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Modeling of a Rubber Pneumatic Actuator with Contraction Ratio Derivative
and End-Correction Coefficient
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Abstract: In this paper, we propose a refined nonlinear mathematical model for McKibben-type Pneumatic Actu-
ators (MTPAs). Our model accurately reflects physical dynamics by incorporating both the time derivative of the
contraction ratio and a correction factor at the actuator’ s ends. We linearize this nonlinear state equation around
an equilibrium point to derive a useful linear state equation and transfer function.
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Table 1. List of Quantity Symbols

Symbol Meaning Unit
P(t) Absolute Internal Gas Pressure [Pa]

V(t) Volume of MTPA [m?]
m  Mass of Air [kg]
T  Absolute Temperature K]

Qm(t) Mass Flow Rate [kg/s]
K Specific Heat Ratio for Air [-]
R Ideal Gas Constant [J/ (kg K)]

e(t)  Contraction Ratio []

F(t) Contraction Force [N]
b Length of Mesh [m)]
lo Natural Length of MTPA [m]

1(t) Length of MTPA at Contraction  [m)]
D Diameter of MTPA at Contraction [m]
Dy Natural Diameter of MTPA [m]

6(t)  Angle of Mesh at Contraction [rad)
6o  Angle of Mesh at Natural Length [rad]
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