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Impact Noise Diagnosis of Suspension Systems Based on
Structural Damping

CHEN Fan, ZHANG Xiaoyu

( Department of Mechanics, Jiangmen Vocational College of Technology,
Jiangmen 529030, Guangdong, China )

Abstract : The suspension system transmits the impact of the road surface to the body of the car. It is difficult to diag-
nose the abnormal noise of the suspension components. Therefore, a new fault diagnosis method is proposed in which the
fault location is identified by the structural damping. Firstly, the theoretical basis of inverse-time integral is established and
applied to structural damping identification, which is later verified by simulation and experiment. The inverse-time integral
has a definite physical meaning and can effectively identify the single-DOF damping ratio and loss factor in the bandwidth
area. Then the time domain, envelope, spectrum and inversed-time integral curves of the impulse sound signal of the shock
absorber and the ball-head of the stabilizer bar are compared and analyzed. And the characteristic parameters are found. The
results show that there is a significant and stable difference of the logarithmic attenuation rate between the two reversed-time
integral curves, and this parameter of the difference can be used as the diagnostic parameter of the impact noise of the sus-

pension.

Key words : acoustics; noise; reversed-time integral; damping; suspension; diagnosis

P B AR A5 T 5 SR N R AR E AT
S X T A BCR BT B S E S E .
TR AT B RE v, B T 1) b ol AR 38 o A i
o5, B AR A S AR, s — AR DL i M 75 F)
S R R XL el e 7 o ELARUT , SRh PAH I
B SRR PR, T HL 32 1)l 6 55 RO FE IR 45 8K
B2 Wty AR K RN s T PS5 A IR 4% A 7
VBB P P R AR A 7 A SR T Y e AR A Bl
PR, I 3 Hh 2 T AU AR BOR SR gl R D IR 2=

Yrks B #A:2020-05-19

HEEWH [ R4 HRFHERES T I H (2018A030313196)

EZ RN BEIL1980-), T Ik E RITHA, &l 8%, 3%
WA MR PR REIR 5 i .

E-mail: chen.fan@hotmail.com

S5 21, P A PR 22 PR 5 U BR S R A 5 Y L
P EE R A

LA HHR B 16 75 12 W 5 125 B4 I 380 AU AT IS
BB AT IS B AR U L AR A , AR AU LA
FHE 3 A B4 70 M » £ IR _E A5 P 581 23 A A
NP HTEES UG TIE S T RS S, B
PTG T R U 12 Wr HL 75 200 B4 2 (P
& AU Hrd S ISR TR M5 5 AR AR, /N
IMTEETXESHT R S dR SR
Rk A S, AP I AU 0 AT e LR A5 5 AR
AR (M USRI K2 W 240

5 R8BI GERRE AR ASR] 2 FL MR 7 R (0 R E 1
BRI ASCHE H — A T a5t B e 2 W7 ik, B %
X 5 1) AR 3 L Bk R iR A A S I A B SR AT T4



28

BET- SR PH 2 1) R ol R A 12 147

SR A LIS UE B [z ARSI TE e
D& b AT ATV s 22 05 TF 5 S m) AR il 2 0k 20
PR, R PR AR 8 A1 RS E AF BR K #EAT 1 iR R 5 i
5 SRS T i
1 BKiRESEIR @RS

Tk A = B 1) AR 70 R S PR B TR i i (1]
D6 7 R0 L B A T e B TR AR . TR
it A R AL B A5 5, FoA PUM RO &
i SRR 0 o B2 R S ) AR N2 B1141R 75 ik
MU ERSHIUP L i

Ln () NEBEEE S, Wn ()5 n(6) KAHX
PRBUN SIS A 2 1, — 0 FHOG 0 (0) HAHR RN

<n(t) - n(t2)>=N-8(t2—1t1) QY

Hodr: Ny — 4 58 W BIARBNBE R, 6 (12 — 1) AIKFL

2 PR BENLIR B0 A - AEAG 1 B, B BIRRAS
J& S WEBER . AERBUSRINE S

s(t)=fin(7') Nr(t-7)dr @
Hrfr Y r (1) SR P 5 AT (1 ke 2 B 5 2 A

A 1 b PRS2 BB 2 I Z1 (2 = 00, N BR 7R U
TEIE AR A, AR AR BIA BIRS S .
X RR IR 5 5 AT 7, W AR B T
jjZae
s(t)=

Jidrfidﬁn(r)-n(@)- Nri(t=7) - Dri(t—-0) 3

A TE BR VR I 56, I %53 BT A Wi MR 5 1P T
Her38), R R, AT 5

<sH(t)> =

fidrfid@]\f-é(ﬁ—r)- Sr(t-7) Yr(t-6)4

HT8(0-7)NY40=clANRNE, HEGHANS
IR S50 BB B R B B A OG . FRS
TR e 45

<> =N-[ Trit-r)de (5

ALK
<(1)>=N- [ Tr2(x)de=N-Y [ r2(x)d(6)

