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This report presents work which was performed under the Joint
Army-Navy Aircraft Instrumentation Research (JANAIR) Project,
a research and development program directed by the United
States Navy, Office of Naval Research. Special guidance is
provided to the program for the Army Material Command, the
Office of Naval Research and the Bureau of Naval Weapons
through an organization known as the JANAIR Committee. The

Committee is currently composed of the following representatives:

U. S. Navy, Office of Naval Research
CAPT J. D. Kuser

U. S. Navy, Bureau of Naval Weapons
CDR W. A. Engdahl

U. S. Army, Material Command
Mr. Len Evenson

The goals of JANAIR are:

a. The Joint Army-Navy Aircraft Instrumentation Research
(JANAIR) Project, is a research project, the objective of which
is to improve the state of the art of piloted aircraft instru-
mentation.

b. The JANAIR Project is to be responsive to specific
problems assigned, and shall provide guidance for aircraft
instrumentation research and development programs.

c. The JANAIR Project will conduct feasibility studies
and develop concepts in support of service requirements.

d. These efforts shall result in reports and the knowl-

edge to form the basis for development of improved instru-
mentation systems, components, and subsystems.
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ABSTRACT

This report covers a research project administered under the
JANATR Program to investigate the feasibility of using the

main rotor blade uf a helicopter as a high resolution radar
antenna. The purpose of this program conducted by Bell Helicopter
Company with David W. Young and Associates, Inc. as a major sub-
contractor was to refine the design developed under Phase I of
Contract Number Nonr 4148(00), documented in Bell Helicopter
Company Report No., 299-099-251., Fifteen-inch antenna sections
were built and tested to study detailed leading and trailing
edge array element environmments. A full length, 173-inch

array was built and tested. A jig was constructed to accept

the full length array, and radiation pattern measurements made
of beamwidth, focus, sidelobe levels, and front-to-back ratios.
Beamwidth and sidelobes were measured under deflections simu-
lating maximum flight loads. Photographs of thin radar sector
slices emphasizing elevation and azimuth obstacle sensing
capabilities taken from a modified PPI were compared with
optical photographs. The array was then installed, covered
with an erosion boot and tested in the leading edge of a used
UH-1B rotor blade,
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I. INTRODUCTION

This is a JANAIR (Joint Army-Navy Aircraft Instrumentation
Research) radar sensor project. The purpose of the project

is evaluation of the helicopter rotor blade antenna feasibility
through use of a modified Bell Helicopter Company UH-1B heli-
copter rotor blade (20 feet long) and the David W. Young and
Associates, Inc. Ky band cutoff element array antenna (15 feet
long).

During the previous contractual phase of the Helicopter Rotor
Blade Antenna Research Program (Reference 1), longitudinal
resonant slots, with phase reversal were cut in the broad face
of the Kq waveguide, used as a transmission line for the Ky
band array. A new method of element radiation (other than slots)
was attempted to further reduce the height of the vertical cross
section for particular application to the leading edge of the
blade and to increase the bandwidth of the array. Holes in the
cutoff mode were used as the radiating elements for the first
time as part of a Dsvid W. Young and Associates, Inc. and com-
pany funded general low level flight research program, a pro-
gram activated between JANAIR contracts. This brief study of
the cutoff element array demonstrated large bandwidths and
sufficient coupling to the transmission line, together with
very convenient mechanical and construction properties to sug-
gest the cutoff element techniques might be applicable to the
JANAIR Rotor Blade Antenna Research Program. This hole tech-
nique led to the eventual success of the 173.3 inch leading
edge Rotor Blade Antenna. Thé element technique is equally
applicable to the trailing edge. The array is attached very
close to the extreme trailing edge of the rotor blade.

The enclosed radar pictures and patterns reflect the feasi-
bility of the leading edge Rotor Blade Antenna. A method

of obtaining vertical obstacle information as well as azimuth
is also demonstrated.

What was done is emphasized rather than why, and an attempt
has been made to make many of the illustrations self explana-
tory. Some of the patterns contain structural details about
the antenna used to generate the pattern and sketches of typi-
cal sections. The techniques used to provide the radar pic-
ture data are also illustrated.

The final form of the basic array (48-inch length) is sketched
in Figure 7, along with a 30 db measured sidelobe pattern which
demonstrates performance. This same type array, in the final
form was inserted in a 15-inch rotor blade with the proper
combination of erosion materials to achieve practical erosion
resistance, satisfactory front-to-back ratio, and sufficiently
small transmission losses. This final array form in the lead-
ing edge of a rotor blade is sketched in Figure 10, complete




with erosion boot and elevation pattern (front-to-back ratio
included). Figure 16 and Figure 17 demonstrate the feasibility
of the full length 173.3 inch array with far field radiation
patterns. Figure 19 is a pattern of the same full length
antenna, but focused at 300 feet to a width of 1.57 feet (0.3°
beamwidth)., Figure 20 relates the beamwidth in feet as a
function of range for measured and theoretical arrays focused
in the near field and in the far field. Figures 21 through 27
explain the techniques used to provide radar pictures and this
same group of figures demonstrates through actual radar picture
data the high azimuth resolution capability of the Helicopter
Rotor Blade Antenna and also demonstrates a method for obtaining
high elevation resolution.

