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When U. S. Government drawings, soecifications, or other data are 
used for any purpose other than a definitely related Government procure¬ 
ment operation, the povernment thereby incurs no responsibility nor any 
obligation whatsoever, and the fact that the Government my have fol¬ 
iated, furnished, or in any way supplied the said drawings, specifica¬ 
tions, or other data, is not to be regarded hy implication or otherwise, 
or in any manner licensing the holder or any other person or corporation, 
or conveying any rights or permission to manufacture, use, or sell any 
patented Invention that may in any way be related. 

Ho not return this copy. Pétain or destroy. 
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FOREWORD 

This report Is based on actual radar cross section measurements 
made at the Armament Development Test Centers' Radar Target Scatter 
Division (RAT SCAT) of the 6585th Test Group. RAT SCAT Is located on 
the Alkali Flats, Holloman Air Force Base, New Mexico. This Facility is 
operated and maintained by Dynalectron Corporation, Radar Backscatter 
Division, under contract F29601-74-C-0109 and Is under the specific 
direction of the 6585th Test Group. The AF Project Officer Is Lt Colonel 

Gerald J. Hletpas. 

Correspondence pertaining to this report should be addressed to 

the attention of the 6585th Test Group (RX). 

/ 

_ 
Chief, Radar Target Scatter Division 
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ABSTRACT 

This report summarizes performance evaluation tests on a variety 
of co were lall y available thin flexible sheet type radar absorber materials, 
including both resonant and non-resonant types. A corner reflector 
tes*, technique was used which allowed test and evaluation of the 
absorber at both normal incidence and grazing angles cut to ninety pO) 
degrees. Fourteen types of RAM were tested at frequencies near 11, 13, 17 
and 35 GHz. The higher frequency data and off-normal Incidence data in 
this report are often unavailable In RAM manufacturers literature. 

RAM types tested Include: FGM-40, ANW-73, ANP-74XP, AN-73, AU-72, 
AN-76, ANP-73, NRL-2764B, SF-14, GRAM-52, and NR-95. 

This report provides reproductions of the data runs taken and 5 
degree median plots of each run. The measurement configurations and 
parameters for each cut are Identified on each pattern with an overall 
summary chart Included In the main body of the report. 

These measurements were taken at the Radar Target Scatter Division, 
6585th Test Group, Holloman AFB, New Mexico for ASD/YH (B-1, SPO) of 
Mrlght Patterson Air Force Base, OH. 
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srcTion i 

PURPOSE 

The purpose of this series of diagnostic ““JJ 
select RAM for a scaled radar backscatt.er model of the B-l bomber. 
The Intent was to select PAM for the model that "^Id most closely 
approximate the scaled characteristics of a structura 
glass covered) used on the full scale T-l airframe. 

This careful sélection of "AM for the model helpod assure the 
best possible Radar Cross Section model tests, thereby Increaslne the 

accuracy of the full scale aircraft RCS predictions. 

1 
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SECTION II 

INTRODUCTION 

The objective of this program was to generate a data file on the 
attenuation characteristics of various types of coinnercially available 
absorbers. In this program, we evaluated this absorber not only at 
normal incidence (winch is often the only data readily available) but 
also for grazing angles out to ninety degrees. Tata on attenuation 
characteristics of absorber at these large grazing angles is useful in 
many applications and this report thus nay orovida an excellent reference 
data base for RF design engineers. r>aw data plots are shown along with 
five degree median plots. 

In all, fourteen (14) different types of nAM were tested at fre¬ 
quencies near 11, 13, 17 and 35.0 GHz, including both resonant and non¬ 
resonant types. The higher frequency data and off-normal incidence data 
i~ thJs report are often unavailable in RAM manufacturers literature. 

Two different size corner reflectors were used, a 4-mcn square 
dihedral and a 12-Inch square cihedral. It was concluded from 
observation of the data that an optimumly sized corner reflector for 
this typp measurement is approximately 12 wave lengths on a side. 
This translates into a 4-inch corner reflector at 35.0 GHz (approximately) 
and a 12-inch at 10.0 GHz (approximately). This aspect o* the measure¬ 
ments will be considered in detail in the main text. 

This report presents the raw data ano median plots along with a 
description of the measurement technique, possible sources of error 
and a commentary on some ot the najor aspects of the results. 
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SECTION III 

TEST CONDITIONS 

Measurenent Appro; ch 

A dihedral ,'eflector was used with one surface covered with the RAM 
material under test. The data pattern of each configuration was compared 
to a pattern from a completely bare reflector. The data is presented in 
this manner, i.e., two patterns arc stacked on each data plot. The higher 
level pattern is the return from the bare reflector and the lower pattern 
is from the treated reflector. The attenuation is then the difference 
between the two curves. Nonna 1 incidence occurs at 315 degrees. Ninety 
degrees orazing angle occurs at 45 degrees on the pattern. In the latter 
case the radar looks directly into the bare plate of the treated corner 
reflector. The section of interest on each plot is 45 degrees to 315 
degrees, a RO degree interval. (See Figure No. 1). 

