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Abstract: Taking the agitator of a washing machine as an example, the mold flow analysis results 
of the traditional cooling scheme and the conformal cooling scheme are compared. The latter 
effectively solves the problem of deformation of the end face of the product and shortens the 
production cycle. The simulation shows that the cooling time of injection molding of the product 
with conformal cooling water channel scheme is significantly shortened, and the cooling effect is 
significantly improved. The maximum temperature of the mold cavity surface of the traditional 
cooling water channel scheme is 89.06℃, the cooling time is 159s, and the average warpage 
deformation reaches 0.9046 mm; while the average temperature of the cavity surface using the 
conformal cooling water channel scheme is about 73.77℃, and the cooling time is 97s, the average 
warpage deformation reached 0.431mm. This case uses traditional CNC and metal 3D printing 
composite manufacturing technology to process conformal cooling water channel inserts, which not 
only reduces the production cost, but also greatly reduces the amount of warpage deformation and 
cooling time, which has a significant effect on improving product quality and production efficiency. 

1. Introduction 

In mold injection molding, the cooling effect not only affects the production cycle of the product, 
but also more importantly affects the quality of the product, for example, it will affect the fluidity of 
the melt and warp the plastic parts. The traditional cooling water channel is linear, and the distance 
between the surface of the product and the cooling water channel cannot change with the shape of 
the product. With the development of 3D printing technology, the use of random cooling design can 
improve the cooling effect, achieve uniform cooling of the product, and greatly improve the quality 
of the product. Due to cost constraints, at present, the company mainly uses the traditional CNC and 
metal 3D printing composite technology, that is, the main insert area of the mold, and the remaining 
areas still use the traditional linear cooling channel. The two are combined to obtain the entire 
product injection molding. Cooling channels of the mold. 

2. Product structure and molding process analysis 

Figure 1a shows the plastic parts of the agitator of the washing machine to be produced. The 
product is required to maintain balance and no abnormal noise under the condition of rotating work. 
The flatness of the end face of the bell mouth must be within 1.52mm, and no defects such as shrink 
marks, welding marks, It belongs to oversized and complicated structure precision parts. The raw 
material is PP, the shrinkage rate is 1.8%, the overall dimensions are 439.55mm × 439.55 mm × 
450.63mm, and the volume is 1125cm3. 

The product model was analyzed with Moldflow software for wall thickness. The results in the 
middle area are shown in Figure 1b. The thickness is uneven, the thinnest part is only 1.805mm; the 
thickest part is 6.016 mm. At the same time, there are many deeper enhancements in this area Ribs, 
if the mold temperature is not uniform, it will cause difficulty in filling flow, and uneven cooling 
will cause serious warping deformation. 
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a Plastic figure                   b Plastic wall thickness analysis 

Figure 1 Analysis of wall thickness of product model 
The traditional drilling cooling channel (Figure 2) was first used to simulate the volume 

shrinkage. As shown in Figure 3, it can be seen that the largest volume shrinkage in the middle area 
can reach 17.04%, mainly due to uneven wall thickness and cooling. Did not do well. 

             
Figure 2 Traditional cooling water channels      

3. Design comparison of traditional cooling channels and conformal cooling channels 

Under the premise of the same cooling water flow and cross section, the heat transfer boundary 
of the circular cross section of the mold channel is the smallest, there is no sharp corners, the 
thermal stress accumulation at the corners is reduced, and the mold is damaged due to stress 
concentration during injection molding [2 ]. Whether it is a traditional mechanical drilling process 
water channel or a 3D molding conformal cooling water channel, the processing process is different, 
and the cross section of the cooling water channel should preferably be a circular cross section. 

The traditional straight cooling water channel (scheme 1) is all at right angles. The column is 
cooled by a cooling well solution. The diameter of the water channel is 8mm. The design effect is 
shown in Figure 4a. The 3D printing can print a conformal cooling water channel of any shape 
However, the cost is much higher. Therefore, the conformal cooling channel (scheme 2) adopts 
most of the cooling channels to retain and use traditional CNC processing. The areas where the 
traditional cooling channels cannot be cooled are metal 3D printed conformal cooling channel 
inserts to achieve effective Heat dissipation. The design scheme is shown in Figure 4b. The 
diameter of the conformal cooling water channel scheme is 6mm, which is closer to the product 
surface. 
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a Option 1                                b Option 2 

Figure3 Average volumetric shrinkage 

4.  Influence of traditional and con-formal cooling channels on molds 

Con-formal cooling channels for injection molds are significantly different from traditional 
cooling channels: Con-formal cooling channels no longer need to be made straight-through. In 
theory, they can be made into any shape according to the structure of the product, and can be made 
almost equidistant from the surface of the cavity. Cooling channel [3]. It is designed with complex 
and irregular cooling water channels designed according to the product shape, allowing the water 
channel to change in accordance with the change of the geometry of the mold cavity surface, and 
simplifying the design method of the cooling water channel. When 3D printing technology is used 
to design and manufacture the cooling water channel, it is not affected by the shape of the plastic 
part, which can greatly improve the heat dissipation efficiency, make the mold temperature uniform 
[4], reduce the amount of product deformation, and effectively guarantee the dimensional accuracy, 
stability and internal stress of the product. [5] Improve the molding quality of plastic parts. 

