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Study of a method to overcome the non-uniform shrinkage by using the
deformation and relaxation of mold plate

Student : Wei-Ting Wang Advisors : Professor
Chung-Ching Huang
Institute of Mold and Die Engineering,
National Kaohsiung University of Applied Science
Abstract

Injection molding process, to avoid the plastic goods contraction, often used the
high pressure to meet the plastic goods quality and dimensional accuracy requirements
in the packing stage. However, this pressure in the cavity is often concentrated in the
gate in the vicinity, resulting in'stress concentration and plastic goods uneven shrinkage,
and also causes deformation of template. When the melt gradually cooled, due to reason
of the volume shrinkage reduction, the relaxation of template will cause the melt
imposed on compression force. If we can make good use of this force will be able to
compensate for melt for pressure differences caused by the contraction inequality, so
that plastic materials have a uniform shrinkage, to prevent warping deformation
purposes.

This research with 6 inches of the thickness 1 mm LGP for example of injection,
the packing pressure control on the template deformation and cavity pressures, and by
the pressure sensors and displacement of thousands of signal measurements, the whole
forming process, the simultaneous observation of cavity pressure changes and the
relationship between the template deformation and relaxation, so as to find the best

packing pressure set to melt in the molding and curing process, the entire cavity with a



relatively uniform shrinkage. The results showed that the process of injection molding,
the first paragraph of holding pressure (compressed) should be sufficient to pressure
from the far side of the gate melt adhesive has sufficient density, in the second
paragraph of holding pressure (holding pressure) should be reduce the pressure and
relaxation of template with generated by the compression force, so that near the gate
melt and far side of the molten plastic can have the same contract, and avoid stress
concentration. Packing pressure switch to drop is a key factor, the pressure switch to
drop points early, and then the plastic good weighs less than the overall shrinkage rate.
Conversely, if too close to the gate solidification time, it could easily lead to the gate

near the high residual stress.

Key word: Deformation of Template, Relaxation of Template, Holding Pressure,
Uniform Shrinkage, LGP (Light Guide Plate)
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512 % FHARE
2.1 Fys3vps

TBAFRLELINES 2Ryl 4 H ?E‘(Monomers)qulfu £, 5 R P TS 9 T
Hflyoi frfféﬁ‘ﬁﬁ‘(Polymer)w A le' 57 bRy DEWIERE | (Thermoplastic)
== TESIEHE | (Thermosetting) » 2P {417 B N S R -
ARG RS RIS o RO AP (RSB F S s
FOTRRE > N SESF VAV (RS B o PR B R e RS sV TR
(T R P ROR S T IR AR S e T R

o TR LR R S R R 2

i3 AT R AR SR R SR R S - ()
5 [ RS B SRR < T B P R
= e SRR T Il e A oA R (Newtonian fluid)RLEE iR ek sy i
BT opale BB D o F VRS P DR R - [yl o) B
AR [ S DRI RS ~ 250 57U I 215 SR (non- Newtonian fluid)
RLFF TR R T ITFHL SRR EE o SRR S SR A A
APBIIES RN TR ) iy
= RI7E LB TR (viscoelastic. fluid) o ATy 53 T A2 AI = (R
B
Lo Ry od = A AR A BV S E e R S Ry =
PR T pooys o (additives) ot ﬁqﬁp'ﬁﬁﬁﬁﬁl =R
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2. ﬁjyﬂ ¥ u%‘a%:gl[ﬁL [(Die)rY L1 41 (Extrudates) °

3. KRt TfﬁJEf@Fﬁpﬁf{JH@fﬂWf“

PRI o = SR ?Ei LTS~ e~ dn ~ ZUN L~ SR
Hes

22 KEHHHIVS LY g1

TPR[YP- V-TFTJF?“E SRLIPR] T AR SRR~ ] PR
o fR BRI ORI AR R R -1 > 85 ORI g Y IR e S
| i S {% (Compressibility) - PHIFR] AR SARE G 2o U puRg (= Hﬁ’ﬁ@’?‘fﬁ“f@
pdsieh o BRI R SR RS PR B TJ[TFI IP-v-TIRi! B 1> [ R
HH s AR R R Ay B NI T L R R A
A R RO B RS JIDR S B ﬁ‘ﬁi? EhpugEs
REUINT Y PhLaier T PIFRTRIIOP-v-T 5 By S RLag 55 B P iipl Gepotig P

