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SIMULATION OF INJECTION MOLDING PROCESS AND
OPTIMIZATION OF PROCESS PARAMETERS OF FRONT
DOOR SILL PLATE FOR CARS

ABSTRACT

With the development of the automobile manufacturing industry, the
environmental pollution and energy consumption problems caused by
fuel vehicles had become increasingly serious. In order to reduce these
negative impacts, the automotive manufacturing industry began to
explore plastic instead of steel, a lightweight body development direction,
with high-strength engineering plastics to replace the traditional steel, in
order to reduce the weight of the body and reduce vehicle fuel
consumption and exhaust emissions. Traditional injection molding
production in response to the complexity of the injection molded parts
often due to the molding process of many factors, it was difficult to
achieve the desired production results. With the development of CAE
injection molding technology, this problem was effectively solved.
Through accurate numerical simulation of the injection molding process,
it was possible to comprehensively analyze the various problems that may

occur in the production process of plastic parts, and predict the molding
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quality of the parts and make timely improvements to them, thus
improving the molding quality of products, reducing production costs and
shortening the production cycle.

This thesis took the front door sill pressure plate of a sedan as the
object of study. CATIA and UG were used to design the structure and
mold of the front door sill plate of the car, respectively. The optimal
casting system of the door sill plate of the car was obtained through
Moldflow. The optimal Latin hypercube test was designed and completed.
An approximation model of the EBF neural network was established.
Then, a set of optimal injection molding parameters was obtained using
the NSGA-II multi-objective optimization algorithm. The main contents
of this thesis were as follows:

(1) CATIA and UG were used to design the structure and mold of the
front sill plate of the car, respectively. ANSYS modal and static analysis
were conducted on the door sill plate to verify the structure and material
feasibility of replacing steel with plastic for the front door sill plate of the
car. Additionally, the core and cavity, core extraction mechanism, and
ejector mechanism of the mold for the door sill plate were also designed.

(2) Moldflow was used to search for the optimal gate location, and
the 1-gate, 2-gate, and 3-gate schemes were designed. The optimal gate

scheme was determined by evaluating the results of the three schemes in
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terms of filling time, air pockets, and fusion lines. Additionally, the hot
and cold runner mixing pouring system was designed.

(3) The heat transfer mechanism of plastic parts in the cooling stage
was analyzed, and the main factors affecting the cooling effect of plastic
parts were obtained. Orthogonal testing combined with grey correlation
analysis was used to optimize the cooling system water circuit structure,
and the overall design of the cooling system for the front door sill
pressure plate injection mold of the car was obtained.

(4) The optimal Latin hypercube test was designed and completed,
and the influence of injection molding process parameters on volume
shrinkage and warpage deformation of front sash plate was systematically
studied. On the basis of OLHD test, RSM model, Kriging model and EBF
neural network approximate model are established respectively. Through
error analysis and accuracy detection of approximate model, the best
proxy model is obtained.

(5) An approximation model based on the EBF neural network was
constructed for simulating the nonlinear and complex relationship of the
threshold platen in the injection molding process, instead of time-
consuming numerical simulation. The optimization algorithm NSGA-II
was used to optimize the multi-objective optimization of the injection

molding process parameters, aiming to improve the product quality of the
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front door sill pressure plate of the car.
KEY WORDS: sedan front sill platen, casting system, cooling
water circuit, OLHD, EBF neural network, NSGA-II, parameter

optimization
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iIESENEWAF
()= ot () (5-7)
=1
X, —BREEEME i,

o MR IRELE
B EBE RIS MBI ARLE,
O~ MR RRAL.
oo R HOR B OO BRI RR AL, 11270
O=epf-2( - ) (- )] -9
b, R
.

