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Memorandum

Subject: F-4B and F-8 Flare Effectiveness Against the ATOLLS•;- (AA-2) 1•

Background

(S) The ATOLL is the most frequently observed air-to-air missile
in Communist controlled countries such as North Vietnam. It is an
accurate copy of the early Sidewinder and data which permit its accurate
simulation are readily available. Previous studies have indicated the
limited effectiveness of aircraft maneuver as a countermeasure. This
study is an extension of an effort to find effective countermeasures
against ATOLL.

Findings

(S) Existing infrared flares have substantial ATOLL countermeasure
capability. The primary effectiveness of the flare lies in developing
large miss distances, although a significant part of its effectiveness
is due to early detonation of the warhead by the infrared activated
fuse.

(S) Some areas of ATOLL capability remain despite the use of the
flare.

R&D Implications

(S) The flare considered in this study was generally but not in-
variably effective. Further study is needed to completely determine
the effectiveness of flares in realistic tactical situations. Since,
in most cases, the effectiveness of the flare depended upon the timing
of its ejection, enemy aircraft and/or missile detectors Will be
required. Parametric studies of flare luminosity, burn time, luminosity-
time variations, ejection direction, ejection velocity, and flare drag
variations could yield design information for significantly more
effective flares.

Recommended Action

(S) Studies of luminosity time history modification and drag

reduction should be pursued in order to optimize flares within space
and weight limitations. An investigation of the requirements for
attack sensing and flare control should also be initiated,.

Clair M. Loughmiller

Head, Tactical Analysis Section

Afrborne Radar Branch
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Abstract

(Secret)

The effectiveness of flares as a countermeasure for the ATOLL
missile was investigated for the F-4B and F-8 aircraft. Many different
flare ejection times fir each value of missile launch range, launch
aspect angle, target maneuver, and ejection direction were examined by
digital simulation. Although in most cases the flare affectively
counters the ATOLL, many cases required that the flare, to be effective,
had to be ejected within a narrow time interval.

Problem Status

(Unclassified)

This is a final report on flare effectiveness. Work on other,
countermeasures in continuing.

Authorization

NRL Problem 53D01-03

A05-5333647/652- 1/53190000

A05- 536-318/652- l/W3312-0O-00
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I. Introduction

(S) This study is part of a larger effort to determine the effec-
Livenb vL am!U L'it: "'.m~sor tc th -..- -

missile (AA-2). Two earlier reports (1, 2) deal with the effectiveness
of maneuvers by the F-4B and F-8 aircraft as countermeasures to the
ATOLL. Since maneuver alone was found to be only partly effective,
flares were selected as the next most readily available technique to
defeat ATOLL.

(S) The introduction of the flare into the overall study required
several additions to the computer simulation used to evaluate ATOLL
performance. Besides addition of the dynamic and luminosity character-
istics of the flare, the missile seeker model had to be revised to
handle the second "target" (flare). The passive infrared fuze of the
ATOLL also required that the simulation include the possibility of the
flare actuating the fuze before the missile reached the target. These
additions and modifications to the simulation are described below.

11. Simulation

A. General Description

(U) The simulation is a 5-degree-of-freedom force and moment
model of the ATOLL missile. Beginning with the initial missile/target
kinematics, tracking error and proportional navigational commands are
calculated. The navigational commands are used as inputs to calculate
the response of the torque servo-command system. Canard deflection and
the dynamic conditions of the taissile Are the basis for the calculation
of the pitch and yaw torques, and the normal and longitudinal forces.
These torques and forces are integrated to determine the missile tra-
jectory. This mathematical model is described in detail i•n (1) except

for the wo-tar~t/seeker model which to described later in thisreo.

(U) The ATOLL targets (U.S. aircraft) are modeled more simply.
Their maneuver response is simulated by an SO°/sec roll rate and a one-
second ramp to change lift. Thrust and drag are calculated to provide
realistic slowdo~hcharacteristics. A maximum lift coefficient curve
is used to determine maneuver limits. The aerodynamic and infrared
characteristics of the F-4B and F-8 aircraft used for this study are
found in (1, 2).