’jeasûrement Set-up Conditions 

The following test setup conditions were used: 

Frequencies: .O.o? GHz, 13.3 GHz, 17.5 GHz, 34.8 GHz 

Range ^209 feet (far field) 

Polarization, linear A and HH 

The data were obtained with a long-pulse radar system operating on 
a ground plane radar range. Sections 1 and 2 of Appendix A and Table 
A-l of Appendix A summarize the characteristics of RAT SLAT facilities 
and equipment. 

Measurements were made on the RAT SCAT ground plane radar range. 
The corner reflectors were placed in an electromagnetic field which is 
the vector sum of: 

1) The direct wave (path from transmit antenna directly to the 
target) 

1) The 'exacted wave (patn from transmit antenna to the target 
via -^flection from the ground) 

3 “ne si.fact wavt (energy conoucceo along the surface of the earth) 

3 
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Accordingly, the vector su'm pri;>luces an interference pattern at the 
target. The h iqht of t*<e raoat antenna above ground (:ia) is adjusted 
so that the target is located in t; - Hrst 1obe of tne interference pat¬ 
tern at a height (H^) described by the equation: 

With a range of ¿200 feet arc' target height of 10 feet as fixed parameters 
the transmit antenna height vas established as a iunction of the wave¬ 
length of the operating frequency. In order to insure that the target 
was at the approximate peai of the first interference lobe of the 
transmitted beam, a vertical field probe was used. Table I gives the 

antenna heights used for the project. 

-recaency 

0,920 MMi 

3,3C0 MIL 

17,500 M. î 

3* ,80b -,112 

Table I AdTENM HEIGHT VERSUS FREQUENCY 

__À_ 
(ft) 

0 090 

0.074 

C.056 

: 028 

Transmit 
Antenna Height 

(ft) 

5 

4 

3.1 

1.5 

Target Descript:or 

Corner reflectors of two different sizes wert used. There were four 
Inch and eleven inch square reflectors. They were mounted on styrofoam 
columns (I lb. density) and are shown in Figures 2 and 3. Each reflector 
was set on the edge of their foam transition for minimum Interaction of 
the incident wave with the foam column. This was essential at 35.0 GHz. 
A light weight string was used to support the reflector (80 lb. line). 

The RCS measurements were extremely critical, particularly at 35.0 GHz. 
Tne procedure given in F.gure 4 v/as used to level the reflector prior to 
and following each run. This procedure was required, particularly at 

0 GHz, to insure an accurate measurement. The reason for this is that 
che specular obe, common tc both absorber and non-absorber runs, would 
proouce significant power level variations without this target leveling 
procedure. A practical c ze for a reflector in this type of measurement 
•is one nich is sized tj iroauce a specular lobe sufficiently broad to 
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Table at 45° Azimuth 

c1gure No. á Revi acto»' Mountino Procedures 

i 

ji.. 
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•How for reasonable tolerances In leveling the reflector and sufflcletitlf 
narrow to minimize edge effects from the reflector. It appears fron, the 
data taken that the best compromise between the two conditions 1s a four 
inch square reflector at 35.0 GHz and a twelve Inch reflector at 10.0 GHz 
which rounds off to a reflector size In the order of 12 wavelengths on 
a side. Another disadvantage of a reflector significantly larger than 
12 A on a side Is that It produces such a narrow lobe, that In the 5* median 
plots, the lobe disappears, thus rendering Interpretation of the median data 
extremely difficult. If not Impossible. All absorber was taped to the 
reflector and particular care was taken to Insure that It fitted the re¬ 
flector plate exactly, with no bare metal exposed, and where required, 
carefully smoothed to the surface of the 1/8" thick reflector. 

Generally, then, considerable care was required In this measurements; 
the target reflector was carefully leveled prior to and following each 
run, column mount was designed to present minimum Interference with 
the target response, supporting strings were tailored and spaced for 
minimum cross section and Interference. Final data runs were repeated 
over substantial intervals of time to Insure repeatability and accuracy. 

ÍJ 
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sccTiori IV 

proccdur: and results 

Results 

Talle II suinriarizes t!>e absorber raeasurement program which was 
conducted. Column 1.0 lists tne ahsorl^er, column 2.0 the reflector 
size, and column 3.') the frequencies. 

Three samples of two types of absorber were measured as a check 
on the uniformity of their absorptive characteristics. These were 
ANH-73 and AMP-74XP. Three samples of each viere taken from a single 
2' X 2‘ niece of absorber and used on the 12" reflector. 

A. 

The followinn summarizes the comparative runs: 

Type AN’'-73 

Run ilos. Polarization 

123 ano 124 HH 

125 anc. Í2G HH 

127 and 128 HI! 

Frequency 
('»Hz ) 

14.0 

34.0 

34.8 

141 and 142 VV 

133 and 134 VV 

111 and 132 VV 

34.8 

14.8 

34.0 

3. Type A73 

Run Hos. 

