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F'OIIDlORD 

This plan prescribes the methodology for the conduct of a flight test 

validation plan to be carried out Novanber 26-30, 1984, to collect data 

essential to the analysis and evaluation of eKisting Air Traffic COntrol 

Radar Beacon Systems (ATC~BS'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 Chard (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 econanical flight operations, and the 

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

~~e'~k 
Ra#~ E:: Famalds 
ATCRBS Analysis Team Chief/ 
Man~er, Aircraft Maintenance Division, AWS-300 
Office of Airworthiness 
Associate Administrator fOr Aviation Standards 
Federal Aviation Administration 
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1 • BACKGROUND. 

CliAPI'ER 1 

GENERAL 

a. Il.lring the FAA Regional Director's Maeting held in Washington, 

D.C., on Septenber 21, 1984, the Southern Region presented discussions 

\\hich suggested airborne transponders of both the general aviation and 

military ccmm.mity are rot operating to standards, and may be an important 

factor limiting the overall performance of the FAA RAIYffi/NAS/ ARTS systens. 

b. The Achninistrator directed the Associate Administrator for Aviation 

Standards to conduct an investigation of the alleged conditions. 

c. ()1 <k tober 2, 1984, the HQ FAA ATCRBS Analysis Team, wi. th 

representation fran AWS, AVN, AFO, AKI, and AJM was formed and met to 

develop a plan of action and to identify the "terms of reference". 'Ihe 

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 

$ituation and requirenents for participation by flying units of the USAF, 

the AFRES, and the Georgia ANG. The Director of Operations, 1-Q USAF/XOO, 

approved of the proposal and "w:)rking-level JX)ints-of-contact" were 

established. It was agreed the HQ USAF Representative located at the FAA 

Southern Region \rDul.d participate as the HQ USAF/XOO official observer, 

provide liaison for the team requirenents, and provide HQ lEAF/XOORF 

appropriate appraisal of events. 

e. 'Ihe proposed plan of action, terms of reference, and methodology 

presented to the Administrator received his approval; and, the HQ FAA 
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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 environments in FAA Southern Region. 

The analysis ~11 encompass investigation of ground beacon systems, the 

performance of airborne transponders ~thin the known ground beacon systar1 

environnent, and E.'\Taluation 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 ~11 be E.'\Taluated for comparision of performance in areas 

of overlying coverage between independent ground facilities throughout the 

flight test profiles. 

3. METHOOOilXN. <.£tober 15-26, 1984, the HQ FAA ATCRBS .Analysis Team, 

utilizing the FAA Southern Region headquarters as their operating location, 

met with the Director and his staff. W:>rking sessions ~re conducted with 

personnel from the Air Traffic and Airway Facilities Division to discuss 

the Southern Region 1 s perception of the stated problem, and to collect 

information necessary to the conduct of the test program. The Atlanta 

TRACOO and the J))bbins ASR-8 site ~re visited. .Additionally, a visit ~s 

made to the Tampa TRA~ to view and discuss the ARTS-3A configuration 

'tll.'hich provides primary radar tracking in their terminal system. Visits 

-were also made to the Jacksonville and Atlanta ARTCC 1 s. The methodology 

for the conduct of this flight test plan represents the collective inputs 

fran various sources ~thin 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. 
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a. Ole TERMINAL and one ENROUI'E test profile will be flom. In each 

case, an FAA flight inspection aircraft will fly each route in its entirety 

with the transponder operating in the NORMAL/NORMAL, NORMAL/ I.Gl, and 

finally the Ulv/LOW position to establish the baseline fOr the evaluation 

and analvsis of subsequent beacon systan 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 mere 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 antenna systan shall be 

inspected to ensure compliance with FAR Part 43, Appendix F, and aiditional 

parameters. Conditions anrl parameters found will be recorded in each 

case. 

d. In the event abnormalities in the beacon target are observed during 

the test flight and manbers of the team suspect the cause may be attributed 

to a malfunction of the airborne transponder/ antenna system, the aircraft 

systan shall be inspected in more detail imnediately after landing. 
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4. FLIGHT ~~T PROFILES. 

a. 'lhe TFE'1.INAL PROFILE is designed to evaluate the operational 

performance of the ATCRBS in the Atlanta terminal environment and, for 

comparison, provide overlap with the terminal beacon systems located at 

Colunbus , Georgia; Hacon, Georgia; and the Air Force ASR-8 at Ibbbins Air 

Force Base \thich is located on the northwest side of the city of Atlanta. 

Aircraft to be flom on this profile are the F-4, C-130, C-90 King Air, and 

the BE-E55 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 minUmum altitude Where all 

radar sites w:>uld see the aircraft and also, the altitude selected will be 

representative of \there "problem transponder traffic" operate. 

b. The ENROlTI'E PROFILE evaluates the enroute systems and overlap of 

various long-range radar sites utilized by Jacksonville and Atlanta 

ARI'CC's. 'lhe route eKtends from the Olarleston, South Carolina, VORTAC to 

a point oorthwest of the Atlanta long-range radar site. The route will be 

flom by an Air Force KC-135 aircraft, utilizing FL 350. 
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OiAP1'ER 2 

RESPONSIBILITIES 

1 • RADAR 0«\TA ANALYSIS BRANCH, APM-162. 

a. In coordination with the HQ FAA ATCRBS Analysis Team, detennine 

requirements for the collection of raw data and develop computer programs 

for the various beacon systems in the tenninal and enroute facility 

configurations. 

b. Fhsure 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 programned and tested rot later than 11 : 00 p.m. , rbvember 26, 

1984. 

c. Provide technical guidance and assistance to facility personnel, as 

required. 

d. Provide data reduction and analysis of computer data in a fonnat to 

be prescribed by the ATCRBS Team Cllief. 

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 accanplished 

and recorded in accordance with the provisions of Chapter 6 of this plan. 
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(3) Provide the BE-ESS and crew to fly the TERMINAL Profile in 

accordance with the specifications of Olapter 7 \Jf this plan. 

3. RADAR BRANCH/RAMR Ilo\.TA ANALYSIS BRANCH, APM-320/162. 

a. Stall locate video recording equipnent and ensure installation and 

testing at each facility is canpleted prior to 11 :00 p.m. , l'bvenber 26, 

1984. 

b. Upon completion of flight testing, collect film/cassettes for 

processing. ()le copy of the Video products shall be provided to the Team 

Chief; a second copy of the Video shall be provided to .AR'-1-162 for 

correlation with the analysis of raw data. 

4. SOtn'HERN REGION. 

a. Director, PS0-1 , shall provide the Region C-90 aircraft and a 

qualified crew to participate in the TERMINAL profile test, as specified in 

Olapter 7 of this plan. 

b. Manager, Air Traffic Division, AS0-500, shall e1sure 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 

personnel 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. Dlsure appropriate personnel are familiar with the provisions of 

this plan, and with regard to the flight profiles ensure that: 
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(1) ATC clearances provided for the altitude and routes of flight 

prescribed. 

(2) Discrete codes are assigned. 

b. Provide docunentation of eKisting weather and tanperature 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 ~th the 

provisions of Olapter 5. 

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

a. Provide a primary and backup KC-135 aircraft to fly the ENROIJI'E 

Profile in accordance ~th 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 (AFRE..c;) , OORRINS AFB, GFDRGIA. 

a. Provide a primary and backup C-130 aircraft to fly the TERMINAL 

Profile in accordance ~th 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) OOBBINS AFB, GFDRGIA. 

a. Provide a primary and backup F-4 aircraft to fly the TI»tiNAL Profile 

in accordance ~th the specifications contained in Chapter 7 of this plan. 
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b. Provide appropriate assistance and support to the FAA Avionics Team 

during the inspection of the F-4 transponder and antenna systan. 
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rnAPI'ER 3 

TERMINAL RAnAR ~IGURATIOO/DA.TA 

1. GENERAL. The Atlanta TRA~ is served primarily by the ASR-7 located 

on the airport. The backup surveillance radar systan is an ARS-8M, located 

on Ibbbins Air Force Base, 17 nautical miles north, northwest of the 

Atlanta airport. The Ibbbins systan is ranoted to the Atlanta TRACOO 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 Ibbbins 

coverage. To the southwest of the Atlanta airport the Colunbus ASR-8 also 

provides an overlap with the Atlanta and Ibbbins radars, as well as the 

Macon ASR-5 located 69 nautical miles east of Colunbus, Georgia. (A map 

depicting these sites and the radar/beacon coverage overlaps is provided as 

Appendix 1 to this Chapter.) 

2. 'rnRMINAL RADAR DATA. 

NAME ATlANTA OOUJMBUS MAClll OOBBINS 

INDENT ATL CSG t-eN M:;E 

IAT/ 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(t-EL) 1030 1 441 I 312 I 1032 1 

ANT lGT 
(AGL) 17 I 67 1 37 1 771 

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

PRIMARY 
ANT ASR-7 ASR-8 ASR-7 ASR-8 
BFA~ 
TYPE ATCBI-4 ATCBI-5 ATCBI-4 TPX-42A 
BFA~ 
ANT OPA* OPA* OPA* OPA* 

DISPlAY 
PROCESSOR ARTS-III TPX-42 ARTS-II ARTS-III 

OPA • FA 9764 
* Open Planar Array_ 
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rnAPl'ER 4 

F.NROUTE RADAR COOFIGURATION /DATA 

1. GENERAL. 'lhe flight test of the high altitude enroute systsn mder this 

plan will involve the Jacksonville and Atlanta ARTCC's. Each ARTCC, in most 

instances, utilize camnon long range radar sites in their canputer programs. 

The differences are the choices of sites each ARTCC has prioritized fOr the 

Radar Sort Block Program. 'lhe ten long range sites identified in this test 

plan do provide multiple ~erlapping coverage throughout the flight profile 

to be floW"t. (A map depicting site locations, and ~erlapping radar/beacon 

coverage is presented as Appendix 1 to this Ol.apter.) 

2. ARSR SITES. 

NAME I I DENT I LOCATION (RHO/TIIEI'A) 

BENSeN QRL ROO 158/25 

JEDBURG ORJ rns 330/15 

WHITEHOUSE NEN JAX 277/19 

VALJX)STA VAD I TAY 310/44 

Ll~OINI'CN ~ AGS 310/21 

CROSSVIlLE Cj{V 'IYS 269/38 

ATI.ANrA ATL ATL 350/15 

KNI'cn1ERY M:M M:M 101/10 

HAlEYVIlLE QR: vuz 330/45 

MEDIAN CLT SPA 047/49 

11 



3. ATUNrA ARl'CC DATA. 

a. ARSR Site Data. 

NAME ATLANTA ~!DEN LINCOI..NTOO HALEYVIllE M)N'l'G()MERY GROSSVIU.E VALOOSTA 

I IomT ATI.. CLT QNK QPC M;M QRV VAD 

IAT/ 33 53 39 35 36 38N 33 45 34.7 34 24 56 32 12 58 35 52 OS 30 58 32 
I..OOG 84 29 55 81 14 1BW 82 28 01.7 87 32 23 86 10 00 84 53 39 83 12 48 

ELEV 
(M:>L) 1043 1 899 1 517 1 1175 1 276 1 2820 1 233 1 

/>Nf HGI' 
(AGL) 71 I 71 I 67 1 65 1 62 1 90 1 39 1 

PRIMARY 
'IYPE .ARSR-1E ARSR-1E ARSR-3 FPS 67B ARSRI-10 ------- FPS-20A 

PRIMARY 
ANT ARSR-1E ARSR-2 ARSR-3 M< 74A:MIL ARSR-2 ------- ARSR-1 

BFACOO 
'IYPE ATCBI-4 ATCBI-3 ATCBI-5 ATCBI-3 ATCBI-3 ATCBI-5 ATCBI-3 

BFACOO BFACOO <"NLY 
ANT lW)lF NADIF ARSR-3 NADIF NADIF OPA* NADIF 

!DENT FOR 
aMPUI'ER 1 2 5 9 4 7 8 
.ADAPI'IOO 

* OPA - Open Planar Array 
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b. Radar Sort Block !Bta. (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). 

RAn\R SORT PRIMARY SECOOD 'miRD SUPPL 
BLOCK I.D. JWl.\R SITE SITE SITE SITE 

951 QNK ATL VAD CLT 

1005 QNK ATL VAD CLT 

1059 QNK CLT ATL VAD 

1004 QNK ATL VAD CLT I 
1058 ()n< ATL CLT VAD 

1003 QNK ATL VAD CLT 

1057 QNK ATL CLT VAD 

1002 QNK ATL Will CLT I 
105n QNK ATL CLT VAD 

1110 QNK ATL CLT VAD 

1055 QNK ATL VAD CLT I 
110q QNK ATL CLT QRV 

1054 QNK ATL VAD M;M 

1108 001< ATL VAD QRV 

1107 QNK ATL CLT _QRV 

1161 ATL QNK QRV CLT 
I 

1106 ATL QNK QRV M;M 

1160 ATL QNK QRV M;M 

1105 ATL _QNK M:;M QRV 

1159 ATL QNK QRV I M:;M I 
{Continued) 
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RAD\R SORT PRIMARY SECrnD 'llURO SUPPL 
BLOCK IOENr RADAR SITE SITE SITE SITE 

1213 ATL QNK QRV M;M· 

1104 ATL QNK M;M QRV 

1158 ATL QNK QRV lQ1 

1212 ATL QRV ~ QPC 

1157 ATL QRV M;M QPC 

1211 ATL fi{V QPC ~ 

END OF TRACK (32NM IDR'TIIWESf OF OOB TACAN) 

4. JACKSONVIlLE ARTCC DATA. 

a. ARSR Site Data. 

NAt~ J.F.nRIIRf "NIT~ VALWSTA _JS~~ON J."lA'i. l.;( IMI':t'(l WU'f~OUSE 

INDENT f1{J ~ VAD QRL MG1 NEN 

IAT/ 33 04 11.5 33 45 34.7 30 58 32 35 30 40 32 12 42 30 20 45 
:r.rnG 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' 91' 
(MSL) 

ANT HI' 69' 67' 39' 62.4' 62' 62' 
(AGL) 

PRIMARY ARSR-6CI1 ARSR-3 FPS-20A ARSR-10 ARSR-10 ARSR-6(11 
TYPE 

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

BFA~ ATCBI-5 ATCBI-5 ATCBI-3 ATCBI-5 ATCBI-3 ATCBI-5 
TYPE 

BFA~ NADIF ARSR-3 NADIF NADIF NADIF NADIF 
ANT 

IDENT FOR 
<n1PlJrER 1 6 0 4 5 3 
ADAPTION 
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b. RA1}\R. Sort Block Data. (Correlates Jacksonville ARTCC Radar Sort 

Blocks ~th the KC-135 flight test provile from over the Charleston VORLAC 

northwest to the Jacksonville/Atlanta ARTCC. 

RADt\R SORT PRIMARY SECOOD 'lliiRD SUPPL. 
BLOCK I.D. RADAR SITE SITE SITE SITE 

1574 QRJ ~ QRL NFN 

1638 QRJ ~ QRL NEN 

1573 QRJ ~ NEN QRL 

1637 ~ QBJ QRL NEN 

1636 QRJ ~ NFN QRL 

1635 QRJ ~ NEN QRL 

1699 QRJ ~ QRL NFN 

1634 QRJ ~ VAD NFN 

1698 QRJ ~ QRL NEN 

1633 QRJ ~ VAD NEN 

1697 QNK QRJ VAD NEN 

ATL ARTCC BOUNDARY 

15 



16 



rnAP1'ER 5 

DATA A~UISITIOO RERUIREMENTS 

1 • GNERAL. The ATCR.BS deficiencies identified by the Southern Region thus 

far are: (1) eKcessive coasting; (2) alphanuneric tag drops; and (3) beacon 

target quality ranging from no display to weak and intermittent display. 

Data collection wQll be designed to evaluate these as well as other 

parameters considered appropriate by the ATCRBS Analysis Team, .AJM-320, and 

APM-162. 

2. METHODS. The collection of data during flight testing wQll be 

accomplished by three methods. 

a. Digital Radar Data Through Canputer Programming. .AJM-320 and 

APM-162, in coordination with the ATCRBS Analysis Team, shall develop 

computer programs to record data off of the Atlanta, Macon, Colunbus, and 

I:.bbbins ASR terminal beacon systans. The same requiranent also eKists for 

the Jacksonville and Atlanta ARTCC's. 

b. Video Recording. APM-320 and AC)()-400 will oversee the positioning 

of video cameras on radar scopes in the Atlanta, Macon, and Colunbus 

TRA~' s, as well as the Jacksonville and Atlanta ARTCC' s. Each flight will 

be video recorded to docunent the beacon target image presented on the radar 
I 

scope for the controller. In areas of overlapping coverage, respective 

video(s) will provide the means to visually compare scope presentation of 

one terminal systan with the video of the 0\Terlapping system(s). Each 

facility manager shall ensure all video products are forwarded by EXpress 

Mail to .AR-1-320 not later than the end of the duty day, NJvenber 30, 1984. 

c. Visual Cl>server 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 accanplished utilizing the following criteria, 

definitions, and values: 

Target Strengths 

1 = Usable Target is satisfactory for ATC 
Purposes. 

0 = Ulusable Target is unsatisfactory for 
ATC purposes. 

C = Coast NorE: \-here coasting appears, 
numerical grading will 
be followed by "C'. 

(2) Grading shall be recorded on fonns to be provided. Canpleted 

forms shall be forwarded by express mail to .AIM-162 not later than the end 

of the duty day, N:>vanber 30, 1984. 

3. PROCEDURES. 

a. All data recording shall ccmnence as the aircraft is taking off and 

shall continue until the landing at the end of each flight. 

EXCEPTION: When the KC-1 35 aircraft has canpleted its final run, '\J'lich 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. Fach TRAmN shall coordinate with the adjacent TRA~. with 

sufficient lead time, for that TRACON to start data collection as the test 

aircraft enters the new area of coverage. 'lhe preceding TRACON shall 

continue data collection until such time as the beacon target and data block 

leaves the area of coverage. Otherwise, simultaneous data collection will 

continue fran all locations. 

c. All times will be recorded Greenwich ~an Time (local plus 5 

hours). 

d. 'lhe Visual Chserver will verify and record the gromd speed for each 

leg of flight. 

18 



4. RECORDING Rfl2UIREMENTS BY TYPE PROFILE. 

a. Tenninal Profile. All methods discussed in this plan will be used 

during each flight conducted. Both the Atlanta ASR-7 and the Lbbbins ASR-8 

will be recorded fran separate systans/displays W\ich are located in the 

Atlanta TRAOON. Other TRAOON's requiring data collection and video 

recording capability are Colunbus 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. Ehroute Profile. All methods discussed in this plan will be 

required in the Jacksonville and Atlanta ARTCC's. Additionally, the 

Southern Region has requested the Atlanta and Lbbbins systans also be 

recorded for the flights on this profile, in that both ASR' s "look-up" cnto 

the high altitude (Fl. 350) track to be flown. 
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CliAPI'ER 6 

TRANSPONDER INSPF . .C'I'IOO PROCEDURES 

I. BACKGROUND. The airborne transponder systan of each aircraft selected 

to fly the test profiles will be eKanined to detennine that the systan, in 

its entirety, is operating within prescribed tolerances and specifications. 

Such an inspection will be accanplished by an FAA Avionics Team, utilizing 

an FAA equipped test van. The inspection will be conducted just prior to 

the aircraft be:.n.e, flom on the test profile. If, during the flight, 

abnonnalities in the beacon target are observed and the ATCRBS Analysis Team 

suspects the transponder systen might be the cause, the FAA Avionics Team 

will condoct a more eKtensive inspection of the aircraft transponder and 

anterma systen imnediately after the airplane lands. 

2. SCOPE. The following actions will be taken to assess the effectiveness 

of the airborne transponder equiiJllent and the periphery systens that support 

the airborne transponder equiiJllent for this test plan. 

a. Visit military and FAA avionics repair facilities. 

b. E.Valuate the types of test equipnent being used. 

c. Review the calibration records for the test equipnent. 

d. Detennine how the aircraft anterma systan testing is accanplished • 

e. Review the maintenance progran for transponders. 

f. Review transponder records to detennine the frequency of failure and 

repair. 

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

the test flight. 

20 



3. OOORDINATION. Initial visits to all test participants and the avionics 

support facilities were made October 25-26, 1984. 1he FAA Avionics 

Supervisor ~11 coordinate ~th appropriate military and civil counterparts 

regarding preparations and details for conducting the aircraft transponder 

inspections prior to the scheduled flight tests. 

4. toem1ENTATION. 'nte FAA Avionics Team shall record all appropriate 

infonnation regarding the transponder systan as each aircraft is inspected 

prior to the flight test. This infonnation shall be provided to the ATCRBS 

Team 01ief at the end of the oonnal duty day, tbvenber 30, 1984. The fonnat 

for data to be recorded is contained as Appendices 1 , 2, and 3 to this 

Chapter. 
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'IRANSPCNDER CALIBRATICN VERIFICATirn - FM AND MILITARY AIRCRAFT <NLY 

DATE 
~----------------

AIRCRAFT NUMBER: -------
~=-----------------------
~TICN: ___________ _ 

1-1 PRIMARY AIRCRAFT 

,-, BACK-tJP AIRCRAFT 

SERIAL NUMBER: TRANSRNDER 'IYPE : _______________ _ ----------

I 

RECEIVER MFASURED AT 
SENSITIVITY TOP ANTENNA OOITOM ANTENNA 

N<R-1AL 

ID 

IJJ/IJJ (FM SABRE-80 ONLY) 

TRANSMITTER MFASURED AT 
POWER TOP ANTENNA BOTroM ANTENtlA 

NOOMAL 

IJJ/IJJ (FM SABRE-80 ONLY) 

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.) 

Appendix 1 

I 
I 

I 



FAA AND MILITARY AIRCRAFT 

TRANSPOODER PERFORMANCE TEST DATA 

(MFASURED AT TRANSPONDER) 

Characteristics Test Reading 

1. Dead Time 

2. Suppression Time 

3. Reply Power 

4. Frequency 

5. F1 Pulse Width 

n. F 2 Pulse Width 

7. Sensitivity 

8. Delay Time Difference 

9. Reply Jitter 

10. t-t>de A Delay 

11. t-t>de C Delay 

12. F1 - F2 Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. MCkie C Deconde Accuracy 

_________ us 

_________ us 

IDRMAL /IJJ\~ ..:..:::,:..::..;::.=... _ ___:-=.;:...;.;___ dbm 

--------- MHz 

--------- ns 

--------- ns 

N1RMAL /IJJW 

--------- ns 
__________ ns 

__________ us 

_________ us 

_________ us 

_________ us 

_________ us 

_________ us 

Appendix 2 



1. ffiUl\NilATHJt 

FAA D Air Carrier D Military D Air Taxi 0 General Aviation c:=J 

2. liST EWIFtENT. 
Manufacturer: ---------------------------------------
Model: ____________________________________________ __ 

Calibration Frequency: ____________________________ ___ 

Last Calibration Date: -------------------------------
Calibration Within Limits? yes D noD 

3. TP.J\NSFU«R. 

4. 

