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INTRODUCTION 

This pilot's guide describes the operation of the WXR-700X 
Weather Radar System and provides a basic understanding of 
the techniques of weather detection and avoidance. This booklet 
is not intended to provide a comprehensive treatment of the inter- 
pretation of the weather radar indicator. Proper use of radar for 
weather detection and avoidance largely depends on the pilot's 
ability to evaluate the color display in terms of associated weather 
conditions. Skill in interpreting the display is gained through train- 
ing and experience. 

The WXR-700X system accommodates a variety of system con- 
figurations. The indicator and control panel functions discussed in 
the Operating Controls section apply to most system configura- 
tions. 

I 
LEATHER RADAR MUST NEVER BE USED 
AS A PRIMARY COLLISION-AVOIDANCE 
OR GROUND PROXIMITY WARNING 
DEVICE. WHILE THE WEATHER RADAR 
CAN SUPPLY SOME TERRAIN INFORMA- 
TION, IT REMAINS FUNDAMENTALLY THE 
PILOT'S RESPONSIBILITY TO BE ALERT TO 
THESE DANGEROUS SITUATIONS AND USE 
ALL INFORMATION AT HIS DISPOSAL TO 
MAINTAIN MAXIMUM SAFETY AND COM- 
FORT FOR HIMSELF, HIS CREW, HIS PAS- 
SENGERS, AND HIS AIRCRAFT. 
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OBFRATINCS CONTROLS 
The WXR-700X operating controls are located on the control 
panel and/or indicator front panel. Control nomenclature, posi- 
tion, or switch type may vary due to customer option, aircraft 
configuration, or system configuration. There are 2 basic system 
configurations, a 3-unit system and a 4-unit system. The 3-unit 
WXR-700X system contains a receiver-transmitter, indicator, 
and antenna. The 4-unit WXR-700X system contains a 
receiver-transmitter, indicator, control panel, and antenna. All 
possible operating controls and functions are described in this 
section although not necessarily depicted by the typical system 
configurations shown. 
The following paragraphs describe the function and operation of 
the WXR-700X operating controls. Where differences occur in 
control nomenclature or control operation, these differences will 
be noted. 

The function of the power switch, on the indicator, 
depends upon the system configuration. For a 
%unit system using an integrated displaylcontrol, 
the system power is applied by depressing the 
mechanically latching pushbutton. Depressing the 
pushbutton a second time will cause it to unlatch 
and remove system power. For most 4-unit sys- 
tems, the PWR pushbutton on the indicator 
applies or removes power to the indicator only. 
System power is controlled at the control panel. 
When the system is Initially powered, the system 
cycles through the self-test mode and defaults to 
forward view, midrange, azimuth marks displayed 
and master mode operation (for those dual indica- 
tor installations that have this feature). The system 
remains in TEST until another mode is selected. 
Other control functions (display intensity and gain) 
will power-on to the fast setting selected. Default 
conditions may vary, depending upon system con- 
figuration or indicator options. 

Systems with mechanical rotary knob controls will 
power-on to the conditions selected on those 
controls. 
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The indicator Incorporates control switch memory 
circuits to prevent control changes during power 
switching. These circuits provide control retention, 
for at least 5 seconds up to a maximum of 60 
seconds. Default conditions as described may not 
occur unless the indicator power has been 
removed for more than 60 seconds. 

STAB Stabilization is enabled by depressing the mechan- 
ically latching pushbutton. During stabilized opera- 
tion the receiver-transmitter processes aircraft 
attitude Information from the attitude source to 
correct the antenna position for changes in the air- 
craft attitude. In systems without a STAB select 
function, antenna stabilization is always active. 
Refer to the paragraphs describing indicator 
annunciations for location and description of the 
alphanumeric messages of this mode. 

[Ã‘ Typical integrated displaylcontrol. 
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Typical Indicator with range select and single control panel with 
split control. 
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Typical basic indicator and full dual control panel. 
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GAIN 

MOON 

WX or 
NORM 

MAP 

System gain is manually controlled in the MAP 
mode or as a customer option system gain, it can 
also be controlled in weather detection modes. In 
most systems, counterclockwise rotation 
decreases the gain. When placed in the CAL posi- 
tion, the gain is preset to a value that will allow the 
receiver-transmitter to calibrate its operation to the 
24 return level (0.5 to 2.0 in/hr rainfall rate). The 
sensitivity time control (STC) operation of the 
WXR-700X regulates the receiver sensitivity to 
reduce excessive near-range returns for all gain 
settings. 

Antenna tilt is controlled from 15 degrees down to 
15 degrees up, with a 114-degree resolution. A tin- 
ear scale in ldegree graduations provides an indi- 
cation of tilt setting. Some TILT controls are 
provided with a nonlinear (expanded) tilt scale with 
Idegrw graduations from 5 degrees down to 5 
degrees up and 2-degree graduations from 5 
degrees to 15 degrees up or down. 

Selecting the WX (or NORM) mode enables the 
receiver-transmitter to operate in the weather 
detection (precipitation) mode. Systems equipped 
with turbulence processing and only a WX mode 
select switch will automatically select a WXIT 
(weather plus turbulence) mode when a range of 
50 nmi or less is selected. Detectable weather will 
be displayed in three (green, yellow, red) or four 
(green, yellow, red, magenta) colors depending 
upon system configuration. 

Selecting the MAP mode enables the 
receiver-transmitter in the ground-mapping mode 
with active gain control. Ground targets will appear 
in green and yellow colors or as a customer option, 
in green, yellow, and red colors. Refer to the 
paragraphs describing indicator annunciations for 
location and description of the alphanumeric 
messages of this mode. 
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TEST "Hie receiver-transmitter is momentarily enabled 
(for approximately 1 second) to test the receive1 
transmit functions when the TEST mode is 
selected. During self-test, a test pattern will be dis- 
played on the indicator similar to those shown 
below. Antenna tilt and azimuth functions are also 
cycled during this self-test period to check the 
integrity of the antenna pedestal. 

At the end of the test cycle, the antenna is electrl- 
cally locked in the boresight position. In the event 
of a system malfunction, the failing line replaceable 
unit (LRU) is identified in the upper left comer 
underneath the annunciation of the TEST mode on 
the display. The system will remain in TEST until 
the TEST pushbutton is pressed again (if latch- 
Ing) or another mode is selected. In dual 
receiver-transmitter installations, the TEST mode 
should be selected briefly after selecting the other 
system to synchronize the antenna. It is not neces- 
sary for the self-test cycle to be compkted, in this 
case. 

Indicator test pattern 
(4 colors) 

Indicator test pattern 
(3 colors) 

The range displayed during the test mode 
NOTE will be the previously selected range or the 

midrange in the case of the Initial power-up 
sequence in systems using an integrated 
displaylcontrol. 
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The test pattern for aircraft systems using elec- 
tronic flight instrument systems will display a 3- or 
4-color test pattern. The test pattern will contain 
wedges (red or magenta in color) at the 40-, 0-, 
-9Odegree points if the weather radar system 
contains turbulence processing. The following 
photographs illustrate the test pattern displayed 
on EFIS indicators. 

WXR TEST 
ILS MODE 

(with Doppler 
Turbulence) 1 ILS MODE 
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d WXR TEST 
EFIS MAP I MODE 

WXR TEST 
(with Doppler 
Turbulence) 
EFIS MAP ' MODE 
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EDU DISPLAY 
WXR TEST 
(with Doppler 
Turbulence) 
ILS MODE 

EDU DISPLAY 
WXR TEST 
(with Doppler 
Turbulence) 
VOR MODE 
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TURB Selecting the TURB mode (or Doppler Only) 
causes the indicator to display detected turbulence 
only, up to a selected range of 50 nmi. Detected 
turbulence will be displayed in red or magenta 
(depending upon system configuration). Detected 
turbulence will consist of precipitation areas where 
wind velocity shifts in excess of 16.40 feet per see  
ond (5 metres per second) are detected. For refer- 
ence, the US National Weather Service defines 
light turbulence as 0 to 19 feet per second (0 to 5.8 
metres per second) and moderate turbulence as 20 
to 35 feet per second (5.8 to 10.67 metres per 
second). 

I 
DOPPLER TURBULENCE DETECTION RE- 
LIES ON THE PRESENCE OF AT LEAST 
LIGHT PRECIPITATION. IT IS NOT CAPABLE 
OF DETECTING CLEAR AIR TURBULENCE. 

Momentarily depressing the WXtT pushbutton 
causes all weather targets, up to a selected range 
of 50 nmi (precipitation and turbulence), to be dis- 
played. If the selected range is greater than 50 nmi 
(60 in some systems), the system will automati- 
cally select WX mode. Refer to the paragraphs 
describing indicator annunciations for location and 
description of the alphanumeric annunciations of 
this mode. 

STBY Selecting the STBY mode electrically locks the 
antenna and disables the transmitter section of the 
receiver-transmitter. 

OFF 

SCH 

Selecting the OFF mode removes the system 
power. 

Selecting the SCH (search) mode is the same as 
selecting the WX/T mode except that manual gain 
control is provided. 

WX(VAR) Selecting these modes is the same as selecting 
WX(MAN) WX/T mode except that manual gain control is 

provided. 
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IDNT, or 
-G/C, or 
GCS, or 
SPRS, or 
GND CLT 
SUPR 

Ground clutter suppression is enabled by selecting 
the IDNT (-G/C, or GCS, or SPRS, or GND CLT 
SUPR) mode. In any of the weather detection 
modes (WX, NORM, TURB, WXIT, or SCH) clutter 
suppression reduces the intensity of the ground 
return. Ground clutter suppression should be dis- 
abled off during normal operation. Refer to the 
paragraphs describing indicator annunciations for 
location and description of the alphanumeric 
messages of this mode. 

I- THIS FEATURE SHOULD ONLY BE USED TO 
IDENTIFY GROUND TARGETS. CONTINU- 
OUS OPERATION OF THE GROUND CLUT- 
TER SUPPRESSION MODE IS NOT 
RECOMMENDED, BECAUSE SOME PRECIP- 
ITATION RETURNS MAY ALSO BE 
REDUCED IN INTENSITY. 

I 

SYSTEM For dual receiver-transmitter installations, selec- 
(1 12) tion of the system 1 (or L) or system 2 (or R) 

receiver-transmitter is accomplished by setting the 
switch or pushbutton in the appropriate position. 

Selecting any of the ranges provided will select that particular 
range as the maximum displayed range in nautical miles. The 
indicator automatically powers on to the midrange. Refer to the 
paragraphs describing indicator annunciations for location and 
description of the alphanumeric messages of this mode. 

The range (RNG) lamp of the indicator (located above the range 
pushbuttons) is part of the panel lighting system and is controlled 
by the 5-V dimming system of the aircraft. 

Some weather radar systems will have the range selection pro- 
vided by an electronic flight instrument system (EFIS) control. 
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ftpllt Function Controls 

The split function control panel allows the left side control fun& 
tions to operate during the clockwise sweep of the antenna and 
the right side control functions to operate during the 
counter-clockwise sweep of the antenna. The mode pushbuttons, 
tilt control, gain control and ground clutter suppression selection 
pushbutton operate identically to the controls previously dis- 
cussed. The following paragraphs discuss the transfer pushbut- 
ton operation, the GAIN UCAL annunciator and the TEST 
function for those systems using a split function control panel. 

For dual rt systems, the receiver-transmitter selected to operate 
during both sweeps is selected by the system pushbutton (S 112 
or L W, R R/T). 

Typical Split Function Control Panel 
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TFR The transfer (TFR) pushbutton is used in an EFIS 
system. Depressing only the left TFR pushbutton 
causes the left EHSI to display the same mode, tilt, 
ground dutter suppression (GCS) and gain as the 
right EHSI. Depressing only the right TFR pushbut- 
ton causes the right EHSI to display the same 
mode, tilt, ground clutter suppression (GCS) and 
gain as the left EHSI. 

I 
DO NOT OPERATE THE WEATHER RADAR 
SYSTEM WITH BOTH THE LEFT TFR PUSH- 
BUTTON AND THE RIGHT TFR PUSHBUT- 
TON SELECTED AT THE SAME TIME. THE 
MODE, GAIN, GCS, AND TILT OF THE SYS- 
TEM CAN NO LONGER BE DETERMINED 
BY VIEWING THE CONTROL PANEL. IN 
MOST SYSTEM CONFIGURATIONS, THE 
WEATHER RADAR WILL DEFAULT TO THE 
TEST MODE UNTIL ONE OF THE TFR BUT- 

I TONS IS DESELECTED. 

GAIN 
UCAL 

The GAIN UCAL annunciator is lit whenever GAIN 
contrd is in an uncalibrated position. If control of 
one side (left or right) is transferred to the other, 
the GAIN UCAL annunciator will annunciate the 
GAIN control condition of the untransferred side of 
the control panel. The GAIN UCAL annunciators 
will also light when TEST is selected. 

BELOW The BELOW GAL annunciator is lit whenever 
GAL GAIN control is in an uncalibrated position that 

Sets receiver sensitivity below the calibrated 
position. 
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TEST Selecting TEST mode (from the split function con- 
trol panel) activates the test mode for both the left 
and right EHSI. Depressing the TEST pushbutton 
a second time deactivates the test mode and 
returns mode control to the left and right sides of 
the control panel. 

