPEACIAT KaTO MOAXOAAIIM, MOPaay BHCOKATa
UM EKOJIOTHYHOCT, METOJM 3a PEeNUKIIMpaHe Ha pas3TIeKIAHNTE
MaTephaH, ChIbPXKAIIM LBETHH, PEIKH M BUCOKOTEMIIEPATypHH
METaJIH, Ipe3 TOIIEHE B €IEeKTPOABIOBH H €JIEKTPOHHOIBYEBH TTETITH.
IIpenumcTBO Ha MeToaUTE ca BH3MOXKHOCTHTE, KOMTO TE JaBaT 3a
HOJIlyyaBaHE Ha HOBM MaTepHad MeTald, CIUIaBH |
nonyGabpukaty - C HOBH WIM HOJOOPEHH XHUMHYCH CbCTaB,
CTPyKTYpa M CBOWCTBAa. EJEKTPOHHONBYEBHTE TEXHOJIOTHH Ca
CTPaTEerMyecKo HAINpPaBICHHE Ha HAy4YHO-TEXHMYECKHS IIpOrpec u
HaMUpaT BCE IO-IIMPOKO TIPWIOKEHHWE B HMHAYCTpUATa Ha
HalpeHaJIUTe MHAYCTPUAIHU CTpaHU. Te ca BB3MOXHO J100pO
peleHre 3a MOBUIIaBaHe EKOJOIMYHOCTTA, IIPOM3BOAUTEIHOCTTA U
KaueCTBOTO Ha KpaWHHs MPOJYKT, aKO ca IPHIOKEHH KaTo KpaeH
eTar 3a IoJy4aBaHe Ha CBPBXYHMCTH METaNH, M0A00pa Ha W3XOIHH
CYpPOBMHM M TEXHOJOTMYHH CXeMH 3a mpepaboTKaTa WM.
Pa3paboTBaHETO HA TEXHOJOTHH 3a MOJIy4aBaHe Ha IIBETHU U PEIKU
METaJi U CIUIaBH C BUCOKA YHCTOTA 10 €IEKTPOHHOIBYEB METO] €
e(eKTUBHO U EKOJIOTUYHO LeNechOOpPa3sHO U U3CIICIBAHUATA B Ta3H
00J1acT ca aKTyaJHH 3a YCICHIHOTO MM U3BIMYaHE U IO-IIHPOKOTO
UM IPHIIOKSHUE.
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Abstract: Port logistics is a vital element of international shipping and logistics management. The type and scope of port management
influences the overall functioning of the international supply chains. Modern approaches for supply chain management, efficient business
processes control and information exchange, based on advanced technology, are to be considered synchronously. The present article
analyses the organization of port management processes, its components and the information flows with business stakeholders. The proposed
conceptual model aims at improvement of port management performance in terms of logistics management, integration and mainstreaming

of business processes.
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1.

Maritime ports are vital part of the international supply chain,
logistics systems and serve as main connectors between maritime
operations and hinterland systems. To improve ports’
competitiveness, port management focuses on customer needs,
provides value-added services and aims at decrease of costs to
achieve higher levels of efficiency. The relationship between global
supply chain management and port logistics management requires
profound analysis of port logistics business processes. The port
enterprise is facing the increasingly complex international trade
patterns, the requirements of global terminal operators and
transportation companies and other strategic behaviors, which
demand integration of inland transport and port logistics system [5].
Establishing management frameworks for improved port logistics
performance increases the port enterprise competitiveness. The
proposed modelling concepts are based on the quality management
theory. The basic elements of quality management system include
various components and processes. Strategic planning and
operational control are vital for ensuring of efficient quality
management practices via cost reductions and increased production
efficiency. The present article analyses the structure of port
management processes, its components and the processes within the
port enterprise. The proposed conceptual model aims at
improvement of port management performance in terms of logistics
management, integration and mainstreaming of business processes
with stakeholders.

Introduction

1. Conceptual model for improved port logistics
management

Port logistics management is generally focusing on customers
and is based on strategies setting efficiency goals both for costs
efficiency and time costs reduction. Application of information
systems allows for continuous improvement of the system
functioning. Effective resource management and the systematic
approach to port logistics management require application of certain
approaches for optimization of internal processes and production of
value-added services. Management of information flows allows for
analysis and control at operational level, collecting of data and
using data analysis for strategic purposes. Self-assessment
procedures, along with the established quality system of the port
enterprise, are also factors for improved port logistics management.
According to [4] the terminal supply chain integration model is an
empirical structural model which includes information and
communication systems, value-added services, multimodal systems
and operations, supply chain integration practices and other
measurement variables [4].

There are several criteria for assessment and development of
improved port logistics management model. Strategic decision-
making process, linked with supply chain strategic goals are the
prerequisite for efficient customer relationship management. On the
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other hand, efficient resource management ensures for improved
operations management of port logistics processes. Therefore, the
core process of resources allocations, management of business
processes and achievement of results set the backbone of the port
logistics management. Information flows implementation via ICT,
data analysis and data output control are the link between the three
elements of the core processes. (Figure 1).

Figure 1: Main processes of improved performance model of port
logistics management system

#*Resource management
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Strategic decision system ensures for the establishment of
modern port logistics management system. Specific objectives at
strategic level and their achievement allow for building of
integrated business processes flows as the basis of the decision-
making process at management level.

Port enterprises strategic and operational objectives
management should be focused on efficient customer relationship
management. The latter includes optimization of internal processes
according to customer needs, identification of customer values and
demand, establishing of certain brand services pertaining to the
specific port. Adoption of certain methods for evaluation of
customer demand and customer criteria for improved services is
part of the overall management system. Port services, standardized
by default, should achieve higher level of differentiation to allow
for overall efficiency of the customer relationship management
processes.

Port logistics system’s functioning is based on the available
resources — investments, human capital, port infrastructure and
superstructure, along with logistics information flows. Strategic
goals for resources management in port logistics include
establishment of logistics management platform, improvement of
the financial control system and corporate investment processes.



Operations management is vital for the logistics systems
management. Process management should be based on the total
production management concept, forming lean logistics
management model basis information technologies for improved
model for process management [2].

3. Application of key performance indicators in
port logistics management

The established in management theory performance indicators
serve as a tool for comparison of performance, provide information
of the enterprise functioning and are the basis for establishing
relations with the business stakeholders. These indicators are often
widely used by publicly owned enterprises to ensure for
expenditures transparency. Performance indicators are grouped
according to the business processes analyzed. Indicators quantifying
output, however, are not very precise in providing information on
the businesses processes flows. In the long term, port performance
indicators provide a valuable tool for analyzing the factors affecting
the port logistics system operations. Furthermore, port management
reports to external stakeholders are based on analysis of port
performance indicators.

Due to the specialization of port logistics system it is necessary
to distinguish between several groups of port products [3]:

- cargo handling and cargo transfer, whereas this type of
product is related to handling of ships and providing services to
shipping companies;

- logistics product, encompassing warehousing activities, value-
added services, cargo inspection, etc. and all activities being
focused on logistics companies and forwarding companies;

- port manufacturing product, which includes provision of
infrastructure and superstructure for investment in production
facilities by international companies.

As ports are the intersection of transportation flows, the cargo
handling product is of highest importance. The latter includes
operations such as cargo handling, customs procedures, tug
services, pilotage, etc. and all activities necessary for the loading
and discharging processes to and from vessels and other types of
transportation units.

For provision of value-added services many European ports
develop logistics centers in close vicinity for optimization of global
supply chains cargo flows. As port management strategies include
expansion of logistical processes this product allows for higher
competitiveness of the port enterprise. As for the port
manufacturing product, same refers to specific production activities
located within the port premises depending on the types of cargo
flows. This product required higher level of external investment and
joint ventures with stakeholders thus ensuring for wider variety of
added-value services.

The above should be considered interdependently although port
users and clients set different requirements for specific port
services. The latter is the reason for unbalanced port product
portfolio for the medium-sized ports in Europe whereas different
ports offer products mainly within a single scope. Table 1 provides
a resume of the most important elements of port products.

For the purposes of more detailed analyses of the port logistics
performance, specific performance indicators are developed. It
should be noted that direct comparison of values of certain port
performance indicators of different ports is not precise due to the
different market positions of the ports and the scope of port
products. Therefore, the internal structure of port performance
indicators ensures for provision of a detailed information which is
used also for strategic and operational purposes.
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Performance indicator Port performance indicator

* Volume of handled cargo

* Added-value services

* Investment scope and scale

* Market coverage of hinterland areas

* Number of liner services

* Value of goods handled by the port

* Use of EDI

* Extent of modal shift for hinterland traffic
* Customs revenues

* Competitiveness of port dues

Output indicators

Improvement indicators

Operational indicators

Table 1. Port performance indicators (adapted from [3])

The volume of cargoes handled in ports is the most widely used
port performance indicator. As a rule, the ranking of ports is based
on the volumes of cargoes handled with differentiation by cargo
type. The values of this type of port performance indicator describe
the potential for port development. However, certain limitations
apply as concerns volumes of cargoes handled in ports [3]:

- aggregating the volumes of various cargoes into a single figure
distorts the option for comparison of port production;

- volumes of cargo handled do not provide insights on the
impact of the port in terms of global supply chains;

- the increase of volumes of handled cargoes is an outcome of
global commercial flows and is not entirely based on the
performance level of a certain port.

The value-added services port performance indicator quantifies
the added value provided by the port activities. The latter indicator
is applicable for the evaluation of port economic viability except for
the port efficiency.

Market coverage of hinterland areas is achieved mainly via
certain marketing strategies through external stakeholders. The
attractiveness of the port as considered by major liner operators is
based not only on the available infrastructure, allowing for efficient
port operations, but on the availability of various added-value
services offered. The application of electronic data interchange
systems that are compatible with companies’ information systems is
considered a competitive advantage for the port. The application of
port performance indicators is useful for measuring the port
development scale and for comparison between ports.

The layout of the improved port logistics management system is
presented in Figure 2. The performance management system should
be improved based on the new system of port performance
indicators. The indicators will allow for profound assessment and
quantifying of the logistics system functioning.

Figure 2. Improved port logistics management system
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The established logistics center will serve for self-assessment
covering all operations. In this way the logistics processes
efficiency assessment will be based on evaluation of processes
architecture, distribution of responsibility, schedule for reverse
response, tracing of bottlenecks and analysis of the results. The
communication channels with customers will be improved along
with implemented clients’ surveys for creating feasible CRM
evaluation system for quantifying the efficiency of the port logistics
system from customers perspective. As for the cost efficiency, the
proposed model structure for improved port logistics management
will allow for higher level of analysis that is vital both for
operations management and decision-making process at strategic
level. Through the analysis of the performance results the pertinent
problems can be identified and potential opportunities defined so as
to create a well-structured framework for strategic development.
The ICT system, as a supportive system for the entire port logistics
system, should be further improved and updated.

4. Conclusion

The proposed modelling concepts for improved port logistics
management describes a certain set of criteria for enhanced port
management system being integrated with contemporary theoretical
approaches for quality management. Based on the present article
analysis, the improved performance model of the port logistics
enterprise will enhance the competitiveness of the port logistics
enterprise [1]. The regular internal quality system review ensures
for identification of performance failures. The application of the
improved port logistics management model will allow for the
introduction of the lean logistics concept based on the results at
operational level that will allow for analysis and improvement at
strategic level. The marketing strategy of the port enterprise will be
focused on customer relationship management and will improve the
efficiency of the port logistics management. The present article has
analyzed and defined the main priorities and concepts for designing
of improved port logistics management system. The results show
that new approaches are to be applied in port logistics management
based on integration of business processes and efficiency of
performance.
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transportation still has vulnerable nodes and the application scope of security initiatives is to be widened despite the high costs.

Keywords: CONTAINER LINER SHIPPING, CONTAINER SECURITY, PORT SECURITY, MARITIME SUPPLY CHAIN

1.

During the last two decades several international regulations
have been introduced focusing on security issues of containerized
cargo flows. These are the International Ship and Port Facility
Security (ISPS) code, the Container Security Initiative (CSI), the
24-hour Advance Vessel Manifest Rule. To support the global
supply chain as concerns proactive approach for incidents
prevention and tracing of containers, ports and logistics
stakeholders have introduced new technologies based on real-time
information systems [4]. The transportation of containerized
cargoes requires efficient supply chain management and relevant
security measures. European ports have been given the opportunity
to establish the required security level in response to newly set
international standards. The European Shipping Containers
Surveillance system, implemented via various EU funded projects
includes a number of recommendations — standardization, national
regulations, policy guidelines. The present article analyses the effect
of the global container security measures. The processes of logistics
chain of container transportation are presented, outlining the
vulnerable nodes as concerns security issues. The positive and
negative effects of the security measures are assessed via
quantification of direct costs to logistics stakeholders.

Introduction

2. Structure of container supply chain and security
issues

Container supply chain is characterized by complex interactions
between numerous subjects, production areas, regulating bodies and
polices. At the beginning of the container supply chain are the
shippers who require the services of intermediaries that will ensure
for the international transportation of containers including maritime
transportation. At the other end of the container supply chain are the
consignees who require timely and quality delivery of goods. Most
of the container cargo flows are initiated on the basis of commercial
interactions and relations between sellers and buyers. In most cases,
however, it is the shipper who disposes of the exact information
about the type and quantity of cargoes shipped in containers. The
latter is of fundamental importance as concerns the security of
container supply chains. Due to the relatively medium-scale of the
shippers’ enterprises, these companies do not have access to
resources for increasing the supply chain security level.

Forwarders, on the other hand, have better overview of the
supply chain but their “hybrid” role both as carriers for their clients
or shippers for carriers can be a prerequisite for hindered access to
information regarding the cargoes. Forwarders companies are
predominantly medium-sized companies that are not able to fulfill
the costly security measures.

The surveillance and monitoring of containerized cargo flows is
the responsibility of each governmental body as well as of the
customs office. Customs are responsible for securing that containers
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and the cargoes are customs cleared during exports, transit and
import procedures.

The security of the container supply chain is responsibility of all
participants and any disruption of security can compromise the
entire supply chain. The vulnerability of containers due to
environmental factors is related to railways warehousing, road
transport stoppages, during storage and loading at container
terminals. As concerns these vulnerable nodes all efforts should be
focused on ensuring the physical safety of storage areas and
minimization of unauthorized access. The monitoring of containers
transportation should be implemented within “real-time”
environment and at the right moment, i.e. there should be reliable
information at any moment about the location of the containers.

The physical flows of container supply chains constitute the
movement of the containers and represents the material flows from
a security point of view. In general, the network of nodes and edges
in containers supply chains consists of several processes (Figure 1):

- consolidations of cargoes;

- transportation to the port of loading;

- handling at the port of loading;

- transportation by sea;

- handling at the port of discharge;

- land/inland waterways carriage to the consignee.

More efficient routing of containers with minimum stoppages
during transportation and decreased storage time increase the safety
of cargoes transportation and ensure for higher revenues for all
participants.

Figure 1: Container supply chain for exports [2]
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3. Container supply chain security measures

Container supply chain security measures can be classified as
follows:

- focusing on the monitoring of the container content;
- focusing on the containers integrity;

- aiming at the ensuring of safety of the environment during the
transit and handling of containers;

- related to the monitoring of container transportation within the
entire supply chain;

- ensuring and usage of supply chain information.

Being a complex structure, each container supply chain element
is aiming at optimization of its own processes According to the well
known principle in logistics management, the aggregating of
individually optimized relations in some cases results in non-
optimal supply chain. Non-charmonized practices, incompatible
operations and information management systems, uncoordinated
regulations, both on national and international level, can lead to
vulnerability of the security system due to lack of coordinated
approach.

As concerns the security of physical flows the following should
be considered:

- the containerization point is of prime importance as concerns
security since it is the last point where the contents of the container
can be visually identified and compared with the respective invoice
or waybill. Until the moment of decontainerization all information
regarding the content of the container will be evident only in the
cargo documents (freight manifest, Bill of Lading, etc.)

- containers are most vulnerable when they are standstill which
means that security measures are most important in those nodes
where containers are being handled or stored,;

- crossing of international borders includes extensive customs
control that leads to potential delays;

- most of the containers traffic transits through at least one sea
port which levels of security and relevant security measures are at a
different level.

There are two major types of physical surveillance of
containers: X-ray scanning (non-intrusive inspection) and direct
physical examination. The latter usually involves at least 8-10 hours
per container which can lead to potential delays for the entire
delivery.

The Container Security Initiative is structured around the
concept of “pushing the border back”, i.e. identifying the security
risk at the point of origin and before shipment and serving as
protection against pertaining risks during containers transportation.
Presently, there are over 50 ports that have been approved for
applying the Container Security Initiative (SCI) as shown in Figure
2.

As of April, 2008 the European Union and the USA have signed
an agreement for activization and expansion of cooperation in
customs procedures and mutual cooperation as concerns containers
security. The agreement concerns cooperation for ensuring of
containers transportation safety and related issues and is applicable
to all containers carried by sea, irrespective of their origin, that are
imported, handled or transiting through EU and USA.

The container security initiative (CSI) consists of the following
four elements:

- high-risk containers are identified via automated information;
- containers are pre-screened for high-risk identification;

- usage of special equipment for detection and screening of
high-risk containers ensuring of inspections without delay;
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- usage of smarter containers that are tamper-proofed [6].

Figure 2. Ports, applying the Container Security Initiative [6]
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The “24-Hours Rule” is based on automated information for
identification of higher risk containers. As of 2002, all carriers are
obliged to submit electronic cargo manifest to the US Customs
before cargo loading. The mentioned rule is also applicable to
transit and empty containers as well as bulk and conventional
general cargo shipments. The cargo manifest is the document that
legalizes any cargo carried by a seagoing vessel and contains
information about the shipper, consignee, notify party, port of
origin, port of destination and cargo description. In this way
customs authorities are closely monitoring the shipment content
along with the time periods needed for the container transportation.
The container is being tracked if risk is identified or dangerous
goods are carried in the container. The mentioned information,
transmitted electronically, is used both for exports and imports. It is
the responsibility of the carrier to ensure for information provision
which is accurate and complete and is submitted at the required
time. Some states do not disclose information contained in cargo
declarations for security reasons until the process of cargo manifest
filing is completed — the relevant information might be published
only after loading is completed and the vessel has left the port.

Screening systems usually use x-rays, gamma-rays machines
and GPS. The mentioned technology allows for fast inspection
without delay apart from the technological time needed for the
screening. This type of equipment can identify specific materials
which can potentially pose a risk to the environment.

4. Cost analysis of container supply chain security
measures

The costs pertaining to the implementation of security measures
can be indirect and direct. The latter are the capital costs, necessary
for the design and implementation of the security network:

- purchase of new equipment for physical structure protection;
- adoption and/or implementation of security regulations;

- implementation of security policies and regulations;

- employment of trained security personnel.

Costs that are classified as indirect are the costs related to the
system operations: equipment maintenance, application of efficient
management strategies, response costs to incidents, costs related to
management and operations recovery and reconstruction of
infrastructure.



For the ocean carriers the costs include the following elements
[1]: costs for setting up a new system for documentary transactions,
costs for increased communication, personnel training, increased
labor costs (cargo handling and inspection, operations of special
equipment), usage of security-related equipment. For example,
vessels are equipped with Automatic Identification System (AIS).
Carriers also use software for monitoring and tracing of container
movements for preventing incidents and illegal actions. As for
specific technologies being used - Global Positioning System
(GPS), Radio Frequency Identification (RFID) and electronic seals
of containers also enhance the tracking of containers. It could be
necessary that special security equipment is installed on board the
vessels to enhance the global security measures.

The costs of security measures that impact the entire container
supply chain are related to:

- time delays due to security inspections, whereas the costs will
be higher at the very beginning of the transportation process; delays
in the delivery time will eventually lead to penalties to parties
and/or damages due to decreased cargo quality;

- costs for providing cargo manifest in advance, whereas this
requirement is based on the “24-Hours Rule”; although the
information contained in the manifest is not disclosed at an early
stage same could be used for illegal purposes and losses related to
the latter are borne by several participants in the supply chain;

- the introduction of additional state taxes related to the design
and maintenance of the security infrastructure and equipment;

- increased insurance premiums despite the applied new security
systems on board ships and in ports.

In addition to the expected higher revenues, the most important
benefit from increased security measures is the increase of cargo
flows to and from ports applying higher security level system.

Risk analysis and risk management, performed by the various
participants of the container supply chain, will enhance the
evaluation of potential gains and reduce the cost of investments.
Decision makers are to explore the fixed costs for application of the
international regulations, increase costs for communication
exchange along with increase of operational expenses, inspection
and personnel training cots. It should be noted that the economic
benefits of increased security measures for container supply chains
are more evident in the long run therefore strategic management is
to implement such measures.

According to [3] the cost benefit analysis of a new automated
cargo manifest estimates direct saving to American importers only
at USD 22.2 billion over 20 years and savings of USD 4.4 billion
for the American government over the same period.

The CSI requires that all foreign states invest in special
equipment (screening, detection) and provides guidance to port
management via trained personnel. However, recent evaluations
have shown that the overall costs of increased security measures
will be borne by the clients and will be calculated as additional
costs per container. Depending on the type of port management, the
state or the municipality will initially invest in the required special
equipment which returns are calculated on the basis of increase of
prices for shippers, carriers and port services and, finally, of the
final prices of goods.

Given the higher costs of security measures application the less
developed countries/ports will bear the largest burden of market
share loss. Due to the high competition in the shipping market, both
tramp and liner, these companies/ports will inevitably face reduced
revenues and loss of market position. According to [5] the CSI
program proposed by the US will be difficult to implement by some
small developing countries because the cost per port for that
program varies between USD 1-5 billion. Table 1 presents an
approximate estimation of related costs for the implementation of
obligatory and optional security measures.
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Initial costs Yearly cost
Measures (approximate, (approximate,
min USD) min. USD)
Port facility Security 279 8
assessment '
Port facility plan Security N/A N/A
Por_t facility Security N/A N/A
officer
Port training Facility N/A N/A
Port facility .
equipment/staff Security N/A N/A
24-Hour
Automated Security 2501'07050 21801 gof)o
Manifest System
Container Security Securi N/A N/A
Initiative v

Table 1. Cost of container supply chain security measures [7]

When implementing only the obligatory requirements as per the
IMO conventions (for example, ISPS), apart from the optional
requirements (CSI), less developed countries will inevitably face
decrease of cargo flows and cargo turnover at ports as supply chain
participants would prefer faster and more secure transportation.
Even in the medium run the latter will distort the international trade
patterns.

5. Conclusion

The present paper analyzes the framework of security measures
in container supply chains, outlining the strengths and weaknesses
of the mandatory and optional security measures. The existing
security measures aim at the protection of international and national
interests and ensuring of safe environment.

All the participants of the container supply chain are challenged
by the fact that that there are no universal standards concerning the
container transportation apart from the mandatory regulations of
IMO at ports and for sea carriage (ISPS, SOLAS). The other edges
of the container supply chain — road and rail transport, as well as
inland waterways, are still the vulnerable parts of the system.

The available solutions for security enhancement of container
supply chains, however, involve certain delays in cargo flows. All
participants should bear the cost and responsibility of the applicable
measures. Shippers are responsible for the containers content and
provide the relevant info via automatic cargo manifests transfer to
the national customs authority as per the “24-Hours rule”. On the
other hand, ocean carriers are responsible for vessel’s deviation
from the customary route and are obliged as per ISPS code to
provide advance ships’ arrival information to port authorities. The
strict security procedures of the CSI will lead to delays in the
transportation process especially for carriers and shippers. A
detailed analysis has been made regarding the cost of the security
measures and its effect on the container supply chain. The results
show that the benefits from increased security measures are higher
for all supply chain participants, allowing for protection from usual
hazards during the transportation process.
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Abstract: In this paper a general structure of an administrative process development is proposed. A block diagram showing the logical
dependencies in the development is also given and analyzed as well as the basic structures for the variants to implement the core element
"task" in a an administrative processing. A concept for generalization in some of the administrative process stages is given as well as an
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1. Introduction

An administrative process can be approached as a sequence of
events forming a finite set of discrete elements. In an environment
of full information, that is a complete certainty onto activities
duration and any other events considered otherwise as uncertainty
being ignored or considered fully known a linear programming
model can be evaluated. In specifics, a network model of an
administrative process brings enough clarity onto the process'
development, required steps to fulfill the final result as well as
evaluate the overall duration. Unfortunately, as any other real-life
process, no matter if it's a business or an administrative one,
uncertainty of a different origin exists and it should be properly
approached and modeled so the risks and the costs in the final result
are evaluated. Here we make a review onto two approaches of
dealing with uncertainty in the durations for each operation
designating an activity in the process development.

In administrative proceedings, inefficient use (or management)
of human resources is often observed as well as delays in the
administrative implementation/performance of and management
functions and tasks. This requires the search for methods and
approaches to solve optimization problems in order to meet
deadlines and improve efficiency and quality of management.
While an administrative process is considered event-oriented, PERT
(Project Evaluation and Review Technique) and CPM (Critical Path
Method) methods are key tools for project management [1, 2] and
case studies on feasibility and effectiveness are emerging in the
research and work process. The demand for PERT structures,
reflecting both the uncertainty of the duration and the complexity of
the process, is not a novelty [3]. On the other hand, PERT network
models, which contain a minimal number of fictitious operations
[4], whose presence is noted as the main drawback of PERT, are
also sought. The approaches to shortening the process' overall
duration and the consequences of its implementation are a key point
in the research, especially in conditions of uncertainty [5].

