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Abstract: This work proposes an innovative magnetorheological fluid (MR) brake design with a multi-disc
structure and adjustable MR fluid working gap to enhance braking efficiency. Simulations of the three-
dimensional static magnetic field, varying by electrical current and gap state, were carried out in ANSYS
Workbench. Magnetic field distribution across the working gaps was analyzed and brake performance evaluation
was complemented by test bench. Results indicate a relatively uniform magnetic vector distribution within the
MR fluid working area, suggesting a well-conceived magnetic circuit design. While theoretical and experimental
results generally align, discrepancies widen at higher currents. Braking torque surges from 0 A to 2.5 A, and then

moderates from 2.5 A to 4.0 A, peaking at 146.4 N-m, which is a 25.80% increase over the non-gap change
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condition. Achieving a torque-to-volume ratio (TVR) of 48.81 kN-m/m?, the designed brake surpasses traditional
MR brakes in compactness and torque adjustability. This design methodology and experimental findings offer
valuable insights for advancing MR brake structural research.
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i L 72 R — R BE AL HE RS R PR AE R S A T R B DR R AR A AR . H AT, B R W
B2 T A% Bl AR, AR ) B E AR R A A S R U A ) Bl A A R L B P R RE RS
SRR DR | AT SRR o AT AL G Bh A B A ) Sh i B A R s AT R E REAE IR A
AE TP AR A3 o X LERR R BE T A 328 Bl ROR S8, D AR 11 vy 280 mT 1 1 B AR G, AT B T A B B
9 2% PR A] S

Shy T 7 ) St s R M AR AR BTN B — BB T A Bl T B 3 i I ) Sl A 4 i S 1k R 1)
i, A A Tl S ke £ B BT T DR I A WA AR A T ARAETY Klikuehi S5 2 77 2 A SE 5 X FE 100 pm
F1'50 pm 2 FhHE S TR ] B8 00 12 30 A8 1 s 245, & B 50 pm A ] BRI 0 il 8 0 6 5 55 20% , iF W1 R I A8
A [ B 2 52 o 1) S A% M RE 10 B R . (H it T 50 wm (8] BT 4 U 728 VR BB FE 2 U SE , 5 B0 LRI S G 2
RURZEBK . Wellborn F¢ "B I I 1 — B T 8] BEAL S 0.1 mum 154 /)N B9 % 9 A2 1) 3y i, e g o6 i o 1L Gk )
T 6.79 N'mm/g. Wu " Beit—F B A 4 = TAR B A 2 0 2 2 06 0 22 4 2h 5% , e 2 3 1 45385 106 Nom.
Nguyen &5 T — B8 44 2 A% ) B i 85X 2h &% @ i 22 B s O0 A0 33 o6 i 3h 3 R4 01 31 202 Nom,.
VU AR T — 7l 5 RS O A (B A P A R 2 T T O A A sl A (B A5 UG A RE A% 1B TR
B o /N B T AR 18] B AT B 2l f i I RO LA S8 L 2 37 286 2 [ L G 32 2 kg T AR AR (] B
FIWTIE o Song S BL T I M — Fift A4 o] B2 v A% i) o O 3 A ) 3 %, 2 B 0.25 mom AR () B i 2l
AT mm B2 T 145 . Chen 2183 1 — MR R IR IC 12 G 46 558 9 5 1 30 722 0 T A4 18] Bt Ay i =X ot 72
il B 45 , B R A2 Hh e T SR I il T A N R SR Y HUE SR R ARREAE . Hu 55" B it 17 18] Bt n] 728 B i 22
BHLJC a2 — 2 Bk 1 nl 22 T A (] i 45 H) B 85 A7 58 oo ik i 2 A 1 s Sk

20 Bk F A S B v i TR 2 ) B i 1 o 1 R B A 07 N — R REAR  Sh AR Bt B . HREE G 2
i A0 AT 7 (8] B 2 A 000 A, R AT i st A R R, R DRy R A kA ) B A R R i B . H
R, 5 T MR R 22 ) 3l de A B ST 4 b o SCH S| ABIE B 1, Bt — il 22 48 3 S ] 28 A ) Bt 3 22+ 3
o, 0 AR FE AR A AR 0 B8 2 S I 2 i i AR D B0 R Y 5 P A S A A ) Bl g AR AR Xk o Bl 48 T
AT AR TR A [] H 3 T 00 i 25 H R S AT A BR T 20T s e, ik T B0 H 2 80kl i REHL AN 56 & 28, JF AT
LR

