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| CAUTION: All information, charts and recommendations in this |
| Guide assume an operation in the Continental United States. For |
| other geographic areas, consult the course itself. It is also assumed |
| the radar and radome are properly calibrated, with the GAIN control |
| at the CALIBRATED position and a weather mode selected. |



Thunderstorm Avoidance Guidelines

Certainly avoid all contouring echoes (meaning red or magenta echoes) if
possible. But, whether it’s contouring or not, consider the following five

guidelines:
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1. If your Hazard Index exceeds five, expect convective explosions.
2. Never fly near an echo with a radar top above 30,000 feet.
3. Circumnavigate all echoes with a steep or asymmetrical gradient.

4. Assume all intensive and extreme echoes are severe thunderstorms.

5. THE ABSOLUTE RADAR RULE

Never, positively ever,
continue flight toward a radar shadow!




Objective Storm Hazards Indexing Test
Convective weather is a highly dynamic phenomenon, often exploding from
benign shower to severe thunderstorm in as little as three or four minutes. No
presently available, or contemplated, airborne radar can accurately predict
when such an explosion is imminent. Therefore, each pilot, in each situation,
must make a judgement.

To assist you in making a correct judgment, we offer the following index.
After identifying an area of precipitation near your projected flight path with
airborne radar, or by looking through the windshield, whether it’s contouring
or not, find answers to the following questions. The number of YES answers to
questions 1 through 6 will indicate the potential for an atmospheric explosion.
The number of YES answers to questions 7 through 10 will indicate what your
circumnavigation distance should be.
Is It a Hazardous Storm?
1. Is the local atmosphere significantly unstable?
2. Is the dewpoint greater than 10° C?
3. Is the temperature/dewpoint spread greater than 17° C?
4. Ts its speed of movement greater than 10 knots?
5. Is there visible evidence of a hazard?
6. Is it the southernmost cell in a line?
How Hazardous Is It?
7. Is its height greater than 15,000 feet?
8. Is its gradient and shape asymmetrical?

9. Is its reflectivity greater than 50 dBz?

10. Is it casting a shadow?

NOTE: This index is for the North American Continent and a surface
temperature of 27°C or greater. Other geographic locations may require
an altered set of questions.




Radar Performance Tests

Pre-departure:
To insure that mechanical as well as electrical portions of your radar system
are functioning prior to takeoff, follow these procedures:

A. Test the system as instructed in your operating handbook.

B. After departing the ramp, select full up-tilt, a weather mode and your
shortest displayed range.

C. Work tilt down in increments until an echo is seen on the display.
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Caution: Never test a radar where personnel are within the forward 100-
foot arc of your aircraft. Never test a radar when a highly reflective object

!_is within 100 yards of that forward arc. I

D. Return the tilt to full up.

NOTE: To be certain your radar is, in fact, functional, you must see an
echo on the display when an operating mode is selected,

Enroute:
The above test insures that the system is functioning. Next you must test for
a minimum acceptable performance level as follows:

A. After takeoff, select a weather mode, the next available range greater
than 100 nm and — 1° tilt.

B. Above 10,000 feet AGL, check the display to insure that you are seeing
ground objects to at least 100 nm throughout the swept sector. At 5,000
feet, ground objects should appear to at least 70 nm.

C. Conduct the test frequently and establish a “normal” range to ground
echoes. If at a future time that range becomes less, radar performance
has degraded.

D. If that degradation is seen on a clear day, consult maintenance.

E. If degradation of performance is noted in weather (when the radome
is wet or has ice on it), allow for attenuation when analyzing echo
strengths. As a guideline, if weather attenuation is noted, assume all
echoes are at least one level more reflective than depicted.



Tilt Management

Radar Beam

Beam Width

Assuming a round antenna dish, either parabolic or flat plate, the
radar beam is conical with a width in degrees as indicated.

Antenna Size X-Band : C-Band
10 Inch 10° NA
12 Inch 8° NA
15 Inch 6.8° NA
18 Inch 5:5° NA
24 Inch - 4° 6.5°
28 Inch 3.5 6°
30 Inch 3° 55

Beam widths are approximate to within the accuracy of the tilt
mechanism.

