- -h-we: e “n-vg W ¢ pod-

Y —— - mm

RS - S

A e
b s

Mlt)llﬁ-m
o gt INTERIN REPORT
‘/g; ) ;
- @® SADS Project No. 32810181
) CR Project Neo. 6758:2-812
A Intra-agency Agreement Ne..CE/RD56-64-5
I Yo | _
-+ & EVALUATION OF AN ILS GLIDE SLOPE
X MONITOR TECHNIQUE USING A MONITOR
DETECTOR WITH TWO ANTENNAS ;
DDG
PREIARR)
‘ | ﬁmv 21967, . .
DECEMBER 1955 SERITELY
’ ARGIIVE Gopy 3
|
FEDERAL AVIATIGN AGENCY !
Central Region
Systems Maintemance Division )

Kansas City, Missouri




IRTERIM REPORT

EVAIUATION OF AN YIS GLIDE SLOPE MONITOR TECHNIQUE
\ USIKG A MONITOR DETECTOR WITH TWO ANTENNAS -

INTRA-AGENCY AGREEMENT NO. CE/RD56-64-5
CENTRAL RECION. PROJECT NO. 6750-2-012
SRDS PROJECT NO. 320~-101-OLN
REPORT NO. RD-65-102

i - DPrepered by:

WILLIAM MGMPER

1 DECFMBER 1965
:
S 'u This report was prepared by the Central Region under Intra-
9 Agency Agreement No. CE/RD56-64~5 for the Systems Research
5 9 and Development Service. It does not necessarily reflect FAA
" policy in all respects and it does not, in itself, constitute
" a8 standard, specification, or regulation.
’{ £ This report has been approved for general availability
o
¢

A

[~
¥

4 FEDERAL: AVIATION AGENCY

f Central Region

J Systems Maintenance Division

i Kansas City, Missowri

PO

o e A oy

'
st o Y b e, oy [T VA
& .
an oy a. e g A

o A

ars e

-t




R
«

e S

Dameiv e

- L

LSRNV

+ > 2 S
\
N it .41
g e 22 ‘\ (3

¢ wopmr v

s ottt Sty e O N

ARSTRACT

This report concerns the installation and evaluation of a newly developed
clearance moritor system for the standard ILS null reference giide slope.

The new system was proposed by Mr. Henry H. Butts of the Federal Aviation
Agency's Systems Research -and Development Service. It is designed to
provide an indicaticn of the glide slope path width that is independent
of snow cover conditions or changes in path angle.

With minor exceptions, the test monitor system performed in the manner
predicted by Mr. Butts. These exceptions relate prineipally to the
detector point location in the near field, but do nut derogate the
system's application,

This report finds that the proposed monitor system is superior vo the
present monitor system. It finds the principal disadvantages are the
additional height required for the monitor antenns support and the cost
of the additional components required.
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INTRODUCTION

The clearance detector of the normal null réference glide slopé monitor. is
located at the maximum point of the second lobe of the sideband antenna
radiaticn pattern. Through comparison of the levels of 90 cycle and 150
cycle voltages in the detector output, an approximate indication of the

path width may be obtained. This condition remains true only as long as the
path structure remains symmetrical about the nominal path angle.

A change in t%e elevation of the electrical ground plane, ds may occur due
to the accumulaticn of snow between the antenna and the detector, causes the
apparent path anzle to increase. Although the path width remains. nearly
constant, it is no longer equally disposed about the nomxnal path position
and the clearance detector gives an erroneous indicatipn of path widening.

Although this is aot a kazardous conditiou,’in extreme casee ‘the path
widening indication reached the alarm limit of the monitor and caused it to
shut the equipment down, resulting in a needless loss of service.

In Februvary, 1963 Mp. H. H. Bhttg of the Systems Research and Development
Service proposec¢ a clearance monitor gystem that would be less affected
by changes in the electrical ground plane.

This monitor system was installed on a test basis at Kinross AFB,
Sault Sté, Marie, Michigan from April 1963 to May, 1964, The report that
follows concerns that test,
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DEFINTTICNS

Certain terms: and symbols are used in this report as a convenience. When used,

these terms and -symbols will: assume the definitions ‘presented here.

Cafrier-S1debahds Audio. The recovered modulation component tiat was transmitted

as ‘a part of the carrier energy, from the carrier antenna. The symbol
representing Carrier Sidebands Audio is Ecs.

