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Performance Improvement of the Tank Gun-Pointing System Stabilized Drive
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Abstract

Objective technology development has been carried out aiming performance improvement of the
stabilized gun-pointing system for Type-4 tank. The full nonlinear simulation programs with gun
bending modes and nonlinearities were developed to estimate, analyze and design the driving and
stabilization system, and validated through the comparisons between simulations and test results of the
existing Type-1 tank. The prototype is designed, fabricated, tested and evaluated on the test range as
well as in the laboratory and followed by development and operational tests. The performance test
results on stationary and on-the-move conditions are turned out to be superior to those of the
advanced tanks developed in foreign countries.

Key Words : Bump Course('H=2), Disturbance Rejection(®]& A|A), Stabilization Error(FHg3} 24D,
Tank Gun-Pointing System(HX}E FAA| A)2H)

1. A& Aol & sl s SHA)Y] S8 B &
AE o7 A AAAYIee Ago] Pas)

RAAF F/IF QHAS 75 ARl AA t}
2HE Ae¥c 35WE I AhdM 29 4 AL BARG A2Ee 227} AL
A& AHHEREE Z3] AFA)e AFH & of Z&50] THL XgER= 1Y) %L%ﬂ»ﬂoﬂ
AR F-F(master & slave) A|2HOEZR A} A 293l ARTEs} 2FAH 0] L8 24
AER oist A& FES FFHH AF 4 FEAEoR AAHden AREA W)
8o WE Te A Z}Jf‘z AA e} Tﬂx]g} TARG AlzEo] okggso]
359 R?ﬂﬂi °%Wé‘s€— FIAAS AF 71%2 AAS 15 3k 34U okgE 7%
=2EQ FFEA APIH) FFE PAe Fa gez EJS}S’&IE}. 2o 9 HlFE BlEg
Sa0lth 1 Thed FI/EHY aA/A8 7 AN AAE A AlAEH] kg
7 A AA ] A7EE el EH?S}C’% X Hso) R A7y Fws Az Yok
£ 2% QAAZOEN JF7 AHES 73t Binroth £ Me0AxE tigos zdy 9
A sk, Y FYAE AFdoly RE F ]g&]]c’],_ ATE 35193, Harrison?e 7t
AMEA)7) B AA FRog FAH glow, F TR g AR AEHH A7E

BIZPALISIIIEEISIA H1A H1S(19985 10€) 65



=R / ¥ 2R

om, Purdy’e FAALE A% HIITE
4 1A% wAg Rde Adste ABREAS
3t} ®& Schram’= MIAZE gpos A
¥ A28 2 AESAN 2 AP 95
A7E FYsigen], UM 3 A
T1 2 T49) A79~Te) o]0} MHazZe)N A
P59 AE2XH 2 Ao} A AL 93
o FN7IeEe FHskn ok

AAE BHYAY N2d7 o] BHr)ez o
FolR AlzEle) g 9 g 9isie] A
289 712470 BES BANIg0] 23
Ho] glojorsin, 1 rgEe FBA 5 =
Vg, 28 2 Wk 52 Basa Qojer &
0. 22t AJE EHAG Al2Ee] AT
Q& F/TY TE AH /)L YEE HAZ
Vgl dEFozM Az" QTHES wHES
v /3 75 9Hs Azde] A5 o
ERAe B Jlesge] BEG Aol
AFNAY AAE FAAG Al2de] ¥/¥H
75 B4 BNL tesld mdy 2 A5

Hor ek Hr} e F4o] ofFoiz|A|

ROLL

aokom, o]z QY oyl 2Fex ¢ o
AARE 59 243EQA A5dES 3R ®
gk oleidt AaES gt 7IE A EYolA
H7)2) 9] FAE FE37] A5t HYR=E
3 A\ 29 Bdds) AAARARE o83 |
=2 s 2 JTAANT Y B4
o 7k =29 o] a7E T Q)

