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Performance Analysis and Optimization of ISD Suspension Under
Vehicle-Bridge Vertical Coupled Vibration

XU Yang, ZHANG Buyun, WANG Yong, ZHANG Xiaoliang, XU Xing

(Automotive Engineering Research Institute, Jiangsu University, Zhenjiang 212013, Jiangsu, China)

Abstract: To improve vehicle ride comfort on bridges and reduce its impact on the bridge structure, a
parametric optimization method for the inerter-spring-damper (ISD) suspension was developed, taking into
account the influence of vehicle-bridge interaction (VBI) on vehicle and bridge responses. A coupled vehicle-
bridge system was modeled using a Euler-Bernoulli simply supported beam and a single-/dual-mass vehicle
to analyze the impact of the interaction on the inherent characteristics of both the vehicle and the bridge.
The advantages of the ISD suspension under coupling effects were examined and the influence of the inertial
coefficient on transmissibility characteristics was analyzed. The fixed-point theory was employed to optimally
adjust suspension damping, obtaining the optimal frequency and damping ratio for the vehicle. The results
show that the ISD suspension improves high-frequency system characteristics, effectively reduces the
transmissibility amplitude, enhances ride comfort and significantly suppresses bridge loads. The study is

valuable for improving vehicle ride quality and the structural health of bridges.

Keywords: vehicle bridge interaction; parametric optimization; fixed-point theory; ISD suspension; transmissibility

s BH#3:2024-01-30 HFEHHA:2024-02-27 MLKE% HHEE:2024-06-06
EETE :FEARPEREA T H (51705205, 12172153) s h E G R 5E 405 B (2022M711384)
VTR B 22 A SRt~ B (A SRRl ) BRI H (21KTA460002) 3 87T T RERIIF 78 % 101 (1C2024009)
e GILEW
W R B0 AR IR A T ISD AR AT B ARG LT ] R TR 4], 2025, 15(2) : 187-196.
XU Yang, ZHANG Buyun, WANG Yong, et al. Performance Analysis and Optimization of ISD Suspension Under Vehicle-Bridge

Vertical Coupled Vibration[ J ].Chinese Journal of Automotive Engineering, 2025, 15(2):187-196.(in Chinese)



188 BREIEFR

£15%

WA Ry — R B A i, A2 B R
LK M ERARATOR BRI, S0 R HAS
PP . A HD 7 A A B B R SE B i
H, SRRSO REEY], AT TR
ZRAg R W ) i L i A R AR R AT e
XA RIER L Sy — Oy, B R Sl S
TR FAR E P Y R, 2 iR B
A% SRR DF S e AN BB, R ZIRIR,
PR MAEMEsh 127 L RMERER . Bir, &T
WG B 1 R G B o A MEREA AL SR R
Z R E NI EE )2 KT

T B4R 3l AR R S A i 1, A5
FA ) Y B 2 ) 22— 7 R TR b2 ek
Pras SO R g, IR BT e 2% R B [] 24 i
YERF B i i 20 SR, IR BT s BH e #% Y
ey e S A e, R an AR, AE T e
R, R, A DB R R S R T 4 k) Y
MR, EERMEG T ELREERSE Gy
ERARGESED) TR ARt il
SRR SE (HJE ), TR MitEaem
[ of B AT AT A 2 R G 38T o MACA 55 M i T
FEBEERENEAESEON Tk, It TET
WA PR A AP A 424, LIN Ke 55 ) T4l
BYEMBGR T 0 RG A BRM 2, I T
BERGRAERE e T, SRUIAT G 2k 44
ORI R I RARIR

DITERT R Z 8T “sisE-BHJE” B! (Spring-
Damper, SD) &%, HH R T K B A1 JE oo
(S I8 3R WA N 31 D B ) [ = T £ R AR
UTAER, AR A oL RN, 4 s —
Ffopr A A g -3k -FHJE” A (Inerter-Spring-
Damper, ISD) &2 17200 FEASHE 67 28 5 8 14 1
DU R M ARG L, REAR G b 3 10 2847 19 22 4k
AR R GRS AEGE Y. HERTE T ISD &
R TE 27 I8 B SRS R ILAL, BB
AR A T E T B s . iFgR R, EL
TEENEE W R SR & 7E T 2 L ISD B AR RS
b, TR HE AR RS VRS R G0 Y

