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ABSTRACT 
This paper presents the design of plastic 
injection mould for producing a plastic product. 
The plastic part was designed into two different 
types of product, but in the same usage function. 
One part is using clip function and another part 
is using tick function. In the computer-aided 
design (CAD), two plastic parts were drawn in 3 
dimension (3D) view by using SIEMENS 8.0 
parametric software. In the computer-aided 
manufacturing (CAM), DELCAM 12.0 software 
was used to develop the machining program. For 
mould design, the product was designed into two 
changeable inserts to produce two different 
types of plastic product in one mould base. 
Before proceeding to injection machine and 
mould design, this part was analyzed and 
simulated by using Ansys 15.0. From the 
analysis and simulation we can define the most 
suitable injection location, material temperature 
and pressure for injection. In the present work 
Component selected for conveyor chain locking 
links. 

Keywords: Changeable insert mould, injection 
pressure, air traps, injection location, mould 
design . 

1. INTRODUCTION 

Because of the many inherent advantages in 
using plastic materials, there is an ongoing trend 
of replacing metal with injection-molded plastic 
parts in a wide variety of applications. More and 
more parts with critical end-use application 
requirements are becoming candidates for 
conversion to plastics. Plastics are lightweight, 
durable and corrosion-resistant; have a high 
strength-to-weight ratio; and, when used in 
transportation applications, for example, offer 
one of the easiest ways to increase fuel savings 

by making vehicles more lightweight. As 
plastics replace metals, the parts must be 
designed to take into account the properties of 
the specific plastic relative to the application 
requirements. One of the complicating factors 
for injection-molded plastic parts is that the 
properties of plastic materials effectively change 
during the manufacturing process. While this is 
not a problem in and of itself, problems can arise 
if the structural analyses are based on generic 
material data that does not accurately represent 
the actual properties of the molded part. These 
problems can include over engineering of 
components, which can lead to unnecessary 
costs and material usage, or under-engineering, 
which can result in part failure. Fiber-filled 
plastic materials are commonly used in metal 
replacement applications. When glass or carbon 
fibers are added to plastics, the elastic modulus 
can increase significantly with a negligible 
effect on part weight. This combination of low 
weight and high stiffness makes fiber-filled 
plastics ideal for high-performance applications. 
The key to unlocking the potential of these 
plastics lies in the orientation of the fibers. The 
orientation direction and the degree of 
orientation of the fibers determine the 
mechanical properties of the molded part. In 
areas where fibers are strongly aligned, the 
material will have higher strength characteristics 
in that direction, but will be relatively weak in 
the perpendicular direction (across the fibers). In 
areas where the fibers are more randomly 
oriented, the material will not achieve maximum 
strength, though the strength properties will not 
depend as much on the loading direction, 
creating a more isotropic like material. 

 INJECTION MOULDING: 
Injection molding is the most common method 
of part manufacturing. It is a manufacturing 
process for producing parts for both 
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thermoplastic and thermosetting plastic 
materials. The process is material is fed into a 
heated barrel from the hopper, mixed and forced 
into a mould cavity where it cools and hardens 
to the configuration of the mould cavity, the 
features of the desired part such as simple 
components to complex components. The 
advantages of injection moulding are high 
production rate, repeatability high tolerances, 
low labour cost and minimizes scrap cost but 
equipment investment and running cost is high.  
EQUIPMENT 
Injection moulding machine consist of a material 
hopper, screw type plunger or an injection ram 
and a heating unit. It holds the mould tool to get 
the required shape of the components. In which 
the amount of clamping force that the machine 
can exert in terms of in tonnage. The plastic 
material required more injection pressure to fill 
the mould and this more clamp tonnage required 
to hold the mould closed.  

 

 

 MOULD: 

Mould or die are the common terms used to 
describe the tooling used to produce plastic parts 
in moulding. It is expensive to manufacturing 
and used in mass production. Generally the 
moulds are prepared by steel, aluminum and 
beryllium-copper alloy. The choice of material 
should be more parts have to be manufacturing 
before wearing out. Steel moulds are more cost 
to construct but their longer life span will offset 
the higher initial cost over a higher number of 
parts made before wearing. Moulds are 
manufacturing by the CNC milling machine. In 
this machine complex and more accurate moulds 
are prepared in less time; the selection of the 

milling tool bit depends on the operation and 
size of the work piece (mould). 