Coefficient. of Reflection. A measure of the ability of a plame to reflect
energy that impinges -on its surface. The measurement is a decimal value,
less. ‘£han 1, that is roughly related to the percent of reflection that
results frop an impinging signal,

Far Field. ‘The area, forward of the glide siope facility toward the
outer marker; in which proximlty phase ‘effect becomes negliglble, usually
beyond 3000 féet from the glide slope. antennas. )

‘Ground Plane. The physical surface of the earth at the base of the antenna.
For this report the ground plane is considered to have a near unity reflection
coefficient so that reflection of the radiated carrier and sideband energy
will occur normally at the physical surface,

Near Fieid. The area between the antennas and the far field, in which
proximfty phase must be taken into consideration.

Proximity Phase. This is the phase difference that occurs in the near field
‘between the energy radiated by the carrier antenna and the energy radiated
by the -sideband antenna., Yt is due to the sideband energy having to traverse
a longer path than the carcier energy to reach the point of observation.

The symbol for Proximity Phase is Bp.

Reflecting Plane, That plane, parallel to the earth's surface, from which
reflection of the radiated carrier and sideband energy occurs. Normally

this is the ground plane, but it may be above ground plane under snow
cover conditions.

Space Sidebands Audio. The recovered modulation component that was transmitted,

separacely from the carrier energy through the sideband antenna. The symbol
for Space Sidebands Audio is Ess.

Standard Monitor. This term, as well as the term "standard monitor detector",

refers to the normal, null reference, monitor/detector system that is presently

in use through the Federal Aviation Agency.

Test Monitor. This term, as well as the term "“test monitor detector", refers

to the two anteana monitor/detector system under evaluation and for which this
report is written.
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BACKGRCUND

The lobe structure of the carrier and sideband anternna, radiation is. a
function of the height of the glide slope antennas above the reflecting
plane. In the null reference type glide 'slope, the path center is the first
null cf the sideband antenna radiation pattetn. The heights of the carrier
and sideband antenuas are s< proportioned that the carrier antemna radiation
pattern - will have a maximum value at. the path center:- _Figure 1 is a piot

of these radiation patterns.

The 90 cycle and 150. cycle .components of the -space sideband signal are phase
1ocked 180° out of phase, The same components of -the carrier signal are
phase locked and in phase. As-a result of .this audio phase. reletionship of
the 90 and 150 cycle ‘sidebands, .and the RF-phase relationships established
in the antenna system, the 150 cycle audio predcminates below path ‘and the
90 cycle audio. predominates above path in the far field. Ip: the path center
tke 90 and 150 cycle components are -equal 3ince tHe path: centér is in the
null of the sideband radiation pattern. Within the near. fiald area the signal
that nredominates, and the amount of .space sideband energy’ recovered, is
dependent on ‘the proximity phase. ‘Betwéen the 900 Bp -point.and: the 270°Bp
poiat the 150 cycle signal will; predominate above path.and the maximumOSpace
sideband energy will be. recovered at the 180 Bp point. Beyond thé 90 :Bp
point, toward the middle marker; the 150 eycle signal will ptedominate again
below path, as it wi11<between the 270° Bp point and the 540° Bp point.

Figure 2 is a sketch of the manner in which proximity phase, Bp, affects
‘the slope structure in the near field.

The clearance-detectoxr of the:.standard null reference .glide slope is normally
located at the 180° Bp point in the near field and is placed above path

at the maximum point of the second lobe of tﬁe sideband radiation pattern,
The principal purpose in placing it at the 180° Bp point is to provide
monitoring of phase changes in the glide slope .projector system. By placing
it in the maximum of -the sidebard énergy lobe a favorable level of 150 cycle
signal preponderance over the 90 cycle signal 1is obtained. The location
above path is fayored becaiise the signal that predominates: ‘there, 150 cycle,
is the predominating. signal in the critical below path areéxin the far field.

Under stable operating conditions, that is, when Bp and the reflecting plane
are constant, the clearance detector i- 1 reasonable means of evaluating the
width of the glide path. This is true because the sideband radiation lobe
structure is symmetrical about the path center. If the value of Bp changes
from the nominal of 180° the clearance level will decrease giving a false
indication of path widening. Fortunately, the Bp value remains fairly stable
at most glide slope sites. Where it is not, it may be stabilized by the

use of metal matting between the antennas and the 180° point to provide

a constant coefficient of reflection,
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FIGURE 1.

