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Abstract: 
Injection moulding is a technique to shape melted plastic in the desired form. To become a 
good product there are a lot of parameters. In this paper we will discuss problems that can 
occur while manufacturing a product with injection moulding. One of the main problems we 
will discuss is the gate location of the product and the cooling of the mould. All these 
problems will be exanimate on a specific product. The product is the cover of an LPG tank of 
an car. It shows some design problems with the manufacturing cycle at the moment. Now 
some burned spots, warpage and flow lines are observed. When we examine the product it is 
noticed that the gate is positioned on a bad location. Actually, the gate location is located at a 
not symmetrical place. To avoid problems with the design it is suggested to put the location 
on a symmetrical position. To solve the burned spots and the warpage it is better to add 
some cooling. Once the calculated cooling is added and the correct gate location is chosen, 
we will do an analyse on the two different product. The results will show that with a good gate 
location and good cooling a lot of problems can be solved. 
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1. INTRODUCTION 
 
In the last century the need for big varieties of products was increasing. The shapes became 
more difficult, the demands of properties became higher, automation was required and also 
the costs needed to be lowered. Nowadays you have all kinds of products. Every product has 
its own shape and demands. To achieve these demands, a lot of products are made from 
plastic, especially because there is a huge diversity of properties and once the preparation 
for one piece has been done, it is easy, fast and relatively cheap to make a big series of 
products. To shape the plastic in the desired form you have a few production types. The 
most common production type is injection moulding. Like all other techniques, also injection 
moulding has its own advantages and disadvantages. The advantages are that you can 
make a large series of products. Because the tool has almost no wear, the series is made 
within a little tolerance. There are also several techniques that can be integrated, so the 
product doesn’t need further adjustments. A big opportunity to make the process automated 
is that the work costs can be reduced. But the biggest advantage is that you only need to use 
the material that is needed for the product, so you have almost no waste of material. The 
biggest disadvantage of injection moulding is the high cost when producing only in small 
series. Then the investments on production and experience are very high compared with the 
profit of the product. The costs also include the study before making a product. A lot of 
product problems can be solved with changing the gate location an adding cooling to the 
mould. This paper will discuss the position of the gate and the dimensions of the cooling.  
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2. THEORETICAL GATE POSITION 
 
The gate position is very important for the quality of the product. It influence two stages of the 
injection process, the filling stage and the packing stage. 

In the filling stage the melted granules get injected into the mould. To become a good 
filling, the place of the gate in the mould is very important. A good filling means that the 
edges of the product are as good as possible filled at the same time. To know where the 
good position of the gate is the following problems must be taken into account. First of all it is 
possible that smaller parts of the product doesn’t get filled totally. So the product cannot have 
the desired form. To avoid this problem there may be no small, long parts of the piece that 
are not in the direction of the flow lines. This is called hesitation. Especially near the gate this 
is very harmful. Because near the gate the flow lines are on their top speed, they would just 
pass the small part. Figure 1 below give an example of hesitation. The figure on the right 
gives a possible solution. Here the gate is further away from the small place. The flow lines 
will not just pass the place anymore. 

 

 
 

Figure 1: Hesitation [1]. 
 
The second problem that could occur in the filling stage is that you get some air traps inside 
the piece. The cause of this problem is that two flow lines meet each other in the same place 
from the opposite direction. This problem is called ‘racetrack’ (Figure 2). This can not only 
cause air traps but also weld or meld lines. This results in stresses so the strength of the 
product is decreasing [2]. 

 
Figure 2: Racetrack [3]. 

 
The meaning of the packing pressure is to fill the last one to five percent of the mould. The 
pressure remains till the desired cavity pressure is reached. Just like in the filling stage there 
are some things about the packing stage we have to take into account. The problem is called 
overpacking. First of all the pressure variations at the end of filling could get too big. Because 
of a big pressure variation there could occur some stresses on this point. This could lead to a 
volumetric shrinkage on this place. As you can see on Figure 3 on the right the piece gets 
filled much easier in the smallest part on the bottom than in the upper part. Therefore the 
pressure on the bottom will be much higher then the top. That’s why the gate needs to be 
placed as symmetric as possible in the viewpoint of the mould. The pressure at the injection 
point is also of big importance. If this pressure is too high at the end of injecting it means that 
there is too much resistance at the injection point. This can lead to a not totally filled product. 
Also the piece could be burned at the injection point if the pressure is too high. As you can 
see on Figure 3 on the right, the point where the gate is positioned is very small. Because of 
that there is a big resistance and the pressure is increasing in this part. If the pressure gets 
too high, the plastic could get burned [4].  
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Figure 3: Overpacking [5]. 