The array was permanently installed in a used UH-1B rotor blade
using techniques required to fly the blade. The combination
Estane and Neoprene boot was attached to the array-blade as-
sembly, and the final assembly tested. The details of the
permanent installation are outlined in Section VIII. Photo-
graphs of the installation are included.

Appendix I gives a detailed description of the modification

of the commercial oscilloscope for radar PPI measurements and
preparation of STC and other timing circuits. STC was not
used with the pictures shown in the main body of the report,
but perhaps it will be used in the flight test phase. The
Crossed Beam Radar technique with its very small elevation
beamwidth did not greatly need the STC. However, had STC

been used on the PPI, the elevation resolution would have been
even further enhanced.
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II. SUMMARY

The cutoff element array technique is applicable to both the
leading and trailing edges of the rotor blade, indeed it appears
the exact same antenna configuration may be used in both the
leading and trailing edges. Short antennas were tested in both
the leading and trailing edges of the blade with excellent
results, but only the leading edge antenna was made full length
(173.3 inch aperture). The full length antenna can be tested
out of the blade or in the blade for there is little or no
difference in the azimuth pattern in either case. The sidelobes
and beamwidth change with application of the erosion boot to the
leading edge of the blade containing the antenna is negligible.
There is a loss of gain of about 1.5 db with .055 inch thick
Estane and less loss with thinner pieces. The radiating ele-
ments, being at cutoff and certainly not resonant, are affected
very little by changes in the element environment caused by

the application of erosion material (leading edge), fiberglass
cap (trailing edge), and proximity of metal (array in or array
out of blade).

The leaky wave mode of radiation was used throughout and al-
though the 30 degree end-fire from broadside beam reduces the
effective aperture from 173.3 inches to 150 inches, the ex-
perienced phase stability was quite satisfactory. The phase
is essentially independent of hole spacing in the final 173
inch antenna. However, large changes in hole spacing in the
narrow wall of the waveguide will cause a phase error. This
error can be compensated by adjusting the '"a'" dimension of

the waveguide. However, holes in the broadside of the guide,
and not too near the edge of the guide, do not cause appre-
ciable phase error. Very large cutoff holes in the narrow
side of the guide make the guide appreciably larger, providing
a lower than normal cutoff frequency for the guide. The cutoff
element technique seems to be particularly applicable to long
arrays because of the small required coupling between the
radiating element and the waveguide transmission line (about

17 to 40 db).

The thin wall of the waveguide keeps the loss due to the cutoff
characteristic of the hole element radiator to about 1 db or
less. A nominal wall thickness of .01L0 inch provides satis-
factory results. Control of the wall thickness and of the .030
inch by 173 inch opening above the holes is fairly critical,
and poor adjustment and improper handling can raise sidelobe
levels from 30 db to 25 db. The proper design sidelobe level
suggested 40 db sidelobes, but construction tolerances pro-
vided about 30 db sidelobes. It is suspected that flight tests
under full load conditions will exhibit sidelobes of anywhere
from 25 db to 30 db sidelobes. A 5 db change in sidelobe level
at the low level of 30 db can in general antenna practice occur
quite easily. The elevation beamwidth of the Rotor Blade Antenna
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is about 38 degrees which makes measurement of low sidelobe
levels difficult. It is possible the coming flight tests may
provide better results than the static field tests because of
the obstruction free test site provided by a helicopter at alti-
tude. However, little difference is expected between static
field and flying antenna performance data.

The Taylor power distribution employed with the 173.3 inch
antenna (150 inch effective) was to provide a theoretical
beamwidth of 0.346 degrees, assuming the antenna straight

(not bent) and the beamwidth measured at one mile or more.

The measured beamwidth at one mile with the antenna bent slightly
more than expected under a full load of 121 knots was 0.367
degrees. The measured beamwidth was assumed to be 6 per cent
broader because of drag plane deflection. The measured antenna
gain was approximately 25 db. The same antenna focused at

300 feet exhibited a measured beamwidth of .3 degrees, a slightly
smaller beamwidth than expected. The focused antenna beamwidth
at 300 foot range was 1.57 feet wide (.3 degrees), less than

the distance between the shoulders of an average man. The
antenna has been operated over a wide frequency range with

little change in pattern structure, but most of the enclosed
patterns were operated at the frequency of 16.2 Kmc since the
magnetron available at this facility for radar tests operates

at that frequency. Two sets of patterns from 46.6/arrays rang-
ing in frequency from 15 to 50 Kmc demonstrate the broadband

capability of the array.

The thin sector slices (20 degrees x 1 degree x several miles)
of the radar were displayed similarly to a common PPI (with a
conventional PPI radar the elevation beamwidth is much broader)
and adequately demonstrated the high azimuth resolution of the
rotor blade and the capability of high elevation resolution
through the Crossed Beam Technique (References 2 and 3).