RADIATION PATERN OF TYPICAL 2.7° GLIDE SLOPE
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The stability of the reflécting plese is concerned with its. lcogitodinal
axis toward the cetector point and its elevation relatiwi to the grouad
plane. ‘rruly significant deviations of the electrical plane rarely cccer
nnnxtall.w except as the result of snow accosulation on the grooed piase.
When snow does -accumalate, the reflecting plane wil} apgear to rise an
amount tkat is related to the depth of saow accumclaticon, but mot
necessarily ¢josl to the accuomulation. That is, a spos: depth of t#o feer

. may raise _the xeflecting plane by four inches or tweaty, depending oa the

snow's raflecticn coefficient. An sdditional fact that has been ncted
is that the amount of rise will vary from hour to bour thrcugh a period
vwhen tae surface cf the snow may be melting or freezing into a crust.

This rise in the reflecting plane causes a change in the lobe structcre
of the carrier sideband radiation patterns. The path center moves upward
because the angle of the £irst null of the sideband radiztion pattern
bas fncressed. The actual path widt:. in the far field, is virtually

~t:a.....:ged heeause norgal accusulations of snow do met significantty disrupt

the -symsetry. of the sideband radiation pattern about the. increased path
angle,

The standaré monitor clearance detector, however, is located with respect

to the nominal (or normai) path angle rather than the increased path angle.
For this reason, asg the lobe structures rise with the rising refiecting plane,
the clearance detector receives a decreased sideband signal and produces a
false indication of path widening or lowered below path clearance. The
rising ground plane alezo produces z change in Bp that further reduces the

recovered space sideband sigral, Ess, and causes aacut:.onal widening indicatiens.

The occurrence of false path widening indications under snow accumulation
conditions is a major factor in wintertime glide s:iope outages. It becomes
more significant when it is realized that this condition is prevalent under
veather conditions in which the glide slope is most likely te be required.




mmmm.

Mr. B. E. Butts, XD-3=2, Systems Research asd Developmert Service of the
Federal Aviation Ageacy, proposed a monitor system tc provide tive pth wideh
nopitosing capability and overcome the problexm of seasitiviry to srcow
accomulation. This proposzl, cortained in a2 mesorandam to the fiies dated
Febrrary 18, 1963, suggested the feasibility of using twin antecna inputs to
the normal clearance detector. Tiis system uses two antennas, one mounted
above and one below the ncrsal path cester, comnected throughk a bridge/ptaser/
pover divider system to the detector impot. It was reasoned that if s true
rath widrh change occerred, both antemnas would receive a lower value of
sideband energy and the detector cutput would reflect this condition. On the
otber band, if the total patk raised, the width remaining stable, the output
of one artenra would increase and the output of the other would decrease.
Uader this condition the detecror ootput weuid resain fairly coastant.

Aiec contained in the proposai was the suggestion that the phaser in the detector

antecna system would permit locating the twin actennas at sny desired distance
without regard to proximity phase. 7This would permit mcving the pickup
further our. and improve the appérent ground coefficient of refiection through
the decreasad grazing angle cf the radiated glide slope sigaals.

Figure 3 is a2 schematic diagram of the detector portioa of the .proposed
monitor systen. The resainder of the clearance channel of the monitor
system is vanchanged and performs as at prasent.

The propesed mcnitor systea is not concerned with path angle evalution
acd the patk monitor resains as presently used.
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IHEORY OF OPERATION.

Refer to Figure 3 and to the Typical Glide ‘Slope Radiution Pattern, Figure 1.
Note that sideband: signals, as:well as cartiet signals are picked up by both
antennas. As outlined previously, the RF phase of sideband energy received
by the lower antenna, in the first sideband,lobe, will be opposite to that
received by the upper antenna, located in the second sideband lobe.

The carrier energyreceived by the two antennas will not be of different.
phase because both antennas are in the same lobe of the carriet signal.

By design, the antennas are located so the received sideband energies. are
equal and the received carrier energies are equal These- equal sigaal
levels are coupled to the combining bridge by .equal lengths of .coaxial
cable.

