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Simulation and Optimization Design of Disc-type
Magnetorheological Brake

Li Zhihua Yu Jun Zeng Ning Yuan Longhao
(College of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract; Magnetorheological brake (MRB) is a new brake-by-wire device. It consists of rotating disk
immersed in a MR fluid and enclosed in an electromagnet, where the yield stress of the fluid varies as a
function of the magnetic field applied by the electromagnet. Based on Bingham model, the torque formula
of disc-type MRB was presented, and the coupling relationship between its structure and magnetic circuit
was analyzed. An optimization design method for the disc-type MRB was proposed based on the
simulation analysis of coupling model of structure and magnetic circuit. Maximizing braking torque and
minimizing brake weight were taken as optimization objectives, and the multi-objective was converted into
single objective by the variable weights. An optimization procedure based on the parameterized finite
element analysis of ANSYS integrated with an optimization tool was used to obtain optimal design scheme
of MRB. The prototype of MRB was fabricated and tested to evaluate its performance. The experiment
bench system of MRB was developed. Experimental and simulation results showed that the designed
scheme of MRB can meet the braking torque requirements and the designing demands of magnetic circuit.
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Tab.4 Relationship of electric current and torque

Wi I/ A
¥ L
l 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
gk )%/ (Nom) 0.8 20.2 42.5 65.4 89.6 115.6 143. 4 172.1 202.2 233.4 267.3
SR 1%/ (Nem) 4.6 16. 8 26.9 42.5 68.4 91. 1 116.5 140. 4 164.6 186.2 204.7

=)

RO

M4 ATLIE

(1) i A B, 0 B K, 0 728 T 3 i 1 i i )
R, TEHN 0.4 ~ 1.8 A BN, i AL 5 i
AL B OC &R X AR T A A T 3l iy 4R
il BV ] B b A v AT 0 RTS8l g

(2)TEHL TN O A B, 04 I8 722 W 2% B 113 2 i g A
PR, i it R AR /ISR M O AR R
SBAE N 0.8 Nem (HAZBRMAH(E /2 4.6 Nom, (L
K. XEERFNATEEERE M, NEEHF B

ol 5 5 Tl = ) R 4 R P R T 2 T Y EE
PR T B S PR A A i 2

(3) 254 Jih 1 £k Pl T A R 3AE I, W 9 A A B0 e 1Y
fi 1 3 R B BT ) A 2 T A {HCEL S PR A (E L
BB/ o X EBIE RN AEDF HALAL BT, G
AR ) By i ) T AR — MR AR SE ), 25 R RN T
HEC A 5 B, SEBR AU T 22 Fe R Ah st B A e ik
=R B A IR 2 KRR i A TR 3 TR e A
HA P A 2 TR BT 9255 1) 19 B, T8 AN B 7 L I £ 5
JEE , DRI T A S 0 R ) S PR (L2 B BB (E /N s SE PR P AF
TE W) i B ) 2 R T A T AN K L Sl i



5 10 2k 1E

A5 o [ 38 U L A ) 3h 9 0 EAR AL 8Lt

369

e L 1% 22 AR 65 425 A A o O 2 45 TR R R e i
Ji S B A5 L FE (R o

(4)HHA 2 A I, BV 0 3l ) S Bt
i 204. 7 N-m 3 ERORAE CV6 19200 N-m ({8
SR TS A PR IAL T80 A R ol £ Pl A L

AP AL BT J7 ik, 800 25 R A5 M 55 1 35 (9 AH LR T
A dse KA 1 3 40 A e /B B D F AR, 2R A2 3
B RO Sk s A 2 HoAR AL 0 3 H b, R 5 iz
ANSYS 28tk A RO B A1 T2 217 oA oKk
fifp A5 B U AL ) Bl g Y e LA 2 ] SE g Ay

HARF W Jr 58 BE RE 6 A2 1 8l ) Y 20K,
LB AL Bl B BETT B EER o

Edward J P, Dilian S, Luis F L, et al. A performance evaluation of an automotive magneto-rheological brake design with a sliding
Nam Y J, Moon Y J, Park M K. Performance improvement of a rotary MR fluid actuator based on electromagnetic design[ J].
Alireza F,Nader V, Yap F F. Mathematical model of drum-type MR brakes using herschel-bulkley shear model[ J]. Journal of
Li W H,Du H. Design and experimental evaluation of a magnetorheological brake[ J]. Advanced Manufacturing Technology, 2003,
Nam T H, Ahn K K. New approach to designing an MR brake using a small steel roller and MR fluid[ J]. Journal of Mechanical
Mechatronics ,2008 ,18(8) .
Edward J P, Luis F L, Afzal S. Multidisciplinary design optimization of an automotive magnetorheological brake design [ J].
Rossa C, Jaegy A, Micaelli A, et al. Development of a multilayered wide-ranged torque magnetorheological brake[ J]. Smart
Rossa C, Jaegy A, Lozada J, et al. Design considerations for magnetorheological brakes[J]. IEEE/ASME Transactions on

