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Abstract: In this paper, the selection of a reliable accelerated life test code for a 2-ton forklift was accomplished

by choosing the driving resistance coefficient failure-free test time based on a 10,000-hour 7, life. The overall

life and average equivalent load of the vehicle were then calculated based on actual driving test conditions using
the selected driving resistance coefficient. The gear train’s accelerated life test code was selected by adjusting the
equivalent load to a torque and rotation speed that did not exceed 125%(about 75HP) of the vehicle rated power.
The safety of the test standards was validated by conducting an actual accelerated life test utilizing the proposed
test method in this study and comparing the test result with the corresponding theoretical value. It is anticipated
that the reliability of the accelerated life test in this paper will be enhanced, by incorporating actual driving
performance data collected directly from the forklift and adjusting the conditions used in developing the accelerated

life test code.

715 MH W, hie : Vehicle weight, kg
F,... © Acceleration resistance, kg
t, : Zero failue test time, hrs
By, : Life, B,,=10,000hrs
CL : Confidence level, %
N : Number of sample
p : Reliability function P,

P, ~ P, : Dynamic equivalent load applied for

« : Acceleration, m/s>

AW : Vehicle inertial mass, kg

g : Gravitational acceleration, 9.8m/sec”

R, : Total running resistance, kg

: Mean dynamic equivalent load, kgr.m

B : Weibull parameter

Foiting * Rolling resistance, kg t, ~t, hours at rotation speed
e - Rolling resistance coefficient n, ~ n,, kgem

2.n,t, : Total rotation in hours
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p : Bearing coefficient for roller bearing,
p=10/3

n,, : Mean rotation speed, rpm

m
AFp ¢ Acceleration torque coefficient
Ty, - Test input shaft torque, kgrm

Ty, : Equivalent load torque, kgrm
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n : Acceleration index

AFy ¢ Acceleration number of rotation coefficient
np, : Test input shaft number of rotation, rpm
ng, - Equivalent load number of rotation, rpm
AF : Acceleration coefficient

t, . . Accelerated life test time, hrs
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Table 1 Rolling resistance coefficient
Conditions Coefficient
Loose sand 0.25
Newly pebbles road 0.13
Stony unpaved road 0.08
Well-maintained unpaved road 0.03
Concrete or asphalt 0.015
AAR} AFFe] B¢ FEAY AFe 00155 A&
sgom, FEAY ANYE B 4 98t 2ok
Frolling = Mtire X I/Vvehicle (2)
222 FHAY
SRAGE AFFF) AT singh g AT
2 wysee
Fgrade = VVvehicle X sinf (3)
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Table 2 Driving status and external conditions Table 3 Equivalent load calculation
Time| Input rpm X | Equiv. Time| Input pm X .

Step (sec)| torque P time TQ. Step (sec)| torque P time Equiv. TQ
A 3 150.9 0 4753 626.2 A 3 12.5 663 1989 9080867
B 5 75.5 0 199.6 275.1 B 5 5.5 1790 8949 2633161

B(+) 3 75.5 754.5 142.6 972.5 B(1) 3 19.5 2453 7358 14795839

B-Stop | 7 0 0 0 0 B-stop | 7 0 1326 9281 0

B(+) | 8 | 1509 | 1006 89.1 | 1246.0 B(+) | 8 24.9 331 | 2652 | 120010227

B(-) | 5| -755 0 2709 | 1954 B( | 5 39 829 | 4143 390253
C 15 75.5 0 38.0 1135 C 15 2.3 1724 | 25853 397575
D [7] o 0 0 0 b 7. 0 0 | 0 0
E 5 2559 0 3385 5044 E 5 11.6 464 2320 8203264

E-Stop | 10 2559 0 1693 4252 E-stop | 10 8.3 464 4640 5369087
F 5 14.8 663 3314 26349597
(F} 2 f;gg 8 ;i?g ZZZ? G 5 7.4 1657 8286 6535528
G 5 1279 12795 9.7 15042 G(+) 5 30.1 2121 10606 | 899201222
G-stop | 13 0 1127 | 14650 0
G-Stop | 13 0 0 0 0 GH | 8 | 409 331 | 2652 | 627389069

G(+) 8 255.9 1706 84.6 2046.5 G() 10 0.8 431 4309 2337
G() | 10| -1275 | 0 864 | 416 H | 14| 79 | 1127 | 15777 | 15369084
H 14 127.9 0 265.9 393.9 I 10 26 729 7200 167346
I 10 127.9 0 0 127.9 Lstop | 10 0 0 0 0

I-Stop | 10 0 0 0 0 ] 5 7.7 331 | 1657 | 1488927
J 5 142.6 100.6 142.6 394.1 K 10 6.2 1326 | 13258 5865417
K 10 142.6 100.6 142.6 318.6 K-stop | 7 9.4 994 6960 12200599

K-Stop | 7 305.5 100.6 305.5 481.6
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Table 4 Operation time

and load factor

Fl F2 F3 R1 R2

TQ. | 292 9.1 38 7.7 9.0
pm | 970 1197 | 1031 862 682
Time | 24 32 50 20 17
Time 113300 | 178% | 27.8% | 11.1% | 9.4%
ratio

TQ 12 0.4 0.2 0.3 04
ratio

?E{V 0.7 |Equiv. T| 163 | Teova | 25.1
Equiv. Equiv

om | 78T | e | 2348 | mmeas | 1207
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Table 5 Accelerated life test code

Step | Time ratio Iné’:;i? Input rpm TeZt]r‘;l)me
F1 26.1% 25.1 1207 325

F2 23.0% 25.1 1207 287

F3 20.1% 25.1 1207 251

R1 10.8% 25.1 1207 135

R2 10.0% 25.1 1207 125

R3 10.0% 25.1 1207 125
Total|  100% 1,248

Table 6 Final accelerated life test code with
increased load and rpm

Step hzllzlgl:nf)Q Irlg);t A;S[S' Teilt]rtsl)me Test HP
Fl1 52.0 565 57.7 6 41.0

F2 40.8 750 154 19 42.7

F3 30.6 1200 3.7 68 51.2

RI 30.6 1200 3.7 37 51.2
R2 40.8 750 15.4 8 42.7
R3 53.0 552 63.9 2 40.8

Total 140

2 % oF 14043 Age] A= SoEele 7}
&Y ZES ARHAT.

3. IS4 TAY BS
31 AE HA

A XA RS B 01139 AFAY F4& st
Row, AF7] AL Fig 33 o] 743134t
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Flg 3 Drive axle accelerated life test Iayout

Fig. 4 Drive axle accelerated life test
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Table 7 Power  transmission and

acceleration index

efficiency

Step Efficiency(%) Acceleration index

F1 86 6.7

F2 87 6.4

F3 90 6.9

R1 89 6.7

R2 90 6.5

R3 87 6.6
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