In the combining bridge, -the energy from each antenna is divided by the .two
legs. The carrier energy from each antenua travels the equal length legs,
1 and 4, of the bridge and appear at, bridge corner D as the sum:of .the
energies in the two branches of D. The carrier energy in the unequal legs,
2 and 3, cancel becausé of the, phase reversal that occurs in the 180°
section of leg 3 and w111 not appear at A. The space sideband energies of
the two antennas, because of their phase relationship,will cancel at corner
D. The 180° additional length in leg 3 will put the sideband signals in
phase at point A. The signal at A is pure space sidébands and ejual to the
sum- of the space sideband signal in legs 2 and 3.

The combining bridge has, in effect, combined the output of the two antennas
but into separate sideband and carrier components.

The "carrier corner" output, D, is fed to a power divider and to a second
bridge, the detector bridge, in the detector input circuit. The purpose of
the power divider is to permit adjustment of the ratio of carrier and sideband
audio voltages in the gutput of the detector,

The 'sideband corner'output, A, is fed through a phaser to the detector bridge
where it is combined with the carrier signal at the detector input. One-half
of the carrier and sideband energy is lost in-the dummy load of the detector
bridge. The phaser in the sideband circuit permits the carrier and sideband
energy phase to be adjusted to the optimum, zero or 180°, relationship.

The output of the detector bridge is fed to the detector through the stub and

positioning piece combination that is used to match the detector input
impedance to the dummy load, thus maintaining bridge balance.

11
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Consxdetation of the theory of ‘operation of ‘thé proposed system suggests ‘that
certain limits will -apply;  AS.-statel before; the. sideband lévéls from the
tWo antennas mist ‘Be .equdl, as mist :the carrier levels, in ordér to achieve
cancellation in. the combining bridge. Although Bp 1is equal for both antennas,
a change in Bp will dephase the aideband/carrier relationship, thereby
affecting the: audio ratio in the.detector output. This. latter effect is offset
to ‘some’ degtee by placing the detector further from the glide slopeé projector
antennas. Figure & is a plot showing the change in Bp that occurs at
different distances from the antennas- for an increase of 18" in the reflecting
plane level,

‘Consider now the: operation under coanditions -of snow cover that has caused the

glide angle ‘to increase, The sideband 1evels from the two antennas are no
longer equal. The carrier levels will also be unequal, to a lesser degree.
Complete cancellation of carrier will not occur at point A and some carrier
will be present at that point. Similarly, complete sideband cancellation will
not cccur at point D and some sideband energy will be present at the carrier
corner, D. It becomes apparent that these added signals in the detector

can cause significant errors in the audio output ratios.

The problem can be nearly overcome by locating the twin antennas at the 90°
point of proximity phase. Thus the undesired carrier at the sideband corner
of the combining bridge will be at quadrature with the -sideband signal at

point A, Figure 1. Also, the undesired sideband signals at point D will be

at quadrature with the carrier at that 9oint, We must now consider the results

of passing these signals through the power divider and the phaser of the detector

bridge. The undesired sideband signals will be reduced by the power divider,

‘remaining at quadrature with the carrier signal also fed through this power

divider. The undesired carrier signals from point A of the combining bridge
pass through the phaser at quadrature with the sideband signals from point A.
The fact that both undesired signals are at quadrature with the desired
signals suggests that they will be in phase with each other when the desired
signals are phased together at the detector bridge. The fact is, they may
be in phase with each other or 180° out of phase, depending on which antenna
feeds_into the leg of the combining bridge that contains the extra 180°
length., It will also depend on the phase chosen between the desired carrier
and sideband signals at the detector bridge.

Note, for example, the schematic of Figure 3 shows the lower antenna feeds into
the combining bridge leg that contains the extra 180° section. As the path
angle rises with increasing electrical plane, the carrier signal from the upper
antenna will increase as the lower antenna carrier signal decreases, The
undesired carrier will have the same phase as the desired carrier, After
phasing the desirsd signals together in zero phase, the undesired carrier and
sideband signals vill be in zero phase. If the desired signals are phased to

a 180° relationship, the undesired signals will have the same 180° phase

12
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relati mship to each other.

‘Consider the opposite. conne tion of the .antennas to the combining bridge;

that is, with the added 180" length. leg in the upper antenna's circuit.

‘Now the, undesired; carrier. at point A, which is still the "gideband corner"

of the. bridge, w51l be .180° out of phase with the. desired carrier at the
opposite corner. In this case, the undesired signals vili have a phase
Telationship to nach other that is: :thie oppoaite of the phase relationship
the desired signals have to. cach other.. More simply put, if the desired
signals are phased to produce a preponderance of 150.cycle audio from the
detector, in thé first -example the undesired signal would also have 150
cycle predominating. In the secoid, example, the reverse would bé true.
With the same phaser setting, the 90 cycle component of the desired signal
would predominate while the predominating undesired audio .frequency -would
be 150 cyclé. These relationships .are shown, using phasors in Figure 5.

