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Abstract—when the aero-generator works in the over-loading
state, the over-loading protecting module in the power supply
system will cut off some loads to protect the aero-generator. In
order to improve the working stability of the power supply
system, decrease the disadvantage effect caused by the electrical
power fluctuating to the electro-equipments, and prolong the
aero-generator’s working life, an anti-delay switch on/off control
technique will be adopted to perform the over-loading protecting,
and how to compute an appropriate delay time is a key factor in
this technique. This paper will use the fuzzy control theory and
method to compute the best delay time, in order to get a more
intelligent and advanced over-loading protecting module in the
power supply system.
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The aero-generator is the core of the power supply system;
it will supply the electrical power to all the electrical
consumption equipments in the aircraft. The working reliability
of the aero-generator is a key factor to insure the aircraft fly
security; so it is very important to protect the aero-generator.
There are two ways to protect the aero-generator, first, when
the engineers design the aero-generator, they will make the
aero-generator has the ability to endure a certain over-loading;
the second, an over loading protection module will be adopt
into the power supply system, when the load is over, the over
loading protection module will cut off some loads
automatically to protect the aero-generator. But, the up two
ways will face some shortages, for example, when the aero-
generator works in full loading state, if some interferes happen
or some loads change over, the aero-generator will work in the
over loading state in a very short time continually, and the over
loading protection module will switch on/cut off the circuit
continually too, the result is that the power supply system will
work in an unstable state, the voltage will fluctuate largely, and
the quality of the electrical power will become bad.

INTRODUCTION

A new method that called anti-delay switch on/off control
technique[1], [2] is introduced into the over loading protection
module to protect the aero-generator. Because the aero-
generator can endure a certain over-loading, when the load is
over, the over loading protection module will cut off the circuit
to protect the power supply system after some delay time, the
delay time becomes a key factor to make sure the over loading
protection module can work effectively or not, how to calculate
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the best delay time becomes the core question. This paper will
introduce the fuzzy control theory and method to compute the
best delay time to get a more intelligent and advanced over-
loading protecting module in the power supply system.

II.  THE FACTORS AFFECT THE DELAY TIME OF THE AERO-

GENERATOR

By analyzing the design parameter of the aero-generator
and the control relation of the power supply system, as the load
is over, the factors affecting the delay time of the over loading
protection module’s action are: (1) the over loading carrying
capacity characteristic of the aero-generator; (2) the current
working state of the aero-generator.

A.  The Over Loading Carrying Capacity characteristic of
the Generator

As the engineers design the aero-generator, the over loading
carrying capacity of the aero-generator becomes a very
important parameter that they must consider, the specific data
must be given. For example, the over loading carrying capacity
parameter of one aero-generator used in one type of aero plane
like this: when the working temperature of the aero-generator is
95°C (the upper limit is not more than 130°C ), the over
loading carrying capacity characteristic data shows as table (1.

TABLE L. THE OVER LOADING CARRYING CAPACITY CHARACTERISTIC
DATA
Load Current (A) Working Time (s)
600 1200
750 60
900 10
1200 2

From the up data table, the over loading carrying capacity
characteristic function of the aero-generator can be get by the
Lagrange's formula [3], which be denoted as follow formula:

—76-x+5760  ,600<x<750
y=1-03333.x4310 ,750< x<900 @
—0.027-x+34,  900<x<1200

In this Lagrange's formula, x-means the load current, y-
means the maximum working time that the aero-generator can
work safely.
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An over loading carrying capacity characteristic cure can be
drawn out too, as showing Figure.1.
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Figure 1. The over loading carrying capacity characteristic cure

By the over loading carrying capacity characteristic
function and cure, the longest time that the aero-generator can
work in the over loading state safely will be calculated, this
time is also the delay time that the over loading protection
module to switch on/cut off the output circuit of the aero-
generator.

B. The Current Working Sate of the Aero—Generator

In fact, besides the factor of the over loading carrying
capacity characteristic of the aero-generator, the current
working state of the aero-generator is also an important factor
to affect the delay time, such as the aero-generator’s working
temperature, the amount of the over loading, the output voltage
of the aero-generator, the rotate speeds of the rotor, and etc.
The delay time is calculated only by the factor of the over
loading carrying capacity characteristic function/cure, it is not
very exact, for example, when the working temperature of the
aero-generator is high, and the amount of the over loading is
medium, the calculated delay time is very long, it is not
reasonable, and also does not meet the aero-generator’s actual
working need. So, to calculate the delay time, another
important factor, the current working sate of the aero-generator,
must be considered.

Because the relation between the current working sate of
the aero-generator (for example, the temperature of the aero-
generator is high or low) and the delay time cannot be
expressed by the exact formula, a fuzzy control theory will be
introduced into the over loading protection module to get the
best delay time.

