¥ Bl v

DOT/FAA/FS-86/1, I
Office of Flight
Standards

Washington, D.C. 20591

Air Traffic Control Radar Beacon
System Transponder Performance
Study and Analysis

Vol. II: Appendixes

FAA's Air Traffic Control
Radar Beacon System (ATCRBS)
Analysis Team

September 1986

Final Report

This document is available to the public
through the National Technical Information
Service, Springfield, Virginia 22161

e

US. Department of Transportation
Federai Aviation Administration



Notice

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use therof.



Technica! Report Documentation Page

( 1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

DOT/FAA/FS-86/1,11

4. Title and Subtitle 5. Report Date
AIR TRAFFIC CONTROL RADAR BEACON SYSTEM September , 1986
TRANSPONDER PERFORMANCE STUDY AND ANALYSIS S Ferormina Do o Code
VOLUME II: APPENDIXES | AFS-300

8. Performing Orgonization Report No.
7. Author's)
ATCRBS ANALYSIS TEAM
9. Performing Orgonization Name aond Address 10. Work Unit No. (TRAIS)
Federal Aviation Administration
Maintenance Division 11. Controct or Grant No.
800 Independance Avenue, S.W.
Washington, D.C. 20591 13. Type of Report and Period Covered
12. Sponsoring Agency Naome ond Address
Department of Transportation FINAL REPORT

Federal Aviation Administration
Office of Flight Standards

800 Independance Avenue, S.W.
Washington, D.C. 20591

15. Supplementary Notes

14. Sponsoring Agency Code

16. Abstract

This document contains Appendixes, refered to in Volume I, which
detail test procedures, collected data, and other related background
material.

17. Key Words 18. Distribution Statement
ATCRBS Document is available to the public
Transponder through the National Technical

Information Service, Springfield,
Virginia 22161

. 19. Secunty Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22, Price

Unclassified Unclassified 399

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



APPENDIXES

VOLUME I1

1. Flight Test Validation Plan
2. Atlanta Terminal Test Flight Profile

3. Atlanta/Jacksonville High Altitude
En Route Test Flight Profile

4. Honolulu Terminal Test Flight Profile

5. Honolulu ARTCC High Altitude Test Flight Profile

6. COMDIG Summary

7. Analysis of Test Facilities and Transponders

8. Inventory of APX-64 Transponder Equipped Aircraft

9. Mobile Transponder Performarce Analyzer Report

9A. New Manufactured Transponder Test Results

10. Summary of Mobile Transponder Performance Analyzer Reports 1975-1985

11, Glossary



APPENDIX 1

FLIGHT TEST VALIDATION PLAN



AIR TRAFFIC CONTROL RADAR BEACON SYSTEM (ATCRBS)

ANALYSIS AND TEST PROGRAM

PHASE 1

FLIGHT TEST VALIDATION PLAN
FOR

ATIANTA TRACON
ATIANTA ARTCC
JACKSONVILLE ARTCC
(MACON AND COLUMBUS TRACON'S)

November 26-30, 1984

Prepared by: AWS-300
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FOREWORD

This plan prescribes the methodology for the conduct of a flight test
validation plan to be carried out November 26-30, 1984, to collect data
essential to the analysis and evaluation of existing Air Traffic Control
Radar Beacon Systems (ATCRBS's), inclusive of operational ground and

airborne system components.

Aircraft resources of the Federal Aviation Administration (FAA), the United
States Air Force (USAF), the U.S. Air Force Reserve (AFRES), and the
Georgia Air National Guard (GA ANG) will be utilized to conduct this test.
Other tasks and responsibilities are prescribed for various FAA activities.
The responsiveness and preparedness of these activities to support this
plan are critical to the conduct of economical flight operations, and the

collection of test data representative of the ATCRBS performance in total.

% O T bl

Ra Ramakis

ATCRBS Analysis Team Chief/

Manager, Aircraft Maintenance Division, AWS-300
Office of Airworthiness

Associate Administrator for Aviation Standards
Federal Aviation Administration
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CHAPTER 1
GENERAL
1. BACKGROUND.

a. During the FAA Regional Director's Meeting held in Washington,
D.C., on September 21, 1984, the Southern Region presented discussions
which suggested airborne transponders of both the general aviation and
military commmnity are not operating to standards, and may be an important
factor limiting the overall performance of the FAA RADAR/NAS/ARTS systems.

b. The Administrator directed the Associate Administrator for Aviation
Standards to conduct an investigation of the alleged conditions.

c. On October 2, 1984, the HQ FAA ATCRBS Analysis Team, with
representation from AWS, AVN, AFO, AAT, and APM was formed and met to
develop a plan of action and to identify the "terms of reference". The
Manager of the Aircraft Maintenance Division, AWS-300, was designated the
HQ FAA ATCRBS Analysis Team Chief.

d. Terms of Reference and a proposed methodology for the analysis were
developed. In that the proposed plan entailed the participation of USAF
aircraft, the team met with appropriate HQ USAF authorities to discuss the
situation and requirements for participation by flying units of the USAF,
the AFRES, and the Georgia ANG. The Director of Operations, HQ USAF/X00,
approved of the proposal and "working-level points-of-contact” were
established. It was agreed the HQ USAF Representative located at the FAA
Southern Region would participate as the HQ USAF/X00 official observer,
provide liaison for the team requirements, and provide HQ USAF/XOORF
appropriate appraisal of events.

e. The proposed plan of action, terms of reference, and methodology

presented to the Administrator received his approval; and, the HQ FAA



ATCRBS Team received instructions regarding periodic status reporting to
the Administrator.

2. SCOPE. This flight test validation plan is designed to analyze the
ATCRBS within the terminal and enroute envirorments in FAA Southern Region.
The analysis will encompass investigation of ground beacon systems, the
performance of airborne transponders within the known ground beacon system
erviromment, and evaluation of the maintenance and calibration practices
employed for transponder systems installed in military aircraft and general
aviation aircraft. The aircraft transponder performance and the ground
beacon facilities will be evaluated for comparision of performance in areas
of overlying coverage between independent ground facilities throughout the
flight test profiles.

3. METHODOLOGY. October 15-26, 1984, the HQ FAA ATCRBS Analysis Team,
utilizing the FAA Southern Region headqudrters as their operating location,
met with the Director and his staff. Working sessions were conducted with
personnel from the Air Traffic and Airway Facilities Division to discuss
the Southern Region's perception of the stated problem, and to collect
information necessary to the conduct of the test program. The Atlanta
TRACON and the Dobbins ASR-8 site were visited. Additionally, a visit was
made to the Tampa TRACON to view and discuss the ARTS-3A configuration
which provides primary radar tracking in their terminal system. Visits
were also made to the Jacksonville and Atlanta ARTCC's. The methodology
for the conduct of this flight test plan represents the collective inputs
from various sources within the Southern Region and was accepted by the
Southern Region as completely adequate to incorporate the parameters of

concern to their headquarters and facility managers.



a. One TERMINAL and one ENROUTE test profile will be flown. In each
case, an FAA flight inspection aircraft will fly each route in its entirety
with the transponder operating in the NORMAL/NORMAL, NORMAL/ LOW, and
finally the LOW/LOW position to establish the baseline for the evaluation
and analysis of subsequent beacon system performance, utilizing other
aircraft,

b. For all flights, including the FAA flight inspection aircraft, data
collection for each entire route of flight will be accomplished by three
methods:

(1) Raw data collection utilizing computer programming;

(2) Video recording on a scope in each air traffic control
facility along the route of flight and/or vhere radar overlap permits other
facilities to observe the beacon target; and

(3) Visual observer in each facility to grade the beacon target
real time, utilizing grading criteria defined for the purpose of this
program.,

c. Prior to each aircraft being flown in this test, including the FAA
flight inspection aircraft, the transponder and antemma system shall be
inspected to ensure compliance with FAR Part 43, Appendix F, and additional
parameters., Conditions and parameters found will be recorded in each
case.

d. In the event abnormalities in the beacon target are observed during
the test flight and members of the team suspect the cause may be attributed
to a malfunction of the airborne transponder/antenna system, the aircraft

system shall be inspected in more detail immediately after landing.



4. FLIGHT TEST PROFILES.

a. The TERMINAL PROFILE is designed to evaluate the operational
performance of the ATCRBS in the Atlanta terminal envirorment and, for
comparison, provide overlap with the terminal beacon systems located at
Columbus, Georgia; Macon, Georgia; and the Air Force ASR-8 at Dobbins Air
Force Base which is located on the northwest side of the city of Atlanta.
Aircraft to be flown on this profile are the F-4, C-130, C-90 King Air, and
the BE-ES55 Beechcraft. The altitude of 5,000 MSL was selected in
coordination with the Southern Region Air Traffic and Airway Facilities
Division to ensure the aircraft will be at the minimum altitude where all
radar sites would see the aircraft and also, the altitude selected will be
representative of vhere "problem transponder traffic" operate.

b. The ENROUTE PROFILE evaluates the enroute systems and overlap of
various long-range radar sites utilized by Jacksonville and Atlanta
ARTCC's. The route extends from the Charleston, South Carolina, VORTAC to
a point northwest of the Atlanta long-range radar site. The route will be

flown by an Air Force KC-135 aircraft, utilizing FL 350.



CHAPTER 2
RESPONSIBILITIES

1. RADAR DATA ANALYSIS BRANCH, APM-162.

a. In coordination with the HQ FAA ATCRBS Analysis Team, determine
requirements for the collection of raw data and develop computer programs
for the various beacon systems in the terminal and enroute facility
configurations.

b. Bnsure programs for the collection of raw data are complete, and
each facility and/or location where raw data collection is to be accom-
plished are programmed and tested not later than 11:00 p.m., November 26,
1984.

c. Provide technical guidance and assistance to facility persomnel, as
required.

d. Provide data reduction and analysis of computer data in a format to
be prescribed by the ATCRBS Team Chief.

2. AVIATION STANDARDS NATIONAL FIELD OFFICE. The Manager, Flight Programs

Division, AVN-200, shall provide flight inspection aircraft and avionics
support through the Atlanta Flight Inspection Field Office (ATL FIFO).
a. Manager, ATL FIFO shall:

(1) Provide Sabre 80 flight inspection aircraft to conduct flight
test of the TERMINAL and ENROUTE profiles as specified by Chapters 7 and 8
of this plan.

(2) Provide a qualified and properly equipped Avionics Team and
van to conduct transponder system inspections on all aircraft to be flown
in this test plan. The transponder system inspection shall be accomplished

and recorded in accordance with the provisions of Chapter 6 of this plan.



(3) Provide the BE-E55 and crew to fly the TERMINAL Profile in
accordance with the specifications of Chapter 7 of this plan.

3. RADAR BRANCH/RADAR DATA ANALYSIS BRANCH, APM-320/162.

a. Shall locate video recording equipment and ensure installation and
testing at each facility is completed prior to 11:00 p.m., November 26,
1984.

b. Upon completion of flight testing, collect film/cassettes for
processing., One copy of the Video products shall be provided to the Team
Chief; a second copy of the Video shall be provided to APM-162 for
correlation with the analysis of raw data.

4. SOUTHERN REGION.

a. Director, ASO-1, shall provide the Region C-90 aircraft and a
qualified crew to participate in the TERMINAL profile test, as specified in
Chapter 7 of this plan.

b. Manager, Air Traffic Division, AS0-500, shall ensure facility
managers involved are familiar with the content of this plan and are prepared
to provide appropriate air traffic control services for the participating
aircraft,

c. Manager, Airway Facilities Division, AS0-400, shall ensure field
persomnel are familiar with the content of this plan and provide assistance
to APM-320 and APM-162, as required, in preparing for the raw data collection
and video recording of the radar scope display in each appropriate facility.

5. MANAGERS, AIR TRAFFIC CONTROL FACILITIES (ENROUTE AND TERMINAL).

a. Bnsure appropriate personnel are familiar with the provisions of

this plan, and with regard to the flight profiles ensure that:



(1) ATC clearances provided for the altitude and routes of flight
prescribed.
(2) Discrete codes are assigned.
b. Provide documentation of existing weather and temperature at
altitudes along routes of flight for each flight test profile.
c. Designate air traffic controllers to visually evaluate the beacon
target and record target quality on each sweep in accordance with the
provisions of Chapter 5.

6. 19th AIR REFUELING WING, ROBINS AFB, GFORGIA.

a. Provide a primary and backup KC-135 aircraft to fly the ENROUTE
Profile in accordance with the specifications contained in Chapter 8 of
this plan.

b. Provide for the flight line access of the FAA Avionics Team and
test van.

c. Provide appropriate assistance and support to the FAA Avionics Team
during the inspection of the KC-135 transponder and antenna system.

7. 94th TACTICAL AIRLIFT WING (AFRES), DORBINS AFB, GEORGIA.

a. Provide a primary and backup C-130 aircraft to fly the TERMINAL
Profile in accordance with the specifications contained in Chapter 7 of
this plan.

b. Provide for the flight line access of the FAA Avionics Team and
test van for both the C-130 and the F-4 transponder inspection activities.

c. Provide appropriate assistance and support to the FAA Avionics Team
during the inspection of the C-130 transponder and antenna system.

8. 116th TRACTICAL FIGHTER WING (GA ANG) DOBRINS AFB, GEORGIA.

a. Provide a primary and bacluip F-4 aircraft to fly the TERMINAL Profile

in accordance with the specifications contained in Chapter 7 of this plan.



b. Provide appropriate assistance and support to the FAA Avionics Team

during the inspection of the F-4 transponder and antenna system.



CHAPTER 3
TERMINAL RADAR CONFIGURATION/DATA

1. GENERAL. The Atlanta TRACON is served primarily by the ASR-7 located
on the airport. The backup surveillance radar system is an ARS-8M, located
on Dobbins Air Force Base, 17 nautical miles north, northwest of the
Atlanta airport. The Dobbins system is remoted to the Atlanta TRACON by
RML. To the southeast of the Atlanta airport, the Macon ASR-5, located on
Robins Air Force Base, provides an overlap of the Atlanta and Dobbins
coverage. To the southwest of the Atlanta airport the Columbus ASR-8 also
provides an overlap with the Atlanta and Dobbins radars, as well as the
Macon ASR-5 located 69 nautical miles east of Columbus, Georgia. (A map
depicting these sites and the radar/beacon coverage overlaps is provided as
Appendix 1 to this Chapter.)

2. TERMINAL RADAR DATA.

NAME ATTANTA COLUMBUS MACON DOBBINS
INDENT ATL CSG MCN MGE
1AT/ 33 37 44 32 31 15 32 38 45 33 55 14
LONG 84 25 48 84 56 39 83 36 18 84 31 15

ELEV(MSL) 1030’ 441" 312' 1032'
ANT HGT

(AGL) 17' 67' 37' 77’
PRIMARY

TYPE ASR-7 ASR-8 ASR-5 ASR-8M
PRIMARY

ANT ASR-7 ASR-8 ASR-7 ASR-8
BEACON

TYPE ATCBI-4 ATCBI-5 ATCBI-4 TPX-42A
BEACON

ANT OPA* OPA* OPA* OPA*
DISPLAY

PROCESSOR ARTS-111 TPX-42 ARTS-11 ARTS-111

OPA = FA 9764

* Open Planar Array
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CHAPTER 4
ENROUTE RADAR CONFIGURATION/DATA

1. GENERAL. The flight test of the high altitude enroute system under this
plan will involve the Jacksonville and Atlanta ARTCC's. Each ARTCC, in most
instances, utilize common long range radar sites in their computer programs.
The differences are the choices of sites each ARTCC has prioritized for the
Radar Sort Block Program. The ten long range sites identified in this test
plan do provide multiple overlapping coverage throughout the flight profile
to be flown. (A map depicting site locations, and overlapping radar/beacon
coverage is presented as Appendix 1 to this Chapter.)

2. ARSR SITES.

NAME IDENT LOCATION (RHO/THETA)
BENSON QRL RDU 158/25
JEDBURG ORJ CHS 330/15
WHITEHOUSE NEN JAX 277/19
VALDOSTA VAD TAY 310/44
LINCOLNTON QK AGS 310/21
CROSSVILLE RV TYS 269/38
ATLANTA ATL ATL 350/15
MONTGOMERY MM MM 101/10
HALEYVILLE QrC VUZ 330/45
MEDIAN CLT SPA 047/49

1



3. ATLANTA ARTCC DATA.

a. ARSR Site Data.

NAME ATTANTA MATDEN LINCOINTON | HALEYVILIE | MONTGOMERY | GROSSVILLE VALDOSTA
IDENT ATL CLT QNK QPC MGM QRV VAD
LAT/ 33 53 39 [35 36 38N | 33 45 34.7 34 24 56 32 12 58 35 52 05 30 58 32
LONG (84 29 55 |81 14 18W | 82 28 01.7 87 32 23 86 10 00 84 53 39 83 12 48
ELEV
(MSL) 1043 899' 517 1175 276" 2820° 233’
ANT HGT
(AGL) 7' n' 67' 65' 62' 90’ 39'
PRIMARY
TYPE ARSR-1E | ARSR-1E ARSR-3 FPS 67B ARSRI-10 | ====e-- FPS-~20A
PRIMARY
ANT ARSR-1E | ARSR-2 ARSR-3 MK 748:MIL | ARSR-2 | ==----- ARSR-1
BEACON
TYPE ATCBI-4 | ATCBI-3 ATCBI-5 ATCBI-3 ATCBI-3 ATCBI-5 ATCBI-3
BEACON BEACON ONLY
ANT NADIF NADIF ARSR-3 NADIF NADIF OPA* NADIF
IDENT FOR
COMPUTER 1 2 5 9 4 7 8
ADAPTION

* OPA - Open Planar Array

Page 12




b. Radar Sort Block Data. (Correlates Atlanta ARTCC Radar Sort Blocks
with the KC-135 flight test profile from the Atlanta/Jacksonville ARTCC

boundary northwest to a point approximately 40 miles beyond the Atlanta ARSR

site).

RATAR SORT PRIMARY SECOND THIRD SUPPL

BIOCK I.D. RADAR SITE SITE SITE SITE
951 QNK ATL VAD CLT
1005 QNK ATL VAD CLT
1059 QNK CLT ATL VAD
1004 QNK ATL VAD CLT
1058 QK ATL CLT VAD
1003 QNK ATL VAD CLT
1057 QNK ATL CLT VAD
1002 QNK ATL VAD CLT
1056 QNK ATL CLT VAD
1110 QNK ATL CLT VAD
1055 QNK ATL VAD CLT
1109 QNK ATL CLT QRV
1054 QNK ATL VAD MM
1108 ONK ATL VAD QRV
1107 QNK ATL CLT QRV
1161 ATL QNK QRV CLT
1106 ATL QNK QRV MGM
1160 ATL QNK QRV MGM
1105 ATL QNK MM QRV
1159 ATL QNK QRV | MGM

(Continued)
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RADAR SORT PRIMARY SECOND THIRD SUPPL

BLOCK IDENT | RADAR SITE SITE SITE SITE
1213 ATL QNK QRV MM
1104 ATL QNK MGM QRV
1158 ATL QNK QRV MGM
1212 ATL QRV QNK QpPC
1157 ATL QRV MGM QPC
1211 ATL ®RV QrC QK
END OF TRACK (32MM NORTHWEST OF DOB TACAN)

4, JACKSONVILLE ARTCC DATA.

a. ARSR Site Data.

—NAVE JEDBURG TINCOTNTON VALDOSTA BENSON "MONTGOMERY | WHITEHOUSE
INDENT QrJ QK VAD QRL MM NEN
1AT/ 33 04 11.5 33 45 34.7 | 30 58 32 35 30 40 32 12 42 30 20 45
LONG 80 13 14 82 28 01.7 | 83 12 48 78 32 58 86 10 06 81 52 26
ELEV 54' 517" 233" 282" 276" 9"
(MSL)

ANT HT 69' 67' 39’ 62.4" 62' 62'
(AGL)

PRIMARY ARSR-60M ARSR-3 FPS-20A ARSR-1D ARSR-1D ARSR-60M
TYPE ‘

PRIMARY ARSR-2 ARSR-3 ARSR-1 ARSR ARSR-2 ARSR-2
ANT

BEACON ATCBI-5 ATCBI-5 ATCBI-3 ATCBI-5 ATCBI-3 ATCBI-5
TYPE

BEACON NADIF ARSR-3 NADIF NADIF NADIF NADIF
ANT

IDENT FOR

OOMPUTER 1 6 0 4 5 3
ADAPTION

14




b. RADAR Sort Block Data. (Correlates Jacksonville ARTCC Radar Sort
Blocks with the KC-135 flight test provile from over the Charleston VORTAC

northwest to the Jacksonville/Atlanta ARTCC.

RADAR SORT PRIMARY SECOND THIRD | SUPPL.
BLOCK I.D. RADAR SITE SITE SITE SITE
1574 RJ QK RL NEN
1638 RJ QK QRL NEN
1573 RJ QK NEN RL
1637 QWK QBJ QRL NEN
1636 RJ QK NEN RL
1635 RJ QK NEN QRL
1699 RJ QK RL NEN
1634 QRJ QK VAD NEN
1698 RJ QWK QRL NEN
1633 RJ QWK VAD NEN
1697 QNK QRJ VAD NEN

ATL ARTCC BOUNDARY

15
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CHAPTER 5
DATA ACQUISITION REQUIREMENTS

1. GENERAL. The ATCRBS deficiencies identified by the Southern Region thus
far are: (1) excessive coasting; (2) alphanumeric tag drops; and (3) beacon
target quality ranging from no display to weak and intermittent display.
Data collection will be designed to evaluate these as well as other
parameters considered appropriate by the ATCRBS Analysis Team, APM-320, and
APM-162.

2, METHODS. The collection of data during flight testing will be
accomplished by three methods.

a. Digital Radar Data Through Computer Programming. APM-320 and
APM-162, in coordination with the ATCRBS Analysis Team, shall develop
computer programs to record data off of the Atlanta, Macon, Columbus, and
Dobbins ASR terminal beacon systems. The same requirement also exists for
the Jacksonville and Atlanta ARTCC's.

b. Video Recording. APM-320 and ASO-400 will oversee the positioning
of video cameras on radar scopes in the Atlanta, Macon, and Columbus
TRACON's, as well as the Jacksonville and Atlanta ARTCC's. Each flight will
be video recorded to document the beacon target image presented on the radar
scope for the controller. 1In areas of overlapping coverage, respective
video(s) will provide the means to visually compare scope presentation of
one terminal system with the video of the overlapping system(s). Each
facility manager shall ensure all video products are forwarded by Express
Mail to APM-320 not later than the end of the duty day, November 30, 1984.

c. Visual Observer and Manual Grading. Each ATC facility manager shall
designate an air traffic controller as observer and grader of the target and

data block presented on the radar scope.

17



(1) Grading shall be accomplished utilizing the following criteria,
definitions, and values:

Target Strengths

1 = Usable Target is satisfactory for ATC
Purposes.

0 = Unusable Target is unsatisfactory for
ATC purposes.

C = Coast NOTE: Where coasting appears,

numerical grading will
be followed by "C"'.

(2) Grading shall be recorded on forms to be provided. Completed
forms shall be forwarded by express mail to APM-162 not later than the end
of the duty day, November 30, 1984.

3. PROCEDURES.

a. All data recording shall commence as the aircraft is taking off and
shall continue wntil the landing at the end of each flight.
EXCEPTION: When the KC-135 aircraft has completed its final run, which will
be at a point approximately 40 nautical miles northwest of the Atlanta ARSR
site at FL 350 on a northwest heading, data recording may be discontinued.

b. Each TRACOM shall coordinate with the adjacent TRACON, with
sufficient lead time, for that TRACON to start data collection as the test
aircraft enters the new area of coverage. The preceding TRACON shall
cdntinue data collection until such time as the beacon target and data block
leaves the area of coverage. Otherwise, simultaneous data collection will
continue from all locations.

c. All times will be recorded Greenwich Mean Time (local plus 5
hours) .

d. The Visual Observer will verify and record the ground speed for each

leg of flight.

18



4. RECORDING REQUIREMENTS BY TYPE PROFILE.

a. Terminal Profile. All methods discussed in this plan will be used
during each flight conducted. Both the Atlanta ASR-7 and the Dobbins ASR-8
will be recorded from separate systems/displays which are located in the
Atlanta TRACON. Other TRACON's requiring data collection and video
recording capability are Columbus and Macon. Additionally, the Southern
Region has requested data collection also be accomplished at the Atlanta
ARTCC during the flights to be flown on the TERMINAL Profile, in that the
Atlanta ARSR coverage overlies the TERMINAL Profile.

b. Enroute Profile. All methods discussed in this plan will be
required in the Jacksorville and Atlanta ARTCC's. Additionally, the
Southern Region has requested the Atlanta and Dobbins systems also be
recorded for the flights on this profile, in that both ASR's "look-up" onto

the high altitude (FL 350) track to be flown.
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CHAPTER 6
TRANSPONDER INSPECTION PROCEDURES

1. BACKGROUND. The airborne transponder system of each aircraft selected
to fly the test profiles will be examined to determine that the system, in
its entirety, is operating within prescribed tolerances and specifications.
Such an inspection will be accomplished by an FAA Avionics Team, utilizing
an FAA equipped test van. The inspection will be conducted just prior to
the aircraft being flown on the test profile. 1If, during the flight,
abnormalities in the beacon target are observed and the ATCRBS Analysis Team
suspects the transponder system might be the cause, the FAA Avionics Team
will conduct a more extensive inspection of the aircraft transponder and
antenna system immediately after the airplane lands.
2. SCOPE. The following actions will be taken to assess the effectiveness
of the airborne transponder equipment and the periphery systems that support
the airborne transponder equipment for this test plan,

a. Visit military and FAA avionics repair facilities.

b. Evaluate the types of test equipment being used.

c. Review the calibration records for the test equipment.

d. Determine how the aircraft antenna system testing is accomplished.

e. Review the maintenance program for transponders.

f. Review transponder records to determine the frequency of failure and
repair.

g. Test each antenna system and transponder in each aircraft prior to

the test flight.
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3. QOOORDINATION. Initial visits to all test participants and the avionics

support facilities were made October 25-26, 1984. ‘The FAA Avionics
Supervisor will coordinate with appropriate military and civil counterparts
regarding preparations and details for conducting the aircraft transponder
inspections prior to the scheduled flight tests.

4. DOCUMENTATION. The FAA Avionics Team shall record all appropriate

information regarding the transponder system as each aircraft is inspected
prior to the flight test. This information shall be provided to the ATCRBS
Team Chief at the end of the normal duty day, November 30, 1984. The format
for data to be recorded is contained as Appendices 1, 2, and 3 to this

Chapter.

yA



TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY ATIRCRAFT ONLY

DATE

AIRCRAFT NUMBER:

LOCATION:

TRANSPONDER TYPE:

|_| PRIMARY AIRCRAFT
|_| BACK-UP AIRCRAFT

SERIAL NUMBER:

RECEIVER
SENSITIVITY

MFASURED AT

TOP ANTENNA ROTTOM ANTENNA

NORMAL
10
LO/10 (FAA SABRE-80 ONLY)

1LO/10 (FAA SABRE-80 ONLY)

TRANSMITTER MEASURED AT
POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL

Specifications. See Appendix 2.)

REMARKS: (AIl test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military

Appendix 1




FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristics

1.
2.
3.

12.
13.
14.
15.

Dead Time

Suppression Time

Reply Power

Frequency

Fy Pulse Width

Fy Pulse Width
Sensitivity

Delay Time Difference
Reply Jitter

Mode A Delay

Mode C Delay

Fy - Fy Pulse Spacing
Side lobe Suppression Decode Accuracy
Mode A Decode Accuracy

MOde C Deconde Accuracy

Test Reading

E &

NORMAL

/LOW

dbm

NORMAL

/10W

Appendix 2



1. ORGANIZATICN,
¥aA [ ] Air carrier [ ] Military [ ] Alr Taxi [_] General Aviation [ ]

2, TEST ERUIPMENT.

Manufacturer:

Model:

Calibration Frequency:

Last Calibration Date:

Calibration Within Limits? ves [ no [_|

3, TRANSPONDER.

Manufacturer:

Model:

Serial Number:

TS0 'd? yes [ ] no [ ]

Class 1B - 2B:

Class 1A - 2A:

Calibration Instructions (Obtain Copy)? yes E:I not available [_|

Calibration Instructions in Consonance with Appendix F, Part 43?7 yes [:l no D

4, MAINTENANCE PROGRAM,

Continuous Airworthiness Maintenance Program? yes |:] no :[
Approved Aircraft Inspection Program? yes [_—_l no [:I
Scheduled Bench Maintenance? yes [:' no I:] frequency:
Scheduled Inspection in Aircraft? yes D no !:I frequency:

APPENDIX 3

AWS-350/FY-85/Form 1
(Page 1 of 3)




5. AIRCRAFT.
Type:
Number of Transponders Installed:

Date Transponder System Installed:

Coax. Type:

Anteana Type:

Antenna Checked Periodically? yes [::] no E::]

Coaxial Cable Tested Periodically? yes ]_—_] no [ ]

Transponder in Aircraft Systems Check Performed? yes D no E]
Frequency: Periodically Demand

6. TRANSPONDER TEST.

Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 % 3MHz):

Transponder Power Output:

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec ):

Transponder Interrogation Response:

P, Pulse Amplitude Equals P; Pulse Amplitude (Response £ 12):

P2 Pulse Amplitude 9db{ l’1 Pulse Amplitude (Response 2 90%):

Receiver Sensitivity Verification by use of Test Set: normal low

Connected to the Antenna end of Transmission Line (-731}4dbm):

Connected to the Transponder Antenna Terminal with Transmission
Line Loss Correction (-73}4dbm):

AWS-350/FY-85/Form 1
(Page 2 of 3)



_TRANSPUNDER SYSTEM ANALYSIS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-73%4dbm):

Mode 3/A and Mode C Receiver Sensitivity Difference (£1db):

Record:
Complied with Provisions of FAR 43.9 as to:

Content:

Form:

DPisposition of Records:

7. RECORDS (noverser 1, 1983 - noveMeer 1, 1984).

Number of Pilot Complaints:

Number of Correlating Bench Check Verifications:

Mean Time Between Removals (MTBR):

Confirmed Failure Rate of MTBR:

8. COTENTS.

AWS-350/FY-85/Form 1
(Page 3 of 3)



CHAPTER 7
TERMINAL PROFILE - TEST PLAN

1. GENERAL. This profile will be flown by military aircraft based at
Dobbins Air Force Base (MGE), and FAA and general aviation aircraft based at
Fulton County Airport (FTY). The route is approximately 288 nautical miles
in length and will be flown at an altitude of 5,000 MSL. All aircraft will
originate flight within the Atlanta TRACON and progress clockwise around the
Atlanta VORTAC, transiting Macon and Columbus TRACON radar coverage before
returning to the Atlanta TRACON control. The FAA flight inspection aircraft
will fly the route three times to establish the baseline reference for
transponder operation in NORMAL/NORMAL, NORMAL/LOW and LOW/LOW. After each
circuit, the FAA flight inspection aircraft will land at Fulton County to
refuel before beginning the subsequent circuit. All other aircraft (except
the BE-E55) will fly circuits, operating the transponder in NORMAL on the
first circuit and then in LW position for the second circuit of flight.
These aircraft will fly the route two times without having to land for fuel.
All aircraft except the F-4, C-130, and the BE-E55 will, upon reaching the
TEMPO intersection each time, receive radar vectors for one low approach to
the active runway at Hartsfield, and return to the test profile route of
flight, with radar vectors provided by Atlanta Departure Control.

2. ROUTE OF FLIGHT.

a. Dobbins Air Force Base (MGE) F-4, C-130.
MGE $» DALIAS  (ATL 313/29)
B9 LOGAN (ATL 041/29)

FREIS (AHN 288/24)

CONNI (ATL 089/31)

vV ¢ ¢

HUSKY (ATL 128/29)



TIROE
TEMPO

Y ¢ Y ¢

DALIAS

b. Fulton County Airport (FTY), Sabre 80, C-90, BE-ES5S.

FTY P> DALIAS (ATL 313/29)

LOGEN
FREIS
CONNI
HUSKY
GRANT
TIROE

T Y Y Y Y Y OY

TEMPO
THENCE :

(Sabre 80 and C-90 radar vectors for low approach
to the active rnnway at Hartsfield)

THENCE :

(Sabre 80 -B?» to FLANC NDB and

(ATL 176/48)
(ATL 228/29)
(ATL 268/30)
(ATL 313/29)

Route

(ATL 041/29)
(AHN 288/24)
(ATL 089/31)
(ATL 128/29)
(ATL 176/48)
(ATL 228/29)
(ATL 268/30)

refueling at FTY)

(C-90 -PY DALIAS intersection to begin second

circuit, transponder low)

(BE-E55 route is

3. OPERATIONAL GUIDANCE.

a. All flights shall be conducted on IFR flight plans.

Distance(NM)

-B» DALIAS from TEMPO)

20

15
26
20
36

20

b. For all aircraft, the route profile will be flown at 5,000 feet MSL.

c. Pilots shall maintain a constant ground speed throughout all

segments, with the exception of vectors for approach and landing.

23



d. Each aircraft shall squawk "IDENT" after take-off when radar contact
is first established and over each intersection (turn point) along the route
of flight.

e. The notation "ATCRBS FLIGHT TEST" shall be entered in the remarks
section of all flight plans.

f. Flight plans shall be filed not later than one hour prior to the
scheduled take-off time.

g. The flight schedule and take-off times specified in Chapter 9 of
this plan will be followed. In the event the primary aircraft must abort,
the pilot-in-command will notify air traffic control through clearance
delivery of the delay, and the estimated time of take-off in the backup
aircraft.

4. WEATHER MINIMUMS.,

a. 116 TFU, F-4,
500 and 2

b. 94 TAW, C-130.
200 and 1/2

5. SUMMARY OF TERMINAL PROFILE FLIGHTS.

a. SABRE ALTITUDE TRANSPONDER

#1 5,000 MSL NORMAL/NORMAL 350 W+50W output
-75 dbM + 1dbm sensitivity

#2 5,000 MSL NORMAL/LOW 350 W+50W output
-69 dbm + 1dbm sensititity

#3 5,000 MSL LOW/LOW 80 W+20W output
-69 dbm + 1ldbm sensitivity
(with refueling)

b. C-90
#1 5,000 MSL NORMAL
#2 5,000 MSL LOW

(without refueling)

24



¢. BE-E55 ALTITUDE
1 5,000 MSL
(BE-E55 does not have L(W)

d. F-b
#1 5,000 MSL
#2 5,000 MSL

(without refueling)

3. C-130
#1 5,000 MSL
#2 5,000 MSL

(without refueling)

TRANSPONDER

NORMAL

NORMAL

NORMAL

25
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CHAPTER 8
ENROUTE PROFILE - TEST PLAN

1. GENERAL. This profile will be flown by a KC-135 aircraft baseed at
Robins Air Force Base, Georgia. The FAA flight inspection Sabre 80 aircraft
will fly in trail to the KC-135 aircraft to establish the baseline data for
transponder operations in NORMAL/NORMAL, NORMAL/LOW, and LOW/LOW power
output and sensitivity. The KC-135 aircraft will fly the profile in /W and
NORMAL to evaluate the ATCRBS operation in the enroute enviromment.

2. ROUTE OF FLIGHT. As a matter of economy and to release aircraft as soon

as possible for operational missions, the route and transponder operations
for each aircraft are as follow:
a. Route.

(1) Sabre 80, Fulton County Airport (FTY). Depart FTY proceeding
direct to the VUZ 344/49 to rendezvous with the KC-135 and fly the test
profile in trail to the KC-135, utilizing standard ATC separation. Reverse
course and proceed on track to the MCN 017/61, thence direct CHS VORTAC at
FL 330, TRANSPONDER-NORMAL/NORMAL. Reverse course, and at FL 350, fly the
reciprocal to the VUZ 344/49 with the TRANSPONDER-NORMAL/NORMAL. After
refueling at FTY fly the track from the VUZ 344/49, direct MCN 017/61,
direct CHS WRTAC, FL 330, with the TRANSPONDER-NORMAL/LOW. Reverse course
and fly the reciprocal to the VUZ 344/49, TRANSPONDER LOW/LOW, FL 350.

(2) KC-135, Robins AFB, GA. Depart Robins AFB direct VUZ 344/49.
Reverse course and proceed on tract to the MCN 017/61, thence the CHS VORTAC
at FL 330 with TRANSPONDER-LOW. Reverse course so as to be over the CHS
VORTAC, FL 350, at 1520 QMT, outbound to the MCN 017/61, thence direct VUZ
344/49 with TRANSPONDER-NORMAL.

