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1.0 INTRODUCTION AND SUMMARY

The primary purpose of this study is to determine if the modificd
waveguide antenna will provide Category I1 guidance at Buffalo Runway Z23.
This problem can be divided into two portions: first; verification of
the computer model, second; prediction of antenna performance using this

model.

The first step in the verification process is determining an
analylical model of Lhe antemmna which calculates antenna patterns, structure
runs and other pertinent dala which can be compared to measured data. An
ex isting computer program was modified to accomplish this task.

The antenna characteristics were adjusted so that calculated antenna
patterns matched measured antenna patterns taken at Buffalo in 1967.  Measured
RTT runs were averaged and this average compared to calculated fly-ins.
Agrecment was attained by calculating the effect of a thruway located approxi-
mately 1300 feet from the runway threshold and cutting diagonally across the
aircraft approach path. This verified the computer model of the uncompen-
sated antenna.

Compensated antenna patterns were measured at the Westinghouse
antenna range. These measured patterns were matched by calculated patterns
for 6 dB coning and 9 dB coning.

The modeled compensated antenna was then used to calculate fly-ins
at the original antenna site with /4 dB coning. It was felt that further

improvement could be realized by increased coning and a larger backset from
threshold. At this point,several varicbles were controlled to optimize ILS
performance. These were:
Antenna position, coning, antenna height, backlilt and side tilt.
Three antenna positions were investigated along with 6 dB and 9 dB coning.
The remaining variables were judiciously adjusted at each site to give maxi-
mum performance. The best conditions were determined to be:
Backset of 800 feet, offset of 650 feet, 9 dB coning, antenna height
of 43.1 feet, back tilt of 4.11° and side tilt of .5°.
A trip to Buffalo was made to examine the proposed sile in more
detail. The tentative location was found to be unsuitable so six more
locations at less offset were investigated using more rcliable terrain. information.
The final position was determined to be:
850 feel backset, 500 fcet offset, 42.5 feet height, L.ll}o back tilt
and .5° side tilt.
The effecl of power lines in the vicinity of Runway 23 was investigated

and found to be neglipgible.

1-1




2.0 VERIFICATION OF MODEL

2.1 Modeling Techniques

A computer program, already in existence, which calculates antenna patterns,
structure runs and level runs for the uncompensated and compensated waveguide antenna
was modified and used in the analysis of Buffalo Runway 23.

Upon examination of terrain maps, the only major terrain feature in the far
zone of ihe antenna is a cown slope of approximately .5° at a range of 14,000 to
15,000 feet. Figures 2.1 and 2.2 show portions of a U.S. geological survey map of
the area around the greater Buffalo International Airport. This down slope, since H
it is such a great distance from the antenna, will have very little effect on the
guidance, so any terrain modeling will occur close to the antenna.

Figure 2.3 shows the strategy utilized in modeling non-flat terrain near i

2.1
the antenna.”

The effect of the non-flat ground is determined in three steps. As &
first approximation, the terrain is assumed to be an infinite flat plane and image
theory is used to calculate the field at the aircraft.

Second, the area which is occupied by the non-flat ground is modeled as
a void. This is done by modeling the area represented by the dotted line in Figure
2.3 by pre-integrated flat plates. The effect of this flat area is then subtracted
from the infinite flat plane approximation. Third, the non-flat portion is built
up by prc-integrated plates and their effect is added to the previous calculation.
If the pre-integrated flat plates are small enough, this method will result in an
accurate prediction of the effcct of terrain.  Appendix Al details the investi-
gation of maximum plate size that will still insure accurate prediction. Since
the non-flat terrain occurs only ncar the antenna, it was assumed that the pre-
integrated plates were illuminaled by direct radiation only. This is in contrast to
the case of modeling mountains at greal distance from the antenna where the pre.

integrated plates are illuminated by direct and image radiation.

2-1
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In order for the structure output to be an accurate representation of

what the pilot reads on the DDM indicator it is necessary to provide a scaling
which is equivalent to the calibration used on the actual equipment. Figure

2.4 illustrates the calculation of the scaling or normalization factor.

5 L‘i-)r;?e (%),,_,,ol M é’lﬁ» (%>-.3s'l

S is the detectcd side band difference and C is the detected carrier level or sunm.

N Z5

These are due Lo both direct and image radiation. The eide band only power is
adjusted until a path width of .79 results. That is, the side bandé only pover is
adjusted until the pilot reads + 75 microamps at Point A and -75 microamps at

Paint B. The DDM in microamps can be written as:

DDM=NIA(£)]

S and C refer to the total detected side band and carrier signals received at the

point of interest.

