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Difficulties Encountered when
High-Gloss-and-Defect-Free Process
Applied to Ultrabook Plastic Casings
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7/ (Warpage)
77 ?ZL (Floating Fiber Glass)
3. M/ H (Stress Mark)
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Solutlons Solving Warpage Problem
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(B2l ot i A kL i (stiffeners)p Jj]‘{E"ﬂlﬂﬁ HEACAZE
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Modulus of Elasticity, E

LR = T IR
/ L > = P[rﬁ: | —

Hy 7
W e

stress

Ultimate
Yield point

The ratio between stress
and strain IS constant,
obeying Hooke’s Law,
within the elasticity range of

Elastic limit

~ Proportional limit

E_9 _ Stress any material. This ratio is
& Strain called modulus of elasticity
_ straing and is measured in MPa.
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= Modulus of Elasticity, E
_ |Eor(ELE2),GPa_
PP 1.700
ABS 2.600
PC 2.800
PAGG 2.963
PP-GF30 (4.200, 2.500)
PC-GF30 (7.000, 4.500)
PA66-GF30 (7.012, 4.592)

Mg Alloy 45
Steel 200

(E1, E2) are the moduli of elasticity along the & & st = 35 a9

flow and across flow directions, respectively. AMTechnology



3 ! where
| M . o, . bending stress in the x
' direction X {pfE) EHH"
M : bending moment £} {173
| : moment of inertia of A with
respect to z axis ri %7 Hl
A :cross-sectional area Fr=1#

(%ff%%-)
Ehl‘i‘r

SEC B-B
;
== X / A/ y > 7
E : modulus of elasticity 5e/1%15.El | e kY 45
El : flexural rigidity of the beam Y AWiTechnology
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Wall

Thickness

F‘Pgli&iﬂ[@%@j\% ;LFU r”*l“l PEN | '*w&w
f[ﬁ I E \avst\f%@z*ﬁ [#‘*74{ *?W}ﬁ épﬁln K 4[}1%\4

R SR 1 g T T A WL
(ﬁzﬁ”ﬁ B[ TR 2 ICART @[}%“‘ y TR T 2
i e
A non-uniform wall thickness will cause more trouble than
any other problems in part design. This is especially true
to thin-wall part. The trouble, including hesitation, weld
line, air trap, short shot, warpage, sink mark, blush, jetting
and long cooling time, etc., can be predicted, directly or
indirectly, by using CAE. FEAC AR IR
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Wall Thickness

L Al R R PRI B > 185 H R -
FGHIEE10% - IFCRIsafiok (R EDRTRIT 7 o v e
o [T 5] 25% -

While designing injection molded parts in high mold
shrinkage factor (crystalline) materials, the designer should
try to limit wall thickness variation to 10%. The allowable
wall thickness variation for the low mold shrinkage factor
(amorphous) materials can be up to 25%.
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/;}_M_% iy Thickness Transition

s

not recommended @ l:ﬂ

>3 X (T-

recommended - l<>
@ —"IT It i

—ME%%JM I o PRI O RTIRA (0 R o PRI E R T R
REEN Ik N I f A B B BIAOB [ A
When tLlckness varies, sharp transition should be avoid d A

tapered transition, whose length is larger than 3 times the

difference in thickness, is recommended AL ALELIXHT
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Corner Radius
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K : stress concentration factor

R : fillet radius

t

K

A

3.0

2.5

2.0

1.5

1.0

&I

Fillet Radius and Stress Concentration

: wall thickness applied load
R l
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Plastic Degradation

S TSR] B B ] o MRIRI T R
Sl R el o 2 PR

The shot weight for thin-wall molding may be smaller
than is typical with conventional molding, material
degradation may be accentuated due to long
residence time for the material in the barrel and hot
runners.
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Plastic Degradation

PR BURLE F0R] &1 fU40%2(70% o ZjLE Y RIFSE
PRI F9 7 2V s BRI R & LR T e
AR [ rf e fgel s - o

A shot size of 40% to 70% of barrel capacity is suggested.
The degradation condition can be corrected by either
retrofitting the machine with a smaller barrel, or by

procuring new equipment specifically outfitted with a small
barrel.
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Plastic Degradation

