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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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Hentati PC/ABS 
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(pulley)
, 

.

Fig. 1 V-
3D CAD . 

. V-

. V- 24.5mm, 109mm
, 31mm . 

. Autodesk
Moldflow Insight 11). 

V- Ascend 

Performance Materials Vydyne R540H BK02 
Q530(PA66, Glass fiber 40%) . 
Table 1 .

Property Unit Value

Elastic modulus MPa 1,340

Poisson ratio - 0.392

Shear modulus MPa 481.3

Conductivity(246 ) W/m· 0.179

Specific heat(220 ) J/kg· 3612.4

Melt density g/cm3 0.687

Mold temperature range 20 ~ 80

Melt temperature range 200 ~ 280

Ejection temperature 93

Fig. 2 . 
3D , 2,429,667 . 

(hot runner & gate) 
. 120° 3

, Ø3 . Table 2
. 

Moldflow Insight
. 

 

Moldflow
(non-Newtonial), 

(non-isothermal), (imcompressible) 
, , 

. (1) (3) 12). 
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Process conditions Unit Value

Melt temperature 283

Cooling temperature sec 40

Holding pressure MPa 60

Cooling time sec 25

Gate diameter mm 0.6

Fig. 3
3 . 

0.77(mm)
. 

. 

. 

(Taguchi Method)

13). 
 A. 

(melt temperature), B. (coolant temperature), 
C. (holding pressure), D. (cooling time), E. 

(gate diameter) 5 . 
Table 3

3 . 
5 3

243
27 . 

Table 4 27 L27(35) 0
. 

Factors
Level

1 2 3

A. Melt temperature 283 293 303

B. Cooling temperature 40 45 50

C. Holding pressure 60 70 80

D. Cooling time 25 30 35

E. Gate Diameter 0.6 0.8 1

No. A B C D E

1 1 1 1 1 1
2 1 1 1 1 2
3 1 1 1 1 3
4 1 2 2 2 1
5 1 2 2 2 2
6 1 2 2 2 3
7 1 3 3 3 1
8 1 3 3 3 2
9 1 3 3 3 3
10 2 1 2 3 1
11 2 1 2 3 2
12 2 1 2 3 3
13 2 2 3 1 1
14 2 2 3 1 2
15 2 2 3 1 3
16 2 3 1 2 1
17 2 3 1 2 2
18 2 3 1 2 3
19 3 1 3 2 1
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Table 4
, SN

(signal to noise ratio, ) . 

, SN 
(1) . dB .

  log









(1)

n : 
yi : 

Table 5
SN . SN

. SN
Minitab . 

Fig. 4 SN . 
SN

. 
283 , 

40 , 80%, 30sec, 
0.6mm .

Table 6 SN , 
(delta) SN

. (rank)
. 

SN
. 

. 
SN Minitab

20 3 1 3 2 2
21 3 1 3 2 3
22 3 2 1 3 1
23 3 2 1 3 2
24 3 2 1 3 3
25 3 3 2 1 1
26 3 3 2 1 2
27 3 3 2 1 3

No. Deflection S/N ratio

1 2.3241 -7.3251

2 2.3245 -7.32659

3 2.3449 -7.40249

4 2.2986 -7.22927

5 2.313 -7.28351

6 2.3214 -7.3150

7 2.2678 -7.1121

8 2.2914 -7.20202

9 2.2967 -7.22209

10 2.3301 -7.34749

11 2.3438 -7.39841

12 2.3598 -7.4575

13 2.3257 -7.33107

14 2.3406 -7.38654

15 2.3549 -7.43945

16 2.3756 -7.51547

17 2.3406 -7.38654

18 2.3549 -7.43945

19 2.3695 -7.49313

20 2.3617 -7.46449

21 2.3953 -7.5872

22 2.4127 -7.65007

23 2.420 -7.67631

24 2.4392 -7.74495

25 2.4012 -7.60857

26 2.4155 -7.66014

27 2.4358 -7.73283
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. 
, , 

, , . 

SN . 

Level A B C D E

1 -7.269 -7.422 -7.496 -7.468 -7.401
2 -7.411 -7.451  -7.448  -7.413  -7.421

3 -7.624  -7.431  -7.360  -7.423  -7.482
Delta 0.356 0.028 0.137 0.055 0.081

Rank 1 5 2 4 3

(ANOVA) , Table 7
14). 10%

(A) (C)
. , 

.

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

A 2 0.042514 0.021257 196.54 0.000

B 2 0.000299 0.000150 1.38 0.279

C 2 0.006336 0.003168 29.29 0.000

D 2 0.001140 0.000570 5.27 0.017

E 2 0.002377 0.001189 10.99 0.001

Error 16 0.001730 0.000108

Total 26 0.054397

. Fig. 5

. A 0.0208mm, B
0.0238mm, C 0.0215mm  

. 
2.86%
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. 
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