27



3. OPERATIONAL GUIDANCE.

a. A constant ground speed shall be maintained throughout the route of
flight by the Sabre 80 and the KC-135 aircraft.

b. The notation "ATCRBS FLIGHT TEST" shall be entered in the remarks
section of the flight plan.

c. Flight plans shall be filed not later than 2 hours prior to the
scheduled take-off time.

d. The flight schedule and take-off times specified in Chapter 9 of
this plan will be followed. In the event the primary aircraft must abort,
the pilot-in-command will notify air traffic control through Clearance
Delivery of the delay and the estimated time of take-off in the backup
aircraft.

e. As a minimun, aircraft shall be required to squawk "IDENT' at the

VUZ 344/49, the ARTCC boundary, and over the Charleston VORTAC each time.
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CHAPTER 9
TRANSPONDER INSPECTION AND FLIGHT SCHEDULE

1. SCHEDULE OF EVENTS.

AIRCRAFT TRANSPONDER TAKE-~-OFF
DATE DAY/A.M. or P.M. | INSPECTION FLY (LOCAL TIME)
11/26/84 | MONDAY
A.M. -
P.M. Sabre 80 -
11/27/84 | TUESDAY
9:00 A.M,
AM. C-90 Sabre 80 12:00 Noon
P.M. F-4 Sabre 80 3:00 P.M.
11/28/84 | WEDNESDAY
F-4 9:30 A.M.
AM, BE-E55 C-90 11:30 AM.
P.M. KC-135 BE-E55 1:00 P.M.
11/29/84 THURSDAY
9:15 AM.
AM. (ENROUTE PROFILE) Sabre 80 1:00 P.M.
A.M. - KC-135 9:10 A.Mo
PoMc C“ 30 - -
11/30/84 | FRIDAY
AoMo - C-130 10:00 AoMo
P.M. - - -
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2. GIJIDANCE.

a. The FAA Avionics Team Chief shall coordinate with military counterparts
to establish scheduled hours aircraft will be available for transponder
inspection.

b. In the event of weather conditions which would not permit a scheduled
flight, the entire schedule will slip 24 hours. In the event such conditions
are anticipated, the ATCRBS Analysis Team Chief will coordinate scheduled
changes with appropriate military authority real-time.

c. In the event of a major data acquisition malfunction, the entire

schedule will slip 24 hours.
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ATCRBS ANALYSIS TEAM
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: " “ie

LIN 230/i03 i

wse o
QNOLAU ARTCC '

- 1535 o cono

SR 85
. O1 Y NOTam
[ : HONOLULU ARTCC
-3 = —E)
,T/ v %& 4, Ao
~ 11,000 o - i \ib .
B 5000 .. . ‘ L ‘1’
T ¢ : ‘ ot
b g . ' 4
| 4
HooLutw . — QE.A Pzze 7 woron
e R KANECWE BaY 0‘*‘
tey [r0r =5 cmrone
B Chon #42%203 L
v MCAS Kmmawieg boy
4 . \ | AR $ M
B il g animie A\ <
} ? s er )
- 227 104 " " 5
oy 1226 1223 17210 s
TC 18.000 ety 3
HONOWID ARTCL
\ -
w ey
2 10 16,000
mus i = mecordann v HOMOLULY ARTCC
A Carmtrn €00 Conroman s e
e h-ridinisgrofriua
Py
»
Vi
- e - K190
0 QLY R } 18,000 =
— -
=201, 4
A 75
220 {500] 3 “:3
90
20139°'N
161900 2 W,
s

.. | HAWAILAN COASTAL ADIZ IMNER BOUNDARY
N ol b B = =2 = L
! DEFENSE AREA ! ?
CTC OuTRIDER CONTROL 3
{BARKING SanDS Twi wrie
08 HONCKUL ARTCC
y 123 sass

Ty wiing St
S
Xy .

OT 8Y NOTAm
HONOLULU aRTCC

APPENDIX §

HONOLULU ARTCC HIGH ALTITUDE TEST FLIGHT PROFILE



APPENDIX 6

COMDIG SUMMARY



LOW ALTITUDE PROFILE PERFORMANCE STATISTICS

NOVEMBER 27, 1984, Dobbins ASR-8 Low Altitude Profile
SabreLiner Normal/Normal
Beacon Code: 5207 Altitude: 5,000 feet

Start Time: 13:59:37.8
Start Range: 19 5/8 nm Azimuth: 277
Exit Time: 14:31:37.4

Exit Range: 58 7/8 nm Azimuth: 167

In system 487 scans, missed 74, detection = 84.8%

8 misses occurred last 2 nm most other misses occurred while in turns

Re-Entry Time: 14:36:51.7

Re-Entry Range: 55 1/8 nm Azimuth: 181
End Time: 14:47:27.6 Altitude: 5,000 feet
End Range: 48 o/8 nm Azimuth: 231

In system 116 scans, missed 0, detection = 100%

Total scans 603, missed 74, total detection = 87.7%

* Lost data from 14:27:29 to 14:28:40 = 14 scans; not calculated in

detection.



NOVEMBER 27, 1984. Dobbins ASR-8 Low Altitude Profile

SabreLiner Normal/Low

Beacon Code: 5225 Altitude: 5,000 feet
Start Time: 17:00:036

Start Range: 17 o/8 Azimuth: 283

Exit Time: 17:32:13.9

Exit Range: 55 o/8 nm Azimuth: 163

In system 513 scans, missed 51, detection = 90.1%

41 misses occurred while aircraft was in a turn

2 misses occurred last 2 miles of coverage

Re-Entry Time: 17:39:30

Re-Entry Range: 55 2/8 nm Azimuth: 181
End Time: 17:58:59 Altitude: 5,000 feet
End Range: 17 4/8 nm Azimuth: 201

In system 320 scans, missed 2, detection = 99.4%

Total scans 833, missed 53, total detection = 93.6%



NOVEMBER 28, 1984, Dobbins ASR-8 Low Altitude Profile

F-4 Normal

Beacon Code: 5231 Altitude: 5,000 feet
Start Time: 14:35:39

Start Range: 17 3/8 nm Azimuth: 279

Exit Time: 14:57:22.7

Exit Range: 59 0/8 nm Azimuth: 163

In system 348 scans, missed 8, detection = 97.7%

Re-Entry Time: 15:02:15.2

Re-Entry Range: 55 1/8 nm Azimuth: 183.3
End Time: 15:13:59:7 Altitude: 5,000 feet
End Range: 16 7/8 nm Azimuth: 279

In system 192 scans, missed 8, detection = 95.8%

Total scans 540, missed 16, total detection = 97.07%



NOVEMBER 28, 1984. Dobbins

King Air Cc-90 Normal

Beacon Code: 5116
Start Time: 16:37:54.6
Start Range: 17 1/8 nm
Exit Time: 17:12:56.5

Exit Range: 59 1/8 nm

ASR-8

In system 561 scans, missed 22, detection =

9 misses assocliated with aircraft in turn

Re-Entry Time: 17:20:13.7
Re-Entry Range: 55 2/8 nm
End Time: 17:34:44.2

End Range: 31 3/8 am

In system 239 scans, missed 13, detection

Total scans 800, missed 39, total detection

Low Altitude Profile

Altitude:

Azimuth:

Azimuth:

Azimuth:
Altitude:

Azimuth:

95.1%

5,000 feet

277

167

181
5,000 feet

232

* Loss of data from 16:38:34.8 to 16:39:01.3 = 10 scans; not used 1in

calculation of detection



NOVEMBER 30, 1984. Dobbins ASR-8 Low Altitude Profile

C-130

Beacon Code: 5274 Altitude: 4,900 feet
Start Time: 15:06:55.1

Start Range: 17 2/8 nm Azimuth: 277

Exit Time: 15:37:09.3

Exit Range: 59 1/8 nm Azimuth: 166

In system 500 scans, missed 81, detection = 83.8%

59 misses occurred between 30-46 nm from site

From 46-59 nm there were no misses

Re-Entry Time: 15:42:37.8

Re~Entry Range: 55 1/8 nm Azimuth: 180
End Time: 15:57:24.5 Altitude: 5,000 feet
End Range: 17 4/8 nm Azimuth: 277

In system 240 scans, missed 8, detection = 96.77%
7 of 8 misses occurred between 30-44 nm from site

Total scans = 740, missed 89, total detection = 88%



NOVEMBER 30, 1984. Dobbins ASR-8 Low Altitude Profile

Beech BE-ES55 Normal

Beacon Code: 5224 Altitude: 5,000 feet
Start Time: 18:59:28.9

Start Range: 29 3/8 Azimuth: 132

Exit Time: 19:07:43.3

Exit Range: 57 4/8 Azimuth: 162

In system 135 scans, missed 13, detection = 91.11%

9 misses occurred within last 2 miles of coverage

Re-Entry Time: 19:17:23.1

Re-Entry Range: 55 0/8 Azimuth: 175
End Time: 19:26:44.3 Altitude: 5,000 feet
End Range: 40 3/8 Azimuth: 199

In system 153 scans, missed 34, detection = 77.787% =
25 consecutive scans missed from 53 6/8 to 50 6/8 nm on re—entry leg

Total scans = 288, missed 47, total detection = 83.68

* Data lost for re-entry leg for last 10 nm



NOVEMBER 27, 1984, Atlanta ASR-7

SabreLiner

Beacon Code: 5,225
Start Time: 17:00:06
Start Range: 30 2/8 nm
Ending Time: 17:59:00

Ending Range: 10 7/8 nm

In system 763 scans, missed 28, detection = 96.37%

Low Altitude Profile

Normal/Low

Altitude: 5,000 feet
Azimuth: 316
Altitude: 4,700 feet

Azimuth: 276



NOVEMBER 27, 1984. Atlanta ASR-7 Low Altitude Profile

Beacon Code: 5,207

Start Time: 13:59:40 Altitude: 5,000 feet
Start Range: 31 3/8 nm Azimuth: 311
Ending Time: 14:42:25 Altitude: 5,000 feet
Ending Range: 29% Azimuth: 225

In system 534 scans, missed 5, detection = 99.1%

A/C made approach to A/P (Hartsville) from fix:

Starting Range: 29 1/8 nm Altitude: 5,000 feet

Azimuth: 264

Ending Range: 1 1/8 nm Altitude: 1,400 feet

Azimuth: 25

On approach 155 scans, missed 4, detection = 97.4%



NOVEMBER 28, 1984, Atlanta ASR~7 Low Altitude Profile

F-4 Normal

Beacon Code: 5,231

Start Time: 14:36:00 Altitude: 5,000 feet
Start Range: 30 2/8 nm Azimuth: 313
Ending Time: 15:13:59 Altitude: 5,000 feet
Ending Range: 28 7/8 nm Azimuth: 318

In system 484 scans, missed 8, detection = 98.47



NOVEMBER 28, 1984.

King Air €90

Beacon Code: 5,116
Start Time: 16:37:52
Start Range: 29 2/8 nm

Ending Time: 17:34:55

Ending Range: 29 6/8 nm

Atlanta

ASR-7

Normal

In system 723 scans, missed 15, detection =

10

Low Altitude Profile

Altitude: 5,000 feet
Azimuth: 313
Altitude: 5,000 feet

Azimuth: 269

97.9% *

* Loss of data 16:38:34 to 16:39:02 = 5 scans; not used in calculation of

detection

A/C made low approach to A/P (Hartsville) from fix:

Start Range: 29 k2/8 nm

Ending Range: 1 3/8 nm

On approach 254 scans, missed 14, detection

Altitude: 5,000 feet
Azimuth: 271

Altitude: 1200 feet

94 .497%



NOVEMBER 30, 1984. Atlanta ASR-7

Cc-130 Normal

Beacon Code: 5,274

Start Time: 15:06:56

Start Range: 29 4/8 nm

Ending Time: 15:57:24

Ending Range: 29 4/8

In system 646 scans, missed 8, detection = 98.8%

Low Altitude Profile

Altitude:

Azimuth:

Azimuth:

5,000 feet

313

313

11
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NOVEMBER 30, 1984. Atlanta ASR-~7 Low Altitude Profile

BE-E55 Normal

Beacon Code: 5,224

Start Time: 18:59:29 Altitude: 5,000 feet
Start Range: 29 3/8 Azimuth: 133

Ending Time: 19:47:28.6

Ending Range: 20 0/8 nm Azimuth: 300

In system 620 scans, missed 20, detectiongp 96.7%
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WARNER ROBINS DATA LOW ALTITUDE PROFILES

NOVEMBER 27, 1984, Robins ASR~7 Low Altitude Profile
Sabreliner Normal/Normal
Beacon Code: 5207 Beginning Range: 55 1/8 nm

Terminating Range: 46 1/8 nm

Within system 174 scans, missed 6, detection = 96.67%

NOVEMBER 27, 1984.

Sabreliner Normal/Low

Beacon Code: 5225 Beginning Range: 55 1/8 nm

Terminating Range: 46 4/8 nm

Within system 182 scans, missed 15, detection = 91.8%
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NOVEMBER 28, 1984.

F-4D Normal

Beacon Code: 5231 Beginning Range: 55 1/8 nm

Terminating Range: 50 2/8 nm

Within system 140 scans, missed 3, detection = 97.867%

NOVEMBER 28, 1984.

King Air €90 Normal

Beacon Code: 5116 Beginning Range: 55 1/8 om

Terminating Range: 54 3/8 um

Within system 268 scans, missed 16, detection = 94.03%



WARNER ROBINS DATA LOW ATLTITUDE PROFILE

NOVEMBER 30, 1984

Cc-130 Normal

Beacon Code: 5274 Beginning Range: 55 2/8

Terminating Range: 55 0/8

Within system 200 scans, missed 5, detection = 97.5%

NOVEMBER 30, 1984.

Beech-BE E55 Normal

Beacon Code: 5224 Beginning Range: 55 1/8 nm

Terminating Range: 43 5/8 om

Within system 290, missed 31, detection = 89.317%

15



COLUMBUS ASR-8 DATA COLLECTION

NOVEMBER 27, 1984, Sabre Liner Normal

Beacon Code: 5207

In system 223 scans, 6 misses; detection = 97,317

All misses occurred on exiting system

NOVEMBER 27, 1984. Sabre Liner Normal/Low

Beacon Code: 5225

In system 224 scans, 9 misses; detection = 95.98%

8 misses occurred last 10 miles of flight

NOVEMBER 28, 1984. F-4 Normal

Beacon Code: 5231

In system 175 scans, |l miss; detection = 99.43%

1l miss 1n turn

16
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NOVEMBER 28, 1984, King Air Cc90 Normal

Beacon Code: 5116

In system 309 scans, 3 misses; detection = 99.037%

2 misses occurred in fringe exiting

NOVEMBER 30, 1984, c-130 Normal

Beacon Code: 5274

In system 230 scans, 1 miss; detection = 99.57%

NOVEMBER 30, 1984. Twin Beech Normal

Beacon Code: 5224

In system 349 scans, 19 misses; detection = 94.56%



HIGH ALTITUDE PROFILE PERFORMANCE STATISTICS
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DECEMBER 19, 1984. Atlanta LRR High Altitude Profile

KC-135 Normal 9 dB, P1-P2 Compare
Beacon Code: 513¢€ Eastbound
Start Time: 13:30:45.3 Altitude: 33,000 feet

Starting Range: 47 5/8 nm Azimuth:
End Time: 13:58:37.9

Ending Range: 152 3/8 nm Azimuth:

In system 167 scans, missed 30, detection = 82.047%

SEGMENT OF TRACK UNDER INFLUENCE OF SLS

Start Time: 13:30:45.3 Altitude:
Starting Range: 47 5/8 am Azimuth:
End Time: 13:44:59.3 Altitude:
Ending Range: 55 4/8 nm Azimuth:

285.56

102.48

33,000 feet
285.56
33,000 feet

102.12

Under influence of SLS 86 scans, missed 30; detection = 65.12%

Missed A/C 29 consecutive scans

17 5/8 nm west of site to 19 7/8 nm east

Cone of silence 37 1/2 nm in diameter



DECEMBER 19, 1984.

KC-135 Normal

Beacon Code: 5136 and 3104
Start Time: 14:06:22.8
Starting Range: 152 0/8 nm
Ending Time: 14:44:52.3

Ending Range: 47 5/8

In system 202 scans, missed 32, detection

Atlanta LRR

Westbound

High Altitude Profile

5 dB, P1-P2 Compare

Altitude: 35,100 feet

Azimuth: 103.8

Azimuth: 283.54

87.3%

SEGMENT OF TRACK UNDER INFLUENCE OF SLS

Start Time: 14:25:25.0
Starting Range: 55 3/8 nm
End Time: 14:44:52.3

Ending Range: 47 5/8 nm

Under influence of SLS: 117 scans,

Altitude: 35,100 feet

Azimuth: 101.86

Azimuth: 283.54

missed 31, detection = 73.5%

19
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Although the detection rate for the -5 db calibrated transponder does not
appear to have been improved significantly, the true cone of silence
consisted of 12 consecutive scans missed starting at 9 0/8 nm west of

the site to 7 6/8 nm east, giving the cone of silence 16 6/8 nm diameter.
Of the 31 misses there were 12 spurious misses which would not cause the
9020 operational program to drop the track. There were 7 misses consisting
of 3 consecutive misses, 1 detection, then 4 consecutive misses at a range
of 30 to 37 miles which are inconsistent with the characteristics of the
SLS influence of this radar site, and appears to be caused by some other
abnormality. However, to maintain consistency, these misses have been
identified as a suppression of beacon report by SLS in the statistics, but
in judgement should not be weighted against the improved performance of the

transponder.



DECEMBER 19, 1984.

KC-135

Beacon Code: 5136

Start Time: 13:30:42.1

Starting Range: 149 2/8

End Time: 13:58:38.2

Ending Range: 54 0/8 nm

Lincolnton LRR

Normal

High Altitude

-9 db, P1-P2 Compare

Eastbound
Altitude:
Azimuth:
Altitude:

Azimuth:

In system 143 scans, missed 29, detection = 79.72%

SEGMENT OF TRACK UNDER INFLUENCE OF SLS

Start Time: 13:43:54.5

Starting Range: 55 5/8

End Time: 13:58:38.2

Ending Range: 54 0/8 nm

Azimuth:

Azimuth:

33,000 feet
278.52
34,300 feet

119.79

268.59

119.79

Under influence of SLS 77 scans, missed 28, detection = 63.64%

All but (1) miss occurred under influence of SLS

21
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DECEMBER 19, 1984. Lincolnton LRR High Altitude Profile
KC-135 Normal ~5 db, P1-P2 Compare
Beacon Code: 3,104 Eastbound

Start Time: 14:06:14.8
Starting Range: 55 3/8 nm Azimuth: 123,13
End Time: 14:44:58

Ending Range: 149 2/8 am Azimuth: 277.82

In system 194 scans, missed 0, detection = 1007



APPENDIX 7

ANALYSIS OF TEST FACILITIES AND TRANSPONDERS



FEDERAL AVIATION ADMINISTRATION AND MILITARY AIRCRAFT

PAGE 1 of 2

TRANSPONDER PERFORMANCE ANALYSIS 1/
ORGANZATION F.A.A. F.A.A. F.A.A. 94th T.A.W. [116th T.F.W. |19th AREFW 19th AREFW | 19th AREFW | 19th AREFW
AIRCRAFT TYPE NA-265-80 €-90 BE-ESS C-130H F4D KC-135 KC-135 KC-135 KC-135
AIRCRAFT NUMBER N-52 N-19 N-2014U AF-81-0626 | AF-66-7588 | AF-60-0330 | AF-56-3634 | AF-59-1449 | AF-59-1449
TRANSPONDER TYPE 621A-6 TDR-90 TDR-950 APX-72 KY532B/ASQ | APX-6h APX-6k APX-64 APX-64
TRANSPONDER SERIAL NUMBER 2561 9469 16646 4143 61 3822 0057 3822 3/ k96 4/
DEAD TIME (usec) 29.0 45.0 29.0 93.0 120.0 122.0 29.0 122.0‘ no.o-
SUPPRESS1ON TIME (usec) 30.0 31.5 N/A 30.0 27.2 33.0 35.0 33.0 36.0
REPLY POWER (watts) 725 380 200 950 600 900 660 900 1120
FREQUENCY (MHz) 1090.0 1090.0 1088.7 1089.1 1090.0 1090.0 1089.5 1090.0 1090.0
F1 PULSE WIDTH (usec) 0.45 0.55 0.45 0.50 0.45 0.55 0.50 0.55 0.42
Fa PULSE WIDTH (usec) 0.45 0.55 0.45 0.50 0.45 0.55 0.50 0.55 0. 42
SENSITIVITY, NORMAL (dBm) -77.0 -74.5 -59.6 -77.2 -76.8 -76.8 -77.2 -78.4 -74.5
SENSITIVITY, LOW (dBm) -71.5 -71.5 N/A -63.0 -58.2 -64.0 -65.2 -64.0 -63.5
DELAY TIME DIFFERENCE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
REPLY JITTER (usec) 0.01 0.05 0.01 0.01 0.0 0.0 0.0 0.0 0.0
MODE A DELAY (usec) 3.2 2.5 2.8 3.2 3.0 3.0 3.0 3.0 3.2
MODE C DELAY (usec) 3.2 2.5 2.8 3.2 3.0 3.0 3.0 3.0 3.2
F1 - F2 SPACING (usec) 20.3 20.3 20.3 20, 3 20.3 20.3 20.3 20.3 20.3
SLS DECODE ACCURACY (usec) 2/ 1.5/2.5 1.6/2.4 1.5/2.4 1.7/2.3 1.0/2.8 1.7/2.5 1.6/2.4 1.7/2.5 1.5/2.5
MODE A DECODE ACCURACY (usec) 2/ 7.5/8.5 7.5/8.5 7.6/8.4 7.5/8.6 7.4/8.55 7.4/8.2 7.6/8.4 7.4/8.2 7.55/8.5
MODE C DECODE ACCURACY (usec) 2/ 20.5/21.5 20.6/21.4 20.6/21.6  [20.5/21.7 20.6/21.4 20.1/21.2 20.3/21.% | 20.1/21.2 ] 20.2/21.8

1/ Test data recorded at transponder actually used in the Flight Test Profile.

2/ Lower Limit/Upper Limit

3/ Receiver

Side Lobe Suppression set at 9dB.
L/ Recelver Slide Lobe Suppression set at 5dB.



FEDERAL AVIATION ADMINISTRATION AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE ANALYSIS, CONTINUED.

PAGE 2 of 2

ORGANIZATION F.A.A. F.A.A. F.A.A, 15 AMS SQD | 15 AMS SQD
AIRCRAFT TYPE B-727 B-727 F-90 EC-135J EC-135J
AIRCRAFT NUMBER N-77 N-77 N-18 63-8055 63-8055
TRANSPONDER TYPE 621A-6 621A-6 TOR-90 APX-64 APX-64
TRANSPONDER SERIAL NUMBER 1854 1864 5/ 14720 3491 W/ 4492 3/
DEAD TIME (usec) 75.8 75.8 34.0 N/A N/A
SUPPRESSION TIME (usec) 35.0 35.0 35.0 35.0 35.0
REPLY POWER (watts) 555 725 375 1000 631
FREQUENCY (MHz) 1080.0 1090.0 1087.0 1090.1 1089.5
Fi PULSE WIDTH (usec) 0.45 0.45 0.45 0.5 0.50

F2 PULSE WIDTH (usec) 0.45 0.45 0.45 0.5 0.50
SENSITIVITY, NORMAL (dBm) -76.0 -76.0 -77.1 -78.0 -78.0
SENSITIVITY, LOW (dBm) ~70.0 -70.0 -64.0 -66.0 -67.0
DELAY TIME DIFFERENCE 0.0 0.0 0.0 0.0 0.0
REPLY JITTER (usec) 0.08 0.04 0.01 0.0 0.0
MODE A DELAY (usec) 3.1 3.0 3.0 3.0 3.0

MODE C DELAY (usec) 3.1 3.0 3.0 3.0 3.0

Fy - F2 SPACING (usec) 20.3 20.3 20.3 20.3 20.3
SLS DECODE ACCURACY (usec) 2/ 1.4/2.4 1.4/2,5 1.5/2.5 1.5/2.5 1.5/2.8
MODE A DECODE ACCURACY (usec) 2/ ||7.2/8.5 7.2/8.4 7.4/8.7 7.5/8.5 7.7/8.55
MODE C DECODE ACCURACY (usec) 2/ |l20.5/21.4  |eo.4/21.5  [20.4/21.8 20.5/21.6 | 20.5/21.6

5/ TRANSPONDER SLS SET AS CLOSELY TO 9dB AS POSSIBLE WITHOUT COMPONENT CHANGE.

SEE TRANSPONDER PERFORMANCE TEST DATA.



TRANSPONDER CALIBRATION VERIFICAT{ON
FLIGHT TEST PROFILE
11/26/84
NA-265-80 N-52

FAA ATLANTA FLIGHT INSPECTION FI1ELD OFFICE



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic

1. Dead Time

2. Suppression Time

3. Reply Power

k. Frequency

5. F1 Pulse Width

6. F2 Pulse Width

7. Sensitivity

8. Delay Time Difference
9. Reply Jitter

10. Mode A Delay
11. Mode C Delay

12. Ft1 - F2 Pulse Spacing
13. Side Lobe Suppression Decode Accuracy
14. Mode A Decode Accuracy
15. Mode C Decode Accuracy
NA-265-80

N-52

#1 Transponder, Collins 621A-6, S/N 2561

NOTE :

Test Reading

29.0

us.
30.0 us
Normal 725  /Low 725 Watts
1090.0 MHz.
0.43 us.
0.43 us.
Normal -77-0  niow 71-5 dBm.
0.0 us.
0.01 us.
3.2 us.
3.2 us.
20.3 us.
1.5/2.5 us.
7.5/8.5 us.
20.5/21.5 us.

This transponder was used during the Flight Test Profile.



TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT ONLY

DATE 11/26/84

AIRCRAFT NUMBER: N-52 kol PRIMARY AIRCRAFT

TYPE: _NA-265-80 [C| BACK-UP AIRCRAFT

LOCATION: Atlanta FIFO (FTY)

TRANSPONDER TYPE: Collins 621A-6 SERIAL NUMBER: 2561 (#1)
RECEIVER _ MEASURED AT
SENSITIVITY TOP_ANTENNA | ROTTOM ANTENNA
NORMAL N/A -74.5 dBm
10 N/A -69.0 dBm
LO/LO (FAA SABRE-80 ONLY) N/A -68.0 dBm
~ TRANSMITTER — VFASURED AT
POWER TOP_ANTENNA | BOTTOM ANTENNA
NORMAL N/A 320 watts
10/10 (FAA SABRE-80 ONLY) N/A 120 watts

REMARKS: (All test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military
Specifications. See Appendix 2.)

NOTE: This transponder was used during the Flight Test Profile.




TRANSPONDER CONFIGURATION

NA-265-80



TRANSPONDER CONFIGURATION

STBY

ALT
RPTG

OFF

SENS

NORM

TRANSPONDER #1
COLLINS 621A-6

TRANSPONDER #2
COLLINS 621A-6

NA-265-80

LO/LO SENS
SWITCH

PROGRAMMABLE

ATTENUATOR
HP33304D-H16

ATTENUATES RECEIVER SENS.
AND TRANSMITTER POWER BY
6dB WHEN SELECTED.

BOTTOM MOUNTED ANTENNA
AT-741B/A







TRANSPONDER SYSTEMS ANALYSIS

NA-265-80



1,

2.

QI

- |

ORGANIZATION.

FAA Air Carrier [ ]

TEST ERWIPMENT,

Manufacturer: Boonton Radio Co.

Military [j

Alr Taxi D General Aviation D

Model: B8925A DME/ATC Test Set

Calibration Frequency: 270 days

Last Calibration Date: March 29, 1984

Calibration Within Limits? yes au :l
TRANSPONDER,

Manufacturer: Collins

Model:  621A-6

Serial Number: #1 S/N 2561 #2 S/N 2508

TSO'd?

ves [xx]

Class 1B - 2B:

BOD

Class 1A - 2A:

TS0-C74b;DO-1 38/AG/A/IJINT/AAEXXXXX

Calibration Instructions (Obtain Copy)?

Calibration Instructions in Consonance with Appendix F, Part 437

MAINTENANCE PROGRAM.

Continuous Airworthiness Maintenance Program?

Approved Aircraft Inspection Program?
Scheduled Bench Maintenance?

Scheduled Inspection in Aircraft?

yes [XX

yes

yes

yes

yes

not available [ |
yes @ no [:I

] no [

XX no []
] no frequency :DEMAND
no D frequency:300 Hrs
2
}
AWS-~350/FY-85/Form 1 §

(Page 1 of 3)



5. AIRCRAFT.
Type: NA-265-80

Number of Transponders Installed: 2

Date Transponder System Installed: 1973

Coax. Type: RG~115A/U

Anteana Type: AT-741B/A

Antenna Checked Periodically? yes no ||

Coaxial Cable Tested Periodically? yes [XX] no [ ]

Transponder in Aircraft Systems Check Performed? yes m no D
Frequency: Periodically 300 Hours Demand

(Segment Insp. Card)

6. TRANSPONDER TEST. #1 Transponder, S/N 2561

Reference Appendix F of Part 43 -~

Reply Radio Frequency (1090 * 3MHz):  1090.0 MHz.

Transponder Power Output: 725 watts

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec )
Interrogations
Class 1A & 2A (230-1200 Sec ): X

Transponder Interrogation Response:

P, Pulse Amplitude Equals P, Pulse Amplitude (Response £ 1%): 0.K.

P, Pulse Amplitude 9db& P, Pulse Amplitude (Response 2 90%): 0.K.

Receiver Sensitivity Verification by use of Test Set: normal low

Connected to the Antenna end of Transmission Line (-~73%4dbm): ~74.5dBm} -69. 0dBp

Connected to the Transponder Antenna Terminal with Transmission | -77.0dBm|-71.5dBh
Line Loss Correction (.73%4idbm):

AWS-350/FY-85/Form 1
(Page 2 of 3)



_TRANSPUNDER SYSTEM ANALYSIS (CONTINUED).

Receiver Sensitivity Verification Using a Radiated Signal (-73}4dbm): N/A

Mode 3/A and Mode C Receiver Sensitivity Differehce (41db): No Difference

Record:
Complied with Provisions of FAR 43.9 as to:

Content: Yes

Form: Yes

Disposition of Records: Yes

7. RECORDS (noverger 1, 1983 - noverger 1, 198D,

Number of Pilot Complaints: b

Number of Correlating Bench Check Verifications: 2

Mean Time Between Removals (MTBR):Less than 1 in 6 months

Confirmed Failure Rate of MTBR: 50%

8. COTENTS,

AWS-350/FY-85/Form 1
(Page 3 of 3)



RAMP CALIBRATION PROCEDURES

COLLINS 621A-6



i RELATED CARDS CARD NUMBER

SABRELINER-80 AVIONIC INSPECTION
9371
Page 1 of 3

ITEM
NO. RAMP CALIBRATION ATC TRANSPONDER

PROCEDURES

1 General

a. This card provides procedures for calibrating transponder receiver
sensitivity to -69 dBm on low sensitivity at 450 + 20 reply pulses and
to check transmitter power.

b. Equipment required:

(1) ATC Test Set 8925A

(2) ATC Test Set 578X-1

(3) Oscilloscope 545

(4) Coax cable RG-8, 10 foot or less

(5) Coax cable RG-58, 20 foot in length

(6) Various connectors

(7) HP 431 Power Meter with 478A Coaxial Thermistor Mount

NOTE: This test equipment requires two (2) hours warm up.

2 Preliminary

a. Check transponders No. 1 and No. 2 for correct installation.

b. Connect power to aircraft and turn on all equipment needed to accomplish
ATC ramp calibration.

Cockpit control:

Power - Select No. 1 XPDR
SENS — Lo SENS

Mode - A

ALT RPTG -~ OFF

Code -~ 0000

c. Gain access to ATC Antenna.

Connect test set to RG-8 coax cable at the antenna end.

12/82




SABRELINER-80 AVIONIC INSPECTION Card 9371 Page 2 of 3

—
ITEM
NO. RAMP CALIBRATION ATC TRANSPONDER (CONT'D)
d. Connect RG-58 coax from the XPDR suppressor coaxial "T" connector (dis-
connected from bulkhead) to the AC input on test set counter. The reply
rate of counter should be 500 + 10 replies. (Refer to Card 9149.)
3 | Receiver Calibration at Aircraft

ae.

Turn attenuator from —-50 dBm towards —69 dBm. Watch counter and stop
turning attenuator when reply pulses are 450 + 20 pps. Note attenuator
reading and record reading. See tolerance, Step 6, this card.

Reset attenuator to -50 dBm, set XPDR to normal and activate LO-LO
circuit.

Repeat step 3.a. for LO-LO circuit.
Repeat steps 3.a. through 3.c. for No., 2 transponder.

NOTE: If the sensitivity reading is out of tolerance the transponder may
be removed to the shop for recalibration. This recalibration
should be based on measured loss (dB) in the airplane antenna
cable. Refer to TI 4179.13, page 747 (TIEQO 75-E-10, Part B-II
page 2) instruction.

Transmitter Power Out

a.

b.

go

Ne &l
Set XPDR to 77dB, activate LO-LO circuit and set attenuator to -50
dBm at antenna end of cable.

Remove coax from monitor SLG Gen. to Video out on Peak Power Calibrator.

With MON/CAL/MEAS switch in MON/CAL, adjust NULL CONTROL until the two
lines on the scope are merged together.

Select MEAS with MON/CAL/MEAS switch; adjust COARSE CONTROL until top
line rests on top of pulses. Adjust FINE CONTROL if needed.

Observe Meter for Power Qut in Watts. See tolerance, “Step 6, this
card.

Remove interrogation pulses from transponder and zero the 431 Power
Meter.

NOTE: It is critical that the Power Meter be zeroed.
Set the Power Meter to the 0.1 mw scale and connect its probe to the

Power Meter output jack of the 13505A 1 Solator-Monitor (Part of the
8925 Radar Beacon Test Set).

-1

12/82



SABRELINER-80 AVIONIC INSPECTION Card 9371 Page 3 of 3

ITEM .
| NO. RAMP CALIBRATION ATC TRANSPONDER (CONT'D)

h. Interrogate the transponder at a rate (500 - 700 nominal) sufficient to
give 0dB reference level on the Power Meter.

i. Switch the LO-LO SENS Circuit IN,

j. Observe the Power Meter reading in dB below the reference Level. See
tolerance, Paragraph 6, this card.

k. Repeat stepé 4.a. thfough 4.3. above for No. 2 transponder.

5 Over Interrogation Monitor

a. Set XPDR to NORMAL and deactivate LO-LO circuit.

b. Set attenuator at -50 dBm. Increase dial slowly while observing counter.
Increase reply rate through 1000 RPS. The indicator light at console
should light between 950 and 1050 replies per second.

Repeat steps a. and b. above for No. 2 transponder.
6 ATC Ramp Tolerances
FUNCTION CONDITION SPEC. VALUE + TQL.
Receiver Sensitivity L0, 450 Replies/Sec -69 + 1.0 dB
LO-LO, 450 Replies/Sec  Within + 1.0 dB. of
~69 dBm

Transmitter Power 10 280 Watts (Minimum)

L0-L0/Normal -6dB + 1 dB

Over-Interrogation Rate -50 dBm Attenuation 1000 + 50 Replies/Sed

Lamp Normal Intensity
Antenna Cable Loss TXPDR to Antenna (Not 3dB (Max)
normally measured;
See Step 3 NOTE)
1 Fa

12782



" MTED CARDS CARD NUMBER
SABRELINER-80 AVIONIC INSPECTION

9370
Page 1 of 2
ITEM
NO. CALIBRATION OF ATC CABLE LOSS
PROCEDURES
1 | General
a. This card provides procedures for calculating the transponder cable loss
in db's from transponder to antenna. This check is to make sure that the
db loss is below 3 db's. For each 3 db's will reduce the power out by
1/2.
b. Equipment required:

(1) 8925A Test Set,

(2) 578%X-1 Test Set.

(3) RG-8 coax cable not to exceed 10 ft,
(4) Connectors to make proper connections.
Tolerance.

Total db's not to exceed 3 db’s.

Allow 2 hours warm up of test equipment,

Apply proper power to aircraft and turn on all equipment required to
accomplish this card.

Cable loss procedure

a.

Gain access to transponder antenna.

NOTE: Both XPDRS have a common antenna located under aircraft and uses
a coax switch relay to select No. 1 or No. 2 XPDR.

Open door in floor, under carpet, to the right of aircraft
entrance to expose top of transponder antenna.

Connect test set to open end of antenna coax cable using only necessary
adapters,

Connect RG-58 coax cable from the XPDR suppressor coaxial "T" connector
(disconnected from bulkhead) to the AC input on test set counter.

4/79
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INER-80 AVIONIC INSPECTION Card 9370 Page 2 of 2

SABREL
L
ITEM

CALIBRATION OF ATC CABLE LOSS (CONT'D)

O.

Set up test set to check the MTL on Lo Sens. (Refer to card 9149).

Select No. XPDR on control head with sensitivity selector switch in LO
SENS and ALT RPTG/OFF switch in OFF.

Turn attenuator clockwise until counter reads 450 reply pulses per
second,

Take note of attenuator reading.
Turn XPDR off.

Disconnect test set from antenna coax and reconnect test set to coax
labeled ATC 1-2 that is located at FS-50 in nose of aircraft.

NOTE: This connection is the nearest to the XPDR that is accessible in
nose,

Turn XPDR ON.
Repeat steps 2e and f.

Subtract step f from step j. This number is the db loss from FS-50
bulkhead to antenna, It should be less than 2 db.

Add 1.0 db to results found in step 2k. Also add .3 db for each
connector used making connection to cable.

NOTE: This 1.0 db is the calculated loss between XPDR rack through
coax switch relay to FS-50 bulkhead.

Example: Calculated cable loss = 1.5
Add constant db 1.0
add 1 connector .3

TOTAL 2.8 db

Tag cable at bulkhead FS-50 with the calculated db loss. Use a small
hard tag with string attached. Write date and cable loss as in the
example,

Recorinect cables and restore aircraft for flight.




T

THEIE

I
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3.

i el - — DATE )
! e NOQ. 78-12-38 (PART R-1T Hpace 3 3
NOTE: If the sensitivity readinz is out of tolerance the transpcnder mu; be
rcmoved to the shop for recalibraiien. This recalibration should b
based on measured loss (dB) in the alrplane antenna cable. Refer to
TI 4179.13, page 747 (TIEO 75-E-10 Part B-II page 2) instruction.
4, Transmitter Power Out

a. Set XPDR to Lo Sens and set attenuator to -50 dbm at antenna end of cable.

b. Remove coax from monitor SLG Gen. to Video out onr Peak Power Calibrator.

c. With MON/CAL/MEAS switch in MCN/CAL, adjust NULL CONTROL until the two lines
on the scope are merged togzether.

d. Select MEAS with MON/CAL/MEAS switch, adjust COARSE CONTROL until top line
rests on top of pulses. Adjust FINE CONTROL if needed.

e. Observe Meter for Power Out in Watts. See tolerance, Para. 6.

f. Remove interrogation pulses from transponder and zero the 481 Power Meter.

