30 TR R 2008 4F, 55 36 &, # 9 ]

i AT B K RT3 B E AR B Rz 1 8 R K M 4R 4y A

BEE =" K KEE T OB ERZ

(Lo dbmt s MRk 58 BE, Jb 5t 100095; 2. A BRE K2R, )R 430074 3. dbat A iR KRS, dbst 100083)

BE REENFREHRAGE S E ST RA R PR fo i it AL AL, R HsCAE kR84 A48 5 42 3k
HRRTERFREHTEPOERAE A AGEHEKGRATT 4. BREN, FRAGAE LB NP B @l
U5 B A K P ) XK G IR A ) e Bl s B BOBER S 4 PP MR R MM T ERA, BEFRFEE

R Q@M. FREAT T SRR EA R A K, 8 PR SN R T i — B TR M R

KR EHAE EERH KEFE AW

& 58 R R 385 WA 169 8 28 Ty vk — e Sk b 4,
R, AR 7 R T T 22 XE LAR R
(3D) SMEKG B I il i i A AR . A0 A 20 20 R I
5 R FH S R O 3 i s RORT s WA o 1 5
B U R, AR AR L B SE I A B Ak, it
H R, AT LA 3 1 A 5 2% L ROCSTRS il 48 1 i)
e, 2 — s PR RE AR AR A AR o

T 5 B R RS 325 WA e A %) 1 FH 7 [ 2R,
SRR AR, 2 AR 2 i, i W v
IR A KRR L 2006 4F 6. H 3 1 E KA
328 B 22 A B R e o T T 5 R SR Bk R TR ( PC)
AT IRE" o AR, TR PC R
PR 75 3t N W) AR 7R — 3K Mercedes 428 F1 H A
A A T B —3% Honda Civie 4270 |53 {d F" |

SeE Pk BRI A i TR M Rt hn . —, I
SRR ), o 55 R T AR RWHE R
FEHE 8RN ) s Gt AR T A L BRAY N ) W]
FIE 52 M) 375 B A2 10 LT 55 0 ' 2 W 722, e 4 S i A2
JE WA AT fig 5% W) 21325 WA 79 Ol 2 W 28 F A O 25 . 55
i g% ax 1 7 s R AR e =3 Z 6] R A B
Wel (4, 5% A g ) 2 S EGA M AR Y, s AN g 2 7 A
SR AR IE o PRl ik b 251 4 1T BT 5 3 59 ok 78 a7 P A2 1
ENTWAR N DS E LR

N A I 4R AT KRE i R
TESH R R AR FEREAF ST o B R ST 1 B b
B4 T Sk IR Ay A7), 3 Aok 3 SR R AR A S g Y S
95, A TH A3 AT T VR S RSP R B A g g Rt AR B
Y E SR =P e T A ORE1 N RL N N a vA|
PFEa e T AR
1 SEE A B
1.1 3 AEA

175 WY SF- A fy ot 722 TR AE 400 3 A R0 R AR

CAE 5% 4% N 7 158 il 28 T8 40 i A e o 5 o 3% 2k Bz
T35 17 R S PR Rt i M A5S80S it o0 B ok TS T3
SE BRI A S AL S oA A

(1) ALy J1i s A

N F3 53 AT R SRS PR, AT AT L L
LR N LR B A i i SO s el I S NSO VAP A VR A SEA
FURE IR st B G2 T RN V& 20 [ BE, 2R 1k K i A
IR ) AT LA 7R R # K R ) AR ) A ki 2
%HH*S] , EI]
—p ¥+ i, =1.,2,3 (1)

&

B 2
[ =1 (2)

