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Optimal Design of Drum MR brake with Internal and External Fluid Flow Channels Based on
NSGA-II Algorithm

YING Shicheng, HU Guoliang, YU Lifan

(Key Laboratory of Conveyance and Equipment, Ministry of Education ,East China Jiaotong University, Nanchang 330013,China)

Abstract: [Objective] To solve the problem of low magnetic field utilization of conventional magnetorheological
brake (MRB), a drum MR brake 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 under the premise that 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 analysis of electromagnetic field and
torque, the accuracy of the model was predicted by 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-II algorithm. [Result] The results show that, with an applied current of 2.0 A, the braking torque of the
initial and optimal MR dampers are 36.38N m and 47.35N m, respectively, with dynamic adjustable ranges of 18.28 and
21.31, respectively. Compared with the initial damper, the braking torque increased by 21.31%, and the dynamic
adjustable range increased by 16.58. [ Conclusion] The optimal MRB meets the braking performance requirements of
unmanned delivery vehicles.

Key words: MRB; internal and external fluid flow channels; multi-objective optimization design; braking performance
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Fig.1 MR brake 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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Fig.4 Finite element model of MRB
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Fig.5 The t-B curve of MRF
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Tab.1 Value range of design variables

Variable Lower limit Upper limit
to/mm 24 28
hi/mm 20 26
L/mm 52 58

Wg/mm 7 10
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Fig.7 Basic flow chart of NSGA-II
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Tab.2 Experimental orthogonal table

Groups to/mm hi/mm I/mm Wg/mm T/Nm K
1 24 245 53.5 10 32.40 18.07
2 24 20 52 7 32.04 20.16
3 24 23 58 7.75 32.55 18.14
4 24 26 56.5 85 32.56 17.35
5 24 215 55 9.25 32.32 18.89
6 25 26 535 7 36.30 18.70
7 25 23 55 10 36.15 19.09
8 25 245 58 8.5 36.37 18.34
9 25 20 56.5 9.25 35.99 19.93
10 25 215 52 7.75 35.94 20.38
11 26 245 55 7 40.16 19.62
12 26 20 53.5 7.75 39.62 21.33
13 26 23 52 8.5 39.82 2041
14 26 26 58 9.25 40.30 18.43
15 26 215 56.5 10 39.97 20.02
16 27 245 52 9.25 43.69 20.29
17 27 23 56.5 7 44.02 20.42
18 27 26 55 7.75 44.03 19.52
19 27 215 535 8.5 43.56 21.22
20 27 20 58 10 43.64 20.76
21 28 215 58 7 47.75 21.06
22 28 24.5 56.5 7.75 47.88 20.17
23 28 23 53.5 9.25 47.39 20.93
24 28 20 55 8.5 46.99 21.78
25 28 26 52 10 47.40 19.98
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Tab.3 Initial and optimal results of MRB

Parameters initial optimal
Magnetic core thickness to/mm 25 28
Left wing length of magnetic 2% 29

core ha/mm

Winding frame length I/mm 56 54
Left gap of MRF Wg/mm 7.5 8.5

Output torque T/N m 36.38 47.36

Dynamic adjustable range K 18.28 21.31
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