2.2 Uncompensated Pattern Matching

In 1957, several fly over runs were made at Buffalo with the waveguidc
anlenna lying on its back. 6 dB and O dB coned antenna patterns were measurcd
at an altitude of 15,000 fect. Using the computer, these measured patterns werc
duplicated. This was done by varying the efficiency of the antenna model about
its approximate value of .5 until the difference between the measured and calcu-
lated antenna patterns was minimized. Figures 2.5 and 2.6 show the results of
this minimization for O dB and 6 dB coning respectively. This concluded the model

verification of those antenna characteristics which are®independent of the terrain.

2-5
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2.3 Terrain Modeling

A great deal of structure data was taken at Buffalo in 1967. However,
only a small portion of that data was obtained using an R.T.T. There were also
two antenna heichts. The earliest data was taken with the antenna phace center
67 fect above the ground but no R.T.T. data was taken at this antenna height. The
antenna was lowered 30 feet on May 2, 1967 and R.T.T. measurements were made
beginning on May 26, 1967. Table 1 shows a list of all the R.T.T. structure runs.
Six of these runs were chosen for their legibility and because they were a repre-
sentative cross-section of the conditions noted in Table 1. Data points from
runs number X2, 42, 44, 78, 92 and 93 are plotted in Fig. 2.7.and an average curve
dravn through these points to represent a long term trend. The inclusion of

terrain effects in the computer model should duplicate this measured curve. Figure

2.8 is a struclure run assuming the antenna phase center is situated 37 feet above an

infinite flat plane. Since the area around Runway 23 is not an infinite flat
plane onc should not be surprised that Figure 2.8 does not agree with the measurcd
data of Figure 2.7.

To further improve the similarity of the two curves, more explicit model-
ing was required. The first obvious choices were the runway embankment and the
chain link fence running parallel to the runway. Figures 2.9 and 2.10 show the
effect of both of these. Obviously, the long term trend exhibited by the measured
data is not produced by either the fence or the embankment. As an additional re-
finement the terrain in front of the antenna was investigated to determine if any
large scale terrain trends could te ascertained. Figure 2.11 is a cross-section
of the ground in front of the antenna. As one can see, a gencral uptilt of aboul
.250 occurs. Figure 2.12 shows a fly-in with the inclusion of the ground tilt
superimposed on the measured trend.

Upon examination of the measured data, possible periodic interference
can be discerned. Fig. 2.13 illustrates how the measured curve can be divided
into sections that appear to be half the period of some sinusoidal interference.
This information can Le used to calculate the location of possible derogfating
sources. Figure 2.14 explains how this was done. If the direct radiation and
the derogating rsdiation add in phase at point A and subtract at point B,

then the two signals must differ in phase by 180° at point B.
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e

ine angle @ can be determined and a cone in space 1S generated. ‘The intersection
of this cone with the ground will give the locaticn of possible derogating sources.
Figures 2.15, 2.16, 2.17 and 2.18 show areas of possible derogating sources super-
imposed on a map of Runway 23. All of these areas include the lNew York State
Throughway . The modeling of the thruway is illustrated in Figure 2.19 and its
effect on the fly-in is shown in Fig. 2.20 superimposed on the measured data.

There is very good agreement, so it was felt that the verification of the complete

computer model was established.

2.4  Compensated Pattern Matching

The only model verification detail that remained was establishing the
validity of compensated antenna patterns. Since the antenna at Buffalo had no
compensating radiators, all measured compensated patterns were made at the
Westinghouse antenna range. Figurcs 2.21 and 2.22 show comparisons of measurcd
and calculated 6 a3 and 9 dB compensatcd patterns. These calculated patterns

were used in the prediction of' antenna performance.
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3.0 PREDICTIO!N OF ILS PERFORMANCE