(U) The flare is modeled by assigning to it a drag coefficient,
an initial position, and -a velocity which art then integrated to
provide its trajectory. The flare radiant intensity is a function of
altitude, speed, and time after launch. The detailed description of
the flare follows.

SECRET
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B. Flare Model

1. Aerodynamics
(U) The flare modeled in this study is intand&A -n ho

similar to the MK 46. However, very early data on the MK 46 were used,
so the characteristics may not be a good description of that flare.

(C) Since the conventional flare has no thrust, its only
significant aerodynamic characteristic is drag. This drag is quite
complex, however, because of the asymmetry, lack of stabilization, size
and mass changes, and the burning process. Since theoretical calcula-
tion seemed impracticable, a simple empirical idea was used. The
terminal velocity of the MK 46 at 10,000 ft altitude was observed to
be about 100 ft/sec. Since the gravitational force equals the drag
at terminal velocity,

Mg -1/2e Sf2 C D

where m is the mass of the flare, g is the acceleration due to gravity,
, is the air density, vf is the speed of the flare, s is the reference
area of the flare, and CD is the drag coefficient of the flare. After
substituting for the observed terminal velocity and transposing, Eq. 1
becomes:

D- .2&~. -3.67 ft /slug 2)
Vf

Equation 2 is sufficient to describe the trajectory of the flare using
Newton's Laws of Motion. Figure 1 shows some sample results using this
approach.

(C) Since the simulation keeps track of the position,
velocity, and orientation of the target aircraft' and the location of the
ALE-29 flare dispenser is known, it is possible to calculate the trajectory
of the flare. It is assumed that the flare is ejected at 80 ft/sec.

(C) Two ALE-29's are located on each side of the F4-B
near the tail as shown in Fig. 2. They eject flares somewhat above
the horizontal of the aircraft. The ALE-29 on the F-8, shown in Fig.
3, ejects the flare downward from the aircraft.

2. Radiant Intensity and Size

(S) The radiant intensity of a flare is a function of its
ignition delay, altitude, and speed. As shown in Fig. 4, the simula-
tion provides a nominal ignition delay of 100 ms after ejection.

2 SECRET
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The static radiant intensity of the flare in the ATOLL bandpass is
assumed to be 900 watts/str at 10 K ft altitude and 600 watts/str at
35 K ft. A linear extrapolation is used for other altitudes.

(C) The effects of speed on flare radiant intensity we'e
developed in a somewhat arbitrary manner, but have proven Lo be a fair
approximation of reality (3). The equation used is

Radiant intensity w (static radiant intensity 1 - . 1

Radiant intensity as a function.of time and altitude is shown an Fig. 4.

(C) The angular size of a target is an important factor in
determining the tracking signal in the ATOLL seeker. It is second in
importance only to the radiant intensity of the flare. Motion picturesof a burning MK 46 led to the estimate that the effective diameter of

the flare is one foot. The effects of target size upon the seeker are
included in the following description of the two-target/seeker model.

C. Two-Target Seeker Model

1. Introduction

(U) The ATOLL seeker model explained in (C) was based on
measured values of seeker tracking rate as a function of tracking
error for a single source, After consideration of the manner in which
the ATOLL's checkerboard reticle develops tracking information, it
becomes clear this model cannot be extrapolated to multi-target situ-
ations, The natural assumption that the seeker will track some center
of radiant intensity is seen to be incorrect from the following obser-
vation. When two targets of equal radiant intensity fall into two
adjacent annuli of the reticle, as shown in Fig. 5, they produce no
net signal on the photocell as the reticle spins and therefore no
tracking signal. The seeker model which follows accounts for such
situations and also the effects of target size.

2. Image size

(S) The image size of a target on the ATOLL reticle is a
function of the target size, the range, and the tracking error of the
seeker. The apparent angular size of the target produces a propor-
tionally sized image. However, spherical aberration in the seeker
produces a minimum size image whose size increases as tracking error
increases. Since the optics collimate at infinity, the image of a target
at a finite range is spread due to focusing off the plane of the reticle.

