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Design optimization of magneto-rheological damper
based on finite element parametric language

LI Yi-nong, PAN Jie-feng, ZHENG Ling
(State Key Laboratory of Mechanical Transmission , Chongqing University, Chongqing 400044, P. R. China)

Abstract: Design optimization of Magneto-rheological (MR) dampers is important to meet engineering
applications and obtain MR dampers with better performance compared with that designed by conventional
design methods. Optimal design of MR dampers in vehicle based on Finite Element (FE) is proposed. A
mathematical model to describe optimization problem is constructed. In the optimization, the special
cylindrical volume filled with active fluid is considered as the objective function, and the controllable range
of damping force is constrained to satisfy the requirements of semi-active control system in vehicle. An
optimization procedure is constructed via a commercial finite element method parametric design language.
Optimization design of the MR damper with valve mode in vehicle is performed by using the optimization
tool developed. The results show that the optimal MR damper has minimum volume, reasonable magnetic
flux density distribution, effective energy consumption and the controllable damping force to satisfy the
requirement of semi-active control system in vehicle. The results demonstrate the effectiveness and
feasibility of the proposed optimization approach.

Key words: finite element method; parametric design language; magneto-rheological damper; optimization

W55 B #3:2009-12-20

ELTWHE:BHE ARV KRR (863 31 K1) ¥ B H (2006 AA110111) 5 I 7T Bk B 56 & 5 W H (CSTC 2009
AB6022)

EH BN 2 LIR 1960, B IR R ¥ B A I, 2 FIR IR MAE BV, (TeD 023-65106094 5
(E-mail) ynli@cqu. edu. cn,

http://gks.cqu.edu.cn



36 TR K FFER

33 %

i R R — o i ] L 1 7 74 A T Ak e w7
9 g AR5 LA R RO B PR, T B A R
FT T BIL L A 48 g DR S R 3 8 U 7 A Bl 4 B
JZ R T AU A VRS BT AT

e ge ik i A2 B JE #4548 et 32 2R 3is Bingham
WIPERIRL, 854 TRER GMTESH ST, HX
Tl J5 1 LU BSORLR - 2R 52 B 45 48 2 500 Ak FokS 40 4k %
o Nam S0 5007 1 45 4 2 8O 1 Vit % BEL @ 2%
AR R Bl 25 R R W R P R T TR AR B4 O
5 18 i FREE R BE LA M 56 i 25 A 3h A R R L SE B SRk
TRXFP BT R R TR AR s T R
AR AR LS IS AT ANSYS, S AR T
BB S T AR S B 98 B R RE X L8 1 RE
MR . RUEAATAE BT s H T A BROC L 3 70
CIRNENERIOPEY TR B E S Ve > aa WibEER: S e NP ISP R R
TR A BRI 20 B 98 A 45 4 2 B it . Nguyen
AL X 0 VA A TS B AT T A B A e Bt
WA T AR 2 BB Y- B4 5% T 0 U 7 R A ) AR
S A (GBI R AR A A i 3L A A D A BT Y
HESF,

EH GG WAL LS d 9 TR L DL R %
BELJE 4 1) AR AR B3 H AR » BLRT $2 BHLJE ) i
AR T A DX 0 T 5 38 Oy 240 SR AR L S T R
ARRHL R fR AL BT BE AL, LI ANSYS 2 8 i it
WEE (APDL ARG T RS T b it it e
J 0k T AR U 2 BELJE A% BEAT T A5 A I Ak
wit.

1 #mZEMEREHRERIRIT

P12k T i sh e X i i S BB A% o Bk A
HNES th 1 ZEAF ) [ R S 26 . 216 2 B,
T Yt 72 VR Ao R S R AN T I S B 7 A R (R B
JEJ1 . ML R it — i i L R AR R
PO HE R 10 T2 R 3 (] % A FH T 5% B vP Y G O
PSR o R G U S AR 1) B U0 0 g Mg R, 7 AR T 4 B
JeJi.

