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An analysis of tke operational parameters
of an airborne weather radar has reedted in
the design of % far supsrioz unit.. A general
outline of some of the most important factors
is presented with an emphasis on the microwave
area.

Ilatroduetion

There are several good reasons fox using
a waather radar aboard am aircraft. Cert&in
storm centers can generate enough enexgy to
disintegrate the airframe, er at least cause
severe structural damage. Other smaller
storms ean make the flight very uncxxnfortable
for passengers end crew. In addition, the
radar can be used for ground mapping to facili-
tate navigation and detection of high gremmd
ahead of the aircraft.

When there are large storm areas to be
avoided, it is advantageous te be able to de-
tect them as far in adva~e as poss%ble. They
then can be cizeumnavigated with a min%mum
10ss in time.

Xf avoidance is not possible, then it is
meoessary to identify areas with a low amount
of turbulence to make penetration not umduly
dangerous.

The design of a radar which will yield
optimum performame under the given set of
constraints requires some fairly sophisticated
mathematical models. However, owimg to the
limited space available, only a very small
amount of the total design effort can be dis-
cussed within the context of this paper.

Target Par~ters

Water part%cles account for most of the
energy refleeted from meteorological targets.
The selection of a particular frequenoy band
is a compromise between resolution and target
pemstration. A thunderstorm model was evalu-
ated both at X and C bared. The amount of
target information obtained at C band was
sevezal times greater than at X band and, in
fact, the X-band data was insufficient for
many practical situation. Om the othex’ band,
as the si=e of the antenna is limited by the

airframe, it is found that C band is not usa-
ble beeause of insufficient resolution when
used on aircraft in the category for which
this radar was designed.

If the wavelength is large compared to
the circumference of the scattering particle,
then the radar cross section is proportional
to the sixth power of the diameter (Rayleigh
scattering) . This is applicable to X-band
energy incident upon raindrops. As a conse-
quence, a weather target can have a dyuamic

r--ge of over 60 dB, amd the system must be
able to maintain its resolution under these
conditions.

Antenna

When an aircraft is navigated through an
area containing a large number of meteorologi-
cal disturbances, it will be ewrrounded by a
great number of high-density targets. As wss
stated before, these targets can have a dy-
namic range of over 60 dB. Under these circum-
stances it is mandatory that the radar display
an accurate pictmre of the sterm cells around,
with a minimum number of false targets.

When these requirements are regarded in the
light of the typical performance chazaeteristics
of the rear fed paraboloid used so far with thLs
type of radar, it becomes evident that this ar-
rangement is inadequate. These limitations do
not apply, or are reduced to a large extent,
when a phased array is used. In this case a low
sidelobe level can be obtained without a large
increase in beam width and a consequent reduc-
tion in directivity.

To verify the results of the analysis, a
30-inch C-bared phased array was built which
was as close to the ideal antenna as practical,
Next this new antenna was substituted for the
present dish and feed used by some major air-
lines. One test route was the Berlin air-
corridor. The weather is notably bad in this
area; the aircraft are limited to a narrow
path to be followed under all circumstances
and the altitude cannot exceed 12,000 feet.
The imprwement was quite dramatic. At short
range where the picture presented by the indi-
cator was useless before beaause of excessive
clutter, all targets were now clear and well
defined. In addition, due to the higher gain
of the new antenna, the range was increased
significantly. Obviously this made it clear
which approaoh to take in designing the antemmii

for the AVQ-21.

Microwave System

Fig. 1 shows the microwave system.
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Microwave System (cent’d)

Clearly a lot of information is lost dae
to the large difference in effeet%ve noise
temperature between the antenna and the re-
Geiver. Work is presently in progress to
develop a Par=etric amplifier to chsnge this
situation. Also a ferrite limiter is being
designed to replaae the T-R limiter. A de-
tailed diagram csf the microwave part of the
receiver is shown in Fig. 2.

?rhe signal mixer uses both image and sum
terminations. h improvement of about 1.0 dB
in system noise figure is obtained with this
configuration. All components shown in Pig. 2
plus the local oscillator have been combined
into a compact air-strip module.

Local Oscillator

A cross section of the local Oscillator
is shown in Fig. 3.

Several different configurations were
evaluated with respect to electrical perform-
ance, resistance to vibration, cost and manu-
facturing probleme. Xn all cases the present
oscillator was either equal or superior in
every aspect.

At X-band frequencies the design of an

electronically tunable oscillator presente some
special problems because diode packages ex-
hibit resonances in this frequency range.
To have a successful design it is necessary to
have a well-defined synthesis technique which
aocounts for all dynamkally independent varia-
bles. For this reason a lumped aonstant equiv-
alent circuit was developed with the cavity
uenter line as a reference. An exact caU3ula-
tion of the microwave parameters would be a
formidable task, but it is found that the
lumped parameter appreach yields results which
are close to the design goals. some small
changes will then suffice to arrive at the cor-
rect values.

The cavity itself operates in the TM 010
mode. Electronic tuning varies the frequency
by + 30 MHz with a center frequenay of 9.285
Gl?Iz: POWSr output is typically 25 mW.

System Performance

Overall this new radar represents a sig-
nificant improvement. Although the output power
is only 7.0 KW, the total range performance
exceeds that of the 20.O-KW radar it replaces.
Commensurate reductions in size and weight and
improvement of reliability are additional divi-
dends. The reduction in spurious responses due
to the new antenna allows operation of the air-
plane with a much greater safety margin.
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Notes

MICROWAVE ASSOCIATES, INC.
BURLINGTON, MASSACHUSETTS AND SUNNYVALE, CALIFORNIA

MICROWAVE TUBES, SEMICONDUCTORS, SOLID-STATE DEVICES

COMMUNICATIONS EQUIPMENT, TRANSMISSION COMPONEN~

INTEGRATED Cl RCUITS AND SUBASSEMBLIES.

MICROMEGA
A OIVISION OF THE BUNKER-RAMO CORPORATION

12575 BEATRICE ST., LOS ANGELES, CALIFORNIA 90066

PARAMETRIC AMPLIFIER AND R-F SUBSYSTEMS

COAXIAL AND WAVEGUIOE FERRITE DEVICES

SOLID-STATE SIGNAL SOURCES AND MULTIPLIERS.
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