During the test mode the following occurs; 

a. The transmitter is enabled for less than one 
second and then muted for the remaining por- 
tion of the test. 

b. The EHSI displays a test pattern containing 
four concentric arcs consisting of one color 
each: magenta, red, yellow, and green (from top 
to bottom). 

c. The antenna system performs a test sequence, 
ending with the antenna stopping at the 
boresight (electrical zero) position. 

d. The GAIN UCAL annunciator indicator will light 
(if present) and remain lit during the remainder 
of the TEST mode. 
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Indicator Controls 

HOLD 

The azimuth marks are eliminated from the display 
when the A2 pushbutton is depressed. Depressing 
the pushbutton a second time causes the azimuth 
marks to be displayed. The indicator automatically 
powers on with the azimuth marks displayed. 

Momentarily depressing the HOLD pushbutton 
enables the hold mode of operation, which freezes 
the image displayed on the indicator. Target 
updating of the displayed return will not occur 
when the indicator is operating In the hold mode. 
Momentarily depressing the pushbutton a second 
time disables hold operation and returns the indi- 
cator to normal operation. Any hazardous targets 
detected by the receiver-transmitter during the 
hold mode will cause an alert message to appear 
(refer to message slot 2 description). When an 
alert message appears, the indicator should be 
switched to a weather mode (WX, WX+T, TURB, 
NORM, SCH). 

The masterlslave (MIS) pushbutton is used in 
some dual indicator systems. The indicator auto- 
matically powers on to the master mode of opera- 
tion. Momentarily pressing Uno MIS pushbutton 
selects the slave mode and causes that indicator 
to display the same picture as the other indicator 
in this installation. System control is then a m m -  
plished by the other indicator. Should both indica- 
tors have the slave mode selected, a standby 
(STBY) message will be annunciated in the mode 
message slot. Momentarily depressing the push- 
button a second time will return the indicator to the 
master mode of operation. Refer to the para- 
graphs describing indicator annunciations for loca- 
tion and description of the alphanumeric 
messages of this mode. 
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LEFT VIEW 

LFT A section of the antenna 1 80' scan is selected for 
FWD or view by momentarily depressing the left-, forward-, 
AHD, or right-view pushbuttons. Selection of a left view 
RGT gives a display of the area ahead and to the left of 

the aircraft. The origin (aircraft nose) will be at the 
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bottom right of crt. Selection of a right view gives 
an indicator display of the scanned area directly 
ahead and to the right of the aircraft. The origin will 
be at the bottom left of the crt for a right view. 
Selection of the forward-view (or ahead) pushbut- 
ton will select the scanned area directly ahead of 
the aircraft. The origin will be at the bottom center 
of the crt. The indicator automatically powers on 
with the forward view displayed. Refer to the pre- 
vious diagram for an example of the views dis- 
played. 

SCTR The sector (SCTR) pushbutton, when selected, 
causes the antenna to sweep a 90-degree area 
rather than the standard 180-degree area. The 
selected 90-degree area can be one of three areas. 
The scanned sector is selected using one of the 
view selection pushbuttons (LFT, FWD, RGT). 

MKR The marker (MKR) control adjusts the brightness 
of the range arcs and azimuth marks (relative to 
overall crt brightness). Clockwise rotation of the 
MKR control will increase the brightness of the 
range and azimuth marks. 

I NT The intensity (INT) control adjusts the brightness 
of the entire crt display over the photo dimming 
range established by the photocell. 

Photocell The photocell of the indicator augments the inten- 
sity control by compensating for variations in the 
ambient light. 
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The controls used on the WXI-711 Indicator are identical to the 
controls used on the WXI-701 Indicator, except for the additions 
listed below. The WXI-711 Indicator provides as a customer 
selected option, the MSG mode control and the C/FO display 
option. These pushbuttons are described below. 

MSG The message (MSG) pushbutton, when selected, 
will cause the display of all messages sent to the 
WXI-711 Indicator by auxiliary systems such as 
ACARS. Should no messages be present, a yellow 
MSG message will appear in the upper left corner 
of the display. 

The captain/first officer (CIFO) pushbutton is used 
in some EFIS/WXI multiple display systems. This 
control allows the WXI to slave to either the cap- 
tain's or F/O's EFIS weather display. The selected 
side is displayed on the WXI. 
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ATOR ANNUNCIATIONS 
Annunciations displayed on the indicator provide a complete 
alphanumeric presentation of the radar system modes and condl- 
tions, thus eliminating the need for control panel viewing. These 
are the standard indicator annunications for WXI-701 indicators 
and WXI-711 indicators used in retrofit applications. These 
annunicattons apply to indicators with part numbers ending In the 
following 3 digits: -001, -002, -003, -101 through -109, -201 
through -209, -21 1, -214, -216, -219, -221, and -301. 

MODE RANGE 

SYSTEM GAIN \ 

Refer to figure above for location of the annunciations (messages) 
displayed and marker lines presented. Displayed messages may 
vary depending upon system configuration or customer option. 

MODE The system mode of operation is presented in 
the top left comer of the display. The MODE 
annunciation presents the system mode of 
weather mapping, ground mapping, or self-test 
to the pilot by annunciating WX, TURB, WX+T, 
MAP, or TEST, respectively, (or SCH, DOPP, 
PCIP, or BOTH depending upon system 
options) in blue (cyan) characters. A STBY mes- 
sage may be displayed for some system 
conditions. 
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CAUTIONS1 The system cautions and alerts are displayed at 
ALERTS the top center of the display. Displayed are the 

alert messages of HOLD, WEAK, FAIL, WX-P, 
and WX-T. This message area will flash HOLD in 
yellow characters whenever the HOLD mode is 
selected. Should hazardous weather be 
detected while the indicator is in the HOLD 
mode, an alert message of WX-T or WX-P will 
alternate with the HOLD message. FAIL will be 
presented in the flashing yellow characters 
whenever the system detects an equipment fail- 
ure. Whenever the system detects a loss of cali- 
bration, the message WEAK will periodically 
flash in yellow characters. 

CAUTION 
The WXR-700X Weather Radar System has 
been designed to exhibit a very high degree 
of functional integrity. Nevertheless, the 
user must recognize that it is not practical 
to provide monitoring for all conceivable 
system failures and, however unlikely, It is 
possible that erroneous operation could 
occur without a fault indication. It is the 
responsibility of the pilot to detect such an 
occurrence by continually assessing the 
reasonableness of the displayed intoma- 
tion and monitoring returns from known 
weather or terrain. 

RANGE The selected range is annunciated in blue (cyan) 
characters at the top right of the display. 

MASTER1 MASTERISLAVE and FAULT annunciation 
SLAVE, messages are presented directly below the 
FAULTS, MODE annunciation and will normally present a 
COLOR set of three color bars (green, yellow, and red). If 
BARS a systemdetected fault occurs, the FAULT will 
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be annunciated by displaying TIR 
(receiver-transmitter), ANT (antenna), CTL (con- 
trol), or DSP (indicator display) in green (first 
character); yellow (second character); and red 
(third character). Should the display experience 
a failure affecting the color scheme, the mes- 
sage will identify the modified color scheme. 
These failure messages have priority over the 
slave (SLV) message that shares this slot. When 
slave operation is selected, the SLV message 
will appear in the slot. Color bars will be dis- 
played during the master mode of operation with 
no failures present. 

Prior to interpretation of the display color, 
CAUTION verify the presence of all three color bars 

(green, yellow, red) in the upper left comer 
of the display. This will provide color integ- 
rity monitoring. 

SYSTEM 
GAIN 

TARGET 
IDENTIFI- 
CATION 
(CLUTTER) 

Located at the bottom left corner of the display, 
the SYSTEM GAIN message area annunciates 
the system gain setting in active gain modes. 
One of the following set of characters will be 
displayed in blue (cyan): MAX, -01, -02, -03, -04, 
-05, -06. -07, MIN, or CAL. Each gain step 
reduces system sensitivity by 2 dB. For auto- 
maticall y calibrated weather operation (CAL), 
this message area is blank. 

When ground clutter suppression is selected, a 
message located at the bottom of the display 
immediately to the right of the system gain mes- 
sage area annunciates the selection. The mes- 
sage IDNT (or -G/C, or GCS) will be displayed in 
blue (cyan) characters when clutter suppression 
is selected; otherwise, the message area will be 
blank. 
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STABILI- 
ZATION 

The system stabilization status is annunciated 
at the bottom of the display and to the left of 
TILT display. For stabilized operation, this rnes- 
sage area is blank. A USTB message will be 
annunciated in blue (cyan) when unstabilized 
operation is manually selected; a flashing ATT 
message will be presented in blue (cyan) charac- 
ters when an attitude input failure is detected 
and system stabilized operation is selected. 

The system is not capable of detecting atti- 
NOTE tude input failures of %wire analog attitude 

inputs. In such installations, no ATT mes- 
sage will be displayed in the event of an 
attitude input failure. 

TILT 

A SAT (saturated) message will be annunciated in 
blue (cyan) during stabilized operation when the 
system stabilization reaches saturated limits due 
to unusual attitude maneuvers. The message area 
will automatically return to its normal operation 
(blank) when the excessive attitude condition is 
eliminated. 

The antenna tilt position is annunciated at the bot- 
tom right comer of the display. The message char- 
acters are 15.00 IT to 1 5.00 U in 0.25O increments 
and displayed in blue (cyan). Some indicators dis- 
play tilt in an expanded format; from 5- ff to 5' -11 
tilt is displayed in 0.25O increments and from 5' to 
1 5 O  up or down tilt is displayed in 0.5' increments. 

Should the antenna tilt position be different from 
the position annunciated, the antenna failure mes- 
sage will be displayed (a flashing yellow FAIL at the 
top center of the display and an ANT failure mes- 
sage displayed below the selected MODE). 
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SYSTEM 
SELECTED 

In dual installations, the system selected will be 
annunciated directly below the RANGE mes- 
sage. The 82 will be annunciated in blue charac- 
ters when system no 2 is selected. The message 
area will be blank when system no 1 is selected. 

Range 
Marks 

Four evenly spaced arcs are presented in blue 
for all ranges selected. 

Azimuth 
Marks 

Sweep 
Mark 

Weather 
Mode 

Five azimuth marks are presented in blue at 
-6Oq, -30e, 0 "  43O0, and +60e. Some systems 
will display 7 azimuth marks, at -90Â° -GOo, -30n, 
Do, +30e, +6oo, and mO. 

A sweep mark is presented in green on the dis- 
play at the inside edge of the outermost range 
mark. The sweep position is controlled by the 
input data from the receiver-transmftter, so the 
sweep line position always indicates the 
reported antenna position. 

The weather map will present the intensity of the 
rf return signal in four colors (green, yellow, red, 
and magenta) or three colors (green, yetkw, and 
red). The color representing each reflectivity 
level may vary depending upon customer 
options. Refer to the following photograph and 
table. 
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Ground The ground map displayed by the indicator will be 
Mode presented in two or three colors. The colors in 

order of intensity are green and yellow and red (the 
most intense). 

PAC Alert The PAC alert annunciation identifies the azimuth 
Bar direction of areas exhibiting severe attenuation. A 

yellow arc is painted at the outermost range mark 
to identify the azimuth direction for all intervening, 
severely attenuating precipitation within 80 nmi of 
the aircraft. 

SHOWS It2 THE 
SELECTED - 

RANGE 
RANGE 
MARKS 

MESSAGE / 

MESSAGE 
SLOT 3 
' Â¥___ 

The photograph above shows a typical electronic display unit 
(EDU) weather mapping display when an HS1 presentation is 
selected. The photograph below shows a square EDU format. 
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The WXI-711 Indicator is similar in operation and appearance to 
the WXI-701 Indicator. The WXI-711 Indicator provides an 
improvement In weight, built-in test equipment (BITE), message 
capabill t les, and system parameter annunciations over the 
WX1-701 Indicator. 

The WXI-711 Indicator used in retrofit applications has been 
designed to act identical to the WXI-701 Indicator It replaces. In 
other words, the display of system parameter messages, targets, 
and system unit failures is identical to the WXI-701 Indicator, as 
previously described in this Pilot's Guide. The WXI-711 Indicator 
In nonretroflt applications will display the same functions as the 
WXI-701 Indicator but is also capable of displaying messages 
from ACARS or other auxiliary systems, and selects the number 
of range marks displayed to provide convenient range Intervals 
between range marks. The following photograph shows the mes- 
sage dot locations of the WXI-711 Indicator in a nonretrofit 
application. 

MODE SECTOR RANGE 

FAULT 2 

FAULT 3 

FAULT 4 

LT 
SYSTEM GAIN 

TARGET SYSTEM SELECTED STABILIZATION 
IDENTIFICATION OR C/FO 

(CLUTT1ER) 
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The following photographs demonstrate the autoranging capabil- 
ity of the indicator to select 3, 4, or 5 range marks to provide a 
convenient range interval. Three range marks are displayed at 
selected ranges of 15 and 150 nmi. Four range marks are dis- 
played at selected ranges of 20,40,80,100,120,160,240, and 
320 nmi. Five range marks are displayed at selected ranges of 5, 
10, 25, 50, and 250 nmi. 

4 Range Marks 

FOR TRAINING PURPOSES ONLY 



WXR/TCAS Combined Dteptay 

Any WXl-711 indicator can be converted to display both weather 
and TCAS II (Traffic Alert and Collision Avoidance System) infor- 
mation. The indicator can be configured to operate in various 
modes Including; weather only, traffic only, or a combination of 
both displays. The indicator can contain full TCAS display control 
functions as well as radar controls to satisfy different aircraft 
configuration requirements. 

