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Abstract

This paper presents a design method based on the Lyapunov stability
theory for a model —reference adaptive feedforward—feedback control flight
simylator servo system. An example and the result of its digital simulation

and parameter optimization are included.
I. Introduction

The feedforward—feedback control system can be generally used
for a flight simulator servosystem'!’.In theory, the band— width of
this kind of system compensated ideally is infinite. But the perfor-
mance of the system is very sensitive to variations of the plant
parameters and feedforward compensator parameters. The system
frequence response will be deteri orated markedly, when the plant
parameters vary. This is a serious problem which has existed in
feedforward— feedback control servo systems.

To solve this problem, we can add an adaptive mechanism to the
conventional feedforward—feedback control system, thus having a
model — reference adaptive feedforward—feedback control servo sys-
tem achieved. When the plant parameters change due to environme-
ntal disturbance and the case of the ideal compensation does not
hold, the adaptive mechanism will automatically adjust the feedfo-
rward compensator parameter values so that servo system can po-

ssess the idealized frequence response or approach to it.
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I, System dynamic equation

Fig.1 shows the block diagram of a feedforward—feedback con-
trol flight simulator servo system. An analog (or digital) computer

generates a reference input r(t) and its first—and second — order

derivative r(t), r(¢), B,, B, are the adjustable parameters of the

feedforward compensator.
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Fig, 1 Block diagram of a feedforward-feedback control flight

simylator servo system

According to Fig,1, we have the dynamic equation of the system

TG, + 6+ K, K0, =K, 8, 7+ K, 8,7 +K,K,7 (1)
The reference model is assumed to be ideal, i. e. the relationship

between its input »(#) and the output 6,(1) is

6,(t) =7(t) 2)
and the generalized error is defined as
e=0;—0,=0,-7 (3)

According to Eq.(1) and (3), the dynamic equation of the gene-

ralized error can be obtained as

Tc;'+ e+K1Kze=x1‘r"+x2'r (4)

where x1:K251"T, ¥, =K,8,-1 (5)

L, Design of the adaptive mechanism
Now we design an adaptive mechanism based on Lyapunov stab-
ility theory,'*’’"®! When the controlled plant parameteérs vary, the

adaptive mechanism is required to adjust parameters x, and %,
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automatically (or equivalently to adjust §, and B5), so that e, e,X

and X are gradually becoming zeros as i—>oo, where X=0[x;, %] .

We choose the following Lyapunov function
V=P,e?+P,ye® +A x}+ A%} (6)

where P,, Py, 4,, A, are constant and greater than zeros. Deriving V

with respect to t and considering Eq,(6), we can get

a P . P o o .
V=~ 2—T_1-82+[2_TL6 r+24, %, ]xl
0l . P .
e (25t ¢ re2iam, ]xz+t2Pz—2-—I%K1KzJe e (7)

Obviously, the first term on the right of Eq,(7) is negative de-

{inite. Let the other terms be'zeros so that V is guaranteed to be ne-

gative definite, thus we get

x.l:_—_PL_;;: (8)
T
j Satbah ol (9)
il
P
and Pz:TLKle (10)

Condition (10) is easy to be satisfied. According to Edq.

(8), (9) and ;c, =1G; (5;1, 9;2 =Kz{):2,the adaptive law can be obtained

as
& [t [ Y]
Bl—_ to BICTdT+51(to) (11)
ﬁzz—ﬁo Byer dr+8,3,) (12)
P
where B, = —, B, = 2 and they can be

1.TK, 2.TK,

obtained by simulating and optimizing.
From the above analysis, we can know that P,, P,, 4, and 4,
are only requested to be constant and greater than zeros. They are

not restricted by any other conditions.
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Fig, shows the block diagram of the model - reference adaptive
feedforward - feedback control flight simulator servo system.
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Fig, 2 .The model refrence adaptive feedforward—feedback control
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IV . Calculation of K,

We can determine K, in such a way that under normal condition

the damping ratio £ of the closed~1loop system with no feediorward

compensator is made to retain a value of . ATsystem like this

A
will possess a better transient respounse.
Suppose normal values of the plant parameters T and K, are '

and K,, respectively. The transfer function of this second— order

system is
2
LI i (13)
] S§* 4280, + w?
where we let ij——l then
- \/7,
1
co,,= \‘/—_'Z_T ( 14 )
0
So we can get
1
= e (15)



V. An example
The controlled plant transfer function is given by

G.(5) = S(TS+1)

its normal parameters are
T,=0,08, Kyo=1,52
Using Eq,(15), we can obtain the preamplifier gain

K, EoIP paly a4
2%x0,08%x1,52
B, and B, can be obtained by using parameter optimization technique
as following
B, =0,00057, B,=0,085
We use a sinusoid with 1 Hz as a reference input signal. Fig,3

(b) and (c¢) show that the feedforward compensator parameters can

quickly (about two seconds) converge to their desired values.
B¥=0,0526, 8%=0,658
From Eq.(1) we know that the ideal transfer function must be

8:(S) _K25152+K2528+K1Kz -

R(S) = TS*+S+K,K, >
So we get
T 0.08 1 1
* gL ! . *
5 Z =0,0526 = =~ =0,658
B e 1,52 e 1,57 )

Obviously, the result of the simulation corresponds with the the-
oretical analysis.

Fig.4 shows the response curve 0,(t) of the system which is shown
in Fig,2 and in which the reference input is a sinusoid with 10Hz
and the plant time constant is increased 20%, Fig,5 shows the respo-
nse curve 8.(t) of the system with no adaptive mechanism if the
system has the same input signal as the system in Fig,4, the plant
time constant is also increased 20%, and the feedforward compensator
parameters are §, =0,0526, £,=0,658, These curves show clearly that
when plant parameters vary, the closed—loop system with the adap-
tive mechanism will show a good performance of tracing a sinusoid
signal. However, without the adaptive mechanism, the system output

will have noticeable amplitude and phase errors produced.
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Fig, 3 The performance curves

)

Fig. 5 Response curve of the system without the adaptive loop
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VI. Conclusion

This paper proposes a design method of the adaptive feedforward-
feedback control flight simulator servo system. The results of digital
simulation show that the servo system designed by using this techn-
ique can effectively overcome some disadvanlages entailed by varia-
tions of plant parameters. Therefore a design method is provided for

constructing highperformance flight simulator servo systems.
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