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The Effect of an In-Mold Rotational Device on Weld Lines in Injection Molding

Student : Chihchieh Wu Advisor : Rayquen Hsu

Degree program of Automation and Precision Engineering
College of Engineering
National Chiao Tung University

ABSTRACT

This study examines the effect of weld lines on the strength of injection mold. Weld
lines typically occur when the flow fronts of two or more different plastics melt together
during the injection process. Weld lines also result from use of molds designed to create a
product with holes, or molds with-multiple plastic injection gates. In this study, an in-mold
rotational device was placed at the weld line. This added rotational disturbance facilitates
the mixing of plastic materials at the weld line, effectively disrupting the structure of the
polymers. Comparison was then made between the strength of the weld lines observed
when using varying modes of rotation at different speeds, and the strength of typical weld
lines.

Experimental results show that rotational devices indeed result in disturbance of the
weld line. Visual inspection shows an apparent effect of rotational disturbance on the state
of the weld line, in accordance with expectations. In strengthening the weld lines of
injection process when using polycarbonates (PC), due to a low viscosity and low
resistance to disturbance, a low rotational speed is optimal in the disruption of weld lines.
For a rigid substance with high viscosity such as acrylonitrile butadiene styrene (ABS),
which is highly resistant to disturbance, a low rotational speed is also optimal because of

the large amounts of tension involved.

Keywords: welding line, rotation device, rotator, stirred device.
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R iR E o mE el s BRE A T REE R SRR
- AR RE P K AR Sl e B F i L 5 2 ABS
PA-709 > #}# i dedk 414777 -

. PC(Polycarbonate) : & st fsfiq b 2 A2 B - 6 > £ 5 3
1.18~1.29lcm3 ) »]’4:%{'}52?' 505~08% A ¥ B 5 BN E AN R
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BIEF e AR F RS A g & RFHE Fi e ddF ot o
C AR L ek S G o okt S fa 5 35N (F] 4-13 - 4-14) > iF
R TF PRI T R RS N ERED VA N g J R
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B € F R EEETAS e A g R PRI R 0 A

28



ASERL R F A RIS HERA o IF RRE S SMT R s
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4 @@ R R LS R g A el SRR E P Rk -

1245 CAE fifstenis & (B 4-15) » %4 i+ T8 £ PR 5 0.1 4) - o
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doo R AR EART 0 50 % A R ih § 0 X D R o
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F A2 02 3D § B4l CATIA &7 3D Wl s 4 o 3000 % g
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A 5]5'. T HE A B A 37 088 Moldflow 27 5% & i ¥ el o
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PRI

PA-709 1L 12[14]

FiE RIS 2 RIGRE 2
_ ’ o ¥ = (Unit) PA-709
Properties Test Method Test Condition
715k 58 & Kg/cm2 400
) ASTM D638 1/8” , 6 mm/min )
Tensile Strength (1b/in2) (5670)
W
ASTM D638 1/8” , 6 mm/min % 40
Tensile Elongation
R Kg/cm2 640
ASTM D790 1/4” , 2.8 mm/min
Flexural Strength (1b/in2) (9070)
geu S Kg/cm?2 23000
ASTM D790 1/4” , 2.8 mm/min
Flexural Modulus (1b/in2) (320000)
[Z0D W% 3% B
ASTM D256 1/4” ,23C Kg-cm/cm 40(7.4)
Izod Impact 3
(Notched) 1/8” ,23C (ft-1b/in) 45(8.4)
Strength
Tl TR
ASTM D1238 200°C, bKg g/10min 0.5
Melt Flow Index
AR
ASTM D785 1/2” R Scale 102
Hardness
L %
ASTM D792 23°C - 1.03
Specific Gravity
#ic it BL
Vicat Softening ASTM D1525 1/8” ,50°C/hr CCF) 105(221)
Temp.
#%28 2 DT
99(208)
Annealed(85°C, 8hr) ASTM D648 1/4” ,120°C/hr CCF)
88(190)
Unannealed
eI
UL 94 = - 1/16” HB
Flammability
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% 4-2 11k URZ-2500 +4 42 4% 14[15]

F /g /L% /5
e R F SRR %/
V-0
ISO # % 7+ >PC-MD10FR(40)<
Grade name URZ-2500
B P H o R TR GRIZ* %~ A1)
%R g/cm3 ISO 1183(K 7112) 1.28
ook & % ISO 62(K 7209) 24h50%RH
IR ("8 k) 3%
Mpa 60
X%l IS0 527-1, 2
51k pik 0 F (K 7161, 7162)
% tB 40
H %2
b E X Mpa 1S0 178 90
¥ o T Gpa UL 2.6
Y vl E—fiF
kJ/m2 ISO 179-1(K 7111) 14
F g X
FEbAirik - ISO 75-1, 2 0. 45MPa 130
B (K 7191-1,2) 1. 8MPa 120
MVR cmd/10min ISO 1133 (K 7210) 300°C 1. 20kg 34
HE 7 S5 R/ B
PesEM UL94 mm thickness V-0/1.5
5 &