210 and 231 

2.3* anu 237 

233 and 23r 

Polarization 

VV 

VV 

VV 

Frequency 

(r»"z) 

13.3 

13.3 

13.3 

V: 



U 
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ö 
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'¿y¿ und 233 

23' and 230 

240 and 2Í1 

L . T¿'j)C A!jU-73 

nun Nos. 

/ and <J 

and in 

11 and 12 

and ? 

3 and A 

0 an^ 6 

D. Type ANr~74/,P 

Hun Nos. 

149 and 150 

153 and 154 

151 and 152 

155 and 156 

HH 

III! 

lili 

Polarization 

VV 

vv 

VV 

dll 

III! 

Polarization 

VV 

VV 

¡III 

III! 

12 

1 j • 

13.3 

13.3 

F roouency 

n.n2 

10.32 

10.92 

10.9? 

10.92 

10.92 

/ 
!requency 

(0Hz) 

34.0 

34.C 

.... - ..... ... „.IL.^1 . ». . ,.. 



-
 

252 end 253 111! 13.3 

U 
0 

F. Type AMP-74XP 

Run Nos. 

13 ano 14 

15 an* 16 

17 and 1G 

Vj and 23 

21 and 22 

23 and 24 

Polarization 

VV 

VV 

VV 

Hit 

Mil 

Mil 

F requency 
(5!!z) 

10.92 

10.92 

10.92 

10.92 

10.92 

10.92 

This data shows that only fair consistency exists In the character¬ 
istics of absorber taken from the same sheet. 

As an example, three samples of ANW-73 which were measured at 
35.0 GHz and 10.92 GHrv/ith horizontal polarization are compared 
(Table III and IV) at three grazinq angles. 

13 
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Table III 

Grazinq 
Angle 
(Deq) 

n 

30 

60 

COMPARATIVE DATA Oil AMW-73 (35.0 G!!z) 

Sample Sample Sample 
*1 P2 #3 

(d0) (do) (dB) 

15.0 18.0 10.0 

16.5 20.0 13.5 

9.5 9.5 9.5 

These same pieces are shown below for tr.e same polarization for 
their responses at 10.92 GHz. 

Table IV COMPARATIVE DATA Oil AHVI-73 (10.92 GHz) 

Irazing 
Angle 
(Oeg) 

C 

30 

Sample 
K] 

“TdÕF 

21.5 

26.5 

Sample 
T2 

IdïïT 

15.0 

19.0 

Sample 
_#3 
(dB) 

15.5 

21.0 

60 16.5 14.5 17.1 

In general, both the AfiH-73, as shown above and the AN74-XP showed 
more consistency between -.amples for vertical polarization than for 
horizontal polarization. 

FGM-40 had very poor attenuation at the frequencies measured. 

For example: at 13.3 GHz - 5.0 dB (approx.) 
at 35.0 GHz - 1.0 dB (approx.) 

‘lote: Median data Is not available for this material at 35.0 GHz. 

The resonant absorber types, MRL-2764B, SF-14, GRAM-52 and ¡18-95 
were most effective at 13.3 GHz with NRL-2764B having the best attenuation 
characteristics of this group (14.0 dP at Normal Incidence at 13.3 GHz). 

RAM Degradatlon Stuoy 

The material whose characteristics offered the most potential for 
matching those of the production RAM vas A'l-72. ’'.mono the techniques 
which were tried were: 

14 
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1) layers of 0.916" polyethylene over the absorber, 

?) reversal of the absorber (Example: gold sid** towards the 
radar as apposed to the normal orientation), 

3) covering 5, 19 and 3oy of the surface of the absorber with a 

metalized tape, 

4) coating the surface with a metalized paint, 

5) use of a wire mesh (Example: 1/4" open area and 1/f" open 

area). 

The objective »vas to reduce the absorbtive characteristics of the 
AN-72 by approximately 0.0 dO at 35.9 9Hz to about 14 or 15 d3 and to a 

level of 6-8 db at X-band. 

The AN-72 was approximately 23.0 dB at 35.0 and approximately 
.2.5 dB at 10.92 GHz (Normal Incidence). 

Results of Item 1.0 for up to three layers of polyethylene had 
no effect ar1 this effort was discarded. Reversing the absorber (Item 
2) yielded only a 3.0 dB reduction In attenuation and this approach 
was also discarded. Item 3.0 proved to be Ineffectual until such a 
large percentage of the surface was covered that It was deemed impractical. 
Item 4 was passed over because of the difficulty in controlling the 
amount of the conductive spray coating used and the resulting lack of 
repeatability in performance. Item 5 was tried for the coarse mesh, 
(1/2'' open area) and, not unexpectedly found to be essentially Invisible. 

Example: Normal Incidence, bare AN-72 at 35 GHz yielded approximately 
24.n dB attenuation. 

As above with 0.5" mesh 23.5 dB. 

This approach was then discarded. 

However, the 1/411 mesh produced a reduction of approximately 9.0 
dB to a level of »5.0 dB attenuation at normal incidence. 

