ODERN MISSILE
" GUIDANCE

N
>

Ralal Taishevshy

CRC Press
Taylor & Francis Group

Boca Raton  London  Mew York

CRC Press is an imprint of the
Taylor & Francis Group, an infarma business



Yanushevsky, Ralnel Lo - 1812, Llal, oSaupdiaibs
JYanunshevesky / Rafael Modern missile guidance
AT S1TAY ool 0l

agaa Lo YTT

.M1

. aali oilg

J...a...o Uyake

wlid Sl ovmmn - oiginialid SlaS lgs
o Jiis

Mo nlid Slaeier, w

JTAQ TaTus/FT- UG

IARYATEN

YOFOSTY

q—u-'l-hh:})ﬂd
ala ol g Uls.r
i lent s
Syalh olak s
T anng
g

walrlsals
wnlilasl

Olgac _seangilf
Egopn

Egg0

Espe

0,5.5 S 03,
B3 Sa by

o bol

wle e blotls

AN

*
guidance (LS ol
oSS 1 il

O

nushevsky, Rafael ionim g
e adloly
RVES T povs
* S beo gt ol 1ol SBL

Ologd Ades il

ade@yahoo.com ;  SKug mSI oy
SSASYAFY il

3 31 5L e M o (8 i g alb 2o



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW., Suite 300
Boca Raton, F1. 33487-2742

© 2008 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an informa business

No claim o original U.S. Government works
Printed o the United Stales of America on acid-free paper
10987654321

International Standard Book Number-13: 978-1-4200-6226-7 {Hardcaver)

This haok contains information obrained from authentic and highly rcgm%c sogcces. Reprinted
malerial is quoted with permission, and sources are indicaled, A wide varié erences are
listed. Reasonable efforts have been made to pulblish reliable data and informati ul the author
and the publisher cannot assume responsibility tor Lhe validicy ri',1|$nr for the conse-

guences of their use.

=

zed in any form by any
.inciuding pholacopying,
eval system, without written

Nao part of this bouk may be reprinted, reproduced, transmi
electrenic, mechanical, ar other means, now known or |
microfilming, and recording, or in any information st
permission from the publishers.

i from this work, please access www.
copyright.com (hupfwww.copyright.cor Copyright Clearance Center, Inc, (CCC)
222 Rosewoad Drive, Danvers, MA 01923.9 0. CCC is a not-for-profit organization that
provides licenses and registration for ggeariety ofgsers. For organizations that have heen granted a

aimes may be trademarks or registered trademarks, and
arg used only for identification anation wilbout intent Lo infringe,

Includes bibliographical references and index,

JABN-13: 978-1-4200-6226-7 (alk. paper)

1SBN-10: 1-4200-6226-3 {alk. papcr)

I. Guided missiles--Guidance systems. 2. Flight control. 3. Guidance
systems (Flight} 1 Title.

UGA3NY 35 2007
B234519--dc22 2007015487

Visit the Taylor & Francis Web site at
http:/fwww.taylorandfrancis.com

and the CRC Press Web site at
http:fwww.crepress.com



Contents

ADOUE HRE AULROT (e e et ee e et XIT

Chapter 1 Basics of Missile GUIGHNCE ..ot orevecnr e |

L3 MISSTIE GUITHNCE oo a et e e es e eres e st eneseeene st et
[.4  Representation of Motion

L5 Line-of-Sight v

W ted b —

Chapter 2 Parallel Navigation ...

1 Introduction .. "
2 Proportional N..]\ILJIIOII PI anur hlummcm

2.3 Proportional Navigation. Three-Dimensional En_g.l‘
24 Augmented Proportional Navigation ...
2.5 Proportional Navigation as a Control Problgm
2.6 Augmented Proportional Navigation ol
2.7 When 1s the PN, Law Optimal?.............. 8
REfCrences o e )

31 Introduction ...
3.2 Inertinless PN G
3.3 Method of Adjgl
ReTerences oo

1 o fo b
oy b —

E =l

Chapter 4 Analysis of Proportional Navigation Guided Missile Systems
in the Frequency DOamain.......o e e e s e 29

A1 IUOUULTION Lottt et et e et ettt as et b ees s en e enes e eee e eees et ene s neseeseseranenon 29
4.2 Adjoint Method. Generalized Model.. i e 30
43 Frequency Domiin AnALYSIS .o et 8
4.4 Steady-State Miss ANUIYSIS oo e r s senneeon 30
4.5 Weave Maneuver AnalYsis .ot e e )
4.0 Example.. e O ST P SRR " 8,
4.7 Frequency An ll.yw» md Ml\\. Slcp Rt.\puusn. ...................................................................... 44
4.8 Bounded Input-Bounded Ouiput Stability.. ......... e A7
49 ['n,qun.ncv Response of the Generalized \ah\\lh. (mlddnu. Ml)d(.l ...................................... 48




Chapter 5 Design of Guidance Laws [mplementing Parallel Navigation.