0 U 78 VR TE TC R 3 M T R B A A W O A A
WEAE T 2 B AR AR W Ak . AL Bingham £
BT HRE

t=17,(B)+ 97, (D
Aoy, RN B3 Y JE BT 59 2 %5 5
By BT,

e P B0 R S WA BT U IR T 7,
PR EE B 5 &R Al Ak

7, = 1,43 X 10°B* +-4.743 X 10°B—1, (2)

i
I F ]| s
]
S
stk
es
am | =\
1 S
h = L
stk B )
5
|- e

Bl #RTHRHETEE

H T U 7 B JE s B I 3 TAE R, MmO
P8 AR AL A A T S T N U 7 BELJE e 7 A T BEL R
VRIE BuY)
clz,

12
F:ﬂAAv+AAT, (3)

g'w
A28 1 OGN REVERRLE 7558 2 T al #EpHJE 15 L
R TARSER K s g 4B M R B s R EERRTE 5 Q J2
TG 8 WA AL i 5 AA 1 ZE A R AR s ¢ 2 BOIR
AL 2~3 50 05 JERY L .

A T VR H - 14 3 728 BHL S 44 1 B2 4 B e
T35 R AR AR B 7 3 R B RN 5 R 2 80 O T AT
FERH R 3 W 5 B0 B A G IR R A L. R T
B 72 BELE s 0 T A BELJE T s ok i A R
S R 8 AR XS SN 5 B B, MR &
LN

NI :ﬂngz: > H.I, + Hil;,s (4)
¢ e=1

s He 398 AR DX 1 39 58 1 5 1 Dy Ll 1)
K H. (Lo 3 5] J2 P 30 5 JFC Al 350 0 114 i 37 5 56
FRERACRE . RWIE . 76 N T @ AR o0 T %
WK ARl T8 A 9 30 H o o A6 25000 /) 3 LAt
W RBERE. BT H SRR SR . B
5 H B AZ A K D B3 i 25 1 e
U 1R 3% 2 A0 D HG A S o P A B L B B O
SR ISR R L JE IR R RN

ARFNTE f 2o — | BndS = BS, = BS...(5)

e S Ny FE AR DX I i 1 1w AR s B LS. g3l
e JH At DX 3ol TR R 3 i A
Sy PRAIE B U 7 W RE RS T A R 0 R SR T

http://gks.cqu.edu.cn



%58

R F R K LR B 0 A RS R AL T 37

JE At DXk ) 3 RS R ) 1 1
2 WREFERERHIM IR

2.1 fARE
P 2 2 T A BELJE 5 1 e 5 A s TR AT

L L, L,

R
—R,

2 HMnEHRRUKENTER

7 16 30 25 RO BR P L TR N % 3 3R AT B BR JT A
F SR T 1/2 Bloo FRoF TR R

FEPALB VT, 25 18 R BILJE T (9 o KA a] o T
PR Lo oLy Mg O @EME - A S8 Ry R, Ry
Ry DL R L, Wit A2/t (L 2.3 ik 4. H
i BR B AR DX (B 2 s i I3 AR RO /Y R, 2
WARAFRIRS 2 [ 2.3 Wik 5,
2.2 fiiLimiE

% ANSYS #4411 APDL(ANSYS Parametric
Design Language) %i F£ 1% 7 % 5 4L EF )51 %)
il 2 BELJE 2 B 2540 S B0 AT e AL« [R) s 8 A BR IT
IR HTASEER X R R 7 R AT AT R IC 23 A O i BOAH S B
i LS B B S R AL

AL BT A sl 3 TR

WIHBIH SR
DV

[ EfiLogictt |

| szt B |

i)

