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A discussion on radar beam geometry

by Joe Ratterman

ven though spring thunderstorms are behind us this year, keeping your radar skills sharp

is important all year-round. You never know when convective activity might pop up around

you. In last month’s issue, I described a basic approach on how to use your onboard airborne
radar system to look up, out, or down, depending on which phase of flight you are in. Without getting
into too much of the science and geometry of radar systems, I wanted to simplify how to use your
radar system to navigate tactically through and around dangerous weather.

ey MR 1 This month, T would like to introduce a little bit of the math
feronautical > FPLN > GEO & TERR D WX [>|TCASDD feronautical > FPLN [> GEO [> TERR [> WX [> TCASD)
Y e ~ S e behind your radar system in order to build on the basic knowledge
: you now have. We'll focus on “dish size,” and the corresponding
radar beam angle (basic cone geometry) that goes along with
different dish sizes.

Before getting into the specifics of dish size, I would advance the
view that airborne radar should be your primary tool for tactical
weather navigation and avoidance. Last month, I showed you side-
by-side screen shots taken on approach to my home airport, one
with NEXRAD weather and the other with on-board radar. The
photos to the left highlight how different your NEXRAD display can
be when looking at the weather immediately in front of you. Below
4 isanother example that shows, once again, why pilots should never
The green linei |n the images above shows the ()ngmal flight count on NEXRAD (the left image) for tactical weather avoidance.

path, prior to deviating to the left-of-course. Using the Notice the location and the intensity of the storms depicted at two
NEXRAD display, a pilot would be tempted to only deviate o’clock in front of the aircraft in both images. NEXRAD is great
a few degrees left of the indicated weather, but using the for seeing the big picture, but use your radar for maneuvering
radar display suggested a much greater deviation. through the weather 10-60 miles in front of you.
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Understanding your radar beam's geometry starts with
knowing the size of your radar dish. Since you are reading
Twin & Turbine magazine, I'll assume you have a typical
cabin-class airplane, and therefore you probably have either
a 10-inch or 12-inch dish. Two very popular systems for
airplanes in this class are the Bendix/King RDR 2000 and
the Garmin GWX 68 (and the newer GWX 70). These are
both excellent systems and can provide invaluable real-time
weather information in the cockpit.

: ; www.selectairparts.com
If you are wondering which system you have, refer

to your AFM and any supplemental documentation that

you received with your airplane. In my experience, most 4 alrparts
turboprop airplanes have a 10-inch dish (older Piper Meridians

had the RDR 2000, newer Meridians have the Garmin New ¢ Overhauled « Used
GWX 68 or 70, newer TBM's have the Garmin GWX 68 or
70, and Pilatus PC-12's have the RDR 2000). Most small
and medium-size twin-engine jets have a 12-inch dish, and
late model Cessna Mustangs, M2s and C’s have the Garmin
GWX 68 or 70 installed.

In what will probably come as a surprise to most readers,
the smaller the dish, the larger (or wider) the beam angle! If
you have a 10-inch dish, then you have a 10-degree beam angle,

and if you have a 12-inch dish, then you have an 8-degree “Call Us. We Speak Beechcraft!”’
beam angle (7.9 degrees to be precise). Larger jets may have

a 24-inch dish with a corresponding narrow 4-degree beam 1-800-318-0010

angle. The smaller the angle, the more concentrated the area of

radar coverage and the more precise you can be with scanning Int’l: 540-564-0010 P.O. Box 219
specific vertical regions of the sky in front of you. Email: sales@selectairparts.com Weyers Cave, VA 24486
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de-icing systems
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Ice Shield De-icing Systems offers wing boots, propeller boots, wire harnesses, and much more.
Offering guaranteed 48-hour delivery and first class customer service.
Ice Shield is a way to protect your aircraft from icing conditions.

For more information please visit our website www.iceshield.com or 800.767.6899
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‘ mﬂ;g New Surplus PISTON, TURBOPROF,
4 and JET aircraft Parts!

n for vabue and service Sales Hours: 7:115am to 5:30pm EST

Parts for Single and Twin Cessnas. Along with Pipers, and jets
like Citations, Falcon 2000/2000EX, Gulfstream 200’s, and
various others. If there’s a part you need, there’s
a good chance that we have it!

Check with us for Farts like
Airframe parts Accessory parts
Piston Engine parts Overhauled Rotables
Turbine Engine par Exhaust Systems

v nd Brakes
Lycoming parts auled Propellers

Accessories And much more!

