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AFSHC~TR-73~406, Volupe I
SECTION I
i. Introduction
This document is Volume I of a three-~volume ser (References 1 and 2)

on measurement of static radar cross section (RCS) of light aireraft.
The measurement program comprised ithree types of siugle-engined aircraft:

: a. All-metal uigh wing
: b. All-metal low wing
s ¢. Fabric~covered (aigh wing)

Type (a), represented by a Cessna 150, is the subject of this report.
Heasurements on a Cherokee 140, typical of type (b), are presented in
Veiume 1I, and the data om type (c¢), a Supar Cub, are given in Volume III.

The objective of the program was to wmeasure static NCS of typical
1ight afvcraft over a range of frequencies, polarizations, and aspect
angies., These data would aid in defining the need for and amount of RCS
enhancement con light aircraft to improve their visibility <n FAA airport
surveillance tadars.

AL AR g R e
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Thie data measurements were made at the Radar Target Scatter Division
{RAT SCAT) of tiwe 6585th Test Group locatsd on the Alkali ¥lats, Holloman
Air Torce Base, New Mexico.
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n

2. Description of Target

COnE R e e

The RCS data presented in this report were measurcd on a Model 150L
tility aircraft, serial number 15074034, manufactured in 197Z by the
Cessna Alrcraft Company, Wichita, Kansas. An Alrworthineas Certiflcate
was issued 10 november 1972, a Certificate of Aircraft Registration was
issaed 19 January 1972.

VB DA YN %
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Tha aircrafs (Figure 1) was equipped with a VOR navigation antenna
on the vertical stadiiizer, a VHF communication antenna on the cabin rowf,
) and an emerge.:.cy locator (ransmitter antenng on the top of the fusciage
: just Forward of the dorsal fia.

The aireralt was flown to tne test sizz. The only things done to
: prepare it “or BCS rwasurement were (1) drsin the fuel and engine oil,
: {(2) lock the conti:. sycten fn neunral, and (3) set the propeller to
horizonta! (approiuwately). 7The radio equipment was turned ¢f during
11 testiag.
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AFSWC-TR~73-46, Volume [
3. Yistrumentation

Data measuvement was achieved with a long-pulse radar system operating
on a ground plane raage. Figure 2 fllustrates the components of the mea-
surement range. The radar transmitter, recelver, control console, and
data recorders were housed in a mobile van. The antennas were supported
on a mobile tower. Rotation of the target in azimuth was controiled from
the van and azimuth synchro signals were returned to the van through an
underground electrical conduit.

The radar transmitter uses an oscillator to drive a low-level, pulsed
TWT that in turn drives a high-level pulsed TWT to provide 1 KW peak
output pewer. The receiver is a range-pgated supernzterodyne system.
The range gate controls the ON time of the 60 Miz IF amplifier. The time
interval that the IY¥ amplifier i3 OGN can be set by the radar operator to
correspond to aay desired position along the measurement range. A 60 Mz
reference signal from the control console is injected inte the receiver
through a variable attenuator. The amplitude difference between the farget
signal and the reference signal is applied to a serve that drives the
variable artenuator to make both signals equal. A potentiometer and &
digital encoder geared to the servo system follow the varying position of
the attenuator and provide signals for an analog recorder (polar or
rectilinear} and a digital recorder (punch paper tape or magnetic tape).

Sections 1 and 2 of Appendix A and Table A-1 of Appendix A summarize
the characteristics of RAT SCAT facilities and equipment. The information
applies to mobile-mounted equipment as well as to the fixed installations.
A mobile test van was used in thls program in order to operste over a
range length not available on the fixed ranges.

The RCS measurements presented in this veport were obtained on a
ground plane range wherein the target is measured near to the ground.
The ground is present as a scattering objact and in such a circumstance
coupling between orthogonal components of the transmitted and received
fields may exist othar than the coupling introduced v the target.
This coupling (or depolarizing) can be a prsblem only fer measurement
in cireular polarization. References 3 and &4 describe the theoretical
and experimental studies made or the subject specifically for the RAT SCAT
range., It was shown that circular polarization measurements can be made
on 4 ground plane range., The size of the useful targe:t rezion is approxi-~
metely the same when circular polarization is used as that obtailned when
linvar polarization is used with the amplitude curvature in the vertical
plans being the limiting factor ian both cases. Stendardized calibration
procedures used at RAT SCAT assure the accuracy of RCS measurements using
circular polarization.

ol
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The primary calibration standard for linear polarizaticn was z 26.6
inch diameter precision aluminum sphere and was used at all m2asuremeat
frequencies. The primary calibration standard Zor circular wolarization
was 2 ninety-degree dihedral cormer with square facaes 0.85 mzeters in
each dimension. This corner was calibrated against the precision sphere,
making use of a 43° dipole to transfer from linear to circular polariza-
tion. The secondary reference standard (approximately mid-range on
Figure 2) was a trihedral corner. This secondary standard was used for
both linear and circular polarization.

