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awSTRACT OF THE DISCLOSURE

The approximate intensity in candlepower of a burning parachute flare at
a given point I in space is determined by measuring the illumination 151 and €

received from the flare at pe P1 and I’z lccated at distances nl and D,

respectively, from the point P, where points P, P, and P

1 2
line, and using tie fornmula - d 2
1= ’
1 1

o Rl

where /d is the distance between points P

are substantially 1

1 and ?20

BACKCROUND OF TIE INVENTION

Aircraft and artillery flares are testeu at various proving :v.roum!_ and
test arcas., These tests are used to compare flares and flare systems and to
evaluate ontimum methnds of deployment for tactical use. The two moat signif
cant parsuseters measurcd ave the illumination produced by the item and its
candlepower. The illumination produced b)r a flare source can be directly
measured by means of phctocell. lowever, to obtain candlepower it is necessa
to know the distance from the source to the transducer. This is due to the
inversc square law rclation E = I/Dzk where E is illumination in torms of
foot=candle, I is intensity in candlépowcr and D is distance i{n feet. Iun add
tion, unless the cell is always aimed ir\r\the direction of the flare source it
\ .
is also nerensary to know the angle of tl\é\\cell'a active surface in relation
\

to the flare's position. This is necessary\‘;o correct for the sensitivity du

to loss in effective surface area.
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it has always bLeen neccssary to track the flare's position to determine
the candlepower of the item, since the flave does not have an intrinsic candle
pover and is 4 time variant non-ieotropic source.

In order to evaluate the effectivencss of a flare and compare it to other
gystems (as deployed in the fiéld) it ‘has been necesaary to eiploy a system
to track and determine space positioning (x, y, z coordinaven) in tine as the
flare descends by parachute. This has been accomplishied either by optical
tracking (cine theodolite) or by radur. WUith optical tracking, theodolites
have been commonly used with their attendant problems and costs. At least two
stations are required and normally threce are used to avoid loss of data. This
has pgreatly increased the cost of the teat (two people are required to ftan cac
position and each station must be "surveyed in"). Setting up such a systen is
complicated and time consuming. In addition, the spacc positioning d;tn mist
be syunchronized and correlated with the illumination measurements in order to
obtain meaningful candlepower records. These tests are, therecfore, extremaly
costly and time consuming due to the complexity of snch‘n test, The less of
data and usable results has been prevalent. These are systems that cost on th
order of hundrads of thousands of dollarsa.

The previously ntilized methods of measuring candlepower of ficld deploye
itenws arc wmuch too costly and'cimc consuming to set up and operate, requiring
a large number of persounecl to perform a field zest and provide data evalua-
tion. The data evaluation has also been time consuming, taking as long as

several months before the flare project engiincer has received his data., The
data is typically wmanually transferred to s computer and is evaluated parciall
by computer and partidally by manual means.

IRIEF SWUICIARY OF THIL THVENTION

Tais invention will pexmit approximate on the spot real-time candlepover

versus time records to be r“rained at the teat site. It will eliminate the

M,

i

=
=
B

¥

s g i

2
I
i
U - ——
T e s i e TR




T

i

10

15

20

25

need for tracking or space positionings equipment and preatly reduce ansociater
time and manpower setup and operation., It will greatly aimplify the data
processing and evaluation, It will also simplify the field test procedure in
that correlating and synchronizing the system will not be ncecssary. All of

this will greatly reduce the loss of data and greatly reduce the cost and com
plexity of the test. The entire test system can now be set up and manned by

two to three personnel rather than a crew of 20 to 30 people.
In accordance with the present invention, two sensitive piiotometers are

mounted, at the same level, near the pground, in a line at a large distance

from the anticipated position of the trajectory of tne flare to he necasured,

with a rclatively small spacing between the photometers. For cxample, the

nearer photoncter may be 8000 feet from the flare trajectory and 3000 fcet
from the farther photometer. By taking simultaneous measurements of t.he 11lu-
minations _El and Ez received by the two photometers from a flarec at a point

in its trajectory, the approximate candlepower I of the flare at that point is

calculated from the formula 2 '
d

1 1

where d is the known horizontal distance between the two pliotometers. The
.
error in this approximation of the flare candlepower is small,

I=

BRIEF DESCRIPTION OF TilE NRAVING

Fipure 1 is a schicmatic diagram of the arrangement of two photocells
relative to the position of a flare whose canciepower is to be measured in
accordance with the present inveution.