3.1 Long Term Derogation

The antenna performance suffers because of unwanted reflections. Reflec-
tions due to sidelote radiation can be reduced by compensation. However, since
compensation barely affects the main lobe, reflections due to the main lobe are re-
duced by coning the antenna. A bad feature of coning is the inherent "flare" or
fly-down signal near threshold. This can be somewhat alleviated by moving the
antenna further back from threshold and side tilting the antenna. Taking all of
this into consideration, the antenna should be as far from threshold as possible and
coned as much as possible. As an indication of the improvement due to compensation,
Fig. 3.1 compares the compensated and uncompensated fly-ins with the antenna at its
original position of 215 feet backset, 650 feet offset and 37 feet height. There is
considerable improvement but even further improvement can be realized by increased
coning and a larger backset. In searching for the optimum condition, it was felt
that an infinite tilted plane approximation would supply sufficient information for
a site decision to be made. Once the antenna site was established, modeling of
specific terrain features could be made to predict the expected flyability. This
decision was made because of the large amount of computer time needed for complete
modeling (about 250 seconds) wherea an infinite tilted plane approximation takes
very little computer time (about 6 seconds). Figs. 3.2 to 3.12 illustrate fly-ins
for various conditions. The position, height, sidetilt and coning were the variablc
parameters. Table 2 lists the condition of each of the fly-ins. The optimum
entenna performance was obtained by locating the antenna 800 feet backset, 650 fect
offset and a height of 43.1 feet (TCH of 55 feetl). Figure 3.12 is a fly-in with
all significant terrain features modeled. Category 1T limits are met by the long

term trend.
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3.2 Short Term Derogation

The bulk of fast term derogation is caused by spurious reflection of
horizon radiation. Horizon radiation is main lobe radiation and is only
reduced by increasing coning. An average of the maximum fast term derogation
for the measured data was found to be 17 microamps. This was for 4 dB of
coning. The expected reduction of the fast term derogation by coning can be
obtained from a comparison of the uncompensated 4 dB antcnna pattern and the com-
pensated 9 dB antenna pattern. Figure 3.13 shows both antenna patterns and the
location of the horizon illumination. The antenna patterns indicate an & dB
reduction in horizon illumination. This will reduce the maximum average fast
term derogation to 6.7 micro amps. This fast term derogation should not be
large enough to put the antenna out of Category II limits.

A trip was made to Buffalo on July 24, 1974 to investigate the antenna
site in more detail. A small 6 or 7 foot high knoll that was not indicated on
the available terrain maps was situated in front of the optimum antenna position.
Other possible sites at less offset and nearly the same backset were felt to be
reasonable alternatives since they had relatively uniform ground in front of
them. The terrain was surveyed and this information was used to determine a
final antennha site. Figure 3.1, shows the investigated positions and Figures
3.15 to 3.20 are the infinite tilted plane fly-ins for each of the positions.
Figure 3.20 is the infinite tilted plane fly-in for the optimum site. Figure 3.21
is a fly-in for the optimum antenna site with all terrain modeled. Its position
is shown in detail on the map in Figure 3.14. At this position, the antenna should

meet Category JI requircments.

33 Powerlines

The only remaining possible problem sources are thc powerlines in the
vicinity of Runway 23. These are located near the middle marker and at the
corner of Main Street and Transit Road. Figure 3.22 shows the relation of the
powerlines to the approach path of the aircraft.

The calculation of the reflected radiation from a powerline is described
in appendix A.2.0. The equation for reflected radiation derived in appendix A.Z20
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A computer program using this equation was written to calculate
the effect of a powerline on flyability. In order to best illustrate the
effect of the powerline, the reflected radiation was expressed in microamps of
DDM derogation at various distances from the power line. Figures 3.23, 3.24
and 3.25 are computer printouts showing the derogation due to a powerline
illuminated by both the 4 dB coned antenna and the 9 dB coned antenna. Each
of these printouts are for a different powerline radius. The data indicates
that beyond 10 feet from the powerlines, the effect is negligible. Figure 2.62
shows that the aircraft's closest approach to the powerliness is about 172 feet.
At this range the effect of one powerline would be practically non-existent.
Even if a large number of powerlines were present and they all added in phase at

the aircraft (highly unlikely) their effect would still be extremely small.
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A.1.1

A.2.1

R.A.Moore, G. Moussally, T. Parker, S.F.P:yer,

"Analysis of Instrument Landing System Glide Slope Broadside Antennas"
Phase 1, Interim Report
CONTRACT FAA-HD-72-139

(same as above)

J.A.Stratton, "Electromagnetic Theory", McGraw-Hill Book Company, Inc.,
New York, 1961, pp 364-372
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A. 1.0 DETERMINATION OF MAXIMUM PLATI

SIZE FOR TERRAIN MODELING

The method of physical optics involves modeling the non-uniform terrain
as arbitrarily oricnted flat plates and calculating the effect at the aircraft by

the equation:A‘l’l

— ‘PNQ

E, = (=0 )ielab sw(Laule) sm(Ih, 1) %<k x[# x(FER)
p DI'Dl ?)\ ”‘n‘“ ,j‘m“’

