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A Study on Shrinkage Behavior according to
Injection Molding Processes

Choi, Yoon Sik

Department of Mechanical Engineering
Graduate School of Pukyong National University

Abstract

The shrinkage of molding products is an important factor that could
affect on dimensional accuracy and warpage. In this study, the relation
between injection process conditions and the shrinkage phenomena was
investigated by studying a lot of published papers about two processes
such as injection molding and injection compression molding.

Based on these basic studies, experimental studies were conducted in
moldings having different aspect ratio for two injection molding
processes.

In the injection molding, the experiment was performed for the
crystalline polymers such as polypropylene(PP) and polyamide(PA), and
the amorphous polymers such as polycarbonate(PC). Experimental
conditions were aspect ratio, injection speed, mold temperature, melt
temperature and holding pressure.

Based upon experimental results, in case of the cross direction of melt



flow, the shrinkage of near gate was consistently lower than far gate in
PP, PA6 and PC polymers. However, the shrinkage in case of melt flow
direction was different from near gate and far gate. The shrinkage on PP
and PC polymers in melt flow direction was lower than the in melt flow
cross direction. In the case of PA6, the shrinkage in melt flow direction
was higher than in melt flow cross direction. The reason of these
differences was considered that each polymer has unique property such as
entropy elasticity.

In the PP moldings, as increased the aspect ratio, the shrinkage of
melt flow-direction decreased. In case of PA moldings, the shrinkage of
plaque molding was of the smallest quantity at low injection speed.
However, as increased the injection speed, the shrinkage of all kinds of
moldings decreased and was eventually alike.

An amorphous polymer PMMA was used for the experiment of
injection compression molding. The main experimental parameters were
injection compression pressure and injection compression time. The
shrinkage in the injection compression molding could be predicted by
analyzing a pvT diagram. Through the case study of 17" LCD BLU plate
was verified by the shrinkage could be governed by controlling the
compression pressure .

The results of this study could be used to design the mold and to set
the parameters of the injection molding process for the new molding
products having a different aspect ratio and also could be used for

controlling of the shrinkage.
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Nomenclature

T,Yy, 2 : Cartesian coordinate system

v

')‘Qﬂ??‘b

<

: Velocity

: Pressure

: Time

. Viscosity
: Shear rate

: Specific heat

: Density

: Isothermal compressibility coefficient
: Temperature

: Volume expansion coefficient
: Fluidity

: Average velocity

[m/s]
[ke/cuf]
[sec]

[1n'/s]

[sec™]

[/kg K- TC]
[ks/m’]
[ke/cur]

[C]

[ke/cn]

[m/s]



FAL 7N D YY) " dE&F Aol AX P A
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o] A4 AEEd, 19408 d19] AR E Ve JHAAIE, 047
71, sk £F 2 AEr7] T del BEFEIAY. 1960 g
Holgws Zetxge auyt F38. 2 olfE A A&
719 7127 HE AFHA 2AF(screw) B9 AAEA AL
MEE A7) HFolm, o224 Fet2E AFS nAMEH nEFR
o 8FE FFE 7 UA HAt. 19709 dd MEE nEAEA
F2 2 o8 b AFY FxEsE A7 dFIAA
o}, 19804 Zell =QlE AMEAIARALS GEF AN
AYE nEFASE ALY, o9 FAd D H g

AAES] dPg3es dste ane] &7 AFat B3] =
Ao wel AFe Zetxdst o FUbsHA ", olH g &
gag AFL APz TRV SFsH dEge FEE AL



g 4 AU

et m, mokel o dwk AEAE 2
(warpage), % 84% (shrinkage), 3 w3 (sink mark) 59 H4FE
Fol AR, o] FoA £ EAE Ax FAAANAM v2E
(micron) ©Y7H7] Qs Aol A ojof & Fa3 EA

AEF

lo
ol

r‘lo

2o St 9T AYAEY £37 Bl FAAR £F
o 29 ARl 29 AA Aol e s LolFolor F
Qg AAMEolt, Te £H9 %8S 57 vlo]AdN LR

