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A Analysis of the Robustness of a Controller by Monte-Carlo Method
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ABSTRACT

In this paper, the Monte-Carlo method was applied
to the controller robustness evaluation problems
with respect to the uncertainty of critical plant

parameters. The plant studied is a aerial vehicle,

The variable parameters are nondimensional stabil
~ity derivatives, inertias,

The nominal nondimensional stability derivatives
were obtained from wind turnel test. Also the nom
‘~inal inertia parameters were calculated from the
mass distribution along the vehicle axes,

But the parameters obtained from the test or calc
ulations are at best probable and always contain
some uncertainties which one can not figure out,
So some kinds of robustness evaluation method sho
—uld be applied, The parametric robustness of the
designed classical controller evaluated by the me
—-thod turned out to be satisfactory,
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number of trials n
initial time t
final time tf
initial conditions xo
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Yes |

Call random number/
variate the selected
plant parameters p

I

x=[A@Ix+[BJu

Solve the matrix
differential equation/
compute the eigenvalue
save some parameters

t=1+1 l
[
END

1Y 2 Monte-Carlo simulation & AANBEESE
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5. @B&

€ dFMHEe HY AF 2 AxEde, &
Aoj7lel FHAE B2 18R Be YYE B
Worst o,

FY AFe BRYNE FAGYoR R g Yo
NYN RdH Aolsg TPY AALDY A4
Ao DAE A& HARAY,

ol ¢ e Moismnz e WA WU B
QUY A% &, 72 FBAYA (structured uncer
~tainty) & 71X 32 AEe AS FEHA A2 &

.

o 7l% A%

u : perturbed body x axis velocity [ft/sec]
v : perturbed body y axis velocity [ft/sec]
w : perturbed body z axis velocity [ft/sec]
uo body x axis trim velocity [ft/sec]

] perturbed roll angle [rad]

[ perturbed pitch angle [rad]

¢ perturbed yaw angle [rad]

6o trim pitch angle [rad]

h perturbed altitude [ft]

p roll rate [rad/sec]

q pitch rate [rad/sec]

r yaw rate [rad/sec]

Fe perturbed elevator deflection [rad]

¥a perturbed aileron deflection [rad]

¥r : perturbed rudder deflection [rad]

¥ ec: elevator deflection command [rad]

2 ac: aileron deflection command (rad]

O rc: rudder deflection command [rad]

¢c roll angle command [rad]

8 c pitch angle command [rad]

-1 roll integral augmented state

i : piltch integral augmented state

T : actuator time constant [sec]

a : pole of the washout circuit
kq : pltch damper gain

kth,kthi : pitch PI controller gains
kp : roll damper gain

kph,kphi : roll PI controller gains
kw : yaw damper gain

kr . coordinated turn gain

I* : body axis inertias [slug*ft® ]
g . gravity constant
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