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Abstract

This research is to investigate the molecular orientation of two
thermoplastic polymer materials (including PP and ABS) step
feature for the function key arms by injection molding.The
Moldex3d R9.1 is used to run the simulation to compare with
the experimental result by injection molding. The Raman
spectrometer is used to observe and to compare the intensity
peak by different molding temperature and flow direction.
Result shows that the intensity peak of skin layer of PP resin is
higher than that of core layer. There is almost the same as the
different from intensity peak of ABS resin around the edge
corner. Research result can be used to justify the molecular
orientation of the mechanical structure of step feature by
injection molding reduce the lead time of such product feature

development.
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AR TR

58 Run fhulton 1223 runner0225 miedPR_ Pro-a;

;45 Dimension (1300 90 x 140 mm),Ep=828,024 Ec=1 1 =liied= v2005
= 1o FIENEEER . 0.0 500 mm
. [ T T T
RE.1(3108 87) 22:28:05-08-18-2010 250

Fig 4-24 & 5 3D 42§l

2» Moldex3D-Mesh Quality Table il #» Moldex3D-Mesh Guality Table il

Orthogonality | Smoothness | Aspect Ratio | Skewness |
Aspect Ratio | Skewness | Orthogonality | Smoothness

90 an
L

70

Percentage (%)
Percentage (%)

T ... 318578

o o 0 59 1207
00 01 0z 03 04 05 06 0F 08 04 10

Average value : 0.82 Average value : 17.59
Minimumvalue: 0.31 Maximum value : 59.16
Total Element Count: 780244 Total Element Count: 780244
Total Node Count: 162070 Total Node Count: 162070
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2. Moldex3D-Mesh Guality Table il 2» Moldex3D-Mesh Quality Table il

Orthogonality | Smoothness | Aspect Ratio | Skewness |
Aspect Ratio Skewness | Orthogonality Smoothness

=
=

=)
=)
=)
=)

o
=
o
=

«4
=
=q
=

752750

Percentage (%)

FPercentage (%)

=
=
=
=

3o 3o
L L
10 10
o o o o 1242 o o o o o o o o
oo 01 02 03 04 0.5 06 07 o8 09 1.0 000 oot 0.02 003 004 005 006 007 0.08 008 1.0
Average value : 0.89 Average value : 0.838
Minimum value:  0.59 Minimum value: 0.174

Total Element Count: 780244 Total Element Count: 780244

Total Node Count: 162070 Total Node Count: 162070

Fig4-25 3D 4% % §

#4-1 ABS= 25 % ¥k T4

ot btig

R R A
Mpa T mm s

170 50 100
150 70 120
130 90 140
170 70 140
150 90 100
130 50 120
170 90 120
150 70 140
130 50 100

O 0 39 N Ui A WL N —
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F. 42 PP A ¥k T4

R R R b ik
Mpa T mm s

1 120 35 80
2 100 50 100
3 80 65 120
4 120 50 120
5 100 65 80
6 80 35 100
7 120 65 100
8 100 50 120
9 80 35 80

Operation Temperature { C)
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53.1 % ki PP A 78 %

BABRRHE A3SCRMEAFS e i & uhd-B 0702 %
E A (45 68) 0 F RAR kR R RBR B 4oFigs-12 5 A
R Bk & e 72 % (Re-circulate) [23]% 4 » BR#RE
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53.2 £ 8§ k3 ABS chAo {78 %
FOABLENOE AS0C AT i i & AL B RO 2
sF 1Y R (4568 )4oFigh-21 LT & & % 48L 41000cm’ s(C-H)
FIF A AR BARH L BR 0 H5843060 cm’'vs (C-H) 1% it 4
FHREBRIF A AR B v HE DL R AP R T L RGO
B (50°C) & ik % it (100 cm/ec) 1@ F 1 K fol-sE B 913k - ABS
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WO0C > FIAWRERME FaPiwgaog L daR g RkiE k7 2
BLo rGRE e BT 7R A7 % doFigs25 o 615 cm” ( C-H ring
bending ) ~ 1000 cm™vs (C-H) #21600 cm™ ( C-H ring deformation) %