5.3 2 IEMERIRE ST SR EARN

U AU A 34 75 B v S TR AR R VPG AR B, AR WAL (R-
square, R2). ¥J7HRi%#% (Root Mean Square Error, RMSE). 5 K 44X i# %
(Maximum Absolute Error, MAE) AIPF¥)4a%H{E %% (Average Absolute Error,
AAE) 84831,

R2J& F DL B a O R P2 ) — R br o DB TEREAE 0 B 1 2 [A]. il
DL, RASEET 1, TR 1 R RS 5 .
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=1-— (5-9)
XA, —FR A
— B
AR (5-10) Frws
( 1
=1
¢ = (=) (5-10)
=1
= (= )
\ =1

Kef, ALK
PR ST
— A B R L
R BRI SR
RMSE F— i Fl T WA BRSSO Bl 00 f6 e, o ML 5 U 2 )
9 0% . RMSE BN Fom B BRI, R 2 K o T AR
i

RMSE = 1 (- )22=1—— (5-11)
=1
MAE S2 fii 2455 2 Tl 1 22 1 5 — Fh4e b, 2 PN -5 IR 2 1] 1) e oK
Z5. MAE BN RIS AL R FI00 58 )T
MAE = | — | (5-12)
AAE =& — i F Ty S A5 8 T v A 1k 0 e b, 3R TIOIAE 5 S B W ME 2
() PRSP 2 5% 22 57 o

== | - | (5-13)

A BT AU A a] DL I Isight 230, 3%E#¥ Approximation i, @i Data
File Ft MK 3R 5-2 F AT 100 2H %04 LA Sampling Points 2 f AN, 3 H1E Error
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Analysis Options Ft[[ £ ¥ separate data file, ¥3% 5-2 J5 20 H R AN TR ZE 5517,
BN = FOTCVE R 2PN FEAs IR 5-3, 3R 5-4 MR 5-5 PR
& 5-3 RSM BERLR Z P i b

by 2 RMSE MAE
R AE % 0.72665 0.13317 0.39697 0.09450
o AR 0.98209 0.03429 0.06682 0.02848
Fabr AR >0.9 <0.2 <0.3 <0.2

# 5-4 Kriging # AR ZE VPN FE 5

by 2 RMSE MAE
atie e 0.91752 0.08835 0.16419 0.04369
it A2 0.94699 0.05900 0.06823 0.04406
Fabr AR >0.9 <0.2 <0.3 <0.2

R 5-5 EBF #1128 W A AR ZE VAN FaAs

&b 2 RMSE MAE
AR AR % 0.93530 0.06479 0.19215 0.04351
i ith A2 0.99393 0.01997 0.04300 0.01537
Fabs SR >0.9 <0.2 <0.3 <0.2

WRAE EIRARARR ZE VAN PR AR 0 45 KRB, TS (1) EBF A28 ) 2% 3 bl A 2
R AE (R?) EFAR LT S AR AR, [k, EBF 2 k2% 3 ok
R RS B f v, 0 T ASCER W BT TR IS B 2B T 22 5t W &, EBF # 4
P 28 A ALV AR i i 45 1 O 1 IR P Al 2 R R A AR AR
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PR = PN (%)

(c) EBFNN £ 8 ff)i5R 22 73 #r
B 5-7 S AR AL ) R 22 o B

K 5-7 Jeg o 1 A R SIEIAR 5 AR AUE 22 8] R X R 0L o
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Brfe, BEARAROUFTEARHO TG, RO EAGROR AR, 21 fUsEEia AR
N TRBROESZ, HITDRR P R . WEIP AT LIS S, EBFNN 7Y%
A A R R REAS s 8 53 A P R SE N S o AT AE XS A AR b SR AR 5-5 AT
5-7 (¥4 Fn] DL e Y EBFNN R ARSI DU () w5 FE e, XN R 8E0 2 H A
SHNAEE T Hedi

5.4 RE N,

AL OLHD 2 Geh it ST 8 4 iy [ T AR 28 L 2 2 0 R Bl 4 5
AL AR I . A Isight 42 BlBe A, 3L Moldflow BLLL0T H,  FFHFIH
Pareto [ 22 BN B RN B o A, B E 1 25 1l DX 3 ik B 4 A 1 52
WA R P, A5 B AR AR A28 5 AR A2 FE BRI BRI IR IR S R IR s 77 A
PRI ] 7379 2257 RSM MY, Kriging B EBFNN R, Jf3 1 of i = Fof
AR R BEAT IR ZE 0 M S AR AR, 45 21 EBFNN AR RAR BT 53 A1 i A A 2 Ao
RORSFE T &, LA S HER, DRIk EBFNN BEAUE R T AR VEZE T. 2 24
PUAL il R R A AR
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%F 6 B ET NSGA-II I ZFERIl MEER T ZS 8K

