H42% %6 E R F  F R Vol. 42 No. 6
2025 £ 12 A Chinese Journal of Applied Mechanics Dec. 2025

DOI:10. 11776/j. issn. 1000-4939. 2025. 06. 015

T RLEAS A I = LB 17
WA B L 5 P REFSE

HER, Z AR G

(1. P ERERE S 2E 05T, 100190 J65T;2. frE Rk e K ae TRERH A2 BE , 100049 JE5T;
3. PR EBE R EARE AR B, 100049 JL50)

W E R 5% E TR AT IRIR S AR R 6 Rk B, 2 LA R AR & A IR A%
REFIBATIRBL GG AT IR AL F4m6g - FIREF R R MR EE R E N R o) T, K TROA
ERAMF ZF) KRR B &6 AR BAR T AR X —M . ABF AR & 1R 7] F 0 24T Ik
BOBRARKER PR BRI T LB ATARSE, AAELTHIBLG AR, R
J& Xt LR 35 MR GG BE A GRR B A BE ) AR BAT G A PR T R B WO SR A SR R A
B AR By X TR, SR A, IZRE QRIS ETT AR A REITRIRENH RS
Ry, ERKEATAR 46 kN, TR A 2 A 28, sbsb, 4 af & B 18] A 12 09 BE A% A I F 3 A7 3R T,
A I 0. 69 1525 B 5 JE 0 8] BB A 1% [EL R 35 09 e JUBE 3 , 12 B X ANIE B 25 B AR 8 8 AL R 4
Ao A3 4] K AP REY 0 R AT RS 35 P S AR 434 B EEde e i 43k

KW AT IARE; SR F WEAT RIS ; & B 19 JE

H B 4 K5 . U266 ; TB535. 1 SCERFRERD A S E RS :1000- 4939 (2025)06- 1353- 11

Design and performance research of a three-coil anti-yaw
damper based on magnetorheological technology

CHEN Jiahao'? ,WU Han'* ,HU Kaixuan'" ,ZENG Xiaohui'*

(1. Institute of Mechanics,Chinese Academy of Sciences, 100190 Beijing, China;
2. School of Engineering Science, University of Chinese Academy of Sciences,100049 Beijing,China;
3. School of Future Technology, University of Chinese Academy of Sciences,100049 Beijing, China)

Abstract; The anti-yaw vibration devices currently used in high-speed trains are hydraulic dampers,whose
damping characteristics cannot be adjusted according to the changes in the vehicle’s operating state and
environmental conditions, resulting in poor ride quality and stability for the vehicle. A semi-active damper
based on magnetorheological technology combined with intelligent control technology can solve this prob-
lem. In this paper, a three-coil magnetorheological damper has been developed with adjustable damping

characteristics based on the technical specifications of the anti-yaw damper. The multi-physical field of the
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damper is simulated ,and damping performance of the damper is tested under different excitation currents,

amplitudes , frequencies, and coil combinations. The results show that the magnetic circuit design of the

damper is reasonable and complies with the technical requirements for anti-yaw dampers,with a maximum

output force of 46 kN and an adjustable dynamic coefficient of 28. In addition, an analysis is conducted on

the magnetic field distribution at varying coil spacings. The findings indicate that a critical distance exists

between the coils,and the critical distance of this damper is 0. 69 times the width of the coil ,beyond which

the magnetic field distribution becomes non-uniform. The change in magnetic flux density at the effective

damping channel will stop when a certain part of the magnetic circuit reaches saturation.

Key words : magnetorheological damper ( MRD) ; high-speed train; anti-yaw damper; coil spacing

W% 9 4 B AT R R W T, AT Ak
P AL R BT RS T I 2, AT PR3 N
— A A Tl S A ) K FE R AR S B, M RS T
FEEAN G 2 2B AT PO AT IR R A 0 ) v
HZEMEA TR S B A RO A (ER R e
P21 PS5 LB SE 62 B WA R 5 8 O € =i )i
PR A SRS Tl 3 1 BELJE 1Rk 7= A= BELE T, 53
e FUBB AR IR 3 2E 10 R 33 BE 4R (AR IS B9 BELJE 1, TG
P ARSI 2 B AT BELIE 7 /N 34, 0 A
A ST VR S PR BV o S SE IR b R ]
L, BB R 5 ) A B8 3 T 455 L2 1) I A 2%
AT 22 2 v, FL vl 0 0 2 FEL T 7 5 £ JLBELJE g 7T
i MR R ARG S A B iz S