3 dlo]ElE 2dE B 53 A A&sta s Aol =T E
Aok, FHEE Actet AT A= AHIFA AFolzt € A
BHe AE Fol FFE zold 3 L= B HIS AF
ZEA A Ha Ao,
AF FAs= 75 FA7 AH Tl & ot Aol
=i, g FAE Al %] AERS Bold ¥ JjulE
2

of 495, AU 2FE 1L FAE AHoR e

o] AR, o %L §8¥ FA7 1Y ol Yok AF
of Wl 9@ AW ohia, ole] A 2ol MM P
wed, dE SW, £XLE, FHLE, FUEE, BY 59 A4
HzAe Wl YPEY I, A 5ol ue YPFHe
WsaT, g/ Be WMiEo EAnE 4355 A3
@t 2L w9 ofele ot



AYTHd g AFTHIE Y FHoE AIEAEAT
(injection compressing molding) 7]&°] iY=A=, o] 43
£ (D, 9=, LCD (liquid crystal display) BLU(back light unit)&
Fo 5o AEHYH HEHUA FAEF L FAEFY EZ
F8ES Hasd 5How wWol A8
3 k. AEdEAYEe dA 2 3 3R, adEY HYFE A
ol falstth. et AFALEE FFA7I0 Ak AEAdF
NE Br7hsd 29 AE9 4P H8He T €2 FF
Ak, 1Y AIEYFIAHS AMEAHAE7Y FAH F
g 2lo] wal Ao wlo] s By oflF M= AIFF
ol tigt dlolgx Zolwy] JE HAAHA Jonz FIAHFL A
Z24=8 ML B2 JJ2E H1

3 2l
4E5E BAE A28 AAAE 550 BAR 2 AT
3

wl b
2L

o

o

9,‘-'«

o

R

N

R

N

‘

r



1. 2 AFEAPY 5 AaddT 5F

FHo drtaA Zgtay AELS e FEF 2YE et
o] o} AZAI XNFALUEZ Q354 HYT. Liu®t Manzione®,
Neubert”, Broadhed®} Koch® 59 dAFd wW=2d £ HY

(holding pressure), RYAIZE, FAXESG FHLE, AESHE
(injection rate), AICJE P44 L T AFAAE dA A&
weda . 53], A EE ATl Bgel 54 7R

AL WA= 4¥AA2 dert Aok, Mamat®, Kumazawa”,
Bains), Isayev®} Hariharan” 52 B¢ thgog S0 93g nlx
= A8AAE AP =g Ry Uy

Delbarre'”, Nagy'" 5& AARAA TAE YAoE 3 TN &
FLEE F7MAIIH FFo] Ftddan HEi o}, o]¢ ity
Z Bain®, Liu$} Manzione”® 52 H|ZAA FAE oz 33
AT FHLZEE F7HMIIE F5 80| Fasts AvdY 243
§ ¢EIAT.

B 9HA] ZH(holding pressure time)3} #HE AT o)A Jansen'”, Leo
9} Cuvelliez? 5& B F7te &4 +%& FaA7e 2
HE Bda 3.

WEEY AT AFFAIAETG JIGAIH Fded daj FAEHAS
o, A0 AXLZAN Heiber'”, Gerbert” & T]A3 9 o] A
olE7} P& W FHo] i AFsden, Nigt Wang'®& whx
739 FFo diste dFsen, FHel de R AT o
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3 AEHE eV HsiA FAIA s A (statistical  analysis

F@stel Jepd pvT AEE gair wgdtn dFsAny.
T olEe RAEL HFY AY £FHL A7 AN FALE
ol g Tt BEF Tait 2 AFR S,
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A AEE AEyall, Ak A=A 3 (injection molding) ¥ A& U=
3 & (injection compression molding)2] YW+ FAH 7 EAL Hjw
it Ed 2 AN dAste P35S distd B3
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Table 1-1 Studies on the shrinkage in the injection molding

. . . Reference
Classification Main contents number
The relation of holding
. 3,4,5
pressure and shrinkage
The relation of mel? 6,7, 8, 9
Injection temperature and shrinkage
conditions The relation of mold 3 8
temperature and shrinkage ’
The relation of holding
. . 12, 13
time and shrinkage
Injection Disk type 14, 15
molding
Box type 16
Cavity types
Plate with hole 17, 18
Etc 19, 20
Melt flow The relation of cavity 6, 19, 20,
direction pressure and flow direction | 21, 22
Additives The relation of fiber and | 15 59 23
flow direction
Injection Prediction of shrinkage by 28
conditions the pvT diagram
Injection .
. Compression Injection compression
compression . . 29
method molding machine
molding
Processing conditions
Product shape | affects on the shrinkage 30, 31
LCD BLU and Lens