AT THISCH) OLHD ikse L4558, #IE 1 EBF M2 28 1) e 2,
T AEAGE R RS R P AR E R G R . IR A ILAL SIS NSGA-IT i 2
M T ZSHOAT 2 FAROUAL, ot IR AR A R o

6.1 Z BArLILIBIRERIE X

Z Hbp AL 1) =5 ZARAL 2 A H bR ek 2. 3K 48 H Ar ek H0E 5 2 A TR,
HAEAERBMTJE, BISCE > B AR & 200 [ A] G 2= T SO A0 H bs s 20 %
e Bk, 2 B ARG iR B AR S 2 4L R 7 SEAEAFAEAN R ) H b b 2K
ZIEFER|—FP . 22 AARILAL R R LS (6-1) EAT IR,

: ():{1()1 2()1"'1 ()}
: )<0;, =12, ..,

(
()=0, =12, (6-1)

X, ) () O)—HbreRs, ASFEL I bR B 85 L R AL
, — BT REAN BRI R,
, — AR AR, AR R
— AR EFRATR R
Z A A FE R H b2 kB —H =111, 2. 1 ERPTHE HArsREAE
R LVR RIS DL N IR B ME B E . EET R, DUS R (AD.
BAREE (B). fRIEES) (O fRIER[E] (D) MAZNRIRE (E) 1F il
WEHEIENZ A AR R g st A2 &, RRIREER C ) MR ¢ ) 1
AL bR, BRI (6-2),
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1 2
190 = <240
4 30 = <70 (6-2)
20 = <50
10 = =30
\ 20 = =30

6.2 ZTF NSGA-I (2B T Z2 ¥ Z Hirfiik

EER AR T, T ZSH00 TR B R FERA 7 A
BT R RE R R, R LZSHRAE —NERNZ B stk in
e AT ARSRIZ BRI R L, ASCRA T NSGA-IL k. 25ikeie
AT 8 A% SR R AL B AE AN AR S BEHE 7 (O SR, BEA RO % R 3 Pareto 1
G, DMRHEZ A HAURIESR.

6.2.1 NSGA-II 3Bip kA4

NSGA 1 NSGA-II & W ] Tt v 22 HARUAL 8] U 18 A% B0 . EATT#R 2
M T AR UL AR P A o A ok TR 2 B AR AR i) R A AU B £ R AR . NSGA 2 i
Srinivas 1 Deb % AT 1994 FE4E H 1Y, & FH T2 B br Ak inl 8 45
B2 —. NSGA M T8 keSSl Bl [ AR R . 22 XORAR 57 45k
AR LB B . NSGA-II /& NSGA HIBGER A, i Deb & NI, BE
P 5 AR PR AL SIS 5 AN T B 7881, AT NSGA, NSGA-IL #2152 Pk
ECEH T vE, BmERE (0 DR (2 FEHBINT B ARG
HEC 7 07 ok AU NSGA 75245 L 2l N L = 3w, 8
NSGA-II 7E4E#F 2 FEPE AR R S T4 B 7 58 4 1P 47, R 7 A TE 4
[¥] Pareto ALMEEE . 2SN T HREFEK, B5IN TR SRS, RER AR
P RAMAE S FACMBEAR BLA5 &, AR B SL [ 56 4 7= 2R — AP BE, 31X ol
TR LIS — AP ST A (03 PR B, SR i AR NSGA-TT () J5 24 B o
& 6-1 R0,
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RRBTHISARERE

K 6-1 NSGA-II J57 3 %]

6.2.2 T EBF #HEZ MK % Hirf =R E T

DIARRUS A% ¢ ) AR ¢ ) m/ME R EFR, BT #3721 EBF #f
2 TR, I F Isight A1 1Y Optimization ZL4F, 545 45 50 A AR V3 28 ik
RUE AR P P SRR HEAT 2 HAR AR AR . 163 NSGA-IIL £ HAs i 5,
HARMZHIE N 6-1 s,
# 6-1 NSGA-Il ZH(ic &

I {El

T KA 36
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A XA EL 10

RAZ G A T 5L 20
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623 LRSI

2 Tsight LAS S AUALIE bR RIS DI RGNS 6-2 Pk,
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® Paretofi#
8T © Paretolpe i

AR FE (%)
1 ~ i

111 12 13 14 15 16
A (mm)
K 6-3 Pareto fi# 53 1 Je S AR fif
TRYE Pareto M3 AT TE L, 126 FARAR U Hi 2 1R it A2 T8 AR e D0 A0S 2 )
HITZZH, HHFIH Moldflow BUEBALL, 455 WK 6-2 fivr.

