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SUMMARY

Main rotor blades configured with leading edge radar
antennas were installed on a Model Uii-1B Helicopter,
S/N AF 62-2023, Bell No. 543, for both ground and
flight tests. At the conclusion of the flight test
pro ram, 0.7 hour of ground run time and 16.7 hours

light time had been logged on the helicopter.
The first phase of a two phase major test program
was performed during these flights. Load level
tests and basic electromagnetic radiation pattern
tests comprise Phase 1 and both were svcce: !
completed.

Load level tests confirmed previous measurements.,
All measured loads and vibrations were identical to
production 204 blades. Flight characteristics are
identical to a production UH-1B Helicopter. Radi-
ation pattern tests were very successful and proved
that the use of rotor blade antennas as a radar
transmitting device is feasible.

Based on preliminary analysis of flight test data,

it ie concluded that use of the main rotor blades
for radar transmissions is practical and warrants
further study and tests to determine specific con-
figurations for use in production operations. Final
analysis of radiation test data (photographs) were
performed by David W. Young & Associates, consultants
for this development program.
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INTRODUCTION

The feasibility of vusing a helicopter main rotor
blade as a radar antenna has, for a long period

of time, been a question involving application

of a practical design. Bell Helicopter Company,
in conjunction with David W. Young & Associates,
consulting engincers, entered a design study and
hardware development program which would ultimately
result in a flyable system for flight test evalu-
ation, This program was divided into two phases.
Phase 1 consisted of modification of the leading
edges of two standard Model 204 main rotor blades
to house a 173-inch leaky waveguide antenna for
pattern flight tests. Phasc 11 will be the flight
test of a special set of Bell funded blades de-
signed to incorporate both a leading and a trail-
ing edge antenna.

A set of limited life, 44-foot diameter blades
from & Model Uli-1B were modified for flight tests.
The initial set of blades were installed on Bell
Model UH-1B, S/N AF 62-2023, Following ground
checks, edge bonding of the erosion boot pro-
tecting the wavegride antenna failed during the
first flight. The blades were returned to the
Bonding Department and a new erosion material
applied. The blades were reinstalled on the heli-
copter and used for the remainder of the test
program,

Herdware for the blude-to-cabin installation was
delivered to Flight Test Engineering for installa-
tion on 20 August 1965. Pattern transmission tests
were completed on 3 September 1965 and the con-
figuration was removed following Flight 151 on 9
September 1965, At the time of removal, the blades
had accumulated 0.7 hour ground run and 16.7 flight
hours,
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DESCRIPTION OF TEST EQUIPMENT

HELICOPTER INSTALLATIONS

Blade Waveguide Installation

Two 44-foot diameter blades, P/N 204-011-001-15,S/N's

A-2-247 and A2-836, were modified to accept the
leading edge radar antennas, The leading edge
antenne installation was protected by a vinyl tape
installation approximately 4 inches total width

(2 inches on top of blade and 2 inches on the
bottom) for the full span of ecach blade. Details
of the antenna installation are shown on Drawing
No. 299-018-001.

Hub Waveguide Installation

An installation consisting of both fixed and flex-
ible waveguide was made on the standard Uli-1B hub
as shown an drawing number 299-760-003 and the
photograph of Figure 1.

Mast Installation

The main rotor mast was used as a waveguide for
this specific installation, drawing number 299-
760-003, The main parts of this imstallation are
the upper and lower cones which transition the
signal from the standard rectangular waveguide
cross section to the circular section of the main
rotor mast. The upper mast installation can be
secn in Figure 1 with the lower mast installation
sthown in Figure 2. The upper cone adapter installa-
tion was made through use of the special mast nut
which was a standard instrumentation nut modified
at the top to accept the cone adapter.

Cabin Installation

A Klystron transmitter (emitting CW, K, band micro-
wave energy) was installed on the instrumentation
table in the passenger compartment. This installa-

B
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DESCRIPTION OF TEST EQUIPMENT - (cont)

tion is shown in Figure 4 and includes the power
supply, transmitter, and waveguide attached to
the bulkhead, On the rear of the bulkhead, a
flexible waveguide (TL-57-4-B-12N) was installed
betweer. the lower mast cone and the transmitter
! waveguide as shown in Figure 2.

