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Infra~ked Decoys
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Te 8o loll. non.J
D, R, vain, B.Sca,
and
Ts Do 7. Hankins

—_—
; SDBARY
N The general reqiirements .for an infre=red deccy sre ssssased.
Xomiu are desorided of the ehission of standard R.d.¥. flares,
and experimental A.R.D. X, 1lares. Yor ') lattor it 12 cstinated that o
decoy woighing ¥ 1b w1l give four tiuss the radistion fram a 7<bomber in
the FbS bard for € seccads, and § 1b will give four times tis gas radiation
in the FbTe band, , - '
Seleotively emitting muterials = nema co:utu = have besnn
investigated with promising results, Of th:lh material a "Fu® decoy wuld
weigh § 1b, and a"Pble"decoy '/3 1. Cordite itself howswer is probably
unsatisfactory at high altitudes.
At the suggested discharge rete, protection for three periods of ten
minutes wuld be given by 180 decoys, whils protection for a full three
hours ‘would need abaut 1,000 decoys. '
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1 Introduction

Decoys are cue of the possible contermsavires to infre-red boming
aissiles and their use is considered particularly ior pratection of the
V=oless bombers against air-to-air misxiles of the Blue Jay type.

The main type of 8800y considered is & buruing flare which is
dropped or ejected from the bamber when under attack, the radiation from
the flare being such that in the cperative waveband of the detector it is
sovoral times as large as that froo the bomber itself. (It haa beco
decided ut R,A.E. tentatively, to use a ratio of Al in assessments
(see Lppendix I),) The hoxing head of the missile shauld then lock=ce
to the decoy, so that the misaile is deflscted amay as the decoy separstes
from ths bocber,

The chief 2isadvantage of the decay cauntermeasure technique is that
it s an intermittent form of countermeasure shich necessitates information
to decide whon to use it, and since the homing misailes are passive aystes.
there can be no direct warning of attack. Yor this reasca permanant LR,
caintormsasures are o be pruferred whensver feasible - i.e, radistion
suppreacion in tle case of the V-bombers.

Yhen combating lead sulpnide homing systems it seems feaaibls to
reduce the redistion from the Jjet sigines to 1 level where cur owm Blus
vay hoaing missile would have inadequate detection range. Nowever, in
the more 3istant ruture it is likely that we shall have to combat missiles
with losd tolluride detestors which deteot not only the radiation from the
hot metal of the Jet engines, but also from the hot gases themaslves. is
thero appears o be littls hope of cooling the axhaust gasea®, it is
thought at present that the ncst proaislyg countermsasare to the lead
tellwride hoaing aisuile is & suitable decay.

Also, nince there is u steady development in the sensitivity of FbS
detootion systems and in the power (and bonce radiation level) of Jet
engines, there is still sce interest in the uss of decoys in this field,
Decoyu also may be needed as fuze counte.wsasures, or in cases woess IR,
suppression is impruiticuble, It may be desirshle to use a combinstion of
partial L.R. suppresaion and a corresponding desoy,

hpparently tre U.S, are already dssigning flare ejectcrs for B.L7
and B,52 bombars, Th-;o ejectors (designated Wux-u.f saoh have 51 decoyn
in a spege of shcut | cubio foot, Zach 200 gm vellet gives an emission of
1,000 watta/ster, in the PbS band, for 6 seconds.

This =cport assesses the =ines of decoys raeded fur the FbS and FiTe
wavebands, and Jescribes measurements made ou variuus possible flare
materisle, It is hoped that it will provide a basis for discussions on
the operational suitability of flares as infra-red countermsasures and
hence the nature of future develupmcnt work.

2 liasesgment of Decoy Emiz=i~n Required

In the FbS wavoband our msasurcments show that the umissicn of a
V-bomber with four large orgines at saximum oruise condition at sn angle
20° from sstem s~ 400 watts/ster. To give four times t:is radiation, the
required isotropic cmission from the flare will be 20,000 watts., Twking a
desirable burning tine of 6 seconds (soe Appendii I) we therefors nsed an
anission of 120,000 joules,

*Teoporary cooling of the exhaust gases by cutting the engines is
possible and may be an altermative countermsasure.