Bsg Bt BafFal s 23 HEABSE A~ F 487 F > & (R 5Bl 4e
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4% 5-1 ABS # il Z thimd £

g WE

R R 4 Z fhi~ pd £

Mpa C mm_s mm
1 170 50 100 0.114
2 150 70 120 0.099
3 130 90 140 0.099
4 170 70 140 0.112
5 150 90 100 0.099
6 130 50 120 0.099
7 170 90 120 0.112
8 150 70 140 0.099
9 130 50 100 0.018

% 5-20 PP L 7 phimd &
o 3
R o bt ig 7 b v B

Mpa C mm_s mm
1 120 35 80 0.176
2 100 50 100 0.174
3 80 65 120 0.275
4 120 50 120 0.175
5 100 65 80 0.169
6 80 35 100 0.314
7 120 65 100 0.166
8 100 50 120 0.217
9

80 35 80 0.214
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Moldex3D Analysis Fli{l;i;g (Screw diall;a(f;ition : mm)
17% 25
26% 28
52% 33
70% 38
100% 44

Fig5-1

PP 1 7 A R ‘@bt 4
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Moldex3D Analysis Fli{lrig (Screw diall;a(f;ition : mm)
17% J. 25
26% 28
529% 33
70% 38
100% 44

Fig5-2 PP # ¥ B X ‘@bt $f
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, Filling Part

Moldex3D Analysis Rate (Screw dial position : mm)
17% 20
26% 22
52% 28
70% 30
100% 38

Fig5-3 ABS # | A R ‘@it %
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Moldex3D Analysis Fli{lzig (Screw dialli)a(f;ition : mm)
17% 20
26% 22
52% 28
70% 30
100% 38

Figs-4 ABS 41 1 B R ‘®it it 4
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FEREE
x100 [oC]
226,378

214.619

202.861

191.102
179.344

155.827
144.068
132310
120551
108.793

a0 Rup Thufton 1225 mnner-0328 miadPR Pro-faxSB7E6_1_1.mivpS 1 pro

Rng. 96,1 ~ 231 Avg: 189 oC (i 100% (0.20% sec)) (Standard Solver), Ep=528,024 Ec=11,328 Em=1,047,901 =Mied=

(1]
20 g

R3.1[3102.37) 04:24 33-06-19-2010

FEIRAS R e
x100 [oc]
230,000

218.000
206.000
194,000
182.000
170.000
158.000
146,000

“134.000
122.000
110,000
98.000
96.000
74.000
62.000

50.000

a0 Run Thulton_1225_runner-0328 mie/PR_Pro-faxS8788_1_1.mivpd_1.pro

0.00 2.00 mm
1.00

(PP)

Rng. 96,1 ~ 231 Avg: 189 oC (i 100% (0.20% sec)) (Standard Solver), Ep=528,024 Ec=11,328 Em=1,047,901 =Mied=

(1]
210 pramsas)

R2.1[2108.97) 04:21 1 2-06-19-2010
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FEBREs R _ ety
%102 [1isec]
1000.000

933.333
866.667
800.000
733.333

67
600.000
533.333
466.667
400.000
333333

266.667

200.000

133.333

=
a0 Run Zhutton 1225 runner-0325.migdd 8BS POLYEACPATSS 1 DN Project20 {0061 {_7 pro
g?l] Rng: 1 42e-008 ~ 2 12e+005 Avg: 953 {dsec (f100% (0 253 sec)) (Enhanced Solver) Ep=828,024 Fc={1{ 328 Em=1,047 907 <\Mixed=
T ZTEERATR .00 200 mm
. S i ) O |
RAA[ 10897105 02:45-08-13-2010 1.00

F1g5-7 AT%IJ‘}‘E*7$A\{W (PP)

FEEE_ MR
%103 [tisec]
312.037

201.235
270.432
249.630
228.827

208.025

187.222
166.420
145.617
124.815
104.012
83.210
62.407
41.605

20.802

0.000
Time = EOF

g?" Rng. ‘F 426-005 ~ 3.4 2e+005 Avg: 953 1/sec (07 00% (O.2B§ sec)) (Enhanced Solver), Ep=i .26,024 Ec={1,328 Em=1{,047,901 <Mixed=
Sa.00 FIEMFELTRY 000 1.00 mm

