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Fuzzy Adaptive PID Control for-an Unmanned’/Helicopter Engine

HUAN G Xiang-hua', PEN G Zhao-yong®
(1 College of -Energy and. Pow er Engineering,
N anjing U niversity of A eronautics and A stronautics,N anjing 210016, Ching;
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Abstract: Complex engine control strategy, including constant fuel supply, constant
geed ocontrol-and fomw ard-feed compensation control rule was proposed for an unmanned

helicopter engine Fuzzy adsptive PD controller was built in a flight control computer.
A dopting fuzzy rule and fuzzy inferencew ere used to adjust PD paraneterson-line and thus
to make engine start snoothly and keep constant rotor gpeed at all power settings It is
proved by hardw are-in-loop simulation, engine ground test, tethered test and flight test that

the engine control strategy designed has quick transient regponse and it is robust to
disturbance such as overall pitch variation The results show that the main rotor yields best
aerodynan ic efficiency at all flight status, and thus the flight performance of the unmanned

helicopter can be mproved

Key words aerogace propulsion system; unmanned helicopter engine,

adaptive PD control; fuzzy logic; complex control
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Fig 1 Step reponse of peed under different pow er
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Ki= An/AN ¢ = 105.7 r/min/%;
K¢
= Ti= 4.30s
N(s) Tt 1Wf(s) f
Wi K= Ki(P), Ti= Ti(P) ' '
L , l
, P
W s , p ’ 1 Kt Tt P
Ki T Table 1 Enginemodel parameter sKs, Trver sus
K collective pitch angle P
1 f L
T ! : P/ K/hnin/e)  Ti/s
2 133.3 3.63
1 4 119.3 3.88
6 105. 6 4.30
(30% - 60%)
8 92.7 4. 46
( ), 10 78.3 4. 68
12 65. 2 5.06
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Fig 2 Control system principle of unmanned helicopter engine
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Fig 4 Principle of fuzzy adaptive PD control for unmanned helicopter engine
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, 6 , {NB, e NB) Ae ,
NM ,NS, 7O, PS, RV , PB} Kp K
2 Kp 2 4 e Ae ,
Table 2 Fuzzy adjusting rule of Kp M amdani
Ae « "
NB NM NS ZO PS RM PB Kp,Kd Kp,Ki Ka
NB B B B B B B B Kp— (Kp,max' Kp,min)K[’J+ Kp,min
NM S B B B B B S Kag= (Kd,max' Kd,min)K’d"' Kd,min
NS S S B B B B S
Ki= Kp/ (0K a)
e Z0 S S S B S S S i P d
PS S S B B B S S y Kp,max, Kp,min, Kd,max Kd,min Kp Ki
mM S B B B B B S , 51
PB B B B B B B B
. PD ,
3 Kud
Table 3 Fuzzy adjusting rule of Kaq
Ae 4 /
NB NM NS ZO0 PS. R PB
NB S S S S S S S
NM B B S S S B B y
NS~ B B B S B B B , ,
e Z0 B B B B B B B
PS B B B B B B B ,
M B B S S S B B
PB S S S S S S S
4 o 41
Table 4 Fuzzy adjusting rule of «
7
Ae
NB NM NS ZO0 PS RV PB
NB 2 2 2 2 2 2 2 ,
NM 3 3 2 2 2 3 3 /
NS 4 3 3 2 2 3 4 /
e Z0 5 4 3 2 3 4 5
PS 4 3 3 3 2 3 4
m 3 3 2 2 2 3 3 ’
PB 2 2 2 2 2 2 2
Kp,Ke o e Ae : -
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Fig 7 Principle of hardw are-in-loop of unmanned helicopter engine control system
) ) PD
L) P D ’ 1
/ 7 E\
£
, N
s 5000 1 1 L I —J
0 20 40 60 80 100
LS IERE
4 2 9
8 8
, , 7
[
, 6
S S S ) 1 J
! 0 20 40 60 80 100
7000 I 18] /s
2 6000 ) "
£ 9
T 5000 Fig 9 Effect of collective pitch variation to
4000 s y i in fli
m 5 5 50 engine eed in flight
TIEIND

PIC)

_— S —
0 50 100 150 200
B 1Al /s
8

Fig 8 Curvesof engine eed and ollective pitch

10

in ground flight test

1 PD L
10
PD 9

n /(t/min)

PI(")

7000
G500 [t 1St bVt Y H T PPt
6000 [
5500 -
r
5000 1 1 1 - 1 4
0 S 10 15 20 25 30
i [A] /s

4 I L

P R | 1 I}

15 20
BiE] /s

10

10 PD
Fig 10 Effect of adaptive fuzzy PD control



3 PD 493
11 , ,
7000 !
6000 - W
o) izzzi R
% 3000% \
2000 N\ N tam /AEE TR A
1000 {5 &tz H)
OAL.l.L.l.JAéO [1] [D.
0 100 200 3(;3@ /:OO 500 6 2000
[2] , ,
PD [J] , 2001, 2(4):
11 12 15
Fig 11 Transient curve of unmanned X 1Qingbieo, YUAN Dengli, ZHAN G hongcai A n M otive
helicopter engine A daptive Fuzzy-Control for an Engine of the RPV Based on
Independent Flight[J].\Journal /& A ir' Force Engineering
! 1 U niversity,'2001,2(4): 12, 15
; [3] . 31 ,
1996,13(2): 264 267
WU Jieyi Study on improving.Control A ccuracy on Fuzzy
' Controller[J]. Control ‘Theory and Applications, 1996, 13
PD ' ' (2): 264" 267
! ! [4] M ahmoeod A, Singer G Adaptive Control for Flexible
) Structures[J]. AIAA, Aeropace Sciences M eeting and
Exhibit, 39th, Reno,NV,Jan 8- 11, 2001,A IAA 2001-
S 1057
[5] Lee C C Fuzzy Logic in Control System: Fuzzy L ogic
' Controller. Part 1[J]. IEEE Trans on Systen M an A nd
Cybernetics, 1990, 20(2): 404 418
, / (6] , , , MATLAB
, / M ] , 2002
, PD (71
M1 , 1975