NOTE: It is critical that the Power Meter be zeroed.

g. Set the Power Meter:to the 0.1 mw scale and connect its probe to the Power
feter output jack of the 13505A 1 Solater-Monitor (Paxt of the 8925 Radar
Beacon Test Set).

h. Interrogate the transponder at a rate (500 ~ 700 nomrinal) sufficient to give
0dB reference level on the Power Meter.

i. Switch the LO-LO SENS Circuit IN.

j. Observe the Power Meter reading in dB below the reference level. See
tolerance, Para. 6.

k. Repeat steps a. through j. above for No. 2 transponder.

Over Interrcsation Meonitor

a. Set XPDR to NORMAL and deactivate LO-LO circuir,

b. Set attenuator at -50 dbm.  Increase dial slowly while observing counter.
Increase reply rate-through 10C0 RPS. The indicator light at console
should light between 950 and 1050 replies per second.

Repeat steps a. and b. above for No. 2 transponder.

ATC Ranp Tolerances

FUNCTION §0NDITION SPEC. VALUVE + TOL.
Receiver Sensitivity L0, 450 Replies/Sec -69 + 1.0 dbm
LO-LO, 450 Replies/Sec Within + 1.0 dbm of

above measure value..

Transmitter Power LO 280 Watts (Minimum)
LO-LO ~6dB + 1 dB
Over-Interrogation Rate ~50 ¢ébm Atteanuation 10C0 + 50 Replics/Sec

Lamp Normal Intensity

Antenna Cable lLoss TXPDR to Antenna (Not normally 3 dB (Max)

measured; Sce Para. 3 NOTE)

=
1
|

- g TG T T

AC Form 4100-5-1 (12-70) Supersedes previous edition C  FAAACTI-2058
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5 e e m

CALIBRATION INSTRUCTIONS:

1. Gencral

a. This card provides procedures for calibrating transponder receiver sensitivity

to -69 dbm on low sensitivity at 450 + 20 reply pulses and to check transmitter

power.
o« Equipment required:

(1) ATC Test Set 8925A

(2) ATC Test Set 578X%X-~1

(3) Oscilloscope 545 or equivalent

(4) Coax cable RG-8, 10 foot or less
(5) Coax cable RG-58, 20 foot in length
(6) Various connectors

(7) HP 431 Power Meter with 478A Coaxial Thermistor Mount.
NOTE: This test equipment requires two (2} hours warm wp.

2. Preliminary

a. Check transponders No. 1 and No. 2 for correct installatdion.

b. Connect power to aircraft and turn on all equipment needed to accomplish ATC
ramp calibration.

(1) Cockpit control:

Power - Select No. 1 XPDR

SEXNS -~ Lo SENS
Mode - A

ALT RPTG - OFF
Ccde - 0000

c. Galn access to ATC Antenna which is located under floor @o the right of afrcraft

door.

(1) Connect test set to R5G~-8 coax cable at the antenna emd.

d. Connect RG-58 coax coax from the XPDR suppressor coaxial ™T" connector (discon-

nected from bulkhead) to the AC input on test set countew. The reply rate of
counter should be 500 + 10 replies. (Refer to Card-0575.)
Qi

Receiver Calibration at Aircraft

a. Turn attenuator from ~50 dbm towards -69 dbm. Watch counmter and stop turning

attenuator when reply pulses are 450 + 20 pps. Note attemuator reading and
record reading. See tolerance, Para. 6.

b. Reset attenuator to -50 dbn, set XPDR to normzl and actiwate LO-LO circuit.

Ot —

c. Repeat step a for LO-LO circuit.

d. Repcat steps a through ¢ for No. 2 transponder.

é

AC Form 4100-5-1 (12-70) Supersedes previous cdition C  FAAAGTI-2988



TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
Cc-90
11/27/84

FAA ATLANTA FLIGHT INSPECTION FIELD OFFICE



FAA AND MILITARY AfRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic Test Reading

1. Dead Time 45.0 us.
2. Suppression Time 31.5 us
3. Reply Power Normal 380  /Low 380  watts
k. Frequency 1030 MHz.
5. Fq Pulse Width 0.55 us.
6. F2 Pulse Width - 0.55 us.
7. Sensitivity Normal ~7h.5 JLow 715 dBm.
8. Delay Time Difference 0.0 us.
9. Reply Jitter 0.05 us.
10. Mode A Delay 2.5 us.
11. Mode C Delay 2.5 us.
12. Fq - Fp Pulse Spacing 20.3 us.
13. Side Lobe Suppression Decode Accuracy 1.6/2.4 us.
14. Mode A Decode Accuracy 7.5/8.5 us.
15. Mode C Decode Accuracy 20.6/21.4 us.
C-90

N-19

#2 Transponder, S/N 9469, Collins TDR-90

NOTE: This transponder was actually used during the Flight Test Profile.



TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT ONLY

DATE 11/27/84

AIRCRAFT NUMBER: N-19 [X| PRIMARY AIRCRAFT

TYPE:_C-90 [_| BACK-UP AIRCRAFT

LOCATION: ATLANTA FIFO (FTY)

TRANSPONDER TYPE: Collins TDR-90 SERIAL NUMBER: 9469

#2 Transponder

RECELVER MEASURED AT
SENSITIVITY TOP ANTENNA | ROTTOM ANTENNA _
NORMAL N/A -72.0 dBm
10 N/A -68.5 dBm
10/10 (FAA SABRE-80 ONLY) N/A N/A

"~ TRANSMITTER MEASURED AT
POWER TOP ANTENNA | BOTTOM ANTENNA
NORMAL N/A 300 Watts
10/10 (FAA SABRE-80 ONLY) N/A N/A

REMARKS: (All test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military
Specifications. See Appendix 2.)

NOTE: This transponder was used during the Flight Test Profile.




TRANSPONDER CONFIGURATION

C-90



F~90 TRANSPONDER RAMP CHECK



TRANSPONDER CONFIGURATION

c-90
FLIGHT
MANAGEMENT #1
SYSTEM #1 TRANSPONDER
CONTROL COLLINS TDR-90
#1 AND #2
COAXIAL CABLE, RG-214/U
MANUAL #2 24.8 FEET EACH
CONTROL TRANSPONDER
COLLINS TDR-90
#2 ANTENNA LOCATED #1 ANTENNA LOCATED
BOTTOM, RIGHT BOTTOM, LEFT

TYPE: 237Z-1 TYPE: 237Z-1



TRANSPONDER SYSTEM ANALYSIS

C-90



1,

Air Taxi [ | Genmeral Aviation [ |

ORGANIZATICN,

FAA Air Carrier [ | Military [ ]
TEST ERUIPMENT.

Manufacturer: FI1XED BASE OPERATOR

Model:

Calibration Frequency:

Last Calibration Date:

Calibration Within Limits?

yes [}

TRANSPORDER.

Manufacturer: COLLINS

Model: TDR-30

Serial Number: 9469

TS0'd? no [ ]

yes

Class 1B - 2B:

Class 1A - 2A:

X' RTCA DO-138(ENV CAT AD/A/{N/AAAEXXXXX)

Calibration Instructions (Obtain Copy)?

MAINTENANCE PROGRAM.

Continuous Airworthiness Maintenance Program?

Approved Aircraft Inspection Program?
Scheduled Bench Maintenance?

Scheduled Inspection in Aircraft?

yes D

Calibration Instructions in Consonance with Appendix F, Part 43?

yes

yes

yes

yes

not available [I_]

yes no []
mo [
no ]
I:] no frequency:_DEMAND
X3 no [ ] frequency: 300HRS

AWS-350/FY-85/Form 1
(Page 1 of 3)



5l

6'

AIRCRAFT.
Type: €-30
Number of Transponders Installed: 2

Date Transponder System Installed:

Coax. Type: RG-214/U

Antenna Type: 237Z-1

oon

Antenna Checked Periodically? yes no
Coaxial Cable Tested Periodically? yes no
Transponder in Aircraft Systems Check Performed? yes no

Frequency: Periodically SEGMENT INSPECTION Demand
TRANSPONDER TEST.

Reference Appendix F of Part 43 —-

Reply Radio Frequency (1090 % 3MHz): 1090,0 MHz,

Transponder Power Output: 380 watts

Suppression, Mode 3/A:

Interrogations
Class 1B & 2B (230-1000 Sec )

Interrogations
Class 1A & 2A (230-1200 Sec ): X

Transponder Interrogation Response:

P, Pulse Amplitude Equals P; Pulse Amplitude (Response £ 12):

P, Pulse Amplitude 9db{ l’1 Pulse Amplitude (Response Z 90%):
Receiver Sensitivity Verification by use of Test Set:

Connected to the Antenna end of Transmission Line (-7314dbm):

0.K,
0.K.
normal low
~72dBm |-68. 5dBn
N/A

Connected to the Transponder Antenna Terminal with Transmission | N/A

Line Loss Correction (.-73%4dbm):

AWS~350/FY-85/Form 1
(Page 2 of 3)



_TRAKSPONDR SYSTET ANALYSTS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-73tﬁdbn0: N/A

Mode 3/A and Mode C Receiver Sensitivity Difference (£1db): NO difference

Record:

Complied with Provisions of FAR 43.9 as to:

Content: YES

Form: YES

Disposition of Records: YES

7. RECORDS (noverser 1, 1983 - novereer 1, 1984),

Number of Pilot Complaints: 1 (Control head -~not transponder)

Number of Correlating Bench Check Verifications: 0

Mean Time Between Removals (MTBR): insufficient data

Confirmed Failure Rate of MTIBR: insufficient data

8. COTENTS,

AWS-350/FY-85/Form 1
(Page 3 of 3)



TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
11/28/84
BE-55

FAA ATLANTA FLIGHT INSPECTION FIELD OFFICE



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER}

Characteristic

1. Dead Time

2. Suppression Time

3. Reply Power

4. Frequency

5. Fjy Pulse Width

6. F2 Pulse Width

7. Sensitivity

8. Delay Time Difference
9. Reply Jitter

10. Mode A Delay
11. Mode € Delay

12. Fy - F2 Pulse Spacing
13. Side Lobe Suppression Decode Accuracy
14. Mode A Decode Accuracy
15. Mode C Decode Accuracy
BE-ES5S

N-2014U

TDR-950 S/N 16646 2/

1/ Mock-up not available.

1/
Test Reading
29.0 us,
N/A us
Normal 200  /Low N/A  Matts
1088.7 MHz.
0.4 us.
0.4 us.
Normal -59-6 /Low N/A _dBm.
0.0 us.
0.01 us.
2.8 us.
2.8 us.
20.3 us.
1.5/2.4 us.
7.6/8.4 us.
20.6/21.6 us.

Parameters measured at antenns.

2/ This transponder was used in the Flight Test Profile.



TRANSPONDER CONFIGURATION

BE-E55
#1
TRANSPONDER & CONTROL
COLLINS TDR-950
#1
COAXIAL CABLE TYPE: RG-58A/U
5 FEET
et —
#2
TRANSPONDER & CONTROL
COLLINS TDR-950
#2
COAXIAL CABLE TYPE: RG-58A/U
8 FEET
——
#2 ANTENNA LOCATED BOTTOM #1 ANTENNA LOCATED BOTTOM, FORWARD.
AFT. ANTENNA TYPE: COLLINS C-1105

ANTENNA TYPE:
COLLINS C-1105






TRANSPONDER SYSTEM ANALYSIS

BE-ES55



1,

2,

ORGANIZATION.

FAA D Air Carrier E:] Military D

TEST ERUIPENT,

Manufacturer: Fixed Base Operator

Alr Taxt [ |  General Aviation

Model:

Calibration Frequency:

Last Calibration Date:

Calibration Within Limita? ves [ ]

TRANSPORDER.

Manufacturer: Collins

20 [

Model:___ TPR-950

Serial Number: 16646

TSO'd? yes [} no [ ]

Class 1B - 2B:

Class 1A - 2A: X

Calibration Instructions {Obtain Copy)?

MAINTENANCE PROGRAM,

Continuous Airworthiness Msintenance Program?
Approved Alrcraft Inspection Program?
Scheduled Bench Maintenance?

Scheduled Inspection in Alrcraft?

yes D not available
Calibration Instructions in Consonance with Appendix F, Part 4317 yes m no E:l

yea
yes
yes

yes

] no [
3  ne 1
] no frequency:Demand
 w frequency:Denand.

*

AWS-350/FY~85/Form 1
(Page 1 of 3)



*5. AIRCRAFT,
Type: BE-E55
Number of Transponders Installed: 2
04/20/81

Date Transponder System Installed:

Coax. Type: RG-58A/U

Anteana Type: (C-1105 (Collins, blade)

Antenna Checked Periodically? yes E] no

Coaxlal Cable Tested Periodically? ves [} no FXH

Transponder in Alrcraft Systems Check Performed? yes D no XXX
Frequency: Periodically NO Demand _Yes

6. TRANSPONDER TEST.

Reference Appendix F of Part 43 —-

Reply Radio Frequency (1090 } 3MHz): 1088, 7 MHz.

Transponder Power Qutput: 400 watts

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec Y: ¥

Transponder Interrogation Response!

P, Pulse Amplitude Equals P; Pulse Amplitude (Response £17): 0.K.
P, Pulse Amplitude 9db& P, Pulse Amplitude (Response 2 90%): 0.K.
Recelver Sensitivity Verification by use of Test Set: normal low
Connected to the Antenna end of Transmission Line (-73}4dbm): ~59.6 N/A
Connected to the Transponder Antenna Terminal with Transmission N/A N/A
Line Loss Correction (.73}4dbm):

AWS-350/FY-~-85/Form 1
{(Page 2 of 3)



_JRANSPUNDER SYSTEM ANAI YSIS (CONTINUED)

Recelver Sensitivity Verification Using a Radlated Signal (713 % dbm) - N/A

Mode 3/A and Mode C Receiver Sensitivity Diffevence (41db): No difference

Record:

Complied with Provisions of FAR 43.9 as to:

Content: Yes
Form: Yes
Disposition of Records: Yes

7. RECORDS (noverser 1, 1983 - novevser 1, 1981),

Number of Pilot Complaints: |

Number of Correlating Bench Check Verifications: 1

Mean Time Between Removals (MTBR): Insufficient data

Confirmed Failure Rate of MTBR: Insufficient data

8. COTENTS,

AWS-350/FY-85/Form 1
(Page 3 of 3)



TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
03/19/85

F-90 FAA HONOLULU FIFO, HONOLULU, HAWAII



TRANSPONDER CALIBRATION VERIFICATION

DATE

ALRCRAFT NUMBER: N-18

03-18-85

TYPE: F-90

LOCATION:

HONOLULU FIYFO

TRANSPONDER TYPE: TDR-30

SERIAL NUMBER:

fxd PrIMARY AtRCRAFT
[] sAck-ue AIRCRAFT

14720

MEASURED AT

RECEIVER

SENSITIVITY TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A - 7hL9_dBm

Lo NAA - 67,7 dBm
L0/L0 (FAA SABRE-80 ONLY) N/A N/A

TRANSMITTER

MEASURED AT

POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A 220 WATTS
LO/L0 (FAA SABRE-80 ONLY) N/A N/A

REMARKS :

# 1 TRANSPONDER




TRANSPONDER CONFIGURATION

F-90

CONTROL
HEAD

#1 TRANSPONDER
COLLINS TDR-20

#2 TRANSPONDER

COLLINS TDR=90

#2 ATC ANTENNA
BOTTOM RIGHT
23721

#1 and #2 Coaxial cable,
RG-214/U, 24.8 feet each

#1 ATC ANTENNA
BOTTOM LEFT
237Z-1






TRANSPONOER CALIBRATION VERIFICATION

FLIGHT TEST PROFILE
03/19/85

B-727 FAA HONOLULU FIFOQ, HONOLULY, HAWAII



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic

10.
1.
12.
13
14,

15.

Dead Time
Suppression Time
Reply Power
Frequency

F1 Pulse Width
F2 Pulse Width
Sensitivity
Pelay Time Difference
Reply Jitter
Mode A Delay
Mode C Delay

Fi - F2 Pulse Spacing

Side Lebe Suppression Decode Accuracy

Mode A Decode Accuracy

Mode C Decode Accuracy

« DATE 03/01/85

TRANSPONDER TYPE COLLINS 621A

Test Reading

SERIAL NUMBER

AIRCRAFT TYPEB-727

NUMBER N-77

*Verified 03/11/85

75.8 us.
35.0 us
Normal 292 /low °2°° Watts
1090.0 MHzZ.
0.45 us .
0.45 us.
Normal -76.0 /Low -70.0 dBm.
0.0 us.
0.08 us.
3.1 us.
3.1 us.
20.3 us.
1.4 /7 2.4 us.
7.2 /8.5 us.
20.5/21.4 us.
1854 POSITION NUMBER 1



TRANSPONDER CALIBRATION VERIFICATION

DATE

AVRCRAFT NUMBER: N-77

PRIMARY AIRCRAFT

TYPE: B-727 (] BACK-uP AIRCRAFT
LOCATION:: HONOLULU FIFO

TRANSPONDER TYPE:_ COLLINS 621A SERIAL NUMBER: 1854

RECE | VER MEASURED AT

SENSITIVITY

TOP ANTENNA

BOTTOM ANTENNA

NORMAL N/A -75.8 dBm

LO N/A -69.7 dBm
LO/LO {FAA SABRE-80 ONLY) N/A -69.9 dBm
TRANSMITTER MEASURED AT

POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A 540 WATTS
LO/LO (FAA SABRE-80 ONLY) N/A 120 WATTS

REMARKS :

#1 TRANSPONDER




FAA AND MILITARY AILRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

Characteristic

11.
12.
13.
14.

15.

* DATE

Dead Time
Suppression Time
Reply Power
Frequency

Fy Pulse Width
F2 Pulse Width

Sensitivity

(MEASURED AT TRANSPONDER)

Delay Time Difference

Reply Jitter
Mode A Delay

Mode C Delay

Fq =~ F2 Pulse Spacing

Side Lobe Suppression Decode Accuracy

Mode A Decode Accuracy

Mode C Decode Accuracy

03-01-85

TRANSPONDER TYPE COLLINS 621A

SERIAL NUMBER

TJest Reading

75.8 us.
35.0 us
Normal 725  /[tow 725  Watts
1090.0 MHz.
0.45 us .
0.45 us.
Normal 76.0 /Low 70-0 " gpm.
0.0 us.
0.0k us.
3.0 us.
3.0 us.
20.3 us.
1.4/ 2.5 bs.
7.2 / 8.4 us.
20,4 / 21.5 us.
1864 ROSITION NUMBER 2

ATRCRAFT TYPE B-727

* NOTE:

NUMBER N-77

verified 3/11/85

This transponder set as close to 9 dB
(SLS) as possible without component change
for flight test profile of 03/19/85,

DYNAMIC RANGE

30
Lo
50
60
70

NORMAL
k.6

-

W o
[s =] LRNe ol )

OO~y O~
VI OWw oV

SLS DITCH TO MIN



TRANSPONDER CALIBRATION VERIFICATION

pATE_03-12-85

ALRCRAFT NUMBER: N~77 [d pRIMARY AIRCRAFT
TYPE: B-727 {T] BACK-UP AIRCRAFT
LOCAT I ON - HONOLULU FIFOQ

TRANSPONDER TYPE: COLLINS 621A _ SERIAL NUMBER: 1844

RECEIVER - MEASURED AT
SENSITIVITY - TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A -75.8 dBm

LO N/A -69.7 dBm
LO/L0 {FAA SABRE-80 ONLY) N/A ~69.7 dBm
TRANSHITTER MEASURED AT

POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A 655 WATTS
LQ/D (FAA SABRE-80 ONLY) N/A 130 WATTS

REMARKS :
#2 TRANSPONDER




TRANSPONDER CONFIGURATICN
B-727

#1 TRANSPONDER
COLLINS 621A

——Gds ATTENUATO},‘

CONTROL
HEAD

LO/LO SWITCH

#2 TRANSPONDER
COLLINS 621A

COAXIAL CABLE, RG-214/p,
ESTIMATED 12 FEET EACHL

———{ 6dB ATTENUATORJi—

#2 ATC ANTENNA
STA., 510 BCL

AT-741B/A

#1 ATC ANTENNA
STA. 470 BCL

AT-741B/A






TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE

11/29/84
C-130H, U.S. AIR FORCE RESERVES
DOBBINS AFB., GEORGIA



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic

Side Lobe Suppression Decode Accuracy

1. Dead Time

2. Suppression Time

3. Reply Power

L. Frequency

5. Fj1 Pulse Width

6. F2 Pulse Width

7. Sensitivity

8. Delay Time Difference
9. Reply Jitter
10. Mode A Delay
11. Mode C Delay
12. Fq - F2 Pulse Spacing
13.

14. Mode A Decode Accuracy
15. Mode C Decode Accuracy
C-130H

AF-81-0626

Transponder:

RT-859A/APX-72

S/N 4143

Test Reading

93.0

us.
30.0 us
Normal 950  /Low 950  Watts

1089. 1 Miz.

0.5 us.

0.5 us.
Normal “77:2  /Low -63.0 4pm.
0.0 us.

0.01 us.

3.2 us.

3.2 us.

20.3 us.
1.7/2.3 us.
7.5/8.6 us.
20.5/21.7 vs.




TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT (NLY

DATE 11/29/84

ATRCRAFT NUMBER: AF-81-0626 |x] PRIMARY AIRCRAFT
TYPE: C~130M (] BACK-UP AIRCRAFT 3/

LOCATION: Dobbins A.F.B., Georgia 1/

TRANSPONDER TYPE: R1-859A/APX-72 SERIAL NUMBER: 4143
RECELVER MEASURED AT
SENSITIVITY TOP ANTFNNA | ROTTOM ANTENNA
NORMAL -77.2 dBm -74.5 dBm
10 -63.0 dBm -59.2 dBm
LO/LO (FAA SABRE-80 ONLY) N/A N/A
TRANSMITTER MEASURED AT -
POWER TOP ANIENNA | BOTTOM ANTENNA
N(RMAL 825 watts 615 watts
10/10 (FAA SABRE-80 ONLY) N/A N/A

REMARKS: (All test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military
Specifications. See Appendix 2.)

1/ 9bth Consolidated Aircraft Maintenance Squadron, U.S5.A.F. Reserves.

2/ Back-up aircraft not available.




TRANSPONDER CONFIGURATION

C-130H



TRANSPONDER CONFIGURATION

C-130H
TOP ANTENNA, FLUSH MOUNT
M25707-2-02
CONTROL HEAD
C-6280(P)/APX - COAXIAL CABLE
RG-225/U
— 5 FEET
[
r
TRANSPONDER SET O '\ SWITCHING UNIT
TRANSPONDER SA-147h /A
|| TEST sET
RT-859A/APX~72 TS- 1843A/APX
COAXIAL CABLE, RG-225
2 FEET - COAXIAL CABLE
= - RG-225/U
2 FEET

S

COAX1AL CABLE, RG-231/U
36 FEET (FOAMFLEX)

BOTTOM ANTENNA
FLUSH MOUNT
M25707-2-02









TRANSPONDER SYSTEM ANALYSIS

C-130H



1,

2,

ql

TRANSPONDER SYSTEM ANALYSIS
ORGANIZATION,
Faa [}

Air Carrier l:] Military

TEST ERUIPFENT.

Manufacturer; Packard-Bell

Alr Taxi D

General Aviation [ ]

(S/N A655)

Model: AN/UPM-137A

Calibration Frequency: 0 days

Last Calibration Date: September 10,1984

wo [

Calibration Within Limits? yes

TRANSPONDER.

Manufacturer: Hazeltine

Model: © RT-859A/APX-72

Serial Number: 4143

TS0'd? yes no [ ]

Class 1B - 2B:

Class IA - 2A: (Military Specifications)

Calibration Instructions (Obtain Copy)? yes [X_.x] not available D

Calibration Instructions in Consonance with Appendix

MAINTENANCE PROGRAM,

Continuous Airworthiness Maintenance Program? yes
Approved Aircraft Inspection Program? yes
Scheduled Bench Maintenance? yes
Scheduled Inspection in Alircraft? yes

ves xx] mo [

F, Part 437

no

[
1

[Xx |

no

] no [XxX frequency: Demand
] no FX{  frequency:Pemand

AWS-350/FY-85/Fom 1
(Page 1 of 3)



EANSFUNEK, ST (EN ARELYS(S WL

‘5. AIRCRAFT,
Type: C-130H
Number of Transponders Installed:

1

Date Transponder System Installed: 1981

Coax. Type: RG-225/U & R6-231/U_ (See Transponder Configuration Diagram)

Anteana Type:Flush Mount, type M25707-2-02

Antenna Checked Periodically? yes l:l no

Coaxial Cable Tested Periodically? yes [ | no 1/

Transponder in Aircraft Systems Check Performed? yes l:[ noe EE
Frequency: Perlodically NO Demand YES 1/

6. TRANSPONDER TEST.

Reference Appendix F of Part 43 -—-

Reply Radio Frequency (1090 } 3MHz): 1089,1 Mhz.

Transponder Power Output: 950 watts

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec Y

Transponder Interrogation Response:

P, Pulse Amplitude Equals P, Pulse Amplitude (Response £12): 0.K

P, Pulse Amplitude 9db& B Pulse Amplitude (Respomse 2 90%): 0.K.
Recelver Sensitivity Verification by use of Test Set: normal low
top ant.| -77.2 -63.0
Connected to the Antenna end of Transmission Line (-73}4dbm): -74 & -59,
bottom ant.
Connected to the Transponder Antenna Terminal with Transmission | -77.2 -63.0
Line Loss Correction (-73%}4dbm):

1/ These parameters are constantly monitored by the Transponder Set Test Set,
TS-1843A, and failures or out-of-tolerance conditions are annunciated on

the control head on every preflight and/or each time the test is initiated
from the control head.

AWS-350/FY-B85/Form 1
(Page 2 of 3)



_TRANSPONDER SYSTEM ANALYSIS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-73%4dbm): N/A

Mode 3/A and Mode C Receiver Sensitivity Difference (41ldb): No difference

Record:
Complied with Provisions of FAR 43.9 as to:

Content: Yes

Form: Yes

Disposition of Records: Yes

7. RECORDS (novermer 1, 1933 - novereer 1, 1981), Rl

Number ¢f Pilot Complaints: 2

Number of Correlating Bench Check Verifications: 1

Mean Time Between Removals (MTBR): [nsufficient data

Confirmed Failure Rate of MTBR: Insufficient data

8. COVENTS.

1/ Records were available only for a 90-day period preceding November ], 1984.

AWS-350/FY-85/Form 1
(Page 3 of 3)



CAL IBRATION PROCEDURES

AN/APX-72



NAVAIR 16-30APX72-2/NAVSHIPS 0967-217-4020
TM11-5895-490-35/T. O. 12P4-2APX72-2

Table 4-44. Complete Alignment and Adjustment Procedures
Using AN/UPM-137 (Cont)

STEP PROCEDURE REMARKS
4. Ditch length a. Ensure C-6280(P)/APX

adjustments (AN/APM=-239) MASTER switch

{RT-859/ is in STBY. Remove cables

APX-72) between ANT. J5 (receiver-

transmitter) and RF IN/OUT
on AN/UPM-137. Connect the
10-dB attenuator to ANT. J5
and a cable between the
attenuator and SIG GEN
IN/OUT,

b. Set AUX ATTEN +3-60 dB dial
to 0 and adjust OUTPUT
ATTEN 0-100 dBm control to
obtain -27 dBm at ANT. J5.
Connect oscilloscope Chan-
nel A probe to AlTP4.

¢. Adjust AlR10 to obtain See waveform at TP4
trapezoidal waveform with of figure 6-4.
base line equal to 13.5 us.
Disconnect probe from AlTP4.

4A. Wide pulse a. Setup AN/UPM-137 using the

detector preliminary and starting
adjustments procedures in paragraphs
(RT-859A/ 4-12.a and 4-12.b, page
APX-72) 4-46, establishing an

output level 3 4B above
MTL. Ensure that AUX-
ATTEN-13-60 dB is set to 0.

b. Set MODE 1 switch of
AN/UPM-137 to MODE 1 (off)
and MODE C switch to ON
{up) . Set M1-TEST/ON/OUT
switch of AN/APM-239 to
QUT and MC-TEST/ON/QUT
switch to ON. The
C-6280 (P) /APX MASTER
switch should be set to
STANDBY.

c¢. Remove cable from AUX MOD
IN and connect to CHAN B
VIDEC IN of AN/UPM-137
oscilloscope. Set CHAN B
759 switch to IN.

Change 1 4-293



Lt avmovidtAT eEs NAVOLIPS V967-217-4020
TMll 5895-490-35/T.0. 12P4-2APX72-2

Table 4-44. Complete Alignment and Adjustment Procedures
Using AN/UPM-137 (Cont)

STEP PROCEDURE REMARKS
4A. Wide pulse d. Adjust the CHAL/TAG WIDTH

detector control on the AN/UPM-137

adjustments for 1.4 ps pulse width,

(RT-859A/ Reconnect cable to AUX

APX-72) MOD IN. Assure that the

(Cont) electronic counter is con-

nected to SUPPRESSION OUT
jack on AN/APM-239.

e, Adjust A1lR10 until elec-
tronic counter indicates
an average of 10 counts
per second. Note: Adjust
AlR10 cw to reduce the
count.

f. Rotate the OUTPUT ATTEN
on the AN/UPM-137 from
3 dB to 50 dB above MTL.
If electronic counter
indicates higher than an
average ten counts, read-

just AlR10.

5. Side lobe a., Ensure C-6280(P) /APX
suppression (AN/APM-239) MASTER switch
adjustments is in STBY.
for trans-
ponders b. Connect CHAN B VIDEO IN
equipped of oscilloscope to VIDEO
with AR3, OUT on rf generator. Con-
Part No. nect CHAL/TAG VAR AMP OUT
4023409~ of SIS generator to MAIN
0501, or MOD IN of rf generator.
4023409- Adjust AUX ATTEN +3-60 dB
0502 dial to 0 dB. Set the

CHAL/TAG switch to SLS

OUT and the SLS POSN con-
trol to NORM. Connect

SLS OUT to AUX MOD IN.
Verify that SLS pulse is
present and equal in ampli-~
tude to the interrogatior
pulses on oscilloscope
Channel B. Adjust AUX
ATTEN +3-60 dB dial if
necessary to obtain
equality then increase dial
reading by'9 dBl

-294 Change 1



ey e 2umoUAK XT272/NAVSHIPS 0967 217-4020
TM11-5895-490-35/T.0. 12P4 2APX72-2

Table 4-44. Complete Alignment and Adjustment Procedures
Using AN/UPM-137 (Cont)
STEP PROCEDURE REMARKS
5. Side lobe c. Adjust OUTPUT ATTEN 0-100
suppression dBm control to obtain -64
adjustments dBm at ANT. J5 of receiver-
(Cont) transmitter. Connect CHAN

A VIDEO IN_of oscilloscope
to AlTP2. Adjust AlR6 until
ISLS pulse appears inter-
mittently at Al1TP2, then
readjust until ISRES pulse
disappears. Sweep OUTPUT
ATTEN 0-100 dBm dial from
3 dB to 50 dB @bove) MTL
(77.5 dBm). If ISLS pulse
reappears intermittently
from 6 to 50 4B below

MTL, repeat adjustments
until ISLS does not appear
in this range. Disconnect
probe from AlTP2.

Setup the equipment as di- 90% replies
rected in step 3.a, page
4-290. The AUX ATTEN and
OUTPUT ATTEN should be set
for a -77.5 dBm signal at
ATN. J5. On the C-6280(P)/
APX (AN/APM-239), set the
M2-TEST/ON/OUT switch to

ON and all other modes to
OFF. On the SIS generator
of the AN/UPM-137, set the
CHAL/TAG CODER MODE 2 switch
to ON and all other mode
switches to off. Adjust
AlR25 until counter indi-
cates an average of 450
counts.

Set C-6280(P)}/APX MASTER to
STBY. Repeat steps 4.a. and
5.b. and c¢. and adjust AlR®6
only if required. If AlR®G,
requires adjustment, repeat
step 5.d. adiusting AlR25
only if required. 1If A1lR25
requires adjustment, repeat
complete cycle until no
further adjustments are
required,

Change 1 4-295



NAVAIR 16-30APX72-3/NAVSHIPS 0067-217-4020
TM11-5895-490-35/T.0. 12P4-2APX72-2

Table 4-44. Complete Alignment and Adjustment Procedures
Using AN/UPM-137 (Cont)

STEP PROCEDURE REMARKS

5. Side 1lobe f. Restore equipment connec-
suppression tions as stated in step
adjustments J.a.
(Cont)

5A. Side Lobe a. Ensure that C-6280(P)/
Suppression APX (AN/APM-239) MASTER
Adjustments switch is in STBY.
for trans-
ponders b. Connect CHAN B VIDEO IN
equipped of oscilloscope to VIDEO
with AR3, OUT on rf generator.
Part No. Connect CHAL/TAG VAR AMP
4023409~ OUT of SLS generator to
0503 MAIN MOD IN of rf

generator. Adjust AUX
ATTEN +3-60 4B dial to

¢ dB. Set the CHAL/TAG
switch to SLS OUT and

the SLS POSN control to
NORM. Connect SLS OUT

to AUX MOD IN. Verify

that SLS pulse is present
and equal in amplitude to
the interrogation pulses

on oscilloscope Channel B.
Verify that the width of
all pulses is 0.8 micro-
second. Adjust AUX ATTEN
+3-60 dB dial if necessary
to obtain equal amplitudes,
and then increase dial read-
ing by 9dB. Connect elec-
tronic counter to SUPPRES-
SION OUT jack on AN/APM-239.

C. Sweep OUTPUT ATTEN 0-100
dBm control from 3 dB to
50 dB Gelow minimum
triggering level (MTL)
(77.5 @Bm). Verify that
the electronic counter
reads 500 (full firing)
for levels from § 4B to
50 dB below: MTL. If mis-
firing occurs, adjust Al1R6
slightly to obtain full
firing.

~296 Change 1
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AIRCRAFT INSPECTION WORK CARD

26

FORM
JUR 1)

AFTO

-
CARD NO. ]W'\RK AREA(S) 1—'rVPE MECH R~" MECH NO, {CARD TIME FUBLICATION NUMBET ‘ND DATE ‘CHAN‘ RECORD

1 WORK UNKIT CODE ‘-‘f# C’AA’JE:EDEOPTJWER slgagt CARD NO.
MAN =% |FOR DISCREPANCY FUNCTIONA TEST __ (NsPECTION
wiores |85 MoreT ovene AN -APX 72 REQUIREMENTS
AND COMP
PRELIMINARY SETTINGS AN/APM239
1. POWER SWITCH ON
2. SET AC AND DC LEVELS USING CONTROLS
3. MODE C ENCODER SIMULATOR:
a. ALL SWITCHES OFF
b. TEST CONDITION VOLTS
c. ALTITUDE DIGITIZER OUT
4. MODE 4 N/A
5. X PULSE OFF
CARD NO. | WORK AREA(S} TYPE MECH RGR MECH NO.

CHAMGE RECORD

CARD TIME I PUBLICATION NUMBER AND DATE



MAN
MINUTES

WCQRK UNIT CODE
FOR DISCREPANCY

FUNCTIONAL TEST  |nspection

§YS§ | sUB-5Y5
AND COMP

AN/APX-72

REQUIREMENTS

ELEC POWER

SERVYICE

CARD NO.

2

AC/DC

CONTROL BOX

a. MODE 4
b. MASTER
c. RAD TEST

d. MODE SWITCHES
e. (IDENT/MIC)
f. MODE ONE

g. MODE 3/A

h. MODE 2 (RT)

AC/DC

ALL OFF
OFF
ouT
ALL ON
OouT -
CODE 73

CODE 7777

CODE 7777




PREVIOUS EDITION
wiLl 8€ us{o.

AFTO [ 26 A\RCRAFT INSPECTION WORK CARD

CARD NO. | WORK AREA(S) |TVI‘E MECH RM® MECH NO. CARD TIME PUBLICATION NUMEBEP AND DATE iCHANF" RECORD
LCL-918~% -60-2 1 INEI5
WORK UNIT CODE - : T<f CArmiELEC POWER | SERVICE CARD NO.
MAN & X [FOR DISCREPANCY, PUNCTIONAL TEST INSPECTION
miNUTES [ 2% [ gvs | sup-srs AN/APX/72 REQUIREMENTS
AND COMP . -
PRELIMINARY SETTINGS AN/UPM-137
a. SIS GENERATCOR:
1, SUPPRESSOR N/A
2. PRF
a. RANGE MULT X100 /
b. MULT 1-11 5.0
3. SIF CODER1 N/A
4. Sif CODER 2 N/A~
5. TRIG
a,. 8E§SRANGE MULT QFF _
CARD NO. | WORK AREA(S) TYPE MECH RQR [wecH Mo, | carD Time PUBLICATION HUMBER AMD DATE CHANGE RECORD




ELEC POWER SERVICE CARD KO,

o vnmors]  FUNGTIONAL TEST  jnseection
svs | sue-svs AN/APX-72 REQUIREMENTS 4

AND COMP

o
MAN (Bu
MINUTES | ¥«

6. MIXED VIDEO
a. MIXED VID SEL TAG RESET
b. VAR AMP MAX CW
7. CHAL/TAG CODER
a. MODE REPEAT 1
b. SWITCHES MODE 2 ON
8. CHAL/TAG RESET SUBST
a. SELECT OFF

9. SIDELOBE SUPPRESSION
a. SLS WIDTH NORM

SLS POSN RM




; CARD MO, woa) AREALS) I!'I'\'PE MECH Rl MECH NO. CARD TIME PUBLICATION NUMBQ o DATE o CHAN o ECORD
Sg LCL-HE TA. 50-21) unef5

;3 WORK Y4 cATkiec rower SERVICE CARD NO,
5 o | ED |ro mscrerancy] T UNCTIONAL TEST  |yorection

£l wnutes | 3% [ ovs | sue-svs ~ AN, APX-72 REQUIREMENTS

AND COMP

% 10. CHAL/TAG RESET VIDEO

X a., CHAL/TAG SLS OUT

O

= b. CHAL/TAG WIDTH NORM

=

Q

5 c. CHAL/TAG VAR AMPL MAX ON

d

a.