 TIME FUNCTION: 

The time it takes to make a product using 
injection moulding can be calculated by adding: 

wice the Mold Open/Close Time (2M) + 
Injection Time (T) + Cooling Time (C) + 
Ejection Time (E) Total time = 2M + T + C + E 
Total cycle time can be calculated by using t 
cycle = t mould close + t injection + t cooling + t 
mould open + t ejection. The time taken for 
mould (close, open) injection, ejecting are few 
seconds. The cooling times, which dominate the 
process which takes more time one.  
LUBRICATION  
The mould must be cooled in order for the 
reproduction to take place because of the heat 
capacity, inexpensiveness and more availability 
of water and is used as the primary cooling agent 
to cool the mould. It channeled through the 
mould to account for quick cooling times. A 
colder mould is more efficient because this 
allows for faster cycle times. 
 MOULD DESIGN 
The mould consists of two primary components 
injection mould (plate A) and ejector mold (plate 
B). In which molten plastic enters into channels 
of mould through the injection barrel. Along 
these channels molten plastic enters into the 
various gates and into the cavity to form the 
desired shape of part. The amount of resins 
removed to fill the spruce, runner and cavity of a 
mould is a shot. Trapped air in the mould can 
escaped through air vents that are grinded into 
the parting line of the mould. Shrinkage is 
considered for determine the draft. The draft 
required for easy with drawl of the mould is 
dependent on the depth of cavity. If the skin is 
too thin, the mould cavities are touch to each 
other, the molten elastic will stick to the mould 
cavity. To avoid this and also to remove the 
molten part from the mould cavity ejector pin 
are used  
 

2. METHODOLOGY  

Uni-graphics software is one of the world’s most 
advanced and tightly integrated 
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CAD/CAM/CAE software package developed 
by Siemens PLM Software, offers several pre-
packaged Mach Series solutions for NC 
machining. Available in a range of capability 
levels, these solutions accelerate programming 
and improve productivity for a variety of typical 
manufacturing challenges, from basic machining 
to complex, multiple-axis and multi-function 
machining, as well as mould and die 
manufacturing it also merges solid and surface 
modeling techniques into one powerful tool set. 
The packages include complete capabilities for 
geometry import, CAD modeling and drafting, 
full associatively to part designs, NC tool path 
creation, verification and post processing, along 
with productivity tools that streamline the 
overall machining process. 

CAM(COMPUTERAIDED 
MANUFACTURING) 
Computer-aided manufacturing (CAM) is the 
use of computer software to control machine 
tools and related machinery in 
the manufacturing of work pieces. This is not the 
only definition for CAM, but it is the most 
common; CAM may also refer to the use of a 
computer to assist in all operations of a 
manufacturing plant, including planning, 
management, transportation and storage.[6][7] Its 
primary purpose is to create a faster production 
process and components and tooling with more 
precise dimensions and material consistency, 
which in some cases, uses only the required 
amount of raw material (thus minimizing waste), 
while simultaneously reducing energy 
consumption. CAM is now a system used in 
schools and lower educational purposes. CAM is 
a subsequent computer-aided process 
after computer-aided design (CAD) and 
sometimes computer-aided engineering (CAE), 
as the model generated in CAD and verified in 
CAE can be input into CAM software, which 
then controls the machine tool. 
 Traditionally, CAM has been considered 
as a numerical control (NC) programming tool, 
wherein two-dimensional (2-D) or three-
dimensional (3-D) models of components 
generated in CAD software are used to 
generate G-code or M-code etc, which may be 
company/controller specific, to drive computer 
numerically controlled (CNC) machines. In 

modern day Controllers, CNC Machines, simple 
designs such as bolt circles or basic contours do 
not necessitate importing a CAD file for 
manufacturing operation. 
Computer-integrated manufacturing (CIM) is 
the manufacturing approach of using 
computers to control the entire 
production process. This integration allows 
individual processes to exchange information 
with each other and initiate actions. Through the 
integration of computers, manufacturing can be 
faster and less error-prone, although the main 
advantage is the ability to create automated 
manufacturing processes. Typically CIM relies 
on closed-loop control processes, based on real-
time input from sensors. It is also known 
as flexible design and manufacturing. 