R9.1(3102.87)05:00.25-08-19-2010 0.s0
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FERRER S ATE R
%10 -1 [sec]
2.674

2,617

Z;SEFI

2503

hher-0328.mfedPR_Pro-faxSB8766_1_1.mivp3_1.pro

0.oo 2.00 mm

FEARE B _pshil Ay
x10 -1 [sec]

§2  Run f:button 1225 runner0328 misiPP_Pro-faxSB786_ 11 mivps_ 1 pro

?g? No. Sensot Nodes=400

10.77 FIBEIELER 000 1.00 mm
: [MEERETEIE] 1771 |

RO.1(9108.97) 10:14:17-06-21-2010 Y 050

Fig5-10 B = imds ko ek
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140 =
130 = -—----
110 = -—----

(S/mu) A0 A U0

- p—

ujf

210 220 230 240 250 260 265 270

200

Melt Temperature(°C)

PP & 241 %

Fig5-11
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Peak Intensity (a.u.)

Peak Intensity (a.u.)

0 T

T
800 900 1000 1100 1200 1300 1400 1500
Raman Shift (cm™)

Fig5-12 PP+ & L -$0835C-A~Bxr =

T T T T T T T T
900 1000 1100 1200 1300 1400 1500 1600
Raman Shift (cm™)

T
800

T
700

Fig5-13 PP+ & £ -$0865C-A~Bxr 2
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% 5-3 &3 JRdHEN R 4 [28]

Geometry Vibration Nomenclature
H H
‘l" Symmetric CH,-Stretching vg (CH2)
Antisymmetric
H H
- CH,-Stretching Vas (CH2)
H ™H .
AW/ CH,-bending o (CH2)
4
H- H+ .
N CH,-twisting vt (CH2)
H- H+ .
o/ CH,-wagging yw (CH2)
F_'_:_C/“\ CH,-rocking v+ (CH2)
c,:"\c CCC-bending A (CCC)

#5-4 PP g =884+ R 30 4R A [29]

Vibrational assignment for Raman bands of i-PP (8 = bending, r=
rocking, v = stretching, t = twisting, w = wagging). From Ref. [31]
w (em™) Vibrational assignment

808 nCH,), »(C-C)

841 n(CH,)

an n(CHz), »(C-C)

998 nCH:)

1151 v(C-C), 8(CH)

1168 v(C-C), r(CHs), w(C-C)

1220 t{CH,), w(CH), v»(C-C)

1435 8(CH,)

1458 3(CH,)
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-
800 900 1000 1100 1200 1300 1400 1500
Raman Shift (cm™)

Y

Fig5-14 PP~ & %3¥#-#0835C2 65C-Ax &

|rml
S
9
—~~
~
(9)]
(@)
p—

— 65B6|
—— 65B5|
6000 —— 65B4
1458 — 35B6
5000 -
5
c 4000
> -
2
I3 3000
£
w
o 2000+
o
1000 + > 4
5
— 6

-—— 11
700 800 900 1000 1100 1200 1300 1400 1500
Raman Shift (cm™)

Fig5-15 PP+ & sk 2-#835C % 65C-Bx 2=

Jet
J

s (4550 6)

84



—— 35B1
— 35B2
—— 35B3
—— 65B1
—— 65B2
—— 65B3

3500

3000

2500+
2000 +

1500

Peak Intensity(a.u)

10004

500 —

L T T T T T T T T T T T T T T T T T
800 900 1000 1100 1200 1300 1400 1500 1600
Raman Shift (cm™)

Fig5-16 PP & 2§ -H835°C265C-Br s = 5 (152> 3)

——35A1
——35A2
——35A3
1458
8000 —— 65A1
| 808 1151 -~ 65A2
——65A3
S 6000
g
=
E
$ 4000
I
X
[
[}
o 2000+
0

T T T T T T T T T T T T T T T T
800 900 1000 1100 1200 1300 1400 1500
Raman Shift (cm™)