Four types of symbols, differentiated by both shape and color, are 
used to display traffic around your own aircraft. The different 
symbols represent: other aircraft, proximate aircraft, traffic alert 
FA), and resolution advisory (HA). Consult the Collins TCAS I1 
Pilots Guide for specific operational features relating to TCAS. 

WXI-711 
TCAS TEST DISPLAY 

wxt-711 
TCAS AND WEATHER 
DISPLAY 

FOR TRAINING PURPOSES ONLY 



The WXI-711 Indicator contains the necessary interface circuits 
to accept and display messages from an ACARS (ARINC Com- 
munications Addressing and Reporting System) or other auxiliary 
system. If the message (MSG) mode is selected, the message will 
begin at the top of the display. Should no messages be present, 
when the MSG mode is selected, a yellow MSG message will 
appear in the upper left comer of the display. If a message is sent 
to the WXI-711 white a weather radar mode is selected, a MSG 
message will appear in the color bar slot (message slot 4). The 
following photograph shows a climb check list displayed when the 
MSG mode is selected. 
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Operational status of the weather radar system should be verified 
before each flight by performing the following procedure. 

1. Verify that radar circuit breakers are on. 
2. Position the controls as follows: 

Select STAB. 
Set TILT control to +5.0Â° 
Select TEST mode. 

3. With the test pattern displayed, adjust the INT control for 
desired brightness. 

4. Verify the following items on the display: 
a. The test pattern is complete and the appropriate colors 

are present. 
b. Select the WX mode and the longest range and verify that 

WX Is annunciated in the upper left comer of the display 
(message slot 1). 

c. Verify that no fault messages are present. 
5. In dual receiver-transmitter systems, select the second sys- 

tem and the TEST mode. Verify no fault messages are 
present. 

In dual system installations, the TEST mode 
CAUTION should always be selected after selecting 

another system. This ensures synchroniza- 
tion of the antenna. 

This completes the preflight test. 
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In a dual system both i f s  are Initially turned 
on, but the system select switch of the con- 
trol panel determines the waveguide switch 
position and disables the nonselected rt. A 
fault that prevents disabling the non- 
selected receiver-transmitter will allow 
both receiver-transmlttePs to operate. The 
system will not operate properly with both 
receiver-transmitter's functioning so power 
must be removed from one receiver- 
transmitter through the aircraft circuit 
breaker. 
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The primary function of the WXR-700X Weather Radar System is 
to aid the pilot in detection and avoidance of thunderstorms and 
the turbulence that is generally associated with these storms. 
Normal rainfall, hail, moderate to heavy wet snow, and in some 
instances, possible icing conditions, can be detected by the sys- 
tem. By tilting the antenna downward, the radar provides a ter- 
rain-mapping function. 

Each operator normally develops specific techniques and proce- 
dures for using weather radar. Basic operational techniques for 
the WXR-700X system are no different from the techniques used 
in earlier generation radars, equipped with flat plate antennas, so 
with experience, the operation of the WXR-700X system will 
enable the pilot to properly analyze the various types of storm 
displays. For operators accustomed to operation of radars with 
parabolic antennas, some change of procedures is required. The 
tilt settings wilt require more down tilt with the WXR-700X flat 
plate antenna than with the parabolic type antenna. Range selec- 
tion will also require a change of procedure because of the possi- 
bility of overscanning targets. 

The average radiated power density of the 
NOTE Collins WXR-700X Weather Radar System 

is significantly less than the 10 mw/cm2 
allowable for limiting the exposure of rf 
energy to humans as noted in FAA Advisory 
Circular, number 20-68B, dated August 
1980. The WXR-700X does not require the 

I 
use of a dummy load Wen operated on the 
ground. 
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The tilt control allows adjustment of the antenna pitch with 
respect to the aircraft to compensate for aircraft altitude, aircraft 
attitude, or to help with Interpretation of targets. 

tilt control at middle altitudes (20 000 to 35 000 
feet) 

The tilt angle of the antenna, while scanning for storm targets, 
depends upon the altitude of the aircraft and the selected range. 
The majority of storms develop at altitudes below 32 000 feet. 
Antenna tilt for aircraft flying at 20 000 feet (middle altitudes) 
should be set near 0 degrees or slightly down. For overland oper- 
ation, the best general guideline is to tilt the antenna until a small 
amount of ground return appears at the outer edge of the display. 
The storm cells from the 112 range point to the outer edge of the 
display should be monitored in order to make any avoidance 
decisions. 

When storm targets are detected, the antenna should be swept 
up and down to locate the level of most intense activity within the 
storm. When this level is found, remember that the returns behind 
the cell are attenuated and that the cell may extend farther back 
than shown by the indicator display. Some weather radar sys- 
tems have dual control and dual indicator capability. In these 
cases, a good precaution would be to display a shorter range with 
more down tilt on one indicator and a longer range on the second 
indicator. In this manner, the longer range is available to help plot 
any required course changes, and the shorter range is available to 
monitor any nearby weather activity. 

tilt control at higher attitudes (above 35 000 feet) 

The tilt control guidelines used at the middle altitudes will not be 
effective for flights above 35 000 feet. At longer ranges it will be 
difficult to obtain ground targets at the outermost area of the 
display due to the curvature of the earth. The following graph 
shows the line-of-sight range versus the aircraft altitude. When 
selecting the operating range, keep in mind the line-of-sight dis- 
tance to the horizon. 
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LINE OF SIGHT DISTANCE IN NMI 

DISTANCE (NMI) = 1.23 JAIRCRAFT ALT (FT) 

5'0 100 150 200 250 300 
RANGE (NAUTICAL MILES) 

Aircraft altitude versus range. 

For high altitude operations over the water, operating procedures 
should be altered due to the absence of ground returns. The 
cruise tilt angle recommendation for targets beyond 160 nmi is 1 ' 
to 2' down tilt; for targets 80 nmi to 160 nmi, it is 3' to 4' down 
tilt; and for targets 40 nmi to 80 nmi, it is 6' to 7' down tilt. 

The decision to avoid a target should be made before the target is 
closer than 40 nmi. Targets inside the 40-nmi range may disap- 
pear because of the characteristics of the flat plate antenna. This 
is because a flat plate antenna does not receive returns from side 
lobes as was the case with the parabolic type antenna. To view 
targets inside the 40-nmi range, large down tilt settings are nec- 
essary. The large down tilt may prevent more distant storms from 
being detected, and in overland operations, will cause excessive 
ground clutter to appear. 
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Disappearance of a weather target within 40 nmi of the aircraft 
indicates that a significant vertical separation exists between the 
aircraft and the precipitation activity in the target. However, sig- 
nificant amounts of turbulence may still be present at higher alti- 
tudes. 

The following paragraphs describe a technique for estimating alti- 
tude separation. The weather avoidance section of this guide 
includes some guidelines for bypassing weather targets. 

FLIGHT LEVELS AT HIGH 
ALTITUDES MAY CAUSE 
A STORM CELL TO BE 
OVERSCANNED AT NORMAL 
TILT ANGLES 

SUFFICIENT DOWN TILT TO 
DETECT CLOSER TARGETS 
FAILS TO DETECT MORE 
DISTANT TARGETS 

FOR TRAINING PURPOSES ONLY 



height estimation 

The height of a detected precipitation cell (wet top) may be used 
as an indicator in determining the storm maturity, anvil growth, or 
storm severity. Generally, the higher the wet top of the storm cell, 
the more severe the storm. Also, the more rapid a storm cell 
builds or falls in altitude, the more turbulent the storm. 

For these reasons, the estimation of the altitude of the wet top of 
a storm cell is a useful tool when vertically scanning a storm cell. 
Estimating the altitude of the wet top of the storm cell can be 
done by using a simple equation (for storm cells within 100 miles). 
Multiply the antenna tilt angle times the storm cell range (in miles) 
times 100, and add the result to the aircraft altitude. For down- 
ward tilt angles, the number added to the aircraft altitude will be 
negative, and for upward tilt angles the number would be positive. 
The result of this equation will be the approximate altitude of the 
wet top of the storm cell. 

Refer to the illustration on the next page for an example of storm 
cell height estimation. Two aircraft are approaching the same 
storm cell. Aircraft 1 is flying at an altitude of 41 000 feet, and 
aircraft 2 is flying at an altitude of 20 000 feet. 

The pilot of aircraft 1 has estimated the storm cell top to be 75 
miles away, at a downward tilt of 2O. The pilot multiplies 75 times 
-2, times 100 to obtain an altitude difference of -1 5 000 feet. By 
adding the -15 000 to the aircraft altitude of 41 000 feet, the 
storm cell top is estimated to be at 26 000 feet. 

The pilot of aircraft 2 has estimated the storm cell top to be 75 
miles away, at an upward tilt of 0.75'. The pilot multiplies 75 
times +0.75, times 100 to obtain an altitude difference of +5625 
feet. By adding the +5625 to the aircraft altitude of 20 000 feet, 
the storm cell top is estimated to be at 25 625 feet. 

The examples given above assume a narrow beam; however, as 
the width of the beam increases at long ranges, the accuracy of 
the height estimation will be reduced. For a typical WXR-700X 
radar beam (3.5'), the beam width at 25 nmi will be 9282 feet, 
while at 75 nmi the beam width will be 27 846 feet. This factor 
should be taken into consideration when interpreting the storm. 
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ALTHOUGH THIS FORMULA IS VALID FOR 

CELLS WITHIN 100 MILES, PILOTS SHOULD 
BE AWARE THAT THE WEATHER RADAR 
WILL NOT "PAINT" FROZEN DRY TOP PRE- 
CIPITATION SUCH AS SNOW OR HAIL {DUE 
TO LOW REFLECTIVITY). THESE LOW 
REFLECTIVITY TARGETS ARE FRE- 
QUENTLY ACCOMPANIED BY SEVERE 
TURBULENCE. THIS FACT SHOULD BE 
TAKEN INTO ACCOUNT - FOR THIS REA- 
SON IT IS NOT RECOMMENDED THAT 
PILOTS ATTEMPT TO OVERFLY OR 
UNDERFLY STORM CELLS. 

A1 RCRAFT 2 

AIRCRAFT 1 
H=41000+(-2x75x100)=26000 

I AIRCRAFT 2 
H =2OOOO+(+O.75 x 75 xlOO)=25625 

THE TOP OF THE PRECIPITATION ACTIVITY 
IS NOT NECESSARILY THE TOP OF THE 
DANGER AREA. DANGEROUS TURBU- 
LENCE FREQUENTLY EXISTS AT HIGHER 
ALTITUDES SIGNIFICANTLY ABOVE THE 
TOP OF THE DETECTABLE PRECIPITATION. 
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tilt control below 10 000 feet 

For flight operations below 10 000 feet, such as takeoffs and 
landings, an optimal tilt setting of 2 to 3 degrees upward tilt is 
suggested. This will provide target detection up to 40 nmi, without 
excessive ground returns and eliminate frequent tilt adjustment. 
The tilt setting should be changed to optimize any targets that are 
encountered. 

If there is significant weather activity, the tilt angle should be 
adjusted to provide a solid ground return outside the desired 
range to ensure that no overscanning will occur. 

For example, if operating at a 40-nmi range, a solid ground return 
between 35 and 40 nmi ensures targets inside 35 nmi will be 
detected. If tilt settings below 4 degrees are used at takeoff, 
some ground return will be detected until approximately 5000 feet 
AGL is reached. The side lobe returns disappear at separations 
greater than 5000 feet. 

The six photographs that follow illustrate the antenna being 
swept through a storm target. The aircraft is flying below 20 000 
feet; hence, the tilt angles for the optimized return are near 0 
degree. 
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Excessive upward tilt shows only top of storm cells. 

TILT 
EXAMPLE 
PHOTO 1 
(2.75-Up) I 
Storm cells become more prominent, but full extent of storm is 
still not evident. 

TILT 
EXAMPLE 
PHOTO 2 
(2.00Â Up) 
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Severity of storm is now apparent as other developing storms 
now are shown. 

TILT 
EXAMPLE 
PHOTO 3 
(0.75* Up) 

More developing storm cells become apparent. 

TILT 
EXAMPLE 
PHOTO 4 
(0,Oo0) 

Ground clutter becomes readily apparent. Targets that display a 
small arc parallel to the range arcs are most likely ground clutter. 

TILT 
EXAMPLE 
PHOTO 5 
(.25* Down) 
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Excessive downward tilt causes ground clutter to obscure the 
actual storm target. 

EXAMPLE 
PHOTO 6 
(1 -25 
Down) 

These photos were taken at low altitude 
(below 20 000 ft). For higher aircraft alti- 
tude, significantly greater antenna down tilt 
could be required to achieve similar results. 

- - 

Gain Control (in the MAP mode) 

In the WXR-700X Weather Radar System, the system gain is 
manually controlled in the ground mapping mode and as a cus- 
tomer option In the weather detection modes of operation. The 
gain control (in the MAP mode) controls the sensitivity (the ability 
to detect targets). The following figure illustrates the relationship 
of the gain control settings to receiver sensitivity. 
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GAIN 
CONTROL 
SETTING 

CAL 
MAX 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
MIN 

AMOUNT OF 
GAIN FROM 
CAL POSITION 

RECEIVER 
GAIN INCREASE 
FROM GAL 

Use of the gain control to enhance the display is purely a subjec- 
tive matter. The desired amount of ground return displayed 
depends upon how much the user wants to see. 