While the commerical oscilloscope was oftentimes the limiting
factor rather than the antenna, the oscilloscope provided an
adequate experimental radar display presentation.




III. ARRAY TECHNIQUE

Early in the program it was found that the leading edge of the
rotor blade could be, from a rotor blade structural design
aspect, an excellent location for the long array antenna. The
main advantage of the leading edge was: 1f the antenna eleva-
tion (or vertical) cross section was small enough, and if the
openings in the antenna were not too large, a standard produc-
tion flyable rotor blade could be modified to accept the an-
tenna and still be airworthy. A flyable trailing edge Rotor
Blade Antenna would necessarily require fabrication of a special
blade to accept the array. Possible disadvantages of the
leading edge were the erosion problem, front-to-back ratio

(the microwave energy tends to readily diffract over the leading
edge airfoil surface toward the trailing edge) and the require-
ment for an even smaller elevation cross section array radiator.

The narrow side of the K, waveguide has neither the proper
field current conditions for many slot configurations nor
enough vertical height for inclined shunt slots, since the
operating frequency is the K, band. However, it was found that
small holes cut in the small side of the waveguide provided
sufficient coupling from the guide to free space if the wall
thickness were sufficiently thin, and as expected the coupling
was very insensitive to frequency change if the hole diameters
were well below cutoff for the dominate mode and operating
frequency. (Please refer to Section II, Summary). However,
it was found that change in hole size apparently affected

the cutoff characteristic of the waveguide (changed the wave-
length in the guide) and therefore changed both the emerging
phase front and thus the beam angle. The broad dimension of
the waveguide ('a') could have been slightly decreased to pre-
vent this phase error but it was decided to move the holes to
the broad side of the guide. Here too it was found that the
holes introduced phase error, but as the holes were moved closer
to the longitudinal centerline of the waveguide, the coupling
reduced slightly, but the phaseerror rapidly reduced to a
negligible value. The holes can be used in the narrow side,
there is no doubt, but most of the remaining work reported here
is with the holes in the broad side. When a portion of the
broad wall is cut away to provide a thin wall for the holes,
this same cut away volume can be used as a secondary radiating
aperture area, finally leading to a very small cross section
radiator. It was found that the coupling to the opening above
the holes was quite sensitive to variations in the dimensions
of the opening. A thin .0l0 inch brass plate now covers the
holes and good conductivity is assured (soldered) at the joint
of the plate and the waveguide. The plate provided the re-
quired structural integrity and the electrical conductivity

at the junction of the waveguide with the plate. With the
plate added, the antenna performed equally well both in and
out of the rotor blade. With electrical stability the array
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assembly could be epoxied into the rotor blade without critical
mechanical features or critical conductivity., Installation of
the array is not critical and requires only good aerodynamic
practice. The K, waveguide with its .040 inch wall thickness
and 0.25 inch x 8.5 inch outside dimension is the fundamental
structure of all arrays demonstrated and reported in this re-
port.

Figure 1 demonstrates the broadband capability of the cutoff
element array using the leaky wave mode. The sine of the angle
of the main beam with respect to broadside is proportional to

the ratio of the free space wavelength to the wavelength in the
guide. Change in frequency causes a corresponding change in
beam angle, but unlike resonant slots with critical slot spacing,
the pattern shape generated by the cutoff element, leaky wave
array, is largely independent of frequency.

The antenna is more broadband without the use of the opening

in the brass nose section of the rotor blade, probably due to
the frequency sensitivity of the short at the junction of the
brass leading edge with the waveguide back of the hole ele-
ments. However, Figure 2 adequately demonstrates the broad-
band capability of the array in the brass leading edge. Figure
3 is a plot of the normalized relative gain of a horn whose
gain varies with the square of the free space wavelength and
the gain of the array, which is assumed to vary only as a func-
tion of wavelength. Theoretical and measured gains are shown.

When the data for Figure 4 were taken it was not intended to
indicate effective dimensional change in the waveguide broad
dimension (a) with hole position, and the data taken may not

be accurate enough, but it is certain that holes in the narrow
side do increase the '"a'" dimension effectively by lowering

the cutoff frequency or decreasing the wavelength in the guide.
The extreme hole diameters used in the 173.3 inch array were
found to exhibit little phase error. Why the curve which demon-
strates radiation from holes in the broadside (near the center
line) is not coincident with the theoretical curve, is not
quite certain. However, the lower ends of the curve are within
the specified tolerance of the waveguide as given by the origi-
nal manufacturer.

While the bandwidth of the array in the brass leading edge is
less than in free space (no brass plate), the bandwidth of the
array in either condition is greater than the HP-628A signal
generator bandwidth which was used for these pattern measure-
ments. The only limit to bandwidth of the basic array is
probably the transmission line and perhaps a ridged line would
give greater bandwidth. An octave bandwidth does seem a possi-
bility (2/1 frequency change).

