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A Study on the Injection Molding Process for Manufacturing of Alternator Pulley
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ABSTRACT

So far, an alternator pulley has been formed by cold forging and casting with a metal due to the necessity of its
high strength. Various advantages such as the light weight, the low cost, and the high productivity can be ob-
tained by the injection molding process using engineering plastics. Engineering plastics have an excellent perfor-
mance in the characteristics of a strength vs. weight, a good forming ability and a productivity. The object of this
study is to develop an alternator pulley, which has been made with a metal, using the injection molding process
based on Taguchi methods. A sink mark is considered as a characteristic parameter to improve the quality. The
FEM Simulation CAE tool, Moldflow, is used for the analysis of injection molding process.

Fo7lego] : Alternator pulley(dEd]o]g] E4g]), Injection molding(AtE4]3
73 H), Sink mark(A = vl=), FEM Simulation(FEM A] &

EEEE)

1. A&

A 52 B FAANAM AHEH I e 7HA
AF, A2 A8 §F TS A= oA
o2 7kA] Fe A AAv)so] HEFHI
Rew, 2AEA} 759 ZHE 2od 7, F4,
A2 AR, 5, E¢FE T FEAERYH E
ghxg, 25, f2, A F 59 BlEE A5 o
271744 vl gt ol g FollA Fetad
EAPAFE B AAHY B ol F
Aol vl DE7} o} 2 2Fzpe] A

* 39l Eoltfstm 714 - APA 2 TEE
** 39, RAtdlstn 71458t

&), Taguchi methods(t}
@ o]A4l), MOLDFLOW

G4 5 98 A T2 AAE B5Holnz A
£xow Bepate) AERE F71H0] gt
el B0} LD GFH FH AN o]

EG2E 2 AFAe VIS HEE Tl AHEH o

7189 FEARE %o A stz gt
kA o 7 g E o) Ei £ 2] (alternator pulley)

83} gL 35 o

[T G
JFH 23 AU A z2F Ao 3?5101 9k
o, AZzEFH ﬂfﬂ%z}zﬁ%sﬂ 2 g F

H10H ™33, 2002 159



i=f
it
fol

gElo} Quk2Y B, Aol Y Eekatengis oS Aasshed Y ol e 3 g 2
neering plastic) & 728 % 714 RE AL A ARHE Folel AuF & MUY I T
SR AREA GAF S AT PUS 2 S0l dishe] MIEARAW S 4 5to] 2719)
T Q7] R BARokl A BEASA S NATDNS mEgon, w3 AR
93 Q. o3 B AE S ARE = 4 o] A5PES B8] AMel ABNY =
7]% LOF]‘ﬂ;% E/‘]’%é» s 1:1'5001:), 7\1%%1'9)\":]'
22PN, FEH YW, SR, BUY

H gol Ao, o] oA AEALYE L 7HE &F 2. MERE9 WY

AN RE 7Y ol A sn B

QA ANE o Ay yel o Lie 1% 7IEel AREA ofstel Aled 4
sbu e e e i e ye wg  BAE LEVIOIE Felo)  om, wES oo
®YYE A VE S e Fehay gy TUTARE FEE AE SHE dEEE 7
g Qe el shAw, Aggge oo ¢ T AE AR TS w3
Aésé]}_z olul AE 2l 7)e Al A Sol uf SAl 17He] HE ] ofsf) E AL glo], A

o)
ol(weld line), 3 - BLUTAE 5 e dd e HEA717] 98 ﬁ%*f?
QA g8 AR A of 9a] FE= o] gkt ofeol ns A FAHe
v ) o] o] A = Tl AE A}EREZ A 9 A

_Y}LL

2} Al A vl A (sink mark), L=
(warpage) & &5oll A B 4 §

i
>.2

YRLE oI + YE TEE T A

: o [ = = T 3E =
® AT A5 Aeolel el W”fu Aas, v eazd, AEL3E 5 4
Aakshze glolA AR - F ol 3 Hs, A # a8 A ol R R 3% %