Manufacturer: ---------------------------------------
Model: __________________________________________ __ 

Serial Number: ____________________________________ __ 

TSO'd? yes D noD 

Class lB - 2B =------------------------------------
Class lA - 2A: ____________________________________ _ 

Calibration Instructions (Obtain Copy)? yes D not available D 
Calibration Instructions in Consonance with Appendix F, Part 43? yes D noD 

MINTBWtE moow1. 
Continuous Airworthiness Maintenance Program? yes D no D 
Approved Aircraft Inspection Program? yes D no D 
Scheduled Bench Maintenance? yes D no D frequency: 

Scheduled Inspection in Aircraft? yes D no D frequency: 

APPENDIX 3 

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



lPANSBUlER SVSID1 ANN..YSIS <COOituD> 

5. AIJDW=T. 
~e: __________________________________ ___ 

Number of Transponders Installed: ________ _ 

Date Transponder System Installed: ______________ _ 

Coax. Type: ____________________ _ 

Antenna Type: _____________________ _ 

Antenna Checked Periodically? yes 0 
Coaxial Cable Tested Periodically? yes D 
Transponder in Aircraft Systems Check Performed? yes c==J 

no 0 
noD 
noD 

Frequency: Periodically _________________ _ Demand. ________ _ 

6. 1W\NSP(HIR lEST. 
Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 ± 3MHz) =----------------
Transponder Power Output: -----------------------------------
Suppression, Mode 3/A: 

In terro ga tions 
Class 1B & 2B (230-1000 Sec ): -------------------Interrogations 
Class 1A & 2A (230-1200 Sec ) : _________ _ 

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response '1%) : _________ _ 

P2 Pulse Amplitude 9db( P
1 

Pulse Amplitude (Response ~ 90%) : _________ _ 

Receiver Sensitivity Verification by use of Test Set: 

Connected to the Antenna end of Transmission l.ine (-73±4dbm): 

Connected to the Transponder Antenna Terminal with Transmission 
Line Loss Correction (_73±4dbm): 

normal low 

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



JRA[mtro SVSID1 AtW..YSIS <COOIW> 

Receiver Sensitivity Verification Using a Radiated Signal (-73!4dbm) : _____ _ 

Mode 3/A and Mode C Receiver Sensitivity Difference ('ldb): __________________ ___ 

Record: 

Complied with Provisions of FAR 43.9 as to: 

Content: __________________________ ___ 

Form: ____________________________ ___ 

Disposition of Records: ______________ _ 

7 I !HOODS (NOVEt-'BER 1., 1983 - N>VEMBER 1., ].9g.J) I 

Number of Pilot Complaints: ______________________________ _ 

Number of Correlating Bench Check Verifications: ____________ __ 

Mean Time Between Removals (MTBR) =-----------------------
Confirmed Failure Rate of MTBR: _____________________ _ 

81 Wl-ENTS~ 

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



OJAPI'ER 7 

TERMINAL PROFILE - TEST PlAN 

1 • GENERAL. This profile will be fl<N:l by military aircraft based at 

l))bbins Air Force Base (1-rn), and FAA and general aviation aircraft based at 

FUlton County Airport (Fl"i). The route is approximately 288 nautical miles 

in length and will be flo\tol'l 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 Coltmbus TRACXN radar coverage before 

returning to the Atlanta TRACXN control. The FAA flight inspection aircraft 

will fly the route three times to establish the baseline reference for 

transponder operation in NORMAL/NORMAL, IDRMAL/'I..GJ and I.JJiJ/J..CltJ. 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-ESS) will fly circuits, operating the transponder in NORMAL on the 

first circuit and then in LOW position for the second circuit of flight. 

These aircraft will fly the route t\-X> times without having to land for fuel. 

All aircraft except the F -4, C-130, and the BE-ESS will, upon reaching the 

TEMro 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. IDlJI'E OF FLIGHT. 

a. O:>bbins Air Force Base (K;E) F-4, C-130. 

MGE ~ 1}\llAS (ATL 313/29) 

~ :ux;AN (ATL 041 /29) 

-Dt FREIS (AHN 2R8/24) 

-Bot CONN! (ATL ~9/31) 

~ HUSKY (ATL 128/29) 



~ GRANT (ATL 176/48) 

~ T1ROE (ATL 228/29) 

~ TEMPO (ATL 268/30) 

~ lYUlAS (ATL 313/29) 

b. FUlton County Airport (FrY), Sabre 80, C-90, BE-ESS. 

Route Distance(NM) 

FTi ~ OOJAS (ATL 313/29) 

~ I.JX;EN (ATL 041 /29) 

~ FREIS (AHN 288/24) 

~ mmi (ATL 009/31) 

~ IDJSKY (ATL 128/29) 

~ GRANT (ATL 176/48) 

oWl TlROE (ATL 228/29) 

~ TEMro (ATL 268/30) 

THENCE: 

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

THENCE: 

(Sabre 80 ~ to FIANC NOB and 
refueling at Fl"i) 

(C-90 -Bt OOl.AS intersection to begin second 
circuit, transponder low) 

(BE-ESS route is * D\LI.AS fran TIMro) 

3. CPERATIOOAL GUIDANCE. 

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

20 

40 

15 

26 

20 

36 

38 

20 

b. Fbr all aircraft , the route profile will be flo~ at 5, 000 feet M:iL. 

c. Pilots shall maintain a constant ground speed throughout all 

segments, with the e~tception of vectors for approach and landing. 

23 



d. Fach aircraft shall squawk "!DENT" after take-off men radar contact 
I 

is first established and over each intersection (turn point) along the route 

of flight. 

e. The ootation "ATCRBS FLIGHT TES'r' shall be entered in the remarks 

section of all flight plans. 

f. flight plans shall be filed not later than one oour prior to the 

scheduled take-off time. 

g. 'Ihe flight schedule and take-off times specified in Olapter 9 of 

this plan will he 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 t~e of take-off in the backup 

aircraft. 

4. WEATHER. MINIMtH;. 

a. 116 m1, F -4 • 
500 and 2 

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

5. SillM\..'R.Y OF n:RMINAL PROFILE FLIGHTS. 

a. SABRE ALTITUDE 

4/1 5,ono MSL NORMAL/NORHAL 

TRANSPONDER 

350 W+50W output 
-75 dDM + ldbm sensitivity 

b. 

/12 5,000 MSL 

#3 5,000 MSL 

(with refueling) 

C-90 

#1 

#2 

5,000 MSL 

5,000 MSL 

(without refuelin~) 

NORMAL/l..GJ 350 W+50W output 
-69 dEffi + ldbm sensitititv 

I.DIJ/I..GJ 80 W+20W output 
-69 Ohm + ldbm sensitivity 

NORMAL 

24 



c. BE-E55 ALTITUDE TRANSPCJIDER 

#1 5,000 MSL OORMAL 

(BE-E55 does not have ~ 

d. F-4 

#1 5,000 MSL NORMAL 

#2 5,000 MSL Iro 

(without refueling) 

3. C-130 

#1 5,000 MSL NORHAL 

#2 5,000 MSL IiJJ 

(without refueling) 

25 
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OfAPrER 8 

mROUTE PROFILE - TEST PIAN 

1 • GENERAL. 'Ibis profile will be flOVl by a KC-135 aircraft baseed at 

Robins Air Force Base, Georgia. '!he FAA flight inspection Sabre 80 aircraft 

will fly in trail to the KC-135 aircraft to establish ~e baseline data for 

transponder operations in NCEMAL/NORMAL, ~/UJ.l, and UJ.l/IJJiJ po-wer 

output and sensitivity. The KC-135 aircraft will fly the profile in lJJiJ and 

NCEMAL to e\7aluate the ATCRBS operation in the enroute enviroment. 

2. IDUI'E OF FLIGHI'. As a matter of econany 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 Comty Airport (FlY). !Rpart Fl'Y 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 K:N 017/61, thence direct QIS \ORTAC at 

FL 330, TRANSroNDER-NO!%\L/NORMAL. Reverse course, and at Fl. 350, fly the 

reciprocal to the VUZ 344/49 with the TRANSPONDER-NORMAL/NORMAL. After 

refueling at Fl'Y fly the track fran the VUZ 344/49, direct l-£N 017/61, 

direct 00 \ORTAC, Fl. 330, with the TRANSPONDER-NORMAL/UJ.l. Reverse course 

and fly the reciprocal to the VUZ 344/49, 'IRANSPONDER I.J:JN/UJ.l, Fl. 350. 

(2) KC-135, R:>bins AFB, G\. JRpart Robins AFB direct VUZ 344/49. 

Reverse course and proceed on tract to the M::N 017/61 , thence the CHS mRTAC 

at FL 330 with TRANSroNDER-UJ.l. Reverse course so as to be over the CHS 

VORTAC, Fl.. 350, at 1520 <MI', outbound to the M::N 017/61, thence direct VUZ 

344/49 with TRANSroNDER-NORMAL. 

27 



3. OPERATIOOAL GUIDANCE. 

a. A constant ground speed shall be maintained througrout the route of 

flight by the Sabre 80 and the KC-135 aircraft. 

b. 'Ihe rotation "ATCRBS Fl..IGHT TEST'' shall be entered in the renarks 

section of the flight plan. 

c. Flight plans shall be filed rot later than 2 hours prior to the 

scheduled take-off time. 

d. 'Ihe 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 "!DENT' at the 

VUZ 344/49, the ARTCC boundary, and over the Charleston VORTAC each time. 

28 
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OIAPI'ER 9 

TRANSPOODER INSPECTION AND FLIGliT SCHEDULE 

1 • SCHEDULE OF EVFNTS. 

AIRCRAIT 1RANSPONDER 
D\TE D\Y/A.M. or P.M. INSPECfiOO FLY 

11/26/84 MIID\Y 

A.M. - -
P.M. Sabre 80 -

11/27/84 'nJESL\t\Y 

A.M. C-90 Sabre 80 
P.M. F-~ Sabre 80 

11/28/84 WErnESL\t\ y 

F-4 
A.t1. BE-E55 C-90 
P.M. KC-135 BE-E55 

11/29/84 I THURSD\Y 

A.M. (FNROUTE PROFILE) Sabre 80 
A.M. - KC-135 
P.M. C-13Q_ -

11/30/84 FRID\Y 
I 
iA.M. - C-130 
P.M. - -

TAKE-OFF 
(LOCAL TIME) 

--
I 

9:00A.M. 
12:00 Noon 
3:00 P.M. 

9:30 A.M. 
11:30 A.M. 
1:00 P.M. 

9:15A.M. 
1 :00 P.M. 
9:10A.M. 

-

10:00 A.M. 
-

30 



2. (} 11 Jli\NCE. 

a. 1he FAA Avionics Team Olief shall coordinate with military comterparts 

to establish scheduled murs aircraft will be available for tranSponder 

inspection. 

b. In the event of -weather conditions W'lich \<Duld not pennit a scheduled 

flight, the entire schedule will slip 24 hours. In the event such conditions 

are anticipated, the ATCRBS Analysis Team Olief will coordinate scheduled 

changes with appropriate military authority real-tnne. 

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

schedule will slip 24 hours. 
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AQ\-1 
AVS-1 
MT-1 
AWS-1 
AT0-1 
ATR-1 
AF0-1 
AWS-300 
AWS-350 
AFM-310 

Colonel Charles Cbrder 
HQ FAA (AKr-4) 
AFM-160 

AVN-1 
AVN-200 
MGR, ATL FIFO 

AS0-1 
AS0-200 
AS0-400 
AS0-500 
MGR, Atlanta Tower 
MGR, Cblunbus Tower 
MGR, Macon RAPCON 
MGR, Atlanta ARTCC 
MGR, Jacksonville ARTCC 

DISTRIBUriON PAGE 

ATCRBS .Analysis Team Members (1 0) 

Airspace and Air Traffic Services Division 
HQ lEAF/XOORF 
Pentagon 
washington, D.C. 20330-5054 

Air Fbrce Representative 
FAA Southern Region, AS0-900 
P.O. Box 20636 
Atlanta, GA 30320 

19th Air Refueling Wing/DO 
Robbins AFB, GA. 31098 

94th Tactical Airlift ~ng/CC 
D>bbins AFB, GA 30069 

116th Tactical Fighter Wing/DO 
D>bbins AFB, GA 30069 

OOPIES 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
2 

1 
1 
3 
3 
3 
3 
3 
3 
3 

1 ea 

2 

3 

3 

3 
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ATCRBS ANALYSIS TEAM 

TEAM CHIEF 

Ray Ramakis 
Manager, Aircraft Maintenance Division, AWS-300 

Jack Flavin 
Avionics Branch, AWS-350 

Lt. Col. lester R. Heavner 
Military Programs Manager, AVN-230 

Don Johnson 
Primary Radar Program Branch, .AHvt-310 

JirnM:>e 
Mode S Program Branch, AIM-320 

John Stasiak 
Radar Data Analysis Branch, AIM-162 

Lou W. Brown 
Southern Region Representative, AS0-400 

Robert J. Marlott 
Mgr., Atlanta Flight Inspection Field Office 

Billy ~ipp 
Supervisor, Avionics Section 
Atlanta Flight Inspection Field Office 

FI'S NO. 

426-3546 

426-8178 

749-4526 

426-8306 

426-3156 

482-5120 

246-7109 

242-6860 

242-6850 
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ATCRBS ANALYSIS AD HOC TEAM MEMBERS 

TEAM MEMBER 

Lt. Col. larry Taylor 
Air Force Representative 
FAA Southern Region, AS0-900 

Howard Burch 
Air Traffic Coordinator 
FAA Southern Region, AS0-510 

Chester U:mgman 
Flight Operation9, AF0-210 

Bill Ardies 
Flight Programs, AVN-200 

Milton Hill 
Avionics Specialist, AS0-250 

Rufus Olufs 
FAA Technical Center, APM-160 

Rebecca Unk 
Aircraft Miintenance Division, AWS-310 

Jacqueline Renaud 
Aircraft Maintenance Division, AWS-300a 

Fl'S 

246-7243 

246-7368 

426-8452 

749-2766 

246-7411 

482-5120 

426-8203 

426-3546 
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APPENDIX 2 

ATLANTA TERMINAL TEST FLIGHT PROFILE 
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LOW ALTITUDE PROFILE PERFORMANCE STATISTICS 

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

Sabre Liner 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: 16 7 

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

8 misses occurred last 2 nm most other misses occurred while 1n turns 

Re-Entry Time: 14: 36:51.7 

Re-Entry Range: 55 1/8 nm Azimuth: 

End Time: 14:47:27.6 Altitude: 

End Range: 48 o/8 nm Azimuth: 

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

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

181 

5,000 

231 

*Lost data from 14:27:29 to 14:28:40 14 scans; not calculated 1n 

detection. 

feet 



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

SabreLiner Normal/Low 

Beacon Code: 5225 

Start Time: 17:00:036 

Start Range: 17 o/8 

Exit Time: 17:32:13.9 

Exit Range: 55 o/8 nm 

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 

End Time: 17:58:59 

End Range: 17 4/8 nm 

Altitude: 5,000 feet 

Azimuth: 283 

Azimuth: 163 

Azimuth: 181 

Altitude: 5,000 feet 

Azimuth: 201 

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

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

2 



NOVEMBER 28, 1984. Dobbins ASR-8 

F-4 Normal 

Beacon Code: 5231 

Start Time: 14:35:39 

Start Range: 17 3/8 nm 

Exit Time: 14:57:22.7 

Exit Range: 59 0/8 nm 

In system 348 scans, missed 8, detection 

Re-Entry Time: 15:02:15.2 

Re-Entry Range: 55 1/8 nm 

End Time: 15:13:59:7 

End Range: 16 7/8 nm 

97.7% 

In system 192 scans, missed 8, detection 95.8% 

Low Altitude Profile 

Altitude: 5,000 feet 

Azimuth: 279 

Azimuth: 163 

Azimuth: 183.3 

Altitude: 5,000 feet 

Azimuth: 279 

Total scans 540, missed 16, total detection 97.0% 
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NOVEMBER 28, 1984. Dobbins ASR-8 Low Altitude Profile 

King Air C-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 

In system 561 scans, missed 22, detection 

9 misses associated 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 nm 

Altitude: 

Azimuth: 

Azimuth: 

96.1% * 

Azimuth: 

Altitude: 

Azimuth: 

In system 239 scans, missed 13, detection = 94.6% 

Total scans 800, missed 39, total detection= 95.1% 

5,000 feet 

277 

16 7 

181 

5,000 feet 

232 

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

calculation of detection 

4 



NOVE~1BER 30, 1984. Dobbins ASR-8 

C-130 

Beacon Code: 5274 

Start Time: 15:06:55.1 

Start Range: 17 2/8 nm 

Exit Time: 15:37:09.3 

Exit Range: 59 1/8 nm 

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 

End Time: 15:57:24.5 

End Range: 17 4/8 nm 

In system 240 scans, missed 8, detection= 96.7% 

Low Altitude Profile 

Altitude: 4,900 feet 

Azimuth: 277 

Azimuth: 166 

Azimuth: 180 

Altitude: 5,000 feet 

Azimuth: 277 

7 of 8 misses occurred between 30-44 nm from site 

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

5 



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

Beech BE-ESS Normal 

Beacon Code: 5224 Altitude: 5,000 feet 

Start Time: 18:59:28.9 

Start Range: :!9 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 

End Time: 19:26:44.3 

End Range: 40 3/8 

Azimuth: 175 

Altitude: 5,000 feet 

Azimuth: 199 

In system 153 scans, missed 34, detection= 77.78% * 

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 

6 
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NOVEMBER 27, 1984. Atlanta ASR-7 Low Altitude Profile 

SabreLiner Normal/Low 

Beacon Code: 5,225 

Start Time: 17:00:06 Altitude: 5,000 feet 

Start Range: 30 2/8 nm Azimuth: 316 

Ending Time: 17:59:00 Altitude: 4,700 feet 

Ending Range: 10 7/8 nm Azimuth: 276 

In system 763 scans, missed 28, detection 96.3% 



NOVEMBER 27, 1984. Atlanta ASR-7 

Beacon Code: 5,207 

Start Time: 13:59:40 

Start Range: 31 3/8 nm 

Ending Time: 14:42:25 

Ending Range: 29% 

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 

Ending Range: 1 1/8 nm 

On approach 155 scans, missed 4, detection 97.4% 

Low Altitude Profile 

Altitude: 5,000 feet 

Azimuth: 311 

Altitude: 5,000 feet 

Azimuth: 225 

Altitude: 5,000 feet 

Azimuth: 264 

Altitude: 1,400 feet 

Azimuth: 25 

8 
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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 98.4% 
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NOVEMBER 28, 1984. Atlanta ASR-7 Low Altitude Profile 

King Air C90 Normal 

Beacon Code: 5' 116 

Start Time: 16:37:52 Altitude: 5,000 feet 

Start Range: 29 2/8 nm Azimuth: 313 

Ending Time: 17:34:55 Altitude: 5,000 feet 

Ending Range: 29 6/8 nm Azimuth: 269 

In system 723 scans, missed 15, detection 97.9% * 

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

94.49% 



NOVEMBER 30, 1984. 

C-130 

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 

Atlanta ASR-7 

Normal 

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

Low Altitude Profile 

Altitude: 5,000 feet 

Azimuth: 313 

Azimuth: 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, detection' 96.7% 
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WARNER ROBINS DATA LOW ALTITUDE PROFILES 

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

Sabre liner 

Beacon Code: 5207 

Normal/Normal 

Beginning Range: 55 1/8 nm 

Terminating Range: 46 1/8 nm 

Within system 174 scans, missed 6, detection 96.6% 

NOVEMBER 27, 1984. 

Sabre liner 

Beacon Code: 5225 

Normal/Low 

Beginning Range: 55 1/8 nm 

Terminating Range: 46 4/8 nm 

Within system 182 scans, missed 15, detection 91.8% 



NOVEMBER 28, 1984. 

F-4D 

Beacon Code: 5231 

Normal 

Beginning Range: 55 1/8 nm 

Terminating Range: SO 2/8 nm 

Within system 140 scans, missed 3, detection= 97.86% 

NOVEMBER 28, 1984. 

King Air 

Beacon Code: 5116 

C90 Normal 

Beginning Range: 55 1/8 nm 

Terminating Range: 54 3/8 nm 

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

14 



WARNER ROBINS DATA LOW ATLTITUDE PROFILE 

NOVEMBER 30, 1984 

C-130 

Beacon Code: 5274 

Normal 

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 

Beacon Code: 5224 

Normal 

Beginning Range: 55 1/8 nm 

Terminating Range: 43 5/8 nm 

Within system 290, missed 31, detection 89.31% 

15 



---~--~--------- ----

COLUMBUS ASR-8 DATA COLLECTION 

NOVEMBER 27, 1984. Sabre Liner 

Beacon Code: 5207 

In system 223 scans, 6 misses; detection= 97.31% 

All m1sses occurred on exiting system 

NOVEMBER 27, 1984. Sabre Liner 

Beacon Code: 5225 

In system 224 scans, 9 m1sses; detection= 95.98% 

8 misses occurred last 10 miles of flight 

NOVEMBER 28, 1984. F-4 

Beacon Code: 5231 

In system 175 scans, 1 m1ss; detection 

1 miss in turn 

99.43% 

Normal 

Normal/Low 

Normal 

16 



NOVEMBER 28, 1984. King Air 

Beacon Code: 5116 

In system 309 scans, 3 misses; detection 

2 misses occurred 1n fringe exiting 

NOVEMBER 30, 1984. C-130 

Beacon Code: 5274 

C90 

99.03% 

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

NOVEMBER 30, 1984. Twin Beech 

Beacon Code: 5224 

In system 349 scans, 19 misses; detection 94.56% 

17 

Normal 

Normal 

Normal 
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HIGH ALTITUDE PROFILE PERFORMANCE STATISTICS 

DECEMBER 19, 1984. Atlanta LRR High Altitude Profile 

KC-135 Normal 9 dB, Pl-P2 Compare 

Beacon Code: 5136 Eastbound 

Start Time: 13:30:45.3 Altitude: 33,000 

Starting Range: 47 5/8 nm Azimuth: 285.56 

End Time: 13:58:37. 9 

Ending Range : 152 3/8 nm Azimuth: 102.48 

In system 167 scans, missed 30, detection= 82.04% 

SEGMENT OF TRACK UNDER INFLUENCE OF SLS 

Start Time: 13:30:45.3 Altitude: 33,000 

Starting Range: 47 5/8 nm Azimuth: 285.56 

End Time: 13:44:59.3 Altitude: 33,000 

Ending Range: 55 4/8 nm Azimuth: 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 ~n diameter 

feet 

feet 

feet 



DECEMBER 19, 1984. Atlanta LRR High Altitude Profile 

KC-135 Normal 5 dB, P1-P2 Compare 

Beacon Code: 5136 and 3104 Westbound 

Start Time: 14:06:22.8 Altitude: 35,100 feet 

Starting Range: 152 0/8 nm Azimuth: 103.8 

Ending Time: 14:44:52.3 

Ending Range: 47 5/8 Azimuth: 283.54 

In system 202 scans, missed 32, detection 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 

Altitude: 35,100 feet 

Azimuth: 101.86 

Azimuth: 283.54 

Under influence of SLS: 117 scans, 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 m1sses, 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 High Altitude 

Normal -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 

33,000 

278.52 

34,300 

119. 79 

Start Time: 13:43:54.5 

Starting Range: 55 5/8 

End Time: 13:58:38.2 

Ending Range: 54 0/8 nm 

Azimuth: 268.59 

Azimuth: 119.79 

Under influence of SLS 77 scans, missed 28, detection 

All but (1) miss occurred under influence of SLS 

63.64% 

21 

feet 

feet 



DECEMBER 19, 1984. Lincolnton LRR High Altitude Profile 

KC-135 

Beacon Code: 3,104 

Start Time: 14:06:14.8 

Starting Range: 55 3/8 nm 

End Time: 14:44:58 

Ending Range: 149 2/8 nm 

Normal -5 db, Pl-P2 Compare 

Eastbound 

Azimuth: 123. 13 

Azimuth: 277.82 

In system 194 scans, missed 0, detection = 100% 

22 



APPENDIX 7 

ANALYSIS OF TEST FACILITIES AND TRANSPONDERS 



FEDERAL AVIATION ADMINISTRATION AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE ANALYSIS 1/ 
-- ----

ORGA~UZATION F.A.A. F.A.A. F.A.A. 