&
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Figures 1 and 2 used symmetrical power coupling about the center
of the array, while using a high per cent of power in the load
to achieve a near symmetrical power taper. Figures 5 and 6

used the same array with constant coupling (holes to the trans-
mission line) and a high per cent of power in the load to
achieve a nearly uniform power distribution. These patterns
were all used to confirm phase linearity prior to building

the long array.

Figure 7 is representative of the final basic array configura-
tion of short length (46.4 inches). Note particularly the
sketch of the array which is different than the preceding
figures. The final basic array form shown in Figure 7 contains
the brass plate as an integral part of the basic array and

the .030 inch slit is the secondary radiator.
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IV. FRONT TO BACK RATIO

Fifteen inch rotor blade sections were cut to aid in detailed
measurements of the element radiator environments and some of
these same sections were used for elevation pattern measure-
ments, but it was soon realized that new sections cut on a 30
degree bias had to be prepared to make meaningful front to back
ratio measurements with convenient short sections. Figures 8
and 9 are typical of the square cut sections. The array shown
has holes in the broad side and is not typical but the slot in
the leading edge of the rotor blade section and the trailing
edge configuration is typical. The remaining small blade sec-
tions were cut on a 30 degree bias because the beam angle is 30
degrees from the broad side. This angle is typical of the leaky
wave mode with a wavelength in the guide twice the length of the
free space wavelength. Both the forward main lobe and a dif-
fraction lobe to the rear are 30 degrees from the broad side

beams.

Figure 10 is the elevation pattern of both the forward and
reverse lobe with the complete final assembly, including the
proper combination of Estane and Neoprene to provide both
erosion and suppression of the back lobe. While the back lobe
suppression (front to back ratio) has not been optimized, 20

db is believed satisfactory. Twenty-five db should not be very
difficult to achieve, but 30 db will be quite a bit more dif-
ficult. The back lobe is a surface wave and has rather small
elevation beamwidth, having an effective aperture of about seven
inches. Perhaps this feature could be put to good use but for the
present program the surface wave effect serves no useful purpose.

Figure 11 is the elevation pattern of a leading edge antenna
Without Neoprene. Thus, the back beam is not absorbed. This
back lobe causes no difficulty if the rotor blade is used to
transmit and a vertical antenna is used for receiving (Crossed
Beam Technique). Since the vertical antenna will have a broad
azimuth pattern but probably no more than 180 degrees, the re-
ceiving antenna may be switched off when the back lobe from the
helicopter blade passes into the visible frontal view. How-
ever, when the rotor blade is used for both transmit and receive,
the back lobe is no different than any other side lobe and may
cause a serious display error by printing each obstacle twice,
one correctly and one displayed 120 degrees (a considerable
error). However, the 20 db sidelobe level provided by the micro-
wave absorbent Neoprene is quite sufficient for most performance

requirements.

The trailing edge antenna (Figure 12) performs quite well and
has much less tendency to produce a lobe toward the leading
edge (naturally good front to back ratio). A small, very thin
conductive sheet is required to balance the back radiation

15




toward the leading edge to minimize the back lobe. Again, the
back lobe suppression has not been optimized, but the 20 db is
believed to be satisfactory. Good front to back ratio seems
somewhat easier to provide with the trailing edge antenna.
There is very little transmission difficulty with the fiberglas

airfoil fairing.
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V. 173.3 INCH ARRAY DESIGN

Figure 13 is a plot of the hole coupling as a function of the
position on the array. The method of calculating coupling, to-
gether with the variation in hole sizes used, and the effects

of a lossy transmission line are shown. The statement in paren-
thesis '"(a similar technique for half wave or more spacing)' was
meant to imply the cutoff hole technique could be used for an
array which used element spacing to determine the main beam
angle, usually a half wavelength or more. While the curve shown
was normalized, the peak value of coupling (the closest coupling)
was about 17 db. The transmission line loss reduced the gain

of the antenna 1.5 db, a reasonably small figure.

Figure 14 itemizes the equipment used to provide the patterns
for the full length Rotor Blade Antenna. The figure further

details the instrumentation schematic and the physical layout
of equipment. The actual antenna pattern measurement site is
shown in Figure 15. Both the Rayleigh range and the far field

range is shown.

Figures 16, 17, and 18 are final patterns of the finished array.
Figure 16 is most complete and the data detailed on Figure 16
apply equally well to Figure 17 and largely to Figure 18. Figure
16 and Figure 17 differ slightly in sidelobe structure and level
and it is not known why, but this small change in sidelcbe level
can occur because of the broad elevation beamwidth of the array
and slight scattering from the ground cover. Most of the dif-
ference in Figures 16 and 17 is scale factor, however. The data
itemized are self-explanatory.
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PETAILS ¢ SEE PRECEDING
PATTERN (FI16.16 )

iSIDE.LOBES
REMAIN BELOW
THIS LEVEL

AZIMUTH PATTERN,LEADING EDGE ROTOR BLADEARKAY

FIGURE 17
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VI. EFFECTS OF FOCUSING

There are only two figures with this section, Figure 19 and
Figure 20. At first glance the figures are deceptively simple
and seem of little significance, but the relationship between
an antenna focused in the near field and the far field and the
relationship between the resolution of an array in the near
field, when focused at infinity, or slightly defocused, is
seldom understood. The following measurements may make these

resolution relations at 3 db clearer for this particular 173.3
inch antenna.