P o —— L MR S AR AL 1Y 1
K T, BN 7 BR K A A 60
§—kronecker 5,

IVDIEEIS

tro——W 13k iE o XA 2R L B BUE 2 R

G —— 1A FES i A5 I o 4K

§ 1) ——FHRHmEE] R L

0t/ ——I ) A2 A

g — MW AR BKIK i

TR AR 5 R Y RO A2 B R R

2 1] [6) PE AR, I 0 i 5K s -

i

&h

1 .
1) == [GL &y - &) A (3)

s G, —— Y VA s AR i o 2K
&, —— I A5 K i

w [H AR R BRI ( 863 ) T H( 2007AA03Z534) ; S
BETIRF I H (51312020114)
Wi 5 H 97 : 2008-06-30



MR 75, 45« 1 S O RT3 WP Al (99 82 g R i B WA 4 A 31

(2) Rl A

TG B A B BE B PR S O 1) RUST LR B T
WU R T AN E0E L b, R ] DLA 1R W52 45
My o W7 AR B AT LA AR & — A 8 AR i T N A
JE RS WA A o P T A A AT DL R
S T S IS B G 2 B B T A R 5T T AR AR

TE0 M AR JE B 453 Ay b, S T e AR RO R
ST RS P Y RN AR BT ( CST) |, DR SR 5 T
JE o I A6 R 3 T Kirchhoff /N5 B BLIE 19
BCIZ BTG, X Fl B o0 & = 1 98 W b 25 il IR B 9 2
JC, M AT B R R . SR, T P A
ACEH 5 AR = R BT B T NI RS2, HOB R T N
AT, 1) 2575 B Kirchhoff = £ 55T (4 25 i W B 7K
%, A5 A, EAT 2Rk B o] 58 7 5
(OFT RIS AN

Xof T TN A VR L BT T R A

K'a" = W' (4)
e KT ——F- I PR T W R 5 B
a’ I LR SR
W - TRT A5 28T R 2 LR
X e L BT B
K'a" =W (5)
Ao K ——25 il T R A 5
a’ ot A R AL S
W 25 A5 T A A B

P o3 W B A, AR B R A bR R T
B M 5T T BT N B AR [ B e B IR AR AR, 15
S AR A BT A

Ka = W (6)

S K——H A W 6

a 2R Y HEARANL 78 53 91 [

W—— 3 R 8 1oy 6 B

(3) Wi it

R T E TSI AT A, R R R A
T 5 S G A R B

S =(d,y —dyine) /dyyy x100% (7)
A S—— e %
d— B RF
d e IV H I i S B RST

1.2 HAEEM

75 WS- MR R L i AR TR RN AR R 2R
CAE #FATTHA . H A m o = 2 4% Rl 43, 17 A5 il
Xif, B A A PR AR, SRR

HIBSESEIER
B AME RSE S 400 mm %300 mm x12
mm. VE SRR AR A PC, LR A S
FHERER) T ASHINER 1 s,
F 1 PCRYMERE B

o H o
AN LR /¢ 280 ~320
R /°C 80 ~100
e K VFAT 8 1% J3/ MPa 0.5
W kg o m 3 1119.65
SMAR/W - (m-K) ! 0.17
/) - (kg K) 7! 1700
8 16 B K R B K 0.000077
o il P Tk & B/ K 0.000077
PR B /M Pa 2446
HER /=4 0.35
2 FERAYEST R E
2.1 EZRHA
Pe: H
2.2 EZE&%&E

HL P T R 4 101 — 3AB Y, 2% 307 45 X
AR

HEYEHL: 680 i, 3¢ [E Milacron Plastics Technolo—
gy Group A l;

SEAEE BB [ il

= Ak bR i {Y: global status 9128 Y, &
Brown & Sharpe NEEIIR
2.3 EHAREILZL

HERLAE A MG I AT AL B, T RIRE R
105 ~125°C, IFJa] kg 20 ~24 h, S8 ) P B3 0L 5
R, BEH R N 80 ~120°C, WK S5 N 30 ~70
MPa, 1 551 BE o 280 ~320°C .
3 #R51
3.1 AT EHEMG L

(1) PR )5 A

T I B0 S T ) B4 R (B S TR F7) 4 A
BAERME L B, mE AU, AR A N
JIX ] K 7. 40 ~21.24 MPa. X T #r 3 44 ( 400
mm  x300 mm) #R43, 5 I BE A 030 454 1
AN J1H /N, R 7. 40 MPa; Hiw =45 (58 42 I
TEER, AE 12 ~17 MPa Z ], 4 > f 05k 4 0 ) i
K, 2978 17 MPa; 1 ASELHE i1 % 1 ] X880 (29 380
mm X280 mm) ,H R A N S BN, 25 10 MPa, T
IERi RS L r R U E SER AT AN SN i =
TE B ¥4 FN [ 25 3 Y