VR PR R i S
Resin residence time can be calculated as below:
1.4 X[ ™ R E o] g By B PR o
FH LR xR B
1.4 x sp. grav., plastic X injection cap. X molding cycle
sp. grav., PS x molded shot weight

}E_A 455 Ao (— A DI ) > ORI VTR -
T~

1.4 is a multiplier (typically between 1 and 2) taking the
resin in the screw flights into account.
St AR X T
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filf + 9759

= ¢ 2439

ﬁ‘(ﬁu¢ﬁ[ PRI ED L ?
1800fFy= " ¢ &1 - 10,9009
1R+ 1007}

W] T R TP 1A (LB e | = 1.4x1.12 x (10,900+7?) x 100
R 1.05 x (975+243)

> 1,336 ) (2257)
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Find the Major Cause of Residual Stress

C. Hsu: E[{#E
RTINS
AVISERES Fl 1o
7\5&‘]‘ v o

SEIRES

Differential Cooling JEEASEHESRRIE
U2 188 -

2V [ 3
Orientation Effects ‘
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If the Major Cause Is

C. Hsu: j\[ﬁﬂy
i;ﬁflqu'sr’;[ﬁj\ 5 o

F A= #5791 Check the filling system, firstly :

TRH Fiffg_?\ﬁ #? 1s the melt flow balanced ?
iERaL: SR Fif 1~? Is the flow length/thickness ratio too large?
%'JM’EJ EEAN i »~A7? Is the cavity thickness variation too big?

Fe B 5 E 5502 7% Check the cooling system, secondly :
Fill) J(ﬂiﬁlﬂlﬂwiﬁuﬂﬂ)ﬂ Y4 J*[i}‘ 17 |s the cooling on the

?
same side (core side or cavity side) even S 38k Y 35 T
AMTechnology




AMT  gp gL
If the Major Cause Is

C. Hsu: JhfpA= ik p =215 -
Bk I'JPABT-GF15, -GF30 & -GF50- 3] »
Orientation Effects £ ﬁr“[ﬂjﬂlgﬁlﬁr“[HJFILJEET}EJH,;{;TFT}‘(%»} il

*2(0.6, 0.9), (0.2, 0.9) & (0.1, 0.7) » i
Pt o HZ R [ OIS
&JE‘LW‘JJ’*IEJU**J(1-5), (4.5) & (7.0)f -

f&h 171 5 Check the filling system :
%‘,’ﬁﬂéﬁ?\[fgﬂw [p[if? Is the melt flow uni-directional ?

i”@‘,’ﬁ@@'ﬁfj:} frfj’ﬂfﬂ IXEQL_F\[ I m@%ﬁ? Does the melt front
advance, in the cavity, at a constant speed ? S 3 B RS IR
AMTechnology
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If the Major Cause Is

71
Differential Cooling % sl 7[ 2k

qusr FJHI ST
TR

Wﬁ‘(?%ﬂﬁééﬁ Check the cooling system :
B R, ) [ (RS Eh AL )RS Jifiﬁ 5

Is the cooling, along the cavity thickness direction
(or between the core and cavity sides), even ?

Fe 3 LA B
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If the Major Cause Is

C. Hsu: f{!J’JZ_EE'I
S [p) T R i
pY srg[m\ 5 o

F A 2= #5079 Check the filling system, firstly :

LRI ?ﬁirl T 2 |s the melt flow balanced ?
iERaA: SR Fq{«_?r‘\*’P Is the flow length/thickness ratio too large?
BRI 22 5 fQ_ “~N7? Is the cavity thickness variation too big?

Fe B A5 5027% Check the cooling system, secondly :
il CEPASL I i EABL R ) e T *fi7 62 |s the cooling on the

same side (core side or caV|ty S|de) even ? e 38 A B 3 HT
AMTechnology
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Hot Runner/Valve Gate Application

ﬂ,ﬂ%kﬂﬁNWFM¢w% ﬁﬂkﬁ%%
160:1%[180:1V "] o K E[ET— Y[ 15 > F;qw @*ﬁ@
T ImmlE 180mm'?'{‘*ff Rl il TU24O|\/|pa
FISPE S PO AL Sl TR

Most notebooks on the market today have L/T ratios of
about 160:1 to 180:1. With a single gate, pushing
polycarbonate melt into a 1 mm gap over a 180 mm
distance requires a pressure up to 240 MPa, more than
a typical press can provide.