2. Process structure and logical modeling
Administrative process stages

In documents management systems that are designed to deal
with the correct structuring and data collection, documents
concerning a similar problem (called "subject") are grouped in a
file. So a file is the set of documents, there included the first one
(initiating document) and all the other documents (intermediary
documents) following it no matter of their origin. An intermediary
document is also all of the correspondence between an
administration and a client or another administration in the
administrative process and final result of an administrative service.

The process starts with incoming documents and/or data.

1. The initial processing is called "Registration” and includes
the following operations:

« verification if the data for the addressee (correspondent, the
client) is available and correct,
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e check if there are any other registered documents and
procedures initiated with this client

@

A\

Initial document
processing

\

Start the
procedure/service

\

A person in
charge
determination

\

An employee is
working

\

Result evaluation

\

Approval
procedure

\

Finalize the
procedure

A

:Cnd

Fig. 1 Administrative process development stages
« check whether the incoming document is somehow connected
with any available files with this client,

« check if there is enough data to start the procedure directly - in
order to reduce the unnecessary actions it is very common requests
of a certain predefined type to be directly transferred to a predefined
official. This idea is common for queue management systems where



servers are specialized in the processing of requests of a certain type
and there is "a request redirecting/sorting server" before the queue
member enters into the processing system.

« check whether the submitted document (i.e. the request) is in
the statutory form

« check if the form is filled out correctly

» check the availability and the completeness of a set of
attachments to the request legally required to start the process

e Targeting for follow-up action - to allocate, to start a
procedure, to place a task for execution

2. Start the administrative service / procedure
3. Direct the data to a relevant official for further action

4. Cascade (successively) redirecting and assignment until the
document reaches the actual expert according the procedure's
specifics

5. The appropriate and competent expert on the problem
described in the document and its attachments (also the other data
available in the file) works. This stage ends up with a result that has
two components - a report on the implementation of the assigned
task and a material on its implementation. The material might be a
document that will be sent outside of the administration, a report, an
internal posture. The task implementation report is a statement that
the job is done and it might contain few other

6. The result is redirected for a performance evaluation. In the
case of a negative evaluation the result is returned to the employee
for improvements until the evaluation is positive. An optimization
aims also at a positive evaluation on the first iteration so that no
returns for improvement are carried out. A clear and detailed
description on the requirements of each task is a prerequisite for a
positive evaluation.

7. After a positive evaluation, a conformity and reconcilement
procedure might be carried out; this step figurativelly is the process
of the collection of a set of signatures (named also approval
signatures) of officials that have to grant their approval and / or any
subsequent generalization of the results obtained:;

8. The process finishes with signing and registering the
outgoing result (internal document in some cases of administrative
procedures) of the administrative processing; the final step includes
several options in the work technology, primarily concerning the
order of the two sub-activities that is sign and register.

Logical dependencies between the different development
stages

After the stages in the development (Fig. 1) are clearly defined
the building of a block diagram of an administrative process
follows. The block diagram shows the logical dependencies in the
events. Fig. 2 illustrates the conditions that are checked in a general
realization of the process described in the previous section with
Fig.1. The existence of a certain condition in a process'
development may serve as a basis into the structural classification
of the different types of administrative services/processes for
example whether a group of services contains an explicit approval
procedure or not. On the other hand, the block diagram on Fig. 2
marks the conditions under which a certain stage in a process
development can be curtailed (that is namely - "skipped").

3. Tasks structure types

The main goal in the implementation of a certain managerial
administrative function is to assign tasks and functions to a specific,
exactly specialized in its competence administrative unit or an
official. One side of this effectiveness goal principle is the
unambiguous determination of the unit (or official) itself, and the
other component is the correct formulation of the task. The two
aspects of the principle are difficult to consider separately since the
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properly formulated task can determine the structure on the one
hand, and on the other the structure affects the formulation of the
task, taking into account the particular organizational structure.
Because of the fact that a certain task might be posed to a set of
officials, whose work might be dependent of each other or not, and
also that someone controls the work of the others it should be noted
here that a "task" can also represent a set of tasks (named sub-tasks)
connected in different ways and then this set of sub-tasks is
designated as a composite/complex task.

‘ Begin )
\

Stage 1: Initial
processing

Is there enough data to start

immediately? Stage 2: Start the

NO-B Procedure

Stage 3: A person
in charge is
available

Is there enough data to bring
it directly to the person in
charge

Stage 4: A result

Condition 3 . .
is available

NO—»|

Y

Is there enough data to
elaborate a final result?

NO Condition 4
YES Positive evaluation of
the employee’s result
@ Is there an
explicit
approval
YES procedure?
NO Stagg_s:_
Reconciliation
Y
| Stage 6: Finalize
"] the procedure

End

Fig. 2 Administrative process block diagram

Consecutive structure - successive realization

A successive realization of a complex task is the consecutive
assignment and execution of different (sub-)tasks, as a positive
result from any previous one gives rise to the start of the next one in
the chain as shown in Fig. 3. In such configuration, it is the positive
evaluation of the last sub-task that marks the whole task as done.
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evaluation
Positive
evaluation

NO

ﬁVES

Sub-task 2

;NO
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Sub-task 3

Positive
evaluation
Positive evaluation of
the consecutive task

Parallel structure - realization in series

Fig. 3 Consecutive structure of a task

The parallel structure is the realization when the assignment and
execution of different and / or similar sub-tasks is done in series.
The sub-tasks are placed at the same time and their execution runs
regardless of the of work on the other sub-tasks. The whole task is
considered done when a positive assessment for each of the sub-
tasks in its composition is available. If even one of the sub-tasks is
not well-executed, all other sub-tasks are considered not done. This
is one of the main problems in the performance reporting on
complex tasks. Often in timing controls officials who have in fact
received positive ratings (that have done all their work) "receive
also" a certain number of tasks not-done because other officials
have received negative evaluations.

Positive
evaluation
Positive
evaluation
Positive
evaluation

NO

\

Sub-task 1

\ A

Formulate and
pose a complex
task

Positive evaluation of

Sub-task 2 the complex task

(

A

NO-

Sub-task 3

Y

A

NO-

Fig. 4 Parallel structure of a task
Mixed structure - parallel and successive realization

The most common architecture is the mixed one. Usually there
are several parallel tasks whose performance is evaluated in a single
finalizing task. The finalizing unit has also the performance
coordination and monitoring function for the implementation of the
preceding parallel processes. It is responsible for the right-moment
measures in order to avoid delays. It is also responsible for the
overall performance quality and sometimes for summarizing the
results from the preceding tasks. In the latter case, a task for the
assessment of the summarizing sub-task may also follow but this is
very rare in practice.

As a result of an optimization approach a semantically modified
version of the mixed structure might be used. At the beginning there
are one or more tasks in parallel to one or more officials. The
implementation of each one finishes with materials and/or reports
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that are directed to the next official. The last official that receives a
material must draw up a summary of all other materials received by
him and this summary is the result of the composite task. This
summary should pass the procedure up to a positive evaluation.

NO.
NO

Y
Sub-task 1 s1s YES
evaluation l
Sub-task 3 ¢
YES
Sub-task 2 RS NO
evaluation
A
Positive

evaluation

YES

Positive evaluation of
the complex task

Fig. 5 Mixed structure of a task

Very often in practice, however, the summarizing official is the
same one who assesses the precedent materials. This minimizes the
time for which the outcome of the process should be directed
towards an approval procedure and / or signature.

The task is positively
evaluated

Successive

YES approval NO

Successive
approval

Parallel
approval

Further action

Fig. 6 Block diagram of a general approval procedure (a mixed realization)

4. Approval procedure

The approval procedures are the most common distinct
procedures in an administrative processing that appear in almost all
services and procedures. This is a sub-process where certain
officials approve or not the job done previously by other employees
that mainly are their subordinates. As an example, a chief
accountant should always approve a contract before it is finally
signed, no matter of the fact that an accountant is not responsible
for the legal value in the contract. There are also three
configurations (successive, parallel and mixed) for the approval
procedures as with the "task" according to the number of officials



that have to grant their approval on the final result before it gets
official. In many cases, a non-approval in this stage will lead back
to the task's implementation and evaluation stage. So in such work
technologies an event of a non-approval fires a preceding task status
"un-done" and a starting point for the preceding stage.

Successive structure of an approval procedure

In the case of a successive structure, an approval signature shall
be applied only in the presence of a preceding approval. If any of
the participants is the approval procedure is prevented from
explicitly stating this action, the completion of the whole stage is
delayed.

The preceding task is
positively evaluated. A
successive approval
procedure is performed,

Approving
official 1

Approving
official 2

Return back for improvements, the
positive evaluation of the preceding
task is withdrawn

—

Approving
official 3

NO

A/

YES

Back to task
implementation and
evaluation stage

End the approval
procedure

Fig. 7 Successive structure of an approval procedure
Parallel structure of an approval procedure

In this realization all approval signatures are independent one to
another (see Fig. 8). The approval procedure will finish only if all
approvals are available, meaning that if only one of the officials
does not approve the whole stage is revoked while one non-
approval leads to the previous task implementation and evaluation
stage.

5. Conclusion

Generally in the administrative process modeling approach as
an discrete-event process the aim is to achieve a complete
determination of the administrative processes. If the correct answers
are given to a few simple questions, a network model for each
administrative process can be built while the general structure is
carried out. The main issues a consultant has to face are:

e What kind of processes take place in an administrative
structure? What is the legal basis regulating the progress of each
process?

» What are the exact responsibilities of each official and how
does its work influence the work of the other officials? That is
simply for each employee to obtain full data about the documents
and information he/she receives and from who.

« When performing specific tasks, what information is used and
generated, where is it processed, stored and updated?

Subsequently, two important nomenclatures are created:
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« List of procedures and related document types and / or tasks
that trigger their execution;

« Nomenclature of the types of tasks to be performed, for each
task of the nomenclature are described in detail the requirements for
the final result, the deadlines and its performers.

The preceding task is done and a positive
evaluation is granted. A parallel approval procedure
has to be performed

Y \ A/
Approving Approving Approving
person 1 person 2 person 3

3 approving
signatures are
available

Task

. ) Return
implementation

<g-NO

A

Fig. 8 Parallel structure of an approval procedure

On the basis of the research that lead to the explicit formulation
of the structures proposed in this paper and also the accompanying
comments a practical methodology for building such models is
developed. Subsequently few analysis algorithms can be used for
the evaluation of the efficiency of the administrative-management
procedures themselves. The description of each process that takes
place in an administrative structure has, on the one hand, a
disciplinary function and on the other hand it is a prerequisite for an
efficient management and relative independence of the processes of
staff turnover. In the research, model parameters can always be
updated and the effects of these updates on the overall management
structure can be assessed. When such a model is available, even the
optimization of the staff structure can take place. It should be clear
that the basis for building an administrative structure lies primarily
with the description of the functions assigned to it and when
structural change is planned without taking account of the functions,
change is almost always ineffective. Moreover, modeling and
analyzes such as those presented in this paper should precede any
structural change.
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Abstract. One of the main ferrous metallurgy products is the rolled pipe of steels with yield strength ¢;=200-700 N/mm2 for metal
structures usually welded. The basic concept of development of the considered steels is the grain refinement in combination with increasing
the purity of metal harmful impurities and non-metallic inclusions. This problem has been largely solved by the development of new
technologies in metallurgy over the past twenty years. Procedures of secondary metallurgy have been widely utilized that allows to
significantly reduce the sulphur content in metal as well as to modify the phase of non-metallic inclusions. The new guarantees on impact
strength and chemical composition of steels are given in the new building standards for design of buildings and structures.
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OmHUM W3  OCHOBHBIX BHAOB MNPOAYKIHHA  YEPHOU
METAJUTYPTUH SIBJISETCS MIPOU3BOJICTBO CTaleH Uil CTPOUTEIbHBIX
METAJUTMYECKUX KOHCTPYKIMHA. 31€Ch €XKEroHO MPOU3BOAATCS U

HOTPeOIITIOTCS. B CTPOUTENBHOM OTpacid MHJUIMOHBI TOHH
JHCTOBOrO M (hacOHHOTO Mpokara, a Takxke Tpyd ¢ o, = 200-700
H/mm? c BBICOKUMH HH)KCHEPHBIMU CBOMCTBaMH,
COOTBETCTBYIOIINMHU COBPEMEHHBIM 9KCIUTyaTallMOHHEIM,
TEXHOJIOTHIECKUM, COpPTaMEHTHBIM u SKOHOMHYECKHM
TpeOOBaHHSAM.

HanmenoBanune  paccmaTpuBaeMblX — cTajeil,  BIEpBbIE

ucnons3oBanHoe B ['OCT 27772-88 mo ananoruu ¢ 3apy0eKHBIMU
CTaHJIapTaMH, OCHOBBIBACTCSl Ha BEJIMYHMHAX IPEAENIOB TEKy4eCTH
(ocHOBHass ~ HOpPMATHBHAas  XapaKTEPUCTHKAa MpPU  pacyerax
KoHCTpyKumii). bykBa «C» 0003Ha4yaeT, 4yTo CTaNb CTPOUTENbHAS.
ITo mpOYHOCTH CTaMM MOXKHO YCJIOBHO pa3lelMTh Ha YeThIpe
TPYNIEI, yKa3aHHBIE B TaOmHIe 1.

Bupno, 4TO ypOBHHM NpPOYHOCTH, a, TOYHEE, ITOTPEOHOCTH
CTpoUTeNel B TMpoKaTre pa3IMyHOW TNPOYHOCTH, CO BpPEMEHH
cocraBinenuss ['OCT 27772-88 B 1eaOoM HE H3MEHHWIHCH, HO
NPOU3OLIIM 3HAYMTEIbHBIE W3MEHEHWs B JIETHPOBAaHHMHU CTajeH,
CYLIECTBEHHO CHHM3WJIOCH  COJIEp)KaHHE YIiepoaa, OCOOEHHO
BPEAHBIX NPHUMECeH, B IIEPBYIO OYepe/b B ciydae CTajield BBICOKOIf
NpOYHOCTH. JlaHHBIE W3MEHEHHs CBS3aHBl C KapJMHAJIbHBIM
yAydIIEHHEM  TEXHOJOTHMHM  IPOW3BOACTBA W YNPOYHEHUS,
paccMaTpHBaeMBIX CTajeH, MPOM3OUIEANINM B METAUTypIHH 3a
nocnennue ~20 ser. XOpollo H3BECTHA OCHOBHAS KOHUEMIIHS
TIOBBIIIEHNST Ka9eCTBA PACCMATPHBAEMBIX CTAICH — 3TO yCHIIECHHE
JIACTIEPCHOCTH CTPYKTYPHI IIPOKAaTKa B COYETAHUH C MOBBIIICHUEM
YHCTOTHI METaJlIa IO BPEAHBIM MPUMECSIM H Ta3aM.

B coepemenHoit nmurepatype, B Tom uncie [1,2], moapobHO
ONMCAaHbl IIUPOKO MPHUMEHSEMble B METALTYPTHH IIPOIECCH
BHEIEYHOH 0OpabOTKM (KOBIIEBOH METAJUTyprHH) CTald C IEJbI0
OYUCTKU OT BPEAHBIX an/IMeceﬁ U HEMETAJINYECKUX BKIIIOUEHHH.
Kak criemcTBue OCBOEHHS 3THUX TEXHOJOIWH, TapaHTHPOBAaHHOE
COZIepXKaHHE Cepbl B pacCMaTPHBAaeMBIX CTalsIX MAacCOBOTO
TIPOU3BOJICTBA YMEHBIIMIOCH Ha MOPSIOK (Tabmuma 1).

Cranmaprom 'OCT 27772-2015 mpemycMoTpeHa BHEHEUHAs
00paboTKa BCEX CTajlel MOBBIMICHHON U BBICOKON MpoYHOCTH. [IpH
3TOM perJIaMEHTUPYETCsI MacCOBast OIS OCTATOYHOTO KAJIBIHS, UTO
rapaHTUpyeT TIpHUMEHEHHWE TEXHOJOTMH, HalpaBIEHHbIX Ha
obnmaropakuBanue (B TMEpBYI0  OdYepeAb  IJI00yIHpOBaHHE)
CyNb(GUIHBIX ¥ OKCUCYIbOUAHBIX (a3.

CreneHp JAUCIEPCHOCTH CTPYKTYPBI TPOKAaTa ONpPEAeNseTCs
OCHOBOH JICTHPOBAHUS CTAJIH, HO, B IIEPBYIO odepenb, (GPUHUIIHOI
00pabOTKON Ha METALTyprUYeCKOM IpPEANPUSITHH (COCTOSHHEM
moctaBkd). JlBa 3TMX (akTopa B3aMMOCBsi3aHBL. ~ Ha Bpems
paspabotkrn ['OCT 27772-88 cranmm OOBIMHOW ¥ TIOBBIICHHOM
NPOYHOCTH  MOCTABISUIUCh B TOPSUEKATAHOM  COCTOSIHHU.
Tepmudeckass 00paboTKa C  LeNbl0  HM3MEIbYCHHSA  3epHA
(HOpManu3anus, peke TEePMHUYECKOe YIy4lleHHe) NPHUMEHsIach
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JUIIb  JUIL  TIOJNy4YeHHWs  HpoKara  BBICOKOH  NPOYHOCTH,
MIPOM3BOJUMOIO B HEOONBIINX KOJNMYECTBAX JUIS YHHKAIBHBIX
HHKCHEPHBIX COOPY)KEHHH IPOMBINUICHHOTO U  CIIENHaIbHOTO
Ha3HAYCHUSI.

Jnst MOCTHKeHUsI BBICOKOW MPOYHOCTH Ha ypoBHEe ©,>390
H/vm? (ctramu  C390 wu C440 Tabmn.l) MIPUMEHSIIUCh
MapraHlOBUCTBIE  CTalH, MHKPOJIETUPOBAaHHBIE ~ HUTPHUAAMH
BaHaaus [3,4], B KOTOpBIX TpeOyemasi IPOYHOCTh obecredrnBaIach
HM3MEJILYCHHEM 3epHA MPU HOPMATH3aUH (0COOCHHO TEPMHYECKOM
yIydmeHnn) W dQQeKTaMu  YIpOYHEHHs TUCIEpCHON  (a3oit
KapOOHHUTPHIOB BaHaus [5].

OpHako 3TH cCTand oOO0Najand HEJOCTaTOYHO XOpoulen
CBapMBAEMOCTBHIO, OCOOCHHO B TOJIIMHAX CBBIIIE 25MM, H3-3a
HEJOCTATOYHO  HHU3KOIO COJAEpP)KaHHS YIJIepoAa M BPEIHBIX
npumMeceil (Tabnuua 1) Kak CieACTBHE HMMEBIIEHCS B TO Bpems
texHonornd. C Haganma 90-X TOJOB NPOIIIOTO BeKa 3TH CTalIH
HepecTaly MIPUMEHSTHCS B CTPOUTENBCTBE.

C cepenunsl 90-x rogoB Ha komOuHate OOO «Ypanbckas
cTanb» ObUI HaJAXEH BBIMYCK CTANM BBICOKOW MPOYHOCTH THIIA
10XCHJA c¢ T1peOyeMbIM HH3KHUM COJEpKAHHEM BPEIHBIX
npuMeceil U yriepoaa (tabmuma 1). Takue cranu MOBBILICHHOW H
BBICOKOH MPOYHOCTH, Ha3bIBAEMBIC CTAISIMH BTOPOTO MOKOJICHHS,
JI0 HACTOSIIIIEr0 BPEMEHH IIHPOKO UCIIOIB3YIOTCS B MOCTOCTPOCHHUHI
" cTpouTenbcTBe [6] m Bouutn B HOBEIA craHmapt ['OCT 27772-
2015 xax cramu C355-1 u C390-1.

C KOHIA TMpPOIUIOrO BeKa B Hallell CTpaHe MINPOKO
HCIIOJB3YIOTCS TPOIECCHl YIPOYHEHHs IpOKaTa B MOTOKE CTaHOB
METOAaMH  TEPMOMEXaHHYECKOW TPOKATKH C  MOCIEAYIOIUM
oxnaxaeHueM [7,8], npexxae Bcero ais obecreueHus mpokara Juis
HPOM3BOJICTBA 3JIEKTPOCBAPHBIX TPYO Oonbioro auamerpa no 1420
MM JJI1 MarucTpajibHbIX ra30MpoBOIOB. BbUIH BBEICHHI B ACHCTBHE
ctabl «5000», Takoil MpOKaT MOBBIIIEHHON M BBHICOKOI MPOYHOCTH
U TpYOBI M3 HETO CTaJIM IIHPOKO MCIOJIB30BaThCS B CTPOUTEIILCTBE,
HarnpuMmep, CTaJAuoHOB [8].

OTH CcTamM ¢ BBICOKO JUCHEPCHON CTPYKTYPOH M BBICOKOIT
YUCTOTOU TI0 BpE€AHBIM NPUMECIM OTHOCUM K CTalIsIM TPETHETO
MOKOJICHHs, OHU Takxke BKItoueHsl B crangapt [OCT 27772-2015
U XapaKTEpU3yITCAd HU3KMM COJEPKaHUEM YIJIepoJa, BPEAHBIX
npuMecedl, a TakkKe MHKPOJErMpOBaHWEM HHOOMeM  (mis
U3MENIbYCHHS AyCTEHUTHOTO 3€pHA) M BaHaJUeM (111 o0ecreueH s
sddexToB mucnepcuoHHoro TBepAeHus) (cramm C355, C390 u
C440 B Tabnuue 1).



OOJIBIICYIIOBBIX M MAaJIOYIJIOBBIX

HEepPEeKPHCTATIM30BaHHBIX 38peH aycTeHuTa (puc.l,B) hopmupyercs

MHOTOCJIOWHast ~ CTPYKTypa M3  COYETaHUS

TpaHULl C XapaKTepHbIM

pa3mepom 3epra d=1mxm (puc. 1,r,1).

Pucynok 1, 6
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Pucynok 1, B
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Tabmuma 1. Cramu ans METaNIMUECKMX KOHCTPYKLHMH IO
T'OCT 27772 JCIIepCHas
YpoBeHb IIpenen XapaKTepUCTUKa XUMUYECKOr0 COCTaBa,
MIPOYHOCTH TEKy4eCTH MapKa CTaJx
6., Hmv?, | TOCT 27772-88 | TOCT 27772-2015
Manoyrnepoaucteie  cranu  Tuma  Ct3,
Hanpumep C255
N C<0,22%; C<0,17%;
OOBIYHBII <290 Mn<0.65%: Mn<1,0%:
S<0,050%; $<0,025;
P<0,040% P<0,035%
MasoyriepoucTele  HH3KOJIETHPOBAaHHEIE
cramu c¢ C<£0,15%, ¢ coaepxaHuem
nerupyroumx~2,5% tumna 09I'2C, Hanpumep:
. C345: S<0,040%; | C355, momyckaercs
IoBemmennsiit | 290<0,<390 P<0.035%: C<0,15% MHKpOJIeFI/IZOBaHI/Ie
V u Nb: S<0,015%;
P<0,017%;
C<0,14%
Cranu, 1)
MHKpOJIETUPOBaHHbIE | MUKpOIETHpOBaHH
HUTpUIAaMH BaHaaus | as ctanp 09120b
Mapok 14T2AD | (C390 u C440)
(C390) u 16I2AD | 2) Cr-Si-Ni-Cu-
Bericokuit 390<c,<540 | (C440) (S<0,040%; | crams TUIIA
P<0,035%; C<0,18% | 10XCHJA (C390-
u <0,20% | 1)-
COOTBETCTBEHHO) B cnyqasx 1) u 2)
(C<0,12%;,5<0,010
%, P<0,017%
Tepmuuecku Cranp c
yIIy4IIeHHAs MOJHUOICHOM THIIA
cioxxHonernposanaas | 08I 2M®Bb,
cTane ¢ MoinmubaeHoMm | ympouneHHas TMO
Beicokuit 56,2540 MapKH c YCKOPEHHBIM
12IF'H2M®AIO OXJIAXKIACHUEM
(C590);  C<0,14%; | (C590)
$<0,035%;P<0,035% | C<0,10%;S<0,004
%; P<0,015%

Ha pucynke 1 mnpeacTaBieHbl XapakTepHBIE CTPYKTYPHI
OCHOBHBIX cTayei, moctaBiseMbix o 'OCT 27772.

MaoyrinepoaucTele CTajqu OOBIYHOW NPOYHOCTH  WMEIH
(heppHUTO-TIEPIUTHYIO CTPYKTYPY € AuaMeTpoM 3epHa d=50-25 Mxm
(3epaOo Ne5-7 mo T'OCT 5639; y HHU3KOIETHPOBAHHBIX CTaieit
MOBBIIIEHHON TNpouHOocTH auamerp d=35-15 mMxm (3epHo Ne7-9
(puc. 1,a); y HOpMaIM30BaHHBIX CTajeil BBICOKOM npouHocTh d=15-
10 mMxM (3epHO Ne9-11).

Pucynok 1, a
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TepMuuecku ynydileHHbIE CTald HMEIOT JUCIEPCHYIO

CIIOXHYIO  CcTpykTypy (puc. 1,0), dopmupyouiyocs 1pu
BBICOKOTEMIIEPATypPHOM ~ OTIyCKE HPH  Pa3BUTHH  IIPOLIECCOB
MOJIMTOHM3ALMN M PAHHUX CTAAWH peKpUCTAIM3aLUU (GeppUTHOM
MaTpHIBl, XapakKTepHBI pa3smep cybOsepHa d=4mkm. Hakonerm,
1ocJie  TepMOMEXAaHWYECKOH  NPOKAaTKM C  IOCIEAYIOUIHM
YCKOPDEHHbIM ~ OXJIKICHHEM B IpoKaTe Mpu y—0 U3
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BuaHo, 4TO pasmep 3epHa B CTPOMTENBHBIX CTAIIX MOXKET
U3MEHATBCS OYKBAJIBHO Ha JBa TMOpSAAKA, TaK JKE MOXKET
YMEHBIIAThCSl U 3arpsi3HeHHOCTh ctanu ( ¢ 4-5 mo 0,5-1 Gamna no
mwkane B 'OCT 1778).

