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ABSTRACT

The purpose of this paper is the design of a
controller of electric actuator for high speed
underwater vehicle which is robust against hydro
load torque.

For this purpose, we design the controller of

PD & VSC control schomes.

Under proper assumption of the hydro load
torque, the tracking performances of these
schemes are analyzed through the computer

simulation, and the results are presented.
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Gp(s) D (1)
s =
? As3+Bs2+Cs
714
A= JLaN
B=B-La-N+ JNR+ JNLs Kr-PHM
€C = B-N-R + B-N-L3 Ke-PWM + Kt Ke'N
D = Kt-Ls PWM
Al (DE SR AFE F, L3k FANW
K
Gp(s) = ————— (2)
s(s + a)
o 7] A
B-N-R + B-N-Kr PWM + Kt Ko-N

a = (3)
J:N-R + J'N-Kr-PWM

Kt -PWM
J'N-R + J-N-Kr-P¥M

(4)
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%1 =2y 9 $53d doleh
Kr (Ohm) 0,001 Shunt Resistor
K¢ (Nm/Amp) |0.02154 [Motor Torque const.
Ke(V/rad/sec)| 0.015 Tachometer
Ko{V/rad/sec) |0.02154 Motor Emf Back
La(H) Motor Inductance
Ra (Ohm) 1.6553 | Motor Resistance
J(Kgm?) 0.00002 Total Inertia
B(N/rad/sec)| 0.0001 | Viscous Friction
F(N) 0.01 Coulomb Friction
N 450.0 Gear Ratio
PWM 2.0 PWM Amplifier
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Aol M ax0, Ke0 o] 3, ZiAo]%gA 2] Rank7} 3°]
2g HAUS J& AL HoAY™ vt X
Rc}.

t
J = J (XTQX + VTRV)dt (8)
o

gk, Q = diaglqs q2 q3) 2 0

Rt =ro >0

X1
V(t) = -(K1 Kz K3) [xz] (9)
X3

2E AMeigldy U(t)E V(t)e] Aol

t
u(t) = J V(t)dt (10)

[+]

t
-Ki I e(t)dt - Kz e(t) - K3 e(t)
o

t
= K1 J e(t)dt + Kp e(t) + Kp é(t)
]
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3.2 VSC Aof

FJPH 2 Mol A (variable structure controller)
= moiHs Huge ged AojAR 1 %YL A
efF ol 4AY gelold W YFHodM FHojFz
& WYstE Aot AT AMolAE o H¥
g8 @eloly BE(sliding mode) & 'WRAA ZiTh
ch& 2 e Aei A A& a8
X=AX+Bu (1)
JHHT R AolAold 29y W Mol T
o8 AFoHrc}h

g(X) = F CiXi=CX=0 (12)

= CEg0 | Xl ) sealo () (13)

A7) A
+1 if o(X) >0
-1 if o(X) <0

sgal @ (X)) = { (14)
uie} E3So +HY 2YUSF = oy
3 zcl.
sgn( g (X)) if | o (X)} >1

sat( o (X)) ={ (15)
o (X) if o] <1
sgn(z) if |z} > 1
MOD(z2) :{ (16)
z if Jz] <1
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vi 2z max[ai] / min [b) (20)

7 n
A4 ai = JZ;‘CJ aij, (i = 1,..., n) (21)
b = X Cybs>0 (22)
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o(X) =0 (23)
. ac .
o(X) = —— X = CAX + CBu = 0 (24)
ax
Azl 7YY veq & ThE3 Arh
veq = -(CB)~! CAX, % | CB[ %0 (25)
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X = (I - B(CB)™! C) AX = Aeq X (26)
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AdL &3} et
KP2 = 1800.2,  KI2 = 0.0086

2) $EFIZ Hoj71 & AT ¥ HALZof PDAo]
712 vsc Moj7l & “dAstddct

@ PD Hoi7]|
A3E AQLE kg2 groh
KP1 = 176,  KD1 = 0.005
@ vsC A o7]
2913 Ha

g(X) =Ce+ e
=65 (X4-81) + Xz2/N
293 =

{ sgn(z) if |z| > 1

SAT(z) =
Loz if [z] <1

AN 7 = g(X)/({X1-8i] + |X2/N])
Aol g

u=-[P1lX1-@il + Y21X2/N|] SAT

o7l . = 352.97, 2 = 0.63
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Fig.1

E —— PD Scheme
. ——— VSC Scheme
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System responses without disturbance
(a) angular position,
(c) input

(b) angular velocity,

voltage, (d) armature current.
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with disturbance

(a) angular position, (b) angular velocity,

(c) input

voltage, (d) armature current.
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