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ABSTRACT

The analysis of the AH-64 Apache helicopter telemetry antenna was performed to
improve the present telemetry antenna patterns. This telemetry antenna was used by the
Mesa, Arizona, branch of McDonnell Douglas helicopter division to transmit real-time
data gathered during test flights to a Fixed Base Data System developed by the University
of New Mexico’s Physical Science Laboratory (PSL) in 1988.

This analysis was necessary due to the high data dropout encountered when the helicopter
was performing maneuvers on the test range, a potentially dangerous situation. Since the
telemetry antenna patterns had never been studied, the PSL was awarded a contract to
conduct a study of the telemetry antenna and suggest ways to improve the performance of
the present telemetry system.

Extensive use of software developed by Ohio State University for the analysis of antennas
on aircraft was applied to finding a solution to the problems encountered with the present
system. This included analysis of several different configurations of antennas and antenna
placement.

The result of this analysis was to present McDonnell Douglas with a recommendation of
telemetry antenna and telemetry antenna placement that would satisfy the requirements of
the current test system in use. This represents a three-month effort by the PSL utilizing
advanced antenna analysis techniques.



INTRODUCTION

McDonnell Douglas Helicopter Company is actively involved in flight tests on the AH-64
Apache in Mesa, Arizona. There arises a need for real-time telemetry during these tests for
a variety of safety and economic reasons. The previous system that was used stored all
data on magnetic tape in the helicopter for later data reduction. The PSL has delivered the
Fixed Base Data System (FBDS), a real-time telemetry system. McDonnell Douglas
currently employs the FBDS during test flights, but due to the excessive data dropout that
occurs during the maneuvering of the helicopter, the previous system is also used. The
high data dropout rate often limits FBDS to a playback mode, analyzing the data tapes
recorded during the flight. PSL has recommended a complete link analysis of the current
telemetry system. However, at this time, McDonnell Douglas Helicopter Company has
only contracted PSL to complete an analysis of the AH-64 Apache transmit telemetry
antenna. This analysis was intended to find alternatives to the current telemetry antenna
setup that would improve the current coverage and reduce the data dropout of the current
telemetry system. It is hoped that there would be enough improvement that FBDS could
be used as a stand-alone, real-time telemetry system.

BACKGROUND

The PSL has several engineers with strong backgrounds in the radio frequency (RF) and
telemetry field. These engineers, namely Russ Jedlicka and Troy Scoughton, have been
very helpful in improving my understanding of the current telemetry system employed at
McDonnell Douglas Helicopter Company and the current software capabilities of the
PSL. The observations on the current telemetry by Mr. Scoughton were invaluable in
confirming results of analysis on the current system. Mr. Jedlicka had foreseen the need
for good antenna simulation software and had already procured such software for the use
of PSL.

SIMULATION SOFTWARE

The telemetry antenna coverage problem was addressed using antenna simulation
programs that PSL had purchased from the Electromagnetics Laboratory at Ohio State
University. The results of simulations of different types of antennas on models of several
aircraft had been shown to be accurate when compared to similar scale model
measurements. These programs have been used extensively the U.S. Armed Forces for
aid in antenna design and placement with accurate results. Based on these results, PSL
conducted an in-depth simulation of the current antenna to better understand the problem.
From the understanding we gained of the problem, we could further use the same antenna
simulation programs to find a solution to the current telemetry system problem.



The antenna simulation programs used two different means of computing the antenna
radiation pattern. One uses the general theory of ray diffraction; the other uses basic
scattering techniques. The varying restrictions upon the model caused us to try two
different programs. Both programs calculated the same basic result for the current
telemetry antenna system. For a more in-depth discussion of the computer programs,
refer to Appendix 1.

PROBLEM STATEMENT

The major problem with the real-time aspects of the FBDS telemetry system is the data
dropout that occurs when the helicopter is on the ground and when the helicopter is
performing maneuvers for testing purposes. Because the RF power received at the FBDS
is such that it has to be attenuated during normal helicopter operation, the dropout that
occurs during maneuvers indicates that the telemetry antenna is providing poor coverage.
The poor coverage is due to either the choice of helicopter-mounted telemetry antennas or
the location of transmit telemetry antennas. It should also be noted that some of the data
dropout could be caused by certain objects placed within the path of the transmit and
receive antennas, most notably the control tower placed within the vicinity of the tracking
receive telemetry antenna. These other obstacles are what led PSL to recommend a
complete link analysis in the future.