Pucynok 1, n

Pucynok 1, e



B BCcrymaromem B cuily cTaHmapTe Ha  3JEKTPOCBAapHBIC
TpyOBI A8 CTPOMTENBHBIX  METAUIMYECKHX  KOHCTPYKIMH
XUMHYECKHH COCTaB M MEXaHWYECKHE CBOMCTBA MeTalia, B TOM
YHuCIe B CBAPHOM  COCIMHECHHH, IOJHOCTBIO COOTBETCTBYIOT
tpeboBanusam ['OCT 27772-2015. Ilpu nmpou3BoACTBE JBYTaBPOB C
NapajuIeIbHBIMU I'PaHSAMH HOJIOK JIOCTATOYHO OOJBIIMX pa3MepoB
Ha OTEYCCTBEHHBIX KOMOWHATaX OTCYTCTBYIOT TEXHOJOTHH IO
CIICIIMAIBHOMY ~ OXJ@XICHWIO (B OTIMYMM, HampuMmep, OT
MIPOM3BOJICTBA JABYTaBPOBBIX Mpoduiteil Ha 3aBone «Arcelor Mittal,
B JlrokcemOypre). BMmecte ¢ TeM B HOBOM CTaHIapTe BIIEPBBHIC B
Hamel cTpaHe MPEeAyCMOTPEH M IIPOM3BOAUTCS BBIIYCK TaKOI'O
npokata ¢ npoynocteio C355, C390 u C440 noctaToyHO OONBIIHX
TommuH monok 1Mo 40 mMm. 3mece  modydeHHE Tpedyemoit
MPOYHOCTH  OOECIEYUBACTCS MHKPOJETHPOBAHMEM HHTPHIAMH
Banaaus (npaxkruuecku V<0,10%; N~0,015%; Ti<0,035%; Al 0,02-
0,06%) npu C<0,17% u Mn=1,5% u obecniedeHUEeM TpU ropsucit
MPOKATKe JOCTATOYHO MEJKOro 3epHa, He KpymHee Ne9-10
(dsepra=<15 MKM); TpeOyeMast BEICOKAsI

OnHako, Korja Iocie HOPMalM3allud WM TEPMHYECKOTO
yIydIIeHus] AUaMeTp 3€pHa yMEHBINANCS Ha TOPSAOK (a YHCIOo
3epeH MO/ HaIpe30M YBEJINYMBAETCS B 10%) Benuunna KCU TepsaeT
CTPYKTYPHYIO 4YyBCTBUTEIBHOCTb, BOCIPHHHMAs MeTand I0J
HaJpe30M Kak OeccTpyKTypHOe TBepoe Teno. IIpu ncreltaHum Ha
yOapHBIH M3TH0  MEJKO3epHHUCTBIX  cTajell  3()(EeKTUBHBIMU
OKa3aInch 00pa3ubl C OCTPBHIM V-00pa3HBIM Haape3oM Tuma 11 mo
T'OCT 9454.

B mHacrosimiee BpeMs — MeETaJUTyprHYeCKHE MPeNpUATHS
JOCTAaTOYHO IIMPOKO OCHAIIEHBI TEXHOJOTHMSMHM, HAIpaBICHHBIMU
Ha wm3MmenpueHue 3epHa (B ['OCT 27772-2015 3akpemsieHO
MPUMEHEHHE HOPMAlM3all{, YIy4IIeHUs, KOHTPOIHPYyeMOit
MPOKATKH U T.IL.).

VmenHo mosToMy Ipu pa3paboTKe HOBEIX CTaHAAPTOB B
KavyecTBE OCHOBHOTO oOpasla IJisi MCTBITaHWH Ha yIAapHBIH H3rH0
ObLT IpHHAT oOpazer] ¢ V- o6pazubsM HaapezoM (tum 11 mo TOCT
9454) nnsa  ouenku BenmumHBl KCV, 4YTO Takke TO3BOJMIO
TrapMOHHU3HPOBATh OTECYECTBEHHBIE HOPMBI ¢ eBpomeiickumu (EN
10025).

IIpunsTble rapaHTUM 0O YJAPHOH BSI3KOCTH MOJHOCTBIO
COOTBETCTBYIOT ~ TpeOOBaHMSIM  COBPEMEHHBIX  HEHCTBYIOIIUX
CTPOUTEIBHBIX HOpPM (Tabmuma 2). Y3aKOHCHHBIH B HOBBIX
CTaHgapTax Iiepexox Ha obpaseny ¢ V-00pa3sHBIM HaJpe3oM
(aKTHUECKN 3aKpEeHyI BO3MOXKHOCTH CYIIECTBEHHOTO MOBBIICHHUS
COIPOTHBIEHHS  Pa3pyLIEHHI0  COBPEMEHHBIX  CTaledl  Imo
OTHOILICHHUIO K cTaysiM, periameHTHpoBaHHBIM ['OCT 27772-88 u
T'OCT 19281. Ilepexom or KCU x KCV mpu omguHaKoBom
kpuTeprn 34 JDi/cM® yKasbIBaeT Ha TIOBBIICHHE XITAT0CTONKOCTH
Ha ~ 40°C.

XJIaJOCTOMKOCTh  obecrednBaeTcs Tpenen Tekyuectn npokata, H/vm”
TEXHOJIOTHAMH padpuHUpOBaHHS Ry»<290 | 290<R,,<390 | 390<R,,<490 | R,,>490
Pacuernas " 2
MeTanna ¥ MOAHGUIMPOBaHUs (asbl I'pynna TMokasatenu yaapHoii BsaskocTH, Jk/cm
HEMEeTAUTNYECKUX BKJIFOUCHUH TeMHeOI?Typa’ KOHCTPYKIHit KCV | KCV KCV | Kcv
(5<0,010%; P<0,017%; ITpu TemmepaType HCIBITAHMI Ha yaapHSIi u3ru6, °C
Ca<0,006%). Jlanssie npoduam, Kak +20 ] 0o [-20] -20 -40 -40 -60 -60
U TpyObl, B HACTOsIee BPEMs t>-45 123 34 B - 34 - 34 - 40
YCIENIHO MPUMEHSIOTCSI B [IPAKTHKE 1 . T | 34 B 34 34 _ 40
CTPOUTENHCTRA. -45>t>-55 53 - - 3 " 32 - 20
Ba)KHePIHICE/I CTaHIApPTHOU <55 123 N | 32 - 3 N 3 40
XapaKTePHCTHKON 0  OIIeHKe

CONPOTHBIEHHS IIPOKaTa Pa3pyIICHHUIO SBISETCS yIapHas BSI3KOCTb,
ompenensieMass Ha oOpasmax pasmepoM —Opyrro 10x10x55MMm ¢
HaJpe30M Pa3IndHOM (HOPMBI IPU UCIIBITAHUSAX HA YIAPHBIA M3rHO
o [OCT 9454-78*. Jlns onpenenenus yaapHoit Bsa3koct B [OCT
27772-88 w [npyrux TmMOMOOHBIX CTaHIApTaX, TPATUIIMOHHO
npumensics obpasery Tuma 1 mo 'OCT 9454 ¢ U-o6pasHbiM
HaJ[pe30M.

B noBeIx cranmaprax, Hanpumep ['OCT 27772-2015, B sT0if
YacTM  TPOM3OILIM  KapJWHAIbHBIE  HW3MCHCHUS: 37ech
pEerIaMeHTHPOBAHO ONIPECNICHNE YIapHOH BA3KOCTH Ha 00pasIax ¢
octpbiM V-o0pasHeiM HagpesoM (tunm 11 mo T'OCT 9454).
PaCCMOT‘pI/IM TNPHUYHHBI CACITIAaHHOTI'O HU3MCHCHUA, a TAaKXeE
MepCIEeKTUBHBIC TPEOOBaHMs K PACCMaTPUBAEMOI XapaKTePHCTHUKH.

HccnenoBatenu paboThl MaTepuaoB C HAAPE30M oOparanu
BHUMaHHE Ha HEOOXOIMMOCTH yUHTHIBATH COOTBETCTBHE OCTPOTHI
HaJ(pe3a ¥ MEKPOCTPYKTYPHI ISt 3 (HEKTUBHEIX OIEHOK IIPOYHOCTH
[9-11] u mp.

W3BecTHO, 4TO TpH HarpykeHWH oOpaslma C Haape3oM B
YCIOBHSIX IIEPEX0Jia M3 BS3KOTO COCTOSHHS B XPYIIKOE pazMep
CHJIBHO iepopMHpyeMOit 061acTH COU3MEPUM C PaIiycoM Hajpe3a.
S1.b.®punaman [10] cumran, 4ro AN XOpOIIEH YYBCTBUTEIHHOCTH
UCIIBITAHUN K CTPYKTYpe pajuyc y JHA HaJpe3a AOJDKEH ObITh Ha
nopsiiok Oospllie, YeM pa3Mep 3epHa. Y ropsiueKaTaHbIX CTalei,
JONro TPHMEHSBIIUXCA B Hallel CcTpaHe, B TOM 4YHCIE
pernamentupoBanubix ['OCT 27772-88, pasmep 3epHa HMen
TOPsI0K 107 MM 1 wCIBITaHKS HA yIapHbIH H3rud o6pas3mnos Tuma 1
no I'OCT 9454 ¢ pamuycom y nHa Hajpe3a r=IMM XOpOIIO
OITUCHIBAJI BO3MOXKHOCTB BSI3KO-XPYIIKOTO IIepexoja B MHTEpBalle
KIIMMaTHYECKUX TEMIIeparTyp.

Tabmua 2. Hopmupyembie ToOKasaTeqd yIapHOH BS3KOCTH
npokata no CII 16.13330.2017

ITpumeyanus:

1. KCV — ynapHast BsI3KOCTb 00pa3iioB ¢ V-o6pa3usiM Haape3oM (tum 11 mo
T'OCT 9454)

2. B TONCTONMCTOBOM MpOKAaTe MCIBITHIBAIOTCS IONEpEedHbIe 00pasIpl, B
(hacOHHOM U COPTOBOM — IIPOJOIBHBIC

3. I'pynnbl KOHCTPYKIMIA:

1. CBapHBIe KOHCTPYKIHH, paboTaronye B 0co00 TSKENBIX YCIOBHSX, B
TOM 4YHCJIE NP MAaKCUMAIBHO CTECHSIOIMIUX  Pa3BUTHE ILIACTHUCCKUX
nedopmaruii, a Takke IpHU BO3ACHCTBHH ANHAMHYECKHX HIIM MEPEMEHHBIX
Harpy3ok, (II0JKpaHOBBIE OAJIKH H T.II.)

2. CaapHble KOHCTPYKIIMH, paOOTarolMe INpU CTaTUYECKOH Harpyske,
MPEUMYIIIECTBEHHO pacTAruBaromieit (Gepmbl, Ganku u T.I1.).

3. CaapHble KOHCTPYKIMH, paboTalolMe TpH CTaTHYECKOH Harpyske,
MPEUMYIIECTBEHHO Ha C)KaTHE (KOJIOHHBI U T.I1.).

Ipu oTCyTCTBHM CBapHBIX COCAMHEHHII IPYINa KOHCTPYKIHII MOHIKACTCS
Ha CJIMHUILY.

[IpaBUABHOCTE  CHENAHHOTO TIEpexoja IOATBEPIKIACTCS
YCTaHOBJIEHHBIM COOTBETCTBHEM pE3YyNbTATOB HCHBITAHUHA Ha
YIOApHBIH W3rH0 C HCHBITAaHUAMH 0Opa3lOB HATYypHBIX TOJILIMH,
0oJ1ee MOJTHO UIMUTHPYIOIIUX PAa0OTY CTAIM B KOHCTPYKIHUSX.

Ha puc. 2 mnpencraBieHa KapTHHa Tepexofa 3JIEMEHTOB
KOHCTPYKIIMI U3 BSI3KOTO COCTOSIHHS B XPYIIKOE.

Bepxuss kpuTndeckas Temneparypa Ty, pasiensder o0macTb
BSI3KOT'O paspyueHus A u obnacts B, rie paspymienue npoucxoaur

B YCIOBHSX  ONpPEIENEHHOTO  CTECHEHHS  IUIACTHYECKHX
nedopmanuii, HO mocie  Je(OPMAIMOHHOTO  YIPOYHEHHSI.
OKCIUTyaTallUOHHAsT HAJeKHOCTb KOHCTPYKUMH C  OOJBIINM




3amacoM  ympyroil  sHepruu  (HampuMep, — Ta30MPOBOJBI)
obecrieunBaercss mpu pabore B 00macTh A, CTPOUTENBHBIX
METaIMYECKUX KOHCTPYKIHH, Takxke U B obnactu B.
Pucynox 2
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OKCcmIyatanust  HOCIEJHHX  JOJDKHA  OBITH BBIIIIE
temneparypel  IuactuuHoctd Ty, Ilpu T, paspymenue

MPOMCXOIUT TPHU G,P~G,, T.€. P HE3HAYUTENBHBIX [TACTHICCKHX
nedopmaruax, NpPH 3TOM IUarpaMma paspymieHHs Npuodperaer
MaKpOXpYIKyI0 TpeyroipHyo (Gopmy. M310M HMMeeT MOIHOCTHIO
KPHCTAJUTNYECKOE CTPOCHHUE.

Tpedyemyro uHbDOpMaNUIO s OUEHKH T,, MOIYYarOT MpU
WCTIBITAHUSIX B HWHTEpBaJe TEMIEpaTyp o0OpasloB HATypHBIX
TOJIIMH C HAIUTaBKO W V-00pa3HbIM Hagpe30M Ha CTaTHYECKUH
TpéxToueuHbli m3rud. OCHOBHAs OICHMBaeMasi XapaKTEPUCTHUKA —
JedopMaIMoHHast: Cy>KeHHE pa3pylIeHHOTo oOpasiia y JHa Hajapesa
(¥, %). llpu atom st ouerku T, kpurepuem cayxur P=1%, T.c.
3a Ty, IpUHUMaeTcs camasi HU3Kasl TeMIlepaTypa UCIBITaHUH, [IpH
kotoport W>1% (Ty=1).

W3 wuchblTaHWM, TO3BOJSIIOIIMX OLEHUTh  CIIOCOOHOCTH
MaTepHana OCTaHaBIUBATh TPEIIMHY, T.€. (PAKTHYECKH OILCHUBATh
Temnepatypy Ty, BBIIIE  KOTOPOH  TPEUIMHBI  He
PacIpoCTPaHSIOTCS CaMOMPOM3BOJIbHO, Hambosiee 3(hdeKTHBHBIM
cuuTarT Meton PobepTcoHa u ero MoauduKamy.

Meron 3axmioyaercs B cieayromeM. KpynHyio —IUIacTHHY
MIOMEIIAIOT B TPAJUEHTHOE TEMIIEpaTypHOE IOJe M  HaTrpyXXaioT
pacTsDKEHHEM B AMANa30He OMPEeNIeHHOTO YPOBHS HOMUHAIBHBIX
HanpspKeHui (6,<0,).

3ateM Ha TOpIE IUIACTHHBL, OXJIQKIAEeMOW  a30TOM,
WHULMUPYETCSl XpYIKas TPEUIMHA TPH CTaTUYECKOM HAaIpsDKECHUH
G (puc. 3). BosHukmas TpemmHa yBS3aeT NMPH ONpEAETCHHOMH
TeMIepaType to.;, HazbIBaeMol TemmnepaTypoit Pobeprcona t,,.

Pucynok 3
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B pesynbrare ucHbITaHMIT CTPOUTCS 3aBHCHMOCTB to.; OT
YPOBHSL HalpsOKEHUIl G, U ompenensercs o0yacTh HANPSKEHUH U
TeMIeparyp, Ipy KOTOPBIX BO3HUKIIAS XPYIKasl TPEIIHHa He Oyner
pactpoCTpaHATECS B cTalH (puc. 4).

Pucynox 4
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B Tabmune 3 mo pe3yiapTaTaM HAIUX MHOTOJIETHUX

HCCIIE0BAHNUN NPECTaBICHB! JaHHbIE O COOTBETCTBUH UCIIBITAHHUH
HaTypHBIX OOpa3loB C pe3ylbTaTaMH HCIBITAHUH Ha yIapHBIN
n3rub o6pasnos Tuna 1 u 11 mo FOCT 9454.

U3 pe3ynbTaToB MCHBITAaHUI BHIHO, YTO IPH TeMIEpaType
HYJIEBOH IDIACTUYHOCTH Ty COOTBETCTBYIOT ~KpPUTHUYECKHE
temmeparypsl TyR (B HEKOTOPBIX CIy4asX MOCIENHHE — IIEKHT
HEMHOTO BBIIIE); eme ToYHee T, COBMAJaeT TeMIepaTrypa ty; IO
nedopmaronnomy kputeputo V= 4%;  CooTBercTByromue
TeMIepaTypel, MOTy4eHHBIE TPH UCHBITAaHUAX Ha obpasmax ¢ U-
00pa3HbIM Haape3oM Jexar Ha ~ 40°C Hike.

[IpencraBienHble pe3ylbTaThl ABIAIOTCA JOKA3aTEIbCTBOM
3¢ GEKTUBHOCTH MPUMEHEHHS B HOBBIX CTaHAapTax oOpasmoB ¢ V-
0o0pa3HBIM HaJgpe30M IPH MWCIBITAHUSIX HAa yIapHBIA WU3THO.
Temmeparypa PoGepTcona t, B 1enom cootseTcTByeT T, B cimydae
TEpPMHUYECKH YIPOYHEHHBIX  CTaJled BBICOKOH IPOYHOCTH 3Ta
TEMIIEpaTypa HECKONBKO BhILIE, 4eM T, M3-3a CHUIKEHHS B CIydae
cTayeil 0OBIYHOM YUCTOTH IHEPrOEMKOCTH BS3KOTO Pa3pyIICHHUS.
CrnenpanbHO cilelyeT OTMETUTh HecoBmanenue Temmneparyp Ty, 1
foer B Cllydae IMOIYCHOKOHHOW TEpMHUYECKH YIYYIIEHHOW CTaiu
BbIcokod mpouHocTH 17T2MA®nc (Ne9 tabmuuet 3 ); rae maHHOE
SIBIICHHE TPOSIBUIOCH JOCTaTOYHO CHJBHO, YTO JIMIIHHH pa3
TIOKa3bIBaET HECOBEPIICHCTBO OLIEHOK CONPOTHBIICHHS
pactpOCTPaHEHUIO TPEIIMHBl MPU BHU3YaIbHBIX HCCIIETOBAHUIX
COOTHOUICHHUSI BSI3KOW M XPYIKOW COCTaBJISIIOIICH B U3JIOME.

B 3akmoueHMe OCTaHOBUMCS Ha  HEKOTOPBIX  BOIPOCAX,
HEOOXOIUMBIX JUIS Pa3BHTHS CTaHIAPTOB KAaK B YacTH OLIEHOK
CKJIIOHHOCTH K XPYIKAM pa3pylIeHHus M, TaK W IPUMEHEHHS
MaTepHaIOB HOBBIX YPOBHEH MPOYHOCTH M COPTAMEHTA.

B cnyyae craHpapTHBIX CTaneil BBICOKOM YHCTOTHI —IOCIE
TEPMOMEXaHNYECKOH TPOKATKH C YCKOPEHHBIM OXJIaXICHHUEM
(rabmmma 1) B mpokaTte, Kak OTMe4YeHO Bbime (puc. 1,e,k)
(dbopMupyeTcsl BBICOKOAMCIIEPCHAsT MHOTOCIIONHAsT CTPYKTypa C
3y0uaThIM CTpOEHHEM TpaHHLl (eppuTHBIX 3epeH (puc. 1.e).
Okxkaszasioch, 4TO B 3TOM ciiydae oOpaser; ¢ V- o0pa3HbIM HaJpe3oM
tuna 11 mo 'OCT 9454 taxxke mepectaeT OTBEYaTh MPHUHIUITY
CTPYKTYPHOTO COOTBETCTBHS, Kak oOpaszery c U-o0pa3HeIM
HaJpe30M HE COOTBETCTBOBAJ CTATAM BBICOKOH MPOYHOCTH MO
I'OCT 27772-88.

B nmamazoHe KIMMaTHYECKHMX TEMIIEpATyp y TaKUX CTaled Jaxke
KCV>250 Ii/mMm?, crami mioxo pamxupyrorcs. Jlaxke B HHXKHEM

JHMala3oHe JTUX TEeMIepaTyp MpoKaT HMeeT KaK BBICOKOE
COMPOTHUBJICHUE  3apOKICHUIO  TPEIMH  (BBICOKAS  YHCTOTHI
MeTaju1a), TaK H pacnpocTpaHeHHI0  (BBICOKOJUCIIEpCHAs

CTPYKTYpa), YTO XOPOIIO BHHO MPH OCLIUIOrpadUyecKkoil 3anucu
aMarpamMM  paspymieHus «Harpyska (Py,) - mporu6 (f)» npu
HCTIBITAHUSX Ha YIApHBIH H3rHO.

YyBCTBUTEIBHOCTh K M3MEHEHHIO TEMIIEPATyphbl B KIHMATHYECKOM
JMara3oHe, a TaKkke U CTPYKTYPhl €CTECTBEHHO BO3pacTaeT IpU
nepexoae kK obpasmam ¢ Oojiee OCTphIM Haape3oM (obOpaserr ¢
ycranoctHo# Tpeumnoi Tuna 15 mo 'OCT 9454), (puc.5).

Takxe cienyer 3aMeTHTb, YTO y 3THX MaTepHUalloB CONPOTHBICHUE
3apOXK/ICHHUIO  TpEIMHE C  [OHIKCHHEM  TeMIIepaTypsl
ucyepnbIBacTcs ObICTpEe, YeM CONPOTHBICHHE PACHPOCTPAHCHHUIO
TPELIMHBL; TOCJICHEE JOCTATOYHO BEJIMKO M HPH KPHOTCHHBIX
TeMIlepaTypax, 4eM OTH CTald OTJIMYAIOTCS OT TOpSYeKaTaHbIX,
HOPMAJIM30BAHHBIX U JJaXe YIIyUIICHHBIX.



Ne Mapxka cranu Cocrosinue | o, Kpuruueckas Temneparypa BS3Ko- ﬂeﬁCTfOBaBmeMY craunapry I'OCT 27772-88

Ne noctaBkn | H/mm? Xpynkoro mepexona, °C HOBBIM  IOKYMCHT PETIIAMECHTHPYET

Lo T | T | TR | 4 Tip | b NPOH3BOCTBO CTaJell BTOPOrO M TPETHLETO

MIOKOJICHHH, [IPUMEHEHHE KOTOPBIX

1 BCr3cn 'K 285 0 -40 0 0 | +20 | +20 | oGecneunsaer BBICOKYIO JKCILTyaTal[IOHHYIO
2 14172 'K 330 | +10 | -40 0 0 | +20 0 HaJIe)KHOCTh METAJUINYECKUX KOHCTPYKIUI.

3 10I2C1 T'K 356 -20 | -40 | -10 - 0 0 2. Tokasauo, aTo IIpUMEHSIS

4 09121C H 325 -20 | -70 | -20 | 20 0 -10 CTaHJapTHBIC OLICHKU yJapHOH BA3KOCTH Kak

5 1412 Ty 453 -30 | -70 | -20 3 0 0 XapaKTEPUCTUKHU CONPOTHUBIIEHUS Pa3pyIIECHUIO

6 10r2C1 Y 428 -40 | -90 | -40 | 20 | -20 | -20 MeTajsla, HauOoyiee  YYyBCTBUTENBHOH K

7 14I2AD H 406 -40 | -70 | -40 - -20 | -20 MHKPOCTPYKTYPE, ~ MOYKHO YIIPaBIATH

8 14T2AD Y 435 -60 - -60 | 30 | -40 | -30 U3MEHEHUSMHM TIOCIEJHEN B HaNpaBiIeHUU

9 17T2MA®nc v 657 -20 | 100 | -20 - -70 | -10 YAY4LICHUS SKCIIIyaTallUOHHBIX ~CBOWCTB

10 14T CM®P Ty 631 -40 | -40 | -30 | 40 | -20 | -20 IpoKaTa u usaenuit u3 Hero. Ilepexon B HOBOM

11 | 12I'H2M®AIO Y 610 | -60 | -40 | -60 | - | -40 | -35 | (ragpapre TOCT 27772-2015 Ha oGpasusl ¢

12 10XCHAA Y 420 -70 - 60 | 40 | -50 | -50 V-o6pasueiv  Hagpesom  (KCV)  Bmecro

100 § obpasnoB ¢ U-o6paszuemM Hazpesom (KCU B

R 60 T'OCT 27772-88) okazancsi HEOOXOIUMBIM W3-

100 0 332 BO3pOCIIET0 B IOCIEIHEE  BpeMs

- COIPOTHUBJICHUA Ppa3pylICHHIO MeTala U

40 H3IeNusIM U3 Hero Omarofgaps OCBOGHHIO B

y METAUIyprul  COOTBETCTBYIOIIMX  HOBBIX

60 TEXHOJIOTHH,  00ECIeYMBAIOINX  BBICOKYIO

- JUCIEPCHOCTh CTPYKTYpPhl B COYETaHHU C

70 BBICOKOM uuncToTOM Metauia. Kpome Toro,

IosToMy cTOMT 3aja4a BBEIEHHs STHX O0OpasLOB B CTAaHIapThL MpUMeHeHHe o00pa3loB C OCTPBIM HAZpe3oM 0oOecrevnBaeT

(puc. 5).
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V naHHOTO MpoKarta BTOpas KpuTudeckas Temmeparypa T, (puc.
2) nexuT B 00JacTM KPUOTEHHBIX TeMIlepaTyp, TaKoil Ipokar
MOJKHO OTHECTH K MaTepuajaM, y KOTopbix Ty, coBnamaer ¢ Ty B
9TOM  Cily4ae OKCIUIyaTallHOHHas  HaJeXKHOCTh  DJIEMEHTOB
KOHCTPYKIMII M3 JAHHOrO MaTepuana ofecrieyeHa INpH MPOYHX
paBHBIX  YCJOBHSX BO BCEM JHANa30HE  KIMMAaTHYECKHX
TeMIeparyp.