Fe I AR B T
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Hot Runner/Valve Gate Application

= [ﬂ 50 il ;,,E 41\J0_88mmF[fj§§iE[j}’FLTqEL{_”?L:)%I%,
A e L O (e ok
P < AT o R gt
PHELU  FR E R -

GE built a notebook cover mold with a 0.88 mm wall
thickness. In this mold, five valve gates were used; one In
the center and one near each of the four corners. The
center gate opens first. When the melt front reaches the
four outer gates, they open and finish filling the cauvity.

o }lw

Fe 3 LA B
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Valve gate

Valve gate 1
2 controller

controller
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Hot Runner/Valve Gate Application

U er = R ROl P g 4 MR R
RN [‘I‘EI"”Z“F =5 0 [ERLR OSBRI PP 180 1[E £
120:1 » el | 75 | 1;[132|\/|Pa

Like the single-gated notebook cover, this sequential valve
gate design has no weld lines, but required only 132 MPa

of injection pressure because L/T ratio was reduced from
180:1 to 120:1.

Fe i LB IX T
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Hot Runner/Valve Gate Application

R R IR SR L (ST S
Ry ARV AT SRS R [2950-60% -

Reverse gating requires reverse ejection. The mold has
the ejector pins protruding through the manifold. This kind
of "A"-side ejection could increase tooling costs by 50-

60%.
- GE's Polymer Processing Development Center (PPDC),
April 1998’ article in Plastics Technology
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If the Major Cause Is

C. Hsu: JhfpA= ik p =215 -
Bk I'JPABT-GF15, -GF30 & -GF50- 3] »
Orientation Effects £ ﬁr“[ﬂjﬂlgﬁlﬁr“[HJFILJEET}EJH,;{;TFT}‘(%»} il

*2(0.6, 0.9), (0.2, 0.9) & (0.1, 0.7) » i
Pt o HZ R [ OIS
&JE‘LW‘JJ’*IEJU**J(1-5), (4.5) & (7.0)f -

f&h 171 5 Check the filling system :
%‘,’ﬁﬂéﬁ?\[fgﬂw [p[if? Is the melt flow uni-directional ?

i”@‘,’ﬁ@@'ﬁfj:} frfj’ﬂfﬂ IXEQL_F\[ I m@%ﬁ? Does the melt front
advance, in the cavity, at a constant speed ? S 3 B RS IR
AMTechnology
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230

Vv __

LY D”stomm,[FW%JkP*’J(P 7 D =723mm) -

Y B ElFr [ (A [ A 52 0.001 0 BT - fol S EHE[230mm x
(1-0.001) =229.77mm > Y[ EWE l@[?‘*ﬁﬂ(ﬂ X 229.77mm
=)721.84mmpvTE o SR U Ere SRy PSR > kL
FOIL[WETU% X 230mm x (1 - 0.007) = 717.51mm > HZ[FHE;I H;\ﬁ
T rErpe721.84mm - 717.51mm = 4.33 mm - [Hi [F&lf [l =]
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2 > HIEED R B R L 0
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J¥5f2230mm x (1 - 0. 001) =229.77mm - BSIRISEES TR
EW;{ i BLPLE =R *ﬁ&p{ﬁﬁ#ﬂﬂpm o m
L2t %+ pIEs s s s by <




AMT s pE gL

If the Major Cause Is

71
Differential Cooling % sl 7[ 2k

qusr FJHI ST
TR

Wﬁ‘(?%ﬂﬁééﬁ Check the cooling system :
B R, ) [ (RS Eh AL )RS Jifiﬁ 5

Is the cooling, along the cavity thickness direction
(or between the core and cavity sides), even ?