32 RNERE |

2008 4F, 45 36 1%, 45 9

B SR T 0 ) 5 A

P 2 J2 v B0 Y P M A8 2 B A o
P2 m] UL, VAR R 100 2 i R A, Ve R T R )
DIl R 73 A e 1 50, v RSB — B, PR AR AR
JI/NE YIS BEWIAE A B A TE S T AT, R
N SN G, P AR AT B L) /s HL o A B
P B 2 TP AR, T 3K o B AR I ) 93 AT R AR R 15 T
PF 0 FE 2, B R AT R O A P R A E A

i
i/ C
99.29
|913-1
CBL9

Ta64
169.10
61.55

L5400
48.45
.90

P2 v i B OB T K G A

(2) J5 i %

JEE Ty A 45 23R RSP RS R O ) I A 4 R, Ly
AR WE 3 . HEL3 W LUE 1, JE m ik
A5 R AR XA K 0.20% ~1.85% . XF T V4 3244k
(400 mm %300 mm) #8553, WG WA FBKR, N
1.64% ~1.85% ; Ifii v [i] XS 1) WL 46 2 29 1. 4%
I EL B35 o 0k e 4 o o TR R ey 1 A 3 2%
5557 1 Hp o R A R 25 T B VAN TR 25 i .
T ) DX g WSO 2RI, 7 ) R ) WA R R
JIT LA e () 1 RS B N 9% B D LR B R R T il 2

P3P 0 g M R
3.2 MW EHE
A LAGE A Sy it i, Rt A2 JE 5 10 R 0. 32
~2.53 mm, W& 4 frox. B K4 70, SFAR A X
T 1 50 it A2 T i e R, X T A SRR, SR afE
DLEES o AT e sl A2 T2 i B R AL T R, it
AR bR A bV ST AT TED g 1) ) D] 3 R, X

Wi WP 25 1] SME 9 A2 A 21 20 14, BeA KA Jed
AL, SR ) AR A Xk 125 W11 B Do TR RE S 2 A
B, G SR 57 A JRE R AR A AR /N, RIVISE 1] Wi 46 45 20 Y
LRl b, MU AT OO B, X R Rt A8 TR 2 W] R
MWLETERE . 454 R 3 B 4 aTLLE W S AR
] DX 5 i) W 47 14 2, L A 9 A T 5 1) )
U] 5 50 3 D, e A 5 R G S U A A Y
fiE

P4 TR A Y R
3.3 AT PFHREHRRG ;LR
&5 g SEPRTE BF R B PC P MRORE (. i R
FH = A bR W a4 % B 08 L AT R SF AT T
(KEE 0.010 mm) , 25 WL 6. HE 6 TLIE H, i
KMEBAE R 0.8 mm. A F1H i 588 H & 1
2),°80.02 ~0.40 mm, 12 A0E — A MG, R EE
H-0.4 ~-0.2 mm, AL FAH ™ E, X =458
P I ) B 4R e ) = 4 )R S OR B (' 7)), AE
il b 120 2% WA R I AR R R s B S B S I
B AR AR R A S0 5 SR 5 e G AR L A R
K3,

Pl 5 T S P AR

F6 S BL AT RS i i) £ 25 5

P 7 = A (St 0808 5 0 = R O K 1
S PR B AR N 7 B RE DA 32 F T BRA R BE



MR 75, 45« 1 0 RO RT3 WP Al (9 182 g R i B WA 44 4 A 33

HB T O BSCMEL, AFL PR T A R il AR AR KRR 32
BN 5 A N T (A5 00, 3 9 3 A S 0 45 S A AR 4
25 TR MW A, A [RD 42 IE 52T Bk A R ) B B AR
ol
4 £t

(1) TSR B, A i 2 09 R A% g T 3R,
JEIE 4 AR 5% A3 I ) de R, T e ] DX % Ay R
TN H S 5T 5 3 G0 S ) e 28 K, v ] X3,
A JEE T WA 4 3 /N HL 5, 3 0 Wi 4 5 8- T
B Y L 22 T B Y V8 ENAS TR] A 1 R o