Free Inventory Search at '
www.preferredairparts.com

Remember we need part numbers from you!

Our complete inventory is also listed on
ILS, Parts Base, Controller, and Trade-A-Plane.

‘We process RFQ’s promptly and have a 95% same day shipping rate on orders received before Spm EST.

Preferred Airparts, LLC

Div. of JILCO Indus:

Wc:: B|_.|y Worldwide

We buy inventories of new

e
we are st
; surplus parts for nearly

800-433-0814 -Toll freeU.5./Canada Bﬁ:::’:s!
330-698-0280 Locallinternational

330-698-3164 Fax o

anything that flies. Also
tired or damaged Cessna
twins, Caravans, Citations,
engines and propellers.

e Hembree is our buyer, Please contact him at
330-698-0280 ext.224 gene@preferredairparts.com

sales2@preferredalrparte.com
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Ph: (973) 575-1833 AIR BOUND

email: FBO@airboundaviation.com
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Air Bound Aviation, LLC, 27 Wright Way, Fairfield, NJ 07004 °

Is a 10-inch dish better than a 12-inch inch dish, or is
the 12-inch inch dish better? The answer is “not really." At
least not for what we are trying to use these systems for.
It does mean that the math changes on what portion of the
vertical region in front of you is covered by the radar, but
as long as you know what your radar can ‘see” at different
distances in front of your airplane, then you can use either
one effectively.

The geometric formula for beam height may look a little
intimidating at first:

Beam Height (ft)
2 x Distance x TAN (Beam Angle / 2)

+ 21.8 Miles to Times Square
+ 9 Minute Helicopter Ride

Best Secret ...

Save Time and Money at CDW

* NATA Trained Staff
* FAA Tower Airport
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Hangar Space Available
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Essex County Airport (CDW)
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Beam

10 miles 15 miles

20 miles 40 miles 60 miles 80 miles

Angle
10-inch .
Dish 10-degree | 10,600 ft 16,000 ft 21,300 ft pEYAOOEEN 63,800 ft | 85,000 ft
12-inch
Dish 8-degree 8,400 ft 12,600 ft 16,800 ft 33,500 ft 50,400 ft 67,100 ft

Following is a table that shows what the beam height is
of radar coverage, for two different dish sizes, at different
distances in front of an airplane. The resulting math will
hopetully demystify the formula for you.

As your radar sweeps left and right, both the 10-inch and
12-inch dish sizes cover a large vertical area of the sky, even
at just 40 miles out. At 80 miles out, your beam angle is
encompassing an enormous vertical block of the sky.

It would be nice if this formula precisely defined the area
covered by your radar's beam, but unfortunately these systems
are prone to “scatter” on the edges of the beam, so you will
likely pick up unwanted ground returns even when you have
your tilt and range adjusted such that the radar beam should
be scanning above the ground. That's ok, however, because
most of our scanning should be done near the center of your
radar beam anyway.

By understanding the shape and size of your radar beam'’s
cone, you can begin to understand what's happening when
you tilt your radar up and down. The first and simplest rule
of thumb is that tilting your radar up by half of your dish’s
beam angle will essentially align the bottom of your radar
beam straight out and level in front of the aircraft, with the
top of the beam now angled up by the full beam angle. For
example, titling a 12-inch dish up 4 degrees (8-degree beam
angle divided by 2) will bring the bottom of the beam level with
your altitude, and the top of the beam pointing up 8 degrees.
At 40 miles out, this tilt angle is looking at the vertical slice
of sky starting at your altitude and going up 33,500 ft from
there. At FL200, you are looking at the portion of sky from
your present altitude all the way up to 53,500 ft above sea level!

Tilting up 4 degrees aligns the bottom of
your radar beam with your current altutitude.

CAUTION: When flying at altitude,

with the tilt angle too high, you may risk
over-scanning dangerous weather below and
flying through extreme turbulence and icing.

79

If you look back at the recommended tilt angles I presented
last month, along with the math provided in this article, you
can “do the math” yourself and see how your radar beam should

be scanning, at a minimum, the 7,000 ft convective hotspot
(18,000 ft to 25,000 ft) at each of the different phases of flight
(takeoff, level en route, and approach).

Now it's time to go out and practice and put your new-found
knowledge to the test. Do a bit of research to confirm which
radar system you have, what your specific dish size and beam
angle are, and then use the math from this article and have a
little fun with your radar system in-between calls to ATC on

your next flight. Sy
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