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DEPARTMENT OF DEFENSE
Washington, DC 20301

esting of Chaff Radar Cross-Section

This Military Standard is approved for use by the Naval Air Systems

Command, Department of the Navy, and is available for use by all Departments
and Agencies of the Department of Defense.

2.

COMMENTS OR RECOMMENDATIONS WHICH MAY BE OF USE IN IMPROVING THIS DOCUMENT MAY
BE SENT TO THE PREPARING ACTIVITY WHEN A SELF-ADDRESSED STANDARDIZATION DOCUMENT
IMPROVEMENT PROPOSAL (DD FORM 14206) APPEARS AT THE END OF THIS DOCUMENT, OR BY

LETTER ADDRESSED TO THE COGNIZANT ACTIVITY.
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FOREWORD

The purpose of this standard is to describe and illustrate practices and procedures
to be followed when measuring the radar cross-section (RCS) of airborne dispensed

chaff countermeasures for acceptance purposes.

The standard relates the prescribed requirements to the existing stage of

technological achievement, making the most ceffective use of commercially available,
state-of-the-art eguipment.

vvvvv the quipmen
As new chaff types are developed, or new or revised methods, procedures, or
techniques are conceived; the present text will be amended accordingly. In
this connection, each of the military services and agencies of the Department
i ing the value of this

v [0

3
of Defense is invited to provide su this
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standard.
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1. SCOPE
1.1 General. This standard establishes the procedures, requirements,
and instructions for testing chaff payloads under flight conditions to

demonstrate compliance with general design specifications, performance goals,
and applicable detailed equipment specifications. Detailed performance
requlrements tor eacn type of chaff payload are contained in the applicable

I T LA emnmnie MAat aAl~N
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2. APPLICABLIE DOCUMENITS
2.1 General. The following documents, of the issue in effect on date
of invitation for bids or request for proposal, form a part of this standard
to the extent specified herein.

PUBLICATIONS

Department of Defense

Flight Information Publication, IFR-Supplement ; United States

Department of the Navy, Office of the Chief of Naval Operations

OPNAVINST 3710.7 - NATOPS General Flight and Operating Instructions

2.1.1 Availability of Documents. When requesting specifications,
standards, drawings, and publications, refer to both title and number.
Copies of this specification and applicable specifications required by
contractors in connection with specific procurement functions may be
obhtained upon app1‘ir‘nr1'nn to the Commanding Officer. Publications and

121Cat1on Lo e Lomnana’ nyg villcer ; tuUubl1l1Cations and

Forms Center, Code 1051, 5801 Tabor Avenue, Philadelphia, Pennsylvania
19120.

O N INT AN 773 _7iI0737 I RAA X JI8IINANJAVSNSTIL L/ AP SIS TRAEL LY 2 ALYTILY O
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3. DEFINITIONS

3.1 Antenna beamwidth. The angular width of the main beam in a plane
(horizontal or vertical) measured between 3 dB points (one-way transmission).

3.2 Antenna polarization. The direction of maximum gain of the radiated
wave when the antenna 1s excited. Alternatively, the polarization of an
incident wave from the given orientation that results in maximum available
power at the antenna terminals.

3.3 Aspect angle. The aspect angle is the angle formed by the intersection
of two lines, one of which extends from the radar antenna to the point in
the chaff cloud where measurements are being made and the other which exte“d

1g QT 4l il Vot

through the axis of the chaff cloud along which it was deployed. The latte
is usually a line along which the chaff deploying aircraft moves. The aspect
angle is composed of two components one in the elevation plane and the other

in the horizontal or azimuth plane. The elevation angle is defined by altitude
and range while the azimuth angle is defined by the true course of the aircraft
and the offset distance from the radar to the true course line.
3.4 Chaff rocket. Chaff packaged in a container that is propelled
by a rocket motor is called a chaff rocket. Chaff rockets may be air or
surface launched, and may deploy discrete chaff units or continuous chaff
3.5 Continuous chaff. Continuous chaff is that which is deployed

continuously from a vehicle over a period of time. Continuous chaff forms
a chaff cloud that is very long with respect to the other dimensions of the
cloud.

3.6 Discrete chaff unit. A package, cartridge, or other container
filled with chaff material that is deployed at one time to form a chaff cloud

is called a discrete chaff unit. Discrete chaff units may be deployed singularly,
in multiple units simultaneously, or in rapid sequence. Discrete chaff units
form individual chaff clouds that may be spaced a considerable distance apart
or may be overlapping
3.7 On-Site data processor. A portable data analysis system which
is capable of analyzing real time data and printing out resultant information
at the test location.
3.8 Processing - Average pulse-to-pulse radar cross-section (RCS).

A means of determining the average geometric cross-section of a chaff cloud
or area within the cloud by averaging a large number of amplitude returns

{pulses) freom the cloud.
3.9 Processing - AK. A factor used to calibrate the RCS processing

equipment to the measuring radar. AK is a ratio of transmitter power

(93]
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to receiver sensitivity, and affects the numerical RCS values by approximately
0.33 dB per AK integer.

3.10 Processing - First level statistics. First level processing of
RCS data involves calculating average values, statistical data, and other

information or presentations where the inputs to the processing are the raw

pulse-to-pulse RCS values. First level processing is done for each discrete
chaff unit or a sample (a given number of consecutive pulses) of continuous

chaff or very large chaff clouds.

3.11 Processing - Normalization. Normalization is the smoothing of
RCS statistics by compensating for factors which affect measured values. As
applicable herein, RCS values shall be normalized to 10 degrees aspect angle
and 0 degree antenna boresight gain.

3.12 Processing - Percentile value. In RCS statistics, the percentile
value is that value which a given percent of data points equaled or exceeded
As an example, a percentile value of 70 percent of 10 square meters (m2) would
mean that 70 percent of the data points would have an RCS value of 10 m? or
more. A data point in the first level statistics is the RCS value obtained

on a given radar pulse, while a data point in the second level statistics
is the average RCS value of a chaff unit or chaff sample.