(2) STl R B, P bR v () XA it AR T
A K, AT AR o 5 il AR TR i de R AR T R, R
FEA b R 55 M S A T ] 1) e 3 9

(3) T S B SF- i A 52 0 45 A ST T S 4
EE DIV (61 2 N 3 O TE RS R Y VR ]
S M BE R B AR, DU AR Ak AR B 35k ™ 8

(4) TSP A0LRT SE I 25 R 25 A R, SF Ay
[i] DX 3, EL A AR HL B 5 5k 1 7 S ) WA &4 236,
(i) B 5888 1 A2 T B DA e WP A - T 5 1 ] P e 4 2
SEH

5 % 3k

[1]  Fuller D B, Penunuri B L, Taylor T A. Development of forming
process for frameless aircraft transparencies [ R] . AFWAL - TR -
88 —=3071.[s.1.]:[s.n.],1988.

[2] McCarty R E. Next generation transparency ( NGT) program[ C]
// Proceedings of the 1996 34th Annual Symposium Safe Associa—
tion. USA: Reno, 1996:469 - 477.

[3]  Plastics Technology Group. A wider window opens for PC auto
glazing[ J] . Plastics Technology, 2006, 52( 1) : 56.

[4] Mikell Knights. Auto glazing window of opportunity for molders[ J/
OL] . http: //www. ptonline. com/articles /200604 fal. html.

[5]  BRF . H— A RHLIE IR 09 B i B BOR BE 58 )] Bk T
F£,2001( 3§ F)) : 230 - 232.

(6] FRT 2. KRR @ W AF T 59 R £ R i I g il e[ )], TR 9
B, 2007,35 (9) 72 -75.

[7]  Bushko W C, Stokes V K. Solidification of thermo-viscoelastic
melts. Part I. Formulation of model problem[ J] . Polymer Engi-
neering and Science, 1995,35 (4):351 -364.

[8] Zoetelief W F, Douven L F A, Housz A J. Residual thermal stres—
ses in injection molded products[ J] . Polymer Engineering and Sci-
ence, 1996,36( 14) : 1886 -1 896.

[9] Guo Zhiying, Ruan Xueyu, Peng Yinghong, et al. Warpage of in—
jection-molded thermoplastics parts: Numerical simulation and ex—
perimental validation [ J] . Journal of Materials Engineering and
Performance, 2002, 11(2):138 —144.

[10] Zhou Huamin, Li Dequn. Numerical simulation and experimental
study of warpage of injection-molded parts[ J] . Polymer—Plastics
Technology and Engineering, 2005,44 (4) : 603 - 617.

[11]  Li Dequn, Zhou Huamin. Modeling and simulation of residual
stress and warpage in injection molding[ J]. Proceedings of the

Institution of Mechanical Engineers. Part C: Journal of Mechani—

cal Engineering Science,2004,218(5) : 521 - 530.

RESIDUAL STRESSES, WARPAGE AND SHRINKAGE ANALYSIS ON INJECTION
MOLDED LARGE-SIZE TRANSPARENT PANEL
Chen Yuhongl, Yuan Yuan', Zhang Yishengz, Li Xi’, Zhan Maosheng3

(1. Beijing Institute of Acronautical Materials, Beijing 100095, China; 2. Huazhong Univessity of Science and Technology,
Wuhan 430074, China; 3. Beijing University of Acronaulics and Astronautics, Beijing 100083, China)
ABSTRACT Numerical models of residual stresses and warpage were established upon the characteristics of injection molding
for transparent panel. HsCAE software modules were adopted to analyze residual stresses, warpage and shrinkage of injection molded
large-size transparent panel. The results showed that residual stresses and thickness shrinkage in central zone of the transparent panel
were much smaller and evener than in the panel edge, and warpage reached its maximum in pane centre and decreased uniformly from

the centre to the surroundings. Panels were injection molded, and the test results verified the numerical simulations.

KEYWORDS injection molding, residual stress, shrinkage, warpage
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