HakoHel ciemyer 3aMeTHTh, YTO B HACTOSIIEE BpeMs IpH
BO3BCJICHHU KpYHIHBIX OGIJ_[CCTBGHHI)IX 3)13HHI>’I HAa4YUHAOT
IPHMEHATHCS CTanu Golee BHICOKOH mpounoctH (o,2690H/MM?) u
6onpinx TomuH (6onee SOMM, BrioTh 10 200MM), Kak MpaBUIIO
3apy0e)xHOro mpou3BojcTBa. [lo-BHIMMOMY, B OTEYECTBEHHOM
MPOMBIIIJIEHHOCTH HMEIOTCS BO3MOXKHOCTH IPOHM3BOJACTBA TaKHUX
MaTepuasoB, JKellaTeJbHa X peannu3arys.

Tabmma 3. Kputnyeckue temmepatrypsl BsS3KO-XPYIIKOTO
nepexojga mpokara TonmuHOM 20 MM M3 crajed  Juis
METAJUTHYECKUX KOHCTPYKIHH

BoiBoanbl.

1. Hosblil crannapt Ha npokaT «IIpokar 11 cTpouTenbHbIX
METAUINYECKUX KOHCTPYKIMH. OOmue TeXHHYECKHEe YCIOBHUS»
T'OCT 27772-2015, a Taxke cTaHIApTHl HAa TPYOBI M ABYTaBPOBEIE
0anky ¢ mapayuIeIbHBIMH TPAHSAMHU IIOJIOK YYUTHIBAIOT HOBEWIINE
JOCTIDKEHUS] METaJUTypruM B 4YacTH IPOU3BOACTBA MeTalia C
BBICOKO/IUCIIEPCHOM CTPYKTYpPOM M BBICOKON YMCTOTOM IO BPEIHBIM
INpUMECSIM U HEMETAJUIMYECKUM BKIOUeHMsAM. Ilo OoTHOmIEHHIO K
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TapMOHU3ALHIO C 3apyOeKHBIMH HOPMaMH.

3. TIloxazano, uto mpH 5((PEKTUBHOM HCIONB30BAHUU
pe3ynbTaTOB HCIBITAHMH Ha yIApHBI U3THO  HaNpsDKEHHOE
COCTOSIHHE B YCTbE€ KOHIIEHTPATOpa HANpPSDKCHHH JIOJDKHO
HaXOAUTHCS B OINPEHEICHHOM  COOTBETCTBHM CO CTEICHBIO
JUCTIIEPCHOCTH CTPYKTYphl. OLEHKY yOapHOW BSI3KOCTH MeTaula
BBICOKOW YMCTOTHI, TeM 00Jiee yIPOYHEHHOTO TEPMOMEXaHHIECKON
MIPOKATKON C MOCHEIYIONIM yCKOPEHHBIM OXJIaXICHHUEM, CIEeAyeT
MPOBOJUTH Ha 00pas3lax ¢ YCTAJIOCTHOW TpemuHoW THma 15 mo
T'OCT 9454, a B psane ciy4aeB (Ha cramsix o,>540 H/vm? )-¢
JOTIOJTHUTENbHBIMA ~ OCTPBIMU OOKOBBIMHM ~ KaHaBKaMH. B
OmKaifieid mepcnekTuse nepseie ciuenyet BBectd B [OCT 27772-
2015, a Bropsie — B 'OCT 9454 ¢ mocnenyromuM BKIIOYCHHEM B
I'OCT 27772.
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ION PLAZMA NITRIDING OF MECHANICAL PARTS
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Abstract:

This practical research work is devoted to the adaptation of technology for ion plasma nitriding of mechanical parts (pins and gears).
Formerly these parts were inductive hardened, and requirement of the purchaser was to replace inductive hardening technology with the

chemical-heat treatment i.e. ion plasma nit riding.

Procedure for ion plasma nitriding of pin hammers and gears made of 4M2CrMo4 steel was described. Starting from the heat treatment of
the parts, their cleaning and charging of the parts in the chamber. Description of the chamber and complete installation for nitride in is
described. Experimental nitriding parameters are given too. Finally, accuracy of obtained results was checked using hardness measured of
nitrided parts. Hardness values were in accordance with purchaser requirement,

Keywords: HARDNESS, ION PLAZMA NITRIDING, NITROGEN, PINS HAMER, GEAR

1. Introduction
Implementation of ion plasma nitriding started in the second decade
of the former century as an alternative of conventional gas nitriding
after the word war second this process was widely implemented in
many industrial countries [1-4].

Implementation of plasma nitriding as a process of

surface hardening of steels gives very good and applicable results
Phenomena of plasma is very well known natural phenomena which
is deeply elaborated in the current years [5-7].
Advantages of ion plasma nitriding are the following: lower
distortion compared with other processes of surface engineering,
wear characteristic of parts can be controlled and even improved
[8,9].

Nitriding in pulse glowing discharge (plasma nitriding) is
an efficient method for increasing the hardness and wear-resistance
of metals and alloys. Basic technological advantage of this method,
is the low temperature at which the process is directed (450-520°C)
resulting in partly volume deformations and piece distortion.
Plasma nitriding of materials is characterized by the active
parcipation of these materials in glow disgorge, since they serve as
cathode [10-12].

As results of these the tool life is increased from some to
ten and more times. Characteristics of the ordinary steels can
be significantly improved [13-14].

Achieved hardening of the surface couldn’t be reach wig any
other process of surface engineering. Good combination of
the properties on the surface and in the core of the part [15].
Could be used in the treatment of the massive parts too.
Scaling and decarburation are minimal [16].

Plasma ionized gas is the fourth state of matter. It is very reactive
media which contain ions and neutral atoms occurred as results of
the molecules dissociation of molecules in the electric field. Glow
discharge which surround the working parts consists of these
positive ions. Plasma nitriding is performed using direct current
[17].

Typical process parameters are the following: Temperature (400-
600°C), pressure (0.5 — 7 mbars), gas composition (ammonia,
methane, hydrogen and argon), time (4-30 hours depending of the
layer thickness). Additional process parameters are: voltage current
intensity, pulse frequency and pulse duration.

During the plasma nitriding process, the job part and the cathode
inside the furnace will be emitting a purple glow. This is because-
voltages had dropped sharply at these regions. This provided a large
amount of discharged energy, which causes the cathode and job part
to glow treatment [18].

During the plasma nitriding process, the job part and the cathode
inside the furnace will be emitting a purple glow. This is because
voltages had dropped sharply at these regions. This provided a large
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amount of discharged energy, which causes the cathode and job part
to glow [19, 20].

Knowing the basic characteristics and parameters of the ion plasma
nitriding, the main task in this work was to optimize process
parameters and to obtain surface layers of the treated parts with
necessary parameters which enable their practical usage.

2. Material and investigations
lon plasma nitride parts (pins hammer and conical gears) are made
of low alloyed steel 42CrMo4. Chemical composition of parts is
given in the table 1. The view of the parts before nitriding is given
in the figure 1.

Table 1 Chemical composition of the ion nitrided parts

element %

pin gear
C 0.41 0.45
Si 0.2 0.26
Mn 0.75 0.8
Cr 1.05 1.11
Mo 0.23 0.25
rest - -

Preparing of the parts for nitriding

Before to start with plasma nitriding, heat treatment (quenching and
tempering) of the parts was done.

Parameters of the heat treatment are the following:

- Quenching T=820 - 860 °C (oil)

- Tempering T=550 °C, t=20 h

After heat treatment machining of the parts to final dimension was
done. Finally grinding of the parts was made too.

Nitriding parts have to be clean from corrosion products and
impurities like grease oil or similar. Organic solvents are used for
removing of organic impurities while oxides are removed by
grinding or by chemical solutions mainly HzPO,.



Charging of the chamber

After cleaning of the part from grease oil and similar impurities the
parts were charged in the working area of the chamber. Treated
parts are put on the working surface which is supported by three.
auxiliary insulators. Positive part is connected with the body of the
working chamber i

Dimension of the chamber, figure 2 -
Useful diameter — 1000 mm;
Useful highness — 1300 mm;

Useful volume — 0.8 m*;

Capacity for the electric and heat insulation — 1000kg;
Operating force for the electric support and cathodic insulation
- max. 1500V;

Working temperature 300 — 600 °C;

Working pressure 0 — 10 bar;

Cooling — with cold water.

Technical characteristics of the chamber
Outer characteristics of the vacuum chamber, 1360x1800 mm;

Inner working dimensions of the chamber: 1000x1400 mm;
Maximal weight of the treated parts: 1000 kg;

Working gasses: nitrogen, hydrogen propane (natural gas), argon
The process is fully automated and computerized.

After process finishing, the parts are leaved in the chamber and
cooled in vacuum. When the temperature falls to 100 °C the lin can
be opened and process of ion plasma nitriding is completely
finished.

Figure 2 Chamber of ion plazma nitriding instalation

Electric current supply

Electric current, installation for supply is covered with metallic
coverage with the following dimensions 2000x600x1800

igure 3 Electric current supplies

Input voltage 3/380V + 10% - 10%; 50Hz

Max outer power 100 kW

Outer voltage 0-800V
Average current 0-100 A
Inputs current 0-120 A
Frequency 5-10kHz

Impulse/pause adjustable
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Plasma nitriding parameters

The parts were nitrided under the following parameters of the
chamber:

Constant temperature of the chamber 500 °C;

Gas composition: 99,9%;
Pressure of the chamber (partial) 3,0 mbar;
Cathode voltage (600V).

Technical description of nitridinng installation

Working chamber is in the form of bell. It consists of bottom and
lid. There are two windows on the lid from the upper and lateral
side. Both parts have double walls. Between the walls circulated
cold water. In order to lower heat exchange between the treated
parts and working part, inner part of the chamber is covered with
layers of stainless steel.

Vacuum system works permanently during technological cycle. It is
controlled by the system controller according technologic program.

System for gas supply

System for gas supply contains manual valves, plastic tubes,
adjusting equipment, and controllers for monitoring electric valves.
Installation use the following gases: nitrogen, hydrogen, propane
(natural gas) air under pressure

Nitrogen is used as active gas for technological process of plasma
nitriding (Nitrogen purity, N,: 99,999%)

Hydrogen is used as active gas in technological process of plasma
nitriding (Purity of hydrogen H, : 99,999%).

Necessary inner pressure 3,5 o 5,0 bar.

Argon (nitrogen is used for cooling of parts of ion plasma nitriding

Monitoring control system, figure 4

Monitoring system control all mechanisms and phases of the
nitriding process i.e.

Three systems guidance;

IGBT transistor;

Vacuum pumps;

Water cooling system;

Large number of controllers;

Electromagnetic pumps.

It controls condition in the chamber and record history of the
process. The process is led according material type and shape.

Wwons

Figure 4 Monitoring control system

3. Results of the investigation
After finishing the ion plasma nitriding process the parts gears
(figure 5) and pins were subdued to surface hardness measurement.
For measuring of the part was used mobile hardness tester, figure 6.
And for prepared specimens from the same steel and nitreded under
the same conditions was used hardness and micro hardness tester,
figure 7.
Results of hardness measurements are given in the tables 2 and 3.



Figure 5 Pins hammer after ionization

Figure 7 Hardness and micro hardness tester

Micro hardness tester
Hardness tester

a.
b.

Obtained results for hardness values, for both types of parts, are
given in the table 2 and 3. Hardness values are measured before and
after plasma nitriding using Rockvel (HRc) and Vickers (HV1)
units. In both cases measured values fulfill requirement of the
purchaser i.e. surface hardness after nitriding is between 50-55
HRec.

Table 2 Hardness values of nitride pins hammer

Before nitriding After nitriding
HRc 150kg HV1 HRc 150 kg HV
load load 1
1 30 278 55 649
2 30 278 52 549
3 32 303 52 549
4 29 277 53 587
5 28 271 54 589
) 29,8 286 53,2 592
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Table 2 Hardness values of nitrided conical gear

Before nitriding After nitriding

HRc 150 kg load | HV1 | HRc 150kg load | HV1
1 28 271 52 549
2 30 285 51 538
3 30 285 52 549
4 31 285 50 505
5 32 303 51 531
z 30 303 51 549
4. Discussion

In the experimental work of this paper was described procedure for
ion plasma nitrding of the pin hammers and gears made of
42CrMod4 steel. The base task of this practical research work was to
give technology for ion plasma nitriding.

Formerly induction hardening of these parts was used for obtain
increased surface hardness. But this process was in many cases
impractical because bending of parts, particularly pins appear.
Because of that it was decided to replace process of the heat
treatment. New implemented process ion plasma nitriding has to
show at least the same surface hardness like induction hardening.

In such way increased wear resistance and corrosion resistance
could be reached too. Requirement of the purchaser to obtain
hardness values 50-55 HRc was reach without any problem.

5. Conclusion

The basic idea in this practical research work was to increase
surface hardness of two different parts i.e. pins hammer and conical
gear. Instead of formerly used induction hardening, ion plasma
nitriding was performed in this case. The requirement was to obtain
hardness between 50-55 HRc, to perform this task; the parts were
ion plasma nitrided. Plasma nitrided parts were produced from
42CrMo4 steel. Besides other advantages ion plasma nitriding
enable deformation of parts, wear resistance and corrosion
protection. All nitriding parameters were taken according personal
experience. Measuring of hardness shows that obtained values are
53 HRc for the hammer pin and 51 HRc for conical gear which
completely fulfill requirements of the purchaser.
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Abstract: Nano-level surface processing is becoming increasingly important in the development of modern materials. Laser technology
allows to change the processing parameters in a wide range and achieve the desired surface properties - hydrophilic and hydrophobic for
various fluids. In such circumstances, the benefit of any researcher would be to provide software that can quickly and visibly see and measure
the shape, size and configuration of nano and microstructures to be obtained. It is especially important that the obtained results in the form of
3D graphs allow us to see the evolutionary trends of surface nanostructures and help to decide on changes in the processing parameters. The
researcher would be given the opportunity to input a wide variety of parameters - laser wavelength, pulse power, polarization angle, pulse
frequency, pulse duration, processing time or number of impulses per coordinate - and the result obtained in a short time would serve to better
understand common trends and help to make an informed decision for the actual processing parameters to be used in the experiment.

KEYWORDS: LASER IRRADIATION, NANOSTRUCTURES, MATHEMATICAL MODELLING

1. Introduction

The structures of the wings and bodies of birds, insects
and other living creatures play a distinctive role - periodically
arranged ribs help to prevent bacterial access to the skin, thereby

1.1. The prevalence and role of nanostructures in nature

If you look carefully, you will see that there are practically

no absolutely smooth surfaces in natural formations. Whether it's a
leaf of a plant, an insect's wings, an animal’s skin or a fish’s scales,
we are faced with a characteristic structure that fulfils its intended
purpose - in one case it repels water, it is attracted in another, it
helps in another, it even adheres to objects whose presence is an
integral part of the residential area. An example here is the skin of

improving the survival of the population.
1.2. The use of nanostructures in medicine and technology

Inspired by nature, micro- and nanostructures are
increasingly appearing in engineering structures where they perform

certain functions. As in the example of the shark skin, structured
shapes help improve the mobility of underwater pilots and
unmanned aerial vehicles (drones) to achieve higher speeds or save
energy.

the foot of the gecko (see Figure 1). It's easy to keep in mind that
structures are periodic, i.e., repeat with a certain period.

A special field of application is medicine. Nanorobotics
have been developed and tested, with a characteristic feature of
negligible dimensions and, hence, energy supplies, for the transport
of medicine in blood vessels and for other applications,. A nano-
structured surface would help reduce energy consumption to
overcome viscous friction.

Widespread in nature is the micro- and nano-structures
that are tasked with attracting, or, conversely, rejecting water, that
is, to provide hydrophilic or hydrophobic properties. An example of
classic hydrophobic properties is shark skin (see Figure 2), which
helps to repel water, thus reducing viscous friction and giving a
speed advantage in water compared to other water users. The author
has investigated that similar structures are on predators such as
perch, characteristic of Latvia, but not on peaceful fish - carp,
scallops.

Figure 3. Nanoparticles transport medicine in the blood vessel. [3]

Another example of the use of structured surfaces in
medicine is the development of implants. If, for example, the
median required life of a hip implant was 5-15 a few years ago,
today, due to unhealthy food and sedentary lifestyles, the a service
period of 30-50 years is often required [4] (here it should be noted
that for hip joints, the probability of a successful replacement of the
implant is not more than 2%). In the past, the surface of the joint
head was a mirrored surface. As a result, body fluids are squeezed
out of contact surfaces, and the result of dry friction is, first, the
wear of the material, and secondly, the human body is contaminated
with wear products. The solution, as evidenced by studies at the
University of Liepaja Nanomaterial Laboratory, could also be the
treatment of the titanium implant head - the only metal suitable for
contact with the human body - to create a controlled structured that

== b

S - ST ST = =
Figure 2. Structured formatjons of shark skin. [2]
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attracts body fluids that act as a lubricant and greatly increases the
friction surface's service life time [12] (see Figure 4).
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Figure 4. Hip implant. [4]

The technique for reducing friction is very important.
Lubrication problems in slide bearings, such as vacuum or high
temperature conditions, have still not been solved In addition, the
lubricant can be either synthetic or mineral oils, or emulsions whose
hydrophobic or hydrophilic properties are basically determined by
the base material. In these cases, the situation can also save the
surface of the treated contact surface to retain the lubricant.

1.3. Nanostructures extraction techniques

It is possible to artificially obtain nanostructured surfaces
in several ways - by mechanical, chemical treatment, electrolysis,
and by laser irradiation (radiation).

The first method for obtaining micro / nano structures is
mechanical processing, with tools and special materials (grinding).
This method makes it relatively difficult to process surfaces
different from the plane, as well as to create precise, structured
shapes.

The second method for obtaining the surface of a
structured material is to use chemical treatment [5]. This involves
the use of acids /alkalis. The third method, which can also be used
for micro nano roughness, is electrolysis. The main drawbacks are:
high consumption of time and materials, poor repeatability of
results, impossibility of obtaining specific surface parameters, and
high costs.

TM3030_0419
Titan
Figure 5. SEM image of laser-irradiated nanostructures on the
surface of titanium (Ti).
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And the last, most appropriate, presently known method
for obtaining nanostructures on the top layer of materials is the laser
irradiation method. This method is based on thermal effects or
warming. Due to the parameters of the laser beam (wavelength,
polarization direction, pulse energy, pulse duration, pulse repetition
range), it is possible to achieve control of the surface of the material
by controlled laser irradiation, phase change (dislocation) and the
formation of uplifts under the influence of thermophilic forces, thus
forming a surface relief (see Figure 5). Of great importance is the
shape of the cross section and the distribution of energy in it, as well
as the number of hits in the given coordinate and the distribution of
the coatings [6] - [9].

128

2. Numerical modelling advantages in formation
of nanostructures design

Understandably, due to the lack of suitable mathematical
models and software products based on them, the surface treatment
of materials has so far been carried out with a tray and error method
- the sample was processed, then examined in an electron
microscope, tested for the required properties, assumptions made
about the desired changes, followed by the next sample processing
with changed parameters, etc. The process was generally long
lasting, time-consuming and material-intensive.

It should be noted that the materials are often not cheap
because the work of laboratories involves processing materials such
as chemically pure copper (Cu) and titanium (Ti), medical titanium
alloys Gradel+Grade54, platinum (Pl). An important factor is the
depreciation costs of scientific hardware, which can reach
significant amounts — for example, in the acquisition of surface
nanostructures, the minimum necessary short pulses, the best
femtosecond laser, precision machine for moving the sample
through 2 coordinates (x-y stage), or a laser beam precision device,
an electron microscope for analysis of the samples obtained.

In such circumstances, the benefit of any researcher would
be to provide software that can quickly and visibly see and measure
the shape, size and configuration of the nano and microstructures to
be obtained [10]. It is especially important that the obtained results
in the form of 3D graphs allow us to see the evolutionary trends of
surface nanostructures and help to decide on changes in the
processing parameters. The researcher would be given the
opportunity to enter a wide range of parameters - laser wavelength,
pulse energy, polarization angle, pulse repetition range, pulse
duration, processing time or number of impulses per coordinate -
and the result obtained in seconds or minutes would serve to better
understand common trends and help make a reasoned decision about
the actual processing parameters to be used in the experiment.

3. The mathematical model of formation of

nanostructures

The formation of nanostructures is described by the
following 1D mathematical model [10]:

op* _ ) p° 0t M o oen
=0- E. 242 . pe.
a0t E g el "
m.i. c.i. Pn'a‘ e.r. h.e..
3 Ve ) L — g e
+( + ) pn.a._l_ph
e  Poisson's equation:
6E |e| e,h
= - )
OX £-&, [p] ’

e the following is a formula for calculating the intensity of
femtosecond laser radiation onto a target Gaussian time

profile:

@)

the radiation intensity equation inside the dielectric
depending on the time and distance of the target depth
considering the multi-photon absorption and absorption by
free electrons:

ol (xt)
OX

+a(x,t)- (x,t):—Sm“' %

the following formula calculates the absorption coefficient
of a free electron:

(4)
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e  Fresnel's formula for the estimation of the reflection
coefficient:
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e  Einstein’s formula for the diffusion coefficient:
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In equations (20)-(27) have the following designated variables
(refer to those who met earlier, below are not listed ):

V™ g™ -pe the acceleration/development of cumulative
ionization;

Frhe — 8

e
9" —P_ the recombination velocity electron capture of the

Tr

coupled state;

p"% the density of neutral atoms;

& ~1nm the characteristic depth of the target, which

photoemission depth (maximum photoemission takes place on the
surface of the dielectric material) decreases exponentially.

4. Justification of the choice of the implicit differential
scheme

Two types of methods, the explicit and implicit
differential equation scheme [11], [12], can be used to create the
difference scheme. The explicit differential scheme is simpler, easier
to program, but it has a significant drawback - the condition of
stability (convergence) of the scheme must be clarified and strictly
followed, otherwise the scheme will diverge and and it does not give
a result. It is important that this condition depends on the time step,
so changing the coordinates or the time step requires the conversion
of the stability condition. The implicit difference scheme is more
complicated, more difficult to program - in each step of the
calculation step, 4 dynamic variables must be implemented and
temporarily maintained, but the unconditional stability and thus the
guarantee of a solution are a major advantage.

This work uses an implicit differential scheme as it is
unconditionally stable and does not require compliance with the
convergence conditions.

5. Development of the implicit differential scheme

Let's start by looking at the method of solving differential
equations - the reduction method, or the Thomas algorithm. Let's
look at the border problem:

AV, -Cy+BY.,=-f, A0 B=0i=12.,N-1
Yo = 2Yi+ ths ©
YN = ZoYnat b
which is to be conveyed by (N +1)x(N+1) size three diagonal
matrix:

(10)
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In the Dirichlet, or in the first kind of boundary problem, the
size of the corresponding matrix will be (N —1)x (N —1).

To solve the boundary problem, we will look for a solution
in the following form:

Vi =@ Yin + Buws (1)
which is a linear equation with variable coefficients ¢;,, and £,,;
by analogy y, , =a,y; + S, We put in the initial expression:

(Aai_Ci)yi+Biyi+l:_(fi+Aﬂi); (12)
comparing this equation with the original, we find:
=2 =12, . N-1
C-Ag
. (13)
po=DPxh iy o N1
C-Ag

To find the coeeficients «,, g, at i=0, we can use initial
conditions. At i=0 weget o, =z, B =u.

Knowing ¢, and g, and switching from i to i+1, we
determine ¢, and B fo all i=2, 3, .., N. The part of this

calculation is carried increasing the order of the indexes.

For the search function y, the calculation is then carried out
in the opposite direction, with the indices falling from i+1 to i
(i.e., knowing the next one, we find the preceding index number);
You need to know the start of calculations y,. We find it from the

starting condition y, = y,y,_, + 1, and expressions at i =N —1:

Yno1 =y Yn +ﬁN' (14)
From this, we get:
+
Y, = My + 2Py . (15)
1-ayz,
And so, all the methods of reduction formulas together:
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The arrows show the direction of the solution: (—>) from i

to i+1 intum («) from i+1 to i. To find the solution to this

differential equation, such a Thomas algorithm must be applied at
each given time step.
Consider the given differential equation:
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We first perform a DV discretization :
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wher h, h - steps along the corresponding variable axes. We

obtain the coefficients A, B, C, f for the reduction (Thomas)
algorithm [11], [12]:
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Using the found coefficients A, B, C, source function f,
initial and border conditions and the Thomas algorithm described
above, a computer program is written in the MatLab environment.