Y B. RF SIGNAL GENERATOR

E 1. TRANSMITTER:

o

O

5 a. XMTR FREQ XTAL

@ b. CW SORCE INTL 1030 MH2Z
52 2. VIDEO N/A

E CARD NO. WORK AREA{S) TYPE MECH RQR MECH NO. CARD TIME PUBLICATION HNUMBER AND DATE CHANGE RECGORD
=




WORK UNIT CODE ELEC POWER SERVICE CARD NO.
wan  |ES |rom DiscRErancy FUNCTIONAL TEST _ inspection
wnites (£2 [ o Tsussrs | AN/APX-72 REQUIREMENTS 6
AND COMP
3. RF N/A
4, AUXATTEN NEG 25 DBM
5. OUTPUT ATTN g‘DBM

C. INTERROGATOR SIGNAL SIMULATOR

1. PRF COUNTER

a. METER SELECTOR X1000
2, TRANSMITTER N/A
3. SYSTEM SIMULATOR N/A (EXCEPT FOR PR

PRELIMINARY CABLE CONNECTIONS AND SETTINGS

i, OPEN AND SEPARATE R/T UNIT ON EXTENDER CABLES, AFTER
DEP RESSURING.

2. RB/T UNIT POWER PLUG CONNEGTED TO POW®R PLUG ~N APM
[ 2. | —

i



PREYIOUS EDITION
WiLl 8F USED.

AIRCRAFT INSPECTION WORK CARD

26

AFTO

FORM
JUR 70

CARD NO. WwARK AREA(S) IT\'PE MECH BT MECH NO. CARD TIME PUBLICATION NUMBFE 1D DATE CHAN ECORD
7 LCL—%B’?A(-, 20-211 _ne 45
WORK — T e AT eLec Power SERVICE CARD NO.
AN =X |ror D|::;TE:A°N:;EY PUNC-TIONAL TEST INSPECTION
wiINUTES | £% [ oy | sus.srs AN, APX-,2 REQUIREMENTS
AND COMP . _
3. _R/T UNIT ANTENNA CONNECTED TO RF IN/OUT OF RF SIGNAL
GENERATOQR. '
4. APM-239 EXTERNAL SUPPRESSION OUT JACK CONNECTED TO
SCOPE CHANNEL B.
a. EXT TRIG ON SIS PRF TO AUX TRIG IN ON APM}-239 -
5. UPM-137
a, RF SIGN GEN, SIG GEN IN OUT JACK CONNECTED TO LOW
20dB JACK, -
b. RF 81G GEN, VIDEQO QUT JACK CONNECTED TO SCOPE
CHANNEL A.
¢. RF SIG GEN, AUX MOD IN JACK CONNECTED TO SLS OUT
JACK ON 818, -
CARD MO, WORK AREA(S) TYPE MECH ROR

PUBLICATION NUMBER AMD DATE CHANGE RECORD

MECH NO. l CARD TIME




ELEC POWER SERVICE CARD KO.

o seniraneel _FUNCTIONAL TEST __ iuspecTion

o
N {Ey
uintres |85 [Tovs [ sus-svs AN/APX-72 REQUIREMENTS 8
AND COMP

d. USING A TEE CONNECTOR, CONNECT CHAL/TAG VAR AMPL
JACK (SIS) TO MAIN MOD IN JACK (RF SIG GEN) AND PRF
COUNTER IN JACK (ISS). TURN ON UPM 137 AND LET WARM
FOR AT LEAST 15 MINUTES BEFORE CHECKING OUT APX-72.

e. ADJUST PRF MULTI-1l (SIS) FOR 500 PRF METER (ISS).

f. SIS GENERATOR O TRIG JACK CONNECTED TO EXT SYNC IN
JACK ON SCOPE."

6. REMOVE COVER OFF RF HEAD BY REMOVING 3 SCREWS,

7. MASTER SWITCH ON CONTROL BOX TO NORM,

8. USING EXT SYNC (DC POS, SET UP SCORE SO THAT B CHANNEL

HAS THE EXTERNAL SUPPRESSION PULSE AND A CHANNEL HAS
THE INTERROGATION PULSES AND THE REPLY PULSE TRAIN.




AFTO 3% 26 ARCRAFT INSPECTION WORK CARD Mgty

CARD NO.

2K AREALS) "TYPE MECH F MECH KRO. |CARD TIME PUBLICATION NUMBE" *NMD DATE CHAN"  “ECORD

LCL-9187F 60-2) . ne7b

MAN
MINUTES

WORX UNIT CODE
FOR DISCREPANCY

$YS | SUB-SYS
AND COMP

T LEC POWER SERVICE * Yearo wo.
FUNCTIONAL TEST  inspecTion

BENCH CHECK
A, PRECHEGK

VOLTAGE LEVEL ADJUSTMENTS

1. USING THE FLUKE DIFFERENTIAL VOLTMETER, CONNECT POSITIVE

LEAD TO GROUND AND NEGATIVE (GROUNDING JUMPER ON
METER DISCONNECTED) LEAD TO AR3TP3. ADJUST AR3R76 FOR
VOLTAGE READING OF ~4.5 VDC+.025 VDC.,

2. CONNECT NEGATIVE LEAD QOF DIFFERENTIAL VOLTMETER TO
GROUND AND POSITIVE LEAD TO AR3TP2. ADJUST AR3R73 FOR
VOLTAGE READING OF 4,5+.025 VOLTS.

3. TURN MASTER CONTROL ON C6280 TO OFF & RE-INSTALL RF

COVER. PUT MASTER CONTROL TO NORM,

CARD NO.

WORK AREA(S) l TYPE MECH RQR

MECH NO. | CARD TIME | PUBLICATION NUMBER AND DATE CHANGE RECORD




- B
WORK UNIT CODE ELEC POWER SERVICE CARD NO.

FOR DISCREPANCY FUNCTIO NAL TEST INSPECTION

miNUTES §E avs | sus-svs | AN/APX-72 REQUIREMENTS 10
AND COMP

1. RECEIVER SENSITIVITY TEST (NORMAL)

a. ROTATE 0-100 DBM DIAL UNTIL SUPPRESSION PULSE FLASHES
OVER {MINIMUM TRIGGERING LEVEL).

b. DBM DIAL PLUS- POWER PROBE CALIBRATION CHART (LOW)
PLUS CABLE EQUAL RECEIVER SENSITIVITY.

d. IF RECEIVER SENSITIVITY IS LOW, TURN MASTER SWITCH TO
STBY MODE C SWITCH OF UPM 137 TO ON AND ALL THE REST

TO OFF POSITION. CONNECT CHAN A VIDEO IN OF OSCILLOSOPH
TO AITP6 ON RT 859/APX 72.

(1) ADJUST A8R6 NORMAL SENSITIVITY ON RF HEAD FOR MAXIMUM
ALPLITUDE OF THE PULSE AT AITP6.

‘) KEEP THE 0-100 DBM DIAL SET "~ MTL 2" MEAS’ "E FROM
IE_PEAK

1 __ENTER OF BASE LINE NOISE TQ C, .;ER OF



PREVIOUS EDITION
wiLL 8 USED.

CARD NO.

11

=gk AREA(S) . ]T\'P! MECH R™™ MECH NO. |CARD TIME PUBLICATION NUMBF D DATE CHAN ECORD

LCL_M 450"2 ].l )_.116715

MAN
MINUTES

WORK UNIT CODE
FOR DISCREPANCY

SYS | SUB-SYS
AND COMP

FUNCTIONAL TEST G4 CAFTELC power | seRvice

INSPECTION

AN/APX -72 REQUIREMENTS

AIRCRAFT INSPECTION WORK CARD

26

FORM
JUN 20

AFTO

(2 con't). PULSE NOISE. IF A MAXIMUM AMPLITUDE IS LESS THAN
0.9 VOLT MINIMUM, RT859 (A)/APX 72 IS DEFECTIVE. IF OK,
MEASURE VOLTAGE DIFFERENCE BETWEEN PEAK OF THE UPPER AND
LOWER LEVEL OF BASE LINE NOISE. SHOULD BE A MINIMUM OF
0.2 VOLTIS. IF LESS, IT INDICATES A BAD RT 859.

e, REMOVE PROBE FROM AlITP6 and connect to AITP2, AD-
JUST TIME BASE ON OSCILLOSCOPE TQO OBSERVE TWO INTERROGA-
TIONS, ADJUST AlR22 CLOCKWISE UNTIL CIRCUIT BEGINS TO
TRIGGER ON NOISE, THEN TURN AlR22 COUNTERCLOCKWISE
SLIGHTLY UNTIL NO TRIGGERING ON NOISE IS OBSERVED.

f. IF NORMAL SENSITIVITY IS STILL LOW SET C-6280 (P) APX
(APM239) MASTER TO NORM, MC-TEST/ON/OUT SWITCH TO ON.
0-100 DBM DIAL TO MTL. ADJUST AlR25 SLOWLY CLOCKWISE
(KEEPING IN MIND ORIGINAL STARTING POINT) AND SEE IF MISFIRE
ACROSS SUPPRESSION GATE STOPS. IF SO, INCREASE Q-DRM DIAL

CARD HO.

WORK AREALS)

TYPE MECH ROR

MECH NO. | CARD TIME PUBLICATION NUMBER AND DATE CHANGE RECORD




ELEC POWER SERVICE CARD NO.

ox oiscreraney] _FUNCTIONAL TEST  |nspecTion 12

FOR DISCREFANCY
s¥s | sup-svs AN/APX-72 REQUIREMENTS

AND COMP

MAN
MINUTES

UNJFLMISFIRING TAKES PLACE AGAIN. REPEAT THIS PROCESS UNTIL
A DBM OF -77.5 IS AT J5 ANTENNA JACK. REMOVE PROBE FROM RT
AND OSCILLOSCOPE AND RECONNECT VIDEQ OUT CABLE TO CHAN-

NEL A.
a. SET THE C-6280 (P}/APX ON APM 239 MASTER SWITCH TO

LOW. SET MODE C SWITCHES ON THE C-6280 AND UPM 137 TO ON
AND ALL OTHERS TO OFF. i '

WS .

c. CONTROL C6280 TO NORMAL.

3. TRANSMITTER POWER TEST AND ADJUSTMENT

a. ADJUST Fl PULSE, USING 0-100 DBM DIAL, FOR VOLTAGE

RE NG FROM DEMODULATOR CALIBR JON CE T FOR 30 MC.




PREVIQUS EDITION
WILL B8E USED.

AFTO 5% 26 A\RCRAFT INSPECTION WORK CARD

CARD NO. I -"K AREA(S) I Tvre MECH RO® MECH NO. |CARD TIME PUBLICATION NUMBF D DATE ‘ {CHAN'  SCORD

13 | LCLI18-F&C: «0-2 Il]h..e75i
C,&’/ (42 d roweEn SERVICE CARD NO. p
e |E3 [rom iscReraney FUNCTIONAL TEST inspecrion
winuTes |2 1 oo T susosvs AN/APX-72 REQUIREMENTS
AND COMP =

b, ADJUST F2 PULSE AS IN THE PREVIOUS STEP.
c. SET 0-100 DBM DIAL HALFWAY BETWEEN EACH READING.

d. {27) PLUS (DBM DIAL)PLUS (POWER PROBE CALIBRATION)
CHART, LOW EQUALS TRANSMITTER POWER .FROM CONVERSION
CHART DBM TO WATTS

f. IF LOW, TURN MASTER TO OFF AND TAKE COVER OFF RF HEAT
BY REMOVING 3 SCREWS. TURN MASTER TO NORM, ADJUST AR2
Cl FOR MAXIMUM PULSE HEIGHT. IF STILL LOW, CHECK FILA-
MENT VOLTAGES OF 6.3VBC. IF VOLTAGES ARE OK, RF ASSEM-
BLY IS BAD.

4, SIDEBODE SUPPRESSION ADJUSTMENTS
a. INSURE C-6280 (P)(ONAPM-239) MASTER SWITCH IS IN STBY

TMECH NO. | CARD TiMz PUBLICATION NUMBER AND DATE CHANGE RECORD

CARD MO. | WORK AREA(S} TYPE MECH RQR




WORK UNIT CODE ELEC POWER SERYICE CARD NO,

ror piscrepancy] _ FLUUNCTIONAL TEST  INSPECTION
sys | suB-svs AN/APX-72 REQUIREMENTS 14

AND COMP

MAMN
MINUTES

b. CONNECT CHAN B VIDEO IN OF OSCILLOSCOPE TO VIDEO
QUT OF RF GENERATOR. CONNECT CHAL/TAG VAR AMP OUT OF
SIS GENERATOR TO MAIN MOD IN OF RF GENERATOR. ADJUST
AUX ATTEN +3~60DB DIAL TO ODB. SET. THE CHAL/TAG SWITCH
TO SLS OUT AND THE SLS POSN CONTROL TO NORM. CONNECT
. SLS OUT TO AUX MOD IN. VERIFY THAT SLS PULSE IS PRESENT
AND EQUAL IN AMPLITUDE TO THE INTERROGATION PULSES ON
OSCILLOSCOPE CHANNEL B. ADJUST AUX ATTAN +3-60DB DIAL,
IF NECESSARY, TO OBTAIN EQUALITY THEN SET DIAL 9DB HIGHER.

c. ADJUST OUTPUT ATTEN 0-100 DBM CONTROL TO OBTAIN -64
DBM AT ANT ]S OF RT-859. CONNECT CHAN A VIDEO IN:OF OS-
CILLOSCOPE TO AITP2. ADJUST AIR6 UNTILX!SLS PULSE APPEARS
INTERMITTENTLY AT AlTP2, THEN READJUST UNTILXISLS PULSE
JUST DISAPPEARS. SWEEP OUTPUT ATTEN 0-100 DBEM DIAL FROM
3DB TO 50DB.BELOW MTL (77.5 DBM AT ANT J5 OF RT 859) IFXISLS
PULSE REAPPEARS INTERMITTENTLY FORM 6 TO 50 DBM BELOW MTL
REPEAT ADJUSTMENTS UNTIL EISLS DOES NOT APPEAR IN THIS RANGE|}




CARD NO. | >~gK AREA(S)

I'I'\""E MECH P~™ MECH NO. [CARD TIME PUBLICATION NUME 4D DATE CHA! “CORD

PREVIQUS EDITION
WIiLL BE VUSED

AFTO % 26 A|RCRAFT INSPECTION WORK CARD

15 LCLABIAG- J-2 1l Tu..e 75|
N 7Y Vi 1
e .:;?;;c:gpc“o"?y FUNCTIONAL TEST _ msrecrion '3 ELEC POWER SERVICE CARD NO
MNUTES | 8% [ ovs | sus-sts AN/APX-72 REQUIREMENTS
AND COMP
5. PULSE CHARACTERISTICS TEST
a. INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE
TRAIN,
b. CONTROL BOX MASTER SWITCH TO BRPEREMERG,
c. INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE
TRAINS.
d. CONTROL BOX MASTER SWITCH TO NORM,
e. SELECT IP AND RELEASE.
INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE
TRAINS FOR THIRTY SECONDS.
5. INTERROGATE ON MODE 2 ONLY.
CARD NO. | WORK AREA(S) TYPE MECH ROR [ WecH wo. [ Card Time FUBLICATION NUMBER AND DATE CHANGE RECORD




WORK UNIT CODE T e TR
FOR DISCREPANCY EST INSPECTION
SYs | suB-5YS AN/APX-72 REQUIREMENTS 16

AND COMP

X
man |G
MINUTES |Z <

h. INSERT X PULSE ON APM-2389,

i. CHECK FOR X PULSE IN ITS PROPER POSITION,

j. REMOVE X PULSE.

k. ADJUST Fl PULSE TO MEASURE THE WIDTH OF THE PULSE.

1. PULSE WIDTH SHOULD BE .45 MICRO SEC AT THE 50%
AMPLITUDE POINTS.

6. AUTOMATIC OVERLOAD TEST
a. PUT +3-60DM DIAL TO 20.

b. ADJUST 0-100 DBM DIAL 3 DB DOWN FROM MINIMUM TRIG-
GERRING LEVEL.

c. PRF METER SELECT (ISS)} TO X10,000.

d. REDUCE MULT ]-11 ON SIS PR™ D 0.




FREYIQUS EDITION
WILL 8E USED.

AIRCRAFT INSPECTION WORK CARD

26

FORM
JUN 70

AFTO

CAiD NO, I wNRX AREA(S) 1T!’PE MECH ROR MECH NO. CARD TIME FUBLICATION NUMB" ND DATE iCHAF’ “ECORD
7 LCL Q—tﬂ'IZJ;rG 0-211, 751
WORX UNIT CODE ?? - ELEC POWER SERVICE CARD NO.
wan | ES |Fom piscrerancy FUNCTIONAL TEST INSPECTION
winuTes | 8% | ovs | sup.svs AN/APX-72 REQUIREMENTS
AND COMP

e. SET SIS PRF RANGE MULT TO 1000.

ACROSS OPEN SPACE.

-

7. RECEIVER FREQUENCY TEST

SWEEP SYNC OUT JACK (RF SIG GEN)

TO SCOPE FREQ MARKS IN.

g. PRF SHOULD BE 1200 PLUS OR MINUS 100.

c. XMTR FREQ SWITCH (RF SIG GEN)IO SWEEH].
d. USING EXT POS SYNC ADJUST CHANNEL A FOR WAVE FOR SHOW]

f. ADJUST PRF (SIS) UNTIL SUPPRESSION PULSE STARTS TO MISFIRE

a. DISCONNECT CABLE FROM O TRIG JACK (SIS) AND CONNECT TO

b. CONNECT CABLE FROM SWEEP FREQ MARKS JACK (RF SIG GEN)

CARD NO.

MECH NO. | CARD TIME

WORK AREA(S) ‘ TYPE MECH RQR

PUBLICATION NUMBER AND DATE

1““:: RECORD




WORK UNIiT CODE ELEC POWER SERVICE CARD NO.

%% |ron DISCREPANCY FUNCTIONAL TEST ,uspecrion
£2 [Tovs | sus-srs AN/APX-72 REQUIREMENTS 8

AND COMP

MAN
MINUTES

e. CONNECT ! TO 1 PROBE TO TP6 Al BOARD.
f. INCREASE PRF TO 5,000.

g. ADJUST VERTICAL LEVEL FOR PRESENTATION.

h. ADJUST 0-100 DBM DIAL FOR 6 DB BELOW MINIMUM TRIGGERIN(
LEVEL.

i. MAXIMUM BELL SHOULD BE 1030 MC PLUS OR MINUS 1.5 MC.

'



CARD NO.

18

] AKX AREA(S) IT\'PE MECH RFon MECH NO. CARD TIME PUBLICATION NUMB* ND DATE ECHAN FECORD

1

LCL SI8TAC _0-2 11 . . 75]

PREVIOUS EDITION
Wikl BE USED.

MAN
MINUTES

1 B
WORK UNIT CODE
FOR DISCREPANCY

5Y5 ] SUB-5YS
AND COMP

CARD NO.

- i L POWER 1 SERVIE
FUNCTIONAL TEST wepecron 7 77| 55 <

AN/APX-72 REQUIREMENTS

AIRCRAFT INSPECTION WORK CARD

26

FORM
JUN 70

AFTO

j. BAND WIDTH OF BELL SHOULD BE NO LESS THAN 7 MC. IF NOT
WITHIN LINITS, ADJUST Z1Cl1 AND ARIC3 ALTERNATELY FOR THE BES1]
OBTAINABLE WAVEFORM ABOUT 1030 MHZ. OBTAIN BEST COMPRO-
MISE BETWEEN PEAK RESPONSE AND WAVEFORM SYMMETRY. SHOUI
ADJUSTMENT OFZICl AND ARIC3 NOT PROVIDE PEAK RESPONSE AT
1030 MHZ, LOOSEN LOCK NUTS AND ADJUST Z1C2, Z1C3, ARICI,
ARIC2 AND ARIC3 IN GIVEN ORDER FOR PEAK RESPONSE. THEN RE-
ADJUST Z1C]1 AND ARIC3 ALTERNATELY FOR THE BEST OBTAINABLE
WAVEFORM ABOUT 1030 MHZ.

k. ROTATE 0-100 DBM DIAL TO 0,
1. REMOVE 1 TO 1 PROBE FORM TP6 AND SCOPE A CHANNEL.

TRANSMITTER FREQUENCY TEST

a. CONNECT CABLE FROM FREQ PROBE JACK (RF SIG GEN) TO SCOE’E

A CHANNEL,

CARD NO.

WORK AREA(S)

TYPE MECH RQR

MECH NO. ] CARD TIME

D

PUBLICATION NUMBER AND DATE - |cm“¢ RECORD

ba e n e et ey ) gpmnch - e




¥LEC FOWER SERVICE TARD NO.
WORK UNIT CODE
uay  |ES |ror prscrerancy _FUNCTIONAI, TEST IRNESQPUEI(I:H?I?ENTS -
[=]
MINUTES (2% | gvs sus.svs AN/APX-72 20
AMD

b. ADJUST VERTICAL LEVEL AND 0-100 DEM DIAL FOR PR.ESENTATIO]%J.

c. CENTER OF BELL SHQULD BE 1090 MC PLUS OR MINUS 3 MC,
Qg
§£

A I 4 ll;; A .

d. IF NOT WITHIN LINITS, ADJUST 22C] TO CENTER FREQUENCY
SPECTRUM AT 1090 MHZ.




TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
11/27/84

F-4D, GEORGIA AIR NATIONAL GUARD



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

{MEASURED AT TRANSPONDER)

Characteristic

12.
13.
14,
15.

Dead Time
Suppression Time
Reply Power
Frequency

F1 Pulse Width
F2 Pulse Width
Sensitivity
Delay Time Difference
Reply Jitter
Mode A Delay
Mode C Delay

F1 - F2 Pulse Spacing

Side Lobe Suppression Decode Accuracy

Mode A Deccde Accuracy

Mode C Decode Accuracy

PRIMARY AIRCRAFT

F4D

AF-66-7588
KY-532B/ASQ S/N 61

Test Reading

125.0 us.
27.2 us
Normal 825 /low 825 Watts
1090.0 MHz.
0.45 us.
0.45 us.
Normal -73.0 /Low -57.2 dBm.
0.0 us.
0.0 us.
3.0 us.
3.0 us.
20,3 us.
1,0/2.3 us.
7-4/8.45 us.
20.4/21.45 us.




TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT ONLY

DATE

11/27/84

AIRCRAFT NUMBER: AF-66-7588

TYPE: FA40

LOCATION: Dobbins A.F.B. 1/

TRANSPONDER TYPE: KY-532B/ASQ

[X] PRIMARY AIRCRAFT
_| BACK-UP AIRCRAFT

SERIAL NUMBER: ©!

RECEIVER — MEASURED AT
SENSITIVITY TOP ANTENNA | BROTTOM ANTENNA
NORMAL -70.1 dBm N/A
10 -54.0 dBm N/A
10/10 (FAA SABRE-80 ONLY) N/A N/A

T TRANSMITTER MEASURED AT
POWFR TOP ANTENNA ~ | BOTTOM ANTENNA
NORMAL 550 watts N/A
10/L0 (FAA SABRE-80 ONLY) N/A N/A

Specifications,

REMARKS: (ALl test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military
See Appendix 2.)

1/ 116th Tactical Fighter Wing, Georgla Air National Guard.




TRANSPONDER CONFIGURAT!ON
F-4D
GEORGIA AIR NATIONAL GUARD



CONTROL HEAD
C-6280(P)/APX

JRANSPONDER CONFIGURATION

F-4D

ANTENNA, FLUSH MOUNT

M25707-2-02

LOCATION: TOP, AFT OF COPILOT'S
CANOPY .

COAXIAL CABLE, TYPE BBP-62
18 FEET

TRANSPONDER
KY-532B/ASQ










TRANSPONDER SYSTEM ANALYSIS
F-4D

GEORGIA AIR NATIONAL GUARD



1,

2.

ql

TRANSPONTER SYSTEM ANALYSIS
ORGANIZATION,

FaA [ ) Air Carrier [ ] Military [xx]| Alr Taxi D General Aviation [_|

TEST ERUIPFENT,

Manufacturer: Packard-Bell

Model: AN/UPM-137A

Calibration Frequency: 30 days

Last Calibration Date: 28 September 1984

Calibration Within Limits? yes @ no D

TRANSPONDER,

Manufacturer: Collins

Serial Number: 6!

TS0 'a? ves [xx]1 ro [ ]

Class 1B - 2B:

Class 1A - 2A: (MiTitary Specifications)

Calibration Instructions (Obtain Copy)? yes

Calibration Instructions in Consonance with Appendix F, Part 437

MAINTENANCE PROGRAM.

Continuous Alrworthiness Maintenance Program? yes
Approved Alrcraft Inspection Program? yes
Scheduled Bench Maintenance? yes
Scheduled Inspection in Aircraft? yes

[0 B E

no

no

no

Bo

not available D

yes no [ ]|

1

|

Ez] frequency: Demand
frequency: Demang

AWsS-350/FY-85/Form 1
(Page 1 of 3)



AIRCRAFT,
Type: FA4D
Number of Transponders Installed:

]
1966

Date Transponder System Installed:

Coax. Type: pRp-62  (RG-225 )
Anteana Type: FTush mount P/N M25707-2-02

Antenna Checked Periodically? yes I:l no

Coaxial Cable Tested Periodically? yes [:' no

Transponder in Aircraft Systems Check Performed? yes [:l no
Frequency: Periodically Na Demand _ Yes

6. TRANSPONDER TEST.

Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 } 3MHz): 1090.0 MHz.

Transponder Power Output: 825 watts

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec ): X

Transponder Interrogation Response:

P, Pulse Amplitude Equals P, Pulse Amplitude (Respomse & 1Z): _ 0.K,

P, Pulse Amplitude 9db< P Pulse Amplitude (Response Z 90%):__ 0.K.

Receiver Sensitivity Verification by use of Test Set: normal low

Connected to the Antenna end of Transmission Line (-73%4dbm): =70.1 ~54.0

Connected to the Transponder Antenna Terminal with Transmission N/A N/A
Line Loss Correction (-73%}4dbm):

AWS-350/FY-85/Form 1
(Page 2 of 3)



_TRANSPONDER SYSTEM ANALYSIS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-73}4dbm): N/A

Mode 3/A and Mode C Receiver Sensitivity Difference (&ldb); No difference

Record:
Complied with Provisions of FAR 43.9 as to:

Content: Yes

b

Form: Yes

Disposition of Records:  Yes

7. RECORDS (novermer 1, 1983 - novereer 1, 1981),

Number of Pilot Complaints: (11 T Uni

Number of Correlsting Bench Check Verifications: 32

Mean Time Between Removals (MTBR): Insufficient data

Confirmed Failure Rate of MTBR: Insufficient data

8. COTENTS.

AWS-350/FY-85/Form 1
(Page 3 of 3)



CALIBRATION PROCEDURES

KY-532B/ASQ



AVIONICS

Control No 108

18 APR 1884

LCL 116TFW-014
KY-532B CHECKOUT AND

ALTIGNMENT FROCEDURES

REVIEWED BY:

APPROVED BY:

OPR: MAAC 4 April 1984



TEST EQUIPMENT REQUIRED

1.
Z.
3.
k.
e

ASM-B6 Distribution Box
Prequency Counter 53284
Digitel Voltmeter

PSM-6 Multimeter
UPM-137 Test Bet

Page ¢



LCL 116TFW-014
XY-5328 CHECKOUT AND ALIGNMENT PROCEDURES

This checkeheet 18 » complete alignment. However,it ie mesnt to be used in
confunction with the T.0., Page and paragreph referencees are given for this pur-
pose, All references are from T.0. 12P4-2ASQ-102-2.

STANDARD TEST BEQUIPMENT SETTINGS 7T.0. page 6-33 table 6-11
0S~-208

Channel A & B set to ) vo11/div on A and 2 volt/div on B.
75 _ohm switches to Out

Sync to Ext DC-
Time/Div to 10 usec/div
Sweep Delsy to L.80 XL

5M-559
PRF Meter to X1000

Imtr Freq to Xtal
S50-865

Suppressor Width tc Center

FRF Range to X100
PRF Molt to 5.0

SIF 1 CODER
Function to N
Width to Center

Subst pulse sel to Off

SIF 2 CapER

Irig Sel to Int
Width to Center

Trig Delay to Center

Subst Pulse Sel to Off

PAGE 1}



KY-532B CBECKOUT AND ALIGNMERT PROCEDURES

STAKDAFD TEST EQUIPMENT SETTINGS Continued

8G-B6£ Continued

CHAL/TAG CODER

Mode Repest to 1
Mode 1 to dowmn

Mode 2 to down

Mode 3 to up
Mode C to down

Mode L to dowmn

LCL 116TFW-014

NOTE: Always maintain #l) Mode switches down except the one in use

815 VIDTH to Nomm

S15 POSN to Norm

Trig Delay to Off

Trig Mult to 1.0
Mixed Video Sel to Tag Reset

Var Ampl to Center

Chel /Teg Reset Subst Sel to Off

Chal/Teg SIS to Out

Chel /Tag Width to Norm

80-866

NOTE:

Aux Atten to 10 db

Output Atten to 10db

Imtr Freq to Xtal

Imtr Of Source to Intl 1030

Some settings are not included as they are not normally moved. If in doubt

refer to the 7.0, page 6-33 Table 6-11,

PAGE 2



LCL 116TFW-014

KY-532B CHECEQUT AND ALIONMENT PROCEDURES

Use standard csble commections on pege 6-37, fig 6-7 of 7.0. 12PL-2A5Q-102-2,
1. POWEE SUPFLY T.0. page 6-35 pars L thru 8 and para 1la
Use a digital voltmeter to make the following checke and adjustmenta:
ASJlaeceapos 12 VDCee-=-adjust ASHL
ASJ2eaveeneg 12 VDCore=apdjast ASR9
ASJLkececepos 18 VDCov-e-no adjustment
ASI3eece=t,3 VAC=sesacaano adjustment
Pel & Fo2eeea=115 2 S VAC
KIT-1A plug pin 15---=-115 VAC
MASTER switch to OFF. Pin 15 should read O VAC, If not, replsce k-1,
?. SENSITIVITY CHECKOUT 7T.0. page 6-36 table 6-12

A. MASTER [ Observe interrogetion pulses on scope. (see T.0. page
6-38 1y 6-8)

B. Adjust CHAL/TAG WIDTH for .B usec st the half power point. OUTPUT ATTEN
to 30 db, FRF for S00 pps on Counter,

C. Slowly increase OUTFUT ATTEN until Counter resSNJJNENUEIAN

D. Calculate MTL (minimum triggering level) as follows:

/0 f""’s »?

~
i
z
8

ADD
Power Probe Atten
RF Cable loes

Totad
NOTE: MIL represents the receiver sensitivity, If it is incorrect proceed to
Freq Converter and IF Amp alignments,
3. FREQUENCY CONVERTEP ALYONMENT T.0. page 6-111 paras 6-50

A. Disconnect P-3 from IF Amp. OUTPUT ATTEN to 100 db. Digital voltmeter
to A1J1 (DC scale). PSM-6 to ALJ? (neg 100 usmp special scale).

PAGE 3



LCL 116TFW-014

KY-5£32B (HECKCUT AND ALIONMERT PROCEDURES

3. FFEQ CONV ALIONMERT Continued

B.

Adjust A1C? for a peak on voltmeter (normelly C?7 slug will be about 1/8
inch from top and volts will be L-10).

€. Adjust A121-1 and A12)~2 for & peak on PSM-6., (C7 may need repesking)

ROTE:

D.

F.

Feak ARG for first pesk on PSM-6. Then adjust A1R3 for 2% uawmpe,
These adjustaents will interact and mey need to be repeated. The ultimste
go?l 4s to have C7, Z1-1 and 2)1-2 peeked with the PSM-6 repding 25 2 1
utmpe and the voltmeter reading L-12 voltes, At this point return to
Step 2, If MIL hes degraded, then Freq Conv alignment {s wrong.

Remove ASF? from Power Supply. Connect csbles as on page 6-113A of T.O.

Disconnect PSM-6 and voltmeter. OUTPUT ATTEN to O db. S0-866 XMTR

FREQ switch to SWEEP, SWEEP DELAY to XLOO on scope.

Adjust scope to obeerve waveform &8s on page 6-LlA. Adjuet A1Z2-1, A1Z2-2
and A1Z2-3 for correct waveform.

Return to Step 2 and determine MTL. If stil) incorrect, proceed to

IF Amp alignment.

b, IF AMPLIFIER ALIGNMENT 7.0. page 6-112 table 6-48, table 6-49

A.

C.

Perform etep JD above. Connect P-3 to IF Amp. Comnect scope Chan A to

31 on IF Amp. Adjust OUTPUT ATTEM so IF bell is .1 volts amplitude.
fig 1 of this book. If display is incorrect, proceed with IF align-
ment,

Replace IF Amp cover with mock-up alignment cover. Use all the screws.
Using & non-metsllic tuning tool, adjust C-14, C-16, C-18, C-20, C-22
and C-24 for correct bandpass waveform. (see fig 1 of this book)
Replace origing)l IF Amp cover. Return to the following connections:
MAIN MOD to HIGH LEVEL, EXT SYNC to O TRIGC OUT. IMIR FREQ ewitch to
XTAL. SWEEP DELAY to XL. Observe a single interrogetion pulse. (see
fig 2 this book). OUTPUT ATTEN to 70.5 db, MASTER to NORM.

PAGE L



LCL 116TFW-014

KY-532B CHECKOUT AND ALIGNMENT PROCEDURES

4. 1F AMPLIFIER ALIGNMENT Continued

C.

D.

F.

G.

NOTE:

(continued) Adjust AZR9 HIGH SEKS for a .l volt spike.

MASTER to LOW. OUTPUT ATTER to 52 db. Adjust A2R4 LOW SENS for a

.1 volt spike.

MASTER to NORM., OUTPUT ATTEN to 53 db. Adjust A2R28 LOG LIM for a
.34 volt gpike.

OUTPUT ATTEN to 33 db. Adjust A2R25 LOG LIM for a .63 volt spike.

OUTPUT ATTEN to 18 db. Adjust A2R20 LOG LIM for a .85 volt spike.

R9, R4, R28, R25 and R20 will interact. Check and repeat adjustments as

necessary. At this point MTL should be correct. Check step 2 again.

5. DECODER BOARD ALIGNMERTS T.O. pzge 6-116 table 6-50

A,

I.

Return to standard settinge and cable connections. Install AS5F2. Set
to M-4. PRF to 500 pps. Counter to SYNC TRIG.

Observe first M-4 interrogation pulse. Adjust CRAL/TAG WIDTH for .4
usec at the half power point.

OUTPUT ATTEN to 50.5 db. Adjust A7AIR7?5 (TB-1 board) for 450 pps nominal.
WIDTH to .2 usec, Counter reads O,

Set for M-2., Counter to SUPPR OUT. WIDTH to .7 usec,

Adjust A7AIR16 for 450 pps nominal. WIDTH to .3 usec. Counter reads 0.
WIDTH to .8 usec. SLS OUT to AUX MOD IN. AUX ATTEN to 4.5 db. Adjust
SLS WIDTH for .8 usec on P-2. OUTPUT ATTEN to 29 db.

Adjust ATAIR4] until Counter just reads 0. AUX ATTEN to 5 db. Counter
should read 450 pps nominal.

Disconnect SLS OUT. OUTPUT ATTEN to 49.5 db. WIDTH to 1.3 usec. Adjust
A7A1R1Z until Counter just reads 0. WIDTH to 1.1 usec. Counter should
read 450 pps nominal.

WIDTH to .B usec. OUTPUT ATTEN to 43.5 db. Connect scope Chan B to

PAGE 5



LCL 116TFW-014
KY-$32B CHECKOUT AND ALIGEMENT PROCEDUFES

. DECODEF BOARD ALIGN‘!ENTS_ Continued

I.

Je

L.

M.

N.

0.

P.
Q.

R.

S.

(continued) ecollector of A7A2Q17 (TB-2 board). Sync to internal + .
SVEEP DELAY to OFF. Observe two po® pulees on scope.

MWIN MOD to MOD OVERRIDE. Do not re-sync scope. Adjust ATA2RIE OW ontil
trigger pulsep are generated, then CON for Just no pulses,

MAIN MOD to HIOH IEVEL. Set to M-L. Counter to O TRIG. Set FRF to
3000 pps. OUTPUT ATTEN to 20.5 db.

Counter to SYNC TRIG, Adjust ATA2R28 until Counter reads 2200 pps.

Set for M-2, code 7777. Counter to O TRIG. Set PRF to S000 pps.
Counter to SUPPR OUT, OUTPUT ATTEN to 20. db.

Adjust AGRET until Counter reads 1700 ppa,

Set for M-1. Counter to SUFPRESSCR OJT (UPM-137). Set PRF to 3000 pps.
Counter to SUPPR OUT. OUTPUT ATTEN to 50.5 db,

Adjust AGRB)I until Ccunter reads 2900 ppa,

Return to standard settings and connections. PRF to 500 pps. Set to M-3,
Connect SIS OUT to AUX MOD IN. AUX ATTEN to O db, OUTPUT ATTEN to LL.S
db. Scope Chan A to 2 volts/div and lusec/div. VAR TIME OV to cal.
SWEEP DELLY to XL, Observe interrogation pulses on scope, Adjust SLS
YIDTH for .B usec on P-2, Adjust SLS POSN until P-2 is 2 usec from
leading edge of P-1,

Using a T-connector, connect Counter to O TRIG. Set FRF to 11000 pps.
Counter to A&J7. Adjust A6ES7 until Counter resds £500 pps.

Return to standard settings and connectiona. Set to M-L. OUYTPUT ATTEN
tc 20,5 db, Scope Chan A to M-l AUDIO. M-l AUDIO switch to ON. Scope
to ED usec/div, .S volts/div. 75 ohme in.

Adjust A11R1S for a M-L audio pulse of 3 volte amplitude. Return to
standard settings and connections,

PAGE 6



LCL 116TFW-014

KY-S3?B CHECKOUT AND ALIGIMENT PROCEDURES

6. TRANSMITTER FREQUENCY AND POWER  T.0. page 6-119 table 6-51

A, Connections as per 1.0, page 6-50. Set for M-2?, code 7777. SWEEP DELAY
to XLO0. .2 msec/div. 10 volts/div, OUTPUT ATTEN tc 10 db, XMIR FREC
to SWEEP, 7% ohme to OUT., FFF to X1000.

