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Principles of  Operation

6.1.5 Systems Coupled With Radio Alt imeter  
Auto-land Systems 
The Radio Al t imeter prov ides Auto-land Systems with  al t i tude tr ip  inputs to  in i t ia te 
funct ions and radio he ight in formation for  generat ion of   t r ip s ignals with in the auto-f lare 
computer.  Typica l ly  the cr i t ical  sys tems are dual or tr ip le conf igurat ions.

Typical Auto-land Events
140 f t  (RA Trip) 

�‡ Radio Al t imeter In ter lock Switched In 
�‡ Progress ive ly Reduce Gain of Gl ide Slope Ampl i f ier  In  Pi tch Channel 

120 f t  (Auto- f lare Computer) 
�‡ Preparatory  Funct ions 

90 f t  (RA Trip) 
�‡ Check 140 f t  Operat ion 

50 f t  (Auto-f lare Computer Trip) 
�‡ Glide Slope Signal Discont inued 
�‡ Thrott le  Closure In i t ia ted 
�‡ Pitch Demand Mainta ins Correct Descent Rate 

20 f t  (Auto-f lare Computer Trip) 
�‡ Rudder Servo Disconnected 
�‡ Ailerons Centered 

Fig . 6-15  Approach Types



6 -  13

Principles of  Operation

6.1.5.A Terra in Awareness and Warning System (TAWS) 
TAWS aims to  prevent contro l led f l ight into terrain  The systems in current use are known 
as ground proximity  warning system (GPWS) and enhanced GPWS The U.S.  FAA 
developed the TAWS term to encompass al l  current and fu ture systems which meet the 
re levant FAA s tandards. New systems, with  di f ferent names than GPWS and EGPWS, 
may be developed which meet TAWS object ives

Fig. 6-16  Ter rain  Awareness and Warn ing System
A TAWS works by us ing d igi tal  elevat ion data and airplane inst rumental  va lues, to  predict  
i f  a  l ike ly  future pos i t ion of the aircraft  in tersects with  the ground. The f l ight crew is 
prov ided with ear l ier  aura l  and visual  warning of impending terra in , forward look ing 
capabi l i ty and cont inued operat ion in the landing conf igurat ion.

6.1.5.B Ground Proximity Warning System (GPWS) and Enhanced Ground Proximity 
                   Warning System (EGPWS) 

The GPWS/EGPWS is an important safety system that re l ies on al t i tude input from the 
LRRA. GPWS/EGPWS alerts  the f l ight c rew when one of the fol lowing thresholds are 
exceeded between 50 and 2,450 f t  rad io  al t i tude:

Fig. 6-17  GPWS Inputs
Mode 1  -  Excessive Descent Rate [“Pul l  Up” “Sink Rate” ]  
Mode 2  -  Excessive Ter ra in Closure Rate [“Terra in” “Pul l  Up”]
Mode 3 -  A l t i tude Loss After Take - Off  or Go Around or with  a  high power sett ing 
              [ “Don’t  Sink”]”
Mode 4  -  Unsafe Ter rain  Clearance [“Too Low - Terra in”  “Too Low - Gear ” 
             “Too Low - F laps”]  
Mode 5  -  Below Gl ideslope Deviat ion Alert  [ “Gl ideslope”]
Mode 6  -  Excessively  Steep Bank Angle [“Bank Angle”]
Mode 7  -  Wndshear Protect ion [“Windshear”]

  

Messages 

Display 

Annunciations 
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Chapter 7 -  Product Specifications

7.1 USER INTERFACE

Display: 12" Color LCD,  sunlight readable with back light.

Controls: Touch screen

TX/RX Direct Connection Ports:

Connector Type: TNC

Impedance: 50 

SWR: UUT:RX 2.5:1 max

UUT:TX 1.5:1 max

7.2 GENERATOR (UUT:RX)

LINEAR ALTITUDE SIMULATION 

Range (FMCW): -20 to 5,500 ft  

Range (Pulse): 50 ft1 to 5,500 ft  

Resolution: 1 ft Increments  

Accuracy (FMCW): +/- 1.5 ft or 2% RMS, whichever is greater  

Accuracy (Pulse): +/- 1.5 ft or 2% RMS, whichever is greater 

LINEAR ALTITUDE RATE

Range: 1 to 120,000 fpm

Resolution: 1 fpm increments

TEST CABLE (Automatic Calibration)

