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Optimal Design of the Steel Wheel’s Disc Hole
Using Approximation Function
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Abstract

Wheels for passenger car support the car weight with tires, and thev transmit rolling and hraking power into the ground.

Whittling away at wheel weight is more effective to boost fucl cconomy than lighting vehicle body structure. A shape of

hole In disk is optimized for minimizing the weight of steel wheel.

Pro/ENGINEER program is used for formulating the design model, and ANSYS package is selected for analyzing the
design model. It has difficulties to interface these commercial software directly. For combining both programs, response
surface methodology is applied to construct approximation functions for maximum stresses and maximum displacements are
obtained by full factorial design of five levels. This steel wheel 1s modeled in 14 inch diameter of rim, and wide parameter

of hole in disk is only selected as design vanable for reducing the weight of steel wheel. PLBA(Pshenichny Lim Belegundu_

arora) algorithm, which uses the second order information in the direction finding problem and uses the active sct strategy,

15 used for solving optimization problems.

Keywords : response surface methodology, full factorial design, disc hole, optimal design, steel wheel
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Fig. 1 Finite element modeling
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Fig. 2 Design variable
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Table 1T Number of Element and node

Prameter Number of Node Number of Element
Ratio Disk | Rim | Total | Disk | Rim | Total
0.5 7047 | 6921 | 13968 | 7066 | 6890 | 13956
1.0 7166 | 6921 | 14087 | 7166 | 6890 | 14006
1.5 8079 | 6921 | 15000 | 8010 | 6890 | 14900
2.0 10308 | 6921 | 1722910145 | 6890 | 17035
2.5 12976 | 6921 | 19897 | 12816 | 6890 | 19706 |
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Aekgtre] FAME R vhrte] Yaa FiEe
S eban, faA Fof HujgHo] Washs ity g
o RS Pk ARl A g o]yl e
A 3aF RAba S A EA 7T Table 2% RE[o]AM9] 4
A4 gl wHE tiaa &o] HulgHo] ¥ 3WA,
S, THAl EolA SEgto R fek AR AHYA S
o} FHAFE YeRQITE. 3WA SolM AR AFe 54
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Table 2 Maximum stress of disk side-hole part and approximation functions of constraint at load case mode !

(a) Maximum stress of disk hole (unit

kgfl mm®)

Parameter ratio 1st hole ?2nd hole 3rd hole 4th hole 5th hole 6th hole 7th hole 8th hole
0.5 7.832 9.658 14.981 12.213 12.2125 8.68 8.389 8.007
1 12.077 13.557 21.447 15.676 11.072 2.53 15.229 11.742
1.5 13.92 14.828 3.779 16.751 16.848 5.99 4.498 15.213
2 14.905 15.54 5.395 13.651 19.323 5.105 7.317 16.947
2.5 18.392 16.956 7.111 18.505 15.988 8.194 20.64 17.308
* disk hole of maximum stress and values for approximation functions
(b) Approximation functions of constraint
Position of hole 3rd Order Approximation R* R','y,,,,
3rd yi=—8.9554 + 80.576X — 69.907X" + 16.156X" 0.74852 0.66469
Sth ¥o=24.320 - 40.306X + 35.982X"  8.4843X" 0.98164 0.97552
th ¥3=—19.809 +91.018X — 76.649X" + 18.717X" 0.90374 0.87165
R® @ coefficient of multiple determination R adjusted R*
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Table 3 Maximum stress of disk side-hole part and approximation functions of constraint at load case modell

(a) Maximum stress of disk hole(unit : kgf/mm?)

Parameter ratio | 1st hole'  2nd hole  3rd hele’ " 4th hole 5th hole 6th hole 7th hole’ 8th hole
0.5 7.14 10.598 19.234 9.338 7.086 12.912 4.071 6.668

1 10.648 15.164 22.434 12.438 8.076 11.441 13.924 8.839

1.5 16.64 8.161 9.575 19.75 13.001 8.053 16.973 10.937

2 13.535 6.399 11.315 16.067 16.182 8.486 18.608 12.948

2.5 20.853 8.31 14.84 14.529 12.699 8.289 19.129 13.848

= disk hole of maximum stress and values for approximation functions

(b) Approximation functions of constraint

Position of hole 3rd Order Approximation R? Ri,,
- _ 2 3
Ist n= 7.1838 + 38.555X — 24.239X" +5.2927{< 0.87650 0.83574
3rd ¥, =4.0946 +53.134X — 49.175X" + 11.896 X" 0.76540 0.68720
4th $3=2.9934 + 12.005X + 0.44071X% — 1.3847E° 0.81126 0.74835
Tth Ji=—13.904 + 46.550X — 22.807X% + 3.7933X° 0.99759 0.99679

R?: coefficient of multiple determination, Ridj : adjusted R?

Table 4 Maximum stress of disk side-hole part and approximation functions of constraint at load case modelll

{(a) Maximum stress of disk hole (unit : kgf/mm?)

Parameter ratio | 1Ist hole  2nd hole  3rd hole  4th hole’ 5th hole 6th hole 7th hole 8th hole
0.5 9.707 24.355 23.715 9.338 5.635 8.382 10.084 7.746

1 12.905 18.421 22.423 12.632 3.859 12.605 18.038 12.073

1.5 15.207 4.555 12.928 17.728 5.431 14.84 15.051 13.779

2 15.15 5.754 14.189 17.814 8.901 16.278 17.128 14.458

2.5 17.748 8.138 17.356 - 16,196 5.606 16.511 17.295 16.446

* disk hole of maximum stress and values for approximation functions

(b) Approximation functions of constraint

Position of hole 3rd Order Approximation R2 R%,
o~ _ 2 3
Lst 31—1.8944 +20.683X — 11.670X> + 2.3673X 0.98351 0.97802
ond 3, =28.862 — 0.33229X — 18.294X? + 6.0780X° 0.93587 0.91449
3rd 33 =20.092 + 18.708X — 24.706X° + 6.7393X° 0.88097 0.84129
4th 5,=6.5636 + 2.7042X + 6.2797X% — 2.3373X° 0.97298 0.96397

R?: coefficient of multiple determination, R?‘ldi . adjusted RZ
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(a) Initial model

(b) Optimum model

Fig. 4 Initial model and optimum model
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