»{1
/|
o

AAPCF | S35 (2-domaiin) T B R e PO AR IR TR

P \
v(T. p)= I‘D{lel -C ]11[1 + ﬁ]] +v(T. p)

’é[C 00894Ef A

blm +blmr if 7> TE
-‘_lﬂ (T:] = .
b, +b,, T IHT<T,

1)

)
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by, exp(by, T) i T>T,

B(T)= -
by, exp(—by.T) f T<T,

3)

7. )= {0 if T>T,
PP b, expT—bop) i T<T, "

E'[ T=T— by, puy=gifl ’*"‘1@]@%& bR B
T, (p)=bs + b, p )

[y 4 BERIIRI L7l ~ (2 Panlite-ADS503 » I'| (g ylik2-15r. » I'| ™ SEEF K fi
iRl R
1. bim = bdm LA SRk A A RS ﬁ oo
2. bls% bas RLASHIEIE b RIES] i -
3. DS RPN -
4. DB RLAFHIEN S YR R
5. b7 = bIF LT %Fﬁg[(semicrystal line) PRI [ SETVE PP S FVES
T

2.3 WHRIIAKRR (13, 16, 18, 30]

BURE R g POk 2 T OTRIAEA ~ A AU LSRR SR T
S R R (R

2.3.1. MR

1. EREEFE#[‘[‘EE(CryStaIIine)?ﬁﬁﬂﬂlg?é[i%ﬁﬁﬁg,‘I\gt(Amorphous)?ﬁEH‘n:I:
PRI PVT TR E VDR 5 1 ARl i poiph g S s E F}Eﬂﬁ
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e o BRI AR g S MR Y R B R
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W7 S RLE S MR -

ST T 3 G R > ) PR ¢
LY > T B P R(Thermal expansion) 4 57 1 47

o

Y T R @ N ESE(Compressibility effect) TR |17 f % - )
U TR I A R ST 55 B E P
DI PRI b SR R [ (Step change) - T AL
7 AR S

2 il T UL PR B UEp PO I - 53T
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ARG L [0 5 (Glassy) ] » Pl i 1 Dl frodssgh
N
“ERE Er(Melt Flow Rate) :

HERTE(Melt Flow Rate, MFR) » Rl 7% MBI )17 Wil gl
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2.5.1. Y -]y (Stress-optical Law)

1853 Maxwel "0 J g PR Sk Pk ]2 2 i Jl’@%%l’%ﬁ[%] [29] :
n; —ng =c,0; +¢, (0, +03)
N, — Ny =C,0, +C;(0; +0,) )
ng —ng =c¢,0; +¢,(0, + 0,)
Epfre
No PRI T AR
Giim-g - APR[CRLY 2 D
Njjmes © o 2 DRI AT
Ckik=1-g ° %L'-T;E\"Jlﬁfj’ﬁ?
Elﬁ'?ﬁ%ﬁ [z
n, —n,; = (¢; —¢;)(o, —0;)+ Clo; —0;)
Ny — N, = (C; — ¢, )(0, —0a3) + Clo, — a3) @)
n, —n; =(c, —¢;)(o3 —o,)+ Clo; —o,)

C @ ML -] 78k (Stress-optical coefficient)

HIFEIHEIA 272 AFG
A ZTIZhCE )
= 0, — 0
) 1 2 3
T e
A s
N = — : [ 5§y (Fringe order)
2T (4)
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A
fy = C DAPR| A ﬁ JEI\T(Materlal fringe value)

(®)
AIESSINEE o
Nf,
01 —0H) = —
! (6)
VIAFSSEEA B S ED -
& =hC(o, — o;) -
HONONOEN K
8 = NA = hC(g, — 0,) o

2.5.2. A A A R A7

%’3%?%‘5&?%%‘??[’?[1%‘2-5’3’?% , Pﬂﬁ & (Polarizer)P== 73 #rfi (Analyzer) Afiv = difi ¥,
[l = A= ’@Eﬁﬁi(Dark fiem)?ﬁﬁl e (RO ELE] A TRERHT Fﬁ“ﬂ#—ﬂt]
G i B (AMaxwell S E G SR OU SB[ B R A