Accordingly this configuration was measured at 17.5 and 10.92 GHz 
with the following results: 

15 
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Frequency Attenuation 
(Nomal Incidence)

17.5 9.5 riB

10.92 2.0 dD

Only the wire nesh data is presented since this vas the technique 
later used in the scale nodel engine nacelle measurements.

More conclusions could have been drawn from this data on ■lAM per­

formance degradation at liigher frequencies and higii grazing angles, but 
they are beyond the scope of this effort. It is left to the interested 
reader to extract desired information from the following raw data plots.

• •-jj
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6585fh TEST GROUP (RX) 
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RAT SCAT 
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POLARIZATION_VV_ BISTATIC^OjL 

OPERATOR_BA_ Q C- DYM flC - 1 
f-H w and M/Q. 4" AOCMT 
P NRL-2764B_ 

Sample No. 1 

Page 131 





ICtíbsm 

INCIDENCE INCIDENCE NORMAL INCIDENCE 

6585th TEST GROUP (RX) 

HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

CONTROL NO-76-QJ- 
DATE 22 Auq 75 run 1025M, 1026M 

:: “eouencv 34800 m*uauiH 
:: polarization_-HH bistatic 0 -, 

\ : OPERATOR-—?^—— QC. iilil lili " * 

W and W/0, 4" Corner 
NRL-2764B _ 
Sample No. 1 

__ 1 'll 



dbwr 



lOibun 

6585th TEST GROUP (RX) 

HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

CONTROL NO_¢-0-UJ- 

date 22_ Aug 75 RUN-1Q29M, 103 

frequency 3A800 time1235 . 1245 

POLARIZATION - YY_ BISTATIc Ç^ 

OPERATOR._RJ?_ Q.C.- LLÍ» W "* 
W and W/0, 4" Corner 

NRL-2764B 

3Q’tv.m 

45* INCIDENCE NORMAL INCIDENCE INCIDENCE 

♦Qibim 

■ 

... 
_ - 

- E 



Page 136 



..I I'» 

IÖ dL»m 

IQibsm 

2CHbim 

INCIDENCE INCIDENCE 

4Q4bsm 

6585th TEST GROUP |RX| 
HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

TO/’M 76-01 1xLtrrt CONTROL NO 
DATE 22 Aug 75 rUN 1027M, 1028M 

FREQUENCY 34300 TIME^IO» ^25 

POLARIZATION HH_ BISTATIC 0- 

OPERATOR _ RG_ Q.C.- Ciil Q» " 1 
W and W/0, 4" Corner 

NRL-2764B_ 

_Sample No. 2_ 

.i i-iiitzbrt I , :t 

Page 137 

ÜtMáíllllÉÉH^ÉIÉ .U-.H ........ 



íTRTñH' 

1-44-- -4-4- ‘ ¿r-4-* 
iá-1 1 "•-> db*m 

90* INCIDENCE : 
pizpirtaor ' 





db»m 

db»m 

Page 140 
«OCNWIC . >. Rf 70 



* 

L 

IQíbtm 

6585th TEST GROUP (RX) 

HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

CONTROL NO 
1033M, 1034M gOHbjin 

34800 TIME I FREQUENCY 

! POLARIZATION ™ 

¡OPERATOR B?_ 

W and W/0, 4 

BISTAT, 

Corner 

3GUhim 

INCIDENCE 
45* INCIDENCE NORMAL INCIDENCE 

4Qibim 

Page 141 



INCIDENCE 

_ 4 I.MM 





r i 

L. 

Page 144 
O W /0 ICCNTtftC 



NORMAL INCIDENCE . I . . ; --- FTTI I 1 I I i •bta. ,..144-! ; -T H 45* INCIDENCE 

■ ( 1 i 4- -Hfr-t+'i't' 
r 90* INCIDENCE 

Page 145 

... .u ..,.! ....— ------- „ ....il. 
.1— j 



NORMAL INciotîiCE rniFWnga'titrrrrrffl âæïïssl 
1 ^tm M70 «OiMTIHC 

%«-►- 

Paee 146 



! 

-4--4- 
- f- 4- 

-4--- ■ - 
±± 

ï4Ü44 
- -T i -j- 

—- 

4-Ut 

•f—r-r~*r_ 

tíitt: 

:-4-m 

. . - 

• • 

; ; 

NORMA 

£ll_ 

; 

I 
L INCIDENCE 

f-4- 

-4-4- 

10¾ 

4—f 4 4- 
--4 

•T* T 

: : 

ira 

t±t4 :4 

-¿Otíbíin 

— --+4--: 

: ' 
■ 

■ . 

rfchH 
. . 

: : 

3 4 

-t—f—r-f 

■ 

«4 

-4- *- 

■ : r 
4— 

■ ■ 
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6585th TEST GROUP |RX) 

HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

CONTROL NO 76-01 
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FREQUENCY 34 
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6585th TEST GROUP (RX) 

HOLLOMAN AFB, NEW MEXICO 

RAT SCAT 

CONTROL NO. /D'1 

date19 Aug 75 run 

FREQUENCY 3 
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76.-01 CONTROL NO 
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APPENDIX A 

SITE INTRODUCTION 

1. GENERAL 

RAT SCAT is a static ground plane radar cross section n>:âsurement 

site located on Alkali Flats near Holloman Air Force Base, New Mexico. 

