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Experimental Investigation and Modeling of Force — Displacement
Hysteresis of Pneumatic Muscles
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Abstract; An experiment setup for the contraction force measurements of pneumatic muscles was
developed for sake of the pneumatic muscle’ s dynamic characteristics. The pneumatic muscle force —
displacement hysteresis characteristics were found to be asymmetry, with nonlocal memory, weak
correlation of high internal pressure, and quasi rate-independent by investigating the influence of the
internal pressure, stroke, contraction velocity, contraction frequency on the pneumatic muscle’ s force —
displacement. Aiming at the problem that the existing Prandtl — Ishlinskii ( P1) model cannot predict
force — displacement hysteresis much well, a modified PI + Dead — zone hysteresis model was developed
by incorporating a modified dead — zone operator with the classical PI model. The model’ s parameters
were further estimated by the least square method and the model precision was compared with the classical
PI model, the classical Bouc — Wen (BW) model, PI + Polynomial model, Wang — Wen model and BW +
Polynomial model. Comparative experiment results showed that the PI type models performed much better
than BW model, and the modified PI + Dead — zone model can predict force — displacement hysteresis best
with the absolute mean error less than 1 N and the mean variance less than 1.5 N under each contraction
condition. Furthermore, the classical PI model which possessed fewer model parameters can also estimate
the force — displacement hysteresis accurately during a short contraction. Above experimental results
provided a valid reference for nonlinear control of the PAM actuated servo system.
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Fig.1 Contraction force and static force of PAMs under

different pressures

(1) HEX P

SBIIWLP A 7~ A% 38 i ) 2 2 A X A 36 0
2, RISl L PA e 2 AR S D i 1 RE e A R R GR
J1 KT (L SR ) b ) A RRR



404 £l #HL

i

%

i 2021 4

p=7.0 MPa
p :(j 1Pa

1Pa
0 MPa

2 14 16 18 20

K2 ORI 0 sl LR —r B a8 i il 2k
Fig.2 Hysteresis curves of force — displacement under

different pressures

(2) AE Rkt

P 3 s BREF S L A I R IR E B
KA, AT TSR 088 8 fiF il £ 19
ARG AL EAFAE & 225 0 men] WL, S ILP Y
T Ko iS i B A AR R i ic A2 me vk, Bl LY
A8 3R i AN A 2 iR A O, 38 32 5 2 L iR
5 VEIGKE R . Hoh AT RO, S I -
(VR ZIET EEYiUE | PO a9 2 o= S A U | B
AL X B L P 3 — o7 B A 2 AR S 3 il A2 o =
KEZMIEM . e, B ILN T -0 8% R i B4
A BB B SR AN AT R A 0

K4 AFEENE

=14.58%

9 S~ 88 38 s 2%

3 AFATRER -8B HF il 2 (p = 0.5 MPa)
Fig.3 Hysteresis curves of force — displacement under

different strokes (p =0.5 MPa)

(3) KR A1 55 AH

PRSI AT FE AR R 4G K R AE B AE
FORE DR 7, DA S Sl LR 07 % 3R i il £k an
B4 FiR, S ILA s N R KT — @l %
T BB A — 2 hIE RS LA
FERIE ST CIRVAT AR TR R IR K A&, R )
ZHEN IR /N o A SR O R R AT L Ak
BN IR A AR S R, S R B, X TR
YRS B0 R 5 KB LA, Y S B AR o R
JEJ1RT°0.5 MPa, a] 1A Sy HR s ) 5 1 4 ) 6
X

p=7.0 MPa
1Pa

/ a
p=4.0 MPa

12 14 16 18 20

Fig.4 Hysteresis curves of force — displacement under different pressures
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Fig.7 Hysteresis curve of force — displacement depicted by
contraction rate
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