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Abstract—This paper proposed an intelligent control system
for the aerodynamics research test in wind tunnel experiment,
which can fulfill the air pressure data collecting and data
processing automatically, it completes the normal control and the
abnormal processing through the monitoring of the working
state. In the process control, some deterministic index and fuzzy
evaluation are applied so as to direct the inference engine to
reason and select proper control strategy through multi-mode
controller .the rules in rule base and the data in data base can be
added or erased on-line. This system has been successfully used
in aerodynamics research test and teaching in our college.
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L INTRODUCTION

Aerodynamics research test takes key function to develop
fluid mechanics and aircraft. the Wind tunnel (WT) is one of
the important facilities for aerodynamics research and
teaching. It is required starting fast, fluid-field steady, safety
and reliability. But, it is difficult to establish a lumped
parameter model for WT at present. The controller design is
not easy due to the short operation and the changeable
working state. In past, a lot of man - power and energy was
wasted in the tunning. Meanwhile, the system performance
will be unsatisfactory as the working condition change. This
paper presents an intelligent control system for WT. It can
solve the problem as stated above. Fig.l shows the structure
of the aerodynamics research test system.
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Figure.l The structure of the aerodynamics research test system

The system is divided into two parts: normal control and
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abnormal processing. In abnormal processing, either warning
information or emergency action is given through reasoning;
in normal control, the deterministic evaluation and the fuzzy
estimation are made in terms of the properties of the system
dynamic action. So, they can provide some directing
information to inference engine on-line or off-line so as to
take some action. The rule in knowledge base and the data in
data base can be added or erased on-line. This system has
been applied to some WT successfully in our institute .

II.  INTELLIGENT CONTROL SYSTEM FOR WT

The intelligent control system for WT is shown as Fig 2. It
is made up of working state monitoring, normal control, and
abnormal processing and control mode decision.
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Figure.2 The intelligent control system

A. Working State Monitoring

The working state, according to the setpoint and the
measured value, will be classified through the monitoring
mechanism. Hence, the efficiency of the knowledge matching
and the effectiveness of evaluation can be improved because
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the reasoning and the data searching are implemented in their
sub-bases.

B. Normal Control

Normal control consists of performance evaluation, data
base, rule base, inference engine, parameter modification and
controller.

1) Performance Evaluation: In WT, the evolved performance
index is as follow:

a) steady error: €| >t<€g €Y
b)overshoot: <0, 2
¢) rising time: t—min 3)
d) transient time. ts—min 4

As above, index (a) and (b) show the accuracy and the
safety. (c) and (d) show the economy However,
performance (a) is the most important. If it is not met, the test
is meant unsuccessful. Connecting with other performance,
we can determine the test is {“unsuccessful” “unsatisfactory”,
“satisfactory”, “successful”} based on the expert experience
after index (a) is reached. Controller parameters can be
adjusted automatically by computer if the result is
“unsuccessful” But, if the result is “unsatisfactory” or
“ satisfactory”, the expert need determine whether the result is
useful and parameters should be reset or not.

2)Data Base:
sub-bases:

a) the controller parameter base,

b) the transducer coefficience base and initial value,

c) the normal valve value and the emergency action value in
every state,

d) operating parameter base.

In these sub-bases, the controller parameter and the

operating parameter can be change on-line.

Data base (DB) contains the following

3)Rule Base and Inference engine: According to the results of
knowledge acquisition from the control expert, we catalog all
of rules in to three classes: parameter matching (PM),
parameter tunning (PT) and control mode decision (CMD).
By rule of parameter matching, the different control
parameter can be gotten on the authority of every working
condition. Typical rule of this type is
PM: IF the pressure in the tank of air storage is less then Py;
AND IF the absolute error is less then ¢;
THEN {K,; Ki Kai}
Where: Py, ¢; —the given pressure and error.
The rule of parameter tunning determines the controller
parameter modification based on the test result.
We can illustrate this idea by the following rule:
PT: IF the system overshoot is more than o,
THEN the proportional coefficience would be
increased Ll
The control mode decision rules select the proper mode
controller on the basis of the test condition. These rules can be
illustrated as follow:
CMD: [F the model attack angle changes rapidly
THEN the feedforward control would be introduced.
Inference engine, first, decide the current working state.
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Then, it scans through the rule base, finds one to apply and
applies it.

4)Parameter Adjusting and Controllers: We use the
Bang-Bang controller when the system error is large. While
the disturbance is strong, the feedforward control would be
introduced. = The PID controller is applied when the
measured value is adjacent to the setpoint. The coefficience of
PID controller can be set on-line or off-line through the relay
signal applied . In tunning , the coefficience is set off - line .
These coefficience and knowledge are stored in DB and RB
individually. They can be used as the basis of parameter
modification. In operation, the parameter is set on - line and
stored in DB if the result of evaluation is “unsatisfactory”,
Meanwhile, these new rules which set the parameters are
added in RB. IF the new rule is in contradiction with the old
one, it can be reconstructed as follow:

Kn: 0 nKnn+(1' 0 n)Knn

Ki = 0iKint(1- 0K o)
K= 0 dKant(1- 0 9)Kdo
where:  { Ko, Kiny Kanj—new coefficience,
{Kon» Kio» Kgo}—old coefficience,
{Pp» pi» paj—the degree of confidence in

correspondence with the {Kpn, Kipr Ko}

C. Control Mode Decision

The multi-mode controller includes:
a) Changeable amplitude Bang-Bang controller,
b) Proportional controller,
¢) Integral controller,
d) Differential controller,
e) feedforward controller.
In the process of control, one or several mode controller are
taken through reasoning according to the environment and the
error.

D. Abnormal Processing

In this part, inference engine must supply warning
information and emergency action as the test occurs abnormal.
It’s rule can be expressed as follow:

AP1: IF the voltage of sensor 1 is more than it's valve
value THEN warning “sensor | failure”.
AP2: IF the pressure is higher than aP, AND the increasement
of pressure is more than [1Pg, THEN stop test.
Where: a-constant which is decided by expert.
Pg, [1Pg -pressure and it' s increasement given.

III. CONCLUSION

This paper introduces an intelligent control system for WT.
It can complete the normal control and the abnormal
processing through the monitoring of the working state. In
normal control, the parameter can be adjusted automatically
and the data in DB, the rules in RB can be added, erased and
changed through reasoning and evolving. This system has
been applied successfully in our institute .
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