It is authorized by the DOD for use by governmental agencies. It is 

under the auspices of the 6585th Test Group, Air Fofce Special Weapons 

Center, Kirtland Air Force Base New Mexico. 

A ground plane range utilizes radar energy reflected from the 

earth as well as radar energy traveling directly to the target through 

the atmosphere. When the antennas and target are adjusted to proper 

heights, coherent phase addition of these electromagnetic waves into a 

flat wave front, enhances the system sensitivity. Radar returns from 

objects near the earth's surface are reduced thus suppressing target 

area interference. Target area interference is reduced further through 

the use of special polyfoam support columns, radar absorptive materials 

(RAM), and rotators located below the earth's surface (in pits). 

Pulsed transiuitters are employed to enable utilization of the range 

gated receiving system, which can selectively sieasure radar returns from 

the target area or the range displaced transfer standard. Background 

interference outside the target range is eliminated by range gating. 

Operation without background cancellation is therefore practical. 

2. CAPABILITIES 

The RAT SCAT electronic equipment and controls are housed in a 

permanent building. Four separate range lengths (458 feet, 1158 feet, 

2458 feet and 5600 feet) are provided for range variation as shown in 

Figure A-1. This al'iws the use of convenient antenna and target height 

while satisfying the fa. field criterion for most targets. (Special 40- 

foot antenna towers are attached to the building for antenna height 

positioning.) Further versatility is provided by two mobile equipment 

vans, one for monostatic range length variation and one for bistatic mea 

surements. A duplicate set of control and data consoles in the main 

building enables simultaneous operation of any two of the three ranges. 

A summary of the RAT SCAT characteristics is contained in Table A-l. 

3. CALIBRATION 

The normal method of calibration at RAT SCAT is to mount a primary 

standard (precision sphere) scatterer with a known radar cress section 

A-l 
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TABLE A-1 
RAT SCAT CHARACTERISTICS OF ELECTRONIC EQUIPMENT 

Power uutput 1 KW ruminal bands 1 through 8, 
25 KW nominal Ku, Ka bands 

Pulse Width 

Pulse Repetition Frequency 

No. of Receiving Systems 

Receiver Minimum 
Detectable Signal 

Receiver Bandwidth 

Range Gate Width 

Dynamic Range 

Linearity 

Equipment Stability 

Analog Data Format 

0.1 to 1.0 microsecond 

SCO to 5000 pps 

Two per band, (one monostatic and 
one bistatic) 

-94 dBm nomina. 

2 or 10 MHz (selectable) 

0.1 to 1.0 microsecond (50 to 500 feet) 

70 dB 

♦0.5 dB 

0.1 dB per hour (average) 

Polar and rectilinear plots of cross 
section, glint and phase vs aspect angle 

Digital Data Format 

Antennas 

Antenna Feeds 

7 or 9 track magnetic (see Appendix C) 

1, 2, 3, 4, 6, 10 and 16 foot parabolic 
dishes (smaller and larger dishes avail¬ 
able for special testa) 

Linear and circular horns with VSWR 
less than 2.0 to 1.0 

Polarization 

Background Level 

Background Reduction 

Horizontal, vertical, circular, elliptical 
in any transmitting and receiving configur 
ation 

As low as -80 dBsm (frequency dependent) 

Tuned columns and vector subtraction by 
using phase and amplitude measurements 
to reduce background by 20 dB 
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TABLE A-1 (cont'd) 

Phase Measurement 

Azimuth Resolution 

Maximum Target Weight 

Target Size 

Bistatic Capability 

Frequency Coverage 

Range Length 

Unique RAT SCAT capability for vector 

subtraction or scattering matrix 

applications 

0.1 or 0.01 degree as applicable 

40,000 pounds 

Greater than 60-foot length 

Primary ranpes of 458, 1158, and 2458 

feet for 0 to 160 degree bistatic angle 

100 to 18,000 Milt continuous, Ku, Ka bands 

and 95 GHz 

Band 0 - 50 to 100 MHz 

Band 1 - 100 to 250 MHz 

Band 2 - 250 to 500 MHz 

Band 3 - 500 to 1000 MHz 

Band 4 - 1000 to 2000 MHz 

Band 5 - 2000 to 4000 MHz 

Band 6 - 4000 to 8000 MHz 0 

Band 7 - 8000 to 12,000 MHz 

Band 8 - 12,000 to 18,000 Wz 

Ka Band 

Ku Band 

95 GHz 

300 feet minimum 

Building/Pit 1 - 458 feet 

Building/Pit 2 - 1158 feet 

Building/Pit 3 - 2458 feet 

Building/Ueavy Duty Pit - 5600 feet 

Monostatic Van/Pits 1, 2, or 3 - 

variable range length 
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and record the corresponding signal level. Then the return from another 
secondary standard (:orner or Luneberg lens) scntterer displaced In range 
is recorded as a trr.nsfer standard Both the precision standard return 
and the transfer standard return are recorded on the same plot. 1 here¬ 
after, radar cross section calibration is determined by referencing the 
transfer standard return for every run. Thus every run is recalibrated. 
The comparisons of primary and transfer standards accomplished before and 
after each measurement series are identified respectively as calibration 
and post-calibration. If the direct ratio of primary to secondary read¬ 
ings is not maintained before and after the measurement series, then all 
runs between are invalid and must he repeated. 