Length: 1 to 100 ft

Loss: 0 to 9.9 dB

AID (Direct Connect)

Fixed Selectable: 0, 20, 40, 57 or 80 ft

User Entered: 0 to 99 ft

OFFSET (coupler connect)

Range: -25 to 100 ft
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GENERATOR (cont)

RF LEVEL (cont)

Manual Mode (FM/CW)

Range: -84 to 9 dBm 2 

Manual Mode (Pulse)  

Range:  -76 to 17 dBm 2 

Accuracy: +/-  4 dB

Auto Mode (ratio metric): Computed 3

RF Level Offset (auto mode): -20 to 20 dB

RF Path Loss Simulation: 0 to 5,500 ft 4

Frequency Stability: +/- 1 ppm

1 Minimum achievable altitude is dependent on cable length being used for simulation.
2 The range is dependent upon cable loss, coupler loss, and external attenuation.
3 The RF level is computed based on UUT:TX power and the following losses: altitude, scattering, 
  offsets, cables, couplers, and external attenuation.
4 External attenuation may be required to achieve appropriate RF level at higher altitudes.

7.3 RECEIVER (UUT:TX)

RF Input Frequency 

Range: 4.20 to 4.40 GHz 

FM/CW  and CDF FM/CW Radio Altimeter

Frequency Measurement: 

Range: 4.20 to 4.40 GHz 

Accuracy:  +/- 5.0 MHz

Power Measurement 

Range: 4 mW (6 dBm) to 2 W (33 dBm) 

Accuracy: +/- 2 dB 

FM Sweep Rate Measurement 

Range: 50 to 400 Hz

Accuracy: +/- 5 Hz

FM Deviation

Range: +/- 20 to 100 MHz

Accuracy: +/-5  MHz
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RECEIVER (cont)

PULSE RADIO ALTIMETER

Frequency Measurement

Range: 4.20 to 4.40 GHz 

Accuracy: +/- 10 MHz

Pulse Power Measurement 

Range: 1 W (+30 dBm) to 300 W peak (+54 dBm)

Accuracy: +/- 2dB 

Pulse Width Measurement 

Range: 20 ns to 400 ns

Accuracy: +/- 10 ns

Pulse PRF Measurement 

Range: 2 to 30 kHz

Accuracy: +/- 5%

7.4 MASTER OSCILLATOR

 Frequency: 10 MHz nominal 

Temperature Stability: ± 1 ppm

Aging Rate: +1 ppm/yr, ± 5 ppm/ 10 yr

Uncertainty: ± 1 ppm

7.5 RELIABILITY

Calculated to be >30,000 hours  at 25 degrees C
based on Telcordia  SR-332 predict ion models .  
See deta i led report  for  fur ther in fo .

7.6 COUPLER

Qty: 2 (1 x for TX, 1 x for RX)

Type: Patch in RF Absorbent Foam

Coupling: -15 dB typical at 4.3 GHz. 

Isolation: > 25 dB at 4.35 GHz

Coupling Loss
Compensation: 0 to 19.9 dB 
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7.7 BATTERY

Type: Lithium Ion, Removable Pack

Voltage: 14.4 VDC or 14.8 VDC

Capacity: 6.94 AH 

Duration: 4 Hrs

Charging temperature range: 0° to 45° C.

7.8 PHYSICAL CHARACTERISTICS

Height: 10.63 inches (27.0 cm)

Width: 13.97 inches (35.5 cm)

Depth: 3.425 inches (8.7 cm)

Weight (Test set only): <10 lbs. (4.5 kg)

7.9 ENVIRONMENTAL

Operational Temperature:  5° to 40° C

Storage Temperature:- -20° to 71° C when no battery is installed

Altitude: 10,000 meters 

Test Set Certifications

Operational Humidity: MIL-PRF-28800F Class 2

Storage Humidity: MIL-PRF-28800F Class 2

Vibration Limits:  MIL-PRF-28800F Class 2

Shock, Function: MIL-PRF-28800F Class 2

Transit Drop: MIL-PRF-28800F Class 2

Drip Proof: MIL-PRF-28800F Class 2

Dust:  MIL-PRF-28800F Class 1

Salt:  MIL-PRF-28800F Class 1

Explosive Atmosphere: MIL-PRF-810F  Method 511.4, Procedure 1

Safety Compliance: UL-61010:2001
CSA 22.2 No 1010.1
WEEE
ROHS
EMC

Emissions: MIL-PRF28800F Class 2
EN 61326:1998 Class A
EN 61000-3-2 
EN 61000-3-3 

