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~ ROTOR BLADE EFFECTS ON L-BAND SIGNALS RECEIVED BY
HELICOPTER ANTENNAS MOUNTED ABOVE THE ROTOR BLADE: CW EXPERIMENTS

1. INTRODUCTION

A satellite navigation system is capable of providing high-accuracy
three-dimensional location, velocity, and time information to users
anywhere in the world. A typical signal structure for such a system
involves phase shift keying a microwave carrier with a pseudo-random binary
code, Four such two-state phase modulated satellite signals (using the same
carrier frequency, but orthogonal codes) are processed at the
receiver together with other information to provide real-time position,
velocity, and time information.

Antenna systems for the reception of navigation signals must be able to
view a large sky area. The four signals required must be received simul-
taneously by the same ground-based or airborne antenna. These signals may
arrive from sateliites widely separated from each other.

Antennas to be mounted on Army helicopters must be designed and placed to
minimize or eliminate phase and amplitude distortions caused by the rotor
blade. In a recent report [1] it was theoretically shown that signals re-
ceived from a satellite by an antenna mounted on the cabin roof of a helicop-
ter are subjected to severe amplitude and phase variations which could cause
large errors during signal processing in the receiver or prevent the receiver
from achieving the lock-on state.* In order to reduce these errors, antenna
locations above the rotor blade, namely on the tail and at the turning axis
of the blade, have been investigated.

This report discusses measurements of rotor effects on the CW microwave
carrier made at these positions. A brief theoretical worst-case analysis
for the center location is included in Appendix I. The overall experimental
results presented in the body of this report were deduced from the amplitude
and phase curves presented in Appendices 1I and IIl. These curves are repre-
sentative of the hundreds of measurements made to characterize the helicopter
antenna environment at the two locations under consideration.

2. TEST FACILITIES AND INSTRUMENTATION
A. Mechanical Aspects

Tests were performed on a full-scale UH-1B helicopter at the Wayside
Test Site. Figure 1 shows the 80' high wooden tower with a microwave antenna
mounted on an elevating track which provides a simulated L-band navigation

[1] F. Schwering and C. M. De Santis, "Rotor effects on L-band signals
received by helicopter antennas. A theoretical study. Part I:
Amp1itude reduction and phase shift (shielding effect)," Research
and Development Technical Report ECOM-4254, U. S. Army Electronics
Command, Fort Monmouth, N. J., September 1974 (AD 787363).

*These theoretical findings have been verified experimentally and
wili be published as Part III of reference [1].
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signal arriving at a selected polar angle and polarization. The helicopter
rests on a rotating platform which permits azimuth angle variation (see

Fig. 2). The rotor blade of this helicopter is rotated by a slow-speed
synchry-positioner which drives the recording equipment inside the cabin and
thereby provides received signal information as a function of instantaneous
rotor position, The helicopter used is a non-operational UH-1B, stripped
inside to provide room for the instrumentation and operators.

8. Electrical Aspects

The transmitting and receiving equipment were located inside the
helicopter (see Fig. 3). The CW transmitter signal is split by means of a
directional coupler: one branch feeds the transmitting antenna on the tower
via a coaxial cable (¢ = 2120 ft.) and the other branch feeds the receiver
as the reference signal. The phase and frequency locked receiver measures
the anpli<ude and phase of a test signal as a function of this reference
signal. CQutputs from the receiver drive a 2-channel strip chart recorder, and
thus provide amplitude and phase curves as a function of rotor position.

C. Receiving Antenna and Mounting

A simple dipole antenna tuned for operation at ~1.575 GHz was used
to receive either horizontally or vertically polarized test signals. To
minimize excitation of the feedline and supporting structure, a sleeve choke
was incorporated with the antenna support post. The antenna was mountcd a
quarter wavelength above a removable counterpoise. The effectiveness of
counterpoise shielding was indicated by the differences in the received ampli-
tude and phase as a furction of a 1 X and a 2 \ diameter counterpoise. The
antenna is protected by a thin plexiglass bubble securad to the counterpoise.