_12__




A 2F A

2. LA=A8Y 75
2.1.1 A=A A=H

Fig. 2-1ol4 HE uio} o] AF A ASHIAI LT L ALESA]
28, FdAl =", HAZAA LR, AojA 8ol 2 el T4
B, 2 FAZ4Y EGon)F AHETYY 272 FaT4E Ye
dek, Fa AL AEEx, AMEYY, 23744, 33577 &
Elolul Atole] A F& AT AEAFA2=EY BE FAR
FAAx7], A8lF A, 47, 2= A7), 347
2, AFAA ZE(robot) 2 AFAAZA Fol AH.

Fig. 2-19) (D& AlEA Ao R 39, 45 237 2 ayYde
2 g k. o] A=’ FA 9 o]F, ¢F, JtE AA, &5
2 AE 34 58 AXNEAM Eg29S Thas 9 AFEa dgd
. AAEAE7Y sHE @7 Az FH2 B3 (pellet) & A
a1 AGE AL i (barre) T 23 F FAZ FH| A3 olF
d}. wEde 48 stast 23 7/E AL Y. &2 H49HE
TP 222 BAlo dZAsm AAriet §F Alole] AHE FA 4
485 AE ALt Fig. 2-19 (2)= 58 A=z 7haiy

vk Alolo] F@ & AX 3 Erolul(tie-bar)ll A A A 7hEiteR
F¥el AAHE 7htch. Fig. 2-19 (3L FHA2Ho= 559

Mol 2 AAEE FASL, AFEAIZR Wl e f523

rr
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78 dA71a, 23 oldE AL SHAIH, =%
Fd F A @k Fig. 2-19 (W)= FAZ2 A2He=
¥, 389 F4 FF AA 2 AF, 289 AdHe

AAHL JAA Za, 4 FF B 7124 FEo =3 9

kU
o 2
IS
= &2

ald

Y
ol
o)
i)

(5)Electncal control system

Fig. 2-1 Composition of injection molding system
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2.1.2 9¥7=x
Fig. 2-19] (2)o] A =e 382 A3 AF d3& 2420

299 Tz 49EY B, A2, 49719 74, FIA

of mel o2 FHo] UA, 71&H] TEE Fi

TAFES 30 FAFHCRE BRI oL FYo] 2HEeR

whrol A £}, 3R R0 R rojAE Ao we
2 TAFHE DHFH HEFOR throlX)

5

A&7 nAZ golZeolEd A T} AAEHE 0]
. 7HEES 4%719 7S tol Sl B F-aAsT JIYA A
YFol BoA HERZ HE777F FEFAHE Fold. oY +d¥
o F¥L ¥4z AnEY TFER HYUE AL AF Y

g2y 1 F90 Alo]EVE A= AF AEEH.

3nl FAEEL AFAHE AF HFHE Hojd xo AolE
£ HE 5 JdE AF distd A8E0. HYE HUEEYH
@ ©] E (runner stripper plate)2] R Aol ztgjict. AloJEE Y99
Ao A7 431, b5 AMElE Y B AFFE 7hedd AoE
o 92 dAo] 7HEstH, AACEY #ffo] &oltrt. 5F o] A3
= Bydoe] 81 271 2olAA Hoj Alo]F ElYdol oA = &
Mol UAt.

a2 nlll=l

{m
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Locate nng

Fixed plate

Sprue bush
Gude pin
Cawity plate
Core plate
ore plaf ~—— Core

Support plate |

Space block
Ejector plate
Mowng plate Stop pin

Runner lock pm

Stop bolt Locate mng
Fixed plate — Guide pin
Runner stripper pla ~ Sprue bush
Cavity plate jig— Core
Core plate : ’

Support plate
Puller bolt Ejector pin
Space block ‘
e Ejector plate
Mowng plate —

(b) 3 plate type

Fig. 2-2 Types of injection mold
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2.1.3 5717+
5428 HYr] =Z2HE ARERY oFFEE AFIE=

o= A AEL Fig. 2-3 oA BE uie} o] dukzozg AX

o

.?.

