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Abstract: This paper proposes an accelerated life evaluation of drive shaft for the power train parts of special purpose
vehicle. It is necessary the real load data of usage level driving load condition for life evaluation of power train parts,
but we can't get the load spectrum data for evaluation in many case of special purpose vehicle. So, in this paper, the
road load spectrum data for evaluation is created by modeling and simulation based on vehicle data and special road
condition. The inverse power model is used for accelerated life test. The equivalent torque of load spectrum is achieved
using the Miner's Rule. This paper also proposes the calibrated acceleration life test method for drive shaft. The fatigue
test is performed through three stress levels. The lifetime at normal stress level is predicted by extrapolation, and is
verified through comparison of experimental results and load spectrum data.
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Fig. 1 Driving shaft of front axle for wheeled vehicle
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Table 1 Test road requirement of US Army
Type of Course Mileage per Cycle(km) Mileage per 4Cycle (km) % Mileage (%)
Secondary Roads Gravel 1,280 5,120 16 19
Y Belgian Block 240 960 3
Hilly 3,200 12,800 40
Cross Country Level 2,880 11,520 36 77
Sand 80 320 1
Paved Paved 320 1,280 4
Total Mileage 8,000 32,000 100
Table 2 Test road severity comparison of test vehicles
Vehicle Type Type 1 Type 2 Type 3
. Mileage % Mileage Mileage % Mileage Mileage % Mileage
Movement Terrain (km) (%) (km) (%) (km) (%)
Primary (Paved) Roads 9,600 30 11,587 60 11,700 65
Secondary Roads 9,600 30 3,090 16 2,700 15
Cross Country 12,800 40 4,635 24 3,600 20
Total Mileage 32,000 100 19,312 100 18,000 100
Table 3 Specification of vehicle
Item Speciﬁcation
Engine max torque Tinax =1900 N-m
Engine max power Prax =450 PS

Transmission gear ratio
Transfer casr rear ratio

14:14.12/2,4:11.68
Hi:0.83/Low:1.536

Torque split 1:2.696
Axle ratio 1.409
Hub reduction ratio 3.8
Gross vehicle weight 343,000 N
Front weight 137,850 N
Radius of tire 535 mm
Wheel base 6,100 mm
Center of gravity 1,567 mm
Coefficient of air resistance 0.9360
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Fig. 2 Vehicle modeling
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Table 4 Road and gradeability of road course
38° 78 % Ideal gradeability
Cross country
31 60 % Special vehicle (Tracked vehicle)
28 ° 53% Special vehicle (Wheeled vehicle)
Off road Cross country
19° 35%
11° 20 % Paved On road Commercial vehicle
3° 5% Highway Off road Cross country
0 Road grade (tan6d < 100) Road load
Table 5 Coefficient of road
Type of Course Coefficient of rolling resistance Coefficient of road adhesion
Paved 0.025 0.8
Secondary 0.06 0.65
Cross Country 0.2 0.55
sand, mud 0.3 0.45

|18 %
Ideal Gradability

160%
r‘_a‘.‘:: Special
-| Purposed Vehicle

{30 %
Commercial
Vehicle

6%
0n Road
Off-Road

Fig. 3 Condition of driving road simulation
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Vehicle Weight & Center of Gravity Grade
Distance of Wheel Base Maximum Adhesion
Full Projected Area of Vehicle Vehicle Velocity & Acceleration

I |
v

Dynamic Axle Load
Alr Resistance Rolling Resistance
Acceleration Resistance Grade Resistance
Road Load
No
Road Load
< Adhesive Load

Yes

Radius of Tire Gear Ratio

Torque and Speed Calculation
Of Road Conditions

Fig. 4 Flow chart of duty cycle design
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Fig. 5 Result of excel program for road spectrum of test vehicle
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Fig. 6 Calibrated accelerated life test method
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Table 6 Test results of the drive shaft

No of test shaft Stress level Test torque (N-m) Number of test cycle(failure)
1 Static 10,594 1
2 ) 4,928
3 High level 8,000 5307
4 33,674
5 Medium level 5,300 34,596
6 35,056
7 300,000(stop)
Low level 2
3 ow leve 3,200 302,576

(a) Experiment apparatus of the drive shaft

(b) Fallure of the drive shaft

Percent

Percent

Fig. 7 Accelerated life test of drive shaft
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Fig. 8 Goodness-of-fit test results of test data
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Fig. 9 Weibull plot of test results
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Fig. 10 Life-stress relationship plot of test results
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Table 7 Results of reliability measure based on fatigue test of the drive shaft (7 samples)

] ) Confidence Interval
Measure Point estimate
Lower Upper Confidence level

£ (shape parameter) 3.67 - -

— 95 %
m (accelerating index) 4.5 4.3438 4.6537

Scale parameter at 1,066 N-m 4.6230x10’ 4.1372x10’ -
80 %
Bjo life at 1,066 N'm 2.5040x10 6.2926x10° ] ’

ooz BAARZRE AFL%7] = 1,066 Nm EF koA Ha5H 3 By T8-S 4.6230<107 A
= A
=

o] =3} 2.5040x10" Ato] ZFE EFRTE o83 A= 1,066 N'm & EO A 2.0348 X107 % Alo]F =
EE 283 w=E3S 4 ¢ grk = tiEk 3 ) 1S 2EY A FEAA AdE F 7 e o)
Hol tigt FA4 ¥4 A= A2 st Table 7 ¥ 2tk

5.8 &

2 AFdAE EF AHE 58 AY FEol Uik £ Ald WHES dAsta S3ysith 1
7HE Yl E did Alge Yt AA d4 Fs 279 9 vyl a3k, A SAHEo] B4
H odolg7t gl A5, AFgy FEE RdEeta, 7 TR 21 HE FYReiet 4 EE AL
of AA| F3Y o Ha ~HEYHS AAHs= WHS AtsAdt

57 A%E 58 de BFY 54N ey, aFstoln, b8 AlF A5G AR A=A e
H7ME sh=d g o] duh a8y, AlFEHE Ha AR F oA Hoisk A AES YT &
AT WA 7 £ AP S A8 7S 1 3o S Acksiden, g4 B4t v A5 )
I ey EA S 5 = A o] BEARES A B8 A F9] 7 51 APl &
S 8ol 7igEa, 58 HAE AlFolA T8 A Folu} vjojutaA g P ReE W ke FE
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