


BASERB RS
ﬁg%ﬁfﬂﬁz

Self- propelled Anti-aircraft Weapon
System Accuracy Parameter Theory

HRBEEREH -

I
- e -



B EERREHA (CIP) &

HATRRRBREARESRER/REREE. — L.
B T ok 8 B #E 5 1999. 8
ISBN 7-118-02101-6

. 1.5 .87 8 .S58 KhEWNEL-
WE-28 N.TI3S

th R A 08 CIP $ i # 57 (1999) 5 05150 B

#
by

Mo~ 4 oz g KRR
(AL R K R ATR R R 23 S
(IREL B 100044)
A LN DR
HE RS E
A 8S0X 1168 1732 EIFE 53 136 FF
1599 FF s HB L IR 1999 EF S A B L KAGIW

M1 1500 At EH:13.00 7T

(FEMFHHEHR . AH AR



BO% &

AFHBBAEEA S ERELHEINHKR.

EpR KRB R E TR REFL T EETH.
75 19 B By B 7 B 43 BE R B g B B RR Y —- 3B 4, U R B R K
FHEERS N TRARFASIVHRE NBESELDR
XM g, RN FREAL - RREBARRAFES
BRI AR BB B T & T 1988 F ¥R EFF & &4 €3 R BB
FEHBHREE R FFERE .. FENREGAENE
A#H,

BB A EE B RESE TR RE.

LFRAKFF,REF QR 7EER L JE S 5 i 6 0 3 il B2
HERAHELRE AR T OFRENNAMELE.

LEABEHI AFRE SH . MEBMEZRARGEX
RN LE  ENESHERAACNEARETENTH
BARRENEGE,

S HEEERRWRAFTEATHFEAME  ENESHEHA
REMEFBEREBTENN T Z FHRRENRBE S,

4. 3 Ah H AU B R G B 0 T R R R R
LI

SRR MERN AR R FES.

EREEBLEREEFFZEASERGH ITEZNRAIR T
BRI AREEHEEEHERT R, EHZERE FERE, R
ERVHEREBEDEN S URREPHIRBRHET DS . ZY
W TR ORI B 45, o B B I b tH AL 3 R

EpEH R LCERE TRUMRE AR, B A E R



W

HECRMLGXERK REMEEREN RS AR E A
BOHFEET BN ITERERTHRES REUERTEHE
B XR-WMAHFFEEE LHEE LERNEFEFHEERSN
AR E R EF IR RREENMNE.

By HEEERE—AFEEY,. BN HBIEN--ARE B
i, W TAEREAR B R AT S50 o gk, X8, A
HEARMNESABEHERNKE. T IEEREEGHET
T KB E I EH ER. BB UNEHLFERPRERGHRT X

iERMNW\EF K. HEEB R BHE KRR ILR &
B

BEHARE P ERES
WHERS




EpREEEHRES
FZRTHEERSARAR

ZREuTEER 'Hilﬂ_ﬁ

FHEER K T

BEREERR BB BHFE KFA ¥ B

B OH# K fEX

= ] FEA EZ#E ALTFE BALAR

(MEREQAFF) M = £&L AERN REH
HBEE EHE FMEAEY MHG
HE KER HHR KHX
KABIE BKE B¥Ek AR
#EW LA LA




m}

]

A 4518 28 T 2 E B0 7 HUS BB 95 1 4k 1 B B 3 A I R RE
BRI K A B R B R R 5 B T R R B AT
FRREHRE T NASRE T REAER.

KEW R AKE KSR BB 0 77 5 DR AT
RERFAXRRRAL LIS ERAMDU, X BRRE T AHH
A ERIER R ALNMR TR AN BRBEES KR M
FEAR(ERNBE ARE),

AEE-ERETHRRARSEANES RN MHERY
2 ARAGEN S _ERNETRELALTENEREES K
AR TS R B T B AR 2R M BT R A B IR 5 R L R %4
F R R SR AR X R F B B S EAR THRRAF S
HMRBREANENHERNHEESHOTW, S WEHRE THA
BESEAFFENRRE, S EERART AT RNARBEL N
FEREASNNERERSEAGR; EASEAREAT A
AEERBZAGRESREBEA, EAS PR AL R
EMBEHRERZLASK . BHSR AL HREBEIKSHAME
FEAETIHEAMBR, T ARYRFTERGAFESHET — 8
MAEELEER T HTEERSRERES R,

FRRR TR RSN — R BETERTVARER
GUEENERSHNRAUEHEMN (WSEIAC HE) M A TEX
ZEHFERR B ESEXRPRATHRBHARES P E
BHEEHER FRBEMLL.2BESEH,QRFH, 584
REG BETAHEALHEE.