Other factors will also affect the level and the influence of undesired
signals from the combining bridge. The linearity- of the changes-of
sideband and carrier signals in the two antennas, the amount of change the
electrical plane undergoes,. and the reduction factor that occurs in the
powerxr divider will each have an éffect,

It -may appear that these limitations on the detector location will limit
the efficacy of the prOposed system. Such is not the case. The undesired
signals may actually-be put to use to counteract the change in Bp that
occurs due to the rising reflecting plane. This use is explained in some
detail in appendix of this report.
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THE TEST SITE.

The ILS glide slope on Kincheloe AFB, Sault Ste.Harie, Michigan was chosen
as the test site to evaluate the proposed system. Kincheloe AFB is a base
of the SCrateg*c Alr COmmand and in deference to security regulations, no
picturesof the site or test installation were made., Figure 6 is a sketch
of the ILS glide slope area, copied from unrestricted drawings suppiied by
the v. S. Army Corp of Engineers and by cther offices of the Federal
Aviation Agency:;

-Several factors were considered in selecting .the Sault Ste.Marie site. One

of these is the considerable volume of snow encountered there. As indicated
in the graph, Figure 7, showing the snowfall for the period of March 1, 1964
to April 15, 1964, snowfalls may be expected frequently in the spring and
the total accumulations may be considerable. The winter of 1963/1964 was,
incidentally, &n unusually light snowfall winter as compared to the average
for this area,

Another factor considered in.selecting the test site was the availability of
heavy .duty snow removing equipment and the excellent cooperaition provided by
the Air Porce in clearing snow from the glide slope area. It should be
noted that the total accumulations shown in Figure 7 do not apply to the
immediate glide path area.

The ILS at Kincheloe AFB serves Runway 15, which is 17,000 feet in length
and. 300 feet wide, The glide slope frequency 48 335,0 mes and the published
glide angie is 2.68° with nominal width of 1.4 (0.7 normal approach
envelope).

The equipment usea includes a Type TUS glide slope projector with a CA-1363
monitor. The test monitor installed was also a CA~1363.

The glide slope facility is 400 feet off centerline of Runway 15 (250 feet
from the runway edge) and the site elevation is 795 feet AMSL, The soil

1s sandy and has a reflection coefficient of approximately .85 at the
detectors. The facility has a history of dependable service and the quality
of maintenance is excellent. Power is suppiied by commerical sources with
engine generator standby power.
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THE TEST INSTALLATION.

The preliminary study of the Kincheloe AFB gite indicated the area for
1000 feet forwaid of the glide slope antenna was level and free from
construction.. Drawings furnished by the Systems Maintenance Sector Office
serving Kincheloe APB, however, showed an alert ramp taxiway just 520 feet
forward of the antennas. :

The desired 9C° Bp point fell immediately adjacent to this taxiway and
could not be used. A point 450 feet forward of the antennas, where Bp was
105°, was chosen for a monitor point.

A 30 foot {above ground level) .electric pole was fitted with a track

and sliding brackets to hold the test monitor antennas and permit them to
be adjusted from the ground, Obstruction lights were provided at the
pole top. A weatherproof "detector house" was mounted near the base of
the pole to hold the detector and its input hardware.

A type CA-1364 glide path monitor detector was adapted for 50 ohm,input
and fitted with a coaxial connector for antennz signal input The input
hardware for- the detector, consisting of a phaser, adjustable positioning
plece, adjustable stub and an M-array glide slope monitor -APCU, was bolted
to a sub-panel in the detector house, The phaser undt wzs later removed
and phasing was accomplished with the ‘+ 15° trim-phaser in the APCU.

The M-array monitor APCU was a Meridian Model #3211 that combines the
input bridge and power divider intd a single unit with the trim-phaser
referred to above,

The two detector antennaswere connected to the APCU through two equal
length coaxial cables.

Adjustment of the detector system was accomplished as follows:

1. The antennas were spaced equal distances either side of the
path, a total separation of approximately, 1. 2°,

2. The antennas were individually connected to the input of a
CA-1509 Portable Glide Slope Detector and the antenna heights
were refined so that each antenna provided the same ddm
indication on the PGSD.