The antenna, counterpoise, and protective bubble were mounted on a long
supporting tube. This assembly was centered at the top of the hollow rotor
shaft by a large teflon bearing [Fig. 4(a%] and secured at the stationary
base of the synchro-positioner [Fig. 4(b)]. This allowed the rotor to turn
freely while the antenna remained fixed. For measurement purposes, the tube
length was sufficient to allow a O0-12Achange in the antenna height above the
top surface of the rotor blade. Due to the physical constraints imposed by
the blade control mechanisms, what is referred to in the data as the zero
position of the antenna was actually a height of 1 above the blade.

The antenna assembly mounted on the helicopter tail is shown in Fig. 5.
The antenna-suppcr ting and height-adjusting tube was mounted concentrically
insiae a2 6-fLot Jong metal tube which was tasterned to the tajl fin of the
nelicopter. This arrangerent provided a2 0-1 > height adjustment. As in
tre previous cate, lerg nelaht was 1) above fn- tup surface of the main rotor,
However, in this case tre reason for the offset was that the large tail rotor
had to be cleared by the antenna (see Fig. €). This tail rotor could be
rotated manually, and several tests to determine its influence were performed.

3. TEST RESULTS
A. Test Series

The ampiitude and phase variations of a microwave carrier whigh
would occur in actual flight can be determined from CW measurements. This




can be seen by considering that the propagation time nf the field scattered
from any portioun of the rotor to the antenna is much smaller than the time
required for an appreciable change in rotor position* to occur. Thus the
signal fluctuations caused by the scattering have already stabilized before
the rotor has moved far enough to cause significart chunges in the received
signal. Of course, time delay distortions resulting from multipath can
still cause errors in the coded signal.

Tables I and Il give a list of the parameters considered in the CW ex-
periments for the center and tail locations, respectively., A cross-section
of the measured curves is given by the figures of Appendices II and III. The
coordinate system for the CW experiments ‘s shown in Fig. 7. Polar angles
from 45° to 105° with respect to the vertical axis were investigated (the
former is the minimum angle considered since evaluation of the data indicated
no unusual results to be expected at steeper angles). The 105° angle was
selected to represent the conditions obtaining during banking maneuvers.

B. Amplitude Variations

Amplitude reductions as a function of direction of incidence are
shown in the 3-dimensional presentations of Fig. R (for center position) and
Fig. 9 (for tail position). These diagrams show the worst case reception
for each direction of incidence. The numerical values represent the maximum
reductions below undistorted level® observed during a series of tests to de-
termine the effect of variations in polarization, counterpoise size, and
height. In general, most of the worst case data for the center position
resulted from tests with the small counterpoise. The large-counterpoise data
exhibits somewhat smaller changes in signal level (1 to 3 dB less) for
e < 60°, For larger angles 0 > 85°, the data is comparable to that for the
1) diameter counterpoise. Peak-to-peak fluctuations in amplitude were
even greater for some cases than the attenuation levels shown in Figs. 8 and
9. However, increased receiver sensitivity is more difficult to achieve
than dynamic range in current GPS receivers, hence the attenuation data is
a better indicator of receiver requirements.

€. Phase Variations

The 3-dimensional plots given in Fig. 10 (for center position) and
Fig. 11 (for tail positiong show the maximum phase shifts sustained by the
received signals as a function of the direction of incidence. The phase
variations, of course, are continuous functions of rotor positior; in some
cuses these variations may be symmetrical about 0° while in others they may
occur in one direction only. It is difficult to estimate the effect of
these phase variations on receiver performance without additional knowledge
of the receiver design. However, in those cases where a 180° shift occurs,
an incorrect bit is introduced into the code and, even for somewhat smaller

* 12at the rotor tips.

"The level receivad when the rotor was moved to the positior of
least interference.