Fe 3 LA B
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Since We Have Known
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We May Know
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Solutions Solving Warpage Problem

R R E | B 53k ﬁﬁﬂﬁ”@jﬂ o ARl T T b [S}TF& Ff;
B = i AL (glass transition temperature) i S
St AR X T
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Solutions Solving

Stress Mark Problem
HEEI T SRR S S LRLT [ L o T R o

S AU SR

AMTechnology



2011/04/27 21:05

PR ABEL T [l £ E
C. Hsu : v S ]
SINS CEaN ' ijug 5 U T Elee
160° C#120 o e

oc—/ﬁﬁz *‘?—up e v Sy —

F iﬁgi )ﬂuj
(" Tﬁ
2l T%i)




AMT IH 1 z’lfjs'\j“fq
Solutions Solving
Ink Washout Problem
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Solutions Solvmg
Wrinkle out Problem
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UltrabookH JJ‘F;[ T wp 117 Fljﬂ L R AL Y fr | EH
178y (A5 ﬂv\ﬂu KH’?W'H SRR b I!J[E%’ SIS
] ’fj‘u@&[@' M l%ﬁﬁ_ ATk -

o ERIVPEE I | S R LT IS 5 eIl Fgﬁiﬁl

T o o TR P72 LEJH;Z (glass transition temperature)I | F

P HEIRETR et & Rl S AL g 2

(uniform cooling) °

TR I A A R Jﬁiﬁ frR RIS
EH S PRl o (Il 7 r+mg~f [ wpomt)I 0
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1. F‘PFF”},EIF'T':’EJ,B~ :

2. KPS AT W IFRERIAOTEL 0 ] IR % b
= TH[pp(u unidirectional flow) 2 dr > A A

3.4 B = B FE (perimeter vent) » S5 B[ IEER] 1 BERH,
PEAL I B EE 'Elf‘ﬁ(%ﬁ@(depth)ﬁrj [l‘*“%g'vﬁfﬁgm
TEVE T SRR [ IOV T R[] pL s o de

SRIE ALEL I T
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VTR AT [T
ER A JIFIJ IE l

Gioas

4. A i even cooling)I‘Jdeﬁﬂwﬂ'fﬂ\“ﬂﬁ
HH: J(unlform cooling) » Y[IFRANGHRER U E] (type) ~ AT
(dimentioning) - E“'E,‘(posmonmg)%J }%(cwcmtlng) TR EW
(heat transfer fluid)p~iEH % ﬂlﬁhﬁ ‘Jpﬂ‘ﬂu{‘ i[—'ﬁf‘ﬁ[‘ (equipment)
PO e TR AT

S. = Vife (nozzle) ~ [EIF (screw) ~ F j(barrel) = Hur]=
AL PR R PG - e A ﬁ‘r HIEHR
bﬁﬁﬂ[qﬂ"—“lgl J[ﬁ\}ﬁ%[l{‘:i—‘ » JiEey [ J%L*’*rEIEH:,O
S AL EY I3 T
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Ultrabookﬂi?w SETREE R R S PR AL

Ry BIRETR 91 7 -
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Mt ]

E A5t 2t F(Out Mold-Decoration)+4 = %

T RERIASL 4L T Lﬂﬁfﬁ’?‘}ﬂ%’aﬁfﬂfffﬁjﬁdﬁgfj

N 7'J"" lJ(Hla_%rl(lnkwashout) _&F%?{(Wﬂnkle) ]

JafE AT Sy g

A T b

Vi Ff(short shot)=™ > 31 fi' ' Ve J/[“E'%l

fb{ﬁ(j"i[j TR J‘ffl Y, o
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/Mﬁf P
Pt PN [5;[%

J_J'%Ej@ﬂ%/ ’ _fii}';}rj‘gﬁ}grilzﬁgki{‘, %'—‘ ll‘»;{‘r—]\ .
L. R

FIEE T AT BRI L0 e 1B
- ffJfr nidirectional flow)™- 4 + ¥ K. £k

N

3.8 B = B K PE (perimeter vent) » 53 EB[FEER 1 #ER ]
i[j[;:n[ [[‘)[ ! ,R['%EFE:‘[ IE[LJ}%{EEI (depth)—r‘—f‘ T\ [I_%:JJEILJFJA"JEFE—I\
LT PRIEEES ] PR I R pL i e

