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Step-by-step Progressive Design of High Energy Consumption

Anti-collision Magnetorheological Dampers

MENG Zhuang, YU Guo-jun”, HE Jun, YE Xiao-long, GAO Fei
(Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, China)

[ Abstract] In order to better protect the safety of bridge piers and ships, a step-by-step progressive high energy consumption anti-
collision magnetorheological damper for bridge piers was designed for the problems of passive energy dissipation, poor dynamic response
and anti-collision energy dissipation, and limited adaptability of the device. The structural parameters of the damper were established
through the establishment of a mechanical model. The structural strength and magnetic circuit were analyzed using finite elements. The
results show that the strength of the structural components meets the requirements, the magnetic induction strength at the gap under 2 A
current can reach about 1.2 T, three pistons are set up in the cylinder barrel, which can work together under different crash depth dis-
placements to divide the energy dissipation of the damper into three stages, the minimum damping force under no current is 15 kN, the
maximum damping force is 496 kN, and the damping force improves with displacement by 481 kN. The damping force under 2.5 A
current increases with displacement from 78 kN to 1 204 kN, which is an improvement of about 15 times. It effectively improve the
force of the damper and achieve the excellent effect of graded progressive impact energy dissipation. The application in the bridge pier
collision avoidance device can achieve semi-active collision avoidance energy dissipation. The theoretical and finite element simulation
results basically coincide with each other, proving the rationality of the damper design.

[ Keywords] step-by-step progression; crash energy dissipation; magnetorheological dampers; structural design; finite element analysis

W&t 5PN K B SCE TR B0 B 45 B E 2 R gsh U AR, W3l By 1 i A AT 1 55
I UEAER S VT IR TR P G BN RCR AR B A AR R 0 EHJC R B DR 0 58
SRS Z RS AT R Z B AR R R HOO AR T R B R AR R I
B2 DRSS BORBUZ IR L RN SRR SRR E T RSP, B

rFE HEA: 2024-04-18 1&ITHH . 2024-11-19

EETR . FRARRAEES (12372091) ; 17574 T AT &5 H ( BE2022162)

F—1EE . &H(2000—) , 5B, DUE, LA TEN  B-ERGEA: . BFETT 1) . B S8R TR R B3, E-mail :2249325410@ qq. com,,
CEEEE . THEZE(1981—) 5 DU% LRI - BBz . DR 5 1) . DRSS i K345l . E-mail : gjyu9 @ ujs. edu. en,

IS MHE - www. stae. com. cn



2025,25(5)

o, 55 B 2k kA R AR RE ST R AL B JE A8 BT 1897

T BT N s A FERE B W A oy F sl of &
B AERE

R B i R A IR s i T —Fh 2
A RRPT R FERE AR IR i S DR 1 BE A -
A BHERR, T E SIS R e IESE T
BRem;- Ry U R g T A FE . Zhe D) R
T IE T R S e B wh e far 2R B9 R A e A
SRR I FE S O T B T Y 2R B RS AT Y 3 4
I IE ZBH e A R R & 1 g i AR B e
sy REJE 7, BB AR T BRI BEE AT E &
0, Liang T $RH T —Fp T 4 MO 75 00 AR
XA TV S 1 10 9 A BELJE 2 , JHC R P 4 e 7 A
ALYETTBIBEJE T, I 38 o HE TR I 2 S AN X FR D
AT A R W AR R R, X R TR
— T VT A0 A 55 R OB AT R AR R AR
ZPHJE 2% B A5 G il i A2 B 4%, B2 s ] 8 3
K HZG A BEJE J 380y 38k A A A, wl
SERRST AAT R A AL i B2 38 B /N, Wang %5
Wit T —Fh 55 U1 1 =X 5 H #E IR AE ( magnetorheo-
logical,MR) FHLJE % . 5L GepHJE 4 A 1L, X B e
v ELAA A ) FE RE R, BE B 7E J B[] P AR B
KIBHIE J1, 5 =80 T — g BB AT
T i A% 5 U 384 W BHLJE 7% , iZ BH JE 2% nT 38 21 1 37 A
1% FE A B i R o], B0 S 0 AT R
Al WL I 2 PR 3 35 T B9 TH B DR 1E H .
/N A O S TR AR B R 5 I B A [ R s
T T — o A% (8] B i 3 A2 BHLJE 2% , iz B e 4%
FEANRI B BE T Yy el SR AR nT s B e J1, vl A
BT th AR AR

PR R = A B s 0 R i i ey 284
TR AR B 2% 1 R SR E AT R PR E
TR VISR 138 B 4548 1 i b 7 A, 7% i 4%
il o G AR BELE 2 75 1S 4 A A o A D iR
T—FF T8 B pi i 19 2 Gk 1t =X FE /B #E i A
RHJE 2% , 181 87 BH JE 2% 01 A 1R o2 BH e 2 45 49
SR i A PR T X BELJE 25 09 25 ¥4 08 =X w6 iR 1 7
15 B M s 2116 ZE L A iz 2 ] {6 BHLJE 45 55 38 70 9%
W ECH T R B S BT FERERICR .

1 HiiE TERE

1.1 Z#wsk

B MR B 4R 2 B 1R T 1 L 2% 25 A A i T
WA 1 FR,
1.2 TI1EHEIE

% ik 33 X R FE BE W T AR BHLJE 8 S B V) i X
T K S R AT A B R, T A A G in B #%

FOATRE 5 35 2 [ A6 @I 35 ZEAT b AT BT R 6L
PN, P 908 ZE ] 5 A8 J2 05 ZEAT A B A AT
M,3 AN ZE RIS AR e AR iz 37 3 4
BB s FEfd iy S LA R AT RE /IS, BT 2 A st
Jeds RS —E R P bR, i 1 AT R
ARR, WA TG ZE T 4R U R) AR B2 1 BHJE 2R Y
7 HLSE B3 adk k ACpT iRE RE A0 RASCR: A 3K
MBI R TR 4 2 Y W A A L, S BRAE
fdE o 7 B/ B BT BHLE gt BE R 4B AT S B B
IPFEREZSCR ; IZBHJE &% AT BF X AN [ B9 43 o g L B 4
TR BE S B R A AR X, DT $ 43 ] 42 1 BH e
J1 5 2R TARRE L B2 Bt 1 5 4 1 sl 2 ey 1oy 1 47 il
PERE , HE— 2L 4R T T BHJE &% 4 3E FIYE [ By 1 1 fig
&SI AN
FHIESS 3 BrBE AR 2 ~ 18 4 Fis
6

12 34 5

ﬁ/Wﬂﬁf

@7z, 2 |
X X

I
s [y S
RN - SNY

s T

e
X X
bz 2 ) | ),
415

IRammnin

1 KRG FERT 2 MR 3 N RELE R ;4 R RDE TS O Yx B %
BB 6 0 O TR BB ;7 S A ;8 T I8e ;9 N EIRET ;10 K
BRI F 5 11 S RT3 By 12 a4 0 5 13 o P43 5 14 S Bl T
5315 M EIGHEERT 1;16 AFEIMFL;17 R FELTE A;18 HEIHHE A;19
HATETE B;20 ML ;21 SHiERIEE 22 TG FEFF 2
B 1 FHesERRER

Fig. 1  Overall schematic diagram of damper
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Fig. 5 Simplified diagram of magnetic circuit structure
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