6. Algorithm development

The algorithm follows the following requirements:
e functions that describe laser radiation and
exposure to materials are preserved for short-term
exposure, namely, at each time step, it is checked
that the moment coincides with the time given by the
laser beam;
e  Considering that the solution contains multiple
integrals that are summed, the algorithm does not
accumulate to be unnecessarily massive, but uses
dynamic variables or other solutions to avoid
unnecessary loading of computer resources;
e  Since no user interface is created (the number of
parameters to enter is not high, and the program is
intended for internal use by one employee - the
program developer), then tags are made in the code,
which helps to enter the constants and parameters in
their places;
e The laser parameter described uses the main
parameters of the pulsed laser contained in the
Laboratory of Nanomaterials of Liepajas University,
Latvia.

7. Using of developed software
7.1. Periodic nanostructures on the SiO, surface - 1

Using the following substance, SiO, (silicon dioxide),
parameters:
u#=1 =39, k=04, T°=400, =532, n=5 r=2-10",
g™ =2-10%, 9 =3-10°
and applying a real laser operating at a frequency of 10 Hz for 6

seconds yielded the following dynamics of nanostructures (see
Figure 8):

Figure 8. Dynamics of Nanostructures on the surface of
silicon dioxide - 1.

We see that periodic structures are formed across the time
axis, and, due to the relatively high relaxation time, their growth is
flattened.

7.2. Periodic nanostructures on the SiO, surface - 2

Similar ~ simulation  with  modified  multiphoton
recombination rates and periodic dielectric permeability index is
shown in Figure 9:

Figure 9. Dynamics of Nanostructures on the surface of silicon
dioxide SiO,.

The obtained graph perfectly correlates with the results of
a real experiment, whose SEM image is shown in Figure 10.

2018/01/02 12:05 N 30 um

TM3030_0462
Platinum

Figure 10. SEM image of periodic wave structures on the surface of
the material. Magnification 3000x.

7.3. Periodic nanostructures on SiO, surface — 3

Another example is that the density of the substance
decreases, thus forming an elevation in the 1D cross-section;
observed periodic wave structures:

Figure 11. Dynamics of Nanostructures on the surface of silicon
dioxide - 3.
7.4. The time needed for a numerical solution

Calulating all of the examples in this section on a
computer with an Intel CORE i7 processor and a NVIDIA GT 635M
graphics card, the time consumed was: 1) at the nodes

[0:40]x[0:40] aproximately 4-5 seconds, 2) at the nodes
[0:280]%[0:280] aproximately 8-10 seconds, 3) at the nodes
[0:2000]x[0:2000] aproximately 140-150 seconds.
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STUDY OF STRUCTURE FORMATION AND HARDENING IN CARBON
STEELS DURING HPT AT TEMPERATURES BELOW RECRYSTALLIZATION

UCCJIEJOBAHUE OCOBEHHOCTEN CTPYKTYPOOBPA3OBAHNS 1 YIIPOUHEHUS B
YIJIEPOAUCTBIX CTAJIAX [TPU UITAK B OBJIACTU JOPEKPUCTAJUIM3AIIMOHHBIX TEMITIEPATYP

Dr.Sci. Raab G.%, Dr.Sci. Aleshin G.}, Kodirov I.1. Raab A

Ufa State Aviation Technical University, Institute of Physics of Advanced Materials, Ufa, Russia
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Abstract: The impact of the parameters of thermomechanical treatment on the structural changes and micro-hardness of low- and
medium carbon steels under a high hydrostatic pressure at high pressure torsion (HPT) is investigated. It is established that for HPT the
deformation temperature has a decisive impact on the efficiency of refinement and hardening. This is caused by the effect of dynamic strain
ageing (DSA) at 250 and 400°C during HPT. At the same time the level of accumulated strain in the sample intensifies the refinement under
the effect of dynamic strain ageing (DSA). It should be noted that an increase of the carbon content to 0.2 % and 0.45% in steel leads to an
increase in the temperature of dynamic strain ageing (DSA) to 400°C. It is stated that HPT under the effect of dynamic strain ageing (DSA)
results in the formation of a gradient structure in the samples after five rotations of the anvil (e,,,=6.26) at a hydrostatic pressure of 6 GPa.

Keywords: MICROSTRUCTURE, DSA, CARBON STEEL, HPT, SPD, MICROHARDNESS

1. Introduction

High pressure torsion is widely used to increase the properties
of metal materials [1-4]. Generally, this is cold treatment with the
high level of accumulated strain. However, the strength of materials
increases 2-3 times due to the formation of a grain structure of the
ultrafine and/or nanostructured range [4-8]. During the cold
treatment by HPT the hardening of the samples subjected to 5
rotations of the anvil e,,, = 3.45 as a rule levels, this is especially
typical of pure metals [2, 4]. HPT processing of the alloys with the
solution supersaturated with alloying elements (thermal-hardened)
generally leads to the formation of new stable phases as
nanoparticles located both in the bodies and boundaries of ultrafine
and nano grains. Consequently, this contributes to more effective
hardening of the samples after deformation [7, 8].

Recently the attention of researches has been focused on the
effect of dynamic strain ageing (DSA), its full occurrence depends
on the temperature of deformation. The temperature range of
occurrence of this effect is usually 200-400°C, and it is located in
the range below the recrystallization temperatures. The effect of
DSA also impacts the intensity of dispersion of the structure and the
degree of its defects (hardening) [8, 9]. Of particular interest in that
connection is the study of the features of structure formation and
hardening of commercial steels depending on the temperature and
the carbon content under the critical conditions relevant to HPT, i.e.
a high hydrostatic pressure of 6 GPa and ultrahigh accumulated
strain of e,,,=6.26. Besides, the DSA effect is observed in steels
during traditional plastic deformation [9 -12].

2. Material and procedures of experiments

This paper investigates the impact of the carbon content in
steels on the formation of a gradient structure under severe plastic
deformation of steels 10, 20 and 45 with standard chemical
composition [13].

The initial samples for the investigation are discs with a
diameter of 10 and 20 mm, thickness of 0.5 mm. The steel samples
are subjected to HPT under 6 GPa at temperatures of 20, 250 and
400°C. Figure 1 shows the scheme of the HPT process [8, 9].

The strain degree is determined by the equation [2, 3]
g=In(3-r/h), (6]

where & — the angle of torsion (radian), r and h — the radius and
thickness of disc, correspondingly.
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Fig. 1 Scheme of the deformation node for high pressure torsion

After the deformation the microhardness of these samples is
determined by their diameter, and the structure of the central and
peripheral parts is investigated by light and scanning electron
microscopes.

3. Results of experiments and their discussion

Figure 2 shows the results of the investigations of
microhardness of the steels after HPT at the chosen temperatures for
the three chosen steel grades. Figure 3 demonstrates the
microstructure of steel 10 after HPT at a temperature of 20°C.
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Fig.2 Plots of microhardness distribution in the samples where a) Steel
10 after deformation at 20°C(1), 250°C(2), 400°C(3); b) Steel 20 after
deformation at 20°C(1) and 400°C(2); c) Steel 45 after deformation at

20°C(1) and 400°C(2).

The analysis of the microhardness distribution along the
diameter section of the samples shows that the minimum values of
the hardness are obtained after cold treatment of the steels (20°C).
However, the lower values HV in comparison with the periphery
are observed in the center of the steel 10 samples, but the
microhardness values are roughly the same along the whole
diameter of the samples of steel 20 and steel 45.

The microstructural studies are conducted to determine
the causes of the observed features of the microhardness change of
the sample after HPT. Figure 3 shows the images of the
microstructure of steel 10 in the initial state and after HPT. The
plates of cementite in the grains of perlite in the initial state are
located mainly parallel with each other. After HPT the plates of
cementite are divided into pieces which are randomly located
towards each other in the most grains of perlite. This demonstrates
the development of dislocation sliding and occurrence of rotary
modes of deformation in the grains of perlite. Such action of rotary
modes of deformation were also observed in [8], which described
equal channel angular pressing of steel 10.
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Fig. 3 Microstructure of steel 10: a — initial state, b, c -5 HPT
rotations at 20°C, b — centre of samples, ¢ — periphery.
Scanning electron microscope

In the periphery of the samples, where the strongest structure
refinement occurs, perlite and ferrite grains are highly elongated
along slip bands (Figure 3c). A substructure with relatively
equiaxed cells forms in these ferrite and perlite grains during HPT,
which corresponds to the previously obtained data on other
materials [3].

A decrease in the microhardness values in the steel 10 samples
deformed at 400°C in comparison with the HV values obtained after
HPT at 250°C indicates that the effect of DSA becomes weaker at a
temperature of 400°C for low carbon steel 10 due to activation of
diffusion processes. An increase of the carbon content in the steel to
0.2% and 0.45% leads to an increase in the temperature the DSA
effect to 400°C (Figure 2).

Figure 4 shows the microstructure of steel 45 after 5 rotations (e
~ 3.45) of HPT. The structure refinement is ~ 300-400 nm in the
center, and in the periphery of samples it is ~ 100-200 nm especially
at increased temperatures (Figure 4). Consequently, the
microhardness values in the periphery of the samples after HPT at
400°C exceed more than two times (to 6.5 GPa) the values of HV in
the centre of the samples (~ 3 GPa). The similar change in the
microstructure and microhardness is observed in steel 20 under
HPT.



Fig. 4 Microstructure of the samples of steel 45: a — initial state; b, ¢ —
after 5 HPT rotations (¢ = 3.45) at 400°C; b — center of the sample, ¢ —
periphery of the sample. Light electron microscope

Consequently, the cell size reduction from the center to the
periphery of the samples and a considerable increase in the
microhardness demonstrate the formation of the gradient structure
and properties of the steel samples subjected to HPT under DSA.
Similar behavior under HPT are observed in [14, 15].

Nowadays the study of regularities of formation of gradient
structures is an urgent trend in modern material science [16-20], and
this investigation contributes to it.
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4. Conclusions

1. The features of formation of the gradient structure at high
pressure torsion of steel 10, steel 20 and steel 45 have been
investigated, when the effect of dynamic strain aging occurs. The
deformation mechanisms in different parts of the samples of the
steels during HPT have been analyzed.

2. The temperature range of 250 — 400°C of the DSA effect
exhibition during high pressure torsion of the studied steels has
been determined. The relation between activation of the DSA effect
and the structure state has been demonstrated.

3. The structural changes of the steels under HPT and,
consequently, the formation of the gradient structure in the steels
have been investigated in the temperature range of the DSA effect.
It is shown that under HPT the most effective refinement of the
structure (cell sizes dg, decrease to 0.1-0.2 um) is in the periphery
of the samples in comparison with the center (dcey. > 0.3 pm) that is
characterized as a gradient structure.

4. As a result of the DSA effect, in the process of severe plastic
deformation, additional refinement of the structure of the alloys
and, consequently, a more significant increase in the yield stress and
microhardness takes place in comparison with the samples
deformed at room temperature. The increase in the lattice friction
stress due to the interaction of atoms atmospheres of impurities with
mobile dislocations leads to the additional increase in the density of
dislocations in ferrite and perlite grains.
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Abstract: In this paper the laboratory tests on the selected steel for cementation 20MnCr5 was perfomed. The influence of the contact
load resistance to the adhesion wear of high-temperature carbonitrided MnCr steels was analyzed. As a representative example was selected
a tribosystem drive/driven gear of reducers in which are expressed high contact loads. For the purposes of these tests, the samples were first
high-temperature carbonitrided, and then they are carried to the appropriate chemical and metallographic analysis, control of the surface
hardnesses and the resistance to the adhesion wear. The aim of this paper was to observe the representative tribosystem as much possible to
define its working parameters in order to determine the optimum conditions for testing the influence of the contact load on resistance to the
adhesion wear. The analysis results show that high-temperature carbonitrided steel where the atmosphere of furnace at the beginning of
carburizing was enriched with nitrogen, and finally with carbon showed significantly greater resistance to the adhesion wear compared to
steel that at the beginning of carburizing had atmosphere of furnace rich in carbon, and finally with nitrogen.

Keywords: STEEL 20MnCr5, MICROSTRUCTURES, HARDNESSES, ADHESION WEAR

1. Introduction After the process of cementation the surface layers contain
high-carbon martensite. The most common application of steel
Tribology is the scientific-expert discipline that deals with 20MnCr5 is in the production of gears, shafts and axles of
the phenomena and processes on surfaces which are in mutual machines, camshafts etc. [5]. Declared mechanical properties of
interaction, direct or indirect contact and relative motion [1]. The steel 20MNCr5 are shown in Table 1 [6].
study of friction and wear problems as well as the role of ) )
lubrication, tribology approaches as parts of a one whole in Table 1: Mechanical properties of steel 20MnCrs.
which the phenomena and processes are mutually connected and rsntzfrell Properties

have a significant influence on the economy of technical Hardness, HB | Roaz, MPa R MPa | A%
resources that are produced and used. Tribological problems are 20MNCr5

present in all branches of the industry. The termination of a 152 =201 685 980 + 1280 7
functional work of parts may occur due to breakage, due to wear
and due to corrosion effects [2]. One of the more common types

of wear that occurs in practice is the case of adhesion wear. This 3. Experimental tests

wear is reflected in the transition of material from one friction . . .
surface to the other in conditions of immediate contact of the In the experimental part of this paper, as an representative
metal surfaces body in relative motion. Any wear caused by example of_ the tribosystem was selected gear assembly of the
adhesion can be described in three phases: | - formation of the reducers, Figure 1.

adhesion compound, 11 - breaking of the adhesion compound, 11
- rupture and eventual breaking of particles [3]. The aim of this
paper was by chemical and metallographic analysis and flow of
surface hardnesses and resistance tests to the adhesion wear on
the selected high-temperature carbonitrided samples to
investigate the dependence of the measured wear intensity on the
applied contact loads. In selecting of the material samples and
materials of the counter body, should take care of their
compliance modeled on observed representative tribocouple gear.
Expected tests and analysis should provide insight into the
properties of steel achieved by the processes of high-temperature
carbonitriding and their resistance to the adhesion wear
conditions at different load levels.

2. The properties of steel 20MnCr5

Fig. 1 The representation of tribosystem drive/driven gear.

In this assembly drive/driven gear are expressed to a high

Steel 20MnCr5 belongs to a group of steel for cementation. contact loads. The drive gear (sample UZ) is made from steel for
These steels represent a structural steels which after machining cementation 20MnCr5, while the driven gear (counter body KT)
by particle separation are carburizing on the edge of the layer. is made from steel for improvement 42CrMo4, Figure 2.

After carburizing of the edge layer, by hardening is achieved high
resistance to wear of the edge layers and the increased toughness
of the non-carburized core [4]. Steels for cementation mainly
contain from 0,1 to 0,2 % carbon before carburizing, and may be
a non-alloyed or low-alloyed. The edge layer after process of
carburizing contain from 0,8 to 0,9 % carbon, and with hardening
is achieved hardness from 61 to 64 HRC. After the process of
cementation carburized core remains a ferrite-perlite structure, if
the material is not hardenabilitied. In the case of hardenability the
low-carbon martensite is formed. Both of these microstructures
are characterized by high toughness with high wear resistance. Fig. 2 Samples for laboratory testing.
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By this selection of materials and test conditions, it was
attempted to imitate the real machine elements in the process,
both in terms of the material from which they were made and in
view of their working conditions.

3.1. The experiment plan

Plan of the experimental tests performed on samples of steel
20MnCr5, marked with 421 and 422 was showed in Table 2.

Table 2: Plan of the experimental tests.

Tests perfomed on steel 20MnCr5
Sample Testing
mark | VTKN | KA | MG | HV1 | ofwear | 112
- of wear
resistance
421 + + + + + +
422 + + + + + +

*VTKN - high-temperature carbonitriding; KA - chemical analysis;
MG - metallographic tests.

3.2. The heat-chemical treatment

Tables 3 + 5 are showing parameters of high-temperature
carbonitriding steel 20MnCr5. High-temperature carbonitrided
samples are marked with 421 and 422 and they are provided for
resistance testing to the adhesion wear. Before high-temperature
carbonitriding soft annealing was performed, the parameters are
shown in Table 3. The parameters of high-temperature
carbonitriding are shown in Table 4. After completion of the ten-
hour carburizing, directly hardening and subsequent low-
temperature loosening are perfomed, Table 5.

Table 3: The selection of parameters of the previous heat treatment of
steel 20MnCr5.

Name Parameters
Previous heat treatment Duration 40’
Temperature 660 °C
Soft annealing Cooling In furnace

Table 4: The selection of parameters of the heat-chemical treatment of
steel 20MnCr5.

Name Parameters Process 1 Process 2
Duration of 300° 300"
carburizing

High-temperature |  Temperature of 920 °C 920 °C
carbonitriding carburizing
Cpot 05%C 1,0%C
NH; 10 % 5%

Table 5: The selection of parameters of the subsequent heat treatment of
steel 20MnCr5.

Name Parameters
Austenitization 820 °C
Subsequent heat temperature
treatment .
Duration 45
Hardening - )
Cooling Qil
Loosening 180 °C
Subsequent heat temperature
{reatment Duration 40°
Loosening .
Cooling In furnace

The

high-temperature carbonitriding of samples was

perfomed using the variable potential of the carbon (C) and
nitrogen (N), or with a combination of parameters of the process
1 and process 2. Carburizing was conducted in the furnace with
natural gas as a carrier of carbon and ammonia as a carrier of
nitrogen at a temperature of 920 °C.
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On the sample 421 are first applied parameters of process 1
and then parameters of process 2, while on the sample 422 are
first applied parameters of process 2 and then parameters of
process 1. The duration of each process was amounted by 300°.
The only difference is in the order of their application.

3.3. Testing of the chemical composition

Testing of the chemical composition was performed on steel
20MnCr5. Chemical analysis was used to determine the
composition of steel used for high-temperature carbonitriding. To
determine the chemical composition a spectrometric method was
used, and the test was performed with the device ,,Belec”, Figure
3.

Fig. 3 Device for chemical analysis.

Results of the chemical composition testing of steel
20MnCr5, as well as the values prescribed by standard are shown
in Table 6.

Table 6: The chemical composition of steel 20MnCr5.

Chemical composition, %
C Si Mn P S Cr
Declared 0’;17 max. l;’l max. max. E
[7] 0.2 0,4 14 0,025 | 0,035 13
Tested 018 | 035 | 1,23 | 0,021 | 0,028 | 1,26

3.4. Metallographic tests

Metallographic tests and recordings of the microstructures
were carried out on the cross-section of high-temperature
carbonitriding steel 20MnCr5 on samples 421 and 422.
Microstructures of the edge of high-temperature carbonitriding
steel 20MnCr5 are shown in Figure 4. In Figure 4.a, on the edge
of cross section of sample 421 rough martensitic structure can be
seen, while in Figure 4.b, on the edge of cross section of sample
422 finely distributed nitride can be detected.

a)‘
Fig. 4 The microscopic appearance of the edge of steel 20MnCr5.
a) sample 421, etched 3 % nital;
b) sample 422, etched 3 % nital



Microstructures of the core of high-temperature
carbonitriding steel 20MnCr5 are shown in Figure 5. In Figure
5.a is shown the fine grained structure of the core of sample 421,
in contrast to coarse grain structure of the core of sample 422,
shown in Figure 5.b.

Fig. 5 The microscopic appearance of the core of steel 20MnCr5.
a) sample 421, etched 3 % nital;
b) sample 422, etched 3 % nital

3.5. Hardness tests

To image the mechanical properties was complete, after
metallographic tests were measured values of surface hardnesses
by device ,, TH 720“, Figure 6.

Fig. 6 Device for hardness testing ,,TH 720.

The hardness flow of high-temperature carbonitriding steel
20MnCr5 was measured with Vickers method HV1 on the cross-
section of the samples 421 and 422, and the direction of
measurement was from the surface edge to the core. The results
are shown in Table 7.

Table 7: The measurement results of the surface hardnesses of steel

20MnCr5.
Distance from the edge, HV1
mm Sample 421 Sample 422
0,10 646 707
0,20 645 671
0,30 650 669
0,40 655 668
0,50 664 665
0,60 693 651
0,70 704 637
0,80 641 617
0,90 642 603
1,00 623 605
1,10 578 571
1,20 553 559
1,30 533 520
1,40 496 513
1,50 489 505
2,00 452 459
2,50 447 456
5,00 441 452
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3.6. Resistance testing to the adhesion wear

Resistance testing to the adhesion wear was carried out on the
device ,,SMT-1 2070“ by method disc/disc, Figure 7.

Fig. 7 Device for testing of the adhesion wear ,,SMT-1 2070

Method disc/disc is a laboratory test method. Test samples
used for testing by this method are shown in Figure 8. During
testing the lower sample (UZ) and the upper counter body (KT)
rotate independently of each other. Their mutual contact is
realized on the peripheral surface. There is a possibility of
selecting the appropriate rotational speed of the sample UZ and
counter body KT from the available range 75 + 1500 r/min and
selecting the appropriate load from the available range 0 + 5000
N.

12

Fig. 8 Test samples for resistance testing to the adhesion wear by method
disc/disc.

Test parameters of the adhesion wear resistance of steel
20MnCr5 are shown in Table 8. Marks A, B and C represent
parameters of resistance test to the adhesion wear with method
disc/disc. Samples of steel 20MnCr5 marked with 421 and 422
during the resistance test to the adhesion wear are loaded with
different forces to the constant speed of rotation.

Table 8: Test parameters of the adhesion wear resistance.

Mark A B C
F [N] 400 1200 2000
v [o/min] 600 600 600

In Figure 9 by histogram are presented mass loss of steel
20MnCr5 for samples 421 and 422 at selected conditions of the
resistance test to the adhesion wear.



0,09 Am[gx10%] 0,25 Am [gx109]
0,08 _
0,07 [ 0,20
o9 | —
0,06
— 0,15
0,05
0,04 B o010
0,03 B
0,02 ] B 0,05
0,01 B
0,00 ¥~ -~ 0,00
A B C A B C
a) b)

Fig. 9 The histogram representation of the mass loss of steel 20MnCr5.
a) sample 421;
b) sample 422

After perfomed resistance tests to the adhesion wear of steel
20MnCr5, the traces of sample 421 and sample 422 were
recorded, Figure 10.

a)
Fig. 10 The representation of the traces wear of steel 20MnCr5.
a) sample 421;
b) sample 422

4. Analysis of the results

Selection of representative gear's tribocouple are defined
frameworks for analyzing of high-temperature carbonitriding
MnCr steel, with a focus on the resistance to the adhesion wear.
Analysis of the results obtained by testing the chemical
composition of steel intended for high-temperature
carbonitriding, followed by resistance testing to the adhesion
wear, it was established that it is a steel 20MnCr5, Table 6. In
Figure 4.a, on the edge of cross section of sample 421, etched
with 3 % nital, with an increase 200:1, rough martensitic
structure can be seen, while in Figure 4.b, on the edge of sample
422, also etched with 3 % nital and with the same increase, finely
distributed nitride can be detected. In Figure 5.a, etched with 3 %
nital and with an increase of 500:1 is shown the fine grained
structure of the core of sample 421, in contrast to coarse grain
structure of the core of sample 422, shown in Figure 5.h. Values
of the measured hardnesses of the edge of sample 421 and sample
422 are higher than 700 HV1, while the values of the measured
hardnesses of the core range about 450 HV1, Table 7. From the
histogram in Figure 9 can be seen that to increase the force to the
constant speed of rotation, an increase in mass loss of high-
temperature carbonitriding steel 20MnCr5. After completion of
resistance testing to the adhesion wear, the traces of wear of
sample 421 and sample 422 are recorded, Figure 10. There is an
appearance of typical adhesion wear on sample 421 and sample
422, with note that the sample 422 has more pronounced
presence of surface ,,craters* which are probably the consequence
of the presence of fragile chemical compound Fe;N.
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5. Conclusion

High-temperature carbonitriding was performed on the steel
20MnCr5, by varying the potential of carbon and nitrogen in the
atmosphere of furnace during carburizing. Considering to a
relatively unexplored area of the higher contact loads, the
emphasis on these tests is placed on the researchs of resistance to
the adhesion wear in the conditions of contact load up to 2000 N
to the constant speed of rotation. The range of selected loads are
provided the opportunity to establishing relation with the
available literature data, and make conclusions on a wide area of
the influence of high contact loads on resistance to the adhesion
wear. At both of the tested samples, with the increase in load
during testing of resistance to the adhesion wear by method
disc/disc it came to mass loss. Despite the somewhat lower of the
surface hardness values it was noticed that a high-temperature
carbonitrided steel where the atmosphere of furnace at the
beginning of carburizing was enriched with nitrogen, and finally
with carbon showed significantly greater resistance to the
adhesion wear. His mass loss was up to three times lower
compared to the mass loss of steel that at the beginning of
carburizing had atmosphere of furnaces rich in carbon, and
finally with nitrogen. This behavior can be related with the claim
that the variable potential of the high-temperature carbonitriding
has a significant influence on the diffusion of carbon than
nitrogen diffusion, as well as the fact that in both steel for high-
temperature carbonitriding are created the higher share of
retained austenite.
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Abstract: The paper presents the effects of the mechanochemical activation of ThO,-UO; and ThO,-CeO, mixtures in air and (for ThO,-
UQ,) in suspension in H,O or CHCI,. Planetary ball mill (Pulverisette 5, Fritch) with stainless steel triboreactors and milling balls from the
same materials are used. Milling for 5 h of the ThO,-UO; mixture does not affect significantly the crystal structure of the ThO, but leads to
amorphization of UO3, sharp decrease of its crystallites size and increase of the ionic character of the U-O bond. Storage of the activated
product (2 months at room temperature) or heating (3 h, 165 °C) leads to partial relaxation of the UO; crystal structure. The X-ray
diffraction data does not give proves for formation of ThO,-UQ; solid solution.

