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Abstract 
A virtual assembly approach is proposed for the analysis of product assemblability during the design stage. 
A visual assembly environment created in DELMIA is developed and its capability is demonstrated via a 
case study of a blower assembly. Based on the simulation of the entire assembly process, cycle time and 
human factor issues are evaluated from an ergonomics point of view. Comparison results show that the 
assembly cycle time and energy expenditure can be reduced when the operator posture is improved as a 
result of workplace redesign. Simulation results of the virtual assembly can be used for the planning and 
validation of the actual assembly process as well as feedback for design changes. 
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1 INTRODUCTION 

To enhance competition in the global market, 
manufacturing companies are increasingly concerned with 
product and process validation in order to facilitate efficient 
and effective engineering changes [1]. Assembly process 
validation is an area that needs special consideration due to 
its direct influences on product quality, time to market and 
cost [2]. The minimization of the product cycle time and 
work induced fatigue are two significant factors during 
validation. Therefore, it is beneficial to incorporate a 
complete ergonomic analysis of the assembly process for a 
new product design. 

In the late 90s, ergonomic analysis was mostly supported 
by videotaping systems, i.e. a videotape of an operator 
performing the assembly operations [3-5]. Such research 
analyzed the videotape of work methods and workplace 
layout. With the development of computer hardware and 
software, 3D simulation techniques were employed in 
ergonomic analysis. Generally, information on assembly 
sequence, operator movements, etc. from the workplace is 
collected and then a virtual manufacturing environment 
mimicking the actual physical environment is constructed.  
Iterative simulations can be conducted in such a virtual 
environment for ergonomic analysis [6-8]. However, such 
analyses are often based on an existing product and 
workplace. The construction of these physical prototypes 
will increase product development lead time and costs. 
Therefore, there are significant advantages in the 
concurrent study of human factors for product assembly 
during the design stage.  

Chryssolouris et al. developed an experimental virtual 
environment for the verification of manual assembly 
processes [9]. An immersive virtual environment with a 
CyberGlove was used in their study of four alternative 
layouts for the assembly of a boat propeller. The influence 
of a number of process parameters and their combinations 
on the process cycle time were also quantified.  Rajan et al. 
developed a Virtual Reality-based environment JGPRO for 

aircraft floor assembly jig design and analysis [10]. 3D CAD 
models of assembly product, jig and a virtual hand were 
imported into JIGPRO for assembly process simulation and 
accessibility analysis. The main purpose was to analyze 
accessibility during assembly and to evaluate the risk of 
musculoskeletal injuries. Sundin et al. described a case 
study of bus chassis assembly which aimed to improve 
efficiency and ergonomics in the early design stages [11]. 
‘Jack’ was used for the construction of a computer manikin 
and ergonomic analysis of different work sequences 
including posture was conducted.   

This investigation demonstrates the capability of a virtual 
assembly approach in product assemblability analysis and 
workplace design based on a blower assembly case study. 
A virtual assembly environment is created and a digital 
human model is introduced to perform all necessary 
assembly operations. Three metrics are used in this study: 
operator posture, energy expenditure and process cycle 
time. They are evaluated and used for the redesign of the 
workplace in this phase of virtual assembly. 

 
2 METHODOLOGY  

2.1 Virtual assembly environment 

DELMIA V5R20 is adopted for the creation of virtual 
assembly environment and process simulation. Its digital 
manufacturing approach is built upon a Product, Process, 
and Resource (PPR) model providing a central hub 
connecting all relevant data as shown in Figure 1. 
Especially, its virtual ergonomics provision offers a digital 
human modeling capability for the creation, validation and 
simulation of operator/product interaction. The digital 
operator can perform activities such as walk to a specific 
location (across floors, up ladders, down stairs) based on 
time parameters defined by the user, move from one target 
posture to another, as well as pick and place parts in the 
work area by following the movements and paths of objects. 
These activities can be combined with assembly activities 
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Figure 9: Comparison of individual assembly task time before and after workplace redesign. 

application is employed to demonstrate the capability of this 
virtual assembly environment. The entire assembly process 
simulation consists of four assembly tasks and one sub-
assembly task. Human factors were evaluated and a new 
design of the workplace is proposed based on the 
ergonomic problems identified in the assembly process. 
Simulation results show that the assembly cycle time and 
energy expenditure can be reduced through an 
improvement of the operator’s posture. The process cycle 
time and energy expedition can be reduced by 4.2% and 
4.5% respectively. Further simulations could be made to 
optimize individual metric or a combination of them. Results 
obtained from the virtual assembly analysis can also be 
used for process validation and verification before actual 
production. 
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