Immunity: MIL-PRF28800F Class 2
EN 61326:1998Class A 
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ENVIRONMENTAL (cont)

External AC-DC Converter Certifications

Safety Compliance: UL 1950 DS
CSA 22.2 No. 234
VDE EN 60 950

EMI/RFI Compliance: FCC Docket 20780 Curve "B"

EMC: EN 61326

External AC to DC Converter

Use: Indoors

Altitude: < 10,000 m

Operating Temperature: 5° to 40° C

Storage Temperature: -20° to 71° C

Transit Case Certifications

Drop Test: FED-STD-101C  Method 5007.1 Paragraph 6.3, 

Procedure A, Level A

Falling Dart Impact: ATA 300Category I

Vibration, Loose Cargo: FED-STD-101C Method 5019

Vibration, Sweep: ATA 300 Category I

Simulated Rainfall: MIL-STD-810F  Method 506.4 Procedure II of 4.1.2

FED-STD-101C: Method 5009.1 Sec 6.7.1

Immersion: MIL-STD-810F  Method 512.4
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Appendix A - Pin-Out Tables

A.1 ETHERNET CONNECTOR

Table A-1  Ethernet Pin-Out  Diagram

A.2 USB HOST 1 CONNECTOR

 

Table A-2  USB Host 1  Pin-Out Diagram

Pin Number Signal Type Signal Type Funct ion
1 Data Transmit + Ethernet TX +
2 Data Transmit - Ethernet TX -
3 Data Receive + Ethernet RX +
4 NC NC
5 NC NC
6 Data Receive - Ethernet RX -
7 NC NC
8 NC NC

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 GND GND Ground
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A.3 USB HOST 2 CONNECTOR

Table A-3  USB Host 2  Pin-Out Diagram

A.4 USB OTG CONNECTOR

Table A-4  USB OTG Pin-Out Diagram

A.5 DC POWER CONNECTOR

Table A-5  DC Power Connector Pin-Out Diagram

A.6 AUX CONNECTOR

Current ly not in  use.

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 GND GND Ground

Pin Number Signal Type Signal Type Funct ion
1 Power VCC USB Power
2 Data Data - USB Data -
3 Data Data + USB Data +
4 Control ID Ident i fy
5 GND GND Ground

Pin Number Signal Type Signal Type Funct ion
Inner Power VCC HHCP Power
Outer GND GND Ground
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Appendix B -  Terminology

Term Description

AID Aircraft  Insta l la t ion Delay.
Feeder cable(s) o f a spec i f ic  length that standard izes the to tal  d istance 
from the radio a l t imeter LRU to the ground at touch-down. The ARINC 
standard ized dis tances are 20, 40, 57 or 80 f t .  I t  is  normal for surp lus  
feeder cable to be co i led in  the fuselage. 
The d istance of fset that  the a l t imeter  compensates for,  to  set 0  f t  
indicat ion with  the a irc raf t  a t  touch-down prior  to  de-rotat ion. Th is is  
determined by jumper wire select ion in  the instal la t ion rack.

Altitude Rate The rate of  cl imb or descent.  Also known as Ver t ica l  Speed

Altitude Tr ip Usual ly rela t ing to ARINC 552 rad io al t imeters , a relay  switched output 
to  contro l /signal  connected systems such as auto-land, that a  speci f ic  
a l t i tude has been reached. 

Approach The landing phase of a  f l ight

ARINC Aeronautical  Radio Incorporated. A U.S.  based aeronaut i ca l  standards 
organizat ion, or ig inal ly  owned col lect ive ly by several  air l ines.
ARINC standards mainly  address the system in terface, whereas RTCA 
standards address system design.

ARINC 552 An earl ier ARINC standard def ining the in terface of  analog radio 
a l t imeters. Typical ly  used in  a ir  t ransport  ins ta l lat ions.

ARINC 707 A later ARINC standard def in ing the interface of dig i ta l  rad io al t imeters .
Typica l ly  used in  a ir  t ransport  appl i cat ions

Audio Frequency Alti tude An Audio Frequency that is proport ional  to a l t i tude.