-3
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Yor the FbTe band ergine data is not so ccaprehensive, However, fora
Sapphire engine at maxisun power radistion on the bean 1= the sxhaust gsses
alone of 37 watta/ster. has been cbservod at R.A.B. For a Comway RCI7
operut.ng et maximum cruise condition the beam antsuion has been found to be
60 watts/ster. whon using a 10' 6* jet pips = 1.0, for a cundition when there
13 1ittle mixing of the exhaust and by-pass gas streaus. Zor a large straight
Jot engine the emission will be greater than this. As a representative figure
wo will take the boam raliation zi.o. gas radiation only) to be 61 watta/ster.
por engine for maximm csuise conditions. Thus to combat such gas radiat ion
from four engines with the same 4311 safcty factor and burning time we need for
the PbTe band ~100,000 joules. If in edditicn in the Fule band there is
radistion from hot metal (1.0, stern attecks) the required decay signal will
be inoreased, Yor straight Jet engines the si required will be nine times
the alove, whiie for engines suppressed to the mstal emission should be
120 watts/stor, per engine so thas to combat the total enission will then need
2} tinmes the decoy size, or 250,000 joules.

3 Details of Field Heasuromspts
- Measurencats were zade normally at ranges of 200 yards or more.

Both 153 and FLTe detector systeas used 3* Siamcter optics and 80%c/s
choppings These systems wers calibrated in situ ageinst black body rediators.
The Pb3 systwa used a germanius filter and nad an effective bandwidth of
1,92,61, the PoTe system was fitted with « Fb3 filter giving an effective
bandwidth of 3.2-5.1u. These dstector sycteus were the sams cnes which tad
bewiz used to determine the radiasion from Jwt ergines gquoted in seotion 2.

From t!e signal levels obtained the total ~edistion in the sbove wave=-
bands oan be caloulatel,

b rimental Fesults c ;.o techpnic Mste
Lo Enjssion Megpsurements '
Seversl types of standard R.A.T. flares were masured, mwu
(1) 3 b, 1,6° disaeter Target Indicator Candle
(1) 20 1b, 4" Adroraft Anti-suboarine Flare
(111) $ 1, 1,7° Adrorast Illuainator Mlare No. 1, Mk. 1,

The last of these was such more efficient than the others and detalled
remults will be given only for this type,

vhis flare consists of J stars. 3Bach star has 75 gas of pyroteahnio
materia® (3R.580) with dimensiocns 2.6® long, 1.5° diameter. It bums fo=
3 seconds after 1} swonds delay. The composiiion is given in Appendix II.

The aversge measured emissicns weret }

S (1,9-2,64) band, 700 watta/ster,

PoTe (3.2-5.14) band, LEO watts/ster,

for ons stur

Abaut three times this valus was cbiained when all thres stars were
fired togsther, provided the stars remainsd in the 4014 of view of the
deteator, .

Work or the developmsnt of flare materials has now started at 4.,R.D.3,,
Larghurst, an3 two types of spocimsns have been supplied t0 us for testing.

alym
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Ons type contained SR,580 compusition as in the flare deacribed avove.
These sauples contained 75 gms of camposition in cardtoard cases 1.4 inches
diamster and burmt for € asconds.

Tho average omission at 00 yards rangs wus
78 band 270 watin/eter,
PbTe band 180 watta/ster,

Assuaing thie omission to be isotropic and allowing for the burning
tine ‘:r the flurvs we can derive the foilowing figures for the specific
onissions

TARE I

Emission of SH,580 Sampleg
Pb3 band 270 Joules/gm.

PbTe band 130 joules/ga.

Similar umission values to those in Teble I would be obtained for the
1,7" dircraft Flares if the 3 nominal second stars were assumed to bum at
full power for 2,3 seccbda.

The other ccmposition supplied by A.R.D.2, was SR.107°. These
specinmurs wers of 1CO gus tital weight, 1.4 inchus diameter, and filled
with 75 gms of SR,107 maturial, They burned effoctively tor 13 to 14
u:;gnd;. Tho averagv moalurod emission at 300 yards range is given in
T [ ] I.

TAIE TT
Ezission of SR,107 Sumplus
PtS band 330 watts/ster. or T10 joulea/gm.
TbTe band 80 watts/ster, or Y90 joules/ga.

