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Abstract 

Virtual manufacturing 

(VM) is an emerging 

design tool that 

enhances real 

manufacturing 

operations by 

modelling, simulating 

and artificial 

intelligence. VM 

technologies enable 

many aspects of the 

activities to be 

integrated and realised 

in a single system. VM 

is an evolving research 

area that targets at 

incorporating diverse 

manufacturing related 

technologies under a 

common umbrella by 

applying virtual reality 

(VR) technology. VM 

can as well be used for 

concurrently 

simulating all the 
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Introduction  
In a developing 

economy like Nigeria, 

manufacturing is an 

essential part that 

could drive the 

economy since it is a 

central activity that 

includes product, 

process, resources, 

and plant. Currently, 

products complexity 

couple with highly 

sophisticated 

processes and 

application of micro-

technology such as 

mechatronic, the 

rapid demand in the 

ever competitive 

markets require the 

need for a flexible and 

agile production. The 

competitive 

advantage in 

manufacturing has 

progressed from the 

mass production 

paradigm to one that 

is centred on fast 

responsiveness and 

flexibility (Lee,  
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activities and functions 

involved throughout 

the life cycle of a 

product. The paper 

dwells on economic 

and technological 

aspects in the growth 

of VM systems. 

Applications of VM in 

industries and benefits 

are presented. 

 

heung and Li, 2001). Furthermore, manufacturing enterprises may 

be geographically distributed and conceptually linked regarding 

dependencies, material, information and knowledge flows.   

The industrialists must have knowledge about their processes in this 

complex environment before trying them so as to get it right the first time. 

One of the main objectives of this emerging technology is to reduce 

problems that would only be detected after the prototype physical 

construction. Nowadays, with virtual environment development software 

and suitable interaction devices, there are possibilities of modelling 

machinery, land vehicles, boats, and planes aiming at simulating the 

effective behaviour of the equipment. 

 In order to achieve this objective, the application of a virtual 

manufacturing environment will provide a computer-based environment 

for simulating individual manufacturing processes. However, early 

optimisation of cost, quality and time, integrated product achievement, 

process and resource design, achievement of early consideration of 

producibility and affordability are some of the benefits derivable in virtual 

manufacturing systems. 

Virtual manufacturing is vividly defined as a computer system that is 

capable of generating information about the structure, status and 

behaviour of a manufacturing system as can be observed in a real 

manufacturing environment (Netto, Penacho and Anitelle, 2002).  VM can 

as well be define as a tool which focuses on available techniques and tools 

that allow a continuous experimental production processes and equipment 

by employing digital models. The idea of VM is to provide a modelling and 

simulation environment that is powerful such that fabrication or assembly 

of any product, including the related manufacturing processes, could be 

simulated in the computer.   

In the VM, activities and processes would be modelled prior and sometimes 

parallel to the real manufacturing operations in the real domain. 
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Consequently, models comparison with reality and several model 

maintenance operations are essential. The accomplishment is possible due 

to interaction between the virtual and real worlds by continuously 

monitoring the performance of the virtual manufacturing system. In such 

a situation as realised by VM, it is possible to adopt several methods to 

organise engineering activities right from product design to production 

management.  

Therefore, this paper present Virtual Manufacturing (VM) as an emerging 

design tools in a developing economy. Although, several projects and 

workshops have shed light on VM thematic, the expected technological and 

economic benefits of VM application will also be presented. 

 

Importance and application of VM in Industry.  

The importance of VM as can be applied in industry among others include: 

to analyse the manufacturability of a component and product; helps in 

evaluating and validating plans for both feasibilities of the production and 

process; the production process and performance of the manufacturing 

system can be optimised. Subsequently, the establishment of a VM model 

is based on real manufacturing facilities and processes, it therefore not 

only provides reliable information about the product and its processes 

involve in manufacturing, but also allows for proper evaluation and 

validation of these processes. In addition, VM can reliably be used to 

predict the business risks so as to support the management in decision 

making and strategic management of an organisation. 