SN ARy N AN ARG R
AR 2G>, TR AILAS 1 B A 4 o L
TREVRTR AT, A28 PR T B R 9l 5 o
AR AR BABRAI . SCHk [15] F W %) 21
G R RIS T 08, Al AR AR e
o, DABFRSEONIERIEAT AR, LAl N XA
RS ER] o

i LRTIR, ARSCHETS A T [ iR SR 5
T, MRS LS RS AR e, DTG
TP A -0 ] AR A R B o B AR, 4R —Fh
ISDBRAGES R T ik BIFRATHE T &
PRI G T B ISD B2 e HL R LAe , e A4
RS RGUERE, 2T ESL . RGUME R
PEI AT A R G AL S B S A5 TT Ik . A&
AT SN — b I Rl D A AR 22 i Bl 2
AT IR TR, LA L ME P A, SE KR 55
JE 39

B\ #wmaen

1.1 RGEBERIEBEHNDTFRE

A5 5 h R~ 55 R BT SR, 4230 FH /3
B LRI . & 1 PRR LR ) AR R GERE
B, B lath BRI R (Fhrs) FIEET
Brik (Mhruw), MAER 1o BB S AR R A
P TERB G ML L JCA S D], T B o A R B A
F T Ab B 5 Z (8] EARVE OGO, RS
RIS

P, NAEATR AR Sl 5 0 28 GE 52 e O T %5
AR ITIERA — 2R E L. B piA a5 o
F BB, J2 )iz A ISD B R A B U7
2B A 6] 4R S O A TR P & (x) =
A, sin (2mx/2), Ferb, A 145353 R T RUAS B2 g
Ko UNRAETCENEEAE, S48 v,
B Ae % 57 [ (38 S0 T RE o -
pAaa—;w(x, t) + Elaa—);w(x, t)y=F,(t)o(x —x.)o

(1)

Kb ow (x, o) AR p HEE; 4K



5 2 H W % ENEORBS T ISDEBREES TR ML 189

P A s ELCRPUA WIEE ; 6 (x) MIKPL k%l x
=vt ARl S
K (D, Fy(1)o(x — x,) R AEFE AL 32 5]
IR, T
Fy(t) = bJii,(t) = E(x) —w(x, )]+
cJu (1) = E(x) —w(x. )]+
kJu,(0) = E(x) - w(x. 0] (2)
K oo RE o WRIRHIE REL; kohBESE
I .

HR PG A5 — AR s s i
m,ii, (£) + b[ii, (1) = E(x) =0 (x 1)]+
i (1) = E(x)—w(x. )]+

kJu (t) = &E(x.)~w(x, t)]=0. (3)

...__j%ﬁ)
ms

& T

(b) BT SRR
Bl FEHRERGHEIER

1.2 NaRZ Ry 5ERER T
ARSI, Bre e AR n] 2R R .

w(x, 1) = 2¢i<x)q,~(r)o (4)

e ¢, (x) HIRBIREL g, (0) AR SCARFTR ;
N Rl RS

Bl (4) fRASL (1) ~ (3) WHERRSEH
BT RN -

A ()G,(1) + 5.3, (x)3 (x = x)Gi (1) +
2vbsi¢j (x)0(x ~ xc)q.i(t) + Vcsi¢:~ (x.)o(x —

x)q,(1) + e 3 b (x)0 (x = x)q(1) +

vaSZW (x.)0(x = x.)q (1) +

kD, (x)0(x = x)q, (1) + EL Y47 (x)4,(0) -
[boii, (¢) + ca (1) + kau, ()]0 (x — x,) =
_I:bsg(xC) * CSé(xC) + ks(:(xc)](s(x - xc) o

()
(m + b)), (1) + cai (1) + k(1) —

b3, (X (0) -
{zvbszqﬁ: (x.)+ 2«5 (xc)]é,-(t) -

[v2b52¢;' (x)Fve > i (x)+ kD, <xc>}q;(t> -

bE(x)+el(x)+he(x)e  (6)
HLAR IR IE S R, 58 (5) PIBRTREA g, (x)

