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A study on the optimum molding of plastic pulley using numerical analysis
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Abstract: Plastic pulleys used for the purpose of power transmission have to very high roundness characteristics. The
roundness of plastic pulleys is influenced by many factors. In this study, the effect of molding conditions on the
roundness of pulleys was analyzed using a numerical analysis program. To improve the roundness, molding conditions
that minimize the amount of deformation of the pulley were studied through an experimental design method. Among the
experimental design methods, the Taguchi method was used, and the main molding conditions affecting the deformation
of the pulley were the resin temperature and the holding pressure. It was found that the amount of deformation is reduced
by about 2.86% when molding with the optimum molding conditions compared to when the optimum molding conditions

are not applied.
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Fig. 1 V-pulley 3D modeling
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Performance MaterialsAF2] Vydyne R540H BKO2
Q530(PA66, Glass fiber 40%) A2 AR&3FTh
Table 1> BT 45 R Zlo]th

Table 1 Mechanical and thermal properties of Viydyne R540H

BKO2 Q530
Property Unit Value
Elastic modulus MPa 1,340
Poisson ratio - 0.392
Shear modulus MPa 481.3
Conductivity(246 C) W/m:C 0.179
Specific heat(2207C) Jkg C 36124
Melt density g/cm3 0.687
Mold temperature range 20 ~ 80
Melt temperature range T 200 ~ 280
Ejection temperature 93

Fig. 2&= A3 2dS Yephd Aolth A8+
wl1= 3D ARAA HlolH, F 2,429,6677 o]tk
gt T 9} Alo]E(hot runner & gate) AlZ~glo] &
ATk Al E= 1200 A5 3702 73 Eo] A
), 47L& @3 olt}h Table 2= Eg|2] AL 5}
o 9 APxAS YeRd Aot o] dyPxx
2 Moldflow Insightol| Al AAIBH= 53 A=A
ZFsto] A=Ak

to ™

ey o e )
Fig. 2 Injection molding analysis pulley model
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Table 2 Initial injection molding conditions

o] d4& KA.
oA el A8E= APERIS A A =%
(melt temperature), B. Y2 2(coolant temperature),
C. ®3¥(holding pressure), D. *§Z+ A]7Hcooling time), E.
AolE A7 (gate diameter) 52 5 75 AT
Table 3> A3l 284 F8 494 4 =4
W 3 s YER Zlojth
59 APy 24 309 FES BT X
ol AFS F 243315 FsloF SN A

