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Dynamic Simulation Modeling and Test of MR Damper under Temperature Effect
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Abstract: The magneto-rheological damper ( MR damper) is a kind of vibration control device with
excellent performance, which is used in construction machinery, vehicle, bridge and other fields widely.
The MR damper is a complex system of multi field coupling at work, expressing accurately its mechanical
properties with mathematical analytical equations is very difficult. In order to accurately predict the
dynamic performance of the MR damper under temperature effect, a parameterized simulation modeling
method was proposed. A nonlinear physical parameter equation related to the viscosity temperature
characteristics was established by using the measured data fitting method of the magneto-rheological fluid
test. Based on the Bingham mechanical model and the influence analysis of temperature effect, the
ANSYS UDF programs were compiled, the model parameters were set up, and the parametric simulation
modeling was carried out. The viscous damping forces were solved by using the Fluent module, and the
coulomb damping forces were solved by using Emag module. A mechanical testing platform for MR
dampers under temperature effect was built, and the simulation models were modified, compared and
verified through experiments, and the variation laws of damping force and energy dissipation at different
temperatures were discussed. The results showed that the temperature effect mainly affected the viscous
damping force; the simulation results were highly consistent with the measured values. The energy
dissipation of dampers at different temperatures and currents was inversely proportional to the temperature
and proportional to the coulomb damping force. The simulation modeling method can predict the
characteristics of the output damping force, and can be used to carry out the structure design and
parameter optimization of the MR damper.
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Fig. 1  Structure diagram of MR damper
L IGZERT 2.0 3. BTk 4. PhREZRIE 5. 3G %€ 6. AKELEL
7. WEWAEW 8. BdHA

FE W S8 LR N1 60 mm, %% H
57 mm, {EZERKE 120 mm , 28 J8 58 & 20 mm , £& [ [
#0400 B, FLAARIEE 6 mm, 75 ZEAT ELAR 22 mm, i 2
1772 80 mm, &M SG — MRF2035 IR A8 ik , %5
3090 kg/m’ , ACHEEK F AR AR NA RS B
1.2 TiERIB

MR BHJE %5 PN 3505 B 4% 7 196 00 O 28 9L, 4 TE 4

s S Bl A 24 38 SR VR BELJE #5 5 AM NG 7 F T
Tt AR VRN AT I A B AR SRR S M A A — R
Jer FRNE 7 I Sl e ] RS 3E R R P S sh s
Jii, 24 MR B #5832 B A AR s dah st | 5 i & 52
H5 MR8 TS0 8 ST AR Y D % s o Ak | o 4 SR AE T
FE 1 110 2 Bt N — 2 5 J3E P 30, SR A 7 1Y) L
Yy, VAR i BEE T, TP A2 M s 4 53 iy i s
figs, BLAh, T MR B2 %% TR B A48 fb 52 9k
TSR AEARRAE , A [ R 82 52 Vi) R 70 720 YL 110 4 B
Feb (S BRd s BELE g D g R e BE BT IRAS X
LR S B IR AR, PR, 5 B S R RO,
MR BHJE #8 /1 2# 80 . MR BHJE %8 & 9 3837 A |
HEXRWE 2 Fin,

il R R SO (i e | BSIRVERIE
@.wﬁ_.,&[.q T R i L ﬁ?fﬁ?}%ﬁ fn e

LGS

oy

HeIR E@
i sh il i 1
- PELJE frfesy | &g
|
HERUFE A

El2 Ky EEXR
Fig.2 Coupling relation of physical fields
1.3 thigfstE
254 Reynolds X8 9 1AL IR G £ By PR UL
BT A Al B AR SG — MRF2035 BY R It
70 T SRS B S A T R B S5 SR IR 3 TR,

040(
035,
_030F Ty,
T 0ask W wemee Ji(I
£ 020} .. i
B o5t ““-.._
* paof e
posk T e
5070 10 20 30 30 50 60 70 80 90 100 110120
R