(G=1. 2. =, N), JFIES PR X 7E [0, L]
TR i

ij0¢; (O G0+ 5,3 g, (56,3 40 +
206, ¢, (x)61(3) - 40) +
e b, ()6 (3) - 40) +
Vb3, (r)#x) - a,(0) +
IS Y RERTIESIIORYS Y ACSIACAL

a.(0) + ELY [ ¢ (047 (1) - q,(0) -

(x.)[ i, (1) + coi, (¢) + k(1) ]
=~,(x) [bE(x) + e,é(x) + kE(x)],
(j=1,2, -, N), (7)
Xt SR AR iR R oK BRI R A AR

B

¢xﬂ=m4?q,wf(my EL



190 BREIEFR

£15%

(i=1,2, ..., N). (8)
LS, ARG 5 S5 9 TR E M E
AW
Mx(t)+C(t)x(t)+K(t)x(t)=F(t). (9)
R M RGN ¢ () NHJEHE;
K (0) RRIBESERF ; ZRG0% 1 B AR I3 1
X () =[q,(t) - (1) qu(t) u, () 's F R RG A
#.
F(1)=
[=b,g (x)E(x) 8 (x)E(x) ~ ki (x)E(x) |
b,y (x)E (%)~ 8, (x)E(x) ~ ks (x)E(x,)

“b By (x)E(x,) = b (x)E(x,) ~ ki (x)E(x,)
bE(x,)+ c,é(x,)+ k&E(x,)

. (10)

i (9) AT, HARNAENT DATRER, $Efm

J N E x BB AR, AECR G BE e R RS 5 R
SRRSO BRI AR R, B DLHO AR RS

B\ #7masn

2.1 HEBERFEEER

MGG SOk, MG R — DR
G, AE I ELRER SR R OB R R X T R A
Jil R R AR R GE T Al A% 1 AR 3 R Al - o
Z IR SC R A B T RES B RCR . T X
FETEAN B R AR & R GG AR 0T A

B G b KRB W R AR b i, SRS —
W A AR S IR B R Y] . — IR TE MR B rp
FFEM, %ISR BB S WP A, ot
K BE B4R FH A BR 1 20 M R % R — B R
WU LA ZE e fih et () B T8 B A I S 0T 3R o

invt vt

1 x)=sin[ L], g7 x) = Foos| .

e =) sin %) (n
SRR
(=) [EI
wb_(L) po (12)

B () (12) ARAS (9) FF2 x. (1) =

[q,(t) u,(t)]'F5:
M.x (1) + Cx (1) + K.x.(1)

ﬂm&mwmzug+hamﬂ[“f”} (13)
Ko
AL:£%+bJK%)*h%UJ’
“bg(x)  m tb,
o [P et (x) ed(x)
Tl 2wl - e (x) . |
K:

v’b.d, (x,)e"(x,) +
vcsjéc )?(i >)+ kgt (x) + K] i)
Vb gl(x.) ~ ved (x) ~ kg (x.) K,

th k4 SU AT St 7 B R 2R B s
H, CEH5) 5 H, (B8 /5%

o

_ 2 _ 2
How)=—— @) gy
B mw ¢1 +Bz(wb T )
_ 2 2
Hy(w) = A “me . (15)

Blmsw2¢1 + Bz(wf - a)z)

K

b,
4, =0+ 2w, -~ —ao’,
mS
= w? ' . b, ,,
B, = (Ds¢1 + 2Qws¢l + Zjé;a)s¢]a) + ;(ﬁ] +
2b, . b,
m, ¢ jo ms¢1a) R
_ 2 2 . b, ,
Bo—w -0~ Ylww+ o,
mS

Kb, o= /k/m, BEBEAWHE, (=
C/ (2 mk, ) WERALGHE L.,

X (14). (15) MBUSAA B ROR T EHHEG &
S8 TR SRR R R, B R T ZEAS IR
SRR R G AR TR IR A R BOR R 8 AT LAE
WHSEMAGYHESE . BEBR, —RR8 L
MERERZAE, W, ATHTRESER
W42
22 fREBERHREHSA

R SIS N T RGE MR T, FE
SRR, AR RS RS R



£

\]

3 % % ENERRDBE TISDBRFESTRMAML

191

WRECTIMEEAR SIS . B RESHILEL, &
R R BN 013 8L 50 SD B AL R G0, ILif 4
FEIG 0K 0, 10.0 rad/s. BEAh, I3 1R
() — B [E A 0% w, 4 19.7 rad/s.

