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FOREWORD

This document was prepared by Special Committee 173
(SC-173). It was approved by RTCA Technical Management
Committee on September 21, 1993.

RTCA, Incorporated is a not-for-profit corporation formed to
advance the art and science of aviation and aviation electronic
systems for the benefit of the public. The organization functions
as a Federal Advisory Committee and develops consensus based
recommendations on contemporary aviation issues. RTCA’s
objectives include but are not limited to:

» coalescing aviaton system user and provider technical

- requirements in a manner that helps government and industry
meet their mutual objectives and responsibilities;

'+ analyzing and recommending solutions to the system technical
issues that aviation faces as it continues to pursue increased
safety, system capacity and efficiency;

+ developing consensus on the application of pertinent
technology to fulfill user and provider requirements, including
development of minimum operational performance standards
for electronic systems and equipment that support aviation, and

»  assisting in developing the appropriate technical material upon
which positions for the International Civil Aviation
Organization and the International Telecommunication Union
and other appropriate international organizations can be based.

The organization’s recommendations are often used as the
basis for government and private sector decisions as well as the
foundation for many Federal Aviaton Administration Technical
Standard Orders.

Since RTCA is not an official agency of the United States
Government, its recommendations may not be regarded as
statements of official government policy unless so enunciated by
the U. S. government organization or agency having statutory
jurisdiction over any matters to which the recommendations relate.


https://www.stdhive.com/standards/rtca-do-220-pdf/

THIS PAGE INTENTIONALLY LEFT BLANK -


https://www.stdhive.com/standards/rtca-do-220-pdf/

TABLE OF CONTENTS

Page

FOREWORD ... i it et e e e et st e e e e i
TABLE OF CONTENTS .. ... i i i e et aa e iii
1.0 PURPOSE AND SCOPE .. ... ittt it ettt ea e 1
L1 Inroduchon .. ...ovii it it e e e e 1

1.2  Operational Goals .. .....o0 vttt et s 1

1.2.1  Windshear Detection . ... ........ ..t anneiunnnnn 1

1.22 Weather Detection . . . ... ... ..ottt i et eaenn 2

123 Ground Mapping . . - . . - ottt it i e e e 2

1.3 Operational ApPpPlCAtONS . ..ottt e e e 2

1.4 Test Procedures . . ..ottt i ittt e e 3

1.41  Bench Tests .. .. ittt e it e e 3

142 Environmental Tests ............. .. ... 3

1.43 Imstalled Tests ........ ..o iiieinniein e, 3

1.44 Operational Tests .. ........ .. ... i iieann 4

1.5 ASSUMPHONS . . ... ittt it i it ettt et e 4

1.6 Radome Design ...........cci it imii et 4

17 Definiionof FFactor ........ ... ... it 5

2.0 REQUIREMENT S .. .. ittt ittt e et ettt e 7
" 2.1 General REQUITEMENLS . . .« v vttt e e ee e ie e einanannennns 7
21,1  Amrworthiness . . ... .. ... ...ttt e e 7