Figure 2 is a schematic block diagram of a photometer circuit for each
photocell with an assoclated transmitter.

Figure 3 is a similar diagram of a rewmote station circuit for receiving

and processing the signals from the two transmitters.
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DETAILED DESCRIPTIOH OF A PREFERRED ENDODIMENT OF ThL LiVENTION

In the diagram of Figure 1, P1 and PZ are the positions, near nrount
level, of twe phiotocells on a straight line with a point P0 in a transverse
vertical rectanpular region or arca A-B containing the anticipated pnsition
in its trajectory of the parachute flare to be measurcd, at distances %y and
fron point PO' and geparated by a distance d = %, = xl which 18 small compare
to X The rectanpgular region AR has a height ho and a wideh Zyo. In a
preferrcd example, X, - 8000°, x, = 11000', d = 3000', ho = 2000', and
Yo " 1250'. Also, preferably the measurcment of flare illumination is limitc
to those located above h = 300', in the dotted rectangle 3 ghiown in Fipure 1.
Figure 1 shows, for example, a flare position P, at h = 2000' and
y = 1250', at a distance Dl from point P1 and a distance D2 from point Pz.
The diaponal line s completes two triangles I‘POP1 and PPOPZ, having amall
angles =X and/B s respcctively.
The illuminations Bl and Ez. in foot-candles, from the flare, measured
by the two phococells at Pl and Pz,may be simultanaously converted into
electrical signals and transmitted to a central xeceivinp szation by two
conventional pliotometer ecircuits 1 and 2 such as that shown schematically
in Fipgure 2,

In the case wiiere the flare is alpoinc Po (the ideal position), tha equc

tions for the illuminations being seen by the two photocells are

1 ox
-
E, 5, (2)
*2
From equation (1) and (2),
2
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Adding (3) and (4) gives

2, .2
21 = B +Ex

2
Since I' Elxl )

2 2 2
Elxl + Bzxz - ZElxl .

Substituting Ay = X + d, gives

2 2 2
E;x "+ Ez(xl +d)" - L'Islxl

2

.8 2 _ . - -
L.z(xl + d) EyX, 0. (5)

Using the quadratic equation,

-d(!;z + 355152) !
%" wE, ©
2 1 ’

Substituting for X, in equation (4),

2
I Ez(xl + d)

. .
LU,

~d (Ez + VF‘IEZ) 2

+d (N
2 E, ~ E

. d ]2.
1 - 1

Ez El J

Equation /) gives the exact candlepower I of a flare at point 1’0.

i=p

For a flare at any other peint P, x; and x, in equations (1) throuph

(6) must be rcplaced by Dl and Dz. respectively, and the candclpower I

beconas N, =D + 2
1= 2 1

L. L _ )
B2 ﬁ;

In accordance with the present invention, in order to aveid tho necessity of

casuring ”2 and D.‘I.’ the candlepower I of the flare is approximated by

substituting d = =% for Dz-Dl. as follows:

Lo afffl oM.
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At X= 0°, the illuminavion El and &, at photometers 1 and 2 would be

YL og2
iy I/Al
e

hz I/X .

Assumce that I = 106 C.Pes then, in the preferred example piven above,

6
B, = 10 = = +015625 foot candle
(8,000)
10°
EZ - 7 "~ 0052644 foot candle,
(11,000)

Substituting these values in equation (9) pives

2
3000 ()
I = 1 _ 1 = 10 C.Y. »

| V-0082644 V. 015625

wirich 18 the value assumed,

\here the light source (point P) is at point Po’ {n line with the tue
photocells at points Pl and Pz (zero angles o and ’19 ), the intensity I deot-
ermined from equation (9) is accurate. Where the light source is at some pois
P gpaced laterally frum point P o {mples <X and l,? :7 0), the accuracy of the
ealculated value of the intensity I is reduced by at least tuo errors. Ouc o
these errors regsuits from the use of the kiuown distance d, hetveen the tuo
piiotocells, instead of the exact, but wiknown, distance Dz-l)l. in equation
(9)s Aa o and /3 increase, the diffcrence between d and 1)2-01 increases,
witich increases the error.in the cnlcularr.cd I. The other error in the
calenlated inteasity T for o and "?}0 results from the combined effects of
tie reductions in the photometer outputs El and EZ' «ue to the anplen o

and 3 lLetween the light source diractions end the common axis of the tvo
{

pliotomcters.
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In the preferred exanple,

- '
x, 8000

- - t

x, = 11000

a® « 3000
Boo=  2000°

y = 1250 .

