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A brlef stpdy has been made to exarlne the effeet of naxiraum ngr

steering on the lntereepilon capabilj-ttes of the Amow airc:'aft,

earrying Spagor 2 missll,ee" For the pur?osc of the study it was

assrmed bhat the aLrcreft would be steered manuaS-1y and that trlm-

ilmlt x, corresponding r"o ma:dmum eievator defLectlon, would be

applied to comect any off-course erroro A range of co-altltude

attacks at 90c and iB00 lnj.ttal- course differonce Yas studled, the

targe+, j,n alL casre$ m&king a 1.8 g turn at constant speed, away from

the interceptoro Both ieaC-prirs,;.It and modlfled Lead-co)-liSlon

rraJectories were <reterrntrred, and in s"IL attacks both target and

lnltial lntercepicr speeds were M - 2oQr, The change in lnterceptor

speed lras calculated as a funetion of the applled normaL accel-

eratlon along the fllght. Path"

The resu.Lt,s of the sturiy lnCicate the undeslrabtllty of over-

rapio corres'Lion of steerlng errors early In the interceptlono Thts

ts pari:i-cr.r1a:r,Ly true ln the iead coiliston mode, where the iarge

leari ang}es ciemanrled resul-i irr sustained periods of f1-ight at high

ge loss of speeci a:rC eonsequenL increase in ihe 1-ead anglc requiredo

fn some cases rt ria".s fc,and rhat the lead angle dsoanoed exceeds the

Lr-,ok angle .lmLtatron. af Lhe AoIo radar and a 70o maximum lead angle

t;as iherefore L:npcsedo The end result in mr:"st of the cases eonsidered

is that the rnt*ri"*:Il1,or is ,.:nabl-e t.o follcw the target as it eontinues

its er,.asive manoel,tr,:'e anc fa11.r9,away behind the tail of the target

Nhr firins =",,#'r'- Sff{p

REPoi? ro. ?2/?lr]rres/?
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It le evtdent that the cqrbinatlon of high target speed and evasive

manoeuvre considered represent severe lnterception eonditlons" If more

reasonable values were taken for these parameters it is e4pected that a

considerably higher proportion of sueeessful attacks would be obtained,

Horuever, it is irrobable that- in ot[er respeots qualltatively similar

resuLts- would'be found"

INTERC EPT0R*?"4IGET GECD{ ETRY

It has been assuned for this study that A"f" lock-on occurs five

seconds after detection and that at this tirne both target and inter-

ceptor begin to manoeuvreo Iuitial studles showed that if the ful-I
j

AoI, range eapablllty were used, the attack rapidly becane completely

hopeless, the target having arnple tlne in nhich to evade successfulllro

For this reason an artificiaL A"Io deteetion contour uas assumed,

the size of this eontour being such that, at arry aspect angle, the time-

-to-go for an lnterceptor flying an ideal lead-collLsLon eourse ie

LO secondso Flg" 1 shows the fo:rn of thls contour and the tnitial-

geometry of the various attacts that have been exaninedo

MODIFIED IAAN-COTTISION COI]RSE

Expressed in terms of the gecuretry of the attack, the usual

equation of a Lead colliston course i-sg

stn Ax e Vg sr.n a
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sHEEY r!o. 3

wherc Ax a ldeaL lead ang3.e

a E aspeet angLe

vT B lntereePtor sPeed

vT ' target sPced

F e mlsslLc travaL rclattve to Lnterecptor

T r ttrrre-to-go to mlssl,l-e-target colllsLon

It Ls cXear that tf the lntereeptor apeed Ls reduced a J.arger

lead angLe rtLl be demanddd"l" To ccrapensate for thls, an extra term

has been added to the equat{.on to aecount for the re-@celeratLon

that wouLd'eneflerff the interceptor f1e!r straight from its present

positiono Based on the assrmptton tharb the interceptor furnedlately

acceLerateE at coastant rate from Lts present speed to the orlglnal

coribat epeed, after which rLt contlnues to,fIy streight at constant

speed untlL mlsetle reXeaoe, the revleed form of the equation 1s

easily ehown io beg

sLn A.ir a Yg eLn a
Y, * Tfu - (vo -vrJz

2fT
where Vo . dealred combat speed

f c &verag€ accel.erationo

For elI the celculetlons of thlc report, an eltltude of 50rOO0 ft.
was consldered, Vo " 193? tV/lcele, (il, P.O)o erd f wae tekea to

be ! f*,f/eee? 
"