Many of the ground targets displayed have different reflective 
properties, so it is possible to highlight or enhance a ground map 
by increasing the sensitivity to produce more returns from less 
reflective targets. The user should select a gain knowing exactly 
what detail is desired in the displayed ground features and 
remember the resolution capabilities of the radar beam. 

In some WXR-7WX Weather Radar systems, the system gain is 
manually controlled in the ground mapping mode and any 
weather detection modes. The gain control controls the sensitiv- 
ity of the receiver-transmitter. Adjustment of the gain control can 
be used to enhance the detection capability of the WXR-700X 
Weather Radar System at short ranges (approximately 50 nmi or 
less). Setting the gain control to positions other than the catii 
brated position (GAL) will cause targets to appear more severe 
than normal. Some control panels allow the gain to be set to 
positions below the calibrated gain position to help the pilot differ- 
entiate targets. The below calibrated gain condition is always 
annunciated by a light on the control panel. 
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The ability to adjust the gain control during weather detection 
modes provides some advantages in weather detection at the 
shorter ranges. Specifically, aircraft operating at high altitudes 
run a greater risk of encountering low reflectivity targets such as 
ice crystals. Adjusting the gain to provide maximum detection 
capability will aid in locating areas of low reflectivity targets. 

Adjusting the gain to provide maximum detection capability is 
also useful under low visibility conditions and at night. With the 
WXR-700X Weather Radar System adjusted to maximum gain, 
the pilot's radar information can effectively be increased. Once a 
target is detected, the pilot can use the tilt and gain controls to 
optimize the weather target display. Eventually, the pilot will wish 
to return the system gain to a calibrated condition, to assure an 
accurate display of the target intensity. Remember that by 
increasing the system gain, the target will appear to be more 
reflective than normal weather detection conditions would 
indicate. 

Adjustment of the system gain might also be useful If the aircraft 
is traveling near areas of detected precipitation. By increasing the 
system gain, the pilot can effectively broaden the beam width of 
the transmitted signal (within the first 50 nmi) to produce returns 
from targets that might have otherwise been overscanned Once 
again, judicious use of the tilt control to discover the extent of 
nearby targets is recommended. 

Long Itemr Color ~nhÃ§noinÃ 

The WXR-700X contains a long range color enhancement circuit 
that provides a more accurate weather picture at longer ranges 
than previous weather radar systems. 

All weather radar systems incorporate a sensitivity time control 
(STC) circuit which compensates for range attenuation by 
increasing the receiver sensitivity. This type of compensation is 
effective up to the point where the receiver-transmitter sensitivity 
is at maximum. In older model radars, this would cause all targets 
at long ranges to be displayed at the same level no matter what 
the actual intensity was of the cell. This was usually the lowest 
level (green in the case of color weather radars). 
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The WXR-700X overcomes this problem to display the actual 
precipitation activity by adjusting the threshold levels (the levels 
that define each reflectivity level) of the returned signals to the 
levels that will provide the truest representation of long range 
targets. 

When observing these long range targets, a few facts should be 
kept in mind. The radar beam at long ranges has a large cross 
section, so that any storm will be small with respect to beam size. 
Any targets that appear at long range, no matter what color is 
displayed, should probably be avoided. 

The WXR-700X uses path attenuation correction to compensate 
for attenuation due to intervening precipitation (up to a range of 
80 nmi). The circuit compensates the return signal, so the proper 
color is displayed on the indicator independent of range or inter- 
vening precipitation attenuation. 

The PAC circuit is intended for weather detection modes only. 
Using the WX mode and downward tilt to produce a ground map 
will probably produce an inaccurate display. The PAC circuit will 
incorrectly detect the return signals from ground targets as 
intense storm targets and try to compensate for the attenuated 
signal. This should also be considered when adjusting the tilt 
control to display weather. Excessive ground returns may cause 
falsely displayed targets (for example, ground targets falsely 
interpreted as weather targets not displayed or obscured 
because of the presence of detected ground targets). 

Although the PAC circuit compensates for intervening areas of 
precipitation, X-band weather radar should not be used for pene- 
tration of thunderstorm areas where the precipitation between 
the radar and the storm target is moderate to heavy precipitation. 
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The weather hold function allows the pilot to evaluate storm 
direction and rate of movement relative to the aircraft's present 
heading. The hold function will provide the greatest assistance 
when used on longer ranges. On shorter ranges, the weather 
situation can change too rapidly to justify using the hold function. 

Assume the 160-mile range is selected and the display shows a 
storm approximately 100 miles dead ahead. Select the hotel func- 
tion by depressing the HOLD pushbutton, and maintain the 
existing aircraft heading. Note that the word HOLD will periodi- 
cally (every 3 seconds) flash at the top center of the display. 

After a couple of minutes, turn off the weather hold function by 
depressing the HOLD pushbutton again, and observe the display. 
Assume the display now shows the storm to be approximately 80 
miles in range and still dead ahead. Movement of the storm along 
any straight line leading to the apex of the display tells the pilot 
that the aircraft and storm drift rates are nearly equal, and that 
continuation of the present heading will result in penetrating the 
storm. Action should be taken now to alter the flight path. 

If, after a couple of minutes in weather hold, the display shows 
the storm to be at approximately an 80-mite range, but positioned 
slightly to the right or left of the line from the previous position of 
the storm to the apex of the display, the storm is apparently 
moving across the track of the aircraft. The storm system can 
probably be safely bypassed with only minor heading change. 

Any change in aircraft heading changes the location of storms on 
the display. Thus, a constant heading must be maintained during 
use of weather hold if changes in the display are to be interpreted 
as changes in relative positions of storms. 

While the indicator is in the hold mode, any potentially hazardous 
weather targets within a Â±6O sector from dead ahead will cause 
an atert message to alternate with the hold message. Weather 
targets in VIP levels 3 to 6 (0.5 to 8.0 inh) or turbulence in that 
4 0 '  sector will be considered potentially hazardous. 

-. 
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GROUND CLUTTER 
EXAMPLE 
PHOTO 1 

GROUND CLUTTER 
EXAMPLE 
PHOTO 2 
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Uso of W Ã ‘ t t r  HOLD 

The weather hold function allows the pilot to evaluate storm 
direction and rate of movement relative to the aircraft's present 
heading. The hold function will provide the greatest assistance 
when used on longer ranges. On shorter ranges, the weather 
situation can change too rapidly to justify using the hold function. 

Assume the 160-mile range is selected and the display shows a 
storm approximately 100 miles dead ahead. Select the hold func- 
tion by depressing the HOLD pushbutton, and maintain the 
existing aircraft heading. Note that the word HOLD will periodi- 
cally (every 3 seconds) flash at the top center of the display. 

After a couple of minutes, turn off the weather hold function by 
depressing the HOLD pushbutton again, and observe the display. 
Assume the display now shows the storm to be approximately 80 
miles in range and still dead ahead. Movement of the storm along 
any straight line leading to the apex of the display tells the pilot 
that the aircraft and storm drift rates are neatly equal, and that 
continuation of the present heading will result In penetrating the 
storm. Action should be taken now to alter the flight path. 

If, after a couple of minutes in weather hold, the display shows 
the storm to be at approximately an 80-mile range, but positioned 
slightly to the right or left of the line from the previous position of 
the storm to the apex of the display, the storm is apparently 
moving across the track of the aircraft. The storm system can 
probably be safely bypassed with only minor heading change. 

Any change In aircraft heading changes the location of storms on 
the display. Thus, a constant heading must be maintained during 
use of weather hold if changes in the display are to be Interpreted 
as changes in relative positions of storms. 

While the indicator is in the hold mode, any potentially hazardous 
weather targets within a Â±60 sector from dead ahead will cause 
an alert message to alternate with the hold message. Weather 
targets in VIP levels 3 to 6 (0.5 to 8.0 inh) or turbulence in that 
4 0 -  sector will be considered potentially hazardous. 

FOR TRAINING PURPOSES ONLY 



GROUND CLUTTER 
EXAMPLE 
PHOTO 1 

GROUND CLUTTER 
EXAMPLE 
PHOTO 2 
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Ground Clutter SuppmÃ‘lo 

The ground clutter suppression function allows the pilot to elimi- 
nate approximately 85 percent of the ground clutter targets that 
may appear during normal precipitation detection modes. The 
ground clutter suppression circuit identifies ground targets in a 
manner similar to the method that turbulence targets are 
detected. Because of this method, some stationary weather 
targets might be incorrectly identified as ground targets and be 
eliminated from the display (when ground clutter suppression is 
selected). For this reason, it is recommended that the ground 
clutter suppression function only be enabled momentarily, to iden- 
tify ground targets. 

The ground clutter suppression function is also limited by the tilt 
angle of the antennaxhe ground dutter suppression circuit iden- 
tifies ground targets more easily when the antenna tilt angle is 
shallow (Oq to 5 O  down). At steeper angles of tilt, the signal 
processing incorrectly identifies ground and weather targets. The 
ground clutter suppression circuit should only be used to identify 
ground targets, and continuous operation of the ground clutter 
suppression is not recommended. 

Sector Scan 

Selecting sector scan (SCTR) provides for operation of the 
weather radar system over a 90 * scan area rather than the stan- 
dard 1 SO0 scan area. By decreasing the scanned area, the rate at 
which the scanned area information is updated is Increased from 
once every 4 seconds to once every 2 seconds. The selected 90Â 
scan area or quadrant can be one of three areas. Refer to the 
accompanying photographs for an example of the three select- 
able sectors (sector scan photographs 1 thru 3). The scanned 
sector is selected using one of the view selection pushbuttons 
(LFT, FWD, RGT) on the indicator. The area selected by the LPT 
(left) pushbutton switch Is the 90Â area extending from the alr- 
craft heading to 90Â left of the aircraft heading. The area selected 
by the FWD (forward) pushbutton switch is the 90Â area 
extending from 45' (eft of the aircraft heading to 45* right of the 
aircraft heading. The area selected by the RGT (right) pushbutton 
switch Is the 90' area extending from the aircraft heading to 90' 
right of tho aircraft heading. 

FOR TRAINING PURPOSES ONLY 



When sector scan operation is selected the message SCTR will 
appear in the upper left corner (message slot 15) of the display 
and the right of the displayed mode (message slot 1). To return to 
normal scan operation, select the SCTR pushbutton a second 
time. The receiver-transmitter will return to normal scan operation 
and the SCTR message will disappear from the display of the 
indicator. 

Sector scan is used to provide a faster update of weather and 
ground targets within a selected 90Â area. The benefits of this 
faster update are the ability to monitor quickly changing weather 
targets and to provide a more current real-time display. These 
benefits are useful when tracking a fast developing line of thun- 
derstorms, or for detecting any sudden target cell changes at 
critical times such as during landings and takeoffs, or for monitor- 
ing nearby weather targets at short ranges (when the area of 
concern is directly ahead of the aircraft). 

In weather radar systems, where it is possible to slave the opera- 
tion of one indicator to the controls of a second indicator, the 
indicator that is used to select sector scan operation is the master 
controlling indicator. All functions of the other indicator will be 
slaved to this indicator. A SLV message will be displayed along 
with the SCTR message on the slaved indicator. 

The slaved Indicator may acquire control, if sector scan operation 
is selected on that indicator. The other (master) indicator will then 
become the slaved indicator. Transfer of control, using the SCTR 
pushbutton, may be repeated continuously between the two 
indicators. Both indicators will display the SCTR message when 
SCTR operation is setected. Deselecting SCTR mode is accom- 
plished by pressing the SCTR pushbutton, on the master indica- 
tor, a second time. 
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1 PHOTO 1 

<_______________9 Left sector 

SECTOR SCAN 
PHOTO 2 

Forward sector 

SECTOR SCAN 
PHOTO 3 

Right sector 
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The following paragraphs describe the operation of the 
WXR-700X Forward-Looking Windshear Detection and Avoid- 
ance weather radar system. 

The windshear radar system automatically activates during the 
landing and takeoff phases of each flight to provide detection and 
warning of microburst windshear ahead of the aircraft. If a wind* 
shear hazard Is detected, the windshear radar issues either an 
"advisory", *cautiona, or 'warningw alert to the f l i g h t m  through 
aural and visual annunciations. The crew will not be required to 
change the display range to view the windshearhazard. In add- 
tion, the windshear radar provides a situation display of the haz- 
ardous region 5 miles ahead of the aircraft to assist the crew in 
go-around procedures. 

The radar is automatically turned on when the radio altimeter 
reports an altitude less than 2 300 feet and the aircraft is on the 
runway or in the air (and the aircraft is not in the maintenance 
hangar). 

The windshear detection mode is automatically activated below 
an altitude of 2300 feet above ground level (AGL), anytime the 
weather radar is "ON*. The windshear detection mode is acti- 
vated, if the radio altimeter reports an altitude less than 2300 feet, 
and the aircraft is not in the maintenance hangar and is on the 
runway or in the air. 

If the radar is already operating in a weather detection mode 
when a windshear hazard went is detected, no pilot intervention 
will be required. If the radar is on, but in STBY, MAP, or TEST 
mode, when a windshear hazard event is detected, the radar 
operation wilt airtomaticalfy change to the WX+T mode (if selected 
range Is toss than 60 miles) or WX mode (if selected range is more 
than 60 miles) to display weather and windshear icons. The 
selected range does not change. 