3. The antennas were then connected to corners 1 and 3 of the APCU
input bridge.
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6.

7.

10.

Tbe PGSD was ccxecred to bridze corcer (cazriesr coroex) a2
the anternz line loogths were carefully adizsied for a zero
dér indicarion. "

Lice length adjustment was dovble checked by removing the sideba~d
signal at the transmicter and verifying thar no R.F.¥2s presect at
tke sideband corcer of the icpot bridze. Tb» trazsnftter was thes
restored to ncrmal.

The power divider of the APCH was ser ar Baif-scale 2s 2 startice
point.

Thse detector was carefully traed for a maximzz detprt.

The stub and positioning section in the detector impsr was
adjusted for a zerc R.¥. indicarion from the sideband cormer of
the detector bridgze( with sidebard inpct discoznmecred).

Steps 7 and 8 wers repeated several times o compensare for che
interaction betwcen adjustments.

The power divider of the APCU was adjusted to provide a cosveaieat
level of dd= and the desired sensitivity to path widrh charges.

The test =zonitor, a type Ci-1363, was modified by adding resistance in one
ieg of the path calibratica potenticmeter, R326, so the path chanrel could
be used with the unbaianced input fro= the test detector.

The clearance chaanel of the test monitor was paralleled with the clearance
channel of the standard monitor. It was necessary to discocmmect R385 to
secure sufficient signal to operate both monitore fizm the standard
clearance detector.

2~

The dc outputs of the clearance channel and the modified path channel

were brought out on shieldad leads and conmnected through isolation and filter

networks, to the two channels of a chart type recorder. The isoZation
networks were necessary to pernit normal operation of the alarm circuits.
The filtering was required to remcve the residual 90 and 150 cycle a.c.
component of the d... signal.

A Brush Company Model Mark II Recorder was used. This recorder provides
two traces, produced electrographically, and an event mark capability for
each trace. Each channel has a d.c. amplifier with a choice of balanced
or unbalanced Input to produce the trace. The event marks are provided
by side pens actuated by an internal voltage source controlled by an
external switch or push button.

20
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Toe 2larm relay feacrions of the test mositor were not ceeded tc cuntrol
2oy station eguipment. It was practical, zhen, to disconnect one set of
reiay contacts for each of the two charrels and vse these relay coatacts
O cperate the evepr markers 9f the recorder.

Cocected thos, the recorder produced a trace that was related ro the
ratio of 90/150 cycle avdio from each detector, the test detector and
the standard monitor detector. It also produced an event mark if either
the test monitor or the standard monitor reacbed an alare condition.

The channel trvaces were establisbed in the centers of their respective
charr scales so thar deviation of the normal audio ratio iu either
Girection wonld be recorded.

By adjustment of the moaitor calibration, and the power divider of the

APCH in tke detector imput, the monitor vas made to appear idertical in
operation to the standard facility monitor.
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TEST MONITOR PERFORMANCE.

-

The test monitor exhibits. an improved stability with respect to envirorment.

It was first noted that personnel moving about in the area between the antenna
array and the two detector systems did not affect the test monitor as much as

it did the standard monitor. This is evident in Chart Section A, Figure 8.
Chart Section B of the same figure is the test dial alarm point check made
immediately following A. It may be noted that Section B is made of twc pieces.
This was done for convenience in presenting the data, to reduce it to a workable
size. No constructive data has been lost in the editing process.

The long term stability of the test monitor was at least as good as that of the
normal monitor system. A fault in the monitor caused some random shifts of the
test monitor recorder cross-pointer. This fault has been definitely isolated
to the monitor itself, however, and is not reiated to the detector system.

The recorder speed used, ,4mm/sec., resulted in lengthy recordings, almost
120 feet every 24 hours. Pertinent sections have been cut from these recordings
for inclusion in this report.

Figure 9 is a section of recording made just before a snowfall that resulted
in a total accumulation of sixteen inches. At the beginning of this period the
monitor was reasonably close to being balanced.

Figure 10, Chart Se¢ction A, is part of the same recording after considerable
snow had fallen. The amount of snow on the ground at that time is not known.