R4 2 (6) FT %N, TG R Ik B ATLIR 21 il J 7 e i)
(8] Bt ARSI S Re P IME < s> (1) > F T HIX
ok e S e B 2 (¢ ) SIAT AR A B N A o Tk i) 97 A5
FREEON T T N BB I N RE R L F . BRI K
S SR RE AR S TOR A 56 4 S5 1)t , 12 fs
BAE TARE S TRAE R A, 105 B R KRS

AT SR AR 7 P ERAS IR A2 22 IR BB LR 2 Wi )32 1) g
BV EEEE R ERE. BRI
M) I8 e B2 2500 5 AF R ) R 43 1 28 SR 45 1R) T 6 B kB
MUHR B2, S ) R 4 4948 22 7™ B I B L
BANPART T o
2 M=IEE
21 BEEHEESHRERS
HOH HE R GRS TR A
i+ 2w,5% + w,x=0 @
o By
x(1)=Ae™'sin(w,/1-E1+d) (8
£ REL o, N TEBELJE A 5%, A 146
R 1B b N WIURREAL -
FI I 2R (6)0F ) R AF 5 AT IR A A 4, 7E 10 B Z],
HAEN

<£(1)> = [ AT sin (w,T-E t+)dt (9

2 2w,
Ajw [ £cos (20, /1= E 1+ 2¢) - aom

VI1I-Esin(20./1-E1+2)]
HT & << 1, 8o iEfelh

Aze*'-’s‘wnf

déw,

<s(t)>= (1D

Xof b 2 T E AR A
In<s*(1)> =21nd - 2éw.t - In (4w,) (12)
A LA B, )RR 43 6 50 B R B 2R 3R 2k
VORI S &S5 A% N A, Na
EHIES.
22 BREMHEMERERAERIE
4 A=1,£=0.05,w, = 200, $=0°, 7 i1 _F. 5 %)
R, J A S W TR .
1.0
05
o i bbbt st o
05"
-1.0 ‘

{E/V

3]

0 0.1 | 0.2 03 04 0:5
I [A) /s
KA AR E S
X% 1 E SR 5 530 AT R 0 3T, 43U 5 R
U (I AR O ) B 13514 24 01 2



148 e F 5 k3 & B4l
R TR AR 2w, A AR BRI 5 4
RIS 5 BRI SR L o 5 SRR 4 S 3 ! |
F S0 M 2 77 TE AR B R Pl TR (100 = £ 5 3 J J
BRI AT AR o SRS 1A R A, 0 5 S AT L
R , R IO K FLAL Sk A 5 10 B % 2| | . |
A X T R4 53T I LBy . AR R (12) R o 10 20 30 40 50
SR, U U OGE T SRS S 5% /102 Ha
L LT B 5 - W75 SR £ 5 0 £ Y
. ELS X T R B R A B
10
3 \
2 g i \
S =
i EE
@ 0 i 2 e —— g
-1 0 :
) 0 0.1 02 03 04 05

0 0.1 0.2 0.3 0.4 0.5
BJ 7] /s
B2 RIS 5 IR A 2R
23 BHESHXIRIIE

TESERRE LT , B S NAFAE 2 154
THAEEVEHAT A B, TS IR R . SRR
THHEBH T REERZEA K. RS ATHZ
X 95 P S 5 Be R EEAT AL 4) , W@ A T ke
Tk,

o — FH R 4 R 1) K AR 01 [ 3748 T 48 5 i
AT Ao SRS, B ALTE AR S A AT o SRR AT
RN 44.1 kHZ" e K] 3 Fros (45 5 i e B mT DO
B 3 YRR o PR AE B TR BORT R B B 2
S, JRU IR AT R A A A T ) R IR A 2

0 0.5 1.0 1.5
i [a) /s
3 3 4Ll 75 A S

H1 &l 4 BT s A 5 0 w0, e 7 AR ) A
WA AE | kHz 2] S kHz N, 25 B4 fUR1 ) 28 1 R
TEA FTANE] L 3R J2 BT O B e 0Rh H R I AR S 4
BB R E I A

5 PR 3 4045 5 S AR g il 4T B B A
R IEARRIFAZ . SRR T N S50 RS
FHJESME, B ESWESBL  BAS SR, T
e it 2 BT L

B [8] /s
Kl 5 3 2H s 5 1 s ) B 4 il 2k

3 REHIEE MRS

BHRGNMERKY TSRS AEEK
AR BETRARAY 24 THT T R 7 AR M 7

FE APl AR 25 AN BR S SR B R i L B R R R X A
ek 7 Y5 B OR T B P R AIE L L L (R L A e AN
MBI BRZE S AR e BA AN F M-S,
(R X RN AR A