Note: If a truncated rather than a round antenna is installed, the beam
shape will be oval or a fan rather than conical. The above relationship will
be true, with the vertical dimension of the beam in degrees coinciding
with the vertical measurement of the antenna in inches and the horizontal
dimension of the beam coinciding with the horizontal measurement of the
antenna. Example: Assuming X-band radar, an antenna 12 inches vertically
by 18 inches horizontally will produce a fan beam 8° high in the vertical
plane and 5° wide in the horizontal plane. In the special case of antennas
installed in the leading edge of a wing, the beam is fan shaped; about 22°
vertically and 8° horizontally.




The Width of a Degree

To calculate the width of a degree, use the ancient rule of 60:
NM X 100 = Feet per Degree-at that distance

Examples:
At 1 nm 1° is 100 feet in width.
At 52 nm 1°1s 5,200 feet in width.

Calibrated 0° Tilt

Calibrated 0° tilt is the tilt selection that results in the center of the beam being
parallel to the earth. It is not necessarily at the 0° position on the tilt indicator.
It may be quickly determined by consulting the following charts.

Finding Calibrated 0° TILT
Low Level
(X-Band)

Adjust bottom of beam to sweep ground at the 10 nm range, then
raise/lower tilt as indicated. You have now selected calibrated 0° ilt.

Altitude Antenna Size (inches)/Beam Width (degrees
AGL 10/10° | 12/8° 15/6.5° | 18/5.5° | 24/4° 28/3.5° | 30/3°
2,000 -3° -2° -1.5° -1° 0° 0° +0.5°
4,000 -1° 0° +0.5° +1° +2° +2° +2.5°
6,000 +1° 0 +2° +2.5° +£39 +4° +4° +4.5°
8,000 +3° +4° +4.5° +5° +6° +6° +6.5°
10,000 +5° +6° +6.5° +7° +8° +8° +8.5°

Note: For C-band radar with a 28” or 30 antenna, use the 18°/5.50 column
in each of the above tables.

CAUTION: All beam width and calibration charts in this Pilot’s Operating |
Guide assume that the gain control is in the calibrated position and a weather
| mode is selected. On some radars the beam shape changes when MAP is |
| selected. On many radars the system calibration changes in MAP.



Finding Calibrated 0° TILT
Mid Level
(X-Band)

Adjust bottom of beam to sweep ground at the 20 nm range, then
raiseflower tilt as indicated. You have now selected calibrated 0° tilt.

Altitude Antenna Size (inches)/Beam Width (degrees
AGL 10/10° | 12/8° 16/6.5° | 18/5.5° | 24/4° 28/3.5° | 30/3°
12,000 +1° +2° +2.59 +3° | +4° +4° +4.5°
14,000 +2° +3° +3/59 +4° +5° +5° +5.5°
16,000 +3° +4° +4.5° +5° +6° +6° +6.5°
18,000 +4° +5° +5.5° +6° +7° +72 +7.5°
20,000 +5° +6° +6.5° +7° +8° +8° +8.5°
22,000 +6° +7° +7.5° +8° +9° +9° +9.5°
24,000 +7° +8° +8.5 +9° +10°2 +10° +10.5°
26,000 +8° +9° +9.5° +10° +11° +11° +11.5°
28,000 +9° +10° +10.5° | +11° +12° +12° +12.5°
30,000 +10° +11° +11.5° | +12° +13° +13° +13.5°

1t’s not recommended that this method for finding calibrated 0° tilt be used
above 30,000 feet. The amount of down tilt required becomes excessive at
higher altitudes. In addition, if a longer range is used to reduce the down tilt
required, curvature of the earth becomes a factor.

NOTE: Using these charts to find calibrated 0° will result in an inaccuracy
of from 1° to 2°. The reason is because the charts assume the beam width
when seen against ground is the same as the theoretical beam width.
Unfortunately that’s not true. Because ground objects are much more
reflective than rain droplets, the beam will “flare” out when pointed
into the terrain. The flaring will be greater over “hard” terrain, such as
cities, bare rocky areas and hills, than over forests or cultivated fields.
That flaring will be from 2° to 4°. Since only the bottom of the beam is used
by the procedure, an error of 1° or 2° will result.