3T g @Ayela Eaade Duponstel %o
A %; olu) = 66(PA66: Zytel 70G43)S o] &-3o] Fig. 2

=5 o Ao} o] AEJUjojH E-E A XA &
HulolE £l A8FY 74 Ha= gu 79
o] 1.0mmol A 7)o} Y& o] sSmm7}R] L3},
o] 2] 3k 2 EA) WA} W) %ol Fig. 36] 4 9} 20] A}
E5Y AA A FAoE Al x"o] 2 Y= ).
ol AEFY FAMN FAY B2 AT S

d
& 278 v = (Taguchi method) S o] &

of @zt ghoh AFEAG Pl A o} A vkl
73t 91 7%= Naka V3% M. J. Liou 29 @& 4+
Aol 23] o]0} g1, Taguchi”of 23] 2
HAdHo] BAHHA QinZow,” Y. S. Zu, S. T.
Lin,” S. H. Dillman,'” Silvia. E. Barbosa'” 5-¢]] ¢]
gt AAETAAAME A W o] A& 5o

=R AE 729 A7 A v}
228 JEoH Ee)E AhLe
@7A Qefulol 29l A

03: io&‘l

f OH oy ot g o
3 OH

)21 0] CAE ¢ Moldflow& £3
a}z:%.l AlEARE e o8 7HA
Al s A2

Do o2 b
BN

N
-

>
e

-

O IO A A SURAR
ok
N
>
AN
-
oft
1o
(@)
N
-
N

2
o
QL
£
=
tlo
4
o N
_orl.'4
38
T
o,
ot 1
o
lo
o>, r
Hu

Fig. 1 Alternator pulley made of metal
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Fig. 2 Alternator pulley made of engineering plastic
(PA66 with 43% glass fiber)
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Fig. 3 Schematic diagram of fan gate system

Table 1 Material properties and processing conditions of
PA66 with glass fiber of 43%

item l Value
Conductivity(W/m°C) ) 0.1759

Melt density(kg/m®) 1280.0 _;
Ejection temperature(°C) 210.0
No flow temperature(°C) ’ 233.0
Shrinkage(%) 0.4-0.5
Mold temperature(°C) 50-100
Melt temperature("C) 270-300
Injection pressure(kg/cm’) 800-1,400 _J
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Fig. 4 Simulation result of sink mark of a molded plastic
pulley
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Table 2 Values of parameters for the simulation

Parameters level 0 level 1
A Mold tem. 50°C 70°C
B Melt tem. 280°C 300°C
L C Inj time 0.5sec 0.8sec
D Pack pres. 10MPa 15MPa
E Pack time Ssec 7sec
F Cool time | 30sec 40sec
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Table 3 Table of orthogonal arrays using Lg(2") and simu-
lation data of sink mark
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Table 4 Analysis of variance of simulation data

S @ v Fo o

Mold tem (A) 10.0392 | 1 - - -
Melt tem (B) |0.09245| 1 10.09245| 398 | 725

Llnj time (C) |0.0072 | 1 - - -
Pack pr (D) [0.5618 | 1 [0.5618 |24.22| 56.36
Pack time (E) |0.13005 | 1 |0.13005| 5.61 | 11.18
Cool time (F) |0.125 ll 0.125 | 539 13.08
(e 0.0464 | 2 10.0232 12.14
Total [0.9557 L6 100.00
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Fig. 5 Central composite design(k=3)

Table 5 Input parameters according to central composite

design
a1 ] o0 1 a
Packpress | 10 | 10.83 | 12.5 | 14.17 | 15
Pack time 5 1533 6 | 667] 7
Cooltime | 30 |31.67| 35 |3833 40
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Fig. 6 Sink mark depth according to packing pressure
and packing time
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Fig. 7 Sink mark depth according to packing pressure
and cooling time

Fig. 8 Sink mark depth according to packing time and
cooling time
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