212 ImendedFunction ............ .00t innnnnn- el 1

2.1.3  Federal Communications Commission Rules .............. .17

214 Operation of Controls .. ........v vt erinnnnn 7

215  Effectsof Test ....... ... ... i, 7

216  Fire Protection .. ...........ciiiiininenenaneennnn 7

2.2 Equipment Performance — Standard Conditions . ................... 7

2.2.1  General Equipment Characteristics ........... e 8

2.2.1.1  Area Scanned . .‘ ............................. 3

2212 Display ... e e 8

2213 IndicatorRange Scale ......................... 8

2214 RangeMarkers .. ............ ... ... ... 8

Range Markers


https://www.stdhive.com/standards/rtca-do-220-pdf/

2215 ReceiverGain Control .. ...... ... ... ... ....... 8
2.2.1.51 Weather Avoidance Mode .............. 8
2.2.1.5.2 Windshear Detecion Mode ............. 8
222  Airborne Weather and Ground Mapping Radar Equipment and
Windshear Detection Performance ....................... 8
2221 Antenna Beam Characteristics ................... 9
2222 Beam TiHDE ... ... ..ttt it i 9
2223 Antenna Stabilization .........._ .............. "9
2224 Frequency of Antenna Scan . .................... 9
2225 PulseDuration ............ .. ... ... 0o, 9
2.2.2.6  Sensitivity Time Control (STC) Weather Avoidance and
Ground Mapping . ......... it ennncnnnns 10
2227 Performance . .........c. it it 10
22271 Weather Performance Index . ............ 10
2.2.2.72 Windshear Performance ............... 12
2228 Display Bearing ACCUracy ............cvuuveu... 14
2229 Indicated Distance Error .............. e 14
2.2.2.10 Minimum Displayed Target Range ................ 14
22211 Receiver Selectivity .............iiiternaan.. 14
2.2.2.12 Radio Frequency at Maximum Emission ............ 14
2.2.2.13 Windshear Alert Qutputs ....................... 14
2.2.2.14 Windshear System Fault Detection Indication . . . ... ... 15
22215 MutvalInterference . . .. .. ... ivii i, 15
2.3 Equipment Performance — Environmental Conditions ................ 15
2.3.1 Temperature and Altitude Tests .. ....................... 16
2.3.1.1  Ground Survival Low Temperature and Operating Low
Temperatare Test ... ....... ... .. o .. 16
2.3.1.2  Ground Survival High Temperature Test and Short-Time
Operating High Temperature Test .. ............... 17
2.3.1.3  Operating: High Temperature Test . . .. ............. 17
2314 Altitude Test ...........c.cciiiriinnnnn.. L. 17
23.1.5 Decompression Test ... .......ccueiuuinennnnnnn 18
2.3.1.6 Overpressure Test .. ................. e 18
232 Tem;ieratu:c Varation Test . ............ ... .. oo, 18
233 Humidity Tests ... ....... ittt 18
233.1 Fifteen-Minute Test .......................... 19
2332 Four-Hour Test............ .. ..., 19

iv


https://www.stdhive.com/standards/rtca-do-220-pdf/

234

235
2.3.6
2.3.7

2.3.8

239
2.3.10

2311

2.3.12
2.3.13

2.3.14

2.3.15
2.3.16
2.3.17
23.18

2.3.19
2.3.20
2321

SROCK TESES « -« « o v v e v e et e e e et e e e e e 19
2341 Operational Tests . ..............iinieenn.. 19
2342 Crash Safety Shocks .. ........ ... ... .. ... ..... 19
Vibration Tests ... ..... ... . . 20
Explosion Test .............. e e e e e e 20
Waterproofness Test .. ... ... ... ... ... ... .. ... e 20
2.3.7.1 Drpproof Test .. ... ... ... iinnennn. 20
2372 SprayProof Test ............ ... . .. ..., 20
23773 Continuous Streamproof Test .. ............. e 21
Fluids Susceptibility Tests (When Required) ......... e 21
2381 Spray Test .. ... i e e e 21
2382 Immersion Test .. ........ it nnnnnnnns 22
Sanid and Dust Test . . ..o ..., . 2
Fungus Resistance Test ......... e e e e 22
Salt Spray Test . . .o v o ittt it e e e e e 23
Magnetic Effects Test .. ... ... ... i 23
Power Input Tests ... ... ... ... it innenn. 23
2.3.13.1 Normal Operating Conditions . ................... 23
2.3.13.2 Abnormal Operating Conditions .................. 23
Voltage Spike Conducted Test . ............. ... .. 24
2.3.14.1 Category A Requirements FUR e e S 24
2.3.142 Category B Requirements ...................... 24
2.314.2.1 Intermittent Transients ................ 24
2.3.14.22 Repetitive Transients ................. 25
Audio Frequency Conducted Susceptibility Test .............. 25
Induced Signal Susceptibility Test . . ..................... . 25
Radio Frequency Susceptibility Test (Radiated and Conducted) ... 25
Emission of Radio Frequency Energy Test .. ................ 26
23.18.1 Interference Levels .. ...................c...... 26
2.3.18.2 Spurious Emissions . . .. ... ... 26
Lightning Induced Transient Susceptibility (When Required) ... .. 26
Lightning Direct Effects (When Required) .. ................ 26