Table 1. Azimuth and Palar Angles Considered for CW Rotor Hlade
Modulation Tests; Antenna at Center Position

Direction of Polarization Counterpoise Height apove rotcr .
ncidence ameter
3 3 Horizortal Vertical 12" 2\ Ranue  Iisp i
(in degrees) (in -} :
45 0 X % 3 X 0-1 0.?
180 X X X NM 0-) 0.1
60 0 x A X X 0-1 G.1
180 X X b3 NM 0-1 0.
85 0 % X X X ¢ 0.1
90 X X X NM 0-1 0.1
180 X X X NM 0-1 04
105 90 X X X NM Q-1 [/
{
NM: not measured. 4
X ' measured ‘
4
i
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Table 1l. Azimuth and Polar Angles Concidered for CW
Rotor Blade Modulation Tests; Antenna on Tail

Direction of Polarization Counterpoise  Height above Rotor
ncidence Dlameter
9 ¢ Horizontal Vertical 1A" 2 Range  Step Size
(in degrees) {in 2)
55 0 X X + X 0-1 0.3
45 X X + x 0-1 0.3
90 X X 1 X 0-1 0.3
180 X X + X 0-) 0.3
70 0 X X + X 0-1 0.3
90 X t x 0-1 0.3
180 X X + NM NM NM
85 0 X X + X 0-1 0.2
20 X X 0-1 0.2
180 X X 0-1 0.2
105 0 X X t X 0-1 0.2
45 X X + X 0-1 0.1
90 X X + X 0-1 0.2
135 X X t X 0-1 0.1
180 X X t X 0-1 Q.1
45 -110 X X t NM NM NM
- 45 X x t X NM NM ‘
110 X X + X NM NM ]
60 -110 X t X NM NM
- 45 X + X NM NM ;
110 X X ¥ X NM NM
8 -1 x t x N
- 4% X X t X NM NM
110 X X + X NM NM
05 -110 X x t X NM NM
- 85 X X + X NM NM
_
NM: not measured; X: measured: t: only zero position measured.
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phase deviations, long integration intervals in the recefver could result
in the detection of a large number of bits with incorrect coding information.

For & » 85°, phase variations increase drastically and, in some directions
phase Feversals \> 180° shifts) occur. y '

4. DATA ANALYSIS

It is apparent from Figs. 8 to 11 that the tail position is a better
location for the antenna than the center position. Consider in particular
tne data for - = 1057, which simulates a turning and banking maneuver. For
this »olar angle, regardless of antenna placement (center or tail position
on helicopter), signal degradation is severe, Although this degradation
obtains for all .as<murn angles at the center location, severe fluctuations
at the tail location occur only over an azimuth range of ~ + 60° around : = 0°,
In the former case, the rotor always intercepts the signal at the palar angle
- = 103" regardless of the azimuytnh, for this reason loss of lock in the
receiver is a distinct possibility. At the tail location, however, the blade
does not intercept the signal directly except over the azimuth range just
mentioned. Furthermore, most helicopters normally fly in a pitched-forward
attitude, so thut the directions of incidence in the tests where large signal
perturbaticns occurred, such as » = 105 and ¢ = 0°, may not occur inpractice.

Corsiderably different responses were observed between horizontally and
vertically polarized signals, In general, the horizontally polarized signals
exhibited greater amplitude and phase fluctuations over all angles of inci-
dence and, in particular, near grazing incidence. The reason for this be-
havior can be seen from the following argument. The tangential component uf
the e’ectric field in the incident wave must be zero at the metal surface of
the rctor blade. It is apparent that the greatest disturbance in the re-
ceived Tield will occur when the blade is ir the plane of incidence, rather
than perpendicular to it. In the latter case, the effective sCatter area of
the blade, from which significant contributions to the received field strengtn
are made, is considerably reduced, as shown qualitatively in Fig, 12(a).
Figure 12(b) shows the increased blade area from which scattering contributes
to the receiving antenra when the blade is parallel to the plane of incidence
This is inda2ed tha case as shown by the data presented in Appendices Il and
I11.