Tomori H, Midorikawa Y, Nakamura T. Construction of a nonlinear dynamic characteristic model of pneumatic artificial rubber

muscle manipulator using the magnetorheological brake[ J]. Journal of Intelligent Material Systems and Structures, 2012, 23(9) .
Defence Science
Younis A, Karakoc K, Dong Z, et al. Application of SEUMRE global optimization algorithm in automotive magnetorheological

Nguyen Q H, Choi S B. Selection of magnetorheological brake types via optimal design considering maximum torque and

Wang Jianxiao, Meng Guang, Ren Xiaoping, et al. Design and static performance test of magnetorheological fluid brake[ J].

W R AR LAl o, 2011

Song Yu. Structure research and performance simulation of magnetorheological fluid ABS brake[ D]. Harbin: Northeast Forestry

Machine Design and Reasearch,

A PRI AR, AF 81 AR A A T S A A A S R A B A Bt [T ). AR BT A# 4R ,2009,16(4) 1261 - 265.

Li Zhihua,Lin Yang, Zhu Fengyou,et al. Optimization design of structure and magnetic circuit for drum-type magnetorheological

Li Junqiang, Wang Juan, Liu Jinyue, et al. Design and experiments of rotory magnetorheological damper with three working

7 HRIE
P T B T B R BB EL
2 % X W
1
mode controller[ J]. Mechatronics, 2006, 16(7) :405 —416.
2
Journal of Intelligent Material Systems and Structures, 2008, 19(6) :695 - 705.
3
Intelligent Material Systems and Structures, 2008, 19(5) :565 —572.
4
21(7) :508 = 515.
5
Science and Technology, 2009, 23(7) :1911 - 1923.
6 Kerem K,Edward J P,Afzal S. Design considerations for an automotive magnetorheological brake[ J].
434 — 447,
7
Computers and Structures,2008,86(3 —5) :207 - 216.
8
Materials and Structures, 2014, 23(2) .1 - 11.
9
Mechatronics, 2014, 19(5) :1669 — 1680.
10
1011 - 1018.
11 Sarkar C, Hirani H. Synthesis and characterization of antifriction magnetorheological fluids for brake [ J].
Journal, 2013, 63 (4) :408 —412.
12
brake design[ J]. Structural and Multidisciplinary Optimization, 2011, 44(6) :761 - 772.
13
constrained volume[ J]. Smart Materials and Structures, 2012, 21(1) :1 —12.
14 JERERE, #06 AT/ANF, 5. B AR WO 2 8 00 it S s Mg [T ] MR 2 5 80K ,2003,22(3) 1406 - 407, 414.
Mechanical Science and Technology, 2003,22(3) :406 —407, 414. (in Chinese)
15 R, WLy 72 W ABS fi3h s 25 0T 5 S PEae i E (D],
University, 2011. (in Chinese)
16 A o . DTSR S B KB T]. BLIR 5 BFA 200824 (6) 49 - 51,
Li Zhihua, Zhu Fengyou, Guo Linchao. Design of a drum-type magnetorheological brake[ J].
2008 ,24(6) :49 =51. (in Chinese)
17 Zs 4l
brake[ J]. Journal of Engineering Design, 2009 ,16(4) :261 —265. (in Chinese)
18 A Rl —0. BAMETNIM]. Jtat: 4% Tl i i ,2006.
19 ZEF5R, FI8, 0408, %, = TIFmeE X m 2R it 55 T]. £l WUk ,2014,45(8) :314 - 320.
surfaces[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(8) :314 —320. (in Chinese)
20

FARFR X2 5RME 2. B AS IR & Z S8 S 0F B AT [T]. R AL - 412 ,2014,45(1) -1 - 7.

Yu Zhenhuan, Liu Shun’an, Zhang Na, et al. Multi-field coupling simulation analysis of MR damper[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014, 45(1):1 =7. (in Chinese)