Figure 19 is the pattern of the 173.3 inch array focused at 300
feet and exhibits low sidelobes and a beamwidth of 1.57 feet,
corresponding to 0.3 degrees.

Figure 20 illustrates the following: the beamwidth of the array
measured in feet iIs the same at the aperture for all conditions
of phase including focus at near and far field and defocused.
The beamwidth at the aperture is simply the power distribution
of the array, in this case the Taylor distribution for 40 db
sidelobes, ™ = 10. 1If the antenna had a uniform power distri-
bution instead of the symmetrical power taper, the beamwidth

at the aperture would be about 15 feet instead of 5 feet. The
beamwidth of the focused antenna is not a point (or line) as in
geometric optics, but iIs limited to the basic beamwidth of the
array. The beamwidth of the array at distances other than the
focal distance is shown at the left side of Figure 20, While
comparing the measured beamwidth in feet for the array under
full load conditions (slightly defocused) at various ranges

(it is not a straight line function) it iIs Interesting to
remember that beamwidth in the far field is proportional to the
ratio of array aperture to wavelength, while the Rayleigh range
is proportional to the ratio of the array aperture squared to
the wavelength, which might suggest a higher operating frequency
for the same resolulion with a subsequent reduction in the Ray-
leigh range. However, the antenna can only be effectively
focused for improved resolution in the Rayleigh range. No con-
clusion has been drawn but these relations are being considered.
Many practical uses of the rotor blade will in the future take
place in the present Rayleigh range of the 173.3 inch K, band
antenna (the Rayleigh range is approximately 1400 feet).
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VII. RADAR AND OPTICAL PHOTOGRAPHIC COMPARISONS

Figure 21 illustrates the equipment layout and electromagnetic
technique for obtaining the radar results shown in Figures 23,
25, and 27. Thin PPI sector slices were used having the di-
mensions of 20 degrees azimuth, one degree elevation and some
particular value of range for each slice.

Figure 22 shows the actual antenna configurations employed for
the thin slice PPI radar data. Figure 22 also indicates the
edgeview orientation of the four PPI radar slices shown in
Figure 23 which correspond to the following elevation angles:

0 degrees, 1 degree, 2 degrees, and 5 degrees. The radar
sectors are shown in Figure 23. The slide at 5 degrees eleva-
tion has a ten mile full scale range and the other slices (0
degrees, 1 degree, 2 degrees) have a full scale range of two
miles each. The transmitter power was in all cases about 4,000
watts peak power with a pulse width of about 0.125 us. Aerial
photographs for both two miles and ten miles full scale are
shown in Figure 23. No STC (receiver sensitivity time control)
was employed, but even so, the crispness which ''Stony Point"
appears and disappears with one degree displacement of the
sector slice is excellent. The small amount of "Stony Point"
shown in the one degree slice is actually the lower portion of
the "Stony Point' which can be seen on larger negatives not
included.

The power poles shown at four miles and ten miles, the train,
the wooden poles at 0.5 to one mile, small metal poles, corn
field, etc. in Figure 25 and 27, point to the feasibility of
not only high azimuth resolution but obstacle detection through
use of high elevation resolution. Only obstacles were ac-
centuated. Figure 24 provides an optical view of the radar
targets or obstacles shown in Figure 25. Figure 26 is an
optical view of the obstacles shown in Figure 27. 1In Figure

26 the very close hill and closer trees are also shown on

the radar, Figure 27.

These simple photographs suggest great airborne radar system
capability.
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. CROSS BEAM 3D SENSOR, OBSTACLE DETECTION DATA

FREQUENCY: 16.2 KMC

ELEVATION INCREMENTS OF THIN (1l° ELEVATION BEAM)
"PPI SECTORS (20°) WITH 0.35° AZIMUTH BEAMWIDTH

THE RADAR SYSTEM TO PRODUCE THE 3D DATA BELOW DID NOT
USE STC OR A TR TUBE, 1IF STC HAD BEEN INCORPORATED
(IT WAS NOT AVAILABLE) THE CROSSED BEAM 0.35° X 50 ft
3D RESOLUTION WOULD HAVE BEEN FURTHER ACCENTUATED.

ELEVATIONS NOTED ARE FROM HORIZONTAL (0°)

POWER TRANSMISSION
TOWERS, RANGE =~ 4 Mi |
(COMPARABLE TO BRIDGE

SUPERSTRUCTURE) —

POWER TRANSMISSION
TOWERS, RANGE = 10 Mi

10 X 20° x 20 Mi
PPI SLICE
0.4° PITCH UP

10 X 20° X 10 Mi
PPI SLICE
0° (Horizontal)

TREES

BUILDING——un

'NO TRAIN WITH TRAIN

1°© X 20° X 1 Mi
PPI SLICE
0° (Horizontal)

10 x 20° X 1 Mi
PPI SLICE
00 (Horizontal)

FIGURE 25
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VIII. PERMANENT ARRAY INSTALLATION

After having proven in the early effort of this program that
either a leading or trailing edge antenna would work equally
well, and because the trailing edge antenna would require
redesign of the trailing edge spar to produce a blade stressed
for flight, it was decided to concentrate research on the
leading edge configuration whereby regular production UH-1B
blades could be easily modified to accept the rotor blade
antenna without affecting the blade structurally.