2 d7dMe AT 3FAE Alagy ¥/
I TR 4 BRY VEASE d3sln &
ARSI FEE Al Hesigon, Ao
Fo] Afde 32HY BN Ax=s)iin
2L Aojzle] ARl F=dolFe Eodn
2 EY2 9 1t 958 W)ANSHS 2
T axdg 2 2o ExEAE R
Aool5 A3 FHG Ao v 2 A
B A geueg T2y Ast] 294
¥, Ziegler-Nichols Y ¥ F3l& 5] ot
HAuyo] ALET, /XY PR 2 A9
Ho] Hrh uldl mdy) AlEYojas 3
7] 98k 712RE(TS) A28 Ael vl
HEGozN Zaado S sy, A

H

2

DISTURBANCE
YAW

GuN -
o ERROR
i arp
v,
\fFe
\ e
DISTURBANC °

DISTURBAN
B

Fig.1 Gun/Turret Driving Stabilization Configuration
of Tank Gun-Pointing System
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Step Response of Azimuth System[Experiment]

70 T T T T T
T : : : Rc : Ref. Cmd.
60}---H--- ] ECEEEREY BERNE T1: Type 1 MBT |-
5 : . T4 : Type 4 MBT

o] S O
£ ! !
=5 T . : .
40} -} L LN — A
'© )
2 5 ;
B L R
5 : : : ; ;
=] 1 1 ] 1 1
40 Y0) 1 1 SR S beeeees eees LR S
< : ] : : '

L e e AR DERCEEEES

o : . : :

0 05 1 15 2 25 3

Time [sec]

Fig.10 Step Responses of Azimuth Systems
{experiment, input=35.7mil/sec)

74 eI=AHUEII=Z3SIA 1A M1=(1998E 102)



73.3_ z‘,%o-s}‘-:— 3—1_0.3 7§91%4_E}. 718

ﬂﬂﬂH“L 2o
9 ¥/¥¢ oyba}oﬂ e
Fol| g SUEX 1cﬂsﬂm T} 43
oy}, & Oﬂ%w% F/X8 ArtEE o
2o AANSS 4
o A3 HNY SUEd 423 9JHPSD)
2 7kl @4—2— g3 B 9
A7 Asel Aol 2(8)7 o] F)H

¢" per

¢
¢ per ¢ X8 43) 93A3) DCT)PSD
P A M3 g ( 6y)(PSDI

mepq A i A% e e

DRC(dB)= 10 Log ®)

=R / AT TR

PSD9] Fej2 Foi2]7] W] ZdY3 HdF
Azglel A% mde] AdegrE 73
ool g =] PSDE +& 4 It Figd
= T19 AR B% —?—%éiﬂr 2 Aol
AHE TAR AR 8RS SEATIY ¢
A%t 54 E4dM 293 O]vi °J5H sl

=

==

A e Fo4 ] BE 2 Aol 2
% ek
4. 4947 2 1@

HEARL BAF TEASH FUSEHY,

o§% WrzoY YsHIEE AAHAT:
299 75 R 9 $5E 2237 93

7HE A5 F2 AAARSY oj2F o
T A 2AY Adde B3 IR T
T Aol71e) 4% ol5HHEE FUToEA A

FREQ HESP - v
10.0° ) s 111 ||nl i ou
T T T T Ty \ b i3 { SR S
[ FAUR SO TN OO 1 1 CRUROOION SR Yy oy [ 0 0 2 o B8 W PR M W W §
dB | (B RN T LY
| [ B R ‘ bt | [ I NN
| [ I | [ A I |
( S R o ot SV N o B Bandwnd h = 7.2 Hz v |—1—1|—||-1|-||—
1 oy Lt t 1
] | [ B | s 1 | | ||1 ' 1 v
e e R LT t frmem oo J— o= Y A
| 1 [ AR I | oot 1 [N | | 1
"oo‘ 1 [ [ A ! I L
I T R [P R B S | [T R A I I Ay S
Fua Y 100 g3m Lag Hz FBLSAGO?% FRalel
FREQ RESE s oo =
1e0or R [ A 1t 1 E N
; v o] AN b [k
VU YR Y O 0 o e X SO N 2 N . 1oL
Phase | R e T I A B AP T
| | bt I Il | 1iIRTR LI LR
1 1 R L ot 1 llhll“
n T Pty SRR T T 1T T e L 1T
ag ] RN R K I il
) ] [ H Mo L T ('] i1
} R R I L D T e S R R I I L el o e (et R bl 1 0 i o
' L R [ ] ] t b gy
—-1080, 11 vl 1 IR N ! [ R
L. Lkt bbb Ld ol IR TR R ML (¥
Fxd Y 100.02m Log H2 FRL.LoADOL 10€