M1 3156 Rt OFE IE s R 0 1TV 2B e
¥2: EBHS X NTHOF LR~ IF OB B AEH T2 o
%: UL File No. :QMFZ2.E48268 (Company Name:IDEMITSU KOSAN CO LTD, Category Name:Plastics -

Component ) -
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O BB S '
*Eﬁﬂiﬂﬂﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬂﬁﬁ °
- US315-001U2 - US315-002E2

F4E © USM315-001W2 « USM315-002W2
Ef 1.2kg
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Fill time
— = 1.960[s]
[s]

— 2.045

1.534
1.023
0.5113

0.0000

;\x a2

-40

Scale (100 mm] -26
e | %| e

& 4-15 CAE
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ASTMD638 TYPE I, I, I, IV, V

ASTMD-638- 1

| L e

ja-13-

B 4-17 3 % CAD #
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welding line
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Bl 4-21 il 41 2

Bl 4-22 58 4 sebe 454
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gt LG ARAT  R

EHROLSFEEZ > FFBREFME
i (BO0rpM) g 14 T 2 4 & 32 BiE s e i BTABE A K A Sk

+ B MERT o R R PRI oo B R Z PSS LR B e A
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B o

STAlBE Y 2 R A S g S o H G B B R 0 170.3% o gt e i
Vel 50 R RE abt A AR @ dis 0 A R Bt ) Al e ¢
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i i R R K3E S e
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T OABLZE ABS $PE o s R LR UG T 04 g 5] ABS Gt friifE

PR G BHCR BEERAR L A R f SN ArRE o FIMAE e eh
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B4 ¥Tg .E'f]%‘v % w5 e pRIE Y AE S (B 5-26) o

ABS Atk F i chif i T 2 1w 31 5 674 B A8 £ Sk 21 %
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25 Eﬁ“?]?\ 4o L
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B 5 SR L H B 8 06.6%

S ESNTE YRR R R IR G A e g )

FE S AARP NG R BRI B R AR o - BN E A

ﬁ&ﬁy\ s od NI .,L "’9‘} fé#ﬁjﬁ_‘@\ fgﬂ&».f\] T IR \J r "ﬁ S z&;% E‘ﬁ““:f.'- \:A:
(B 5-29) sEFR > PPHBRRSE o

48



% 5-1 F 5% %
Sample No. Material Rotation Rotor’s type
i

G PC (415 URZ-2500) A(800rpm) = EN

K PC (415 URZ-2500) B(1600rpm) = EN

D ABS (# # PA-709) A(800rpm) = EN

H ABS (# ¥ PA-709) B(1600rpm) ZEN

LR 28
K PC (4} URZ-2500) A(1600rpm) =
F PC (& URZ-2500) B(1600rpm) B
% 5-2 Bf =) i
ABS (73 PA-T09) PC (Hi3 URZ-2500)
ki, ) i, L)

Bl BBy |BETEr (B e E—by  |EFr  |E=Fe

210 2l 200 190 280 295 250 270
SPHERE |E—Fr |SETEE | ER SHEE |E—Fs  |ETEF  |SEER
HE % 15 3 20 |EE% 15 20 g
EEF ] bar a0 100 a0l |BEFD bar 145 145 145
f¥ & mm 45 43 17] |f¥E mm 50 20 15
yaals  |5s weals  [3.5s
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% 5-3PC 4+ ¥ zxgk 2 %

Condition: K-URZ2500-35-1600 Condition: G-URZ23500-35 800
Non-Rotate Rotate Non-Rotate Rotate
Sample No. kN Sample No. kN Sample No. kN Sample No. kN
1 2.199 3 1.981 1 2.021 B 2.064
] 2.061 7 1.783 3 2122 14 1.893
10 2.0 9 1.845 4 2.145 18 2071
13 2.105 17 2128 9 2.028 30 2038
14 2.0R8 24 192 10 2.034 3B 2038
20 2.058 40 1.292 12 1.981
22 2132 4 1477 13 2.048
23 2.185 a0 1.762 15 2.078
28 2.142 52 1.474 17 2.081
29 2.061 20 2.125
Average 2.103 Average 1.740 Average 2.066 Average 2.021
B S EE A 4 = AR BE B S EE T 4 = AR BE
Ratio: 82.7% Ratio: a7.8%
Condition: K-URZ2500-35-1600 Condition: G-URZ23500-35 800
Non-Rotate Rotate Non-Rotate Rotate
Sample No. kN Sample No. kN Sample No. kN Sample No. kN
1 2.199 2 2.0 1 2.021 2 1.799
] 2.061 4 1.835 3 2122 5 1.289
10 2.0 ] 1.833 4 2.145 7 1.272
13 2.105 1 1.88 9 2.028 g 1.6837
14 2.0R8 15 1947 10 2.034 1 1232
20 2.058 16 1.788 12 1.981 15 1.568
22 2132 19 1.816 13 2.048 19 1.709
23 2.185 21 1.742 15 2.078 22 1.282
28 2.142 25 1.981 17 2.081 25 1.35
29 2.061 26 2.0338 20 2.125 26 1.491
Average 2.103 Average 1.886 Average 2.066 Average 1.453
BB IR SRR B IR S iR RR
Ratio: 089.7% Ratio: 70.3%