3.13 Processing - Second level statistics. Results from the first level
processing are used as inputs to calculate average RCS values, statistical
data, or other information or presentations in the form of second level statistics.

3.14 Processing - Shadow graphs. Shadow graphs are a unique way to
visually display RCS values as a function of time and range to pictorially
show scintillation, physical cloud growth, homogeneity of the cloud, and other
details. A prlnter/plotter is used to show pulse to-pulse RCS values where
a solid black line is calibrated to maximum RCS and white to no RCS. The
Varlous shades from black to white then show relative RCS values. Lines may

radar pulce  oF Space L
1 radar pulse, or spaced '"N'" pulses apart, where "N' may

uuuuuu

3.15 Processing - Spectral data. Spectral data is used to present the
unique spectral signature of a chaff cloud as observed by the measuring radar,
: = L

4+ Do
t Fourier Transform algorithm applied to the pulse-
e

data is presented graphically to display the
e chaff cloud (volts?4) relative to the frequencies
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=
U
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Physically, the RCS of a body is equal to the peometric cross-section of
a sphere (large compared to wavelength) which would give the sane return if
placed at the same point in the radar antenna bean.
3.17 xadar gate sweeping. As applicable herein, gate sweeping is accomplishad
when collecting data on a mature chaff cloud. By slowly sweeping the radar
antenna in elevation, the range-gates are, in effect, sweeping radially along

the extent of the chaff cioud to collect i‘(‘a data on overall chaff cloud growth.

3.18 Radar pulse repetition frequency (PRF) - Also period (PRP), interval
(PRI), and rate (PRR). The number of transmitted puls~s per unit of time
(seconds), or the tine interval between the leading edges of consecutive pulses.

2. 19 Radar nulsewidth (nulse duration) The time interval hetween tho
3. 19 Radar sulsewidth (nulse duration}., The time interval between the
leading and trailing edges of the transmitted pulse.

3.20 Radar range-gate. As applicable to the nloce581np equ1pnent described
hercin, 15 adjacent range gates are measured in amplitude for cach transmitted
wulse.  When the range-gate spacing within the processor is set equal to

n

1%

the pulse width of the radar, the range-gates can be equated to the resolution-
cell as it moves out in range from a reference starting point to a distance

of 15 adjacent cell spacings from that starting point.

3.21 Radar resolution-cell (radar cell). A tern used to describe a
volume from which return signals are received. For a pulse radar, the cell
volume is defined by the pulsc length and the half-power beamw1dth (horizontal
and vertical angular resolution) of the radar antenna.

3.22 Real time processor. A systenm

3.23 Shielding. Shielding is a condition whereby some of the elements
in the chaff ~1agnd nre not 1 1liminatad hy +ha £.11 wawar ~F +ha wadow bacneaana
POy vl Al al L “iAivUuUu alo liwveiu 4 iiTuuldiriiacceu U)’ cice |llJ..l. lJ\JWL'L L (S PR L aual voeLaus o
other clements nearer to the radar have scattered part or all of the energy

out of the beam. The shielded elements arc responsible for less measured
RCS than an equivalent number of unshielded elements. The decree of shielding
can vary from zero, where each eclement makes maximun contribution to the RCS

wralnacg +n 100N nercent whawan camn A€ +'in AlAamarnte ocnnt+rihii+n +hina 4+~
ViU (SR Avv IS Y wiile Lo IS Ao L cile viavnivlitLo CullLlL ivulyoe LR Y w7
the measured RCS values.

3.24 Spectral frequency. The distribution of doprnler frequencies caused

or cross-section fluctuntions (scintiliation) of the dipoles
aff ~Tand

1
Ry

by amplitude

within a ¢}
3.25 TACAN (tactical air navigation). Equipment installed in aircraft

and capable of receiving signals from a ground station for bearing determination,

and transmitting coded pulses to and receiving return pulses from the ground

station for range deternmination

Siacal 104

It t1ICVILC ALY U1 - . . . - 2.8 . e Y e ™™ A~ T FIRT s 1Y AoOITOOC Y 1NA CATYAI'TIIV (Y 11
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4. REQUIREMENTS

4.1 General. The procedures contained herein provide th
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detailed data for appllcable test methods for performance testing of airborne
chaff payloads. The flight test when conducted in accordance with the test
procedures and test limits of this standar w111 determlne whether the chaff
Nnavlinade nanwfa A e . -

payidads periorm Plupcrl
meet the snec1f1ed perfo

4,2 Supplemental procedures. The procedures contained herein shall
ented w1th detailed perf ined in the applicab
speci ad and h\/ a r]ofqi'le

pe d, and a detail

§

i
4
G

+
Jomed #
e
)
~+
=
]
=]
N
>
D
D
—+
[,
Q ﬂ:)

iled performance require
11 contain all suppleme

AT
1

he detaile
rmation ne

n
n in

ents.
1tal

ma Yy to ensu

mation shall

o
______ 1l contain all ~

standardized testlng of a particular chaff pay
include, but not be limited to the following:

fo
load. The i

b. The types of and minimum number of radars to be used in
making measurements

c¢. The technical characteristics of each radar including
frequency, pulsewidth, PRF, polarization, and antenna
beamwidth

d. Normalization factors necessary to compensate for off-boresight
measurements made with the particular antenna beamwidths

specified above

e. The number of chaff samples to be measured and the number
of aircraft passes (runs)

f. The rate at which the chaff will be dispensed

g. The amount of chaff to be deployed on each run

3
e

be made

i. The duration of each measurement
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j. How the radar cross-section (RCS) data shall be processed
k. The minimum (RCS) requirement for the chaff payload

1. The flight profile including altitude, aspect angle relative
to the measurement site, and calibrated airspeed.

4.2.2 Detailed test plan. The detailed test plan shall be prepared by
the test engineer at the facility designated by the PCO. The test plan shall
contain all information and requirements which are peculiar to the test facility
or which will implement the requirements of this standard and the applicable
detailed performance requirements as contained in the equipment specification

sheet. 1In addition, the detailed test plan shall contain pre- and post-flight
radar calibration procedures.