3 SECRET
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The formula used for the image size, developed for the Sidewinder IA
(AIM-9B) in (4), was simplified by taking the image shape to be circular
rather than elliptical. Similarly, the target shape was simplified to
be a circie with the same area as the projected target tailpipe.
Generally, a tailpipe appears to be elliptical, but at realistic attack
angles off the tail it may be assumed to be circular. The formula for
image size becomes

de 0O.46 f 2
2 ea, 0.00247 + 0.052E + 7.683Ef + + R - f

I e

where aI is the image radius in inches,E is the tracking error.in
radians, r is the object radius in inches, R is the object range in
inches and f is the ATOLL focal length in inches.

ie

3. Radial Modulation Efficiency

(U) When an image lies in more than one annulus of the
reticle "checkerboard," the energy in one annulus produces a signal
which cancels some of the signal from an adjacent annulus. This
feature was designed to reduce the effect of large objects, such as
clouds, by arranging to cancel most of the energy from these large
objects. Thus, to find the net tracking signal caused by a target,

jthe various cancellations must be calculated. To facilitate compu- '

tations, it is assumed that the image energy is uniformly distributed
along the diameter of the image which, if extended, would go through
the center of the reticle as shown in Fig. 6.

(C) Looking at Fig. 6, and assuming a uniform distribution
of energy along the image diameter, the fraction of the total energy
which produces the net photocell signal may be found by alternately
adding and subtracting the energy in the segments of the annuli. This
value, when divided by the total diameter, gives F, the radial effi-
ciency factor,

15 di•+ , ... -" (-1)n d

n 1
F 2 a 3)

where d is the image diameter segment in annulus n. There are 15
modulation annuli on the ATOLL reticle. Any part of the image which
falls off the reticle is ignored in the numerator of Eq. 3 but not in
the denominator. Similarly, any part of the image which lies in the
semicircle of the reticle opposite the image center (i.e., any part of
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the image diameter on the opposite side of the reticle center from the
image center) is also ignored in the numerator but included in the
denominator. Later the sign of the numerator of Eq. 3 (before the
absolute v*alii int-*-at 4o .n,. _=d t .-.- J -ccmlz 1,rL:tCLt!e~e

of 2 targets.

4. Sector Modulation Efficiency

(U) Just as large images spread over more than one annulus
and lose tracking effectiveness thereby, so also do they lose effec-
tiveness by spreading over more than one sector of the reticle. Looking
at the larger image in Fig. 7A, it is clear that at all times a signi-
ficant part of this image is prevented from reaching the photocell. On
the assumption that the sectors are rectangles, the large target of
Fig. 7A produces a peak energy through the reticle of 617. of its total
energy. In contrast, if the same energy were cencentrated in the small

target of Fig. 7A, 100% of the peak energy would reach the reticle over
a substantial part of the reticle chopping cycle. Thus a sector effi-
ciency factor, E, is used in the simulation to determine the tracking
effectiveness of each image.

(S) A formula, given in (4) for images which cover up to
one sector width in radius (e.g., large image in Fig. 7A), has been
extrapolated to allow for any target size.

Ew(l.O- O.O858R - 0.207R.2 R2
where

R R modulo2
m2 m

and
2a

Rm

where Rm is the diameter of the image in sector widths and h is the
angular width of the sectors in radians. A plot of E as a function of

. is given in Fij. 7B. The approximation for is consistent with
e other approximations made in the seeker modTe and breaks down only

for large targets near the center of the reticle.

(U) It may benoted that in Eq. 4, E - 0 for Rm - 2,
whereas intuitive analysis of the large image Fig. 7A leads to E > 0.
Thus Eq. 4 is conservative when Rm is near 2, 4, 6, etc.