(sprue), F= &8 U(cold slug well), F & (primary runner), H
%z # U (secondary runner) 2 Ao E(gate)E E T,

AEHEEEL ARE, 22X 2 Yy A2"E AR 43

[o e 20 = SNC NN e}

@, oAER, Tn YHIRE o]F4A AT, AEFIS 7€
3

ot

oz 269 dA7AA £x5 ngoz AY Azd FHUYRY

FE FYE 2 F aviy) ol FHF nsA7E dudr|2 o
Bt og gigor wEol Fud Fwe YA G, FFAE
e e ol Zetxade FEE Fostd 4T F AFd
AEL A&, 22T F e 449 AFY 2714 w2t A&
o E3) AEQ FAE nstd AFHANY. 22 R 48 @4

2o A& ngEHoE ¢tH, Bo g3 FHFA T3S FIvE
of =gA Ao gt e FAVE 2ZFA AREHZ 3 £
=S ruisiEn. BUE 8] Al FAAA dEol &
FEg. FAUF HUE g 3E of npEdo] HYdM TS
el LEE Foly, ol A9 5L /MG, dHo] E ¥
e ddidoz dde] 22 gy Ha e ¢Hol 8yHER
BEo] YA 7 JZAAZE, BE A5 24,  F AAYo
g sttt

_.17_



e Boo BE RN YT YER AREA §8FA7 A
gsjojobsts o]E A@As7] 98l & 21U (hot runner)7t AHE-F T,
ey QoA FAE EAHE FXET. Y A2"EES Y
Z3 g4 gUE FZ &7 gEo A5 AHE Folx, HY A
AZAel da U

ACIEE &6FA71 38 ¢doz 547 & UEF &
24 14 AlEx 94 AlolEd Hgtd o £ #F ¥
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Fig. 2-3 Delivery system and cavity in the mold

_18_



2.1.4 539 3432
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Temperature
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Fig. 2-4 Cooling system in injection molding system
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(a) Amorphous
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Fig. 2-5 pvT diagram of amorphous and semi-crystalline plastic

(b) Semi-crystalline
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Fig. 2-6 Relationship between shrinkage and characteristic parameter
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1 313}3(frozen layer) S HA3IHA 53 &8 A< (melt front)

flo

B2= 7 3} (fountain effect) S YEFATH Y 553142 Hele-Shaw

§5ol 72 AMPRHE Sl A, oI5l AR
He chest gop

Mold wall Frozen layer

T .

Melt front

; -

Cavity center line

Fig. 2-7 Flow front of melt plastic
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(a) Rolinx process (b) Micromolder process {c) Injection-press process

Fig. 2-8 Injection compression molding processes
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Fig. 2-9 pvT diagram of PMMA on injection molding
0.9625
= A P=0[MPe]
= P250{MPs
T p.93n . ]
e & P=100{MPsj ®
= ® P 1 50{MFa)
°
> 0.887%
2
2 08625 ®
R
00375 | @wmesn=t""r00, e
. .HQ”"
W
0.8125 - - - T T "
8.0000  50.00 100.0 150.0 200.0 250.0 300.0
Temperature |°C}
Fig. 2-10 pvT diagram of PMMA on injection compression molding
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Fig. 3-1 Injection molding machine (75ton)
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Fig. 3-2 Injection compression molding machine (140ton)
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Table 3-1 Specifications of injection molding machines

Specifications Unit 75ton 140ton
Screw dimension mm 36 40
Ideal shot size o 112 201
Injection size(ps) g 103 185
Injection Igg::éuigjection kgt/cul 1,400 1,550
unit Il:/:ea;(s;u:x:lding P2 80 90
Injection rate cur/sec 63 206
Melt ability(ps) kg/h 42 86
Max. screw rpm rpm 200 400
Clamping force ton 75 140
Tie bar intervals mm 310X260 | 420%<420
Clamping stroke mm 270 350
Mold height mm 180 ~ 280 | 200 ~ 410
Extrusion pressure ton 2.2 2.5
Extrusion stroke mm 55 80
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Fig. 3-3 Schematics of experimental injection mold

Fig. 3-4 Photo. of experimental mold
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Fig. 3-6 Photo. of experimental injection mold with pressure measuring
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Fig. 3-7 Shapes of experimental specimen
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Fig. 3-8 Molded specimens
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Fig. 3-9 Experimental plaque by injection compression molding
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Fig. 3-10 Shrinkage measuring locations
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3. 35549 2 54
1 A3y

FEAY A8H FAE A2RAATA 23 F AR FA 1Fe
Aoz AAsAT. AHAAMFAZA = LG-CaltexAtll A AAgH &
2 X 2 M5804-% 2} BASFAFl A AJabst Eejofm| = 8280b NP
A5 AHg3oH, BARFN FA= AUELYEZ(GE)ALY] &4
R ulo]| E LEXAN-141S AH83tt).