The following description pertains to the parallel orientation of the
blade. In this case, for horizontal pelarization of the incident signal,
the glectric field of the incident wave is entirely tangertial to the blade,
and the reflection coefficient at the metal surface is -1, i.e., total re-
“laction with a phase reversal., Thus, near grazing incidence, - . 90°%, where
the path langths of the direct and reflected field are appruxamately syuai,
the two field comporents tend tu cancel at the receiving antenna, producing
zero signal. On the o*her hand, the tangential component of a vertically
polarizad signal is a function of incidence angle and approaches zero near
grazing incidence. The reflection coefficient at the blade surface is +1,
i.e., total reflection but no phase reversal, and the equal path lengths
occurring at shallow inciderce angles resylt in reinforcement of the re-
ceived signal. At 2 = 0°, the rotor causes a strong scatter field for both
polarizations since there is essentially no difference in the tangential
component of the incident wave. .owever, the counterpoise effectively
shields the antenna f:rom this disturbance., For angles of incidence between
the two limiting cases (2 = 0° and = = 90°),the tangential component of the

6
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horizontally polarized signal will always be yreater than that of the ver-
tically polarized signal, and the fluctuations due to scattering will be more
severe. This behavior becomes more apparent at increasing angles of incidence.

Circular polarization should minimize some of the fluctuations observed
since they are caused by reflections from metal surfaces and will have a
polarization sense opposite to that of the incident radiation., The
helicopter antennas, of course, should he designed for optimum
reception of the latter radiation.

Similar phase and amplitude distortions were measured at the two an-
tenna positions for polar angles <70°. Examination of the curves in Appen-
dices Il and Il also shows that the worst-case conditions depicted in Figs.
8, 9, 10, and 11 artually occur nver, at most, a 40° sector of rotor rotation
for the tail position and a 60° sector for the center position. Two such
disturbances occur for each complete rotation of a single-bladed helicopter.
Since the rotor on the UH-1B turns at ~330 rpm, a disturbance of the signal
occurs at an 11 Hz rate with a duration of ~20 to 30 msec per disturbance,
depending on the location of the antenna. This fact coupled with the signal
degradation levels given in Figs. 8 to 11 is indicative of the recefver
sensitivity required at the present time.

5. CONCLUSIONS

The results of this study show that it is more advantageous from an elec-
trical as well as from a mechanical standpoint to locate the antenna on the
tail rather than at the center of the helicopter. However, an antenna assem-
biy which is aerodynamically acceptable must be designed. Two electrical
problems still exist for the tail location. Because of the 1ong RF cable
from the antenna on the tail to the receiver in the cabin, a low-noise pre-
amplifier may be necessary to maintain an acceptable signal-to-noise ratio.
The second problem involves the poor response of planar antennas to signals
arriving at or near grazing incidence. In this case, antennas of nonplanar
design or conical spirals are strongly recommended. However, such three-
dimensional dasigns are subject to somewhat greater influence from the rotor
and helicopter. In this regard, the counterpoise having a diameter of one
wavelength was found to be sufficient to minimize rotor modulation of the
type discussed previously. The larger diameter counterpoise is more effective
at the center location. Follow-up studies to determine the proper single
antenna configuration, and investigation of multiple antenna configurations
using switching and/or phasing techniques should be undertaken as a next
step.
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Receiving Antenna
and Counterpoise

Fig. 4(a), RECEIVING ANTENNA ABOVE ROTOR ( CENTER POSITION)
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[1G. 6~ OVERALL VIEW OF RECEHIVING ANTENNA ASSEMBLY AND TAIL ROTOR
SHOWING THE HEIGHT CONSTRAINT IMPOSED BY ROTOR LENGTH.

14

[V OVR GNORE A SRS D ST VP S W 2 T) PRSP LRI WE IS B2y 8L Lip AL N PR




e s eyt = .

[ DIRECTION OF INCIDENCE
i [
/
| 7
| /
| ,
i)

TR T e
0/
Y

L
)
: ~

TR YT T ST e T
e

".., _ ROTOR
=~ ELADE

]
\l HELICOPTER
LONG AXIS

i FIG. 7- COORDINATE SYSTEM FOR CW ROTOR BLADE MODULATION EXPERIMENTS
3




Y R

e addd

"‘“"'\‘4@_&,/‘\9‘ @
! v m.