S = W ey = 2358.5

b, = xi+32 - 33404

L2, 2 . ,
b, = x2+s’ = 11250
D, =D, = 2909.6°

279

KA = arc tan s/xl = 16,426°
'ﬁ = arc tan s/.:z - 3i2,1°
Cos o = ,95913

Cosﬂ . 07774,

componenta noxial te the photometer faces,

1
1.0137887

1
ﬂ.0077256

- 1,099,444 C.7.

In this cxample, the actual outputs of the two pliotometers would be the ligit

e T A e o

"
Eln - < * Cos 16,426° = ,0137837, and
{3340.46)“
10"
Eza - . ] Gos 12’1. kg ~0077256o
11250}
Substituting these values foxr l-:l and Ez in equation (9) pives
1 = 3000 ' 2

adit b
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Thus, the nat error in the intensity I resulting from the use of equacion ()]

at X = 16,426° !~

1,099,44% = 1,090,000
1,000,000

099444, or 9.97.

. the two photometers are aimed at the light source,

”
1y

By o i = 0143756
(t.340,4)°
6
by, = ———m o 0079012,
(11,250)%
. __" 3000 ] 2
I T

I
Y.0143756 |

L ‘V.nownlz

. 1,663,104

1,063,104 = 1,090,000

1,000,000 6.3

Thus, the error in d is about two-thirds of the toral prror (9.97%).

In addition to eliminating the tracking equipment and the extra personuc
lnceded to .2t up and man cthe prior apparatus, the present method pgreatly sime
plifien the data vecording and evaluation, The ground illuminatios. El and tz
ia foot-candles can be automatically recorded snd plotted in reusl time, and t

filare's intennity in candlepower can be calculated from equation (7) whick re

{lquires cnly El, Ez rad the constaat spacing d.

Az ghown in Pigare 2, each o tha photoncters 1 aml 2 may comprise a com
5, an ICI~Y fiiter 7, a photocell 9, at lennt one operational amplificr 11,
at least ouc voltage~controlled escillator 17, an S-band transmitter 23 and
an antenna 25. The photocell 9 iz preferably ol thn-silicon photovoltaice
The eall 9

barrier layer type which has a sumall tesperature cocfficient.

operates intr an effective zave impedance vhich oxtends the linear ranpe of ti

call.
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The direct current amalog voltagpe produced by the phuerocell 9 dn reapen
to the light from the flarc, amplificd by amplifier 11, determines the fre-
quency of oscillator 17, which frefquency modulates the carrier of the trans-
mitter 23, Praferably, the system's dvnamic range is incruased by using
three amplificrs 11, 13 and 15 arranfed as shown to faed tha analop voltase
frowm photocell 9 to tiwree oscillators 17, 19 and 21, for Frequency wmodulating
the transmitter carrier at the three VGO frequencles,

The signal vave transmitted from cach of the tranamitters 23 of the
photometers 1 and 2 is received at a telemetry van or porcable pround statie
by weans of an antenna 27 and receiver 29 shown schematically in Figure 3. 0
tvo carriers, e.f. 2300 megaiertz, are demodulated and the two sets of 1vduls
tions are applied to two sets of discriminators 31, 3% and 35 to produce two

scts of sipnals F‘l and Ez in analop form in real time. The 1, and }

1 2

are fed to the input of a processor 37 wiich selects onc of the scales for

signals

cich signal and-calculates the intensity I from equation (9), also in real

time, I

1° Ez and I are then recorded on one or more ¥ecorders 39 which may

include magnetic, digital and/or paper rccorders 3%a, 3% and 39e.

In the example considered above, the various distances are rather larre
(about 1/2 to 2 miles), and the two photocells are mounted on aultable fixed
supporta. In another application of the invention, two small sensors could b
mounted, with a spaciug d of one or two feet,.on a suitable portable frame ox
bar hand-held by a soldier and aimed at a light sourte at a distance of the
order of a wdle or leas, This apparatus cculd include a micso procesror con-
nected to the two sensors for calculating and displaying the {ntenaity of a
flare or other radiation source in the field.

For the purposs of this invention, the optical transnissivity (V) of the

atumogphere is asgumed to be 1003,
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N principles of this inveution and are noc to be interpreted in a limiting scus
Wiz wisiy it to he uaderstood that we do not desire to be limited to the
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