FIHI, B0 A2 BELJE 2% 78 7R [ 9 47l 45U %
FIRH, P EA R TR EERTY BERA
Ge178 G RS S B HAE B 4
FIRL AT 32, KA F 58 S I S5k i i
A FLAE RS RS £5, 1 W U8 A8 BELJE 28 4% 55 14
A BROCHFTE AR B . ATRAY 260 503 T — b it
KBS 1A 24 kN [ 2R 2% 1B i v A BELJE 2%, I IF %
T IR Y LS5 G 3 A2 RELJE 2 ) BELJE
J1o LAU 2" 3503 7 —Fh th B J1 JE R 7E 2 ~
12 kN =28 FB g A8 ELJE 2%, 1) FH Bk 9 Boue-
Wen F750 S AF G AL FHLJE 2% , 45 R 2 W13 T WG 4
BELJE 28 142 3 3l 3R S AR Bl SR LT 7, REMA B
RE PN EIBFT IR, B> 4h, HUA % OH
£l DR JIN 250 2 2 B o TE R T R U AR BEL R
A WA 8 9 AU A A,

i el N R S 1 s s I W
J& AT BRITHIF 5T 24 oy, L4 T 43 BT 1 7 A5 BHLJE 28
FOPERE, BRIh' " EF R i ) AT IR S Y T80, 78
SR BT T IR IR 2% T70 2549 280 b, R A BRIT
A TRE RS ot S04k, A5 2 7 BEJE g n] e

A AL P 0 S LB . KIML 25010 53 17—
e K BELJE J3 0 15 KN f9 ULk Pl i S BELJE 2% , IF:
FFA BRIC T I AT B AT o B0 R A S, 75
YT LR B3I BF 5 R Z AR BT
Y7 AT BRICAMT , EL oA Yot 28 Pl T B A /N A 7313

L BT BUA 4 ik T DR X LA HE AT BB 1Y
VR, Gl 9 4 e AR A T AR 25 R
S5 ARSI 93 L BE ) ARSI T R LT 7
FIZE FHIRER SRS 2% AR REAE AR IR 2 5L BT RELJE
1IN SEIS TR (B A BB 2 2 B %) i 2 91
WEATIB ST & 1. BRI, K 5B JE 23 B BLE
R DL SRR AT R B Bk . [, B
FEH XA T BE R B 05 A8 LR B8 K 2 R R T
HLRESA A R TT A0 AT , 4R 0 3 3 T (0L 2 3Rt A )
FIRELIE 77, B R , 1 L ICHE T i 4 3 4%
R SPRZS o T e, AT T AR PR e AT 0B 2
B AR TSR IR T b =R B R A BELE 2%, O
X HEAT 22 B IG 05 ELLATR A ST BEL 25 19 4% T 1
b, BLAh, ASHIFFE A B %0 A5 20 BELJE 388 1 Ak S 7
J3E it 2 P ) B ) 2 A BT T3, DA S R f %
JEBC I S 50 40 1 4 i

1 wREERENE

1.1 TR R AR E R

VL 1 Ay SR 450 T i R 4 BELJE ARt 2
HIPE 1 A1, £ 150% bR iERL R e, i ik 4 0
67 HiT A BELJE 2 8505 BELJE I iR AEL 3 37 500 kN + s/m
520 kN Zify o

T B R BHE A AN RERS BT PR M AR HE 1T
PR RE R, 0 EL AT U L 52 1 TR 5K, i
AL FHLJE A 47 /1T B E R BN KT 600 kN -s/m,

LRI https :///cjam. xjtu. edu. en SRR S < 122 4R



5 6 1]

BHLJE IR 2470 35 kN [F]i, 234575 TERE I LB e
LIRS INIRC T S 20 S L AN (L SRV KR
HH1A,

20

Z
<10
R
5 -
—o— 150%H5 kBB f¢ Pk
—s— il B Rk
—a— 50%r i BB R 1
0 0.03 0.06 0.09 0.12 0.15 0.18
FEJE/(m s

BT B AT I e BELJE o i £

Fig. 1 Damping characteristics curve of anti-yaw damper
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Fig. 13 Diagram of radial velocity cloud
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