It can be seen that the test monitor indication is relatively unchanged but

the normal monitor has drifted toward a broad alarm condition. Chart Section B,
of this figure, followed Chart Section A by approximately 2 hours. Note that
the test monitor has begun to indicate a ccurse broadening, probably due to
proximity phase error shift at the test monitor detector site. The standard
monitor trace at this point indicates that an alarm is imminent.

Figure 11 chart sections followed those of Figure 10 by less than an hour.
These sections show the reaction of the two monitor systems tosnow removal
activity in the area around the detectors. The standard monitor alarmed
intermittently throughout the snow removal process. (The facility had been
removed from service). It can be seen, also, that the test monitor did not
approach an alarm until late in the snow removal effort. Observe, at the
right edge of Chart Section B, Figure 11, that snow removal efforts had
begun to restore the standard detector to its normal indication; that is,
the average of che standard detector trace is again near the center of the
paper. At the same time the test monitor's trace has not returned to its
center chart position. It is probable that snow removal in the larger
Fresnel Zone of the test detector had not been completed.
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CONCLUSTONS

The test monitor system has the following advantages over the present
standard ILS glide slope monitor: )

1.

2.

The monitor responds to the actual path.didth.

The monitor system is relatively free from the effects of
suow accumulation in thi -area between the glide slope.
transmitting antennas and the monitor detectors.

The monitor system is less sengitive to vehicles and
personnel wecrking in the near field area.

This monitor system may be established using any of the
presently available monitors without modification other
than to the detector section,

The disadvantagesof the test monitor system are:

1.

The detector antennas require a mounting mas:, of sturdy
construction, 30 to 37 feet high. ~This mast then becomes
a considerabic air space hazard,

The monitor detector requires modification and the addition
of R.F. hardware estimated to cost $800.00 - $1,000.00 per site.

Additional maintenance is required to maintain the modified

detector. The entire input circuit requires readjustment
if a detector tube is replaced.

The monitor system would be more attractive if the function of path angle

monitoring could be derived from the same antenna system,

The savings that

would accrue, through elimination of the present monitor rack assembly, would
partially offset the cost of establishing this monitor system.
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RECOMMENDATIONS

This report recommends that the ILS glide slope monitor problem be studied
further befcre adopting tbe monitor system evaluated herein.

The reasons for this recommendation are:

1.

2.

3.

A mast of the height and strength regquired for this monitor
system is a hazard to landing aircraft.

The benefits to be derived from the monitor system are limited
unless the path angle monitor can be similarly desensitized

to the effects of snow. It is of no benefit to have a happy
clearance monitor if the facility is off the air due tc path
angle monitor alarm,

The costs of implementing this monitor system are excessive
in view of the limited benefits as outlined in 2, above. " An
effort should be made to secure a solution that will fit the
cost vs benefit concept better.

This feport specifically recommends a further étudy of this particular
monitor system to determine if it can be adopted to preovide reliable
path position monitoring.

If further operational evaluations are to be made, it is recommended that
consideration be given to moving the detector pole further from the runway
to reduce the obstruction aspects. That ig, a line between the glide slope
transmitting antennas and the detector antennas would angle away from the
ILS runway rather than paralleling it as at present.
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APPENDIX

The proposal for the twin anterna monitor system for the ILS glide slope

stated that the monitor antennas could be located at any position from

200 feet to 1,000 feet or more from the. transmitting antenna. This appendix
‘consists of a study made to support this statement based on a theoretical

glide slope having a 2, 7° glide angle and a nominal path width of 1.4°. The
study indicates that monitor antenna position in the near field may be a critical
item and should be near the 90° proximity phase point.

1. Theoretical glide slope parameters:
path angle = 2,7°
path width = 1.4°
H, sideband antenna height = 3820° = 31.2'
h, carrier antenna height = 1910° = 15.6'
180° Bp point = 248' from transmitting antenna
90° Bp point = 496' from transmitting antenna
A at frequency of operation = 2,94' (1' = 122.4°)
Transmitter modulation factor, m =.475
Elevation of twin detector antennas = 2,3° and 3.1°

Wu

2. Development of a ddm formula for the theoretical glide slope:
path edge, lower = 2.0° (glide angle minus % path width)
path edge, upper = 3,4° (glide angle plus % path width)

ddm at path edge = .175 ( by definition)

nmun

Ess
ddm = 2m 7 E,, (by definition)
Solving for Egq at path edge, Egg = 175 Bes - 184 Eqg

also:

Ecs = Sin h Sin 2.0° ( at lower path edge)