=4 - =
Process conditions Unit Value S ol 8shi 5 2739 ARt s Ak
Y R— C o~ Table#4E 278)9] A9 W8-S A e 127(3) 210
WIS vehl Solck
Cooling temperature sec 40
Holding pressure MPa 60 Table 3 Factors and levels used in the experiment
Cooling time sec 25 s Level
Gate diameter mm 0.6 L 2 3
A. Melt temperature 283 293 303
Fig. 36 gL MAATE el Aoz A B. Cooling temperature 40 45 50
o wao] wAahe 330 WAk e Aol C Holdngpeswe | ® | 0 | %
=k Ho) O.77(mm)9/] Hao] WA= AL o D. Cooling time 25 30 35
UATE Ao A Hol o 4= g5 Xedo] 8+ E. Gate Diameter 0.6 08 1
= E9 4PFo] BHYH WPol MyshE 2
o] ¥t %E}_ O]%‘ w7 3}l :‘ s Table 4 27 orthogonal array
of thste] Mol Hiz WA YYEAL T
s7] 9Istel HAANEL ol e - B
1 1 1 1 1 1
2 1 1 1 1 2
3 1 1 1 1 3
4 1 2 2 2 1
l 5 1 2 2 2 2
6 1 2 2 2 3
b o 7 1 3 3 3 1
EEEEE 8 1 3 3 3 2
I 9 1 3 3 3 3
10 2 1 2 3 1
—_— 11 2 1 2 3 2
Fig. 3 Deformation result of the molded pulley by the initial 12 2 1 2 3 3
molding conditions 13 2 2 3 1 1
14 2 2 3 1 2
3. M =33 AL 15 2 2 3 1 3
16 2 3 1 2 1
3.1. chA eHY 17 2 3 ! 2 2
el Wge Arslel: HAo] JYrAL T 18 > [ 3 v 2] s
a17] S18ke] TFA) M (Taguchi Method) S A1-8-31 19 s [ o[ 2]
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20 3 1 3 2 2 12 23598 -7.4575
21 3 1 3 2 3 13 2.3257 -7.33107
2 3 2 ! 3 ! 14 2.3406 -7.38654
23 3 2 1 3 2
15 23549 7.43945
24 3 2 1 3 3
16 23756 7.51547
25 3 3 2 1 1
% 3 3 5 . 5 17 2.3406 7.38654
7 3 3 ) | 3 18 23549 7.43945
19 23695 749313
32 M&=x79| &35} 20 23617 ~7.46449
Table 49] AWM ARE 7|20 2 A=A A 21 2.3953 -7.5872
S g, 7 Ao Wy AE SNH| 2 24127 -7.65007
(signal to noise ratio, A1 & H)E A5} 23 2.420 -7.67631
E9 Ay ASFE 2 FloBE gaH ‘%} 24 24392 7.74495
‘ﬂ*«H Wi 54 g, SN H[E ek 4 25 24012 7.60857
< ()3 2tk &9lE dBojth 2% 24155 -7.66014
27 24358 -7.73283
y 2
= — Z 1 o
SN= 1010&02 M Fig. 4= ARk SNUIE ekl Roltk 7t 4
Z7A HE SNH] zho] 714 & 59 %xgo] 4Y
0 olxpe] ZE AE 3|4 w0 Myo] Havt He xxdelrh F A4FE W
. T i = -, o,
o1 aale] Bl ol AR HE AYxAL £ 2% 283C, W
yr: 4o = \:r’] =70 ] 1o o o o1 1
2 22 40T, BSF 80%, WZAIZE 30sec, AlOJE
. - N - 2 A [¢)
Table 5% AL T GFE Hrp g V3 OommelT:
g SNH|E UERd Aotk SNH| glo] &%
B B - Main Effects Plot for SN ratios
Hgo] 22 RS oulgit) = SNH| ] ALk . [ Dmaens X )
S A ZZ132] MinitabS ©]-83}33 ) K
Table 5 Deformation values and S/N ratio S s % . / aen || Bsag
& A S i 57 N
No. Deflection S/N ratio g > ‘\ <« ‘ »
= \
1 23241 -7.3251 \
\
2 23245 -7.32659 (IS I N E—
3 2'3449 -7440249 Slg.na/-to-rm/.ce 5.rna//er is better .
Fig. 4 Main effects of S/N ratio
4 22986 7.22927
5 2313 7.28351 Table 62> @29 5d SNH|E YERH,
6 23214 -7.3150 DEl(delta) 7H-S 1ALS] =& SNH| S| Hizty) F
7 22678 71121 agke] Apelg e @ A(rank)i= LE} Fro] =
= o) 1o 1.8 Hﬁﬂzﬂ
8 22914 720202 Ti tehdlc SE gho] Ahs A © o=
9 22967 799209 o] ¥ SNHle] Wt ave AL u|si= A
: ' ojt}, wEbA A AVt w2 2ALFE A
10 23301 -7.34749 o O W oJers 2w 9leS ot A
1 23438 7.39841 SNH| ZlARe EAHE 2130l Minitabs ©]&
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Table 6 Result of S/N ratio each factor

Level A B C D E
1 -7.269 -7.422 -7.496 -7.468 -7.401
2 -7411 -7.451 -7.448 <7413 -7.421
3 -7.624 -7.431 -7.360 <7423 -7.482
Delta | 0.356 0.028 0.137 0.055 0.081
Rank 1 5 2 4 3

AA G BAS Bajaing & oF 4 gl=
| o]2 RAE2A(ANOVA)o|2} 311, Table 701 1}
ERAACHY, abtA] Aol fo5Es 10%2
o) frojgk AR 1] 25(A)2F E(O)ol
Atk F, FA 2ok Bl AYEe] Wy o

A= F8 AdxAds & 5 A0k

otk
tlo
=

Table 7 Analysis of variance of SN ratio

Source | DF | Adj SS | Adj MS | F-Value | P-Value

A 2 10.042514 | 0.021257 | 196.54 0.000
B 2 10.000299 | 0.000150 1.38 0.279
C 2 10.006336 | 0.003168 | 29.29 0.000
D 2 10.001140 | 0.000570 | 527 0.017
E 2 10.002377 | 0.001189 | 10.99 0.001

Error 16 | 0.001730 | 0.000108

Total 26 | 0.054397

ALt 3% 219 A3} o] WP v
W HdEA R oF 286%2] WA Ee] sk
£ 23tk old Aaks e 71 3=

Fig. 5 Deformation result of the molded pulley by the optimal
conditions
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