Anzpujana BOIIEBCKA'

METOJIA HA BUPTYEJHO MMPOTOTUITUPAIGE
MPUMEHETH BO MPOLIECOT HA PA3BOJ HA
MPOU3BOJIOT

AncTpakr

YcnenHo BHECYBaWkE HA TPOU3BOJI HA Ma3apoT MOXKE Hajaqo0po aa ce
CIy4d aKO LUKIYCOT (IUIaHMpame Ha MPOU3BOJOT, KOHIICTITYAJICH TU3ajH,
noJpo0eH U3ajH, MPOIECOT Ha IUIAHUPAEe W MPOM3BOACTBO) 3a Pa3Boj Ha
MPOM3BOAOT U pealn3alyja 3aBpIid BO HajKyC MOXKEH POK M IO HajHHCKa
[IEHa, CO HCTOBPEMEHO OJIP)KyBalkbeé HAa MHOIY BHCOK KBaJHTET Ha
MPOU3BOJIOT U CUTypHOCT. Bo 0BOj moruesn, GU3HYKUOT MPOTOTHII MOXKE /2
Ce MOKake KaKO MHOTY JOJITOTPAcH M CKall, OCOOCHO aKO M3MEHHTE INTO
[pOM3JIETyBaaT O] AM3ajHOT BKJIy4yBaaT peln3ajH Ha anaToT. MoXHOCTa U
JOCTAalTHOCTA Ha HANpeaHaTa KOMIIjYyTepCcKa TEXHOJIOTHja CO3/1a/ie YCIOBH 3a
3roJieMCcHa NNpuMCEHa Ha MPOTOTUIIOBUTEC, KOHU CC NUTHUTAJIHHU U KPCUPAHU BO
KOMITjyTepCKU-0a3upaHd CPeIUHMU, OJHOCHO THE C€ BUPTYEIHH HAMECTO
¢usnukute. IlporoTUMOT MOXKe na Ouae OeUHUpaH Kako "NPB WK
OpHUTHHAJIEH TPUMEPOK Ha HEIITO IITO Ke Oue WK ke Ouje KOMMpaHo WIIN
pa3BHEHO, TOA € MOJAE]T WIM IpeIMMUHAapHa Bep3uja." BupryenHoro
[IPOTOTUIIMPAKE CTAHYBA MHOT'Y HAIPEAHO U KOHEYHO MOXKE Ja JOMHUHUpPA
Ha TPOIECOT HA pa3BOj Ha MPOM3BOAOT. Toa ja oJecCHYBa KOMYHHKalHjaTa

Mefy Pa3IMYHUTE WHKCHCPCKU JUCHUIIIIMHA BO IMIOYCTOKOT HA IIPOLIECOT Ha
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NN3ajH, ¥ UCTO Taka o0e30eyBa KBAIUTETHU WIyCTPAllMU KOU ja momMaraar

"mpomaxk6aTa Ha TU3ajHOT.

Bo 0B0j TpyZ Bp3 OCHOBa Ha LIeIUTE HAa MOJICIHPAhE U TCHICHIINNTE,
OINMINIAHU C€ MeT OOEMHH KJIach Ha MeTonu Ha VP kako: Bu3yenusanmja,
MOHTa)Xa ¥ HMHTep(depeHInja Ha MEXaHWYKHTE CKIIOTIOBH, HCIUTYBAHkhE U
Bepu(dukanuja Ha ¢yHKOUATe W nepdopmaHcara, eBamyaludja Ha

MIPOU3BOJICTBO U paboTara Ha CKJIONOT U aHAJIHM3H HA YOBEYKUOT (HaKTOP.

Kiayynu 300poBHM: BUPTYETHO MPOTOTUIIUPAIE, pPa3BOj Ha IPOU3BOJ,

MOJCIINPALEC.

