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A Study on the Accelerated Life Evaluation of Drive Shaft for
Independent Suspension type AWD Vehicle

Do Sik Kim

Reliability Assessment Center, Korea Institute of Machinery & Materials

Abstract

This paper proposes an accelerated life evaluation of drive shaft. The life test of drive
shaft for independent suspension type AWD vehicle should be performed by use of the
least test sample because many number of samples can’t be used for the test because
of i1ts mass capacity and high price. We calculated the no failure test time by
application of no failure test concept, and the already performed test data for drive shaft
are applied for some kinds of reliability coefficients which are needed for calculation of
life test time. And, for analysis of real driving condition of vehicle, the load spectrum is
prepared using the needed road condition and vehicle data. The inverse power model is
used for accelerated life test. The equivalent torque of load spectrum is achieved by use
of Miner's Rule, and then the final accelerating condition is determined by decision of
the accelerated test torque. This paper shows that the accelerated life test results
corresponds with the target life and the proposed life test method can be very well

applied to no failure life test for mass capacity machinery components.

Keywords: Drive Shaft, Lifetime Test, Load Spectrum, Accelerated Life Test, No Failures
test, AWD type Vehicle
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<219 1> Independent suspension type AWD vehicle and drive shaft
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Flange Yoke
Cross kit assembly
Transfer yoke
Tube

Internal spline
Spline shaft
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<19 3> Life distribution vs. life-stress relationship
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<3 2> Mechanical properties of the drive shaft

Material Yield strength (MPa) | Tensile strength(MPa) Elongation (%)
S45C 620 690 17

SCM440 830 980 12

STKM13B 305 440 20

Kok &1} A=,
TAE AL <& ) Qoi A4 e
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<19 5> Stress analysis of the drive shaft test
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<3 3> Percentage of maximum stress of yield strength

Component Percentz;gigldofs tr;lg;(értlllqur(rtl%itress of
Flange Yoke-Center 32
Yoke Shaft 90
Yoke Sleeve 94
Tube 92
44 Yoke 33
Center Yoke 34
Flange Yoke-Hub 32
Cross Joint A’ssy 52
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<3 4> Drive shaft load spectrum of the vehicle

Speed FREQ ) Drive shaft

Mode (Km/h) (%) Time Torque(Nm)| Speed(rpm) Number of cycles
1 104 9.0 33.4 124.3 2499.2 5008397
2 45 45 38.6 285.2 1081.4 2504522
3 45 45 38.6 145.2 1081.4 2504522
4 30 45 579 472.8 720.9 2504407
5 30 45 579 217.7 720.9 2504407
6 20 15 29.0 723.1 480.6 836244
7 20 15 29.0 326.6 480.6 836244
8 60 9.0 579 216.8 1441.8 5008813
9 32 45 54.3 405.6 769.0 2505402
10 32 45 54.3 204.1 769.0 2505402
11 22 45 79.0 624.0 528.7 2506038
12 22 45 79.0 296.9 528.7 2506038
13 17 15 34.1 858.7 408.5 835791
14 17 1.5 34.1 384.2 408.5 835791
15 19 124 251.1 682.8 456.6 6879136
16 12 3.3 106.9 1052.2 288.4 1849798
17 12 8.8 283.2 1155.2 288.4 4900493
18 12 8.8 283.2 544.3 288.4 4900493
19 9 24 103.0 1716.0 216.3 1336734
20 9 24 103.0 275.8 216.3 1336734
21 7 0.8 441 2396.1 168.2 445057
22 7 0.8 44.1 933.1 168.2 445057
23 9 0.24 10.3 2111.6 216.3 133673
24 7 0.06 3.6 2870.8 168.2 33304
25 6 0.02 13.3 3617.6 144.2 11248
26 5 0.006 0.5 4538.6 120.2 3606

Sum 100 1911.1 55,677,350
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<219 6> Experiment apparatus of the drive shaft test

30000 —
25000+
20000 +

15000+

Force(Unit:N)

10000

5000

T T T T T T
0 20 40 60 80 100 120

Displacement(Unit:mm)

DS1 — Max Force : 28272.23@114.73mm
Torque : 14136.12 N.m

<Y 7> Test result of the drive shaft static strength
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2 A& 7] (torsional rotary actuator)E Al-&3}o]
A = &7Fo] £11 kNm, 3] -2t =7t £45 deg ©] 1L,
o] e AHAl ARERER! & °Cold S7HA B F: ATstd L, AlFstES 4513 Nm=
A7bst o, Alg AbolEe 2 HzE fA s

<3% 5> Test results of the drive shaft

No of test Target Test Torque Numbgr ccl)(f, Test Numbcer ccl)(fz Test

shaft Cycles (Nm) (No %aﬂure) (Fasillure)

Drive Shaft 1 60,000 4,513 60,000 (O.K) 857,726

Drive Shaft 2 60,000 4,513 60,000 (O.K.) 200,000 stop

ABNE <E 6>9 Aol A fsF ATl EHE Aol WE EAE s B4

ot Wb BEAE A 20 thstel AP FASGoM, T Avks <Y 8>3} <E 5>
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