1 INSTRUMENTATION

Load Level Tests

; Standard blade irstrumentation was used for these
tests. All load level data was recorded ou two
oscillograplis, Setup and calibration sheets are
saown in Appendix C.

Transmission Tests

| No special unelicopter instrumentation was used

for transmission tests since all signal data was
recorded at the ground receiving station. Normal
pilot and copilot instrument paunel datua was rc-
corded using airspeed, altitude, and healing In-
strocents, Calibration data for these instruments
are shwowin in Appendix C.

GROUND RECLEIVING INSTALLATIONS

The ground receiving equipment, located in the
Fligat Test llangar at the Globe facility is siown
in Figure S.

Parabolic Disk

A 42-inch parabolic reflector, Ainslie 444020-33,
with a one degree beamwidth was used to receive the
signal from the helicopter. A four power 4.6 de-
gree field of view sighting telescope was attached
to, and boresighted with, the dish. This enabled
the ground station to determine when the helicopter
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DESCRIPTION OF TEST EQUIPMENT - (cont)

Parabolic Disk - (cont)

was on the point of test,

Preamplifier

An LEL KBH-2 low noise preamp and mixer together
with a Hewlett Packard 628A signa! generator was
used to emplify and hetrodyne the incoming signal
to IF frequency.

Attenvator

A precision attenuator FXR Model Yl64-A was in-
serted between the recciving antenna and the pre-
amp for calibrution of the data equipment.

Oscilloscopes

Two Tektronix Model 545B oscilloscopes were used

to display the received patterns for photographic
analysis, Two recording type Poloroid cameres were
used to photograph the displayed images.

Cormuinications

A Bayside portable transceiver was tsed to communicate
vwith the helicopter.
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DESCRIPTION OF TESTS

Initial test plans and procedures were drawn in
the report of Reference 1.

A major check point of the test program was to
deteruine installation convenience of the modi-
fied blades and waveguide liardware, This was
accomplisned in two phases, first, during the
blade installation for the load level flight,
and second, prior to the pattern test flights
when the aircraft was in work status for the
wavegulide installation. Results of installation
discrepancies are discuased in the test resulrts
dection,

Load level tests were performed with standard
Model 204 blades and with radar blades for cou-
parison purposes. Ground tests for blade bal-
ancing and tracking cliecks preceded flight tests,
Flight test conditions checked were hover, cliub,
and level flight. Records were obtained in each
condition using the instrumentation listed in
Appendix C. '

Transmission tests were performed at Bell leli-
copter's Globe facility. A ground recciving
station complete witn instrumentation and photo-
graphic [acilities was set up in the flight test
hangar. Figure 5 shows the grovud station sctup.
Tarce basic cneck points over the terrain were
chosen to accommodate the positioning of the
helicopter in the fixed parabolic reflector cone.
The parabolic reflector sighting telescope was
vsed to position the telicopter in hover, and

to mark the point of photography during fly-by's
through the point on other wmancuvers. Three
points were checked: 800, 1800, and 2500 fect
above the ground. Flight conditions performed

at these points were hover, level flight up to
120 knots 1AS, vertical climb, vertical descent,
angular climb, and angular descent. Photographs
were obtained "on the point' during each maneuver.
Level flight points were performed at compass
headings of 0, 45, 90, 135, 180, 225, 270 and 315
degrees.
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INSTALLATION AND TEST RESULTS '

Load Level Tests

Prior to flight witn the radar blade configuration,

a base data flight was made using the production

204 contiguration. A standard 204 hub installation
was used for both blade configurations., For compara-
tive purposes, the data from the base flight is

shown in conjunction with the radar blade data in
Appendices D and E.