SECRET
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5. Two-Target Interactions

seeker will track the center of energy of the targets. This simulation[does so also, but only after the targets' signals have been modified to
accounL for the mutual interference of the target signals in the seeker
photocell. An infrared target in the ATOLL field of view is transformed
by the spinning reticle and photocell into an alternating electrical
signal having 6 cycles during half of the reticle spin cycle and into
d.c. for the other half of the cycle. In general, when two r- atore
targets are present, the 6 cycle modulations of the targets will over-
lap and interfere as shown in Fig. 8. The loss of signal ia the over-
lap zone and the duration of the overlap can be calculated to provide
a basis for assigning effective target center angles as well as effec-
tive target amplitudes.

(C) First it is necessary to calculate the extent of the
interference in the overlap zone. The target modulations produced by
the reticle are not necessarily sinusoidal. They more often resemble

square wave (i.e., small and/or distant target). For this reason
(and for simplicity), Eq. 5 is based on square waves. The "weight,"

WI, of each target is

Sl El FI)

11 5)I S E F + S2 E2 F2 + N

where N is the noise power and the subscripts refer to the two targets.
The weight, WI, in the overlap zone is given by

W I Wl+n n21 n + W1 - nln2W2

where n equals + 1 depending on whether the numerator of F 1 is positive
or negahve, & is the angle of a modulation sector (S uff/12), and the
relative phase of the two square waves,

--~~ t<.-'2) mod•[

(C) With W1, , W W AND01 the angular width of the over-

lap zone, 0

1 2
the apparent angle shift of each target may be calculated (it is the
same for each target). All 6 cycles of target modulation are not

6 SECRET
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equally important (4). In fact, the 7r radians of modulation must be
weighted by the sin function from 0 to fl. aiira 

9 A "h'-. -
IT radians of modulation, including a reduction for interference.
Figure 9B shows the tracking effectiveness weighting and Fig. 9C the
resultant of Fig. 9A and Fig. 9B. The center of energy in Fig. 9C is
the effective target direction in the tracking system whereas in a non-
interfering situation it would be the middle of the modulation, 17/2.
The formula for the shift in effective target tracking center,A0 , is:

WI

"sin 1 - - cos o - - 2 )coI, )01 01 ~~ (l W1.+.W PIR
R

where IR, the effective energy reduction factor for both targets, is
given by

W
! -11+ cos 0, + (I - cos 01) 7)

Finally, the effective target angle,OAZ , is:

It should be noted that the interference of two targets tends to
increase the angle between the effective target tracking vectors. The
solid vectors in Fig. 10 represent the effective tracking vector for
each target in the absence of the other target. The dashed and primed
vectors represent what happens when mutual interference is taken into
consideration. In general there is a shift in resultant direction as
well as a reduction in tracking rate (represented by the length of the
vectors). Tracking rate calculations are given next. Using the inter-
ference reduction ratio, the effective tracking energy for each target" ." is :

Si.iFiIa 9)

The resultant effective seeker tracking in azimuth and elevation is
"obtained by:

Sa 1 'R (SI B F s uin l + S2 E2 F2 sin 02 )

and Se I (S F 1 coo, +S E F

Thus, the resultant tracking direction, OR' and the resultant tracking
rate, VI, are:

7 SECRET



SECRET

OR arctan 12)
so

2 2

aV I +pmax (I (S1 Elpl+ S2E2P2) + N)Y1 IR SI 11,17 ~2T2 2) + N R

13)

where KP (X) is defined in (1).

(U) Many simplifications have been made in developing this

tha ter wllbesustntalerrors agieinttsof time or
certin eomtris, he verge rro shuldbe ow.Further work is

bendeveloped.

D. Fuze -Warhead Model

1. uzo

(5) The ATpLL has a passive infrared fuze. it is a fixed,
forward cone, fuze at 76 'from the missile axis with a fixed forward
conie guard, chiannl a,4t 450 from the .missilelaxis. This guard channel
p~ro"nt th isl rom f usno on. distant objicts by requiring the,
guard ch~ne us to occur no more than 25 me before a fusing channel J

I.pVlc., The si. ualation'calculates the times at which the glare and the
tailpioie'p Itoduce guard And fuze channel pulses, and from these times,
deteirmiies' whe h warhead will explode. it is assumed that if the
f lare or t~i'lpips is close enough -to satisfy the 25 m~llisecond oni-
terioh,-it has enough. energy 'to trigger the fuse.