S

Fig5-17 PP § % :¥-H835C265C-AREE > » (1525 3)
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‘4 A FANUC ROBOSHOT al5-iA # 5 R.#

FAUNC ROBOSHOT o-15ia
Mechanical specification

Item Unit Data
Clamp unit | Clamping mechanism - Double toggle
Tonnage mm 150(15tonf)
Maximun and mim 260-130
minimum die height
Clamping stroke mm 160
Locating ring diameter| mm w60
Tie bar spacing(H*V) | mm 235%235
Platen size(H*V) mimn 330%330
Minimum mold mm 135%135
size(H*V)
Ejector stoke mm 50
Maximun ejector force | KN Std.7(0.7tonf)/High-speed ejector
option 4(0.4tonf)
Injection unit Screw diameter mm 16 18
injection stroke mim 56 56
Maximun injection cm’ 11 14
volume
Maximun injection Mpa 240 190
pressure
Maximun pack Mpa 220 170
pressure
Maximun injection rate cm’/s 40 51
Maximun injection rate| mm/s 200
Maximun screw Min™ 450
rotation speed
Nozzle touch force KN 3(0.3tonf)
Screw&Barrel| Number of pyrometers| Barrel 3
Nozzle 1
Total heater wattage Kw 2.8 3.1
Machine weght t 1.2(Approximately)
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3+ L 74 s 4
e | BB RES VLR
g | 7 .
£
’ g\}ggag\a)ﬁ,q\}mﬁ%?g
TR | BPE &Y A BT E
i | e
B A | R
po
B E 4 K # o0 S Op 4
= e
6 cal / 2
(x10 /C) o (kg £/ mm) uQcem
cmesece C
20~ 20~ 20~ . y
o o o 200°C AT
100°C 00°C 00°C 31.5
113 12.5 13.4 0.095 21x10" | 0.76x10"
WREE 0 NAKSO 8 12 (20C)
A AR :HRC4l
5 & 3 B 2103kg f,/mm (147ksi)
(0.29% offset)
o o5 B 128kg f,/mm’ (183ksi)
8 5 % % 139.8%
WOE & 15.6%
W # @ :2.0kg f-mem’ (151bf-ft) (%)
(U-notch,20°C)
NAKSO #. % if cfs B2 44 5
B oEOE AR (CC)
100 200 300
v+ 5% A& (ksi) — 164 143
e & (%) — 38.5 40.1
OE % (9%) — 15.9 16.0
W F @+ 1.8 3.6 3.5
A R (HV) 395 375 360

FH KR D X2 X AR L2
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i C 4 % ABS PA-758 # 1+ 4

CHIMEI

FXREXREMNBRLE

CHI MEI CORPORATION

& R A= R 55-1 B
TEL: 885-6-266-5000  FAX: 886-6-266-5555-7

% 8] ABS, POLYLAC® P4-758 March 6,200 VIW
AR
it B E 3 A4 4 R -
(Properties) (Test Method) (Test Conditiony | home| FAI58
3R & — - § Kg/cm' 405
Tensile Strength ASTM D638 1", 6 mm/min (bin®) | (5740)
WA _ — - . Kglem® 550
Flexural Strength ASTM DD WE 2 S (bin’) | (7,780)
W R - N Kelem® | 10,000
| 7 I s ! = R
Flexural Modulus AFTMAI0 V428 mmimin | el | (270,000)
1ZOD ¥ & 35 /& ASTM D256 o e
1447, 23 Kg-cm
Izod Impact Strength {Notched) oo 16
STy 1 3t _ ; 200°C, 5Kg . 3.0
Miekt Flow Inee. | o P1208 320(. 10Kg ebn Y
- &
i E _ e ]
Specifc Giavity ASTM D792 237 1.08
HAL g5 - e e 5
ASTM D1525 /87, 50°C/ CCF) 522
Vicat Softening Temp. ASTM D123 18", 50C/hr CCY) 105(221)
#9808 A — [
i ASTM D648 1/4°, 120°C /hr CCF) | 88(190)
& 0E
ki ASTM D1003 1/8 : 4.0
Haze
EREST — Z
Lists Toommicion | ASTM D1003 18 % 89
5 1,
AT UL 04 : : 1/16” HB

