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The Integrated Applications and
Development Trend of Thin-wall
Plastic Injection Molding In
Consumer Electronics Products
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Thin-wall Plastic Injection

Molding Technology
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Flexural Rigidity
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r  El /
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Where
Ur  yaupiisk W

curvature of the beam
M /ZEEH‘JJ%E

bending moment
E il
modulus of elasticity
I e (R R
moment of inertia of the cross- sectional area with
respect to the neutral axis

El : f=pI]% flexural rigidity
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Modulus of Elasticity, E

g —EC? S [N 4 b <R >
z . = FPRI AR PR 5
T Ultimate stress i . L N
LI s e e
iz . (;%?V PR S i)
n Paé} I/ o

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 S EHH"
M : bending moment £} {17 %1
| : moment of inertia of A with
respect to z axis rt %7151
A :cross-sectional area # i

(’9?1}"%9—)
Ehl‘i‘r

SEC B-B
;
== X / A/ y > 7
E : modulus of elasticity e 1%15LEl | AR A S 35
El : flexural rigidity of the beam Y AWiTechnology
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IE/A  |IEIW | T, .,
mm4) mm2) %) (kgf) (%) |(mm)

2.5'plate 188.75 80.5 100 2.34E 100
+5x1.2t rib

2.0'plate 188.81 7158 89 2.64E 113 2.0

+3x2.0trib  (*EGM) (*87) (*116)
2.0tplate 203.78 64.42 80 2.84E 121 2.0
+3x2.0t rib (=71.58 (=89 (=3.16 (=135

(MuCell,10 %wt.rd) x0.9) x0.9) E x0.9) x0.9)

2.0'plate 242.62 63.92 794 3.80E 162 2.0

+2x6trib  (GAIM)

where

| : moment of inertia of A with respect to z axiS‘rFﬁ'l‘f_l:‘} JHI
A : cross-sectional area®r=*H

W : material weight™ [ E1 &

E : modulus of elasticitydpl [4:4E1 £
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External Gas-assist Process Enables Switch
to Commodity Resin in Fax Machine Base
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Canon External Gas-assist Fax

Machine Base

FERA IS E] > U AR TR B T THIPSEV
PC/ABS

External gas-assisted injection molding enables Canon to
switch from PC/ABS to HIPS for it’s fax machine base.

PUE 1.3 pE][2.0mm > |£li’ﬂt’§ H2.57 i E2.0mm o #q[
W R R UE[*’EJFIJ IKFFI I j’]jip INTREESS Ve QNI D ISE

The rib thickness was increased from 1.3 to 2.0 mm, but the
wall thickness was cut from 2.5 to 2.0 mm. It is said that rib
thickness can be designed up to double the wall thickness, while
still producing a perfect surface finish.
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External Gas Molding
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EGI\/I-VS Conventional Injection Molding

EGM

Conventional

Injection Molding \
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Design Drivers

- Energy absorption on
Impact

- No visible sink marks

PP-Talc20

Design Without MuCell® Design With MuCell®
Nominal Wall : 4.4 mm [> Nominal Wall : 2.2 mm
Structural Ribs : 2.2 mm Structural Ribs : 2.4 mm

Comparison of solid design (, a 2nd module was welded to the
back) vs MuCell® design - Equivalent energy absorption

- 40% reduction in part weight

- 20% through wall thickness reduction

- 6% through density reduction s i LB IR T
-14% through the elimination of the 2nd module =~ AMTechnology




RHCM(Rapid Heat Cycle Molding)
for Class A Surface/
High Gloss Applications

# Lighter parts : -
with more ;
design freedom

# Wall to rib ratio

marks

# Improved
dimensional
stability/less
warpage

# Dramatic Mucell RHCM+Mucell
clamp force S 3 F B 35T
reduction AMTechnology
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TV Cabinet

3.6mm 1.5mm 2.5mm il
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Corner Radius
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Structural Design & Injectlon

Molding Thin-wall Parts

AT R B SR T O FLA -
Structural design is the base of injection molding thin-
wall parts.

o B *“Jﬁjuliﬁ [ (Rl R ] 2 AL [ AR
E/]JE STIVE IEE T -

olding thin waII part is not only a trend but also an
effective way to achieve cost reduction and
competitiveness increase.
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Plastic Degradation