When thic radar blades were installed, a ground run
was made to check tracking and balance. Ti.e blades
were trimmed out and two disc weights were removed
from each side. Flight with these blades wos very
good fromm a vibration standpoint. HKandling charac-
teristics were normal for a Ul-1B, Load level data
was obtained on two flights, L43A and 1433, with
center of gravity locations of 125.4 F.S. and 133.2
F.S., respectively. Figures 11 through 78 of Appendix
D present the plots of these two flights. Talular
data is shown in Figures 85 through 135 in Appindix
E. For all practical purposes, the radar blades are
identical to the production 204 blades used for base
data.

Installation Irials

Following the load level tests, the helicopter was
configured with the necessary waveguide hardware and
associated equipment to permit transmission of electro-
magnetic signals to a ground station. The specifie
installaticns are discussed in a previous section of
this report. Since this was the first installation

of its kind in a helicopter, a discussion of its
adaptability to the helicopter is of prime importance.

Generally speaking, the waveguide installation on the
hub was performed with relative ease. The only dis-
crepancy encountered in installation was the necessity
of drilling oversize holes in the retaining cap (299-
760-001-15) which holds the '"T" waveguide to the upper
mast adapter cone. The holes were opened up with a
#26 drill. This operation permitted an eleven deg:ce

offset of the "T" waveguide to the main rotor center-
line.
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INSTALLATION AND TEST RESULTS - (cont)

Installation of main rotor mast hardware was also
relatively easy. The purpose of this hardware is
to convert the mast to a waveguide link between
the.blade and the cabin transmitter equipment.
This /s the point where blade rotation is accommo-

dated through use of the lower cone installation.
The first pilece of equipment installed was the

lower cone. This was made using a special tool
whiich allows the cone to be lowered to its posi-
tion in the bottom of the mast. Two discrepancies
occurred during this operation. First, the special
tool failed, and second, the lower cone was acci-
dently lowered too far into the mast.

The special tool failed when the retaiming ring
holding the small Teflon cone slipped out of place.
fhis was cavsec by the extremely high force rc-
quired to freeze the adapter come to the tool cone
in order to rotate the adapter in the mast for
insertion of the set screw (204-010-224-1). This
probem was alleviated through use of a very tight
fitting washer betwecen the Teflon surface (which
had a radius) and the locking ring.

The lower conc was accidently pushed out of the
batton of the mast causing the Teflon bearing
surface to strike the transmission case (see
drawing 299-760-003)., Fortunately, no daunbc was
done to rhe Teflon bearing, although this could

casily occur in a field installation when maintenance

personnel are trying to locate the set screw hole
in the lower cone. A fix for this discrepancy is
discussed in the recommendations of this report.
A photograph of the lower cone following removal
at the conclusion of flight tests is shown in
Figure 3, Note the Teflon dust worn from the
seal as it worked into its seated position.

The upper cone adapter installation was very
easily installed.
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INSTALLATION AND TEST RESULTS -(cont)

Electromagnetic Radiation Tests

Results of the transmission tests are being analyzed

by David W. Young and Associates, Inc. and will be
published in a report on JANAIR Contract Nonr 4148(00).
The final report will combine this flight test re-

port and the analytical report of David W. Young

and Associates.
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CONCLUSIONS AND RECOMMENDATIONS

| From the installation and tests of the wmain rotor radar
blades performed on the UH-1B Helicopter, S/N AF 62-2023,
the following conclusions can be drawn:

O

4 2.

The installation is relatively easy from a
maintenance standpoint.

The helicopter flying characteristics with
this installation is identical to a oro-
duction type 204 rotor blade installation.

The life of the flexible waveguides (used
to connect the blade waveguide to the hub
waveguide) is unsatisfactory for blade to
hub use. These guides failed after 17.4
hours tntal time. The pylon to bulkhead
flexible waveguide was satisfactory for
this same period of time.

The leading edge nrotective coat bonding
is unsatisfactory. The best time was
approximately 15 hours of flight, which
is unsatisfactory for a production con-
figuration.

The following recommendations are made from operational
experience gained on these tests and are applicable to
the specific configuration of hardware tested on this

program:

l'

L I —

A very tight fitting washer be installed on
the special "T" handle installation tool
used to position the lower mast cone.

