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Abstract
In this study, direct-drive position contro-
llers are designed and implemented for the flying
vehicle’s actuating system with both positive and
negative locad factors, where the load factors are

assumed proportional to the deflection angle of
control surface. Its analog and digital contro-

llers are verified through software simulation

and hardware-in-the-~loop simulation.
[ T

HAg g 2z 3l =jef 4] 2 =2 9]t A (Gear
Box ) & “ta ¥ &2t e dF (1] HgE
( Back Lash ) Zhz et sho} whdetl =2, 38
bowte A2 2 g0 FiekeA ek
°J= ¥% & HZI( Rare Earth Material ; SmCe
ypehaEe2/20 40 2 P lsCl
EFENCES B R PR TS SIS
o 0 I Fl- L S A B AR S 3 I

Jubziz g e gl I e 18
212 g Y2 ( Inner Loop )°i g &% =4
FENe 23 M s PeEt 2SI 2N Y
stof ggbabe 2oty 20 2 NEA gbe

s giage] 2§ sl PRl oy sote 3
4 ® ( Aerodynamic Load )2 21 53 21® ( Hinge

o (b

oy on P up

r>

Moment ) =}, A g3 oAe = o3 A =p=}
detele ] 0 77 21N g 3 2teig 2( Center
of Pressure )2t 7iel3} § 3}( Dynamic Pressure)
of v=fetet. vy Az Yg re
2ja] 4] = e vl g3 o= 2 4 ( Hinge Moment
Coefficient) = THab 2H( Positive )4 gHekat
bR alg e zect FEY Tolg &0

588

Jung O, Kim

Kee B. Kwon Chi W. Kang

oA HAs g ez ot ddcte Wy
g el e ghat-] cle 3 A 1Y
3o oA 27 2] g gk 22 bz by
2 Jhe e ch

oAz iMe gAY 3 g oW A L
1 il geteebth o g Sz ket I
vy U3l ey Jpghe 7 22127 (Analog
Phase-Lead Controller )it &17ME °tgis 2 gt
17y Tustin PH1 oA HBg AAD
22 =23 9] ( Digital Phase-Lead Controller ),
2=l 7 zlA =X g Ao ( Digital Domain ) >§4]
ek stel At ( State Feedback ) 2t Zha =
( Luenberger Observer )% °l% 2} ===t =217
g dtte] 7 2lg §21g Software Simulation
2l HILS (Hardware-in-the-Loop Simulation )
RS RS Rt

zzb e gEigcty 1o HA AR A2 Y
T eie #Fotz, 33l AL e 2ty Q3
stef, 42914 2lg gy Ay @,
5zra ézh ey fEdR 2 Jdee I3 lg
et

2. 238 ferodynamic Load

-

R
2o A A2

aEiech U zeciny 20

sefsher 1 @AMz bRt gk
Te = H-8
T o 2 23 oE
B oA gzs e s
( ~Hmax < H < Hmax)
] : b g

A0 tAs g 2T, 3 P¥ g 2=



2R 4_] (;
S I i S e

ah=fubaial .

Aoy 412 Bl woEly 2lEjdlAxig) Ko

3P
g

8 0 1 9 0
. = i _KEKT*RD. + 3_6_Q_K_T, U (1a)
v ] IR 2n IR
9
y =[1 o]b] (1b)
sl
=T 360 Kr
Go(s)e )t - — 2T JR
LT ( KEKT"RD)+ H tz2)
JR
U oz J=EAMNV), ¥ 43 3HDeg. )
(x A5l de g 3zl TE)
SRR E-Ls IS I B A B
( Pole) 5 H+x 28l 7 3 gteh,
;l:\_ iﬂf‘_ E]x] @3 \::1 _J 11’1 '7}- C‘]qe xﬂi]t].l
SRR Beli-Lhd B IR 3"7 g3ole g b g
F haEe g g 22 g gl
50
: -
14 ’J L':“:’L < L e
-50
EY; 0 50
(~Hmax < H < +Hmax )
Fig.1. Open - Loop Poles

-
A

3. A2l 1337

‘te g sl ghege 5 7 F oL
Aol aazde Ag Tl g 22 By

@ TLA T 2
EH}'#—L!’

I B R B R | R e A AR

cafef olA g3 AE M4 (Hpax)
71.047 N.m/rad
o alsf el 410 Deg
> shd et g gt
b4 210V < 0.065 sec
alel 13 432 < 5%

589

Fighatel 24 < 30%

2 :}iaq.g_
T Y
9Hz > : #]=]ThEA x 0. 7217
6Hz > ¢ &) A x¢, 00, L2 0y
Hz2: 2oshe st pln
=}21% (Band Width ) °f yl=daig 2 7 9]y =le}
e Ve MUY (gl gy Aitha g
SENLS
Contents Quantities [Dimension
Total Moment of 51.86 x 10-3 Kg'.mQ
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Back EMF V per
1.15
Constant (Kg) rad/sec
Torque /
1.1 N.m/Am
Sensitivity (K1) > ®
Peak Voltage 27.3 v
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Hinge Command Analog Controller Digital Controller
Moment Amplitude (Phase Lead) (Tustin) (St.F. +L.0.)
Coefficient (Deg) 58 HILS sS HILS ss HILS
2 21 21 21 21 18 20
+Hmax 5 14 13.5 13 14 12 13
10 T 10 T5 9.5 7 10
2 19 18 18 182 (113 |**16.9 1
0 12 10.5 10 11 I 10 0.8 1
10 8 T.5 6 7.6 L_é ______ 7 L7___,l
2 15 14 15 195 10 10
~Hmax 5 8 7.5 8 8 3 8
10 3 5 3 3 5 5
Table 2. System  Bandwidth (Hz)
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