The term "computer-integrated 
manufacturing" is both a method of 
manufacturing and the name of a computer-
automated system in which individual 
engineering, production, marketing, and support 
functions of a manufacturing enterprise are 
organized. In a CIM system functional areas 
such as design, analysis, planning, purchasing, 
cost accounting, inventory control, and 
distribution are linked through the computer 
with factory floor functions such as materials 
handling and management, providing direct 
control and monitoring of all the operations. 

CNC MACHINING: 

Numerical control (NC) is 
the automation of machine tools that are 
operated by precisely programmed commands 
encoded on a storage medium, as opposed to 
controlled manually via hand wheels or levers, 
or mechanically automated via cams alone. Most 
NC today is computer numerical control (CNC), 
in which computers play an integral part of 
the control. 

In modern CNC systems, end-to-end 
component design is highly automated 
using computer-aided design (CAD) 
and computer-aided manufacturing (CAM) 
programs. The programs produce a computer file 
that is interpreted to extract the commands 
needed to operate a particular machine via a post 
processor, and then loaded into the CNC 
machines for production. Since any particular 
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component might require the use of a number of 
different tools drills, saws, etc. Modern 
machines often combine multiple tools into a 
single "cell". In other installations, a number of 
different machines are used with an external 
controller and human or robotic operators that 
move the component from machine to machine. 
In either case, the series of steps needed to 
produce any part is highly automated and 
produces a part that closely matches the original 
CAD design. 

CNC like systems are now used for any 
process that can be described as a series of 
movements and operations. These include laser 
cutting, welding, friction stir welding, ultrasonic 
welding, flame and plasma cutting, bending, 
spinning, hole-punching, pinning, gluing, fabric 
cutting, sewing, tape and fiber placement, 
routing, picking and placing (PnP), and sawing. 

 INJECTION MOULDING MACHINE  

An injection moulding machine produces 
components by injection moulding process. 
Most commonly used machines are 
hydraulically powered in-line screw machines, 
although electric machines are appearing and 
will be more dominant in the market in near 
future. The main units of a typical injection 
moulding machine are the clamping unit, the 
plasticizing unit, and the drive unit;  

 

Fig. 3. Injection Moulding Machine  

The clamping unit holds the mould. It is capable 
of closing, clamping, and opening the mould. Its 
main components are the fixed and moving 
plates, the tie bars and the mechanism for 
opening, closing and clamping. The injection 
unit or plasticizing unit melts the plastic and 
injects it into the mould. The drive unit provides 
power to the plasticizing unit and clamping unit. 
Injection moulding machines are often classified 
by the maximum clamp force that the machine 
can generate. This is the force that pushes the 

two mold halves together to avoid opening of 
the mould due to internal pressure of the plastic 
melt in the mould. The clamping force of typical 
injection moulding machines range from 200 to 
100,000 kN.  

 

Fig.2 Line Diagram Of Mould 

 THE INJECTION MOULDING CYCLE 

 There are three main stages in the injection 
moulding cycle; stage 1, injection, followed by 
stage 2, holding pressure and plasticating, and 
finally, stage 3, ejection of the moulded part. 
When stage 3 is completed, the mould closes 
again and the cycle starts over again.  

 Stage 1 INJECTION OF THE PLASTIC 
MELTS INTO THE MOULD: In stage 1, the 
mould is closed and the nozzle of the extruder is 
pushed against the sprue bushing of the mould. 
The screw, not rotating at this point, is pushed 
forward so that the plastic melt in front of the 
screw is forced into the mould. 