4.1 Surface temperature distribution of mold cavity 

     
A Option 1                     B Option 2  

Fig. 5 Cavity side temperature distribution 
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a option 1                      b Option 2 

 Figure 6 Temperature distribution of core side of mold 
Figures 5 and 6 are cloud diagrams of the surface temperature distributions of the mold cavity 

and core of Scheme 1 and Scheme 2. It can be clearly seen that in Cavity side and Core side, the 
temperature difference of the mold produced by the scheme 2 is smaller than that of the scheme 1, 
especially the middle region is very well uniformly cooled. Because the traditional cooling water 
channel is linear, the distance between the water channel and the mold cavity surface can not be 
completely uniformly cooled. Hot spots appear mainly in the middle wall thickness area, and the 
local hot spot temperature of Cavity side and Core side is as high as 69.86℃, 89.06℃; the 
temperature in the remaining non-hot spots is basically maintained at about 46℃. For solution 2, 
the hot spot problem in the middle skeleton part has been greatly improved. The local hot spot 
temperature of Cavity side and Core side has dropped to 53.62℃, 73.77℃, and the temperature in 
other areas is about 48℃. The problem of uneven cooling has been effectively solved.  

4.2 Distortion distribution of the flatness of the end face of the washing machine mixer 

         
a option 1                                  b Option 2 

Fig. 7 Deformation distribution of flatness of agitator end face 
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Table 1 Deformation of agitator end face in scheme 1 

Deviation -0.7411  -1.1021  -1.0600  -0.9700  -1.3720  -1.5200  -0.9016  
Reference 
value -0.6154  -0.6154  -0.6154  -0.6154  -0.6154  -0.6154  -0.6154  

Deformati
on value 0.1257 0.4867 0.4446 0.3546 0.7566 0.9046 0.2862 

Table 2 Deformation of agitator end face in scheme 2 

Deviation -1.6140  -1.2810  -1.6890  -1.3730  -1.6840  -1.3320  -1.4560  
Reference 
value 

-1.2580  -1.2580  -1.2580  -1.2580  -1.2580  -1.2580  -1.2580  

Deformati
on value 0.3560 0.0230 0.4310 0.1150 0.4260 0.0740 0.1980 

Figures 7a and b are simulation and analysis diagrams of the flatness deformation of the 
traditional cooling water channel and the conformal cooling water channel on the end face of the 
product using moldflow software. From the deformations calculated in Tables 1 and 2, it can be 
seen that the maximum deformation of the agitator edge of the traditional cooling water channel 
scheme can reach 0.9046 mm; and the maximum deformation of the agitator edge of the conformal 
cooling water channel scheme is 0.431 mm. The maximum deformation is analyzed The two 
schemes are quite different, and continue to compare the other main deformations, the latter being 
better than the former. Based on the comprehensive mold temperature parameters, the temperature 
difference of the latter mold in the end face area is smaller than that of the former, and the shrinkage 
deformation due to cooling is also significantly reduced. Therefore, the mold with conformal 
cooling water channel inserts can better improve the degree of flatness deformation of the product. 
4.3 Time to reach ejection temperature 

Through simulation, the injection mold products of Scheme 1 and Scheme 2 reached the ejection 
temperature of 159s and 97s, respectively. A comparison of the two shows that the conformal 
cooling water channel can reduce the time to reach the ejection temperature of the product by more 
than 1/3, the cooling time is significantly shortened, and the molding cycle is shortened. 

5. 3D printed inserts 

Figure 8a is a 3D printed mold insert with a conformal cooling channel. The material is 12Cr9Ni 
mold steel. It was completed on Huashu Hi-Tech FS271M model (power 500w) SLM metal 3D 
printer. The thickness of each layer is set to 0.05. mm. 

         
a insert in materials                   b Product Materials  

Figure 8 Mold inserts and products 

6. Results and discussion 
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The conformal cooling water channel solution mold was installed on the 1300T Haitian injection 
molding machine for production. After the optimization of the machine, the actual cycle was 78s, 
which shortened the production cycle and achieved good economic benefits. The surface of the 
product was smooth. Figure 8b is the physical picture of the washing machine mixer product. Five 
pieces are taken for flatness detection on the end surface. The data is shown in Table 3. The 
deformation is much lower than the customer's drawing requirements, which greatly improves the 
product quality. 

Table 3 Flatness test data of plastic parts produced in scheme 2 

Drawing Specification Sample Number 
+TOL (mm) -TOL (mm) 1 2 3 4 5 

1.524  0.000  0.1626  0.2286  0.1270  0.3886 0.1753  

Conclusion 

Taking the difficult-to-form washing machine mixer as the research object, the molding effect of 
the conformal cooling water channel scheme is compared with that of the traditional cooling water 
channel scheme, so as to verify the optimization effect of the conformal cooling water channel 
scheme. Combined with the cost of metal 3D printing, the traditional CNC and metal 3D printing 
composite technology is used. Most areas use CNC to process linear traditional cooling channels, 
and hot spots that are difficult to cool locally are cooled by metal 3D printed conformal cooling 
channel inserts. Using Moldflow software to analyze the mold flow of the traditional cooling water 
channel scheme and the conformal cooling water channel insert scheme. The mold temperature 
difference of scheme 2 is relatively small, the mold temperature is relatively uniform, and the 
shrinkage difference of the product during cooling is small, so the deformation caused is relatively 
At the same time, because the cooling effect of scheme 2 is enhanced, the freezing time of the 
product is significantly reduced, from the previous 159S to 97S, which reduces the production cycle 
of the mold by 62S; the injection mold with the conformal cooling channel inserts is manufactured 
and produced by molding Plastic parts in kind. It is verified that the cooling effect is consistent with 
the result of the mold flow analysis, which improves the overall warpage and deformation of the 
product and thus improves the quality of the product. Moreover, the solution with conformal 
cooling water channels can greatly reduce the cooling time and molding cycle. The follow-up 
cooling presented in this case has good temperature controllability and deformation control effect, 
and provides a reliable reference solution for the application of 3D cooling follow-up technology in 
the molds of household appliance stirring products. 
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