‘ | opisi g EpmaR |
THEHDV 7 z%ﬁ? -
FRATHEA LR

B3 MutEREE

2.3 RUTE

 APDL % il — 4> log ST, it log ST 43 &%
— AR S AT R A AL B R R RS b, iB
111% log SCHF, W AR5 W1 46 S 505 10 T B0 58
S5 ARG AR B e A5 1 SLE RS ) LT #E R R )L T
A DX I AR TR B 45358 43 W i J% 7 o 2 5 . E log U
LB SE T E UM R JE PR A A R U AR AR L A R (45
B FIRE S (DTO M PERE. WL 1 -3, SR X4
o 02 20 A A L R X L R S R TR AT
SRR I 4 TBUAH S A0 1) W R N R . ANSY'S # i
AL FE 4R T AR B (DV) R & 55
(SVOFIHE bR eR %, Horr, & i 48 & 48 1) — 26 G
Wit SH TG TG ZE A AR Ry 4R 1B R IS BI00E ZE
BIREES T, AR R I T, S5t &, R
(SV) &8 20 25 F i HL PR s mT 2 BHL 2 J1 19 AR
] 0 5 0 XI5 ) 0 JR O 58 B o DR TE I Ak 3 3 ) 1
T 5 VS A 11 BELJE 7 AR S BRI Y 2 80 e T
RN TS . H AR RO o AR R (596 2E
HE BN AN B B X SR BD A A B T B A
JEE T ENEDAESE S R T N I (B 03 7 N A
B/ BRI R AR R A AR RS . Ak
TR 2 B s PRt 48 2 7 ] — B ok w153 1 Oy
. MRAE ANSYS B A S 55 F HE )5 —
AL S R 50— e g J i 2 /N T AL i
FE WRG BE 3k T LA ISk

£l BMATHRNBBEEESWEREXER

H/(kA*m ') 30.0 40.0 60.0 80.0 100.0
B/T 0.08 0.20 0.30 0.38 0.50
H/(kA*m ') 120.0 140.0 160.0 180.0 200.0

B/T 0.55 0.62 0.66 0.71 0.76

R2 4SMHE IR

H/(kA+m ') 164.0 245.0 365.0 545.0 813.0
B/T 0. 20 0. 40 0. 60 0.80  1.00
H/(kA*m™')1213.0 1809.0 2996.0 11 204.0
B/T 1.20 1. 40 1. 60 1. 80
®3 DT4pERT1EAEE
H/(kA+m ") 21.2  42.0 63.2 84.8 104.0
B/T 0.20 0.40 0.60 0.80 1.00
H/(kA+m ') 120.0 135.0 180.0 220.0 304.4
B/T 1.10  1.20 1.32 1.40 1.45
H/(kA+m ') 480.0 893.0 1600.0
B/T 1.50 1.55 1.60

http://gks.cqu.edu.cn



38 TR K FF IR % 33 %
x4 RUBFHEHTE *8 MUER
DV & X Fi/N F,/N L,/mm R, /mm
R, TR 1349 6 270 15.736 0 8.582 6
T TG AR R, =T, +R, Ti/mm T,/mm T,/mm V/mm®
T, LR VRE R, =T, +R, 8.616 4 9.958 3 4.718 9  0.172 58E06
T, W HEIME R =T, +R, Buwe /T Bunt /T Buins /T Buw /T
L, 2R R K 1.320 6 0.530 3 0.529 6 1.372 1

x5 MUBEFHRERE

S\ B S R S T

F1 TERE Y 1E T Sl 3 (B B2 75 (1 000~1 500 N)
F2 sl e AT B 47(6 000~6 500 ND
Bua T8 ZEFF AL T IR JE B R (1.4 D)

Bowe  BROEHEGRERRME (1.5 T)

B — A TAESE B R0 L e /M (Z0. 55 T)
Buiws 03— Ab TAESE BURE R B /MA (0. 55 T)
Buwr  AMEBBREREE R AME (K14 D

3 fRHIEITEA
o0 25 R R 3R i O A BHLJE A BE W0 B it
AR AE A O 29 3R 2% 1R R T APDL i fb it 72
P X RETRAZ L e A 2 AT AR Bt . 3R 6 R IR B
TR H By D B B R B IERNL5 EE L By O 4R B
AbRERER ISR BE . R T RARKAE
R6 MMETEE

