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Finite Element Analysis on Stress of Micro V-groove
Components in GMP

YU Jianwu', LI Chan'’, YIN Shaohui' ,ZHU Kejun?, YI Cheng'

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University,

Changsha 410082,China; 2. College of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract; Due to the large residual stress existing in micro-structure optical elements after GPM, the

glass material D-ZK3 with low transition temperature was selected,and a finite element simulation model

of micro V-grooves was developed with the software MSC.Marc. Five-element general Maxwell model was

used to describe the viscoelastic properties of D-ZK3 glass at high temperatures, and the fill effect and

stress distribution of micro V-grooves were simulated and analyzed under different molding parameters.

The simulation results show that the maximum stress increases and filling effects are improved when the

V-groove angle increases; the higher molding speed leads to higher maximum stress and molding pressure;

whereas the maximum stress decreases with the increasing of molding temperature.

Key words: optical glass;glass molding press; micro V-groove;stress distribution; filling effect

A2 oo Iz W T2 AR A5 B
B AR A R LS AR A A
SR TR R A P Bl 45 # S e Sk O, B
B BT 72 LA il I HOR. BB A e U R
(Glass Molding Press, GMP) , J&3% JH E ks AR s L

» RS EH:2016-11-23

TERFE ALIE TR 250 T R AR TR A 2 ) 2
BT DT LA e A s 1 B e 7 i I
RAN G2 T RE MBI I e 1 0 T vED B A A
FE— 8030 A ABrBL B IR B AR B B IR
KB BEVL v SRS BE L AnlA] 1 7.

HE&TH: HE [ SRR 4 W H (51275165) , National Natural Science Foundation of China(51275165)

BB R REIE (1968, I3 IR AT IR R 0% . L

T 3@ IEE R A, E-mail : greenlaraine@163.com



%8

ARENRAF BV IE B T SO AT FROT R ) 734 9

QRAALQQALR
JHBH LY
QRAALQARQ
JHHH LY

Heating

Pressing

o (o))
O (O )Ne)
O O O
O O O
(@] o 0O
[e] (O N

Q000000

Annealing
Bl #BgERBIErER
Fig.1 Process of glass molding press
SR GBI AR RT3 A0 L B R T
T DA R i A R R H TR I R M A
JEE R R R AN P B SR R BT RO IR AN RE B
TR BT S A2 18 SO L ) X JEE R AR SCAR
o5 » DR AP 0 B A o R ) S LR ARy T
FRT - WFF0 N GLEE X (ol 45 1 6 27 U A A s JTE B %
EF ELJRIT T W5, H A Shishido 4550 B 3 55
SR Z IR I BEEAT 1 WE5E . R B 5 L Bl
P a1 5K 72 A T A S L2 5 I T Y 2 A
JEE 5 5 V5 T N7 S A2 1 AR Y ) 2 7S 1 4
AR B s A A 5t S5 0 0l BRSO 45
F 5L S RN ) s 5l 2 80 9K 2 B Mare B
ST R rp A7 BLAE RS SR A5 R AR — B
ERA R R A R R A BT iR
T BIRE B A B AR BRI 5 B 5 A 0 Ty R
FLP M4 R S I T BT T L. BE TR
WA BROCOT EL AT LA SR A9 50 0 i 3 B2 o 10 5
RN 5 AARRAE KW Zhou S5 T L Max-
well BERIX VS HEAT A7 BROC 05 L BFFE T B i
JE A T R R RO VR B I B K
(EL ARSI 5 380 R D23 1 P B A0 100 0 S B T 3 5%
B L HEAT 15 B0 45 R W B RV gt BT
i 0 5% DX 38 R R i B8 0 s 4 s T R 2
SR BRI AR I I
A JE v 10 i R o A TR BE AN 150 L R
TEm L AR AR S, S B E S ot oot
PR R AR 1 - 37 B8 BB S R G 04T S SR e
AR R DL AT F S A8 D' 27 T PR T o R A
ER T35 RAF I AR SCR T X Maxwell 4578 %0
TV RSB ST AR T BUR S BR A T T T A
W TV ORE A R AR R LA R A 3R B X N ) 43 A1
IR IR T3 RN MR o RS 4 JE A e A e i R vh T2
SR G PR ICAA 48 3

Cooling and releasing

1 WA RHE R

Y B R P T B0 B 3 TS A o A R A I
T, DA b, DU B35 35 32 IR KRG stk [ Bk 5L A s
JRARS P H T R A B 1 A I A
XA 1R B i S L 1Y) A i T LA GE R AR
SO DE RS R A H G4 e k. BUER G WG L 28 /]
R D-ZK3 B2 g 3 i A8 B A1 i HL A ) 4k
B, PR SO i D-ZK 3 B 562 35 35 T AF K.

