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Optimal Design of Drum MR Brake with Internal and External
Fluid Flow Channels Based on NSGA-1I Algorithm
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Abstract: [ Objective ]In order to solve the problem of low magnetic field utilization of traditional magnetorheo-
logical brake (MRB), a drum MRB with internal and external fluid flow channel was designed. [Method ] By
adding non-magnetic rings and non-magnetic disk to the magnetic material rotary sleeve and the stator magnetic
cylinder, the magnetic flux was guided meander through six effective damping gaps in the internal and external
axial flow channels. Therefore, the torque performance was improved while keeping the outer dimension of the
brake remains unchanged. The structure and working principle of the internal and external fluid flow MR brake
were described, and the mathematical model of braking torque were deduced and established. Based on the analy-
sis of electromagnetic field and torque, the accuracy of the model was predicted through theoretical calculation
and DOE experiment orthogonal method, and the multi-objective optimization of the MR brake with internal and

external fluid flow channels was carried out by using the NSGA- Il algorithm. [ Result] The results show that,
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with an applied current of 2.0 A, the braking torque of the initial and optimal MRB dampers are 36.38 N-m and

47.35 N-m, respectively, which improves by 30.15%. Compared with the initial damper, the braking torque in-

creased by 21.31 from 18.28, and the dynamic adjustable range improves by 16.58%. [ Conclusion] The optimal

MRB meets the braking performance requirements of unmanned delivery vehicles.

Key words: magnetorheological brake (MRB); internal and external fluid flow channels; multi-objective optimi-

zation design; braking performance
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1. Shaft; 2. Left end cover; 3. Magnetic sleeve;
4. Magnetic core; 5. Excitation coil; 6. Non-magnetic disc;
7. Cylinder; 8. Non-magnetic ring; 9. Right end cover

(a) Structural diagram

(b) 3D model
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Fig. 1 MRB with internal and external fluid flow channels
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Fig.2 Structure diagram of MRB
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Fig. 3 Schematic diagram of the liquid
flow path of the brake
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Tab.2 Experimental orthogonal table

Groups t/mm A/mm [//mm W/mm T/(N-m) K
1 24 24.5 535  10.00 3240 18.07
2 24 20.0 52.0 7.00 32.04 20.16
3 24 23.0 58.0 7.75 32,55 18.14
4 24 26.0 56.5 8.50 32.56  17.35
5 24 21.5 55.0 9.25 3232 18.89
6 25 26.0 535 7.00 36.30 18.70
7 25 23.0 55.0 10.00  36.15 19.09
8 25 245 58.0 8.50 36.37 18.34
9 25 20.0 56.5 9.25 3599  19.93
10 25 21.5 52.0 7.75 3594 20.38
11 26 24.5 55.0 7.00 40.16  19.62
12 26 20.0 53.5 7.75 39.62  21.33
13 26 23.0 52.0 8.50 39.82 2041
14 26 26.0 58.0 9.25 40.30 18.43
15 26 21.5 56.5 10.00  39.97 20.02
16 27 24.5 52.0 9.25 43.69 20.29
17 27 23.0 56.5 7.00 44.02  20.42
18 27 26.0 55.0 7.75 44.03  19.52
19 27 21.5 53.5 8.50 43.56  21.22
20 27 20.0 58.0 10.00  43.64 20.76
21 28 21.5 58.0 7.00 47.75  21.06
22 28 24.5 56.5 7.75 47.88  20.17
23 28 23.0 535 9.25 4739 2093
24 28 20.0 55.0 8.50 46.99  21.78
25 28 26.0 520 10.00 4740 19.98
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Tab.3 Initial and optimal results of MRB

Magnetic flux density B/T
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Magnetic flux density B/T

Parameter Initial  Optimal
Magnetic core thickness f%/mm 25 28
Left wing length of magnetic core 4,/mm 26 22
Winding frame length //mm 56 54
Left gap of MRF WW/mm 7.5 8.5
Output torque 7/(N- m) 36.38 47.35
Dynamic adjustable range K 18.28 21.31
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initial and optimal MRB
10 T T T T T
SI | S2! S3: sS4 !S5 ! S6
0.9 i i i —e+— Optimal
0.8 F