AIRCRAFT TYPE NA-265-80 C-90 BE-E55 

AIRCRAFT NUHBER N-52 N-19 N-2014U 

TRANSPONDER TYPE 621A·6 TDR-90 TDR-950 

TRANSPONDER SERIAL NUMBER 2561 9469 16646 

DEAD T I HE (usee) 29.0 45.0 29.0 

SUPPRESSION TIHE (usee) 30.0 31.5 N/A 

REPLY POWER (watts) 725 380 200 

FREQUENCY (HHz) 1090.0 1090.0 1088.7 

F1 PULSE WIDTH (usee) 0.45 0.55 0.45 

F2 PULSE WIDTH (usee) 0.45 0.55 0.45 

SENSITIVITY, NORHAL (dBm) -77.0 -74.5 -59.6 

SENSITIVITY, LOW (dBm) -71.5 -71.5 N/A 

DELAY TIHE DIFFERENCE 0.0 0.0 0.0 

REPLY JITTER (usee) 0.01 0.05 0.01 

HODE A DELAY (usee) 3.2 2.5 2.8 

HODE C DELAY (usee) 3.2 2.5 2.8 

Ft - F2 SPACING (Usee) 20.3 20.3 20.3 

SLS DECODE ACCURACY (usee) y 1. 5/2.5 1.6/2.4 1. 5/2." 

MODE A DECODE ACCURACY (usee) 2/ 7.5/8.5 7.5/8.5 7.6/8.1t 

HOOE C DECODE ACCURACY (usee) y 20.5/21.5 20.6/21.4 20.6/21.6 

1/ Test data recorded at transponder actually used In the Flight Test Profile. 
y Lower Llml.t/Upper Limit 

94th T.A.W. !16th T.F.W. 19th AREFW 19th AREFW 

C-130H F4D KC-135 KC-135 

AF-81-0626 AF-66·7588 AF-60·0330 AF-56-3634 

APX-72 KY532B/ASQ APX-64 APX-64 

4143 61 3822 0057 

93.0 120.0 122.0 29.0 

30.0 27.2 33.0 35.0 

950 600 900 660 

1089.1 1090.0 1090.0 1089.5 

0.50 0.45 0.55 0.50 

0.50 0.45 0.55 0.50 

-77.2 -76.8 -76.8 -77.2 

-63.0 -58.2 -64.0 -65.2 

0.0 0.0 0.0 o.o 
0.01 o.o 0.0 o.o 
3.2 3.0 J.O 3.0 

3.2 3.0 3.0 3.0 

20.3 20.3 20.3 20.3 

1. 7/2.3 1. 0/2.8 1. 7/2.5 1.6/2.4 

7.5/8.6 7.4/8.55 7.1t/8.2 7.6/8.1t 

20.5/21.7 20.6/21.4 - _20.1/21.2 20.3/21." 
-- --

)I Receiver Side Lobe Suppression set at 9dB. 
!( Receiver Side Lobe Suppression set at SdB, 

PAGE 1 uf 2 

-

19th AREFW 19th AREFW 

KC-135 KC-135 

AF-59·144!) AF-59-1449 

APX-64 APX-64 

3822 3/ 496 4/ 

122.0 110.0 

33.0 36.0 

900 1120 

1090.0 1090.0 

0.55 0.42 

0.55 0.42 

-78.4 -74.5 

-64.0 -63.5 

0.0 0.0 

0.0 0.0 

3.0 3.2 

3.0 3.2 

20.3 20.3 

1. 7/2.5 1.5/2.5 

7.1t/8.2 7.55/8.5 

20.1/21.2 20.2/21.8 



O~GANIZATION F.A.A. 

AIRCRAFl TYPE B-727 

AIRCRAFT NUMBER N-77 
TRANSPONDER TYPE 621A-6 

TRANSPONDER SERIAL NUMBER 1854 

DEAD TIME (usee} 75.8 

SUPPRESSION TIME (usee) 35.0 

REPLY POWER (watts) 555 

FREQUENCY (MHz) 1090.0 

F1 PULSE WIDTH (usee) 0.45 

Fz PULSE WIDTH (usee) 0.45 

SENSITIVITY, NORMAL (dBm) -76.0 

SENSITIVITY, LOW (dBm) -70.0 

DELAY TIME DIFFERENCE 0.0 

REPLY JITTER (usee) 0.08 

MODE A DELAY (usee) 3.1 

MODE C DELAY (usee) 11.1 
F1 - F2 SPACING (usee) 20.3 

SLS DECODE ACCURACY (usee} 2/ 1.4/2.4 

MOE A DECODE ACCURACY (usee) 2/ 7.2/8.5 

MODE C DECODE ACCURACY ('usee) 2/ 20.5/21.4 

FEDERAL AVIATION ADMINISTRATION AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE ANALYSIS, CONTINUED. 

F.A.A. F.A.A. 15 AHS SQD 15 AHS SQD 

B-727 F-90 EC-135J EC-135J 

N-77 N-18 63-8055 63-8055 

621A-6 TDR-90 APX-64 APX-64 

1864 5/ 14720 3491 4/ 4492 3/ 

75.8 34.0 N/A N/A 

35.0 35.0 35.0 35.0 

725 375 1000 631 

1090.0 1087.0 1090.1 1089.5 

0.45 0.45 0.5 0.50 

0.45 0.45 0.5 0.50 

-76.0 -77.1 -78.0 -78.0 

-70.0 -64.0 -66.0 -67.0 

0.0 0.0 0.0 0.0 

0.04 0.01 0.0 0.0 

3.0 3.0 3.0 3.0 

3.0 13.0 3.0 ).I) 

20.3 20.3 20.3 20.3 

1.4/2.5 1. 5/2.5 1.5/2.5 1.5/2.8 

7.2/8.4 7.4/8.7 7.5/8.5 7.7/8.55 

20.4/21.5 ~0.4/21 .8 20.5/21.6 20.5/21.6 

I 

' 

I 

2./ TRANSPONDER SLS SET AS CLOSELY TO 9dB. AS POSSIBLE WITHOUT COMPONENT CHANGE. SEE TRANSPONDER PERFORMANCE TEST DATA. 
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TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFI~E 

11/26/84 

NA-265-80 N-52 

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. F1 Pulse Width 

6. F2 Pulse Width 

]. Sensitivity 

8. Delay Time Difference 

9. Reply Jitter 

1 o. Mode A Delay 

11. Mode c Delay 

12. F1 - F2 Put se Spacing 

13. Side Lobe Suppression 

14. Mode A Decode Accuracy 

15. Mode c Decode Accuracy 

NA-265-80 
N-52 

Decode Accuracy 

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

Normal 

Normal 

Test Reading 

29.0 

30.0 

725 /LOll 725 

1090.0 

0.43 

0.43 

-n.o /LOII-71. 5 

0.0 

0.0] 

3.2 

3.2 

20.3 

1. 5/2.5 

7.5/8.5 

20.5/21.5 

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

us. 

us 

Watts 

MHz. 

us. 

us. 

dBm. 

us. 

us. 

us. 

us. 

us. 

us. 

us. 

us. 



TRANSPrnDER OO..IBRATICN VERIFICATirn - FM AND MILITARY AIRCRAFT rnLY 

nA•TE 11/26/84 
~ -------------------

AIRCRAFI' NUMBER: N-52 -------------
TYPE: NA-265-80 

LOCATION: Atlanta FIFO (FTY) 

TRANSPrnDER 'IYPE: Call ins 621A-6 

RECEIVER 
SENSITIVITY 

NOOMAL 

I.O 

W/IJJ (FM SABRE-80 ONLY) 

'IRANSMI'ITER 
POWER 

NOOMAL 

W/IJJ (FM SABRE-80 ONLY) 

liJ PRIMARY AIRCRAFT 

[I BACK-UP AIRCRAFT 

SERIAL NlMBER: 2 56 1 ( # 1) 

MEASURED AT 
TOP ANTENNA BCYITOM ANTENNA 

N/A -74.5 dBm 

N/A -69.0 dBm 

N/A -68.0 dBm 

MEASURED AT 
TOP ANTENNA BO'ITOM ANTENNA 

N/A 320 watts 

N/A 120 watts 

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

NOTE: This transponder was us-ed during tt-Je Flight Test Profile. 



TRANSPONDER CONFIGURATION 

NA-265-80 



I 
STBY 

ALT 
RPTG 

~ 
OFF 

LO 
SENS 

~ 
WO~M 

TRANSPONDER CONFIGURATION 
NA-265-80 

TRANSPONDER #1 

COLLINS 621A-6 

TRANSPONDER #2 

COLLINS 621A-6 

LO/LO SENS 
SWITCH 

PROGRAMMABLE 
>-+-----1 ATTENUATOR 

HP33304D-H16 

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

BOTTOM MOUNTED ANTENNA 
AT-741B/A 



NA-265-80 

View beneath aisle floorboard in 

front of eq uipment racks. The black 

••u-•' shaped coax ial cable connects 

the prog rammabl e attenuator (for Lo-Lo 

operation) to the antenna located 

beneath the attenuator. 

N-52 

Transponder antenna l ocat ion 

on bottom of aircraft just aft 

of speed brakes. 

.. 



TRANSPONDER SYSTEMS ANALYSIS 

NA-265-80 



1. CR&\NIZATIClt 

FAA (ill Air Carrier D Military 0 Air Taxi 0 General Aviation D 

2. lEST EWIFt'ENT. 
Manufacturer: Boonton Radio Co. 

MOdel: 8925A DME/ATC Test Set 

Calibration Frequency: 270 days ----------------------------
Last Calibration Date: March 29, 1984 

----------------------~-----

Calibration Within Limits? yes~ .. u D 

3. TW\NSPCinR. 
Manufacturer: Collins ------------------------------------
Model: ___ 6_21_A_-_6 ________________________________ __ 

Serial Number: #1 S/N 2561 #2 S/N 2508 ------------------------------------
TSO'd? yes [U] noD 
Class lB- 2B=---------------------n~---------

TSO-C74b;D0-138/AG/A/JLNO/AAEXXXXX Class lA- 2A: _______________________________ _ 

Calibration Instructions (Obtain Copy)? yes~ not available 0 
Calibration Instructions in Consonance with Appendix F, Part 43? yes [Xil 

4. ft1AINimOCE FmlAAM. 
Continuous Airworthiness Maintenance Program? yes [ill no D 
Approved Aircraft Inspection Program? yes @] no D 

noD 

Scheduled Bench Maintenance? yes D no [ill frequency:DEMAND 

Scheduled Inspection in Aircraft? yes ~ no D frequency:300 Hr~ 

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



5. AlltRAFT. 
~e:: ______ ~N~A~-~26~5~-~80~-----------------------
Number of Transponders Installed :. __ 2 _______ _ 

Date Transponder System Installed:~1~9~7~3 ______ _ 

.......,. RG-,115Af.U Coax. •Jre:: ____ ~~~~~----------------------
Antenna Type: . ...:..:.AT.:..-....~.7.....;4...;.1.;;;.;B/:....A ___________ _ 

Antenna Checked Periodically? yes @] DO D 
Coaxial Cable Tested Periodically? y.es ~ DO D 
Transponder in Aircraft Systems Check Performed? yes [ii] DO D 

Frequency: Periodically __ 3_o_o __ H_o_u_rs _____ ~--
(Segment Insp. Card) 

Desaand 

6. TRANSPG'IDER TEST. #1 Transponder, S/N 2561 

Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 ± 3MHz) : __ 1:;..;;0;..:9...;::;0..:... O.:;_:,M.::..H:..:z~·-------

Transponder Power Output: ____________ ~72~5~w~a~t~t~s ______________ _ 

Suppression, Mode 3/A: 

Class 1B & 2B (230-1000 

Class 1A & 2A (230-1200 

Interrogations Sec ): ________________ _ 

Interrogations 
Sec ): _____ x _______________ _ 

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response ' 1%) : ___ o_._K...;. _____ _ 

P
2

_ Pulse Amplitude 9db( P
1 

Pulse Amplitude (Response 'Z 90%) :. ___ o_._K_. _____ _ 

Receiver Sensitivity Verification by use of Test Set: 

Connected to the Antenna end of Transmission Line (-73±4dbm): 

Connected to the Transponder Antenna Terminal with Transmiss~on 
Line Loss Correction (_73±4dbm): 

normal 

...-.]4. SdBm 

... 77. OdBm 

low 

-69.0dB~ 

-71. 5dB 

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



JIWmtro SVSID1 AtW..\'SIS <CO'HifW)) 

Receiver Sensitivity Verification Using a Radiated Signal (-73±4db~: 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 -------------------------
Form: Yes 

Disposition of Records : __ Ye_s ________ _ 

Number of Pilot Complaints: ___ 4 _____________ _ 

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 I aJlOOS. 

AWS-350/FY-85/Form 1 
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RAMP CALIBRATION PROCEDURES 

COLLINS 621A-6 



1 

!RELATED CARDS CARD NUMBER 

ITEM 
NO. 

SABRELINER-80 AVIONIC INSPECTION 

RAMP CALIBRATION ATC TRANSPONDER 

PROCEDURES 

9371 

Page 1 of 3 

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 chedk transmitter power. 

b. Equipment required: 

(1) ATC Test Set 8925A 
(2) ATC Test Set 578X-l 
(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 war.:n up. 

2 Preliminary 

a. Chedk 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 
SENS 
Mode 
ALT RPTG 
Code 

- Select No. 1 XPDR 
- Lo SENS 
- A 
- OFF 
- 0000 

c. Gain access to ATC Antenna. 

Connect test set to RG-8 coax cable at the antenna end. 
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SABRELINER-80 AVIONIC INSPECTION Card 9371 Pa_g_e 2 of 3 

..- ITE!i. 
NO. 

d. 

RAMP CALIBRATION ATC TRANSPONDER (CONT'D) 

Connect RG-58 coax from the XPDR suppressor 
connected from bulkhead) to the AC input on 
rate of counter should be 500 ~ 10 replies. 

coaxial "T" connector (dis
test set counter. The reply 
(Refer to Card 9149.) 

3 Receiver Calibration at Aircraft 

4 

I 
12/82 

a. 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. 

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

c. Repeat step 3.a. for LO-LO circuit. 

d. 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 (TIEO 75-E-10, Part B-II 
page 2) instruction. 

Transmitter Power Out 
Alt~ 

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

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

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

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, ·step 6, this 
card. 

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

g. 

NOTE: It 1s 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). 

I 

I 

j 
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. 

ITDl 
NO. RAMP CALIBRATION ATC TRANSPONDER (CONT'D) 

h. Interrogate the transponder at a rate (500 - 700 nominal) sufficient to 
give OdB 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 steps 4.a. through 4.j. above for No. 2 transponder. 

5 Over Interrogation Monitor 

a. Set XPDR to NORMAL and de.activate 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 

Receiver Sensitivity 

Transmitter Power 

Over-Interrogation Rate 

Antenna Cable Loss 

CONDITION 

LO, 450 Replies/Sec 
LO-LO, 450 Replies/Sec 

LO 
LO-LO /Normal 

-50 dBm Attenuation 
Lamp Normal Intensity 

TXPDR to Antenna (Not 
normally measured; 
See Step 3 NOTE) 

SPEC. VALUE + TOL. 

-69 + 1.0 dB' 
Wi tllin + 1.0 dB . of 
-69 dBm 

280 Watts (Minimum) 
-6dB _! 1 dB 

1000 ~ 50 Replies/Se 

3dB (Max) 

I 
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1'r-'TED CARDS 

~· 
CARD NUMBER 

SABRELINER-80 AVIONIC INSPECTION 

( 

~·· 

ITEM 
NO. CALIBRATION OF ATC CABLE LOSS 

PROCEDURES 

9370 

Page 1 of 2 

1 General 

a. This card provides procedures for calculating the transponder cable loss 
in db's from transponder to antenna. This check is to nk~ke sure that the 
db loss is below 3 db 1 s. For each 3 db's wi 11 reduce the pO\Jer out by 
1/2. 

b. Equipment required: 

(1) 8925A Test Set. 
(2) 578X-l Test Set. 
(3) RG-8 coax cable not to exceed 10 ft. 
(4) Connectors to make proper connections. 

c. Tolerance. 

Total db's not to exceed 3 db's. 

d. Allow 2 hours '"arm up of test equipment. 

e. Apply proper pm>1er to aircraft and turn on all equipment required to 
accomplish this card. 

2 Cable loss procedure 

a. Gain access to transponder antenna. 

NOTE: Both XPDRS have a common antenna located under aircraft and uses 
a coax S\Jitch 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. 

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

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

~~ 
~~----~---------------------------------------------------------------------------------Jr 4/79 



SABRELINER-80 AVIONIC INSPECTION Card 9370 Page 2 of 2 -. 
ITEM! CALIBRATION OF ATC CABLE LOSS (CONT'D) 

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

e. Select No. XPDR on control head with sensitivity selector switch in 1.0 
SENS and ALT RPTG/OFF switch in OFF. 

f. Turn attenuator clockwise until counter reads 450 reply pulses per 
second. 

g. Take note of attenuator reading. 

h. Turn XPDR off. 

i. 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. 

j. Turn XPDR ON. 

k. Repeat steps 2e and f. 

1. 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. 

m. 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 

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

o. Reconnect cables and restore aircraft for flight. 



I 
I 
I 
i 

NOTE: If the sensitivity re~diM~ iu out of tolerance the trnnspcnGer rn.;.y be 
removed to the shop for rl:!cali!:lrti.i:icn. This re.::al:J.brCJ.tion should be 
based on r.teasured loss (dB) in tht.! airplane nntennn cable. Refer to 
TI 4179.13, page 747 (TIEO 75-E-10 Part B-II page 2) instruction. 

4. Transr.titter Power Out 

a. 
b. 
c. 

d. 

e. 
f. 

g. 

h. 

i. 
j. 

k. 

Set XPDR to Lo Sens and set attenuator to -50 dbm at antenna end of cable. 
Remove coax from monitor SLG Gen. to Video out on Peak Power Calibrator. 
l-lith NO~/CAL/}fEAS switch in }1Q:-l/CAL, adjust h"ULL CONTROL until the t.wo lines 
on the scope are merged together. 
Select HEAS wi:::h 't-10N/CAJ../~~E.\S switch, adjust COARSE CONTROL until top line 
rests on top of pulses. Adjust FI};E CONTROL if needed. 
Observe 'Hcter for Pol>"er Out in \-7atts. See tolerance~ Para. 6. 
Remove interrogatio"n pu::!.ses fro;n tran!:iponder and zero tha 481 Pover !1eter. 

~OTE: It is critical that the Power Meter be zeroed. 
Set the Power ~~ter·to the 0.1 mw scale and connect its probe to the Power 
Hetcr output jack of tha 13505A 1 Solatc-r·-Honitor (Part of the 8925 Radar 
Beacon Test Set). 
Interrogate the transponder at a rate (500 ·~ 700 nominal) sufficient to give 
OdB reference level on the Power Meter. 
Switch the LO-LO SENS Circuit IN. 
Observe the Power ~[eter reading in dB below the reference level.. See 
tolerance, Para. 6. 
Repeat step~ a. through j. above for No. 2 transpon~er. 

5. Over Interrcsat!o~ Monitor 

a. Set XPDR to NO~~ and deactivate LO-LO circuit. 

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

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

6. ATC Rm:rp Tolerances 

FUNCTION 

Receiver Sensitivity 

Transmitter Power 

Over-Interrogation Rate 

~~tenna Cable Loss 

CONDITION 

LO, 450 Replies/Sec 
LO-LO, 450 Replies/Sec 

LO 
LO-LO 

-50 <!bm Attenuation 
Lamp Korm.:~.l Intensity 

SPEC. VALUE + TOL. 

-69 + 1. 0 db::l 
Uithin + 1.0 dbm of 
above measure value •• 

280 t-latts (~..inimum) 
-6dB + 1 dB 

lOCO + 50 Replies/Sec 

tXPDR to Antenna (~ot no~al1y 
measured; See Para. 3 NOTE) 

3 dB (!-lax) 

I 

I 
~ l 
~ ~ 
l. ~ 
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r:~~-r ~~--;:;--~ ~ 1- • ~ 0 711-1.2-1~ 
)I; ... .. ·- ,.,, • "J • - -

I' ~.I~BRJ\11:0< INSTRUCTI<r.IS: 

..... 
(PART ___ ~~.-~J~T _____ J 

1. Gcncrnl 

a. This card provides pr~cedures for calibrating transponder receiver sensitivi~J 
to -69 dbm on low sensitivity at 450 ± 20 reply pulses an4 to check transcitter 
power. 

o. Equipcent required: 

(1) ATC Test Set 8925A 
(2) ATC Test Set 578X-1 
(3) Oscilloscope 545 or equivalent 
(4) Coax cable RG-8, 10 foot or less 
(5) Coax cabl~ RG-58,_20 foot in length 
(6) Various connectors 
(7) HP 431 Power Meter \Y.ith 478A Coaxial Thermistor MOunzp 
NOTE: This test equipment requires two (2) hours wa~ GPr 

2. Preliminary 

a. Check transponders No. 1 and No. 2 for correct installac1on. 

b. Connect po~1er to airc1;aft and turn on all equipment needal t:o accomplish ATC 
ramp calibration. 

(1) Cockpit control: 

Power 
SENS 
Mode 
ALT RPTG 
Code 

- Select No. 
- Lo SENS 
-A 

OFF 
0000 

l XPDR 

I 

I 

c. Gain access to ATC Antenna which is located under floor~ the right of aircraftf 
door. 

I 

(l) Connect test set to R~-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 counter. The reply rate of 
counter should be 500 + 10 replies. (Refer to Card~S15.) 

- '"1 t-tlf 
3. Receiver Calibration at Aircraft 

a. Turn attenuator from -50 dbm towards -69 dbm. 
attenuator when reply pulses are 450 + 10 pps. 
record reading. See tolerance, Para. 6. 