B e 34

R,/mm T,/mm T,/mm g/mm T,/mm L,/mm

15 13 10 2 8 25
P

V/mm® F,/N B,/T B,/T

354 673 14 707 1. 441 0.720

RT HREH

RE =MDV

B /B B /B B /B B /B
0~1.50 0~1. 60 0.52~0.60 0.52~0.60
Buaw /B F\/N F,/N

0~1.50 1500~2 100 6 000~7 000

it 28 Y ARIB S Al g Rl Sk, 2 R A 1
WRESR ., 26 PR SRR 8 I 1 ah SRt 1
LA W SRR BT S BOH H L R B /N 48, 606,
FHJE J77E 1 349~7 619 N Z i) .84 2% M 5. 648,
KBRS = Bl i A ER

Pl 4 2 H AR R B BE 2R AR B A5 Ak, T LR
B 5 3% A0 U E A 3 0 R BT 46 Y 354 673 mm’
Y /NE] 172 580 mm? , 25K BN B . FL L Rl
O A TR /)N B BB A IR A [ B 1 B 1 R A
A B b A v, DT /N B8 5 HR O 7 AR A R R
1o 0 S T AR X8 A 250, 42 o BE o ) %
P 502 T4 4 B Ak 114 i JEK 0. 5 B Bl 22 AR R B
AR Y BT B 3% AR R KRORS s wE JE% L R B A TR
Wif o G JR I o JEE Y AR Ak R R sz Al P PR 1 F, (2R
MO MR . 6 S aT 5 B B 2% AR U R AR
b wTEE BILE 0 A8 2 AR A B R B B T R LA R Y
WA SR, B 7 8 SRR S AL S 1
T % 7 588 5 43 A L 3% AR AR IS R 3 oy A SR
SRR TN KA L 5 BTG JE A R RE DD  BE B R

RIEE

10~° V/mm?

5. llO 15 2‘0 2I5 30
B UM
H4 TEEROERLE

http://gks.cqu.edu.cn



%5 H R E R R R A PR A R R AR T 39
075 NODAL SOLUTION AN
ig:gig ‘ 21:09:04
070 o igg}s:u {AVG)
0.65}
e 0.60f
]
0.55}
0.50}
| 4
0.45 .170E-14 .334152 .668305 1.002 1.337
30 vork .167076 .5012z9 .835381 L.L7 1.504
SEARKEL
B8 MBI ERBEES
5 #RAmBEEMNERTE
4 & iF
1.5
Ll B TG U A LB % 1 5 4 Ak B o
sl BRLIC Hi, 14 0 3 W T A 5 4 B A ok AR b L S T LT
12} PERT N b R 5o BELJB 7 % b 26 8 37 14 Tl S o7
_ 1] JiE g 250 S B AR AL DL 45 T S5 T ANSYS &
<o) HOL B8 S (APDL) W (AL B Jr . WF 9 25 3
2 0| W,
081 DT ANSYS 28L& 5 (APDL) By
07y PV T i S T AT 1 B 2 0 AR U R 386, I A R
0or WSSO T /ME. AL S I 22 5 AR
0.5 L L L L - . N N ) PR o N
0 5 10 15 20 25 30 T/ T 42 B B fE . e & A A RCR IR 5 .
BRI 2) % ANSYS %4 i) APDL 4i #2152 40 5 1
B 6 TR A A b F AR S B T A B G L B 5 40 B 5 O Ak 5
TR AT HLLS 4 o o 1 375 75 BEL B 8 14 O A 338 A 2% A
- Bk )k k4 1 T TR
o 2 s 52 TG A TG U7 725 W R 5% 1 o T A i A R
- L — B SR BT IS TAE

RSYS=0
SMN =.794E-1
SMX =1.385

.794E-15

work

T
Il
Il
||
|
I
I
Il
I
I

.307718
.461577

_615436 .923165

153859 769235

1.231

1.385

7T MBEHTH#EBRNEES T

SE 3k
[ 1 ] DORFMANN A, OGDEN R W, WINEMAN A S. A

three-dimension  non-linear  constitutive law for

magnetorheological fluids, with applications [ J J.
International Journal of Non-linear Mechanics, 2007,
42(2) :381-390.

[ 27 BTk M, Ji L 7T, 2 1 Il 7% W Il 72 o k43 A7 B ik
$a[J]. LA TR~ 42, 2009(6) - 246-250.