AR A< PP X9 HJPZAL Table 3-2¢ Zon, A4
of £A& 80T 3AIZF B¢ AZAAY. FHRE 46T, FAL

X 210T, &F AMEAIZ 2&, AFE Y 60%9] AdElol A HQHS 50MPa,
& EE 30%0 4 70972 2+ 1098 S 7HAIA 5 DAl AFE3

>

n

PA6 A1 AEE T AP=AL Table 3-27% Zoh. A
FAE 80TolA 3A17F B AFXAHL, FHLE 70T, TALE
240T, AFEAIZE 2%, ALEY 7099 FEjolA HE 50MPa, AbES
T 30%00 A 60%74A] Z42E 10%8 S7HAIA 4 dAIE AP
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Table 3-2 Molding conditions for of PP and PA6 polymer

Polymer

Molding condition

PP
LG-Caltex M580

PA
BASF 8280b NP

Heat drier ] 3 3
Resin dry (Hour at 80C)
Hopper drier(C) 80 80
Injection pressure(%) 60 70
Pressure Injection speed(%) 30 ~ 70 30 ~ 60
Holding pressure(MPa) 50 40 ~ 70
Melt temperature( C) 210 240
Temperature Mold temperature(C) 45 70
mperae( ) Is 13
Total cycle time(sec) 20 20
Cooling time(sec) 15 15
The others
Holding time(sec) 2 2
Humidity(%) 48 48
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HAAAY A0 PCTAY 43S AT 4d=x
Zon A@AL FAE 120TANA 327 T A=
T 80 ~ 100C7HA] 10C 992 39AIZ WA AL, FALEE
300 ~ 320C7#] 5C G2 4TAIRZ WA Z oW, A}
AF29b 120MPad] ArEloll A H.QHE 60 ~ 90MPa7tA] 4GHA|

il I e v s

Table 3-3 Molding conditions for of PC polymer

Polymer
Molding condition PC -141
Heat drier . 3
Resin dry (Hours at 120C)
Hopper drier(C) 120
Injection pressure(MPa) 120
Pressure
Holding pressure(MPa) 60 ~ 90
Melt temperature(C) 300 ~ 320
Temperature Mold temperature(C) 80 ~ 100
Laboratory 15
temperature( C)
Total cycle time(sec) 20
Cooling time(sec) 15
The others
Holding time(sec) 2
Humidity(%) 48
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Fig. 3-11 Measuring machine(Mitutoyo, OPTOEYE A2)
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Table 3-4 Properties of PP M580

Test method | Test condition| Unit Value
Melt index ASTM D1238| 200TC/5kg | g/10min 62
Specific gravity ASTM D792 - - 1.05
Shrinkage ASTM D955 - % 1.5~1.8
Tensile .
strength(Yield) ASTM D638 50mm/min kg/cur 320
Tensile modulus ASTM D638 50mm/min keg/cuf 19370
Elongation at break | ASTM D638 50mm/min % 14
Flexural yield ASTM D790 | 50mm/min | kg/ar | 369
strength
Flexural modulus ASTM D790 15mm/min kg/cr 14276
Table 3-5 Properties of PA6 8280b NP

Test method | Test condition| Unit Value
Melt index ASTM D1238| 275T/Skg |cuwi/10min| 150
Specific gravity ASTM D792 - - 1.13
Shrinkage ASTM D955 10°in/in % 09
Tensile .
strength(Yield) ASTM D638 50mm/min kg/cnf 900
Tensile modulus - - - -
Elongation at break | ASTM D638 50mm/min % 20 ~ 50
Flexural yield
strength
Flexural modulus ASTM D790 15mm/min keg/cu 32,000
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Table 3-6 Properties

of PC LEXAN-141

Test method | Test condition | Unit Value
Melt index ASTM DI1238| 200T/10kg |g/10min| 10.5
Specific gravity ASTM D792 - - 1.20
Shrinkage ASTM D955 - % 0.6~0.9
Tensile .
strength(Yield) ASTM D638 50mm/min MPa 62
Rockwell Hardness | ASTM D785 Rescale - 118
IZOD Impact o