3 WEWASWOREE HIREECR
Fig.3 Relationship between viscosity and temperature
of magnetorheological fluid
P T 3 TR T 73 R A ok B 7 - v T
TG T R, 15 B0 pR Bl B ph 26 5 SIE S VA
RAERG AW AR TR AR R TR T 2
n=ce’ =0.3166e """ (R=0.998) (1)
K p—HE T—RE
1.4 JERRR 4514
S i B2 AL %) 720 Y S D R | %o e i i
B SRR 7 0K R AT 2 WA 7E 0.1 ~
0.7 T XML EA R L MERLG LR, 45 L K 4 fir
N
HH & 4 TN, RGN SR B 0. 1 T2 1.3 T



384 P

L

M2 R 2018 4F

60
S0+

= 40t

il

30F

L IR
— s
----- LA

201

it B

10 4

0 02 04 06 08 10 12 14
i S R HEST

4 W) S IRV ) OG FR
Fig.4 Relationship between magnetic induction

strength and yield stress

FF , Jit R 7 it 2 ST, {8 8 2 % 5 s J T
JERT LTS, SRR Ty 38 i /NF 1% /(0.1.T) , Al
WO ASHOA BN R AR . fhZ U5 T7 RN
T, = —63.629B° +259. 72B* -370. 378" +171.9B° +
56.714B -1.6395 (R =0.999) (2)
LA R 55 AN ] i e N7 e J3E I ol 7 722 YA e
IR
BEAT, B AZ W AR 3 AE 0. 1 ~0.7 T IX[H] A
S e LA AR, DAy 2 Y B (RIS FH X
Lt 7 — B AU I R B S AL 3 MR B &R
Je Ty RIARCR A, R
7,=71.386B (R=0.991) (3)

2 HNEHEER

2.1 HERFRESRIE

£ MR FHJE #§ 71 24 AR rfr | Bingham #5781 JE 5
AT BH EL B SCRH A, S0 b 3R AE T MR BHJE #5119
FIFAEIENS FEgR S AT LA K 3h 1 2# kB
ST R g, A R IR

F=f, +fsgn(x) +f (4)
A F——MR BHJE A B9 H FHIE T
SR BEIE T, F A SR P A
f——EARBHJE T, B WA R Tt AR AN 7 A
So— BB Y BEAE T

HRAER I FAE )  IRE 20°C iF R (4) AR
2 1 WAL N 1.5 ~ 4 REHERELJE 1 o B
HREHJE J1 20% ~40% , PEARBHJE J7 5 LR 60% ~
80% , — 3 4N AT Z % 5 T 2 5t Pl 5 1% AT fi 5 7
SR FH 2R THI ' T AR P el EE it f, — M PT 2 g AT

AR T FAT AT, ATAE AN Bk R Ak .

(1) AR 4 #0224 RE 2% 14 AH G BIF 5% 45
SRS 20T R o i T AR YRR IR N T B R R A, B
PR ) U R AR WORG B S e HRORG TR BELE T
G0 57 ELAT, MR BHJE & BB BE 3450 534

(2) FERHJE 73t 3% 28 3 B 2 25 (AL A
R R AT 58 2 95 K Tkt B ok bR 2 o i Y A

W™ A B UIRR AL 23 A SRR, 5 1R S B s A
HER . R, O AT B B G 18 MR BHJE #% it
IR 10 mm S5 0. 5 Hz I 5% 380050 2 S8 T35

(3) f1 T MR BHJE &l X a1, el iy 5
AT AE &, TR R AR 8h 11 2% ( Computational fluid
dynamics , CFD) #AUA5 B AT FEM {5 523 B #4148 #R K
Ko MR BHJE SR SEBRES MY RO HE 57 1: 1/ 172 4
SRR,
2.2 SHER