' NM: NOT MEASURED

FIG. 8- AMPLITUDE REDUCTION DUE TO ROTOR BLADE-
WORST CASE RECEPTION (EXPERIMENTAL) FOR
Jy ANTENNA ABOVE ROTOR (CENTER POSITION)

~
e aeas D Gt el

16




=\¢3

FIG. 9.

\
)
/
&

P

oEudebl L

PR PGP PO P - P v e e PR — e e e

> em g

il A

imdas o Ll g

-§4%

AMPLITUDE REDUCTION DUE TO ROTOR BLADE- §
WORST CASE RECEPTION (EXPERIMENTAL) FOR :
ANTENNA ABOVE ROTOR (TAIL POSITION).

17

B T

&
o -
SYETN VR L RN R PR oW YO

lidal i i e-Sa, 4 PR R R T S S IR NEET WECRVELINE CNCRFIRES ST S NEYCH AR SR
T Angn a Ty - P 1 - PR S AT TP Sl s T ot gt S




.

16°

-
N’:
3 - -

J

{

v g e v and] e en o> -

' NM: NOT MEASURLD

4

]’ FIG, 10. PHASE DISTORTION DUE TO ROTOR BLADE-
WORST CASE RECEPTION (EXPERIMENTAL} FOR
ANTENNA ABOVE ROTOR (CENTER POSITION)

18

i Mot




F1G.

PRV Ot

11.

PHASE DISTORTION DUE TO RQTOR BLADE-
WORST CASE RECEPTION (EXPERIMENTALY FOR
ANTENNA ABOVE ROTOR (TATL POSITION)

19

i i i a3 R i i 14 Ak

e sty DA b e cnnize 2 e




INCIDENT WAVE

EFPECTIVE

~ |

a) ROTOR PERPENDICULAR TO
PLANE OF INCIDENCE

)
INCIDENT WAVE :
. )
: | ANTENNA
: |
. ' l
L~ |
|
% 3 EFFECTIVE
) T SCATTER AREA
o" g
|
:) ROTOR PARALLEL TO
PLANE OF INCIDENCE
FIG, 12- EFFECPIVE SCATTER AREA OF THE ROTOR RLADE
20

i el T e




APPEND X |

WORST-CASt ANALYSIS OF RQTOR-BLADE LFFECTS ON ANTENNAS
MOUNTED ABOVE THE RGTOR AT THE TURNINC AXIS

Consider the backscatter of the rutor blade and 1ts effect on a signel
received at the antenna in the configuretion illustrated by Fig, I-1(a).
Scattering will be greatest when the rotor blade is parailel to the plane of
incidence, a5 depicted in Fig. I-1(b), the worst-case configuration. An inci-
dent plane wave field, in the two-dinensional case of Fig. I-1(b; given by

£, = E, expi-dklux 4 .2) . (1)

\ 0

where u = -sips, o * -cgs+ illuminates the antenna and rotor blade. To some
extent, a counterpuise shields the antenna from the backscattered field of the
rotor. This field according to [ 1] 1is:

2 r——
: ik LTy Cte d1o42)188
Eq(x .2) G Vi-u®, bz exp(-jkux') ooexpy ik{r 41 u )]:37} v (2)
-a

whore r = V(y'~s)2 + 22. a 1is the rotcr blade half-width, and primed quan-

tities denote observation points. What is the resultant field at the antenna?
Tc simplify this problem, several assumptions will be made. We assume that:
(1) the s+rongest distortion ¢f the received fieid occurs only when the blade
is in the plane of incidence (see the Sections "Data Analysis" and "Conclu-
sions"); (2) the rotor blade surface is planar; (3] the blade extends to t=
ir one dimension; (4) the effect of counterpoise shielding on the rotor is
negligible [see Fig., I-1(b)]); and (5) the phase fronts of the scattered field
at the location of the ccunterpoise are planar. Although these assumptions
result in a somewhat greater reduction in the total field at the antenna

than actuaily occurs, they provide an upper bound on the magnitude of the
reducticn and permit a simplification of Eq. (2):