AGHBRERERHBEARN HIRLSTHHLENE. B




L

RIthERE 5. CEREHRIE T ARMFEARRTR S,

ETATHERBREVRERE A +RFEMME. HAELZE
MEEZHP ERTEEXTLEHEARAY, HPHR. AL
EHREFESR, BUFREHITFHE.



=] *®

F—¥ BTHAERRRERMESHBREFINE -

1.

1

1

3

WSEIAC REERMBEHEER] -

¥ BARSREMESHOWHE--

2
2.

Hﬁh‘iﬁﬂ’&ﬁ%{# .

2
2

(]

B4R AT B IE L v reeversreroesirnnes

43 ERREB AR e e e e
51 A KM AR SE L E BRI RAE oo
(5.2 BHek R E SRR RO X BB AR R e
EREHDE CITHBEERSIT -

6.1 BT -
6.2 —A/AvEd A BBk O BE A3 e

1.2 HOBRREREGENE S KT HA I oo one
AR ARE R RS RN oo

[ RS-

=

W oo 200 G ~1 & oonoen

I T T e e T e T T S e R S =)
o -} | [=r3 = f= a wl [x=] =] - )

FE



2.6.3

271
2. 7.
2.7
2.7,
2. 7.

$-®

Cﬂ»:hw[\;

CHEGIRES TR ERHEH e reri
2.7 BENMNFESEHRBREBRER rrvrmrervnrnnn

BARHE R AR G e oree ove o

E%ﬁﬁr haa basaas s ahe b ba
RABRGEEETL oo
ﬁfﬁ%ﬁ:ﬁ‘?ﬁﬂﬁxﬁrﬁ

Eﬂﬁ#ﬁ%ﬂ%ﬁﬁﬁ&ﬁﬁm wereessins
3.1 ﬁﬁﬁﬁﬁﬁ%ﬁm%ﬁﬁg.“mmmmmmmm

3.2 ATRMARASAENSHE S RENE W

3.2.1
3.2,
3. 2.
3. 2.
3.2.

¢ e W e

- Lk !ﬂﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁmﬁﬁﬁ"wmw~

FUFERD . MERESEABBE oo
MERSMERTRAE EMBEEEDNEW -
BERESEBRERTFAII oo veveenee

£ CPUBRMER oocmimmnn
REERUMEZROGHEENER -

4.1 EABRERERERE -

4.1.1
1.2
1.3
1.4

2.1
2.2
2.3

e
. R R

-
e

4. 3.1

4.3.2 BEEBF AR BEE rnveorreror ssraremrscnsnassessnsanens
£.3.3 EEBY AR H: ovveererersnorasncrenes susssssensnsans sor vessse s

4.3 4

B 4738 s Al R i &) R R -eeveee

BEHE R T RR A e e e e
SRR IR BRI orvvvevreversesseosrssnsonesesvanve o
ﬁ’é"fﬁ‘& %Emﬁ e SR NS AR SEE EAE ASE R NN PEE SN Med GaETha Ees san
BAERBE B JSRIHE < cererreremensnnnoscreenenon e eueconcareue seons

B R H RBREE cooveevsmennnnns

B2 R R R ERAE o evrrvevsrossrorseerosonsns

SR HE BT B TR BB cererevorerecon s ene on e ereseseeesrmsas rineses

BB SRR oveeer



4,

[}

[#3]

<n

4

g%&i@ gﬁ ﬁ{\]% ﬁﬁﬂ: e AR P AT R R AR PR Sed AR AR AL SE P AR Eannda
- 61

1.4.1 VEENEHMTXBEERE oo

4,4.2 EESEBRHTLERIEE oo i i s

1.4,.3 BB FE IR Z AT e
L4 HEEFRIERESENER -
FIE BTEERRFRZSHELRAMERER

W1
.2

[ ]

L]

w

@

(2]

[=1]

()

bl
Lol -

w

o

=t

-~ o

@ @

@

[F- I F L R )

EY

(4]

(]

[T - I A - B o ]