TCINE .« o oot e e e 27


https://www.stdhive.com/standards/rtca-do-220-pdf/

2.4  Airborne Radar Test Procedures . .............. ... .. ... ... .... 27
2.4.1 Definitions of Terms and Conditions of Tests . . .............. 27
2.42  Detailed Test Procedures .. ......... ... ..o 28
2421 Operationof Controls ......................... 28
2422  Area Scan . ... ... ... e e 29
2423 ReceiverGainControl . . ................ e 29
2424 Antenna Beam Characteristics . .................. 30
2425 Beam Tiling . ... .. ... c it iiee e 31
24251 Weather Detection Mode (Manual Beam
Tilting) .........c. i 31
2.42.5.2 Windshear Detection Mode (Automatic Beam
Titng) . ... i e e e 31
242.6 Antenna SEbIliZaON . ...t eit e 32
2427 Frequency of Antenna Scan .. .......... ... ... ... 33
2428 PulseDuration .......... ..., 33
2429 Sensitivity Time Control (STC) Characteristics ....... 34
2.42.10 Performance Index ............. e e e 34
2.42.10.1 Weather Performance Index . .......... .. 37
242102 Windshear ......................... 37
24211 Bearing ACCUTACY - . . . v -t v i et SR 42
24212 Indicated Distance Error .. ..................... 42
2.4.2.13 Minimum Displayed Target Range ................ 43
2.4.2.14 Receiver Selectivity .......... e e 43
2.42.15 Radio Frequency at Maximum Emission ............ 44
2.42,16 Windshear Alert OQutputs .. ............. ..., 44
3.0 INSTALLED EQUIPMENT PERFORMANCE .............. e 45
31 Test Conditions . . .. v vt ittt ettt et e e U 45
3.1.1  Safety Precaufions . . . ... ..ottt 45
312 Power Input ... ... e 45
3.1.3  Associated Equipment ...................... e 45
314  Environment .. ... .. ... ...t e 45
3.1.5 Adjustmentof Equipment .............. ..., 45
316 Wam-UpPeried ......... .. ... .. ... . ... ... ... 45
3.2  EquipmentInstallation ................. .. .iiteriinrann.. . . 45
3.2.1 Equipment Accessibility .. . ......... ... oL 45
3.22 Display Visibility ...... ... ... . . . 46

vi


https://www.stdhive.com/standards/rtca-do-220-pdf/

323 Imterference Effects .. .... ... ... .. .. . . i, 46

3.3  Minimum Installed Equipment Performance Requirements . ............ 46
3.3.1  General Radar Equipment Performance Requirements .......... 46

33.1.1 Range Performance ............ [ 46

3312 Range ACCUTaCY - ...t v v it e ittt i e ee e e nn 46

3.3.1.3  Stabilization Performance ...................... 47

33.1.4 Bearing ACCUTACY .. ...ttt i ie i iiiee e e ee 47

3315  Aperture Blockage ............ ... .. ... ... 47

3.4  Test Procedures for Installed Equipment Performance ................ 47
3.4.1 Conformity InSpection .. ........ ...t ienrrnrenenns 47

342 Ground Test Procedures . . ........... ... iiiinenennn. 47

3421 EquipmentFunction .......................... 47

3422 Interference Effects .. .............. .. 4T

3.42.3 Bearing Alignment Tests .. ............c0.0..... 48

3.42.4 Power Supply Fluctuation ...................... 48

3.42.5 Equipment accessibility ............... ... ... 43

343 Flight TestProcedures . .. ......... ...ttt 48
3.43.1  Display Visibility ......... ... ... .. ... .. . ... 48

3.432 Interference Effects .......................... 48

3433 Range Performance .. ... .- e 48

3434 Stabilization Performance ...................... 49

3.43.5 Clutter Rejection ........... ... ... . ... ... 49

3.43.6 Windshear Mode Activation . . ................... 49

3.43.7 Windshear and Weather Detection ................ 49

4.0 OPERATIONAL CHARACTERISTICS . ....... .. . it iiinnnen 51
4.1 Required Operational Characteristics ... ... ..... ... e .. 51
4.1.1 Power Input ... e 51