The detected windshear events are categorized by the location of 
the event relative to the longitudinal axis of the aircraft and dis- 
tance from the aircraft. There are three levels of alerts for wind- 
shear conditions. The following figures indicate the level of the 
issued alert should a windshear hazard be detected within an 
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area 5 miles ahead of the aircraft but within Â±30 of the aircraft 
heading. 

The least severe level is the windshear advisory alert (level 1). The 
windshear advisory alert is generated whenever a detected wind- 
shear event occurs within the scan area but outside the regions 
where a windshear hazard event would generate a windshear 
warning or windshear caution alert. The output generated for a 
windshear advisory alert is the display of the windshear icon on 
the display. 

The second level of alert is the windshear caution alert (level 2). 
The windshear caution alert is generated whenever a detected 
windshear event occurs outside the windshear warning alert 
region but within Â±30 of the aircraft heading and 3 nmi from the 
aircraft. During takeoff, the windshear caution alert is inhibited 
from the time the aircraft reaches 100 knots airspeed until the 
aircraft reaches 50 feet AGL. During landing, the windshear cau- 
tion alert is inhibited below 50 feet AGL. There are no windshear 
caution alerts generated above 1200 feet AGL. The output for a 
windshear caution alert consists of the windshear icon displayed 
and an aural alert output of a chime or the synthesized phrase 
'MONITOR RADAR DISPLAY". 

The third level (most severe) of alert is the windshear warning 
alert (level 3). The windshear warning alert is generated whenever 
a detected windshear event occurs within k0.25 nmi of the longi- 
tudinal axis of the aircraft and within Â±30 of the aircraft heading. 
When the aircraft is on the ground (takeoff roll), the windshear 
warning alert occurs for windshear events within 3 nmi. When the 
aircraft is in the air, the windshear warning alert occurs for wind- 
shear events within 1.5 nmi. During takeoff, windshear warning 
alerts are inhibited from the time the aircraft attains 100 knots 
airspeed until the aircraft reaches 50 feet AGL. During approach, 
windshear warning alerts are inhibited below 50 feet AGL. There 
are no windshear warning alerts above 1200 feet AGL. 
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WARNING 
1 CAUTION 
ADVISORY 

r 3 nmi 

TAKEOFF ROLL ALERT REGION 
Areas of Windshear Alerts When Aircraft is on the Ground 
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WARNING A 

3 nmi 

CAUTION 
ADVISORY 

APPROACH AND GO-AROUND ALERT REGION 
Areas of Windshear Alerts When Aircraft Is in the Air 
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FORWARD-LOOKING WINDSHEAR ALERTS 

WARNING 

APPROACH 
1.5 NMI 

TAKEOFF 
3.0 NMI 

CAUTION 

ADVISORY 

AURAL ALERT 

GO-AROUND" 
WINDSHEAR 

AHEAD" 

CHIME OR 
"MONITOR RADAR 

DISPLAY" 

NONE 

INDICATOR LAMP 
(OR EFIS) 

(RED) 
WINDSHEAR 

AHEAD 
OR 

W/S AHEAD 
OR 

WINDSHEAR 

(AMBER) 
WINDSHEAR 

AHEAD 
0 R 

W/S AHEAD 
0 R 

WINDSHEAR 

NONE 

RADAR DISPLAY 
(OR EFIS) 

ICON (RED) 
AND WEATHER 

ICON (RED) 
AND 

WEATHER 

ICON (RED) 
AND 

WEATHER 

GO-AROUND 
WINDSHEAR AHEAD 
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The output for a windshear warning alert consists of a windshear 
icon displayed on the indicator and an aural alert output of a 
synthesized phrase 'WINDSHEAR AHEAD. WINDSHEAR 
AHEAD* during takeoff, or 'GO-AROUND, WINDSHEAR 
AHEAD' during approach. The aural warning is repeated when a 
different event causes a new level 3 alert. 
When a windshear event is detected, the hazardous area Is Identi- 
fied by a windshear hazard icon which is overlaid on the conven- 
tlonal weather display. The windshear hazard icon consists of 
concentric red and black arcs. Yellow lines extend from the outer 
edges of the icon to the outermost range ring (in all selected 
ranges). If one of the longer ranges Is selected, the actual wind- 
shear hazard Icon may not be visible because It Is too near the 
display apex and too small. However, the yellow lines would be 
visible, alerting the crew to the hazard. The conventional predpi- 
tation targets M still be displayed within the yeRow lines, but not 
in the windshear hazard loon area. This prevents the possibility of 
Inadvertently flying Into heavy precipitation, while avoiding a 
windshear hazard. The following displays illustrate the windshear 
icon and the two yellow and black Ones identifying the direction of 
the windshear event which may not be visible due to the small 
area of the event. 

WINDSHEAR 
ALERT PHOTO 1 

WINDSHEAR 
ALERT PHOTO 2 
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Collins 
WXR-700( ) Forward Looking Windshear Radar 

Self-Test Sequence 

TURN ON PROCEDURE 
1. Turn off all WXR POWER switches located on control panel or indicator. 
2. Verify that rt and indicator circuit breakers are closed. 
3. Turn on all WXR POWER switches located on control panel or indicator. 
4. Select TEST mode. 
5. Observe test pattern for correct operation of system, and absence of FAIL or WEAK 

messages. Refer to paragraphs below for windshear self-test sequence. 
NOTE: Some indicators produce a three color (green, yellow, red) test pattern and 

others produce a four color (green, yellow, red, magenta) pattern consisting 
of concentric arcs. 

WXI-711 Indicator (windshear detection not activated*) 
1. Indicator displays weather radar test pattern (three or four color pattern of concentric 

arcs). 
2. The caution chime will sound and caution indicator lamp will light momentarily (lit 

approximately 3 seconds, then goes off). 
NOTE: For Airbus aircraft, an aural annunciation "Monitor Radar Display" will 

sound instead of the caution chime. 

3. The aural message "Windshear Ahead will be heard twice and the warning indicator 
lamp will light momentarily (lit approximately 3 seconds). 

4. The windshear fail lamp will momentarily light (lit approximately 1 second, then both 
warning and fail go off). 

5. All indicator lamps will go off. 
6. The self-test pattern will remain displayed until the TEST mode is disabled. Any 

detected system faults will be displayed. 

WXI-711 Indicator (windshear detection activated*) 
1. Indicator displays weather radar test pattern (three or four color pattern of concentric 

arcs). 
2. The self-test pattern will remain displayed until the TEST mode is disabled. Any 

detected system faults will be displayed. 
3. No visual or aural windshear annunciations are indicated or heard. 

* NOTE: The windshear detection mode is automatically activated if the radio altime- 
ter reports an altitude less than 2300 feet and the aircraft "windshear 
active" qualifiers are valid. 



Collins 
WXR-700( ) Forward Looking Windshear Radar 

Self-Test Sequence 

EFIS DISPLAY (windshear detection not activated*) 
NOTE: This test sequence also applies to any WXI-711 Indicator modified for direct 

radar test pattern display. 

1. The caution chime will sound and caution indicator lamp will light momentarily (lit 
approximately 3 seconds, then goes off). 

NOTE; For Airbus aircraft, an aural annunciation "Monitor Radar Display" will 
sound instead of the caution chime. 

2. The aural message "Windshear Ahead" will be heard and the warning Indicator lamp 
will light momentarily (lit approximately 3 seconds, then goes off). 

3. The windshear fail lamp will momentarily light (lit approximately 3 seconds, then goes 
off). 

4. All indicator lamps will go off. 
5. The windshear radar self-test pattern Is displayed (three or four color pattern of con- 

centric arcs, turb wedges, and a windshear icon are displayed). 
6. The self-test pattern will remain displayed until the TEST mode is disabled. Any 

detected system faults will be displayed. 

EFIS DISPLAY (windshear detection activated*) 
NOTE: This lest sequence also applies to any WXI-711 Indicator modified for direct 

radar test pattern display. 

1. The windshear radar self-test pattern is displayed (three or four color pattern of con- 
centric arcs, turb wedges, and a windshear icon are displayed). 

2. The self-test pattern will remain displayed until the TEST mode is disabled. Any 
detected system faults will be displayed. 

3. No visual or aural windshear annunciations are indicated or heard. 

NOTE: The windshear detection mode is automatically activated if Uie radio altime- 
ter reports an altitude less than 2300 feet and the aircraft "windshear 
active" qualifiers are valid. 

Air Transport Systems 
Cedar Rapids, Iowa 52488 



Collins WXR-700X Forward-Looking 
Windshear Radar 

(For Boeing-Certlfled Systems) 
For Boeing-certified systems, there are two levels of alert for 
windshear events: windshear caution alert and windshear 
warning alert. The advisory alert level is deactivated. The 
Boeing-certified systems caution alert is annunciated when 
a windshear event has been detected within an area 3Q0 left 
or right of the aircraft heading between 0 and 3 nmi. The 
caution alert is inhibited from the time the aircraft reaches 80 
knots airspeed until the aircraft reaches 400 feet AGL for 
takeoff mode. 
The windshear warning alert is generated for an airborne 
aircraft whenever a detected windshear hazard event 
occurs within k0.25 nmi of the longitudinal axis of the 
aircraft and within Â±30 of the aircraft heading between 0 
and 1.5 mi. The windshear warning alert for aircraft during 
takeoff occurs whenever a detected windshear hazard event 
occurs within 20.25 nmi of the longitudinal axis of the 
aircraft and within Â 30Â of the aircraft heading between 0 
and 3.0 mi. The warning alerts are inhibited on takeoff 
between 100 knots airspeed until the aircraft reaches 50 feet 
AGL. Warning alerts are also inhibited below 50 feet AGL 
when landing. 
There are no windshear warning alerts above 1200 feet 
AGL. 

I WARNING , 
CAUTION , 

0.25 nml w 0 . 2 5  m i  0.25 nini s 0 . 2 5  I nml 

Takeoff Approach 



Forward-looking windshear WRT-701X units with the fault 
code reporting feature activated are capable of reporting ex- 
ternal faults during the self-test initiated by selecting the 
TEST pushbutton. A rear connector pin must be grounded 
for this function to be active. 

The external faults are reported using the tilt message area 
of the weather radar display. The tilt angle is reported as 0 
at the end of the self-test sequence. Tilt codes will report 
weather radar external faults after tilt message slot displays 
0. The external faults will be represented as flashing tilts at 
the end of the self-test sequence. Each code will flash for 
approximately 2 seconds and the next code will flash. After 
all faults are reported, the tilt message display will return to 
0. This sequence will repeat as long as the TEST mode is 
selected. 

The external faults are reported in "real time." As faults are 
induced or eliminated, the displayed external fault tilt codes 
will reflect the current reported faults. For example, if a fault 
is intermittent it may be reported in the first cycle of fault 
codes but not the second. 

The reporting of the external faults function will not be avail- 
able when windshear qualifiers are active. 

ATTITUDE - ONSIDE 
ATTITUDE - OFFSIDE 
RADIO ALTIMETER - ONSIDE 
RADIO ALTIMETER - OFFSIDE 
DADC - ONSIDE 

DADC - OFFSIDE 
EFIS - ONSIDE 
EFIS - OFFSIDE 
WS QUALIFIERS 
PITCH/ROLL 

AIWGROUND 
WS INHIBIT INPUT 

FAULT 

Collins Air Transport Division Cedar 
Rapids, Iowa 52498 

523-077885 1 -00 1 1 1 R 3-1 5-98 

DISPLAYED TILT 
(FLASH1 NG) 



WEATHER DETECTION AND 

Right hazards due to weather conditions are primarily the result 
of turbulence and hail. Wet hail can be detected by radar, but 
turbulent air by itself will not provide a radar echo. (Examples are 
dear-air turbulence and aircraft vortexes.) Areas having high rain- 
fall rates are ordinarily associated with turbulence; it is from this 
rainfall that radar echoes are reflected and the accompanying 
turbulence associated with the rainfall is implied. In some 
instances, the radar echoes may be severely attenuated in pas& 
ing through large areas of moderate rainfall rate or small areas of 
high rainfall rate. This may mask some targets completely, or 
cause strong targets at a farther range to appear much less 
intense than they actually are. The WXR-700X displays a cross 
section of a storm as shown in the following illustration. 

FOR TRAINING PURPOSES ONLY 



Severe attenuation can generally be identi- 
NOTE fied by a complete blackout of data behind 

a weather cell. This type of blackout is 
much like that observed when ground-map- 
ping a mountain peak. Caution must be 
used when an attenuated return is 
observed. 

The WXR-700X incorporates circuits to aid 
the identification of these attenuated 
returns by presenting a yellow bar at the 
outermost range mark to indicate the azi- 
muth direction of the attenuating storm cell. 
This circuit is active for all storm cells 
within 80 nmi. 

The color display provided by the WXR-700X greatly aids the 
operator in interpreting displayed targets. A typical storm cell can 
show several levels of activity; green indicates areas of light rain- 
fall rate; yellow indicates areas of moderate rainfall rate; and red 
and/or magenta indicates areas of heavy rainfall. A remaining 
level of intensity is the black screen around the perimeter of the 
storm cell. This indicates that no detectable rainfall is present in 
those areas, and flight hazards due to weather conditions in 
those areas should be minimal. 

