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Presently, rapidly changing and unstable global economic environments demand
engineers. Products should be designed to increase profits by lowering costs and
provide distinguished performance compared with competitors. This study aims
to optimize the design of the power-transmission drive shaft. The mass is reduced
as an objective function, and the stress is constrained under a constant value. To
reduce the number of experiments, CCD (central composite design) and
D-Optimal are used for the experimental design. RSM (response surface
methodology) is employed to construct a regression model for the objective
functions and constraint function. In this problem, there is only one objective
function for the mass. The other objective function gives 1; thus, NSGA-II is used.
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Table 1 Material properties of steel SM 45

3. Tijale] 24

3171 2d

AR A7 WA 71E AFS gl A =3 W
75 ook shuf HA WA Al ofd WEo 2 3
o F4FS FA Fertes vE d3se Zlo] dasigl 4
S ezt WS W, SAFee} Az oW
AsAdl deliA stetelg £4& ARt gt
3}7] $I3} Table 29t o] A@A < T A2 a4

FAT.

=y T o2

3.2 AMEAE
AA s g skt
Ashe APAE S FHash A ZP%‘*
A5 7102 AAsitt. 7 A stetn|ee 3 =
279 M9 ol w}e} Table 29} o] 4435 th. AbaqusE ©|
ato] mdl ofttol A Z3 AL 9
3 IAE BT FEIGNOH, TE Fok
x5 &Fol| A] 1170Nm§] 21
Ay} g8 o2 AA3Y) Table 391 1 23S Yehhglon
A7) shepule] B4 A= Fig, 3oﬂ UrE}lH?iE}

=

Material Properties Symbol Units Steel SM45
Young’s modulus E GPa 207.0
Poisson’s ratio v o 0.3
Density p Kg/m® 7600
Sheel modulus G GPa 80.0
Yield Strength Sy MPa 370
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Table 2 Level of each design parameter
Lev. x1 [mm] X2 [mm] x3 [mm]
1 52 40 790
2 56 44 800
3 60 48 810
Table 3 L9 test ammay
Run X1 X2 X3 Stress Mass
[mm] [mm] [mm] [MPa] (ke
1 52 44 800 181.5 5.8975
2 56 44 800 166.2 8.0115
3 60 44 800 160.6 10.3902
4 56 40 800 161.6 9.6617
5 56 44 800 166.2 8.0115
6 56 48 800 172.1 6.2112
7 56 44 790 164.4 8.0145
8 56 44 800 166.2 8.0315
9 56 44 810 166.0 8.0645
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Fig. 4 Mesh structure of steel drive shaft

Table 4 CCD & result

Design Variables [mm] Stress Mass
X X2 X3 [MPa] [ke]
54 42 795 165.4 7.7791
54 42 805 165.9 7.7792
54 46 795 177.0 6.0546
54 46 805 177.5 6.0543
58 42 795 160.3 9.9746
58 42 805 161.1 9.9746
58 46 795 163.4 8.2494
58 46 805 162.4 8.2498
56 44 800 166.2 8.0145
52 44 800 187.6 5.8996
60 44 800 160.6 10.2902
56 40 800 160.0 9.6615
56 48 800 163.7 6.2112
56 44 790 164.4 8.0145
56 44 810 166.0 8.0145
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Table 5 D-Optimal & result

Design Variables [mm] Stress Mass
x| X2 x3 [MPa] [ke]
53.10 44.47 798.67 166.5 6.2618
55.28 47.79 801.59 164.8 5.9176
59.98 43.78 798.47 162.5 10.3710
58.79 47.86 798.59 163.1 7.8474
52.00 40.06 805.83 164.5 7.5205
58.04 40.00 800.87 160.4 10.801
58.78 40.00 795.22 159.8 11.2258
59.22 41.11 807.58 161.3 11.0375
59.95 40.00 797.58 162.5 11.9055
53.84 45.03 791.86 168.5 6.4015
53.04 43.82 800.20 164.6 6.5111
54.19 45.06 791.16 166.8 6.5732
52.00 40.00 799.45 159.5 7.5439
56.22 47.60 799.14 163.6 6.5189
60.00 46.40 802.10 161.6 9.2276
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Table 6 Optimal results of CCD & D-optimal

X1 [mm] x> [mm] x3 [mm] | Mass [kg]
CCD 52.72 46.72 804.79 5.06
D-Optimal 52.22 46.22 803.76 5.05
Table 7 Validations of NSGA-II and FEM
Approximate CCD D-Optimal
function NSGA-Il | FEM | NSGA-II FEM
Mass [kg] 5.06 5.06 5.05 5.03
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