Ez(x',z) = E0~A(z)-exp(~jx' sing), (3)

where

{11 F. Schwering and C. M. De Sentis, "Rotor effects on L-band signals
reccived by helicopter antennas. A theoretical study. Part I:
Anplitude reducticn and phase shift (shielding effect)," Research
and Developmeni Technical Report ECOM-4254, U. 5. Army Electronics
Command, Fart Monmouth, M. J., September 1974 (AD 787363).
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r——-——. a
A(z) = + 'V'z—'c;rgiq' *2 g exD{‘j( J22+Sz coso + ‘311'1')} Tz—zf%-)m . (4)

- L)
o

A11 17 .ear dimensions have been normalized by multiplication with k = 2n/A.
The field expressed by Eq. (3) 1lluminates the counterpoise from below. When
Eq. (3) and the appropriate Green's function for a plane surface are used in
Green's Theorem, the field scattered by the counterpoise is

b 2n

-jR
Ey(x',2) = 7‘; .Jr \g Ey(x',h) & (Se—jr dr do, (5)
0

where R = 'Jrz + (z-h)2 . The geometry for this aspect of the problem is

shown in Fig. I-2(a). Integration with respect to ¢ and partial integration
over r may be performed to give:

b b

-jR
E3(z) = +EO-A(h)~;-{J0(r sing)e 517— + sing- |

n -JR
]
0 0

J1(r sing) ETT_ dr} (6)

for X' = 0. JO and .J.| are the first- and second-order Bessel functions of the

first kind. A(h) is obtained from Eq. (4) for Z = h. Equations (3) and (6)
are added to obtain the total field received at the antenna location when
the field produced by the rotor is scattered by the counterpoise, i.e.,

E23(Z) = Ez(z) + E3(Z)‘ (7)

A further contribution to the total field at the antenna must be con-
sidered: the backscatter of the finite diameter counterpoise illuminated by
the primary field. The coordinate system applicable to this problem is shown
in Fig. I-2(b). Using Green's Theorem, the primary field of Eq. (1) and an
approximate set of boundary conditions at Z = h,

. Y =
Ey(rah) = Ecounterpoise(™sh)  forrcb

ECounterpo1se(r’h) =0 for r > b,
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the backscatter field is:

b .
I B s eIk
ECounterpoise(g) + 2 j E](r,h) ;;- \-7;-)r dr d¢ (8)
0

ot— >

where R = J r2+t;2 . Integration with respect to ¢ and partial integration
over r yields

LA
ECounterpoise(C) =+ Egezeexp(§h CQSG)‘{JO(P sine) = lo

b
+ sine- " (r sine) e 3R dr} (9}
J L

0

The total field at the antenna due to this contribution is given by:

Ecl(z) = E](z) + E (z) . (10)

Counterpoise

The total field at the antenna from all sources can then be determined by
adding Eqs. (7) and (10):

Er =E

1= B3t Eey - (1)

Equation (11) has been programmed for numerical evaluation,and some
results for 6 = 45° and 85° are shown in Figs. I-3 tc 1-4.* Figure I-3 also
illustrates the effect of counterpoise diameter. The amplitude curves are
referenced to the theoretical value of the received field at the O position
(i.e., 1A above the rotor). Comparison of these curves with the appropriate
data of Appendix II shows fairly good agreement with regard to the amplitude
excursions and the slope of the phase variations. Further detail is lost in
the experimental data. The abrupt change in phase shown in Fig. I-3 (a 360°
phase jump) was caused by the automatic plotting routine and was not a true
effect. A more exact theory of rotor modulation for the antenna at both
positions above the rotor blade has been attempted, but no results are avail-
able at the present time.