Some clouds, often of the cumulus and stratus types, do not 
contain sufficient moisture to reflect a detectable echo; however, 
these clouds are usually not a hazard to flight. Precipitation from 
clouds not associated with severe turbulence does not present a 
flight hazard. 
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A nonhazardous phenomenon that is occasionally encountered is 
ducting of radar signals. This occurs with certain temperature and 
humidity conditions and causes targets to be detected at dis- 
tances farther than normal. A duct, or broad tunnel that guides 
radar signals in a curving path, can be formed when temperature 
increases and humidity decreases with altitude. These gradients 
occur in inversion conditions and might not remain stable for a 
long period of time. 

LINE-OF-SIGHT BEAM 

Radar signals must be located in, or close to, the duct to be 
trapped in it. Signals at an angle of 1 or 2 degrees or more to the 
duct will not be trapped. Elevating the antenna a few degrees will 
get the beam out of the duct. This technique can be used to 
differentiate between distant thunderstorms and ducted ground 
echos that may be mistaken for cloud targets. 
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When equipped with a doppler turbulence processor, the WXR- 
700X color weather radar is capable of detecting and displaying 
storm-related turbulence as well as precipitation rate. The radar 
system determines areas of hazardous turbulence by measuring 
the velocity of precipitation within the target. The turbulence 
processor compares changes in the measured precipitation 
velocity to a predetermined shear threshold. The system displays 
turbulent areas where this threshold is exceeded. 

BECAUSE THE RADAR DETERMINES TUR- 
BULENT AREAS BY MEASURING PRECIPI- 
TATION VELOCITY, IT CAN ONLY 
FUNCTION IN THE PRESENCE OF PRECIPI- 
TATION. CONSEQUENTLY, THE SYSTEM IS 
NOT CAPABLE OF DETECTING CLEAR-AIR 
TURBULENCE. 

In the WX mode, the WXR-700X provides a conventional display 
of rainfall intensity, rain gradient, and signature. In many cases, 
these display characteristics provide enough information for the 
air crew to avoid turbulent areas. 

The photographs that follow depict a sys- 
NOTE tem configuration capable of selecting a 

WX, TURB, or WX+T mode for all available 
ranges. This does not typify all system con- 
figurations. 
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The following figures show the same target in the WX, TURB, and 
WX+T modes. This is a mature cell with considerable precipitation 
and the turbulence occurring at the core of the target. in a storm 
such as this, turbulence typically occurs in the area of the most 
intense rainfall. 

TURB EXAMPLE 1 
PHOTO 1 
WX MODE 

TURB EXAMPLE 1 
PHOTO 2 
TURB MODE 

TURB EXAMPLE 1 
PHOTO 3 
WX+T MODE 
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The following figures show a cell with a steep gradient at its near 
edge. A comparison of WX+T and TURB displays indicates the 
turbulence associated with the steep gradient. 

TURB EXAMPLE 2 
PHOTO 1 
WX MODE 

TURB EXAMPLE 2 
PHOTO 2 
TURB MODE 

TURB EXAMPLE 2 
PHOTO 3 

I 
WX+T MODE 

In some situations, turbulence appears where it is difficult to pre- 
diet using conventional techniques. Turbulence may appear in 
light rain, during the building stage of a storm, or where ground 
clutter may obscure the precipitation echo. 
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The following figures illustrate turbulence occurring in light rain- 
fall. In the WX mode it is apparent that the cell to the left should be 
avoided. In the WX+T mode the turbulence occurring in the light 
rainfall to the right can be seen, and this area too, should be 
avoided. 

TURB EXAMPLE 3 
PHOTO 2 
TURB MODE 

TURB EXAMPLE 3 
PHOTO 1 
WX MODE 

TURB EXAMPLE 3 
PHOTO 3 
WX+T MODE 
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In the following figures, the antenna is tilted down so that consid- 
erable ground return is displayed, along with the two storm ceils 
to the left of center. A comparison of TURB and WX+T mode 
figures shows that these cells are turbulent. 

TURB EXAMPLE 4 
PHOTO 1 
WX MODE 

TURB EXAMPLE 4 
PHOTO 2 
TURB MODE 

TURB EXAMPLE 4 
PHOTO 3 
WX+T MODE 
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Updrafts and downdrafts in thunderstorms carry water through 
the cloud. The more severe the drafts, the greater the amount of 
weather resulting from this area of moisture. Assumptions can be 
made about the turbulence involved. In the WXR-700X system, 
when the displayed target intensity is moderate (red), due to large 
amounts of water, the turbulence is considered severe. The 
steeper gradient (rate of change in the rainfall rate) of a target, the 
stronger the turbulence. Areas that show a red or magenta dis- 
play should be avoided by a wide margin. These areas are associ- 
ated with hail or turbulence. Careful tilt management is necessary 
to scan these targets for areas of maximum intensity. 

Along squall lines, individual cells are in different stages of devel- 
opment. Areas between closely spaced, intense echoes may con- 
tain developing clouds not having enough moisture to produce an 
echo. The lightest level (green) may or may not be displayed 
which would indicate tight rainfall rates or no rainfall; yet, these 
areas could have strong updrafts or downdrafts. !n penetrating a 
squall line, fly as far from building cells as possible. Avoid red and 
magenta areas of the display by at least 10 mi or more whenever 
possible. Targets showing wide areas of green are generally pre- 
cipitation without severe turbulence. Always use the tilt control to 
scan the detected targets and determine the areas of heaviest 
precipitation or severe turbulence. 

Developing cells may show only light rainfall (green) but still 
exhibit areas of turbulence. Turbulence activity can be identified 
by irregularities in the echo signature. Irregularities that can be 
identified are hooks, fingers, or a scalloped edge between the 
black and green areas of the display. These irregularities may be 
present in cells which do not display any yellow, red, or magenta 
areas of rainfall and should be avoided by the same distances as 
a high intensity rainfall area. 

Thunderstorm development Is rapid. A course that appears clear 
may contain cells a short time later. When viewing the shorter 
ranges, periodically select one of the longer ranges to observe 
distant conditions. This permits early planning of necessary 
avoidance maneuvers. 
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The storm cells at 60Â left of center, and approximately 40 miles 
out, show scalloped edges, protruding fingers, and areas of 
quickly changing gradients. All of these Indicate an area of heavy 
turtmtence and possibly had. 

Scalloped Edge 

The storm cell straight ahead and approximately 120 nml out 
shows a 'U' shape, or horseshoe shape, target. This type of 
return suggests severe turbulence, thunderstorms, and hail. 

*UU Shape 
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The large storm cell approximately 3O0 right of dead ahead indi- 
cates a large area of heavy precipitation surrounded by small 
areas of moderate precipitation. This type of activity commonly 
includes severe turbulence. The lack of returns displayed behind 
this target may indicate possible attenuation of the return. 

The storm cell approximately 30" right of center and 12 miles out 
shows two fingers extending from the cell. This shape is also 
associated with thunderstorms and hail, regardless of the return 
levels shown by the cell. 

Finger 
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The storm cell straight ahead shows examples of steep gradient, 
U "  shapes, and fingers. The yellow bar at the outermost range 
mark (PAC ALERT) also indicates that the storm cell is attenuat- 
ing the return signals from any storms beyond this storm cell. This 
storm cell appears at the mid-range mark (approximately 75 nmi) 
and is within the 80-nmi limit for displaying the PAC alert bar. 

Path Attenuation 
Correction 

The extreme case of severe turbulence is a tornado. Cumulo 
nimbus mammatus clouds producing tornadoes have, in a few 
Instances, been related to a characteristic target display. The 
display is not usually different from that of a regular 
thunderstorm. 

Radar displays of clouds from which tornadoes were confirmed 
have, on occasion, shown the formation of a hook pattern in 
connection with the tornado. A narrow, finger-like portion extends 
from the cloud display and, In a short time, curls into a hook and 
closes on itself. Other echoes associated with tornadoes are 
V-shaped notches and doughnut shapes. These shapes do not 
always indicate tornadoes, nor are tornado echoes limited to 
these characteristic patterns. Of the confirmed radar observation 
of tornadoes from target thunderstorms, most displays have not 
shown shapes different from those of a normal thunderstorm 
display. 

Conditions conducive to tornado formation produce severe 
updrafts and downdrafts that carry large amounts of water to 
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produce echoes at high altitudes (TILT control up more than 
usual) are indicative of tornado-forming conditions. In no case 
should these areas be penetrated. Avoid them by a margin of at 
least 20 miles, since turbulence extends outward from the echo- 
producing area for great distances. 

Hall 

Hail results from updrafts carrying water high enough to freeze. 
Consequently, the greater the height of a thunderstorm echo, the 
greater the probability that it contains hail. An estimate of the 
height can be made by the amount of antenna uptilt required to 
view the upper part of the target echo. Altitude estimates can be 
roughly estimated by multiplying range times tilt angle times 100. 
For example, an uptilt of 1 O and a target at 100 nmi would be 
10 000 feet above the aircraft. In the upper regions of a cloud 
where ice particles are "dry" (no liquid coating on the particle). 
echoes will be less intense. Liquid water reflects about 5 times 
more radar energy than solid ice particles of the same mass. 
Since hailstones are considerably larger than water drops, and 
are usually coated with a thin layer of liquid water, the echo 
intensity from "wet" hail is greater than that from rainfall. Thun- 
derstorm targets having an intensity greater than that associated 
with maximum rainfall will most likely contain hail. 

It is not always possible to determine from the display whether 
the echo is from hail or from rain. Instances have been reported of 
hail targets producing finger-like protrusions up to 5 miles long, 
and blunt protuberances up to 3 miles from the edge of thunder- 
storm echoes. In parts of the world where hail occurs often, 
extensions from thunderstorms, shown in red, generally indicate 
a high probability of hail. This same type of display is also associ- 
ated with new convective cells that may not yet contain hail. 

As with tornadoes, there are no uniquely distinctive displays that 
are in all cases associated with hail. Protruding fingers, hooks, 
scalloped edges, and U-shaped targets are display shapes that 
have been associated with hail, yet hall echoes are not limited to 
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these shapes. These displays, however, do indicate areas of 
severe turbulence and must be avoided by a wide margin. 

Echoes from hail can appear quickly, and along any edge of a 
storm cell. These echoes can also change in shape and intensity 
in a very short period of time. For this reason, close and careful 
monitoring of the display is required. 

The proper interpretation of weather targets by the pilot will make 
the weather radar system a valuable tool in the cockpit, extending 
the pilot's vision considerably. Remember that weather radar is 
nothing more than a rain detector; know the capabilities and limi- 
tations of the weather radar system, and work within them. Ter- 
rain maps should be interpreted only in comparison to the primary 
navigation system, and as a backup to that system. 

The key to avoiding detected weather is to first determine the 
heading change needed to bypass a storm safely. There is no 
definite minimum distance rule in avoiding storms, but there are 
some general guidelines which can be followed. 

Monitoring of weather should be done at the longer ranges, 
whenever possible, to allow time to assess weather develop 
merits and plan any heading changes. When using shorter 
ranges, occasionally monitor a longer range to determine the 
extent of the weather activity. 

Turbulence can be assumed to be present above any storm with 
severe turbulence at the storm center. The pilot should never 
attempt to penetrate or fly overa storm cell; rather, plan ahead to 
establish a flight path that avoids storm cells by at least 20 miles. 

Estimates of storm cell attitudes (for cells within 100 nmi) can be 
made by multiplying the range times the tilt angle times 100. 
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TOE TOP OF THE PRECIPITATION ACTIVITY 
IS NOT NECESSARILY THE TOP OF THE 
DANGER AREA. DANGEROUS TURBU- 
LENCE FREQUENTLY EXISTS AT ALTI- 
TUDES SIGNIFICANTLY ABOVE THE 
ALTITUDE AT WHICH DETECTABLE PRE- 
CIPITATION IS FORMED. 

X-band weather radar should not be used for penetration of thun- 
derstorm areas where the precipitation between the radar and the 
storm target is moderate to heavy precipitation. Attenuation by 
intervening precipitation limits the ability of the radar to detect the 
intensity and extent of storm cells. 

- 

Increase the above distances by 50 percent 
NOTE tor echoes that are changing shape rapidly 

or are exhibiting hooks, fingers, or scal- 
loped edges. 

Windshear hazards are identified by three alert levels (warning, 
caution, and advisory). The level of alert is dependent upon the 
location of the windshear hazard relative to the nose of the air- 
craft. The windshear mode allows the pilot to respond earlier to 
the windshear hazard. If a windshear caution or windshear advi- 
sory alert occurs, the flight crew should consider the appropriate 
avoidance action and notify Air Traffic Control of the hazard. 

IF A WINDSHEAR WARNING ALERT 
OCCURS THE FLIGHT CREW SHOULD FOL- 
LOW THE RECOMMENDED AIRLINEIAIR- 
CRAFT PROCEDURE FOR GO-AROUND 
WINDSHEAR AVOIDANCE. 

Experience, gained with the use of the weather radar systems 
and the guidelines discussed previously, will soon enable the pilot 
to property analyze the various types of storms and the amount of 
distance necessary to avoid the associated turbulence. Remem- 
ber that weather radar only detects the rate and extent of rainfall; 
it does not detect clouds, lightning, or clear air turbulence. 
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TERRAIN MAPPINO AND 

Terrain mapping should be done with the MAP mode selected, 
one of the shorter ranges selected, and the antenna tilted down. 
The gain may have to be adjusted to increase ground return in the 
display. The word, "MAP" will appear In the upper left comer of 
the display when the MAP mode is selected. 