—=— Initial

0.7)
0.6
0.5
0.4

0.3
0.2
0.1

Magnetic flux density B/T

0 24 48 72 96 120 158
Path S/mm

10 2.0 AR TMULRT /R S RS8R AR TE 10 i 2k
Fig. 10 Magnetic flux density of initial and optimal MRB
under 2.0 A current
FCF 35 1 BN 3 5 73 3 O 0.668 T, 0.459 T Al
0.401 T, AHLLAEALHT S1,S3,S5F1S6 % 4 2% Wi it



53 4 R, 5 36T NSGA- 1T HIP SMRCHUE I BT B I D B AL 117
0.8 25
= 20 —=— Optimal
= e -
Q0.6 ] o Initial
£ 04 VSRR E
= ) AT a
A R L 5
E %% paEt S0t
/ o 3
g ool ~ e Initial S| —=— Optimal S =
= 0 --e-- Initial S3 —— Optimal S3 e
--4-- Initial S5 —4— Optimal S5 51
--+-- Initial S6 —— Optimal S6 /.
' . L L o
[ . ) ) .
0 0.4 0.8 1.2 1.6 2.0
Current //A 0 0.4 0.8 1.2 1.6 2.0

11 LRI/ T HRERE N 5R FE R R i 2R 1L il £

Fig. 11 Average magnetic flux density with current for

initial and optimal MRB
50
—=— Optimal
40 Initial
£
&
S 30t
=
o
g
220f
3
o
0F  /
A
L 1 1 1 1
0 0.4 0.8 1.2 1.6 2.0

Current I/A

12 {EABTEH AR AT L
Fig. 12 Torques of initial and optimal MRB

A - K4 S L 58 P2 4R R T 28.39%, 30.43%,
9.4%M120.19%. BLANXT T S6 I I8 A7 1 —5E [ T
ML, AP BRI R R T 0.4 T, A5 501201k
45

P 12 S DA T I 2 i) 50 ) 3 e o o
AR IhER . I R]J, Sl e i i sh R B AT
e A LT JEHAE AL Y 0~1.2 AR,
il S G T FE LR 1.2 A Z 5, PRGN
SR 5 JC I 1 I ELAE M RE SR B T, WAL VR
BTYIN AN, SR SRR R G208 . in gk
HL N 2.0 A, il 3h & A5 R R (B N 47.35 N- m,
FHHARAERTEETE T 30.15%

P13 DA I e o 2 2 mT 08 Y ] i P 3 7
ek . M AT LI Hn e i 0~0.6 A,
DA IR i Al 3G FE (A AR T e e A . =l (7) ar

Current I/A

E13 LRI ESNSATEEBREREN &
Fig. 13 Dynamic adjustable range of
initial and optimal MRB

ST, A R4 BELJE ) B e A2 %) 2ol i e S i 3K, WA
SR I /INES , DU IS T 0 2 T Sl % 1 e R 3 25
A L3 B W2 AR AL T 5 2 A e A
2.0 AR B AT I Rl A (R 21,31, AH LG T
PeAbRiEm T 16.58%,

6 Zit

1) BT T —Fh Py A i T 7 2 A il 3
A Bh g VA T 2 B PN TR T A 4 BEAR
VR A AL AR, A A BRI B R A R S | SR T 2
e LI RIS, S T A AR IR, (2%
Tl Bl N R RE TR B T 5], B R R R A MR

2) 38 A 7853 b PN A MR I 3 A i R I A
Bl A (R 5 A8 55 G B ATAE — 2 W 20, 6 FELRE I RN e
FEATHTIOFERE |, 3 DOE SZ56 1F A8 B i s 1
KGR . DA K AR Fnsh 28 nl YL B H AR, 8
FH NSGA- T 552 % 17 A2 il sh 2% AT 45 F e Ak
SEIFW L 25 21 S0 v e A ) S ) SRLI (R
U5 BAE S —BOF B E R RN, 8ol X%
il shas G e

3) AR RS R T AR ) B A AR S bR
AT, Y HNER TR 2.0 A B, ] 30 g 0 2 e B KMl
1 36.38 N- m #2531 47.35 N- m, 4 e AL AL AT 32 T
T 30.15%; % 50 2h 2 AT PR3 BB R B0 18.28 2 )
21.31, M LA AL TR T T 16.58%. fItfb) ) MRB
W 2 S RE I TR K, his e TE AN BL% /N E L3k
T —ESE M.