®1 EFBARZSH

ZH 1& e {H
m kg 9x10° b/kg 3000
kJ(N/m) 9x10° p/(kg/m) 1.5x10*
¢/(Ns/m) 1.8x10° E/Pa 2x10"

v/(m/s) 10 L/m 20
Am 2 A/m 0.02

&2 [T 7R i SD R4 R 45 7E A2 3 1] R Bh A
ER T &8 s (K2a), DLESFRIE SR
(E2b). HE 2am] 51, 4 AEREG R T & A 5
FRRAWAS, 1E17.6 rad/s 55 25.4 rad/s 4b H L 2 43
PRUE, RUENHEVER W T 4500 R sh Rtk

i — 2P R B, %’:%%@%hlﬁ)ﬁthﬂzmﬁlfﬁﬁﬂ”
16 R M2k 2200t 18.19 rad/s 55 34.43 rad/s 1%
WR A, HAERE N, e KTW7mm&
AIE R 0, FUTREA 1 X 42 50 m R ek, 7
WA R T R S AT A . I 2b AT, B
ZRA AT R P RO S T %, BB AR 24
Ao [, P IE E B, AN TR
AT, REWFHE BB W S0 RAAR, ) —4
FAREULHA TR X 2 10 B ) d 2

345 TR A 500 3 000 kg iF, ISDEZEA
[FIBHJE H T B 2R & R gL b SRt . 1%l
LPWAFTE3 DA, B E SR 2 A, K 3a

TR AR A A% 18 SR AE S AL () 31 5D 34.43 rad/s 3
/NF29.32 rad/s, ELWEAE T K, (HHET2 A3k
AREFEARAE X R ISD 220 HEHr & 8 m 4
R TR PN 04 98l e 7 EL A B A B AR . 3
S IR QAL 3 SR AE e AL B AN ) 5 DA 34.39 rad/s ik
/N$29.38 rad/s, ELWEAE TR, FRFE, #2403
SIEAREFEARAS . I, TSD A2 40 1 45 i 4 R Y Rl
PALGS A S ) 17 )40 1 R TR A

0 5I 1I0 1‘5 20 25 3I0 3I5
B /(radss)
(a) HEifEib%H,

?ﬁét/)(rad/s)
(b) RS AEH,

2 SDEZEARMEEL TEHRRFGEFHEE

20
W /(rad/s)
() HWifEih%H,

20
AR /(rad/s)
(b)) MriEfhis H,

El3 ISDEZEARMERBL TERRSREE



192 REIREZR

B\ B4R TISDBESHM®L
3.1 BRAHESERNIE
&1 4 SD 5 1SD 33 W A AN 7] 28 2 (1 B 2R 7E 440
MR . B A5 T H R . P da R A AR
AR R S A E I Ol . B RTAT AT, SD &
ﬁ%%ﬁmﬁﬁﬁswwmhmD%ﬁﬁﬁﬁﬁ
3.1x10°m. &l 4b, ¢ fon T 4AAR 1 U 1] 43 8% Ak
& B KA RE M 0.033 mIdi/NE] 0.020 m, Fie Kk
JE M 0.24 m/s* /NN 0.14 m/s>, 8] 4d B AR R LERT
1 R shE ST, AEMRIE B E] T A R