B JH ANSYS BRAF53 3 xR i BELE 7 PEAEBH 2
J18E4T CFD 5 FEM 5 573 #r, 7155 MR )2 4% 119
B RH R BELE 3, U5 FLAE 8 T <7 [E E I
SR SRR e 2R B T RS R R B
BT I T 07 FORE R R S PR EA T A
1o MR BRSHOR T I B SOl 22 55 R HAs
BG5S P B IR — E 22 5, T B b AT B
BIE, ZAIF5E HeAE, SR P BT vE X BB R AT AH N
EIE, ATAEAN U 28R AR A4 T fof 0 45 R AT
BB E,

MR BHJE %% 3 )2 05 LR R 2 8tk B X80
ik

F=F +F =Kf, +K7 =
KAAp(n(T) 0(1)) +Kor (B(D)  (5)

A :Ap(m,v) H CFD {5 EERHEAG R ;9 (T) |
v(¢) T I S5 O AR R i P A E
N PRI ( User-defined function, UDF) , 7E{5 EL45 8 Ap
R 7 (B) G AL W E RN ), = (2) SR
B(1) W J§ ANSYS Z % fb it it ifi & ( ANSYS
parametric design language , APDL) %] FEM {Jj ELF2
PR fEARAS K, K, S T SR A, WG %A
RLHIAR
2.3 Hhi%FEES CFD {fE

1E ANSYS #AF ) Workbench e X MR FH
Je g P RE AR WA T L IR R4 CFD A S f
UETTIR0RE B2, X BELJE 18] B S HCR I 8 RO 147 fin 2%
EAFE] 16 824 DR =ML RIS, 35459 627 15
P Fe/INIEAS ST 0. 7, 1 J2 21 A K 5 o A% A

AINE 5 Fs
Fig.5 CFD mesh model of MR damper

K5 MR BLJERE CFD W% 5]

P AE AL A S A Fluent SRS TR X E . H
TRHIC R B /N, FRAREEE R 1.5 mm, H 1 €12 5
TR A, W U AR W S I B TR B 2 RS ik
P& Laminar iR iR 0T5 2812 2019 UDF 2




FoH

A A RSN T VR AL RS A Bl g 2 (7 FUEAE S 1 385

¥, 855 B AR EOAR AT B4 P IR Sl , A48, MR
PHIE# B IR TAE R AR . Ziit UDF 2 )7 A ey 2
(1) kA Fluent B, DLSE 28 5 X i B AR
PRSI IE N i ARG IR VR AR G B S HOT R
FEANEIRE . U B monitors , Wi I 5 ZE P v 17 09 R
3, 0F i8I out SCHFBEATH Y, NI 122 Ap.,

BEEEICE KN 0.001 s, 3518 5000 2, SR g1
A5 s N MR BHLJE #8775 & W g 1 2% Ap #9784k, 11
SRR T R B2 o3 A G 6 B, A [n) il B
T2 Ap W FERTZ AN 7 Fi7R

—L71x10? 1.24x10* 3.50<10' 3.76x10" 5.02x10° 6.28x10" 7.54x10" 8.38x10*
I 2
K6 MR L& TAERERE PR 1504

Fig.6 Distribution of pressure field in MR damper

—— =200
-= (0T
- 20°C
5 40T
= 60
- 80

— 1007
) - . —120%C
0 0.5 1.0 1.5 20

i filfs

7 ARREEE T ) 22 B R 2%

Fig.7 Change of pressure with time at different temperatures
2.4 FERHEEH FEM iE
P Emag B, 6 1 & JAB I FEM £
Y APDL F2F . HE57 MR BHJC 2% SERBORL 403
BEH 4 99 5 T 4E VI A8 PLANELS , 3F 143 FEM [+
a0k 8 Fw