Formation of solid solution Cey¢Thg 40, accompanied with some amount of amorphisized ThO,, is established as a result of co-milling at
the same conditions of the mixture ThO, - CeO, with a mole ratio 1. XRD-determined lattice parameter (5.4804(9) A) and crystallites size
(14 nm) of the obtained solid solution are in satisfactory agreement with literature data for the same product obtained via wet chemistry

route.

Keywords: THORIUM DIOXIDE, URANIUM TRIOXIDE, CERIUM DIOXIDE, MECHANOCHEMISTRY, SOLID OXIDE

SOLUTIONS, XRD, IR-SPECTROSCOPY

1. Introduction

At least two factors determine the research interest for
mixed actinide dioxides of the type ThO,-UO, and ThO,-PuO,: (i)
they are considered as a promising fuel for some types of nuclear
reactors. The application of solid solutions is preferred because they
insure uniform mixing of the individual oxides; (ii) thorium-based
dioxides are expected to have good performances in long-term
storage of radioactive waste because of the low solubility and very
low dissolution rates. In the same time it is known that cerium/CeO,
is suitable surrogate for Pu/PuO, due to the closeness of the cation
radii and the identity of the oxides crystal structure. So solid
solutions of the type ThO,-CeO, are of significant interest as model
systems [1-3], strengthened by the fact that Ce/CeO, is one of the
major fission products produced in the nuclear fuel.

The mentioned solid solutions are usually prepared through
dry chemistry routes but wet chemistry methods were also proposed
recently. A short review of the methods proposed for U-Th mixed
oxides is presented in [4]. Practically, all of the used methods
require transformation of U(VI) to U(IV) oxidation state, realized
electrochemically or by heating in reducing atmosphere or in
presence of reducing agent. Later on, the photochemically-induced
preparation of nano-powders of crystalline UO,-ThO, solid solution
has been investigated [5-7]. Preparation of Ce,Th;,0, solid
solutions through thermally induced transformation of oxalate
precursors [1, 2] or by citric sol-gel combustion technique followed
by a thermal annealing (1000 °C for 24 h) [3] is proposed.

The literature data on the effects of the mechanoactivation on
the 5f-elements compounds are rather limited. The mechano-
chemical behavior of uranium oxides is reported in [8-11]. It was
shown that they are comparatively stable upon mechanical
treatment. The main effect of the mechanoactivation on the U3Og
and UO; in air or in suspension with organic solvents is the
reduction of U(VI) with the formation of UO,, U;0; and U,Os; the
degree of reduction and the leaching of 2**U and the decay product
284Th (the later - as a result of mechanoactivation in suspension with
organic solvents) is found to depend on the mechanical treatment
conditions and of the complexing agent nature. Mechanochemically
assisted preparation of U-Th [4], U-La and U-Ce [12] oxide solid
solutions was proposed: the polyphase product of external gelation
process with the participation of U- and Th nitrates (analogous to
the one described by Kumar et al. [13] for synthesis of U-Ce mixed
oxides) is undergone to mechanical treatment, the later leading to
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phase homogeneous product. Solid (U,Pu)O, solution is obtained by
co-milling of UO, and PuO, [14]. Nanocrystalline UO,., powders
have been prepared by high-energy ball milling and subsequently
consolidated into dense fuel pellets under high pressure [15].

In the present work the potential is studied of the solely
mechanochemical treatment for synthesis of Th-U and Ce-Th oxide
solid solutions via co-milling of the individual oxides ThO,-UO,
and ThO,-CeO,, respectively.

2. Materials and Methods

Pure ThO, (5 g, Carlo Erba Reagents, Italy) and its mixture with
UO;0.8H,0 (Chemapol) (3 g ThO, and 2g UOjz were
mechanically activated in air or as suspension in 8 ml CHCI; or in 6
ml distilled H,O as shown on Fig. 1. After activation in suspension
the solid phase was separated by filtering through fine-porous filter,
rinsed few times with a total volume of 50 ml CHClI; or H,O (when
suspensions are used) and dried at room temperature. Part of the
mixture milled in CHCI; was heated for 3 h at 165 °C.

Another set of experiments was performed with a mixture of
ThO, and CeO, (total mass about 5.2 g mole ratio Th:Ce = 1),
mechanically activated in air.

Planetary ball mill (Pulverisette 5, Fritch) with stainless steel
vessels of 80 cm® volume and balls from the same material (7-15
mm in diameter) were used. The activation was performed for 5 h at
mechanical load of 12g.

The X-ray diffractograms of the samples before and after the
mechanochemical processing were taken by a powder
diffractometer Siemens D500 using CuK, radiation filtered by a
secondary monochromator (40 kV, 30 mA, 0.05° 20/2 s). The
relative content and mean crystallite size of the oxides were
determined from XRD pattern using the program POWDER CELL
[16]. The crystal cell parameter, size of crystallites and density (for
the ThO,-CeO, system) were determined by the BRASS program
[17].

The IR spectra in the range 4000-400 cm™ were recorded by a
Bruker spectrometer in capillary layer.

Optical microscope B-130 (Optika, Italy) equipped with
Celestron digital microscope Imager with 2 mega-pixel sensor and
IR cut-off filter was used for observation of the mixture of ThO,
and CeO, before and after the mechanical processing.



3. Results and Discussion
3.1. Mechanochemical effects on ThO, in air and in suspension

The mechanical treatment of ThO, neither in air [4], nor in
CHCl;-suspension (at above described experimental conditions)
leads to any changes in its X-ray diffractogram (Fig. 1) which
completely correspond to the one of the referent ThO, (JCPDS 78-
0685, 2001).
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Fig. 1 X-ray diffractogramms of the initial UOs and ThO,;
mechanoactivated products; ThO,-UO; mixture post activation
heated. Miller indices for UOz; and ThO, are shown.

3.2. Mechanochemical effects on mixture of ThO,and UO;

Milling in air of the ThO,-UO3; mixture practically does not
change the X-ray diffraction behavior of the ThO, (compared with
the initial oxide) but drastically decreases the crystallites size of
UO; (Table 1). Amorphyzation of the UO; as a result of
mechanoactivation is reported in [10], also. The intensity of the
UO;-peaks vigorously decrease (the diffractogram of the milled
mixture becomes rather close to that of the initial thoria, Fig. 1).
Due to that the relative content of UO,, calculated from the
diffraction data is much lower (Table 1) than that in the initial
mixture (60 %). The activation of the mixture in CHCIz- or H,O-
suspension leads to similar, but less (especially in CHCI; medium)
pronounced effect of UO; amorphyzation (Fig. 1). The X-ray
diffraction data does not give proves for formation of ThO,-UO;
solid solution.

Table 1: Relative content (RC, %) and crystallites size (CS, nm) of
ThO, and UO; in studied samples before and after mechanical
treatment in air

ThO,+ UO,-air-heated

Mechano- Post- ThO, UO;
Sample . activation
activation heatlng RC CcS RC CcS
ThO, 100 32 - -
No -
U0, - - 100 56
No 95 29 5 5
ThO,- 160°C,3h | 85 28 15 17
UO; Yes 2500
mixture ! 64 25 36 47
2 months

An interesting effect of relaxation of the UOj; crystal structure is
observed with time at ambient temperature which is promoted by
heating for 3 h at 165 °C (Fig. 1, Table 1). Relaxation of the crystal
structure of mechanoactivated UO; promoted by heating (at 300 °C)
is also reported in [9].

The mechanochemically-induced amorphyzation is the probable
reason for the changes in the general pattern of the samples IR-
spectra (Fig. 2). Besides that, some changes in the region 950-850
cm?® (connected with uranyl-type U-O-bond vibration) are
observed. While the band around 937 cm™ (asymmetric stretching
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Fig. 2 IR-spectra (4000 — 400 cm™) of the initial UO; and ThO,;
mechanoactivated products and of activated ThO,-UO; mixture
heated for 3 h at 165 °C.

vibration v,(U-O) [9]), existing in the initial UQO;3, is slightly
affected by the activation in CHCIs- suspension, it is significantly
shifted to lower wave-lengths (to 907 cm™®) when activation in air is
performed. The shift reveals an increase of the ionic character of the
U-O bond and, respectively, its weakening. The subsequent heating
of the activated sample (3 h, 165 °C) does not lead to restoration of
the bond character, i.e. it seems that the heating leads to relaxation
of the crystal, but not the molecular structure.

3.3. Mechanochemical effects on mixture of ThO,and CeO,

The X-ray diffractogramms of the initial ThO, and the product
obtained after mechanoactivation of a mixture ThO,-CeO, are
shown on Fig. 3. Table 2 contains the data for the interplanar
distances and the diffraction peaks relative intensity of ThO,, CeO,
and the product of activation of their mixture.

o
—
—

Intensity, a.u.

T T T T T T T T T T T T 1
20 25 3.0 3.5 4.0 4.5

Interplanar spacing d, A

Fig. 3 X-ray diffractogramms of the initial ThO, and CeO, and the
product obtained after mechanoactivation of the ThO,-CeO,
mixture.

Data for the lattice constant, the density and the size of
crystallites of the components of the studied system are shown in
Table 3. The sharp decrease of the size of the crystals as a result of
milling, seen on the optical microscopy images (Fig. 4), is
accompanied with more than two times decrease of crystallites size
of the obtained mixed oxide compared with that of the initial ThO,
and more than four times, compared to the initial CeO,.



The density and the lattice parameter of the activated product
(Table 3) takes an intermediate values between the constants of the

Table 2: Interplanar distances and relative intensity of ThO,, CeO,
and the product of their mixture activation

ThOZ CeO, CeyThl_yOZ
JCPDS 42-1462 | JCPDS 43-1002 | Present work
d, A 1,% d, A I, % d, A I, %
3.232 100 3.1240 100 | 3.166 | 100
2.799 41 2.7060 27 2.739 | 33
1.9787 45 1.9132 46 1.937 39
1.6877 46 1.6316 34 1.654 | 32
1.6159 11 1.5621 6 1.588 8
1.3993 7 1.3528 6 1.366 6
1.2841 18 1.264 10
1.2516 14 1.2414 12 1.223 8
1.1426 13 1.2100 7 1.119 7

Table 3: Some physical parameters of the initial oxides and the
mechanoactivated product

Parameter ThO, CeO, Ce,Th,,0,
Lattice constant, A 5.5915 5.4037 5.4804(9)
Density, g/cm® 10.0223 7.2261 8.7986
Crystallites size, nm 32 65 14

b

Fig. 4 Microscopic images of the mechanical mixture of ThO, and
CeO, bhefore (a) and after (b) mechanochemical treatment;
magnification 40x, size bar 20 um.

initial oxides (without any distortion in unit cell) suggesting
formation of a solid solution. The same FCC fluorite-type structures

of both initial oxides and closeness of the ionic radii (96 pm for
Ce*" and 105 pm for Th*" [2]) are good grounds for a solid solution
formation.

The stoichiometry of the product of mechanoactivation was
determined using the Vegard’s law (linear dependence exists
between the lattice parameter and the molar part of the elements in
the solid solution). The dependence of the lattice parameter a and
Th-content cy, in the activated product is shown on Fig. 5 using
literature values for the lattice constants of the initial oxides (Table
3). From the derived straight line equation

a [A] = 5.4037 + 0.00188cr;, [mol %],

accounting for the found (from the X-ray data) value of the solid
solution constant (Table 3) follows that ¢, = 40 mol%, i.e. the solid
oxide solution has to be written as CeygThy40,. The so found
composition is different from the composition of the initial oxide
mixture in which the mole ratio Ce/Th = 1. This fact leads to two
important deductions: (i) it has to be supposed that in this system
ThO, is much more inclined to amorphyzation than in the ThO,-
UO; system and some amount of strongly amorphysized ThO, is
present in the mechanically treated system; (ii) despite the
availability of ThO; in the milled system, solid solution, richer to
ThO,, is not produced. Other synthetic methods permit preparation
of such mixed oxides, up to Ceq;Thg o0, [3].

® Literature data
O Experimental parameter
Linear Fit of Data1_B

5.60 4

5.55 4

5.50 4

5.45 4

Lattice parameter (A)

5.40 4

0 20 40 60 80 100
Th content (mol %)

Fig. 5 Dependence of the lattice parameter on the relative content
of ThO, in the mechanochemically formed solid solution

Table 4: Lattice parameter (a) in dependence of the mole part (y) of
Ce in the Ce,Th,.,0,

y a, A Reference
0.4 | 5.43 3, JC-PDF 78-0704
0.5 | 5.5044(1) 2
0.6 | 5.4942(1) 2
0.6 | 5.4804(9) Present work

A satisfactory agreement is found between literature data for the
lattice constants of the mixed oxides of the type Ce,Th;.,O, and the
value determined in the present paper (Table 4).

The size of the particles of the newly synthesized product is two
times smaller than that of the initial ThO, suggesting that radical
changes take part in the course of the mechanochemical treatment.

An interesting comparison can be made between the crystallites
size of the mechanochemically obtained CeygThg 4O, and that of the
analogous mixed oxide prepared through thermally induced
transformation of oxalate precursors [2]. The size of crystallites of
the later product increases with the increase of the heating
temperature and is found to be 5 nm after heating at 400 °C, 15 nm
at 900 °C and 50-60 nm at 1200 °C [2]. As it is shown in Table 3,
14 nm were determined in the present work. So, one can speculate
that the mechanical treatment (at the conditions described in the



Materials and Methods part of the paper) is equal to heating of
roughly 800-900 °C. Such an approximation is supported by the
general pattern of the X-ray diffractograms of the compared
products. Shapely, but relatively broad XRD lines are seen on Fig.
3, similar to the ones obtained in the diffractogram of the solid
solution produced via wet chemistry route after heating at about 800
°C[2].

4, Conclusions

The present study shows that the ThO, is rather stable upon
mechanical treatment in air or as CHClz-suspension. The
mechanoactivation of a mixture of ThO, and UQO; in air and in
suspension in H,O or CHCI; affects the UO; only, leading to its
amorphyzation and destroying of its crystal structure; this effect is
strongly revealed at air-milling and is lowest in CHCl5-suspension.
No X-ray proves for mechanochemical formation of solid solution
ThO,-UO; is found.

The response of the ThO, to the mechanochemical treatment in
mixture with CeO, is rather different. The main effect is formation
of solid solution Ce,Th;.,O, where, it seems that at the conditions
applied in this work, y < 0.6. Most probably, the excess of Th in the
activated system remains in amorphous state. The lattice constant
and crystallites size of the obtained solid solution are in satisfactory
agreement with literature data for the same product obtained via wet
chemistry route.
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APPLICATION OF NONLINEAR CONTROLLED COOLING REGIMES FOR
STRUCTURE FORMATION MANAGEMENT IN EUTECTOID STEEL

[IPUMEHEHUE PEXXMMOB HEJIMHEMHOI'O KOHTPOJIMPYEMOI'O OXJTAXKAEHMA UL
YIIPABJIEHUA CTPYKTYPOOBPA3OBAHMEM B SBTEKTONIHOU CTAJIN

Ph.D. Kaverinsky V., Prof., Dr.Sc. Trotsan A., eng. Sukhenko Z., Prof., Dr.Sc. Bagliuk G.
Institute for Problems in Material Science, Ukraine

Abstract. Using computer modelling with originally developed semi empirical physical grounded models study of structure formation when
austenite transformation during cooling by certain regime in eutectoid steel was carried out. The model allowed us to predict final structure.
Cooling curves leading to fine pearlite (almost without bainite) and lower bainite (with a small part of fine pearlite) structures were find
out. The results obtained could be useful for high carbon ordinary instrumental and constructional steels with higher manganese production
and processing (rails, cord and rope wire, springs, low stressed instruments). Realization of the fine pearlite obtaining regime needs
equipment that could provide cooling rates from 0.04 deg./sec. to 6.6 deg./sec. with average value of 1.1 deg./sec.. For bainitic structure
obtaining the range of cooling rates provided shoud be from 0.14 deg./sec. to 14.0 deg./sec. with average value of 2.2 deg./sec. The cooling
intensivity must have an ability to arbitrary and controlled changing during process.

KEYWORDS: STEEL, STRUCTURE FORMATION, AUSTENITE TRANSFORMATION, HEAT PROCESSING

1. Introduction form in the certain conditions of temperature regime during
transformation process.

The objective of the research is to define cooling two regimes one

of which leads to formation of a fine pearlite structure without or 2.1. Studied material

almost without bainite and martensite, and another that provides a

lower bainite structure with less content of pearlite (only fine one) Chemical composition of the studied steel in this work is given in

and higher bainite, martensite also is not wished. table 1.

Ordinary high carbon eutectoid steels have quite wide area of Table 1
usage. They have their application in cases where high hardness or Chemical composition of the studied steel
resiliency or ware resistant is needed. They do not have so much Fe C Mn | Si Cr Ni Mo | Cu
hardness and ability to rapid cutting (which needs from material base | 0.75 | 0.95 | 0.35 | 0.03 | 0.05 | 0.02 | 0.06
ability to save hardness at higher temperatures) as some high
alloyed instrumental steels. But they are rather useful for hand tools, It’s seen that the steel is near to eutectoid and has higher

or wood and plastic machining cutting tools. As a constructional  amount of Mn and normal concentration of Si. Content of other
material they are known as steel for springs, steel for cord and metal elements is small, but they were also taken into account in
rope wire, and very important area of their application is material simulation. It is a typical rail or spring steel.

for rails [1, 2]. According to thermodynamic calculations equilibrium critical
Normal equilibrium structure of this type of steels is pearlitt —  points of this steel are A; = 729 °C and A, = 733 °C.

eutectoid which consists of ferrite and carbide (cementite) plates.

The smaller thickness of this plates the finer pearlite is the higher its 2.2 Calculation and its results

mechanical properties. Finer pearlite is forming at lower
temperatures. Along with pearlite in some conditions at lower
temperatures bainitic structures also could be obtained in these
steels. Bainite could be present in this steels mixed with pearlite or
the structure could be almost fully bainitic. High carbon steels have
also good ability to quenching during which martensite is forming

Different shapes of cooling curves were used in the simulations. It
was predicted that the structure which almost totally consists of
fine pearlite could be formed when the cooling regime is
responding to one that is shown on figure 1.

[1].

There is no one certain opinion whether lower bainite or fine 1000
pearlite is better. The most wide spared and useful now are steels 3) \
with pearlitic structure. Bainitic structure for construction materials © 800
was studied [3, 4], but the properties obtained in steel with bainite \

g 6
were not much better, sometimes even worse then in the same steel %
but with fine pearlitic structure [4]. But in work [3] it was shown @ 400 N
o
52
=

that changing chemical composition of the steel it is possible to

obtain much better complex of properties (especially ware 00

resistance) in bainitic steels. These steels have much less content of 0

carbon, more Mn and some amount of Mo and Cr [3]. But bainitic

structure sometimes is helpful in instrumental steels instead of 0 S 10 15 20 25 30
martensite. It is because lower bainite is less brittle and more elastic Time, min

than martensite.

Detailed description of the mathematic model of austenite
transformation is given in our works [5, 6] and detailed model
examples with experimental verifications are presented in [5, 7]. It
allows calculation of nucleation and grows of different phases that
could occur in steels. Thermodynamics of phase transformation is : ! ! s !
also calculated by the model. But the main objective of it is  cooling curve from figure 1 is shown on figure 2. From this
calculation of kinetics. One of the most important essences of the  illustration we can see that the transformations are almost
model is that it allows to predict the material structure which could ~ completely end at about 514 °C. This moment comes after 1094 s

Figure 1 — Cooling regime for fine pearlite bainiteless structure
obtaining in the eutectoid steel

Results of austenite transformation simulation (kinetic curve)
in the investigated steel when temperature changes according to the

144



from the beginning of the process and after 1063 s after the pearlite
transformation starts (about 18 min) according to computer
simulation. The pearlite transformation starts below 727 °C, but
goes very slowly at the beginning. Because we don’t need rough
pearlite the cooling rate in this period should be competently fast:
from 5.0 to 6.6 deg./sec.

100
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0 o
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Temperature, °C

Figure 2 — Kinetic curve of austenite transformation in the regime
of fine pearlite structure obtaining

Especially fast cooling rate is necessary lower 650 °C when
the transformation process becomes quite swift. In this research it
was considered that the fine pearlite structure should be obtained
without quenching or cooling in liquid metal melts but by fast air
cooling. This process has its limits, so that we obtain about 10 % of
pearlite formed higher 575 °C. But fortunately amount of the
pearlite formed higher 630 °C is very small. The bent of the kinetic
curve near 570 °C is caused by slowing of the cooling rate (see
figure 1). This deliberately decrease of the cooling rate to 0.4...0.7
deg./sec is needed to make pearlite transformation completely
performed in a limited temperature range. This range is from 570 to
515 °C and its duration is about 19 minutes. This is enough to make
pearlite transformation completely finished. Lower 515 °C
according to calculations there is a possibility of higher bainite
formation which is not wished in this case.

Another regime is aimed to a bainite structure obtaining. Its
cooling curve is shown on Figure 3.
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Figure 3 — Cooling regime for lower bainite structure obtaining in
the eutectoid steel

This technique needs faster cooling rate at the beginning of the
process. During first 80 seconds it should be 7...14 deg./sec. After
this time metal should have temperature 325 °C. According to
simulation it is the temperature when lower bainite becomes
forming, but significantly higher than temperature of martensite
transformation start which is 228 °C. Thus for lower bainite
structure obtaining it is necessary to decrease the cooling rate to
value 0.14...0.15 deg./sec. After about 7 minutes the bainite
transformation is complete. The temperature at the end of the
transformation is about 250 °C which is higher than temperature of
martensite transformation start. Thus there is no martensite in the
structure. A kinetic curve of the process is given on figure 4.

From the curve a certain separation of pearlite and bainite
transformation is seen. Some pearlite which seems to be a fine one
appear between 630 and 455 °C. Its amount in the structure is
astimated to be 25.3 % from which 22.8 is a fine disperse pearlite
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and 2.3 is ordinary pearlite. The fastest cooling rate should be set in
the temperature range from 450 °C to 325 °C. Austenite is less
stable in this period and is able to transform to brittle higher bainite,
which is not a wished structure. Thus the cooling rate should be
raised up to 14 deg./sec. Lower 325 °C austenite transforms to
lower bainite. In the final structure by our computer model presence
of 74.1 % of lower bainite was estimated.
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Figure 4 — Kinetic curve of austenite transformation in the
regime of bainite structure obtaining

3. Conclusions

Using self developed computer model regimes for fine pearlite and
bainite structure in eutectoid steel with higher manganese obtaining
were developed. The regimes provide turning of higher cooling rate
to slower ones at certain temperatures. Pearlite forming needs
cooling rate 5.0...6.6 deg./sec. before 575 °C and than slowing it to
0.04...0.7 deg./sec. for 19 minutes. Regime for bainite structure
obtaining is some faster. It needs cooling with rate 7...14 deg./sec.
higher 325 °C (especially intensive at 450... 325 °C) and than
slowing it to 0.14...0.15 deg./sec. for 7...8 minutes.

The obtained results present in the paper are useful for high
carbon ordinary instrumental and constructional steels with higher
manganese thermal processing regimes developing.
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A INVERSE PROBLEM IN ULTRASONIC TESTING AND
MECHANICAL PROPERTIES OF POLYCRYSTALLINE MATERIALS
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MATERIALS

Abstract: The direct problem in ultrasonic testing (UT) is: “Evaluation of attenuation coefficient by means velocity of ultrasonic
wave propagation, frequency and grain size in polycrystalline materials™. The inverse problem in UT is formulate as “Non-destructive

evaluation of grain size by measurement of acoustical characteristics”. The values of acoustical characteristics (V,_;VT o f) are

measured, according ASTM E 494:2015. In this article a equation for grain size (D) is derived.
Key words:, ultrasonic testing, acoustical characteristics, grain size, yield stress, ultimate tensile stress, fatigue limit.

1.Introduction
In UT investigation of polycrystalline materials the relationship

o, =o, (\/,_;VT i i D) This is Lifshic-
Parhomenko-Merkulov’s formula [1]
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is obtain.
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where O - density, (5) - grain size; f — frequency;
(VL;VT;aL;f) - velocity of longitudinal -V and

transversal VT - ultrasonic waves, ¢, - attenuation in ultrasonic

2
wave propagation, f = ,0.(\/T ) ,
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This is direct problem in ultrasonic testing (UT).

2. Inverse problem in ultrasonic testing
The inverse problem in UT is formulate as “Non -destructive

size (D)
acoustical ~characteristics (VL;VT;OlL; f) of the

material”.
After reversing the direct problem (1), a cubic equation (with a
single real root) to determine the grain size is obtained [2]
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This is equation for evaluation of the grain size (D) by means

(VL;VT;aL; f)'

evaluation (NDE) of grain by measurement of

measured  acoustical  characteristics
according ASTM E 494:2015.

