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Abstract: In this paper, a method to predict the fatigue life of an axle drive shaft by the calibrated accelerated life
test (CALT) method is proposed. The CALT method is very effective for predicting lifetimes, significantly reducing
test time, and quantifying reliability. The fatigue test is performed by considering two high stress and one low
stress levels, and the lifetime at the normal stress level is predicted by extrapolation. In addition, in this study, the
major reliability parameters such as the lifetime, accelerated power index, shape parameter, and scale parameter are
determined by conducting various experiments. The lifetime prediction of the axle drive shaft is verified by
comparing the experimental results with load spectrum data. The results confirm that the CALT method is effective
for lifetime prediction and requires a short test time.
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Fig. 1 Double joint drive type shaft
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Fig. 2 Life distribution vs. life-stress relationship
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Table 2 Mechanical properties of the axle shaft

Short |Cross Kit| Long

Component Shaft | Bearing | Shaft Yoke
Material SCM420H SCM440
Modulus of| 515 Gp, 206 GPa
Elasticity

Poison's

Ratio 0.3 0.3

Yield

Strength 676.5 MPa 642.0 MPa

Tensile

Strength 880.0MPa 895.0 MPa
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Table 4 Test results of the axle shaft

No S Number of
of | sy Petermnation| Tes U
test Level Level (NIclll) Cycle
shaft (Failure)
1 |Static test| to fracture 5988 1
2 ” ” 6022 ”
80% of
3 | IstStess|jiowable | 4617 | 859
Level limi
imit
4 ” ” 4617 660
2nd Stress| 90% of 1st
3 Level Stress Level 3648 7,181
6 ” ” 3648 8,001
3rd Stress| 90% of 2nd
7 Level Stress Level 2918 30,506
8 ” ” 2918 26,751
9 1,000,000 Avallqbl¢ 1900 | 1,084273
Cycle time limit
quivalent 0a _
10 Torque Spectrum 628
Condition

Fig. 6 Experiment apparatus of the axle shaft test
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Table 5 Powertrain load spectrum

CALT ®
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H=

of the vehicle

oM | T | qradien | Axte | Axie
T/M| Grade| Speed | Freq | Time ’?uortgg; %upgt Factor TI:;gﬁe énpggg Duty Cycles
deg | km/h % Hr Nm Hr - Nm | RPM Cycle
33 16| o00s| 3] 270l 1z 073 1080 122 21,449
30 21| 035 2| 20| 159 o7| 1190| 139 195,082
20 27| 18| 105 1720| 208 067| o0 208] 1311477
Lowi™ o 45| 74| 43| 10| s 063| 53| 337| 8761393
5 84| 30| 2m| 30| 636 059| 200 636 11161503
o 92| 34| 316 300 700 055| 20| 700| 13250866
Sum -| 20| 1169 - - - -l 3470770
5 171| 150 87| 2w 1209 060| 140 1299 68355216
) 2 323| 350| 2046| 10| 289 057| 70| 2449 300,718,200
e T 5] 00| wsa|  130|  o6 055| 70| 2694 283534303
Sum -l 0| 4687 - - - -l -| 652607719
Total 100 5847 687,318,488
Table 6 Axle shaft load spectrum and calculation

of the equivalent torque

];(glill)e (SRp;;% Duty Cycles
2260 54 9387
1360 70 85375
1020 91 573950

600 148 3834307

330 278 4884684

290 306 5803005

160 568 29914755

90 1072 131605339

70 1179 124085034

Accumulated Cycle 300,795,836
Accelerated Power Index : 7.9
Equivalent Torque : 628 Nm

- Life vs Stress .

T -
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100 5555
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Fig. 9 Life vs. Stress(torque)
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