ASTM D256 | Notched 23°C J/m 801
strength
Heat Distortion | ,qraf Deag | 18.6ke T 138
Temperature
Flammability ASTM UL94 - - HB
Table 3-7 Properties of PMMA IF380

Test method | Test condition| Unit Value
Melt index ASTM D1238} 230C/3.8kg | g/l10min| 13.6
Specific gravity ASTM D792 - - 1.18
Shrinkage ASTM D955 - % 102 ~ 0.6
Tensile .
strength(Yield) ASTM D638 50mm/min kg/cuf 690
Tensile modulus - - - -
Elongation at break | ASTM D638 50mm/min % 14
Flexural yield
strength i i
Flexural modulus ASTM D790 15mm/min kg/cuwf 32,000
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Fig. 3-12 Mashalling system for measuring cavity pressure
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Fig. 4-1 Shrinkage vs. cavity type in case of PP
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Fig. 4-2 Cavity pressure vs. cavity pressure in case of PP
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Fig. 4-3 Shrinkage vs. injection speed in case of PP
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Fig. 4-4 Shrinkage vs. injection speed in case of PA
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Fig. 4-5 Shrinkage vs. measuring point in case of PA
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Fig. 4-6 Shrinkage vs. holding pressure in case of PA
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Fig. 4-7 Shrinkage vs. measuring point in case of PA
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Table 4-1 Input data for shrinkage analysis

Input data Unit Value
Melt temperature T 250
Mold temperature T 70
Injection pressure MPa 110
Holding pressure MPa 70
Injection time sec 11
Holding time sec 7
Cooling time sec 15
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Fig. 4-8 Mesh for injection molding analysis
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Fig. 4-9

Injection molding analysis result
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Fig. 4-10 Shrinkage of flow direction (PA)
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Fig. 4-11 Shrinkage of cross flow direction (PA)
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Fig. 4-12 Shrinkage vs. melt temperature for PC
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Fig. 4-13 Shrinkage vs. mold temperature for PC
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Fig. 4-14 Shrinkage vs. holding pressure for PC
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Fig. 4-15 Cavity pressure vs. melt temperature for PC
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Fig. 4-16 Cavity pressure vs. mold temperature for PC
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Fig. 5-1 Shrinkage vs. measuring point in case of side gate

—e— Injection compression molding
—&— |njection molding

T
: B
0.8 + "
§ ;
o 06}
(o]
g :
£ 04
oy i
» ]
02
|
O l — — 1
A B C

Measuring point

Fig. 5-2 Shrinkage vs. measuring point in
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Fig. 5-3 Shrinkage vs. measuring point in case of film gate
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Fig. 5-4 Shrinkage vs. injection compression pressure in case of side
gate
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Fig. 5-5 Shrinkage vs. injection compression pressure in case of fan gate
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Fig. 5-6 Shrinkage vs. injection compression pressure in case of film
gate
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Fig. 5-7 Shrinkage vs. injection compression time in case of side gate
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Fig. 5-8 Shrinkage vs. injection compression time in case of fan gate
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Fig. 5-9 Shrinkage vs. injection compression time in case of film gate

b= g x| A|7to] 15% w7} = EAX|gto] 5% ¥ wHTY FHF

o] f #AsE AL & F . F, FEFHAAIo] Ao whe}

F2Eo o7 ZATIE AL & F Y. ole €5 FAXR
&

o] =& ¢ 3A 3o, ARHLR £HES

_91_
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Fig. 5-10 Light guide panel for 17" notebook

Fig. 5-11 Injection compression molding machine(450Ton)
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5.2.2 AlE¢E49 2 45
1791X] LCD BLU =3 %2 AAV|FS vl

&
k-4
2o 7hA dYxde o

18
o] LCD BLU =3#% A3 ¥, A+ AL=E FAs vidd
NEH vaste FHFH AF2AE AAINUT. AEUFEIELS
HAYOl A A&t e T2~ %27 AP(active press)d4 ¢ 7}
2 Ao 2 AAETH. Table 5-12 1791% LCD BLU =3% A
9 AF71EE e Roln.

