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Molding process optimization of centrifugal pump head based on Moldex 3D and orthogonal test
LI Binghui,ZHANG Baicheng, HUANG Zhaoge
(School of Polymer Science and Engineering, Qingdao University of Science and Technology,Qingdao 266042, China)

Abstract : The injection molding process of commercial centrifugal pump head was simulated by Moldex3D mold flow analy-
sis software. Three gate schemes were set up according to the product's structure characteristics, and the best scheme was selected
through the simulation analysis of the injection molding process. The results show that the products with balanced pouring scheme
have the best comprehensive properties, the warpage deformation is 1.588 mm and the volume shrinkage is 2.444%. After confirm-
ing the optimal gating scheme, the filling time (4), pressure holding time (B), cooling time (C), and mold temperature (D) were used
as experimental factors. A five factor and four level orthogonal experiment was constructed using the Taguchi method to obtain the
optimal process parameters, and confidence testing was performed on the results using range and variance analysis. Taking the total
warpage displacement as the main weight object, the optimal combination of molding parameters was determined as
A,B,C,D through range analysis. Variance analysis verified that the confidence of the range analysis results was higher than 99%.
Compared to the initial plan, the warping deformation of the product decrease by 23.6% from 1.588 mm to 1.214 mm, the cooling
time diminish to 10 seconds, reduced by 40%. The use of mold flow analysis technology allows product quality and production effi-
ciency have been significantly optimized, providing a feasible way for the prediction of plastic parts performance, reducing produc-
tion costs and improving production efficiency.

Keywords : Moldex3D ; orthogonal test ; injection molding ; centrifugal pump ; mold flow analysis
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Fig. 1 Design drawing of centrifugal pump head
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Fig. 3 Design of cooling water system
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Fig. 4 Mesh distribution of centrifugal pump head
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Tab.1 Initial process parameters

Process parameters Value
Filling time/s 5.4
Melt temperature/°C 320
Mold temperature/°C 100
Filling pressure/MPa 180
Packing pressure/MPa 160
Packing time/s 12
Cooling time/s 25
Ejection temperature/°C 253
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Fig. 6 Distribution of stitches of each scheme
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Tab.2 Factors and levels of orthogonal test

Factor
Level E(Blank column)
Als Bls Cls D/°C
1 4.6 8 15 100 \\
2 52 12 30 110 \\
3 5.8 16 45 120 \\
4 6.4 20 60 130 \\
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Tab.3 Results of orthogonal test

Total warpage Volume
No. 4/s B/s C/s D/I°C E displacement/ shrink-
mm age/%

1 1 1 1 1 1 1.214 2.444
2 1 2 2 2 2 1.557 2.447
3 1 3 3 3 3 2.053 2.562
4 1 4 4 4 4 2.361 3.118
5 2 1 2 3 4 1.645 2.444
6 2 2 1 4 3 1.327 2.443
7 2 3 4 1 2 2.351 2.552
8 2 4 3 2 1 2.225 3.179
9 3 1 3 4 2 2.076 2.441
10 3 2 4 3 1 2.360 2.450
11 3 3 1 2 4 1.501 2.567
12 3 4 2 1 3 1.900 3.185
13 4 1 4 2 3 2.330 2.664
14 4 2 3 1 4 2.121 2.687
15 4 3 2 4 1 1.916 2.819
16 4 4 1 3 2 1.625 3.302

x4 HHBABREDNT

Tab. 4 Range analysis of total warpage displacement

Parameter Als Bls Cls D/°C E
K, 1.796 1.816 1.417 1.897 1.929
K, 1.887 1.841 1.755 1.903 1.902
K, 1.959 1.955 2.119 1.921 1.903
K, 1.998 2.028 2.351 1.920 1.907
R 0.202 0.212 0.934 0.024 0.027

®5 HREERBEDN

Tab.5 Range analysis of volume shrinkage

Parameter Als Bls Cls D/°C E
K, 2.643 2.498 2.689 2.717 2.723
K, 2.655 2.507 2.724 2.714 2.686
K, 2.661 2.625 2.717 2.690 2.714
K, 2.868 3.196 2.696 2.705 2.704
R 0.225 0.698 0.035 0.027 0.037
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Fig.9 Effect curve of each factor
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Tab. 6 Variance analysis of total warpage displacement

Sum of Mean L
Signifi-
Factor squares of square  Fvalue P value
. eg cance
deviations value

A 9.5%10” 3 3.2x107  49.57  4.6x10° significant

B 0.12 3 3.9xx10°  61.72  3.4x10” significant

C 2.02 3 0.67 1059.31 4.9x10° significant

5.9x10"  0.93 0.52
6.4x10™ 1 0.5
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Tab.7 Variance analysis of volume shrinkage

D 1.7x10° 3
Error 1.9x10° 3

Sum of Mean Sienifi
Factor  squares of square  F'value P value g
. degree cance
deviations value
A 1.4x10™ 3 4.7x107 4547 5.3x107 significant
B 1.32 3 0.44 42878 1.9x10™ significant

C 3.3x107 3

D 1.8x10° 3

Error 1.9x10° 3
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Fig. 10 Result of volume shrinkage and total warpage displacement

after optimization

4 Hig

(1) 32 X B O AR X — VR B AT AR 7
e, TG 1 BB 0F 8 rh el BEAF AR 1048 A 2k Rt A2
FEAEBRIE o R =5 BT J7 SR A R AT X I,
R R E SOV R ARN a2 g VY A el il
il s R B 4 R Ry 2.444% , 8 it B B Ol 1.588
mm, AT AR A7 58, A > T 35%,
BRI EE T AR

(2) XEA BT R AT ZE 734, R BRI ER C
X iSRS B WA f R, PR B AR B4 A 1Y
AR ST E I U BT Al R A e (N R [
KT 99%. L35 5 B A% il i T2 B0 fe
HENABCD,.