For that reason, we recommend strongly that the check list on page 8 be
used to find calibrated 0°. When operating below 10,000 the procedure on
page 12 will be quick and useful for finding TIP, the Threat Identification
Position.
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A More Accurate Method
For Finding Calibrated 0

Calibration of the tilt indicator using the preceding charts will result in
acceptable accuracy, provided the radar system is properly calibrated
electrically and provided the procedure is conducted over “radar-soft” terrain
such as level farm land or a forested area.

A more accurate method, which cancels out electrical miscalibration of the
radar system and terrain effects, is conducted as follows:

A.In stable, level flight over flat terrain, select a normal weather mode
and turn antenna stabilization off; if possible.

B. Determine your altitude AGL. in thousands of feet, to the nearest 1,000
feet, and double it. The result is “The Range.”

Examples: At 6,000 feet AGL, “The Range” is 12 nm.
At 17,000 feet AGL, “The Range” is 34 nm.
At 38,000 feet AGL, “The Range” is 76 nm.

C. Adjust tilt so ground is being painted outward from a number of miles
corresponding to your altitude as determined in “B” and note the tilt

indication.

Examples: At 6,000 feet AGL, ground should appear from 12 nm out.
At 38,000 feet AGL, ground should appear from 76 nm out.

D. After noting the tilt indication in “C”, lower tilt until no ground is
painted outward from the distance used in “C” (put the top of your
beam on “The Range”) and again note the tilt indication.

E. The difference in tilt indications “C” and ”D” is your beam width.

F. Add 5° to one-half the difference between tilt indications “C” and
‘SDJ’-

G. Increase tilt from “D’” by the number of degrees calculated in “F”.

H. The center of your beam is now level with the plane of the earth and
the indicated tilt is calibrated 0° for your antenna installation.



Tiltat “C” ' Tiltat “D”

The above procedure may be used to confirm proper mechanical and electrical
calibration of the entire radar system. -

« If calibrated 0° tilt is more than 1° from the 0° mark, up or down,
the antenna is misaligned to the aircraft. Have the antenna base plate
shimmed or the stabilization aligned, as required.

* If the difference between tilt indications “C” and “D” is less than the
theoretical beam width for your antenna diameter (see page 5), your
receiver sensitivity is probably set too low. Have the system bench
checked.

« If the difference between tilt indications “C” and “D” is more than 4°
greater than the theoretical beam width, your receiver sensitivity is
probably set too high. Again, a bench check is suggested.

« If the difference between tilt indications “C” and “D” equals your
theoretical beam width when the calibration procedure is conducted at
altitudes above 20,000 feet AGL, but is more than 4° greater than the
theoretical beam width at altitudes of 15,000 feet AGL and lower, your
STC may be out of calibration. Consult your radar technician.

e If calibrated 0° changes when the procedure is repeated with antenna
stabilization turned on and then turned off, your stabilization system is
misaligned. Have it adjusted.



NAP Or The Parked Configuration

When you aren’t hands-on, actively operating the radar system tilt should
be at the Normal Antenna Position, NAP for short,

NAP gives you a fast and certain means to insure the radar is functioning, is
the ideal beginning position for ground mapping, provides for a cross check
on the altimetry in the terminal area, relieves you from having to readjust
tilt at frequent intervals and — most important — insures that you will instantly
recognize radar shadows,

The NAP configuration is selected as following;

A
B
@
D

E.

Select TIP. (See page 12)
Lower tilt 4° from TIP.
Tilt is now at NAP

If operating at 15,000 feet AGL or below, adjust displayed range
so ground is being painted on the outer 1/3 to 1/2 of the indicator.

If above 15,000 feet select the 100 nm range, if possible, or §0nm.

With tilt and range in the NAP configuration, monitor the display at
frequent intervals for the following:

A, At 15,000 feet AGL or below:

« If you radar display suddenly goes blank, your radar just failed.
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= If black areas grow from the outer edge of the indicator inward, you
are approaching a radar shadow.

* Any prominent echo that works back inside ground returns is most likely
weather. .

* An echo that works back to the 5 nm arc will be cleared by less than
2,000 feet, if it is cleared at all!

» An echo that can not be identified by town, city, mountain peak or other
known geographical feature, is a weather system.

* An echo that changes rapidly in size, shape or intensity is a dynamic
weather system.

» If your assumed position does not correlate to the radar map, you have
a navigation system error.