It will bo seen that thuse experimental flares give two to three
tinos as much IR, oemission us SR,580 used in the atandard Adrcraft
Illuzinator Flare. Prom the ratio of the emissi.ns in the wvwo wavebands
(sve Figure 1) after uddationsl .llowance for atmoepheric absorption
(Sectior. 4,2), the eftective black body tempsrature of the buming flare
is found to bu abaut 2,000°C, It should be notud thut this mothod of
deturninirg tumperature &s only valin when no sulective emission occurs,
as wauld Lo the case if hot CO» or ws:ur vapour resulted from combustion,
This temperatirs agreds woll with tho tigure of 2,100°C determined by
AJ,D,Z, by vigusl pyrometry (AJR.D.EZ. Branch Memo. S&/2/57). Fora
toaporature o1’ 2,0000C the percentage of the total radiation which falla
in the wantod waveband iut -

PbS bLaund 19
PbTe band 1%

Using tta 1Sgures for the required emission given in Table II, the
amount of 83.197 uatorial required to give an emission of four timas that

L4

*Sue Appeniix II for compuuition

-5-
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of a Vebouber for 6 seconds for the FPb3 bund will be 225 gms or § 1b°.
Siailarly, for the FbTe band, the msasurec valuss at 300 yards saow that to.
give four tinus tha gas rediation of the V-uoaber will requre raugaly 5 1b°.

be2 Atmo ric Transmission Me t

Noasurezsrts of the aimospheric tranaaission at ground level in the FbS
and Fble bands have boen carried out on samples of 3R.107 an) SR.580, The
- rosults are glven ia Pl.iuron 2, 3, 4 and 5 showing the measured flare radiaticn
for runges up to adout i mile. Theose results apply only at ground level. At
high altitudes, with little water vapour absorpticn, no sppreciadle attemualivi
would be expeoted in the FbS band provilded glass cptics vire exployed in ths
dutwotor systun to remove the offects of CO2 ubsorption at 2.7u. Howuver, u3 -
the msasured absorption at ground level is in fact saall, ths increase in
signal at high altitude will be slight,

In c<he FtTe rogion at ground level both water vapour azd CO7 absorptiw
banis are pres:nt, In faot the water vapour sbsorption at bcth edges of the
band must be quite approciable to account for the relatively stecp attemuation
cbserved. At high altitudes only CO; absorption would rumain and the infruered
transaisaion would bc consldersbly incroased, Figure 5 indicates that st zeTo
rornge (i.e. no ebsorption) the aignal would be abaut 506 greator so that for
high altitude operation whary sbsarption may be unimportsnt ths weight cf un
SR.107 decoy for the PbTe band could be reduced to about ¥ 1b°.

5 Seluctively Enitting Materials

It seemod that a considerable gain in rediant efficienmcy would be
ob%ained 1f a flare material which emittod selectively in tho spectral region
roquired cauld te used, In perticular it seeasd pramisirg tu iavestigate
decoys shich gave CO» emission for the PTe band, and to u lesser extent to
have Hy0 emission in both bards. Both these requirucents can de met by
burning hydro=carbons and a3 a convenient form of material carrying its owmn
oxygoen we used Cordite of variocua types.

54 d dis ¢ 3

In order to mensure the spectral distribution of rediation small sasples
of Cordite were bumod at a fixed position near the entrance slit of the
apectrozoter, Thren saaples ¥ere tumed for each wavelsngth setting of the
spacsronoter 80 that repuatability could be checked.

Tha syectrcmoter and detectiun system were then calibrated ower the
samu wavebaid by uso of a black body radister, so that the true spectral
emission oould be found,

The results for type SC are shown in Figure G, It will be seen that
thiry are marked omission bands in the rogion of 2,8y and &.5u. All types of
Coruite gave similar results in the PbTe band - in the FbS band the umission
of type CSC was about twice that of type SC.

5.2 Total Emiasion of Cordits in I'bS and PuTe Wavebands

Measuremunts of the emiasion of weighed quantitios of Cordite w:“-udo
using the FLS and PbTe detocting systems, Rosults for the bast tyje (c32) are
shown in Teble III. Thu volues are un aversgc of about 20 ruaults at Zmnges
betwoon 100 and XO yards.

*Iroluding an ullowanco of 256 of total weight for a suitodlc cardboard
CallGe

wbe
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oy I

Emission of Cordit

oS bepd PoTs_banl
Tyve CSC (Average of 20) 36 wmtta/ster, L) watts/sier. 8 seccnds for .7

£ Be

Fron the above results we find the speci’sc salision for msasuring
ranges~ <00 yards to bese

Y8 band 780 Joulus/gme
FbTe band 880 Joulua/igm.