VIRTUAL PROTOTYPING METHODS USED IN
PRODUCT DEVELOPMENT PROCESS

Abstract

Successful entry of a product into the market can best occur if it can
complete the cycle (product planning, conceptual design, detail design,
process planning and production) for product development and realization in
the shortest possible time and at the lowest cost, while maintaining very high
product quality and reliability. In this respect, physical prototyping can prove
to be very lengthy and expensive especially if modifications resulting from
design reviews involve tool redesign. The availability and affordability of
advanced computer technology has paved the way for increasing utilization
of prototypes that are digital and created in computer-based environments,
i.e. they are virtual as opposed to being physical. A prototype can be defined

as “the first or original example of something that has been or will be copied



or developed; it is a model or preliminary version.” Virtual Prototyping is
becoming very advanced and may eventually dominate the product
development process. It facilitates communication between different
engineering disciplines during the early design process, and also provides

quality illustrations that help "sell" the design.

In this paper based on the modeling objectives and purposes, five
broad classes of VP methods such as Visualization, Fit and interference of
mechanical assemblies, Testing and verification of functions and
performance, Evaluation of manufacturing and assembly operation, Human

factor analysis are described.

Keywords: virtual prototyping, product development, modeling.

1. Introduction

The purpose of this paper is to provide a general survey of available
techniques in virtual prototyping (VP) in order to provide a broad picture of
the field and to identify issues and information relevant to the deployment
and implementation of VP technology. A typical scenario for product

development and realization consists of:

e Product planning to define the product purpose and targeted
market sector,

e Conceptual design specifying intended functions and properties,

e Detailed design to carry out and document the actual design,

e Process planning,

e Commissioning of the product into production.

Successful entry of a product into the market can best occur if it can

complete the above cycle in the shortest possible time and at the lowest cost
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while maintaining very high product quality and reliability. The availability
and affordability of advanced computer technology has paved the way for
increasing utilization of digital (hence the term 'virtual'), as opposed to
physical, prototypes. A virtual prototype may be represented as a series of
graphical images or computer aided design (CAD) models, in animated or
still format, created in the form of mathematical models and stored digitally

in computer usable memory.

2. Virtual prototyping

Virtual prototyping is an aspect of information technology that
permits analysts to examine, manipulate, and test the form, fit, motion,
logistics, and human factors of conceptual designs on a computer monitor.
Based on the modeling objectives and purposes, five broad classes of VP

methods are identified. These classes consist of prototypes for:

e Visualization,

e Fit and interference of mechanical assemblies,

e Testing and verification of functions and performance,
e Evaluation of manufacturing and assembly operation,

e Human factor analysis.
2.1 Visualization models

Visualization models are used for examination of form as well as
appearance. These models play a crucial role in communication of product
information between a variety of users including marketing people,
customers, managers, product development teams and engineering and even

repair and maintenance personnel.



2.2 Fit and interference of mechanical assemblies

Fit and interference assessment is generally an iterative, time
consuming and error prone process that would benefit from being replaced
with VP using three dimensional models. Using VP, the product can be
evaluated automatically with great accuracy and speed, resulting in a listing
of all the interference's. It is also possible visually to inspect the virtual
prototypes, where clearances and interfering areas of the CAD model can be

highlighted with different colors.
2.3 Testing and verification of functions and performance

Prototypes are used frequently to verify the functionality and
performance of various features of a new product during its development
phase. Virtual prototyping relies on three-dimensional solid models to create
accurate models that are complete and comprehensive in terms of both

detailed geometrical and non-geometrical data.
2.3.1 Structural and physical phenomena analysis:

Finite element analysis. Finite element analysis is the most accepted
and widely used VP tool. It calculates the relations between material
properties and structural performance to predict the behavior of a structure
with respect to virtually all physical phenomena. Hughes® (2000). Using
sophisticated FEA software packages, engineers can design complex
structural systems and perform detailed analysis of complexities with either

none or only very few physical prototypes prior to production.