E, =a-el
9)

s

a APV

o PN VSR

t P
RS ST G IR - R I D SRR ) B B
E,
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E; =E,-cos® =a-e®" - cosf
(10)

E; =E,-sinf=a-e“" -sinb

QLR U e A A S ek £ SRR S [T

a5 TP RS Tl | SRR ok B B BBy £ ATEHE

E‘.'J;—_J:{A > [PAEISEfAE 5P E‘.'J;Er: b2y r‘g [BE FTJ AEHLPL %M B TSR ET,

E'y =E, =a-e'"“" . cosh
v = LB iAo
E;,=E;-e a-e sin @ (11)
IR e * STAEHL £ 9L B B EAL

E, = E';sin® —E', cos B (12)

o i A

E,=asin26-e' "2 . igin—
? (13)

PRORTR B TP PRI Ty o SRS AT I IR 15

< =3 e ] ﬂ ¥ e ] =3
[ =a"sin“26 - sin“( =) = a“sin“26 - sin~ ( Nm)
? (14)

O RTINS 7
nge=kn(k:o 11020 ) sin229=oaﬂata§1@ BRI PR
R I gt~ ST AR [ Rl 5 R AR IR
W WEIEEE E TR 2 B s T IR RO Y R

ELE TR Isoclinic)

24



2. A Vs
FJIAIZ =kn(k=0>1>2> ---) > sin?(A /2)=0[] [ 9 B F YRS uﬁggﬁ
)= > = o= e » ARRARAE E'Jrjaﬁ&znﬂ\ilﬁg‘\'f’ ﬁiﬁﬁ%ﬁﬁﬁ%ﬁ?
=gl s @IHF‘/EJE‘FP%F R RY A O A8 1 357 64 Isochromatic) o
FVRERF 5L [Jiﬁﬂ"lﬁ'fﬁJEUl%ﬁﬁ'le*?«E Tz AT -

253, RS 7

%’%ﬁ?ﬁ’%ﬁ%‘f@'ij[lﬁlz-%ﬁ~ » [T E‘lf’ﬂﬁ‘u’%ﬁl@%ﬁl’%%ﬁ* P RH P
53 V= PPy (Quarter-wave plate) ; Py 21 E SRFTEHE > SR FPLAS [ 5T RY Ry S
EPARE R = A T o AROE FE B2 PFEPEAS BB 5T - A o

HATSEE R B TRl o FE T Y- WA AT o HA R B
BT RRRY = St (A1 ) VR ERRs > R A

a

a .
Ef= —=-coswt=—-e'“"
f i
V2 V2 (15)
J a T a . a -
E,=—-cos(wt— =) =—=-sihwt=—-i—-e'*
V2 2 V2 V2

Jj % A }

e E o MR 2 T R o [VRES ST ST - AT
FAIB PRI T R = [ S 2 AV EERE, o PIEMTIOD F AT 2
"EJ[?TEFJO

E, = E';cos (; — EI) + E'_sin (; - EI) = %. gilwr+8-3) )

L1 1L —ia T
E2 = EJS = EJS cos (__ EI} _ E’Esin (__ El) = . Elxmt+El n Al
4 4 V2

B ™ Y 5T YIRS IR [T R TR
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o= 5 onG0) oo
' 17)
=2 —ia gin (= ; n i{weHf——)
EHS_E. [e &5111(;—9)—1::05(2—9)]. e 2
Ao o 8
E, = —ia-sin— gilwrt28-3)
(i) (18)
A T A
Eg=a- cos—e @D
(f:42) (19)
PER A FOTE R TP o A S AT A I 15T
I=a’-sin®—=a’-sin’(N=u
(i452) (20)
I=a"-cos"—=a’ cos-( Nm)
(J45) (21)
bSPTIR 2 A S
EES "EJF%% o
L. [ (Dark field)

H R l'ﬂu% =TS A 2=kn(= R B T
SinA(A/2)=0 » K B KLY ST I%ﬁ&ﬁ’?ﬁ%‘yﬂjr‘f’ﬁkﬁ o
sk T (Integralfringe order) » SIFERTLEAR0 « 1+ 2~ o JII2-7

