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Abstract : Finite element analysis along with DOE scheme has been performed to obtain robust design of crankshaft
assembly. This study focused on obtaining optimized fillet radius of crankshaft mainly by statistical approach. 27
design cases using 3 factors with 3 levels are constructed by design of experiment. Changes of design factors and noise
factor may influence the durability of crankshaft system. General two stages of robust design may enhance the
durability of crankshaft model. Increasing crank arm thickness was adopted as a shrink step and change of fillet radius
was used as a shift step. By combining these two steps, the stress concentration at the fillet area is reduced and adequate
fillet radius is determined for the robust design of crankshaft.

Key words : Crankshaft(= 2] ZAFZ E), Finite element analysis(+-3F2.4>3l14), Bending stress(5 ¢ -5-2}), Torsion
stress(H] & -$-2), Computational design of experiment(2 & A 2 H), Robust design( 7714 A))
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Fig. 1 Geometry of crankshaft
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Fig. 2 Fine mesh in fillet areas and convergence test for
mesh size
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Fig. 3 Applied B. C for each loading case

Fig. 4 Deformed Shapes of the crankshaft (left: bending,
right: torsion)

Table 1 Von-Mises stress results at pin & journal

Pin (MPa) Journal (MPa)
203.0 279.2
81.2 112.0
262.0 264.2
236.3 238.2

Max bending

Min bending

Max torsion

Min torsion
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Table 2 Factors and levels used in the analysis (A:Pin fillet
radius, B:Journal fillet radius, C:Force(max bending,
min bending, max torsion, min torsion))

Level
Factors
-1 0 1
Design A(mm) 1.1 1.4 1.7
factors B(mm) 1.1 1.4 1.7
Max.B | 24000(N) | 30000(N) | 36000(N)
Noise factor | Min.B 9600(N) | 12000(N) | 14400(N)
C Max.T [681(N.m )| 851(N.m) {1021 (N.m)
Min.T | 613(N.m) | 766(N.m) | 919 (N.m)
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Table 3 CDOE matrix of 27 runs for max torsion

Max stress (MPa)
A B C - .
Pin fillet Journal fillet
1 0 1 1 3224 306.3
2 -1 1 -1 225.1 203.6
3 1 -1 -1 198.1 231.0
4 1 0 0 252.0 265.8
5 0 -1 1 315.5 348.3
6 -1 -1 0 281.9 292.7
7 -1 0 -1 226.0 2143
8 -1 0 0 282.5 267.9
9 1 1 0 247.5 252.8
10 1 -1 1 297.2 346.6
11 -1 1 1 337.6 305.4
12 0 -1 0 263.0 290.3
13 | -1 0 1 339.0 3215
14 1 1 1 297.0 303.4
15 0 -1 -1 210.4 2322
16 1 1 -1 198.0 202.3
17 | -1 -1 1 338.2 351.2
18 0 1 -1 215.0 204.2
19 0 0 0 262.0 265.2
20 0 0 1 3143 3183
21 0 1 0 268.7 255.2
22 | -1 1 0 281.3 254.5
23 0 0 -1 209.6 212.2
24 1 0 -1 201.7 2127
25 1 0 1 302.4 319.0
26 | -1 -1 -1 225.5 234.1
27 1 -1 0 2477 288.8
Main effects plot (data means) for journal fillet
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Main effects plot (data means) for pin fillet
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Fig. 6 Main effect plot of max. Von-Mises stress in the model
for each design variable (Pin fillet)
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Interaction plot (data means) for journal fillet
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Fig. 7 Interaction effect plot of max. Von-Mises stress in the
model for each design variable (Journal fillet)

Interaction plot (data means) for pin fillet
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Fig. 8 Interaction effect plot of max. Von-Mises stress in the
model for each design variable (Pin fillet)
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Fig. 9 Comparison of sensitivity of Von-Mises stress by inc-
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Fig. 10 Plot to predict optimum fillet radius of crankshaft
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