4.3 Test facilities, instrumentation, aircraft, and dispenser installation.
The test facilities, instrumentation, aircraft, and dispenser installation
used to conduct preproduction and production chaff measurements shall be
capable of providing and maintaining the test conditions as specified in
the detailed performance requirements, the detailed test plan, and as contailned
herein. The test facilities, instrumentation, aircraft, and dispenser installations
specified shall be limited to those which have yielded comparative data for
at least three previous tests of the same chaff type, and have thereby established
a data base for minimum performance requirements. In addition, when a new
facility or equipment is initiated, the data from the new facility or equipment
shall be comparable to the existing baseline data. For individual chaff units,
the three tests shall consist of a minimum of 30 units dispensed on each of
three test days; while for continuous chaff, the three tests shall consist
of a minimum of one roll or roll set dispensed on each of 3 test days.

4.3.1 Number and types of radars. The number and types of radars used

performance requirements. Ideally, one radar operating within +3 percent

of each resonant frequency of the chaff unit dipole lengths shall be used.

For units containing a large number of resonant dipoles separated by less

than 50 percent in length, one radar for each peak in the frequency response
curve which is separated from the other peaks by more than 50 percent should
be used. In any case, the radars used for preproduction, initial production,
and production lot testing must have been qualified as specified in 4.3 of
this standard, and thereby have established the baseline requirements for

that unit. The priority of test radar frequency assignments shall be proportional
to the resonant lengths of the dipoles; i.e., the longest wavelength (lowest
resonant frequency) shall be given first priority, and the shortest wavelength
(highest resonant frequency) shall be given the lowest priority. In addition,
for discrete chaff units, the radars must be capable of:

~l

At RA IANCanor! A1l Ina Fea s crm st o f 1 e



Downloaded from http://www.everyspec.com

MIL-STD-2071(AS)
15 August 1977

a. Containing the entire chaff cloud in one radar resolution
cell (0.2 usec or greater pulsewidth)

b. Maintaining a PRF of at least twice the highest spectral
frequency for which measurement is desired (for spectral

data only) o

c. Maintailning tracking geometry such that the antenna losses
are no more than -3 dB of boresight gain (-3 dB two-way
pattern).
All measurements shall be accomplished using radars having specified pulsewidths,
and tracking the chaff cloud at aspect angles of 5 degrees to 20 degrees.
The test results shall be normalized to an aspect angle of 10 degrees and
boresight antenna gain for comparison and evaluation purposes.

4.3.1.1 Radar parameters. The PRF of the radar shall be adequate to define
the spectrum out to the desired frequency as described above. The effective
radiated power of the radar shall be sufficient to provide for calibration
on a 6 inch diameter sphere at ranges out to 1500 yards with a 10-to-1 signal-
to-noise ratio, and to make measurements on a 1 square meter target at the
maximum drop range as specified in the detailed test plan. To the extent
possible, the radar shall have nonscanning antennas and stable power and frequency
characteristics.

4.3.2 Instrumentation. Instrumentation shall include equipment capable
of measuring and processing RCS values for each radar pulse.

4.3.2.1 Measuring instrumentation. Measuring instrumentation shall be
capable of meeting the requirements detailed in Note 6.5.

4.3.2.2 Processing instrumentation. The data processing equipment shall
be capable of accepting RCS data from 9-track digital tapes using 8 or 16

hit word Th
bit words. The processing equipment shall be capable of providing the out

and formats detailed in Note 6.2 and figures 4 through 11, and shall perform
the normalizations for aspect angle and antenna boresight as discussed in
Note 6.3.

UL (apavisT Ul pivvilaig p'utS
T

4 % 2 A
G.0.0 n

1 1+
and the location or locations of the di
test. The type(s) of aircraft and dispenser location(s) used for testlng
preproduction and production chaff must have an established data base as
described ih 4.3.

4.4 Standard conditions. All airborne chaff measurements used for
acceptance tests shall be made under standard test conditions as defined herein.

4.4.1 Weather. Unless otherwise specified in the detailed performance
reguirements all flicht tests shall be conducted with turbulence 1nfpn<1fv

eq
not exceeding occasional light chop as defined in the DOD Flight Informatlon
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Publication; with flight visibility of 3 statute miles or better, and cloud
clearances of 1000 feect above, no clouds below the dispense alt]tude. In
all cases, the weath er Shdll be suitable for flight under visual flight rules

V
pin B o]

be L !
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square meter target shall bc 10 dn above the minimun detectable signal
the radar. The length of the drop zone shall provide for at least
Is of continuous chaff dlspen51ng or provide for adequate spacing
crete chaff units and ensure that at least six drops can be made
i 1

4.4.5 Drop sequence. The drop sequence for discrete chaff units shall
be chosen to cnsure that no two consecutive chaff units may provide cnergy
to one radar resolution cell during the time of measurements. It is normally
o

%o IR eTeY dal

1 that threc or more full radar resoluti

desi e e luuv.L\u,u
between successive chaff drops. The same spacing requirements shall be met
for the pulsed mode of continuous chaff dispensers. Only one drop sequence

per run shall be used for continuous chaff deploynent,

i - <y
10n Ccei11 Sj
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4.5 Te report. A test report shall be prepared following each acceptance
tcst As a mininun, the test report shall contain proressed Sevond lcvcl

level statistics as defined in Note h.o, test ddtd provided by tho test engineer,
and log sheets provided by the ground crew operato

r. IP're- and post-flight
calibration data shall also be included in the test report.
4.5.1 Test data. The test data shall be taken at the tine of test and