The radar anteanas sere parabolic dishes with dipole feeds for
linear polarization and planar spiral feeds for circular polarization.
Circularity was below G.7 d3 at all frequencies.

4. Procedure

bata on this program were obtaired at seven frequencies and three

npolarizatlens over a range of roli and pitch angles as summarized in

Table [.

Table I - RCS Measurement Matrix

Freq. Roll Angle Pitch &ngle
(MHz} Polarization (begrees) (Degrees)
1250 VV, 1, RR ) 0

1350 VV,HH,RR 0 0

2790 VV,——,RR 0,5,10,20,30,45 ~10,~5,0,+5,+10
2800 VV,HH,RR 0,5,10,20,30,45 ~10,-5,0,+5,+10
2600 vW,--,RR 0,5,10,20,30,45 ~-10,-5,0,+5,+10
3065 VV, HH, -~ ] ]

5490 WV, iH, -~ 0 ]

Tae first letter designating polarization defines the polarizatiou of the
trsansmit antenna, the second letter defines polarization of the receive
antenna. The nomenclature follows common practice in which only the
spatial orientation of the electric field vector is specified: V for
vertical, i for horizontal, R for right-hand circular.

¢ 0% Mo i DU D D 0 L, D IR LML o LA U

E—

LR L e R R I IS

Ao

[

R PN

PR RS TR L L VA SR 1 RSN R vy



me ] =Ry AEESVERERIN P ey e

AFSWC~TR-73~46, Volume I

The ajrcraft was placed on the supporxt columos at the azimuth tuarn-
table by a mobile crane. Figure 4 shows the equipment ueedad to place
the target in position for test. The alrcraft was supported by nylon
web gtraps from a load beam attached {o the crane. The aylon straps
vere positiorad around the nose and tail of the alrceaft im such a way
that the aircrafs would be in approximately the deaired voll attitude
when lifted. The aircraft was swung over the tummtable and loweved onte
the transition sections on top of each column. The two columns were ox~
panded polystyrene fabricated in vertical wedge sections to form & cone
with circular cross section. The transitions, of similar material, were
pre-shaped to fit the aircraft fuselage and support the target on the
columng at the desired roll and pitel attitude.

The aircraft was braced on the columms by 3 nstwork of parachute
cord tied to the fuszelage, tall.and wing struts, aud aschored to winches
on ~he zzimuth turarable. 7The rtargel was set to the desived roll and
pitch by adjusting tension on the tie-down cords. BRoll and piteh angle
were measured at the propelier hub. The oropelier vas volated te anm index
line, the spinner was removed and & profractor placsd gn the propeiley
hub, Roil angle was measured by sighting a transit en the rofvactor.
Piteh angle was measured on the front of the propeller nwd with & in~
clinometer. Pitch angle thus was measured with vegpast vo tiz axis of

the engine crankshaft. Both roll and pitch were ser to an aucurscy of
+0.5 degrees.

In Pigure & the aircraft nas been set to 20 dogrees roil, 10 degrees
positive pitch and the load beam is being deracued. In Figuxe S the
ground equipment has been removed and the target i3 resdy for wmeasuvempnt.
The palystyrene (oilar on the aft fuselage is the bearing stiucture for
the aft 1ifting strap from the load bearm. Taxget RCS measured at S-Hend
with znd vithe st the collar in place gave f{dentical resuits go the colilar
was left in plice at all times to facilitate attaching the ziveraft to

el e

the craue in ca;2 surface wind velozity suddenly increased or Hecame
gusty.

Target height was 14 feat at L~ and C-Bands, 16 feet ax S-Band.
Targer height ig the vartical distunce between ground level and a hori~
zontsl line (the piteh axis) through the half heighr of the fuselage mid
way between zircraft noge and tail, measured with the afrcraft in level
flight attitude. ¥Figure 3 iljumtrates the relation between <arget beight
end the axes of pitch and vaw,

5 tarzet being measured on » ground plane range is in an electro-
magnetic field that is the vector sus of (1) tie wave energy thet traveis
directly from antenna to =srget, (2) the wave energy reflected frowm the
gsurface of the eazth, axd (3) the wavz gnergy that travels along the sur~

face of the ezrth. The vector mum preducns an interference pattarn.
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Antenna height is adjusted so that the target is located in the first
lobe of the interfercnce patterm described by the equation

whare H, is antenna height, i us target height, A is wavelength, and R

3 L i
iz range lenath. In order to obfain accurate RCS measurements the follow~
ing steps are required:

{a) Adjust antennz height and pointing direction for best f{ield
eniformity across the volume occupled by the target.