3. Mechanical properties

3.1. Yield stress - O'g
This value is evaluated by means Hall-Petch’s relationship [3]

@) og=0,+ Ky(ﬁ) o
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It is accepted that the constant is called "Pierre-Nabaro's tension™
[3]. It takes into account the frictional tension - which
compensates for the forces overcome by the dislocations when
they move into the grain, [3]:

@) 7 —Eex - on ¢
TS TR

where V - Poisson coefficient, G - sliding module, a and ¢ -
crystalline grid parameters in a plane {100}. For ¢ ~ 0.2% i.e.

low - carbon steels. The approximation of parameter o, is

6 o x2. %
31—y
where [0,]=MPa; [G] = GPa.

The constant Ky is called Petch’s coefficient. It takes into

account the passage of dislocations from one grain to another
[4]:

1/2

K,_ 2 o

G cos$ |257(1-v)

where 9 - angle of maximum deviation of the slip directions,

(6)

|b| - module of the Burger,s vector [3].
After regrouping the values in (6), for the Petch’s coefficient

K 4 is obtain

G

=3

where [K,]=MPa/mm"'?, [G] =GPa As
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then from relationships (5) and (7) are obtain
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This is the obvious look of coefficients (O'O; Ky) in Hall-
Petch’s relationship (3).
NDE of yield stress - Og is by (9), (10) and the solution

D= B(VL Voo f ) of equation (2).

3.2. Ultimate tensile stress - O g
Is being considered the Busibesq’s solution [6,7]

1) o =o(v)HB

where HB- Brinel’s hardness, V' -Poison ratio,
p(v) = {% 1-2.v) +§(1+ v [2.a+w)]"? } :

05— (V; V)

>
1- (VT /VL)
Putting (11) in Hall-Petch’s relationship (3) we have
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(12) o5 =0,+ Ky(D) = p(v)HB
This is Stroh‘s relationship [5] in type
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v
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it (V)= g[)(VL V5 ) then according (5) , (7), and (8), the
relationships (14) and (15) are recorded in the form
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The value of Op, by Markovic’s relationship,

o ~0.34HB"* [7], s obtain,
NDE of ultimate tensile stress - O 5 is by (16), (17) ,the solution
D= B(VL Voo f ) of equation (2) and Markovic’s

relationship.

3.3. Fatigue limit- 0 _;
This value is evaluated by Terentiev’s relationship [9]

o, = o-(()—l) n K§_l) {5} -1/2

To derivate the coefficients (0(()71); Ki,fl)) in (18) is being

(18)

considered the ratio [8]

O'_l _ 0165HB _ 0165Q)_1(V)

o (o(v)HB

We have the recording
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Therefore
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According (5) and (7) for the coefficients (20) and (21) are obtain
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According (8) the coefficients (O' (()_l); K(_l)) are
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This is the obvious look of coefficients (O'(()fl); Ki,fl)) in
Terentiev’s relationship (18).

NDE of Fatigue limit - O _; is by (24), (25) and the solution
D= B(VL Voo f ) of equation (2) .

4. Conclusion
It's resolved the inverse problem: Non destructive evaluation of

(D) by means measure of acoustical characteristics of the
material i.e.

@) D=D(V, ;V;;a.;f).

The values measurement of (V,_ ;VT ;Oll_) are according

ASTM E 494:2015.
For the non-destructive evaluation of mechanical properties:

O ,0p and O _; by means

@) os=0(V Vi f):
@) oy =0,V Vria;f);
@) o,=0,V Vi ;)

are could be used.
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Abstract. The aim of this work is to study the influence of the combined process of "pressing-drawing™ on the microstructure and
mechanical properties of aluminium wire. Analysis of the results of the research has shown that the proposed combined method of
deformation "pressing-drawing" has a significant advantage over the existing technology of production of aluminium wire. This method of
deformation due to combination of two ways: by severe plastic deformation in equal channel step die and the process of drawing through a
drawing die, allows obtaining aluminium wire with ultrafine-grained structure and a high level of mechanical properties, required size and
shape of the cross section at a small number of cycles of deformation. Also would like to mention that this method of deformation in
implementing it in production does not require significant economic investments, and substantial refitting of existing drawing mills.
KEYWORDS: PRESSING-DRAWING; COMBINED PROCESS; ALUMINIUM WIRE; MICROSTRUCTURE.

1. Introduction

The contemporary level of electronic technology development
has led to the appearance of devices that often have moving parts
and / or work in difficult conditions. Therefore, interest in the
problems of forming physical and mechanical properties of
functional conductor materials has recently grown abroad in
connection with the need to stabilize the properties of current
conductors and increase their reliability, including in heavily loaded
cable systems, motor and generators windings and low-current
computer networks [1-2]. The increased interest of researchers in
such materials has greatly increased in recent decades in connection
with the use of severe plastic deformation (SPD) methods to obtain
bulk materials with fine grains characterized by high physical and
mechanical properties [3-4].

Nowadays, the mechanical properties of bulk nanostructured
materials generate particular interest. It is known that they are
characterized by an increase in the yield point by 2-5 times
compared with the corresponding values on SPD at coarse-
cristalline state [5-6]. The paradox of SPD, consisting in the
simultaneous growth of strength and plasticity as the degree of SPD
increases, low-temperature and highspeed superplasticity,
deviations from the Hall-Petch law to the higher values of the yield
point [7-9].

The SPD method is free from disadvantages of other methods
of obtaining such materials, such as the method of compacting
powders obtained previously by various methods, and the method
of depositing gas atoms on a substrate or electric deposition of
atoms from an electrolyte solution. When the materials are
compacted or deposited, impurities and pores flow into the
boundaries of their grains, influencing the properties of the obtained
materials. Among the SPD methods, the ECAP method is especially
noteworthy [10-12].

A polycrystalline sample of a macroscopic volume subjected
to ECAP retains its shape after multiple extrusions through a curved
channel. As a rule, ultrafine-grained or nanocrystalline materials,
obtained at the output, have nonequilibrium grain boundaries and a
considerable density of lattice defects [13]. These features of the
microstructure formed in the SPD process underlie the mechanical
properties of the materials. However, the ECAP has a disadvantage
— the impossibility of processing products of relatively large length
due to loss of stability by a pressing punch. On the basis of a
comprehensive analysis of the existing schemes of plastic structure
formation and also taking into account the promising directions of
their development [14-15], a new combined "pressing-drawing"
process using an equal-channel step matrix (Figure 1) was
proposed. It enables to obtain a wire with an ultrafine-grained
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structure and increased level of mechanical properties, required
dimensions and shape of the cross section at insignificant number of
deformation cycles.

2 1

5

1 — wire; 2 — pushing device; 3 - equal channel step matrix; 4 —
calibrating drawing tool; 5 - winding drum
Fig. 1. Scheme of the combined process of "pressing-drawing"

The gist of the proposed deformation method consists in the
following. Preliminary sharpened end of the wire is set to equal-
channel step die and then subsequently in the finishing die. At its
core, process setting metal does not differ from the setting of the
wire in a drawing die at a standard process of drawing. After the
end of the workpiece exits the die it is fixed by means of gripping
tongs and is wound on a drum drawing machine. In this case, the
process of drawing the workpiece through an equal channel step die
and a caliber die is realized by the application to the end of the
workpiece stretching force. The external load is applied to the
drawing metal and on the surface of the contact metal - tool contact
stresses arise. Unlike other methods of material forming, the
implementation of which cannot be carried out without the presence
of the contact friction forces at drawing on metal-tool, directed
against metal movement, are negative phenomena of the process,
which undoubtedly involves the use of technology lubricants that
reduce friction.

To determine the effects of a new combined method of
deformation  "pressing-drawing” on the changes in the
microstructure and mechanical properties of aluminum wire
laboratory experiment was carried out at an industrial drawing
machine - 1/550 M. For the first cycle of deformation before the
draw plate with working diameter of 7 mm equal channel step die
with channel diameter is 7 mm and the angle of the junction of
channels equal to 135° was fixed. The die was placed in a container
for lubrication.

The initial diameter of the wire was 7.0 mm. After the process
of pressing-drawing wire diameter has been 6.0 mm. All
compression was carried out only in the drawing die, after exiting
the workpiece from the equal channel step die wire diameter stayed



unchanged at 7.0 mm. The experiment was duplicated four times. In
this case after each experiment wire diameter was measured and cut
templates for production of microsections in the transverse and
longitudinal direction.

In order to identify the advantages of the proposed technology
in comparison with the current technology of drawing three passes
annealed wire of aluminum for each technology were carried out.
l.e. clean drawing wire rod was carried out diameter of 7.0 mm in
the drawing die on diameter 6.0 mm, equal channel angular drawing
and combined process of "pressing-drawing". In this case also, after
each experiment wire diameter was measured and cut templates for
production of microsections in the transverse and longitudinal
direction. As a lubricant chips of soap were used.

2. Results and discussion

Preparation microsections for metallographic investigations
carried out by the standard method, for the study a scanning
electron microscope JEOL JSM 5910 was used.

The results of the study of the microstructure of aluminum
before and after the third cycle of deformation are shown in Fig. 2.
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a —the initial structure, b — by the proposed ECAP-D
technology, transverse direction, ¢ - at existing technology of
drawing, transverse direction

Fig. 2. Structure of wire of aluminum

Having conducted metallographic analysis of the deformed
samples it can be concluded that the cold deformation when
drawing at the current technology with a moderate and high total
compression leads to the formation of a distinct textured structure.
However, even as a result of substantial compressions produced
wire in drawing process, not all grains are crushed and are
deployed in the direction of the axis of deformation. As shown by
metallographic analysis of the samples, resulting in uneven
allocation the deformation over the cross section in the central part
of the longitudinal sectional of the wire area of large grains is
retained, resulting in an inadequate level of the plastic properties of
the finished wire, in particular elongation. Thus from figure 3c it is
shown that in this case deformation leads to insignificant of grain
refinement in the transverse direction, in the longitudinal direction
grains are elongated and somewhat refined with the formation a
visible axial texture. Also it should be noted that in the longitudinal
direction of the deformed samples the texture is pronounced and
has striated character. The appearance of texture of drawing leads
to anisotropy of the material properties in the longitudinal and
transverse directions, which may adversely affect the operation
parameters of the finished product. To reduce the appearance of
axial deformation texture it is necessary to carry out
recrystallization annealing of obtained wire with correctly chosen
heat treatment parameters.

When using the proposed technology of deformation, i.e.
combined process of "pressing-drawing”, as shown in Figure 3b,
already in three passes change of the initial microstructure was a
significant, at the same time significantly in the less degree texture
expressed and anisotropy, respectively. The proposed combined
technology "pressing-drawing" eliminates the disadvantages of
drawing process. In the first stage of drawing to a 30-40%
breakdown cellular structure is formed. The local increase in
internal stress field causes the formation of stable microcracks.
Intensive disclosure of stable microdefect leads to stress relaxation
that during subsequent deformation opens previously blocked the
Frank-Read sources. Simultaneously cellular structure being
improved fibrous structure is arisen and texture is formed. To
achieve ultra-fine grain structure only by the uniform flow of
dislocations is impossible: the accumulation of plastic deformation
and dislocation density growth there is disproportionately rapid
increase detents and obstacles hindering their progress through the
crystal. Dislocation flow gradually depletes the level of internal
stress increases. This continues until cracks begin to appear, brittle
fracture of the sample occurs. To avoid this, and the energy
delivered to the sample is not accumulated in the material mainly in
the form of elastic distortions, and continue to dissipate, equal
channel step die will be applicable, where the shear deformation



are and large-borders will be formed as a result of conditions for
continuation of the plastic deformation at large strains creates.

Results of mechanical studies are presented in Tab. 1. The
strength characteristics of aluminum represented by the values of
tensile yield or and yield strength o, plastic characteristics
represented by values of percentage reduction and elongation of
samples before destruction.

Table 1 - Results of mechanical testing of wire samples

Designation Yield Tensile Perc%r;tage Percentage,
processing strength yield .| reduction
elongation
technology o, MPa | o7, MPa Vs, %
s, %
Annealing 115 120 18,0 60,0
Classic drawing 203 198 15,5 44,0
ECAP-D 316 312 16,0 49,0
Technology

The greatest change in the yield strength and tensile strength
values (as changes in the microhardness) during the pressing-
drawing occurs after the first pass. At subsequent passes, this
increase occurs more uniformly. The values of tensile strength and
yield increase for three passes from 115 to 316 MPa (absolute
increase is 201 MPa) and from 120 to 312 MPa (absolute increase
is 192 MPa), respectively.

As is known, the characteristic that most fully reflects the
ability of the material to plastic deformation is a percentage
reduction in the area of neck. Percentage reduction in the aluminum
is changed from 60 to 49%.

From the analysis of carried out mechanical tests of samples
by different technologies, we can conclude that the best mechanical
characteristics there has a treated wire by the combined technology
of "pressing-drawing". An increase in the yield strength and tensile
strength values are observed and also index of the hardness, with
the preservation of plasticity.

3. Conclusion

Based on this research we can conclude that the proposed
combined method of deformation "pressing-drawing" has a
significant advantage compared to previously known methods of
producing a metal with subultrafine structure, because this method
of deformation due to the combining two ways: severe plastic
deformation in the equal channel step die and drawing process
through a drawing die, allows to obtain the workpieces (aluminum
wire) of required dimensions and shape cross section, having
subultrafine structure at insignificant number of cycles and also
removes restrictions on the length of the initial workpiece, and
hence allows to obtain finished products length of up to several
tens of meters.

Also would like to note that this method of deformation when
introducing it into production does not require significant economic
investment and can be implemented in industrial enterprises of the
country for the production of wire so that it does not require
retrofitting of existing drawing mills. Because for implementation
of this combined process only the addition requires in construction
equipment, equal channel step die, intended for drawing through it
the material.
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Abstract. The paper presents standard statistical robust bi-criteria procedure for determining expert assessments for the influence of
magnesium alloy components on the controlled mechanical properties: tensile strength and relative elongation. There are obtained
regression models describing mechanical characteristics from the amount of aluminum, manganese, nickel and silicon directly related to
the exploitation properties of the product. The applied bi-criteria approach makes it possible to determine of compositions ensuring

relatively optimal values of the explored quality indicators.
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I. Introduction

Modern industry has to improve the parameters of creating
products taking into account environmental and economic
constraints. In this aspect competing magnesium companies need
to have software tools and approaches to assist their activity in
finding rational decisions related to the impact of composition and
processing parameters on the final properties of the manufactured
products. The possession of such tools helps to monitor and control
production and technology change with reaching various
technological properties of the final product. The creation of
mathematical models to analyze the objects of metallurgical and
casting process under examination is an important stage in
achieving this goal. These models contribute to improve the set of
properties and the final product quality. It is confirmed that it is
possible to meet the requirements of the current market by
implementation of such models. The wide range of problems,
which Taguchi method has been applied to, is shown in [1].

The core of Taguchi approach consists of the method for
reducing the influence of factors called noise (disturbing) that
impair the quality parameters of the product/process. It is where the
radical difference from the traditional technique of quality, which
provides identification of existing sources and conduction of
measurements that are often costly due to their control. The
parametric design of Taguchi ensures non-sensitivity to noise along
the way to the proper selection of certain parameters called
controllable factors. The centerpiece of this approach is the method
of reducing the impact of factors called noise that reduce the
product/process quality parameters. It is where the radical
difference from the traditional technique of quality, which provides
identification of existing sources and conducting measurements
often costly due to their control, lies. Taguchi parametric design
ensures non-sensitivity to noise through a proper selection of
certain parameters called controllable factors.

The aim of this paper is to present a robust approach for
determining the influence of alloying elements on the properties of
magnesium-based casing alloys that ensures better results than the
input ones used to obtain a mathematical model.

The proposed approach facilitates the optimization of the
magnesium alloy chemical composition improving the properties
of the final product. These requirements generally are followed
according to the standards but also may be associated with certain
additional requirements claimed by users. All these pre-imposed
conditions lead to a set of constraints that must be satisfied by
acceptable solutions. Some restrictions can be defined as relations
with true quantitative nature. This is especially important to
restrictions on mechanical properties of the final product. Their
proper formula is based on good mathematical models describing
the effect of alloy composition and processing parameters on the
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final properties of casting magnesium alloy. The statistical analysis
of industrial data is an important and supporting alternative in such
cases. That is why we have limited the field of study only to the
influence of the chemical composition of the heat-treated alloys on
the set of properties. In the context of the analysis of metallurgical
processes, different methods to study the data described in the
references can be found [2],[3] and [4].

The statistical analysis presented in this paper is based on of
data collected during the real production process described in [5]
and [6].

The ranges of change of the used alloying elements of ferrous
alloys are listed in Table 1.

Table 1. Minimum and maximum values of alloying
components

Input Chemical min max
parameter symbol [%] [%]
X1 Al 0.0 10.0
X, Mn 0.0 15
X3 Zn 0.0 6.5
X4 Cu 0.0 2.7
X5 Ni 0.0 0.3
Xg Si 0.0 1.0

Regardless of that, the proposed optimization approach for
modeling the final mechanical properties of alloys can be applied
to any production process with steel manufacturing.

1. General description of the approach

The analysis presented in this paper is related to the analysis of
mechanical properties of magnesium specimens described by the
following parameters: tensile strength - Rm [MPa] and relative
elongation - A [%]). The limitations connected with these
parameters are due to magnesium grade characteristics and
customer’s specifications. However, the main problem is that these
parameters cannot be under direct observation during the
manufacturing process, so any limitations associated with them can
not be clearly defined in the optimization model. That means that
we must develop models linking the final mechanical properties of
the specimen/sample of the steel chemical composition as all as the
parameters of the production process.



The regression analysis allows describing the relation between
the variables of input and output, without going into the
phenomenon nature during the process.

The regression models presented below have been created based
on the data collected during the industrial production process.

The statistical analysis described in this section is based on a data
set of 53 records extracted from the whole database.

The Least Squares method, LS is used to estimate the regression
parameters. The estimated models of parameters Rm and A
obtained in the examinations are given below.

In respect to the problem under examination, nonlinear
regression dependencies have been identified for each of the
mechanical properties of magnesium alloys. The regression
dependencies are of the following kind:
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Table 2. Coefficients of regression modelds of the
examined target parameters.

No Coefficient Rm A
[MPa] [MPa]

1 Free member 114.255 16.33366
2 X, 25.97015 0.6716988
3 X, 9.704941 -18.22966
4 X3 74.42215 -3.222518
5 X4 66.06575 12.28882
6 Xs 3114.254 101.5687
7 Xs 140.6771 12.65238
8 X1 X, -0.4041829 -0.1963183
9 X1 X3 -1.084408 -0.006829805
10 Xq X4 -72.2078 -0.6545856
11 Xq Xs 237.9817 9.555618
12 X1 Xg -0.7780583 0.1666764
13 X5 X3 -44.53689 2.326275
14 X5 X4 101.9566 -15.04205
15 Xy Xs 1768.658 336.508
16 Xo Xg -36.39456 21.76996
17 X3 X4 0.7895336 0.1440411
18 X3 Xs -414.173 18.49442
19 X3 Xg -99.81348 0.05190802
20 X4 Xs 2369.462 150.6452
21 X4 Xg 138.7343 -61.84769
22 Xs Xg -2435.761 -121.6928
23 X2 -1.798813 -0.1700993
24 X2 53.00094 7.873145
25 Xs? -5.917203 0.3912327
26 X2 -43.78463 -2.977206
27 X2 -74966.48 -4711.342
28 Xe -105.1666 -24.45902

R 0.888 0.914

F 3.449 4.684

The composition optimization is applied only in respect to yield strength Rm and respective elongation A.

Table 3. Orthogonal matrix I (27,13) developed by Taguchi with factors at three levels

Run [X1  |X2 X3 X4 X5 X6
1 1 1 1 1 1 1
2 1 1 1 1 2 2
3 1 1 1 1 3 3
4 1 2 2 2 1 1
5 1 2 2 2 2 2
6 1 2 2 2 3 3
7 1 3 3 3 1 1
8 1 3 3 3 2 2
9 1 3 3 3 3 3

X7

Wl N P W NP W N
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X8 X9 X10 |[X11 [X12 | X13
1 1 1 1 1 1
2 2 2 2 2 2
3 3 3 3 3 3
2 2 2 3 3 3
3 3 3 1 1 1
1 1 1 2 2 2
3 3 3 2 2 2
1 1 1 3 3 3
2 2 2 1 1 1
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By Taguchi methodology (Khosrow Dehnad, 1989)
an experiment modeled on orthogonal matrices
developed by him is carried out. The experiment can
be accomplished in two ways by:

- areal experiment leading to obtaining results for
processing;

- a numerical experiment with the presence of
adequate regression models.

The availability of the described model coefficients,
which can be used to predict, give a possibility to
make a numerical experiment involving Taguchi
method. The noise matrix is selected from orthogonal
matrix | (27,13) with 27 rows and 13 columns
developed by Taguchi. The matrix is worked out with
factors at three levels — Table 3.

The methodology proposed is implemented for
tensile strength Rm and relative elongation A. To take
out the models of these two target functions, 53
experiments that form the data matrix A (53, 6 +1)
have been used. Here the added column "1" is for the
output target function Rm or A stored compactly in the
matrix.

To optimize the computing process, the scheme,
which having been processed for the particular case
takes the following kind, is selected.

In numerical experiments that use models based on the
chemical composition the noise can be expressed only
in the change of the respective components. It is

assumed to express noise A in the following way

A=

bk where further calculations are made for k
equal to 100 and 70.

R W NP W NP W N NP WODN P WODN P ®
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2 3 1 2 3
3 1 2 3 1
1 2 3 1 2
3 1 3 1 2
1 2 1 2 3
2 3 2 3 1
1 2 2 3 1
2 3 3 1 2
3 1 1 2 3
3 2 1 3 2
1 3 2 1 3
2 1 3 2 1
1 3 3 2 1
2 1 1 3 2
3 2 2 1 3
2 1 2 1 3
3 2 3 2 1
1 3 1 3 2
Here X is the mean value of relevant variable "i".
A(53,7)
1(27,6) F (27,53)
=
Fig.1. Organizing experiments with parametric
planning with matrices I, A and F
For level "1” of | (27,6) noise is subtracted from
relevant X taking the value of X _A‘. With level

L . X .

"2" no correction is applied, the value of "'is

preserved. With level "3" noise is added to relevant
Xio . X + A, .

"taking the wvalue of ™! . In numerical

experiments where models based on chemical

composition are used, noise can be expressed only in

the change of the respective components. Noise A is



A =2

|
assumed to be expressed as follows k , where
the further calculations are made for k equal to 100

X . .
! is the average value of the respective

and 70. Here
variable "i". In level "1" | (27,6) noise is subtracted
from respective %; taking the value of X _Ai. In

L . X: .
level "2" no correction is applied, the value of "'is

preserved. In level "3" noise is added to respective %i
taking the value of X +4 .

Thus, noise is expressed in the change of chemical
composition. The calculation process is organized as
follows:

A row of matrix | (27,6) is taken (for example, row 1 -
1 (1,6)). In this row level "1" is assigned for each x;,
i.e. noise will be taken out from each value x;.

Thus F (1,1) of the matrix F (27,53) is obtained from
the first row of A (53,7). The same rule is applied to
the rest of the series F (53,6) and it forms F (27,53).

It is continued with the next row of matrix | (27,6)
performing the following sequence.
Each row of matrix | (27,6) forms a relevant row of
matrix F (27,53).

Calculations are performed according to the

following algorithm.
If we take the first column of matrix | (27,6) relevant
to Xy, it is evident that the first nine rows correspond
to level "1" of noise, the second nine lines correspond
to level "2" and the third nine rows correspond to level
"3" of noise. This makes possible to use the values of
the first nine rows of matrix F (27,53) to calculate
level "1", to use the second nine rows to calculate level
of "2" and the third nine rows for calculation at level
"3" for X;. For other columns from 2 to 8 it is
necessary to sort in ascending order Xi from 1(27,6).
After sorting the column obtains the kind of the first
column.

After sorting of the respective variable, calculations
for different levels can be made. It is continued with
the next matrix row | (27,6) performing the following
sequence. Each row of matrix | (27,6) forms a
corresponding row of matrix F (27,53). If we take the
first column of matrix | (27,6) corresponding to the X;
, one can see that the first nine rows correspond to
noise level "1" of noise, the second nine rows
correspond to level "2" and the third nine rows
correspond to noise level "3". That allows using the
values of the first nine rows of matrix F (27,90) to
calculate level "1", the second nine rows to calculate
level "2" and the third nine rows to calculate level "3"
for X;. For the rest columns from 2 to 6 it is necessary
to sort by ascending order of Xi of 1(27,6). After
sorting the column takes the kind of the first column.
With sorting, if shifts are made, they are reflected in
matrix F (27,53). After sorting the corresponding
variable it is possible to make calculations for different
levels.

In the numerical experiment noise was first
determined with K=70. The analysis of the graphics
shows low sensitivity for both Rm and A. In these
calculations, as shown in the Table 4.
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Fig. 2. Computational algorithm

The conclusion that can be made for the tensile
strength — Rm is that all the factors have a significant
effect on aluminum, manganese, zinc and nickel and it
is expected they to change in the direction of
decreasing values, and copper and silicon to increasing
values. About the results for the relative elongation —
A, from all six variables two of the variables - nickel
and silicon — should not be changed, and the rest of the
variables — aluminum, manganese, zinc and copper —
need to change in the direction of increasing their



value. As the experiment is numerical, it is possible to
perform numerical optimization with the mathematical
models obtained as the values of X; are remained to
change within the limits defined by the output data
(Table 1). That some of the variables remain
unchanged, i.e. keep their initial values it imposes the
necessity to separately carry out optimization for the
chemical composition of each alloy. As a method of
optimization, the method of Hook and Jives was
chosen. This method is characterized as one of the best
to solve problems with different parameters of the goal
functions. Specifically, the tensile strength Rm is
changed from Xj, X, Xz, X4 Xs and Xg, and the
relative elongation is varied from Xy, X,, X3 and X,.

