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ABSTRACT

Gunner primary sight(GPS) stabilization system
lays line of sight(L0S) to find out a target and
transmits informations to the fire control
system(FCS).

In a moving vehicle, accuracy of LOS and FCS
depends on the design of GPS and servomechanism
systen.

The heavy vibration of vehicle on the severe
off-road environment degenerates the stabilization
capability of GPS.

In this study, to stabilize of elevation for GPS
using the variable structure control, we derived
the dynamic equation of GPS system and designed
the variable structure controller.

Computer simulation results fulfilled the static
and dynamic stability of GPS using the variable

structure control.

1. A &

Z%7 ¢4l ( Gunner Primary Sight Stabliza—
tion) Al2¥2 M Zx g (MU HAF Y =22
P& TARAFI, FHE UG dolol A
ool ey HRE 2UDE rjAMol A agiofs
Dl'?- %._g_g}q,.(x]—[:s]

IEFY A=AZolA W] FuTE U=z
XM or Al i =&Y W=} iAo
HEEE ZFEAN ARAAY dA] ¥UHo 29
2}, (41-161

A=xgols 2272 2 P8 4292 B
e vl dY A aglojn, Vol UotElE 22 2
Be a7 tYsly Aelsle 8484 FHeog 4
251of 2p-gslrf o} 171-091

643

Busan National University***

IR T2 AlAYY wlelolE PEo|u} Frof
dstol AU G5E Jhaio] F8] AU wl g
29o] A Aoldsol wHHEY HoE dwA gl
!;}‘ f101-1121

2 AJjolAME 23 27 Y AJage 25
AAg FEsl2 PR F Aoy AAstF o HA
FPAYH Y AL YKz g Por alg
sto] HFE Algefoldstol A FzAMolo] 2yt =z
23 22 Yo B M Y BN Uz E B
FAUg 29

2, 2F7 27 bEe A~y

AT v AP I g A7) o zesle dvsl
¥ g™ Aaqle Pze] FHs2of ol o
.

1) 4%

2) #%obaz Hyuiyd

3 Aagle] 2w FUsE Mool A
oty

4) Band Driver®) <!7® dslof »iUg zrg
o2

5) YR v EHoE Y Fotamyy

6) HETYol VAW R

Lagrange ‘#7334 g 4-8stol f2¢ WA &34

A2 ogzt Ao [131-[15]

Mi(Om+PE) + NuE N + Cym sgn( @m)+ ru?(Ky+Kn)
Hwm - rurpK1 8p — rurpkm@m = 0 1)
Pl(@p*q)ﬁ) + Np&Gp + Cp sgn(Bp) + sz(xl"Kp)

Ep - rpruk1 @m — rerpkp @ = Tap (2)



Bt (Op+PE) + NsOp + Cp sgn{ &8) + re2(Ke+km)

& - rerpk1 &M — rprakefs = 0 (3)

g€33(B6+Pa) + NgBc + C sgn(Baq)

~ Kr®Pr + KeVi = Tmg (4)
(R11+C11){(B1+E8p—PE) + NafB1

- wR12(B6+Pa) = Tua (5)
(R23+C23)(B2+86-Pa) + Nef2

- wRz22(Bp+PE) = TmE (8)

oA2IAM, M} m,e.e,0,a,8 ¥ A Al2qe FHRA
2! Mirror,Platform,Balancer,Gimbal,Azinuth Gyro, E
levation Gyrog ‘ieluln], Pa, dr.Pex I HFP
2} #9827, 2Ag debdg. NiGie I FEs
2o BATHAAL, BEohALlN rik ¥, KiE

SolazeMqSojch. M2 Mirrore] R4 A=, Py
2 BPE 2 IHYRLVE, B2 BYTER] I
ZeVE, Gt WYY 3d FHEZLRAE, Rir+Cy
12 47 Aolxe) YHatel YRZEY FIFHE R
We o] 3, Ras+Cz32 2zZtzto] 59 Watel 53
Heo] PR RE] goltt, Tert BREF FF
ERF, TackE %Y T2, Taat WY Aol
2] daesg dovle B2, Taelr 2% zlo]2 9

Aaesg dorvle ErIoig.
29 et e Y 2 oolEvid 3ot
&3 2.