*At or near grazing incidence, this theoretical description of counterpoise
effects cannot be expected to be accurate. In fact, the curves in Fig. I-4
tend to diverge with increasing height. However, for 0 < h <1, the
theory is in fair agreement with the measured results.
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APPENDIX II

EXPERIMENTAL DATA CHARACTERIZING THE SIGNAL FLUCTUATIONS
AT THE CENTER LOCATION ABOVE THE ROTOR

A1l of the data taken to characterize signal reception at the center
location above the rotor blade is shown in the curves of this appendix. In
general, eight such curves are required for each set of polar and azimuth
angles (6,4) considered. Data for two different sized counterpoises
(dia. = 1, 21) is presented for horizontal and vertical polarization.
Typically, four odd- and four even-numbered {llustrations are presented for
each direction of incidence. The odd-numbered figures show the amplitude
and phase variations actually measured for the zero position whereas the
even-numbered figures are composites generated from the measured data showing
the signal variations as a function of height. Only small-counterpoise data
for both polarizations is available at ¢ = 90°, 180° for all 6 values con-
sidered. However, the small counterpoise is less effective as a shield
against rotor scatter than the large counterpoise; thus the small-counterpoise
data represents worst-case conditions at these azimuth angles.

The even-numbered figures for any given (6,4) set consist of multiple
curves displaying amplitude and phase changes as a function of neight for
several fixed rotor positions. These fixed positions have been selected
from the measured data to show the amplitude and phase variations to be ex-
pected over the full 360° rotation of the blade. Two rotor positions,

o = 0° and .« = 90°, are shown in each of the even-numbered figures. In addi-
tion, a third rotor position, and sometimes a fourth- and a fifth position
are shown for clarification of the variations which occurred for the various
directions of incidence. The composite amplitude curves show that horizon-
tally polarized incident signals undergo stronger scattering from the rotor
than vertically polarized signals, especially at shallower angles of inci-
dence.

The composite phase curves shown in the even-numbered figures require
some explanation. First of all, some of the curves show an abrupt change
of phase with height. These breaks are due to the method of plotting only
and do not represent phase reversals of the signal. Since the phase varia-
tion measured as a function of height is greater than 360° for some direc-
tions of incidence and since the graph ordinate range is limited to 360°,
some of the curves have been broken into two parts in order to show the
entire variation. True phase reversals, i.e., A¢ > 180°, were observed only
for horizontally polarized signals arriving at 6 = 105°, ¢ = 90°. The slope
of the phase curves, which gives an indication ¢f the polar angle of arrival,
are as anticipated (i.e., steeper for small polar angles than for near graz-
ing incidenceg. This behavior agrees with the theoretical curves of Appen-
dix I.

Some comments on the individual figures given in this Appendix are:

(1) Figures II-1 to II-12 show the set e = 45°, ¢ = 0°, 180°; only
two azimuth angles were examined since these directions show helicopter body
effects. Note that the larger counterpoise is a more effective shield than
the smaller counterpoise. Note also that greater fluctuations result from
horizontal polarization than from vertical polarization;
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(2) Figures II-13 to I1-24 show the set 6 = 60° and ¢ = 0°, 180°,
Differences in the shielding effectiveness of the large and small counter-
poise become less significant for this direction of incidence. The general
characteristic of all these curves is that there is a 1 to 2 dB increase in
the amplitude variations as compared to those considered in (1) above;

(3) Figures 11-25 to 11-40 show the set 6 = 85° and ¢ = 0°, 90°,
180°. Note here that the ordinate for some of the amplitude curves is 10 dB
per major division rather than 5 dB and that the slope of the phase curves
is decreasing with increasing polar angle. Additional rotor positions have
been included to indicate theincreased scatter effects of the rotor at large
polar angles; also nota, in contrast to the previous cases of (1) and (2)
above, that a change in height did not reduce the scatter effects of the
rotor and that there was practically no differencté in the shielding effec-
tiveness of the large and the small counterpoise. The azimuth angle ¢ = 90°
is shown for comparison with ¢ = 0° and 180° in order to indicate multipath
eff.. .s of the helicopter body;