Placement of the antenna array in the leading edge of the
rotor blade was considered under the company-funded study
conducted in early 1963. The idea was rejected at that time
because of the erosion that occurs in the leading edge of the
blade during rotation. A study of this erosion problem was
conducted at Bell. Polyurethane and Neoprene exhibited the

highest resistance to sand erosion of the non-metallic materials,

Seventeen of the best eighteen materials were either Neoprene
or Polyurethane compounds. Test results indicate that the best
material tested was a Polyurethane compound by B. F. Goodrich
Company designated as 3047A Estane. Samples of this and other
Estane compounds were obtained and tested at microwave fre-
quencies. B. F. Goodrich developed the composite Estane and
Neoprene erosion boot which was used on the full length test

blade.

The UH-1B main rotor blade has an aluminum box beam which is
the leading edge structural member. To this is bonded the
brass nose block which among other things, establishes the
curvature of the leading edge. A thin layer of stainless steel
is then bonded over the curved brass leading edge and extended
down and over about 90 per cent of the box beam, serving as

an erosion shield.

The radar antenna was installed in the leading edge of a used
UH-1B rotor blade by cutting a slot .256 inches wide and .512
inches deep, the full length of the blade, extending through
the stainless steel erosion shield and into the brass nose
block. (See Figure 28) The slot had to follow the centerline
of the leading edge and also parallel the axis of the blade
chord. This requirement was made difficult by the .5 degree
per foot twist built into the blade. A work aid using an

air motor to drive an end mill 'router" fashion was constructed.

The work aid was designed to follow the centerline of the
leading edge, with side guides to follow the blade twist.

See Figure 29.

Tinning

To improve the bond between the copper waveguide antenna array
and the brass nose block, the array was tinned using a cold
wipe process. Step by step this procedure follows.
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L. Remove grease and oils with a cloth dampened with a

safety solvent. (Vythene was used.)
2. Remove light oxides with Scotch-Brite.

3. Wipe with Vythene.

L. Wipe with Metex acid tin solution to deposit a light

tin coating.
5. Wipe with distilled water.

6: DEW.

L. The machined slot in the blade was cleaned using
Brite and wiped with Vythene and a rag.

2. A layer of 3M EC2216 was brushed on the sides and

Scotch-

bottom of the slot. A layer approximately .030 thick

was deposited on bottom of slot.

3. Three lengths of No. 450-1/2 glass strands were embedded
in the bottom of slot to give resiliency and shimming.

4. The array was placed in the slot. Templates made of
3/16 inch plexiglass cut out to conform to the leading
edge curvature were used to position depth of array in

slot. Working six inch intervals, the array was

pushed

down into position using the templates. Pieces of two

inch wide mylar tape were placed over the leading

edge to hold the antenna array in position during cure.
Curing consisted of a 110 degree flash solvent for one

hour, followed by 48 hours at room temperature.

Pre-

ceding the bonding operation, a strip of .030 teflon
was inserted in the array slit for protection against

EC2216 squeeze out (Figures 30 and 31).

Erosion Boot

The compositeerosion boot used to cover the leading edge
the blade consisted of three parallel strips of material
a total width of 7 inches. A strip of Estane 2.5 inches
with the outer half inch of each edge tapered consituted
center or '"window' section. On each side of the Estane,

of
making
wide
the
strips

of Neoprene 2.75 inches wide with a half inch taper along one
side and a long tapering feather edge on the other were used.
The half inch tapered edges were overlapped and bonded, giving
a uniform cross section thickness of .055 inches across the
center four inches, the outer edges being feathered. (Figure 32)

This composite boot was used to satisfy the need for a low
loss erosion material to cover the radiating window, together
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with a high loss erosion material on either side of the window

to suppress the back lobe as pointed out in Section IV. Goodrich
Company is attempting to compound a one piece boot of Estane in
which the center section will remain low loss, but outboard of
the center, the Estane will be loaded with carbon to increase

the losses. There was insufficient time remaining in the present
program to complete compounding and testing (electrical and
erosion) of an all Estane boot.

Installation of Boot on Rotor Blade

1. The leading edge of the rotor blade was cleaned, using
Scotch-Brite and a Ketone wipe.

2. Goodrich A934B adhesion promoter applied to leading
edge.

3. The Estane center section of the boot was masked.

4, The adjacent areas consisting of the Neoprene strips
were spray coated with clear urethane adhesive.

5. The masking tape was removed from the center or Estane
section of the boot and a double coat of EC 2126 applied
to this area as well as the corresponding area of the

blade.