Watch cou~ter and stop turning 
Note att~ator reading and 

b. Reset nttcnuator to -50 cbm, set XPDR to normal And acti~ate LO-LO circuit. 

c. Repeat step a for LO-LO circuit. 

d. Repeat steps a through c for No. 2 transponder. 

J ' l; --·-•-r•-•wf'-!~7'&" •r ....... -=-=•a ,..... mr m: 

I 
•• =w j 
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TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFILE 

C-90 

11/27/84 

FAA ATLANTA FLIGHT INSPECTION FIELD OFFtCE 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic 

1. Dead Time 

2. Supp~ession Time 

3. Rep 1 y Power 

4. 

5. 

6. 

]. 

8. 

9. 

10. 

11 • 

12. 

13. 

14. 

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 Decode Accuracy 

15. Mode C Decode Accuracy 

C-90 
N-19 
#2 Transponder, S/N 9469, Collins TDR-90 

Test Reading 

45.0 us. ------------------------
31.5 us -----------------------

Normal 380 /Low 380 

1090 

Watts 

MHz. -----------------------
0.55 us. -----------------------

. 0.55 us ----------------------- . 
Normal -74-5 /Low -71.5 dBm. 

0.0 us. ------------------------
0.05 us. -----------------------
2.5 us 

--------~---------------- . 
2.5 us. ------------------------

_________ 2_o_._3 ______________ us. 

1.6/2.4 us ----------------------- . 
7.5/8.5 us. 

-------~----~----------

20.6/21.4 us. 
------------------------~ 

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



TRANSPOODER CALIBRATIOO VERIFICATICN - FAA AND MILITARY AIRCRAFT <NLY 

DATE 11/27/84 

AIRCRAFT NUMBER: N-19 --------
TYPE: C-90 

LOCAI10N: ATLANTA FIFO (FTY) 

TRANSPONDER TYPE: Collins TDR-90 

#2 Transponder 

RECEIVER 
SENSITIVITY 

NCR1AL 

ID 

W/ID (FAA SABRE-80 ONLY) 

TRANSMITTER 
POWER 

NOOMAL 

W/W (FAA SABRE-80 ONLY) 

lx I PRIMARY AIROWT 

[I BACK-UP AIRCRAFT 

SERIAL NlMBER: 9469 -------

MEASURED AT 
TOPANrENNA RO'ITOM AN'I'mNA 

N/A -72.0 dBm 

N/A -68.5 dBm 

N/A N/A 

MEASURED AT 
TOP ANTENNA BO'ITOM AN'l»1NA 

N/A 300 Watts 

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 us~d during the Flight Test Profile. 



TRANSPONDER CONFIGURATION 

C-90 



F.,.90 TRANSPONDER RAMP CHECK 



FLIGHT 
MANAGEMENT 
SYSTEM 
CONTROL 

MANUAL 
CONTROL 

f~ANSPONDER CONFIGURATION 

C-90 

#1 

TRANSPONDER 
COLLINS TDR-90 

#2 

TRANSPONDER 
COLLINS TDR-90 

#2 ANTENNA LOCATED 
BOTTOM. RIGHT 
TYPE: 237Z-1 

_.---------

#1 AND #2 
COAXIAL CABLE, RG-214/U 
24.8 FEET EACH 

#1 ANTENNA LOCATED 
BOTTOM, LEFT 
TYPE: 237Z-1 



TRANSPONDER SYSTEM ANALYSIS 

C-90 



1. (RllViiZATirn. 

FAA@ Air Carrier 0 Military 0 Air Taxi 0 General Aviation D 

2. lEST EWIFtfNT I 
Manufacturer: ____ F_I_X_E_D_B_A,...S....;;E_..;;..OP ..... E;;.;.R.::..A.:..;.T.::..O.:..;.R ______ _ 

Model: ______________________ __ 

Calibration Frequency: ______________ _ 

Last Calibration Date: ___________ ....,_ __ 

Calibration Within Limits? yes 0 no 0 

3. lRANSP(JaR. 

4. 

Manufacturer: COLLINS 
---~------------------

Model: TDR-90 

Serial Number: 9469 ------------------------
TSO'd? yes lKKJ noD 
Class lB - 2B: ____________________ __ 

Class lA - 2A: X RTCA D0-138(ENV CAT AD/AfdNfAAAEXXXXX) 

Calibration Instructions (Obtain Copy)? yes D not available [i] 

Calibration Instructions in Consonance with Appendix F, Part 43? yes (I] no 0 

W\INTBM:E m<XJR411. 
Continuous Airworthiness Maintenance Program? yes 

Approved Aircraft Inspection Program? yes 

Scheduled Bench Maintenance? yes 

Scheduled Inspection in Aircraft? yes 

[D no D 
lKJ no D 
D no [0 frequency: DEMANP 

[D no D frequency: 300HRj: 

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



5~ Almw=T~ 
~e: ____ ~C-~9~0-------------------------------------------------
Number of Transponders Installed:_=.2 _______ _ 

Date Transponder System Installed: ______________ __ 

Coax. Type :_~RG~-...!:2:..:1....:.4/~U::,._ ____________ _ 

Antenna Type : __ 2:;...37;....Z_-_l ___________ _ 

Antenna Checked Periodically? yes Q no D 
Coaxial Cable Tested Periodically? y.es m no D 
Transponder in Aircraft Systems Check Performed? yes m no D 

Frequency: Periodically SEGMENT I.·NSPECTI ON Demand 

6 I TMNSPCNJER TEST I 
Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 ± 3MHz): 1090,0 MHz, 
--~~----~----------------

380 Watts Transponder Power Output: --------------------------------------
Suppression, MOde 3/A: 

Class 1B & 2B (230-1000 

Class 1A & 2A (230-1200 

Interrogations 

Sec ) =----------
Interrogations 

Sec ): ___ x _______ _ 

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response'- 1%) :_..;;.O..;..,_K.:..., ---------

( ) 
0. K. 

P2 Pulse Amplitude 9db( P1 Pulse Amplitude Response Z 90% =----------
Receiver Sensitivity Verification by use of Test Set: 

Connected to the Antenna end of Transmission Line (-73±4dbm): 

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

acmual 

"'72dBm 

N/A 

low 

-68. 5dB~ 

N/A 

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



JRA[ffiiNDffi SYSID1 Af'W..YSI S (CO'ITINUED) 

Receiver Sensitivity Verification Using a Radiated Signal C-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 ------------------------------
Form: YES 

Disposition of Records: _____ Y_Es ____ _ 

7 I RECffiDS (NOVEl'iBER 1, 1983 - oova-1BER 1., l9Pfl) I 

Number of Pilot Complaints: __ ~~(~Co~n~t~r~o~l~he~a~d~--~~n~o~t~t~r~a~n~s~po~n~d~e~r2-) 

Number of Correlating Bench Check Verifications: 0 --------
Mean Time Between Removals (MTBR): insufficient data 

Con firmed Failure Rate of MTBR :. ___ ..Lj LLn 5~'"-<' fL..Jf-'j..~,;c..Li .e.eno..ti:....J:d:u;aut.aa---------

8~ OOlENTS~ 

AWS-350/FY-85/Form 1 
(~age 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 

). Reply Power 

4. Frequency 

5. F1 Pulse Width 

6. F2 Pulse Width 

7. Sens i t i vi ty 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. F1 - F2 Pulse Spacing 

1~. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

BE- E55 
N-2014U 
TDR-950 S/N 16646 2/ 

1/ 

Test Reading 

------~2~9~·~o __________ ~us. 

------~N~/A~------------us 

~No~rm~a~1~2~0~0~~/~L~o~w~N~/~A~~Watts 

_____ 1_08_8_ . ..:.7 _____ ___;MHz. 

----~0~.4~-----~us. 
_______ o_._4 _______________ us. 

Normal -59.6 /Low N/A dBm. 

0. 0 us 
----------------------~ . 

0. 01 us 
----------------------~ . 
_____ 2_.a _________ us. 

2. 8 us ------------------------ . 
_____ 2o_._3 __________ us. 

___ 1_._s_/2_._4 ______ us. 

___ 7_._6_18_._4 ______ u.s. 

20.6/21.6 us 
------------------------· . 

1/ Mock-up not available. Parameters measured at antenna. 

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



#1 

TRANSPONDER & CONTROL 

COLLINS TDR-950 

#2 

TRANSPONDER & CONTROL 

COLLINS TDR-950 

#2 ANTENNA LOCATED BOTTOM 
AFT. 
ANTENNA TYPE: 
COLLINS C-1105 

TRANSPONDER CONFIGURATION 
BE-E55 

#1 
COAXIAL CABLE TYPE: RG-58A/U 
5 FEET 

#2 
COAXIAL CABLE TYPE: RG-58A/U 
8 FEET 

#1 ANTENNA LOCATED BOTTOM, FORWARD. 
ANTENNA TYPE: COLLINS C-1105 



BE-ESS N-2014U 

1. Transponder Antenna Location . 3. Tran s ponder Control Head. 

2. Coaxial Connection to Antenna. 4. Tes t Set Hook-Up. 

• 



TRANSPONDER SYSTEM ANALYSIS 

BE- ESS 

I 

I 

I 

I 



IRA.~ SVSID1 ANAl_VSIS 

1. (JQNIZATIOO. 

FAA D Air Carrier 0 Military 0 Air Taxi 0 General Aviation [i$KJ 

2. lEST EWIR-BfT. 
Manufacturer: _________ F_i_x_e_d __ Ba_s_e~O~p~e~ra~t~o~r ____________ _ 

Hodel: ___________________________________ __ 

Calibration Frequency: _______________________ __ 

Last Calibration Date:. __________________ ......,,_ __ __ 

Calibration Within Limits? yes 0 no 0 

Msnufacturer: __ ~c~o_l_li~n~s-----------------------------

Model: ____ T_D_R_-_95_o ____________________________ _ 

Serial Nwnber: ____ 16_6_4_6 ________________ __ 

TSO'd? yes~ no 0 
Class lB - 2B: __________________ _ 

Class 1A - 2A: ___ __..__ _____________ _ 

Calibration Instructions {Obtain Copy)? yes 0 not available [TI 

Calibration Instructions in Consonaoce with Appendix F, Part 43? yes IT] no 0 

. 4. rAINIDWtE moc.IW1. 
Continuous Airworthiness Maintenance Program? yes (g) 1'10 D 
Approved Aircraft Inspection Program? yes ~ no D 
Scheduled Bench Maintenance? yes D no [ill frequency: Demand 

Scheduled Inspection in Aircraft? yes D no ~ frequency: Demand· 

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

' 



I 1\l\N::tUNIJtK »I» I tJ'I ll!'illJ.J» I» \UJ'i II l'f.JtJJJ 

· 5, AIJ[RAFT. 
~e: ____ ~B~E-~E~55~------------~----------

2 Number of Transponders Installed:. _________ _ 

Date Transponder System Installed:_~o~4~/~2~0~/~8_1 ___ _ 

Coax. Type : ___ R_G-....:5~8_A_Iu _________________ _ 

Antenna Type: C-1105 (Collins, blade) 

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

Frequency: Periodically __ ~NO~------- Demand Yes 

6. TRANSPlliDER TEST. 
Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 ± 3MHz) : ____ 1_o_B_8,;,'.:..7_M_H_z,;,. ____ __ 

Transponder Power Output: __ z_o_o_w~a~t_t_s _______________ _ 

Suppression, Mode 3/A: 
Interrogations 

Class 1B & 2B (230-1000 Sec ): __________ _ 
Interro~>:ations 

Class 1A & 2A (230-1200 Sec ) :_-A. _______ _ 

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response' l%): __ ~0~·-K~·---------

P2 Pulse Amplitude 9db( P1 Pulse Amplitude (Response~ 90%) : ____ o_._K_. ------

Receiver Sensitivity Verification by use of Test Set: 

Connected to the Antenna end of Transmission Line (-73±4dbm): 

Connected to the Transponder Antenna Terminal with Transmission 
Line Loss Correction (_73±4dbm): 

normal low 

-59.6 N/A 

N/A N/A 

AW5-350/FY-85/Form I 
(Page 2 of 3) 



JRAfiSPftW SVSffi1 AfW.YSIS <COOTUfJEID 

Receiver Sensitivity Verification Using a Radiated Signal (-73±4cn.-):. __ N_IA ___ _ 

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

Record: 

Complied with Provisions of FAR 43.9 as to: 

Content:. ___ Y~e~s~-------------------

Form: Yes 

Disposition of Records: __ _!.Y_::e~s ____ _ 

7. RECOOilS (NOVe'IBER L 1983 - tllVEMBER 1, ~). 

Number of Pilot Complaints=-~----------------------

Number of Correlating Bench Check Verifications: __________ __ 

Mean Time Between Removals (MTBR): Insufficient data 

Confirmed Failure Rate of MTBR: Insufficient data 

s. anENTS. 

AWS-350/FY-85/Form 1 
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TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFILE 

03/19/85 

F-90 FAA HONOLULU FIFO, HONOLULU, HAWAII 



TRANSPONDER CALIBRATION VERIFICATION 

AIRCRAFT NUMBER:__:.N:....~-..;_1=.8 _____ _ 

TYPE: f~90 

LOCAT I ON : ____ H_ON_O_L_U_LU__:_F_I '-FO:..._ __ 

TRANSPONDER TYPE: TDR~90 -----------

RECEIVER 

SENSITIVITY 

NORMAL 

LO 

LO/LO (FAA SABRE-SO ONLY) 

TRANSHITTER 

POWER 

NORMAL 

LO/LO (FAA SABRE-SO ONLY) 

REMARKS: 

# 1 TRANSPONDER 

~ PRIMARY AIRCRAFT 

0 BACK-UP AIRCRAFT 

SERIAL NUMBER:---'1'--lf-'-7:::..20:..._ __ 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A - 7lf. 0 dBm 

NfA - 67.7 dBm 

N/A N~A 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A 220 WATTS 

N/A N/A 



TRANSPONDER CONFtGURATION 

F-90 

#1 TRANSPONDER 
COLLINS TDR-90 

CONTROL 
f-HEAD 

#2 TRANSPONDER 
COLLINS TDR~90 

J 

237Z-1 

'\ I 

#1 and #2 Coaxial cable, 

RG-214/U, 24.8 feet each 

# 1 ATC ANTENNA 
BOTTOM LEFT 
237Z-1 



F-90 TRANSPONDER RAMP CHECK 



TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFILE 

03/19/85 

B-727 FAA HONOLULU FIFO, HONOLULU, HAWAII 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic 

1. Dead Time 

2. Suppression Time 

3. Reply Pm~er Norma 1 

4. Frequency 

5. F1 Pulse Width 

6. F2 Pulse Width 

]. Sensitivity Normal 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. F1 - F2 Pulse Spacing 

1}. Side lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

,, DATE 03101185 

Test Reading 

75.8 us. 

35.0 us 

555 /low 555 Watts 

1090.0 HHz. 

0.45 us. 

0.45 us. 

-76.0 /Low -70.0 dBm. 

0.0 us. 

0.08 us. 

3. 1 us. 

3. 1 us. 

20.3 us. 

1.4 I 2.!1 us. 

7.2 I 8.5 us. 

20.5121.4 us. 

TRANSPONDER TYPE COLLINS 621A SERIAL NUHBER~.:._18::;;5::_4~ __ P.OSITION NU~1BER_.:.._ __ _ 

AIRCRAFT TYPE_B_-7:._2:._7 ______ NUMBER_N_-7:....:7'-----

*Verified 03111185 



TRANSPONDER CALIBRATION VERIFICATION 

DATE 03-12-85 

AIRCRAFT NUMBER: __ N_-7_7 _____ _ 

TYPE: B-727 

LOCAl I ON : ____ H_O_N_O_LU_L_U_F I_F_o __ _ 

TRANSPONDER TYPE: COLLINS 621A 

RECEIVER 

SENSITIVITY 

NORMAL 

LO 
LO/LO {FAA SABRE-80 ONLY) 

TRANSMITTER 

POWER 

NORMAL 

LO/LO {FAA SABRE-80 ONLY) 

REMARKS: 

#1 TRANSPONDER 

@ PRHIARY AIRCRAFT 

D BACK-UP AIRCRAFT 

SERIAL NUMBER: 1854 ------

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A -75.8 dBm 
N/A -69.7 dBm 

N/A -69.9 dBm 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A 540 WATTS 

N/A 120 WATTS 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

Characteristic 

1. Dead Time 

2. Suppression Time 

3. Reply Pm<er 

4. Frequency 

F1 Pulse Width 

F2 Pulse Width 

Sensitivity 

(MEASURED AT TRANSPONDER) 

5. 

6. 

7. 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. FJ - Fz Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

Test Reading 

75.8 us 
------~~------------~ . 

35.0 us ------------------------· 
~N~o~rm~a~1~7_2_5 __ ~/~L~ow~_7_2_S ____ W.atts 

1090.0 UH 
----------------------~n z. 
_______ o_._4_s __________ ~us. 

0.45 us 
----------------------~ . 
Normal 76 · 0 /Low 70 · 0 dBm. 

0.0 us -----------------------· . 
0.04 us ------------------------- . 
3.0 us ---------------------- . 

_______ 3~--o ______________ ~us. 

20.3 
------------------------us. 

_______ 1_._4_1 __ 2_.~~--------~us. 

_______ 7_.2 __ 1_8_._4 ______ ~us. 

20.4 I 21.5 us 
----------~--~--------· . 

;, DATE 03·01-85 

TRANSPONDER TYPE COLLINS 621A SERIAL NUMBER:...._1:..::8c::c6_,_4 _____ 1lOSITION NUMBER~z ____ _ 

A I RC RAFT TY P E-----!B'--·_:_7_2.:._7 ------- NUMB ER:.__:.:N-~7~7 ______ __ 

DYNAMIC RANGE NORMAL SLS DITCH TO MIN 
.... , NOTE: verified 3/11/85 30 4.6 7.2 

This transponder set as close to 9 dB 
40 4,2 _6,6 

(SLS) as possible without component change 50 4.8 7.9 
60 5.2 8.o for flight test profile of 03/19/85. 70 3.8 5,5 



TRANSPONDER CALIBRATION VERIFICATION 

DATE 03-12-85 

AIRCRAFT NUMBER: N-77 
~---------------

TYPE: _________ B_-_7_2_7 ____________ _ 
HONOLULU F I FO LOtATI ON: ___________ __ 

TRANSPONDER TYPE: COLLINS 621A 

RECEIVER 

SENSITIVITY 

NOlM'IAL 

LO 

LO/LO (FAA SABRE-SO ONLY) 

TRANSMITTER 

POWER 
~ 

NO.RMAL 

LQILD (FAA SABRE-SO ONLY) 

REMARKS: 

#2 TRANSPONDER 

~ PRIMARY AIRCRAFT 

0 BACK-UP AIRCRAF:T 

SERIAL NUMBER:_lu;Bw.6:t..4 __ _ 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A -75.8 dBm 

N/A -69.7 dBm 

N/A -69.7 dBm 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A 655 WATTS 
N/A 130 WATTS 



CONTROL 
HEAD 

~ 

#I TRANSPONDER 
~ COLLINS 621A 

#2 TRANSPONDFR 
~ COLLINS 621A 

TRANSPONDER CONFIGURATION 

B-727 

I ( 6dB ATT,ENUATO~ I 

LO/LO SWITCH 

COAXIAL CABLE, RG-214/~, 

ESTIMATED 12 FEET EACH!. 

7 
I (6dB ATTENUATO~r----...., 

#2 ATC ANTENNA 

STA. 510 BCL 

AT-7418/A 

D D 
#I ATC ANTENNA 

STA. 470 BCL 

AT-7418/A 



• 

B-727 ANTENNA LOCATION AND RAMP CALIBRATION 



TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFILE 

11/29/84 

C-l30H, U.S. AIR FORCE RESERVES 

DOBBINS AFB., GEORGIA 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic 

1. Dead Time 

2. Suppression Time 

3. Reply Power 

4. 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. F1 - F2 Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

C-130H 
AF-81-0626 
Transponder: RT-859A/APX-72 S/N 4143 

Normal 

tjormal 

Test Reading 

93.0 us. 

30.0 us 

950 /Low 950 Watts 

1089. 1 HHz. 

0.5 us. 

0.5 us. 

-77.2 [Low -63.0 dBrn. 

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 us. 



TRANSPOODER CALIBRATIOO VERIFICATH~ - FAA AND MILITARY AIRCRAFl' rnLY 

DATE~-1~1~/~29~/~8~4 ________ _ 

AIRCRAFT NUMBER: AF-81-0626 

TYPE: C-130H 

LOCATIOO: Dobbins A.F.B., Georgia 2( 

TRANSPOODER TYPE: RT-859A/APX-72 

REX:EIVER 
SENSITIVITY 

NOOMAL 

lD 

ID/ID (FAA SABRE-80 ONLY) 

TRANSMITTER 
POWER 

NOOMAL 

ID/ID (FAA SABRE-80 ONLY) 

l.x I PRIMARI AIROWT 

[I BACK~ AIRCRAFT 2/ 

SERIAL NlMBER: __ 4_1_4_3 ______ _ 

MEASURED Kr 
TOP .ANl'ENNA PDl1llt .ANl'ENNA 

-77.2 dBm -74.5 dBm 

-63.0 dBm -59.2 dBm 

N/A N/A 

MEASURED AT 
TOP .ANl'ENNA IlOTJDI .ANl'ENNA 

825 watts 615 watts 

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/ 94th Consolidated Aircraft Maintenance Squadron, U.S.A.F. Reserves. 

2/ Back-up aircraft not available. 



TRANSPONDER CONFIGURATION 

c- 130H 



CONTROL HEAD 
C-6280(P)/APX 

TRANSPONDER 

RT-859A/APX-72 

TRANSPONDER CONFIGURATION 

C-130H 

\I M25707-2-02 

COAXIAL CABLE 
RG-225/U 

- 5 FEET 

TRANSPONDER SET <0 SW tTCH I NG UN 1. 
TEST SET I SA-1474/A 
TS-J843A/APX 

<:~ 
COAXIAL CABLE, RG-225 
2 FEET 

FLUSH MOUNT 

T 

- - COAXIAL CABLE 
RG-225/U 

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

2 FEET 

BOTTOM ANTENNA 
FLUSH MOUNT 
M25707-2-02 

'----~ 



c- 130H 

I 

1. Top antenna location. 
(Flush Mount) 

2. Bottom antenna location. 
(Flus h Mount) 

3. Control Head. 

-



C-130H 

• 

1. Technician using l adder to 
reach transponder. 

2. Overhead equipment racks. 

3. Equipment: 

a. APX-72 Transponder 

b. TS-1843A Test Set 

c. SA-1474A Switching Unit 

C i rc led: top antenna 
connect ion 



TRANSPONDER SYSTEM ANALYSIS 

C-130H 



JPANSFUa:R SiS1EM ANALYSIS 

1. oo.NllATIClt 

FAA D Air Carrier D Mi;Litary § Air Taxi D Geneml Aviation D 

2. 1fST EllllftiNT. 
Manufacturer: Packard-Bell 

Model: AN/UPM-137A (S/N A655) 

Calibration Frequency: 90 days 
~--~----------------

Last Calibration Date: September 10,1984 

Calibration Within Limits? yes IQ] no 0 

3. lPANSPiliDER. 