Table 5-1 Specifications of 17" light guide panel

Specification Shrinkage
Item Mold size
Type Tolerance %
. 34
Width 349.60 3513
(mm) 349.60 351.35
278.60 +0.2 0.5 280.00
Height
278.60 279.98
(mm)
278.60 279.99
Weight(g) 925.00 +35 - -
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LCD BLU %% 43 EANA /h23se) gatzas A2ie)
4, %, 99 3Mx AFE NFoR A9 £EHES 8ol

Table 5-19] FPAFsh 2ol FHE 4A L AdsiAc. oBE

W LCD BLU £3% AEF9 7I12Z 7]F Zdol7} 349.60mmQ! A&

S 947 YEidE FX9 FEFES AAstd HIEF] Asrn
1.748m 2A FRY ASFE AA&er smz gd Age
351.34mm7} @}, o9} Tol F¥ AuEY A&7t AHH I
AA7t gadrt.

Ay B T2 AEGFLAE ol 8dtd 1A AlEUEA
galgon, AFES A4 Table 5-29 2A SAHHA.

Table 5-2 Light guide panel size by lst injection-compression
molding by press mode

Parts Shrinkage
Item Spec. Mold size
P 1 2 (%)
349.60 35134 | 35020 | 35020 0.326
Width
(mm)
349.60 35135 | 350.18 | 350.19 0.332
278.60 280.00 | 27907 | 279.08 0.330
Height | /¢ 60 279.98 | 27915 | 279.14 0.302
(mm)
278.60 279.99 | 27906 | 279.03 0.346
Weight(g) | 925.00 ] 912.00 ;

_95_



14|

i

¢

Table 5-201A & F Axo] AFHA A 19] 7t2 X7}
=2 9] FE=FL 0.326019l0H, AF
=28 912g0|%) E9o] A4 " & A A

HEgow, £2FL AAsIY 0.5% Bl AT ok 0.3%F U

350.20m= 4

.41 [
)
2
rlo
s
N 2
2

olo] FAnEI 2}t MEAFE A 0.4mH¥ Fol= 12 T
TAL AN T. 13 AEGEAEA A8 GEFHLS o 290ton
oz, JFiule] A steiAE AFHL <F 495tono] AT,

12 A8 FYE THx AESE WHoR 23 AEdEAdd
st A& Table 5-39 YERHAT,

Table 5-3 Light guide pane size by 2nd injection-compression
molding by press mode

) Parts Shrinkage

Item Spec. Mold size ’ %
Width 349.60 350.94 349.45 0.426
(mm) 349.60 350.95 349.44 0.432

278.60 279.60 278.52 0.388
Height | 75 60 279.58 278.60 0.352
(mm)

278.60 279.59 278.48 0.399

Weight(g) | 925.00 - 904.00 ;
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Table 5-3914 & & AXx°] 38 48 F AI4LF & A4 19
72 A47b 349.45mm= SA AT olHe FHEL 0.4260]3)
o}, olw] SAHE AFTHFS 904(g)°IAUH.

2z} AFEAEAET APEFY AFE JNEAFd A FIEHA
o} oluje] ¢ 13 A FUF 290tono] AA T, AAHIE

AW 7 E &&= oF 445tono 2 129 H|3HY e 50tono]
#AAastAt. oA AMHEY XFE FARL, AEFS =48
7t BaAZ AFoltt,

FAY FHE AHEEA APAIESSE BAlE ol 83t 33 AHE S
2283 A= Table 5-43 2t}

Table 5-4 Light guide pane size by 3rd injection-compression
molding by AP mode

Parts Shrinkage
Item Spec. Mold size
1 2 (Y
Width 349.60 350.94 34895 | 348.97 0.564
(mm) 349.60 350.95 348.95 348.95 0.572
278.60 279.60 278.18 | 278.19 0.506
Height | ¢ 60 27958 | 27826 | 27826 0.474
(mm)
278.60 279.59 27828 | 278.14 0.522
Weight(g) | 925.00 - 894.00 -
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Fig. 5-12 Shrinkage according to injection compression type
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