B. Obrerve waveform similar to that on 7.0, page 6-52. Vary FRF for optimum
display.

C. Adjust IMIR FREQ (front of KY) to center freq.

D. Return to standard settings and connections. Set for ¥-2? SELF TEST.
Code 7777 Connect FF catle to LOOA wattmeter with SO ohm termination.
MASTER to NCEM. Pover should be SN tts vith VNSNS T I
Wk, Adjust screw on xmtr tabe cavity inside RF asay.

CAUTION: WHIOH VOLTAQGES ARE EIPOSED WHEN RF ASSY IS OFENEL.
7. SEILF TEST ALIGNMENT T.0, page 6-120A table 6-52

A, Stapdard settings and connectione, OUTPUT ATTEN to 100 db, Set to
M-2 SEIF TEST. Scope to ATA1J2 (TB-1). Use Chan B for J2, SWEEP DELAY
to (FF. Turn A3R7 fully OW.

B. Digital voltmeter to AV1 ( ¢+ DC). Adjust A3C8 for peak. Disconnect
voltpeter,

C. Observe self test pulses on scope Chan B. Adjust A3C1L for peak, then
A3Z1 for peak.

D. OUTPUT ATTEN to L2 db. Adjust AJR7? until self test pulses are same
amplitude as interrogation pulses,

E. Connect scope to AWL. (displey on T.0. page 6-68) Adjust A3Z2 and
A3Z3 for maximum amplitude.

F. Perform steps GA & B above., Adjust xmtr freq to first mark off center.
Adjust A3R]17 for steady self test lite. MASTER to LOW, Lite should

go out, Reset xmtr freq to center,

PAGE 7



LCL 116TFW-~-014

KY-S$32B CHECKOUT AND ALIONMENT PROCEDURES

8. CODER BOARD ALIONMENTS T.0. page 6-123 table 6-53

A. Standard settinges and connections, OUTPUT ATIEK to 10 db. PRF to SO0
ppe. View first xmtr pulse (see T.0. page 6-38).

B. Adjust ABRLL for pulse width of .LE usec at half power point.

C. 8et for M-3, Turn CALIBRATORS XTAL MARK switch to 1.LS usec. Observe
mirkers and pulse train on ecope. Observe that ledding edges of
pulses and mérkere are spaced the same, Turn on IP switch, O(bserve

that it will elec 21ign with the markers. If not, adjast A10C28.
END OF ALIGNMENT

Check Mel, MeZ, Me3 and M-C pulee trains for missing pnlses or intermittant
pulses. Check EMER and IP trains for proper displeys. Use KIT-1A and

APM-173 for proper operation in ell modes, Pressurize unit if it iz to be
installed in sircraft,

\T — J

v

‘)C:'e £
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Table 6-50. Decoder Board Alignment (Cont)

TO 12P4-2ASQ-102-2

STEP PROCEDURE REMARKS
AT J0ET 96 VT
2. (Cont) e. On decoder board no 2 ATAl (TB1) (ligure 6-19), adjust Electronic counter reads

potentiometer ATA1R16 (511" SENE).

f. On SG-865/UPM-137, adjust CHAI./TAG, WIDTH control
for a pulse width of 0.3 us.

NOTE

If step 2f is not obtained, repeat steps 2e and 2f until
proper readings are obtained.

a. On SG-865/UPM-137, adjust CHAL/TAG WIDTH control for
a pulse width of 0.8 us.

NOTE

If step 3e is not obtained, repeat steps 3d #nd 3¢ until
proper readings are obtained,

a. On SG-865/UPM-137, disconnect cable from VIDEQ, AUX
MOD IN jack and SG- 865/UPM-137 SIDE1.OBE SIIPPRES-
SION, SLS OUT jack.

b. On §G-8B66/UPM-137, increase QUTPUT ATTEN dial until
electronic counter reads 450; then decrease dial setting by

1 dB.

c. On SG-665/UPM-137, adjust CHAL/TAG WIDTH control
for a pulse width of 1.3 us.

d. On decoder bourd no 2 ATA1 (TB1) (figure 6-19), adjust
potentiometer ATAIR12 (WP REJ}.

On SG-465/UPM-1317, adjust CHAL/TAG WIDTH control
for a pulse width of 1.1 ps,

Ly]

KNOTE

H step de is not obtained, repeat steps 4d and 4e until
proper readings arc obtained.

450 to 500,

Electronic counter does
not read.

Electronic counter reads 0,

Electronic counter reads 450
to 500.

cric Fuprt)

Electronic counter does not
read.

Electronic counter reads 450
to 500.

Change 3 6-117



TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
11/28/84

KC-135, ROBINS A.F.B., GEORGIA



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER}

Characteristic

1'

15.

Dead Time
Suppression Time
Reply Power
Frequency

F1 Pulse Width
F2 Pulse Width

Sensftivity

Delay Time Difference

Reply Jitter

Mode A Delay

Mode C Delay

Fy - F2 Pulse Spacing

Side Lobe Suppression Decode Accuracy
Mode A Decode Accuracy

Mode C Decode Accuracy

PRIMARY AIRCRAFT

KC-135
AF-60-0330
RT-728A/APX-64 S/N 3822

Test Reading

122.0 us.
33.0 us

Normal 900 Jflow 900 Watts
1090.0 MHz.
0.55 us.
0.55 us.

Normal ~76.8 /iow ~64.0 dBm.
0.0 us.
0.0 us.
3.0 us.
3.0 us.
20.3 us.
1.7/2.5 us.
7.4/8.2 vs.
20.1/21.2

us.




TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT ONLY

DATE 11/28/84

AIRCRAFT NUMBER: AF-60-0330

TYPE: KC-135

LOCATION: Robins A.F.B., Georgia 1/

TRANSPONDER TYPE: RT-728A/APX-64(V)

KX| PRIMARY AIRCRAFT
[l BACK-UP AIRCRAFT

SERIAL NUMBER: 3822

RECELVER MEASURED AT

SENSITIVITY TOP ANTENNA | ROTTOM ANTENNA
NORMAL -74.2 dBm -7h.2 dBm

10 -62.4% dBm ~-62.4 dBm
10/10 (FAA SABRE-80 ONLY) N/A N/A
TRANSMITTER MEASURED AT

POWER | TOP ANTENNA | BOTTOM ANTRENNA
NORMAL 560 watts 560 watts
10/10 (FAA SABRE-80 ONLY) N/A N/A

Specifications. See Appendix 2.)

1/ 19th AREFW/MAM, Strategic ‘Air Command:

REMARKS: (ALl test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military




TRANSPONDER CALIBRATION VERIFICATICN
FLiGHT TEST PROFILE
11/30/84

KC-135, ROBINS A.F.B., GEORGIA



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic Test Reading
1. Dead Time 123.0 us.
2. Suppression Time 35.0 us
3. Reply Power Normal 660 /Low 660  Watts
L. Frequency 1089.5 MHz.
5. Fq Pulse Width 0.50 us.
6. F2 Pulse Width 0.50 us.
7. Sensitivity Normal “77-2  Jiow ~65-2 dBm.
8. Delay Time Difference 0.0 us.
9. Reply Jitter 0.0 us.
10. Mode A Delay 3.0 us.
11. HMode € Delay 3.0 us.
12. Fq - F2 Pulse Spacing 20.3 us.
13. Side Lobe Suppression Decode Accuracy 1.6/2.4 us.
14. Mode A Decode Accuracy 7.6/8.4 us.
15. Mode C Decode Accuracy 20'3/2]’5 us.

BACK-UP AIRCRAFT (This aircraft also was flown in the Flight Test Profile

on Noyember 30, 1984)
KC-135

AF-56-3634
RT-728A/APX-64 S/N 0057



TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY ATRCRAFT ONLY

DATE 11/28/84

AIRCRAFT NUMBER: AF-56-363h [l PRIMARY ATRCRAFT

TYPE: KC-135 kX BACK-UP ATRCRAFT 1/

LOCATION: Robins A.F.B., Georgia 2/

TRANSPONDER TYPE: RT-728A/APX-64(V) SERIAL NMUMBER: 0057

“RECEIVER MEASURED AT
SENSITIVITY TOP ANTENNA | WOTIOM ANTENNA
NORMAL ~-76.5 dBm -76.0 dBm
10 -63.5 dBm -63.5 dBm
LO/LO (FAA SABRE-80 ONLY) N/A N/A

" TRANSMITTER ___ MFASURED AT
POWER TOP ANIENNA | BOTIOM ANTENNA
NORMAL 525 watts 525 watts
10/L0 (FAA SABRE-80 ONLY) N/A N/A

REMARKS: (ALl test alrcraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military
Specifications. See Appendix 2.)

1/ This back-up aircraft was .also flown in the Flight Test Profile
on November 30, 13984.

2/ 19th AREFW/MAM, Strategic Ai+r Command




TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
12/18/84

KC-135, ROBINS A.F.B., GEORGIA



FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)}

Characteristic

L

12.
13.
14,
15.

Dead Time

Suppression Time

Reply Power

Frequency

F{ Pulse Width

F2 Pulse Width
Sensltivity

Delay Time Difference
Reply Jitter

Mode A Delay

Mode C Delay

F1 - F2 Pulse Spaclng
Side Lobe Suppresslon Decode Accuracy
Mode A Decode Accuracy

Mode C Decode Accuracy

12/18/84

KC-135 AF-59-1449
RT-728A/APX-64 S/N 496
Receiver side lobe suppression set for 5 dB.

Test Reading
110.0 us.
36.0 us
Normal 1120 /fLow 1120 VWatts
1030.0 MHz.
0.42 us.
0.42 us.
Normal “76-2  fiow ~67-3 dBm.
0.0 us.
0.0 us.
3-2 us.
3-2 us.
20.3 us.
1.5/2.5 us.
7.55/8.5 us.
20.2/21.8

\is.




TRANSPONDER CALIBRATION VERIFICATION -~ FAA AND MILITARY ATRCRAFT CNLY

DATE 12/18/84

AIRCRAFT NUMBER: AF-59-1449 Eq PRIVARY
TYPE:_ KCZ 139 [l BACK-UP AIRCRAFT
LOCATION: Robins A.F.B., Georgia

TRANSPONDER TYPE: R1-728A/APX-64 SERTAL NUMBER- 496

RECEIVER MEASURED AT
SENSTITIVITY ~TOP ANTENNA [ BOTIOM ANTENNA
NORMAL -74.5 dBm ~74.5 dBm
10 -63.5 dBm -63.5 dBm
10/10 (FAA SABRE-80 ONLY) N/A N/A

" TRANSMITTER __ MEEASURED AT
POWER | TOP ANTENRNA ¥ BOTIOM ANTENNA
NORMAL 825 watts 825 watts
10/1.0 (FAA SABRE-80 ONLY) N/A N/A

REMARKS: (ALl test aircraft transponders will be tested to the fulL
range of parameters specified by the Manufacturer, FAA, ox Military
Specifications. See Appendix 2.)

1. PReceiver side lobe suppression set at. 5 dB.




FAA AND MILITARY A!RCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER}

Characteristic

N

QO W ™ NNV W

11.
12.
13.
14,
15.

Dead Time

Suppression Time

Reply Power

Frequency

Fq Pulse Width

F2 Pulse Width
Sensitivity

Pelay Time Difference
Reply Jitter

Mode A Delay

Mode C Delay

F{ - F2 Pulse Spacing
Side Lobe Suppression Decode Accuracy
Mode A Decode Accuracy

Mode C Decode Accuracy

12/18/84

KC-135 AF-59-1449
RT-728A/APX-64 S/N 3822

Receiver side lobe suppression set for 9 dB.

Test Reading

122.0 us.
33.0 us
Normal 900  /Low 900  yuies
1090.0 MHz.
0.55 us.
0.55 us.
Normal~78-4 /1o ~64.0 dpm.
0.0 us.
0.0 us.
3.0 us.
3.0 us.
20.3 us.
1.7/2.5 us.
7.4/8.2 us.
20.1/21r.2 us.




TRANSPONDER CALIBRATION VERIFICATION - FAA AND MILITARY AIRCRAFT ONLY

DATE 12/18/84

AIRCRAFT NUMBER: AF-59-1449

TYPE: KC-135
LOCATION; Robins A.F.B., Georgia

TRANSPONDER TYPE:  RT-728A/APX-64

[X] PRIMARY AIRCRAFT
{1 BACK-UP AIRCRAFT

SERTAIL NUMBER: 3822

10/10 (FAA SABRE-80 ONLY)

RECEIVER ___PEASURED AT:
SENSITIVITY TOP ANTENNA ROTTOM ANTENNA
NORMAL -74.8 dBm -74.8 dBm
in -64.0 dBm -64,0 dBm
10/10 (FAA SABRE~80 ONLY) N/A N/A
TRANSMITTER MEASURED AT
POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL 650 watts 650 watts

N/A N/A

Specifications. See Appendix 2.)

1. Receiver side lobe suppression set for 9 dB.

REMARKS: (All test aircraft transponders will be tested to the full
range of parameters specified by the Manufacturer, FAA, or Military




TRANSPONDER CONFIGURATION
KC-135



EC-135J BOTTOM ATC ANTENNA LOCAT!ONM

TEST EQUIPMENT

EQUIPMENT LOCATION



CONTROL HEAD
C-6280A(P)/APX

TRANSPONDER CONF1GURATION

KC-135

TRANSPONDER
RT-728A/APX-64(V)

ANTENNA SWITCHING UNIT
SA-1474/A

TRANSPONDER SET O
w| TEST SET )
TS-1843A/APX O

TOP ANTENNA
AT-741B/A

COAXIAL CABLE
RG-225/U
18 FEET

COAX1AL CABLE
RG-225/U
18 FEET

BOTTOM ANTENNA
AT-741B/A



T.0. 1C-135(K)A-2-111G9

ANTENNA
STA 375, 465,

475, 495 0R 575 N
AS APPLICABLE

1 SCREW
(6 PLACES}
2 ANTENNA
CABLE
CONNECTORS
CLAMPS
ADAPTERS
SAFETY WIRE

Figure 13-19-2
Change 11 13-121/(13-122 blank)

T.0. 1C-135(K)A-2-11JG9

1 ELECTRONICS
ACCESS
DOOR

1 FASTENER
(21 PLACES]

3 DUST CAP

2

KAL1-23

1 ELECTRONICS
ACCESS
DOOR

Figure 13-19-1

ANTENNA
iSTA 371.5)

4 SCREW
(6 PLACES)

KAll1-22

CLLAMP
ANTENNA CABLE
ADAPTER
SAFETY WIRE

13-119

Transponder antenna Jlocation, KC-135 aircraft.

SAC BASE.

Photographs were not permitted at Robins A. F, B.



EQUIPMENT SPECIFICATIONS
RT-728A/APX-bk4



T.0

. 12P4-2APX64.2

NAVAIR 16-30APX64-3

c.

b.

A

by
.

Equipment Nomenclature;

Equipment Weight:
RT-727/APX-G4{V)
RT-728/APX.G4(V)
RT-731/APX.64(V)
MT-1092/APX-46(V)
MT.3493/APX.64(V)
MX-6941/APX-G4( V)

Over-a!l Dimensions:

RT-727/APX-G4(V) with
MX.G941/APX.G4({V)

Radio Receiver-Transmitter
RT-727/APX-64(V)

Radio Receiver-Transmitter
RT-728/APX-64(V)

Radio Receiver-Transmitter
RT.731/APX-G4(V)

Mounting Buse M1.3092/
APX-40(V)

Mounting MT-3495/APX.-
G4(VY)

Mounting  Adapter
6941 /APX-G4(V)

MX.

273 1h {mnx)
29 1h (max)

3t b (max)

375 1b

14 1bh (max)

L3 1h (max)

MT-3495/APX-G4(Y) and

Height 12,59 in.
Width 1162 in.
Length 8.26 in.
RT-728/APX-64(V) with MT-3092/APX-46(V)
Height 8.58 in.
Width 1113 in.
Length 1931 in,
RT-731/APX-64(V)
Hcight 7.76 in.
Width 1012 in,
Length 21.10 in,

Input Power Requirements:
Ac

Dc

High Voltage Circuit
Protection:

Operating Temperature
Ranges;

. Operating Altitude
Ranges:

115 volts, 320 o 480 cps,
single phase; B0 watts at
0.2 petcent duty cycle

20.5 volts, 10 watts

1 amp, 11% wvac circuit

breaker

—-35'CC w +95°C continue
ous, +125°C intermittent
at sea level

0 (sen level) to 100,000 feet

h. Receiver Chacactecistics;

Frequency

Frequency Stability
Frequency Controi
Intermediate Frequency

Bandwidth

Normal Sensitivity
Low Sensitivity

Spurious Response

Suppression Input:
Amplitude
Dutation
Polarity
Input Rusistance
Rise Time

Decay Time

Recovery Time

i. Transmitter Characteristics:

Frequency
Frequency Stability

Power Quiput

Output Pulse:
Width
Rise Time
Decay Time

j- Interrogation Code:
Mode 1
Mode 2
Mode 3/A
Test Mode

Mode C

1030 mc
+1.5 me
Crystal

59.5 mc

7.0 to 9.0 mc st points §
db from maximum response

—78 dbm
~—66 dbm

Response to signals below
1010 mc and sbove 10%0
mc ot least 70 db below
response  at desired free
quency of 1030 mc.

1% w0 70 volu

1.3 t0 250 usec
Positive

2200 ohma

At least 10 volts/usec

Peak amplitude to 1.0 volt
within 10 umec

Sensitivity returns to with-
in 3 db of normal in a0
more than 13 .sec aftor the

wppression pulse falls 1o
1 volt.

1090 mc

*Iime

29 dbw st & duty cycie of
0.2 percent (—6 dbw min

under any service condition
at 1 percent)

0.45 = 0.1 usec
0.0% 10 0.1 usec
0.05 t0 0.2 usec

2 pulses spaced 3 =+ 0.1 usac
2 pulses spaced % = 0.1 usec
2 pulses spaced 8 -+ 0.1 uoue

2 pulses spaced 63 =+ 0.1
usec

2 pulses spaced 210 + 0.1
usec

116

Figure 1-14. Leading Particulars (Sheet | of 3)




T.0. 12P4-2APX64-2
NAVAIR 18-30APX84.3

Mode 4

k. Interrogation Pulse:

Characteristics of Modes
1,2,3/A, Cand Test:

Pulse Width

Rise Time

Decay Time
Mode 4:

Pulse Width

Rise Time

Decay Time

1. Automatic Overload Control:

Modes 1, 2, 3/A, C,
Tent, 1/P, Emergency
{Modes 1 and 3/A).
Emergency (Mode 2)

. Reply Pulses:

Mode 1

Mode 2

Mode 3/A

Mode C

4 sync pulses followed by a
vacant pulse position, fol-
lowed by as many as 32
pulses. The spacing from
the leading edge of any
pulse to the leading edge
of the succeeding pulse is
1 + 0.1 usec., An anti-
interference interrogation
(All) pulse is inserted be-
tween any consecutive va-
cant puise spaces. The spac-
ing of the AIl pulscy is
1 # 0.15 microsecond in
odd multiples from the
leading edge of the fourth
sync pulse. Recognition-of-
interference action is ac-
complished by sensing the
lack of pulses in the Mode
4 interrogstion,

0.8 * 0.1 usec
Between 0.05 and 0.1 usec

Between 0.05 and 0.2 usec

0.5 = 0.1 usec
Between 0.05 and 0.1 usec

Between 0.05 and 0.2 psec

1200 replies/sec

800 replies/sec

Zero to five information
snd twe framing pulses
spaced 20,3 = 0.05 psec
epart

Zero w0 12 information
and two framing pulses
spaced 203 = 0.05 usec
apart

Zero to 12 information
and two framing pulses
spaced 20.3 =+ 0.05 pusec
apart

Zero to 1! information
pulse positions, two fram-
ing pulses spaced 20.3 =+
0.05 psec and the /P pulse

Test Mode

Emergency

Modes 1 or 2

Mode 3/A

1/P

Mode 1

Mode 2 or Mode 3/A

n. Auxiliary Trigger:
Pulse Widch

Amplitude

Rise Time
Decay Time

Polarity

o. Suppression Qutput:
Polarity

Amplitude

Start Time

Zero to 12 information
and two framing pulses
spaced 20.3 + 0.05 usec
apart

Selected code appesry in
the first pulse rtruia fol-
lowed by thrce sets of fram-
ing pulses, each framing
pulse spaced 24.65 + 0,10,
44.9% = 015, 4930 =
0.20, 69.60 + 0.25, 73.95%
=+ 0.30, and 94.2% *x 0.35
usec from the first framing
pulse of the first train.

Code 7700 appears in the
firsc pulse train followed
by theee sets of framing
pulses as above,

Selected code appears twice,
the second reply train
spaced 24.65 = 0.1 usec
between the leading edges
of the Arst framing pulses

Selected code appears in
the first pulse train fol-
lowed by a single pulse
spaced 2465 = 0.1 usec
from the first  framing
pulse.

0.3 to 1.5 usec

15 to 30 volts across 90 +
10 ohms

0.1 usec orf less
0.2 usec or less

Positive

Positive

20 volts min, 50 volts max
with a 300-ohm load re-
sistor in paraltel with
1850-uul capacitor,

Puise reaches 20 volts
minimum by the time an
r-f output pulse has reached
10 percent of its ampli-
tude.

Figure I-14. Leading Particulors (Sheet 2 of 3)



T.0. 12P4-2APX064-2
NAVAIR 18-30APX84-3

Stop Time

Pulse Width

Pulse Position

Rise Time

Decay Time

Pulse Frequency
q. Mode 4 Reply Input:

Pulse Width

Suppression output is less
than 5 volts, $ usec after
the last r-f framing pulse
of the reply train has fallen
to 50 percent amplitude.
(The fizst [raming pulse is
always followed by a sec-
ond framing pulse for the
purpose of this require-
ment,) Suppression output
is also less than % volu, 8
usec after each r-f output
pulse (resulting from the
suxilisey trigger or Mode

4 input) has fallen to 50

percent amplitude.

p. lncerrogation Side-Lobe Suppression Control’

0.8 = 0.1 usec for Modes
1, 2, 3/A, C, or Test; 0.9
+ 0.1 gsec for Mode 4.

2.0 + 0.1% usec nfter the
first pulse of 2 Mode 1, 2,
3/A, C, or Tem interrogn-
tion, or 8.0 = 0.15 usec
after the ficse pulse of n
Mode 4 interrogation.

Between 0.05 and 0.1 psec
Between 0.05 and 0.2 gsec
1030 = 0.2 mc

r. Mode 4 Disparity Input:
Duration

Amplitude

Rise Time
Decay Time
Polarity

s. Mode 4 Trigger:
Dusaticn

Amplitude

Rise Time
Decay Time
Polarity

t. Mode 4 Video:
Duration

Amplitude

Rise Time
Decay Time
Polarity

0.3 to 1.0 usec

3 to 6.5 volts scroma 90
10 ochms

0.1% microsecond max
0.5 microsecond max

Positive

0.5, 3 usec

1.5 10 2% volts scross 90 +
10 ohmas

0.1 usec or lens
1.0 usec or less

Positive

0.4 o 0.6 usec

1.5 to 3 volts acroas 90 =
10 ohms

0.1 usec max
0.2 xsec max

Pouitive

u. Mode 4 Computer Reset Trigger:

0.3 10 0.7 psec Duration 0.3 to 10 usec
Amplitude 3 to 6.5 volts across 90 x Amplitude 6 to 10 volts scroms 1000
10 ohms ohms +10%
Rise Time 0.1 usec or less Rise Time 0.25 usec max
Decay Time 0.25 usec or less Decay Time 5.0 usec max
Polarity Positive + Polartity Positive
Figure 1-14. Leading Particulars (Sheel 3 of 3}
TYPL OR REFERENCE
QUANTITY PART NC, DESIONATION FUNCTION
1 910629 ATQ1 Modulator driver
2 910623 AlQ1 Oncillator
A1Q2 Doubler

Figure 1-15. Transistor Complement, RF Module Al and Transmitter Module A7
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(USAF) T.0.12P4 - 2APX-192
(NAVY) NAVAIR 16-35T51843 -1
(ARMY) TM 11-6625 - 1646 - 25

TECHNICAL MANUAL

ORGANIZATI'ONAL/INTERMEDIATE MAINTENANCE
WITH
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AND
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T.0. 12P4-2APX~192
NAVAIR 16-35TS1B43-1
TM 11-6625-1646-25

Figure 1-1, Test Set, Transponder Set TS-1843A/APX and Mounting MT-3513A/APX



T.0. 12P4-2APX-192
NAVAIR 16-35TS1843-1
TM 11-66825-1646-25

SECTION I

DESCRIPTION AND LEADING PARTICULARS

1-1. GENERAL.

1-2, This technical manual consists of instructions
and procedures for use by experienced personnel in
‘the performance of intermediate maintenance and
depot overhaul of Test Set, Transponder Set TS-
1843A/APX manufactured by Stewart-Warner Elec-
tronics under contracts F33657-68-C-1265 and
F33657-71-C-0752 (figure 1-1). An illustrated parts
breakdown is also provided in this manual.

1-3. PURPOSE OF EQUIPMENT.

1-4. The TS-1843A is designed to be used with an
airborne SIF/IFF transponder system. The Test Set
evaluates the performance characteristics of the
transponder system and provides a go, no-go indi-

cation. The Test Set operates in either of two modes:

monitor or test.

1-5. DESCRIPTION OF EQUIPMENT.

1-6. The TS-1843A is comprised of four major as-
semblies: mode generator agssembly (A2), compar-
ator-decoder assembly (A4), and power supply and
reply evaluator assembly (A3), all of which plug~in to
the main frame assembly (Al). The overall dimen-
sions of the TS-1843A are approximately 7-55/64 by
3 by 3-3/64 in.; weight is approximately 2 Ib. 8 oz.
Located on the ends of the main frame assembly are
two R-F connectors, a power and control connector,
and three service adjustments. The service adjust-
ments are located under an access cover (figure 1-2),
The R-F connectors are utilized to connect the test
sat in a direct line between the antenna system and the
Receiver-Transmitter, The power and control con-
nector serve as a means of connection from the
Transponder Set Control unitand primary power source
to the test set. The test set is enclosed by four plates
which are mounted directly to the mainframe assembly.
The test set is secured to the aircraft by a mount as-
sembly (MT-3513A/APX). The mount assembly mea-
sures approXimately 7-25/64 by 3-1/4 in. and weighs
approximately 0.8 oz. The test set is so designed that
by removing and rotating the bottom plate 180° and
remounting the plate, the test set can be secured to
the mount assembly in the opposite direction.

1-7. GENERAL PRINCIPLES OF OPERATION.

1-8, GO, NO-GO CHECK. The TS-1843A evaluates
the following characteristics of the transponder on a
£0, no-go basis.

a. Receiver sensitivity

b. Receiver irequency

¢. Decoding

d. Reply frequency

€. Reply-code bracket-pulse spacing

e pma g e g

T ey

S s

Figure 1-2. Test Set Transponder
Set TS-1843A/APX (Rear View), Service
Adjustments

f. Reply peak-pulse power

g. Antenna VSWR

h. Reply rate (per cent)
The above characteristics must be within a specified
set of limits to achieve a go_condition. If any one or
more of these characteristics fail to fall within the
specified limits, a no-go condition will result. In the
test function a go condition is indicated by an illumi-
nated indicator lamp located on the associated Trans-
ponder Set Control. In the monitor function, a go
Indication is determined by the indicator lamp illumi-
nating for a minimum of two seconds and then ex-
tinguishing. This process will be repeated as long as
there is a proper input being applied to the test set.
A no-go condition {s indicated by failure of the
indicator lamp to illuminate.

1-9. IN-FLIGHT FUNCTION. The TS-1843A provides
the following dual functions while in flight.

a. Test Function. The test set, when functioning as
an in-flight tester, generates R-F interrogation pulse
pairs upon activation of momentary contact switches

1-1



on the associated Transponder Set Control (MODE 1,
2, 3/A or C in TEST position). These interrogation
pulses are routed to the transponder, which in turn
will reply if the receiver frequency, sensitivity, and
decoding are proper. The test set will receive the
transponder reply and proceed to analyze the reply
for proper bracket pulse ‘spacing, fregquency, power,
reply rate and antenna VSWR. If thetransponder reply
is within the desired tolerances, a go indication is
given. An improper reply will give a no~-go indication.

b. Monitor Function. The test set, when functioning
as a monitoring device, analyzes the transponder re-
plies to interrogations transmitted by external in-
terrogators. The transponder replies are analyzed
for proper bracket pulse spacing, frequency, power
and antenna VSWR, The evaluation of the transponder
is indicated by a GO, NO~GO indication.

1-10, INSTALLATION.

1-11. The installation instructions for the TS-1843A
{figure 1-3) are not specified, due to the inconsistency
in the type of aircraft that the test set is to be in-
stalled in. The variety of associated transponders
that can be used with the test set also greatly affect
the installation instructions. For detailed installation
instructions, reference can be made to the specific
aircraft and transponder manuals.

1-12. LEADING PARTICULARS.

1-13. The leading particulars pertinent to the test
set are listed in table 1-1.

1-14. SEMICONDUCTOR COMPLEMENT.

1-15. A list of the semiconductors used in the test
set, along with their respective reference designa-
tion, part number, and function, are listed intable 1-2.

T.0. 12P4-2APk-102
NAVAIR 16-35TS51843-1
TM 11-6625-1646-25

1-16. INDEXES OF PUBLICATIONS (ARMY).

1-17. Refer to the latest issue of DA Pam 310-4 to
determine whether there are new editions, changes,
or additional publications pertaining to the equipment.

1-18. Refer to the latest issue of DA Pam 310-7 to
determine whether there are modification workorders
(MWOs) pertaining to the equipment.

1-19. FORM AND RECORDS (ARMY).

1-20, REPORTS OF MAINTENANCE AND UNSATIS-
FACTORY EQUIPMENT. Use equipment forms and
records in accordance with instructions in TM38-750.

1-21.- REPORT OF PACKAGING AND HANDLING
DEFICIENCIES (ARMY). Fill out and forward DD
Form 6 (Reporting of Packaging and Handling Deficien-
cies) as prescribed in AR 700-58.

1-22. DISCREPANCY IN SHIPMENT REPOCRT (DIS-
REP) (SF 361) (ARMY). Fill out and forward Dis-
c¢repancy in Shipment Report (DISREP) (SF 361) as
prescribed in AR 55-38.

1-23. REPORTING OF IMPROVEMENTS FOR EQUIP-~
MENT MANUALS (ARMY). Reporting of errors,
omissions, and recommendations for improving this
publication by the individual user is encouraged.
Reports should be submitted on DA Form 2028. DA
Form 2028 will be forwarded direct to Commanding
General, U.S. Army Electronics Command, ATTN:
AMSEL-ME-NMP-AN, Fort Monmouth, New Jersey
07703.

Table 1-1, Leading Particulars

1ITEM CHARACTERISTICS TOLERANCE
Interrogation Output
Frequency 1030 MHz 0.5 MHz
Modes 1 2 pulses spaced 3 usec 10.1 usec
2 2 pulses spaced 5 usec 10.1 usec
3/A 2 pulses spaced 8 usec +0.1 usec
C 2 pulses spaced 21 usec +0.1 usec
Output level =54 to -81 dbm (-67 to -94 dbv) x2 db
Rate 400 pps +50 pps
Reply Analyzer
Frequency GO 1090 MHz +3.0 MHz
NO-GO 1090 MHz +4.0 MHz
Bracket Spacing GO 20.3 usec 10.15 usec
NO-GO 20.3 usec 0.3 usec
Power GO 20 to 28 dbw +2 dbw or greater than
control setting (RF IN,
figure 1-2)
NO-GO 20 to 28 dbw -2 dbw or less of control
setting (RF IN, figure 1-2)




T.O. 12P4-2APX-192
NAVAIR 16-35T51843-1
TM 11-6625-1646-25

Table 1-1. Leading Particulars (Continued}

ITEM CHARACTERISTICS TOLERANCE
Antenna System VSWR
GO Dial set at & +1.5 db
Dial set at 9 +1.5 db
Dial set at 12 +2.0 db
NO-GO Dial set at 6 7.5 db or greater
Dial set at & 10.5 db or greater
Dial set at 12 14.0 db or greater
Primary Power Nominal: 27.5 vde 15 W max.
Limits: 21 to 29 vde
Secondary Power +11.,7 vde 03V
+ 5.1 vde +03 Vv
Weight
TS-1843A/APX 2 1b. 12 oz.
MT-~3513A/APX 8 oz.
Dimensions
TS-1B43A/APX Height: 3 in,
Width: 3-3/64 in,
Length: 7-61/64 in.
MT-3513A/APX 7-25/64 by 3-1/4 in.
overall
Service Conditions
Altitude 100,000 {t,
Temperature
Operating -54°C to +95°C
Operating with +95°C to +125°C
Degradation of
Performance
Non-operating -64°C to +150°C
Humidity 100 percent
Vibration MIL-R-5400G Curve 1V
Table 1-2. Semiconductor Complement
REFERENCE PART
DESIGNATION NUMBER FUNCTION
Main Frame Assembly Al
AlAICRI 5082-2800 VSWR Detector
AlA2CRI1 5082-2800 Power Detector
AlA3CRI1 5082-2800 Frequency Detector
AlA4CRI 5082-0112 Varactor Multiplier
AlA4CR2 MA-47041 Pin Modulator
AlABCR1 1N914 Gate Input
AlA5Q1] 2N706 Oscillator
A291 2N4231 Series DC Regulator
A4AI1CRI 1N914 Diode OR Circuit
A4AICR2 1N914 Diode OR Circuit
A4A1CR3] 1N914 Diode OR Circuit
A4AI1CR4 1N914 Diode OR Circuit
A4AICRS 1Ng14 Diode OR Circuit
A4A2CR1 1IN914 Limiting Switch
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TRANSPONDER SYSTEM ANALYSIS
KC-135

ROBINS A.F.B., GEORGIA



q’

TRANSPONDER SYSTEM ANALYSIS

ORGANIZATICN,
FAA [ )

Air Carrier [j

Military

TEST ERUIPMENT,
Manufacturer: §ACKARD-BELL
Model: AN/UPM-137A

Calibration Frequency: J° days

Last Calibration Date: >JePtember 11, 1984

Calibration Within Limits?

yes

TRANSPONDER,
Manufacturer: HAZELTINE

Serial Number: 3822 (primary)

0057 (back-up aircraft)

TS0'd?

yes [xx]

Class 1B ~ 2B:

o []

Class 1A - 2A: Military specifications

Calibration Instructions (Obtain Copy)?

MAINTENANCE PROGRAM,

Continuous Airworthiness Maintenance Program?

Approved Alrcraft Inspection Program?
Scheduled Bench Maintenance?

Scheduled Inspection in Aircraft?

yes [:I

Calibration Instructions in Consonance with Appendix F, Part 437

yes
yes
yes

yes

O0OEBE

no

no

no

no

Alr Taxi G Geperal Aviation EI

not avallable Eﬂ

ves kx] mo []

]
1
kad

frequency: Demang

frequemey: nopond

AWS-350/FY-85/Form 1
(Page 1 of 3)



5. AIRCRAFT.
Type:
Number of Transponders Installed: 1

KC-135

60
Date Transponder System Installed: 19

Coax. 'Type; RG'225U
Anteana Type: AT-741B/A

Antenna Checked Periodically? yes [::] no [EE]
Coaxial Cable Tested Periodically? yes E:I no [xx] v

Transponder in Alrcraft Systems Check Performed? yes [__| no _

Frequency: Perlodically NO Demand__'ES

6. TRANSPONDER TEST.
Reference Appendix F of Part 43 —-

Reply Radio Frequency (1090 } 3MHz): 1090.0 -

Transponder Power Output: 560 Watts

Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec y: X

Transponder Interrogation Response:

P, Pulse Amplitude Equals P; Pulse Amplitude (Response £ 1%): 0.K,

P, Pulse Amplitude 9db< P, Pulse Amplitude (Response Z 90%): NO 2/
Receiver Sensitivity Verification by use of Test Set: normal 1low
-7&.2 -62.4

Connected to the Antenna end of Transmission Line (-73%4dbm):

Connected to the Transponder Antenna Terminal with Transmission -76.8 ~84,0
Line Loss Correction (_73F4dbm):

1/ These parameters are constantly monitored by the Transponder Set Test Set,
TS-1843A, and failures or out-of-tolerance conditions are annunciated on

the control head on every preflight and/or each time the test is initiated |
from the contro! head.

2/ APX-64 transponders adjusted at 9dB did not perform satisfactory during the
flight test profiles flown.

AWS-350/FY-85/Form 1
(Page 2 of 3)



_TRANSPONDER SYSTEM ANALYSIS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-73}4dbm): N/A

Mode 3/A and Mode C Receiver Sensitivity Difference (&1ldb):No difference

Record:
Complied with Provisions of FAR 43.9 as to:

Content: Yes

Form: Yes

Disposition of Records: Yes

7. RECORDS (noveeer 1, 1983 - novereer 1, 1981,

Number of Pilot Complaints: 20

Number of Correlating Bench Check Verifications: 14

Mean Time Between Removals (MTBR): Insufficient data

I fficient d
Confirmed Fallure Rate of MIEBR: nsufficien ata

8. COTENTS.

AWS~350/FY-85/Form 1
(Page 3 of 3)



TRANSPONDER CALIBRATION VERIFICATION
FLIGHT TEST PROFILE
03/14/85

EC-135J HICKAM AFB, HONOLULU, HAWAII



FAA AND MILITARY AERCRAFT

TRANSPONDER PERFORMANCE TEST DATA

(MEASURED AT TRANSPONDER)

Characteristic

Test Reading

N/A

1. Dead Time us.
2. Suppression Time 35.0 us
3. Reply Power Normal 1000 /| o 1000 yates
L. Frequency 1090. 1 MHz.
5. Fjq Pulse Width 0.5 us.
6. F2 Pulse Width 0.5 us.
7. Sensitivity Normal ~78:9  /tow ~66-0 dBm.
8. Delay Time Difference 0.0 us.
9. Reply Jitter 0.0 us.
10. Mode A Delay 3.0 us.
11. Mode C Delay 3.0 us.
12. Fq - Fp Pulse Spacing 20.3 us.
13. Side Lobe Suppression Decode Accuracy 1.5/2,5 us.
14, Mode A Decode Accuracy 7.5/8.5 us.
15. Mode C Decode Accuracy 20,5/21.6 us.