- 412  Antenna Tilt and Stabilization .......................... 51
413 DisplayRange Scales . ..............c00iiniurinnnann. 51

4.1.4  Equipment Operating Modes ........................... 51

4.2  Test Procedures for Operational Characteristics . . . ... o.oovnnenn... .. 51
42,1 Powerlnput ...... ... ... ... e e 51

4.2.2  Antenna Tilt and Stabilization .......................... 52

4.2.3 Display Range Scales . ............... e e 52

vil


https://www.stdhive.com/standards/rtca-do-220-pdf/

Membership

42.4 Equipment Operating Modes ........................... 52
4.2.4.1 Clutter/Interference Rejection .. .................. 52

4242 Windshear Detection Mode Activation ............. 52

4243 WeatherDetection ..............c.iiuren... 52

4244  AlertS ... .o e e e 53
...................................................... 53

viii


https://www.stdhive.com/standards/rtca-do-220-pdf/

FIGURES

FIGURE 2-1 MEASUREMENT OF ANTENNA GAIN ....................... 36

FIGURE 2-2 WINDSHEAR TEST CONFIGURATION

TABLES

TABLE 2-1 MINIMUM PERFORMANCE INDEX VS MAXIMUM SYSTEM RANGE 13

TABLE 2-2 - WINDSHEAR, SIMULATION DATA SETS ... ... vv ... .. 40

TABLE 2-3  TESTING MATRIX .. oottt e e e e i 41
APPENDIX A

WINDSHEAR DATABASE FOR FORWARD-LOOKING SYSTEMS CERTIFICATION

APPENDIX B

ANALYTICAL TECHNIQUE FOR EVALUATION OF MISSED EVENTS AND NUISANCE
ALERTS

APPENDIX C

CONSIDERATIONS ASSOCIATED WITH THE USE OF THE WINDSHEAR: TEST SET-UP

ix



THIS PAGE INTENTIONALLY LEFT BLANK



1.0

L1

1.2

1.2.1

PURPOSE AND SCOPE
Introduction

This document sets forth Minimum Operational Performance Standards (MOPS)
for Airborne Doppler Weather Radar with Forward-Looking Windshear Detection
capability. In addition to updating and expanding the scope of RTCA/DQ-173
Minimum Operational Performance Standards for Airborne Weather and Ground
Mapping Pulsed Radars, it incorporates new radar technology and serves as a
standard for both air carrier and general aviation aircraft. It considers those
requirements and technologies pertinent to general aviation, where limitations on
space and/or weight may apply. :

Compliance with these standards by manufacturers, installers and users is
recommended as one means of assuring the equipment will perform its intended
function under conditions normally encountered in routine aeronautical operations.
It is recognized that any regulatory application of these standards is the
respon31b111ty of appropriate governmental agencies.

The word “eqmpment as used herein includes all components or units necessary
(as determined by the manufacturer or installer) for the equipment to properly
perform its function. For example, the airborne radar “equipment” may include
a radome, an antenna, antenna mounting, transmission line, a receiver/transmitter
unit, a control/display unit, shock mounts, etc. In this illustrative example, all
these components or units comprise the “equipment.” It should not be inferred
from this example that every equipment configuration will necessarily include (or
be limited to) all these components or units. This will depend on the design
chosen by the equipment manufacturer and the techniques of the installer.

Some system designs may not include a dedicated radar display unit. They may
instead share the display medium with TCAS and/or ACARS. They may also
share a multipurpose display such as an EFIS (Electronic Flight Instrument
System). For airbome radar systems with this architecture, the shared display
device, when used for displaying radar information, must meet the display
requirements as set forth in this document.

Operational Goals

There are three primary operational goals that must be satisfied by the equipment
described in this document. These are forward-looking windshear detection,
weather detection and ground mapping.

Windshear Detection

For windshear detection, the airbome radar equipment must detect areas containing
windshear activity. It will be capable of correlating and generating appropriate

© RTCA, Inc. 1993



