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Virtual manufacturing, as an advanced machining technology, has been regarded as a 

useful tool to carry out analysis and research work with digital model instead of 

practical manufacture. In virtual manufacturing, there is no real production and 

neither material nor power is wasted. Modelling, mould design, assembly and virtual 

manufacture of a flange tube has been carried out through the application of such 

automation technology as CAD/CAM. A CAD tool, Pro/Engineer Wildfire 4.0 software 

package was used in the modelling of a flange tube as well as in the design and 

assembly of the mould for the created part. These were achieved based on the 

dimensions and specifications of both the blank and the finished drawings. The 3D 

solid model was imported in IGES format from the Pro/Engineer into a CAM tool, 

MasterCAM4.0 for the virtual manufacture of the flange tube through NC machining 

simulation of the wax pattern injection mould cavity. The results showed that the 

part can be modelled and manufactured virtually using CAD/CAM tools and this 

reduces cost of real prototype, increases performance, improve on product quality 

and shortens production development cycle. 

Keywords:  

CAD/CAM, modelling, pro/engineer, 

virtual manufacturing, NC machining Copyright © 2018 PENERBIT AKADEMIA BARU - All rights reserved 

 

1. Introduction 

 

Virtual manufacturing is a non-traditional machining technology which is applied in the 

manufacture, analysis and synthesis of actual machining from which designers and engineers can 

have full digital model. It is a mapping of workable machining in computer virtual environment 

whereby results are obtained in full digital production [1]. This means that there is no real 

production and neither material nor power is wasted. Virtual manufacturing which is based upon 

virtual reality has been applied widely in practice. Virtual reality is a procedure or strategy by which 

products designers and engineers visualize and control with computers mind boggling information 

which can be used to streamline production of products [2]. It is essentially a computer-based 

technology that gives designers and engineers a viable, three dimensional and interactive 

                                                             
∗

 Corresponding author. 

E-mail address: abbanfati2014@gmail.com (Musa Alhaji Ibrahim) 

Penerbit

Akademia Baru

Open 

Access 



Journal of Advanced Research in Applied Mechanics 

Volume 43, Issue 1 (2018) 1-7 

2 

 

 

Penerbit

Akademia Baru

experiences. Designers and engineers using virtual reality can even interact with a computer-

generated environment, without much technical training [3]. More so, through detection, analysis 

and appraisal of digital production created by virtual manufacturing, the designers and engineers 

can identify problems quickly and eliminate them prior to manufacture. Virtual manufacturing finds 

application in aerospace and automotive industries. In the present days, virtual manufacturing 

based on virtual reality is used in manufacturing industries for creating a simulated environment 

thereby getting more insight into the manufacture of the product and saving cost and time. 

Manufacturing industry is particularly well positioned to take advantage of the recent emergence of 

affordable virtual manufacturing (VM) systems based on standard workstations or PCs [4]. Virtual 

manufacturing is gradually establishing itself as a high efficiency tool to verify the machinability and 

practicability of technology for designers and engineers. Virtual manufacturing reduces the cost and 

the risk of the production exploitation, shorten development cycle and improve the competitive of 

market [1]. Modelling is an art of abstracting or representing of something real. This may assume 

many different shapes or forms for example a mathematical model of an economy of a country may 

consist of set of differential equation or that of an exterior shape of a new car may be sculpted in 

clay. Engineers develop models throughout product realization process to get answers question. A 

model is used to evaluate the general appearance and attractiveness of the model as well as 

structural analysis that may need precise numerical results and demand the use of other model 

[19]. 

CAD/CAM technology has achieved a breakthrough in the technical application of computer 

technologies for manufacturing products thus leading to efficiency, high quality and minimum cost 

of production [5]. With the increasing development in modern manufacturing, advanced 

manufacturing processes have greatly impacted upon the manufacturing industries thus proposing 

higher requirements for the research on and development of CAD/CAM and its application in 

product design and manufacture especially in the tooling design of processes such as modelling and 

mould design which require an appreciable number of human-controlled parameters [6]. This 

therefore, poses many challenges in tooling and process parameters prior to producing acceptable 

parts [7]. To overcome these challenges CAD/CAM tools such as Pro/Engineer and MasterCAM have 

been implemented in the manufacturing industries thereby providing diagnosis and solution for 

many manufacturing problems such as efficiency control and computerized management systems 

[8] in the production function. Computer Aided Design (CAD) refers to the use of computer 

technology for the design of objects, real or virtual [9]. Computer-aided design is usually associated 

with interactive computer graphics, known as CAD system. These systems are powerful tools and 

are used in the design and geometric modelling of components and products [10]. The design of 

geometric object shapes, in particular, is often called computer-aided geometric design (CAGD). 

However, CAD frequently involves more than just shapes, as in the manual drafting of technical and 

engineering drawings, the output of CAD often must convey symbolic information such as 

materials, processes, dimensions and tolerances, according to application-specific conventions [11]. 