Computational fluid dynamics (CFD). CFD is a VP tool that is

used to simulate flow and/or heat transfer for fluids and solids increasingly

2 Hughes, T. (2000). The Finite Element Method: Linear Static and Dynamic Finite Element
Analysis, (Dover Publications, USA).



more reliable prediction of movement and velocity, shear, temperature and
pressure contours and distribution patterns inside the systems under study.
This is achieved by solving the Navier Stokes transport equations using the

conservation of mass, energy and momentum.
2.3.2 Motion analysis

The motion of any mechanical assembly may be modelled, evaluated
and optimized in two or three dimensions. The results can be recorded using
powerful animation tools and can be replayed at any time later. The two

main types of motion simulation are:

Kinematics performance. Velocity, acceleration, position,
displacement and rotation are determined without considering the mass or

force properties. The main objective is to verify proper geometry of motion.

Dynamic motion. The main difference from kinematics simulation is
that dynamic analysis considers additionally both the mass and the forces
associated with the constituent elements of an assembly. The method for
calculation of the dynamics of forces and motion is used to approximate the
motion of mechanical systems by solving differential equations. Golub,

Ortega® (1992).
2.4 Evaluation of manufacturing and assembly operation

Prototype evaluation should include prediction and simulation of
manufacturing processes and production planning both during the conceptual
design when design data are incomplete and during the later stages when the

design has matured after several design iterations. The risks of transition to

* Golub, G. H. and Ortega, J. M. (1992). Scientific Computing and Differential Equations: An
Introduction to Numerical Methods, (Academic Press, USA).



full production can be reduced by integrating virtual design and testing with

manufacturing simulation.
2.4.1 Manufacturability

It is a condition that must be satisfied before a design can be
considered valid. Lack of any prototyping of the manufacturing stage
heightens the risks of having to carry out design changes shortly after

commissioning expensive dies, tools and other production equipment.
2.4.2 Assembly analysis

The main capabilities of existing VP tools for assembly analysis

include. Tseng, Jiao,Su* (1998):

Assembly plans generation. Rules of the assembly method for
feeding, grasping, orientation and insertion of all the elements are applied to

evaluate assemblability and the reliability of an intended assembly system.

Assembly system design. Ease of maintenance, quality control
checks, reconfiguring, workplace layout and station design for all the various
stages of assembly are evaluated following the generation of an assembly
plan. This will include the creation and configuring of assembly stations, and
operations and resources such as tooling, and fixture can be assigned to each

process on the basis of a bill-of-material structure.
2.4.3 Manufacturing management

Financial (e.g. the costs of implementing various manufacturing and
assembly plans) and logistics and production control requirements are the

direct result of design decisions. Manufacturing management needs to

4 Tseng, M. M., Jiao, J. and Su, C.-J. (1998). Virtual prototyping for customised product
development. Integrated Mfg Syst., 334343,



evaluate the implications of these requirements prior to commissioning new

products into actual manufacture.

2.5 Human factor analysis

The manufacture of a product may involve handling, assembling,
packaging and maintenance by human operators. Traditionally, expensive
full-size mock-ups of the product, together with either life-size human
models or real users, are used to evaluate safety, ergonomics, visibility,

maneuverability, etc.



Summary

Virtual prototyping can provide a clear, competitive edge to
companies who embrace and successfully implement its features. Reduced
cycle times provide the opportunity to make new products available in less

time and thus permit a company to become a market leader.

Virtual prototypes can be a valuable tool for program managers to
use in identifying and managing program risks. Program managers are
required to develop new product development strategies and program plans
that are event-driven and that explicitly link major contractual commitments
and milestone decisions to demonstrated accomplishments in development,

testing and initial production.

Virtual prototypes can assist both the contractor and the program
manager in understanding new product concepts and operational impact of
new products and systems. More importantly, it provides a means for the
engineers to visualize, maybe for the first time, the interactive results of
what previously has been represented by two-dimensional tables of data and

thousands of complicated equations.
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