 
3. THEORETICAL COOLING 
 
Once the desired cavity pressure is reached the product needs to be cooled down. This is 
the most important stage. It also takes the most time, around the half of the process. The 
cooling is important for a few things. Although the cooling takes a lot of time, the purpose of 
cooling includes making the cycle time shorter. If there would be no cooling it would take a lot 
more time before the product can be ejected. The other reasons have an effect on each 
other. Because of a non homogeneous cooling there will be thermal residual stress build up 
that can cause for differential shrinkage and warpage. The best product is one that has no 
temperature variances. But because of different thickness, hotter at the injection point, 
difference in density, this is not realistic. Extra cooling can result in an almost homogeneous 
cooling down of the product. To position and dimension a good cooling there are a lot of 
parameters involved. The parts that are thicker need more cooling than the thinner parts. To 
analyze where you need to put which cooling we need to make a heat balance. This heat 
balance encounters all the possible heat transactions of the product, the mould and the 
cooling channels. The formula is written beneath. 

 
QKS + QE +QC = 0                       (1) 
 

Where QKS is the heat flux from moulding (kJ/m), QE the heat exchange with the 
environment, (kJ/m) and QC the heat exchange with the coolant (kJ/m) 
The heat exchange with the environment takes only around five percent of the total heat 
exchanging. This shows that it is necessary to put some extra cooling. Because the 
exchange with the environment takes only five percent we can neglect it in relation of the 
total heat exchange. Then we become the next formula. 

 
QKS + QC = 0                         (2) 
 

Now we need to calculate the heat exchange with the cooling and with the mould itself. The 
heat flux exchange between the cooling and the molten polymer can be expressed as (Rao 
et al 2002) 
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Where TM is the mould temperature (°C), TE the demoulding temperature (°C), cpm the 
specific heat of the melt (kJ/kg°C), im the latent heat of fusion of polymer (kJ/kg), ρm the melt 
density (g/cm3), s the part thickness (mm) and a the distance between two cooling channels. 

The find the heat flux exchange during the cooling time tc (s) we use the next formula : 
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Where λST is the thermal conductivity of mould steel (W/m°C), Se the shape factor, α the heat 

transfer coefficient, TW the mould wall temperature (°C) and Twater the temperature of coolant 

(°C). 

The shape factor Se also has a big influence on the cooling quality of the mould. This 

factor is given as follows for circular cooling channels. (Thorne 1997) 
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With b the distance from the mould surface to the center of the cooling channel (mm) and dc 

the diameter of the cooling channel (mm) 

The heat transfer coefficient for water is as follows: 
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With Re the Reynolds number. The Reynolds number decides if the flow is laminar or 
turbulent.  


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uRe
                         (7) 

 
With u the velocity of the cooling (m/s) and ν the kinematical viscosity of the medium water 
(m2/s). 

As mentioned above the necessary cooling level is not everywhere the same. That’s why 
the mould needs to be divided in several zones. These zones can be obtained by a 
simulation program. For the practical use of the formulas we will calculate the necessary 
cooling time tc in function of the distance between two cooling lines a, the distance from the 
mould surface to the cooling channel b and the diameter of the cooling channels dc. If we put 
this into one formula we get the next : 
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In this formula we need to make sure that tc is as minimum as possible to decrease the total 
cycle time. The formula needs to be used on different temperature zones of the mould. To 
solve the problem we can use a mathematical program such as Matlab. Out of the program 
we get the results for the time of cooling tc for different values of the measurements a, b and 
dc of the cooling. 
Not all the solutions are useful. For the variables a, b and dc limits should be inserted. The 
reason why we need boundaries is because the dimensions of the cooling could be 
oversized. If this happens the strength of the mould can decrease a lot. It is also possible 
that the design is not realistic anymore. To avoid this there are made some upper and lower 
boundaries.  
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The boundaries of the variable parameters are found by experience and engineering 
analyses. They are shown beneath.  
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It is not only necessary to take into account the boundaries. Because the part goes out of the 
mould in one time, all the cooling times of the different cooling zones need to be the same. 
Once everything is calculated with Matlab or another mathematical program the position and 
size of the cooling is known. [6] 
 

4. THE PRODUCT 
 

The product we will examine the previous study on is a screw for an LPG tank of a car, 

illustrated in Figure 4. Now the injection point is at the edges, what gives a bad result. 

 

 
 

Figure 4: The product - a screw for an LPG tank. 
 

5. PRACTICAL GATE LOCATION 
 
The product shows a few problems. Some of these problems can be solved by choosing a 
better location for the gate. The injection point of the product is now positioned on the side of 
the product. From there the piece gets filled perpendicular on the radius and parallel with the 
top of the piece.  

First we will examine the possible hesitation problem. If we take a look to the piece from 
the side we can see that the screw is not parallel with the injection flow. The flow with the 
less resistance is going straight on. To fill the screw there is more resistance. So the filling of 
the screw will go much slower than the rest of the piece. It is possible that the screw doesn’t 
get filled properly. Figure 5 (left) shows the actual injection point location. If we try to look for 
a better way of injection we can move the injection point in the centre of the product. The 
advantage is that all the flow lines will be symmetric. Now we can inject from the top or 
bottom. The screw side is preferred because otherwise the injection point will be visible on 
top of the product. Figure 5 (right) shows the suggested gate location 

 

   
 

Figure 5: Hesitation. 
 