Flammability

N E R R R S e R N

EHL R
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44D JPP PP MG3FTA # {+ 4

m Japan Polypropylene Corporation

TYPICAL PROPERTIES OF NOVATEC MG3FTA AND MG3FT

ITEMS VALUE TEST METHOD
MC3FTA MGIFT
MFR g/10min 8.3 84 | JisK7210:1990
FLEXURAL MODULUS 1,260 1,250
MPa JIS K7171:1984
FLEXURAL STRENGTH a7 37
TENSILE MODULUS 1,350 1,240
MPa T .
TENSILE STRESS AT YIELD 32 32
JIS KT161,7162:1984
NOMINAL TENSILE STRAIN % >400 =400
AT BREAK
CHARPY IMPACT STRENGTH |  klim® ig 40 | JISK7111:1898
ROCKWELL HARDNESS R scals BS 85 | JIs K7202:2001
TEMPERATURE OF c &6 85 | WS kK7i91-1.2.1998
DEFLECTION UNDER LOAD
0.45 MPa
GLOSS % a1 o0 | Jis Zev4a1:1907
HAZE (1mmt SHEET) % 9 10 | JIs K7138:2000
MOLD LENGTH 19 1.8
SHRINKAGE % - JPP METHOD
{(2mmt SHEET) WIDTH 16 1.8

- Analysis is performed on representative samples.
- Data should not be used for specilication work,
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4 E  Moldex3d R9.1 v £ 247 2 %

iR Z- s R
%10 -2 [mm]
5,064

5205
4446
3.687
2927

= 2168

1.409
0.650
-0.109
-0.868

— 55 Run {:button 1225 runner0328 medd 8BS POLYLACPATSS 1 mibeMOX Project204 00807 _1 pro
h(:'_ 25 Ring:-0.0542 ~ 00596 Avg:-0.00183 mm (Scale:0.00, Tolal Ep=5628,024 Ec=1{ 328 Em=1,047 907 =Mixed=
1y TERRETER 00 100 mm
R3.1(3108.97) 19:44:158-05-24-2010 50

ABS % | & S @ d » 478 %

iR Z- s R
%10 -2 [mm]
4.093

3432
2771
2410
1.449

= o788
0.127
-0.534
-1.185

-1.856

— 55 Run {:button 1225 runner0228 mfedd BS POLYLACPAZSE { mivahs? 2pro
h(:'_ 25 Ring:-0.0582 ~ 00409 Avg: 0000821 mm (Scale:0.00 Tolal Ep=828,024 Ec=11 325 Em=1,047,801 =Mixed=
1.48 Mzas g for virteal molaine wraf 0.0 10.0 mm
R3.1(3108.97) 17:00:14-05-23-2010 50

ABS % 2 B 4didy oS
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iR Z s =
%10 -2 [mm]
0.128

B8.463

7.798

55 Run Zbuiton_ {220 runner0328 misdBS_POLYLACPATSE. {.misMDXFroject20100608 2000
L(_"‘: 0. Ang-0.0085~ 00513 Avg 00516 mm (Seale.0.00,Total Ep=026,024 Eo=1 1,320 Em=1,047,90¢ <z
176 SrERRBLE 0.0 100 mm
' IS T T

R31(3108.97) 21:04 53-06-24-2010 50

ABS % 3 = Sdcdsd o147k

iR Z s =
%10 -2 [mm]
5,742

4.006
4.249
3.502
2.755
2.009
1.262
0515
-0.232

-0.978

s 55 FRun 2 hufton 1225 runner03285 mieddBS POLYLACPATSS | mieMOX Project20100811_2.pro
{ 35 Rng:-0.0545 ~ 00574 Avg: 0.0005035 mm (Scale:0.00, Total), Ep=028024 Ec=1{,328 Em=1,047,801 <Mixed=
5%y HEEEEAR 0.0 100 mm
L TR T 1T
R3.1[3108.97) 17:34:44.06-23.2010 50

ABS % 4 = S¥cdsd o147k
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iR Z s =
%10 -2 [mm]
4.210

