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Position Control of Gas Rudder Steering Gear Based
on Extended State Observer
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Abstract: In order to realize high precision position control of gas rudder, a high—order nonlinear extended
state observer was designed for precise closed—loop control of the steering gear position system. By combining the
parameter perturbation coupling term with the external perturbation term into a new state variable, the original
third—order position system was extended to a fourth—order control system. The sliding mode variable structure
controller was used to control the observational results of the state observer, so that the steering angle reached the
predetermined value. The traditional PID control and the designed high—order nonlinear extended state observer
were used to simulate the actuator control system respectively to verify the response and stability performance of
the designed controller. The results show that compared with the traditional PID controller, the designed high—or-
der nonlinear extended state controller has higher tracking accuracy and faster response performance. Its response
time is less than 0.1s, which improves about 0.7s, and the control system has no overshoot. The controller has
better robustness and anti—interference. Thus it can better realize position control of the whole servo system.
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Fig.1 Gas rudder servo control system

22 fENEFERE

FHE HIL 2R JH 0 R LU LA S HE A X 5 B
okl B LR =M R S T A IR =
LR e fy 52 120089 2 opAis . A% JE SR 4 1) HL g LA
L 25 Vel G 2 PN T Y R G IR o B UG 2 A 220 T A
IR i 00 FE o R 30 2k J) e O R s E A T R R L O
FELBIL ) R e 2 2R T 5 A

w, L 0 0 J i e, r 0 0 i
u,|=10 L, 0 o | +|es|+|[0 r Of-|i,| (1)
U, 0 0 L iy e, 00 r iy

K w~u, 7 9 RoR M GEA A R, r A
R, i~iy o0 i 28 MG M L L, o BSR4 A
T, e, ~e, i = AN LA BRI I o Bl 34

MR SCHR[ 25 ], b3k -5 )7 F w] DL fei 46 o

YRR
R (2)

E=K -w
AP w s LI B RN AH LI, R OV A HE

FH H. R=2r, L A #HHL K H. L=2L, ,E 375 2 [6) H, 3 K

NI B R R, 0 SR HLAEE
FLBIL AP Y- A8 T R

g ey ¢
iy s TG (3)

T =k -i
X TRV, T o A, J,
ML F 7 sh 0t i, koM BREF5E 50 R 80, CoOM RS FHL e
%ﬁo
gh A (D) ~(3) ] RIS 31 B AL 5 A A A
HL R TR ) e RN
I -L d' (c,.-L J,,‘-R) 426
. + + . +
k, de’ k k de?
(4)
C,-R )da (L dT, R
+ K |—+|—-

u =

1

+
de k

& S ML BE 05 56 1% 20, DXL otk e B o A B RN
R LA SE )

k i \k k

t t t

0,

;_M (5)
b M FIR VTR AL BME B L .
24 3 (4) A X (5) nT FIAE R I 55 Ff B B A

ERUINPSEA)

J. L d%6 C.-L J,-R) d%6
u = . + + . +
koM df kM k -M di?
(6)
C,-R K.\ do L dT, R
+——+|—- +—- T
k-M M| & ko de Ok,

2 L o8 10 0 IR A v, A 0 = 6
AR A5 B ey SR T @ = R A i, T A
BLE 2 e g R Oy 2

X, = x4
yé3=(l'963+b-9¢2+c.u_|_f(z) (7)
Yy =X
TP AR AL P AL
itqja__(‘m,)b_ ( Jm.L
k
c=J¢Jmﬁ§%M%ﬁﬁaﬂmP{;,
dr, R )
— + .TIO
dt J, - L

3 ERRRITSHESERS N

3.1 EMAELMEY KM [t

0 28 GEAF A S S P UM 2 B8k s i, D9 e
it 230 o LI 5 X AR e T BE AT A BE PR AR
& x, XY ARSI T E X

X, =ax;+bx, +f(t)+Ac-u

. ) (8)
X, =f
FH Ac=c—c,, co N c BIAETIE , 0 R G Wi fE o
MFERGERRE T FRNS H
Xy =%, tCy-u (9)
X, =/
y =%,
BEXF () Bt a0 T AR Ze PP 5KIR 25 08 I 2%
d =y-x,
X, =i, +B, -d
%, =% + B, - fal(dy,.9) (10)

Xy =%, + By - fal(dy,.0) + ¢, - 1
Qé4 = BA : fal(d77376)