TSN EE KRGS 6200 AR
—EUPEDY, Tk T ARG BT A7 AE 1 2 AN E PR
BB IO o ) SRR A N R AT 2 IR
B A R e e 6, H AR A A5 S S AR A e
7 SRR, Ao AT IR K W R AT e /B b A
B AR AR S, A0 6 BT, i UG (B 5ok BL5E
HEMST (1 Bk A 5, TR) BR BF ] DK T — A ik ol 4 48
N [A] o

K6 S RAE L
Iy AL ERAE 5 R A R0 B A e 1] AR 3
i 25, -l R 2 AR, B A2 B R R 7
Ftzs o



BET- SR PH JE 1) R o R S 12 B 149

%23
55 B i 5 Bk v
Kif 55 KE

KA THET B
M5y S P IR

K7 SR A 2 R

U0 8 TS » IR 3817, o il s I e 7 W i
FART A BRI R W AR, T AL RO A 5 OB AFAE —
FEZE T AR AT I IRAEA , A2 41 52, RaE AT 3R Sk
B Xof I (45 - R A TR 6, W £ P 6

lgﬁaﬂﬁ
-10
> 10 rgrm
P 0 BIRETI e
ZE -10
gy L 7 ]
1 8 k H%%E: DIJJ], 1 V 3 3 B 1 wj

01 02 03 04 05
BJ 7] /s

K 8 JECHE I S IS S

W 9 BT 7R , WG 5 (R IR A % f U 2%, ml
PR R AE AN B R, JCH 2 DR #4815 5 19 B 45 i E
S 2 AR . T HATR SRR EUAK 5
TG FIFRRHE , 245 5 0330 [ 4 i, e e A
AE 41 S S S RFE

(=]

S~
0(5) L %M(ﬁﬁ
& 3o
Sofmern |
R —
0‘(5) T Pl RN AL P
0 01 02 03 04 05
FJ ) /s

B O JEE A M 7 ) F 2 2%

W 10 B, WA LG DI 4 110 v i g
AT 100 Hz % 500 Hz A14 000 Hz [T , £ 52 #F
BR 3k f b o M 7 AR 400 Hz 2 5 000 Hz, 33 1)
RO BB ZES, U NSk S8 — B
AR — P BB,

5 %1073
IE P I y, ErbE l
s 5107
s o ! PR T ( ‘
2 olae
= S ) 0 ‘
_\E\ 0" ‘V_J.LA‘_MJW?ﬁ ADE‘“W LA J‘J‘MVJJ“‘WMJ,"'m“'v“vy‘"“,\w]

0 10 20 30 40 50
£z /x 10> Hz
Bl 10 JECAE g 5 1) T e il

11 Frow , IR AR 23 /i 5 5 Jo i s i 1)

—_—

0 .
5% . - GHE
0
m
10 | — =
% 55 e HIRB AW
m 0
S
4 / R S S
(5) £wﬁ. = /\.\~/" ; f\*‘\h.f//\

0 0.1 0.2 0.3 0.4 0.5
I 18] /s

B 11 RS AR 75 1 S I AR i 2
Phi {5 5 RO BEAR /N, IR 5 00 % sk it 2 1) S 5K
%, B IR ECA T e Ae e , X 0 TR A AR R
W] A P IR 1 R P 2 BRL AR R PRI o RS AP B
kb5 5 30k A B, (AR AR 2 N Sk, X
AT T Bk A BB IR O 22, R 5 e A Rk
FAAE T I R AR 2> M 42F B B BON B, HAY
KAl LME NS4

HWI TN RB R T EmM i s, - FE. Bl
Ly PR S =R N o 0 S N L [ U @7 i
A BB ST [A], BB R L . 43 R IR 2% A
R M BR LI 3 20 5 1m) AR 73 Hl 22 1 L300 [ B gk AT
W&, P& LB S dB B 5 I TR] 28 700 2505 el
WE 1R,
F 1 TR 0 BRI /(B - s™)

2H 57 TRIRAS FEFTER K
FE—H 61.26 188.41
B 59.71 229.35
A 59.33 196.35

AL 5 YRR A% 5 A 5 AT R Sk oy MR P ) 0 K
ICRAT 2 22 5 T LN A RO R E -

4 45 iE

(D SRA R AR 7k Re i I & 5 R i 3
U 5 ATUBK o il 45 5 B0 BEL e B, B T 00 B 98 i 4
FHARFEA T

(2) [k Re s A RO 1IN 5, 1 &
Tk S B IE IR ()0 £ 5

(3) o 8 2 BB A ) e oy W 75 HEAT B FR) AR 73
R R E B LI R

(4) Je [ B 5 1 236 0 X R Do 55 P 4 i A5 L
JERFIEAT K, ATV E R RIS W S 4

(T35 167 177)