The lead-pursutt tnaJectortes were all based on the usual form

OATE

March 1"958
OA?E

cf the lead pursult equation"
'{8, ^{3 Gl.qr
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tr'lgs" 2 through 9 show the Lnterceptor and target fHght paths

that result l}on the lrdtial georraetrles of flg. ls for both Lead

eolllsLon and lead pr:rsuLt modeso In each eage the flnal tnter-

eeptor veloclty, at the end of the eeLculated path, ts bhown,

It ls seen fbom the traJeetorLes thet leed pursuit steertng tn

generaS. results tn a more dlrect approaeh to the target then l-ead

collision" Althoughe as mry be seen b;r reference to table I, there

ts LtttLe to choose between the two modes ln tems of attacks which

are aetually successful, it ts obvior:e that in the cases where both

modes falI, lead ptrrsult comes constderably cS.oser to success than

Lead colllsiono The reason for tbig ILeE tn the maller lead angler

required when foLl"owtng a lead pursrrlt course, the effect belng that

the lnterceptor ls better pLaced when it reverses the dlrectLon of

turn aE the target continues to evadeo

In viow of the somehhat r:nreql'lsttc assunptlong that have been

made for this study lt would be dangerous to draw aly conelustonE

concerrrlng the relattve merits of Lead eoLL:lslon and lead pursrrlt modeso

Other attdtes (eogo ref. 1) have ehorn that w?ren tlre Lnterceptor ha,s

a maII speed advantafie lt has no dLfflculty 1a attacklng * ,*o"ot tog

target in lead collj.sLon mode urrder AI'CS coupJ.ed steeringo Although

no eonparable work has been done for Lead puranit, there ls no

.PREPAREO IY

CHECKED IY
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It ls cLear howevever, that tbe use:pf nald.lru lnterceptor
, 

-td

perfor:aanee to correct headlrlg eFora earLy Ln an attaek is undesir,-

ableo Flgo 10 ahong tdeal lead angle as a frrnctLon of aspgettangle

for the cese of lll . !fu * ZoQs aJ.tttude - 5OTOOO I*bo Cqrvee are

glven for lead pnrcnlt and fqr lead col}Lslon rith varLous tlmee to

Boo It ls seen that ae the target manoeuvres the lead angle reqrdred

for eLther mode lncreases, a ma:drnua beLng reaebed at 9Oo aspect

angleo If the target continues to manoeurrre the tdeaL S.ead angLe then

deereases: If the Lnterceptor attempts to f1y on the ldeaI course at

aLL ti:nes, it ls forced to feverse its dLiectLon of manoemre several

ttmes durtng the attacko ?he resuLtant Lengthening of its path causes

lt to fa1l behlnd the target ard reduces thA pnobablltty of a

successfuL attack being achievedo Ftg" 10 EhorE that for tlme-tF,-Bo

greater than ? seeonds, 1s f" ah*ays nrmerlcal-\y greater for LoGo
dg

than for L"Po at equal aspect angles6 
. 
fhle meate that if Lhe target

manoeuvtree throughout the interception, the tq0o traJeetory mey be

expected to be more curved than the f.oP"o and tlre fall-back effect

to be $ore markedo Ttrie Ls shown up clearly on ftgso 2 through 9o

ftre sroothing of the interceptor pat'h necessarJr to lmprove the

probabt3.lty of sueceseful attack ls achieved in arrt&ratLc F"en

operation by suitabLe ehoice of the AoFoC.So coupler gains. Eowever,

ln the manual mode lt rests with ttre pilot'to ensure that coaree

steerlng ls not used when the tlme to go is large. Although lt le

eryeeted that experieneed pl1-ots worrld fil-ter thelr steering in this

nay instinctively, it becones a matter of considerable lmporbancb la

an aircraft such as the'Arrol, where the reserves of porer and

IH:ET NO.

.O/L?E

OATE

. t.lf,PAnEo lY
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ve:T Long rangeo Tt is hoped that further studles w111 enable

optimun handLing teehniques to be definedo

Ref, Lo A pre3-iminary study of the effect of the steerlng loop gains

otr the intereeption capablLLtles of the lrrorfSpa:ron 2

weapon system" Teehnical design report |1/IACTT}S/|,

Mareh 1958
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