D 11 S OO )

5@
EARER -
T8 E AR E AL -

HM R HEREFHREEBE e
MO B b8 S AL B EE -oemeermememeneer

RIEE RSB oo,

R F R LR T e eeee
HLYE 5 0 16 A AR TR oo eeeeeene
RERFUEEHER -

E- N TE R o)

5 BRERR B BT AL BRI wereerernrererorantnnine sos sesu sinnus ses s

6 BESSFKAEISRBERITR o
7 HAREZEM IR crormererermssomons
MHELSHE=AKL -

1 BEVEZR L OYMARER rrorreememeamenrnenns

2 m&%g—%m&% P T LT T L)
3 E%ﬁi‘—ﬁﬂ%%ﬁ [ T I LTI
L4 BERERZE v reeeme s e,

1l HAREHEBHETEDRERNRER e i s

Y TFHRAMEERATHRREIREEE e
2 X TFRMERERERTHAREAREER e
3 EEERMHBEDREEL e
BT R BB BTN AR o een ver e ven e vennse s ernsneens
1 O FERKFREEBIRR e

61

61

LT 62
v B2



A
o o o L |

e

oo

L ¥}

5.7

5

-

Ja

5.8

5

&

5
5.0
5

b,

] Eﬁ&ﬁﬁ e d HaE da sak ERE R B4 A B EAA AR RS EEN ELAARA RS ENE YA MEaBaNATE
V61 BEE R EAYMRERFR ceerereesenrresresenesns cananses e anrna st sn e
62 BB SR LI R e eseen renrnssiens s e sas et e e s e
L6.3 FRUEEE e erenea e e e et b S st et s
6.8 RIS GRS HITL e ererre et st e
A T F N 1D S NP
LTl BRI R B S H B AL e e rteerrre s s e e
7.2 BB S AR R e oo e e
BWMEHRER ERBMOABEM BERR e ororrssesaes
81 WHREBRE e

B.2 WMBAMEMELITE errerereen

8.3 MHREZARFLHWMORENBLEIROARE

HRERRE S WIFHRERE

V9.1 BAEHRERRE SN -
9.2 SIEMBEXSHLRMEZDNREFWERE e

FAE ATEHARBRRAZEESHERED -

6.1

5]

oy

e ow P P P

HEwER -

1.1 BHRIREEE R reeree vt s b e
1.2 ARSI HETE e

BN
2.2 HEHRE -
2.3 EEMEEERE oo

R EREIE T v eemerrsrmeersi s srsen o
3.1 MEHEEE DRI KEFEIRL coreremeremr e ininnii s
3.2 #H ﬁ%gﬁi—fﬁﬁ: R T T T LR I TY TR TR eI T
. 3.3 }}% H ﬁﬁﬁ{]ﬂﬁﬁ%tﬁ— hr A LA NALArEEaTEtten vee ARy daaARE Ry

- 1



[=2]
.