Fig.11 Frequency Response of T1 Azimuth System
(experiment, input=17.7mil/sec)

BIZZASI 8IS Al 1d M 1=(1998H

108) 75



=2 / A 8

2Eds #HE AEATE AL
o, ¥§ EdIRYUEY 08 75MNs A5s
AP ?'?} B7Ie] 2ode FRLEA
NEAE 717 g3 X}EQE 2 e £ol3}
A i xER AFE tad AJsAE
AHHolA HEE olgd ARISAE A2E
< NSt Tkl FAFeEN 75 g
g 7 F4HY AREAAYE d=E sl

4.1 AT s 54 (Stationary
Performance Characteristics)

AAF ATy 9495 HFHo7 7] 4
& 1Td IH, 24971 2 HXAANE
AAste Agslgol, FPLFS AAG @J"’Jr
F2 I s EA RFoEH FF

%wp—o 07\']_i Z,LQ_}H b‘c}v}.} ﬂo}&] 7-‘1]_1
A9 Az e el Aolr)E AaASNA A
3 FE45AE 28 TRV 21592

X=10.251 Hz
Ya=-3.0017 dBe

FREQ RESP
10.0

Fig.10914 & 4 gi%o] T1HT 958 A%

Aolow, AlEHo|AAT A HE3 AHH
A2 AR AAY LrAos2
o YEls RS é—iéﬂ A gHENS &
AFT. AgAoe vlFo]Sitog ool
7] & fEA7ISe] dtdgoz FHg
Figll®] Fo8HEEAM 2 & Sl
Fig12¢] T49 7¢ HAAoslzo] AgEad
ElY] Aoules HES 53 AMAZ d9ES
72HzelA 103HzZ FHAIZIoH, HRIA032
9 NIEFTEY AR QIS Jas
3tk N 71 5Hoz 2
B ETRS o83l LA 29 XA
ol5|2E A3k

42 FPF <AAst EA(On-the-Move
Stabilizing Characteristics)
35 73S Figl3, 149} Zo] Edo| &

i Loty M 1 [
T T T TTTT | [T 1 [
' A 1 R R N b0
ds i [N 1 [ [ |
1 RN | (IR S t i
1 R | RN | §
T T 17 7 T T T TrTT W T
1 [N & R i
1 R EERL Bandwldth,1q.3‘H?“| )
R N ot
-70.0 I | IR T U B O N 1 DD I T A N O 1 [
1 | NS OV S O O | i 1 ) I T T 35 | 1 . i
Fxd Y 100, 02m Log Hz AZSTO4AGD 50
Yb=108.849 Deg
FREQ RESP
i80 I [ AR i U ( ' [
! Ut s ' Lo IE\ 'W )
1 SR N I I ) 1 I
Phase 1 T T T I [
! i1t i Lo e i
1 R ] ot b 1 [l
T T 1 T T T
Deg 1 N ] [ A i 1
1 R | AN | |
A Tl R
~480 1 [ S| 1 NERE 1 }
L Co (b it g ! 1 Lt ) L
Fxd Y 100.02m Log Hz AZSTOiGD 50

Fig.12 Frequency Response of T4 Azimuth System
(experiment, input=17.7mil/sec)
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Fig.13 Stabilization Errors of Azimuth Systems
(experiment, RRC9, 16kph)
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