Egc = R Sin H Sin 2.0° where R is the ratio of space sideband audio
to carrier audio

Solving these for Ecg and Egg at the lower path edge
we get Eog = .918 and E;. _ 9313

Since:

Egg = .184 Ecg  and also .z%% R
We can solve for Rt R = .731 = .231
2m Ess
Ecg
we find that the ddm at any angle, x, is found from the formula

ddm = .95 /.231 Sin ¥ Sin x)
Sin h S8in x

Relating these back to the basic ddm formula, ddm =

1-1
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Calculation of Ecs and Ess at the lower detector antenna:
E.s = Sin 1910 Sin 2.3° = ,9724 ’

Ess = ,231 Sin 3820 Sin 2.3° = ,1044
Bcs and Ess values at the upper path edge will have the same nrumerical

values as at the bottom path edge. The sign of the Egg value will be
negative indicating the phase of Egg at the upper antenna is reversed.

Under ideal conditions the sideband corner of the input bridge will
yield a total E, of .209 and an Ecg of 0.0.
At the carrier corner of the input bridge, Egq = 0.0 and E , = 1.95.

If these signals are combined in phase, and with equal degrees ~f
attenuation, the resulting ddm = .95'1;§g2 = ,102,

Using the above formulas and methodology, it is possible to calculate
Egg and :Eqg at the bridge inputs and cutputs for varicus increases in
the height of the reflecting plane, In making these calculationms,
consideration must be given to the effective decrease in carrier and
sideband antenna. heights and the decrease of the detector antenna
heights that are a result of the rising reflecting plane. -Graph A

is a plot of these changes for the theoretical glide slope when the
detector anternas are located at the 180° Bp point.

The totals of sideband and carrier signals at the bridge output are

of particular interest and these are plotted on Graph B, Note
particularly the increase of Egg at the carrier corner of the bridge and
the increase of Ecg at the sideband corner due to these signals no longer
being equal at the upper and lower antenna outputs,

Graph C shows the resultant ddm that will be seen after the signals out
of the bridge are combined in phase and with equal attenuations, The
alarm point reference line is the ddm point that coincides with a 1.8°
path width, the limit of tolerance on path width, A correction curve,
that must be used to account for a shift in Bp as the reflecting plane
rises, is also included.

The conclusion that is drawn from these graphs is that the 180° Bp point
is not a satisfactory location for the monitor antennas. This is due to
the abnormal ddm that is produced by failure of Egg and Eqg to be canceled
at the carrier and sideband corners of the bridge, respectively,

. Application of the same techniques to a detector location of Bp = 90°
yields an Egg/Ecs relationship shown in Graph D.

Graph E shows the variation in ddm that results from a rise in ground plarne
and takes into consideration the effects of the changing Bp. Alsc shown,
is the abnormal ddm that is produced as a result of noncancellation of Egg

and Eqgg at the carrier and sideband corners (respectively) of the input
bridge,
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13.

14,

15.

16.

17.

Graph P shows two ddm curves that may result from the addition of the
abnormal dim to the "normal" ddm. Which curve fs obtained in practice
is determined by the location of the extra 180° length in the input
bridge legs.

For corvenience in developing this data, we have assumed that the
attenuxcion of carrier and sideband signals from the input bridge to
the detector has been equal. In practice, however, the signals from
the carrier corner of the input bridge are attenuated by a power
divider to permit adjusting the sensitivity of the detector. This
attenuation will decrease the -abnormal ddm by the same factor that
it increases the normal ddn, As an example, a 6 db attenuation by
the power divider would double the normal ddm and cut in half the
abnormal ddm. :

The detector antenna location could be so selected that the combined
ddm, (normal ddm plus or minus abnormal ddm) would produce a nearly
stable ddm indication for variations in ground plane elevation of

as much as two feet,

The .detector location that is used with the monitor system under
study will depend on : ~ ‘

a. The change in ground plane that is anticipated and through
which it is necessary to provide width monitoring.

b. The amount of attenuation that is provided by the power
divider.

c. The lobe structure of the carrier and sideband antenna radiation.
d. The coefficient of reflection of the ground in the Fresnel Zone.

e. The separation between wmonitor antennas ( for the effect on
EggfEcg-values).

Although the detector location to be used appears to be a critical

factor, it should be possible in practice to secure quite satisfactory

results by varying some of the other parameters, a tc e, above,
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