: BUbRH 2 5 R
E ﬂg"'_‘ﬁm"_f‘?ﬁ? Mechanical Science and Technology for Aerospace Engineering
ISSN 1003-8728,CN 61-1114/TH

|.'l|“".‘i- @

(HLHALEEHAR)Y MEERIBX

H — PR IR AR ST B R AL AR N T S kR I BRI AL

= Bt BiER, KR, PN, Mg

DOI: 10.13433/j.cnki.1003-8728.20250015

Mgk Hi:  2025-03-12

51 Bk, WRIEER, KR, IO, B, —FPRERAS T B ENAE NS

BRERME BERT FC[I/OL]. HUMRHE S HA
https://doi.org/10.13433/j.cnki.1003-8728.20250015

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
FURHE T YmBRa AT /D S SO B .

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2025-03-12 09:45:07 https://link.cnki.net/urlid/61.1114.TH.20250311.1752.004

DOI:10.13433/j.cnki.1003-8728.20250015
— MR 3% 28 R AR A IR SRRBR B RS

SR HERT KRR bk T

(2R AR TES HEeERL, &8 230039,
2 EBHFERAR K TRERELERE, AR 230022)

OB AL R RAE AL A PR AR, A RS M EIAL, Ak T — T
AERKMIEA LT, ARRENEARGMNEARS o AL, B 38 £ 5 89245
W, EETTEMEGFRBUBITE S RAA | BT EHE, HAEMT, Rt T RBED
el ik, Hilit COMSOL #4785 7 AW a AL £ F 4k 48, RGBERBIIET 2R
WEAKSKNE R FRET, BHGEIEH LTI, &AL IR B 57 IR B2k 5 A AR
b, AR T A A At

XA RAMBA; BAT, TRIE; 254
hE SRS TP249

Design and Jumping Performance Investigation of a Unipedal Robot
with Magnetorheological Joints

Yunfei Li! , Haodong Xu! , Liang Zhang' , Shuaishuai Sun?, Jian Yang"”*

(1. School of Electrical Engineering and Automation, Anhui University , Hefei 230039 , China
(2. School of Engineering Science, University of Science and Technology of China, Hefei 230022, China)

Abstract: To address the issues of insufficient burst power and high energy consumption during the jumping process
of existing legged robots, a drive joint based on magnetorheological (MR) technology is designed to enhance the
mobility of the robotic system. By modeling and analyzing the MR joint, a model for a unipedal robot with a variable-
stiffness parallel elastic actuator is developed. Kinematic and dynamic analyses are performed, followed by
decoupled motion control to evaluate the jumping performance of the unipedal robot. Magnetic field simulation is
carried out by COMSOL to analyze the locking torque of the magnetorheological joint. Experimental results
demonstrate that, compared to traditional joint modules, the proposed design leads to a reduction in the motor's
instantaneous current at takeoff and an improvement in jump height, thereby validating the effectiveness of the
proposed method.

Keywords: Legged robot ; Magnetorheological ; Variable stiffness ; Motion control
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Tab.1 Analysis of equivalent stiffness of Magnetorheological joint
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Fig. 11 Key pose during magneto rheological joint robot jumping process
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Tab.2 Key parameters in the experiment

ZH 55 L=l
HUHLRIEE k, 0.55
FHLBE B kq 0.01
BRER & 3 taes 100
R 45 Az 0.18m
0L 25

R iﬁﬁ Z 0.36m
ARG m 2.6kg
KN B l 0.23m
E:wapiibudis g 9.8m/s?

g0, LHE — 6.0&fE— 658&E — 7042

/N

T T
100 200 300
Time(ms)

o
?

Hip_Angle(rad)
N
o

N
<

o

o

150+

100+

gle(rad)

50

Knee_ An

T T 1
0 100 200 300

Time(ms)
60- ]

40

204

Force(N)

W% 300

0 = L\Zﬂéo h}$ %n

-20-
Time(ms)

K12 ASFEIRIE T IBkBR AL 2845 2.

Fig. 12 Jump pose information under different stiffness levels
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