Slull be included in the test report. The test data shall include the aircraft

light profile including calibrated air specd; complete identifi dthﬂ of
¢ FE o .

el

r'Y,-f

NS ndg i e . . 1 e Tarviavy = vy P2
}.\, L!nu r pay loads bei ing measured; « ails on arop Lones Q

. ) -
v » i D
drop sequences; characteristics oF the radar; weather uondjtions
positioning the sample gates; spacing between the sanple gates :md 1111 other
pertinent information delineated in the detailed performance requirements,

detailed test plan, and as contained herein.
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Log sheet. A log sheet shall be prepared by the ground crew operator
i type of
formati 0

1

The log sheet shall include th

oo

dic aoan on the aireraft comlete 1

AL

o
=
=
D 3
HFh O N

at+a

atLivii vl vile Alividaii, ~aps A \—v _

ing tested, and complete pre- and post-fli

ayload. The format for the log sheet shall be
1 through 3 of this standard. All information

R M

==l
H
ot O

==
()Q

1nformatlon on the chaff
in accordance with figure
blocks shall be completed,

nnnnnnn cae o .-.J: +1l~

the remarks section of the

(n"d

and additional information may be provided in
Ao chaot+
og

,._a

S1iCCT L

4.6 Acceptance criteria. Acceptance criteria shall be specified in
the detailed performance requirements of the applicable equipment specification.
Acceptance criteria shall include per ormance requ1rements tor individual
' s or for continuous chaff a
T ver

i

fied radar resolutlon cell o ells in terms of p051t10n with respect
to the deploying aircraft. Acceptance crlterla for continuous chaff shall

be as above, except that homogeneity of the chaff trail shall form a part

of the acceptance criteria. Usually the position of the radar resolution
cell used for acceptance measurements will be 2 seconds behind the dispensing

aircraft; however, for break lock chaff, measurements shall be made closer
to the aircraft; and for low frequency rope, measurements shall be made farther
from the aircraft with respect to time. Acceptance criteria for preproduction

and productlon chaff payloads shall be formulated in accordance with the
equirements of 4.3 herein. Iu cases where detailed performance requirements

-
=)
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5. TEST PROCEDURES
5.1 General. The test procedures contained herein are for the purpose

of providing uniform detailed instructions to be used in measuring the RC
of preproduction and production samples of airborne chaff payloads. All
measurements shall be made u51ng conventional pulsed weapon control radars

P s | SN -

JU. | PR

equippea with pulse-to-pulse RCS processing instrumentation Capdole of meetlng
the requirements of 6 5. Deviations from the procedures contained herein
or in the detailed performance requirements shall be approved by the PCO prior
to initiation.
5.2 Pre-Test preparation
5.2.1 Test data. Prior to initiation of any test, the appropriate information

shall be entered in the test data and log sheet as described in 4.5.1 and
4.5.2 herein.

5.2.2 Radar checks. Prior to initiation of any test, the following radar
checks shall be made, and appropriate entries shall be made in the test data.
a. Power up and stabilize the radar.
b. Use standard procedures from the radar manual to set
operating frequency, and record the frequency on the test
data sheet.

d. Use a radar test set or external signal generator to inject
a signal into the radar, and measure the minimum detectable
signal level. Record this value on the test data sheet.

P |

Ensure this value compares with normal operatlng values.

e. During sphere calibration discussed in 5.2.4, record the
maximum range tracked in autotrack mode for indication of
transmitter power output; or use a radar test set to measure

smitted power. Record this value on the test data

f. Verify overall radar performance in accordance with the
applicable radar manual.

tn -;n1' +1 n of any test

5.2.3 Instrumentation checks. Prior to initiation ny test, the
following instrumentation checks shall be performed. (Equivalent instrumentation

checks may be used when the measuring instrumentation is not compatible w1th
the following procedure.)

[
bt
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a. Power up and stabilize the instrumentation.

b. Follow equipment operating procedure to initialize the
system, and proceed to data taking (run) mode using
A = N

Ve

L =

c. Set full scale RCS = 10 square meters; set range = 2560
yards; set gate spacing = 200 nanoseconds.

(49
5=

r+taor
LLea

o o0

e. Set radar coordinates to Range = 2560; Azimuth = 45 degrees;
Elevation = 11.25 degrees. Azimuth and Elevation readouts
~lLAa11 ‘—.J-A,\‘-n VE v~ A A £:411 an~nnanlAa
Slidi 4 iiuicacc Z—J kJCLLCllL VL AUl i ovale .

f. Change coordinates to Range = 2560; Azimuth = 90 degrees;
Elevation = 22.5 degrees. Azimuth and Elevation readouts
shall indicate 50 percent of full scale.

g. Initiate TAPE switch. Press and hold A/D converter TEST
button for 3 seconds.

h. Terminate processor run and verify correct time printout
on teletype.

i. Replay run just executed and verify identical RCS, Azimuth,
and Elevation values.

5.2.4 Radar and instrumentation calibration. Calibrate the radar and
instrumentation relative to 1 square meter using the radar and instrumentation
calibration procedures and a standard calibration sphere and balloon. Acquire
5 seconds of sphere calibration data for reference.

5.2.5 Loading and verification of payload. Prior to loading, conduct
a check on dispenser performance using the appropriate ground checkout precedures.

If the dispenser pod is instrumented, ensure that all instrumentation is
functlonlng properly. Using the procedures published in the dispensing equipment
manual, load the payload in the amount specified in the detailed performance
specification sheet. Install marker units in accordance with the requirements

£ +hnan Aa+tarilaA wE£ £ ch + D A +hao
of the aetailea periodormance SpeC.lLlCaLLuu sneec. Record the exact lcocad and

deployment sequence on the log sheet. Conduct pre-mission ground check to

ensure that the loading has been conducted in accordance with the loading
requirements, log sheet, detailed test plan, and detailed performance specification
sheet.