3547
2.884
2221
1.558
0.895

0.232

-0.431
-1.094
-1.757

s 55 Run 3bufton 1225 runner03285 meddBS POLYLACPAYSS { mieMOX Project20100811_3.pro

L(_"‘: 0. Ang-0.0575~ 00421 Avg 0.000594 mim (Sceie:0.00.Tota] Ep=025,024 Ec=11,328 Em=1,047,301 Mixed-
1o FERRBLE 0.0 100 mm
' IS T T
R3.1(3108 .37) 17:36:57-068-23-2010 50

ABS % 5 & Sdcdsd o147k

iR Z s =
%10 -2 [mm]
3.367

2.708
2048
1.388
0.728
0.068
-0.592
-1.252
-1.911

-2.571
3.231

s 55 Run dbufton 1225 runne0328 mieddBS POLYLACPATSS { mieMOX Project20100811_4.pro
{ 35 Rng:-0.0653 ~ 00237 Avg: 0.000975 mm (Scale:0.00, Total), Ep=028,024 Ec=1{,328 Em=1,047,801 <Mixed=
1o FIEBRBLE 0.0 100 mm
: TR T 1T
R3.1(3108.97) 17:38 05.06-23-2010 50

YN

ABS % 6 S ¥cdsd S 7%
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iR Z s =
%10 -2 [mm]
5.783

5.037
4291
3546

= 2800

2054
1.308
0.562
-0.184
-0.930

s 55 RunSbufton 1225 runner03285 mieddBS POLYLACPATSS { mieMOX Project20100811_5.pro

L(_"‘: 0. Ang-0054f ~ 00578 Avg 0.0003 imim (Seale.0.00,Total Ep=026,024 Eo=1 1,320 Em=1,047,90¢ <z
161 SrEEEELE 0.0 100 mm
R3.1(3108.37) 17:40:08-08-23-2010 50

ABS % 7 & Sdcsd o147k

iR Z s =
%10 -2 [mm]
4,150

3.487
2825
2.162
1.499
0.837
0.174
-0.488
-1.151

1814

s 55 RunBhufton 1225 runner0325 mieddBS POLYLACPAYSS | mieMOX Project20100811_6.pro
{ 35 Rng:-0.0579 ~ 00445 Avg: 0.0009035 mm (Scale:0.00. Total), Ep=028,024 Ec=1{,328 Em=1,047,801 <Mixed=
161 SEEEELE 0.0 100 mm
R3.1[3108.97) 17:41:26-06-23.2010 i

ABS % 8 & Sdcdsd o 17k
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iR Z s =
%10 -2 [mm]
0.689

0.567

w0446

0.324
0.203
0.081
-0.040
;. -0.162
-0.283
-0.405

s 55 Run {hufton 1225 runner-0228 mieddBS POLYLACRAZSE {.mirabsd {.pr0

k:: 25 Fng: -0.0443 ~ Q00689 Avg:-6.2e-000 mm (Scaled 00, Totall, Ep=5628,024 Ec=1{,325 E
15 HEEEAT

oo 10.0 mm
[ R
R3.1[3108.57) 16:41:03-06-23-2010

50

>
o9)
95
>
~
O

SIS 3 S

iR Z s =
%10 -2 [mm]
7.892

6.719
5547
4374
3.201
2029
0.856
;. -0.316
-1.489

-2.662

s 55 Run {hufton 1225 runner0328 miedPP_Fro-fax5B8786_1_{.mivppl_{.pro
k:‘_ 25 Rng:-0.097 ~ 00789 Avg: 0.00713 mmn (Scale:d .00, Tota), Ep=028,024 Ec=11,328 Em=1.047 907 <Mixed>
o LMew i for viteal molding tral 0.0 100 mm
L [T T |

R (810897 13:47 44-06-23-2010 50

PP 5% 1 = Sdicdsd & 45 %
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iR Z s =
%10 -2 [mm]
7.892

6.719

w5547

4374
3.201
2029
0.856
;. -0.316
-1.489

-2.662

s 55 Run {hufton 1225 runner0328 miedPP_Fro-fax5B8786_1_{.mivppl_{.pro
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