The calibration reference level marked on each data plot is related 
to the transfer standard level. This reference level may under controlled 
conditions differ from the actual transfer standard signal level since 
precision calibrated attenuation is sometimes inserted in the receiver 
line. When such attenuation is inserted, returns from the transfer 
standard are reduced to a level compatible with the scale used for the 
target measurements. The 70 dB dynamic range of the plot is placed to 
include the range of returns expected from the ''ehicle being measured. 
In some cases two runs are necessary to be plotted for direct overlay to 
include the dynamic range of the vehicle if it exceeds 70 dB. Calibration 
plots are included with the target data when requested by the user. 

In general the background return is the vector sum of several 
scattering sources. These include support columns, transitions, pit open¬ 
ings and other obstacles located in the vicinity of the target. When the 
presence of the target does not appreciably alter the background return it 
is possible to obtain estimates of background induced errors. If the true 
target cross section is denoted by ^ (square meters), background by cr^ 
and the total measured cross section by a , then as a function of azimuth 
angle M 

<rM " * °B * 2V aT Oß C0S * A-1 

In the above equation <#> is the relative phase angle between target and 
background returns. Depending on the phase angle the magnitude of ^ can 
vary between two extremes determined by whether the two signals are in-phase 
or out-of-phase (cos » ^1). These two values of <rM represent the maximum 
upper and minimum lower bounds on the possible variations of the total 
measured signal. From Equation A-l, 

^Mimax) • °Y ♦ * 2 V^p - 

°M(min) ” °T * ^B * 2VaT *8 " 

(V^T ♦ v^7 )2 

A-6 



UNCLASSIFIED 

The maximuT. possible errors corresponding to the values of in 
Equation A-2 can oe expressed in decibels as: 

A-3 
- 2 
) / o-j 

Graphs corresponding to these maximum error equations ate shown in 

Figure A-2. 

An estimate of the expected value of can be derived statistically 
by utilizing the "random phase" approach. This method yields an average 
value of between the two maximum error curves. In this case 

and the corresponding error in decibels is given by: 

This average error equation is shown graphically in Figure A-2. 

The sphere calibration plots will not necessarily be straight lines. 
If the background return is within 20 dB of the sphere return, for ex¬ 
ample, a variation in sphere return of approximately +1 dB can result. 
For calibration the sphere is intentionally placed at least 1/2 wavelength 
off the center of table rotation to insure sufficient phasing with the 
background return. The average sphere return is then chosen for a cali¬ 

bration level. 

4. OPERATING PROCEDURES 

The following step-by-step procedure is standard in obtaining mono- 
gtatic radar cross section measurements after frequency, feeds, antennas, 
antenna height, target height, and pit (range length) have been chosen: 

1. Calibration - As described in previous section. 

2. Horizontal and vertical probes (field strength measurements 
at the target area) - Horizontal probes at the target area 



UNCLASSIFIED 

hava been shown tc be redundant for azimuthal boresighting. 

For this reason, these probes are taken only upon request for 

examination of near field effects. 

Vertical probes are taken at the target area to determine power variation 

as a function of target height. If nectary, antennu height is varied 
to obtain an acceptable vertical probo which then necessitates a new cal¬ 
ibration. 

3. Background - The background level with the target mount in 

place is measured in each polarization to be used. 

4. Measurement - The measurement is made with the vehicle in 
the position previously occupied by the primary standard. 

5. Calibration - The primary calibration i? repeated to verify 

calibration (post-calibration). 
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APPENDIX B 
TARGET ORIENTAT!ON AND DATA FORMAT 

1. (XX>'^TNAT1: SYSTEM 

The ccirdinete system described herein he* been adopted as a 

standard for RAT SCAT operations. The system Is referenced both to 

the vehicle being measured and to the measurenent site. 

a. Vehicle Reference 

A three-axis system, referenced to an arbitrary vehicle, Is 

illustrated in Figure B-l. In this system three oitually perpendicular 
planes (yam, pitch, and roll) are passed through the vehicle so that the 
pitch and yaw planes «situaily intersect on the longitudinal axis of the 
vehicle. These planes renain fixed with respect to the vehicle, regard¬ 
less of vehicle rotation with respect to the radar or ground plane. The 
yaw plane, which includes the pitch axis and the roll axis, is numbered 
from 0 degrees to 360 degrees in a clockwise direction when the vehicle 
is viewed from the above. The nose-on aspect corrosponds to 0 degrees, 
the starboard side of the vehicle corresponds to 90 degrees, and the 
port side to 270 degrees. The pitch plane, which contains the roll axis 
jiyî XÏ9 yaw axis is nunbered fron 0 degrees to *190 degrees; the *90 de¬ 
gree point is below the center line, and the -90 degree point is above 
the center line. The roll plane contains the ym axis and the pitch axis. 
It is numbered from 0 degrees to 360 degrees, and the numbers increase 
in a counterclockwise direction when the vehicle is viewed from the roar. 

b. Site Reference 

As previously stated the coordinate system is fixed with respect 
to the vehicle. It is referenced to the site by means of three index narks. 
The exact value of any of tho three angles is determined by noting the 

value of the vehicle coordinate opposite the index marks. Index narks 
come :ron such devices as bubble levels, inclinometers and transits. 