At the other hand it will be examined the possible racetrack problem. Now we will look to the 
piece from the top. The injection point is still at the edge of the radius. When we inject over 
there the outer and the inner flowlines will be as shown on figure 6 (left). As you can see the 
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flowlines come together at the other side of the product. A compression of air will occur at 
that location. As the air cannot escape, it will compress and heat so that the product will not 
be filled completely. To solve this problem we need to find a gate point on a more 
symmetrical location. We will study the flowlines if we put the gate on the location as in the 
previous solution. If the injection point is on the top of the screw and we look to the flow lines 
from the top of the product we get the following flowlines as shown in figure 6 on the right. 
Here the included air is divided over the whole edge of the piece so we get a better injection 
and a better visualization of the product.  

   
Figure 6: Racetrack.

 

 
If we look to the product in figure 7 on the left we can see at the bottom there is a burned 
place. The burned place is located next to the injection point. As you can see on figure 7 in 
the middle the gate location is not in a symmetrical point. Because of that the pressure will 
get much higher than if we would place the gate in a symmetrical place as shown in the right 
figure 7 underneath. Here all the flow lines have to cross the same distance. 
 

    

Figure 7: Packing. 
 

 

6. PRACTICAL COOLING 
 

Now we need to dimension and position the cooling. It is also important to use the correct 
cooling time. The size and position of the cooling gets calculated with the formula discussed 
at section 3. It is rewritten underneath. 
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Some of the parameters can be obtained by the datasheet of the polymer. Other parameters 
can be obtained by the data integrated into the simulation program Moldflow. The only 
parameters that can not be obtained with the provided data are the mould temperature TM 
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and the mould wall temperature TW. There are two possibilities to obtain these parameters. 
The first one is to do a test-run with the mould. Temperature sensors need to be attached on 
different places of the mould. In this way we can get the temperature. The second possibility 
is to make a simulation of the injection process in a CAM program such as Moldflow. It is a 
cheaper and faster process but the result is not hundred percent accurate. In Figure 8 you 
can see a simulation of the injection process to get the mould temperature.  

TM

   
Figure 8: Temperature product. 

As shown on Figure 8 we can say that the temperature at the flow front TM is about 230 °C 
over the whole product. On that way we don’t need to put different cooling geometries. The 
next parameter obtained with the simulation is the mould wall temperature. On figure 9 this 
temperature is shown. 
 

 Figure 9: Mould wall temperature. 
 
It shows the optimal mould wall temperature with the matching melt temperature and 
injection time. As you can see the mould wall temperature TW is 73,85 °C. All the other 
parameters can be obtained from the datasheet and the parameters provided by Moldflow. 
All the needed parameters are indicated below: 

 
TM = 230 °C  
TW =73,8 °C 
TE = 128 °C  
cpm = 3,4769 kJ/(kg °C) 
im =71,4 kJ/kg  
ρm =0.74898 kJ/kg 
s =10 mm 
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Twater=15 °C 
λst =190 W/(m °C) 
Re =20483 

 

All these parameters are integrated in a mathematical program Matlab. By running the 
program you get all the possible solutions. Not all the solutions are useful for our product. 
The cooling must be positioned that the screw is between two cooling channels. The screw is 
M10, which means that the outer diameter is 10 millimeter. The minimum distance from the 
product to the cooling channel is 6 millimeter. That means that the distance between two 
cooling channels is minimum 22 millimeter. Now that we know that the distance between two 
cooling channels is minimum 22 millimeter we can look for the other parameters with an as 
short possible cooling time. The solution is shown underneath. 
 

a = 6 mm 
b =22 mm 
dc = 6 mm 
tc = 10,032 s 
 

So the cooling channels need a diameter of 6 millimeter, placed 6 millimeter from the product 
with a distance of 22 millimeter between the cooling channels. If we take these parameters, 
we need a cooling time of approximately 10 seconds. 

 
7. SIMULATION 
 
Now we can compare the simulation of the product with the gate at the edge and without 
cooling with the product with cooling and gate position on the center. These simulations are 
made with Moldflow. On the left you can see the product without cooling and bad gate 
position. On the right the product with cooling and gate position in the center. 

Figure 10 shows the filling time. As you can see, the new filling time is shorter and more 
symmetrical then the old one.  
 

   
 

Figure 10: Filling time. 
 
Figure 11 shows the average temperature of the melted polymer. This is approximately 
230°C with the two. But with the new it is symmetrical. With the old one it is located on two 
places. What brings warpage with it. 
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Figure 11: Average Temperature. 
 
Figure 12 is the time to reach the ejection temperature. The difference between the old and 
the new one is more then a half minute. If you count how many more products this can give 
in one workday you know the importance of the cooling. Also the new part has a more 
symmetrical cooling.  
 

   
 

Figure 12: Time to reach ejection temperature. 
 
Figure 13 is the cooling quality. As you can see, the cooling of the new part is till four times 
better then the old part. This is because of the added cooling inside the mould. 
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Figure 13: Cooling quality. 

 
8. CONCLUSION 
 
To design and manufacture a product in plastic, the study before manufacturing is very 
important. With this study a lot of problems can be solved in the manufacturing stage. The 
simulations showed a big difference between the bad manufactured product and the good 
manufactured product. The cooling quality went to four times better.  
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