I ALEL AT
AMTechnology




@Mf UItrabookElfJ%E-zngg
PEE T [

VR, o T AT

4, Vo yRE fb%_’f%i‘(ﬁiﬁﬂféifgl?(even cooling)!"| & ZhF 1A & Uﬂ'ﬂﬁ
£[1#5 2 (uniform cooling) » “[IRFIH R YR (type) ~ N
(dimentioning) - ffﬁf(positioningﬁ [} (circuiting) ~ $F &4
(heat transfer fluid)p % ﬂlﬁh@ vpﬂnﬂuﬂ ] "wtf‘F[' (equipment)
P ! AT

5. V=IO (nozzle) + JRIF (screw) ~ i j(barrel) ¥ o],
J/;[[[ a‘“ o s U@iﬂr(z}iﬁ ?zﬁ ,NLE[‘ N /E‘J’F *Hﬂvv)?ﬁ%[,jﬁ
BRI R Jlﬁ&ﬁﬂlﬂ— > SRR [ AR R -
FRIE ALEL IR T
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ALM} Notebook Part A Model

335mm-= X
239mm"§$x
Imm’E

Autodesk: . | | V‘\*/ ‘EE :




AMT Shalid

B T=296.7[C]

» T=303.3[C]
= ECR: 7 Viscosity ™"
1= IFEJ}FL*:[ PA é 1000.0% y
manufacture: Ticona £

100.0

trade name: Celstran PA66-GF50-02
Recommended Mold surface

temperature: 90°C P 0 o oo o e
Recommended Melt temperature: SpECC Yolume s Lemperane AUl

300°C - s
Maximum shear stress: 0.5MPa E w1000 PvT R
Maximum shear rate: 60,000 1/s .
Transition Temperature: 223°C ; -
Ejection Temperature: 210°C R

= Lo

20.00 70.00 120.0 170.0 220.0 270.0 320.0
Temperature [C] gy



Case l: Film Gate 1

bh
151
-21

Scale [E:I.'II] mm] r ﬁ-ﬁﬁkf&ﬁfﬁ

Autodesk-

Film Gate : 1.2mm’i/ x 97.72mm{l x Imm-==< AMTechnology



Case 1 Z[%?J‘“
0k 1 223°C (0~0.89s) » 20°C (0.89~30.89s)
£E - 300°C

Nominal injection time : 0.89s
Velocity/Pressure switch-over : automatic

pack/holding control :
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Bulk Temperature at End of Fill
Case 1

Bulk temperature at end of fill
= 302.6[C]
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Case 1

70.007 Pressure at injection locationXY Plot
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Deflection(large deflection, warp):
Z Component » Case 1

Deflection [large deflection,warp]:Z Component
Load factor = 17.85[%]
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Hot Runner/Valve Gate Application
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GE built a notebook cover mold with a 0.88 mm
wall thickness. In this mold, five valve gates were
used; one in the center and one near each of the
four corners. The center gate opens first. When
the melt front reaches the four outer gates, they
open and finish filling the cavity. N -
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@M? Case 2 : Five Valve Gates

Valve gate 1

controller

Open at Cloze at
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Case 2 Z[%?J‘“

FEOEL © 223°C (0~0.7s) » 20°C (0.7~30.7s)
FNEL 2 300°C

Nominal injection time : 0.7s
Velocity/Pressure switch-over : automatic

pack/holding control :

Iration | ®¥F1lling pressure
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Bulk Temperature at End of Fill
Case 2

Bulk temperature at end of fill
= 302.6[C]
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Case 2

Pressure at injection locationXY Plot
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Deflection(large deflection, warp):
/Z Component » Case 2

Deflection [large deflection.warp]:Z Componend
Load factor = 22.36[4]

[mm]

A\Z =5.380mm 3-E"HI

2.163

0.a8181 l
-0.5271
-1.872 I
EX( T
Autodesk: . | 15

MOLD FLOW®E |IMNSIGHT ccale I"".-_'II]I] mml Ing}‘




Time to reach Ejection Temperature

] . . Time to reach ejection temperature
Time to reach ejection = 1.942]s]
temperature : 1.942s [s]
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Case 1(Rectangular Central Gate)
£5Case 2(Five Valve Gates)V
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Number of Ultrabooks vs Time
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