As illustrated in Figure B-2, the index fos roll angles is 

normal to the axis of rotation. As Illustrated In Figure B-S, the index 
for pitch angles is normal to the axis of rotation and in line with the 
apparent source of radiation. For neasurements at the RAT SCAT Site, tar¬ 

gets can be mounted to provide desired pitch and roll angles. 

e. Coordinate System Tilt 

For snail targets another anjle, tilt, can be utilised in re¬ 

cording useful data. This angle, equips.mt-limited to less than 15 degrees, 
is formed by the axis of rotation and the normal to the line of sight to 

B-l 

UNCLASSIFIED 

iidUÉ «bum, 



I
0
B
I
i
I
I
I
I

li
E

UNCLASSIFIED

YAK
AXIS

Mii

IDLL
fUCIS

PITCH
AXIS

YAH PLAHI ROLL PLANE PITCH PLANS

TOP VIEH REAR VIEU 8101 VIEH

rigur* B-l VEHICLE COORDINATE SYSTEM

unclMified



UNCLASSIFIED 

0* ^ INDEX 

TO SOURCE OF 
RADIATION 

ROTATOR 

0 

270 

NOTE: The roll scale is fixed to the vehicle. 
The amount of roll is determined by 
noting the number of degrees opposite 
the index. Clockwise rotation of 
the target (when viewed from the rear) 
increases the roll angle. 

Figure B-2 TARGET ORIENTATION - ROLL 
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-tfO* 

0 

NOTE: The pitch «cele i» fixed to the vehicle. 
The number of degree* of pitch la determined 
by noting the ac&le value opposite the index. 

Figure B-3 TAPGET ORIENTATION - PITCH 
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«h. apparent source of radiation. Since, In a pound P1“* 
tien can be considered to eean.te fruin e point "*1 ” n ^ ,llghtir 
beneath the antennas, a lero-dexreo tilted axis o „-«.-trical 
off the geometrical vertical. This small deviation from the geometrical 
vertical is neglected In the following discussions. 

K target «ounted with a pitch angle other than tero displace» 
the yaw axis (rom the vertical, but not the axis of notation. The ax 
of rotation Is displaced from the vertical only when non- 

TiltlngPtow.rd the radar is considered 
the radar is negative tilt. For monostatic eeasure-ents tilt will 

be «easured in the vertical plane containing the lin^ o * * 
the radar and the target. The difference between pitch and 

ahotm in Figure B-4. 

2. DATA FORMAT 

Data recorders obtain siimuth angle information by ot Pf*' 
cisión synchro signals from the position of the r^*t^* ^ ' 
line of sight from the antennas to the center of the ‘ 
trated in Figure B-S, indexes ailnmth angles. As used here 
„i^Íh refers to the position of the target 
Screes of oitch and roll, azimuth and yaw are identical. It is stanoaru 

prictice toPturn the rotator in a clockwise (cw) direction 
fro« above. Consequently, the aximuth angle varies, ^r ex«pl« 
180*degrees (tail-on) to 90 degrees (starboard-side) to 0 degrees (nose 

on) to 270 degrees (port-side). 

a. Polar and Rectilinear Plots 

6,»nti.l Iniomfttion per tient t0 ,«‘f P'f 
the information bluet located in iho upper right hand torn« ofthe ro 

bnfo^r fir:^ •“* 
^tîh.: p.rti.i:iodt:8r:b^1i;t.r“:.*tsrc.r^tp^l..r 

ünts on the recorder paper. The table on the polar recorder is rotated 
in the same directions as the target so the 90 degree point appears 
l" SJ ÎX .We of the polar plot, the 270 degree point on the left, 

and the zero or 360 degree peint at the top of the plot. 

B-5 
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ROLL AXIS 

TO SOIJSC* 

RADIAI! <* y 

NOTE: 

AZIMUTH 
Axis of rotación la 
always coillnaar 
with Aximuth Axis 

TO SOURCE 

0* * 
radiation 

t) 

Figure B-4 COMPARISON OF PITCH AND TILT ORIENTATIONS 
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>70* 

\ 0* I INDEX 

10 90UICK or 
KADIATIOM 

KOTATOt 

i> 

NOTE: Th« «*lmuth «cal« l» ílx«d to the target 
rotator. The aalmuth valu« I« d«t«nnln«d 
by noting th« valu« ot th« «cal« oppoalt« 
the index mark aa th« rotator and acal« 
ravolv«. Th« index la th« lln«-o£-aight 
from th« radar antenna a to th« cantar of 
th« rotator. (Aalmuth angl« data ar« trana- 
mitted to th« data recorder« by m«ana of 
aynchro algnala.) Th« atandard direction 
of rotation will b« clockwl««. 

