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Abstract : Aiming at the problem that the surplus torque iQe of the electric servo system of the aircraft steering
system is difficult to suppress, firstly, a mathematical moflel isy &tablished according to the system structure and working

principle. Then, on this basis, the composite control

(College of Electric Information and Automation , Civil Avi

designed, which not only combines the PID controller pa-
rameter setting of BP neural network, but also copabin angular velocity feedforward and torque velocity feedback, so
as to improve the system stability characteristics \and fbading accuracy. The dynamics performance of the system is simu-
lated respectively by MATLAB. Simulation sfiow that the method not only can overcome the surplus torque, but
also can achieve good track results, and meet demand of performance index of the system.

Key words : electric servo system of "craft’tee ing gear ; surplus torque ; PID control ; BP neural network

0 31, ,
)
’ <] °
s
[4]
s s
’
[1]
o s
[2]
o )
[51]
’ ’ o
[6]
o N o
’ ’ ’ ’
* : (201910059121 , 201910059120 ;
(17JCYBJC18200) ; (3122018C002) ;
(201930) ; (20190621022

68 ( %2020 39 6



Industrial Automation Technology ®

’ ’Hl’]l ;Ke o
Kal=Ti=y 5 4 B0, (4)
, Ky 3 T, 3 Jn
; B o
, 1 o ,
(1)~ (4)’ s
Up—Epn=IR+sIL,, (5)
Eln=K001nS (6)
' ° To=Ty= Jos @t By, (7)
g R
4z TR L g
| R v oo KeUu=(R+Ls)T, )
. [(K.Ky+ Jus +Bo) + (Rekls ) |s
—_— .I - 8
) e [ o= [ LTS
I 1 [ ° o~
' | «
1 | N\
Un 1 " + 1 et v | L
2 LR |">" _%— Tos4R, ITl *
T
o o '

] [FEwam
wans [

o
O

TI,(S): KT U(S )_[KeKT+(.]m9 +Bm)(R +LS)]a)m(s) (9)

BEESEOI

(1)

s

U.-E.=IR+L
w= b +dt

b Uﬂl

0,=0,

E,=K. 0,0,

(

{ JEALER A

S

2020

- R+Ls
(2)
2 )
e 5
*}1 ’ ’ ’
TL:K],(O,,,—Q,.) (10)
, K ; 0, -
(1) '
(3)
L
T,=K,- 6, (11)
(2) , T, i K, o
(3) (4)
39 6 69



® Industrial Automation Technology

, PID
, (1) BP PID PID
( 12) ’ ’
(2) ,

Jus+By
PID
4
Gs)="1-
- K. K KK+ Ky s [ KoK+ (Jus + Bu) (R+Ls) |
K K\ (KiKy+R+Ls )+ K,s [ K. Ky+ (Jus + B) (R +Ls )]< Bp

3 @ (8]
BP
PID ( Prop@lmegr&l BP PID 6 O
Derivative) 5

' o

BP s [ 45
K, Ky

Yy vy

’ séj/\

e BT >

6 BP PID

Jus+By,

70 ( %2020 39 6



Industrial Automation Technology ®

PID

su(k)

K, .Ki . Ky

’

f K, .K:.K,
PID
3.2
BP
PID
4
MATLAB

€

w(k)=u(k-1)+K,(e(k)—e(k-1))+
Kie (k)+Ka(e (k)=2e (k-1)+e(k-2))

(14)

;e(k) ;Kp\Ki\Kd

w(k)=fTu(k-1),K,,K;,Ky,e(k),e(k-1),e(k-2)]

(15)

4.1

1~20 Hz,

0.000 5,

TR RN
e DT s [0
|
7
ON-m
10 Hz , 3N'm
PID OQ K,=2.K,=8 K,=

, BP
3, .

o 5 3,
. ‘b‘ . . BP
p Q N=300, n=0.04,
PID \ a=0.05 .
, Q PID . BP PID
, () BP PID
, (b. , g
’ Q()“': ' =
il ~ - AT BPIZE 2 I PIDFE ]

Pl /N L ATOPRE S AP
< of 'S ’__.?"J T \4-;\.; e “\f\:, —

5 \'-.\ / \ / \ /

’ 2 \_ \_/ -/
0 0.05 l'J.I 1 0. Il 5 0.2 0_t25 0.3 0.35
T/s
) 8
, : PID ,
, , : 2.23N-m,
, 12.6%, . :
BP PID :
° s s 0.19 s
. . PID : ,
7 . 0.36 N-m, 7.3%,
. , BP
: PID

) 2020 39 6 71



® Industrial Automation Technology

4.2

3N-m,

* m)

JIHAN  m) AN

JIHUN - m)

0 01 02 03 05 06 07 08 09 1
(a) fEHEPIDEE I3
5. ' :
. A i
b il Hch
foh ok bt
ni'r i .;r"jl
=5k L L L . d
0l 02 03 04 05 06 07 08 09 1
(b) BEFBPIZE A AIPIDEE Rl B _
§ 2 Fa fal 540
2} Fvoof Pl ET
0 : I'T.: i : Ir", "L I;'I : ." 1
-2 : ?".: i ;
0 o1 02 03 04 05 06 07 08 09 1
Ths
((')EZFBPWEM%W‘EE%“N‘%E{]ﬁ%?Eﬂﬂ%ﬁ
9
9 5 )
0.98% , 3.47°% °
BP PID s 0.74°,
o PID , 0.32%,
0.20°, )
o s BP
PID
, BP
PID ° s
72 {

PID
BP

8 Hz
BP

PID
PID

i N

0.4

, , BP
PID .
[1] , ,
[J1. ,2012,29(3)
137-140.
[2] CHENG Y L,JIAN Y Y,FU H C,et al.Adaptive

repetitive control of hydraulic load simulator with

RISE feedback [1]. IEEE o Obss , 2017 , 5(13) ; 23901
23911. 0
[1]. () ,2004(4) : 657-659.

TADASHI H ,I%IJI S.Novel and compact thermomag—

[6] ,
[J1. ,2019 ,41(6)
1366-1373.
[7] , ,
[J1. ,2011,30(6):53-56, 60.
[8] FAN C L,FU Q,LONG G Z,et al.Hybrid artificial

bee colony algorithm with variable neighborhood search
and memory mechanism[]].Journal of Systems Engi-—
neering and Electronics , 2018 ,29(2): 187-196.

( :2020-03-23)

(2000-),

(1996-),

(1978-),

s s

o E —mail ; caucyan-

jiusheng@163 . com ,,

2020 39



hRAX = BR

ZHEF R, KL TIBARAMZ & M BAEEA)T BT (fZ EHRE RN %
AN &, LAZATH &R BEFMHM . A8 MARFIEE AL
Lo, B fedtfTE G N4, REATI BRI &, Fb—EKMN®
TFRFEAEE B MR L

BEEA, AR LEBEAM T R HF) &AL E (CNKD). 754
kit RS- 6. F XA TIEIEE (£S5 M ). IST B KA AR
AU B e 3 A o TR

st T R ik BOE AT SR AR R AR AL . e A, R
BRI — b R AT R B E LR,

bz 9 |

(FEREBAREMERZE) fWMEH
T B TE B AT R AR SEAPIT