(C) The following technique was used to determine accurate
fuzing times. As, the simulation proceeds along the missile trajectory,
it tests the position of the flare and the tailpipe with respect to the
position of the missile. When either the flare or the tailpipe passes
through the fuse'aone, the simulation selects either the time 6orte-
sponding to the present position or to the last calculated position,
whichever is closer'ini time to the instant at which the flar. or tail-
pipe entered the fuse cone. At that point, the orientation of the
missile body, the missile velocity and the target velocity are assumed
constant (for fuzing time calculations only). The time until fuzing,
tf, is given by the following vector equation.

8 SECRET
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where VT is the tarlet velocity, V is the missile velocity,1 is the
missile body axis, R is the missile-to-target range vector and 8 is
the cone anale. This equation In OUAdraic 4n At-.. hia- rh .t. w4 t•A4h

the smallest absolute value should be selected. V

2. Warhead Blast

(S) No conventional lethality study is done here, but two
criteria of flare success are used. If the warhead fragments have
expanded more than 25 feet to reach the velocity vector of the target,
or if they do not intersect the target path between the tail and the

nose (i.e., pass behind or ahead) of the target, the flare is considered
a success.

(S) The warhead ignites 5 me after fuzing. This delay is
added to the time of fuzing. From this point the warhead fragments
expand in a ring at 6,050 ft/sec between the 800 and 880 forward cones
with respect to the missile X-axis. This rate of expansion is assumed
constant until the ring intersects the target flight path. The place
the ring intersects the target X-axis is then used to determine whether
the target yes hit. The expansion distance of the fragments is the
distance from the fragment ring to the current missile position when
the ring intersects the path of the target. The expansion distance is
used to estimate warhead lethality. The detonation of the warhead by 4
A flare ejected shortly before missile impact is,& major factor in
fiaer'efectiveness.

III, Flare Effectiveness

A. General

(U) This effectiveness study is exploratory in nature rather
than definitive. Only a few situations are examined, some exhaustively,
most siperficially. Also, although the assumed flare characteristics
were intended to represent the KR 46 flare, more recent measurements
indicate that the MK 46 has considerably more IR energy output than used
in this model. This study points outcsome of the problems of utilizing
a flare against the ATOLL.

(U) This study uses individual simulated missile flights for
data. The results of these flights are summarized in the "data plots"
of Figs. 11-44. Each data plot is for a given altitude, missile launch
speed, target speed, missile launch range, and target maneuver. Each
plot is a polar plot in a horizontal plane through the target. The
angle coordinate is the missile aspect angle at launch and the radial
coordinate is missile-to-tarSet range at the time a flare is ejected

9 SECRET
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or the time before missile launch that the flare is ejected. The
summary plots in Figs. 45-56 are based on the data plots. The format
of the summary plots is similar to the data plots except the flare
electinn tirmn (cA.. ...a-' in summarized in blocks, and the radial
coordinate is missile launch range.

B. Predetonation Effect

(S) The fuze in the ATOLL can be actuated by flares causing
the warhead to detonate prematurely, thus significantly reducing
lethality, even though parts of the missile may still strike its target.
The condition for premature detonation is that the missile pass close
to the flare. This can happen in two ways. First, if the flare is
ejected while the missile is several thousand feet away, the missile
may track the flare instead of the target and come close to the flare.
This decoy action will be discussed later. Secondly, if the flare is
ejected so that its trajectory is through the rather limited zone where
the ATOLL must make its terminal approach, the missile and flare will
come close together. While current flare dispensers are not designed
to do this, they do have significant capability in this area. There
does not appear to be a problem in making a flare which radiates enough
energy to activate a fuze by the time the flare falls behind the target.