* pATE 03/13/85
TRANSPONDER TYPE RT-728A/APX-64  SERIAL NUMBER 3491

POSITION NUMBER 5 dB

A1RCRAFT TYPE EC<135J NUMBER 63-8055

* Unit calibrated at Robins AFB, and shipped to Honolulu.
bench check at Hickam AFB on this date.

DYNAMIC RANGE: 30-- 9.5

4o-- 5.0
50-- 6.0
60-- 5.0

70-- 7.0

Calibration verified on

-



TRANSPONDER CALIBRATION VERIFICATION

DATE 03/13/85

AIRCRAFT NUMBER: 0378055
TYPE : EC-1354

LOCATION: H!CKAM AFB., HONOLULU, HAWALI

TRANSPONDER TYPE: RT-728A/APX-64

[x} PRiMARY ArRCRAFT
[] BAck-uP AIRCRAET

SERIAL NUMBER: 3491

RECE | VER MEASURED AT

SENS IT IVITY TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A -80.9 dBm

L0 N/A -66,7 dBm
LO/LO0 (FAA SABRE-80 ONLY) N/A N/A

TRANSMITTER

MEASURED AT

POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A 450 WATTS
1L0/L0 (FAA SABRE-80 ONLY) N/A N/A

REMARKS :

SLS SET AT 5 dB,

15th AMS SQUADRON
Hickam A.F.B.
HONOLULU, HAWALI




FAA AND MILITARY AIRCRAFT

TRANSPONDER PERFORMANCE TEST DATA

{MEASURED AT TRANSPONDER)

Characteristic

10.
11.
V2.
13.
14.

15.

Dead Time

Test Reading

Suppression Time

Reply Power Normal

Frequency

£y Pulse Width

F2 Pulse Width

Sensitivity Normal

Delay Time Difference

Reply Jitter

Mode A Delay

Mode C Delay

F1 - F2 Pulse Spacing

Side Lobe Suppression Decode Accuracy

Mode A Decode Accuracy

Mode C Decode Accuracy

N/A us.
35.0 us
631.0 /Low 631.0 Watts
1089.5 MHz.
0.50 us.
0.50 us.
-78.0 /1 ow =070 dBm.
0.0 us.
0.0 us.
3.0 us.
3.0 us.
20.3 us.
1.5/2.8 us .
7.7/8.55 us.
20.5/21.6 us.

< DATE 03/13/85
TRANSPONDER TYPE RT-728A/APX-64  gpRIAL NUMBER 4492
AIRCRAFT TYPE EC-135J NUMBER 63-8055

% Unit calibrated at Robins AFB, and shipped to Honolulu.

bench check at Hickam AFB on this date.

DYNAMIC RANGE AS 30--8.0 RESET DYNAMIC RANGE
FOUND ON CHECK: Lo--8.0 FOR 9.0 dB at -40dBm
50--12.0
60--7.0

70--6.5

Calibration verified on

30--9.0
40--9.0
50--12.0
60--7.0
70--7.0

ROSITION NuMBer 9 dB



TRANSPONDER CALIBRAT1ON VERIFICATION

paTE ©03/13/85

ALRCRAFT NUMBER: 63-8055 X1 primary arrcrAFT

TYPE:_ EC-135J : [} BACK-UP AIRCRAFT
LOCATION: HICKAM AFB, HONOLULU, HAWAI

TRANSPONDER TYPE: RT-728A/APX-64 SERIAL” NUMBER: 4492

RECE IVER MEASURED AT

SENSITIVITY TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A ~79.9 dBm

Lo | N/A -69,0 dBm
L0/L0 (FAA SABRE-80 ONLY) N/A N/A
TRANSMITTER HEASURZD AT

POWER TOP ANTENNA BOTTOM ANTENNA
NORMAL N/A 350 WATTS
LO/L0 (FAA SABRE-80 ONLY) N/A N/A

REMARKS :
SLS SET AT 9 dB.
15th AMS SQUADRON

HICKAM A.F.B.
HONOLULU, HAWALI




TRANSPONDER CONFIGURATION

EC-135 J
TOP ANTENNA
CONTROL HEAD AT-741B/A
C-6280A(P) /APX .
COAXIAL CABLE
) RG-225/U
ANTENNA SWITCHING UNIT 18 FEET
r SA-1474/A —
TRANSPONDER TRANSPONDER SET O
RT-728A/APX-64(V) w]{ TEST SET )
TS-1843A/APX O~
COAXIAL CABLE
RG-225/U
18 FEET

BOTTOM ANTENNA
AT-741B/A






TRANSPONIER  SYSTEM ANALYSIS
ORGANIZATION.

FaA [ ]  Afr Carrder []  Military [xx] Air Taxt [T ] CGeneral Aviation [_]

TEST ERUIPMENT,

Manufacturer:

Model: AN/UPM-137A

PACKARD-BELL

Calibration Frequency: JO DAYS

Last Calibration Date: JANUARY 15, 1985

Calibration Within Limits? yes m no E]

TRANSPONDER.

Manufacturer: HAZELTINE

Model: RT-728A/APX- 64

Serial Number: 3491 {set @ 5 dB SLS); 4492 (set @ 9 dB SLS)

TSO'd? yes oo [ ]
Class 1B - 2B:

Class 1A - 2A: Military Specifications

Calibration Instructions (Obtain Copy)? yes [ ] not available

Calibration Instructions in Consonance with Appendix F, Part 43? vyes no D

MAINTENANCE PROGRAM,

Continuocus Airworthiness Maintenance Program? yes Boxy no D

Approved Alrcraft Inspection Program? yes no D

Scheduled Bench Maintenance? ves [} no frequency :Demand
Scheduled Inspection in Alrcraft? yes D no frequency: Demand

AWS-350/FY-85/Form 1
(Page 1 of 3)



*5, AIRCRAFT.

Type: __ EC-135J

Number of Transponders Installed: 1

l—n

Date Transponder System Installed:_ 1963

coax. Ty-pe: RG'ZZSU

Antenna Type:

AT-741B/A

Antenna Checked Periodically?

yes [::]

Coaxial Cable Tested Periodically? ves [ | no [xx] 2/
Transponder in Aircraft Systems Check Performed? yes :l no
Frequency: Periodically ND Demand YES
6. TRANSPONDER TEST.
Reference Appendix F of Part 43 —- 5dB SLS= 1090.1
Reply Radio Frequency (1090 ¥ 3MHz): 0.K. 9d8 SLS= 1083.5
CdB SLS=450 Watts
Transponder Power Output: 9dB SLS=350 Watts
Suppression, Mode 3/A:
Interrogations
Class 1B & 2B (230-1000 Sec ):
Interrogations
Class 1A & 2A (230-1200 Sec )z X

Transponder Interrogation Response:

P, Pulse Amplitude Equals P; Pulse Amplitude (Respomse £172):

P, Pulse Amplitude 9db & P, Pulse Amplitude (Response Z 907%): =

Receiver Sensitivity Verification by use of Test Set:
5dB
Connected to the Antenna end of Transmission Line (-73}4dbm)qqp

Connected to the Transponder Antenna Terminal with Transmission

Line Loss Correction (_73}idbm):

Two transponders were used in test profile:

These parameters constantly monitored by test set TS-1843A.

0.K.
NO 3/
normal low
-80 dBm -66.7 dBm
79, 9¢dBm | -69.0 d
N/A N/A

one adjusted to SLS5=G5dB; one SLS=9dB

See note con KC-135.

APX-64 Transponders set at 9dB had probability of detection of 62.39% at 100 mites
from antenna, and 40.54% within 50 miles of antenna.pn flight test profile flown in-

Hawaii.

AWS-350/FY-85/Form 1
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_TRANSPUNDER SYSTEM ANALYSTS (CONTINUED)

Receiver Sensitivity Verification Using a Radiated Signal (-7Bf4dbm): N/A

No diff
Mode 3/A and Mode C Receiver Sensitivity Difference (£1db): o dtfterence

Record:
Complied with Provisions of FAR 43.9 as to:

Content: YES

Form: YES

Disposition of Records: YES

7. RECORDS (novermer 1, 1983 - novereer 1, 1981,

Number of Pilot Complaints: 7

Number of Correlating Bench Check Verifications: 3

Mean Time Between Removals (MTBR): Insufficient data
Confirmed Failure Rate of MIBR: Insufficient data
8. COTENTS.

AWS-350/FY-85/Form 1
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PREPARED 84 NOV 02

e - AT ME - o~
" SYSTEM . . NUMBER.
- PP-4480/AP%-85

“RT&10B3B-APX10

RT-1063B/APK 101

“RT-1187/APX100

_ RT-1285A/APX 100

* RT~1286A7APX100

T-319C/APX-65
RTST27A/APX-64

'RT-728A/APX-84

RT-731A/APX-64

CRT-1284/APR100

SERY

CODE
USAF

USAF

USAF

. ARMY

USAF

NAVY
ARMY

 ARMY

USAF

USAF

USAF

NAVY

USAF

P e s

S mDs  ary
OEC130H 1
" ODFO1SA © 1
AD10A
FO16A 1
AHOO1S 1
HHOBNO 1
~Avoosm 1
o124 9
CHO47D 1
AHOBA - 1
JC13OH 1
TOIBA - 1
BOS2D
FI11E
EC135G
HC130M
NC135A
VC135B
ACO4F
CHOS3A 1
coosa 1

AIMS SYSTEM CONF IGURATIDN INFORMATEION
- - - AIRBORNE - - - - -
Mns  aTy WS QTY MOS  QTY MDS  GTY
0GCI30P 1 OHC130H 1 OHCI30N 1 OWC130M ¢
BOO1t | Cco12 1 EQOJA 1 FO1SA 1
FO16B 1
F/AO18A 1 _TFAOiBA j
€699C  {  €012D 1 . RCO12D 1 RCOVZE 1
oHO58C 1
EMOBOA ~ 1  UMHOBOA 1
OEC130H 1 OMCI30H 1 OHCIZON 1 OHCI30P 1
. CHOD3E i  HHOOZE 1
BOS2G 1 BOS52H 1 C135A 1 C135B 14
TIIF 1 0002 t CHOS3B 1 CHOS3C 1
EC135H 1 EC13%J 1 EC135K ¥ EC135L 1
HCI2ON 1  HC130P 1 HHOS3R 1 HHOSIC 1
RC135A 1 RC 135D 1 RC135M 1 RC 135S 1
wWC130H 1 WC 1358 1 OVO10A 1 NKC135A ]
ACOTA . 1 AOOTB 1 COQ2A 1 F1iy18 1
CHOS3D 't  EAGOSF 4 RHO530 § TAQOAF 1
Cl41A 1 C141B 1 vC137B 1 VC4$37C i

APPENDIX 8

AS OF B4 NOV 02 FCN UCO11-04P

FO15B

OWC130H

C135C
DC130H
EC135N
JCI130H
RC135T

TOO2R
TADD4Y

MDS QTY

MDS QTY - MDS GTY o

FOI5C 1 FO1SD 1

FI11A 1 F11iD° 1
EC$3SA i - EC135C . 1
EC136P t  FH1t1 1
KCI135A 1+ KC135Q
RC135U 1  RC135V 1

TO02¢ 1 CHOS3 1
ovo10 1 OVO10A 1

INVENTORY OF APX-64 TRANSPONDER EQUIPPED AIRCRAFT
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EXECUTIVE SUMMARY

The Mobile Transponder Performance Analyzer (MTPA) was used to collect
data on gernaral aviation aircraft transponders in the Atlanta,
3eorgia, area. Tha data were collected at three different airports
(Fulton County, Peachtree/DeKalb, and McCollum) in the Atlanta area.
The data were collected on 154 transponders at a distance of 250 ¢to
400 feet from the taxiway being used by the aircra#t. The pilots were
asked to hald their position on the taxiway while the tasts were
conducted.

Data were <collected which describe the interrogation decoding
characteristics of the transponders as welil as their Teply
characteristics. A total of 24 parameters were rcnecked during the
test which required approximately 1 minute per Transponder. Altitude
data reported by the transponders was also compared to that received
from a calibrated altimeter which is a part of the MTPA.

The most frequently failed parameter was the requirement to rTeply at
20 percent rate during the side—lobe suppression (5L5) decoding
accuracy test when the P2 pulse is outside the prescribed 1limits for
suppression. Only 41 percent of the transponders tested passed this
test compared to &5 percent when these data were collected on general’
aviation transponders at Philadelphia in 1283.

Seven transponders out of the 154 tested passed all 24 parameters
tested. Five additional +transponders passed ail parameters, but
replied with "brackets only” to the Mode C interrogations and  were
failed by MTPA for that parameter. Thus, approximately 7 percent of

the transponders passed all tests for which they uwere equipped. AN
additional 2328 failed to reply at a 90 percent rate during %the SLS
decoding accuracy test and/or were "btackets onlu" as their only
problem, Another 43 failed one other parameter yin addition to the

previocus ones), 24 failed two others, and 49 +failed three or moTe
additional parameters.

vii



INTRODUCTION
OBJECTIVE.

The aobyective of this project was to <collect data describing the
performance of transponders of general aviation aircraft based in the
Atlanta, Georgia, area. Of special interest were the side-lobe
suppreassion (5SLS) characteristics and the accuracy of the transponder
Teported altitude data.

BACKGROUND.

The Federal Aviation Administration {(FAA)} Technical Center was
requested to provide support to the Headquarters FAA Air Traffic
Control Radar Beacon System (ATCRBS) Analysis Team in the
investigation of transponder related problems in the Atlanta, weorgia,
area. The problems reported by the operational air traffic controller
personnel were target dropout, excessivp coasting. and erroneous
altitude data.

The implementation and operaticon of the Traffic Collision Alert System
(TCAS}: is dependent on the accuracy., reliiability, and integrity of the
transponder reported altitude data from TCAS intruner aivrcraft. The
air traffic control (ATC) ground—-based system narmally interrogates .
the aircraft for their 4096 code identity and Mede C altitude for  use
in the ATC system. The TCAS intarrogates the transponders for Mode C
altitude for use in the airborne TCAS legic to develop commands for
evasive maneuvers. Importance of accurate. reliable aititude
information cannot be overemphssized for the sate operation of the
TCAS.

The Mobile Transponder Performance Analyzer (MTPA) was used %to collect
large wvolumes of data in a relatively short pzriod of time in an
operatiaonal snvironment.

The MTPRA is a system designed and fabricated at the FAA Technical
Center to analyze performance characteristics of all known types of

aircraft surveillance transponders. The system is mounted in a bus
which has its own engine generator for system powar requirements. The
system is fully software controlled. I£ includes a PDP-11/34 computer
with peripherals, two low power programmable transmitters, and

receiving and decoding hardware so that the format and protocol
changas necessary can be implemented without hardware modifications
Digitally controlled phase shift keying (DPSK) modulators, pin diode
modulators. and wvariable attenuators are used for control of the radio
frequency (RF} interrogations. The maximum RF power for interrogation
is5 approximately one watt. A paraboliz dish antenna with
appraximately a 10-degree beamwidth is mounted to the side of the bus
for rTamp testing. The system will operate at anu distance ot up tao
200 meters from the aircraft being tested

The transpond=zr parameters are comprisa2d of ftwo bssic categories. Dne
set contains the trancsponders wavaeform and sigral characteristics such



as power. sensitivity, pulse ampiitude, pulse width, pulse frequency,
Spacing: etq. The secoand set 1is message content and response to
certain stimuli. These functions are primarily for Mode b=
transzponders, but the suppression tests .and the Mode C altitude data
fall in%tn thisz category for all transponders.

The MTPA software resides in both computer random access memory (RAM)
and on disk. Required routines are overlayed in memory as necessarty.
Spfitware control 1s broken down into sets and szquances of tests to
provide maximum +Flexibility for operator controi, interactien, and
test time. On—-lina recerding of data is done on aisk; a rTeal-time
summatry of *est rTesults is provided. A hard cepy of this summary is
provided if raquested.

When not performing tests, the MTPA runs in an "idle" loop in which it
continuously interrogates at a low pulse repetition frequency (PRF)

When a candidate for testing arrives and is solidly responding to the
idie loop interrogations {(monitored by an A scope presentaticn), the

teszt« can begin. Tests are nominally conducted &sat an interrogation
signal »of =-47 decibels above 1 milliwatt (dBm} (at the approximate
aircraft antenna position). If interference exists from other

aircraft the interrogation signal power can be rTeduced from the
keyboard in 1 decibel (dB}) steps wuntil the interference disappears
prior to sta~ting *he test.

RELATED PRUOJECTS/DICUMENTATION.

1. "ATCRBS Transponder Data from Dayton., Ohio Airshnw - 1983, "
DOT/FAA/CT-TNBI/53.

2. "Mobile Transponder Performance Analyier Volume 1, System
Description., " DOT/FAA/CT-TNB3/03

3. “ATCRBS Transponder Data from Initial Field test of MTPA, "
DOT/FAA/CT-TNB3/04

4. “"Summary 2f Transponder Data for Aftlanta, Gecrgia, Area.,”
FAA-CT-B0-29.

5. "“Summary of Transponder Data June 1977 throuah August 1978, "
FAA-RD-79-56.

& ", S National Standard for the IFF Mark X (SIF)/Air Traffic
Control Radar Beacen System Characteristics, " FAA Order 1010. 51A.

MTPA FIELD CALIBRATION.

The MTPA has previously been calibrated for +he bench mode of
operation. The only difference in Tamp operation are the path losses
{transmit and receive) and the time difference for the RF sigrnal to
travel to and from the transponder.

This tranzlation is easily accomplished by a two—step process. A
transponder 1s first connected to the calibrated laboratory cable and
tested so %hat its power, sensitivity, and delay rharacteristics are
known This "calicrated" transponder is then piacad in a vehicle with

nJ



an antenna mounted on its Toof arnd driven down the taxiway to be used

during the htashi. Continuous power, sensi1itivity, and delay
fmeasuremants are made on the transponder during this trip. As  delay
characteriskbics of most transponders wvary with received signal

strength, =he infterrogation signal 1s wvaried across the antenna
pgattern in arder to maintain-a -30 dBm signal at cne vehicla antenna.
(This is only possible since the transponder output characteristics
are known: i.e., if the reply power is &0 dB down from that schiewved
on the calibrated cable, the path loss would be known and pouszr of the
next interrogation would be adjustad so that approximateluy —-50 dBm
would be se2n at the transponder on the next interrogation.)

The MTPA antenna pattern also has a vertical component which must be
considered. The RF coupling is significantly better at 5 feet (the
approximate height of the roof of the car) than it is at ! focot The
system contains a lookup table with offset values as a function of
anterna neight and distance. Prior to the test, the operator enters
the apprcximate antenna height of the aircraft under test (i.e .,
3 feet);, the transmit power is avtomaticslly increased by <the offset
value so that a 1level of =~47 dBm 1is achieved at the aircraft’s

antenna. (The measured sensitivity will also ve offset by this
value.? A power level of =47 dBm was uwsed so that the majority of the
tests would £e conducted at a level of approximately -30 dBm. {The

airecraft was normally stopped at a position where the power was down
appruximately 2 dBm from that at the nose of the beam. )

Measurement accuracy of power and sensitivity is normally about plus
or minus 3 dB wusing the above techniques. At times, however,
reflections and landing gear sheilding.make this figure difficult to
achieve.

DATA COLLECTION

Data were collected at three airports in the Atlanta, Georgia, area
{Fulton County., Peachtrees/DeKalb,. and McCollum: The same test
scenario was wused at each of the airports.

As communications were agvailable with the pilots of the aircraft under
test, the planes weras stopped during the conductinn of the tests. The
planes were taxied into position on a taxiway (appraoximately 408 feet
‘away from the bus) so they were in a position approximately 3 to & dB

down from thez nose of +the MTPA intertrogation pattern. They were
instructed tao have their transponder and altimater on as they taxied
into positian, The test scenario was then run whilas the pilot held
this position. He was then instructed +to taxi past a cone which
desiynated the opposite edge of the interrogation beam. Continuous
power, sansitivity (Modes A and C), and delay messurTements were made
as he taxied past. The maximum power and sensitivivy values achieved

and the mininum delay wvalue achiz2ved were saved as the true parameters
Far the transascnder.



Each of %rna <hrag 3ites pre2senteg it¢s own data collectien problem.

Figurs 1 srcws $%he site plan of the Fulton Counzy Airport with the
MTFA bus positicn Reflections from the Administration Building
acrass tha 5

ta¥lway area were & minor problewn, but this site was
grefurabi2 %3 one Ffurther to the left where the taxiway dropped off to
a leavel 3 %o & feet below the bus. The taxiway used for data
collection was approximately 230 f=2et from the MTPA bus.

Figure 2 shows the site plan of the Peachtrea/DeKkalb Airport with the
selected site for data collection. The taxiway distance was about
407 feet from the bus. The problem here was interference from planes
taxing off and landing on the runwau directly in our interrcgation
beam. Power ~eduction of interrogation signals was an effective means
af minimizing the problem.

Figure 3 1s ftn2 site plan of the McCollum Airport showing the site of
the MTPA bus during data collection. Planes parked around the
periphery of “he taxiways caused reflection proablems when parked
parallel %o the taxiway. The problem was solved by turning tne bus so
that %the anterna pattern was centered at the intersection of the fuo
tariways shown, This caused a slight error in the delay data {(only a
tew nancsecornd2s?! if the tests were allowed +0o continue past the
infarszection.

TEST SCENARII.

The test scenario selected for use required approaximately 1 minute for

completion. Since SLS amplitude and altitude Jdata characteristics
were of speci:al interest, two separate tests for eath parameter™ were
included. Table 1 lists the tests in the order thney were conducted.

The cystem was calibrated each wmorning pricr <o start of data
collectior, A run was also made each morning to verify the antenna
pattern priaor %o the start of data colleaction, A set of data on our
"standard"” transponder was also collected at the start and finish of
data colisctian each day in order to wverify ¢the stability of the
system. A szample calibration run and antenna pattermn run from
Feachtree /Devalb Airpert is included in appendix A. Also included i3
the +first run from the calibrated transponder after the calibration
PToCess.
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TEST SEQUENCE FOR THE ATLANTA TESTS (ATL1)

MTPA

Test Description

Rzply Characteristics

Mocie Acceptance--Spacing

Moda Acceptance—-Pulse Width
Altitude Comparison

SLS AMP Characteristics -50,-40 dEm
Dead Time

Supression Time

Reply Rate Limiting

SLS Mode Acceptance —- Spacing

SL

U]

Mode Acceptance —— Pulse Width
Mode A and Mode C Sensitivity
ZLS AMP Char ~-40 to -75 dBm
(3 dB steps)
Altitude Comparison

Mode A and Mode C Sensitivity

i

Test

Duration

{sec)

-1

rJ

—

10.

10.

16.
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TEST RESULTS.

Tests were g¢onducted on a total of 154 different aircraft
transponders Some were tested more than once, avt the resnlts were
included only once in these data. There were caszs when 3ll tests

were not successfully completed (the transponder msy. have been turned
off by the pilot prior to completion or interference from another
plane invalidated +the data from a particular test). In these cases
the data ara not included in the summaries. The results of each
particular test are summarized below as a group.

REPLY CHARACTERISTICS. This test, which is MTPA test No.2, makes 100
interrogations and measures the characteristics of the replies. This
test produced data on the following parameters -for 154 transpcnders:

1. Reply Freguency. Figure 4 shows the distribution of tne reply
frequenciles from the 154 samples. The +frequencies range from
approximately 1084 to 1096 megahertz (MMz) with approximately
2 percent outside the limits of 10B7-1093 MHz.

2. Bracket Spacing. Figure 5 shows the distribution of Fl1-F2 bracket
spacing for the 154 samples. The times wvaried from 20. 12 to 20.55
microseconds ( us) with six transponders or approximately 3 percent
outside the allowed rTange of 20.2 to 20. 4 us.

3. Pulse Width. Figure & shows the pulse width distribution from the
154 transponders, Variations from 0.35 to 0.625 uys were found with
S percent outside the limits of Q.35 to 0. 55 ps.

4, Code Pulse Offset. Figure 7 shows the code pulse offset
variations from the 840 code pulse sampies from the 154 transponders.
Figure 8 shows the maximum code pulse offset {(the deviation ¢rom the
nominal position of the code pulse which is the furthest from 1its
prescribed position). Tha specified tolerance is plus or minus 100
nanoseconds (ns) with eight transponders or approximately S5 percent
falling outside this limit.

5. Reply Jitter. Figure 9 shows the distribution of reply jitter for
the Atlanta sample. No planes fell outside the prescribed limits of
plus or minus 100 ns
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MODE ACCEPTAMNCE —-- PULSE SPACING. This test wvaries the spacing
between P1 and P3 of the mode interrogation pulses to ascertain the
acceptance/regjection characteristics of +the <transponder. Twenty
interrogations are made in 50 ns increments from the nominal Mode A
and Mode € spacings minus 800 ns to nominal plus 820 ns. The Teply
rates for the group of 1interrogations at each point are saved.
Figure 10 shows an analysis of the 154 samples +rom Atlanta. The
shaded in portion of the figure shows the defined area of the
specification. Samples falling in this area are out of tolerance.
For example, the interrogations spaced at 7 us resulted in 153
transponders not replying at all and one which replied at a 90 percent
rate. Eight transponders or approximately 5 percent failed to meet
the specified tolerances.

Figure 11 shows the data from the Mode C acceprtance pulse spacing
portion of the test. Thirteen transponders or approximately 8 percent
fell outside the allowable area. The data from all those transponders
that failed were examined +further to see why they had failed. In
almost all cases, the acceptance zone was merely skewed from the
nominal spacing. Figure 12 shows an example of the detailed data from
one of the samples that failed. The acceptance ones appear to be
centered at approximately 8.4 and 21.5 us rather than the nominal of
8.0 and 21 O us. Seven were skewed so badly that they did not respond
at the nominal spacing.

The reply delay difference data was also gathered #from the mode
acceptance (pulse spacing) test. The allowable delay difference is
200 ns. Figure 13 shows the distribution of differences in delay for
the Atlanta data. Seven planes or about 5 percent failed to meet this
criteria Only 147 samples are included because the remainder did not
respond to Mode C at the nominal interrogation characteristics

MODE ACCEPTANCE -— PULSE WIDTH. Figure 14 shows the reply rates of the
Atlanta sample as a function of pulse width. All samples which fell
into the shaded area were investigated further by examining the
individuval tests. In general, the cause was a single data point 1in
the shaded (out of tolerance) area of the data plot. The nominal
(0.8 wus) point was compared to the results of the pulse position test
which used the same interrogation parameters. After this analysis two
transpondetrs or approximately 1 percent were out of specified limits.
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DiEal TIME This Yast determines how long a transponder i3 ‘Ydead"

T an ATCRBS interrogation. An interrogatinn is made
an ATCRUOE reply. A second interrogaticn i1s then moeved in
time Ffram 2% to 145 ps after the first The reply rate to the second
intevrogation is wused to determine dead time parameter of the
transponder, It must reply at a 90 percent rate noc later than 125 us
following tha end of the first rTeply. Eighteen transponders
ariginally appeared to fail this criteria. Thay were investigated
individually %0 get%t a better idea of their characceristics. It was
found that the dead time data was affected by tws other circumstances:
{1 triggering of the reply rate mechanism of the transponder. and (2)
RF  coupling betwean MTPA and the transponder which could not maintain
the 90 percent thrasheld. Mast transponders rsise their receiver
threshold in order to reduce the amount of interrogations they see
when the reply Tats exceeds a certain amaunt. When the dead time test
was conductad. two interrogations were made on tne szame interrogation
sequence which is repeated at a 500 hertz (Hz) Tate, aiving an
effective rTate of 1000 interrogations per second. If this triggered
the reply rTate limiting circuitry, the receiver threshold was
incTeasad, I+ the coupling was marginal {(for whatever the reason,
i, 2. . shielding, poor sensitivity., etc.), it may no longer be possible
to retain tnhe 90 parcent reply rate for the duraticn of the tast. In
the Teal ATL environment., the transponder does not receive more than
about 50 interrogations from the same2 interrogator in a burst. Thus,
the =wituation created with the dead timz test was not a realistic one
in which to measure dead time (it measured the effect of two

parameters at once). Figure 15 is 'a plot of the dead time
characteristics of a single sample showing the effect of the reply
rate limi%ing on the output of this test. The reply rate limiting

test of all samples which axhibited this characteristic were examined

If the Teply rate was less than 100 percent during this test and iFf it
were 100 percent during the preceding test, it was assumed to be in
reply rate limiting. It was then assumed the dead time to oe the
point at which the +transponder first replied at a 9C percent rate.
Applying this criteria, only one plane failed to rTespond within the
limits of the dead time specification. The distribution of the data
is zhown in figure 16 Reply delay data were not used from this test
as the reply rate limiting action of the transponders also affected
the reply delay

ng
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ATCRBS SUPPRESSION TIME, The suppression time test is essentiaily the
same as the dead time test except the first interrogation consists
only of 3 suppression pair (Pl and P2) and, thus, rTequires ns Teply.
The second interrogation is moved away from the first to see how long
the suppression period (initiated by the first interrogation) lasts.
The reply rate to the second interrogation is used te determine the
suppression time. Figure 17 shows <the distribution of suppression
times. Twenty-two transponders, or approximately 14 percent, fell
outside the limits of 25 to 45 us.

SLS CHARACTERISTICS~-PULSE SPACING. This test makes 100
interrogations at each point. A Mode A interrogation is used with a
P2 pulse 3 dB higher than Pl and P3. The spacing hgztween Pl and P2 is
then varisd in 50 ns increments from 1.2 to 2.8 us. This was the most
frequently failed test in the sample from Atlanta. The Tesults are
broken inte two areas: (1) the area where the transponder should
reply less than 1 percent (the suppression area--1.5 to 2.2 us). and
(2) the area where i1t should reply at greater tnan a 90 percent rate
(see figure 18). Eighteen (approximately 11 percent) failed the first
category while 91 (approximately 59 percent) +ailed the second.
LCetailed investigation of the test results showed that tne SLS
acceptance region was too wide or skewed from nominal in almost all
cases, Figure 19 is @& sample showing the Tesponse of one sample ¢to
the variation in the SLS. '

SLS CHARACTERISTICS--PULSE WIDTH. This test makes 100 interrogations
at each peint in order +to check the pulse width acceptance
characteristics of the transponder. Nominal pulise positions and
widths are wused for all pulses of the interrogations with the
exception of the P2 pulse (its position is momimal but the width is

variable). The P2 pulse 1is set to be 3 dB greater than P1 and P3.
Widths from 300 ns to 1.5 ws are used. Figure 20 shows the results of
this test. A ftotal of five transponders (approximately 3 percent)

failed to suppress as a function of width, although four of these
failed to suppress altogether.

SLS AMPLITUDE/DYNAMIL RANGE CHARACTERISTICS. Two wversions of this
test were conducted during each T™un as these parameters were of
special interest. One test was run at only a power level of -50 and

-6&0 dBm (MTPA test 19%) while varying the P1/P2 powar ratio. The other
(MTPA test 5) was run throughout the entire dynamic rtange capability
attainable at the transponder (normally the Tange was from ~-75 to
approximately -39 dBm).

Test 5 was performed in the following sequence: Y2 power levai of P1
and P3 were set to -75 dBm. Sets of interragations (100 per point)
were then made where the ratio of Pl (and P3) to F2 was 10, 12, and
@ dB (Pi and P3 are greater than P2), to which the transponder should
reply at least 90 percent. Interrogations were then made at ratios of
4& and 3 dB, where the performance 1s unspecified, and at ratios of
0, —-3,and -& dB where the transponder must reply less than 1 percent
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{suppress!}, The rteply ratio at each paint is saved. The power of the
group 1s then increased by 3 dB (-72 dBm)> and the process repeated
This is done at 3 dB increments wuntil the maximum power output
capability of MTPA is reached.

Test 15 performed the groups of interrogations only at -30 and
~-60 dBm. Figure 21 is a summary of the data from test 15 It shows
that at an interragation level of -40 dBm, only 1146 transponders
responded at a rate greater than 90 percent, while at -50 dBm, 149
reached this level. Since the transponders had noet reached minimum
triggering threshold (MTL) which is defined as the signal level which
produces a 90 percent reply Tate, the specification cannot be applied
It was wused, however, in congunction with test 5 where MTL can be
determined.

The transponder producing the data for figure 22 (the results of an
individual test 5) shows definite SLS problems. At a P1-P2 ratio of
+2 dB the reply prabability drops, as confirmed by test 15 (see figure
23) which was run at -50 and ~&0 dBm. The anaiysis program searches
the "must reply"” area (see figure 22) of each individual test 5 for a
reply rate of at least 90 percent. This defines the MTL lavel for
this transponder (-54 dBm for this case). Data from this column
(MTL), -51, -48, -45, and -42 dBm (MTL + 9 dB), are then savad for the
test 5 data base. This procedure is used on each transponder sample
until the data for all the transponders has been standardized to these
four levels referenced to MTL. Figures 24, 29, 26, and 27  are plots
of the SLS amplitude characteristics from the Atlanta sample at MTL,
MTL + 3, MTL + &, and MTL + 9 dB., respectively. The "reply rate" axis
is net completely linear on these plots. The first Tow contains reply
rates of O and 1 percent (in order to separately show the suppression
area of the specification). The remaining rows are 2 to 10, 11 to 20,
21 to 30 percent., etc. Thus, at a P1-F2 tatio of ~4 dB, 91 percent of
the transponders replied at a rate of 1 percent or less. 3 percent
replied at a rate of 2 to 10 percent, i1 percent replied i0O to 20
percent, 1 percent replied 30 to 40 percent:. 1 percent at 30 to 90
percent, and 3 percent replied at 20 to 100 percent.

The "must suppress" characteristics apply at all signal levels at MTL
+3 dB and above. Failures of the specification are indicated by an
“x" on figures 25, 2&, and 27. A total of 10 transponders failed this
specification with 4 of those failing to suppress at all.

Figure 27 1is a plot of the data from all <the SLS amplitude
characteristic tests at a level of MTL + 9 dB for each transponder.
Only 141 samples passed the threshold of MTL + 9 dB {(poor sensitivity
or shielding of the antenna cavsed a tTeduction of dynamic range of the
MTPA interrogations). The maximum signal capability (at the antenna
of the aircraft under test) varied from site to sice. but was normally
in the area of -39 dDBm.
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The "must teply” area of the ELS specification apolies when the signal
level rTeaches MTL + %2 dB. so that the P2 pulse (if present) would be
above the TeceiveT nojise. Failures to Teply at a v percent rate or
greater are indicated by a ‘check"™ on figure 27. A total of 12
transponders failed this criteria.

Figures 28, 29, and 30 are typical examples of transponders which
failed to pass "must Teply® portion o# <the ©SLS amplitude
characteristics test. MNormally, there was a "hole" of some sort in
the pattern (see circled areas on the plots).

ALTITUDE COMPARISON. In this test (MTPA <test No.99) Mode S5
interrogations are made to our MTPA transponder in order to get the
proper Mode C altitude data from our calibrated alitimeter. These data
are then compared to that received from the transponder being tested.
The differences in these data are stored as the result of test No. 99
Figure 31 shows the distribution of data from the standard altitude
for the Atlanta sample. Test 99 was run twice for each transponder.
The number of samples 1is odd. because one transponder was switched
from "no altitude” to "altitude on" between the two tests. The data
werTe analyzed in more detail by selecting one or the other of the
tests and using that for the characteristic of the transponder being
tested. It shows that {07 tests (approximately 38 percent) replied to

Mode C interrogations with "“brackets only" or no altitude data. of
the remainder which did reply with altitude information. 27
(*9 percent) replied at a rate less than %0 percent. Ten

(~3 percent) rTeplied with altitude data outside the tolerance of plus
or minus 125 feet. ODne rteplied with an error of 1,000 feet, and when
the results were discussed with the pilot, he confirmed that he had
been told By the ATC personnel that his altitude was erroneous.

POWER, SENSITIVITY, AND DELAY DATA. These parameters are checked by
analysis of the reply data from all the other tecsts. The power and
sensitivity are checked for the maximum wvalue acnieved, while the
reply delay is checked for a minimum.

1. Reply Delay Data. The former algorithm used for determination of
delay data (merely a search for the minimum value) was modified
because of the large number of transponders whose delay varied widely
as a function of other parameters. Figure 32 shows a typical example
where delay is a function of interrogation pulse spacing. This
transponder obviously does its timing off the Pl pulse and the delay
is set %to the nominal wvalue of 3.0 us at cne middle of the
interrogation acceptance window. As can also be seen from these data,
this particular transponder had the interrogation acceptance window
offset from the nominal interrogation spacing (8.0 and 21.0 us for
Modes A and C, respectively). In fact, this transponder did not
Tespond at all at the nominal 21.0 pus Made C spaci-g

In order to get reply data which wovuld be meaningful in the search for
ATC system problems. the following change was maae to the algorithm
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which determined the delay data for our sample. Since the
interrogators” pulse characteristics are tightly controlled, the
assumption was made that the interrogators were always at the nominal

position fer all variables during a particuviar test. Thus, even
thogugh a test varied a parameter on botn sides of neminal {(as all of
them do}, the delay data from that test was only used when the

variable was at the nominal value. The new set of delay values (one
from each test taken when the wvariable 4is at nominal) was then
searched for the minimum. This value was used as the reply delay data
for each transponder. Figure 33 shows the distribution of delay data
for the Atlanta sample. Nine transponders. or approximately
5 percent, were outside the limits of 2.3 to 3. 35 us.