Fie f3 25 /kPa

% g LR
Kk
%8 MR BHJE%S FEM 4% 4571

REHE

6 IEH ftesata]

Fig.8 FEM mesh model of MR damper

A AR MR AR SR | A 2SR R
Wy BR SR, Herb R U AL W T MRS E 430 R SG -
MRF2035 45#@F1 DT4 L T 2Lkl i, Jerg ik e 2
JELRMRES , WS A B - H gk, Pimm % stk
FE B NN ICREE I, BCE R T R R T2
AT R

X VPR Dl 2 L 3 S Tt o 7 i) R S il L D
BER AT, 0 % 18 457 7 ( Magnetic vector potential ,
MVP) 473K | 138 %5 BE 504 = A&l 9a Fows ,
R A AN E 9b B, BEE B AR IF WO SR B X
[F] Y 1] 5 Gl R 0 568 &2, AT 9 o 1 B4 i e

o756 2 I ol i P I )R PRI, A 10 IR

0 018 036 055 073 091 LI0 128 146 165
() W0

L =AW Y

\ JI(

Ly

0436 L . L L \ .

0.012 0.036 0.060 0.084
B 5 A S B

(c) BELJB [l B ch R R R

K9 MR FHE#HEY FEM {i &

Fig.9 FEM simulation of MR damper

0.108

0.61
0.5f

5 0.4}
o

03¢

2ot

0.1r

0 02 04 06 08 10 12 14
Tl 1, i/ A

10 IR 530 B B v AL ) 8 AL

Fig. 10 Variation of magnetic induction intensity with current

3 RIENEERMN ST

3.1 REFEEEFE

SRR XS EE A IE (5 BLAE L ST T IR B RO,
Ty MR FHJE #% 3h )RR il g #EEH SDS -
100 Y Hg 8 4] IR 3l i 3 AL L IR RS 4 T R 4
DOLI — EDC580 %Y 4= % 5 #2 il 4% . Tektronix —
PWS2326 B H I 5 45 1 5 4 B 1) 336 15 D R
Fn gL 11 iR,

BOE R RIS A A& T ST H
AHTE] %) 1E 5% 4% sh a0, I 2 MR BHJE #5049 8 4 B
Je i, RO ~80C IR B, BEHE 5 I AFIR
DX E) VR A T, ASRAE MR BHJE &5 04 35 B 2LV 5
PE££0.0.25.0.5.0.75.1.1.25 A 6 D% T
L, LSS UE £ FAS AT fi L 300 0 338 17



386

2018 4F

|
|
|
(a) I

Lt
JJ{I-JI

R EE (b)SDS=100% 6 3k

K 11
Fig. 11

3.2 fEEMRERE

45 MR B A% 3h J0 2 R VA 00 S N Kbl , 1
I Matlab $PFr) ie/h Zek K, K, 2E47 S8
PR, AT 15 K, =4.523,K, =0.082 4, i C 0F i
MR FHJE #5452 %0,4, =0. 002297 3 m*, Xf T
Y BE 00, MBSO MR BHLJE 45 3h g 2 A 7

(el IR i

(e )RR R

MR BHLJE i B2 -3 1y 71k 5

Temperature-dynamic test platform of MR damper

F=KAAp(n(T),v(1)) +K,7 (B(I)) =
4.523 x0.002 297 3Ap(n(T) ,v(t)) +
0.08247 (B(I))

5B T BE B S 4F1E
Y& 0,20 .40 .60 ,80°C Bsf BELJ 7 I v U 149 725 4k
A A 1A BF MR BHJE #8758 3 R k4752
TG6UE HE A A Hr , S5 anTEd 12 s

(6)
3.3

500 5
4.5F At
4.0F 3r =X 0T PN
151 2l ! B Z(ﬁ_‘-”ﬂ'l} i
= - 0T FLIL
x:f 3.0k : '9-5 1t —--ﬁﬂc(,'[}‘j.!'.[.il‘:j_
R 25t 7 R of 80l KAl
| —OCHAA - 0Tl - 0t
= —20C{ I =2 e =
15F —40°C 5 LA =27
] —60TAEL{E ° 60T =k
ol -SOCH L » 0T al
0 02 04 06 08 10 1z 14 25 -0 =5 0 5 10 15
/A {7 /mm
K12 MR FHJERS 0 BLA5 R EHIE
Fig. 12 Simulation results of MR damper
12 nl A B BRI R R 1 3.4 TRTHERBNFIERE