2344 ot

2 & RS & a8, B, ~B, W AR LM b 5k
RS 0L I 75 348 25 R B, fal (o) BRI BRI 48 1 3 42 Ik
PR, HoE U

d
fal(dy,0) =18 "
[d[" -

|d| <8
(11)

sign(d)

b 6y 2 M B K 8 HLRUE Y [B1 K 650,y AE 4
PERE U R BUH O<y<1, k407 EsUAT LU, %k
2 Pk R BCLE 15 22 /N B 16 LA B K R R B A
7 58 2 2 R ) 4 i /1N B R B

3 2o AR A KR A UL 5 AT 4 T
1, 38 45 R BB 10 AR ) 5 R A C L R L
184 5 28 B0 AR/ 45 35 0 R PO IR 38 4 £ fal(» ) BRI 5K
A L 5 U0 % 5 R IR 25 O TSR PRk S . B
B |7 - x| < g, Hoh g — AN BB AR N IE
B SCHK[24 )48 3 25 R BB, AT LI o 3 T 5
) Z2 10 R AL 2 (s + f) KB o 3 ik I 0 2%
(938 2144 5 T LA 15 R R R B R A R
32 BEIEEIREIT

SR (9) RGE T AT W4T 45 b 5K

s=n,-h+n, -h+h
h=y-0,

290, BER A n,, 0,0l & Hurwitzian 230
R &M H n,>0,n,50.

R E EIRY U

lims <0< lim s

U 56 b O I A e P R S L I 4
P & Al LLic ity

|d|> 6

(12)

(13)

v (i 2-0-1)
2=n,-};—91,

G- 7 (14)
T =3z,

S=n, - h+n,-h+h

K Z,0,T,5F5 FiR & A8 5 0 WEINIR 2
3.3 AR SF U S S

€ X Lyapunov RN
1
Vv :582 (15)
X b AT R 5 A e Ay
V=ssi=s(n, -h+n, h+h) (16)

TE SCEPRARS IR

R 2020 4
Z=n,-h
Q=n, h (17)
T =x«,

7=7-72,0=0-0,T=T-T,5=s-34

T (18)
“n, s +s(Z+Q+T+k, -5

SR — T A A IR A 2R 22, B A max >

1
L8 +E~(32 +Amaxz)=
. (19)
-(2-n, - 1)V+E~ A max’
1
em=2-n,-1,¢ =5 Amax’s WL Ty B Y

itk A

V()< e™ V(1) + f e o (z)dr =
“ (0
e Y () - 20m -1 Amax®(1-e """
B (20) 75
lim V(1) €~ A max’ (21)

roe 2(2n, - 1)

M n, 0 KB AT LUIE V (1) < 0,24 B U A
BF T BT A AR R PR 5K ODR 25 000 25 7T LA K W8 AR 25
W s 2= S PRAR S o i #E K Lyapunov #8 2 2
E 1 o
34 {FESHIRIT

B R BT A AR LR T RS I g A A R
il i AH 45 G, $5 A B RO B AR R B kRS
A% R g K2 Fros o B w Ko 4R
i i

Ry B8 IE BT 1 T ) v B A 2 PR Bk R 2 I 2% A
T PR A g 2 e R L SR RLBIL A3 ) AT A% 48 PID
48 5 0 m B AR LR R S S AR T
REA B3 B o 5 5L 00 TG il v AL 2 cn 55 1
TNo LRIRZ MY SRR AL & 1 0 B S B0 R
B,=920,5,=3.174x10°, 3,=4.8668x 107, 3,=2.79841x10°,
v,=0.94, v,=0.505, ,=0.3905, 8 =0.01, k,=7400, k,=
203,kg=l2()0,00=1.293><1()60
35 RERMERESHT

B b bR B T Y B AR Ze bk gk IR AR 0 s
95 E — AT A TE £10° 9 722 iy 1E 5% BR R h £, UL &
3o SR AT TR B R Lt T R A I % R A
PR EEVEREA B, OF 545 55 PID #5701 4% F A% IR 15 1k AiE 1



Ha1E: o

BET RS I s YA

e AEHLAL A 2345

p! du/dt
Derivative >
oooo
[oXe]
—» Controller Plant
Signal »
generator

>| Theoretical value

HNLESO

q| .
Observation value

Fig.2 High-order nonlinear extended state observer system

Table 1 Simulating motor parameters

Parameters Value
Phase inductance/H 8x1073
Phase resistance/(} 6
Torque coefficient/( N+m/A) 0.06
Rotor inertia/(kg+-m?) 5.8x107°6
Back electromotive force constant/(V/(rad/s)) 6.6x107
Friction damping coefficient/(N+m/(rad/s)) 6.6x107°
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