4. 

Manufacturer: Hazeltine ----------------------------------
Model: RT-859A/APX-72 

Serial Number: 4143 
--~------------------------

TSO'd? yes~ no 0 
Class 1B - 2B: __________________ _ 

Class lA - 2A: __ ("-M'-'i..:.l.:..i .:::ta::.r:...Yc...::scc:P.:::e::::.c.:..i ,_f ":..:• c:.:a:.:t..:.i.:::o:.:.n::.s )'-------

Calibration Instructions (Obtain Copy)? yes GiJ not available D 
Calibration Instructions in Consonance with Appendix F, Part 43? yes WJ noD 

W\INJDWU PRCXJIW1. 
Continuous Airworthiness Maintenance Program? yes Ill] no D 
Approved Aircraft Inspection Program? yes Ill] no D 
Scheduled Bench Maintenance? yes D no @ frequency: Demand 

Scheduled Inspection in Aircraft? yes D no ~ frequency:DeJ11and 

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



I~ :>J::>Itl'!llfflU:>f:> \l.U'il UWJJ 

· 5. Allt!WT. 
~e: ____ ~c~-~13~0~H ______________ :-------------

Number of Transponders Installed: __ ~---------------
Date Transponder System Installed:~1~9~8~1 ____________ _ 

• RG-225/U & RG-231/U (See Transponder Confi,guration Diagram) Coax. ~e ··~::..=~.::.....::.....:..:.:::.....::~~__:_:._;_ ____ .:__ ____ _ 
Antenna type:Flush Mount, type M25707-2-02 

Antenna Checked Periodically? yes 0 no ruJ 
Coaxial Cable Tested Periodically? y.es D no mJ 1/ 

Transponder in Aircraft Systems Check Performed? yes D no ~ 
Frequency: Periodically NO Demand YES 1/ 

6. TRANSPCHlER lEST. 
Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 ± 3MHz) : _ __:1.::.0.::.89"-':...:l__;M;.:.Hz=-·:.__ _____ _ 

Transponder Power Output: ______________ ~9~5~0-w;.:.a;.:.t;.:.t;.:.s~---------------

Suppression, Mode 3/A: 
Interrogations 

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

Class lA & 2A (230-1200 Sec ) '-""""'-------

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response ~ 1%) :. ___ _:O:..:·.:.:K~---------

P2 Pulse Amplitude 9db( P1 Pulse Amplitude (Response? 90%) : ___ o;;...';;...K;.:.. _____ _ 

Receiver Sensitivity Verification by use of Test Set: normal low 

1/ 

top ant. 
Connected to the Antenna end of Transmission Line (-73±4dbm): 

bottom ant. 
Connected to the Transponder Antenna Terminal with Transmission 

Line Loss Correction (-73±4dbm): 

-77.2 
-74. <; 

-77.2 

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 eve'ry preflight and/or each time the test is initiated 
from the control head. 

-63.0 
-59.2 

-63.0 

AWS-350/FY-85/Form 1 
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JRA!mtffR S)'SID1 AW\LYSIS <COOitrn» 

Receiver Sensitivity Verification Using a Radiated Signal C-73±4db~:--~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: ___ v_e_s ______________________ __ 

Form: ______ v_e_s ______________________ __ 

Disposition of Records: ____ v_e_s ________ __ 

7. ~HOODS (NOVE/"5ER 1, 1983 - NOVEI-'IBER L ~). 1/ 

Number of Pilot Complaints: ____ z __________________________ _ 

Number of Correlating Bench Check Verifications: __________ _ 

Mean Time Between Removals (MTBR): Insufficient data 

Confirmed Failure Rate of MTBR: Insufficient data 

s. anENTS. 

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

AWS-350/FY-85/Form 1 
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CALIBRATION PROCEDURES 

AN/APX-72 



NAVAffi 16-30APX72-2/NAVSHIPS 0967-217-4020 
TMll-5895-490-35/T. O. 12P4-2APX72-'2 

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

STEP 

4. Ditch length 
adjustments 
(RT-859/ 
APX-72) 

4A. vlide pulse 
detector 
adjustments 
(RT-859A/ 
APX-72) 

PROCEDURE 

a. Ensure C-6280(P)/APX 
(AN/APM-239) MASTER switch 
is in STBY. Remove cables 
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 AlTP.4. 

c. Adjust AlRlO to obtain 
trapezoidal waveform with 
base line equal to 13.5 ~s. 
Disconnect probe from AlTP4. 

a. Setup AN/UPM-137 using the 
preliminary and starting 
procedures in paragraphs 
4-12.a and 4-12.b, page 
4-46, establishing an 
output level 3 dB above 
MTL. Ensure that AUX
ATTEN-13-60 dB is set to 0. 

b. Set BODE 1 switch of 
AN/UPM-137 to MODE 1 (off) 
and MODE C switch to ON 
(up). Set !>11-TEST/ON/OUT 
switch of AN/APM-239 to 
OUT and MC-TEST/ON/OUT 
switch to ON. The 
C-6280(P)/APX MASTER 
switch should be set to 
STANDBY. 

c. Remove cable from AUX ~10D 
IN and connect to CHAN B 
VIDEO IN of AN/UPM-137 
oscilloscope. Set CHAN B 
75n switch to IN. 

REMARKS 

See waveform at TP4 
of figure 6-4. 