5.3 Control nrocedures. Central onfrn] of the test shall be from

the ground radar installation using the standard ground-to-air communications
equipment in use at the particular test faC111ty. Commands for starting and

stopping deployment of chaff, and commands for correction to the flight

(g}
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path due to the presence of old chaff or other detrimental conditions shall
be given by the test engineer at the test facility. All corrections to the
flight path shall be noted in the test data.

5.4 Aircraft operation. The type of aircraft used to conduct the flight
test shall be specified in the detailed performance specification sheet. The
aircraft flight profile and weather conditions shall be as defined in 4.4
herein. Unless otherwise specified, the aircraft shall be equipped with a
radar beacon or reflective lens to be used as a target for the tracking radar.

is not prac
mode.

The radar shall lock-on and track the aircraft on each run prior
to the deployment of chaff. After the data system is initialized, haff

drops shall begin, and the radar shall continue to track the aircraft in
both angle and range. Except for measurlng old chaff (chaff whlch has been
deployed for more tnan a minute)

is locked
15 1UCLRCU

Q
=
£
[s
-
S
C

The operation of the radar(s) shall be continuously monitored during
the test to ensure that the radar is stable and satisfactory.

Cc & Tn

5.0 1NiS edures. The oceneral

The general op ing pr ur

supplied with the RCS processor and other instrumentation shall be utilized.
Additionally, the procedures of 5.6.1 or 5.6.2 shall be used depending on
the type of test being conducted as specified in the detailed performance
requirements.

5.6.1 Procedures for collecting data on chaff immediately behind the
aircraft. For those cases where the chaff is measured immediately behind
the aircraft, the following procedures shall be used.

ate number 2 shall be used to track the aircraft

When a beacon track is available, the processor gates shall
be slaved to the beacon range gate. Where beacon track
is not available, the operator shall choose either the

mOdé or | ssor track mode - whichever
most s

b. Fifteen sample gates shall be used to collect RCS data.
One gate shall be in front of the aircraft, 1 on the aircraft,

2
and 13 gates behind the aircraft. Data shall be taken
in all gates starting just before (approximately 2 seconds)
chaff is first deployed during a run and ending just about

1 second after the chaff has passed through the fifteenth
gate.

13
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c. The 15 sample gates shall be spaced such that they fall
within the 3 dB two-way beamwidth of the radar antenna.
The gates will most usually be spaced one radar pulsewidth
apart, however, for very long pulsewidth radars, the

spacing may be less than one pulsewidth when it would
otherwise be impossible to keep all gates within the 3

dB beamwidth restrlctlon

5.6.2 Procedures for collecting data on old chaff. For those cases where
measurements are made on old chaff, the following procedures shall be used.

a. Data shall be taken with the gates stationary and positioned
over the chaff cloud. This may require repositioning the
gates when the cloud is very long.

b. Data shall also be taken when the gates are swept in range
over the cloud at a rate of approximately 400 feet per
second. The processor shall be operated such that all
gates sweep over the cloud in one direction and then
reverse across the cloud at the same rate. At least

four sweeps shall be made across the cloud per data run.

c. The gate spacings shall be as listed in 5.6.1l.c.

5.6.3 Other data. In addition to the RCS data, the azimuth and elevation
angles from the radars, and the time of day shall be recorded. Other data,
such as the type of aircraft, type of chaff, type of radar, pulsewidth, PRF,
altitude, and calibrated airspeed shall be recorded at the beginning of each
test mission and at such times as there is a change in any of these parameters.
These data shall be recorded on 9-track magnetic tape for permanent record.

5.7 Data processing. After the test is completed, the data shall be
processed using on-site data processing equipment. As a minimum, the following
outputs shall be provided.

a. A printout of first level statistics as defined in Note
6.2.1.3.

b. A printout of second level statistics as defined in Note
6.2.1.4.

c. A printout of the second level statistics normalized to
an aspect angle of 10 degrees as defined in Note 6.3.2.

d. A printout of the second level statistics normalized to
an aspect angle of 10 degrees and also normalized to
boresight antenna gain as defined in Note 6.3.1 and 6.3.2.

e. A growth curve of the normaiized data from b, c, and d above.

14
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f. A plot of the shadowgraph for chaff as defined in Note
6.2.1.4.

5.7.1 Data formats. The £ ata lis 0
above are shown in figures 4 through 9. In addition, the data may be processed
in any or all of the other methods described in Note 6.2 as required by the
detailed performance specification sheet.

ot
1)
o

in a. through f.

1
il G :

5.7.2 Data retrieval. All processed data shall be coded for machine
retrieval by any of the following parameters: type of aircraft, type of

radar, type of chaff, manufacturer, test range, or date and type of test.
Data retrieval codes are contained in the Appendix to this standard.

5.7.3 Data PlebvuLdLioﬁ. Data processed as described in 5.7 shall be
reviewed by the test engineer. For tests which meet all of the criteria of

the detailed performance requirements and the detailed test plan, a message
shall be forwarded from the test activity to the cognlzant activity for chaff
procurement. This message shall contain the contract number, iot number,

and serial number of the chaff which was tested; thc date of the test; and

the necessary information indicating that a satisfactory test was conducted

and recommendation of lot acceptance. For tests which do not meet all of

the criteria of the detailed performance requirements and the detailed test
plan, a report shall be prepared by the test engineer presenting all of the
availabie data relative to the test, including the data of 5.7 herein. This
report shall be forwarded to the cognizant Naval activity for chaff engineering

support along with recommended action.