JIA YONG-SHU. ZHOU KONG-KANG. Rheological

properties  analysis and  via  experiment  of

magnetorheological fluid fpr automobile [ J]. Chinese

http://gks.cqu.edu.cn



40 TR KFFER

33 %

Journal of Mechanical Engineering. 2009(6) :246-250.
[3] XU ZD., GUO Y Q. Neuro-fuzzy control strategy for

earthquake-excited nonlinear magnetorheological
structures [ J ].  Soil
Engineering, 2008, 28(9).717-727.

[4]JJOLLY M R, BENDER J W, CARLSON ] D.

Dynamics and Earthquake

Properties and applications of commercial

magnetorheologial fluids [ J]. Journal of Intelligent
Material Systems and Structures, 1999, 10(5).:13-15.

[5]WIESLAW L. Y, WOJCIECH S, CEZARY .
Simulation and investigation of magnetorheological fluid
brake[ C]// 2008 13th International Power Electronics
and Motion Control Conference September 1-3, 2008,
Poznan - Poland. [S. 1. ]: IEEE, 2008(13):2406-2411.

[ 6 ] &FLL5 . FPTTHe. R4 B 078 WU 88 5 ds e M S eI .
R LB 2 - A ARBE# AR . 2008, 22(12) : 1-4.
SHU HONG-YU, GUO YUAN-FENG. Analysis and
design of automobile magnet orheological fan cluth[J].
Journal of Chongqing Institufe of Technology: Natural
Science Edition, 2008,22(12) :1-4.

7] FB¥ ALIgREA B 55, W 8 A0 W B #0545 44
DALY . 4% 3 T 2412 . 2008,21(2) . 173-178.
ZHENG LING, LI YI-NONG, HU YONG., et al.
Electromagnetic design and optimization of magneto-

dampers [ ] J.
Engineering, 2008, 21(2):173-178.

[ 8 vy, i inl AL ik e it e R R i HID) KA
FRK 2, 2006.

9] MiEZE. M43, K . 55 5L B IR =X 0k 528 1 e 4%
RELJE J1 i i e L0 ). B8l 5 whifi 2009, 28(5) :176-179.
XING HAIFJUN., YANG SHAO-PU, SHEN YONG-

rheological Journal of Vibration

JUN. Analytic solution of damper force of a bypass slot
valve type magnetorheological damper[J]. Journal of

Vibration and Shock, 2009, 28(5):176-179.

[10] NAM Y J, PARK M K. Electromagnetic design of a
magnetorheological damper[J]. Journal of Intelligent
Material Systems and Structures, 2009, 20 (2):
181-191.

[11] NAM Y J, MOON Y J, PARK M K. Performance
improvement of a rotary MR fluid actuator based on
electromagnetic design [ J ]. Journal of Intelligent

Material Systems and Structures, 2009, 19 (6):
695-705.

[12] LI W H, DU H, GUO N Q. Finite element analysis
and simulation evaluation of a magnetorheological
valve[J]. Advanced Manufacturing Technology, 2003,
21(6): 438-445.

[13] NGUYEN Q H, CHOI S B, WERELEY N M.
Optimal design of magnetorheological valves via a
finite element method considering control energy and a
time constant [ J ]. Smart Materials and Structures,
2008, 17(2):24-25.

[14] DYKE S J, SPENCER B F, SIAN M K,

et al.

Experimental verification of semi-active structural

control strategies using acceleration feedback [C] //

The 3™ Conference on Motion and

1996, Chiba,
Japan. Chiba, Japan: IEEE, 1996(3): 291-296.

[15] 25, B He . B, 45, JE T ANSYS APDL iy & 2% 3k

far Iz LT ). L4 B TR, 2009,18(2) :92-94.

International

Vibration Control, September 1-6,

QIN QIN. TAO JIN-PING. QIU FENG. et al
Application method for complex loads with ANSYS
APDL [ J]. Computer Aided Engineering, 2009,
18(2) :92-94.

[16] MR aIfE2E. APDL 8L BRIT /M7 £ A S He i i 52
BIEMI. JE5T - R K HL H R4 . 2004,

(m# Kk F)

http://gks.cqu.edu.cn