 

Methodologies and tools used in VM 

Modelling activity and simulation activity are the two main core of VM. The 

first includes determination of what model and the degree of abstraction 

that is required, while the second is regarded as the ability to represent 

this model in a computer-based environment that will correlate to the real 

system response with a certain degree of accuracy and precision.  

The following activities are methods necessary to achieve VM system: 

1. Manufacturing characterisation: this will capture, measure and 
analyse the variables that influence transformation of material 
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during manufacturing i.e. product/process representation, design 
by features and system behaviour. 

2. Modelling and representation technologies: this provides different 
types of models for proper representation, abstraction, and 
standardisation. The required technologies that will represent all 
the kinds of information associated with design, fabrication of the 
products and the processes such that this information can be 
adequately shared between all software applications.  

3. Visualisation, environment construction technologies: this entails 
representation of information to the user in manner that is 
meaningful and can be easily understandable. It contains virtual 
reality technologies such as graphical user interfaces, multi-context 
analysis and presentation etc. 

4. Verification, validation and measurement: the tools and 
methodologies required to support this verification and validation 
of a virtual manufacturing system e.g. metrics and decision tools. 

5. Multi disciplines optimisation: usually there is no self-standing 

research disciplines for VM and simulation but they are often in 

conjunction with traditional manufacturing research. 

 

Overview of simulation applications tools in manufacturing 

Table 1 shows simulation tools in manufacturing (Dépincé, Chablat and 

Woelk, 2007).  

Manufacturing level Simulation type Simulation targets Detail level 

Factory or shop floor - Flow simulation 

- Business process 

simulation 

- Logistic and storage 

- Production principles 

- Production planning and control 

low 

Manufacturing 
systems or 
manufacturing lines 

-Flow simulation - System layout 

- Material flow 

- Control strategies 

- System capacity 

- Personnel planning 

Intermediate 

Manufacturing cell, 
Machine tool or robot 

- Flow simulation 

- Graphical 3D 

kinematics simulation 

- Cell layout 

- Programming 

- Collision test 

High 

Components - Finite-Elements 

Analysis 

- Multibody simulation 

- Bloc simulation 

- Structure (mechanical and 

thermal) 

- Electronic circuits 

- Non-linear movement 

Complex 
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dynamics 

Manufacturing 
processes 

- Finite-Elements 

analysis 

- Cutting processes: surface 

properties, thermal effects, tool 

wear / life time, chip creation 

- Metal forming processes: 

Form-fill, material flow (sheet 

metal), stresses, crack 

Very complex 

 

Flow simulation tool: this tool is an object- orientated discrete events that 
allows efficient model, experiment and analyse facility layout with process 
flow. Flow simulation tool aids determination of optimal layout and 
production lines optimisation so as to accommodate different order sizes 
and mixed product. 
Kinematics simulation: due to the evolution of graphical 3D, they are 
mostly used for design, off-line programming and evaluation of work-cells 
by simulating true controller of robot in order to allow mixed environment 
that compose virtual and real machines.  
Finite Element Analysis (FEA): this tool is generally accepted as a powerful 
engineering design tool that enables industries to simulate various kind of 
fabrication and put them to test accurately. When combine with other 
optimisation tool, FEA can be used for decision-making (Gadh, Jayaram and 
Srinivasan, 2001). The number of prototypes such as virtual prototype, 
which is cheaper than building physical models, can be reduced. Also, the 
cost of tooling is reduced thereby improves the quality.   
The procedure of product and process development would change by 
application of VM and simulation. As a result of prototyping changes to 
virtual prototyping, the first real prototype would be nearly ready for 
production so as to reduce time and cost for any industrial product. 
 