OBSERVATIONS

During some of the many visits by Mr. Scoughton to the McDonnell Douglas facility at
Mesa, Arizona, he was able to observe the AH-64 Apache during test maneuvering. Mr.
Scoughton’s observations led the PSL to recommend a complete link analysis. His
observations led us to believe that:

a) There was enough power transmitted during normal helicopter operation to provide a
telemetry data link.

b) The telemetry data dropout problem was directly related to the transmit and receive
antenna locations.

c) The problem could possibly be remedied by having the transmit telemetry antenna
provide better coverage.

CONFIRMATION OF OBSERVATION BY SIMULATIONS

Simulations of the current MDHC telemetry antenna confirmed that indeed there are
problems in the coverage. This is evident in the roll and elevation cuts of the antenna
simulation shown in Appendix 1. The azimuth cut shows good coverage throughout the
plane. The problems in the roll and elevation plane result from the basic pattern of a



monopole antenna, and are further compounded by the placement of the antenna on the
underside of the helicopter. These problems could prove to be the one of the major
causes of data dropout in the telemetry system.

ANALYSIS

The most economical solution appeared to be simply moving the antenna to a better
location. However, this would still leave the problem presented by the basic pattern of the
monopole telemetry transmit antenna. Namely, large nulls in the roll and elevation patterns.
The next most economical solution was to add another antenna to the system, one that
would fill in the nulls of the current antenna. The disadvantages of this solution is that the
transmitted power would have to be split between the two antennas, and the antennas
would have to be carefully placed and cabled to ensure proper phasing. The advantage of
this solution is low cost and relative ease of implementation.

Other solutions involving different types of antennas did not appear as attractive for
several reasons. For one, the added cost of researching several antennas would mean
extensive use of several other programs. Another reason would be that the cost of
manufacturing a new telemetry antenna could prove to be more than the performance gain
warranted. The other deciding factor against trying another antenna was the additional time
that the research and manufacturing would take. It was the belief of PSL that the current
telemetry system could be upgraded cost effectively with the addition of another antenna
of the same type that was already in use, providing a timely solution to the current
telemetry data dropout problem.

MODELS

The models used by the antenna simulation program can be seen in Figures 1 and 2.
While these models do not represent exact duplicates of the AH-64 Apache, they do
represent the major features that would cause deviation in the standard monopole antenna
pattern. These dimensions for the models were provided by McDonnell Douglas
Helicopter Company by means of the helicopter blueprints. Any deviation of the
helicopter from the blueprints could cause significant deviation in the antenna patterns that
were found through simulation. This is especially true if the telemetry antenna location
deviates from the indicated location by any discernable amount.

The models shown in Figures 1 and 2 were constructed strictly from actual location of the
feature provided by the simulation program output. These models do not include the main
or tail rotor of the helicopter because they are made almost completely with composite
material. With further knowledge of the electromagnetic properties of the composite
material, these structures could be added to the model.



ANTENNA LOCATIONS

For purposes of the simulation, it was assumed there was one telemetry antenna location,
which was at STA 485 on the bottom side of the helicopter. This is shown as Antenna 1
on Figure 3. For any other telemetry antenna locations on the AF-64 Apache, another
analysis would be necessary. This analysis could be done quickly, since the helicopter
models have already been constructed and only moving the telemetry antenna location on
the simulation model would be involved.

The placement of a second telemetry antenna that proved to be the most reasonable was
on the upper tail surface. This location had the advantage of being on the upper side of
the helicopter and a large enough area to allow a variety of placements to be tried. It also
had the further advantage of being in a null region of the current antenna so that very little
coupling between the antennas would occur. The disadvantage of this location would be
the distance from the transmitter, thereby losing power in the length of cable connecting
the antenna to the power divider. The location of the antenna on the tail surface was
determined by ensuring the antenna was an integer number of wavelengths from the
current antenna. This was necessary to keep the antennas in phase.

The second antenna on the upper tail had two seemingly reasonable locations. At STA
570.7 and 583.8, the second antenna would be 19 and 20 wavelengths, respectively, from
the current telemetry antenna at STA 485. These locations can be seen in Figure 3 as
Antennas 2A and 2B.

RESULTS

After simulations of the two-telemetry antenna system, it was found that better coverage
could be provided with it than with the current single-telemetry-antenna system. While the
azimuth plane cut suffered a slight loss of coverage, the roll plane and elevation plane cuts
greatly improved in coverage. Since some of the data dropout problems arose during test
maneuvers of the AH-64 Apache, improving the roll and elevation plane cuts should
significantly reduce the data dropouts. The improvement in coverage was found by
integrating a series of planar cuts to find the coverage provided by the antenna system.
These cuts were at 2-deg intervals in both E-theta and E-phi, and then the results of these
were integrated by Simpson’s rule to find the directivity and percent coverage. The results
of these calculations for the single-antenna system that is currently used, as well as the
proposed two-antenna system, can be found in Table 1. The results of the simulations of
the two-antenna system versus the single-antenna system are shown in Table 1. At -3 dB,
the greatest improvement in performance is shown as the two-antenna system provides
25% more coverage than the single-antenna system. The overall pattern for the two-
antenna system justifies the use of the second antenna.