W P 3 110 A8 AR A L S B 5 0 0 (L = SR W A
FIXTRZE/NT 1.43% , T MR FHJE#S R T2,
TG FEZS RN AN A M A5 I 2R, S50
I AR A BELE 25 7 D) A7 AE — 28 W A2 | TS F
TN AR Y (1 7 Ty DG it BELE ) AR Ak ke 455 Bl 2%
FREAIE (%) 1 348 BT AT o4, A48 47 AR R W LA R
MR BHJE #§BETTFIH0 e AR LR

5.0r
4.5 —OAfFL(E
40 0.25A{}5 FL{F
= . — O.5Aff LN
ot e ey 0.75A{jj Pl
Z 3.0 -~ . o — 1A HAH
Boasl —a—a — L2SA{ Al
i3] B
= 200
1.5F
1.0f
0.5F "
n 1 i L i L i
=20 0 20 40 60 80 100 120
REEIC
13

AN BRI 5AE - 20 ~ 120°C IR B2
IXTH] A MR BEJE & 5 Kt BELE 7, ARG
TEE A VERF i B BELE 7 6% g 1o i T, 5 356 5
IS5 AT LA, &l 13 B,

HH 13 AT, D A5 R 58 S E W) & R
U Wi 45 5w 22 /N F 0,126 kN, 244 Jill B B 3L
iF, B KA 22 3. 57% , i I AR 1 A T A

kN

T—

0.100

0.673

" 1.245

@, | 1.818

R ~2.390

= 2.963

! 3.535

1 4.107

o > 125 4680
! 0 sg'?gfo

025 ¥

TR T LB ST 4 AE

Fig. 13 Variation of damping force of MR damper with temperature



FoH

TS A5 IOV T R AL e 5 8 1o O FUE AR 387

PR SABCBE R FIAT Y , 0 FUS R RE A A R il ik i 2
XF MR BEJE #8) J)2#PERE s . RIS, AN W] Jah i
Ui MR BHJE 88 ) 55 K 4 BEL 2 0 Bl B T vy 2 5
T BB, AN, X T8 1 i
MR FHJE#%, IR LE - 20 ~ 120°C A2 AR}, f Kt B
Je SR 0. 427 kN/C/INE0. 041 kN/°C

140

12098 ——

100 #—

: 3 = ——0A
= 80 . 0.25A
i -0.5A
2 60 —-0.75A
40+ —#=1A
20 ¢ g ——
0 20 40 60 80

140 ¢
120 -

100 F

80 +
0%
200C
—A— 407
=*=60"C
=307

et

0 05 10 L5 20 25 30 35
PEAEBE F1/kN

a1y =]
32 /m

3.5 SEEREFHETE

T H AN S PR Sl 2R A A8 SR AL
B, IR 3™ A R B REF A5 MR FHJE 4% N RE,
H MR BHJE 27 REEAERLAE 1 Al 27 il 45 1 72
HUIRZSTT < BHJE 188 i LR T AU AT, ] 14
N

110

|3n{—_"__£

fig 4k

Kl 14 MR BHJE fRAEHURE R BEIRLE 128 fk

Fig. 14 Variation of dissipation energy of MR damper with temperature

& 14 AT, MR BHJE %5 1% 58 2 #E Hi b v 5 T
1R T T B, BEE 28 WSOk sl g 0 Bl =2 BEAIG , ol
HLIA 1A B 7E 0 ~80°C YRR X [A] Y, fiE S REHE
B 124.25 ] TR 94.67 1, e R BEIE H 23.81%
FL AP ) B A A PR 2 e M A
Sk R L AR, R T A VR T AR R e AR
JIR, ZIR B EUR, A, MR B #% 1Y g
IR 16 BHL 2 77 5 W 5 9 1F B 1, 2 7 AH 56 R 4K
R=0.99%4,