6. The teflon protecting strip was removed from the antenna
slit.

7. Estane section of boot was applied to center part of
leading edge which had been previously coated with

EC 2126.

8. Worked one side of blade at a time, starting from
center of boot and working both inboard and outboard
using Epon 934 epoxy adhesive, rolling to apply uniform
pressure and provide squeeze out of air.

9. The boot was taped and held in position as work pro-
gressed.

10. Same procedure was applied to other side of blade.
(See Figures 33, 34 and 35.)
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WORK AID USED TO CUT SLOT IN BLADE
FIGURE 29
Ll
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RADAR ANTENNA BEING INSTALLED IN LEADING EDGE SLOT

FIGURE 30
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RADAR ANTENNA INSTALLED IN ROTOR BLADE

FIGURE 31
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COMPLETED BLADE WITH RADAR ANTENNA AND EROSION

FIGURE 34
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APPENDIX I

PPI DISPLAY

Timing, sweep and video circuits were provided to operate a
standard commercial laboratory oscilloscope as a PPI indicator.
A 541 Tektronix scope was used as the display device by using
its internally generated sawtooth wave for the sweep and by
using the CRT cathode circuit for intensity modulation. Since
a linear pot was used rather than the usual sine cos functions,
the scan sector was limited to about 20 degrees to keep distor-
tion below 10 per cent. The timing control box is shown in
Figure 36.

Sweep

The sweep for this display was obtained from the internally
generated sawtooth waveform of the scope. The trigger circuit
of the scope was set so that each time the transmitter was
triggered the scope produced one sweep and then remained idle
until the next transmitter trigger. The sawtooth waveform thus
obtained was connected to a voltage divider which reduced its
amplitude from about 150 volts to a usable level. This signal
was impressed across a potentiometer physically connected to
the gimbal mount of the Rotor Blade Antenna. The output of
this potentiometer was directly proportional to the degree of
rotation through which the antenna was rotated. This output
was connected to the vertical amplifier of the scope and thus
provided the second sweep necessary for a PPI sector scan.
Small errors were expected to exist due to the potentiometer
and the vertical amplifier. The potentiometer itself produced
a slightly non-linear sweep due to the reactance of its winding.
The vertical amplifier of the scope produced a propagation
delay of 0.2 microseconds which is a range error of 100 feet.
At the shortest range used (1 mile) this error is quite small
and on the longest range (20 miles) became negligible. Another
small error was introduced through use of the linear pot rather
than the usual sine cos functions. The maximum error was
about 8 per cent of full scale range.

Z-Axis Modulation (Intensity) and Video Amplifier

The video information was displayed by Z-axis modulation of

the CRT. A video amplifier was designed and mounted inside the
scope so that output leads would be as short as possible. The
amplifier was basically the amplifier described in application
note APP-27 of the Fairchild Semiconductor Division entitled

"A 120 Volt L0 Nanosecond Transistor Video Amplifier'. Many
hours were spent adjusting the gain of the amplifier, the
intensity control of the scope, and the settings of the scope
camera for the best display of information. To acquire the.
correct resolution the spot size of the CRT should not have
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exceeded approximately .017 of an inch. However, this is one-
half the normal spot size which meant that the tube could
never be turned on full if resoluticn were to be correct.
This also meant that the video amplifier must provide signals
that would operate the CRT at near cutoff and yet the CRT must
provide enough light to record on film. The gain of the ampli-
fier was first recorded. Then the amplifier was connected to
the scope and tests were made to see what voltage pulse was
needed to give the required 0.0l7 inch spot size.

Spot Size

Pictures were taken to give the same relative spot size on the
negative (0.01l1 inch) as was viewed on the CRT. The values of
the scope camera adjustments were found and recorded. The
minimum signal that would appear on the film was then found

and this then gave the dynamic range of Z-axis information.
This was approximately 15 db of input signal.

The intensity knob of the 541A oscilloscope had to be replaced
with a digital vernier knob for better control. Full range of
the intensity control was 00.0 to 85.0 on the vernier knob.
Visually, a spot (signal pulse width was less than 0.0l7 inches)
was just detectable at an intensity setting of 71.7 and would
almost bloom at 73.0. For a line (full width of scope face)
; the setting became 45.7 to just be detectable and 47.2 to almost
' bloom. Using a .l microsecond pulse width the intensity setting
and pulse amplitude combination was investigated using polaroid
type 47 film as a detector. For values of pulse amplitude
expected from the radar receiver it was found that for one
second exposure at an'f'" setting of 5.6 on the camera and an
intensity setting of 47.5 on the scope the following data was

recorded.