#* 6-2 #47 Pareto S Lk

1 TAE EAUME . o TR SHRFUE -
R I
(%) (%) (mm) (mm)

1 5.525 5.462 1.15% 1.063 1.042 2.02%
2 6.896 7.221 4.50% 1.192 1.216 1.97%
3 6.704 6.961 3.69% 1.083 1.115 2.87%
4 6.653 6.580 1.11% 1.152 1.196 3.68%
5 6.692 6.892 2.90% 1.210 1.175 2.98%

H1%¢ 6-2 I AN 2 H Fn A i 35000 25 SR 5 B8 A IDL 46 SR 1A i s 22 50, 1R AR
e 4 e e KR 72 4.50%, AR T B KR 724 3.68%. 5 HE 9B 1 1) RN HG
B, WK 63 T —HMIE RN, AN NSHAE R BIREE
190.64°C, HIHEIREE 53.58°C, fRIEHT) 49.97 MPa, {RIEN[H] 25.58s, & &I
IR 20.59°C o ARALET G BRI 4 2 AR AR TR 4 B 6-4 BT
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PRI % I, iR B
=8.329[%] HHIE F=1.000

%]

l 8.329

6.449

[mm]

I 1.435 I h - wh " & I + "

. -

0.7283

2.689

0.8084 : Tt T 3 00215 §
(a) PRALHT AR W i 2 (m%%w@ﬂﬁ%
E S ALVE I, Wi B
=5.462[%] A -=1.000

[mm]

ll.mz

0.7845

2913 0.5271

02636 '

t : o.0121 LR S B N
(@ﬁ%ﬁ%ﬂ%%i (@ﬁ%ﬁ%ﬁ%%
K 6-4 DAL Al G 45 Rxf e

PeAL o IR R 465 N 5.462%, FEHIARE N 1.042mm, 5 EVIERIARES
TZESE R RS R 53 A TR, 0B FRAK T 35.42%, 27.39%, it
R o I SRR .

6.3 KRB/

A BT T B ST EBF AR W 4 UM AL (1 264t B, I NSGA-II &
VRN 2 1A AR PR B s A R e R AR R W A e R AR T AT 2 B bR AR
. 3@ XS Pareto 54T, 1EHE T AR BRI LA T 2S48, FHAE Moldflow H
BEATBUE BT . 2R EIR, 2 BRI AL T 45 2R 55 BB A4 2R 1) 1) fi
ERUN . mERFERN L ZSHOY: IBRIEIE 190.64°C, HHEIRE 53.58°C, &
JE K77 49.97 MPa, {RIERS[E] 25.58s, #EIRREE 20.59°C. RAGS (AR 45
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FH 5.462%, FMEHAZTE A 1.042mm, SN TS H0F AR IR 48
53 ASTEAR L, 4RI T 35.42%, 27.39%, 44 Rl o & 0 St v .
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FI1ELEILFREE

ZEe

ASC AR ZE 00 T T e ABON I FERE R, 6 AT G A AN BB 2 v, It
ATREAS S5 15047 . it Moldflow @ SRR M7 56 R IEACIRER 45
IREKRER T B R TTIEEAG A E R GUKBR S5 . B IF S8 sl b T S 7 k5,
€ & R R AR IR AR R R B . Mg 5L T EBF AP 2% (R AU, IR
ARASEIE NSGA-IT W VE A T 2280517 2 Histiil . A SC BRI T AR
LU

(1) FIF CATIA BEAT RO [ THE AR A0 =i i, b TR 55 /1500 #r
SEORE, SRA PP SUR AR R T IR AR AT A3 R s ERL R T, R
FHRE A SRS R RS R RL  , Weih 7 M SR AN TR AL, AT TR E 4
el ) 222 1]

(2) HFH Moldflow X % 4= Al ARCEEAT BT AL 2 . AR5 58 1 DL c /R & A
SRR SERR BT 7 = MANRI SR 7 58, BB =i 1 7 28 1 Fe 4R 1] |
AONMERLELIR, hE 1 RO T RARERNRO TR, IHERERF I
b, EVRERHARIEL A, o-RE K R RIE S, K AR AT SR 7
FOO HFE B R .