The design of the lower mast cone should be
changed to prevent damage to the Teflon bear-
ing surface during installation. A collar
should be made as part of the lower mast

cone. The collar centerline should be approxi-
mately 4.5 inches above the bottom edge of

the cone. The outside diameter should be of
sufficient dimension to rest on the inside

lip of the mast, thus preventing the cone

from slipping down the shaft to a point

e
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CONCLUSIONS AND RECOMMENDATIONS - (cont)

where the Teflon bearing surface would be
damaged.

3. A new type of hub-to-blade flexible wave-
guide should be researched.

4, A new type (or method of attaching the old
rtype) of main rotor blade leading edge pro-
tective coating should be resesrched.
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Fig. 1 - Model UH-1B, S/N AF 62-023; Main Rotor Blade
Radar - Upper Mast Assembly Installation
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Fig. 2 - Model UH-1B, S/N AF 62-023; Main Rotor Blade
Radar Installation - Lower Mast Assembly
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Fig. 3 - Model UH-1B, S/N AF 62 023; Main Rotor Blade
Radar Installation - Lower Mast Cone Removal
From Helicopter Following 16.1 Total Operating Hours.




oy J. &. Mangum Mooum'm PAGE 13

CH!CK!DR 1 .W!\CQIOCR POSTOINIEE 001 0BT e 1ORT WORTH ) WA e 204-100-113

a .-_-ri'

Fig. & - Model UH-1B, S/N AF 62 023; Main Rotor
Blade Radar Installation - Transmitter :
& Power Supply Mounted in Cabin o
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Fig. 5 - Ground Station Equipment for Model UH-1B Flight
Tests of Main Rotor Blade Radar Installation
(299-760-003)
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APPENDIX B

Block Diagrams of Electronie
Equipment Used in Helicopter
and Ground Station Installa-
tions.
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APPENDIY. C

Instrument Calibrations and
Oscillugrep™ Sct-Up Sheets
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STANDARDS AND CALIBRATION SECTION DATA SHEET
b/14/65

DESCRIPTION Airspeed DATE CALIBRATED

MODEL/TYPE_ MS-28-45-WI CALIBRATION PERIOD 7/14/65

RANGE Aerosonic Corp.
MFG, 5799
SERIAL No_ %’ EMC NO.
LAB. NO, CALIBRATED BY: E. R,
STD. INDICATED
KNOTS _ KNOTS. —
0 0
10 10
20 17
30 27
40 37
50 L8
00 61
70 70
80 80
90 89
100 100
110 110
120 120
130 131
140 141
150 149
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STANDARDS AND CALIBRATION SECTION DATA SHEET

DESCRIPTION Altimeter DATE CALIBRATED L/1L/65 .
MODEL/TYPE A-80-AAU-8 A/A CALIBRATION PERIOD 7/14/65
RANGE 80,000 Ft.

MFG. Kollsman Inst. Corp.

SERIAL NO. 30891 BHC NO.

LAB, NO, 1029 CALIBRATION BY: E.K.

STD., ALT. IND. ALT.
PRESS,FT, PRESS,.FT, '

0 -20
500 500

1000 1000

1500 1500

2000 2000

2500 2500

3000 ° 3000

3500 3500

4000 45000

4500 4500

5000 5000 |
6000 6000

7000 70L0

8000 8020

9000 9020
10000 10020
11000 11000

12000 12000

13000 13000
14000 14000 |
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STANDARDS AND CALIBRATION SECTION DATA SHEET

DESCRIPTION Tachome ter DATE CALIBRATED L/1L/65

MODEZL/TYPE YDJ67-FBC-1

CALIBRATION PERIOD___7/14/65

;.ANGE ENG 0-7200 Rotor 0-360
MF3G. General cglectric
SERTIAL NO,  W11l695 BHC NO.
LAB. NO, 1028 CALIBRATED BY E.X.
STD RPM ENGINE ROTOR
2 Pole Gen. RPM RPM

0 0 0

800 1250 61

1600 2525 122

2400 3825 183

3200 5100 245

3800 6025 290

4000 6325 305

4200 6625 320

4400 6925 335

L600 7225 350
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