B o
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2. Jup(Light field)y1
SR (A B S ITBATRZ 5+ HiA2=(cr 1 2n(=BERORS - H
COS2(AR2)=0 » Sk B KL TR o B AR Y 1 it 7

FL 4 B 1 Ry (Half fringe order) » 3G T-50450.5 ~ 1.5 ~ 2.5 5

Ipp2-8e. -
2.6 S5

FHENS T RLE VR L TR B s 33k > FURUCELRLF [ R FRTRE
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27 M HEFET
2.7.1. R |7 $E

TS PR LS RS O S SRL I » [N T LS B
I RUBLE! [ S I DIRL ) RS g e g ] D 2 S A
%’m%%%%w HE o TERFETRLS S T B 21 PR T I
150 PC EL A FALETE B FsS T4 > [REAEEEST T Pm=600 Kgfiem? e it t48:

gNuiS) ST

2.7.2. S HIRFHET

R SHIE e TR A R U E L T E

M YL §) ST 0.1-0.2mm [+ Ty P 5-0.09mm < % il 2-10 #
Hi

Ry s(kgffom?) 5 h=pfs B (mm) 5 L=RSIRRERSE(mm) 5 =g sy 7R 0
= (mm) 5 b=pRar RS ] I (mm) 5 B=UAY I (mm) 5 6= FLEF‘?EJ"* 751 (mm) ;
E=J 1% (7R (T 2.0x10° kglem®) » R FHET - L I=L o JIFHT A A

_ 5PbL* 5PbL*  5PbL*
- 3
~ 384l 384%%Bh3E 32EBh

1)

h__s S5PbL4
~ .|32EDbS
(2)
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B EL FET
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B 1}325}:5 B 1}32 % 2.1 X 108 X 350 X 0.09
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IR P B VAT R, 26.1mm ’E*”?E%FF,#I’EJ@ Imm > 5rEk BT EUAEE B
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% 2-1 Panlite-AD5503 #1#] PvT gy

bl fif i
bl, m 0.000877 m*/kg
b2, m 6.06 x10” m3/kg°K
b3, m 1.83701 x10° Pa
b4, m 0.004518 °K!
bl,s 0.000877 m*/kg
b2, s 2.708 x10” m3/kg°K
b3, s 2.57191 x10° Pa
b4, s 0.003198 °K!
b5 414.15 °K
b6 3.418 x10”’ °K/Pa
b7 0 m*/kg
b8 0 °K!
b9 0 Pa™

F2:2 — AEUIRIORLY T S (Pm)

B TATR| Pm(kgf/cm?)
PS> PP » PE 250~300
ABS > SAN » PA » POM |  300~400

PC>PMMA s PPO > PVC

400~600
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Bad design

Stepped transition

5

Good design

Tapered transition
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Axis of polarization

Principal stress direction 6,

Principal stress direction G,
Polarizer

model

Axis of polarization

Analyzer
W 257 I R

Slow
£ ‘@ Principal stress

direction
G2

Polarizer

Quarter-wave plate

Quarter-wave plate
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[p 2-6 [k SR AR R
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| Shrinkage Propert | MuCell Material Properties | Optical Properties | Environmental Impact
Description | Recommended Processing | Rheological Properties | Properties | PYT Properties | Mechanical Propert
Mold surface femperature [100)] Ic 1000.07 AT
Melt temperature 1290 lc g
Mold temperature range (recommended) = o 1o
Minimusm 80 lc H
Meximum 120 c iy,
Melt temperature range (recommended) 3 . ""0.
Minimom 270 C
Maamum 320 C
— 1000
Awhm AN mn hmm :m c 1009 e |=:. Mllm.. 10090 10008405
Ejection temperature 133 C
G . wsary Speciic Vehme vy vn«-n-...;{::::.l :
Meximuwn shear stress 05 MPa g P Aoty
Maxamum shear rate 40000 |14 ? LR
T
000 7000 1200 100 2208 2700 X208 00
Tempernmre [0}
i 3-5 F8L ) FTITE 1 P (AD-5503) i
Injection molding machine m@
Description I Injection Unit Il Hyd raulic Unit” Clamping Unit I