118 RS P LT

N

2024 4

SE 0k

(1]

[10]

NAGY R, SZALAI I. Investigation of the sedimentation
characterization of magnetorheological fluids[J]. Journal
of Molecular Liquids, 2023, 390: 123047.

DIEP B T, NGUYEN Q H, CHOI S B, et al. Design and
experimental evaluation of a novel bidirectional magneto-
rheological actuator[J]. Smart Materials and Structures,
2020, 29(11): 117001.

HU G L, YING S C, QI H N, et al. Design, analysis and
optimization of a hybrid fluid flow magnetorheological
damper based on multiphysics coupling model[J]. Me-
chanical Systems and Signal Processing, 2023, 205:
110877.

NGUYEN Q H, NGUYEN N D, CHOI S B. Design and
evaluation of a novel magnetorheological brake with
coils placed on the side housings[J]. Smart Materials and
Structures, 2015, 24(4): 047001.

HU G L, WU L F, LI L S. Torque characteristics analysis
of a magnetorheological brake with double brake disc[J]
Actuators. 2021, 10(2): 23-39.

ZHOU W, CHEW C M, HONG G S. Development of a
compact double-disk magneto-rheological fluid brake[J].
Robotica, 2007, 25(4): 493-500.

B, AR, L S [ R SR A ] S g S
SRR J]. MU TS i, 2020(4): 71-74.

HUANG J, ZHOU T, WANG X. Study on braking torque
of disc type and cylinder type magnetorheological fluid
brake[J]. Machinery Design and Manufacture, 2020(4):
71-74.

QIN H H, SONG A G, MO Y T. A hybrid actuator with
hollowed multi- drum magnetorheological brake and di-
rect- current micromotor for hysteresis compensation[J].
Journal of Intelligent Material Systems and Structures,
2019, 30(7): 1031-1042.

NGUYEN Q H, CHOI S B. Selection of magnetorheolog-
ical brake types via optimal design considering maxi-
mum torque and constrained volume[J]. Smart Materials
and Structures, 2011, 21(1): 015012.

NGUYEN Q H, OH J S, CHOI S B. Optimal design of a
magnetorheological haptic gripper reflecting grasping

force and rolling moment from telemanipulator[J]. Trans-

[12]

[13]

actions of the Korean Society for Noise and Vibration En-
gineering, 2012, 22(5): 459-467.

SENKAL D, GUROCAK H. Serpentine flux path for
high torque MRF brakes in haptics applications[J]. Me-
chatronics, 2010, 20(3): 377-383.

HU G L, WULF,LILS, et al. Performance analysis of
rotary magnetorheological brake with multiple fluid flow
channels[J]. IEEE Access, 2020, 8: 173323-173335.
NGUYEN Q H, DAI LE H, LI W, et al. Development of
a novel magnetorheological brake with zigzag magnetic
flux path[J]. Smart Materials and Structures, 2021, 30
(12): 125028.

KESHAV M, CHANDRAMOHAN S. Geometric optimi-
sation of magnetorheological valve using feedforward
neural networks for distribution of magnetic flux density
inside the valve[J]. Smart Materials and Structures, 2019,
28(10): 105018.

DEB K, PRATAP A, AGARWAL S, et al. A fast and elit-
ist multiobjective genetic algorithm: NSGA-II[J]. IEEE

Transactions on Evolutionary Computation, 2002, 6(2):
182-197.

F—1EF N (1999—) , B WL WFFE A BF 98 5 18] MG
AT B BEEEFETT KeAliAk., E-mail: 1489970979@qq.com.,

WEESE S E R (1973—) , 2002, 2R 00, B 5 100k
WL AR RN E S 4548 . E-mail : glhu@ecjtu.edu.cn,

(DTG % 5 2%