III. THE DELAY TIME CALCULATING BASED ON THE FUZZY
CONTROL THEORY

A. Obtain the Input/Output Varibles in the Fuzzy
Controller
Among the factors that affect the delay time in the power
supply system, the over loading carrying capacity characteristic
is the main, and the current working state of the aero-generator
is the accessorial. To calculate the delay time, first, use the over
loading carrying capacity characteristic function/cure to

compute the primary delay time¢, , then consider the current
working state of the aero-generator to amend the primary delay
timet,, the amending coefficient is the variable y (also called

“the degree of acceptance”, its range is from 0 to 1), then the
actual delay time can be calculated as:t =¢, - y .

This paper will use the fuzzy control theory to calculate the
amending coefficient y , so the output variable of the fuzzy

controller is y , the working temperature of the generator X,

and the amount of the over loading X, are the input variables

of the fuzzy controller. The fuzzy controller is shown as figure
2.
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Figure 2. The fuzzy controller

B. The Input/Output Varibles Fuzziflcation

By analyzing the technical criterion and the actual working
state of the aero-generator, the range of the working
temperature of the aero-generator is [95°C,130°C ], and the

range of the amount of the over loading is [0A, 600A].
Fizzling up the input/output variables into four degree, the
fuzzy language like down:
e The fuzzy set of the working temperature of the aero-
generator X, : {normal, little high, medium high, very
high} = {zc, sg, jg,hg }.

e The fuzzy set of the amount of the over loading X, :

{little (over loading), medium (over loading), high
(over loading), serious (over loading)} =

{Sd7jd7hd7yd }'

e The fuzzy set of the "degree acceptance" ) : {less
(accept), medium (accept), more (accept), full (accept)}

= {8/, Jjhj, Wi}

The triangle linearity distributing function [4] is used to
calculate the membership function of the input/output variables
in this fuzzy controller; this function can be realized, calculated
and regulated easily. Its curve is shown as Figure 3.
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Figure 3. The triangle membership function
And the mathematics formula is:

() = {(x—a)/(b—a),a <x<b 2)
(x—o)/(b-c),b<x<c



Then, the membership function cures of the input/output
variables x,,x,,y are shown Figure 4.
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Figure 4. the membership function figure

C. The Fuzzy Control Rule Selection, Reasoning
and the Output varible Anti—Fuzziflcation

The fuzzy control rule is the core content of the fuzzy
control arithmetic; there are two ways to select the fuzzy
control rule [5]: (1) the experience induction of the experts, (2)
the synthetically reasoning.

TABLE II. THE FUZZY CONTROL RULE
the degree of the working temperature of the generator X,
acceptance y normal | little high medium high very high
the little full full more medium
quantity | o dium full good medium less
of over - -
loading high full good medium less
X, Serious more more medium less

Because the factors affected the delay time can not be
established by the synthetically reasoning method. The
experience induction of the experts is used in this paper, after
enquiring the designers, experts, maintenance engineers and
supporters to get correlative knowledge, in the same time using
the power supply system drag equipment to test the aero-
generator's performance, the fuzzy control rule can be get as
shown in the table II.
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Any one fuzzy control rule in the table II can be described
as: “IF...AND...THEN... ", the relation between any two
fuzzy control rules is "OR".

The fuzzy reasoning is obtained by the maximum-minimum
operation theorem (sum-product operation theorem, introduced
by Mamdani [5]), the anti-fuzziflcation of the output y adopts

the average center of gravity method [6], and this method is
similarly to the barycenter of the polygon. The membership

function ofx, ,x,,y is ¢, 4 ,, M 5. Then the exact output
result formula as shown down:

DML X I X
- DM

D. The Calculated Result of the Relay Time

The delay time based on the fuzzy control theory is
calculated by the computer, the software is Visual Basic6.0++,

and it’s result is shown in the table [1I.

©)

Iv.

From the delay time result in the table III, the conclusion
can be get: (1) the average working temperature of the aero-
generator is more high, the over loading carrying capacity of
the aero-generator become more bad, the delay time become
shorter; (2) the amount of the over loading is more large, the
delay time become shorter. In the same time, the delay time
calculated by the fuzzy control theory is more according with
the actual working requirement than the result that calculated
without the fuzzy control theory. For example, at one time, the
working temperature of the aero-generator is 95°C , the amount
of the over loading is 230A, the delay time is 33s (see the
appendix table), after it has worked 25s (the working
temperature is up to 115°C ), some loads (about 60A) begin to
stop working normally, the amount of the over loading will be
decreased down to 170A, at this time, the over loading protect
module will detect the new data, if the working temperature is
considered (based-on the fuzzy control), the delay time is 18s,
on other hand, if the working temperature is not considered, the
delay time will change to be 53s, the delay time difference is
35s. By the actual working validating, the method based on the
fuzzy control is introduced into the over-loading protect
module, the delay time calculated is more satisfied with the
actual working need of the power supply system.

