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Estimation of Parameters of Nonliear System by
Using M-sequence and Volterra Kernels
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Many classes of nonlinear systems can be represented by Volterra kernels. The authors have
recently developed a method for identification of Volterra kennels of nonlinear systems by using M-
sequence and correlation technique. In this paper, the authors propose a new method for
identification of nonlinear mechanical systems by use of Volterra kernels. The nonlinear mechanical
systems are approximated to a nonlinear vibrating system which consists of a mass, a dumper, a
linear spring and a nonlinear spring. Then, the parameters, which represent the nonlinear springs are
calculated by use of the Volterra kernels. From the results of computer simulation and experiment,
the parameters that represent the nonlinear characteristics of the nonlinear mechanical systems can
be identified by the proposed method.
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Fig. 1 Nonlinear vibration system
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Table'l Parameters of the nonlinear vibration
system
Parameter | Symbol | Value
mass m 1.0
damping coeflicient c 1.0
linear stiffness constant k1 1.0
nonlinear stiffness cnstant ko 0.2
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Fig. 2 Cross-correlation function between the input w(t) and the output y(t) of a

nonlinear system
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Fig. 3 Obtained 1st order Volterra kernel
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Fig. 4 Obtained 2nd order Volterra kernel
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Fig. 5 Relation between estimated parameter ks

and theoretical value kg
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Fig. 6 Estimated parameter ks in case of signal
including white noise
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Fig. 9 Obtained 1st order Volterra kernel of the

experimental system
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Fig. 8 Block diagram of the linear part of the apparatus
Table 2 Parameters of the experimental apparatus
Parameter Symbol | Value Unit
moment of inertia of motor J 0.0014 kgm?
damping coefficient c 0.07071 | Nms/rad
torque constant Kr 0.3677 Nm/A
backlash of the coupling B 0.0126 rad
position gain Pg 30.0 rad/s
proportional gain Kp -1906
~ integral gain K; 212 rad/s
clock pulse cycle At 0.002 s
60 ————r -
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3
= 20 -
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-20 PO | 2 PR |
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Fig. 10 Obtained 3rd order Volterra kernel of the Fig. 11 Gain |G1(jw)| of the linear part of the

experimental system
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Table 3 Estimated parameters of the nonlinear

system
Parameter Value ‘ Unit
ag 0.2593 x 107! | Nms®/rad
a; 0.1840 x 10 | Nms?/rad
Qi 0.2422 x 10®* | Nms/rad
a3 0.8092 x 104 Nm/rad
k3 0.1533 x 10~% | Nms/rad®
0.08 T T T T
actual
estimated ©
0.04 .

8 [rad)

-0.04

-0.08
0.2 0.4 0.6 0.8 1 1.2

t [s]
Fig. 12 Comparison between actual and estimated
output of the experimental system
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