1 ZEATEEERTHINZENS TERE

22 45k WY 8 (0] B 14 O A2 o) S 2 25 A A AT 1 B, SRR LR 400 A 1) ] B s Sh Te MR ER - f 5 A A g
e AR S 5 AR AR | S R R 1 B A B A, I [ R R ) S0 4 64 SRR AL 5 2) i B R R AR A 4 A 1 AR TR
AT ) 20 B 4 AR TR Y S 8 R, DA K 4 41 03 i SRR TR AR TR ) i R T O A R R PR A R S 2 ol
A B B P R o R A ) S B I A A B A Tl il — S 2 gl i e A R U S e S < e A B PR AN B
B R R 22 [ A R FRAR b T A AR 1] RE AE B R ER B R B AN T 1 B BN a2 Bl 5 3) ] BT a4 2k T AR AL
s B ARG S R B T R AT A 22 55 R, X SE AR B[] AR LASE B S B R ) B Y A 2 T
A5 4) FCA BT - 6045 v LB SR B O B i I8 R 2z B TR AR R A e P IR VR T Al R s D DR AR B
B AT RE S B Al 115 3l o oAb, 2o se R A TEMRAL Ao U S R RE A T A e R B R A s i 2
14 %5 P 25 JE N, OB B e B 1) o 3 R 4

e B a8 AE TARARZET | Dl T 2 Bl R o 288 PR WAL, O 72 80 4 R T ) sl 85 PN FE 0 3 9 T2 A O, 0 728 R
H R B TR R JE BCEEAR S5 4 o U i 80 ) SR ORI T RE TS WA B BB R A R LB e A ) B 4 AL



28 TR KF FR % 47 %

N o B 2 il 2 VBN 2 R A R AL AR YRR B R R JIURE TE R 3 (VR TR R BR TE G S O R B IR IR 5 . (AR
il 2 BE 08 1 1 I A2 W00 85 U IR N g SE IRAT R 2 o 3 RS 40 VR 45 H O 5 B ARG AR TR T AR 1) B R
St RS BUORS Af R 4 1 Sl 2% B

AR ] B A 98 Y R AN P 2 s o ] 1.5 mm SR AR 14 A9 2206 6 B A B I A R SR 2R RHLET A E L JF
—FHUKIR LN N 22 5 8 8 R AR R N 2 SRR AL o R AN R B UEAT IR . BB A 4T
I RA W AR RS T T O AR A S Bl R b B AR RR . 7R R 303 O (A S5 IR S0 4
B R Y 058 A AP 2 B P AN 2 I I T o 20 A KRR A B A FAT AT LI A s 3 B A e A | B N 24 9 5%
FEHFE b, 5 7 FE AR N 22 B S I S i A 1) B TS s Bl W e R B 2 A8 B o e I R rh AR
Sl A R 22 1) 1) R D 7 VT A R B e/ N B . R R AR RS AR A L R 0~3.5 mm, AH N 1 BLIE
T T A [A) B 722 A6 105 L 2 0.75~0.25 mm, 5 T8 28 190 [R] B Oy i1 2 [RD B 0.5 mmy o U 228 W T A 1R B2 AT L3 3 48
FUBREAS S R Bt A7 T sh R, o v] DUE o A2 R IR e AL A7 H s R Y .

Zehivking:  ZeRRE R WAERER B SRR ARURE ARUREisE AT HATRURSE B SCRRR

Zedhide SRR HEAER MR ® WX RRA WER KB e A i

B1 IR =gBREE
Fig.1 Exploded view of the proposed MR brake
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Fig.2 Schematic diagram of brake working gap adjustment
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Fig.3 Schematic diagram of the displacement of the brake’s static disc bracket
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Fig. 4 Structural diagram of the proposed brake
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Table 1 Parameters of the proposed MR brake
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Fig.5 Magnetic vector distribution of the proposed brake
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Fig. 7 Radial distribution curve of magnetic field along the working gap of the straight surface
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Fig. 8 Radial distribution curve of magnetic field along the working gap of the wedge-shaped surface
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Fig.9 Test bed for brake performance testing
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Fig. 10 Braking torque of different currents and radial displacements
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Table 2 Torque-to-volume ratio (TVR) of typical MR brake
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Fig. 11 Comparison between theoretical and experimental torque
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