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A Position Control of an Electrical Fin Actuator for Guided Missile
using TDC and ETDO
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Abstract - This paper illustrates the practical design procedure on a position control of an electrical fin actuator for the
guided missile using Time Delay Contro{TDC) and Enhanced Time Delay Observer(ETDO). Since TDC is robust to the
model uncertainties such as the parameter variation and the external disturbance, it has been frequently used in nonlinear
control systems. For a position control of an electrical fin actuator in the missile system, TDC requires the velocity
sensor as well as the position sensor. To resolve the problems of the cost, the space and the malfunction due to the
velocity sensor, ETDO is used as the velocity observer. ETDO is enhanced version of TDO that has the problems of the
reconstruction errors and the restriction on selecting its gains. To maximize the control performance, the parameters of
ETDO are optimized by using the genetic algorithm. The effectiveness of this approach is proved through a series of
simulation studies and experiments, and the designed controller is compared with the typical TDC and TDC using the

reduced oder observer.
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Table 1 Parameters of genetic algorithm

Population Size 10
Generations 50
Number of Variables B2 E'?“l] (gi_):‘f' 2= 2D
Number of Bits/variables 10
Selection Ranking
Crossover 25%
Mutation 10%
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Table 3 Parameters of BLDC motor fin actuation system

Symbol Description Value Unit
B | Motor VISCOUS | 873x10-5 | Ib-in/(deg/sec)
Je Equivalent inertia | 4.36x10-6 Ib-in-sec2
Back emf
Kb constant 0.0013 volt/(deg/sec)
KT | Torque constant 0.6812 Ib-in/amp
Lm | Motor inductance 0.37 mH
Rm | Motor resistance 15 ohm
N Gear ratio 150 -
Ba Llré};ﬁ'éisﬁgus 00175 | Ib-in/(deg/sec)
Ja Link inertia 4.27x10-4 Ib-in-sec2
Ka Link stiffness 2000 Ib-in/deg
Anti-windup _
Kw compensator gain 150
T@L) Sampling Time 0.001 sec

TDCet ETDOE ol 8%t §FE 27|18 M7 T SHxle xxof

Trans. KIEE. Vol. 55D, No. 8, AUG, 2006

I3 4= F3 A=A 9 TDC+ETDO, TDC+TACHO
2 TDC+ROO® tid 5° Awt$d Aol Ao}
TDC+RO0O9 # % 5° Alg-ggo] sl TDC+ETDO9 4
SEA A FASEE AP Wy oz ROOY I
Zu & 2ASAT AEHolH d=, 19 4949 o]
A" A ZEA Y] $1A] Aloj7] BE fAME $EE HolY
}&= X 7ko] °F 40ms, Hh B1-rr§_7} % 3 %2 g4AH
EA4L Bt ¥ 55 EE9 Ago] 2uf wEsgl
749 TDC+ETDO, TDC+TACHO % TDC+ROO®]
Aggd Aol BE ASAIzko] T34 (40ms)ol
8 o 5dmsZ FHEES B 4 low, TDC+ETDO%
TDC+TACHO® 7Z % Agwiglel dis) Hd ow4ES

y & o

_‘E % dlo olo oX

°F 3%=E 7ol W7t glo] ¢A AT TDC+ROOS A%
= 7% BaASALE & e o]r,}. ;13! 6L 1':1513] 4
o] 29} WFHRE Aol dF ATEE Aot BF
FsAztel A A B3 44msE B¢ FAEE B F
erwf, TDC+ETDOS TDC+TACHO® 7% #Adwslo

el Hd e¥FEZ o 3%z Ao Wi fle] (ASA
gt TDC+ROOS ZA4& 9%= 293P E ¢ + o
ag 72 229 Ro7 EAY A A Aed 2

e Azbe] FAdE e vE of 46msE L
£ 4 glen, TDC+ETDO®t TDC+TACHO<9

ool tis] AW QA7 gl 5° AYH
F3tA T TDC+ROOS A& AGAH A7}
2% EA%E ¢ 5 U w2 TDC+ETDO
e AMzd sery WwE g9 2=y 25 A TDC+
TACHOS® FAMstAl A4deeat glo] Z2dd S8 B

& w¥, TDC+ROOT v ¥WFd tix EQAT
BE Boln &xZy R A AFAHLAT EATEES

k.

o

1e ol

PN
T

Position{deg]
C=NWAGO

o
°
[
-
°
N
o
W
-]
IS
o

.5

Position[deg]
O=SNWbLOO

o
o
°
-
°
N
o
w
°
>
o

.5

Position{deg]

0.3 0.4 0.5
Time[sec]
(c) TDC+ROO

a8 4 B3 xZolMel At AlsaolM
Fig. 4 Simulation of step response at nominal condition

357



BERFWMXEE 550% 88 20065 8A

Position[deg]
O=NWAMOO

Position[deg]
CaNWBAROO

0.3 0.4 0.5

o
o
o
5
<]
N

Position[deg)
O=NWIMGO

Q

Position[deg]
O=SNWMOO

Timelsec]
(c) TDC+ROO

a3 5 Xah 2vf HistA] AHCHSE AlEolM
Fig. 5 Simulation of step response with resistance variation
(R—Rx2)
o)
(2]
A
c
S
]
o
o
.0 0.1 0.2 0.3 0.4 0.5
Time[sec]
(a) TDC+ETDO
©
0
35
c
2
.3
o
o
6
@
[}
A
[«
9
B
0
o
Time[sec]
(c) TDC+ROO
O 6 M 2y BiEkA] HCHEE AlgalofM

Fig. 6 Simulation of step response with inertia variation (Je
—Jex2)

0.0 0.1 0.2 0.3 0.4 0.5
Time[sec]

Position[deg]

Position[deg]

Time[sec]

(c) TDC+ROO

a7 7 A= R3H130 Ib-in/degirl HITHSE AlEeiolM
Fig. 7 Simulation of step response with spring load (H=130
lb-in/deg)

42 4 &

FEFIE SATERAE FEB WA L PP
£2a7) AN WATEAE TE % Adjse 3A
el g Folt FERY &%, A4 S A 9

% spetolE AE E**Ol LA o2 54 2w 3
T enTE PxH AXNANE AN FDETol ¢
TDCs ETDO ste] AEOIEE T8 & T AN
H 4es g o}71 A AFe sk

OI?—N Adde M 3 49 22 44 avxne w
%3=%5 BLDC EHE &% F=F718 @4 7&3A
g At 2ATERAY deRte TALHY =
A el Faeldo] gle Ao W 2¥H 4% IF
o] Fasdth &, FEgho] WYLFE T W] ¥ FAZY
Biet ARG e TERA $EEAS BNYE F e
A7 dasin, fEdo] HAEE ¥ o FrHo=
Adste] 27 "ol ol 7paiA| B o go] TEZA FH
M By 532 ZHEo o] ReE FHIF e sy o
' @AY AAd vEse Frkste 548 2n o o

G4 FHRSE AT A5t BEZYL oo T
$2A 4¥AAE ARsac



= 4 PETX| Yo A 29=H
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Table 5 Design requirements of test equipment
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