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Experimental Validation on McKibben Pneumatic Artificial Muscles Models

Kentaro URABE*, Ryo NAITO* and Kiminao Kociso**

This paper validates a mathematical model of McKibben pneumatic artificial muscle (PAM) systems which
has been presented. Using PAMs manufactured by ActiveLink, FESTO and Kanda Tsushin Kogyo, it illustrates
the validation results of whether to simulate their behaviors.
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(a) ActiveLink TAA10 (¢10 mm, 0.25 m)

e

(b) FESTO DMSP-10-250N (10 mm, 0.25 m)

(¢) FESTO DMSP-20-200N (¢20 mm, 0.20 m)

(d) Kanda Tsushin Kogyo: Air Muscle (¢1.25
inchi, 0.20 m)

Fig.1 Pnuematic artificial muscles
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Fig.2 Illustration of considered PAM system
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Table 1 Variables and Parameters of PAM systems

l : length of PAM [m]
€= L=t : contraction ratio [-]
. ad" . . 8
é=— : speed of contraction ratio [-] j;
P : absolute internal gas pressure [Pa) E
Vv : volume of PAM [m?]
m : mass flow rate in the valve [kg/s]
Do : natural diameter of PAM [m]
Lo : natural length of PAM [m] .
L : nitial length of PAM after %
a weight loaded [m] Ag
D1, D2, D3 : coefficients of polynominal [m?] i
M : mass of the weight [kg] ;:
g : gravitational acceleration [m/s?] é
Pionk : source absolute pressure [Pa] i;
Pout : atmospheric pressure [Pa] E
k : specific heat ratio for air [-] %
R : ideal gas constant [J/kg-K] i
T : absolute temperature [K]
K : coefficient of elasticity [N/m3] -
0 : angle of mesh [rad] %
Cqy : correction coefficients [-] é
Coqs : correction coefficients [1/Pa] —q’;
Ce : modified Coulomb friction [N] %
Ao : orifice area of control valve [m?] g
k1, ko : polytropic indexes [-] %
Cv : viscous friction coefficient [Ns/m]
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Fig.3 Experimental equipment
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Fig.4 Measuring the volume of PAM with a Messzylinder
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Fig.5 Relationships between contraction ratio and PAM vol-
ume
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Table 2 Estimation results of each parameter (M = 1kg)

TAA10 DMSP-10-250N DMSP-20-200N Air Muscle

Do [m] 0.010 0.020 0.03175
Lo [m] 0.250 0.200 0.200 £
D1 [m3] —3.48 x 107%  —4.13x107%*  —6.70x 107*  —2.09 x 1073 ‘:2
Dy [m3] 2.32 x 1074 2.40 x 1074 4.89 x 1074 5.31 x 1074 §
Ds [m?] 277x 1075 200x107° 650X 107 1.86x 107* 3
Pyank [Pa] 0.701 x 10° 0.701 x 106 0.701 x 10° 0.701 x 108 %
Pout [Pa] 0.101 x 108 0.101 x 106 0.101 x 108 0.101 x 106 £
k[ 1.4 1.4 1.4 g
R [J/kgK] 287 287 987

T [K] 293 293 293
K [N/m3] 5.31 x 106 2.83 x 108 6.49 x 106 8.60 x 10
0 [rad] 7.10 x 1071 8.14 x 10~1 8.70 x 10~1 7.30 x 1071 §
Cq [ 7.49 x 1071 3.95 x 1071 3.43 x 101 1.23 fg
Cqp [1/Pa] —1.74x 1072 —-1.95x10"% —-6.02x107% —1.00x 10~® f
ce [N] 1.90 4.00 5.40 =
Ap [m?] 3.31 x 1078 2.34 x 1078 4.50 x 1078 4.80 x 1078 =
k1 [ 7.88 x 1071 9.24 x 10~1 8.24 x 10~1 8.24 x 10~1 %
ko [] 1.70 4.90 x 101 031 *
8

¢y [Ns/m] 2.51 x 10! 2.46 x 1072 9.73 x 101 6.52 x 1071

Table 3 Performance indices

TAA10 DMSP-10-250N DMSP-20-200N Air Muscle
steady state 1.75 x 103 3.98 x 103 3.55 x 103 3.65 x 103
transient 1.42 x 105 2.56 x 10° 2.46 x 10° 1.84 x 105
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Fig. 6 Comparison of steady state responses of experimental data as ‘0’ and simulation

data as ‘O’
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Fig.7 Comparison of transient responses of experimental data as ‘0’ and simulation

data as ‘O’
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Fig.8 Validation results of the proposed PAM system model using several PAMs via

comparison of transient responses with practical ones
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