15
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6. NOTES
6.1 Intended use. This standard is intended to provide a uniform test
procedure to be followed in making RCS measurements of preproduction, initial
production and production lot chaff samples to ensure satisfactory performance
of procured chaff when aep yed fo f
T i eratio

protection At A 3N

self protection or saturation purposes

o1

6.2 Data processing
6.2.1 Required data processing. The RCS data on permanent storage on
9-track digital tape shall be processed as follows for each test

6.2.1.1 Select data. Data selection shall be performed by determining
the time period when the chaff is in the radar resolution cell being measured,
and processing only these data. The shadow graph requirement of 6.2.1.2
~t

2hall La svsoad 4+ as A -
shall be used to aid in the selection of good data

6.2.1.2 Shadow graph. Calculate and plot the shadow graph of first level
statistics for discrete chaff units and continuous chaff trails in each of
the sampling gates. The shadow graph processing technique depicts RCS as
a function of time, and shall be used to determine when the chaff is in the
radar resolution cell being measured and to define the size of any significantly
weak or strong points along the chaff cloud. Upon determination of good data,
the pulse-to-pulse information shall be omitted or included in the first

PR,

ed specification sheet for the appl
black line) of the shadow graph sha
percent of the pulses will be shown as saturated The number
of pulses per second that are printed on the shadow graph shall vary between
0 and 300 based upon the following sequence:

ff type. The saturation
en such that no

—
o
il

»n O.

r PRF of 0 to 300 - every pulse

Radar PRF of 301 to 600 - alternate pulses
Radar PRF of 601 to 900 - every third pulse
Radar PRF of 901 to 1200 - every fourth pulse
Radar PRF of 1201 to 1500 - every fifth pulse

+ ~
cC.

]

6.2.1.3 First level statistics. Calculate and print out the first level
statistics of the RCS values for each of the discrete chaff units or samples
of continuous chaff in each of the sampling gates. The first level statistics

shall include: the average RCS values of all of the pulses processed in
that test group; the standard deviation; the maximum RCS value for any pulse
in that group; the minimum RCS value, the RCS value which was equaled or

exceeded by 90 percent, 70 percent, 50 percent, 30 percent, and 10 percent
of the pulses; and the number of pulses included in the group.

16
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con
RCS v for each ype discrete

that was tested under the same conditions. The statistics shall be the same
as those listed in 6.2.1.3 except that the inputs will be first level averages
instead of the pulse-to-pulse RCS data.

nd level statistics. Calculate and print out the second level
S values for each type of discrete chaff unit or chaff Sample

t+ the chaff ornwfh curve; i.e

6.2.1.5 Growth curv

€. Ca 1 s 5
the second level average RCS values in e
6.2.1.6 Normalized data. Calculate the aspect angle and the degrees off

boresight for each of the data runs. Using these values, normalize the second
level results to 10 deorees asnect ano]p and 0 Hpgrpp antenna hanQiohf HQinO

AaCSWRalS CeittS Spe

the processing equipment operating 1nstruct10ns and the information contalned
in Notes 6.3.1 and 6.3.2.

6.2.2 Optional data processing. Unless otherwise specified in the detailed
qnpn1F1r2r1nn sheet; the Fn]lnw1na data nrnrpqq1na is ontional and may be

__________________ 10110 dadld TRCes51N Op Lo

performed at the dlscretlon of the test engineer.

6.2.2.1 First level statistics of selected sample gates. Plot the first
level statistics of the RCS values for each discrete chaff unit or sample
of continuous chaff for selected sample gates. The RCS value shall be plotted

versus the percent of pulses that equaled or exceeded that RCS value. RCS
values shall be quantized and plotted in approximately 0.3 dB steps.

.2.2.2 First level spectrum data. Calculate and plot the first level
trum data for each discrete chaff unit or sample of continuous chaff for
selected sample gates. The number of points in the Fast Fourier Transform
will depend upon the number of pulses of data available for processing. The
energy contents shall be plotted against frequency out to one-half of the
sampling rate (PRF of the radar). The average RCS value, the maximum energy
content at any frequency, and the frequency resolution of the plot shall be

printed on the data sheet

6.2.2.3 First level filtered RCS data. Calculate and plot the first level
filtered RCS data for selected sample gates. The time constant of the filter
may be selected as desired. The RCS values into the filter shall be quantized
in approximately 0.3 dB steps, and the filtered results shall be plotted as
a function of time.

6.2.2.4 Pulse-to-pulse RCS data. Print out the pulse-to-pulse RCS values.

6.2.2.5 First level changes in RCS values. Calculate and print out the
first level statistics of the changes in RCS values from pulse-to-pulse for
each of the discrete chaff units or samplies of continuous chaff in each of
the sample gates. These statistics shall include: the average change in
RCS values of all of the pulse pairs processed in that group; the standard
deviation; the maximum change in RCS value for any two consecutive pulses
in that group; the minimum RCS change for any two consecutive pulses;

"
~l
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the change in RCS value that was equaled or exceeded by 90 percent, 70 percent,
50 percent, 30 percent, and 10 percent of the consecutive pulses; and the
number of pulse pairs included in the group.

6.2.2.6 First level changes in RCS values for selected sample gates. Plot
the first level statistics of the changes in RCS values from pulse-to-pulse
for each discrete chaff unit or sample of continuous chaff for selected sample
gates. The changes in RCS values shall be plotted versus the percent of

pulse pairs that equaled or exceeded that change in RCS value. RCS value
shall be quantized in approximately 0.3 dB steps.

U)

6.2.2.7 Second level spectrum data. Calculate and plot the second level
spectrum data for selected sample gates. These plots are 1dentical to those
......... TIaTY (R o B e T

of 6.2.2.2 except they are an average of '"N'" first level spectrum plots, where
the data for all "N" plots were taken under the same conditions.

6.2.2.8 Second level changes in RCS values. Calculate and print out the
second level statistics of the changes in RCS values of the pulse to-pulse

+lane AL £ D D C Aoy + +h
l’\bD ude IILLD PL.LI[LUUL Lb lUUIlLLLdL LU Llld.L Ul U.4.4.90 TALTPL J..L J.D Ciic

average of '"N'" first level printouts.