T spEk4

A% /m

1.0
i a]/s
(@) Mrgvh s

0.04 T T T
E ——SDE4

L F%/m

0.5 1.0 1.5 2.0
S

(b AN A8

—spEi

buiﬁ;)ﬁ/(mﬁ

1
0 0.5 1.0 1.5 2.0
B 18] /s

() A& Im) g JiE

£15%
5.0
2.5
Z
g P
ﬂﬁ 0
R
-2.5
_5.0 1 1 1
0 0.5 1.0 1.5 2.0

i [/
(& {EFAERR L
B4 EHBEIEATISDEZS SDEZRMmAXTLL
B TR R GRS & i — DX I
SRGHEATOAC R BERL, o B RS R, A AR T
BB RGBS, AHAS RV B R BN T %8
AR IR IE o 15 s g ZE 3 30 Ik AT 8 v R
i, ANEMEB R BN 0 R GG R . 215
FRRFCHORS (RDSDAEAL), ZEHHFIN: B2 A% 128 % il
2R 43 BIAE 10.0 rad/s A1 19.7 rad/s bk W& A{H . FE &
[T R A SE I, FRGEAL 18 A 2 12 B W (L
i, BRI EVEEIE, W Sarh, 2GR
[T Z %00 3 000 kg 1918 G0 T (B /Y 2.6 T FE3 2.4,
KM AE b=6 000 kg I [k 2.3, [A] ) [ A A% 2 T
Meiash . mEsb, Hi THGER, S8l
K197 rad/s i, AL AR BEIT TR BRI T
JoT FRBO R AL 38 R R, Bl AT R B K
3000 kg, HIEME WAL, H4 b=6 000 kg I},
W B AL o AR (S AT 4 1

T LI s s B
—b =0
25F s ]
I -- -b5:3000 kg
2.0 o\ e b=6000 kg ]
g1s / NN ]
1.0 ]
197 22
0.5 Resonant
freqency ;
range BER Y F I S———
1 1 L
0 5 10 15 20 25
AR /(rad/s)

() LR H,



% 2 # w1 % ENERIRHBE T ISDBREESTRMAN 193

T —
—b0
1.25 - - -b=3000 kg ]
Lok b =6 000 kg ]
4
5075
=
050 F
0.25

15 20 25 30
SR /(rad/s)

(b) WRMEERH,
5 BREANNESEERNEMN
3.2 ISDEZESHMKL
B — B S A ¢\ (L2) =0, H,H I
20,00 Rl pk Zzmg, W= (15) ATLAfRIfE R

D, +2j(,D,
D, +2j¢.D, °

M TR A A, H IS (IR,
Rzt 230 (17) 6
Dy
D,
¥ D ~D, 1 RFZLAX (17) ALHHHEEIA

B AT IO R BR A S 2R

H, = (16)

L2
=+ — o
D, (17)

2 _ 2
<@—mw%—%+”bw)—

msw2¢l -
7(03(01 B bsvzwq, + bs¢lw2
wﬁwj . (18)

2
N

+
+w3w2md%
BE B MR o - 0,, BB ILRS o,
Floy. FE Vien AR, EIHERITIAS M,
2 2 _ 2m,wyo;
T Ty R

Wi+ oL=

2,2 2 2 2 2 2
2msws¢l + msbsv (0'1,(01 + 2bswb + mswb + 2msa)s

m,(1 +2b,p7) = 2b,

o

(20)

W EE RN, M IR, 245
AR A 2 AN, W T AN S R4
A E 3 A LA, Hh— 15w, A,
XA AM T ERSE. 5, HFo,
Fl oAb AR B E 5 ¢ TR 6, BRI, ATHR O 8l +oo,

2
tmw g,

H, = . (21)

mw’ gl — w; + o’

HAH>0, IEFXN 0,< w0, T530N o>
wyo Kt 0, Mo EEATRER 2 (19), "1
#=L (22).

ol (0l + 0h) - 200l (mel+1)=0, (22)

K (19). (20) fRASK (22) B3I 4L
PR -

o —szvz(z bs+2’l;;sw§+a)f,o )
e T 2(2u + 1)
A u = mpL 5B A R L .
FUE XS A R BT T e R, (ERR R
1L R ZH) 7 WA L . & 6 Jir
N, 5 oy YA B SR HA S AR 0 14 8

RIS . I, SRACBHIE it 2K (24)