{b) Tilt the azimuth turantable so the target rotates in the
plane of the antenna bLeam.

{c) HMinimize reflecrions from target supports, tie-downs and
turntable.

(d) Calibrate the range at all frequencies and pelarizations.

The range parvameters used on the program after the above steps were
carried out at each frequency are summarized in Table II.

Measurcment of RCS began with the three frequencies iv S-Band:
2700 M4z, 2800 MHz and 2900 ‘filz. Because of the large effort required
to mount the Zarget for measurement it was prudent to record as many RCS
patterns as possible for each mounting of the target. For that reason
four antennas vere used: oune pair for linear polarization, the other
pair for circular polarization, The antenna pairs were switched to the
radar transmitter and vecelver as required. That arrsngement allowed
measurement of saven RCS patterns for each roll/pitci: attitude of the
target. LIf weather condiztions remained favorable upon compleiion of such
& pattern group the target was set to che next roll/pitch attitude and
(% measurement went on, continuing until dark. A post-test calibration
was then made. If weather became unfavorable {wind velocity above 1C
knots, or rain) the target was removed from the turntable and the post-~
test czlibration was made as quickly as possible. In any event the afr~
craft was not measuved in wind velowity above 10 knots or after dark,
and the range was calibrated before and after a sequence of measurements.
The pnst-tegt calibration for one day was not used as the pre-test cali-
Sration for the next sequence of measurements. bach day began with a
new calibration.

2

At L-Band (1250 MBz and 1350 MHz) one pair of antennas was used
ingtead of two pair becsuse only one target roll/pitch sttitude was

R T |
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measured (see Table I). The two linear patterns were
requency followed by the post-teat calibration. The

measured at each
linear feeds were
replaced by the circular feeds, and a new calibration was wade at the two
frequencies. The two circular polarization patterns were then mea-
sured, ending with a post-test calibration.

At C-Band (5000 MHz and 5400 Miz) only linear patterns were required,
all of wiitlch were recorded withour re-calibratioen for circular polarization.

5. Results

The RCS patterns presented in this report are copies of the original
recorded data. Each pattern includses a calibration reference level from
which the decibel scale vas labelled. Each pattern also is marked with
azimuth angle (horizontal scale at the bottom), and is idencified as to
pitch and roll angle, all cf which are defined in Appendix 3.

The patterns represent considerable amount of data, containing as
they do tine dependence of RCS on all comhinations of frequency, polari-
zation, roll angle, and pitch angle. Representative relationships,
making use nf median RCS to simplify the data, are shown in Figures 6

througn 9. Median RCS was computed for a 10 degree azimuth increment
with a 5 degrae overlap.

The median RCS for linear polarization with the aircraft at 0°
roll and 0° piteh was Independent of frequency. Other roll and pitch
attirudes were not measured at all fregquencies so that data are not
available to support a more general conclusion. The affect of circular
polazization could not be examined over the entire frequency range be-
cause circular polsrization was not uysed at C-Band. However, the median
RCS at 2300 MMz was about 7 dB greater than at 1250 MHz indicating that
RCS in circular polari{zation is frequency dependent.

Fipure 7 {llustrates the affect of roll angle {at zero degrees pitch)
with vertical polarization at 2800 #¥iz. The graph shows contours of
redian RCS in decibels. ‘'iorizortal lines are patterans of RCS vs azimuth
at fixed roll angles. Vertical linmes indicate the affect of roll angle
at a given azimuth dirsction. Variation of KCS with roll angle is
greatest ir the 90° dirsction (or the 279° direction for negative rcll
angles) whare the rads™ line of sight 1s onto the upper surface of the
wing., At other azim'’'" z .zles the RCS variation with roll is trivial.

A gsimilar result vi:s “sund with RR polarization at 2800 Mz, as
iilustrated in Fipuer [. “he affect of roli angle on RCS was greatest
in the 90 degree dire: rica .or 270 degree direction for negative roll).

e
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Horizontal polarization wasz vary similar te vertical poiwsization
2nd has not been shown in this ser of figures.

TR R T

I’

. with the aircraft at zero d
(and horizontal) polarizatio
range of pitcu angles. Wi

» Figure 2, was small ovir riie meagured

th 2R circular polarvizarion, Pigure 9, the
variation was not larye in termz of decibal range but the variation 41d
cover a greater span of szlmuth angles, not beiag restrizted to the I0°
er 270° azimuth dirsetions.
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