On the other hand, Computer-Aided Manufacturing (CAM) involves the use of computer-based 

software tools that assist engineers and machinists in manufacturing or prototyping product 

components [12]. CAM may also be referred to as the use of a computer to assist in all operations 

of a manufacturing plant, including planning, management, transportation and storage, its primary 

purpose is to create a faster production process and components with more precise dimensions 

[13,14,15]. Integration of CAD and CAM plays an increasingly important role in modern 

manufacturing systems and as such the technology has rapidly developed and widely spread in 

manufacturing industries [16]. The Current major commercial CAD/CAM systems, such as Pro/E, 

MasterCAM, CATIA, Unigraphics, IDEAS, SOLIDWORKS, CAXA, etc. have many specialized modules 
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packed together and running on their own proprietary databases. These systems have both CAD 

and CAM capabilities and the geometric data from CAD can be used in the CAM module with little 

or no any conversion [17,18,].  

This paper is concerned with the modelling and virtual manufacturing of a flange tube using 

CAD/CAM tools such as Pro/Engineer and MaterCAM software systems. 

 

2. Methodology 

  

Although the modelling and mould design of the flange tube production involves many steps, 

here CAD/CAM tools were applied in the following 3 major steps and these steps are:  

 

I. 3D modelling of the flange tube 

II. Mold design and Assembly  

III. Mold Cavity NC machining simulation.  

 

2.1 3D Modelling of the Flange Tube 

   

 Pro/E Wildfire 4.0 features were repeatedly exploited in modelling the flange tube. The Pro/E 

software base features were used in creating the important geometrical structure of the part. 

These features were made up of primitive shapes viz.: bend (elbow-like shape) and circular shapes 

and ellipse that give the part its major geometry and followed by modifiers that facilitated the 

creations of engineering features such as corners, rounds, chamfers, and other cavities and contour 

radii of the part. The design variables for the part are circles radii of 194.66 mm, 42.58 mm and for 

the two ellipse Rx1=49.44 mm, Ry1=59.665 mm and Rx2=98.22 mm and Ry2=113.50 mm and nine 

holes of radii 18.00 mm and depth 7.40 mm and round dimension of 7.29 mm. Figure 1 and Figure 2 

show the as-cast blank and 3-D model of the flange tube respectively. 

 

 
Fig. 1. as-cast blank 
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Fig. 2. 3D model of the flange tube 

 

 
Fig. 3. 3D model of the flange tube 

 

2.2 Mould Design and Assembly  

The wax pattern injection mould was designed based on the finished drawing specifications. 

The 3D model of the as-cast blank was created and the mould cavities were created as follows: The 

model of the part (i.e. the as-cast blank) was imported into the Pro/E assembly module and a 5-

workpieces of specified dimensions were created thereby making the bottom and top parts (i.e. 

lower and upper cavities), the sides part (left and right) and front part of the mould using cut-out 

method. After considering all the tolerances ±0.025, ±0.25, ± 0.3, draft angles of 20
0
 and 25

0
, 

shrinkage allowance as well as machining processes, the other components such as the sprue, pins, 

clamping nuts and studs, screws, etc. were separately modelled based on standard sizes and shapes 

as required for mould assembly and the whole components were assembled using the 

Pro/Engineer. The figure 3 shows the assembly (unexploded) and exploded views of the mould. 
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Fig. 4. 3D model of the flange tube 

 

2.3 Mould Cavity NC Machining Simulation  

 

The machining of mould cavity requires very high accuracy and excellent surface quality [18]. 

Therefore, it is essential to make use of simulation techniques so as to reach a very high surface 

quality and surface layer with low stresses and distortions [19] and these techniques could replace 

the industrial wax which is ideal for producing product prototypes and verifying CNC machining 

programming [20]. The machining simulation of some parts of the mould cavities from the 3D 

models all the way to the NC codes generation can be summarized as follows: The 3-D models of 

the mould upper cavity and side part were saved in IGES file format and imported into the 

MasterCAM 4.0 manufacturing module. The geometry, toolpath style, type of machine tool, the 

type of material to use were properly selected. Cutting parameters such as feed, speed and depth 

of cut were also specified; toolpaths were verified and some adjustments on the cutting 

parameters were made. The NC codes were generated by post processing the model and then the 

NC codes customized to accommodate the CNC machine. Figure 4 and Figure 5 show the tool path 

style and finished operation of some parts of the mould respectively. 

 

 
Fig. 5. 3D model of the flange tube 
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Fig. 6. Finished operation 

 

3. Results and Discussion 

Virtual manufacturing and modelling have contributed hugely to manufacturing industries in 

various perspectives. This gives us knowledge on how virtual manufacture could be utilized to cross 

over any barrier between different offices engaged in the production of products, therefore sparing 

important time and saving cost. Also, modelling and virtual manufacture assumed an essential part 

in production planning and prototyping process, though constructing it physically devours 

additional time and is likewise costly. Virtual manufacturing when combined with simulation tools 

can reduce design and production cost, as well ensure product quality, and reduce the time 

required to go from product concept to product realization, while being highly responsive to 

continually changing and competitive market and world condition.  

 

4. Conclusion 

 

The paper has described a simple approach of using CAD/CAM tools in the modelling and virtual 

manufacturing of a flange tube. Effective utilization of CAD/CAM as automation technology in 

manufacturing can optimize operations, allow manufacturing flexibility, respond to consumers’ 

requirements and demands, improve product quality, reduce production costs and shorten product 

development cycle. It can be concluded that CAD/CAM as an automation tool has been applied to 

modelling and manufacturing of a flange tube virtually without the consumption of materials and 

power. 
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