Figure A.l.1 explains the terms used in the above equation. This equa-

tion was derived by assuming the radiation illuminating the plate is a plane wave.
At finite distances from the radiator this is not exactly correct. However, good
accuracy can be achicved by bresking the plate into rectangles small enocugh that

the incident radiation appears to be a plane wave. The problem is then to deter-
mine the maximum plate size that will still ensure accuracy. In order to solve
this problem empirically, it was necessary to comparc the calculated approximation
to a known solution. The simplest problem was to calculate the reflected radiation
due to a point charge of unit magnitude above an infinite flat plane. Faigure A.1.2
illustrates the geometry of the problem. There are two variables that must ke
determined: the maximum plate size and the minimum area needed to accurately model
an infinite plane. The number of Fresnel zones was decided upon as a measure of
area. The minimum plate size is a function of the radiation wavelength and the

distance from the radiator to the reflecting surface. The criteria for determining

if a receiver is in the far-field of a dipole is also a function of the
from the receiver to the dipole, the separation of the radiators constituting the
5 ks
ssed by distance = JD/A where D
n

is the separation of the radiators. The plate size is analagous to the radiator

separation and can be expressed by D = /Dur * A
2 This will ensure that the

antenna is in the far-field of the plate but it does not necessarily mean that the

dipole, and the wavelength. This dis expr

plate size will give accurate modeling information. However, the "2" can be
| replaced by a variable "x" and as x increases the plate size will decrease and more
accuracy will resull. Figure A.1.2 also shows the results of varying plate size and
modeled area. The plate size was varied while keeping the modeled area constant.
Accuracy did not seemn to improve satisfactorily with decreased plate size until
the modeled area encompassed 20 Fresnel zones. The maximun plate size decided upon
wabs D D';r '.._).\... . This

in plate size does not appreciably increase accuracy but does incrcase computer time

. - q7
give about 5% error and any further decrease

and storage.
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A.2.0 POWERLINE MODELING

In order to accurately model the powerlines, the mathematical model must
be as close as possible to the situation occurring in nature. However, to reduce
the complexity of the problem it is necessary to make a few simplifying assumptions.
The powerline can be thought of as an infinitely long, perfectly conducting cylinder
immersed in free space. In this particular problem, the incident radiation can be
assumed to be a plane wave since the distance from the antenna to either set of

powerlines is very large compared to the radii of typical powerlines. The power-

are assumed to be perpendicular to the direction of propagation and are paralle

to the E field since the waveguide antenna radiates horizontally polarized waves.

1L e ]
ated in Figure A.2.1.

; A -
The try of the problem suggests using cylindrical coordir nates, Ae2.1
v E E is the wave equation in free space ( k = 3W/n ).

cral solution to this equation in cylindrical coordinates is

(me -wi)
Ef" 9) o ZA Z (k ) 67 & where Zm are Bessel functions or combina-

tions of Bessel functions.
In order to solve the boundary value problem, it will be necessary to
represent the incident plane wave in the form of Bessel functions. A plane wave

traveling in the ¥~ direction in free space can be r(mrwmwt(*d by

E(1-?,;,1) [ch(k**w‘t) E(r,é,i,ﬁ): 7 krcaso wit)

O

This function of r and @ is periodic in (4 and can be expanded

(B

Fourier series whose coeflficients are functions of r alone.
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In this problem,

3 i(kr Cos®) -im@

=1 e e de
277

This integral must be evaluated in order to get f’(r) 9)

An identity exists that has a form very similar to the above integral.

This identity is an integral representation of the Bessel function of the first

kir
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f'm (f') can now be xréitt;;x* a.".: .
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integral from 0 to =20 is the negative of the integral from O to a)7

lso, cos (- @) = cos ¢
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This is a plane wave expressed as an infinite sum of Be
the first kind.

ssel functions of

The radiation in the powerline problem can be divided into incident radiati

and reflected radiation.

Incident radiation
- = <« .™ /ma P
E1~E027 V—,-.(k")e a,
mz= -0
reflected radiation:
o
b Pt (l)
B B )
~x-o0
) k ;
where ’—-L_I is a Hankel function and A, is a constant to be determined

The boundary conditions are:
E tangential = O
rt

B normal =10
The E field inside a perfect conductor is zero, so at r = R
— & —

_3(",9) = [1 "'ER-"—"O

In order to evaluate a',..

from O to 2
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