50




% 5-4 ABS #

Condition: H-ABST09-35-1600

Non-Rotate Rotate
Sample No. kN Sample No. kN
1 1.571 2 1.517
= 1.861 4 1.487
5 1.634 12 1.47
7 1.545 15 1.4
9 1.604 17 1467
10 1.534 19 1.423
1 1.664 20 1.474
14 1.5664 22 1.487
18 1.654 23 1.447
21 1.524 25 1.403
Average 1.546 Average 1.459
B S EEEif SRR
Ratio:  94.4%
Condition: H-ABS709-35-1600
Non-Rotate Rotate
Sample No. kN Sample No. kN
1 1.5871 13 1.487
5 1.561 23 1.47
= 1.534 35 1.47
7 1.545 36 1.491
9 1.504 37 1.494
10 1.634 44 1.497
1 1.5664 46 1.484
14 1.664 49 1.4584
18 1.554 a6 1.433
21 1.624 59 1.477
Average 1.546 Average 1.479
S Eh IR SRR
Ratio: 95.7%

51

Wk
Condition: D-ABS709-35800
Non-Rotate Rotate
Sample No. kN Sample No. kN
5 1.558 5 1.497
7 1.5837 g 1.47
9 1.627 17 1.497
11 1.551 19 1.491
14 1.634 26 1.607
15 1.554 29 1.45
16 1.541 33 1.494
27 1.534 36 1.5801
28 1.644 38 1.47
30 1.521 47 1.491
Average 1.540 Average 1.490
b S Bh AL 4 S A PR
Ratio: 96.7 %
Condition: D-ABS709-35.300
Non-Rotate Rotate
Sample No. kN Sample No. kN
B 1.558 4 1.491
7 1.637 12 1447
9 1.5827 21 1.47
11 1.551 24 1467
14 1.534 32 1.491
15 1.654 35 1.494
16 1.541 40 1.45
27 1.634 44 14587
25 1.544 52 1.464
30 1.521 55 1.413
Average 1.540 Average 1.468
B BRI AR SRR
Ratio: 95.3%




455 % FiEF 0

AR S

Condition: K-URZ2500-35-1600 Condition: F-URZ2500-25-1600
Non-Rotate Rotate Non-Rotate Rotate
Sample No. kN Sample No. kN Sample No. kN Sample No. kN
1 2189 3 1.981 3 2.249 2 2075
B 2.061 7 1.783 4 2.185 ] 2222
10 2.0 9 1.846 12 2216 7 1.917
13 2105 17 2128 15 2138 g 2.102
14 2.068 24 1.92 19 2.209 10 1.883
20 2.058 40 1.292 &) 2.189 1 2.055
22 2132 41 1.477 36 2.202 13 2132
23 2185 a0 1.762 34 2.145 21 2226
28 2.142 52 1.474 42 2.135 35 2085
24 2.081 43 2.118 44 1.937
Average 2.103 Average 1.740 Average 2.179 Average 2.062
ES B4 SRR B S ShAE 45 SRR
Ratio: 527% Ratio: 84 6%
Condition: K-URZ2500-35-1600 Condition: F-URZ2500-25-1600
Non-Rotate Rotate Non-Rotate Rotate
Sample No. kN Sample No. kN Sample No. kN Sample No. kN
1 2199 2 2.0 3 2.249 1 2162
B 2.081 4 1.836 4 2185 9 2178
10 2.0 g 1.833 12 2216 14 2128
13 2105 Al 1.68 15 2138 17 2045
14 2.065 15 1.927 19 2.209 18 2.199
20 2.058 16 1.786 3 2.189 23 1.977
22 2132 19 1.816 36 2.202 25 1.961
23 2.185 2 1.742 38 2.145 24 2,142
28 2142 25 1.981 42 2,135 34 2,149
24 2.061 26 2.038 43 2.118 43 2112
Average 2.103 Average 1.886 Average 2.179 Average 2.106
T 3 5 H I 5 S AR R T 3 AL HE IS S AR BR
Ratio: 89.7% Ratio: 95.6%

B 5-1 5 ¢ VS 458+ 4[17]
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