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Multi-objective optimize gas-assisted time parameters with CCD response surface method
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Abstract : Compared to traditional plastic injection molding, delay time and gas injection time are unique parameters for gas-
assisted molding, which increases the complexity of gas-assisted molding. In order to accurately design the values of delay time and
injection time, and achieve ideal gas penetration effect and gas finger amplitude, the plastic part with typical gas-assisted structures
were taken as research object. Firstly, the effects of delay time and gas injection time on the quality of gas-assisted molding were
studied by gas-assisted molding full three-dimensional CAE. The results show that properly increasing the delay time can reduce or
eliminate the gas finger defects and improve the penetration length, but too long delay time will lead to "short shot", and too short
delay time will lead to serious gas finger defects. Increasing the gas injection time can improve the gas penetration effect, reduce
surface defects, and reduce internal stress and warping deformation. However, if the gas injection time is too long, the high-pressure
nitrogen part inside the gas finger will tear it to form serious gas finger defects,and even cause the plastic part to expand and become
scrapped. Then, the CCD response surface method was used for multi-objective optimization, and the optimal values of delay time
and gas injection time were obtained as 4 s and 10.37 s, respectively. The optimized values are verified through CAE and experi-
ments, and the gas penetration effect and gas assisted molding quality under the optimized values are good, which improves the
quality and efficiency of gas-assisted molding and can be used for actual production of gas-assisted molding.

Keywords : delay time ; gas injection time ; gas-assisted injection molding ; response surface method ; multi-objective opti-

mization
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(a) Delay time=0 s (b) Delay time=1 s

(c) Delay time=2 s

(d) Delay time=3 s

() Delay time=4 s (f) Delay time=5 s
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Fig.3 CAE results for delay times of 0,1,2,3,4,5 s, respectively
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Fig.4 Relationship between delay time and gas penetration length
I v RS G ] 2 3 e AR 4 BEL T 38 1 v RS
TR BT 22 1 F 07 283 Y IR 28 ) s A8 38 1 L
B ARZE BT (HIER AR B — e R,
BITE i e A S AR Z HT S R R L 220 1)
T U JEE A B 1 2, BHLIE T e SR I 5 | 238
PR AR, B AN G AU R B K
UG IR ISR ORI, J5 it ) BERE A VA SR A B v )
T8 B — 7 JEE B R 1 )22 , 3k (A5 v s AR A 4
Ji e/ R [ )22 P 240 ST A 1) ] 2 5 O bR i
JE X 23 R S B AT FAR AL, WA B AU
AU R EOK

15 S SR I 5 e AR =[] 1452 i
LK FR . WNEISHTLIE L, BE SEIR I, ek
SHERIEAEZ AUl , U HS R AE IR I R S
FRRPE . X R R e A SE IR B B3 K, SR
Tl SRR AT B A IR TR) VA 20, T8 A TR A 68 1 )22, I

Experimental results

~

Simulation results

\ .
_—— e

Experimental results

W

w

Max length of gas finger/mm

o 1 2 3 4 5
Delay time/s

5 GRS RO UR IR A S 2k
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Fig. 6 CAE results for gas injection times of 5,10, 15,20,25 s,
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Tab.1 CCD response surface analysis factor level

Level
Factor
-1414 -1 0 1 1.414
Delay time(A4)/s 1 2 3 4 5
Gas injection time(B)/s 5 10 15 20 25

*2 CCDNMEIRIEERK

Tab.2 CCD response surface test results

Gas penetra- Max length of

Test number Als Bls .
tion length/mm  gas finger/mm
1 -1.414 0 156.69 3.15
2 0 0 190.09 6.87
3 0 1.414 174.65 3.67
4 -1 1 171.65 6.21
5 0 0 190.10 6.88
6 -1 -1 190.33 8.06
7 1.414 0 122.56 1.03
8 0 0 189.97 6.79
9 1 -1 65.97 1.5
10 1 1 188.12 6.75
11 0 -1.414 61.37 1.5
12 0 0 189.95 6.80
13 0 0 190.06 6.77

Xt 4 A T R [ W 7 1 5 25 0B, 45
RIE3 K4,
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Tab.3 Quadratic regression CCD response surface analysis of

variance for gas penetration length

Source Sum of df Mean Square F Value  P—value
Squares
Model 25549.76 5 5109.95 35.64 <0.000 1
A 1594.20 1 1594.20 11.12 0.0125
B 1625.29 1 1625.29 11.34 0.0120
AB 4958.27 1 4958.27 34.59 0.000 6
A 3693.11 1 3693.11 25.76 0.001 4
B 7 506.09 1 7 506.09 52.36 0.000 2
Residual 1 003.50 7 143.36
Lack of fit  1003.48 3 334.49 69253.48 <0.000 1
Pure error 0.019 4 4.83x107°
Cortotal ~ 26553.27 12

Note: df'is the degree of freedom in the variance of CCD response

surface.

F4 EASERKEHTXEIECCD WA ES ZE5H
Tab.4 Quadratic regression CCD response surface analysis of

variance for max length of gas finger

Source  Sum of Squares df Mean Square F Value P-—value
Model 70.04 5 14.01 16.79 0.000 9
A 0.76 1 0.76 0.91 0.3709
B 4.21 1 4.21 5.04 0.059 6
AB 12.60 1 12.60 15.11 0.006 0
A 31.09 1 31.09 32.27 0.000 5
B 24.84 1 24.84 29.77 0.000 9
Residual 5.84 7 0.83
Lack of fit 5.83 3 1.94 786.77  <0.000 1
Pure error 0.009 88 4 0.002 47
Cor total 75.88 12
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Tab.5 Optimization prediction results of CCD response surface

Gas penetration
length/mm
4.00 10.37 184.13 3.75
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Fig. 10 Numerical simulation and experimental results with delay time

of 4 s and gas injection time of 10.37 s
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