Change 1 4-293 

I 

I 



~~~ ~·-"'-'"-'-""•"' ;;~;:;ii,AVci··i.i?S Vl:H:i'l-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 

4A. Wide pulse 
detector 
adjustments 
(RT-859A/ 
APX-72) 
(Cont) 

5. Side lobe 
suppression 
adjustments 
for trans
ponders 
equipped 
with AR3, 
Part No. 
4023409-
0501 ,, or 
4023409-
050~ 

-294 Change 1 

PROCEDURE 

d. Adjust the CHAL/TAG WIDTH 
control on the AN/UPM-137 
for 1.4 ps pulse width. 
Reconnect cable to AUX 
MOD IN. Assure that the 
electronic counter is con
nected to SUPPRESSION OUT 
jack on AN/APM-239. 

e. Adjust AlRlO until elec
tronic counter indicates 
an average of 10 counts 
per second. ~: Adjust 
AlRlO 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 AlRlO. 

a. Ensure C-62BO(P)/APX 
(&~/APM-239) MASTER switch 
is in STBY. 

b. Connect CHAN B VIDEO IN 
of oscilloscope to VIDEO 
OUT on rf generator. Con
nect CHAL/TAG VAR kMP OUT 
of SIS generator to MAIN 
MOD IN of rf generator. 
Adjust AUX ATTEN +3-60 dB 
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 interrogatio~ 
pulses on oscilloscope 
Channel B. Adjust AUX 
ATTEN +3-60 dB dial if 
necessary to obtain 
equality then_increase 
reading by t? .AI!~ 

dial 

REMARKS 



~ --·-~· ... u-.,utU'X'/2;2/NAVSHIPS 0967 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 

5. Side lobe 
suppression 
adjustments 
(Cont) 

PROCEDURE 

c. Adjust OUTPUT ATTEN 0-100 
dBm control to obtain -64 
dBm at ANT. JS of receiver
transmitter. Connect CHAN 
A VIDEO IN_9L.9sci1loscppe 
to AlTP2. L~cljU!It AlR6 until 
ISLS pulse appears inter
mittently at AlTP2, then 
readjust until IS~S pulse 
disappears. Sweep OUTPUT 
ATTEN 0-100 dBm dial from 
3 dB to 50 dB (\ibove) MTL 
(77.5 dBm). If ISLS pulse 
reappears intermittently 
from 6 to 50 dB below 
MTL, repeat adjustments 
until ISLS does not appear 
in this range. Disconnect 
probe from AlTP2. 

REMARKS 

d. Setup the equipment as di- 90% replies 

I 

I 

rected in step 3.a, page 
4-290. The AUX ATTEN and I 
OUTPUT ATTEN should be set 
for a -77.5 dBm signal at 
ATN. JS. On the C-6280(P)/ 
APX (AN/APM-239), set the 
N2-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. 

e. Set C-6280(P)/APX MASTER to 
STBY. Repeat steps 4.a. and 
S.b. and c. and adjust AlR6 
only if required. If AlR6, 
requires adjustment, repeat 
step S.d. adjusting AlR25 
only if required. If AlR25 
requires adjustment, repeat 
complete cycle until no 
further adjustments are 
required. 

Change 1 4-295 



NAVAIR t6-30APX72-2/NAVSHIPS 0967-217-4020 
TMll-5895-490-35/T .0. 12P4-2APX72-2 

Table 4-44. Complete Alignment and A4justment Procedures 
Using AN/UP~l-137 (Conti 

STEP 

5. Side lobe 
suppression 
adjustments 
(Conti 

SA. Side Lobe 
Suppression 
Adjustments 
for trans
ponders 
equipped 
with AR3, 
Part No. 
4023409-
0503 

-296 Change 1 

PROCEDURE 

f, Restore equipment connec
tions as stated in step 
3.a. 

a. Ensure that c-6280(P)/ • APX (AN/APM-2391 MASTER 
switch is in STBY. 

b. Connect CHAN B VIDEO IN 
of oscilloscope to VIDEO 
OUT on rf generator. 
Connect CHAL/TAG VAR AMP 
OUT of SLS generator to 
I-lAIN MOD IN of rf 
generator. Adjust AUX 
ATTEN +3-60 dB dial to 
0 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 9 dB. 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 ~ ~ minimum 
trig~er1ng level (MTLI 
( 77. 5 dBml • Verify that 
the electronic counter 
reads 500 (full firing) 
for levels from ~dB to 
so dB below·MTL. If mis
firing occurs, adjust A1R6 
slightly to obtain full 
firing. 

REMARKS 
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CARD NO. ' ""'"~RIC AREA(S) I TYPE MECH R"" I MECH NO. I CARD TIME ,,PUBLICATION NUMBE,. · 'iO DATE ICHAfrol. 'HCORD 

1 . LC:L-'".,_,._ _illl-2 ll r*-zg 
WORK UNIT CODE Cf4 C.4, '1£LEC POWER AVICE ro~. ~. FOR DISCREPANCY FUNCTIONAL TEST INSPECTION NAN •w 

MINUTES 
o. 

AN -APX -:2 REQUIREMENTS •• SYS SUB·SYS 
AND COMP 

PRELIMINARY SETTINGS AN/APf'\239 

l. 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 I 

' 

5. X PULSE OFF 

CARD NO.I WORK AREA($) I TYPE NECH ROR INECH NO. I CARO TIME I PUBLICATION NUMBER AND DATE I CHANGE RECORD 



WORK UNIT CODE ELEC POWER SERVICE CARD NO. w. FOR DISCREPANCY FUNCTIONAL TEST INSPECTION c • ••• oc 
AN/APX-72 REQUIREMENTS 

2 MINUTES ~· SYS SUB-SYS 
AND COMP 

6. AC/DC AC/DC 

7. CONTROL BOX 

a. MODE 4 ALL OFF 

b. MASTER OFF 

c. RAD TEST OUT 

d. MODE SWITCHES ALL ON 

e. (IDENT/MIC) OUT 

f. MODE ONE CODE 73 

g. MODE 3/A CODE 7777 

h. MODE 2 (RT) CODE 7777 I 
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'"j NO. 1 woRK ARE.dsl I TYPE MECH R~"'" lMECH NO. I CARD TIME I PUBliCATION NUMS[P AND DATE 

LC 1-..sJ.8"'.)f; .:..§_ 0- 2 i -- "P1 u<n I-£LEC POWER WORK UNIT CODE 
FUNCTIONAL TEST ~c fOR DISCREPANCY INSPECTION MAN ~~ 

0~ 

AN/APX/72 REQUIREMENTS MINUTES ~· SYS SUB·SYS 
AND COMP 

PRELIMINARY SETTINGS AN/UPM-137 

a. SIS GENERATOR: 

1. SUPPRESSOR 

2. PRF 

a. RANGE MULT 

b. MULT 1-11 

3. SIP CODER 1 

4. Sit CODER 2 

5. T~G~t¥RANGE MULT 
CARD NO. I WORK AREA{SJ I TYPE MECH RQR I MECH NO. I CARD TIME I PUBLICATION NUMBER AND DATE 

l CHANrr RECORD 

:NElS 
I SERVICE 'CARo No-:--

N/A 

XlOO / 

5. Q---' 

N/A 

N/A/ 

OFF I CHANGE RECORD ' 

i 



E:LEC I"OWEA SERVIC! CARD NO. WORK UNIT CODE 
FUNCTIONAL TEST ~~ f'OR DISCREI"ANCY INSPECTION •w ••• o. 
AN/APX-72 REQUIREMENTS 

4 
MINUTES ~~ SYS SUB•SYS 

ANO COfllll" 

6. MIXED VIDEO 

a. MIXED VID SEL TAG RESET I 
I 

' 

b. VAR AMP MAXCW 

7. CHAL/TAG CODER 

I 
a. MODE REPEAT 1 

b. SWITCHES MODE 2 ON 

8. CHAL/TAG RESET SUBST 

a. SELECT OFF 

9. SIDELOBE SUPPRESSION I 

a. SLS WIDTH NORM 

SLS POSN RM 
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CARD NO. I !li>;!.."'IIK ARU(S) TYPE M£CH R,Poilo> I MECH NO. f CARD TIME l:PUBLICATION NUMB~ 'l DATE I CHAN £CORD 
' 

5 ' LCL-~TA, 60-2 11 •• me ~5 
WORK UNIT CODE FUNCTIONAL TEST '"f~ 0"' '".t:LEC POWER j SERVICE CARD NO. 

~. fOR DISCREPANCY INSPECTION MAN cw 
Oc AN, APX-72 REQUIREMENTS 

I 

MINUTES ~· SYS SUB·SYS 
AND COMP 

10. CHAL/TAG RESET VIDEO 

a. CHAL/TAG SLS OUT 

I 

b. CHAL/TAG WIDTH NORM 

c. CHAL/TAG VAR AMPL MAXON 

B. RF SIGNAL GENERATOR 

I 

l. TRANSMITTER: ' 

a. XMTR FREQ XTAL 

b. CW SORCE INTL 1030 MHZ 

2. VIDEO 
N/A 

CARD NO. I WORK AREA($) I TYPE MECH ROR I NECH NO. I CARD TIME I PUBLICATION NUMBER AND 0.\TE I CHANG[ RECORD 

I 



••• MINUTES 

~~ 
•w 
0& 
~..: SUI•SYS 

AND COMP 

FUNCTIONAL TEST 
AN/APX-72 

3. RF 

4. AUXATTEN 

5. OUTPUT ATTN 

INSPECTION 
REQUIREMENTS 

C. INTERROGATOR SIGNAL SIMULATOR 

l. PRF COUNTER 

a . METER SELECTOR 

2. TRANSMITTER 

ELEC POWER SERVICE CARD NO. 

6 

N/A 

NEG 25 DBM 

~DBM 

XIOOO 

N/A 

3. SYSTEM SIMULATOR N/A (EXCEPT FOR PRr 
PRELIMINARY CABLE CONNECTIONS AND SETTINGS 

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

2 • .:ll./T UNIT POWER PLUG CONNECTED IO POW"R. PLUG ~"J APM 
~--~~--~~----~---2- --- . 
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CARD NO.I"""'II:X AREA(sl 1TYPE MECH ll,.._ I"'ECH NO.JCARO TIME I PUBLICATION NUMar· ·Jo DATE I CHAN ECORD 

7 I LCL-~.Y>t. J0-2 11 _ .1e '15 
WORK UNIT COO£ '14 CAn "" POWER lSi'"" rRO .c.:---

~: FOR OOSCR£PANCY FUNCTIONAL TEST INSPECTION 

MAN o. AN "APX 2 REQUIREMENTS MINUTES ~ < SYS SUB·SYS I -I 
AND COMP · 

3. R/T UNIT ANTENNA CONNECTED TO RF IN/OUT OF RF SIGNAL 
GENERATOR. 

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 SIG GEN, VIDEO OUT JACK CONNECTED TO SCOPE • 
CHANNEL A. 

' -
-~ •z 
0~ 

·~ 

~ 
c( 

c. RF SIG GEN, AUX MOD IN JACK CONNECTED TO SLS OUT 
JACK ON SLS · 

CARD NO.I WORK AREA(S) I TYPE MECH ••• I"''" NO. I CARD TIME I PUBLICATION NUMBER AND DATE I CHANOE RECORD 



WORK UNIT COD£ El£C I'OWER SERVICI CARD NO. 

we fOR DISCREI'ANCY FUNCTIONAL TEST INSPECTION 
MAN "w 

AN/APX-72 REQUIREMENTS o .. 
8 MINUTES ~· SYS SUII•SYS 

AND COMI' 

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 MULTl-11 (SIS) FOR 500 PRF METER (ISS). 
' 

f. SIS GENERATOR 0 TRIG JACK CONNECTED TO EXT SYNC IN 
JACK ON SCOPE. 7 

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

7. MASTER SWITCH ON CONTROL BOX TO NORM. 

8. USING EXT SYNC cDC POS, SET UP SCORE SO THAT B CHANNEL 
HAS THE EXTERNAL SUPPRESSION PULSE AND A CHANNEL HAS 
'lHE INTERROGATION PULSES AND THE REPLY PULSE TRAIN. 

j_ 
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' I CARg NO. I ~IC AREA(S) TYPE MECH F I MECH NO .. j CARD TIME I pua:ICATION NUMe~· ·••1o DATE I CHAW '~[CORD 

LCL~ 60-21. .he7fi •. 
CARD NO~ - 'f't CA f"LEC POWER SERVICE WORk UNIT CODE 

FUNCTIONAL TEST •• fOR DISCREPANCY INSPECTION 
MAN •w 

REQUIREMENTS MINUTES •• AN. APX I 2 ~· SYS SUB-SYS 
AND COM .. 

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 OF DIFFERENTIAL VOLTMETER TO 
i 

GROUND AND POSITIVE LEAD TO AR3TP2. ADJUST AR3R73 FOR i 

VOLTAGE READING OF 4. 5+. 025 VOLTS. 

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

COVER. PUT MASTER CONTROL TO NORM • 

CARD NO ., WORK ARUISI I TV.E MECH ROR IMECH NO., CARD TINE I'UBLICATION NUMBER AND DATE I CHANGE RECORD 

i 
I 



... 
MINUTES 

FUNCTIONAL TEST 
AN/APX-72 

INSPECTION 
REQUIREMENTS 

1. RECEIVER SENSITIVITY T:E:ST (NORMAL} 

10 

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 WW, 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 OSCILLOS 
TO AlTP6 ON RT 859/APX 72. 

(1) ADJUST A8R6 NORMAL SENSITIVITY ON RF HEAD FOR MAXIMU 

ALPLITUDE OF THE PULSE AT A1TP6. 

'~) KEEP THE 0-100 DBM DIAL SET -~ MTL p--1 MEAS' 'B FROM 
ENTER OF BASE LINE NOISE TO C. )ER OF fE PEA.K 
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CARl to. I ···~ql( AREA(sl _ I TYPE MECH R"- I MECH NO. I CARD Tllo!E I PUBLICATION NUMar o DATE CHAr- ECORD 

LCL-~ .;0-2 11 ,_ .• le7 
CARD No-:--

WORK UNIT CODE FUNCTIONAL TEST <11- V" r.f:LEC POWER .SERVICE 

~. FOR DISCREPANCY INSPECTION •w 
AN/APX -72 MAN oo REQUIREMENTS 

MINUTES •• SYS SUB·SYS 
AND COMP 

(2 con:Jb. 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 VOLTS. IF LESS, IT INDICATES A BAD RT 859. 

e. REMOVE PROBE FROM AITP6 and connect to AlTP2. AD-
JUST TIME BASE ON OSCILLOSCOPE TO 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 INr.RFA!':F -nRM nTAT 

CARD NO. I WORK AREA($} I TYP£ MECH RQR I MECH NO. I CARD TINE I PUBLICATION NUMBER AND DATE CHANGE RECORD 



MAN 
MINUTES 

WORK UNIT CODE 
~~ •w 0& 
:lie SUB-SYS 

AND COMP 

FUNCTIONAL TEST 
AN/APX-72 

INSPECTION 
REQUIREMENTS 

ELEC POWER SERVICE CARD NO. 

12 

UN'JfLMISFIRING TAKES PlACE AGAIN. REPEAT THIS PROCESS UNTIL 
A DBM OF -77.5 IS AT JS ANTENNA JACK. REMOVE PROBE FROM RT 
AND OSCILLOSCOPE AND RECONNECT VIDtO 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. • ...... -•••••••• 

c. CONTROL C6280 TO NORMAL. 

3. TRANSMITTER POWER TEST AND ADJUSTMENT 

, • ADJUST Fl PULSE, USING 0-100 DBM DIAL, FOR VOLTAGE 
Rh ~ING FROM DEMODUlATOR CALIBB ,ION C\ F FOR- 90 MC. 



CARD NO. I .. -qK AREA(S) TYPE MECH ROO PUBLICATION NUMBf 0 DATE ~CORD 
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••• MINUTES 

~. •w o. 

WORK UNIT CODE 

it c SUB·SYS 
AND COMP 

0 - -

POWER CARD NO. 

FUN.QTIO I'{AL TEST INSPECTION 

AN/APX-7 2 REQUIREMENTS 

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 HEA. 
BY REMOVING 3 SCREWS. TURN MASTER TO NORM, ADJUST AR2 
C1 FOR MAXIMUM PULSE HEIGHT. IF STILL LOW, CHECK FILA
MENT VOLTAGES OF 6.3VE>C. IF VOLTAGES ARE OK, RF ASSEM
BLY If. BAD. 

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

t: I CARD NoT woRK ARE.dsl TYPE MECH RQR MIECH NO. I CARD TIME PUBliCATION NUMBER AND DATE CHANGE RECORD 

<( 



••• MINUTES 

WORK UNIT COD£ 
we 
~w 
0~ 
1: c SUB·SYS 

AND COMP 

'. 

• 

FUNCTIONAL TEST 
AN/APX-72 

INSPECTION 
REQUIREMENTS 

£L£C POWER SERVICE CAitO NO. 

14 

b. CONNECT CHAN B VIDEO IN OF OSCILLOSCOPE TO VIDEO 
OUT OF RF GENERATOR. CONNECT CHAL/TAG VAR AMP OUT OF 
SIS GENERATOR TO MAIN MOD IN OF RF GENERATOR. ADJUST 
AUXATTEN +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 AUXATTAN +3-60DB DIAL, 
IF NECESSARY, TO OB.TAIN EQUALITY THEN SET DIAL 9DB HIGHER. 

c. ADJUST OUTPUT ATTEN 0-100 DBM CONTROL TO OBTAIN -64 
DBM AT ANT J5 OF RT-859. CONNECT CHAN A VIDEO IN•OF OS
CILLOSCOPE TO AJTP2. ADJUST A1R6 UNTILt(JSLS PULSE APPEARS 
INTERMITTENTLY AT A1TP2, THEN READJUST UNTIL~ISLS PULSE 
JUST DISAPPEARS. S.WEEP OUTPUT ATTEN 0-100 DBM DIAL FROM 
3DB TO 50DR.BELOW MTL (77: 5 DBM AT ANT J5 OF RT 859) IF XISLS 
PULSE-REAPPEARS INTERMITT~NTLY FORM 6 TO 50 DBM BELOW MTL 

REPEAT ADJUSTMENTS UNTIL ~JSLS DOES NOT APPEAR IN THIS RANGE 
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CARD NO. 1---"•U AREA(S) I TYPE !o!ECH p'"'- I MECM NO. I CARD TIME I PUBLICATION NUMf' ~D DATE I'""' •coRD 

15 LCL~-...J-2 11 JL-' 7si 
WORK UNIT CODE 1(/fatTI ELEC POWER I SERVICE CARD NO. 

~. FUNCTIONAL TEST ••• •• FOR DISCREPANCY INSPECTION 
o. AN/APX-72 REQUIREMENTS MINUTES •• SYS SUB·SYS 

AND COMP 

s. PULSE CHARACTERISTICS TEST 

a. INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE 
TRAIN. 

b. CONTROL BOX MASTER SWITCH TO.Jf'"""At g rYI f/( q, 

c. INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE 
TRAINS. 

d. CONTROL BOX MASTER SWITCH TO NORM. 

e. SELECT IP AND RELEASE. 

ft INTERROGATE ON EACH MODE AND CHECK FOR PROPER CODE 
RAINS FOR THIRTY SECONDS. 

r• 
':.:).• INTERROGATE ON MODE 2 ONLY. 

CARD NO., WORK AAEA(S) I TYPE MECH ROR I JUCH NO. I CARD TIM[ I PUBLICATION NU!IIBER AND DATE I CHANGE RECORD 



WORK UNIT CODE UEC POWER SERVICE CARD NO. 
W< FOR DISCREPANCY FUNCTIONAL TEST INSPECTION ••• ~w 
0~ REQUIREMENTS MINUTES ~· SYS SUI·SYS AN;APX-72 16 

AND COMP 

h. INSERT X PULSE ON APM-239. 

i. CHECK FOR X PULSE IN ITS PROPER POSITION. 

j • REMOVE X PULSE. 

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

l. 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 XlO, 000. 

d. REDUCE MULT 1-11 ON SIS PRr D 0. 
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'"i NO. I '"'t}RK AREA{S) I TYPE MECH !lf\Q I MECH NO. I CARD TIME I: PUBLICATION NUMer~ '10 DATE I CHAY~ "ECORD 

7 I LCL miAC .0-2 11 , 751 
'/'{ ?/f/T, ELEC POWER SERVICE ICUONO-. WORK UNIT CODE 

FUNCTIONAL TEST INSPECTION ~. FOR DISCREPANCY 
~-MAN 0~ AN/APX-72 REQUIREMENTS MINUTES •• SYS SUB·SYS 

AND COMP 

e. SET SIS PRF RANGE MULT TO 1000. 

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

. 
PRF SHOULD BE 1200 PLUS OR MINUS 100. g. 

7. RECEIVER FREQUENCY TEST 

a·, DISCONNECT CABLE FROM 0 TRIG JACK (SIS) AND CONNECT TO 
SWEEP SYNC OUT JACK (RF SIG GEN) 

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

c. XMTR FREQ SWITCH (RF SIG GEN)ro SWEElf. 

d. USING EXT POS SYNC ADJUST CHANNEL A FOR WAVE FOR SHOW! 

CARD NO. I WORIC ARU.(S} I TYPE MECH ROR IMECH NO. I CARD TIME I PUBLICATION NUMBER AND DATE I CHANGE RECORD 



IIWORIC UNIT CODE 
MAN ~i:j FOR DISCREPANCY 10· MINUTES • • I SYS L SUD·SYS 

AND COMP 

FUNCTIONAL TEST INSPECTION 

CARD NO. £LEC I'OWER I SERVICE 

AN/APX-72 REQUIREMENTS 18 

" ;.) 

~~ 
I .. I \JI IJ 

~ ~ 
'<J 

~ ~ ~I ~~~ ~ 
~. l:i. ~ ~ ~I ~ ' 

"<. 

e. CONNECT 1 TO 1 PROBE TO TP6 A1 BOARD. 

f. INCREASE PRF TO 5, 000. 

g·. ADJUST VERTICAL LEVEL FOR PRESENTATION. 

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

i. MAXIMUM BELL SHOULD BE 1030 MC PLUS OR MINUS 1.5 MC. 
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I MECH NO. I CARD TIME 
0 

I CARD NO. I ...... ~K AREA(S) I TYPE MECH P"" lPUBLICA.TION NUMB,. NO DAT£ j CHAJrrl ~ECORD 

19 ' LCL ~ _..&:._~_lL . 7~1 
ICARDNO~-

1 .•• - 'If Cfi;r ELEC POWER J SERVICE WORK UNIT CODE 
FUNCTIONAL TEST ~. FOR DISCREPANCY INSPECTION MAN ~- REQUIREMENTS 0~ AN/APX-72 MINUTES ~· SYS SUB·SYS 

AND COMP 0 

J • BAND WIDTH 0 F BELL SHOULD BE NO LESS THAN 7 MC. JF NO:: 
WITHIN LI!1ITS, ADJUST ZlC1 AND AR1C3 ALTERNATELY FOR THE BES 
9BTAINABLE WAVEFORM ABOUT 1030 MHZ. OBTAIN BEST COMPRO-
MISE BETWEEN PEAK RESPONSE AND WAVEFORM SYMMETRY. SHOU D 
ADJUSTMENT OFZ1C1 AND AR1C3 NOT PROVIDE PEAK RESPONSE AT 

1 

103 0 MHZ, LOOSEN LOCK NUTS AND ADJUST Z1C2, Z1C3, AR1C1, 
AR1C2 AND AR1C3 IN GIVEN ORDER FOR PEAK RESPONSE. THEN RE-
ADJUST Z1C1 AND AR1C3 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. ' 

8. TRANSMITTER FREQUENCY TEST 

a. CONNECT CABLE FROM FREQ PROBE JACK (RF SIG GEN) TO SCOI 
A CHANNEL 

E 

CARD NO. ' WORK ARIA($) I TYitE MECH RQR I MECH NO. I CARD TIME I ,.UBLICATION NUMBER AND Do\TE . I CHANGE RECORD 

. ------" .. -·-------~---~-



EL£C ,own SUVIC£ CARD NO. WORIC UNIT COD! 

FUNCIIONAI. TEST xc FOR DISCREPANCY INSPECTION ••• "'w 
REQUIREMENTS o. 

AN/APX-72 20 
MINUTES .c SYS SUB•SYS 

AND COM' 

b. ADJUST VERTICAL LEVEL AND 0-100 DBM DIAL FOR PRESENTATIO 

c. CENTER OF BELL SHOULD BE 1090 MC PLUS OR MINUS 3 MC. 
<:J-.j 

~~ 

' • I .111 ill~~~ I II~. • • .1. 
d. IF NOT WITHIN LINITS, ADJUST Z2C1 TO CENTER FREQUENCY 
SPECTRUM AT 1090 MHZ. 

I 



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 

1. Dead Time 

2. Suppression Time 

3. Reply Power 

4. 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. F1 - F2 Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

PRJ MARY AIRCRAFT 

F4D 
AF-66-7588 
KY-5328/ASQ S/N 61 

Normal 

Normal 

Test Reading 

125.0 us. 

2 .2 us 

825 /Low 825 Watts 

1090.0 MHz. 

0.45 us. 

0.45 us. 

-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. 



'IRANSPOODER CALIBRATI<N VERIFICATI<N - FM AND MILITARY AIRCRAFT rnLY 

DATE 11/27/84 

AmCRAFT NUMBER: l-IF-66-7588 IKI PRIMARY AIROW"r 

TYPE: F4D [I BACK-UP AIRCRAFT 

LOCATION: Dobbins A.F.B. 1/ 

TRANSPOODER TYPE: KY-5326/ASQ SERIAL N!MBER: 61 ------

REX:EIVER MEASURED AT 
SENSITIVITI TOP ANI'ENNA IIO'ITOM ANl'ENNA 

N<EMAL -70.1 dBm N/A 

1.0 -54.0 dBm N/A 

1.0/1.0 (FM SABRE-SO ONLY) N/A N/A 

'IRANSMITIER MEASURED Kr 
POWER TOP ANI'ENNA BOITOM ANl'ENNA 

NOOMAL 550 watts N/A 

1.0/1.0 (FM SABRE-SO ONLY) N/A N/A 

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

1/ 116th Tactical Fighter Wi~g, Georgia Air National Guard. 



TRANSPONDER CONFIGURATION 

F-4D 
GEORGIA AIR NATIONAL GUARD 



CONTROL HEAD 

C-6280(P)/APX 

TRANSPONDER 

KY-532B/ASQ 

TRANSPONDER CONFIGURATION 
F-4D 

v M25707-2-02 
LOCATION: TOP, AFT OF COP I LOT'S 

CANOPY. 

COAXIAL CABLE, TYPE BBP-62 
18 FEET 



F-40 AF-66-7588 

1. Removing test equipment from van. 
2. Transporting test equipment to aircraft. 

3. Elevating test equipment. 
4. Testing transponder. 

.. 



F-40 AF-66-7588 

1. Flush mount antenna, looking aft. 3. Gaining access to antenna. 

2. Flush mount antenna, looking forward. 4. Transponder mounted up-side-down 
in nose wheel well. 



TRANSPONDER SYSTEM ANALYSIS 

F-40 

GEORGIA AIR NATIONAL GUARD 



IMNSfOOIIR SiSIDI ANAIXSIS 

1. CRGANIZATIGI. 

FAA D Air Carrier D Military Ill] Air Taxi D General Aviation D 

2. lEST EWIRHIT. 
Manufacturer: Packard-Bell 

Model: AN/UPM-137A 

Calibration Frequency: 90 days 
----~----------------

Last Calibration Date: 28 September 1984 

Calibration Within Limits? yes IRKJ noD 

3, lJIANSfUi!ffi, 
Manufacturer: Collins ----------------------------
Model: KY-532B/ASQ 

Serial Number: 61 ----------------------------
TSO'd? yes liiJ noD 
Class lB - 2B: __________________ _ 

Class 1A - 2A: ___ (M_i_J_i_t_a_ry~S~p_e_c_i_f_i c_a_t_i_o_n_s.:..) ------

Calibration Instructions (Obtain Copy)? yes [g) not available D 
Calibration Instructions in Consonance with Appendix F, Part 43? yes ~ noD 

4. W\INIDOCE fiDi!W1. 
Continuous Airworthiness Maintenance Program? yes GXJ no D 
Approved Aircraft Inspection Program? yes [ill no D 
Scheduled Bench Maintenance? yes D no IW frequency: Qemand 

Scheduled Inspection in Aircraft? yes D no !ill frequency: Deman¢ 

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



AII[RIIff. 
Type: F4D 
Number of Transponders Installed: ________ _ 

Date Transponder System Installed:_1_:9_6_6 _____ _ 

Coax. Type ::_swsur:::-1<62'--~( R.::G~-~22:..:5__:_) ---------

Antenna Type: Flush mount P/N M25707-2-02 

Antenna Checked Periodically? yes D DO OJ 
Coaxial Cable Tested Periodically? yas D no OJ 
Transponder in Aircraft Systems Check Performed? yes D DO OJ 

Frequency: Periodically __ ...,_ ______ _ Demand Yes 

6. lRA!'ISPCHJER lEST. 
Reference Appendix F of Part 43 --

Reply Radio Frequency (1090 :!: 3MHz) : __ 1:..;0:.:9:..:0.:.. . .:..0-..:.M:..;H.:;z.:... -------

Transponder .Power Output:_.::;8::.25"-"w"'a'"'t"'t.=.s _____________ _ 

Suppression, Mode 3/A: 
Interrogations 

Class lB & 2B (230-1000 Sec ): _________ _ 
Interrogations 

Class 1A & 2A (230-1200 Sec ) : _ _:.:X _______ _ 

Transponder Interrogation Response: 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response ' 1%) : _ __:.0.._. :.:.K,__ _____ _ 

P
2

. Pulse Amplitude 9db( P
1 

Pulse Amplitude (Response~ 90%) : ___ o_. K_. ______ _ 

Receiver Sensitivity Verification by use of Test Set: 

Connected to the Antenna end of Transmission Line (-73±4dbm): 

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

normal 

~JO. l 

N/A 

low 

-54.0 

N(A 

AWS-350/FY-85/Form 1 
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lRAfffilaR S)'Sm1 ArW..YSIS <COOIMJED) 

Receiver Sensitivity Verification Using a Radiated Signal (-73±4dbm):~_:.:N:_/A~---

Mode 3/A and Mode C Receiver Sensitivity Difference (~ldb): __ No_d_i_f_f_e_r_en_c_e ___ __ 

Record: 

Complied with Provisions of FAR 43.9 as to: 

Content: Yes 
·~--------------------

Form: Yes 

Disposition of Records: __ v_e_s ____ __ 

Number of Pilot Complaints :__..(.,_! ._) _.R.,../_,T'-"'U.un.~...i .. t s .. l.__ _ _.3.,~.3 -'t.,o,_.t..,a..~.l _c..,p,..m111pul..oau.i JJ..I-0 t s 

Number of Correlating Bench Check Verifications: __ J_2 ____ ___ 

Mean Time Between Removals (MTBR): Insufficient data 

Confirmed Failure Rate of MTBR: Insufficient data 

8. CUlENTS. 

AWS-350/FY-85/Form 1 
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CALIBRATION PROCEDURES 

KY-5328/ASQ 



OPR: MAAC 

AV\ON\CS 

LCL 116TFW-014 

KY-532B CHECKOUT AND 

ALIGNMENT PROCEDURES 

Control No 108 

18 APR J984 

REVIEWED BY :_j~~"""'<~~~::\----:--_lDATE: It f~Y"f 
APPROVED BY ::_.J._!:!:1m:::::::.~:41~i:M.,I-_JDATE: (ll 4'r>?f= 

4 April 1984 



'JT.ST '9UIPMENT REQUIRED 

1. ASM-86 Distribution Box 

t. Frequency Counter 53?8A 

). Di«itel Volt~~~eter 

L. PSM-6 Multbleter 

5. UPM-137 Teet Set 

Pau i 



LCL 116TFW-014 

IT-5)28 CII!CitOUT MID ALIGNMENT fi!OCEDIJRIS 

ThiB checkeheet 1e • complete alignment. Hawever,it 1B 11eent to be ased 1n 

conjunction with the T.O. Pege and paregreph reterenoee are given tor this pur

pose. All references are from T.O. 12P4-2ASQ-102-2. 

SUNDARD TEST ~UIPMENT SE'M'INGS T .o. page 6-)) table 6-11 

~-208 

Channel A ' B eet to 1 yolt/diy an A 8Dd 2 volt/div on B. 

75 oblll lllitcbes to .Q!!: 

~to txt Dc-

'fillle/Div to 10 uec/div 

Sweep Deley to b.80 Ill 

SM-559 

PRY Meter to nooo 

llntr heg to ~ 

so-865 

Suppreuor Width to Center 

fP.F llange to !!QQ 

PRY Mlllt to 5.0 

SlF 1 CODER 

function to I 

~to Center 

Subst plllae eel to ~ 

SlF 2 CODER 

Trll Sel to~ 

~to Center 

Trig Delay to Center 

Sabst Pulse Sel to ott 

PAGE 1 



------------ ------------

LCL 11 6Tfll-014 

IY·S)?B DIICI!XJT AND .lLIOIIMENT PROCZD!III!S 

SUIIDAP.D TEST IQUII'MEN'I' S!TTOOS Continued 

SG-B~ tontinued 

CIIA t/UO CalER 

Mode 1\l!peat to ! 

Mode 1 to~ 

Mode 2 to~ 

Mode ) to!£ 

Mode C to~ 

Modi! L to~ 

JIOI'E 1 Alvey~~ aaintain ell Mode svitchea down except the .!!!!! in uae 

SUl WlDTH to !!!!!. 
ST.'i POOH to ~ 

Trig De ley to !l!!_ 

Trig ~lt to !:Q 

Mixed Video Sel to Tag Reset 

Ver A1111>l to Center 

Cbel/l'ag Reset Subst Sel to orr 

Chal/fag SUl to ~ 

Chal/fag Widtb to 1101'11 

SG-666 

Au Atten to~ 

Output Atten to 12!!£ 

Imtr Freq to !!:!! 

lllltr ~ Source to Intl 10.30 

IIO'l'E: Sane settings are not included ae they are not DOJ'IIBlly aoved. If in doubt 

refer to the T .o. page 6-.3.3 Table 6-U • 

PAGE 2 



LCL 116TFW-014 

Uee atandard cable ccnnectiona em page 6-:37, fig 6-7 of T.o. l?PI..-?ASQ-10?-2. 

1. POi!£! SUPPLY '!' .o. ))ICe 6-3S para L t.hru 6 and para lla 

Uae • digital Yoltmeter t.o .. Ice the following cheeke and adjuet.oenta: 

.&5Jl---poe 12 VDc----adjut ASR!a 

A5J2----neg 12 VDt----·adjut ASR9 

.&5JL--poe 16 VDt---no 8djuet.ent 

.&SJJ---6.) v.ac--------no adjuet.ent 

r-1 • r-2·----llS ! S VAC 

II'l'-1.& plug pin lS·····llS VAC 

MASTER eviteh to OFF. Pin lS ehould read 0 VAC. If not, replace 1-1. 

2. SENSI'l'IVI'l'Y DIECKOOT T.O. page 6-)6 table 6-12 

.a. *liTER ..... Obeern interrq;etion pulees on eeope. (eee 'f .o. page 

6-)8 ,,6-8) 

B. .&djuet CHAL/UG WIDTH for .6 ueee at the halt power point. OUTPUT ATTEN 

to )0 db. PRF for Soo ppe on Counter. 

c. Slowly increase OUTPOT ATTIN untU Counter re~. 

D. Calculate MTL (111Dinm triggering lnel) ae follove: 

.ADD { Output Atten --·-
Power Probe Atten --.-
RF Cable Loee 

Total 

WOTE: MTL repreeente the receinr aensitiTit;r. It it ie incorrect proceed to 

rreq Cmnrter and IF .Amp a1 igllllll!nte • 

). FREQUENCY OORVERTEP ALmNMENT '!' .o. page 6-lU para 6-50 

A. Diecmnect P•) fran IF hlp. OOTPUT ATTEN to 100 db. Digital nltmeter 

to AlJl (DC ecale). PSM-6 to AlJ2 (neg 100 uamp special ecale). 

P.AGE ) 



LCL 116Tf10-014 

). ~ CCfiV J.t.IOIII!EIIT Continued 

1!. Adjust AlC7 tor a pellk an 't'ol tMeter (nonr.all:r C7 a lug wUl be about 1/8 

inch from top and •olt• will be L-10). 

c. Adjust AlZl-1 end AlZl-2 tor a peak an PSM-6. (C7 .. ,. need repeaking) 

Pnk All!6 tor first peek on PSM-6. Then adjust AlP.) tor 25 aamp!. 

WO'I'!: Theee adjastaenta wUl interact and ..,. Deed to be repeated. The altiolate 

10111 11 to hne C7, Zl-1 and Zl-2 peaked with the PSM-6 reeding 25! 1 

anrps and tbe 't'olt.Jieter reeding L-12 't'olte. At tbis point return to 

Step 2. It JI'I'L bas degraded, then Freq CCJn't' llignlllent 1e wrong. 

D. Remove A5F2 from Power Supply. Connect cablee •• an page 6-ll)A of '1' .o. 

Disconnect PSK-6 and 't'oltmeter. OOTPUT A'l'TEII to 0 db. SG-866 XI!TR 

~ .witch to SWEEP. Sh'EEP DELAY to ILOO on scope. 

E. Adjuat acope to observe wave!onr. aa on page 6-Lll. Adjust AlZ2-l, A1Z2-2 

and AlZ2-) for correct waveform. 

F. lletum to Step 2 and deternine JI'I'L. If still incorre C't, proceed to 

IF Amp al~ent. 

L. IF AMPLIFIER ALIOHKENT '1' .o. page 6-112 table 6-48, table 6-49 

A. J'Wrfom etep 3D above. Connect P-3 to IF Amp. Connect scope Chan A to 

Jl on IF Amp. Adjuat OU'l'POT A'l"l'Eii so IF bell is .1 volts amplitude, 

fig 1 or tbis book. It diapla:r ia incorrect, proceed with IF align

~~ent. 

!. lle~lace IF Amp cover with •ock-up alilft~~~ent ccnr. Uee all the ecreva. 

Using a non-metallic tuning tool, adjust C-lL, C-16, C-18, C-20, C.22 

and C-2L tor correct bandpaBB wavefcm. (eee fig 1 or this book) 

c. Replace original IF Amp cover. Return to the following connections: 

KAlil MOD to HIOH LEVEL, EI'l' SYIIC to 0 TRIG OUT. X!!'l'R FREQ .witch to 

ITAL. SWEEP DET...I.Y to IL. ObaPrve a single interrogation pulse. (see 

fig 2 this book). OU'l'P'JT ~'l"l'EN to 70.5 db, KAS'l'EP. to IIOR"'. 

PAGE L 
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KY-5328 CHECKOUT AND ALIGNMEh7 PROCEDURES 

4. IF AMPLIFIER ALIGNMEh7 Continued 

C. (continued) Adjust A2R9 HIGH sn;s for a .I volt spike. 

LCL 116TFW-014 

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

.I volt spike. 

E. MASTER to NORM. OUTPUT ATTEN to 53 db. Adjust A2R28 LOG LIM for a 

.34 volt spike. 

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

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

NOTE: 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 ALIGNMENTS T.O. page 6-116 table 6-50 

A. Return to standard settings and cable connections. Install ASF2. Set 

to M-4. PRF to 500 pps. Counter to SYNC TRIG. 

B. Observe first M-4 interrogation pulse. Adjust CHAL/TAG WIDTH for .4 

usee at the half power point. 

C. OUTPUT ATTEN to 50.5 db. Adjust A7AlR75 (TB-1 board) for 450 pps nominal. 

WIDTH to .2 usee. Counter reads 0. 

D. Set for M-2. Cnunter to SUPPR OUT. WIDTH to .7 usee. 

E. Adjust A7AIRI6 for 450 pps nominal. WIDTH to .3 usee. Counter reads 0. 

F. WIDTH to .8 usee. SLS OUT to AUX MOD IN. AUX ATTEN to 4.5 db. Adjust 

SLS WIDTH for .8 usee on P-2. OUTPUT ATTEN to 29 db. 

G. Adjust A7AIR41 until Counter just reads 0. AUX ATTEN to 5 db. Counter 

should read 450 pps nominal. 

B. Disconnect SLS OUT. OUTPUT ATTEN to 49.5 db. WIDTH to 1.3 usee. Adjust 

A7AIR12 until Counter just reads 0. WIDTH to 1.1 usee. Counter should 

read 450 pps nominal. 

I. ~~DTH to .8 usee. OUTPUT ATTEN to 43.5 db. Connect scope Chan B to 

PAGE 5 



LCL 116TFW-014 

n-53~ CHECKOUT AJrn .lLIO!rPIENI PRomJUPES 

5. D!croEP BOAP.D .atm!NENTS Continued 

I. (cODtinuec!) collector of .A7A?Ql7 (TB-2 board). Sync to internal + • 

5\f/!!P D!!.JT to OfF. Obsene two poe palees on acope. 

J. MIDI MOD to MOD 0\"'..RRIDE. Do not re-aync scope. Ac!jaat 1.7A2R3e CW until 

trigger plllaee are generated, then CQi for juet no plllaes. 

1. MADI MOD to HIGH lEVEL. Set to M-L. Counter to 0 '!'RIG. Set fRF to 

3000 pps. OUTPU'I' .AT'l!:N to ro.5 db. 

t. Counter to SliC TRIO. Adjust A7A2P.28 antU Counter reads 2200 pps. 

M. Set for M-2, code 7777. Counter to 0 TRIG. Set PRF to 5000 ppa. 

Counter to SUPPR OOT. OUTPUT .ATTI'll to 20.5' db. 

1i. Ac!jaat Mit67 until Counter reads 1700 pps. 

O, Set for M-1. Counter to SUPPRESSOR O'JT (UPM-137). Set FRF to 3000 pps. 

Counter to SUPPR OOT. OUTPUT ATTEN to 50.5 db, 

P. Adjust Alil63 until Ceunter reads 2900 pps. 

Q. Return to standard apttinga and connections. FRF to 5oo J'P•• Set to M-3. 

Connect Sts OUT to AUX "!OD IN, .ADI ATTEN to 0 db. OUTPUT ATTEN to LL.5 

db. Scope Chan .A to 2 Yolte/d1T and lusec/d1T. VJ.R TIME ()I to cal. 

S'to"EEP DELI.Y to IL. Obsene interrogation plllaes on scope. Adjust SLS 

'I>!IDTH for ,6 usee on P-2. Adjust Sts POSN ant11 P-2 1a 2 usee fr0111 

le~ding edge or P-1. 

R. Using aT-connector, connect Counter to 0 '!RIG. Set fRF to 11000 pps. 

Counter to .A6J7. Adjust A6P.57 until Counter reads 5500 pps. 

S. Return to standard settings and connectiCll'la, Set to M-L. O:JTPUT ATTEN 

tc 20.5 db, Scope Chan A to M-L AUDIO. M-L AUDJO ewitch to ON. Scope 

to !:'0 aaee/diY, .5 YoltB/diY. 75 oh111a in. 

T. Adjust J.llR15 for a M-L audio plllse or 3 Yol ts qpl1tUIIe. Return to 

standard settings and connections. 
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LCL 116Tti1-014 

IT•53~B a!EiltOOT AID AI.IOI'*'IT PROCEIJOJ!!S 

6. TRAKS~ PJ!!!9'1!?!CT AliD J'QilR T.O. page 6-119 t.ble 6-51 

"· c-ct1ona as per T .o. page 6-50. Set for M-?, cod~ 7777. SWE!P D!UT 

to 1400. .2 asec/dh. 10 -wolte/db. OOTPUT ATttN t~ 10 db. XIC'R :rRFJ:; 

to SWEEP. 7S ohms to OUT. J'f.F to nooo. 
B. Obsern vanfCIJ'II ai11Uar to that on T .o. page 6-52. Vary J'RF for optimllll 

d18pl•7· 

c. Adjuet M'R FREQ (front of IT) to center treq. 

D. Return to et.andard eettings and connectione. Set for M-2 SELF ttsT. 

Code 1777. Camect I!F caUe to bOO.A ntt~~eter vitt. 50 ohm termination. 

MASTER to BOOM. P011er ehould be ..-....atte with 

'-"'· Adjust screv on mtr tube cart ty inside RF aesy. 

C.A171' ION 1 HIGH VOLT.AOE5 ARE EXPOOED WHEN RF .ASST IS OFENED. 

7 • S!LP' TEST AI.IOIOOliT T .o. page 6-UOA table 6-5? 

--· 
A. Standard settings and connections. OUTPUT #.TTEN to 100 db. Set to 

M-2 SELF TEST. Scope to .A7J..1J2 {TB-1). Use Chan B for J2. S\o.'EEP DELAT 

to (f'F. Tum .A3R7 fully 01. 

B. D1gital YOltaeter to .A3Jl { + DC). Adjust .A3C8 for peak. Disconnect 

Yoltmeter. 

c. CJbaene aelf test pulses on scope Char. B. Adjust A3Cl4 for peak, then 

A)Zl for peak. 

D. OOTPUT I.'ITEN to b2 db. Adjust A3R7 untU aelf teet pulses are ea.e 

amplitude as interrogation puleu. 

!. Connect scope to A3J4. {d1apla7 on T.o. page 6-68) Adjust A)Z2 and 

A3Z3 for aaxiMulll amplitude. 

F. Ferfono steps 6A & B abon. Adjust :~~~~tr freq to first mark orr center. 

Adjust A3Rl7 for steady self teat lite. MASml to tc11:. Lite should 

go out. Reset utr freq to center. 

P.AG!' 7 
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LCL 116TFW-014 

B. CCll!P. BOAliD ALI!IIfl!ENTS T .o. page 6-1?3 table 6-S3 

A. Standard eettings and connections. MPUT Amli to 10 db. PI!F to SOO 

pps. View first Dltr Jllllle (see T .o. page 6-38). 

B. Adjust ABR44 far pulse width of .1,5 usee at half power point. 

C. Set for M-3. Turn CALIBRATORS ITAL MARJt arw1tch to 1.1,5 usee. Qlaern 

II&J'kers and Jlllllle train m a cope. Obaene that ldding edges of 

pulaea and •arkere are epaced the aame. Tum m IP arwitch. Qlsene 

that it wUl alae align with the 118rlcere. II not, adjust AlOC28. 

DD CF ALIGNMENT 

Check M-1, M-2, M-3 and M-C pulse trains far 11ieaing pulses or intel'llittant 

Jlllleea. Check !MER and IP treins for proper dieple:ra. Uae JtiT-U and 

APM-1:>3 for proper operation in all 11odea. PreallllJ'ize unit if it 1e to be 

installed in aircraft. 

..... ./"" 
l ll , ... 

J 

-(\. 1 

~ . Jv 

f;G- £ 

J 
./v 
J_ 
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STEP 

2. (Conti 

3 

4 

Table 6-50. Decoder Board Alil(nment (Conti 

PROCEDCRE 

e. On decodl'r board no 2 A 7Al lTBl) (figure 6-19}, adjust 
potentio(lleter A 7A1R16 (Sll. SENSi. 

f. Q1 SG-865/UPlll-137, adjust CIIAI./TAG, \\~DTII control 
for a l:J..ilsl· width of 0.3 IJ.S. 

NOTE 

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

a. On SG-865/UPM-137, adjust CHAL/T AG WIDTH control for 
a pulse width of 0.8 uo. 

lWTE 

If step 3e is not obtained, :repeat steps 3d Lind 3e until 
proper readings arc obtained. 

a. Q1 SG-865/UPM-137, disconnect cable from ~DEO. AUX 
MOD IN jack and SG-865/UPl\1-137 SIDF:LORE SlJPPRF:S
SlON, SLS OUT jack. 

b. Q1 SG-866/UPl\!-137, increase OUTPUT ATTEN dial until 
electronic counter reads 450; then decrease dial setting by 
1 dB. 

c. Q1 SG-865/UP~J-137, adjust CIIAL/TAG WIDTH control 
for a p.1lse width of 1.3 j.LS. 

d. On decoder board no 2 A7A1 (TB1i (figure 6-191, adjust 
potentiometer A7AlR12 IWP REJi. 

e. On SG-865/UP~!-137, adjust CIIAL/TAG WIDTH control 
for a p.dsc \\'idth of l.lj.Ls. 

NOTE 

If step ·h· is not obtained, r<.'pcat steps 4U and 4e until 
proper n·adings ar~.: obtained. 

TO 12P4-2ASQ-102-2 

REMARKS 

Electronic counter reads 
450 to 500. 

Electronic counter does 
not read. 

Electronic counter reads 0, 

Electronic counter reads 450 
to 500. 
(f'4C J,~.f) 

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. Dead Time 

2. Suppression Time 

3. Rep 1 y Power 

4. Frequency 

5. F1 Pulse Width 

6. F2 Pulse Width 

7. Sens i t I vI ty 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. F1 - F2 Pulse Spa.::lng 

13. Side Lobe Suppress ion Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

PRIMARY AIRCRAFT 

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

Normal 

Hormal 

Test Reading 

122.0 us. 

33.0 us 

900 ILCM 900 Watts 

1090.0 MHz. 

0.55 us. 

0.55 us. 

-76.8 [t.ow -64.0 dBm. 

0.0 us. 

0.0 us. 

3.0 us. 

3.0 us. 

20.3 us. 

1. 7/2 .s us. 

7.4/8.2 us. 

20. 1/21.2 us. 



1RANSRNDER CALIBRATIOO VERIFICATI<l'l - FM AND MILITARY AIRCRAFr WLY 

DATE 11/28/84 

AIRCRAFT NUMBER: AF-60-0330 ~~ PRIMARY AIRCRAFT 

TYPE: KC-135 [I MCK-liP AIRCRAFT 

ux::ATIOO: Robins A. F .B., Georgi a 1/ 

TRANSPCX~ER TYPE: RT-728A/APX-64(V) SERIAL NlMBER:_::..38:...:2c;:.2 ___ _ 

RECEIVER w.ASURED AT 
SENSITIVITY TOPANI»lNA F.OIT<Jt ANTENNA 

NOOMAL -74.2 dBm -74.2 dBm 

ID -62.4 dBm -62.4 dBm 

UJ/UJ (FM SABRE-80 ONLY) N/A N/A 

TRANSMITIER w.ASURED AT 
POWER TOP ANI»lNA :BOrJnl. ANTENNA 

NOOMAL 560 watts 560 watts 

UJ/ID (FM SABRE-80 ONLY) N/A N/A 

REMARKS: (All test aircraft transponders will bE! tested to the fil11 
range of parameters specified by the Manufacturer, FM, or Military 
Specifications. See Appendix 2.) 

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



TRANSPONDER CALIBRATION VERIFICATION 

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 

1. Dead Time 

2. Suppression Time 

3. Reply Power Normal 

4. Frequency 

5. F1 Pulse Width 

6. F2 Pulse Width 

7. Sensitivity !!ormal 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. F1 - F2 Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

Test Reading 

129.0 us. 

35.0 us 

660 /La.~ 660 Watts 

1089.5 MHz. 

0.50 us. 
0.50 us. 

-77.2 [LCM ~65. 2 dBm. 

0.0 us. 

0.0 us. 

3.0 us. 

3.0 us. 

20.3 us. 

1. 6/2 .If us. 

7.6/8.1f us. 

20.3/2l.lf us. 

BACK-UP AIRCRAFT (This aircraft also was flown in the Flight Test Profile 
on November 30, 1984) 

KC-135 
AF-56-3634 
RT-728!1./APX-64 S/N 0057 



------- -------- -----------------~-------------------

TRANSPOODER CALIRRATIOO VERIFICATICN - FM AND MILITARY AIRCRAFT CNLY 

"•'TE 11/2 8/84 
~ ~-----------------

AIRCRAFT NUMBER: AF-56-3634 

TYPE: KC-135 

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

TRANSPCl~ER TYPE: RT-728A/APX-64(V) 

RECEIVER 
SENSITIVITY 

NOOMAL 

ID 

ID/ID (FM SABRE-80 ONLY) 

TRANSMIITER 
POWER 

NOOMAL 

ID/ID (FM SABRE-80 OOLY) 

Cl PRIMARY AIRCRAFT 

till BACK-tiP AIRCRAFT 1/ 

SERIAL NUMBER:. __ o-'05:...:7 ___ _ 

MEASURED AT 
TOP .ANTENNA JJO'ITOM .ANTENNA 

-76.5 dBm -76.0 dBm 

-63.5 dBm -63.5 dBm 

N/A N/A 

MEASURED Ia 
TOP ANTENNA JJOTIOM .ANTENNA 

525 watts 525 watts 

N/A N/A 

REMARI<S: (All test aircraft transponders will be tested f!D the full 
range of parameters specified by the Manufacturer, FM, or Military 
Specifications. See .Appendix 2.) 

If This back-up aircraft was .also flown in the Flight Test Profile 
on November 30, 1984. · 

2/ 19th AREFW/MAM, Strategic A~ 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 

1. Dead Time 

2. Suppression Time 

3- Rep! y Power 

4. 

5. 

6. 

7-

8. 

9-

10. 

11. 

12. 

Frequency 

Ft Pulse Width 

F2 Pulse Width 

Sensitivity 

Delay Time Difference 

Reply Jitter 

Mode A Delay 

Mode c Delay 

Ft - F2 Pulse Spacing 

13. Side lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

12/1 B/84 

KC-135 AF-59-1449 
RT-72BA/APX-64 S/N 496 

Test Reading 

______ 1~1~0~.~o __________ ~us. 

----~3~6~.0~------------•US 

Norma11120 /Lo.~ 1120 Watts 

______ 1~0~9=0~.0~--------~MHz. 

______ 0~·~4=2~----------~us. 

0.42 us 
---~~------~ . 

/Low -67 · 3 dBm. Norma 1 -76. 2 

0.0 
-----------~liS. 

0.0 
------------~liS. 

3.2 
---------------'us. 

3.2 
-------------------~us. 

_____ 2_0_.=3 _____________ .us. 

______ 1_.=5~/2_.~5--------~us. 

----~7--5~5~/_B_.s~------~us. 
20.2/21.8 liS 

-------------~ . 

Receiver side lobe suppression set for 5 dB. 



TRANSPONDER CALIBRATIOO VERIFICATIOO - FAA AND MILITARY AIRCRAFr CNLY 

..... ...., 12/18/84 
~~~~---------------