 Stage 2 HOLDING PRESSURE AND 
PLASTICATING: When the mould is 
completely filled, the screw remains stationary 
for some time to keep the plastic in the mould 
under pressure, this is called the “hold” time. 
During the hold time additional melt is injected 
into the mould to compensate for contraction 
due to cooling. Later, the gate, which is the 
narrow entrance into the mould, freezes. At this 
point the mould is isolated from the injection 
unit. However, the melt within the mould is still 
at high pressure. As the melt cools and 
solidifies, the pressure should be high enough to 
avoid sink-marks, but low enough to allow easy 
removal of the parts. During the plastication 
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stage, the material is pushed forward from the 
feed hopper through the barrel and towards the 
nozzle by a rotating screw. When the gate 
freezes, the screw rotation is started. The period 
of screw rotation is called screw “recovery”. The 
rotation of the screw causes the plastic to be 
conveyed forward. As the plastic moves 
forward, heat from the electric heater bands 
along the barrel and shear starts to melt the 
plastic. At the discharge end of the screw, the 
plastic will be completely melted. The melt that 
accumulates at the end of the screw pushes the 
screw backward. Thus the screw rotates and 
moves backward at the same time. The rate at 
which plastic melt accumulates in front of the 
screw can be controlled by the screw 
backpressure, that is, the hydraulic pressure 
exerted on the screw. This also controls the melt 
pressure in front of the screw. When sufficient 
melt gets accumulated in front of the screw, the 
rotation of the screw stops. During screw 
recovery the plastic in the mould is cooled, but 
typically the cooling is not finished by the end of 
screw recovery. As a result, the screw will 
remain stationary for some period until cooling 
is completed. This period is often referred to as 
“soak” time. During this time additional plastic 
will melt in the extruder from conductive 
heating. Also, the melted material will reach 
more thermal uniformity, although the soak time 
is usually too short to improve thermal 
homogeneity significantly.  

 Stage 3 EJECTION: When the material in the 
mould has cooled sufficiently to retain its shape, 
the mould opens and the parts are ejected from 
the mould as shown in Fig. 2.2. When the 
moulded part has been ejected, the mould closes 
and the cycle starts over again. The different 
stages can be graphically illustrated as shown in 
Fig. 2.3. The top bar shows the movement of the 
extruder screw, the second bar shows the action 
going on inside the mould and the third bar 
indicates at what times the mould is open and 
closed. As can be seen in Fig. 2.3 the major part 
of the injection moulding cycle is the cooling 
time required for the plastic in the mould to 
reduce to a temperature where the part can be 
removed without significant distortion. The 
main variable that determines the cooling time is 
the thickness of the molded part. 

THE MOULD Each mould, sometimes referred 
to as a tool, is built to exact specifications of the 
part or parts required by the customer. The 
mould typically consists of two mould halves. 
Usually one mould half contains the cavity and 
forms the outer shape of the part. This part of the 
mould is called the cavity side. The other mould 
half contains a protruding shape and forms the 
inner shape of the part, this mould part is called 
the core. When the core is clamped against the 
cavity, the hollow space that is formed defines 
the shape of the part to be moulded. The plastic 
is usually injected into the mould from the 
cavity side. The mould cavities are cut to 
dimensions larger than the desired part 
dimensions to compensate for the plastic 
shrinkage which occurs during cooling. The 
cavity dimensions are equal to the part 
dimensions plus some shrink factor supplied by 
the material manufacturer. There are usually two 
shrink factors given, one for dimensions in the 
direction of the flow and the other for 
dimensions perpendicular to the direction of the 
flow. Estimating shrinkage, however, is not 
straight forward. It is often difficult to predict 
the melt flow path in parts with complex 
geometries and therefore, it is not clear which 
shrink factor to apply. Part shrinkage is also 
influenced by the process conditions.  

 

 

Fig. 4. Injection Molding Machine  

The injection molding process  

The injection molding process stages starts with 
the feeding of a polymer through hopper to 
barrel which is then heated with the sufficient 
temprature to make it flow , then the molten 
plastic which was melted will be injected under 
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high pressure into the mold the process is 
commonly known as Injection, After injection 
pressure will be applied to both platens of the 
injection molding machine(moving and fixed 
platens) inorder to hold the mold tool together 
afterwards the product is set to cool which helps 
it in the solidification process. After the product 
gets its shape the two platens will move away 
from eachother inorder to separate the mold tool 
which is known as mold opening and finally the 
molded product is ejected or removed from the 
mold. And the process will repeat itself.  