2
d|H,
|da)b| =0, w=w,. (24)
PR
2 — (bsgolwi B msa)zgol )(bswlz B mswf + mswi)

G

o

2miw,p(mw.p, — 20lwn,)

(25)

BEHRALHE = 032, WE6 iR, H

FRERIIE, & o PURDE TR M AR
B 52 [ A7 A

—(=0.10
---(=0.20
1 - =032
J e €:0.60
o~ m0.90

AR /(rad/s)
Bo6 ZFHmMIAESETARERERILFRERRIEE
3.3 #RiTie
T SEAMACKN, AT EFRAG RSN
AR A 1G24k, WK 7R, Al DITE 2 G
W, DA S 250 AR 2 4 4% 3 2R 3R 1 710 48 3 A
E 7a SR T 450 2 AN SR HR AR AL i I (E B I, 42



194 REIREZR

F15%

w1 AR e AL BT IE R . ] Tb AR AR R A% 3 A R
WA 1, RUIEEA RAFRIBF R A

— BERAH
o BN SE

70F

0 5 10 15 20 » *
A /(rad/s)
() ZERifeiZ H,
—— SRR
Y S | R ZHRE ]
15F
]
Elg
1Lof
05F
0 5 10 15 20 » 0

SF (rad/s)
(b)  Mrigfhis H,

7 BERENBERTHEEERLER

SE TR AN, 8 4 T AT &
G AE I Sl 9 0 SO X LU o AT RAE P W A 5] 8a i
A, B 8b~d 7 IR R LRSI S AR A
RNz = S RS S W G e D 8
RESA B 1T, SRR A1 T ISD 828
RGESHORNT ] LA AR T A n B A, %
XA SR b Ty, [ P ol 4 00 B0 6T 1 RE A P
WA

—— SRR
----- SHMRALSE

0 0.5 1.0 1.5 2.0
T
(a) MR i BesE

0.02 —— ™ ———————————————————————————
— B
----- SH AL

oo b A o 0
0 0.5 1.0 1.5 2.0
i H) /s
(b)) AW A
0»]5 T T T

SHRMA
----- S YR ]

3 (/s )

0 0.5 1.0 1.5 20
B a]/s

(c) AP [a) )3 JiE

—— ¥ b
----- SRR ]

0 0.5 1.0 1.5 2.0
B 18] /s

(d AR LRl

B8 ZEHIBE RSERINER L&

B\ i

1) VAT A B AR S R DA oo AR T M T R
RHX R MR ER, X3 TG LRt 2
(sl IR, BoA R W AR,
B AT 5T s AN ERE . RSO R A
o

2) ISD=ZHAHE T 1% 55 SD B AN T 4 - It



% 2 # w1 % ENERIRHBE T ISDBREESTRMAN 195

S IE AR T B3, IS R G IE B3t
DIRATF, T T HENME RELBRAK, o
PR R 8 A FIBRE HR AR, A
FCEA R T rh e R S RE R G

3) UG VE AL T A SRR 0 A A
P, FAE AR PSS T ISD B ARG SHH
DA, FRAFE AL A F 3R A AL 1SD 248 fH e
PE, PR T R WIS R A R A

S %3k (References)

(1] XBs&, BOMORI Ay 2, 55 . b A B 25 - Bl 45 4 3h 4240
BEAIAIFTE LT ). 22 2, 2018, 31(7) : 92-100.
DENG Lu, DUAN Linli, HE Wei, et al. Study on Vehicle
Model for Vehicle-Bridge Coupling Vibration of Highway
Bridge in China [J]. China Journal of Highway and
Transport,2018,31(7):92-100.(in Chinese)

(2] BUESC, ZEM , 250 2, 25 i BRSBTS B LR
o TR S 0 A 5 A 55 SIS [T ] R 3h TR 244,
2021,34(1):9-19
ZHU Zhiwen, LI Jianpeng, CAI Jingyao, et al. Field
Investigation on Fatigue of Steel Anchor Box in Cable-
Stayed Bridge Under In-Service Condition Considering
Vortex-Induced Cable Vibration [J]. Journal of Vibration
Engineering,2021,34(1):9-19.(in Chinese)

[3] DENG Lu, WANG Wei, CAI C S. Effect of Pavement
Maintenance Cycle on the Fatigue Reliability of Simply-
Supported Steel [-Girder Bridges Under Dynamic Vehicle
Loading[J ] .Engineering Structures,2017,133:124-132.