4.1
1.2
4,3
4.4
4.5

Lol
5.2

[=]
I N I

6.1

== - -
(= R~ = N~ -
i b ; G h

e o~ ot e

FtE

BE A Sa b e e 8oy

WERE eercronsmranens

M=% A B‘J‘T—ﬁﬁq’ &$ LT

ﬁﬁﬁﬂﬁﬁﬁﬁ%&ﬁ%$ﬁﬁﬁﬁﬁﬂuwu

B R T T UL v R
RIAMBNELSHFTTE

BERAREHT LR

AT ERASEAARESRE,. D, v LD

Eﬁﬁgﬁgﬁﬁjuh TR @ vt resser s imnaneariiens
HEMEH RBRELNFRSHIRR

F.M..J
RBREHFHER
BER . SHKESHB 2 p. S

EREHIBE T Lo fohu B wreerss orerissmsssanssnness

AL T 5 K By O rerrerrersee ssvenanras

BHFAERE HARSRESHERERE

EF EB E  reveverrneina sammEsnan

Ehﬁﬂﬁ#ﬁ%ﬁﬁ#ﬁﬂﬁ-

7.1 HMEZEWAEKR -

7.2 ﬁggﬁmﬁﬁgﬁgi.MNWNMNwmmw

7.2.1
7.2.2
7.2.3
7.2. 4
7-2.5

4 R

=z H E—‘\-ﬁ{ﬁwﬁ renrerare R eEEARa RsmaarThTbmbAbh

ﬁ =] ﬁ%ﬁiﬁ T TR T LT TR TP YL L L P

BEEERRK v

%ﬁfé ﬁ’l m-m e TR T T TR T TY R YT T

ABFAGHANT AL RIANL -

M rEE T AdEAEE IS Een PY R LA RLE AR N RN

132
e 134
BEDPOHETFEA LN S EME e
%_zﬁtmﬁ;ﬁﬁ$ T T T TR Ty

_.%ﬁﬂri— W SF‘ig'ﬁ’[F ﬁ$‘ AvEEsESEPaRE FaR AR ELLERE YR YA paE mba
- 140

- 141
- 141
- 147
- 150

136
137
139

« 152
« 152

« 155




Contents

Chapter I  Basic connotation of self-propelled

anti-aircraft weapon system accuracy

parameter theory oo i

1.1 WSEIAC system efficiency model  ---vvomesvvininnnn.

1. 2 Basic connotation of self-propelled anti-aircraft

Wweapon system accuracy parameter theory seressecseces

1.3 Basic content of self-propelled anti-aircraft
weapon system accuracy parameter theory e
Chapter I  Analysis method for self-propelled

anti-aircraft Weapon system accuracy

parameter theory .- R

2.1 Background T PR

2. 2 Basic assumption SN raw auA e rdy A E AR RS AN ERA RN RS EFY FEEEEE RET AR RN

2.2.1 Assumption for miss distance coordinate system esereeeer e

2.2.2 Meicrological assumption «e «essssssssss st sorsrenisstsvinsasss s

2. 2.3  Assumption for error distribution law  rrererrereesiere.
2.9.4 Targer MOTiOn aSSUMPHON  +wssssasssr rerseseimsstarssiares

2.2.5 Target contour parameter assumption — --esesssesenarrees

2.2.6 Geographical condition assumption -« s ssrems e,

2.3 Error sources and classification e e eenenmcnniicincnn o

2.3.1 Error model for weapon system ssrsrrsrserrssrsaeceyannmeaienay

2. 3. 2 Transfer Df error models P R LR e ]

2.4 Weapon system accracy MEasurement oo

2.4.1 Accuracy measurement for individual sub-systern «eveeeseeee

2.4.2 Accuracy test for fire control system «sreresrressres s

2.4.3 Accuracy test for weapon system firing at air target

o

=] =] oo oo =] -1 (=21 =+ w

—_
=

12
12
13
13



2.5 Weapan system accuracy analysis  revenie i 13
2. 5.1 Dvnamic flight accuracy test and measurement error
:-i:lmplt: L T TR T T R L TICTRT T |
2.9.2 Miss distance sample between impact point and
TArger N ACCUracy Fiting test  ss-essswssressssssninsms i 1§
2.6 Accuracy estimation for dynamic flight test
in state proving groumd s e e i 17
2.6.1 Instantaneous AcCUracy EstUMATIOn  rreseessmmrrssssasinnnee |7
2.6.2 Accuracy estimation within a small time segment ==eseceere |8
2.6.53 Estimuation for average system error and average
TOEAIN SOUALE TETUE +4-soewesmrssessas ate trssesanansssnnerananssnnons ]
2.7 Accuracy analysis method and anti-aireraft
weapon syslem development st e 20
2.7.1 Tactical specification analysis and accuracy
AETHONSIIATION  tiversresarsaianrenns snvamesassassensnrrrssnerssresnss 2()
2.9.2  FError source analysis and error distribution - 21
2.7.3 Proving groumd test sesessser ot st 23
2.7.4 Weapon system accuracy evaluation seer 24
2. 7.5 Non-adaptahility of accuraecy analysis method - 25
Chapter I Constructural features of self-propelled
anti-aircraft weapon system and
effects thereof ------mmrevrierriniaanine srerrearesnnan 98
5.1 Constructural features of self propelled
antli-aircraft weapon system 28
3.2 Constructural feature effect of self-propelied
anti-alcraft weapon system On acCuracy seesrrormreeeas 37
3.2.1 Effect of vibration.shock and attitude variation
of vehicle platform O . 1A
3.2.2 Effect of assuciated motion of [iring line and
AssssaassnsvETETITF YRR YRR ANE 33

aimuing line in space position reeesreees




3.2.3 Effect of digital system and analogne system run

e 1 Y.
3.2.4 Effect of multi CPU communication s srrsre-srss s rsvaennes 38
3.2.5 Effect of system complexity on system itself

modelling  reeeer e enans s s e i s s 4D
Chapter N Limitation of analysis method for
anti-aircraft weapon system accuracy