Maximum machine clamp force |60 tonne (0:70002.2)
[v Do not exceed maximumn clamp force

Maximum machine injection stroke | 150 mm (0:5000)

Maximum machine ijection rate | 154 cem*3fs (0:1e+004)
Machine screw diameter |35 ym (0:1000)

Machine pressure limit .
| Maximum machine injection pressure v |at [182 MPa [0:500]

| Neme [Arburg 270, 320C]

[f 3-6 ARBURG il /R e vk
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Autodesk®

MOLDFLOW® INSIGHT Scale (100 mm)

| 37 fE0 s i E IR AL

: X=4.0[3]
Y=1
= I” u. ; 00 LAy ne : . ; a0 - su—}.

| 3-8 M BT R ]

48



¢ J?\‘ z;\'L‘.IEI 24 n_f)

S0
—75.7%
\ T
\\,¥O/f b7 67
. —
3 N g | 7
y [.59.1% LS
b ™ =~
4% \ R Sl
~80% A
\ ¥
\ \ Y
y N B 2 5\
\ \
\ - \\
kY \30% \
\| BUZE 3 &7.3%
2574
I~ 2097 N \
T \
- Y
~_12.4Y B, y
B I 1 \
D%\
5
T T T

i 3-9 7 i

FiI Y fRUE ﬂéT%L

B 1

Pressure

MPs)

xusl

2016

71 2

B¢ 3

i 3-10 T EEE 1] Lo

49




RO

1

0.99 0.99
—0MPa 50MPa —0MPa 50MPa
097 0.97
095 | =CAE-if i v CAE-if il v 095 | —CAE-iTifr CAE-i i+
(<5} (3
g 093 g
S} AR R S| —magRk
£ °
§ 091 :‘é 0.91
& & A
0.89 0.89
087 0.87 B/
=
0.85 0.85 - -
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Temperature (C) Temperature (C)
A B '*Fﬁffﬁ%i A B Pﬁﬁ‘%ﬁ
0.874933 0.87115 0.007818 0.874933 0.868712 0.006221
1[—0 0
Bt 2 B3
099 099
—O0MPa 50MPa —0MPa 50MPa
0.97 097
095 | —CAE-if v ——CAE-fir oss | T CAE-iFir —CAE- v
- :
§ 093 | — g aw § 093 | — g drg
L 2
§ 091 § 0.91
& @ A
0.89 0.89
0.87 0.87 B
0.85 0.85
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Temperature (C) Temperature (C)

B

ek A

B

Pk

0.874933

0.870362

0.004571 0.874933

0.875174

0.000241

311 PRITI Y g

50



TR WEAT 8

i
lesk' .

(ACAE i i~ (B 1
B 3-12 AT

51
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A B PR LS AT A B B Isrgh s A1
4.53% | 2.05% 2.48% 4.58% | 2.24% 2.34%
BN 2 B 3

A B | Mg PSR A
4.66% 2.44% 2.22% 5.63% 3.85% 1.78%
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% 4-1 Panlite-AD5503 & 2555 810 5 b FREbHR &ﬁﬁ(PC)i}*fJ'[\gﬁi

SRR |
it U il E1E .
Tt B i RS AD-5503
Sl 1501133 | cm¥10min | ., 00C 54
i 17 1.2kg
ke 1SO 1183 kg/m® - 1200
K7 23C
VRS 0 fF
) 1SO 62 % il 24 0.2
R ASYM 0 ?:@T%;’EJ@
FEh D1003 % 3mm 90
gt ASYM ] ]
Propfk D542 1.585
I ({5 e MPa 1mm/min 2450
iy | 150 557-1 MPa 50mm/min 63
an
R == | 150 527-2 % 50mm/min 6
g =+ % 50mm/min >50
FRHIELES MPa 2mm/min 2400
ISO 178 _
HEAR MPa 2mm/min 96
HE HEA VEERT |
g%g% 150179 | K’ < NG
= F{ 2 il'?ltdal{[ I 3
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Z. 4-2 ARBURG All Rounder 320C 3t n#}ﬁé/ﬁ%éfﬁ%