FBERY B PUGPR B eS80 o BRIRR AT e 11
SELFIFN PR a3 > fpl A TR [ e <

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

VR B ) ST
Resin residence time can be calculated as below:
1.4 X[ P DR = ol k] B 3] i o
S A RSP S F
1.4 x sp. grav., plastic x injection cap. X molding cycle
sp. grav., PS x molded shot weight

}E.l 4§~ TR (= AL LA Ta]) » G R [ ORR -
5 IS o

1.4 is a multiplier (typically between 1 and 2) taking the
resin in the screw flights into account.
St AR X T
AMTechnology
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Minimum and Maximum
Residence Time

SR RO R 6T SRR g o g
ﬁ%—_’ﬁfj}‘ﬁ{i L J{fg : ﬁ@ pg@gpfjl’@?ﬁﬁ[\E—IJF[JJ\}1_5
1455 ;ﬁ%y’g 0

Minimum and maximum residence times should follow
resin supplier's recommendations or between 1.5 and
4 minutes If specific guidelines are not found.

ST LD IR T
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4 Cav. Stadium Cup Mold
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4 Cav. Stadium Cup Mold

Rl Material T PP

FE| £ Shot Weight 50 g (4 cav.)

#13 Gating {47231 Hot Runner
.+ Flow Length 152 mm

B*H Wall Thickness 0.5 mm
i EBFEIS LIt Ratio 304
PEZF ] Cycle 3.95 sec.
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4 Cav. Stadium Cup Mold

A TR R R 795 u o PR R e

The injection capacity of the machine is 795 g. The resin residence
time is

1.4x IEBF'FF%I EEIX R A B x 7 B P e |

TG X HPRIE

1.4 x sp. grav. , plastic x injection cap. X molding cycle

sp. grav. , PS x molded shot weight
=1.4 x0.91 x 795 x 3.95
1.05 x 50
=76.2 (sec.)

YT | DR [ A0 g > [R76.2F 3 ) 453 -

No material degradation problems, because 76.2 sec. is TR o
much less than 4 min. e I AL B BT
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RHCM+SCF Microcellular Inj. Molding

Conventional | Conventional

Polymer : ABS-GF20 Fe 3 AL EY 3T
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MuCell Using Gas Counter Pressure
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Side view Side view Side view
R GO
3mm | 3mm
Mcell wit Mcell with GCP Mcell with GCP+mold temp.control
mold temp. control GCP : 150 bar GCP : 150 bar
Without GCP Holding time : 5s Holding time : 5s

Mold temp. : 120C Mold temp. : 40°C Dynamic mold temp. : 120°C
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Find the Major Cause of Residual Stress

C. Hsu: E[{#E
&P T =
AVISERES Fl 1o
7\ SL\_J‘ v o

SEIRES

Differential Cooling JEEASEHERRRIE
U2 185 -

V[ 3
Orientation Effects ‘
S ik AL AL I Wy
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If the Major Cause is

C. Hsu: TfﬁJEf
e TRNEE

F& )= 22691 Check the filling system, firstly :
TR Fbﬁ_?ﬁ t? 1s the melt flow balanced ?
iERaCLE ol Pi?\ ~N7? Is the flow length/thickness ratio too large?

I
FREI G 52 5 F\ﬁv‘\? Is the cavity thickness variation too big?

Fe B 15 &[] 5552 7% Check the cooling system, secondly :
Rl S 5 EABLRT) iy i[fg_? 17 |s the cooling on the

?
same side (core side or caV|ty side) even S 38k Y 35 T
AMTechnology
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If the Major Cause is

C. Hsu: Ji[p/Ai=fr 3;r‘L[F’IJEIqu'sr’;ﬁT =1
T E i I'|PA6T-GF15, -GF30 & -GF50*+ 7] »
Orientation Effects ) [ = @;ﬁqﬁjgfj@ﬁjq&;fﬁgﬁ%) 73 Bl

¥2(0.6, 0.9), (0.2, 0.9) & (0.1, 0.7) » i
Fro o ELZTR P [ A SRSE
g'%‘*ﬁb’? ™ (1.5), (4.5) & (7.0)i#

f&h 171 5 Check the filling system :
%‘,’ﬁﬂéﬁ?\[fgﬂw [p[if? 1s the melt flow uni-directional ?

i”@‘,’ﬁ@@'ﬁfj:} fr'ﬁy[ IXEQL_F\[ I m@%fp 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

G171
Differential Cooling % J[Fl 7[ 252

Fuqsr FJHlup[
THF

Wﬁ‘(?%ﬂﬁééﬁ Check the cooling system :
BRI ) (5 = EASLY MR R TRL &y $9 2

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’?EEI

S [p) T [RIT 350
Fqusr‘fF— {—:fo

F A 2= 2509 Check the filling system, firstly :

TRAT ?ﬁiri T w2 |s the melt flow balanced ?
IERaLE S F}ELFWH\? Is the flow length/thickness ratio too large?
BRI 2 i_ “~7? Is the cavity thickness variation too big?