1) wlyd IH3} Fo=g) 2 <Y FEF
=g Ho g Mg,

2) Band Driver?] Va2 F-4¥rch,

) Ardd 2458 AAske Aol gy
%l 2 o] Band Driver2] 7<= slo]
222 wtt o 27} 2*gHd.

4) WA RO, SolARYYE RAYD.

5) atolme) Ala¥ 2% vhAU™HE E3obY
o] =jujHojct.

o¥
rlo
4

Sota=

we 38

~

o7l 27 et Aaqg ol E3YUME #E
sl g2 o,

2.1 #olz EEFLHH

sl o) A2sle Aolg] FHE A &5
Aolzel 4oz r P, &=Eztol2T
27 PHESE FYstol Mol Fyzol A AgE
22 Waoh o7t glemw AuY AR FHAe
Agrelal gob. A2 YUY P Aol AwE A
ol 4Ex¥xtolzo|n) exrt Homg Yol AL
2 R

afolze) JeHe HANE oM Ach

644

(1gp2+Cep+Ka)Ag = Hal @ 1a- @ cmd—Ag w srA~(U) w gl
- IgPwoa (&2
A2 M, Ist ZFUWE, Cet AGudAS, Kev® &
=8 Aol Aex UA, Her FEFTHoOITH. A
(7)2] $RojA HaAge] 4304, AAYe 87}y
ot WE, JARYge] FUE zAide] dEegwg F
Aletn =g Axwlne sz god ogut Fol
Lal=N
(1gp2+Cxp)As = He( @ 14~ @ cmd) (8)
4e AHWa AAM 2FTY &= Holof oy
atolg FavIe) AHg) 28 g ALY PEE F4
st o g2 .

A

& = HS
(@ 1A- @ cmd)

[Cas (1 + Ig / Cas)]

(9)

A&7 o] 52 K2} 8t S =ojof oA HH
<o) zlENLUSE A o FHoth.

Va _ He Kp
(Wis-wcmd) [Cgs (1 + Ig / Cas )]
Ke

=50+ 7280 . (10)

olvlAl, g = I / Cay, Cs = Hg, Kp = Kg
ol 8 AYUAE xi (= Ae), FHET x2(= A)2} F
2 gagdres JetuyR o Aol

.
X1 = X2

He (Wia—Wcmd) - Cg X2

1. (11

Xz =

2.2 Y 5934

SR v XY R ety HE ool W vt
A DofA BRF, BHTY, wirror FE2| g5y FA
Ae A (12)2 Zol ERUc},

Km = Kp = Kp = 0

P-6-=Tp8p=f'568 (12)

Rl

o714 K,r, 0% #% <49 AF, 2 ol
M3t mp.n £ 2 Mirror, B3REF, AAMF e

Aok, g 4, 5)ofA
Fp = Kep = 0 (13)
Na = Np = Np = 0 (14)

A7, Fe 23uhaAs, N HFdohdA 4ol
4 (12),(13), (1% =ivgRdA] (1),(2),3)qA



Adstz 227 Y Aolg g YdyHol 4P Ho|
B2 SUtAZY®Y Ko, Kaz® 23i8l0} Zgrsl 4
(15)8F 7t mirror® )& 2% tha] HelshR 2(16)
o] Fexict,

(Jmn G m+Casgn(Om)+Ke1 On) + (J8O8)

+ (Jp9p+Cpsgn(0p)+K-26p) = Tmp (15)

(J-*R2J3*4Jp) Gm + (C-*sz)Sgn( Bm)
+ (Ke1+2Ke2) O m = Tup (16)
Mirror 2t g xa(=0a), dHEF x4(=0a)E F

2 gegdor Qs g .