Table 4. Levels of noise factors for the
research parameters

Variable | Element of | Noise level
composition Rm A
X3 Al 1 3
X5 Mn 1 3
X3 Zn 1 3
X4 Cu 3 3
Xs Ni 1 2
Xe Si 3 2

The fact that one of the variables does not change, i.e.
they preserve their initial values requires optimization
to be performed separately with chemical composition
for each alloy. The ones mentioned, Xs and Xg, are
maintained at their level, but are held by changing the
rest. In this way, 53 optimizations are performed, with
each case obtaining a separate value of the extremum.
Then all maxima are sorted in ascending order and the
largest is selected. With the values of the variables of
the relative elongation, the value of the tensile strength
Rm is calculated. Thus, the two-criteria approach is
implemented. The optimal composition is shown in the
table.
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Such an approach is justified because the task, if
viewed from the point of view of technology, is that
individual optimization is the refinement of a separate
actual alloy.

Optimization in this way coincides with the
approach of searching for a global extremum from a set
of starting points.

This outcome indicates that the task is feasible and
the approach applied can result in improvement of the
alloy composition.

I11. Conclusion

The numerical experiment has proved the ability to
improve the quality of magnesium alloy of a certain
class. Mathematical models suitable for forecasting and
optimization have been derived. The approach of
Taguchi applied has lead to a desired result, to separate
variables Xi for the examined parameters that do not
influence significantly on the final result. With this
limit, the numerical optimization for maximum search
has been conducted with each chemical composition.
That allows improving it. Relative elongation A turned
to be less variable index and tensile strength Re
requires caution with extreme selecting. The decision
of bi-criteria problem set has been defined thus proving
that the Taguchi approach is applicable to a similar
class of problems.
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THE IMPACT OF ELECTRIC FIELD DISTRIBUTION DURING Ti-Al-C SYSTEM
BLEND PREPARATION ON PHYSICAL-MECHANICAL PROPERTIES OF
CONSOLIDATED MATERIALS

BJIMSIHUE PACHPEEJIEHWS SJIEKTPUYECKOTI O TIOJIA TTPU HOATOTOBKE IINXThI CUCTEMBI Ti
— Al - C HA ®13UKO-MEXAHUYECKHUE CBOMCTBA KOHCOJIMJUPOBAHHbLIX MATEPUAJIOB

Prof., Dr. of Science Sizonenko O, PhD Zaichenko A., Lypian Ye., PhD Prystash M, Torpakov A., PhD Trehub V.
Institute of Pulse Processes and Technologies of NAS of Ukraine — Mykolaiv, Ukraine, E-mail: sizonenko43@rambler.ru

Abstract: The possibility of control of efficiency of different factors of high voltage electric discharge (HVED) impact on Ti— Al - C
powders system for aimed synthesis of dispersion-hardening components is shown. Nanolaminate-composite Ti;AIC, — TiC with hardness of
HV5 = 7 GPa, obtained by consolidation of blend of 85 % Ti + 15 % Al initial composition after HVED with the use of multi-point electrode
system has needle structure of TisAIC, (a=0.3068 nm, ¢ =1.844 nm) with size up to 10 um, and TiC dispersion-hardening phase
(a = ¢ =4.4331 nm) with particle size no more than 1 pum is situated between grains of Ti;AlC,. Dynamic strength of specimens depending
on electrode system used during HVED treatment of blend variated in range from 160 to 620 MPa, Young modulus — from 13 to 22 GPa at
deformation rate from 600 to 900 s™. Material has high levels of heat resistance, relative change of mass is no more, than 0.001.

KEYWORDS: ELECTROMAGNETIC FIELD, METAL-MATRIX COMPOSITE, POWDER MATERIAL, DISPERSE FILLER, HIGH
VOLTAGE ELECTRIC DISCHARGE, POWDER METALLURGY, BLEND PREPARATION, ALUMINUM MATRIX COMPOSITES, PHASE

COMPOSITION, SYNTHESIS, DISPERSION, MAX-PHASE

1. Introduction

Efficiency of the usage of high voltage electric discharge (HVED)
for preparation of homogeneous highly disperse blend for
production of metal-matrix composites (MMC) of different
compositions was shown earlier in papers [1, 2]. The possibility of
control of efficiency of different HVED impact factors for aimed
synthesis of dispersion-hardening fillers was shown in work [2].
HVED treatment combines even distribution of interparticle
discharges plasma and hydrodynamic impact, which intensifies
processes of structure and phase formation.

It is shown in paper [3], that control of volumetric distribution
of interparticle discharges plasma in powder is possible by control
of electromagnetic field (EMF) by variation of electrode system
construction, which can impact processes of structure and phase
formation in treated blend.

The goal of present work is to study the impact of electrode
system configuration on the distribution of plasma formations in
“kerosene — powder” disperse system and on the properties of
obtained blend and consolidated materials.

2.

Preconditions and means for the

problem

resolving

Mixture of metal powders of PA-4 GOST 6058-73 (IT1A-4
T'OCT 6058-73) Aluminum powder (mean diameter 23 um) and TU
U14-10-026-98 (TVY VY 14-10-026-98) Titanium powder (mean
diameter 63 um) of 15 % Al : 85 % Ti mass relation was used as
initial material.

HVED treatment was performed at experimental stand, which
is described in detail in work [2]. Powder mixture was loaded into
discharge chamber, then TS-1, GOST 11128-65 (TC-1,
T'OCT 11128-65) kerosene was added (relation of disperse and
continuous phases was 1:10 [4]). Specific treatment energy was
25 MJ/kg, which allowed synthesis of necessary for dispersion-
hardening components synthesis quantity of nanocarbon as a result
of hydrocarbon destruction under the impact of discharge channel
plasma [4].

Consolidation of powder materials was performed at spark-
plasma sintering (SPS) device [5] in vacuum by passage of
superposition of direct and pulsating currents with 10 kHz
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frequency at working voltage of 2 V. Powder was poured into
MPG-6 (MIIT 6) graphite matrixes with inner diameter of 10 mm,
pressure of blend pre-pressing was ~ 30 MPa and sintering pressure
was ~ 60 MPa in all considered experiments. Measurement of
specimens temperature during sintering was performed by standard
K-type thermal couple. Al-Ti—-C system specimens isothermal
holding temperature was 1100 °C according to MAX-phases
formation zones [6]. Specimens heating rate during consolidation
was selected according to works [7, 8] and was 10 °C/s. According
to work [9], it was determined that isothermal holding time has to
be no more, than 3 min, in order to preserve ultrafine
nanostructured phases during consolidation.

BIOLAM-1 (BUOJIAM-U) optical microscope with maximal
magnification of x 1350 and REMMA-102 (PEMMA-102) raster
electron microscope with magnifications range from x10 to
x 250000 were used for analysis of powder particles morphology.

Studies of phase composition and crystal structure were
performed by X-ray diffraction analysis using Rigaku Ultima IV X-
ray diffraction meter (Cuy, radiation). Vickers hardness was
determined using IT 5010 (LT 5010) hardness meter.

Dynamic compression strength of specimens was studied
using their compression diagrams, obtained by using experimental
device for dynamic tests by Hopkinson-Kolsky method [10].

3. Results and discussion

Three types of electrode system (ES) construction were used during
powders HVED treatment: “point — plane” (P — P), No. 1 (See
Fig. 1, a) and two variants of “multipoint anode — plane” ES (MP-
P), No. 2 and No. 3 ((See Fig. 1, b and c correspondingly).

It is worth noting, that cyclic formation gas-vapor cavity only
in near-electrode zone while using ES No. 1 (see Fig. 1, a) leads to
ejection of powder from chamber central part and leads to
amplification of hydrodynamic impact. Yet, amplification od
hydrodynamic impact leads to weakening of erosion (ablation) of
particles due to decrease of solid phase concentration in chamber
central part.

The picture of plasma formations distribution caused by No. 2
ES construction (see Fig. 1, b) is not qualitatively different from
distribution, caused by No. 3 ES construction (see Fig. 1, ¢) — in
both cases interparticle discharges plasma is almost evenly
distributed in powder volume.



Due to cone shape of No. 3 ES, which follows the shape of
chamber bottom, volumetric distribution of plasma formations is
more even if compared to No. 2 ES.
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Fig. 1. Construction of electrode systems and plasma formations
distribution
a—ESNo.1;b-ESNo.2;c-ESNo.3

The possibility of control of efficiency of different HVED
factors impact on Ti—Al system for aimed synthesis of dispersion-
hardening components (TiC titanium carbide, AlTis, AlTi, Al,Ti,
Al;Ti, Ti;AIC intermetallic compounds, TizAIC, and Ti,AIC MAX-
phases and Lonsdaleite) by changing electric field configuration by
using different types of ES was shown earlier in works [11, 12]. It
was experimentally found out, that HVED treatment of Ti-Al
powder systems (75 % Ti + 25 % Al, 50 % Ti + 50 % Al and 25 %
Ti + 75 % Al) in kerosene leads to their dispersion, main peak of
their size distribution moves to point of ~ 3 um, and no less than 20
% of particles have size less than 1 um.

As a result of HVED treatment of powder mixture of
85 % Ti + 15 % Al composition, considered in present work,
particles mean diameter decreased ~ 4.5 times in case of ES No. 1
usage, and while using ES No. 2 and No. 3 dispersion efficiency
decreases ~ 3 times. Change of phase composition also occurs TiC
dispersion-hardening component is synthesized (a=c=4.329
+ 0.003 nm), intensity of its synthesis increases when using ES No.
2 and No. 3.

From practical point of view, it is important to study the
impact of powder blend characteristics change due to the use of
different ES types on consolidated materials properties.

SPS consolidation of blend, obtained while using ES No. 1,
led to phase transformations in consolidated material — formation of
TiC (a=c=0.86413 + 0.0015 nm) and Al;Ti
(2a=0.38512 +£0.0019 nm, ¢ =0.8607 +0.0004 nm) with the
release of free Carbon (see Fig. 2). Large quantity of Carbon
impacted the structure and hardness of obtained material. Carbon is
uniformly distributed by specimen volume (see Fig. 2), creating
dark zones with microhardness of 0.7 GPa and light zones with
microhardness of 1.3 GPa. Vickers hardness of specimens was
0.9 GPa.

As a result of HVED treatment with the use of ES No. 2 and
subsequent consolidation, formation of TizAIC,
(a=c¢=0.390 £ 0.003 nm) and Al,Cs (a=0.33357
0.00006 nm, ¢ =2.5288 + 0.0004 nm) occurs, as well as absorption
of Aluminum (see Fig. 3). This leads to formation of light zones
with microhardness up to 11 GPa and gray zones of hardened
Titanium with microhardness up to 8 GPa (see Fig. 3). Vickers
hardness of obtained material was 5.28 GPa.
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Fig. 2. Phase composition and structure (magnification x250) of
MMC, obtained from powder of 85 % Ti + 15 % Al initial
composition after HVED treatment with the use of ES No. 1
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Fig. 3. Phase composition and

MMC, obtained from powder of 85 % Ti + 15 % Al initial
composition after HVED treatment with the use of ES No. 2
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Metal-matrix composite, obtained from blend, prepared by
HVED with the use of ES No. 3 consists of Ti;AIC,
(a=c=0.4131 £ 0.0007 nm) and Al,Cs (a=0.3344
+0.0004 nm, ¢=2.509+0.003nm) phases (see Fig. 4). Light
zones with microhardness up to 13.8 GPa and gray zones of
hardened Titanium with microhardness up to 7 GPa are formed in
specimen structure (see Fig. 4). Vickers hardness of obtained
nanolaminate-composite TisAIC, — TiC with homogeneous fine
grain structure is 7 GPa.
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Fig. 4. Phase composition and structure (magnification x250) of
MMC, obtained from powder of 85 % Ti + 15 % Al initial
composition after HVED treatment with the use of ES No. 3

Materials, obtained from powder of 85 % Ti + 15 % Al initial
composition after HVED treatment with the use of ES No. 3 have
the highest hardness (HV5 = 7 GPa) among considered specimens
(see Fig. 5).
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Fig. 5. Vickers hardness of MMC specimens, obtained by
consolidation of blend of 85 % Ti + 15 % Al initial composition
after HVED treatment with different ES types
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Dynamic strength of specimens, obtained from blend after
HVED treatment, depending on used ES type, variated in range
from 280 MPa to 600 MPa (see Fig. 6), and Young modulus
variated in range from 13 GPa to 22 GPa at deformation rated from
600 s to 900 s* (see Fig. 7).
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Fig. 6. Dynamic strength of MMC specimens, obtained by
consolidation of blend of 85 % Ti + 15 % Al initial composition
after HVED treatment with different ES types
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Fig. 7. Young modulus of MMC specimens, obtained by
consolidation of blend of 85 % Ti + 15 % Al initial composition
after HVED treatment with different ES types

Results of heat resistance studies show, that unbound Carbon
has negative impact on heat resistance of composite, consolidated
from lend after HVED treatment with ES No. 1. Relative mass
change for such specimens was 0.09. Nanolaminate-composite
Ti;AIC, — TiC, obtained by consolidation of blend of 85 % Ti +
15 % Al initial composition after HVED treatment with ES No. 2
and No. 3, contrary to case of ES No. 1, have high values of heat
resistance (see Fig. 8)
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Fig. 8. Relative mass change of MMC specimens, obtained by
consolidation of blend of 85 % Ti + 15 % Al initial composition

after HVED treatment with different ES types



4, Conclusions

1. It is found out, that control of efficiency of different HVED
impact factors for aimed synthesis of dispersion-hardening
components is possible by changing EMF configuration due to use
of different ES types.

2. Nanolaminate-composite TizAIC, — TiC with hardness of
HV5 = 7 GPa) obtained by consolidation of blend of 85 % Ti +
15 % Al initial composition after HVED treatment with ES No. 3,
has needle structure of TizAIC, (a = 0.3068 nm, ¢ = 1.844 nm) with
size up to 10 pm, and TiC dispersion-hardening phase
(a=c=4.4331 nm) with particle size no more than 1 um is
situated between grains of TizAlC,.

3. Dynamic strength of specimens, obtained from blend after
HVED treatment, depending on used ES type, variated in range
from 280 MPa to 600 MPa, and Young modulus variated in range
from 13 GPa to 22 GPa at deformation rated from 600 s to 900 s™.

4. Nanolaminate-composite Ti;AIC, — TiC, obtained by
consolidation of blend of 85 % Ti + 15 % Al initial composition
after HVED treatment with ES No. 2 and No. 3, contrary to case of
ES No. 1, have high values of heat resistance due to formation of
fine grain hardened Ti;AIC, — TiC structure — relative mass change
is 0.001.
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Abstract: This article uses mathematical mathematical models of tasks by Stefan and Stefan-Schwarz describing the technologies of

IMSCHA "Acad. A. Balevski ".

Described are processes for solidifying a drop (droplet) over a surface of a metal substrate. Processes of

solidifying of metal melts in the form of spheres having a radius of 50 nm are described. The temperature fields of the open thermodynamic
system drop / substrate system are presented. The influence of the change of specific parameters from the hardening process is represented
by the type of the temperature field of the OTS.

Keywords: Stefan and Stefan-Schwartz problem, drop (droplet) on the surface of substrate, temperatures curves

1. Introduction — ocroeen npouec

Figure 2 presents our results [20], supplemented by new ones.
These are time-temperature curves of solidification of spheres of

In Fig. 1 is shown the solidification on surface process: different materials with a radius R = 50 nm:
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Pure Al: T,, = 660, 1 ° C, latent heat of fusion at Tp, is Qn = 401,819 kJ/m®,
heat conductivity As = 209 w/(m®.K) A, = 104.675 w/(m*.K), heat capacity cs
= 2540 kJ/(kg.K) ¢, = 2380 kJ/(kg.K), density ps = 2540 kg/m?®, p.. = 2380
kg/m?, index S — solid, index L —liquid;
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Fig. 1 Geometric idea by cross section of the open thermodynamic system Pure Fe: T,, = 1535 ° C, Qp, = 272 kJ/m®, s = 33 w/(m*.K) A, = 29
(OTS) — drop (let) solidification on surface of the substrate: 1 — Physics: wi(m2.K), cs = 447 kd/(kg.K) ¢, = 800 kJ/(kg.K), ps = 7400 kg/m®, p.. =
drop and flow of melt, v and q are velocity and stream; 2 — different size of 7145 kg/m?;

system.
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01810,
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1790+
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Pure Ti: T,, = 1800 ° C, Q, = 376,810 kJ/m®, heat conductivity As = 22.5
w/(m®K) A = 18 w/(m*K), heat capacity cs = 523 kJ/(kg.K) ¢, = 628
kJ/(kg.K), density ps = 4540,6 kg/m®, p.. = 4500 kg/m®, index S — solid,

index L —liquid;
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Pure W: T, = 3422 ° C, Q,, = 255,390 kJ/m?, 15 = 196 w/(m*.K) A = 76,2
wi/(m3.K), cs = 150,7 kJ/(kg.K) ¢, = 152,8 kd/(kg.K), ps = 19300 kg/m®, 1. =
19200 kg/m?®. Important: the difference between the two curves is due to the
precision of defining the parameters of the mathematical model of the heat
source in Stephen's task [].

T°C | Zr0,
27104 Q=700 kJkg Q,=800 kl’ke
2705-
2700
2695 A
2690

0 0.000005 000001 0000015

t.s

Material ZrO: T, = 2700 ° C, Qn = 700 +800 kJ/m®, As = 1.95 w/(m®.K) A
= 2.44 w/(m* K), ¢s = 730 kJ/(kg.K) c. = 730 kd/(kg.K), ps = 3300 kg/m®, p.
= 3200 kg/m®; curve 1 - Q, = 700 kd/m®; 2 — Q,, =+800 kd/m® [14].
Fig. 2 Solidification of different materials — spheres of different materials
with a radius R =50 nm.

Mathematical models are based on the tasks of Stefan and
Stefan-Schwarz, created and realized through non-commercial
software products at IMSETCHA "Acad. A. Balevski "BAS [2, 3, 4,
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5 and 6]. The process of solidification (phase transition of first
order) is fundamental in material science for obtaining structures
bearing different working properties of the respective materials [1,
6]. The aim of this work is the calculation process of solidification a
drop on different sizes on the surface of a metal substrate.

2. Numerical solutions - Stefan-Schwarz tasks

In Fig. 3 are introduced solidification temperature field by
Finite elements method (FEM) of this task (see Fig.1):

t=0.0091s L0,1010 8
i
L0.1008 ™
Droplet - 0.1006
-0.1004
Tmﬁ: x{:r.} - — — — __[:I1|:”:|2
| 0.1
Substrate 0,05
| L L L B B L BN B B BN N B L B D
T. C 600 400 200 0

Stefan-Schwartz temperature field: The geometry space of FEM is 3D but
the temperature task in the direction of axis 0Z is 1D;

=0,0091s -0.1010 8
| §
[ 0.1008 -~
Droplet -0.1006
-0.1004
'[' (t x } _____ 'D=1|:”:|2
Contact | 0.1
Substrate ' :
—l .\-ﬁ. 0.09995
T°C600 400 200 0

Important: ccontact heat exchange with the temperature difference at the
surface of the drop-substrate contact;
Fig. 3 Stefan-Schwartz temperature great OTS with size (substrate
Xmax=0,02, Ymax=0,02, Zmax=0,1) [M] and (drop Xmax=0,02, Ymax=0,02,
Zmax=0,00105) [m].

The results of Fig. 3 present the possibilities of computational
mathematics and physics of non-stationary field of solidification
(phase transition of first order) on a macro-scale. The technological
parameters of the phase transition of first order i.e. the process of
formation of the polycrystalline structure on a macro-scale.

The technological parameters of the hardening process are
known for a long time or for the phase transition of the first



generation. We choose the parameter: the initial temperature field of
the corresponding OTS T(x, vy, z, t = 0) and the coefficient of heat
transfer at the contact surface o, (see Fig. 1 and Fig. 2). In Fig. 4 we
present the influence of these two parameters on the temperature

field of the drop only:
- _ &
T°C t=0.000154s
7504

1

k2

7004

650 —r
0.1 0.1002 0,1004 0,1006 0,1008 0,1010
H.m

Fig.4 Comparative analysis by the type of temperature field only at the drop
by changing the initial melt temperature and by changing the coefficient of
contact heat transfer: Tarop(X,y,2,0) = 760, 1 °C, e =56000 w/m’s °C; 2
T(x,y,z,0) = 760,1 °C g =560000 w/m?s °C; 3 T(x,y,z,t=0) = 670,1 °C
=56000 w/m’s °C.

From Fig. 4 clearly shows the influence on the type of the
temperature field at time t = 0 0091s.

The thermophysical properties of the substrate have a definite
effect on the phase transition of first order. For this reason, the
following figures shows the influence of the temperature field in the
droplet and the substrate in a small OTC with dimensions (Xmax =
0,00002 m, Yimax = 0,00002 M, ssubstrate max = 0,1 and Zgropier = 0,00105
m):

T°C| 0.000154s Droplet
760
750 1
740
0.1 0.1005 0.1010 7 m

Fig. 5 Temperature fields of the droplet at time t = 0.000154s steel (black
line) and aluminum (blue line) substrates. Initial conditions are: Tarp(X, Y, Z,
0) = 760, 1°C, o =56000 w/m’s °C; 2 T(x, y, z, 0) = 760,1 °C. The minimal

effect is very clearly seen even at start time t = 0,000154s.

Here, we note that the thermophysical parameters of the substrate are part
of the macro-level influence parameters.

Important: Your own substrate is related to modern technology called
3DPrinter.

On the following figure 6 presents a comparative analysis of the
temperature fields of the OTC in substrates with different heat-
physical properties (aluminum and steel substrates):
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Fig. 6 Comparative analysis of temperature fields in substrates with
different thermophysical properties in the case of Al and Steel. Initial
conditions are: Tep(X, ¥, Z, 0) = 760, 1 °C, ar =56000 w/m?s °C; 2 T(x, Y, Z,
0) = 760,1 °C. The minimal effect is very clearly seen even at start time t =
0,000154s.

From Fig. 6 shows the significant difference with the direct
relationship to the contact heat exchange, namely the influence of
the surface temperature of the contact substrate/droplet.

The results obtained relate to different technological processes.
Stefan Schwarz's main task allows him to develop as a connecting
task with mathematical and mathematical physics tasks. The latter
are related to lower levels. These ideas have been developed in
various studies by many authors.

Stephen-Schwartz's task is the natural aggregate mathematical
approach to describe technological processes in phase transitions of
first and secondary order. Material science has evolved as an
interdisciplinary field of study [7, 8, 9 and 10]. The next figure
presents the multi-scale linking possibility of heat conduction
theory and mathematical modeling [2, 3, 4, 5, 6, 11, 12 and 13]:

LEVELS OF DESCRIPTION OF PHASE TRANSITION
OF FIRST AND SECONDARY ORDERS

THEORY OF HEAT CONDUCTIVTY
STEFAN AND STEAN-SCHWARY TASKS
MACRO-LEVEL
FREOMkmTO I um

_|_

THEORY OF HEAT CONDUCTIVTY
STEFAN AND STEAN-SCHWARY TASKS
MICER.O-LEVEL
FROM 1 umTOlnm

-
MATHEMATICS AND MATHEMATICAL PHYSICS FOR
MULTI-SCALE DESCRIPTION OF ATOMIC LEVEL

Fig. 7 Multi-scales description of phase transition of first and secondary
orders by Stefan-Schwartz tasks + Mathematics and mathematical physics.

According to the principles of material science [7, 8, 9 and 10]
and mathematical modeling [2, 3, 4, 5, 6, 11, 12 and 13], a
methodology for Basic Knowledge is proposed: Methodology for
Basic Knowledge is proposed: 1. General evaluation of the structure
(on the meso-level) and the properties of the material; 2. Select a
section of mathematics and mathematical physics for multi-scale



description; 3. A specific mathematical model of the structure, with
the working properties, the technological process, the work and the
life of the material. A very important point is the use of this
methodological frame work for the additive capabilities of the
3Dprinter [15, 16 and 17] technology i.e. 3Dprinter interaction with
die casting and heat treatment. 3Dprinter + die casting + heat
treatment are an essential task of Industry 4.0 [1]. Mathematical
modeling in Industry4.0, in our view, is close to pure mathematics
[6]. Such an assumption canal so be accepted on the basis of works
[2,3,4,5,6,11, 12, 13, 18 and 19]. The 3Dprinter technology has a
great application (from food, medicine and weapons) and is an
incentive for its mathematical modeling [17 and 18].

Additive manufacturing AM [15] is a concept that covers:
casting, separation of metal turning, milling, plastic deformation,
welding, forging and electroerosity processing heat treatment. But
at the end of the 20th century new technologies for depositing
materials such as micro-casting [21] and spraying were developed
at Stanford University and Carnegie Mellon University [22].
3DPrinter modifies the AM concept by expanding its idea of
sequentially adding and linking material sequentially, following a
three-dimensional profile of the blank, with automated control [15].

Significant results have been achieved with 3D printer
technologies [23, 24 and 25]. The reason for the powerful entry of a
3D printer is the good price that falls great convenience to work
with full control of the technology. This makes the 3D printer
actually leading the Industry 4.0 revolution [1].

3. Conclusions

The obtained results represent the broad application of Stefanov
type tasks in macro and nano-scale areas.
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