« In unaccelerated flight, if your radar and altimeters disagrees, resolve
the conflict. Your altitude AGL should be the distance to the inner edge
of ground returns times 400 as follows:

Distance 5am 1 10nm [ 15nm | 20nm | 30nm | 50 nm

Altitude AGL 2,000 | 4,000 [ 6,000 | 8,000 | 12,000 | 20,000

B. When operating above 15,000 feet AGL:
* Any echo that intrudes inside the 50 nm arc is probably weather.

» Any echo that intrudes inside the 30 nm arc is weather that will be cleared
by less than 12,000 feet, if at all! Immediately begin a deviation.

NOTE: When operating with a 12-inch or smaller antenna above FL290, a
PARKED tilt position of -2° from calibrated zero is recommended. The advice
to deviate around all echoes inside the 30 nm arc will remain valid.

CAUTION Above 15,000 feet, occasionally lower the tilt until ground i 1s
pamted for several sweeps to insure that your radar is still functioning.



TIP - Threat Identification Position

This tilt selection results in the bottom of your beam being parallel to the earth
directly below you. When TIP is selected, all echoes depicted (except for side
lobe returns) are from objects that intrude through your current altitude. TIP
is one-half a beam width above calibrated 0° tilt.

Alternately, TIP may be quickly selected as follows:

A. Determine your a]tltude AGL in thousands of feet, to the nearest 1,000
feet.

B. Adjust tilt so ground is being painted outwards from a number of miles
corresponding to your altitude as determined in “A”.

C. Raise tilt 10° from position “B”.

D. The bottom of your beam is now parallel to the earth directly below
you.

Note: Calibrated 0° tilt is one-half a beam width down from TIP.

r
CAUTION: Tilt must not be left at TIP or TUT for more than a half I
dozen sweeps. Always return tilt and the selected range to the PARKED

chonﬁguration before moving on to other cockpit duties. |



TUT Tilt-Up Technique

TUT is the tilt selection that results in the center of the beam pointing up 10°
with respect to the earth. In short, it is calibrated 0° plus 10°.

Alternately, TUT may be selected as follows:
A. Select TIP.
B. Lower tilt from TIP one-half your beam width.
C. Increase tilt 10° from position “B”.
D. Tilt is now at TUT.

TUT should be used frequently when operating below 15,000 feet as an aid to
recognizing tall, hazardous weather and to prevent inadvertently flying into the
hazardous area below a storm with a high base. With tilt at TUT, the minimum
radar top of any object depicted on your display, or the minimum height of the
contour within a weather system, is in the ratio 1,000 to 1, as follows:

Distance 10 nm 20 nm 30 nm 40 nm 50 nm

Height 10,000 ft. [ 20,000 ft. | 30,000 ft. | 40,000 ft. | 50,000 ft.

With tilt at TUT in the terminal area, it is recommended that you:
» Circumnavigate all contouring echoes.

« Circumnavigate all echoes, whether contouring or not, displayed at a
range of 20 nm or greater.
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Estimating Radar Tops
Before departure:

A. Position the aircraft so the expected departure route is within the scan
of your radar.

B. Select a weather mode and a range of 40 or 50 nm.
C. Select 15° of up-tilt.

D. Detected weather has a minimum radar top relative to distances
follows:

Distance 10 nm 15 nm 20 nm 30 nm 40 nm

Min.Height 15,000 ft. [ 22,500 ft. | 30,000 ft. | 45,000 ft. | 60,000 ft.

E. Lower tilt to +10° and select the 100 nm or next greater range.

F. The distance/minimum height is now:

Distance 15nm 20nm | 30nm | 40nm | 50nm 60 nm

Min Height | 15,000 ft. | 20,000 ft. {30,000 ft.| 40,000 ft. | 50,000 ft. | 60,000 ft

G. Lower tilt to +5°, range on 100 nm or next greater range.

F. The distance/minimum height is now:

Distance 30 nm 40nm | 50nm | 60nm | 80nm 90 nm

Min Height | 15,000 ft. | 20,000 ft. ] 25,000 ft.{ 30,000 t. | 40,000 ft. | 45,000 ft.