CDF FM/CW Constant Dif ference Frequency -  Frequency Modulated Continuous 
Wave
A Thales proprie tary technique that al ters  the sweep rate in  propor t ion 
to  a l t i tude mainta in ing a constant d i f ference or beat f requency in a 
nar row bandwidth receiver

DC Altitude A DC vol tage that  is proport ional  to  a l t i tude, def ined by ARINC-552. 
Used to  dr ive analog al t i tude ind icators  and other  sub systems.

Decision Height An a l t i tude, a t which the p i lot  is alerted by the rad io al t imeter.  Typical ly  
used to make landing decis ions 

De-rotation The point after touch down when the pi lo t  lowers  the nose of the a ircraft  
so the front  wheels  touch down. 
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DH Bug The dec ision he ight set t ing pointer on d ia l  type analog al t i tude 
indicators. Also known as the DH index on analog tape ind icators and 
EFIS

DH Set The knob on an analog a l t i tude indicator that the pi lo t  uses to set  the 
DH bug. Also known as DH adjust .

EFIS Electron ic F l ight Ins trument System

Feeder Cable The RF Coax Cable l inking ei ther the transmitter port  to the TX antenna 
or the receiver port  to the RX antenna

Flag A red mechanica l  bar or a  graphica l  bar that obscures part  of  the 
a l t i tude d isp lay to  indicate that al t i tude information is  not avai lable  or 
unrel iable. 

FM/CW Frequency Modulated Continuous Wave 
Triangular wave frequency modulated technique that produces a 
d i f ference or beat f requency in a wide bandwidth receiver,  that is  
proport ional  to  a l t i tude

FM Deviation The l imits o f dev iat ion of  the 4.3 GHz (center carr ier) signal ,  dur ing 
frequency modulat ion, expressed in  MHz. 

Go- Around A missed approach procedure

Installation Rack The mounting t ray  for the LRU that accommodates a mating connector  
for a l l  d iscrete and RF signals . The a ircraft  wir ing connects  to  the 
instal la t ion rack, which typical ly  prov ides screw down retent ion for the 
LRU that a l lows easy removal.

Integr ity  Monitor The Bui l t  In  Test Equipment   that monitors cor rect operat ion of an LRU 
and adv ises module fa i lure e i ther  by  dedicated indicators  on the LRU 
front panel or via  a BITE word from the test port .

Label 164 ARINC 429 binary data word for  rad io  he ight.  An a l t i tude data output  
format for ARINC -707 rad io al t imeters . May a lso be output on ARINC-
707 rad io a l t imeter  test por ts.

Label 165 ARINC 429 BCD data word for rad io he ight.  An a l t i tude data output 
format for ARINC -707 rad io al t imeters . May a lso be output on ARINC-
707 rad io a l t imeter  test por ts.

Leg A l inear a l t i tude ramp, ei ther c l imbing, leve l  al t i tude or descending.
1. I f  cl imbing or descending the ramp is  def ined by s tart  a l t i tude, s top 
a l t i tude and a l t i tude rate.
2. I f  level  (s tar t  a l t i tude= s top al t i tude) ,  the ramp is  def ined by durat ion. 

Loop Gain Margin The ref lected signal  ampl i tude seen at  the rad io a l t imeter  rece iver that  
is  X dB’s  above the receiver MDS

LRRA Low Range Radio Al t imeter.  Range typ ica l ly up to 8,000 f t

LRU Line Replaceable Unit .  Would normal ly refer to  the rad io al t imeter 
transmitter/ receiver un i t  however, an ind icator is  a lso an LRU.
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MDS Minimum Discern ible  Signal Level .  A term used to express radar 
receiver sens i t ivi ty in  -dBms.

Profile A sequence of legs forming a s imulated f l ight path i .e.  approach.

Pulse Radio Al timeter The a l t imeter  measures the t ime delay between a transmitted RF pulse 
and the rep ly  from the ground.

Sweep Rate The rate of  the tr iangular frequency modulat ion of an FM/CW radio 
a l t imeter  expressed in  Hz.  Th is  is usual ly constant for a  given system.  
CDF FM/CW systems wi l l  have a saw tooth f requency modulat ion, where 
the sweep rate is proport ional  to  a l t i tude.

Test Port A por t  prov isioned on some radio a l t imeters , that  may prov ide the 
fo l lowing.
1. BITE data output
2. Radio Height  in the form of DC al t i tude,  Audio Frequency Alt i tude or 
Dig i ta l  Al t i tude.
3. Analog t r ips
4. System f lags

UUT Unit  Under Test
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