G)H At T ZH A AR R AT 1AL



76

AR

2024 4E 55 52 4 55 1 1

ST R T AR A R B R G R
2.444% A BT R N 1.214 mm, 57 R ()W) 1A
IR ES AT LA, PR R A R AR Ak,
RIS T 23.6%. W ENI AN T 004G %
BEAR T 10 s, %6 T 40%. F PR 20 B H R K s
PEfm T AR, IR T LA T,

(1]

[2]

[3]

(4]

[3]

(6]

(7]

[8]

& & X
SUNJE E, DZIHO E. Experimental determination of influence of
cooling parameters on injection molded part dimensional stability
[C)/International Conference “New Technologies, Development
and Applications”. Cham: Springer International Publishing, 2022:
184-193.
OKTEM H, SHINDE D. Determination of optimal process param-
eters for plastic injection molding of polymer materials using multi-
objective optimization[J]. Journal of Materials Engineering and
Performance,2021,30(11):8 616-8 632.
RAHMAN WA W A,SIN L T,RAHMAT A R. Injection moulding
simulation analysis of natural fiber composite window frame[J].
Journal of Materials Processing Technology,2008,197(1-3):22-30.
SANDU I L, SUSAC F,STAN F, et al. Prediction of polymer flow
length by coupling finite element simulation with artificial neural
network[J]. Materiale Plastice,2020,57:202-223.
CAO W, GONG J, QI Y, et al. Tribological behavior of nano-
ZrO, reinforced PTFE-PPS composites[J]. Journal of Wuhan
University of Technology-Mater Sci Ed,2019,34:527-533.
FERE , KA PR R BB ] AR Tl
2018,44(8):47-49.
XIAO Jinyue, ZHANG Lei. Design of injection mould for fastener
cover of automobile seat[J]. Die & Mould Industry, 2018, 44(8):
47-49.
SRERRE, JEl A T Moldflow 4T FHZE PR B AT AR MR 28 g 2 T
ZARATRFEI]. 3Tl , 2023, 51(7):93-99.
ZHANG Xuzi, ZHOU Fahua. Optimization of injection molding
process for commercial vehicle bumper grille based on moldflow
[J]. China Plastics Industry,2023,51(7):93-99.
XURRER, RS, 228 . 25T Moldflow Y HATL T ICIE 7 ¥R Hi%
T TARE RN T, 2023, 51(6):97-102.
LIU Xiangjian, ZHOU Jiarui, JIANG Jin. Design of injection
mould for button switch cap based on moldflow[J]. Engineering

Plastics Application, 2023,51(6):97-102.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

JEVER 2% SO 3T CAD/CAE [ BEHG 42 AT B P03 e S A i
T TREER T, 2022, 50(7):86-90.
ZHOU Huilan, XIE Wenwei. Hot runner injection mold design for
motorcycle lampshade based on CAD/CAE[J]. Engineering Plas-
tics Application, 2022, 50(7):86-90.
kR, R, T =, %5 . 3L T Moldex3D A /MILIA -5 11 407 &
M. ¥R Tl , 2020, 48(7):59-64.
CHEN Chao, LIAO Qiuhui, DING Yungqing, et al. Prediction of
gate location for appearance plastic parts based on Moldex3D[J].
China Plastics Industry,2020,48(7):59-64.
W2 N, RS 4 JEF Moldflow 1475 3% 4R SR # 1F
B ALTEALALL]. 541 2%, 2023(9):86-87.
WEN Yinglan, WANG Gang, YING Jiahao, et al. Optimization of
warping deformation of glass-fiber reinforced plastic parts based
on Moldflow[J]. Auto Electric Parts,2023(9):86-87.
JHZAS HoRAE, T 45, 4 35T Moldflow Y7EAT S i 4347 5
TRAKLT. 3844, 2020,49(6):137-142.
TANG Jie, HUANG Rongxue, WANG Quanliang, et al. Warpage
analysis and optimization of automotive lampshade based on
Moldflow[J]. Plastics,2020,49(6):137-142.
ST, ARG X5, 55 T MoldFlow 5 1E A8 B0 1744
AT AT S8 S e 8 T 2 AR B T3] A L 1, 2023, 23(5):
43-45.
ZHANG Xinyu, TIAN Mengjie, ZHAO Ruiming, et al. Optimized
design of injection molding process for automobile headlight
cover based on MoldFlow and orthogonal test[J]. Die & Mould
Manufacture,2023,23(5):43-45.
OKTEM H, ERZURUMLU T, UZMAN I. Application of Taguchi
optimization technique in determining plastic injection molding
process parameters for a thin-shell part[J]. Materials & Design,
2007,28(4):1 271-1 278.
CHAUHAN V, Kirki T, VARIS J. Optimization of compression
molding process parameters for NFPC manufacturing using
taguchi and moldflow
Processes,2021,9(10):1 853—1 863.
KEE, &8, K EIH, 5 PRI S ol Rk et T B 5B
FFikas F D). 2B Tl , 2022(6):10-12.
ZHANG Zhenzhen, GAO Yang, ZHANG Baojuan, et al. Applica-

design of experiment analysis[J].

tion of F test method and t test method in coal industrial value

analysis[J]. Soda Industry,2020(6):10-12.