14



Enroute:

First select TIP. All echoes depicted are returns from objects with a minimum
height equal to your current altitude AGL. To determine how much taller:

A. Increase tilt from TIP until the echo of interest just disappears.

B. The radar top relative to your current altitude is Distance X 100 X tilt
change from TIP.

Example:

An echo at 37 nm disappears with a tilt increase of 4° from TIP.
37X 100 X 4 = 14,800 feet

The Weather system has a radar top approximately 15,000 feet above
your current altitude.

Note: More important than the current radar top is the trend. A growing storm

should always be avoided by a greater distance than a static or dissipating
one.

- 7]
CAUTION: When operating above 20,000 feet, frequently return tilt and
range to the PARKED configuration to insure that you do not fly into a storm

|_With a radar top lower than your present altitude. |

Arrival:

Frequently select TUT. With the center of your beam angled up 10° radar tops
relative to your current altitude, have this relationship to distance:

Distance 10 nm 20 nm 30 nm 40 nm 50 nm

Height 10,000 ft. { 20,000 ft. | 30,000 ft. [ 40,000 ft. { 50,000 ft.

CAUTION Radar top is not the storm height. For over-flight planmng,—I
!_assume the actual storm top is 20% above the radar top. |



Antenna Stabilization

Today most radar antenna systems are stabilized in reference to the surface
of the earth. This means simply that the center of the beam sweeps parallel
to the horizon at the tilt angle selected on the tilt control, regardless of the
roll and pitch attitude of the aircraft.

You must be alert, however, to the several limitations and imperfections in
all stabilization systems.
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e The limits of stabilization vary with antenna design. They range

from 25° to 43°. You should know what the limits are for your
antenna. That information will be found in the pilot’s operatmg
handbook for your radar system.

The limit of your antenna stabilization is the sum of — tilt selection
from the 0° index, plus pitch and roll attitude from level flight.

In the pitch axis, that summation is not the normal arithmetical
addition. The limit of stabilization is actually the number of degrees
the antenna can go up or down from neutral to compensate for
attitude excursions. For example, with a 30° limited antenna, a
deck angle of +15° and tilt selection of -15° add to 30°, the limit.
Buta deck angle of -45° and a tilt selection of -15° also add to 30°.
Why? With -15° of tilt selected and the nose down 15° the antenna
will be at 0° with another 30° of freedom. Think about it.

In most smaller aircraft the vertical reference for antenna
stabilization is a mechanical gyro. Mechanical gyros are subject
to acceleration, deceleration and turning errors due to precession.
Gyro precession often exceeds 5° when maneuvering. Therefore,
antenna stabilization will be imperfect during and following
maneuvers. Gyro precession errors will cancel out after two to five
minutes of stable, unaccelerated flight.

Since maneuvering causes gyro precession, the calibrated 0°
position on the tilt control will change appreciably during departure
and approach procedures. This requires recalibration of the tilt
indicator at frequent intervals during terminal maneuvers. Refer to
page 12 for a rapid method for selecting TIP. From TIP calibrated
0° will be one-half the beam width down.



Tops Versus Storm Intensity
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RESULTS OF TOPS VERSUS
REFLECTIVITY STUDY OF
2893 CELLS
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Tilt Positions for Measuring Reflectivity

To use reﬂéctivity as a measure of the probability of turbulence and/or hail, as
indicated by the curves in the Turbulence and Hail Size Probability charts on
pages 26 and 27, the beam should be centered at about 25,000 feet. The chart
below should be used to center the beam at the appropriate level.

To Center the Beam at 25,000 Feet

Raise (+) or lower (-) the tilt as indicated from calibrated zero. If the storm
exhibits a distinct contouring core, it’s hazardous and should be avoided by
the recommended distances. If the core reflectivity is greater than 50 dBz,
the storm is severe. It contains damaging size hail with tornadoes highly
probable.

