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Abstract

The pulley is one of core mechanical elements in the power steering system for vehicles. The pulley
operates under both the compressive loading and the torque. Therefore, to assure the safety of the
power steering system, it is very important to investigate the durability and the optimization of the
pulley. In this study, the applied stress distribution of the pulley under high tension and torsion loads
was obtained by using finite element analysis. Based on these results, the fatigue life of the pulley
with the variation of the fatigue strength was evaluated by a durability analysis simulator. The results
at 50% and 1% for the failure probability were compared with respect to the fatigue life. In addition
to the optimum design for the fatigue life is obtained by the response surface method. The response
function utilizes the function of the life and weight factors. Within range for design life condition, the
minimization of the weight, one of the formulation, is obtained by the optimal design. Moreover, the
optimum design by considering its durability and validity is verified by the durability test.
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Table 1 Chemical composition of test material (wt. %)

Zl .

Material C Si | Mn P S Cu

SPHC | 0.04 | 0.01 | 0.26 | 0.012]|0.013|0.021

Table 2 Mechanical properties

Yield Tensile .
. Elongation
Material | strength strength
(%)
(MPa) (MPa)
SPHC 255 348 45

Fig. 1 Experimental apparatus for fatigue test
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Table 3 Design specification required for pulley
during durability test

Applied load Design life
conditions (specification)
High tension 4410 N 6.24x10° cycles
Torque 294 Nm 3.00x10° cycles
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Fig. 7 Fatigue life contour at a center type

Table 4 Range of design variables

Calculation of statistical data
and obtained objective function

e
< Analysis of variation ANOVA)
Level e ]

Factor

]
-1 0 1 ‘ Optimum design using the response surface method l@———- Cmmutal amly;ix .

‘ Determination of optimal geometric shape

z; Radial of fillet, 7(mm) 10| 13116 ‘ ]

Zy Diameter of hole, dmm) | 32 | 33 | 34

Fig. 8 Flow chart of the RSM for optimum pulley
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Table 5 Array and result of face central composite

design
Fatigue life
Model | ¥, ) Mass(g)
(10%cycles)
1 1 1 6.982 670.5
2 1 -1 7.605 687.6
3 -1 1 5.745 644.9
4 -1 -1 6.242 660.2
5 1 0 6.242 679.1
6 -1 0 6.242 654.3
7 0 1 6.242 652.7
8 0 -1 6.982 670.2
9 0 6.242 662.4

Table 6 ANOVA(Analysis of variation) table

Sum of Mean
Factor DOF K
square square

Flocoroy R?

SSR | 2624 | 5 |0505(9.106| 531 [0.946

SSE | 0067 | 3 {0056 | - - -

SST | 2689 | 8 - - - -
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Fig. 9 Arrangement of the experimental data based
on face central composite design
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Fig. 10 Response surface approximations for life
function



Fig. 11 Optimal design(final design, r=13mm,
d = 34mm)

Table 7 Results of models

Initial Simple Final
model model model
Stress
130 110 120
(MPa)
Mass
645 688 654
(@)
Fatigue
analysis | 5.75x10°% | 7.61x10° | 6.98 x10°
(Cycles)
RSM
functional | 5.845 < 10° | 7.579 < 10° | 6.24 %< 10°
(cycles)
RSM error| 1.71 % 034 % 0.03 %
Fatigue | 5.61 x10° |> 6.24 X 105> 6.24 x 10°
test(cycles)| (18hrs) |(Non-failure)|(Non-failure)
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