4 ZEig

(1) 3T MR BHJE 2§ Bingham 3 f7 27481 kG
w1 5 FEAS B J1 43 B EE ST, CFD Fl FEM B4

15 FREAY AT AR R R 53 BT SR A AN [R) I EE AN [R] P
i T BELJE # i HH BELJE ) RRAE A B 56 E
BT 7 L5 2 5 S A A — 35k

(2) R0 78 Y PR T R 1 T 8 BOE Ui IR
PIAMFERBGR 0.998, MR BHJE #§ (0 1 R
LI AT SO R AR VRORG 5 T i HEOR i BELE T, 9
i L T o Tk /0, 72 A R B B RS2 /N, MR
RELJE #5876 A [R] Jil i i 9 1) i 2 A w0 T 22
LML TR, AR T M RE EFE RS PR e 1 &2
1E e

(3) LM SHALBIALZE —FhFLI MR FHJE %%
i 0 BELJE 7 B AR R 09 A 0 45, FT T MR BHJE
ST SE AR BHE R

2 % x #t

1  WANG J, MENG G. Magneto-theological fluid devices: principles, characteristics and applications in mechanical engineering[ J].
Journal of Materials Design and Applications, 2001, 215(3) . 165 —174.

2 akiERK, sk, LS, A BRSO SSA )], B R TR
ZHANG J Q, ZHANG J, KONG Y N, et al. Summarization of magneto-rheological fluid and its application[]J].

Biakdi, 2010, 24(2) . 1 -6.

Journal of

Academy of Armored Force Engineering, 2010, 24(2): 1 —=6. (in Chinese)

3 RRAERR, BRI, WERAS SR RE A BROT AT S AL B Ok ],

Aeh R R 2EER, 2006, 23(3) ;1 -4,

QU W L, FAN Y C. Magnetic circuit finite element analysis and optimum design method of a MR damper[ J]. Journal of Huazhong
University of Science and Technology, 2006, 23(3): 1 —=4. (in Chinese)

4 sRZUE, BES, FEAR, 5. B A ROCTE RO BLE SR ERE P A T[], SEPRRAF2#4R, 2005, 28(10): 9 -12.
ZHANG H H, LIAO C R, TANG X D, et al. Application of magnetic analysis in magneto-rheological damper performance