2. Reply Power Data. Figure 34 shows the distripution of reply power
data from the 154 samples. After applying a 3 dB allowance for
measurement error dvue primarily to the reflection environment
discussed previously., 33 transponders (approximately 21 percent) fell
outside the allowable limits.. Most of the failures were on the high
side of the specification. Almost all of the military planes tested
fell into this category.

3. Sensitivity Data. Sensitivity tests (MTPA test No. 14) waere Tun
continuously as the aircraft taxied past the nose of the interrcgation
beam after the remainder of the tests had been completed. The results
of each test (successive approximation search for the Modes A and C
sensitivity value) were then examined and the highest value achieved
was used a3 the sensitivity of that transponder. The reply pcwer of
each group was also used as an input to the power analysis above
Figures 35 and 34 show the distribution of sensitivity for Modes A and

C, respectively, After allowing a plus and minus tolerance for
measurement erTor, 39 transponders (25 percent) failed to meet the
sensitivity requirements for Mode A sensitivity. Only 147 samples are
included in the Mode C sample as the remainder did not reply at
nominal interrogation characteristics (investigation of more
detailed data showed that the transponders did answer at other than
nominal spacing (see figure 32 for example). Thirty-nine or

27 percent of the transponders failed to meet the Mode C sensitivity
criteria.

REPLY RATE LIMITING. The reply rTate limiting test consists of making
interrogations at four different PRF‘s and recording the reply rates
to those interrogations, The PRF’s are 1,000, 1,400, 1,700, and &,000

interrogations per second. The transponders shovuld ressond to at
least 70 percent of the interrogations to a2 rate <+ at least 1,000
interrogations per second. (Transponders of aircraft designed to

operate above 1,500 feet must respond at least 90 percent to a rate of
1,200 per second.}? Figure 37 is a plot of the reply Tate data from
Atlanta. As shown, 10 percent failed toc Tespond st least %0 percent

at 1,000 intesrrogations per second. Approximately Z percent showed no
Teply rate limiting at all at rates up to 2,000 interrogations per
second.
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ANALYSIS OF THE FAILURES AND THEIR EFFECT ON THE ATC SYSTEM.

A program was written to examine all the data coilected for the entire
sample and output a summary sheet containing tne parameter(s) failed.
if any. for each of the transponders. The summary output of this
program is shown in figure 38. An "#" indicaces a failure of the
parameter at the top of the column (i.e., the first entry "Beechcraft
twin" failed to reply at least 20 percent to thaz SLE pulse spacing
test at all required points). A "D" indicates that, for some reason.
the parameter was not tested. As an example, aircratt "DIBO17" was
not tested for altitude characteristics as it replied "brackets only"
to the altitude test. These data were then used in order to examine
each of the failures in an effort to determine the effect on the ATC
system. The failures will be discussed by parametar.

1. Frequency. Approximately 9 percent of the <transponders tested
fell outside the allowable limits of 1087 to 1093 MHz. As the Teply
pulse frequency deviates from the center frequency (1090 MHz), the
receiver output begins to show distortion in both amplitude and pulse
shape. Within the receiver bandwidth (the FAA ground sites are
normally 1084 to 1094 MHz), the distortion is not significancs. The
pulse will be attenuvated approximately 2. 5 dB and stretched to about
990 ns, compared to an input pulse at 1090 MHz which would produce the
proper pulse width of 450 ns. As the frequency deviation reaches
beyond approximately 4.7 MHz, however, the distertion of the output
pulse becomes severe. Beyond this point. in addition to more
attenuation, the pulse splits into a pulse pair approaching a limit of
1/bandwidth of the receiver or approximately O. 125 ns. The one sample
encountered at a frequency of 10%94. 8 would almost surely not survive
the thresholding process of the digitizers as the video output of the
receiver would be attenyated by approximately i3 dB and eacn pulse
would appear as a pulse pair approximately 250 ns wide.

The pilot of this plane had received a letter from the FAA indicating
a potential problem with his transponder. The data from his complete
test is furnished as appendix B. This transponder never rt2ached a
90 percent reply rate in any of the tests. I+ this transponder uses
the transmitter frequency source as the 1local oscillator for its
recziver (as many designs do):, the preblem of oulse distortion would
occur in its receiver and could account for the overall poor
performance because of only this one (frequency) parameter.

The receiver of the MTPA system has a bandwidth o+f 20 MMz, so the
distortion due +to the MTPA receiver of the off frequency signal is
negligible.

2. Dracket Spacing. The ground system bracket detectors are normally
set fo accept bracket pairs spaced at 20.1 to 20.4 us in order to
accommodate out of tolerance transponders. Az a3 result of this
widened acceptance zone, of the six transponders out of the specified
limits only one would have probably not been detected as its spacing
was 20. 55 us.
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3. Pulse Width. Most of ¢the ground systems contain “pseudo—-lead
edge" logic, which inserts extra lead ed32s into the code
determination logic when the input pulse exceeds a certain value. The
assumption 1is that a wide pulse 1is really the Tesult of the
overlapping of code pulses from two ATCRBS replies, so one lead edge
is inserted at the true lead edge of the wide pulse and the second is
inserted at a point 400 to 500 ns before the trailing edge. This
enables the decoder %o rTesolve code problems i a ‘'“garble or
overlapping” situation, This parameter is normally site dependent.
but a normal value is approximately &00 ns. Some of the transponders
with wide output pulses would probably trigger this pseude~lead edge
mechanism and may result in the declaration of two targets where only
one really exists (split targets).

4. Code Pulse offset Transponders which #failed this specification
wovld probably be detected with the wrong code. Depending on the
sampling point of the code pulses on each rTeply, the correct code

could occasionally be decoded, but the validity of the code data would
be low.

One transponder replied with the wrong code during the test. At
that time we were not requesting the pilot to reply a specific code.
The problem came to light during the discussion of the test results
with +the pilot. After that time the pilots were requested to reply
with code 5777. In this way we could at least ascertain if most code
bits worked (if the bit were always “on" we still weuld not know it).

5. Mode Acceptance—-—Pulse Spacing. The transponders which failed
this parameter will perform at a level which deoends on the accuracy
of the interrogator timing. Even if the transmitters ate exectly at
the nominal spacing, seven transponders wovuld not Teply to Mode C
interrogatiaons. In addition +to the 1loss of aititude data, the
probsbility of detecting the target at all would suffer if tne
detection algorithm uses the Mode C data.

&, Dead Time/Suppression Time. I# the dead or suppression time is
excessive, the reply probability will be degraded as the system tries
to interrogate a transponder which has just been suppressed or replied
to another interrogation. Although 14 percent failed the suppression
time:, the majority failed by 4 ps or less.

7. S5LS Acceptance~—-Pulse Spacing. Since +this test was the most
frequently failed (only 41 percent passed). it deserves special
consideration. This compares with &5 to 70 percent (in the ara2a where
9?0 percent rTeplies are required) as measured in the Philadelphia
sample taken in 1983. As stated previously, the auceptance area of
the transponder was wusvally too wide or skewed to one side or the
other, Most of the transponders still suppressed wnen tne P1-P2
spacing was 2.8 ps. I <there 1is any Mode 1 activity, these
transponders would see this interrogation as a svppression pair and
SUppress. It is also possible that some other RF activity with a
pulse width of approximately 3 us (a tise time of about 100 ns or less
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is alsa r2guived) produces 3 puise pair in the recelver output of the
trannpengeTs  nHacausz of the coff  frequency characteristirs of a
bancdwidhrn Iltmlsed Teceiver. I# this signal wer2 an omnidirectional
raciating ratuern. the suppression time of this group of *rsnsponders

f
won o 32 s-=atly increased, wnich wownld cauvse a drop 1in  the
probabilizy af a reply when interrogatad by the ATC system.

litude Characteristics. The primary prohlem here appeared

11 ranges of signals where the transponpuzsrs did not respond
a @0 nevrcerf rate when requirad (especially at o PL/PZ r1atio of

is could lead to spotty coverage as thuse signal levels are
encountered during tha flight. Those which did not suppress at all
woold prokably Tesult iIin "ring arcund” targats when ne2ar the
inta2rragator in rtange.

. Altitude Compariscn. Approximately 3B percent of the transponders
were not "altitude equipped" as they rTeplied with only brackets to
Mode © interrogations. The 5 percent with altitude errors present a
seTious prablem to both TCAS and the ATC system.

19, Reply Delay Data. S8ince so many transpondercs’ Teply data were a
function of the interrogation pulse spacing, if¥ is important that
thesze pulses te mairtained at theirT nominal wvalue (this is espacially
true for the TCAS interrogators) to avoid range errors.

it. Senszitivity and Power. Failure of these two parameters will
result in a reduction of the range of <coverage from cthe ATC
intsrrogator, or in an increased loss of Teplies when the aircraft is
in the praocess of making a turn,

The remairning parameter measurements compare Teasonably well  with
those collected previausly. Thus, if the Atlanta area is experiencing
more problems than normally encountered, it may weil be the activation
of the more zasily triggered suppression mechanism af the transponders
based there.
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RECOMMENDATION

in gunarTai:. sine failure rates of thez transponders tested 1n Atlanta
are comparable with fthose previously tested (i.e., Philadelphia and
Dayteni witp one exception. . That 1is the susceptibility of the
Atlanta-based transponders to suppression initiation. Only 41 percent
passed the ELS pulse spacing tests compared to a &5 to 70 percent pass
rate at Philadelphia. (This is +the only data aveilable on this
parameter. )

If the ATCRES problem is more severe at Atlanta, the parameter
discussed 3bove is a candidate as the possible causz as it is the anly
one =significantly different from the previous data.

It is impertant to say that the tests only . show a wvulnerability ¢to

suppression initiation. The main problem is suppression actien as a
result of interrogations which should not ose recognized as a
suppression pair. In order to cause a problem for the ATC system:

something in the environment must initiate a suopression by some
intsarrogation.

This can @be either a pulse pair within the bandwidth of <the
transponder receiver (1030+BW) er a single pulse with a fast rise time
outside the bandwidth of the receiver (i.e.. a 2.8 pus pulse with a
fast rise time at a frequency of 1020 MHz will exit the receiver as a
pulse pair at 2.8 us). The majority of the Atlanta transponders could
then be suppressed by the single pulse.

The fact that the transponders are illegally suppressed could,
therefore: make them available a lower percentage of the time te reply
to interrogations from an ATC system.

It is recommended that the environment be investinated to determine if
interference af the type decribed above exists in the Atlanta area.
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SUMMARY

A4 total of [S54 different transponders were checked at three different

general awviation airports in the Atlanta, Georgia, area. The planes
were stopped at one edge of the MTPA interrogation where the tests
were conducted. The pilots were then instructed to taxi across the
intzrrogation pattern while power, sensitivity, and reply delay

imeasurements were made.

Figure 39 gives a summary of the testing of the Atlanta sample. As
indicated, the most failed parameter was the requirement to reply at a
FC percent rate i1n the SLS pulse spacing test, where 59 percernt of the
transponders failed to comply. This compares to a 35 percent failure
rate at Philadelphia: the only other site where data on this parameter
were collected.

Seven transponders out of the 1534 tested passed all 24 oarameters
tested. Five additional transponders passed a:1 parameters, but
Teplied with "brackets only" to the Mode € interrcgations a&and were
failed by MTPA for that parameter. Thus, approxaimately 7 percent of
the transponders passed all tests for which they were eguipped. An
additional 38 failed to reply at a 90 percent rate during the S5LS
decogding accuracy test as their only problem and/or replied with
"brackets only" to Mede C. Another 43 failed one other parameter {(in
addition to the previous ones}), 24 failed twoc others, and 49 failed
three or more additional parameters.
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APFENDIX A

MTPa CALIBRATION DATA FROM PEACHTREE/LEXALB AIRPORT
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3 a zapy of %he screan afler the calibration process has
2 I% shows a3 fistaTy 2f the avents during the run The
2 program is “COUPLE. “ The name of the calitration file
vor  Ythe day i35 “"PT2." The sensitivity, pow2tT, and delay data were
collectad twize on the calibrated cable to <chack for Trepeatability
gricor ta maving the transponder %o the car for the calibration Tun on

the ramp. Ffunction "2" (Transponder in Remote Ioacation) was then
selected and the car was positioned at one of the edges of the
intarrogation pattern. Data were then collected as the car wss driven
throcugh the pattarn te the cpposite side. The coupie program searched
these data loocking far the maximum power, sensitivity, and the minimum
delay. {The arrows in %the left hand column indicate that one of these

parameters was updated during that set cof tests. } wnen the power and
sensitivity have bdoth decreased by 10 dB from the maximum value
achieved during the run. the file is then closed by selecting runction
“3* and entaring the approximate distance for use in the vertical
offset takle selectien.

Figures A—Z through A—-6 are the data from the pattern run after

calibration. The values of power, sensitivity, and delay which would
be uvsed as the true parameters for that transponder are circled on
figure A2 When compared to those from the caiibrated cable (see

figure A-1), it is szen that the sensitivity and delay values are very
clese but <¢the power is off by about 1. 4 4B. Tn2 plot of the power
data (figure A-3) shows a3 dip where the maximum snould have ecccurred.
This <c¢ould have been caused by a number of reasons (reflections.
interferencsa, etc. ), but is well within our toleraace.

Figure A-7 15 the summary sheet of the complete set of tests
{File—-name=ATL1}! Tun on the calibrated transponder. The arrauws on the
left side indicate parameters which are out of the specified limits.
The arrows beside "Mode S rTeply rate" merely mean that the transponder
in MTPA which supplies the calibrated value for %ha Mode € code was
turned off during this run. The delay data are also lou (3. 167 rather
than 3. 182) when compared to the bench valvue. This 1is a result of
selecting the lowest value of delay which occurs during any test.
{Some of the fests affect the delay.?



¥ COUPLE

M. T. P. A. COUPLING PROGRANM

INTER CALIBRATION FILENAME 3PT2

1 - TRANSPONDER ON CALIBRATED CABLE

ol 2 - TRANSPONDER IN REMOTE LOCATION
falbre+d) 3 - DATA COLLECTION COMPLETE

ashle 5
ENTER FUNCTION (L~
CAL SEN =-77. POU = S57.9 DEL - 3.185

1 - TRANSPONDER ON CALIBRATED CABLE
2 — TRANSPONDER IN REMOTE. LOCATION
3 - DATA COLLECTION COMPLETE

of!
-
A GJ/I}m}d{
Cﬂb/e o /
ENTER FUNCTION /(1) /
CAL SEN =-77. POW = §7.7 DEL/+ 3.182
4 i J
£2oP 2 | _ TRANSPONDER ON CALIBRATE Lcnan
Sle?7) 2 - TRANSPONDER IN REMOTE LOCATION

SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN
SEN

REMOTE SEN

-4,
--46¢
--58.

POU
POU
POU
POU
POU
POU
POU
POV
POU
POU
POU
POU
POU
POU
POU
POU
POU

. POU
. POU
. POU

POU
POU
POU

POU

53.3

53.5
53.5
53.5
53.7
54.5
54.5
54.6
556.0
54.6
54.1
54.5
54.2
53.5
53.90
51.9
51.2
49.8
49.90
48.0
47.8
46.7
45.5
55.0

DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL
DEL

4,193
4,194
4.103
4,102
4,100
4,099
4,104
4,102
4.194
4.193
4:.105
4.108
4,109
4.111
4.113
4.112
4,118
4,120
4,128
4.131
4,133
4.1355

4.140
41,0999 — £,/

Cullbrotra
ran

3 - DATA COLLECTION COMPLEJE ( Setoctoo

. loes 1 - TRANSPONDER ON CALIBRATED CAELE
ENTER FUNCTION (27 % 2 - TRANSPONDER IN REMOTE LOCATION
EXTRACT DATA  (N+9@) _ \___3 - DATA COLLECTION COMPLETE
AUSE --  (CR> UHEN READY ENTER FUNCTION (3) - forase
ENTER DISTANCE (100->800) (400;*ﬂﬂ S0k
i3 SEN +-49. POY = 46.2 DEL = 4.121 e satee? o
] -> SEN =-51. POU » 48.1 DEL « 4.1205TOP -- fable
v -> ' SEN =-53, POU = 49.5 DEL = 4.114
Qor & > SEN =-54. POU = 51.3 DEL « 4.109.
- SEN +-55. POY = 52.4 DEL = 4.107
- SEN =-56. POU » 52.6 DEL * 4.104
- SEN =-56. POU = 53.0 DEL » 4.106

FIGURE A-1.

SAMPLE FIELD CALIBRATION DATA RUN



ENTER DATA FILE NAME XPATPT2 38
1 SEN= S4. POUERs 37.@ DELAY= 3.293 39
2 SEN= S54. POUER= 36.9 DELAY= 3.294 40
3 SEN= 54. POUER= 37.0 DELAY~ 3.294 41
4 SEN= 54, POUER= 37.0 DELAY* 3.292 42
5 SEN= 54. POWER+ 37.0 DELAY= 3.295 43
6 SEN» 54, POUER= 37.0 DELAY~ 3.293 44
7 SEN« 54. POUER= 37.@ DELAY* 3.294 45
8 SENs 54. POUER= 37.0 DELAYe 3.293 46
9 SEN= 54. POUER= 36.9 DELAY* 3.294 47

10 SEN= 54. POUERs 37.0 DELAYe 3.302 48

11 SEN= 53. POWER* 37.0 DELAY= 3.303 49

12 SEN= 53, POUER= 35.7 DELAYs 3.300 S0

13 SENs 53. POWER= 34.3 DELAYs 3.297 51

14 SENs 54. POWER= 33.7 DELAY= 3.285 &2

15 SEN= S5. POWERs 35.7 DELAYe 3.256 63

16 SEN= 59. POWER= 39.7 DELAY= 3.240 G4

17 SEN= 61. POUER- 42.8 DELAY= 3.228

18 SEN= 63. POWER= 45.2 DELAY= 3.21

19 SEN= 67. POUER- 46.6 DELAY+. 3.20

20 SEN= 68. POWER- 48.1 DELAYs 3,202

21 SEN= 70. POUER+ 49.8 DELAY* 3.197

22 SEN= 71. POUER* S51.S5 DELAY* 3.195

23 SEN= 72. POUERe 52.3 DELAY* 13.194

24 SEN« 7?3, POUER= S3.3 DELAY* 3.194

25 SEN= 74. POUER= 53.7 DELAY> 3.189

26 SEN= 74, POUER= 54.5 DELAY* 3,191

27 SEN= 7?5. POUER= S5.0 DELAYs 3.189

28 SEN« 75. POWER= 55.5 DELAY- 3.188

29 SEN+ 76. POUER= 55.8 DELAY+s 3.187

30 SEN= ?76. POUERe $6.3 DELAY* 3.186

31 SEN= 76. POUER+ 56.4 DELAY* 3.186

32 SEN= POUER= S56.2 DELAY* 3.184

33'SEQ§:§§:)POUER- 55.7 DELAY- 3.182

34 SEN 7 POUER= DELAYe 3.185

35 SENs= 76. POUERELM’- 481

36 SEN= 75. POUER="S6.3 DELAY=* 3.180

37 SEN= 74. POUER* 55.5 DELAYs ~3:

FIGURE A-2.

SAMPLE ANTENNA PATTERN RUN

SEN=
SEN=
SEN=
SENs=
SEN=
SEN-
SEN-
SEN=
SENe
SENs=
SENe
SENe
SEN-
SEN~-
SEN~
SEN-
SENe

4.
4.
73.
2.
72.
71'
70,
68.
67.
66.
64.
ba.
60.
58.
58.
57.
57.

POUER~
POUER-
POUER~-
POUER®=
POUER®=
POUER
POUER®=
POUER-
POUER=
POUER~
POUER~
POUER-
POUER~
POUER=
POUER=
POUER-
POUER-

6.2
54.5
53.9
$3.5
52.3
1.2
49.8
48.7
47.3
45.7
44.6
41 .4
38.6
36.9
35.9
35.3
34.9

DELAY=
DELAY=
DELAY=
DELAY=
DELAY«
DELAY=
DELAY-=
DELAY-=
DELAY-
DELAY=
DELAY=
DELAY»
DELAY=
DELAY=
DELAY=
DELAY=
DELAY*

3.18¢
3.179
3.186
3.182
3.181
3.184
3.193
3.193
3.194
3.199
3.205
3.215
3.225
3.236
3.239
3.246
3.250



POUER

PATPTE
60, .
, ‘I/-V
l‘. 'y .l‘
2t )
2% *s
R X
X X
2 X
X
|
z
45 = R !
2
2
|
[}
3? ] Sa
AZAIARRERIAR z
3 2 I‘.
)
)
',e y j L ¥ A
0. 13.86 27, 490.6 Ed,
FIGURE A-3., BSAMPLE ANTENNA PATTERN PLOT (POWER)



SENSITIVITY

ATPTR
86'-1
x
XXX X%
XX x
XA XXX
72'511 ‘ '
X 5x
b ]
x X
P X X
dn x z
65. . ¥
X
x
X
x
X
x
57.5... } @
5x
x
IEXEAXEXRXX x
XXX
&0, . ' ‘ S,
0. 13.5 e7. 40.% 4.

FIGURE A-4. SAMPLE ANTENN/

PATTERN PLOT (SENSITIVITY)



SENSITIVITY CORRECTED BY POUER

PATPT2
80'— o
x
! £34% a2
[ X & b ] x X
xXx X"xxx g XX x l"xxl =
x x l‘l !‘
~ x i3
72 .5 [IxxxxxXxAEX—" S
2.5 . ;;ygy/ﬁuf; =-7 7y
65.
67.54
5O. ' ‘ | |
0. 13.5 27. 40.5 €4,

FIGURE A-5. SAMPLE ANTENNA PATTERN PLOT (SENSITIVITY CORRECTED BY POWER)



DELAY

JATPT2
308-— !“’
xXx KExXxx
X
X
J3.285 .
x ‘l
x X
x
x
3.2 *x ,*
’x'l 2 xxX
X" Xxyg
xl“x“!xl Xy
3.15
ail T ] 1
0. 13.5 27. 40.5 t4.

FIGURE A-6. SAMPLE ANTENNA PATTERN PLOT (REPLY DELAY)



F.

A. A. TECHNICAL CENTER TRANSPONDER SUMNARY

THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

PTSHK1 5.0 FT -47 DB

PTD2 .00l @2-APR-85 08109132
CODE 5252
FREQUENCY 1090.5 MH2 1090 +/- 3
JITTER 0.018 USEC NTE .100 USEC
PULSE WIDTH 0.452 USEC 450 +/- .100 USEC
BRACKET SPACING 20.310 USEC 20.300 +/- ,100 USEC
MAX CODE PULSE OFFSET 0.010 USEC NTE .100 USEC
MODE A ACCEPTANCE (PS) 7.75 -> 8.40 USEC <7.8 -> >8.2 USEC
MODE C ACCEPTANCE (PS) 20.75 -> 21.40 USEC ¢20.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.007 NTE .200 USEC
ATCRBS ACCEPTANCE (PU) 0.425 ~) 0,925 USEC

-> MODE S REPLY RATE 0.0 X

P1-P2 RATIO (REP >« 90%) @ -50 DBM 15 XX 12 XX 9 XX XX XX )9
Pi-P2 RATIO (REP (= 1X) @ -50 DBM xx -6 XX -3 xx @ € 3 (-0

DEAD TIME 130.0 USEC NTE 125.0 USEC
SUPPRESSION TIME 26.0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000) 00 x

REPLY RATE (1400) 68 X

REPLY RATE (1700) 50 X

REPLY RATE (2000) 49 X

S.L.S. ACCEPTANCE (PS) ( ¢ 1% ) 1.75 -5 2.30 USEC <(1.85 -> >2.15 USEC
S.L.S. ACCEPTANCE (PW) 9.300 = 1.500 USEC

MODE S REPLY RATE 0.0 X%

REPLY DELAY 3.167 USEC 3.000 +/- ,500 USEC
REPLY POUER $6.5 DBM 45.5 - 60 DBM

MODE A SENSITIVITY -7 DBAN 66~-80 DBM

MODE C SENSITIVITY -7? DBN 66-80 DBNM

FIGURE A-7. SAMPLE TEST SUMMARY SHEET (CALIBRATION VEHICLE)
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Figura
B-i

G-2

B~1&
G-17

B-18

Test

MTPA

MTPA

MTFA

MTPA

MTFEA

MTPA

MTFA

MTF A

MTFA

MTPA

MTFA

MTFA

MTFA

APPENDIX B - LIST OF ILLUSTRATICNS

Matrix Transponder (2 Sheets}

Summary Sheet - Transponder (2 Sheecs)
Test 2 Summary Sheet (1) (2 Sheets)

Test 2 Summary Sheet (2) (2 Sheets)

Teszt 3 Summary Sheet (2 Sheets)

Test 4 Summary Sheet (2 Sheets)

Test 99 Summary Sheet (1st run) (2 Sheets)
Test 15 Summary Sheet {2 Sheets)

Test 15 Summary Sheet (Delay) (2 ESheets)
Test 15 Summary Sheet {(Power) (2 Sheets)?
Test & Summary Sheet (2 Sheets)

Teszt 7 Summary Sheet (2 Sheets)

Test 8 Summary Sheet (2 Sheets)

Test 12 Summary Sheet (2 Sheets)

Test 12 Summary Sheet (2 Sheets)

Test 14 Summary Sheet (2 Sheets)

Test 3 Summary Sheet (2 Sheets)

Test 5 Summary Sheet (Delay) (2 Sheats)
Test 5 Summary Sheet (Pcwer) (2 Sneats)

Test 99 Summary Sheet (2nd Tun) (2 3heets)

Page
B-3

B-5



This aircTaft had twon transpomdars which were checked by Ths MTPA.
The swumnary JI3ta Ffrom <each test 15 imcluded as this appendix.
Arcurate poweT™ and semsifiwvity data werTe mot Taksm om  ftransponder
Ho., 1 sp that <he secomd tranmspomder cowld Re checked. Power amd
semsitivity Jata were takan om the second tramsponder after compietiom
of the reomaimder of the tests.

Tha #igures for franspomder Mo 1 are all labelad "sheet 1. The
compamion Tigures for tramspomder No. 2 are labeled "sheet 2 " Figure
B-1 is th2 test matrice for the two tranmsponders. fFigure B-2 is the
SWHABAT ) .

Trancsponder No. 1 shows omly two problems: {1) it has mo Teply Tare
limitimg. amd (2} it did mot Teply to the Mode € imterrcgatiowms of the
altituwde tests. This is somewhat puzzlimg. as it answered 100 parcent
to tha imterrogatioms of the Mode € accentarsz spacimg test (see
Figure B-33. The interrogatioms of Lhe altitwids test are nominal
spacing am¢ the same interrogatiom peower as those oF test 3.

Tranpsponder No. 2. howewver, #ailed mamy parameters (sze figure B-2).
The Fact that tha: Ffrequemcy is so far off cowid sxplaim why mamy of
the other parameters failed. If the tramsmit Ffrequemcy is vsad as the
loral osciilater, the imterrogatiom sSigmals from MPA wowld bde
approximately & 9 Mz from the cemter freguemcy of the Ltramsoemders’
TeCPiver. This wowld certaimly reswlt in attenuvation amd distortion
of the interrogation sigmals. The reply rate on most of the tests is
less than 100 percent. as is eviderced by amy of Zme test figures #or
tramtponder hNo. 2 Apparently. there was much antemma sheildimg
during the tests as the power readings gatherad durinmg test 15 show a
Teply power of 24 5 4Bm. test 2 shows 27 or 28 dim. and the true power
was S51.5 4Bm. Thus, the signals were betwesen 20 anmd 23 4B downm From
the smaximum durinmg the tests. The raply power of Tramspomder o 2
was also abowt 4 48 lower tham that of tramsponder mo. 1 according to
Tiguves E-3 amd B-10.

The swummarTias of the semsitivity tests with the reply power ashowve
40 4dBm ave listed inm the Following table:



TABLE B-1 ATCRBS SENSITIVITY TEST RESULTS

MATRIX NI A SENS A DEL. 7 SENS £ DEL. ~FGWER {A) PCHER (O
71 -54 2. &6l -59 2. bbda 40 43
72 —-bd 2. 438 ~ba 2. 446 43 47
73 -&2 2. 617 -84 2. 4628 42 o1
74 -&68 2. 603 -68 2. 614 o1 51
79 -5 2. 599 ~68 2. 618 51 51
76 -68 2. 606 -b67 2. 622 20 50
77 -&7 2. 611 -1 2. 631 49 47
78 -63 2. 615 -65 2. 632 47 a5
A ~-&4 2. 618 -&3 2. 638 44 47
BO -64 2. 621 -64 2. 641 46 47
81 =63 2. &30 -&62 2. 646 47 435
82 -63 2. &34 -63 2. 654 44 43
83 -&4 2. 6379 -&63 2. 661 43 43
854 -462 2. 646 -b2 2. &b65 40 42
85 -&2 2. 659 -62 2. 877 41 40

As indicated. the nose of the interrogation beam was crossed by the
plane at approximately the time tests 73 to 75 were being conducted

Since the interrogation power was set to -4% dEm for the tests
conducted while the aircraft was stationary., and the aircraft antenna
was gpproximately 20 dB down from the nose, the majority of the tests

were conducted at ar near the MTL cf the transponders. This makes the
data of some of the 'tests someuwhat questienable (all tasts which
require a4 S0 percent reply rtate, i.e.. dead time, suppression time).

but all reply characteristic type tests are valid

w
i
ni



24K NO POUER SEN. #1 1.5 FT -49 DB

02-APR-8S e8151146

TEST MATRIX

20 14 14 14 14 14 14 14 14 14 14
30 14 14 14 14 14 14 14 14 14 14
40 14 14 14 14 14 14 14 14 14 14
50 14 14 14 14 14 14 14 14 14 14
69 14 14 14 14 14 14 14 14 14 14
70 14 14 14 14 14 14 14 14 14 14
8o 14 14 14 14 14 14 14 14 14 14
90 14 14 0 0 0 0 ) 0 0 0
100 0 0 0 0 0 0 ) 0 0 0
110 0 0 0 ° ° e 0 L 0 0
120 0 0 0 0 0 ° 0 0 0

FIGURE B-1. TEST MATRIX TRANSPONDER (SHEET 1 OF 2)



g

NEOR24KS2

10
20
30
49
50
60
70
8o
90
100
110
120

08~APR-88

TEST MATRIX

i 2

a 3
13 14 ]
i4 14 U4
14 14 14
14 14 14
14 14 14
14 14 14
i4 14 14
i4 14 U4
e 0 0
0 0 0
0 0 0
0 o 0

FIGURE B-1.

1,8 FT =49 DB

08:84127

3 4 b é 7 8
4 0 18 8 7 8
89 14 {4 14 14 14
14 14 14 14 14 14
14 14 14 14 14 14
14 14 14 {14 14 14
14 14 14 (4 14 14
14 14 14 14 14 14
14 14 14 14 14 {4
14 14 14 14 14 14
0 0 o ] 0 0
0 0 0 0 0 0
0 @ 0 0 0 0
) 0 0 o 0 0

TEST MATRIX TRANSPONDER (SHEEY 2 OF 2)

ia
14
14
14
14
i4
14
14
14



F. A. A. TECHNICAL CENTER TRANSPONDER SUMMARY
THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

24K NO POUER SEN. %1 1.5 FT ~49 DB

PT2DA .00} 02-APR-85 0815146
CODE 1200
FREQUENCY 1090.8 MHZ 1090 +/- 3
JITTER 0.020 USEC NTE .100 USEC

- PULSE WIDTH 0,397 USEC <450 +/~ ,100 USEC

BRACKET SPACING 20,310 USEC 20.300 +/- ,100 USEC
MAX CODE PULSE OFFSET €.006 USEC NTE .100 USEC
MODE A ACCEPTANCE (PS) ?7.70 = 8.45 USEC (7.8 -> >8.2 USEC
MODE C ACCEPTANCE (PS) 20.75 -> 21.40 USEC (20.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.024 NTE .200 USEC
ATCRBS ACCEPTANCE (PY) 0.525 -> 1.500 USEC

-> MODE C REPLY RATE 0.0 X

P1-P2 RATIO (REP >= 90X%) C ~50 DBM 15 XX 12 XX 9 XX 6 XX >+9
P1-P2 RATIO (REP <¢= 1%) @ -50 DBM XX -6 XX -3 XX @ XX Xxx <(=0

DEAD TINE 45,0 USEC NTE 125.0 USEC
SUPPRESSION TIME 8,0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000)
REPLY RATE (1400)
REPLY RATE (1700)
REPLY RATE (2000)
S.L.S5. ACCEPTANCE (PS) ix ) 1.80 -> 2.40 USEC <1.85 -> >2.15 USEC
S.L.S5. ACCEPTANCE (PU) 0.350 -5 1.500 USEC :

~> MODE C REPLY RATE 0.0 %
REPLY DELAY 2.819 USEC 3.000 +/- .500 USE:
REPLY POUER 31.0 DBNM 48.5 - S7 DBNM
REW!
f‘%ab

FIGURE B-2. TEST SUMMARY SHEET - TRANSPCNDER (SHEET 1 OF 2)



F. A. A. TECHNICAL CENTER TRANSPONDER SUMMARY
THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION

NE6O24K$2 1.5 FT -49 DB

PT2DA .002 02-APR-8% 08154127
CODE 1200

-> FREQUENCY 1096.9 NHZ 1090 +,/- 3
JITTER 0.062 USEC NTE .100 USEC
PULSE WIDTH 0.362 USEC 450 +/- ,100 USEC
BRACKET SPACING 20.255 USEC 20.300 +/- .100 USEC
MAX CODE PULSE OFFSET -0.040 USEC NTE ,100 USEC
MODE A ACCEPTANCE (PS) ?7.80 =) 8.20 USEC {7.8 -> >8.2 USEC

-)> MODE C ACCEPTANCE (PS) 20.80 -> 20.95 USEC {20.8 -> 21.2 USEC
DELAY DIFFERENCE (MODE A-C) (US) 0.027 NTE .200 USEC

-> ATCRBS ACCEPTANCE (PW) 0.750 - 1.500 USEC

-> MODE C REPLY RATE 0,0 X

=) P1-P2 RATIO (REP >= 90%) @ -50 DBM XX XX XX XX XX XX XX XX )9
-> P1-P2 RATIO (REP <= 1X%) @ -50 DBM XX -6 XX -3 XX XX XX Xx (=0

-> DEAD TINE 140.0 USEC NTE 125.0 USEC
-=> SUPPRESSION TINME $0.0 USEC 35.0 +/- 10 USEC
REPLY RATE (1000)
REPLY RATE (1400) X
REPLY RATE (1700) 45 X
REPLY RATE (2000) 37 %

=> S.L.S. ACCEPTANCE (PS) ( ¢ 1% ) 1.9% - 2.40 USEC <1.85 -> >2.15 USEC
S.L.S5. ACCEPTANCE (PY) 0,300 - 1.500 USEC

-> MODE C REPLY RATE 0.0 %
REPLY DELAY 2.599 USEC 3.000 +/- ,500 USE”
REPLY POUER 51.5 DBM 48.5 - 57 DBNM
MODE A SENSITIVITY ~-69 DBM 69-77 DBN
MODE C SENSITIVITY -70 DBM 69-77 DBM

FIGURE B-2. TEST SUMMARY SHEET - TRANSPONDER (SHEET 2 OF 2)



24K NO POVER SEN. 81 1.5 FT -49 DB
ATCRBS REPLY TEST - 2

9.3,
P 9.15.]
0
PULSE POSITION POUER s
1 9. 4 .I. +
1 - F1 0.000 0.0
2 -C1 0,000 0.0 ?
J - Al 0.006 30.9 I
4-Cc2 0,000 0.0 o  “O-15
5 - ﬂa 00000 000 N
6 - C4 0.000 0.0
7-A4 0.000 0.0 cou3
8 - Bt 0.000 0.0 '. o . 3 M
9 - D1 0.000 0.0 * * nge
10 - B2 0.001 31.0
i1 - D2 0.000 0.9 69..
ie - B4 0.000 0.9
13 - D4 0.000 0.9
l“ - FE 0.010 3100 P s,
0
CODE = 1200 u
[ 3. + + +
R
18, 4
e. T Y T )
9. 4. 8. i2. i6.
PULSE

FIGURE B-3. MTPA TEST 2 SUMMARY SHEET (1) (SHEET 1 OF 2)



PULSE POSITION

1 - F1 0.000
e - Ci 0.000
3 - A1 -0.01c2
4 - Ce 0.000
S5 - A2 0.000
6 - C4 0.000
? - A4 00000
8 - Bl 0.000
9 - DI 0.000
16 - B2 -0.040
11 - De 0.000
12 - B4 0.000
13 - D4 0.000
14 - F2 -0.045

CODE = 1200

NEo24Ks2

n
VOO OJYOSDODOS

> - - - L * L ] L - L] -

HOOONNOOOODO

n

FIGURE B-3.

ATCRBS REPLY TEST - &

1.5 FT -49 DB

0.3
.T
P .-lsﬂ
0
S
1 @,
T
1
o '.o 15_
N
-.03
0.
60.
_.|
e 45,
0
v
E 3.
R

16,

+ 4
) | )
8. 12. 16.
PULSE
+ +
U 1 | ]
8. 12. 16.
PULSE

MTPA TEST 2 SUMMARY SHEET (1) (SHEET 2 OF 2)
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1080.

100.

s

50.

.'.q

1085, 1000, 1095,
FREQUENCY (MMI)
I 1

x
x X
x
X
0.3 .46 o.8

PULSE WIDTH (USEC)

FIGURE B-4.

..7%

ATCRES REPLY TEST - 2

84K MO POVER SEn. 1

a.s

1.5 FT -49 D

L

FREQUENCY = 1080.84
LAY LI N - [
vIDTH + 0.3
‘ . -
o I
F .
£
]
¢ 5.
. x
N x
1
.‘l—q
2 X
© « NS — NS RRY
2. 2.% 3.
PELAY (USEC)

MTPA TEST 2 SUMMARY SHEET (2) (SHEET 1 OF 2)



01-4

100._

1080. 1085. 1009. 1095, 1100.
FREQUENCY (MN2)

108. _

P 2.