[4] XU H, HUANG C C, WANG Z L, et al. Damped Test
Vehicle for Scanning Bridge Frequencies: Theory, Simu-
lation and Experiment[] ].Journal of Sound and Vibration,
2021,506:116155.1-116155.24.

(5] fUE, 2B shiR 57, 55 Gl T rh/ NS A B3N
S BOFS S A S BT 5T ) . R R4 CE AR
2207 ,2023,50(7) : 12-22
KONG Xuan, LI Siqi, HAN Zhenyong, et al. Parametric
Study on Moving Inspection Vehicle for Frequency
Identification of Small an Medium-Span Bridges [J].
Journal of Hunan University (Natural Sciences) ,2023,50
(7):12-22.(in Chinese)

[6] HARRIS N K, OBRIEN E J, GONZALEZ A.Reduction
of Bridge Dynamic Amplification Through Adjustment of
Vehicle Suspension Damping [J]. Journal of Sound and
Vibration, 2007,302(3) :471-485.

[7] DENG Yang, LIU Yang, FENG Dongming, et al.

U BRSPS SR A e

4) ARSCHBIFTE A5 R AT TR RS |
o N2 B AU, 7 JH s i AOBCHE AR O 215
BUEALALTA T SR, R AT AT Bl S
Grid a4, [ SER AT R m A A A A

FRT, 1648 =BT G d SR etk
FIN ISD 2RSS M AL L KRB & i) A8 R 58 43 Hr 7 1
PR, et — B RAIE

Investigation of Fatigue Performance of Welded Details
in Long-Span Steel Bridges Using Long-Term Monitoring
Strain Data[J].Structural Control and Health Monitoring,
2015,22(11):1343-1358.

[8] ZHANG Yichang, LI Wusheng, JI Zhe, et al. Vehicle Ride
Comfort Analysis Based on Vehicle-Bridge Coupled
Vibration[ J ].Shock and Vibration,2021,2021:1-14.

[9] DENG Lu, ZOU Shengquan, WANG Wei, et al. Fatigue
Performance Evaluation for Composite OSD Using UHPC
Under Dynamic Vehicle Loading [J]. Engineering Struc-
tures,2021,232:111831.1-111831.11.

[10] RENHS, ol AR AR 5 I ARl 5 R0 1 KBS e R
B TR & B 57 B AL [0 ] =3 5 bl , 2021, 40
(5):218-229
ZHU Jinsong, XIANG Chao, QI Haidong. Fatigue
Damage Evaluation of Steel-Concrete Composite Beam
of Long-Span Suspension Bridge Considering Vehicle-
Bridge Coupled Effect [J]. Journal of Vibration and
Shock,2021,40(5) :218-229.(in Chinese)

(11] WA, TOHEAS, A, 2 5E T 904 X TMD Y T il 79
B2 & AT BT AR IR 3 Bzl [0 ], 45 HE Tl K4
(H2RBF#R) ,2020,43(3) : 382-388
HU Ke, DING Yajie, WANG Zuocai, et al. Distributed
TMD Based Vehicle-Bridge Vibration and Control of
Precast Steel-Concrete Composite Beam Bridge [J].
Journal of Hefei University of Technology (Natural
Science),2020,43(3):382-388.(in Chinese)

[12] DAI Jun, XU Zhaodong, GAI Panpan. Parameter
Determination of the Tuned Mass Damper Mitigating the
Vortex-Induced Vibration in Bridges [J]. Engineering
Structures,2020,221:111084.1-111084.11.

[13] DAI Jun, XU Zhaodong, GAI Panpan, et al.Mitigation of
Vortex-Induced Vibration in Bridges Using Semiactive
Tuned Mass Dampers[J].Journal of Bridge Engineering,
2021,26(6):5021003.1-5021003.14.