Figur« B-5 TARGET ORIENTATION - AZIMUTH 
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RECTILINEA* 

RECORDER 

START 

OF 
PLOT 

4- 

LEFT 

(PORT) 
SIDE 

DATA 
BLOCK 

NOSE-ON 

RIGHT 
(STARBOARD) 

SIDE 

TA 

270 Õ 90 
AZIMUTH ANGLE - Degr««a 

100 

Figure B-6 FORMAT FOR RECTILINEAR PLOTS 
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APPENDIX C 
DIGITAL DATA FORMATS L, M, AND N 

RAT SCAT has the capability of supplying several types and formats 
of digital data. Edited magnetic tape formats L, M, and N as described 
herein are normally furnished to the user requesting digital data. 

This appendix is not intended as a format specification, nor is it 
meant to restrict the data formats available to only those listed. It 
is intended solely as a guide for reference purposes. 

The three formats are similar except for the presence or absence 
of a second dependent variable which is either phase or bistatic RCS 
amplitude. 

Format Type Data 

L Azimuth and Monostatic RCS 

M Azimuth, Monostatic RCS and Bistatic RCS 

N Azimuth, Monostatic RCS and Phase (or Glint) 

Tapes are written in seven channels BCD card image. Each record 
contains 80 BCD characters. Azimuth is written in degrees, RCS in dBsm, 
and phase in degrees. All values contain signs and decimal points. The 
edited tapes are available in 200, 556, and 800 bits per inch recording 
densities. 

Each tape may contain 40 runs (360 degrees of azimuth samples per 
run) or more depending on format, density, and user specifications. 
Each run is ended with an end of file mark (EoF). Each tape is ended 
with a double EoF. 

The number of 80 character records per run depends on the azimuth 
increment, whether filler data is involved and the format used. The 
first record in each data run is a header constructed as follows: 

Character 

1-4 

5-8 

9-12 

13-16 

Information Example Format 

Control Number 7307 A4 

Blank 

Run Number 0015 A4 

Blank 

C-l 
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Character 

17-20 

21-24 

25-28 

29-52 

33-80 

Information - Example 

Converalon fjumber -600 

Blank 

Blstatic Converalon* -600 

Format 

A4 

A4 

Blank 

Alphanumeric 
Identification 

RAT SCAT A48 
EDITED TAPE 

*RAT SCAT Use Only 

The data records contain four or six samples of data depending on 
format. The makeup of a sample for a Format N tape is as follows: 

Value Format 

Azimuth (Degrees) F7.2 

RCS (dBsm) PS.1 

Phase (Degrees) F5.0 

Flag A"1 

Example 

♦272.20 

- 25.5 

♦ 179. 

I 

The third item, phase, would be replaced by blstatic RCS for Format M 
(P5.1) and would be absent for Format L. The meaning of the flag Is. 
Blank - good data, 1 - Interpolated data, B - band data, H - hand edited 
data, and F ■ filler data. Data with a filler flag should be Ignored. 

Data records can be read with Fortran Formats as follows: 

Format 

L 

M 

N 

Read Statement Format 

Format (2(3(F7.2. F5.1, Al), X)) 

Format (4(F7.2, F5.1, Al, F5.1, Al, X)) 

Format (4(P7.2, P5.1, Al, F5.0, Ai, X)) 

The azimuth angle in the first sample of a run Is usually 180.00 
degrees The value decreases until 0.00 degrees is reached and there¬ 
after goes from 359.9 degrees (for 0.1 degree increments) to 180.0 degrees. 

Typical magnetic tape character codes are shown in Figure C-l and 
the physical characteristic of a typical format, including EoF gaps, etc.. 

Is shown in Figure C-2. 
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Track Identification 

CHARACTER 1 2 4 8 A B C (parity) 

0 
• X X 

1 X X 

Z X X 

3 X X î 

4 X X 

5 X X 

6 X X 

7 X X X X 

8 X X 

9 X X 

Space (Blank) X X 

Plue (+) X X 

Minus (-) X X 

E.O.F. X X X X 

Dec. Point X X X X X X 

I X X X X 

F X X X X 

B X X X X 

H X X X X 

Figure C-1 Magnetic Tape Character Codes 

L 



mu: 

3/4 to 6 inch leader 

Header (First record on tape) 
LRCC (longitudinal redundance check character) 

3/4 inch end oí record gap (EOR) 
first record of first run on tape 

LRCC 
last record of first run 

LRCC 

■ ■■ ■ firSt 

\ mmmatamm t— 

1 

] 

3-3/4 inch end of file space 
end of file recorded character 
LRCC 
3/4 inch EOR 

Header for second run 

BOT narker 

Figure C-2 Physical Cha ractc ristics of Magnetic Tape 
Formats L, M, and N 
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