TImMe-Domain APPrOACH ...t s s e s 53

B TIIITOUUCTION oo eeiiitestesreeereseeeeeeet e vt e b e et bara e s an et e ebmssaeavas s aRnesaacerecaseeee b s EE s iR e s s R e s sa et et ran e p e e 33
3.2 Guidance CorreCtion CONITOIS...coieeisiseriesrereeeeeeeetire st e sssrras e sees et e r e s aeessesaesd e arbe e renes 54
5.3 Lyapunov Approach to Control Law DESIEN 1vovreereeersererceessemeecsems st D
5.4 Madified Lincar Planar Model of Engagement. .. 57
5.5 GETETA] PlLANAF GOS8 oveerieseeesrecsrtisrisssresrssssseesrassesassrssseseinssass s to it ampesmn b e e dns et e e bE s e bt b RE 4208 58
5.6 Three-Dimensional Engagement Model ..o 61
5.7 Generalized GUIAANCE LaWS. ..o oo i iie i srier s sreeessssisarsinrasacsrmssessabsssassanesrssmressbeas s aanaranasers 63
5.8 EXAMPLES ..oovovuiiorrvrmsemsioetireiatssisessseaesiens b ansss st o0 R 67

— RETBIEIICES cuveveeerieercten e essrsneeems e desisssnsarsrarsre b and OSSO E OOV OO POPITOR 71

Chapter 6 Design of Guidance Laws Implementing Parallel Navigation.

Frequency-Domain APProach ... v e s 73
B.1  LITETOTCTION woeoeteetisesessresseseseeeeaesstsbessssaeerasmtesamsesreseesbasassesmesmserboberasea st e sl e s e b e b RR s arabr s e b 00 73
6.2  Neoclassical Missile GUIAANCE ......o.oovivivrecrecieiiiis i e €. Qe 74
6.3 Pseudoclassical Missile GUIanCe? .o e s . T 78

6.4 EXAMPIE SYSICIMIS c.oovoiriiisiinisiisesiemiesssstessnssassssss s snesbsers s snssssr st e conns s 80
6.4.1  Planar Model of Engagement..........crcennd _ B SO 80
6.4.2 Muliidimensional Model of Engagement........... . D SRR 85
RETCIEICES 1rvrveesreerreieorieenssssssssssesennssmssinssarerrnnesassesseesseotssssns oo s s o st 86

Tl INOAUCIION wevivverivs e et rcevice s s ige e
7.2 Brief Discussion of Stochastic Progess

Chapter 7 Guidance Law Performance Analysis@&hastic INPULS o 89

7.3 Random Target ManEUVETS.......oo. i Bageerirsnisenmssrm oot st s s s it 94
7.4 Analysis of Influcnce of Noiscs OMMIS§DISIANCE 1o e 96
7.5 Effcct of Random '[argct Man B MISSE DISHINCE 1oveeee e 100
7.6 Computational ASPects ... B R e s e 101
7.7 Examples oo B /TP PPV PPV P U IOU 104
7.8 Filtering oo I N 2P O U TSIV PSP TP TP RSSO 113
REFEITIICES 1ovecverirerevegine e BB et e e e e ame e ab e s b E S paat e s AR H T LR e v RN SRR A S p ey b b s e e 114
Chapter 8 Testing ANce Laws PerfOrmMAnGE oo eerem v i st ]
B0 INITOQUCHON oeeeeeeteess st rsesree et e et et ve e s et R4 AR R e e s e R st £t e p e s e 115
8.2  Forces Acting on MISSIIES ..vecciiiriiie i et 16
8.3 MISSTIE DYNANNCS 1ottt st bR e e 118
g4  Autopilot and Actuator ModelS. ... 122
8.5 Relerence Systems and Transformations ..o s 124
B6  SCEKET MOUCL oot st r e e e r e st s et b b d e e e e e e R e s 125
8.7 Filtering and Estimation................ LTS OU OO OO SO UP TR 128
8.8 KaPPR GUIANCE oovvveecioereriis i b s s b s 133
B9 SimUIEON MOACIS 1iiiiiriirriiein s it b rs e s s bbb n b b 134

£.9.1 6-DOF Simulation MOodel oo cecicsni i s ares et 135

R.0.2 3-DOF Simulation Model ... s s i 139

R CICIICES 1onoseeeeesoseeesssbesssesessrras s eemeenseeeeeasesaeemns oesteostenasas ese e Res r AR s S oA aeeEem aeed e REAT AR RS S Ee s aeendn b a e b e gt e 143



Chapter 9 Integrated Missile DeSIEN .o e 145

9.1 Introduction .. TR PP SO RTRTOPUPIURUPIURTPOIG £ %
9.2 Integrued Mmulu Gmdunu dﬂd Conlm Mudd U PUPTUURURURPPRUPNN I ¥
9.3 Synthesis of Control Luws O PPV POTTURPTOPOTOPPT o1
9.3.1  Minimization of Sldnda:d l-ummm 1]\ .................................................................... 156
9.3.2  Minimization of Speciad FUNCtonals ..o verescesssseveeesenn 159
9.4 Integration and Decomposition ... e e 163

Chapter 10 Missile GUIdIMEE SOIWIAIE ... e s s e eene e en e 167

1.1 Introduction ., ST OO SO UPOPPROURUO L . ¥
10.2 Software for Fn.qu\.nt.v D()I'I'Idlll Appm u.ll PSP PR OTUPUPRUPPPOTPPPPORPRRRD £ 1.
10.3 Software for Time-Domain Muhud\ 179

Appendix A L
Al [_\apunm Mcthml SR TOTUTOTUTOTTPTTURUTURRTIR 200
A2 Bellman-Lyapunov App:mLh prectr e e 202
RETErences .o en sl e et eee e eeeveer e 205

201

Bl Laplace Transform. ... e
B.2 Proofl of Theorem ..o eee e
RElCrenCes . et 8

e 207
v 207

L2407
209

21
211
.21

Appendix C ..
C.1 f\erodynamlc chrm\mn MULIL'.
Relerences oo

Appendix D ... bbb bbbt e a4 e s e en et e en et nenenaenans 213
D.l Runge-Kutta MethodRu,. ..o et et et 213

Index....oooovin 8