AIRCRAFT NUMBER: AF-59-1449 

TYPE: KC-135 

LOCATIOO: Robins A.F.B., Georgia 

TRA."lSffi'."'DER TIPE: RT-728A/APX-64 SERIAL NUMBER= 496 -----

RECEIVER MEASURED AT 
SENSITIVITY TOP ANI'ENNA OOITOM ANTENNA 

NOOMAL -74.5 dBm -74.5 dBm 

ID -63.5 dBm -63.5 dBm 

-
UJ/ID (FAA SABRE-SO ONLY) N/A N/A 

TRANSMITI'ER MEASURED M 
'POWER TOP ANTENNA. 1lOrl'OM ANTENNA 

NOOMAL 825 watts 825 watts 

UJ/UJ (FAA SABRE-SO ONLY) N/A N/A 

IID1ARKS: (All test aircraft transponders will be tested to the flilt 
range of parameters specified by the Manufacturer. FM., ore Military 
Specifications. See Appendix 2.) 

1. Receiver side lobe suppreGsion set at.5 dB. 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic 

1. Dead Time 

2. Suppression Time 

3. Reply Power 

1!. Frequency 

5. F1 Pulse Width 

6. 

7. 

8. 

9. 

10. 

11. 

'12. 

13. 

11!. 

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 Decode Accuracy 

15. 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 

Norma 1 900 /Law 900 Watts 

1090.0 MHz. 

0.55 us. 

0.55 us 
--------~----------~ . 
Normal-78.1! /Law -64.0 dBm. 

0.0 us 
--------------------~ . 

o.o us -----------------------· . 
3.0 us ----------------------· . 
3.0 _____________________ .us. 

______ 2_o_.~3 ____________ u.s. 

_____ 1_ • .:..7/:._2_ • .:;.5 _______ __;US. 

____ __:1--·..:;4/ __ 8 __ • ..:_2 ________ _;US. 

20.1/21.2: 
-------------~--------'us. 



'IRANSPOODER CALIBRATIOO VERIFICATICN - FAA AND MILITARY AIRCRAFT CNLY 

"''TE 12/18/84 
~ ~----------------

AIRCRAFT NUMBER: AF- 5:.,.9 ---'1'-'4-"4 9"----

TYPE: KC-135 

LOCATION: Robins A.F.B., Georgia 

TRANSRl1DER TYPE: RT-728A/APX-64 

NOOMAL 

ID 

'IRANSMI'ITER 
POWER 

NrnMAL 

lJJ/ID (FAA SABRE-SO OOLY) 

(]( PRIMARY AIRCRAFr 

[( BACK-UP AIRCRAFT 

SERIAL NUMBER: 3822 -------

-74.8 dBm -]lt. 8 dBm 

-64.0 dBm -64,0 dBm 

N/A N/A 

t£1\SURED Kr 
TOP AN'l'mNA BOITOM ANTENNA 

650 watts 650 watts 

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. Receiver side lobe suppression set for 9 dB. 



TRANSPONDER CONFIGURATION 

KC-135 



EC-135J BOTTOM ATC ANTENNA LOCATION 

EQUIPMENT LOCATION TEST EQU I PHENT 



CONTROL HEAD 

C-6280A(P)/APX 

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

TRANSPONDER CONFIGURATION 
KC-135 

ANTENNA SWITCHING UNIT 
SA-1474/A 

TRANSPONDER SET 
I .. ITEST SET 

TS-184 3AI APX 

::0 

\I 
TOP ANTENNA 
AT-741B/A 

COAXIAL CABLE 
RG-225/U 
18 FEET 

1-------

6 

COAXIAL CABLE 
RG- 225/U 
18 FEET 

BOTTOM ANTENNA 
AT-741B/A 



SCREW 
!&PLACES) 

T.O.IC-135(K)A·2-IIJG·9 

ANTENNA 
ST A 375, 465, 
475. 495. OR 575 -.s. 
AS APPLICABLE 

~ANTENNA 

2 ANTENNA 
CABLE 
CONNECTORS 
CLAMPS 
ADAPTERS 
SAFETY WIRE 

F"Jgllle13-19·2 

Chmge II 13-121/(13-122 blank) 

T.O.IC·i35(K)A·2·1UG·9 

tf" .. <\ a , 

-'\\>/ 
~-ANTENNA 

FASTENER 
121 PLACES) 

r iSTA 371.51 

4 SCREW 

---
KA11·22 

2 CLAMP 
ANTENNA CABLE 
ADAPTER 
SAFETY WIRE 

ELECTRONICS 
ACCESS 
DOOR 

Figure 13·19·1 

13-119 

u.J 

"' <t 

"' u 
<t 

"' 

"' 
..... "-
"'-

"' ... <t 
0 ... "' ·- " ., ·-..c 

"' 0 

'"" "" -I ..... 
u ., 
"" "" . Q) 

" ..... 
0 ..... 
-..... E ., ... 
0 Q) 
0 Q. 

..... ., 0 

" " " Q) Q) 
..... ... 
" Q) ., 3 
... "' Q) .:: 

"" Q. 

" 
., 

0 ... 
Q. "' "' 0 

" ..... ., 0 ... .:: 
1- Q. 



EQUIPMENT SPECIFICATIONS 

RT-728A/APX-64 



T.O. 12P4·2APX64·2 
NAVAIR 16-30APX64·3 

a. Equipment Nomenclature: Radio Receiver·Tnnsmiuer 
RT-727/APX·M(V) 

b. 

c. 

Equipment Weisht: 

RT·727/APX·64(V) 

RT·728/APX·64(V) 

RT-731/APX·t\oi(V) 

MT·3092/APX·46(V) 

M'f-349~/APX·64(V) 

MX-6941/APX·64(V) 

Over-all Dimension1: 

RT·727/APX·64(V) wilh 
MX·6941/APX·64(V) 

Heiahc 

Width 

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

Radio Rt'ceivcr-Transmitter 
RT-731/ APX-64( VI 

Mouncing Rilse MT-3092/ 
APX-46(V) 

Mountina MT-349~/ APX· 
64(V) 

Mounting Adapter MX· 
6941/APX-64(V) 

27.\ lh !max) 

29th (max) 

31th (max) 

\.75 lb 

IAih (mu) 

1..\ lh ( liiU) 

MT-.149~/ APX-64( V) 

I 2.~9 in. 

11.(12 in. 

and 

L<ng<h 8.26 in. 

R1'-728/APX-64(V) with MT·309l/APX·46(V) 

Height 

Width 

L<nath 

RT·731/APX-64(V) 

Height 

Width 

Length 

d. Input Power Requirements: 

8.58 in. 

11.13in. 

19.31 in. 

7.76 in. 

10.12 in, 

21.10 in. 

Ac 115 volu, 320 to 480 cps, 
sinale phase; 80 watts at 
0.2 percenr duty cycle 

De 

e. HiJh Vohage Circuit 
ProteC1ion: 

f. Operatina Temperature 
Ranaea: 

I· Operating Altitude 
Ranges: 

26.5 VOIU, 10 WIUS 

1 amp, II~ vac circuit 
breaker 

-55"C w +9Soc conrinu· 
ous, +125oc intermittent 
at sea level 

0 (sea level) to 100,000 feet 

h. Receiver Charanerinics: 

Frequency 1030 me 

Frequenq: Scability ±1.5 me 

Frequency Control Crystal 

Intermediate Frequency 59.5 me 

Bandwidth 7.0 to 9.0 me 111 poiaa 6 
db from maximum retpoAM 

Normal Sensitivity -78 dbm 

Low Sensitivity 

Spurious Response 

Suppreuion Input: 

Amplitude 

Duration 

Polarity 

Input Rt:ti~ranco 

Rise Time 

De<ay Time 

Recover)· Time 

i. Transmitter (hatd~.:reri.sciu: 

FrequenL)' 

Frequtn()' Stability 

Power Outrut 

Ou1put Pulse: 

Width 

Rhe Time 

Decay Time-

j. Interrogation Codt': 

Mode I 

Mode 2 

Mode 3/A 

Tesc Mode 

ModeC 

-66dbm 

Response 10 Jiana1s below 
1010 me and above 10'0 
me at 1eut 70 db bolow 
response at desired fre
quency of 1030 me. 

n 10 70 volll 

1.5 10 250,.... 

Poaitivt 

2200 ohmt 

At least 10 voltt/...-c 

Peak amplitude to 1.0 •olt 
withi~ 10 ~ 

Serttitiviry renarnt to witJa.. 
ln 3 db of nor..W ln 110 
more tban 1' "'* a leer tb• 
suppreoslOD puiM fa1h 10 
1 volt. 