Comparison with Table II shows that the Cordito is more than twice a3 good
as the UR.107 ccmposition in the FtTe band, and i3 soceswhat betti. i3 tre
TS banl, For six second g,coyn the requirud wea ghts of Cordite wuld be
% 1b fcr the PuS buod and ¥3 1b for the FtTe band®,

The reaction snergy of Cordite is quoted as 4,400 Jaule~/gn. ilsrce
from tho above figures 2Q» of the available enuryy is being radisted in ths
RTe baud and 17 in the PbS bend « 1.0, I of the rxdiation 15 useAll.
Trom Figure 6 it is clear that thars ie oonsidersbie r:diaticn butweun the
tvo useul bunds, i.es 2.6<3.24, which may be of valus at high altitudes
vhere water vapour absarption is low,

S¢3 Atwongherio Absorprion of Cordite Radigtien

Attecpts t0 moamuro the atmospheric sbsorption of Cordite ridistica
at ground level have not buen very satisfastory, This is mainly dus to
the erratic burning of the scxples in the opsn, liowever, an aversyge of
Helyy mecsuremonts of radiaticn st ranges up to 1,000 yards indicate a
folrly rapid fall in rediation in the FbTe band, The fall in radiation
with rargo is greater than that experienced by a jot engipe plume where a
fall to 4 ocours in 800 yards - which is scsuwhat surprising since (7 in
the jet plume would be al a lower temperature thac the Cordite flsau,

A possible explanation muy be that water vagour is also causing apprecisdle
absorption since the Cordite emissicn oxtends to the water vapour Lurds

The results indicate that at zerv range (i.e. no sbsorption) the.
anission would be shout twice that measursd at rangss ~209 yards and
qoted in Tavls 1II, Thus at high altitudus where absorption will bLe
small it night be possible to reduce the woight of the Caordite descy to
1/6 1b for ase in the PTe band,

6 Cuac lanions

The S3.107 cuaposition developed by A kJ.E. is shown to be a
useful infra-red decsy meterial, and it is strorgly recommended that thess
workers should be enzournged to contimus their developaent of sxch
pyrotechaic naterials,

The high spocific emission of Cordite makes it a promising infraervd
decoy material, In its normal form Lowsver it is extrumely pressuce
sesitive and will-eot burn at all well at low ambiont pressures
(see Appondix IIX). It may be possible to over:ome this defect by
partially confining.the Cordite or by mixing it with a magnesium bused

‘Imhd.i.m an sllowarce of 25 of total ni.;h; for a suitible cardboard
Case, ‘
-
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" pyrotechnic material, or puasibly by using sax of th: other self oxidizing
hydrocarbons which would bo expocted to have siailur infraered properties.
It is recomuwonded that A,R.D.Z. shiould be usikud 10 investigate such selective
exdtting materials, including Xul 7, which is reported froa America to be u
very efficient ducoy material with a low buraing temporature=1,700°C.

At the discharge rate suggested in Appendix I, nmamsly every 10 seconds,
protection for thres periods of 1C mimutes would be given by 180 decoys, azd
protection for a full threv hours by about 1,000 decoys.

The degree cf protoction expected from 3 1b decoys for various cond.ticns
is sumarized in tcrms of the puabsr of engimss which wauld gave the sam
sigoal, ia Teble IV, ,

Attrheds

Table IV

Appendices I « 111

Diags Rad/Y', 38063813
Letachable ibstract Cartls
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AFPRDIX I

Kinsile erd Decoy Charncteristics

Tiking Blue Jay as a reference for the hcming misulle, the
insta. lissous fisld of view and the oumber of enganes of s V-bombder
soen s1-ultanecusly at varicus ranges are givenm in Table ¥,

D2V

Misaile Picld of View

us J itant - (0,22)
Rango Pinld of View No, of Engines
4,000 yurds 42 feeot '8
3,000 yards 3 feot %
2,000 yards 21 feet 3
1,000 yards 10 faet 2

Thus at normal lauching ranges four enginus will be seen, but cver
the last 1,500 yards of wpproach not more than two enginss will bs providirg
the target signal., In view of this it might be yermissible to rvduce the
decoy emission to twice that of the four engines, with the knowledge thas
in the closing stages this will be four times the target signal. This wmuld
halve the woight of all the deccys quoted in this report, '