LERICRIE! i ARBURG 320C
P
it 2 YL
EaNL AN ton 60
L= R mm 350
A AR PR mm 320x320
HAS (P> i) mm 446x446
LS 1 2EL mm 550
LR mm 200
TS H kN 30
THE S mm 125
=
PRI L mm 35
P = A mm 150
BRVER = A mm 150
i’ﬁ;ﬁ%?? FrEl cm?® 144
A S VRS bar 1820
b= DRt mm/sec 160
iR cm®/sec 154
TV @’ﬁjﬂl&%‘\'f 5
EI It mm 120
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2 43 MBI A

FE i PRIAMUS 6001B
Measuring Range bar 0...2000
Overload bar 2500
Sensitivity pC/bar Ca.—10
Maximum Melt
Temperature (Plastics) in T no limitation
the Cavity
Maximum Mold
a 200
Temperature
Deviation of Linearity % <zl
Natural Frequency kHz >80
Insulation Resistance Q >10" (at 20°C)
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e 4-4 KEYENCE jji i = 7 £ Rl 1A

= M 7]
o M10
OS] EX-110
ﬁj% - 2Fer[ ELRT
1 il EX-202
ENHEFEE 0 2mm
ficl 0 Z 5V (a4 : 100 Q)
ﬁETJH',?ﬁ;L 4 = 20 mA (f' v ETEs 0 = 350 Q)
T, F.S. [V 0.04% (& bk @ ()
2l AN
Ak, F.S. fiu£1%
i 15 kHz (-3 dB)
sl
B 1.3 kHz (-3 dB)
o NPN [l fij : 54 % 100mA(40 V) - FRERFEES: fo
T
%1V (N.C)
e FIESR R IgE et g
~ R IpE F.S. ¥ 0.03%,°C
ALY »
HEI F.S. iV 0.04%,°C
Flﬂl@%ig{ 12 = 24 VDC+10%
I it % 240 mA
\ St -10 = +60°C(14 = 104°F) > ZJid:
RS , s
IS 0 = +50°C(32 = 122°F) > XA
FEIEHE S 35 = 85% > & fESE
W WIH[pE - IP-67
I 5455 ¢
Fidl
1S 542850
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# 4-5 NI USB-6211 #7411

I N USB
oS 1 # Windows, Linux, Mac OS
EIHIE] UELES A
DAQ I iy M 5
iﬁli‘;j@?ﬁi 16 SE/8 DI
e SES 250 kS/s
Fr) 16 bits
[l v f
ﬁ*%ﬁﬁﬁﬁ[ﬁﬂ -10..10 V
ﬁn?[ﬁﬁif‘::ﬁ’p%@ 2.69 mVV
AR 91.6pV
= %’Eﬁﬁ@' -200..200 mV
%’c?[ﬁ,tlifféffé@ 0.088 mV
A [t e 4.8uV
R 4
I ?"I‘?‘S'\F%‘ 4095 F#
1 j '[
AP 2
RIFrfF 250 kS/s
AT 16 bits
:EE':J\%E%E;‘ -10..10V
%’c?[f.ﬂiﬁ'%@ 3.512 mV
] -10..10 V




ORISR 3.512 mV
T ERE GR BT 2 mA/4 mA
Bt 110
APEEE! 4 DI/4 DO
T g
S Ve TTL
A U 0.3.8V
ok e 0.5.25V
o v
[RE=Eal i Rt E e A
i Ty
PR GRS BT 16 mA/50 mA
B [ i
LIRS [ REE? ]
L {EFWETL 51 1/0? i
LIE 110? R
RTECAN /TR A
TR R A R E 2
AT 32 bits
BRI AT 80 MHz
TLREIVE 1 TTL
(RN 0.5.25V
FRAREE 50 ppm
GPS [fif#/ [~ i
e % &L
BRI I FEL FL

63




R

5 Bt
TR
=~ 16.9 cm
[ 9.4 cm
e 3.1cm
/0 5 P

W

F 46 WA R

DE-3003 (Type K)

Measurement range

-50°C~1300C or -50°C~199.9°C

Resolution

0.1°Cor0.1°F,1C or I°F

Input protection

60V DC or 24Vrms AC max.

Sampling rate

2.5 times/sec.

Low batt. indicator

Yes

Overload indicator

Yes
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