Altitude Distance to the Target
AGL 10 nm 20 nm 30 nm 40 nm 50 om
Ground | full up +12.5° +8° 4+ bibP + 4°
3,000 full up + 11° +7° +5° +3.5°
5,000 full up 4100 + 6.5° + 4.5° + 3
7,000 full up +9° +6° + 4 + 2.5°
9,000 full up +8° + 5° +3.5° +2°
11,000 + 14 +7° + 5° +3° +2°
13,000 +12° + 6° + 4° + 2.5° +1.5°
15,000 + 10° + 5P + 3 +2° +1°
17,000 +8° + 4° + 3° +1.5° +0.5°
19,000 + 6° + 3 +2° il +0°
21,000 +.4 +2° +1.5° +0.5° +0°
23,000 +2° +1° +1° +0° -0.5°
25,000 0 0° 0° -0.5° -1°
27,000 -2° -1° -0.5° -1° -1.5°
29,000 -4 -2° -1.5° -1.5° -2
31,000 - 6° -3 -2° -2 -2.5°
33,000 -8° -4° -3° -2.5° -¥
35,000 -10° -5° -3.5° -3 -3°
37,000 -12° -6° -4° -3.5° -3.5°
39,000 -14° -7° -5° -4° -4°
41,000 full down -8° -5.5° -4.5° -4.5°
. 45,000 full down -10° -7 -5.5° -5°
51,000 full down =13 -9° -8° -6°

Prior to approach, in addition to checking reflectivity at 25,000 feet, adjust
tilt so the bottom of the beam intersects the ground through the base of the
storm. For maximum safety during terminal operations, avoid all echoes
which contour at any level.

18
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Using Gain to Identify Super Hazardous Echoes

Study the chart on the previous page and it immediately becomes obvious the five colors
depicted by your radar display (black, green, vcllov. red and magenta) fail tp reveal all the
information a pilot needs for determining the hazard level of a storm. For example, the
chance of encountering severe turbulence in a red echo ranges from .25%, if it’s barely red,
to 3.5% if it’s very, very red. In magenta, the risk ranges from 11% if barely magenta to
50% ifit’s very magenta. And notice the chance of encountering damaging size hail in red;
it ranges from none to 23%. Plus, consider an older radar display that shows strong through
extreme echoes in red only, or in the case of a monochrome display, only the brightest green.
(See the NOTE below).

The GAIN control can be used to sort that out. 1t’s called a GAIN control, but in truth it’s
a CALIBRATION control. With it you can miscalibrate the colors. Keep that very much
in mind; when the GAIN control is out of detent position, the colors no longer mean what
they should, so the hazard risks change. Therefore, after use, ALWAYS return the GAIN
control to the normal or CAL position.

With that precaution, when you see a red echo, take GAIN out of CAL, and carefully turn
it counterclockwise. If a small amount of movement causes the red to turn , the echo
is just barely a strong storm. If a lot of turn is required, it’s very strong or worse. The same
technique can be used when you see a magenta echo to tell if it’s intense or extreme based
on the historic numbers and names.

Again, study the chart on page 19 carefully, paying particular attention to the hazard potential
at various values of radar reflectivity. GAIN, when used with proper caution, can be used
to indicate just how great should be your circumnavigation distance. Note especially the
potential for hail. If you determine it’s in the upper red range, or if it’s magenta, stay at least
20 nm away is the best advice.
EXTREMELY IMPORTANT FACT: The hazard potential of a storm is not
related to the color you're in, it’s related to the highest color level in.any
and all areas of the storm. If a storm has red anywhere in it, green parts
of it must be considered to contain the same dangers and danger levels
as red portions. If magenta is in it anywhere, it’s magenta in hazard
. potential everywhere. :

NOTE: Modern airborne radar systems symbolize echo reflectivity with the five colors;
black, plus green, red and magenta, as in our chart on the previous page. Earlier
radars with color displays exhibited only four levels; black, green, and red. On
those, red symbolizes echo reflectivities of 40 dBZ and greater. Thus, a red echo could
have an intensity of strong, very strong, intense or extreme. It depends on how red it
is.

Very old monochrome radar displays depicted echo reflectivities in black, plus three
shades of green. The dimmest green symbolizes a weak echo, medium green a moderate
echo and brightest green strong through extreme echoes.

With older type color displays red tells you only that it’s a strong to extreme echo. But,
again, how much you have to turn the GAIN down from CAL will reveal whether it’s
just barely strong or extreme.

CAUTION: Do Not Reduce GAIN to differentiate echo types if your radome is wet or
iced over. In those situations, assume all echoes are more reflective than indicated.

NOTE: On some radars GAIN cannot be reduced; some have no GAIN control at all.
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