(3) R E F AL T BT — 4E S AR R, AR A0 R i 1 R S AT
W7 RE . 19 BIRE R BB AR ZNIN 8] T 228000 70 /K E B AR AR KA Aot B AT
KE B P B o Gl E A S0 0 A FK R (RKE S8 AT A, 1331 T A E
ZHUA G W [B] 5 v K0 VR0 AT S T0H IR B I 8], BB 20 B v2exs ik e 45
RHAT R EH BRI 42 AR A H K B A MR AR C SRR e T T i,
E T RARIA KB KE S EONKE BA 12mm. AHSE/KE 0 FE 24mm F17K
B A PR B 28mm, 0 VIR [ % 74 AV L 22 N2 30 T H IR RE R B 1] 43 5 DR
2.16 . 24.70s.

(4) KA EMHLT LT R ¥ it 777, 454 Moldflow &4 &, 8
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Pareto K]\ 22 T A0S AR 3 RO 10 BT 1 A [ R 36 K] 3% S5 A AR e 4 2 5 ity A

URCMARERE . AR, MEARIREE . LR 7R R R I (] A FE AR IR 5
MR . N TR T T AR T 258, dr =R Ui A: RSM AL,
Kriging #7 F1 EBFNN B4, JFEx H 31T 1% 200 S R . @it g,
EBFNN 45 5 i 57 4 fff H F000 A4 B USc 4 22 AR i A8 0%, T~ RSM BN Kriging
A, 1k EBFNN S8Ry T AR L 38 T 2 S 4 A 1] A e AR AR Y

(5) #EALHET EBF MA MR, RAI NSGA-II FE#HTIER T2
28 % HinthAt. @I XS Pareto fB 4 #r, AN RMM LA L 2S48, Xt
T 25 R S HUERAAE R, R BUARTRUS S R i KR ZE N 4.50%, 0 AR TE B K
WEN 3.68%. RAEFRN LZSH N BHRIEIE 190.64°C, B H
53.58°C, TRIEE7)49.97 MPa, LRI [E] 25.58s, & AR 20.59°C. it
MRS RN 5.462%, FHIAEIE A 1.042mm, SHEAIENKER T SH T
B4 SRR TE A LG, 2 TIBRAR T 35.42%, 27.39%.

AT A BRI AT

(1) B E AL S inl BRI —4E SRR R, S R 0 T TR AR i 2
BERHIN A BARTHR . 15 2520 SRRV R [R] 2 22 T2 24

(2) FEH B4 EI KR SR IR (B ORBRE AT 7 vk o S T B ORI FE A
W25 M, WE T BRI HIK R S5 S5

(3) WHoe i RE B A T2 282 HistiAu 7. ¥t 58 M OLHD iR
By, FeTalie g Rd o EBF M MmUY, R NSGA-I Hik#t47 2 Hix
foft, @it Pareto R HT, MAMH|—HEMIEE T 2ESH.

RE

JE AR AT T IR AR 28 B R (3 R AU e S B AL BEAT 1 — E I
HERFNE SRR R IE R, BRI — L A AN 2 AL, 7 2t —
DB I 5EE

(D) HIRLZSHHEGH IR P E R RIRYE. ZHT 1T iR ARx
3= Ko ) IF=1 5 A RO T K o S il P VA= Re o 7 W A PN b A =7 N ]

g
|
E
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W BN, RS 2 MR A A fe b, DU DR DC A 45 SR 1Y 4 ik
AR EELE

(2) AHEFCEATAER BEAR 5 AR5 SEPRIRUE 2 (M (U FE RS . Vg s A
FRAU ] Y IR R A S H, B 5 22 S B ) il 56 56 T R 36 k07 L& SR 1 mT
ATPEANEER I o L SRR AR I AR BT B AN AIE, T DL 0 0 M T A A 2
BEWF SRR, A ORILAE TR S b A 2tk
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