The field of view for recapture of & target for Blus Jay is~2 13° =
1,00 the decoy mist teke the hosing head at lsast this far off the target
Lefore buming ends or the target will be found again. At the maximum
likely launching range of L,00C yards this correspends to 2 300 f:.
To provide swch a seoparation fram the targst by falling freely under
gravity the decoy will rejuire to turn for over four secands. On the cther
hand, if the aissile is &3 3,000 yards at lsunch, and tle missile head as
slaved to the targst by rudar ror example so that it dous nut follow s dacoy
before launching, then after 3 seconds a decoy wauld huve fallen cutside
the field of viev, so that a burning time much longer than this would be
wastoful, At optimm burning time of 5 or 6 sesonds is indicsisd by these
congidurations, '

An estimate can be made of the advissble rate of e)nction of decoys
using ths tentative assumptions that the overtakirg speed of the missile i
1,000 f/sec, and that it should approach within 1,000 yards without “seeing®
a decoy, Now fcr lmunching ranges of 2,000-4,000 yards tne Jecoy is always
outside the field of view abaut 4 seconds after ejectior, so that the missile
could be fired at this time, 'he intervening distance will be covared ia
=9 :300!1!0 and the permiasible inturval betwesn ejections is thus 7-13
BOCoNU S,

For average conditions thurufore a 6 secord decoy svery 10 sacondu
shauld Lo suitedlu,

At this diacharge rate, protecticn for thres pericds vf 10 airutes
wauld requirv 1680 decoys, while protection for a full thres hours would neeld
about 1,000 ¢ecoyee In this latter case the overall weight incluling
eJoctors would Spproanh 1,000 1bs, This is several timeu digger than -
estiuated in A.R.D.Z. Branch Memo. 34L/2/57 mainly becsusu thut report assumsd
decoys only equivalent to the target and act four timss a3 lusgo, as
considered here,
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SiCRST-DISCREX?
Technical Xote No. BAD 702

AFPENTIX
Plares

I

Composition = Percentage by Weight

' 13
Ferric | Scdiumm | Acaroid
Magnesium | . iae | Nitrate Resin
SR.107 35 65 - -
SR,580 €0 - % IS ‘

The rcactions of the abuvo materisls arw o2 =:Zmaium burning to
magnesiua oxide with the oxygen supplied by a conveniunt uolid choaicul.
The 8R,580 was 3esignod to give as much vasible rediatica as possihle end
thie is sohioved by making the flare burn vs hut as posaible, sbout 2,700°°
with this mixture. A grester proportion of the radiatian is omittod in the
infre~red if a mixture can be made to burm at a lower temperature such as
by wwking it turn at Lalf the spead, FPor magmsiua to cootinue burping
reliobly with most.oxidising agents reqiires a temperature of about 2,10¢% -
this is attained in 8R,107,

The rate of burming of a {lare can be changed by altering either the
oouposition or the particle size of the aixture whish af'ects the rate at
whith oxygon can be made aveilable to the magnesium, AS low teaperatures
the emission nay have more npectral selsctivity i.e. the radiation muy not
correspond with that of a black body at some wavelsngths, In addition there
Ray bo some solective smission from the hot alr arcund the burning flare =
purtioularly CO2 and Hz0 enission = 1if a muiTidient thickness of air l»
heatod, Ueveral attempts have beon mals to Dessure the sjeotral emissicn,
but the results werv inoonclusive,
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SECEET-D ISCRE=T
Technicul liote o, EAD 702

AFPEIDIX I1I

Toprdite

Cezposition

Nitrocellulose | Nitroglycerine | Carbamdite | D.5.F.

7L/3 55 22 345 1945
CcsC 50 » 9 6
sc 4945 L35 9 0
sC 49,5 L7 3¢5 o

Fl/3 Contains 1% Potassium Cryolite; all compositions contain sbout
°o1s wax or chalk, D,B.P, is di"w‘YI.phtW.o

Unliks flares, Cordites do not react as a 80lid-30lid phase, but
instead as a vupour ptase reaction, In conseguence the speod of 1saction
is highly dependent on the pressure of the atmosphere inm which they burn,
It was found that noms of the above Cordites would burr at pressures less
than 1/6 atzosphore and noms would burn reliably belov '/5 utmosphore.

It may be possible that Cordite compositions can oe modified to bum

at high altitudes. Since they cautair their own oxygen supply their lum-
ing is independent of the composition of the atmedphere ia which they burr.

12
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