CONCLUSION
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TABLE III. THE OUT PUT DELAY TIME BASED ON THE FUZZY THEORY IN THE OVER-LOADING PROTECTING MODULE
0 - . . £
w. The output delay time based on the fuzzy theory in the over-loading protecting x|
— Delay tune
The working temperature of the aero-generator

0.0 9z.5 95.0 a7.5 100.0 1025 1050 10v.5 10,0 1125 1150 11T.5 1200 12E5  125.0

10 1124 0 1124.0 1124.0 1102.0 1102.0 1102.0 11006 975 2 8326 809.9 7259 6006 517.9 4353 351.3

30 972.0  972.0 9720 9257 9257  8S.T 9180 TTR.d  TIT.4 BS9.6 5940 451.3 3934 335.6 ET0.0

a0 gz0.0 82000 g§2000  TTR.E  TES.3 TEE.5  TSl.T  B33.0 5T4.0 532 3 4793 3599.6  300.T7T  E58.9  Z05.0

70 BE5. 0 BES. 0 EBES. 0 B35.6 Bl14.3 BOT.5  S9T.2 5102 449.2 417T.2 3745 2537.5 2265 1946 151.5

a0 516.0 516.0 5160 492,85 4730 480.2 4515 3905 3440 3115 2795 2185 1720 1395 107.5

B0 110 J64.0  364.0 364.0 3487 3337 31901 312 T 2733 2427 2131 191.3  151.9 121.3 1.8 70.0
:.a 130 2120 2120 2120 203.2 194.3 1855 1T9.E 159.0 1413 1237 103.9 g5, 3 0.7 53.0 37.49
= 150 g0.0 g0.0 g0.0 57.5 55.0 52.5 S0.0 45.0 40.0 350 0.0 25.0 z0.0 15.0 10.0
L 170 533 533 533 45.0 444 40.9 35.6 30.2 BT 23.2 1T.8 12. 4 g.9 5.4 5.4
= 190 487 46,7 457 415 389 383 3.1 259 233 207 156 104 7.8 5.2 5.2
g 210 40.0 40.0 40.0 35.6 3353 311 6.7 Z2. 2 z20.0 17.8 13.3 g.9 6.7 4.4 4.4
e 230 33.3 333 333 29.6 218 5.9 2.2 18.5 16,7 14.8 11.1 7.4 5.6 3T 3T
& 250 ZB.T ZB.T ZB.T 2307 22.2 207 17.8 14.5 153 119 5.9 5.9 4.4 3.0 3.0
= 210 0.0 200 200 179 16T 155 13.3 112 112 8.8 BT 4.5 3.3 2.1 2.1
== 290 13.3 13.3 13.3 12.1 11.1 10.1 g.9 7.6 B.T 2.7 4.4 3.2 2.2 1.2 1.2
Sl 4.5 4.5 4.5 g.4 7.7 T.0 B.3 5.4 47 4.0 3.2 2.3 125 0.9 0.9
g 330 g6 g.6 g.6 7.3 6.8 B.2 L=t 4.7 4.2 3B 31 z.1 1.5 1.0 1.0
g 390 .7 T 7T 8.6 8.1 5.6 4.8 4.2 3.8 3.4 2.9 1.9 1.4 1.0 1.0
g 370 6.9 6.9 6.9 5.9 9.5 5.0 4.2 3T 3.4 3.2 2.7 1.8 1.4 0.9 0.9
= 390 6.1 6.1 6.1 5.3 4.9 4.5 3.5 3.2 3.1 3.0 2.5 127 1:43 0.8 0.8
2 410 oeg 5.3 5.3 4.7 4.4 4.0 3.0 Z.8 z.8 2T z.4 1.8 1.2 0.8 0.8
5 430 4.6 4.8 4.6 4.2 37 3.3 2.5 2.4 2.4 2.4 2.2 1.5 1.1 0.7 0.7
450 4.0 4.0 4.0 3.5 3.0 i3 z.0 z.0 z.0 2.0 2.0 1.5 1.0 0.5 0.5
470 3.6 3.6 3.6 3.2 2T 2.3 1.8 1.8 1.8 1.8 1.8 1.4 0.9 0.5 0.5
490 ] 3.3 33 2.9 2.5 2.1 1.6 1.6 1.6 1.8 1.8 1.2 0.8 0.4 0.4
510 2.9 2.9 2.9 2.8 2.2 1.8 1.5 1.5 1.5 1.5 it 1.1 o7 0.4 0.4
530 2.8 2.6 2.6 2.3 1.9 1.6 1.3 1.3 1.3 1.3 1.3 1.0 0.8 0.3 0.3
550 2.2 2.z 2.z 1.9 1.7 1.4 1.1 1.1 1.1 Il 1) 0.8 0.6 0.3 0.3
570 1.9 1.4 1.9 1.6 1.4 1.2 0.9 0.9 0.9 0.9 0.9 a.T 0.5 0.z 0.z
sa 1.5 1.5 1.5 1.3 1.1 0.9 0.8 0.8 0.8 0.8 0.8 0.6 0.4 0.z 0.2
&10 0.o 0.o .o 0o 0o 0.0 0.0 0.0 0.0 0.0 0.o 0.o 0.o .o .o
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