CONCLUSION AND RECOMMENDATIONS

The recommendations that can be made after this thorough analysis of the Apache
telemetry antenna analysis are fairly straightforward and very feasible. The basic problem
of the current telemetry antenna was poor coverage due to two factors: the basic
monopole antenna coverage and the large blockage in the pattern due to the location of
the telemetry antenna. The best way to improve the coverage was to simply add another
antenna on the vertical tail stabilizer. This decreased the directivity of the system and
offered better coverage. This solution is not only economical, but it also provides
satisfactory results.

LOCATION OF ANTENNA

The following recommendation for antenna placement was made after several simulations.
The antenna should be placed on the vertical tail stabilizer at STA 570.7, shown as
Antenna 2A on Figure 3. This location was deemed better than the location at STA 583.8
because of the feasibility of mounting the antenna at the given location. In the drawings of
the AH-64 Apache, there is some kind of pod already mounted at STA 583.3. Mounting a
telemetry antenna at 583.3 was therefore not feasible. There appeared to be no significant
difference in the coverage between the two locations, so the location STA 570.7 was
chosen.

POWER DIVIDER

The power divider recommended for this task is the Microlab/FXR D2-2TN. It is
recommended because it meets all the power requirements, has a small power loss, and
offers effective load isolation. This particular model is 4.3 in. long and weighs only 5 oz.
These power dividers have been used successfully at PSL for several years. Since this
power splitter costs approximately $200, it is a cost-effective choice as well.

The placement of the power divider is left up to the customer, as the placement is not
essential to the telemetry antenna system. It should not be placed so far away as to incur
large cable losses, however. The critical cable lengths in the system are the cables from
the power divider to the two antennas.

CABLING OF NEW ANTENNA

The current telemetry system on board the AH-64 Apache uses RG-58 coaxial cable with
N-type connectors. This cable is fairly glossy at the 1.5 GHz. Approximately 5 dB signal
loss should be expected between the transmitter and the antenna on the tail if it is used. It
is strongly recommended that the RG-58 coaxial cable be replaced by RG-8 coaxial



cable. The RG-8 coaxial cable will only suffer a 2-dB loss over the same path, thus
doubling the power to the tail-mounted antenna. The N-type connectors present no
serious problem and are recommended to remain with the system, as their replacement
would probably mean antenna replacement and possibly transmitter replacement.

The cable lengths between the power splitter and the two antennas have to be made to
accurate lengths to ensure the two antennas operate in phase. The cable between the
power splitter and Antenna 1 at STA 485 should be made as short as possible with the
length of the cable carefully and accurately measured. The cable going to the tail should
be made to the length of the first cable plus 291.34 in. or 37 wavelengths, as shown in
Figure 4. This should provide enough cable to reach the tail telemetry antenna and keep
the two antenna in phase with each other.

APPENDIX 1 - FIELD PLOTS FOR THE CURRENT
TELEMETRY ANTENNA

This appendix contains the field plots of two separate and independent antenna
simulations. The first series of field plot simulations were run because we felt they would
offer the greatest amount of accuracy. The second series of field plot simulations were the
ones actually used in calculating the total field plot simulation of the two-telemetry antenna
system that we have recommended. The two simulation programs have differing
restrictions on where an antenna can be mounted on the model. These restrictions kept us
from using the first simulation plots in the two-telemetry-antenna simulation. The second
antenna simulation program also had restrictions on the type of structure on which the
antenna could be mounted. Fortunately, with some improvisation, we were able to fairly
closely simulate the current antenna mounting with the second program. This can be seen
by comparing the following two series of simulated field plots.

The first program limits antenna mounting to elliptic cylinders only, while the second
program limits antenna mounting to plate-like structures. The improvisation mentioned
was to mount the current antenna on a plate very close to the cylinder modeling the
fuselage. This was then tested to find the size of plate that most closely made the pattern
resemble the first program’s simulated field plots. The reason for not trying to improvise
the first program was that it was felt that it would be difficult to represent the tail section
where the second antenna was to be mounted by an elliptic cylinder.