6.2.2.9 Second level changes in RCS values for selected sample gates. Calculate

and plot the second level statistics of the changes in RCS values from pulse-
4+~ _mislon €Aan anah dic~natn ~Alhaff snmidt An camnla Af ~Ant+in rhaff FAr cnlarn+tnAd
LU_PULDC 1U1 Cacll Ui1id>Ll1TLT uvliail uUlli v vi DallllJLC Vi Lulilel

sample gates. These plots are identical to those of 6.2.

the average of '"N'" first level plots, where the data for
taken under the same conditions.

uot

<
11 S Liiall 1uvul STalulLilcu

2.6 except they are
all "N" plots were

o7 NAsemal 3 Tra+iAan AL da+an chall ha o

(2 Normalization. Normalization of data shall be a
compensate for variations in measurements caused by changes in antenna boresight,
changes in aspect angle, and changes in the effect of shielding caused by
changing the dipole density of the cloud as seen by the radar.

had +n
- v

A T 1 N~ aliza+tinn Far antanna har
Vedds 4 A‘ULIIICLLJ.AGL.LUIA Lwa alilLvililiia [T

RCS measurements under two conditions. One condition is where the size of
the chaff cloud, the range from the radar to the chaff cloud, the antenna
beamwidth, and the aspect angle combine to put the chaff cloud in one radar
resolutlon cell across the antenna beamwidth such that the chaff elements

Nnarte nf +ha n1nn.4 avra 11liminatad hy mare nower than 01 omontc
in Oon¢ Or mOrC parcts O Tn€ Cafdud are 1lluminated oYy WMCI<C PO nall CiCmentTs

in other parts of the cloud due only to antenna gain. The other condition

is when the radar tracks the deploying aircraft and chaff is measured at
distances of several hundred feet back of the aircraft; and the range, antenna
Deamw1atn and aspect angle combine to reduce the gain of the antenna for

nurnncac ac +1\a nhqcf (‘1!\11(] mnveace haclk fram the 91'Y'nrQF+ Althoucoh
llmuqu;;lls IJMLHUJUJ aS il Chnax moevesS CalCk ITCi Tl airdrartT. v LA0Ugn

antenna gain effects on large chaff clouds can usually be eliminated by proper
test planning, discrepancies in RCS values caused by measurements made 1000

to 1500 feet behind the aircraft will occur, and must be corrected for by
normaiizing test resuits. The procedures to be used for normalizing to antenna

horeciacht are ac fnllowcg:
oCTC51gnt ard asS ICii0WS.

ah+ Antanna aoai
Biic . Adicliiiia gain
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1

off boresight for each of the radars to be used in the chaff
measurements program. This curve shall then be stored in
memory and used in the data processing program to make

the necessary corrections.

nc

1 Tirra n ?:-nnf—
1US C

c -~
S Curve as a 1unc

o

b. Calculate the point on the antenna pattern at which the
radar resolution cell for chaff measurements occurs using
the range, antenna beamwidth, aspect angle, and the distance
from the tracking point to the point of measurement.

c. Normalize to antenna boresight using the results of "a"
and "b".

d. The two-way loss of the antenna can be calculated by
cnmaring +tha Ana_wav lAcce Tha anala Aff haraciaoht nr
squaring the one-way loss. The angle off boresight for
the measurements made in each gate may be defined by
R = M_\yn a WV 9¢ +ha acnart anale A 1¢c +the dictance
8 R where ¥ 1s the aspect angle, d 1s the distance
from the point of tracking to the radar resolution cell
haing maacnirad R ic¢ tha r»adar ranoo and R 1c the anole
being measured, R is the radar range, and B is the angle
off boresight in radians. Second level statistics may be

normalized using one aspect angle when the angle does not
change significantly from the start to the end of the
data run.

6.3.2 Normalization for aspect angle. Aspect angle is a critical factor
in making repeatable RCS measurements. It is nearly impossible to make RCS
measurements on several data runs using the same aspect angle, yet, changing
the aspect angle will considerably affect the RCS values obtained. The computer

nrocram for normalizing to 10 degorees asnect angle takes in to account two
préegram ICer noérmailzing iU Qegrees aspect angie taxes 1n account

effects of aspect angle as related to RCS measurements.

a. The change of the physical size of the chaff cloud as
seen by radar

b. The change in shielding that occurs due to changes in the
aspect angle.

2

The cloud size as seen by the radar is A = T—%?—-cos Y + &D sin Y where D
is the distance across the chaff cloud, & 1is the radar pulsewidth divided

v tha A sl ~L

~ .~ o~ ~ ~
vy LIIU \.«UD_Lll vL 1T, 4alld T 15 dllg1€ Vd.lucb Ul IJ ldllgb LLUHI J LU
10 feet denpnd1n unoOn a i

3
ct
0 1pON e ai nd distance behind the aircraft. Usi
a value for /D, the rat s of A can be defined for different aspect angles.
For other than continuous chaff or large chaff clouds, the length of the
cloud is smaller than the radar pulsew1dth an thus becomes the value for
% in the formula. A typical &/D ratio for continuou
for discrete type chaff is 6. These values v
of aircraft and dispenser location, and time after deployment.

actual values should be measured and used.

-
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When the values are not available, the nominal values listed above shall be
used.

Shielding causes the RCS values to change when the dipole density
of the cloud as seen by the radar changes. The dipole density, as seen by

the radar, changes when the length of the cloud (measured along the direction

AL donra AL tha mada ra N Thi EH
of travel of the radar wavc; Cnanges. This distance through the chaff cloud

is equal to the cloud width divided by the sine of the aspect angle. The
dipole density for any aspect angle is determined by the dipoles per unit
length of the chaff cloud divided by the area of the unit length as seen by
the radar, and this quotient is multiplied by the unit distance the radar

wave travels through the cloud. The amount of shiclding resulting from these
dipole densities is determined from normal shielding theory
6.4 Calibration. Calibration shall be performed for absolute RCS and

to ensure system performance.