[ -]

Rec. Input Rec. Output Video Ampl. Output Spot Size in Inches

] in D.B.M. In Volts In Volts Vert. Horiz.
I -20 0.06 1.0 .005 ,010
-11 0.13 2.2 .0l6 ,022
- 4 0.185 3.2 .025 .025
+10 0.3 5.5 .029 ,030
? 0.5 9.5 32 ,024

(Phosphor Saturated)

Blooms beyond this
size

All of the above information was based upon constant speed of
rotation of the antenna but the antenna was turned manually,
which proved to be much slower during the field test than in
the laboratory. This caused the film in some cases to be over
exposed and produced spot sizes well in excess of the 0,011
inches optimum, but the PPI radar data was still reasonably
effective due to the high resolution of t!'e antennas.
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S.T.C. Circuit

The S.T.C. circuit controls (see schematic) the conductance

of microwave switching diodes causing the radar return to be
attenuated in the waveguide before it reaches the receiver.
While the circuit was not used on the radar, the design details
of development are reported. This circuit consists of a switch
circuit, a current ramp circuit, a back bias circuit and the
microwave diodes and their mount. The diodes do not attenuate
the signal when forward biased (conducting) but as the bias

is changed to a back bias condition the diodes switch and a
large attenuation of the signal is achieved. This action is
explained in an article entitled '"Microwave Diodes for Switching
and Modulating' published in the December 1963 issue of Special
Report on Electronics. The switch circuit is used to start

the current ramp of the current ramp circuit which provides

the forward bias current for the diodes. At the time this
current ramp starts the diodes are back biased and therefore
the ramp has no effect until the back bias falls to zero.

To remove the back bias the input signal shuts off the back
bias circuit and its voltage starts to fall. The actual curves
of the back bias fall time and of the current ramp are con-
trolled so as to give a composite curve., This composite curve
impresses a current-voltage wave shape on the diodes which
cause them to vary their attenuation so that short range re-
turns are attenuated more than long range returns. The ideal
relationship is found when the signal return from a specific
target is the same amplitude (at the receiver input) for all
range values under consideration., Timing was critical for

this circuit since the attenuation must change at a given rate
from a given time related to the transmitter firing time. The
S.T.C. circuit needs a pre-trigger which was not available
during the field tests to be effective and without this pre-
trigger the circuit caused too much attenuation of the received
signals at short range settings. For range settings of 5 miles
and over, the S.T.C. would only suppress the near targets and
therefore would not substantially improve the PPI simulated dis-
play. It was decided during the field tests that the use of the
S.T.C. circuit would not justify the time necessary to insert
the circuit into the system.
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MONOSTABLE MULTIVIBRATOR -3

(1 cirevit per module)

The “Single Shot” is designed to provide a source of pulses
for the system clock and special reset functions, or time
delays. It will provide positive and negative outputs the
duration of which will depend on the application. Included
in the module is a three term (2 level & 1 pulse) AND Gate
to the trigger input. The pulse width can be trimmed or
lengthened by inserting additional external capacitance be-
tween terminals 8 and 2. The standard delay is 1 microsecond
+ 20% and other delays are avaiiable on request.

RED

ELECTRICAL SPECIFICATIONS

INPUT

Pulse ) N r_‘&_l_.&.l._lﬁv 37y .I)SL_%W_

Amglitude ........ .....55 to 6 volts positive |

Rise Time ... ....0.20 microsecond maximum R e =

Maximum Clock ‘Rate .. .Dependent on output pulse -GND 'LIZH""
width—250 kcps max for .?__gl‘l'—
pulses of less than three \ :
microsecond duration, I

Level ~ L——.ED{HEEJ \—-JOGRID

Disable Gate ........... ~5.6to —6.5
Enable Gate ........... —0.2 to +0.3 volts e

Gate setup time ........ 2 microseconds max.
WA t WYYV S

-

IS(REFI—»

OUTPUT 4

Voltage O i
Conducting (Logical “17) ......... 0 to —0.2 volts sy

Non Conducting (Logical *0”) ....—6 to —86.5 volts a _AAAA

Duration
For Pulse Generation ...... 1 microseconds +20% ,__.J E__

Transient Times (Fully Loaded)
Delay ........... 0.18 microsecond 4
Rise ............ 0.30 microsecond
Storage ......... 0.10 microsecond
Fall ............ 1.00 microsecond

LOADING
See Loading Chart =

POWER REQUIREMENTS

—12 volts +56% ......... —18 ma 5
—6 volts 5% ......... + 6 ma o———VW—

+6 volts 5% ..... ... +0.6 ma 7

(See reverse side for Mechanical Specifications)

v
=

pPzo b ¢ 53
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VIDEO AMPLIFIER VOLTAGE REGULATORS

| ;
vy 30 60
Vs L5 7645
Ry 5.1K 5.6K
Rp 62K 12K
CR1 $M3025  EM30Z5
CR, —  iM302Z5
Qy 2N1893  2N1893
N SOMFD 20MFD
50V 100 V
Cs 5OMFD 20MFD
50 V 100 V
FIGURE 39
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width and sidelobes were measured under deflections simulating maxi-
mum flight loads. Photographs of thin radar sector slices emphasizing
elevation and azimuth obstacle sensing capabilities taken from a
modified PPI were compared with optical photographs. The array was
then installed, covered with an erosion boot and tested in the leading

edge of a used UH-1B rotor blade.
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