The Interpretation of terrain maps displayed on the Indicator is 
largely a matter of experience and understanding of the factors 
involved when the radar beam strikes a ground target. The extent 
to which ground targets are displayed depends upon the selected 
range, antenna tilt, and aircraft altitude and attitude. The strength 
of the return signal depends upon the angle at which the radar 
beam strikes the ground target (incidence angle) and the reflectiv- 
ity properties of the ground target. The attributes of various 
ground targets are discussed in the following paragraphs. 

The gain control should be adjusted so coastlines become appar- 
ent and cities are well defined. Try to avoid using maximum gain 
as this causes the display to paint between targets, thus obscur- 
ing some landmarks. 

bodies of water 

Bodies of water such as lakes, rivers,and oceans usually do not 
provide a strong return, and will show up as dark areas on the 
display. This is because the radar beam is reflected away from 
the antenna and very little, or none, of the signal is returned. 
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However, if any portion of or all of the water is rough or choppy, 
the angle of incidence changes and a stronger return is provided. 

A. 
INCIDENT 4 

N 
REFLECTED 

> 

cities 

Cities usually provide a good return signal, though their intensity 
depends on selected range gain setting, aircraft attitude and alti- 
tudes, and antenna tilt if one of the longer ranges is selected. 

INCIDENT 
> < 

REFLECTED 4 

Typically, large buildings and structures will provide a return, 
while small buildings will be shadowed from the radar beam by 
taller buildings. As the aircraft approaches closer to the city and a 
shorter range is selected, details become more noticeable, as the 
regular lines and edges of the city appear. The following photo- 
graphs illustrate this point. 
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In areas where several cities are grouped together, the area can 
be identified by the pattern, much as stars are identified when 
grouped into constellations. Shown in yellow, from left to right 
along the western shore of Lake Michigan, are Chicago, Milwau- 
kee, Sheboygan, and Manitowoc. 

This photograph shows a section of eastern Wisconsin. The dark 
area at 60Â left of dead ahead and at approximately 60-nmi range 
is Lake Winnebago. The pity of Appleton is on the northern tip. At 
the southern tip of Lake Winnebago is Fond du Lac. 

This photograph depicts a system configut- 
NOTE ation capable of displaying three colors 

(green, yellow, and red) in the MAP mode. 
This does not typify all system configura- 
tions. 
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The strength of the return signal depends upon how close the 
aircraft is in terms of altitude and antenna tilt angle, so the return 
could be any of the colors the indicator is capable of showing. The 
following photographs illustrate the effects of selected range, air- 
craft altitude and attitudes, and antenna tilt on the extent of the 
terrain detected and displayed. 

lake michigan 

These photos show the northern tip of Lake Michigan, with the 
aircraft heading east. The Island located approximately 70 nmi 
straight ahead is Beaver Island- The bay at 60Â right of center 
and approximately 40 nrni away is Grand Traverse Bay. 

By decreasing the range and increasing the downward tilt, more 
detail can be seen. At 60Â left of center and approximately 50 nmi 
out, Big Bay De Noc becomes more prominent. 
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cardinal heading effect 

In the great plains region of the United States, property lines, 
utility poles, barns, houses, and fences are all laid out in a strict 
north-south, east-west orientation. This orientation causes the 
radar beam to strike more ground targets at a highly reflective 
angle in the directions of north, south, east, and west than at any 
other angle. Thus, the return signal will be stronger in those direc- 
tions than any other and the indicator will display a strong return 
signal line in those directions. This phenomenon is illustrated 
above. 

EFISIWXR display anomalies 

At Â±90Â the weather radar receiver-transmitter performs an AGC 
noise test and adjustment that produces a small 4O wedge where 
no data is presented and where the EFIS weather memory map is 
not updated. However, targets contained in memory at Â±85 will 
rotate down into this wedge area as the FMC provides speed and 
bearing information to the EFIS symbol generator. This means 
that targets appearing in the small wedge area at Â±90 will not be 
updated, by the active radar sweep. 

When tilt changes occur under the conditions described in the 
previous paragraph, the display may appear to shear the upper 
portion of the target away from the portion of the target that is 
displayed in the small 4' wedge area at Â±90Â This is not a prob- 
lem or fault in the weather radar system, but a product of the 
rotateltranslate function of the EFIS system. 
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AREA DURING AGC NOISE TEST / 
WHERE TARGETS ARE NOT 
UPDATED. 

Display Anomalies 

cat's eyes and altitude rings 

"Cat's eyes" or "Ghost targetsn may appear on some displays in 
a narrow green or greenlyellow arc or as two small targets at 
Â ± 4 5 O  between 4 and 8 miles range. The Tat 's  eyesn or "Ghost 
targets" occur only when radar gain is increased well above the 
calibrated gain position (MAX, -1, -2, -3, etc) and the aircraft 
altitude is above approximately 3000 feet. These reflected targets 
can result from ground returns received from the flatplate 
sidelobes. The false targets are created when the transmitter 
pulse width increases the sidelobe energy enough to reflect 
ground returns and the receiver sensitivity is increased so the 
reflected ground returns exceed the minimum discernible signal 
(MDS) level. 

The "Cat's eyesn or "Ghost targetsn are not a problem condition 
and do not shadow a normal weather pattern that is being dis- 
played directly behind these patterns. If the described patterns 
.occur, check range and gain settings and verify that the false 
targets disappear when CAL gain is selected. 
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Cat's eyes and ghost target examples. 

mountains 

Mountains, like cities, provide a strong return signal to the 
antenna, but also mask the areas behind them from the radar 
beam. Mountains, however, provide some unique exceptions to 
this. The radar beam can be reflected back and forth in mountain 
passes or canyon walls to the point that no return signal is 
received or other features of the mountains are masked out. So, 
while the display will show a dark spot in the mountains which 
would indicate a pass, no such pass exists. The appearance of 
mountains on the indicator display will also change with the 
selected range, aircraft altitude and attitude, and antenna tilt. 

Proper interpretation of weather and ground targets by the pilot 
will make the weather radar system a valuable tool in the cockpit, 
performing many functions from advance warning of thunder- 
storms to a backup navigation system providing a position fix. 
The important thing is to remember the capabilities and limita- 
tions of the radar system. 
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RADAR CHARACTERISTICS 

The purpose of this section is to make the pilot aware of certain 
characteristics and operation conditions of weather radar sys- 
terns that will help the pilot in weather radar interpretation and 
weather detection. 

The transmitted radar beam and the returned signals from precip- 
itation targets provide the weather information displayed on the 
indicator. To interpret the indicator display, it is necessary to 
understand how well the radar sees precipitation targets. 

The radar beam covers an area ahead of the aircraft as shown in 
the figure below. The beam width of the antenna is determined by 
the width of the beam at the half-power points (the antenna has a 
beam width of 3.5 degrees). The diameter of the beam cross 
section becomes very large as the range increases. Therefore, 
the resolution of the radar is much less at longer distances than at 
shorter distances. 

HALF POWER 7 I 

HALF POWERJ I 
0 SO 100 150 200 250 300 

RANGE NMI 
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Two other factors also affect resolution: attenuation and range. 
The effect of range can rather easily be seen. The same size 
storm target at twice the distance will return only 114 as much 
return signal as the closer target. So, large targets at a greater 
distance can obscure the returns of smaller targets that are at 
approximately the same distance. Another point should be con- 
sidered; not all storm targets are equal in their ability to return a 
signal. The figure below illustrates the amount of return one might 
expect from various weather targets. Each of the targets illus- 
trated also absorbs or refracts a portion of the transmitted signal, 
which makes targets behind areas of heavy precipitation much 
harder to detect. 
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Attenuation (induced by either range or intervening precipitation) 
also affects the targets displayed or not displayed on the indica- 
tor. It should also be remembered that as the tilt control is used to 
sweep a storm target, the cell may change in color, not due to a 
change in precipitation rate, but in the type of precipitation target 
encountered. 

The most important thing to remember is that the targets dis- 
played on the weather radar indicator are the targets that are 
large enough and/or intense enough to provide a processible 
return signal. Return signals from targets beyond a large storm 
cell are attenuated, and the displayed target does not accurately 
represent the real storm cell. Two small intense targets may 
appear to be one, if the beam width is not smaller than the gap 
between the two targets. The figure below illustrates these 
points. 
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The radar beam from the flat plate antenna does not have the side 
lobes that occur with a parabolic type antenna. The figures below 
illustrate the side-lobe patterns of both type antennas. The side 
lobes of a parabolic antenna are of sufficient energy to provide 
returns from targets. However, this side-lobe energy is energy 
lost from the main lobe. This means that the lobe pattern of the 
flat plate antenna actually puts more energy in the direction being 
scanned than the parabolic type antenna. So, although the flat 
plate antenna may scan over targets that may have been 
detected by the parabolic type antenna, it is capable of detecting 
more targets directly ahead of the aircraft. 
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The antenna operation of a weather radar system is controlled (or 
stabilized) by inputs from a vertical gyro or inertial sensor. These 
inputs can be in the form of analog synchro inputs or digital 
attitude data. Stabilization is required so that the antenna always 
sweeps the same area ahead of the aircraft, unaffected by minute 
changes in aircraft attitude. The normal operating characteristics 
of digital inertal sensors will satisfy the stabilization requirements 
of a weather radar system. However, the operating characteris- 
tics of a vertical gyro may cause the antenna stabilization to lag. 

The normal operating characteristics of the vertical gyro, how- 
ever, do produce some errors in radar stabilization during banked 
turns, takeoff, or any pitch/roll maneuver. The vertical gyro will 
process (gyroscope is caused to wobble) whenever the aircraft 
accelerates, decelerates, or the gyroscope is disturbed from its 
alignment. The action of the gyroscope, however, is not immedi- 
ate and so for the brief time the gyroscope seeks to realign itself, 
the radar antenna Is sweeping the wrong area ahead of the 
aircraft. 

This is usually characterized by the indicator displaying consider- 
ably more ground returns on one side of the display. A gyro error 
of only 112 degree will change the area sweeped by approxi- 
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mately 1 nmi at 150 nmi from the antenna. If these errors occur 
during banked turns or other maneuvers, the display will change 
drastically. 

The error introduced to the display by the operation of the gyro- 
scope should disappear in a few minutes. Generally the gyro- 
scope responds at a rate of approximately 2 degrees per minute. 

More vigorous maneuvers may exceed the ability of the antenna 
to stabilize. The WXR-700X antenna operates within the limits of 
Â±40.0 degrees of pitch and Â±90.0 degrees of scan. If a maneu- 
ver should cause the antenna to attempt to exceed these limits, 
the radar stabilization becomes ineffective, and the possibility of 
scanning over or under storm targets increases. 

The following points can be made about radar operation with 
regard to radar stabilization. 

0 During aircraft maneuvers, recognize the limitations of antenna 
movement. 

Gyro precession, experienced during takeoffs or prolonged air- 
craft maneuvers, may cause a temporary degradation of the 
weather targets displayed by the indicator. 

Gyro precession can be compensated for by adjusting the 
antenna tilt 1 or 2 degrees until the aircraft is out of the turn and 
the gyro has stabilized. 

Before writing up a weather radar problem (such as radar 
ground painting), make sure the aircraft has been in a nonturn- 
ing, constant-speed flight for a sufficient period of time to let the 
gyro realign. 

If ground returns appear on one side of the display first, as the 
antenna tilt is increased downward, continue until ground 
returns are visible on the other side of the indicator display. If 
the difference between tilt angles, of ground returns appearing 
on one side of the display and then the other side, is 2 degrees 
or less, the tilt control can be used to clear the ground returns. 
If the difference is greater than 2 degrees, the stabilization 
system should be checked. 
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How Stabilization Wo:. 

Radar antenna stabilization is used to ensure that the antenna 
maintains a sweep that is parallel to the earth's horizon during 
aircraft maneuvers. The altitude above or below the horizon that 
the radar scans is adjusted by the pilot's tilt control. The radar 
antenna mount itself is fastened parallel to the longitudinal axis of 
the airframe. Without stabilization, the antenna would scan paral- 
lel to the axis of the aircraft and not parallel to the earth's horizon. 

The aircraft attitude reference (i, vertical gyro, inertial reference 
system or AHRS) measures the actual orientation of the aircraft 
in the pitch and roll axes relative to a vertical reference and sup 
plies this information to the radar. Based on these inputs, the 
radar positions the antenna to maintain a scan perpendicular to 
the aircraft vertical reference. The weather radar relies soley on 
the vertical reference signals provided as pitch and roll to stabilize 
the antenna scan. 

vertical reference source 

The true vertical reference for an aircraft is a line extending from 
the center of the earth upward through the aircraft. The vertical 
reference source (ie, IPS or VG) measures the difference between 
the actual orientation of the aircraft and its estimate of the true 
vertical reference line. These difference signals are provided as 
pitch and roll outputs which are used by the weather radar. 

radar system 

The radar system uses the pitch and roll attitude signals as inputs 
for a set of spherical geometry equations to calculate the required 
antenna position to maintain a sweep perpendicular to the vertical 
reference line provided by the vertical reference source. Any 
errors in the attitude signal will propagate directly into antenna 
positioning errors. 

aircraft attitude sources 

Two types of attitude sources are in use in airline service, an 
inertial reference system (IRS) and a vertical gyro (VG). The fol- 
lowing paragraphs discuss these two sources. 
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The IRS estimates the true vertical reference line by sensing the 
rotation of the earth during the alignment cycle. After the align- 
ment cycle, the reference is maintained by very accurately 
accumulating aircraft accelerations. The pitch and roll attitude 
information provided by the IRS has virtually no error due to 
acceleration and makes a near perfect vertical reference source. 