(4) Figures I11-41 to II-44 show the set & = 105° and ¢ .= 90°.
This direction of incidence will occur during turning and banking maneuver~;
it is apparent (although no measurements were made) that at & = 105° and
¢ .= 180°, the antenna will be completely shielded from the direct signal
by the ta?" boom, the tail fin, and the tail rotor resulting in complete
signal d ~.-out. True 180° phase reversals in the received signal occurred
for this cirection of incidence.
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APPENDIX III

SELECTED EXPERIMENTAL DATA CHARACTERIZING THE SIGNAL FLUCTUATIONS
AT THE TAIL ABOVE THE ROTOR

The first set of curves (Figs. III-1 to II1I1-7) shows small counterpoise
data for both polarizations at zero height. The second set of curves (Figs.
I1I-8 to I11-38) shows large counterpoise data for both polarizations. Here,
however, a selection of curves from the measured data is presented to illus-
trate the best and worst signal reception as a function of height.

Somewhat different polar angle settings were used for the tail position
measurements to compensate for the fact that the antenna-to-transmitter dis-
tance was changing with azimuth angle.

A comparison with the data of Appendix II reveals several features in
the curves of Appendix III:

(1) There is a decrease in the magnitude and duration of the ampli-
tude variations as a function of rotor position;

(2) Differences in response to horizontal and vertical polariza-
tion still occur. However, for some directions of incidence, the vertically
polarized signal is received virtually undisturbed;

(3) The phase deviations for all directions of incidence were
smaller and no 180° phase reversals occurred.

Some curves are also presented to show the effect of tail rotor prox-
imity. In general, the tail rotor does not interfere except at banking
angles. However, there may still be other “irections of incidence not in-
vestigated during this study where a strong reflection from this blade can
occur. In such a case, the counterpoise should provide adequate shielding.
The shielding effectiveness of the different-sized counterpoises is more
apparent in the curves of Appendix IIl due to the narrower range over which
the disturbances occur. As expected, the large counterpoise provided better
shielding. However, the counterpoise size had 1ittle or no effect on ver-
tically polarized signals while notable changes occurred for horizontally
polarized signals. This is due to the fact that the tangential electric
field must be zero at the surface of the metal disk, and that the electric
field component in the horizontally polarized signal is always greater than
or equal to that in the vertically polarized signal. Hence the vertically
polarized signal is influenced to a lesser degree by the counterpoise.

The test results show that the small counterpoise should provide effec-
tive shielding at the tail location.

The following notes discuss details of the individual curves:

(1) Curves for 8 = 55° and ¢ = 0°, 90°, 180° are shown for the 1 A
diameter counterpoise in Figs. III-1 and III-2 and for the 2 ) counterpoise
in Figs. II1I-8 to III-15. This data shows peak-to-peak amplitude variations
< 7 dB in the worst case with no significant phase variations;

(2) Curves for the set o = 70° and ¢ =0°, 90° are shown in Fig.
III-3 and in Figs. II1I-16 to III-21 according to counterpoise size. Compared
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to case (1), somewhat greater amplitude and phase variations occurred for

this direction of fncidence. Signal reception was not affected by movement
of the tail rotor;

(3) Curves for the set o = 85° and ¢ = 0°, 45°, 90°, 180° are
shown in Figs. III-4 and II1-5 and in Figs. III-22 to III-28, In general,
significant differences occurred for the two polarizations. However, for
some directions of incidence in this set, only one curve i{s presented since
no best/worst case could be distinguished. At ¢ = 90° and horizontal polar-
ization, scattering from the tail rotor occurred;

(4) Curves for the set & = 105° and ¢ = 0°, 45°, 90°, 110° are
shown in Figs. III-6 and III-7, and in Figs. III-29 to II1I-38, Severe sig-
nal distortions can occur during banking and turning maneuvers since there
is a marked difference between polarizations and there may be some blockage
due to the rotor shaft at ¢ = 0°. For horizontal polarization, a strong
tail rotor effect occurs at ¢ = 45° and h = 1.2
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FIG. III-35. PHASE AND AMPLITUDE VARIATIONS
FOR SMALL COUNTERPOISE AND
VERTICAL POLARIZATION AT
8 = 85°, ¢ = 90°, h =0\
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FIG, III-36.
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