X3 = Xa

Tap —(Cu+2Cp)sgn(x4) — (Ke1+2Ke2)x3
Ju + RZ Jp + 4Jp

X4 =
an

Az H ane 2273 23 P Aol
oyt elgg 2ol o},

3. JpAF=Aol7] H4A

g Hold FEE Y AAqolN FEobUE 2
25tz g2 HPAAES BaYP dfBof TP
= So] 291 FAYC}(s1,s2210,742)).

22IEE 2 =FojAE AAHL] 2N HIH ¢
BEg sy Y vR T =Ao] AjAPg Y ¢

f‘v

ATz AolAAAE Mol g Hedae g
= edetn} geholy ol oeA Ay EelE
ol %2t uhpl=E Aol Fz2E PehAN

e A HAYYAE 28,

X=AX+Bu (18)
A7z MolAAN 29 WA AMoldA e o
F4eg Poj¥ct [10]-[12]

oM = F CiXi=CX=0 (19)

w=(-Egi | Xil ) sign(o (X)) (20)
aoi oo - [ 120

2914 YAoAN FetoldeTol Yol Waprs
e oe Ao

oMo <0 (22)

A (23)2.2 %8 4 (22)9
ot o2 o

AG ¢ 2 HHAw 7

¢i2(max daL )/ (minb) (23)

AN & = f:lcj aiy (i=1,....n
b= ﬁ.:CJ by >0

dHR4ct 29y WAANM ol gMow Feioly
238 oY chetol HYY

c(X) =0 (24)

GO0 =25 X = cax + cBu =0 (25)

A (25)00A SI1UH ueawr TY & Ut

Ueq = ~(CB)~! CAX, k| CB| %0 (26)

A (2608 A (8)of tY8hD chgzt Fe ok 4

HyEdg Y 5 Qlo

X = (I - B(CB)~1 C) AX = Aeq X 27)

A (27 fA Aeq & BE 272 ALRI 9
UE HER CE Vs Alagdo] AU E F &
sick.

Z2E73 22 Iyet A AepeAdA Qv 4
A7) ol-g8lo] NPTz Moiolg dANY g3
Zt

294y g

o (X) = 50 X1 + Xz (28)

2944 =e)

at(z) = [ 2 z <1 (29)

s “lsign(z) iflzl=1
o7 4

z=o0X/C| X1 |+ Xz | (30)

A of )

u=-[ 1 | Xi | + p2 | X2 | 1 sat(2) (31)

o1 A4
¢1 = — 32545,467
¢$2 = - 254,8359

645



4. Atgelo]? Y 2y

AR A Aol N 232 = 13 P
Table~1. Conditions for Simulation
EXR RS X = 2

1 20 deg/sec| 8 km/h 0°
2 " 24 km/h Q°
3 " 30 kn/h 90°

27 12] AgHold AAw 2¥ 1 (2), (bok =
Asde, 29 1 (s 22739 A 248 Y
gus o% 1 (e 2 ’494 A% 248 JEW
tf. o 0.05 X ojufof AlA¥io] FYED] 2Tl
3oz 4N P A "J"é =% 32FA¥7 ¥ - R
c},

Ao 27 vz wE 23 28k 237 39
A Al Befoldd o A a9 2 (), )% 2F
3 (a), (bo} =Alstgdck, =7 192 Hahel FARY
Agtoln] Mt HTMer +¥:2 UBFE E &
e,

&MIL)
N > M
o o w»

POrS)ITION ERROR
[N

L

0.0 05 1.0 15 2.0 25 30 35 40 45
TIME (SEC)

Fig.1 (a) Angular position error.
400.0
300.0
200.0
100.0

0.0
-100.0
-200.0
*300.%

-

RATE ERROR (MIL/SEC)

G085 70 18 .26 25 30 3.5 4.0 4.5
TiME (SEC)

Fig.1 (b) Angular rate error,

646

- N
(4] o
s 5

POSITION ERROR (MIL)
=)

0.5 ]
0.0 : i el
0.0 05 1.0 1.5 20<235 30 35 4.0 45
Fig.2 (a) Angular position error.
_. 400.0
o
4 300.0
) 200.0
\3/ K
« 100.0
@ 0.0
&
-100.0
Lot
$-200.0
—300'%.0 05 1.0 15 20 25 30 35 4.0 45
TIME {SEC)
Fig.2 (b) Angular rate error.
2.5 3
o
22.0 4