(B) To find the potential effectiveness of predetonation of
the warhead, the question is asked, "How close can we allow the ATOLL
to come and still eject a flare which will detonate the warhead behind
our aircraft?" The answer is "as close as 100 feet" for some cases.
For example, Fig. 46 shows that when a missile is launched at a range
of 5000 ft and at an aspect angle of 1700, a flare (from the left hand
ejector) ejected when the missile has closed to 100 ft will explode the
warhead behind the aircraft. The same figure shows that if the launch
range is reduced to 3000 ft, the flare should be released when the
missile is no closer than 200 ft. This ts not surprising, since the
minimum missile range at which a flare is effective is simply that
range which allows the flare sufficient time to get behind the target
and for the missile to fuze and explode before it gets to the target.
This distance is a function of how fast the missile is closing on the
target - the faster the missile, the longer the distance must be.
Since the shortest launch ranges result in the fastest missiles at
target intercept, they also result in the longest ranges for flare pre-
detonation effectiveness. Figure 54 illustrates this effect very well.

(S) This phenomenon leads to the following argument: Since
the maximum missile ranges for flare ejection occur at the minimum
missile launch ranges, and since the greatest minimum flare ejection
range under the conditions in this study is 500 ft (Fig. 53), then if
the flare is ejected when the missile is at a range of 500 ft,
the missile will always be defeated. Unfortunately, this nimple

10 SECRET
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solution does not work. First, Fig. 55 shows that the minimum missile
range for successful flare ejection has increased for increased missile
iaunch range to 1100 it (and higher in other cases). Here Lhe MitLc is
far enough from the missile trajectory that the lower missile speed
produces a fuse pulse which occurs too long after the guard pulse to
cause fuzing. (Host of these situations occur when the target is
maneuvering.) Secondly, in the case where ATOLL is launched 200 off
the tail and at 600k, ft launch range as shown on Fig. 51, there is only

an instant at a ranle 250 ft when the flare will cause predetonation.
In this case, 500 ft is too long a range for flare ejection. No solu-
tion to the problem of when to elect the flare for 100%. predetonation
effectiveness has been discovered.

(S) The flare ejection control problem does not seem to have
any simple answer. Even if the 500 ft ejection range worked perfectly,
or if any range was considered to be adequately effective, it seems
unlikely that a pilot could see the missile then or accurately gauge
its range if he could. Thus some form of radar sensor would be required
to detect the missile and measure its range. Such a sensor could ini-
tiate the deployment of chaff as well as flares to counter active radar
or optically futed missiles as well as the ATOLL.

(C) The detonation of the ATOLL warhead does not immediately
cause the missile to disintegrate. Rather the seeker/control section
and the motor/tail section often continue intact along the missile
trajectory. Thus, although no warhead fragment may strike the target
when the flare predetonates the warhead, one or both of these missile
sections may. The probability of significant damage from these pieces
seems low and-is ignored in this study.

C. Decoy Effect

(S) The ordinary application of an infrared flare is to decoy
the missile from the target to the flare. This study shows that this
can be done effectively over a wide range of conditions. In this part
of the report, in addition to discussing how well the flare performs as
a decoy, the requirements for atcuracy in the time of flare ejection
and the requirements on the length of flare burn time are discussed.

(C) The required accuracy for the time of flare ejection is
determined by the length of the time interval during which a flare
ejection would effectively counter the ATOLL. This interval of success
may start before missile launch. If a series of flares were ejected
at this interval, ATOLL would be ineffective. This is generally im-
practicable, since the aircraft cannot carry the required large number
of flares. For this reason, the study did not consider multiple flares.
Therefore the time intervals of success which are determined define the
magnitude of the problem, but not a solution.

11 SECRET
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(S) One of the most significant facts about the effective
decoy time intervals is that they all include the missile launch time.
Althnuah tho fnftavilnu mAy uApi, frew. 1. t- i.r A a, Aa4n.%.i4"a ii, #.ikntactical conditions, a flare ejected precisely at missile launch always

did decoy the ATOLL. However, in 2 of the 39 intervals which were cal-
culated, if a flare were ejected 0.1 second after missile launch, it
would fail. These cases are shown in Fig. 50, 6000 feet launch range,
100 off the tail and Fig. 52, 3000 feet launch range, 100 off the tail.
Thus a missile launch detector should prove very effective if used to
automatically eject a flare. If a missile launch detector could eject
a flare within 2 seconds after the ATOLL motor is ignited, the flare
would be successful in 87% of the cases on Figs. 49-52.