6.4.1 Calibration for absolute RCS. Calibration for absolute RCS shall
be performed prior to and following each test mission at each radar frequency
at which measurements are being taken. Unless otherwise specified, calibration
for absolute RCS shall be made using a sphere of known size that is lofted

h hall A 1
by a ballocn, dropped from an aircraft, or towed by an aircraft. If exception

is authorized and measurements are taken using a corner reflector, flat plate,
or Luneburg lens; the calibration procedures shall ensure that the effects

of lobe structures in the reflector pattern are eliminated. The procedures
contained in the operating manual for the processing equipment shall be followed

s . :
during calibration, and the signal-to-noise ratio used for calibration purposes

shall be maintained at +10 dB or greater.

6.4.2 Calibration of system performance. Calibration of system performance
versus power into the antenna shall be accomplished by injecting a signal

e . . .
into the radar receiver with a signal generator and measuring the video outp
e

as a function of input. Chart recordings or tables shall be made during th
calibration, and these data shall be made a part of the test records.

ut

6.5 Requirements for RCS instrumentation. The following requirements
e nrovided for the RCS measurement instrumentation These requirements

shall be used to establish the suitability of RCS instrumentation for performance
of the chaff measurement techniques described herein.

a. Instantaneous Dynamic Range: 60 dB required, 80 dB

desirable

b. Operating Range: 0.3 to 65 nautical miles required,
ranges out to 125 nautical miles desirable

C. RCS accuracy: 1 dR

d. Measurement (range) gates: 15

20
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e. Permanent Record: Nine-track digital magnetic tape
f. Data output: Eight range gates in real time on chart
recorders, with 15 range gates in permanent records on
nine-track tape.
g. Data recorded: RCS in each range gate for each radar
pulse. Range, time, azimuth, and elevation information
at least four times per second.
h. Positioning of sample gates: Fixed, slaved to a radar,
or swept
i. Gate sweep rate: 1 to 4095 ft/sec
Jj. Gate separation: 0.2 to 25 usec
k. IF frequency: To match the radar
1. TIF bandwidth: At least 10 MHz

6.6 Future Changes. Review and user information is current as of the
date of this document. For future coordination of changes to this document,
draft circulation should be based on the information in the current Federal
Supply Classification Listing of DoD Documents.

6.7 Cognizance. This standard is under the cognizance of NAVAIR-5332A.
Custodian: Preparing Activity:
Navy - AS Navy - AS

Project No.
J MISC-NT60O
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APPENDTX
10. GENERAL
10.1 Scope. This appendix establishes uniform data retrieval codes to
be used for storage and archiving of processed chaff radar cross-section data.

20. REFERENCED DOCUMENTS
Not applicable

30. DEFINITIONS
Not applicable

40. GENERAL

40. Data Retrieval Codes. Data retricval codes oV y
archlved data may be retrieved by the processing equipment operator when any
combination of codes (radar, facility location, type of test, type of aircraft,

type of chaft, chaff manufacturcr, and date) arc fed into the processor.

Data retricval codes shall bhe recorded on the nine-track tape prior
to cach flight test with the apnronrldto information as contained herecin.

Additional data retrieval code requirements shall be coordinated

through Naval Avionics Facility, Indianapolis (Code 942) AV. 724-3855 prior
to implementation

50 DETAIL REQUIREMENTS

50.1 Retrieval Codes. Retrieval codes shall be assigned as follows:

50.1.1 Radar Codes. Radar codes shall be as contained in Table 1.

TABLE I. Radar Code Assignments

Radar Type

@]
o]
(o9
(¢

[SalE SN B SO R

1 Radars at \ll\'( China Lake

1 .“._.,. ........... LANT

her CBD Radars

<.> i\)
I

O‘\
O W

8-
opecia 30-
Special Radars at NATC, Patuxent River 50-

50.1.2 Location Codes. Location Codes shall be as shown in Table IT.
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TABLE I1. Location Codes

Location Code

Chesapecake Bay Division, Bldg. 2
Naval Research Laboratory
Chesapeake Bay Division Van
Wallops Island
Other Naval Research Laboratory
Locations 3-100
White Sands Missilec Range 101-200
Naval Weapons Center, China Lake 201-300
Naval Air Test Center, Patuxent River 301-400

i}

(2 I SR

50.1.3 Type of Test Codes. Type of test codes shall be as contained in
Table IIT.

TABLE ITI. Type of Test Codes

Type Code

Production Lot Test
Preproduction Test

,,,,,,

Measure Signal Generators
Measure Standard Targets
RCS of Aircraft

RCS of Ships

NI O BN

50.1.4 Aircraft Codes. Aircraft codes shall be assigned as contained in
Table IV.

TABLE IV. Aircraft Codes

@)
[@]

¢

[¢]

Aircraft

o~ O BN

50.1.5 Target Codes. Target codes shall be assigned as contained in
Table V.
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TABLE V. Target Codes

Target

@]
o
oL
¢}

22 inch sphere

SIL (Lighthouse)

Spheres and Standard Targets
Air Force Low Frequency Chaff
Chaff Cutter lead No.
Chaff Cutter Head No.
Chaff Cutter llead No.
RR-129

RR-152

RR-153

RR-171

RR-172

RR-173

R-172 {glass)

6 inch c<nhere
6O 1 sphere

[O8 B SR
WO - 00 DO ANt -

)0

O P b b b= e s e e
RN

(89}

K-
RO

DN N N TN D DD N —
WM

ol v]
SO

[« §]

1

o
=

p:

50.1.6 Manufa

1

contained in Tab

t
e

TABLE VI. Manufacturer Codes

[}
O
(=9
(4]

Manufacturer

Lundy

MB Associates
DMAC

Reynolds Aluminum
North Star

Hycor

Goodyear

—
1
2
2]
o
3
VT

[€ BN Ne)
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