- X M O DM

35..{ x

& ey NN

e.16 0.3 8.46 0.8 0. 7%

PULSE UIDTH (USEC)

HEOR4KeE

ATCRES REPLY TEST - B

FREQUENCY = 1096.07
DELAY «  2.869
VIDTH « 0262
I
x
b

2.
DELAY (USEC)

FIGURE B-4. MTPA TEST 2 SUMMARY SHEET (2) (SHEET 2 OF.2)

1.5 FT -9 D



1.5 FT -49 DB

#1
ATCRBS MODE ACCEPTANCE TEST (POSIT) - 3

24K NO POUER SEN.

Ly}

B
V%Zé—,
A . Y , “‘

tttttt

MdA MM AR LA

)
1.6

T
all
MODE € P1-PI (USEC)

EEEEEEEE

T
8.6

Y
q.
MODE 374 P1-P3 (USEC)

]
7.4

EEEEEEEE

19.7

FIGURE B-5. MTPA TEST 3 SUMMARY SHEET (SHEET 1 OF 2)



-4

(A

N6o24Ks2 1.5 FT ~-49 DB
ATCRBS MODE ACCEPTANCE TEST (POSIT) - 3

100, /% 100. //
: . = 7 . x . _
M /// RGO /% ey

FIGURE B-5. MTPA TEST 3 SUMMARY SHEET (SHEET 2 OF 2)



£1-¢

100._

€35

2.5

< » r M o

24K NO POUER SEN. %1
ATCRBS MODE ACCEPTANCE TEST (P.UW.) - 4

> ]
7
0.6 %As 1.2 1.5

¥
o.
WODE 37a P1,P3 P.U. (SEC)

R R

e.)

I 1 I I
9.6 4.9 1.2 1.6

MODE 374 PL,P3 P.U. (SEC)

FIGURE B-6. MTPA TEST 4 SUMMARY SHEET (SHEET 1 OF 2)

1.5 FT -49 DB



yi-4

N6024K$2 1.5 FT -49 DB
ATCRBS MODE ACCEPTANCE TEST (P.U.) - 4

MODE 3/A P1,P3 P.W. (SEC)

FIGURE B-6. MIPA TEST 4 SUMMARY S1EET (SHEET Z OF 2)



c1-4

24K NO POUER SEN, $1 1.5 FT -49 DB
MODE C ALTITUDE VERIFICATION - 99

100._

%75,
R
E
P
L
50,
4
5.
. .
-1“00 -5“0 .o s“- 1.‘..
ALY OFFSET
STANDARD TRANSPONDER = 900. FEET 100. X VALID REPLY
TEST TRANSPONDER » 8. FEET . X VALID REPLY

0. REPLY 0. X BRACKET REPLY

FIGURE B-7. MTPA TEST 99 SUMMARY SHEET (lst RUN) (SHEET 1 OF 2)



91-4

NEO24KE2 1.5 FT -49 DB
-MODE C ALTITUDE VERIFICATION - 99

-
¥ 75, 5
R |
€
P
L

59. ] ;
v i

2. %

9.

-1000. -590. .. 500. 1000,

ALT OFFSEY |
|
|
|
\

STANDARD TRANSPONDER = 900, FEET 100. X UALID REPLY
TEST TRANSPONDER = 0. FEET @. % VALID REPLY

0. REPLY 9. %X BRACKET REPLY

FIGURE B~7. MTPA TEST 99 SUMMARY SHEET (lst RUN) (SHEET 2 OF 2)



L1-d

24K NO POUER SEN. 31
SIDE LOBE SUPPRESSION TEST -~ 15

P1 LEVEL (-DBN)

6o 50
P1-P2

16 ¢ 10
12 100
9 19
] ¢ 89
3 ¢ N
¢ [ ] ¢
-3 [ ] ]
-6 L] ¢

FIGURE B-8. MTPA TEST 15 SUMMARY SHEET (SHEET 1 QF 2)

1.5 FT -49 DB



g1-4d

NEG24KE2

SIDE LOBE SUPPRESSION TEST - 5

P1 LEVEL (-DBN)

6 50
P1-P2

15 ¢ 5
12 e 53
9 ¢ 53
6 o 67
3 ¢ 83
L ¢ 13
-3 L ¢
-6 ¢ ]

FIGURE B-8.

MTPA TEST 15 SUMMARY SHEET (SHEET 2 OF 2)

1.5 FT

-49 DB



61-4

24K NO POUER SEN. 31 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 1S5

P1 LEVEL (-DBNM)

60 6o
P1-P2
15 2850
12 2850
] 28se
6 2875
3
°
-3
-6

FIGURE B-G. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 1 OF 2)



0z-4

N6o24Ks2 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 15

P1 LEVEL (-DBNM)

60 S0
P1-P2

15 2000
12 2900
9 2875
6 2900
3 20ee

o

-3

-8

FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 2 OF 2)



17-4

84K NO POUER SEN. $1 1.5 FT ~49 DB
SIDE LOBE SUPPRESSION TESY - 15

P1 LEVEL (-DBM)

6 50
P1-P2

15 30.5
12 30.5
9 3.5
6 30.5

3

)

-3

-6

FIGURE B~10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 1 OF 2)



44"

N6o24Ks2
SIDE LOBE SUPPRESSION TEST - 15

Pi-P2

12

FIGURE B-10.

P1 LEVEL (-DDM)

MIPA TEST 15 SUMMARY SHEET (POWER) (SHEET 2 OF 2)

1.5 FT -49 DB




(A |

24K NO POUER SEN, $1 1.5 FT -49 DB

ATCRBS DEAD TIME TEST - 6

100. . EXXXXXXXXXXKXXXXX XX
7
R
p S@. 4 . %
L
7
v
7
Z
P I Z.
0. 35. 710. 10'5. H'O.
P3-P3 TIRE (USEC)
4. 6.
€ a5 P 5.
L 0
0 ']
g 3 € 3. XXZIXXLIEXXXKXXKXX XXX XX
L rte et rrettet e R
A 2.5 18,
Y
a. T T Y ) .. T 1 T 1
o. 5. B 165, 140, 9. 35. 7. 165, 140,
PI-PI3 TIRE (USEC) P3-P3 TINE (USECL)

FIGURE B-11. MTPA TEST 6 SUMMARY SHEET (SHEET 1 OF 2)



RZT-4

NEO24KE2 1.5 FT -49 DE
ATCRBS DEAD TIME TEST - 6
100.
T .
!‘ X!* XX !/ﬁ
: 75-..1 x X b x x Z
x x
L
25._
%
x /
o xji*”‘ 7 T "52
9. 35. .. 105, 140,
P3-PI TIME (USEC)
4. 0. _
R
€ a5 P 45._
L 0
D v
g - € 30..
L *++*+**++***++++++++ R XK a3 0 A0 MK X K MK K XX XX XX
A
o 25 15. ]
2. T L n ) .. T T T
0. 35. 1. 106. 140, 0. 5. 6. 195,

P3-P3 TINE (USEC)

FIGURE B-11.

P3-P3 TIME (USEC)

MTPA TEST 6 SUMMARY SHEET (SHEET 2 OF 2)

1
149.



¢z-4d

24K NO POUWER SEN. 3% 1.5 FT ~49 DB
$,L.5. SUPPRESSION TEST ~ 7

100. EXXX XXX XKXXXX

L

°'l T
9. 15. N. 45, 60,
P2-P3 TINE (USEC)
4.
R
Eas
L
b
£ 3.
L tHp bt tre s
R
8.6
2.
1 T “T" ]
9. 16, N. 45. 60.

P2-P3 TIME (USEC)

FIGURE B-12, MTPA TEST 7 SUMMARY SHEET (SHEET 1 OF 2)



9Z-4

N6o24Ks2
S.L.5. SUPPRESSION TEST -~ 7

5: %

P3-P3 TINE (USEC)

FIGURE B-12, MTPA TEST 7 SUMMARY SHEET (SHEET 2 OF 2)

1.5 FT -49 DB




(-4

24K NO POUER SEN. #1

CRBS REPLY-RATE LIMIT TEST - 8

1.5 FT -49 DB

l“lq x
% 75.._
R
€
P 50-—
L
v
2s. ..
o. T T T 1
0. 508. 1000, 1600. 2000.
PRF
4._ 6.
€35 L
0
b v
E 3. J E 3. x x x
L + + + + R
A 2
v -5—4 "l-w
2. ' . Y — o. T -1
R 600, 1000. 1508. 2000. 0. 1500, 2000,
PRF

FIGURE B-13, MTPA TEST 8 SUMMARY SHEET (SHEET 1 OF 2)



gt-4

NGo24Ks2
ATCRBS REPLY RATE LIMIT TEST - 8

l“l-
x
X 75..
) 4
P 500-
x
X
25. .
9. T T T 1
6. 890, 1000, 1500. 2000,
PR
4.ﬂ “.-
R
E 3. P 45._
L 0
D u
€ 3...1 . [ . .
+
L R
A
2.5 16.
Y
a. T T T 1 .. T L Y
9. 08, 1008. 1500. 2000. 9. 500, 1000, 15890.
PRF PRF

1.5 FT

FIGURE B-13., MTPA TEST 8 SUMMARY SHEET1 (SHEET 2 OF 2)

~49 DB

SR
2080,



62-49

24K NO POMWER SEN. %1 1.5 FT -49 DB
S$.L.S. MODE ACCEPTANCE TEST (POSIT) - 12

AN\

{

* T
1.2 1.6 2.4

MODE /A P1-P2 (USEC)

€35
D
e 3
L | T PP
A
2.5
Y
2. . : ' '
1.2 1.6 a. 2.4 2.8

MODE 3/A P1-P2 (USEC)

FLCURE B-14. MTPA TEST 12 SUMMARY SHEET (SHEET 1 OF 2)
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~ M R

“< » M o

N6O24KE2 1.5 FT -49 DB
§.L.5. MODE ACCEPTANCE TEST (POSIT) -~ 12

3 -
X x! %ﬁ :x %

RODE 3/A PL-PR (USEC)

-
3.5
3.
Tty ¢+ +++
2.5
2. . r . '
1.8 1.6 2. 2.4 2.3

MODE 3/A P1-P2 (USEC)

FIGURE B-14. MTPA TEST 12 SUMMARY SHEET (SHEET 2 OF 2)




1e-49

24K NO POUER SEN. 81 1.5 FT -49 DB
S.L.S. MODE ACCEPTANCE TEST (P.U.) - 13

100.
1ﬁx
x
X 75,
x
P 50._
M x
as._
x
x
O R
e.3 0.6 ..9 1.8 1.8
MODE I/A P. Y. (USEC)
4.
R
€ a5
L
0
¢ 3
L H+H
A
2.5,
v
2.
LI Ll 1 L
0.3 0.6 0.9 1.2 1.5

MODE 37A P. W, (USEC)

FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 1 OF 2)



A % |

NEO24KE2 1.5 FT -49
S.L.5. MODE ACCEPTANCE TEST (P.UW.) - 13

100.

P 50-.{

2s5. |

B S
0.3 0.6 6.9 1.2 1.5
MODE 3/A P. U. (USEC)

- m D

J..]
4 .++'H-+

2.5

< » " M ©

1 I J
.3 6.6 0.9 1.8 1.8
fODE 374 P. U. (USEC)

FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 2 OF 2)




ce-4

24K NO POUER SEN. 31 1.5 FT -49 DB
ATCRBS SENSITIVITY TEST - 14

SENSITIVITY POMER DELAY
MODEA "o | 2,855
MODEC . 2.878
/ ? 7"//-] /df’cJ'?rgzm *f"'/f/(”/‘r s’
jjeyer v / A
Joues  Cadligs belsa T FIT Sy,
Vénched

?OQZ rf’/é f“/‘f’

FIGURE B-16. MTPA TEST l4 SUMMARY SHEET (SHEET 1 OF 2)



we-4

MODEA
MODEC

N6o24Kse

1.5 FT -49 DB

ATCRBS SENSITIVITY TEST - 14

SENSITIVITY POUER

(s (8

Hever
/?hnﬁfd’

o7 /’e,oé rote

FIGURE B-15.

DELAY

2.867
2.853

+His /Dri7ramo /S/?ng
d.’// /Doa}t?r readﬁfj_s éeAw

MTPA TEST 14 SUMMARY SHEET (SHEET 2 OF 2)



-1

24K NO POUER SEN. %1 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - S

P1 LEVEL (-DBN)

7 2 €9 66 63 60 57 54 51 48 46 42 I I I ¢ 27 24

Pi-P2
15 6 0 6 0 6 0 0 24100 6 6 6 6 6 8 0 o @
12 O 0 0 & 0 0 8 5 9 6 6 06 4 0 0 0 o 0
8 @ 0 0 0 8 0 0 11 W 6 8 0 8 0 0 0 0 0
6 S 0 0 0 0 8 0 11 9 0 6 6 4 0 & 0 6 0
3 ® 0 0 6 0 0 0 1077 6 6 6 0 8 4 6 & 0
. ® 0 0 8 0 0 0 B 2 0 0 0 0 0 0 0 0 0
-3 ® & 0 0 0 0 6 0 0 6 0 8 0 & 0 0 o ¢
-6 ® 0 9 0 0 0 6 0 & 0 0 6 0 0 0 & 0 @

FIGURE B-17. WMTPA TEST 5 SUMMARY SHEET (SHEET 1 OF 2)



9c-4

NG6o24Ks2 1.5 FT
SIDE LOBE SUPPRESSION TEST - 5
P1 LEVEL (-DBM)
7 72 69 66 63 60 57 54 51 4B 45 42 I 36 D W 27 24
P1-P2
18 e 6 0 ¢ 0 0 ¢ 1 3} 0 0 0 0 0 & 0o ¢ 0
12 o & 6 0 ¢ 0 0 0 3N 6 0 0 6 6 o 0 o o
9 @ 0 0 o & 0 ¢ o 3% O 0 0 0 0 0 0o 0 0
6 ¢ 0 6 0 6 o 6 06 37 6 6 0 0 6 ¢ 2 0 o
3 @ & 6 o 6 0 ¢ & 3 6 0 6 0 0o o ¢ 0o
o ¢ 6 0 0 & 0 o & 11 6 6 0 0 0 0o 0o 0 @
-3 ¢ 06 06 9 0o 0 0 06 6 0 0o 0o o 0o 0 0 0o o0
-6 ¢ 0 o o o o 0 0 0 o 6 o 0o ¢ o o & o

FIGURE B-17. MTPA TEST 5 SUMMARY SHEET (SHEET 2 OF 2)




fe-d

24K NO POVER SEN. 81
SIDE LOBE SUPPRESSION TEST - &

P1 LEVEL (-DBN)

1.5 FT -49 DB

75 72 69 66 63 60 67 554 51 48 45 42 39 36 I3 3¢ 27 24

P1-P2

1S 2896

12 299

9 . 2004

6 211

3 2918

°

-3

-6

FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DEL/Y) (SHEET 1 OF 2)
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NGo24K$2 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - 5

P1 LEVEL (-DBM)

75 72 69 66 63 60 57 54 51 48 45 42 39 36 33 39 27 24
P1-P2

12

FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DELAY) (SHEET 2 OF 2)
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24K NO POUER SEN. 81 1.5 FT -49 DB
SIDE LOBE SUPPRESSION TEST - S

P1 LEVEL (-DBM)

7 72 69 66 63 60 57 S4 S1 42 45 42 ¥ 36 I3 30 27 @24

P1-P2

16 3.5

12 1.0
9 1.0
6 .0
3 30.5
]

-3

-6

FIGURE B-19, MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 1 OF 2)



ov—g

N6O24KE2 1.5 FT -49 DB

SIDE LOBE SUPPRESSION TEST - S

PL LEVEL (-DBM)

7% 72 69 66 63 60 57 54 51 48 46 42 I 36 33 3N 27 24
P1-p2

=
15 / a /a

oJJ(

12 / "‘ X ‘%
) ;/d/j/)/J/ LJ /o

’ | ol

FIGURE B-19. MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 2 OF 2)



1%-4

NE024Ks2
MODE C ALTITUDE VERIFICATION - 99

100.
% 75,
R
E
P
L
5.
¥
25. |
0.
-1000. -500. 0. 500. 1000.
ALT OFFSEY
STANDARD TRANSPONDER = 900. FEET 100. X VALID REPLY
TEST TRANSPONDER = ©. FEET . ¥ VALID REPLY

@. REPLY @, ¥ BRACKET REPLY

FIGURE B-20. MTPA TEST 99 SUMMARY SHEET (2nd RUN) (SHEET 1 OF 2)

1.5 FT -49 DB
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¥ 78,

< ~ W m ®

24K NO POUER SEN. #1
MODE C ALTITUDE VERIFICATION - 99

100.

9.
-19000. '5... e.
ALY OFFSETY

STANDARD TRrAnS‘GILDER =
TEST TRANSPONDER =

FIGURE B-20.

509, 1000,

960. FEET 100,
@. FEET 0.
®, REPLY 0.

MTPA TEST 99 SUMMARY SHEET

1.5 FT -49 DB

% VALID REPLY
% VALID REPLY
% BRACKET REPLY

(2nd RUN) (SHEET 2 OF 2)



APPENDIX 9A

NEW MANUFACTURED TRANSPONDER TEST RESULTS



KING KT76A SER % 47422 13-MAR-36
ATCRBS DYNAMIC RANGE TEST - 1

100, AEXKEXXZKKLX XX XK K SENSITIVITY

-70 DEN

% 75.

p S0.

¥
a5,

0.
¢, 25. 50. 75, 100.
POUWER (-DB)
4,
| }
D 3.5 Li
L4t
E IS NSNS L,
L
A 3.
Y
2.5
e. T T T 1
Q. 5. 50. 75. 100,

POUER (-DB)



PULSE
1 - F1
e - C1
3 - Al
4 - C2
S - A2
6 - C4
T - A4
8 - B1
9 - D1
10 - Be
11 - De
12 - B4
13 - D4
14 - F2
CODE -

POSITION

?.000
9.050
0.050
9.05¢
®.05¢
0.051
0.050
¢.05@
0.051
?.050
0.059
0.059
9,059
9.048

7777

KING KT?76A SER % 47422 18-MAR-36
ATCREBS REPLY TEST - 2

POWER

$5.90
G5.7
S6.1
55.2
55.0
55.1
55.90
S5.0
5.3
5.0
5.1
5S.0
5.0
55.0

Z O = =5 = v O .

n M £ o W

9.3,

Q.15

-@.15_

-0.3

URRR N B O O 2 2R O R

60..

55._

50. .

45.

40.

0 S L A R O S




lee.

T — - ATCRBS REPLY TEST - 2
FREQUENCY = {089.63
P 75..]
. DELaY - J.406
R UIDTH -  08.455
C 5o.. X
£ x
N
T 25,4 KING KT?60 GER 8 47422 18-MAR-B6
°.
1e89. 1085. 1099, 1095, 1109.
FREQUENCY (MH2)
100. 190.
. l —] ' ’
X
P 75._] P 2. ]
3 E
R R
€ ce._ ¢ se._ x
E E
N N
X
T T
25. | 25. ]
x
X x
B R O s o 0 - RSNSOI SRR
.15 2.3 0,45 8.6 9.75 2. 2.% 3. 3.% q.

PULSE WIDTH (USEC) DELAY (USEC)



ATCRBS MODE ACCEPTANCE TEST ¢POSIT) - 3

KING KT76R SER % 47422 13-MAR-36

100,
5.
500 x
X
25.
xx
o
Q. ;

19.8

MMM

XX

xxxxxx

%

¥ X w a4 2 -

n
n
n

i )
(L)

n

-~
u

o

Y1 ]
un

m

e
[=]
[=]

3 (USEC)

ol g gpuapa st

DDDDD

DDDDD

1
22.2

USEC)

MODE 374 P1



KING KT76A SER % 47422 18-MAR-86
ATCRBS MODE ACCEPTANCE TEST (P.W.) - 4

100.
7//
X 75._ /
R /
E /
p 50. ] /
L /
Y /
/ 2. /
* T /’1 T ¥ e. T //'l T 1
0.3 2.6 2.9 1.2 1.5 9.3 0.6 .9 1.8 1.
MODE 3/A P1,P3 P.U., (SEC) MODE ¢ P1,P3 P.U, (SEC)
4. 4, _
D 3.5 D 3.5
£ JESNEST) E I ENTTRENE A N U N LIS Lo Y NURRLIUNE oy oo p o r L RN R oy
L L
A 3. A 3,
Y Y
2.5 €.5.]
2. T T T ] 2. T T | It m|
8.3 .6 0.9 1.2 1.5 0.3 0.6 2.9 1.2 1.

MODE 3/A P1,P3 P.U. (SEC) MODE € P1,P3 P.U. (SEC)



KING KT76A
SIDE LOBE SUPPRESSION TEST - 5

P1 LEVEL (-DBM)

SER & 47422

18-MAR-8b

75 72 69 66 63 B0 57 54 51 48 45 42 39 36 33 30 27 24
P1-P2

15 @ 73 100 100 100 100 100 100 100 100 100 1900 100 100 100 100 100 100
12 @ 73 100 100 100 100 100 100 109 100 100 100 100 100 100 100 100 1900

9 @ 74 100 100 100 100 100 100 100 100 100 100 100 1900 10Q 100 100 @@

& @ 73 100 100 100 100 109 100 100 100 100 100 1900 100 100 190 100 100

3 @ 80 79 B85 49 1 2 35 100 1@ 1900 198 7 0 Q @ 55 !

0 e 19 15 @ ) 0 0 @ 9 ) ) Q @ @ ° ° ° 0

-3 9 9 0 9 0 0 0 0 ? ] e o [ e ° e @ )
-6 ° e ] 2 ) ) ] ) @ 0 e o e ® 0 0 @ 0




P1-P2

is

ie

75

Te

KING KT76A SER % 47422 18-MAR-86

SIDE LOBE SUPPRESSION TEST - S

P1 LEVEL (-DBM)

69 €6 €63 60 57 54 5] 48 45 42 39

36 33 398 27 o4

3758

37as

e

3525 3500 3450 3425 3425 3400 3400 3400 3400 3499 3409

3550 3500 3475 3450 3425 3425 1400 3400 3400 3400 3400

3550 3500 3475 3450 3425 3400 3400 3400 3400 3400 3409

3375 3375 3375 3375 3375

3375 3375 3375 3375 3375

3375 3375 3375 3375 3375

3725

J7ee

3550 3500 3450 3450 3425 3400 3400 3400 3400 3400 3400

3550 3500 3475 3425 3485 3425 3400 3400 3400 3400 3400

3400 3400 3375 3375 337%

3400 3400

3700

3550




100._

2.5

KING KT?6A SER & 47422
ATCRBS DEAD TIME TEST - 6

XXEXKKXXXXXX XX XXX XX XX

AN

N

T T
70. 105.

P3-P3 TIME (USEC)

*+++LL4111++1++¢+1++

N

-
‘—n
=

35.

T T
70. 105,
P3-P3 TIME (ULSEC)

GO.T
P ss. | XXX XXX EXXX EXEXEXE XX
0
Y
E S0..]
R
45, _
= 0. T T T —
140, 9. 35. Te. 10S. 149,
P3-P3 TIME (USEC)

12-MAR-86




KING KT-76A

S.L.S5. SUPPRESSION TEST -

S/N 4742¢

[+2]
[
.

10e. XXXXXXXXAXX XX
7
%X 75.
R
E
p 50O
L
Y
25, /
%
0.
¥ T
Q. 15. Je. 45,
P1-P1 TIME (USEC)
4.1
D 3,5
E Jerbasrsasgs
L
o 3.
Y
2.5_]
2. T T T
Q. 15. 3e. 45,

P1-P1 TINE (USEC)

o
o~

3-18-8e

by
f



< » -~ M ©O

100..,

KING KT76A SER %
RTCRBS REPLY RATE LIMIT TEST - 3

X X X X X X X X X X X X X X

4742e

x
x
X
X
T5. 4 x
x
9.
ESQ_{
8. T T T 1
9. So0. 1000. 1500. 2000.
PRF
4,
I
N A A A A A !
3..]
2.5
2. T T T =
9. 900, 1500. 2000.

1000.
R

12-MAR-26

69.
Poso | ¥ X XX ¢ v ¥ x x x X XX X X X X X X X
0
u
E 50._
R
45.
40. T T T 1
Q. 500. 1000. 1509, 2000,
PRF



< D - m o

KING KT?76A SER & 47422 18-MAR-86

ATCRBS ECHO SUPPRESSION TEST -
100, _ XXXXXXXXXXXX XXX
?5!—1
5e. ]
25. ]
D T T * !
°. . 12 18. 24
TINE
4.
3.5.]
TRV IEEL I S U S GO AR N A
3.
c¢.5.]
2.
1 1 1
e. 12 18. 24.

10



- % %

1.2 1.6 2. 2.4 2.8
MODE 3-A P1-P2 (USEC)
4, _
D 3.5
£ ._++1,.L+.L+ e e
L
A 3,
Y
2.5}
e. T T T 1
1.2 1.6 2. 2.4 2.8

MODE 3/a P1-P2 (USEC)

18-MAR-85

MODE ACCEFPTANCE TEST (POSIT) - 12

100. 5 x x x

Z

o, 7
: _
: é
p 50. 222
L :///
v Z

25. Z

~
9.
1.2 1.6 2. 2.4 2.8
MODE C P1-P2 (USEC)

&,
D 3.5
£ aprpesrt !
L
A 3.
Y

2.5..

2. T T T 1

1.2 1.6 ] 2.4 2.8

MODE C P1-P2 (USEC)



KING KT76A SER % 47422 18-MAR-86
S.L.S5. MODE ACCEPTANCE TEST (P.W.) - 13

1e9. 100,
] ]
X
X
% 75.J X 75. |
R R
E €
P 500— P 50--—.
L L
Y Y
es5. . 25. ]

e.3 0.6 9.9 1.2 £.5 8.3 0.6 e.9 1.2 1.

MODE 3-8 P. M. (USEC) MODE G P. W. (USEC)
4o a,_
D 3,5 D 3.5
E + 3 {
L L
A 3. A 3.
v v
2.5 2.5
e. T T T 1 e. T T 3 —
0.3 0.6 9.9 1.2 1.5 8.3 0.6 0.9 1.2 1.5

MODE 3/A P. W. (USEC) MODE C P. W. (USEC)



KING KT76A SER % 47422 1B-MAR-86

ATCRBS SENSITIVITY TEST - 14

MODE A

SENSITIVITY = -71 DEM
PERCENT RESPONSE AT -81 DBM = @.¢

MODE C

SENSITIVITY = -71 DBM

PERCENT RESPONSE AT -81 DBM = 9.9




18-MAR-86
CE TEST (POSI

L S 0 E CC PTAN

&&&&&&

\\\\\\\
: \\\\\\\\\\\\\\\\

00\ X XKAKK

NNNNNN

DDDDD
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KING KT76R SER & 47422

ATCRBS MODE ACCEPTANCE TEST

7

MODE 374 P1,P3 P.W. (SEC)

< ~~ | m WV »

< P> m mMm o

18-MAP-86
(P..Y - 17
109.
75.
50. |
35 »
°. i % T 1
2.1 0.45 9.8 1.14 1.5
MODE C PL,P3 P.W, (SEC)
4 L
3.5
T L U L U L ok L L L
3.
2.5
e. T T T L
0.1 .45 0.8 1.14 1.5

MODE ¢ P1,P3 P.U. (SEC)




< ~ o M X ¢

< P ~ M o

SPERRY RT-459A S/N 11599 3-18-86
ATCRBS DYNAMIC RANGE TEST - 1

108, XXX OXKOKK KKK X KKK XXX X SENSITIVITY - -73 DBM

59.

2s.

Q.
0. 5. 5e. 75. 100.
POVER (-DB)
4, _
3.5-
+
3. l
+.L+_L_LJ.J.*-LJ.++J._LL+"’+
2.5
2. T T T 1
9. 25. 50. 75. 100.

POUER (-DB)



PULSE

- Al
- Ce
- Ac
C4
- A4
- Bl
- Di
- B2
- De
- B4
D4

[y
DO b WM -
1

P i
B W0 -
1

CODE -

POSITION

0.000
0.057
0.060
0.061
9.063
9.063
®.063
9.059
2.059
0.056
9.052
9.049
0.045
0.039

KA

SPERRY RT-459nA
ATCRBES REPLY TEST - &

POUER

56.9
57.0
57.0
56.4
56.7
56.3
6.9
56.0
56.3
56.5
56.0
56.1
56.0
56.0

Z O = —H = N 9O T

o M &€ © O

0.2

9.15

-@.15 ]

S/K 11599 3-18-86

peb bbby

60, .,

55.

50.

45-—

49,

THYT 4+t b1 L4+ 01,1




100. .

P 75..]

¢ 5a..]

- X

25. ]

100, _

5.

50. .

- Z M O m_m m T

Q.
.15

i ] ATCRBS REPLY TEST - 2

FREQUENCY = 1089.B9
DELAY . 2.836

VIDTH = 9.402

SPERRY RT-459A4 SN 11599 3-18-86

X

X
X

1985, 1090, 1885, 1100.
FREQUENCY (MHZ)

109._

{ ] | ]
W
x E
R
b 4
€ 5.
E x
N
T
2s5. |
X
x

© . A AN

0.3 .45 e.6 .75 2. 2.5 3. 3.5 4,
PULSE UIDTH (USEC) DELAY (USEC)



(POSIT) - 3

3-18-80

ATCRBS MODE ACCEFTANCE TEST

SPERRY RT-459A S/N 11599

EEEEEEEEEEE

1 T «
_ . 5. w & : wn
- .

N

EEEEEEEEEEE

2e.e



P1-P2

15

12

SPERRY RT-459A S/N 11599 3-18-86
SIDE LOBE SUPPRESSION TEST - S
P1 LEVEL (=-DBM)
75 72 69 66 63 60 57 54 51 48 45 42 39 36 I3 3@ 2?7 24
82 100 100 190 100 100 100 100 100 100 100 100 100 100 100 10@ 100 100
85 100 100 100 100 100 100 100 100 100 100 100 10¢ 100 100 100 100 100
90 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
BS 99 10 10 100 100 100 100 100 100 100 100 100 100 100 100 100 100
B4 456 66 92 99 100 100 100 (@0 100 180 O e @ @ 1ee ied @
14 e 9 @ o © @ e © @ @ o @ © o @ o o
1 e e e e e © 8 e e e o e e 2 e o0 @
@ e @ o © e © o e © © @ @ o e @ 0




P1-P2

15

12

75

SPERRY RT-459A S5/N 11599 3-13-86
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SUMMARY OF TRANSPONDER
PERFORMANCE REPORTS
1975 - 1985

1. Summary of Transponder Data, June 1975 through August 1976: June 1977, In-
terim Report; George R. Hetrich; Report No. FAA-RD-77-74.

2, Summary of Transponder Data, June 1977 through August 1978: August 1979, Interim
Report; Max Greenberg; Report No. FAA-RD-79-56.

3. Transponder Performance Analyzer (TPA): October 1979, Final Report; Carl Hazelwood;
Report No. FAA-RD-79-54,

4. Beacon and Transponder Study for the Atlanta Terminal Area, November 8, 1979
to January 10, 1980; Willard Kyrk, AS0-432,

5. Summary of Transponder Data for Atlanta, Georgla, area; Final Report, OUctober
1980; Max Greenberg; Report No. FAA-CT-80-39.

6. Detection of Military Aircraft in an Air Traffic Control Radar Beacon (ATCRBS)
Environment: Final Report, December 1980; Carl Hazelwood; Report No. FAA-CT-80-
37.

7. ATCRBS Transponder Data from Initial Field Test of MTPA: October 1983; Leo
Wapelhorst, John Zvanya, Mark Schoenthal; Report No. DOT/FAA/CT-TNB3/04.

8. ATCRBS Transponder Data from Dayton, Qhio, Alirshow - 1983: March 1984; Leo Wapelhorst,
Mark Schoenthal; Report No. DOT/FAA/CT-TN 83/53,
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GLOSSARY

AGL: Above Ground Level; Altitude expressed in feet measured above ground
level.

ARTCC: Air Route Traffic Control Center; A facility established to
provide air traffic control service to aircraft operating on an Instrument
Flight Rule flight plan within controlled air space and principally during
the en route phase of flight.

ARTS: Automated Radar Terminal System; Computer-aided radar display
sub-systems capable of associating alpha-numeric data with radar returns.

ASO: FAA Southern Region headquartered in Atlanta, Georgia.

ASR: Airport Surveillance Radar; Radar providing position of aircraft
by azimuth and range data. It is designed for range coverage up to 60
nautical miles and is used by terminal air traffic control.

ATCBI: Air Traffic Control Beacon Interrogator; That part of the Air
Traffic Control Radar Beacon System located on the ground that interrogates
the airborne transponder and receives the reply.

ATCRBS: Air Traffic Control Radar Beacon System; A radar system in which
the object to be detected is fitted with cooperative equipment in the form
of a radio receiver/transmitter (transponder). Radio pulses transmitted
from the searching transmitter/receiver (interrogator) site are received in
the cooperative equipment and used to trigger a distinctive transmission
from the transponder. This latter transmission rather than a reflected
signal (primary radar) is then received back at the transmitter/receiver
site.

ATCT: Airport Traffic Control Tower; A central operations facility in the
terminal air traffic control system consisting of a tower cab structure,
including an associated Instrument Flight Rule room if radar equipped,
using air/ground communications and/or radar, visual signaling, and other
devices to provide safe and expeditious movement of terminal air traffic.

CD RECORDING: Common Digitizer Recording; A recording of the common
digitizer system processed data.

COASTING: A tracking mode which provides predicted track position when
radar data is lost or unreliable. The last available velocity information
is used to maintain track position prediction.

COMDIG: Common Digitizer Reduction Program; A multi-function multi-task
program used to analyze the Common Digitizer data.

CONE OF SILENCE: Airspace above a radar facility in which no interrogations
are received due to the antenna pattern,




DARC: Direct Access Radar Channel; A back-up display processor for the
IBM 9020 System.

DOD AIMS PROGRAM MANAGER: Department of Defense Air Traffic Control Radar
Beacon Identification Friend or Foe Mark 12 Systems Program Manager.

EARTS: En Route Automated Radar Tracking System; A UNIVAC en route air
traffic control flight data/radar processor computer.

FAA: Federal Aviation Administation.

FAR: Federal Aviation Regulations; Any rule, standard, procedure, or
system characteristic promulgated by the FAA to which adherence is
recognized as necessary in the interest of the safety, regularity, or
efficiency of air navigation.

FLIGHT LEVEL: A level of constant atmospheric pressure related to a
reference datum of 29.92 inches of mercury. Each is slated in three digits
representing hundreds of feet. For example, flight level 330 represents a
barametric altimeter indication of 33,000 feet; flight level 350, an
indication of 35,000 feet.

IBM 9020: International Business Machine Model 9020 Computer; The en
route air traffic control flight data/radar processor computer.

LRR: Long Range Radar; A radar used in the en route system,

MSL: Mean Sea Level; Altitude expressed in feet measured from mean sea
level,

MTPA: Mobile Transponder Performance Analyzer; A system designed and
fabricated at the FAA Technical Center to analyze performance
characteristics of aircraft transponders.

MULTIPLOT: An IBM 9020 based system which provids an output tape
containing a scan-by-scan plot of up to 50 selected beacon codes for
up to twelve radar sites.

NADIF: NAFEC Dipole Integrated Feed; A type of radar antenna developed by
the National Aviation Facilities Experimental Center (now called the FAA
Technical Center) in which the secondary radar uses the primary radar
antenna.

NAFEC: HNational Aviation Facilities Experimental Center {now called the
FAA Technical Center); located in Pleasantville, New Jersey, where research
and experimental testing is conducted and aviation equipment and procedures
are evaluated.



§é§: National Airspace System; The common network of U.S. Airspace,
navigational aids, communications facilities and equipment, air traffic
control equipment and facilities, aeronautical charts and information,
rules, regulations, and procedures, technical information, and FAA
personnel and material. Included are system components shared jointly with
the military. In addition to all designated airspace, the system includes
the following components: air navigation facilities, and airports.

NAS: Naval Air Station.

NM: Nautical Mile; A measure of lineal distance equal to one minute of
a great circle at the equator.

RADAR: Radio Detection and Ranging; A device which, by measuring the time
interval between transmission and reception of radioc pulses and correlating
the angular orientation of the radiated antenna beam or beams in azimuth
and/or elevation, provides information on range, azimuth and/or elevation
of objects in the path of the transmitted pulses.

RADAR BEACON (SECONDARY RADAR): A radar system in which the object to

be detected is fitted with cooperative equipment in the form of a radio
receiver transmitter (transponder). Radio pulses transmitted from the
searching transmitter/receiver (interrogator) site are received in the
cooperative equipment and used to trigger a diatinctive transmission from
the transponder. This latter transmission, rather than a reflected signal
(primary radar) is then received back at the transmitter/receiver site.

RAPCON: Radar Approach Control; A joint—use air traffic control facility,
located at a U.S. Air Force Base, utilizing surveillance and precision
approach radar equipment in conjunction with air/ground communication
equipment providing for the safe and expeditious movement of air traffic
within the controlled airspace of that facility.

RML: Radar Microwave Link; A method of transmitting radar and beacon data
to a remote indicator site by microwave equipment.

SLS: Side Lobe Suppression; A technique of preventing transponder replies
to side lobe interrogations of radar beacons.

TO: Technical Order; Publications covering the operation, maintenance,
repair and overhaul of equipment.



TPX: A military designation for a type of display processor.

TRACON: Terminal Radar Approach Control; A terminal air traffic control

facility collocated with an air traffic control tower. It uses radar data
acquisition and air/ground communication equipment to provide approach and
departure traffic control services under Instrument Flight Ruleconditions.

TSO: Technical Standard Order; Regulations covering the technical
standards of a product.

VORTAC: A collocated VHF Omnidirectional Range (VOR) and Tactical Air
Navigation (TACAN); A radio navigational facility providing bearing and
slant-range distance information in the en route electronic navigation
system.