Economic Benefits of Virtual Manufacturing 
As explained in the previous section, one of the important contributions of 
VM is towards the improvement of communication within an enterprise. 
Virtual Manufacturing will provide manufacturers the confidence of 
knowing that quality products can be delivered to market on time and 
within the initial budget. Other benefits according to Lee, Cheung and Li 
(2001) include: 

▪ Improving the capability of risk measures and control. VM can be 
used to provide the information associated with the production 
processes and the process capability. The information is useful for 
enhancing the accuracy of the decisions made by the designer and 
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the management. The problems related to the product development 
and manufacturing processes can also be predicted and resolved 
before the actual production. 

▪ Optimisation. VM optimises the processes of manufacturing which 

includes physical level and analytical production can be added to 

simulation and other analysis technologies so as to allow high 

confidence validation of new processes. VM can also simulate the 

behaviour of machine tool and part interaction e.g. geometric and 

physical analysis. 

▪ Reduction in the product development cycle. VM will enable more 
computer-based product models to be developed and prototyped 
upstream in the product development process so as to reduce the 
need for the number of downstream physical prototypes usually 
made to validate the product models and new designs. 
Consequently, the company development time can be reduced. 
Enable 

 
Trends and Exploitable Results of VM 
Machine Tool 
According to Mujber, Szecsi, and Hashmi (2004) there is a new trend of VM 
in machine tools manufacturer as can be observed in Virtual Machine 
Tools. The forming processes by application of process simulation is 
almost state-of the industry.  
 

   
Fig 1 Virtual Machine Tool     Fig 2 A 3D solid model of the conceptual  

(Gadh, Jayaram and        virtual machine (Novák-Marcincin,  

Srinivasan, 2001).         2010)      



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

173 

Automotive 

As was observed by Lawson, Salanitri and Waterfield (2016), the 
development and application of latest technologies in the automotive 
industry is a crucial factor for success in an increasingly competitive 
market that needs faster- time- to market and high-quality products.  
In the automotive industry, the goal of Digital Product Creation Process 
(DPCP) is to digitally design the product and its manufacturing process 
with full visualisation and simulation for product, process and resources. 
The product area deals with the design of individual component of the 
vehicle throughout the product life-cycle, the process area deals with 
detailed planning of the manufacturing process. The state of the art 
witnessed in automobiles is as a result of flow simulation of factories, 3D 
kinematics simulation of manufacturing systems, simulation of assembly 
processes and FEA of parts.  

 
Figure 3 A vehicle prototype display and interaction (Netto, Penacho and 
Anitelle, 2002).  
 
Aerospace 
Furthermore, the aerospace industry applied VM by employing FEA to 
design and optimise part; consequently, reduce the weight of frames by 
integral construction using 3D-kinematics simulation to program 
automatic riveting machines and to support complex assembly and service 
tasks. 



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

174 

Conclusion  
This paper presented the development of VM methods and some brief 
explanations of the trend. Different levels of activities in manufacturing 
enterprise such as production activities, processing of materials, plant and 
facilities layout can be applied with VM technique. It requires successful 
lunching of multidisplinary expertise that cuts across wide range of 
disciplines in computer and engineering technology. The continuous 
yearning for high quality products, lower manufacturing costs and faster 
time-to-market will force many manufacturing industries to change the 
strategies, processes and practices in manufacturing for product 
development. In the light of this, VM as an emerging technique will provide 
versatile tools for manufacturers.  
However, there are still some shortcomings to overcome for a complete 
integration of VM techniques such as data integrity training and system 
integration for Small Medium Enterprises (SMEs) because VM is a capital 
intensive technology.  
The major inadequacies are imposed by the need for high computation 
power and speed, the substantial costs involved, and also many of the 
appropriate technologies need development before acceptable benefits 
can be achieved. If these shortcomings are to be overcome new 
technological advancements in hardware are necessary and a greater effort 
should be placed on software which is found to be lagging far behind 
hardware as noted by (Dépincé, Chablat  and Woelk, 2007). 
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