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Application of Curvature Mode Shape to

Damage Identification of Rear Axle

MA Liying, ZHOU Hong, PENG Xiaojun
(College of Automotive Studies. Tongji University, Shanghai 201804,
China)

Abstract: Curvature mode theory was introduced to the
damage identification of a rear axle of a car. The modal test
analysis of rear axle was done. Results shows that the change
of curvature mode shape has an obvious effect on identifing
the local damage. The study results provide a practicable
research method for structure damage identification of

automobile components .
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Fig.1 Absolute mean difference in curvature mode

(=l=lelelelwlwlw el

/
DO =IO O15 100

0 9 18 27 36 45 b4
TEHmT
B2 10%3RGLEAIER TS RIESHITE

Fig.2 Absolute mean difference at 10% damage
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Fig.3 Modal testing system
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Fig.4 Measurement points distribution and crack locations
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Fig.5 Stabilization diagram of experimental
modal analysis
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Tab.1 Frequencies,damping ratios and modal

participation factors of the first eight

phases
Wk ToHit it
W% /Hz  BHEL/%  Hi%/Hz  BHELH/ %
1 21.230 0.42 21.154 0.61
2 72.106 0.18 70.580 0.20
3 124.692 1.66 124.481 1.48
4 163.578 0.70 158. 740 0.71
5 195.898 0.25 189.798 0.43
6 226.230 0.35 222.383 0.54
7 276.044 0.23 270.782 0.33
8 334. 406 0.17 330.352 0.29
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Tab.2 Comparison of bending modal shape between the

damaged and the undamaged rear axles
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Fig.7 Results of damage identification on section

A and B of rear axle



% 8

TharHE L RS MY S R R A U R Iz11

MIEL7 JEHE AT R LAZE 2L 99 8 Abd . AbS 4k
SO bt BRGE(EL, 5 AT T S 565 2 80 BAHAT 5
JEHF B i, 5 Bb17, Bb18 Ak A 415 45 4t Bl
{6, 555 1 RSB AAT. 73 S E ik DL B
T 5i Ab4, AbS AR5 AT 4 b th LAY IEE 2= T Bb17,
Bb18 4, e i SEPr it A1 i DL 5 2 AU BER T
55 1 REn ME R AR BeAh . MARER B 5 AR
RN R B TR B RT DL 35 50 Aal6~19
3| T HAT I Bb 55 1 REUFLI 1Y ki Bad~06 %
BT Ab RIS 2 SR R X 28 B B4R
BB T AR RO RO

i i 3RS T il AR S A B U JE AR
b 2 A5 AT A A B A A3 AR R R /NAR AR 2 T
SE TSR AR A O U A5 LA SR

3 #Hit

(1) T4y g 358 285 4 Xof 22 A SRR 4 Tl
LT H B B Kl A2 1 A AR 1 DLt A7 1
329 P A ) T 9 AR a8 A 2 0 A H MR S A R 1Y
.

(2) 33 Jo e B M 15 i 475 il AR 25 o0
Bk T 25 R4 SZ ARG R I BE (Y 5 5 AT A
TR PN HA —E 1y a7

(3) il G PR Z WA RO B MR E
AR L o S 347 258 A5 285 4 Xof 22 e A1 7 8 5 52 bt A
REEW) s FAR R RN SRR B AT &

2 BRI BSR4 5 M R BOS L FRF R
B ORI T AT A R 4 2 A AL A 5 5 )
e flt T —Fp I TS ik

S 30k :

(1] B0, BN AE  DRERVE . R3S B AT T B2 5 H 0 v 1y
N ALT]. J15Z1],2005,26(2) : 286.

YE Qianyuan, ZHAI Lixiang. CHEN Jinhui. Application of
curvature mode shape in damage identification of truss bridge
[J]. Chinese Quarterly Mechanics,2005,26(2) ;286.

[2] Wahab M M A, Roeck G D. Damage detection in bridges using
modal curvatures; application to a real damage scenario[ ] ].
Journal of Sound and Vibration,1999,266(2) .217.

(31 SR X A » A kAR, 45 iy SR S A0 AT B2 R 2 M ) vl 14 i
FACTT. #8305 w7 . 2000, 19(2) . 81.

ZHENG Minggang. LIU Tianxiong, ZHU Jimei, et al. Bridge
diagnosis using curvature mode shapes[ J]. Journal of Vibration
and Shock.2000,19(2) .81.

(4] XVEAR . BT MRS o M AR R B 05 U W92 LD iR 1
R3S K, 2007.

LIU Leilei. Research of damage Identification of bridge based on
curvature modal analysis [ D ]. Chengdu: Southwest Jiaotong
University, 2007.

(5] BZWRMR. M HTE M A4S M R4 R ) sh s B ED]. B
) ¢ R 28 2 B » 2010.
PENG Xiaojun. Application of modal analysis in damage
identification of automobile structural components [ D J.
Shanghai: Tongji
Studies, 2010.

[6] Verboven P,Cauberghe B, Parloo E, et al. User-assisting tools for

University. College of  Automotive

a fast frequency-domain modal parameter estimation method[]].

Mechanical Systems and Signal Processing,2004,18.759.