DESIGNING PROCEDURE 
Starting NX     
 Toolbars and tools 
 

 

 

Fig. 5 shows project 2d sketch view 

 

Fig.6 shows the 3d component with model 
tree 

 

Fig. 7  3d assembly of conveyor chain  

`  

Fig. 8 mold cavity 

 

Fig.9 shows the assembly of cavity parts 

 

Fig. 10 shows the assembly of Mold base 
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Fig. 11 shows the assembly of Mold  with 
ejection 

 
 

 

Fig. 12 Meshed model 

 

 

Fig. 13 Zoomed Meshed Model at the Gates 

A 3-Dimension tetrahedron mesh element was 
used for meshing the Mold 

BOUNDARY CONDITIONS 

Flow inlet and wall has been defined as 
boundary conditions. 

Mass Flow rate of 0.05kg/sec was assigned and 
no slip stationary wall for the wall. 

Inlet temperature of 400K was used. 

 

Fig. 14 Boundary Conditions 

MATERIAL USED 

Domain-Fluid 

Propylene(c3h6) 

Density 1.7kg/m3 

Specific hear (j/kg-k) Piecewise-polynomial 

Thermal Conductivity(w/mK) 0.0168 

Viscosity (Kg/m-s) 8.7e-06 

3.ANSYS RESULTS AND DISCUSSIONS 

Figure shows the velocity vectors across the 
mold. The velocity was initially decreased and 
then increased at the mouth of the mold this is 
due to divergent section of the inlet  

 

Fig. 15 Velocity Vectors across mold 

Figure shows the Velocity stream lines across 
the mold and fluid rush into the mold cavity. 

The International journal of analytical and experimental modal analysis

Volume 17, Issue 07, July/2025

ISSN NO: 0886-9367

Page No:423



 

Fig. 16 Velocity Stream Lines 

 

Figure shows the temperature contours across 
the horizontal plane defined at the Top of the 
mold, Maximum temperature of 403K was 
observed at the exit of the inlet and was reduced 
to 300K at the walls. 

 

Fig. 17 Temperature Contours in the 
horizontal plane at the Top section of the 
mold 

 

Figure shows the variation of temperature across 
the horizontal plane at the midlle section of the 
Mold , The area of maximum temperature was 
found to be more at this section. Maximum 
temperature as previously said it was found to be 
403K. 

 

 

Fig.18 Temperature Contours in the 
horizontal plane at the Middle section of the 
Mold 

Figure below shows the temperature contours at 
the horizontal planes For the 3 sections at top 
bottom and centre of the mold. 

It was observed that the Maximum temperature 
area was more at the center plane then in the 
bottom plane then in the top plane. This was due 
to the placing of the inlet exit at the center plane 
of the mold. 

 

Fig. 19 Temperature Contours in the 
horizontal plane at the Top middle and 
bottom section of the Mold 

 

Figure shows the presuure variation at the exit of 
the inlet, The maximum pressure of injection 
was found to be 1.792Mpa at the exit of the 
inlet. A Probe is used to measure the pressure at 
the point in ansys workbench 
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Fig. 20 Pressure Probe at the gate of the Mold 

 

4. RESULTS 

Research shows that the integrated using 
software ANSYS Workbench as injection molds 
stiffness and strength analysis tools, which can 
comprehensively reflect the cavity' s force and 
distortion situation in injection molding process, 
thus providing scientific and reliable theoretical 
foundation for mold design and condition for 
subsequent development of injection mold 
stiffness and strength analysis system. 

  
 

5. Conclusions 

1. In making the mold it was necessary to have 
the best possible product design So that it won’t 
complicate the mold designing process.  

2. With all the necessary dimensions and by the 
help of UNI-Graphics product design was 
achieved. In this phase there were lots of ups 
and downs in trying to figure out what the best 
closing system for the wallet might be, a lot of 
designs were drawn due to the fact that wallet 
closing system complication complicates the 
mold design which intern complicates the 
manufacturing process of the mold, In this thesis 
it was crucial to find out if there were any 
defects in the product design and also finding 
out some important values like material 
selection, Fill time, Fill pattern and Clamping 
force.  

3. By using the simulation and analysis software 
Mold flow the above values have been achieved 
and there were no defects found on the product 
design. 

    
 FUTURE SCOPE 

. Further researches can be done on the above 
designs stage to put the layout of a Cooling 
system for the mold. The function of the cooling 
system of a plastic injection mold is to provide 
thermal regulation in the injection molding 
process. As the cooling phase generally accounts 
for about two-thirds of the total cycle time of the 
injection molding process, efficient cooling is 
very important to the productivity of the process. 
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