388 P A1 R = 4 2018 4F

10

11

12

13

14

15

16

17

18

19

20

estimation[ J]. Journal of Chongqing University, 2005,28(10);: 9 —=12. (in Chinese)
GEORAR. BT RE A BROCAM T M RSS2 o 2R 45 M BT[], BIEAR, 2007, 19(3) : 80 -84,
HOU B L. Design of a magneto-rheological damper based on magnetic field FEM analysis[ J]. Journal of Ballistics, 2007,19(3) :
80 —84. (in Chinese)
WREELL, 52385%, FSLIT, 5. WELMARSRE B R AT [ 1], LS R AT 42, 2008, 35(2) : 39 —41.
CHEN K S, YUAN S F, ZHOU K K, et al. Analyze of magnetic structure’s characteristics of MR fluid damper[ J]. Tactor and
Farm Transporter, 2008,35(2) : 39 —=41. (in Chinese)
VRIS, ZRAB AL E AR AT [ T]. AR5, 2016, 46(1) : 100 - 104.
XU F H. Magnetic circuit analysis on multi-coil magneto-rheological damper[J]. Journal of Southeast University, 2016, 46(1) :
100 —104. (in Chinese)
THRIR, X2, SR8, 4. RETSIAR A Z IR UTE AT [1/0L] . AROUAURAR, 2014, 45(1) 2 1 -7, http: // www. j-
csam. org/jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20140101 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-
1298.2014.01.001.
YU Z H, LIU S A, ZHANG N, et al. Multi-field coupling simulation analysis of MR damper[ J/OL]. Transactions of the Chinese
Society for Agricultural Machinery, 2014, 45(1): 1 =7. (in Chinese)
W R, 2RI, 5K . BRI AL B TR PRV BRI S5 1A [ J/OL ] AR HURAA, 2016, 47(3) : 381 ~388. hup: /
www. j-csam. org/ jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20160354 &journal _id = jesam. DOI; 10. 6041/j. issn.
1000-1298.2016. 03. 054.
HU G L, LILH Y, ZHANG H Y. Performance analysis and experimental tests of pressure drop of annular type magnetorheological
valve[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(3) ; 381 —388. (in Chinese)
BOADA M J L, CALVO J A, BOADA B L, et al. Modeling of a magneto-rheological damper by recursive lazy learning[ J].
International Journal of Non-linear Mechanics, 2011, 46 479 —485.
CHEN Z B, HUANG S Y, YU D, et al. Mechanicalydelay dynamic model of magnetorheological damper[ J]. Journal of Dongha
University ( English Edition) , 2014,31(4) . 401 —405.
DAO T L, DINH Q T, KYOUNG K A. Hysteresis modeling of magneto-rheological damper using self-tuning lyapunov-based fuzzy
approach[ J]. International Journal of Precision Engineering and Manufacturing, 2015, 16(1) : 31 —41.
FIEW], KA, AR, A B Ee BRSPS AT [1/0L]. R HLRAH, 2013, 44(4): 287 -292.
http: // www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1&file_no =20130449&journal _id = jesam. DOI; 10. 6041/
j. issn. 1000-1298.2013. 04. 049.
WANG D M, MENG Q R, HU Y F, et al. Transient temperature field of magneto-rheological fluid in transmission device[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(4); 287 —292. (iin Chinese)
L, MR, AN, AF BRI RS BHE SRR S (). MR T RE, 2016, 38(5) : 53 - 58.
DONG K, FENG Z M, SUN Y K, et al. Heating model and experiment of magneto-rheological damper under the influence of solar
radiation[ J ]. Ship Engineering, 2016, 38(5) : 53 —=58. (in Chinese)
TVEE, BOF. BEERSAIEI M. dbat. WA, 2002.
YANG G. Large-scale magneto-rtheological fluid damper for vibration mitigation; modeling, testing and control [ J]. Engineering
Structures, 2002,24(3) ; 309 —323.
BRI, FHIRSE, AR, AR B R IR BN ARG AL B A% 1 Boue — Wen SB[ J]. AN T AR, 2016, 38(5) : 45 -49.
HU H G, YIN B K, FENG Z M, et al. Improved Bouc — Wen model based on temperature effect of MR damper[ J]. Ship
Engineering, 2016, 38(5): 45 —49. (in Chinese)
W, SR, WA, S REVRWRAY S IR SRSV [T ], IREREL, 1997, 28(2) : 264 -267.
PAN S, WU J Y, HU L, et al. Yield stress and temperature effect of magneto-rheological fluids[ J]. Journal of Functional
Materials, 1997, 28(2) : 264 —267. (in Chinese)
WRES, 250, Bgr, 45, RBEXTRE SR ENAE T PERERISE N [T ], APRFRAL, 2015, 29(8) : 151 —155.
CHEN S, LI F, HUANG J, et al. Influence of temperature on magneto-rheological fluid and transmission performance[J].
Materials Review, 2015, 29(8) . 151 —155. (in Chinese)
MRk, HAHZL, T BB RER AR R RE R B aT [ 1], ThAEAEL, 2014, 45(20) : 20095 —20098.
CHEN F, TIAN Z Z, WANG J. Influence of temperature on the performance of magnetorheological fluid [ J]. Journal of
Functional Materials, 2014, 45(20) : 20095 —20098. (in Chinese)