(S) The ejection intervals of success vary substantially, but
the principal variation is due to missile launch range. As would be
e the longer the missile flight time, the longer the time avail-
able fnr successful flare ejection. Generally the intervals are about
3 seconds for minimum missile launch ranges, and about 9 seconds for
maximum launch ranges. While these intervals are occasionally much
shorter ,than the missile launch range would indicate, a radar sensor
that automatically ejected flares at intervals dependent upon the
range to the attacker would be effective if the pilot (or the radar)_Pcan top the flare ejections when the attacker is not in ATOLL launch

•'• •" •";': 'zone."

(9) The required burn time for a flare is important, since the
...si of a flare is fixed by available dispensers and burn time is
traded off with infrared output. Current flares have adequate infrared
output in the ATOLL band *n relation to the infrared output of aircraft
engines at military power. Two criteria for required flare burn time
are calculated. Oneof these criteria is quite conservative and re-
quires the flare to burn until the missile passes it, while the other
criterion only requires that the target be out of the missile's field
of view. •The data shown in Figs. 49-52 with respect to these two cri-
teria, are tle longest times of all the successful flares. Thus a
shorter burn time might prove almost as effective. In only 2 of the
39 data points did the requirement that the flare burn until the missile
passed the flare exceed the 0.5 a burn of the simulated flare. The less
stringent requirement that the flare burn until the target is out of
the field of view produces a maximm burn time of 5.7 for all 39 cases.
Other less stringent criteria, which might allow a reduction of burn
time, seem reasonable and worthy of further investigation.

D. Holes

(S) There are regions along the trajectory of the missile where
a flare is ineffective. These regions interlace with regions where the
flare is effective. These "holes" in flare performance are not random,
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but may be too complex to calculate in an airborne environment. They
areatlv enmpliate thA fl~arA Piec4 nn nnntrnl nrnhblm. l•T h•hr athidv inz
required to determine whether these holes can be eliminated by flare or
dispenser modification, predicted by an airborne countermeasures control I
device, or simply ignored and lumped with the random effects.

E. Election Direction

(S) Th8 F-4B aircraft has 2 ALE-29 flare ejectors which eject
flares about 37 above the horizontal plane of the aircraft on either
side of the fuselage. A comparison of the effectiveness of these two
dispensers, shown in Fig. 50 for a non-maneuvering F-4B, shows a large
(3 to 1) loss in effectiveness when the flare is ejected on the opposite
side from that which the ATOLL is approaching. No trend is apparent in
the maneuvering F-4B data shown in Fig. 52 where the flares are ejected
either up or inside the turn due to the 700 bank angle required for a

K 3-g turn. Either direction appears about as effective as ejection
toward the missile in the non-maneuvering case.

(S) The data in Figs. 47 and 51 for the F-8 aircraft, where
the flare is ejected downward from the aircraft, indicate no signifi-
cant differences in flare effectiveness due to maneuver. Neither is
there a significant difference between the F-4B and the F-8 in overall
"flare effectiveness.

IV. Conclusions

(1)(S) Currently available infrared flares (MK 46) provide the
F-4B and F-8 aircraft with substantial protection against the ATOLL
when they are operating without afterburner.

(2)(S) An automatic missile launch detector coupled to a flare
ejection control is needed to fully titilize the capability of the flare.

(3)(S) Flare effectiveness is complex and difficult to predict
with simple models.

(4)(S) The direction of flare ejection is a significant factor in
flare effectiveness.
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V. Recoinendatione

(1)(S) Since infrared flares are an effective countermeasure to
fl~%MiL, LAIWUS4Up44*Jt U

(2)(S) The potential of infrared flares as countermeasure to 1
ATOLL should be further investigated.

(3)(U) The requirements for a rear-looking sensor for aircraft
and missile detection and for automatic countermeasures control should
be investigated.

especially those with potential effectiveness against a minimum range

missile launch.
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