196 REIRFIR F15%
[14] MACA J, VALASEK M. Vibration Control of Bridges 2019,61:12-19.
Under Moving Loads [J]. Slovak Journal of Civil [21] ANGELO D E, ALESSANDRO C. Improvement of the
Engineering,2006,3(4): 1-4. Dynamic and Seismic Behaviour of Rigid Block-Like
[15] LIN Ke, TAN Chinan GE Chenggiang, et al. Time- Structures by a Hysteretic Mass Damper Coupled with an
Varying Transmissibility Analysis of Vehicle-Bridge Inerter [J]. Applied Sciences, 2022, 12 (22) : 11527.1-
Interaction Systems with Application to Bridge-Friendly 11527.20.
Vehicles [ J]. International Journal of Structural Stability [22] CANTERO D, MCGETRICK P, KIM C W, et al.
and Dynamics, 2022,22(2) :2250022.1-2250022.27. Experimental Monitoring of Bridge Frequency Evolution
[16] GAO Hui, WANG Hao, LI Jian, et al. Dynamic Behavior During the Passage of Vehicles with Different Suspension
and Damping Enhancement of Cable with Negative Properties[] ].Engineering Structures, 2019, 187:209-219.
Stiffness Inerter Damper [J]. International Journal of [23] TAN Chengjun, NASIM U, EUGENE O, et al. Extraction
Mechanical Sciences, 2022,235:107664.1-107664.14. of Bridge Modal Parameters Using Passing Vehicle
[17] SHEN Yujie, HUA Jie, FAN Wei, et al. Optimal Design Response [J]. Journal of Bridge Engineering, 2019, 24
and Dynamic Performance Analysis of a Fractional-Order (9):4019087.1-4019087.15.
Electrical Network-Based Vehicle Mechatronic ISD [24] YANG Y B, WANG Zhilu, SHI Kang, et al. State-of-the-
Suspension[J ].Mechanical Systems and Signal Processing, Art of Vehicle-Based Methods for Detecting Various
2023,184:109718.1-109718.13. Properties of Highway Bridges and Railway Tracks [JT].
[18] LI Xiaopeng, LI Fanjie, SHANG Dongyang. Dynamic International Journal of Structural Stability and Dynamics,
Characteristics Analysis of ISD Suspension System 2020,20(13) :2041004.1-2041004.45.
Under Different Working Conditions [J]. Mathematics, [25] CHEN Long, LIU Changning, LIU Wei, et al. Network
2021,9(12):1345.1-1345.20. Synthesis and Parameter Optimization for Vehicle
[19] YANG Xiaofeng, HE Tao, SHEN Yujie, et al.Research on Suspension with Inerter [J]. Advances in Mechanical
Predictive Coordinated Control of Ride Comfort and Engineering,2017,9(1):1-7.
Road Friendliness for Heavy Vehicle ISD Suspension [26] PESTEREV A V, YANG B, BERGMAN L A, et al.
Based on the Hybrid-Hook Damping Strategy [J]. Revisiting the Moving Force Problem [J]. Journal of
Proceedings of the Institution of Mechanical Engineers, Sound and Vibration,2003,261(1):75-91.
Part D: Journal of Automobile Engineering, 2024 ,238(2/ [27] PAVLIDOU L, ANGELIDES D C. Fixed-Points-Theory-
3):443-456. Based Critical Condition for H, Sprung Mass Isolation of
[20] SHEN Yujie, LIU Yanling, CHEN Long, et al. Optimal a Two-Body Point Absorber in a Sea Wave Environment
Design and Experimental Research of Vehicle Suspension [J]. Engineering Structures, 2022, 250: 113182.1-
Based on a Hydraulic Electric Inerter [J]. Mechatronics, 113182.18.
fEE®B BIEEE

s (1999-), 55, LR, AtHt
FeHE, FEEWTIT R R ARSI T o
E-mail: stxuyang1999@163.com

KL (1987-), %, WHRHERAN, 1
€, BI#dR, BT ARSI
£t iU R DA 2 g Ve
E-mail: zhangby@ujs.edu.cn