FE A IS =557~ Check the cooling system, secondly :
R GRS Y AL Jh’\ *fi* 17 |s the cooling on the

same side (core side or caV|ty S|de) even ? o3& B EY A5 HT
AMTechnology
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A5 iag (flow
leader) A I[07EE(
flow deflector) -
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If the Major Cause is

C. Hsu: Ji[p/Ai=fr 3;r‘L[F’IJEIqu'sr’;ﬁT =1
T E i I'|PA6T-GF15, -GF30 & -GF50*+ 7] »
Orientation Effects ) [ = @;ﬁqﬁjgfj@ﬁjq&;fﬁgﬁ%) 73 Bl

¥2(0.6, 0.9), (0.2, 0.9) & (0.1, 0.7) » i
Fro o ELZTR P [ A SRSE
g'%‘*ﬁb’? ™ (1.5), (4.5) & (7.0)i#

f&h 171 5 Check the filling system :
%‘,’ﬁﬂéﬁ?\[fgﬂw [p[if? 1s the melt flow uni-directional ?

i”@‘,’ﬁ@@'ﬁfj:} fr'ﬁy[ IXEQL_F\[ I m@%fp Does the melt front
advance, in the cavity, at a constant speed ? S 3 B RS IR
AMTechnology
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Thickness and Shrinkage

of a Fiber Reinforced Part

R TR AN F;[} =3 ﬁl“éyéﬁ FITTE'F' J‘I‘Pﬁfl L[srff[
Pk s BT ﬁ 3mm”J "o —I[E;ﬁﬂfg_l 25mmEj‘ =J90%
i Wrﬁ#mj ﬁf i E;uﬁ[ BRI AR #] il s
., ;;iﬂ?rjﬁjtﬁ—; : H‘EI—JD ) E“Hjl[ﬂ jﬁf

Fiber reinforced parts will have reasonably uniform fiber
orientations, shrinkage, and physical properties at wall
thicknesses of not less than 3 mm. At a wall thickness of
1.25mm, approximately 90% of the fibers will be aligned in
the flow direction. Such a part would have low shrinkage In
the direction of flow. With different shrinkages in different
directions, there is an increase in molded-in stress and a
propensity for warpage. e it LB 3T
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If the Major Cause is

G171
Differential Cooling % J[Fl 7[ 252

Fuqsr FJHlup[
THF

Wﬁ‘(?%ﬂﬁééﬁ Check the cooling system :
BRI ) (5 = EASLY MR R TRL &y $9 2

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

Fe 3 LA B
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Cooling System

B DN G Ao v s
E T A5y 2 A i‘émﬁ”ﬂ“r i'l)
i% F[ j%@ﬁt g {—L:jfg;?ﬁ J(ﬂi“ Lt f gjlgﬁ %[F@

Thin-wall part can not afford as much thermal
Induced residual stress as the conventional one does.
An even cooling design becomes very important to
control the shrinkage and warpage at an acceptable
level.
S ik AL AL I Wy
AMTechnology
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We May Know

AL
ngk Mold

B

Low Mold Temperature
St AR X T
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We May Not Know

BRI
Low Flow Velocity

w

:'J??ﬁiﬂ
High Flow Velocity
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/&Mf Dustpan Warpage

AWT_W_u

.Ej cav_10000_core_ 1000 E|@]E|
B . FHEXBREE
0.1750 k. FEEESEHE t 4 B F = 1.000
4

0.3250
0.3750 ~ E‘JJ?FE&ReZ 1 . OOO
0.4250 “I;.JiA e ?E}FE&Re:lO’OOO
x = 125, 6[nn
Y™ 50.00 100.0 L= 200.0 250.0
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i [ B& IR
e ST
B2 xR FABARMRER
0.19007 Y ¥R, FHEKERE A " Lo 44 B9 F = 1.000

: T T T )
0.0000 50.00 100.0 150.0 2I]I] 0 250.0
K& [mm] I,

8% AT AR

=~ 4L R (Re=1,000, [EFiiH) « % (Re=10,000,
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