The vertical gyro maintains the estimate of the true vertical refer- 
ence by sensing local gravity. Differences between the vertical 
reference estimate and the local gravity are corrected through a 
slow erection loop, at the rate of approximately 2 degrees per 
minute. This loop is active for bank angles less than 6 degrees. 

Since the vertical gyro relies on the local gravity to estimate the 
true vertical reference, it is subject to errors when acceleration 
forces cause the gravity vector to shift. When the gravity vector 
shifts (due to acceleration), the vertical gyro erection circuit 
begins aligning the gyro axis with the new gravity vector. This 
realignment of the gyro axis results in an error with respect to true 
vertical. When the acceleration is removed, the gyro axis and the 
resulting error will be restored to true vertical, at a rate of 2 
degrees per minute. 

radar stabilization error sources 

Three sources of error exist with any radar stabilization system. 
All of these sources will affect stabilization performance. 

The radar system error contribution to stabilization accuracy is 
influenced by the processing accuracy and the mechanical 
antenna positioning accuracy. 

The physical mounting of both the radar antenna pedestal and 
the vertical gyro affect the stabilization performance. If either is 
not mounted true with the aircraft axis, a pitch or roll bias error 
will result. This error will be constant for all flight conditions. 

Two types of vertical gyro error can occur, static and dynamic. 
Static error is determined by the condition of the gyro and by 
calibration during shop maintenance. The static error is typi- 
cally less than 0.5 degree. For a properly calibrated vertical 
gyro, the static error is not a significant contribution to stabili- 
zation removals. 

88 
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Dynamic error is caused by the gyro aligning with false gravity 
(due to aircraft accelerations). This is an inherent limitation of 
gyro technology. 

Many factors during flight can cause the local gravity to vary 
and hence result in vertical gyro errors. Some of these factors 
are: aircraft acceleration, decelerations, shallow turns, 
autopilot interaction, and aircraft trim. The magnitude of these 
errors is only limited by the extent and duration of the condition 
that produces the false gravity. In effect, the vertical gyro aligns 
itself with aircraft bank angles (less than 6 degrees) but lags 
due to the slowness of the erection circuit. 

For example, a perfectly coordinated turn with 4 degrees of 
bank angle for one minute will cause 2 degrees of roll error in 
the gyro output when compared to true vertical. Similarily, a 
two minute turn of the same bank angle will cause a 4 degree 
error. After the turn is completed (ie, local gravity is aligned with 
true gravity), the error will be corrected at a rate of 2 degrees 
per minute. 

Another case has been observed in which gyro lag interacts 
with the autopilot to cause continuous side-to-side variations in 
the gyro output. The sequence of events that would lead to 
these variations is shown below. 

1. A shallow turn causes a slight gyro error to exist. 

2. The autopilot (in "heading holdn mode) aligns the aircraft 
with gyro reference leaving a residual bank angle due to 
slight gyro error. 

3. Slight bank angle causes a gradual heading change while 
giving wings level indication on AD1 and autopilot. 

4. Autopilot corrects heading error by initiating shallow turn in 
opposite direction. 

5.  Shallow roll induces slight gyro error by initiating roll in 
opposite direction. 

6. Cycle returns to step 1, but on opposite side. 
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These events affect results in cyclical roll errors of 1.5 to 2 
degrees and continuously oscillates from left to right and back 
with a period of 3 to 4 minutes. 

Small changes in rudder trim will also cause corresponding errors 
in the gyro outputs which will be manifested as a constant wing 
down condition on the weather radar display. 

displayed effects of stabilization errors 

The radar relies solely on the aircraft attitude source for the verti- 
cal reference. Any errors in the pitch and roll inputs will propagate 
directly into antenna position errors. 

The radar beam is a very sensitive indicator of errors in the stabili- 
zation system. At a range of 150 miles, a 1 degree antenna posi- 
tion error in the roll axis will produce a 16 000-foot error in the 
beam position. This produces a 32 000-foot altitude difference in 
the beam between the left and right sides of the scan. 

As an example, for an aircraft at cruise altitude with the antenna 
beam just touching the ground at 150 miles, a roll error of 0.5 
degree (static error case) would cause the displayed ground 
returns to move in to 125-miles on one side and only light returns 
on the other side. A two degree roll error (dynamic error case) 
would cause heavy ground returns to appear from 70 miles to the 
maximum range on one side and nothing would be displayed on 
the opposite side. 

If the cyclical roll error case previously described were to occur, 
these heavy ground returns would alternate from side to side. 
These effects have been observed routinely on aircraft which are 
equipped with vertical gyro reference sources. 

effects of operating procedures 

Cockpit operating procedures can have a significant effect on the 
stabilization performance of the radar system. Awareness of 
these effects can assist the crew's understanding of the radar 
performance and greatly ease interpretation of the display. 
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0 TILT-If the radar tilt is adjusted so the radar beam is painting 
significant ground returns, even the slightest variations in stabi- 
lization performance will cause the display presentation to shift 
either in intensity or position on the screen. During cruise, the 
tilt should be raised until nearly all ground echoes have disap- 
peared ahead of the aircraft and only occasional flecks of 
ground are visible. At this setting, small stabilization variations 
will not affect the display. Ground paint resulting from side to 
side variations will be moved further to the edges of the display 
and thus be less distracting. 

AIRCRAFT TRIM-Misadjustment of aircraft rudder trim will 
shift the local gravity to one side, resulting in a roll bias to one 
side. This will cause a continuous display of ground returns on 
one side of the radar display. Proper adjustment of the trim will 
correct the display. 

AUTOPILOT-During cruise with the autopilot engaged in 
'manual" heading mode, gradual roll from side to side can 
occur. This will result in alternation of the displayed ground 
returns from one side to the other. 

SHALLOW TURNS-Long duration shallow turns (less than 6 
degrees roll) should be minimized. As described earlier, these 
turns will accumulate errors in the gyro that affect the weather 
radar display. 

normal operating bounds 

The following paragraphs describe what can be expected from a 
properly operating radar system with a vertical gyro attitude ref- 
erence. Also included are descriptions of abnormal behavior and 
what action should be taken. 

Side-to-Side Alternation 

Side-to-side variations of 1.5 to 2 degrees are normal over a 
several minute period. This will result in heavy ground returns 
appearing first on one side of the display, then shifting to the 
other side. These variations can also be observed on the ADI. If 
the variations exceed Â± degrees, gyro troubleshooting proce- 
dures should be performed. 
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Ground Returns On One Side Only 

If ground returns are observed continuously on one side of the 
display for an extended period, the rudder trim should be adjusted 
for wings level indication on the vertical gyro and AD1 that are 
connected to the radar stabilization inputs (usually the copilot's 
side). Also the outside terrain should be noted to make sure that 
the elevation is not higher on the side where the heavier ground 
returns are observed. 

If the condition persists, maintenance action should be taken to 
check for the correct mounting of the antenna pedestal and 
proper calibration of the R/T synchro attitude inputs. 

Ground Returns On One Side Following Turns 
Or Accelerations 

Stabilization errors are to be expected following maneuvers such 
as shallow turns or takeoff accelerations. These will result in 
radar display variations and are not cause for removal. 

A pitch error following takeoff acceleration 
will be translated into a roll error after a 
turn. 

Erratic Or Jumping Display 

If the radar display appears erratic or changes abruptly during the 
sweep, it is considered abnormal behavior. The AD1 should be 
observed to check for erratic behavior corresponding to the radar 
variations. If the AD1 is operating smoothly, the radar antenna 
pedestal and the receiver-transmitter should be removed from the 
aircraft and examined. 
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Studies have been conducted to establish a safe exposure level 
for microwave fields. To provide a practical safety factor, the 
American National Standards Institute has specified a maximum 
level of 10 mwIcm2 for personnel exposure of 6 minutes or 
longer. 

The radiation hazard level standards established by FAA AC 
20-688 set a maximum allowable safe level of 10 mw/cm2. It 
should noted that this specification was written to address 
high-power, magnetron style weather radar systems and does 
not directly translate to the low-power, low duty cycle, ARINC 
characteristic 708 complying weather radars. Most weather 
radars complying to ARINC characteristic 708 do not exceed this 
level and may be considered safe for operation involving human 
exposure. 

The WXR-7WX Weather Radar System has a calculated maxi- 
mum average power density (occurring in the near field of the 
antenna) of 3.0 mw/cm2. In all testing and the use of various 
formulas, the WXR-700X Weather Radar System produces an 
average power density well below the 10 mw/cm2 standard within 
the near fieid of the antenna. 

Some sources suggest that any radiation can be harmful, espe- 
cially over a long term. It is for that reason that each airline must 
make its own decision concerning limits on personnel exposure. 
And each airline needs to establish its own operational policies. 

Collins Air Transport Division of Rockwell International provides 
the following advice concerning weather radar operation. 

There is no apparent reason for restricting ground use; how- 
ever, it would be prudent to turn off the weather radar at the 
gate (OFF, STBY, or TEST mode), and enable the weather 
radar after leaving the gate. 

a The FAA recommends that installed radar should not be oper- 
ated white the aircraft is being refueled or defueled. 
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a The antenna should be tilted slightly upward (+So or more) 
when not in use and the aircraft is on the ground. This will 
protect the receiver-limiter and preamplifier from inadvertent, 
excessively high power inputs which may be generated by an 
airport ground and military aircraft radars. 
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GLOSSARY 

ACARS 

AGL 

AHD 

ANT 

ATT 

AZ 

BITE 

BOTH 

CAL 

CIFO 

crt 

CTL 

DOPP 

DSP 

EDU 

EFIS 

4-Unit System 

FWD 

GAIN UCAL 

Acronym for ARINC communications 
addressing and reporting system. 

Abbreviation for above ground level. 

Abbreviation for ahead. 

Abbreviation for antenna. 

Abbreviation for attitude. 

Abbreviation for azimuth. 

Acronym for built-in-test-equipment. 

Weather detection mode that provides 
detection of both precipitation and turbu- 
lence targets. 

Abbreviation for calibrated. 

Abbreviation for captainlfirst officer. 

Abbreviation for cathode ray tube. 

Abbreviation for control. 

Abbreviation for Doppler 

Abbreviation for display. 

Abbreviation for electronic display unit. 

Abbreviation for electronic flight instrument 
system. 

WXR-700X system containing a 
receiver-transmitter, indicator, control 
panel, and antenna. 

Abbreviation for forward. 

Abbreviation for CAL uncalibrated. 
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-G/C Abbreviation for ground clutter. 

GCS Abbreviation for ground clutter 
suppression. 

GND CLT SUPR Abbreviation for ground clutter 

HSI 

IDNT 

INT 

I LS 

LFT 

L R/T 

MAX 

MIN 

MKR 

MIS 

MSG 

NMI 

NORM 

PAC 

PCIP 

PWR 

RA 

RGT 

RNG 

R RIT 

SAT 

s 112 
S2 

96 

suppression. 

Abbreviation for horizontal situation 
indicator. 

Abbreviation for ground clutter 
identification. 

Abbreviation for intensity. 

Abbreviation for instrument landing system. 

Abbreviation for left. 

Abbreviation for left receiver-transmitter. 

Abbreviation for maximum. 

Abbreviation for minimum. 

Abbreviation for marker. 

Abbreviation for masterlslave. 

Abbreviation for message. 

Abbreviation for nautical miles. 

Abbreviation for normal. 

Abbreviation for path attenuation 
compensation. 

Abbreviation for precipitation. 

Abbreviation for power. 

Abbreviation for resolution advisory. 

Abbreviation for right. 

Abbreviation for range. 

Abbreviation for right receiver-transmitter. 

Abbreviation for saturated. 

Abbreviation for system llsystem 2. 

Abbreviation for system 2. 
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SCH 

SCTR 

SLV 

SPRS 

STAB 

STBY 

STC 

TA 

TCAS 

TFR 

3-Unit System 

TURB 

USTB 

VIP level 

VOR 

wx 
WX (MAN) 

WX-T 

Abbreviation for search, 

Abbreviation for sector. 

Abbreviation for slave. 

Abbreviation for ground clutter 
suppression. 

Abbreviation for stabilization. 

Abbreviation for standby. 

Abbreviation for sensitivity time control. 

Abbreviation for traffic advisory. 

Abbreviation for traffic alert and collision 
avoidance system. 

Abbreviation for transfer. 

WXR-700X system containing a 
receiver-transmitter, indicator, and antenna. 

Abbreviation for receiver-transmitter (dis- 
played indicator message). 

Abbreviation for turbulence. 

Abbreviation for unstabilized. 

Abbreviation for video integrator processor 
level 

Acronym for VHF omnidirectional ranging. 

Abbreviation for weather. 

Abbreviation for weather detection mode 
with manually controlled gain. 

Abbreviation for alert message indicating a 
weather precipitation target has been 
detected while indicator is in HOLD mode. 

Abbreviation for alert message indicating a 
weather turbulence target has been 
detected while indicator is in HOLD mode. 

Abbreviation for weather and turbulence 
detection mode. 
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WX+T Abbreviation for weather and turbulence 
detection mode. 

WX (VAR) Abbreviation for weather detection mode 
with manually controlled gain. 

X-Band Refers to the operating frequency range of 
a receiver-transmitter. The x-band fre- 
quency range is 8000 and 12500 MHz. 
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