It should also be noted here that special attention should be paid to where the placement
of 0E occurs on the plots. The two programs have tendencies to place the 0E at differing
places on the plots, thereby possibly adding a little confusion at first glance. Initially, it
was felt that the first set of plots of the single monopole antenna was the most accurate,
but after discussing the plots with several engineers employed at the laboratory, it was felt



that the second set of plots may be closer to the real patterns. This is because these
second series of plots exhibit more scattering that the modeled structures are likely to
cause. But it should also be noted that some of the extremely high glitches in the second
series of antenna pattern plots are likely to be caused by the plate on which the antenna is
mounted. These probably do not exist in the real pattern, but do not significantly affect
the percent coverage or the directivity calculations of the antenna.

EXPLANATION OF FIELD PLOTS

The antenna pattern plots contained in these appendices are meant to give the reader an
overall view of the antenna patterns of the given antenna system. Although many of the
patterns do not have specific labeling as to the field strength they represent, it is generally
clear when an antenna is providing good coverage. The data used to generate this are very
specific as field strengths, but were not included with this paper due to the magnitude of
paper they would have added. The plots are scaled in intervals of -3 dB, the outer ring
being the highest magnitude, the inner ring the lowest. At this time, the plots are scaled
such that the outer ring is always the maximum field strength of the signal. Often the
patterns that are asymmetrical are the plots in which there is very little power, i.e., less
than -20 dB. The program is accurate only to approximately -30 dB, and this inaccuracy
is probably the cause of the asymmetrical nature of the plots.

APPENDIX 2 - FIELD PLOTS OF THE ADDED ANTENNA

This appendix is added to show the field patterns of the added telemetry antenna if it were
to be used as a stand-alone telemetry antenna. We do not recommend this, and this
information is provided only to show how the two patterns complement each other.

APPENDIX 3 - FIELD PLOTS OF THE TWO TELEMETRY ANTENNAS

These simulated field plots are the coverage that we expect to gain with the addition of the
second antenna on the vertical tail surface. When compared to the previous simulated
field plots, it becomes obvious that the two antennas complement each other to provide
better coverage than either antenna could by itself. It should be noted that this simulation
was done with antennas in phase with each other, and that it is very important to the
antennas in phase to achieve the same results as simulated here.



TABLE 1 - PERCENT COVERAGE OF THE SIGNALS AND
TWO ANTENNA SYSTEM

One antenna Two antennas
dB level % coverage of sphere % coverage of sphere

-30.00 dB 99.46% 100.00%
-29.00 dB 99.46% 100.00%
-28.00 dB 99.46% 100.00%
-27.00 dB 99.46% 100.00%
-26.00 dB 99.46% 100.00%
-25.00 dB 99.46% 100.00%
-24.00 dB 99.46% 100.00%
-23.00 dB 99.46% 100.00%
-22.00 dB 99.46% 100.00%
-21.00 dB 99.46% 100.00%
-20.00 dB 99.46% 100.00%
-19.00 dB 99.44% 100.00%
-18.00 dB 99.44% 100.00%
-17.00 dB 99.44% 100.00%
-16.00 dB 99.44% 99.99%
-15.00 dB 99.39% 99.97%
-14.00 dB 99.35% 99.94%
-13.00 dB 99.09% 99.87%
-12.00 dB 98.80% 99.78%
-11.00 dB 98.52% 99.63%
-10.00 dB 98.08% 99.31%

-9.00 dB 97.27% 98.84%
-8.00 dB 95.81% 97.93%
-7.00 dB 92.90% 95.87%
-6.00 dB 86.72% 92.53%
-5.00 dB 73.42% 87.80%
-4.00 dB 53.40% 81.15%
-3.00 dB 45.61% 71.28%
-2.00 dB 37.28% 56.40%
-1.00 dB 24.66% 39.18%
0.00 dB 4.52% 21.09%

One antenna Two antennas

Directivity 2.75 dB 1.49 dB



 EXPLANATION OF FIELD PLOTS

The antenna pattern plots contained in these appendices are meant to give the
reader an overall view of the antenna patterns of the given antenna system. Although many
of the patterns do not have specific labeling as to the field strength they represent, it is
generally clear when an antenna is providing good coverage. The data used to generate the
is very specific as the field strength, but was not included with this paper due to the
magnitude of paper they would have added. The plots are scaled in -3 dB intervals, they
outer ring being the highest magnitude, the inner ring being the lowest. At this time, the
plots are scaled such that the outer ring is always the maximum field strength of the signal.
often the patterns that asymmetrical are the plots in which there is very little power i.e. less
than -20 dB. The program is only accurate to approximately -30 dB and this inaccuracy is
probably the cause of the asymmetrical nature of the plots.
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