PATAMIELET «++ oo ree ererssacsssyson s e nasansse sesorsnas covsrins 42
4.1 Limitaticn of basic assumption e ereeee e 42
4,.1.1 Limitation of target motion model assumption «rreeresrverver 42
4.1.2 Limitation of tracking and firing condition assumption =+ 49
4.1.3 Limitation of error distribution law assumption  «++=esseese 50
4.1. 4 Limitation of other assumption seererrecsranstnienioronrenes 5§
4.2 Limitation of measurement capability «ovvveriiinnnninn 57
4, 2.1 Limitation of measurement System accuracy s-+evetsvreeereess 5]
4.2.2 Limitation of measuring methad rerresrveriers st 54
4.2.3 Limitation of synchronous accuracy -resereermserrensiaere. 3§
4,3 Limitation of analysis method v, 53
4.3.1 Limitation of insufficient sample ===setemrerermrrenitere.n 58
4, 3.2 Limitation of test condition nan-identical wesrerersseseee 58
4.3.3 Limitation of interval division «eresrevessarcaiiiiiiimnan g0
4.3.4 Limitation of algorithm «sesessereesssnsressssssessnnans sensssons 60
4.4 Limitation of complex systermn  secovemimeniimnnian §]
4, 4,1 Interrelated effect between physical structures s+===eeesamee g}
4. 4.2 Interrelated effect between signals and data «cesercrrreeenrene 6]
4, 4,3 Effect of data synchronous error ressr e m s e 53

4. 4.4 Etfect of independence and completeness
- 52

OF IAEX SYSLEIN +vr rervvrten tas cre raronesne soscs non son cae tvons s
Chapter ¥V  Basic requirements and assumption
for accuracy parameter theory model of



W

5.

5.2 Model of ideal target flight path «eeeeiininn.

.3
5

1

s

o

self -propelled anti-aircraft weapon system ...

Essential requirements «seveeeenienin

palh T T

. 2.2  Assumption ol target polynomial
. 2.3 Assumption of target arc flight path =ecesereasccins
. 2.4  Assumption of target multi mode

Target motion state model --...

.3.1 Targer motion state rmodel under

white stahle roige +sssesresessreneas

. 3.2 Target motion state mode! under

correlative stable noise romerrmaieiee

v samanyrsnabvran rRb s ran T

Fradnaman rhapna

2.1 Coordinate system for motion law of target flight

motion law  »--

mation model

Erbakdmrart

PN T

[T T

mb b aaaay

S

generalized

generalized

. 3.3 Discrete target motion state model re-reeenaterae

Modelization of self-propelled anti-airvcrafe

weapon system MAdANeRFA AR EEERIFAFERERITEARN

P L R LR L R LR T T

Farama rReaAr et e ar LAl by

[P T

hgeunaa

5.4.1 Horizontal translation of vehicle coordinate system

5. 4.2 Turret azimuth coordinate system «serereseseresramrocss
5,4,3 Turret elevation courdinate SYSterm ==-+ssomatiriiee

3. 4.4 Tracking line azimuth coordinate system  eoseesserenssenanrans
3.4.5 Tracking line elevation coordinate system -esesrrmees

5.4.6 Tracking line coordinate system and weapon

(4]

ownoon
wn

A

line coordinate system  rene R

Aiming line and aiming triangle

[ 23]
.

Tracking line and tracking vector

o
.
- LA ] 33

Tracking ertor  reeesvsessemaenece

[2 By}
]

Aiing eIror «wsressreessossesmen

. 4.7 Interrelation between coordinate systems

Aiming vector and aiming line -

HhrARa Las gEe EbasnrvEy

.1 Coordinate system of the aiming Jing «=ssreerrraen

R TLETIR IR

Y TR

MR LT ARE TR mRARLA b

TR IT

M mAmauR Y Es s A rRaANE RS BYE R

[ T

BEA R E baa Raa gra mamanerry

Y T P PP T ]

- il oL Ak s o o 4 ¥

FTRSRTEE RO R

64
64
65

65
67
69
70
71

- 71

72

73

77
77
80
80
80
80
g1
81



