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Fig. 1 Road load collection sample vehicle
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Fig. 2 Measured vertical load of the front wheel center
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Tab.1 Number of cycles in each road condition

5 Road condition HEFRUKEL Number of cycles

[137; #% Pothole road 2 400
B[ % Cobbled road 4800
FELAR B Fluctuation road 2400
PEHR % Washboard road 1200
f1He % Stone road 8 400
445 % Combination road 1200
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Fig. 4 Relative damage value of the iterative/test signal
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Fig. 5 Load of the attached point of the left plate spring on the pothole road
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Fig. 6 Finite element model of the front axle
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Fig.7 S-N curve of the front axle weld material
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Tab.2 Damage contribution ratio of each road condition to the

maximum danger point based on the whole vehicle model

B BiOiME YN
Road condition Damage value Damage contribution ratio/%

[U132 4 Pothole road 3.729 600 76.25

G A7 % Cobble road 0.346 320 7.08

A HL Stone road 0.563 220 11.52

FR H Fluctuation road 0.025 056 0.51
PEM I Washboard road 0 0

24 % Combination road  0.227 160 4.64
Al 4.891 356 1

Total damage
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Fig.8 Nephogram of front axle life based on the whole vehicle model
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Fig. 9 Dynamics model of the front axle (steering system not shown)
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Fig. 10 Comparison of the whole vehicle/the front axle boundary

loads before and after six-component filtering
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Tab.3 Comparison of relative damage values before and after six-component force with filtering
XTI {E Relative damage value
. ST &R A LT &R AT B4 A v AT & 7
i IR TIASIEDL PN ITUE DR IO I EE AV WL 314
Channel Left front axle & the whole Left front axle & the whole  Right front axle & the whole  Right front axle & the whole
vehicle six-component force  vehicle six-component force  vehicle six-component force  vehicle six-component force
without filtering with filtering without filtering with filtering
AR 5 i B A
Connection point of spring and 5.26 2.18 5.44 2.86
front axle F,
S A
Connection point of spring and 5.20 1.69 3.59 1.79
front axle F s
R S H bR R
Connection point of spring and 4.39 2.05 4.35 2.20
front axle F,
AR 3 b B M
Connection point of spring and 3.97 1.73 3.87 1.71
front axle M
AR 5 T B M
Connection point of spring and 0.71 0.67 0.40 0.41
front axle M|
AR S R 2 B M
Connection point of spring and 3.86 1.38 2.89 1.49

front axle M_

A 3L s A
Damage nephogram of the upper surface
of the shaft tube

Contour plot
Life (scalar value)

.1441><10

4.176 x 10
= 1.147x 10

~3.152% 10" ﬁ

— 8.658 x 10

= 2397

= 6353 ! ']

= 1L.795x 10
4.932 x 10
1.355%x 10°
Beyond cutoff

Max=Beyond cutoff
Atnode 130801

Min=0.014 4
Atnode 111074

111 07475 /5 Node
B 11 EFRIFEENEmEMITEEER

Fig. 11 Evaluation result of the front axle life based on the front axle

model
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Tab.4 Range of the amplitude amplification factor of the wheel center force

feJ F IR AT

Wheel center force I amplitude multiple x,

K01 F BRI

Wheel center force F;, amplitude multiple x,

) PRI AT B

Wheel center force F_amplitude multiple x,

0.7~1.3

0.7~1.3 0.7~1
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Tab.5 Optimization solution set of six-component amplitude of wheel center

. F R AL FIRAEAY AL FORERE ArRRAr ATEEmDR2E MYTEETRMIOIR2E AT O e s
4hR . S . . :
F_amplitude F_amplitude F_amplitude Front axle Front axle life Pothole road front axle Stone road front axle
Result A . o .
multiple x, multiple x, multiple x, life error/% damage error/% damage error/%

@® 0.98 0.94 0.86 0.201 7 1.32 6.34 52.13

@ 1.02 0.91 0.85 0.200 2 2.05 7.42 48.70

@ 0.99 0.93 0.85 0.194 0 5.09 8.39 53.17

@ 1.04 0.90 0.84 0.207 9 1.71 8.04 29.84
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Tab. 6 Potential damage comparison of the vertical load on front axle joints under different road conditions

e 1) 2 far DA 51405 { Pseudo damage value of vertical load

iEiA
Chanmel Wb i ik PRk 1B i
Pothole road Cobble road Fluctuation road ~ Washboard road Combination road ~ Stone road
b B 5
.E@Z}E%@%““ 8.94x107° 1.04x107° 7.18x107 1.08x1077 1.45%10°° 1.13x10°7°
Connection point of the left damper
b 7 4 4
. EUSL%L%‘ . 306.8 264.9 25.9 8.4 104.0 145.5
Connection point of the left spring
SL I
. . E%%ﬁ(l}ﬁ 52900 996.3 28.9 26 400 2293.4 1452.7
Connection point of the left axle head
W
. . E’}M‘%%‘%LE‘E 1.12x10° 4.38x10°° 1.52x10” 3.93x10” 1.66x107° 4.75x10°
Connection point of the right damper
i1 iy
R Z’—T*ﬁ%f{fﬁ\ . 211.8 103.8 37.0 1.4 133.5 113.4
Connection point of the right spring
3 =
A B £ 86 900 719.7 33.5 34 400 3519.5 930.0