30 AR [T AR AL A AR AR 4] A5 1) Ty =X
HKFIRKETRYE Ty 2E AL, F A Maxwell BAL
Kelvin B DL K T~ X Maxwell BLEID2 Hida - &
Maxwell FALZA 24~ Maxwell #5289 K 1M B
AT LASE L AANI] B4 st 8] B3 A F R A
PERRE S A 2 R AR SCER )T L Maxwell
TR A R ABE e o 2 38 308 (A R L e e 7, Ty
= (D FrR.

B 2 5 3 Maxwell # A
Fig.2 Generalized Maxwell model
I S Maxwell #5781 1 7 ¢ i [a] i o 7] B R 28
RN

5 (1) :J;Gu—w j—jdf D

Ko ()FTamRN S1.G (¢ — ) A ] Prony 251t
L= (2) R

G(t—1) :Goijw,-eﬁ,% (2)
A, A BRI AT R B o BOR
g fa] (Reduced Time) .

RS AL RE D-ZK3 [ 1 1 ith 2 80 S % SOk
(15 ], H S Wash S 5an 2 1 s,

£ 1 DZK3 BN MBS

Tab.1 Stress relaxation parameters of D-ZK3

WER wi FASBETIE] A /s
0.238 0.007 0
0.238 0.007 2
0.238 0.007 5
0.238 0.007 8
0.048 0.001 0
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Fig.3 Analysis model of micro V-groove structure
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Tab.2 Material parameters of D-ZK3

AR T/ C 511

BAbsi S,/ C 605
I p/(kg e m™3) 3700
HA v 0. 299
PR E E/MPa 72 700

SHWE Tr/C 570
C 12.41

C, 129
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Tab.3 The simulation parameters under different

molding conditions

) . PR 3 FI .
gl VAR o/ PR e 1
v/(pm s 1)
1 30,45,60,90 0.5 570
0.4,0.6.0. 8, _
2 90 1.0,1.2 570
3 90 0.5 560,570,580,590
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Fig.4 The mold results of V-groove structure diagram
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Fig.5 The filling situation of different

V-groove angle
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Fig.6 Maximum stress curve of different

V-groove angle
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Fig.7 Maximum stress curve of different

pressing velocity
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Fig.8 Molding pressure curve of different
pressing velocity
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Fig.9 Stress distribution at different temperatures
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Fig.11 Maximum stress curve of different

molding temperatures
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Tab.4 The simulation analysis parameters and level

% v fffﬁ’%ﬁ/) BRI /°C
K- 1 30 0.6 560
IKF- 2 60 0.8 570
IKF- 3 90 1.0 580
IR 4 120 1.2 590

RS BERESWARRER

Tab.5 Molding simulation program and results

P V’r@fﬂﬁf B BE / *ﬁﬂiﬂfi TR SR

/) (umesH /T /MPa /pm
1 30 0.6 560 12.310  1.883
2 30 0.8 570 3.000 2.185
3 30 Lo 580 3.421 2. 370
4 30 1.2 590 3. 650 2. 445
5 60 0.6 570 4.512 3. 864
6 60 0.8 560 14.010  3.617
7 60 Lo 590 3. 465 3.864
8 60 1.2 580 3.524 3. 865
9 90 0.6 580 1.794 4.377
10 90 0.8 590 1.831 4. 389
11 90 Lo 560 19.890  4.527
12 90 1.2 570 4. 604 4.532
13 120 0.6 590 1. 559 4.879
14 120 0.8 580 1.867 4. 881
15 120 Lo 570 4. 497 4. 888
16 120 1.2 560 19.920  4.898
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F TR J3E A H 3t 2. JFG P A5 s 3 2 RIS i 58 o 33
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Tab.6 The orthogonal range analysis of maximum stress

% \% ﬁ.“ﬁ‘!&fg i iﬂ_iE i i{uLﬁB{
251 &= &=
K- 1 5. 595 5. 044 16. 530
IR 2 6.378 5.177 4.153
K3 7.030 7.818 2. 652
IKF- 4 6.961 7.925 2. 626
R 1. 435 2. 881 13. 900

R7T EHRREMNEZREDNT
Tab.7 The orthogonal range analysis of filling depth

% foﬁﬁja'lﬁ T%EEFE *%Es?@fi
2448 2448 24258
K1 2.221 3.751 3.731
K- 2 3. 802 3. 768 3. 867
JK- 3 4. 456 3.912 3.873
IR 4 4. 887 3.935 3. 895
R 2. 666 0.184 0.164
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