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Fig. 1 Swing angle curves of the knee joint and the hip joint when
normal individuals walk on level ground
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Fig.2 Swing angle curves of the thigh and the calf when normal
individuals walk on level ground
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Tab. 1 Fitting parameters of the swing angle of the thigh and the calf
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Fig. 3 Simplified structural diagram of the lower limb prosthetic
knee joint based on the magnetorheological damper
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Fig. 5 Variation curves of the required damping force for the lower

limb prosthetic knee joint

2 HhmZTPRE SRS T

2.1 WEimEPEEIRLEN

i UL ARG A2 BELJE # by 5D e X 58 £ T i A2 B
Jeds, FEMmftRL . FRIE%E . IHEMT. LB T
Bl FE SRR S R, SRl 6 s . TR 8h
HESHIRZ MRAMERE, BEARAR, BT
EERHIE AR AT R R 7 5 1628 5 R mEZ ML B
FHJC4ERE, FmE LT o rhim A i@l ; e
TGRSR R, TG %E LRI AR R 22,
W AR AE R 22V E R it BHJE 2218, ULR, #545H
MG, WS 7ERH e 4E Bkt = A T LRGN
MU BEBR N LS BT 7, R AR RELE g
MIREJE I3 Ak A8k o BRI, W07 4 P i O 114 R
/AT SEBIN RELE i B2

o e %%@
gy S
\ess ) X
R s 2T S

Elo mmTMHRREMTEE

Fig. 6 Structural schematic of the magnetorheological damper
R R BB O IR T oK, ARG T
—Fpda B 1T 1500 N G RAS B e #8 , LAH
RHAE T BT P IE W 1817 . & il ik
i Y 722 BELJE i %) i t0 LS 7 e 25K o g A2 e
T ZA SHN R 3 IR .

F3 TREBRXTHREMEEREZITSH

Tab.3 Design parameters of the magnetorheological damper for the lower limb prosthetic knee joint
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Fig.7 Three-dimensional nephogram of the magnetic flux density of the magnetic field in the magnetorheological damper
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Fig. 12 Average temperature of the magnetorheological fluid at the damping gap under various working conditions
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Research on dynamic characteristics of lower limb prosthetic knee joint
based on the magnetorheological damper

DANG Kun ZHEN Liang
(Key Laboratory of Solar Power Generation Systems of Gansu Province, Jiuquan Vocational Technical

University, Jiuquan 735000, China)

Abstract: [Objective] To solve the problems of fixed damping force and poor pseudo-humanity of traditional lower limb
prosthetic knee joints, a magnetorheological damper was designed to meet the vibration reduction requirements of the lower
limb prosthetic knee joint. [Methods] Through theoretical calculation, the maximum damping forces required for the knee joint
swing phase during flat walking and flat running were obtained, which were 179.6 N and 1 377 N respectively. In order to adapt
to the motion state of the lower limb prosthesis, a vibration absorber was designed to meet the damping force required by the
knee joint swing phase. Through numerical simulation and test research, the influence of external disturbed magnetic field and
temperature rise effect on the dynamics characteristics of magnetorheological damper were analyzed. The test of influence of
external disturbance magnetic field and temperature rise effect on the dynamics characteristic of the lower limb prosthetic knee
joint was conducted by using the lower limb prosthetic knee joint simulator. [Results] The results show that the output damping
force of the magnetorheological damper increases with the increasing magnetic flux density of the external disturbed magnetic
field. Under the same conditions, the output damping force of the magnetorheological damper decreases with the rising
temperature of the magnetorheological fluid. In the early stage of knee joint swing and the first half of its middle stage, with the
increase of the magnetic flux density of external disturbed magnetic field, the hysteresis of knee joint movement increases, and
the angle error increases. When the magnetic flux density of external disturbed magnetic field is 10, 20 and 30 mT respectively,
the maximum bending angle of the lower limb prosthetic knee joint is 59.0°, 57.8° and 55.7° respectively, and the maximum
angle error reaches 3.0°, 6.8° and 11.9° respectively. As the rise of the temperature of the magnetorheological fluid, the
hysteresis of knee joint movement increases, and the angle error increases. When the temperature of the damper rises to 30, 35
and 40 °C respectively, the maximum bending angle of the lower limb prosthetic knee joint is 57.1°, 54.0° and 49.8°
respectively, and the maximum angle error reaches 1.9°, 5.1° and 9.8° respectively. These conclusions provide a basis for the
design and optimization of the lower limb prosthetic knee joint based on the magnetorheological damper.

Key words: Magnetorheological damper; Lower limb prosthetic knee joint; External disturbed magnetic field; Temperature

rise effect; Dynamic characteristic (3. X 2F)