Connection point of the right axle head

4 EIHES RHSTSRIE

F RS 3 A IR T R A AR 0 S oy
FIFEEAT AR SRS R B T 2445 B, BRA AR R A
A3 T b Sk B R A 1) SR AT A TAE IE , T R R
(77 BT AR5 BT S BT, S5 R T

D) S5 50 S i AR T3 ATl R R KU
BRI 0.207 9, 55 H MR ZE N 1. 71%.

2) K BT AT 105 JRURS: o5 75 i B 25 B 100 ) Fie K
W o5 A 43 3 DR L TR 5 2 2 (E R T L, 25

FeT RIS o AR B X T Aol 368 ol i 48 5 48 /N L AT
ZWE AT 5 LA 25 B 10 0 T i e R A 6 i s L 4 4
WAL 30% , 58 8 DTk 22 IE AR 5% .

3)E17 B 18 BRE T 3 T 2/ M S B 1153
IR ARG 105 KU S B & 85 AR T T AR 5
1.2.3.4.10 S a5 WU 45 5 5 2 2% 45 1m0 8 K
IR BN 11— B, Hoax 5 AR s o 44 XURS: i
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Tab.7 Damage contribution ratio of the each road condition to the maximum danger point

S - R e Smin ; b DAk L (S (H)
. BN B . Tk ) ORISR
i8I . . R . Referenced o
. Predicted damage Reference damage Predicted damage L Difference
Road condition Error/% L . damage contribution
value value contribution ratio /% . value/%
ratio /%
U1 f#% Pothole road 3.429 600 3.729 600 8.04 71.31 76.25 4.94
BIA7 % Cobble road 0.434 928 0.346 320 25.59 9.04 7.08 1.96
£1He 1% Stone road 0.731 304 0.563 220 29.84 15.20 11.52 3.68
R B Fluctuation road 0.014 376 0.025 056 42.62 0.30 0.51 0.21
PEH Washboard road 0 0 0 0 0 0
245 % Combination 0.199 440 0.227 160 12.20 4.15 4.64 0.49
3545 Total damage 4.809 648 4.891 356 1.67 1 1 0
*8 EEE/AIFRIHIET 10 S XU 3T LE
Tab.8 Comparison of the top-10 risk points of the whole vehicle/the front axle
R XS 575
‘ W@TLgJ%ﬁ 1 2 3 4 5 6 7 8 9 10
Front axle risk point serial number
XUBar K o 2 (iR A 5
P 5 TR 111074 110899 111150 110940 110942 111076 110974 111038 110897 111072
Number of the risk point (front axle model)
XU 15 5 iy (R A A A
. o Ltlﬁ“ﬁ IJ'|J (B EERL) 0.2079 02906 0.3588 0.5299 0.8976 1.2932 1.5673 1.7337 1.8807 24372
Life of the risk point (front axle model)
SRV A5 i (CRE Y )
Number of the risk point (whole vehicle 111074 110899 111150 110940 111076 111038 110897 110942 110866 111072
model)
XU o 5 iy (R A A Y
. J_FIKAL,.,\% i ZET‘;‘:?) 02044 02855 03802 0.5399 1.2968 1.7159 1.8463 2.0820 2.1427 25336
Life of the risk point (whole vehicle model)
A FRER = R
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A life evaluation methed for front axle based on front axle dynamics model
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Abstract: In view of the difficulty of obtaining durability test specifications for axle components, a method of
constructing driving load of the front axle dynamic model was proposed to provide the input for system-level bench test and
life verification of front axle components. The life of front axle was obtained based on the whole vehicle dynamics model and
the measured road load, and the useful information and life prediction results in the above process were employed to guide the
construction of driving load applied on front axle. Firstly, the frequency band of the measured six-component forces at the
wheel center was adjusted. Then, with the goal of minimizing the difference between the damage/life of the front axle and the
reference value under each working condition, the adjustment coefficient of the amplitude of the three-way forces at the wheel
center was optimized by combining the response surface method and genetic algorithm. The optimized three-way forces at the
wheel center and the other three-way torques constituted the driving signal of the front axle model. The results show that the
constructed wheel center drive signal is used to simulate the dynamic load of the front axle model. The life of the front axle,
the failure sequence of risk points and the damage contribution ratio of various road conditions to dangerous points are
obtained and in good agreement with the reference results, which verified the effectiveness of the proposed method and
provided reference for the drive signal construction and component life evaluation of system-level bench durability test.
Finally, the damage distribution of the front axle can be consistent with the reference results by modifying the main damage
load of the shaft tube.

Key words: Dynamics model of front axle; Life of front axle; Surface response method; Dynamic load simulation; Bench
test
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