—_
(8]
L

POSITION ERROR
o

0.5 3
0.0
0.0 05 10 1.5 20(25 30 35 4.0 4.5
SEC
Fig.3 (a) Angular position error.
__ 400.0
o
Q 300.0
-
\3, 200.0
% 100.0
4 0.0 - -
i
-100.0 (
=
&(—200.0
—300Q 5 BT 15 T A5 50 35 40 45

SEC)

Fig.3 (b) Angular rate error,



5.3 ¢
st zAolol Y 28R 27 LAHRE Yol
227 27 A A2 g e3¢y
WAAlg et pRAFTZAINE AAS YA F
3 2T Uobstol AgHol VY P oe
#e g dd
1) 7}ﬂ~7—3‘_zlolol ojsto] WY 283 1Y <
Aol 2laglo] tAY Alagio® wiygich
2) spArzAolof 2stol 2F Alxdloh Jhelz|
E Ragvolz B3t 2y 2Fo] Y
gl glct.
3) sz Aojof sto] 2P YH PG
5 AN g $W VHEL
1) PR FzAojo] 2lsto <Y deEjol ol AT
2 < 0.052 ojufojct.
doz A% 7Y AEe 23 U MR IS
=2] Aolg A 227 A9 st=shold Aol
Jelz #g 2 9A FUlER g Aoz 23
zelojr g s)dsta AYAstE Aol Azl AR
Y}
A2y

{1]

f21 ~

(3]

[41

[51

6]

(71

T.Harrison,” Computer Simulation and Studies
of the Behavior of Stabilized Gun Systems
Subeject to Hull Disturbance,” The Royal
Military College of Science, Dept. of
Mechanical Engineering, Report No. 7MVT/4,
Oct., 1979.

Proposal for a Gunner's Primary Tank
Thermal Sight(GPTTS) for the XK-1 Tank,”
1984,

‘ Derivation and

Texas Instruments, Oct.,
W. H. Baykin, et al.,
Analysis of the Complete Nonlinear Dynamic
Equation of the Micom Stabilized Mirror

Systems,” Technical Report RG-75-11, Army

Missle Research, Developement, and Engineer—
ing Laboratory, September, 1974,

Gunner'’s Primary Tank Thermal Sight(GPTTS)
for the Korean XK-1 Tank,”
1984.

Gunner’'s Primary Tank Thermal Sight
1987.
Fire Control System Methodology Analysis

Texas Instruments,

Nov.,

(GPTTS) Part Number 2830000,” Nov.
and Results,” Texas Instruments,
Mil-R-23750A(AS),
3391, 1963.

Rate Integrating Gyro MS
July,

bu7

[8] o]gt®, “ Micom Stabilized Mirror Systemol
gt =AM Qr Nonlinear Dynamic Equation?} § %
2t 814,"” I AYIF FLR2A
1989,

[91 #rg-¢ 2l 29, “ Mirror <t 3t Fx2] Ajoir)
AA,” I Moot =EA, 10, 1988.

(10] HE, o]Td, " st T2 Aol A 2B Feto)
defdof B A3, " EI3HYIeY ), M,

2%, pp30-39, 1989.

(11] A Z$, olTy, " s zAol A2 AHYH Y}
o] AAw -‘-’—l‘ﬂ' d&A™Y Aoy g, » N
J)ety] =232, A38H, :qlz pp60—67, 1989.

[12] ’H%f"d. * }'\"_:r!‘—-—;'qolj"»] D weloldeal
of {’Yf aF." —?—’Sﬂﬂﬂ ¥l shapet
=8, 8, 1989,

[13] o} %, 5‘1‘1 B, N4, 1984,

[14]
[15]

Basics of Gyroscopes, TR-6026
D, T. Greenwood, Princiles of Dynamics,

Prentice-Hall Inc., 1980.