1090 me 

±3mc 

29 dbw at a duty cycle ol 
0.2 percent ( -6 dbw ..U. 
under any service cond.Jt:ioe 
at 1 percent) 

0.•15 ±0.1-

o.o' to 0.1....., 

0.0, ro0.214MC 

2 pubes spaced 3 ± o.t ,_ 

2 pulses spoced ' ± 0.1 ,_ 

2 pulses spocod 8 ± 0.1 ,_ 

2 pulses spaced 6.5 ± 0.1 
•sec 
2 pulses spaced 21.0 ± 0.1 
.•sec 

Figura I· I 4. Loodlng Porliculofl CSheef I of 31 
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Mode -' -4 sync pulses followed by a 
vacant pulse posicion, fol
lowed by as many as 32 
pubes. The spacina from 
the leading edae of any 
pulse to the leading edge 
of the succeedins pulse is 
2 ± 0.1 J.~Sec. An anti
interference interrogation 
(All) pulse is inserted be· 
tween an)' consecutivt va· 
cant pulse spaces. The spac· 
in1 of the All pulses is 
1 ± 0.1 S microsecond in 
odd multiples from the 
leading tdge of the founh 
sync pulse. Recognition-of· 
intcrfer~nce action is ac· 
complished by sensing the 
lack of pulses in the Mode 
-' interroaation. 

k. Jntcrroaation Pulse: 

Characteristics of Modes 
I, 2, 3/ A. C and Test: 

Pvhe Wid!h 0.8 :!: 0.1 •sec 

RiiC Time Betwern 0.05 and 0.1 J.~seC 

Decay Time Between 0.05 and 0.2 p.sec 

Mode 4: 

Puhe Width 0.5 :!: 0.1 •SK 
Jljse Time Between 0.05 and 0.1 psec 

Deca, Time Between 0.0~ and 0.2 p.sec 

I. Automatic Overload Control: 

Modes I, 2, 3/ A, C. 
Tcst,l/P, Emeracncy 
(Modes I and 3/A). 

Emer1ency (Mode 2) 

ru. Reply Pubes: 

Model 

Mode 2 

Mode 3/A 

ModoC 

1200 replie~/sec 

800 replies/sec 

Zero to five information 
and two framing pulses 
spaced 20.3 ± 0.05 psec 
apart 

?...cro to 12 information 
and nvo framina pulses 
spaced 20.} ± 0.05 ~-'sec 
apart 

Zero to 12 information 
and two framina: pulses 
spaced 20.3 ± 0.05 JASec 
apart 

Zero to II information 
pulse positions, two fram· 
ina pulses spaced 20.3 ± 
0.05 ~s« and the 1/P pulse 

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

Test Mode Zero to 12 informacion 
and two framing pulse1 
spaced 20.3 ;!:: 0.05 ~sec 
apart 

Emergency 

Modes 1 or 2 Selected Cf\Jc appean in 
the f1tst pube tr«oa fol
lowed by three sets of fram
ing pulses, each fr11.mins 
pulse spaced 24.65 ± 0.10, 
44.95 ± 0.1 I, 49.30 :!: 
0.20, 69.60 :!: 0.25, 73.95 
± 0.30, and 94.25 :!: 0.35 
J.~Sec from the lint framina 
pulse of the first crain. 

Mode 3/ A Code 7700 appesro io the 
6rn puhe uain followed 
by three sets of franllna 
pulses as above. 

1/P 

Mode 1 Selected code appears twice, 
the second reply train 
spaced 24.65 ± 0.1 ••« 
between the leading eda:es 
of the first framina pulsea 

Mode 2 or Mode 3/ A Selected code appeara ln 
the first pulse uain fol
lowed by a sinale pulac 
spaced 24.65 ± 0.1 J.ISCC 

from the fi.nt framin1 
pulse. 

n. Auxiliary Trigger: 

Pulse Width 

Amplitude 

Rise Time 

Decay Time 

Polarity 

o. Suppression Output: 

Polarity 

Amplitude 

Scart Time 

0.3 to 1.5 p.sc-c 

1 5 to 30 volu acron 90 ± 
lO ohms 

0.1 J.~S« or less 

0.2 ,u.scc or less 

Positive 

Positive 

20 volts min, 50 volu max 
with a 300-ohm load re
sistor in paullel with 
1850-J.~.~otf capacitor. 

Pulse reaches 20 volu 
minimum by the time an 
r-f output pulse has reached 
10 percenc of iu ampli
tude. 

figure I· I 4. loading Parlicularo IShool 2 of 31 
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T.O. 12P4-2APX64-2 
NAVAIR 16-30APX64-3 

Stop Time Suppression output is less 
than 5 volts, 5 ~o~sec after 
the last r·f framins pulse 
of the reply train has fallen 
to 50 percent amplitude. 
(The first framins pulse is 
always followed by a sec· 
ond fnmina pulse for the 
purpose of this require· 
mcnt.) Suppression output 
is alao lc11 than 5 volu, 5 
~o~sec after each r·f output 
pube ( rnultin& from the 
auxiliary triiiCl' or Mode 
.4 input) hu fallen to 50 
percent amplitude. 

p. ln~erroaation Side-Lobe Suppression Control· 

Puloe Wldlh 

Pulae Poaidon 

R.lae Time 

Decay Time 

Pul1t Frequency 

q, Mode"' Reply Input: 

Pui,.Widlh 

Amplitude 

IUae Time 

Decay Time 

Polarity 

0.8 ::t 0.1 /olstC for Modes 
1, 2, 3/A, C, or Test; 0.~ 
± 0.1 "''ec for Mode 4. 

2.0 ::t 0.15 ~o~t« after the 
first pulse of a Mode 1, 2, 
3/ A, C, or Ten intcrroaa· 
tion, or 8.0 ± 0.15 psec 
after the first pulse of a 
Mode 4 interrogation. 

Between 0.05 and 0.1 p.sec 

Between 0.05 and 0.2 J.IS« 

1030 ± 0.2 me 

0.3 to 0. 7 ~sec 

3 to 6.5 volts across 90 ± 
10 ohms 

0.1 ~sec:: or less 

0.2~ J'S« or less 

Positive 

r. Mode"' Disparity Input: 

Duration 

Amplitude 

Rise Time 

Decay Time 

Polarity 

s. Mode 4 Triuer: 

Duration 

Amplitude 

Rise Time 

Decay Time 

Polarity 

t. Mode 4 Video: 

Duration 

Amplitude 

Rise Time 

Decay Time 

Polarity 

0.3 to 1.0 l'leC 

3 ro 6.5 volu acrou 90 ± 
10 ohmt 

0.15 microsecond max 

O.S microeecond max 

Positive 

0-5 "'3-
1.5 to :ZS volts acrON 90 ± 
10 ohms 

0.1 1'1« or leu 

1.0 "aec or leu 

Positive 

0.4 to0.6.-

1.5 to 5 volts acroas 90 ± 
10 ohms 

0.11-lsec: mu 

0.2Jd« max 

Positive 

u. Mode 4 Computer Reset Tri11er: 

Duration 0.3 to 10 I'IIC 

Amplitude 6 to 10 voJu IICI'OII 1000 
ohnu ±1091\ 

Rise Time 0.25 l'leC max 

Decay Time 5.0 I'SCC mu: 

• Polarity Positive 

flguro I· I 4. loading Particulars fShool 3 of 31 

TniOI .IFIIINCI 
QUANTITY PAIT NO. DISIGNATION FUNCTION 

I 910629 A7QI Modulator driver 

2 910623 A!Ql Oscillator 

AIQ2 Doubler 

figure J- J 5. Transitfor Complement, RF Module AJ and Trantmiffer Module A1 
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T.O. ~2P4-2APX-192 
NAVAIR 16-35TS1843-l 
TM 11-6625-1646-25 

Figure 1-1. Test Set, Transponder Set TS-1843A/APX and Mounting MT-3513A/APX 
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T.O. 12P4-2APX-192 
NAVAIR 16-35TS1843-1 

TM 11-6625-1646-25 

SECTION I 

DESCRIPTION AND LEADING PARTICULARS 

1-1. GENERAL. 

1-2. This technic3.1 manual consists of instructions 
and procedures for use by experienced personnel in 

'the performance of intermediate maintenance and 
depot overhaul of Test Set, TranSJ.?Onder 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. 

j; ,, 

1-4. The TS-1843A is designed to be used WJ.th an :t 
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-1643A is comprised of four major as
semblies: mode generator assembly (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 lb. 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 4irect 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 unit and primary power source 
to the test set. The test set is enclosed by four plates 
which are mounted directly to the main frame 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. 

l-7. GENERAL PRINCIPLES OF OPERATION. 

1-8. GO, NO-GO CHECK. The TS-1843A evaluates 
the following characteristics of the transponder on a 
go, no-go basis. 

a. Receiver sensitivity 
b. Receiver frequency 
c. Decoding 
d. Reply frequency 
e. Reply-code bracket-pulse spacing 

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 co. 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 tbe 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 is indicated by failure of the 
indicator lamp to illuminate. 

1-9. IN-FLIGHT FUNCTION. The TS-1843Aprovides 
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, frequency, power, 
reply rate and antenna VSWR. If the transponder 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 f\Ulctioning 
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 ~anuals. 

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, arelistedintable 1-2. 

T.O. 12P4-2APi.:-192 
NAVAIR 16-35TS1843-l 

™ 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 work orders 
(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 Jlandling Deficien
cies) as prescribed in AR 700-58. 

1-22. DISCREPANCY IN SHIPMENT REPORT (DIS
REP) (SF 361) (ARMY). Fill out and forward Dis
crepancy 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 

ITEM CHARACTERISTICS TOLERANCE 
. 

Interrogation Output 
Frequency 1030 MHz ±0.5 MHZ 
Modes 1 2 pulses spaced 3 usee ±0.1 usee 

2 2 pulses spaced 5 usee ±0 .. 1 usee 
3/A 2 pulses spaced 8 usee :1:0.1 usee 
c 2 pulses spaced 21 usee ±0.1 usee 

Output level -54 to -81 dbm (-67 to -94 dbv) ±2 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 usee ±0.15 usee 

NO-GO 20.3 usee ±0.3 usee 
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) 
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T.O. 12P4-2APX-192 
NAVAIR 16-35TS1843-l 
TM 11-6625-1646-25 

ITEM 

Antenna System VSWR 
GO 

Table 1-1. Leading Particulars (Continued) 

CHARACTERISTICS 

Dial set at 6 
Dial set at 9 
Dial set at 12 

NO-GO Dial set at 6 
Dial set at 9 
Dial set at 12 

Primary Power Nom;nal: 27.5 vdc 
Limits: 21 to 29 vdc 

Secondary Power +11.7 vdc 
+ 5.1 vdc 

Weight 
TS-1843A/APX 2 lb. 12 oz. 
MT-3513A/ APX 8 oz. 

Dimensions 
TS-1843A/ APX Height: 3 in. 

w;dth: 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 ft. 
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 IV 

Table 1-2. Semiconductor Complement 

REFERENCE PART 
DESIGNATION NUMBER 

Main Frame Assembly Al 

AlAlCRl 5082-2800 VSWR Detector 
AIA2CR1 5082-2800 Power Detector 
AlA3CR1 5082-2800 Frequency Detector 
AlA4CR1 5082-0112 Varactor Multiplier 
AIA4CR2 MA-47041 Pin Modulator 
AIA5CR1 1N914 Gate Input 
AIA5Ql 2N706 Oscillator 
A2Ql 2N4231 Series DC Regulator 
A4AICR1 1N914 Diode OR Circuit 
A4AICR2 1N914 Diode OR Circuit 
A4AICR3 1N914 Diode OR Circuit 
A4AICR4 IN914 Diode OR Circuit 
A4AICR5 1N914 Diode OR Circuit 
A4A2CR1 1N914 Limiting Switch 

1-4 

TOLERANCE 

±1.5 db 
±1.5 db 
±2.0 db 
7.5 db or greater 
10.5 db or greater 
14.0 db or greater 

15 W max. 

±0.3 v 
±0.3 v 

FUNCTION 



TRANSPONDER SYSTEM ANALYSIS 

KC-135 

ROBINS A.F.B., GEORGIA 



JRANSF:UJilR SVSID1 ANALVSIS 

1. CR!WliZATIOO. 

FAA D Air Carrier 0 Military IE] Air Taxi 0 General Avial:ion 0 

2. TESf EWIIl'fNT. 

4. 

Manufacturer: __ P_A_c_K_A_R_o_-_s_EL_L ________________________ __ 

Model:, _____ A_N_IU_P_M_-_13_7_A ___________ _ 

Calibration Frequency: 90 days 
----~----------------

Last Calibration Date: September 11, 1984 

Calibration Within Limits? yes [ill noD 

Manufacturer: __ H_A~Z~E~LT~IN~E~-------------------------

Model: RT-728A/APX-64(V) 

Serial Number: 3822 (primary) 0057 (back-up aircraft) 

TS0 1d? yes [M) noD 

Class 1B - 2B: __________________________________ _ 

Class lA - 2A: ____ M_i _1 _i t:;.;a~r_,_y__.::.sc..pe"-c"-i'-'f'-'i~c~a~t"-i o~n~s~------------

Calibration Instructions (Obtain Copy)? yes D not available fi] 

Calibration Instructions in Consonance with Appendix F, Part 43? yes ~ DOD 

miNIDWU ffiCXiAAM. 
Continuous Airworthiness Maintenance Program? yes ~ DO D 
Approved Aircraft Inspection Program? yes ~ DO D 
Scheduled Bench Maintenance? yes D DO £@ frequency: Demand 

Scheduled Inspection in Aircraft? yes D DO [ill frequency: Deman¢ 

AWS-350/FY-85/Form 1 
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5. AIR:RAFT. 
KC-135 Type: __ .=_..:.::.:.:__ _____ -:------

Number of Transponders Installed:. ___ ~l ______ ___ 
1960 Date Transponder System Installed: ________ ___ 

Coax. Type:__!R~G~-.:;22~5~U~------------
Antenna Type: AT-7418/A ----------------------
Antenna Checked Periodically? 

Coaxial Cable Tested Periodically? 

yes 0 
yes D 

Transponder in Aircraft Systems Check Performed? yes D 

no~ 

no [ll] 

no 1M] 

Frequency: Periodically ______ N_o ____________ _ Demand~_v_E_s ________ _ 

6. lRANSPOODER lEST. 
Reference Appendix F of Part 43 --

Rep.ly Radio Frequency (1090 :!: 3MHz) : _____ 1 __;09:...0_._o_. ________________ _ 

Transponder .Power Output: _______________ 5:...6_o __ w_a_t_t_s ________________ _ 

Suppression, Mode 3/A: 
Interrogations 

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

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

Transponder Interrogation Response: 

1/ 

P2 Pulse Amplitude Equals P
1 

Pulse Amplitude (Response ~ 1%) : ____ .:.0.:.... K~·;._ __________ _ 

P2. Pulse Amplitude 9db( P
1 

Pulse Amplitude (Response? 90%): ___ N_o_...;2:ol ____ __ 

Receiver Sensitivity Verification by use of Test Set: normal low 

2/ 

Connected to the Antenna end of Transmission Line (-73±4dbm): 

Connected to the Transponder Antenna Terminal with Transmission 
Line Loss Correction (_73:!:4dbm): 

-74.2, 

-76.8 

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. 

APX-64 transponders adjusted at 9dB did not perform satisfactory during the 
flight test profiles flown. 

"62.4 

-64. 0 

AWS-350/FY-85/Form 1 
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JRANSPONDffi S)'SID1 AmLYSIS (COOJW) 

Receiver Sensitivity Verification Using a Radiated Signal (-73:!:4dbm) :._--!.!N:t..f:;!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 ·----------------------
Form: Yes 

Disposition of Records:_-"'Ye_s ____ __ 

7. I'£COODS (NOVEI''BER 1, 1983 - I'DW'BER L l9!1J!). 

Number of Pilot Complaints: __ 20~--------------

Number of Correlating Bench Check Verifications:-~14~-----

Mean Time Between Removals (MTBR) : _ _:_:1 n.:.:s:...:u:.!f.!..f.:.i.::c.:..;i e::.:n.:.:t~d.::a.:,ta:::.._ ___ _ 

Insufficient data Confirmed Failure Rate of MTBR: ______________ _ 

s. anoos. 

AWS-350/FY-85/Fo~ 1 
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TRANSPONDER CALIBRATION VERIFICATION 

FLIGHT TEST PROFILE 

03/14/85 

EC-135J HICKAM AFB, HONOLULU, HAWAII 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic Test Reading 

1. Dead Time N/A us. 

2. Suppress ion Time 35.0 us 

3- Reply Power Normal 1000 /Low 1000 Watts 

4. Frequency 1 090. 1 MHz. 

s. Ft Pulse Width 0.5 us. 

6. F2 Pulse Width 0.5 us. 

7- Sensitivity Normal -78.0 /Low -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. F1 - F2 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. 

'~ DATE 03/13/85 

TRANSPONDER TYPE RT-728A!APX-64 SERIAL NUMBER.~),_4:...9c..!.1 ___ P.OSITION NUIIBER-'-5_d_B __ _ 

AIRCRAFT TYPE EC"135J NUMBER 63-8055 

*Unit calibrated at Robins AFB, and shipped to Honolulu. Calibration verified on 
bench check at Hickam AFB on this date. 

DYNAMIC RANGE: 30·- 9.5 
40-- s.o 
50-- 6.0 
60-- s.o 
70-- 7.0 



TRANSPONDER CALIBRATION VERIFICATION 

DATE 03/13/85 

AIRCRAFT NUMBER: 63-8055 --------
TYPE: EC-135J 

LOCATION: HICKAM AFB., HONOLULU, HAWAII 

TRANSPONDER TYPE: RT-7Z8A/APX-64 

RECEIVER 

SENSITIVITY 

NORMAL 

LO 

LO/LO (FAA SABRE-80 ONLY) 

TRANSMITTER 

POWER 

NORMAL 

LO/LO (FAA SABRE-80 ONLY) 

REMARKS: 

SLS SET AT 5 dB. 

15th AMS SQUADRON 
Hickam A.F.B. 
HONOLULU, HAWA I I 

G) PRIMARY AIRCRAFT 

D BACK-UP AIRCRAI;T 

SERIAL NUMBER: 3491 ·....;_.;__ __ _ 
MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A -80.9 dBm 
N/A -66.7 dBm 

N/A N/A 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A 450 HATTS 

N/A N/A 



FAA AND MILITARY AIRCRAFT 

TRANSPONDER PERFORMANCE TEST DATA 

(MEASURED AT TRANSPONDER) 

Characteristic 

1. Dead Time 

2. Suppression Time 

3. Reply Power Normal 

4. Frequency 

5. F1 Pulse Width 

6. Fz Pulse Width 

7. Sensitivity Normal 

8. Delay Time Difference 

9. Reply Jitter 

10. Mode A Delay 

11. Mode C Delay 

12. F1 - F2 Pulse Spacing 

13. Side Lobe Suppression Decode Accuracy 

14. Mode A Decode Accuracy 

15. Mode C Decode Accuracy 

* DATE 03/13/85 

Test Reading 

N/A us. 

35.0 us 

631.0 /Low 631.0 Watts 

1089.5 HHz. 

0.50 us. 

0.50 us. 

-78.0 LLow -67.0 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. 

TRANSPONDER TYPE RT-728A/APX-64 SERIAL NUMBER __ 44~9~2 ______ ROSITION NUMBER 9 dB 

A I RCRAFT TYPE EC-135J NUMBER 63-8055 

*Unit calibrated at Robins AFB, and shipped to Honolulu. Calibration verified on 
bench check at Hickam AFB on this date. 

DYNAMIC RANGE AS 30--8.0 
FOUND ON CHECK: 40--8.0 

50--12.0 
60--7.0 
70--6.5 

RESET DYNAMIC RANGE 
FOR 9.0 dB at -40dBm 

30--9.0 
40--9.0 
50--12.0 
60--7.0 
70--7.0 



TRANSPONDER CALIBRATION VERIFICATION 

DATE 03/13/85 

AIRCRAFT NUMBER: 63-8055 --------
TYPE: EC-135J 

LOCATION: HICKAM AFB, HONOLULU, HAWAII 

TRANSPONDER TYPE: RT-728A/APX-64 

RECEIVER 

SENSITIVITY 

NORMAL 

LO 

LO/LO (FAA SABRE-80 ONLY) 

TRANSMITTER 

POWER 

NORMAL 

LO/LO (FAA SABRE-80 ONLY) 

REHARKS: 

SLS SET AT 9 dB. 

15th AMS SQUADRON 
HICKAM A.F.B. 
HONOLULU, HAWAII 

ID PRIMARY AIRCRAFT 

D BACK-UP AIRCRAI;T 

SERIAL' NUMBER:_4_4..:9..::.2 ___ _ 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A -79.9 dBm 
N/A -69.0 dBm 

N/A N/A 

MEASURED AT 

TOP ANTENNA BOTTOM ANTENNA 

N/A ~SO WATTS 
N/A N/A 



TRANSPONDER CONFIGURATION 
li::.D.5 J 



EC-135J BOTTOM ATC ANTENNA LOCATION 

EQUIPMENT LOCATION TEST EQUIPMENT 



IMNSRlN£fR S'(SID1 ArW.VSIS 

1. ffifi\NIZATI Gl. 

FAA D Air Carrier D Military la:XJ Air Taxi D General Aviation D 

2. lEST EWIFtENT. 
Manufacturer: ___ P_AC_KA __ R_D_-_B_E_L_L ________________________ _ 

Model: ________ A_N_I_u_P_M_-_13_7_A ______________________ ___ 

Calibration Frequency: 90 DAYS ---------------------------
Last Calibration Date: JANUARY 15, 1985 

Calibration Within Limits? yes MXJ no 0 

3, TMNSPONDER. 
Manufacturer: ___ HA_Z_E_L_T_J_N_E __________________________ __ 

Model: ________ R_T_-7_2_8_AI_A_P_X_-6_4 ___________________ __ 

Serial Number: 3491 (set @ 5 dB SLS); 4492 (set @ 9 dB SLS) 

TSO'd? yes [E) no 0 
Class lB- 2B: _________________________________ _ 

Class lA- 2A: Military Specifications 

Calibration Instructions (Obtain Copy)? yes 0 not available fiR~ 

Calibration Instructions in Consonance with Appendix F, Part 43? yes fm DOD 

4. M'\INIDW.CE PRUJMM. 
Continuous Airworthiness Maintenance Program? yes ~ no D 
Approved Aircraft Inspection Program? yes ~ no D 
Scheduled Bench Maintenance? yes D no [ill frequency: Demand 

Scheduled Inspection in Aircraft? yes D DO @] frequency: 

AWS-350/FY-85/Form 1 
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· 5, AlltAAFT. 
~e: __ ~E~C~-~13~5~J __________________________ __ 

Number of Transponders Installed: __ 1~--------------

Date Transponder System Installed: __ 1~9~6~3~-----------

Coax. Type ::___:R:_::G~-::;22:_:5~U:__ _____________ _ 

Antenna Type: __ AT_·-_7_4_1_8_/ A ____________ _ 

Antenna Checked Periodically? yes 

Coaxial Cable Tested Periodically? yes 

Transponder in Aircraft Systems Check Performed? yes 

Frequency: Periodically ____ ~N~O~-----------

6. lRANSPOODER TEST. 

0 no Ill] 

D no Ill] 

D no lli1 
Demand YES 

Reference Appendix F of Part 43 -- 5dB SLS= 1090.1 

Reply Radio Frequency ( 1090 ::!: 3MHz) : __ o_._K_. __ .9_d_B _s_L_s_=-:--1 o_B_9_. _s -
SdB SLS=450 Watts 

Transponder .Power Output: ____________________ ~9~dB~S~!~S~=~3~5~0~W£a•t~t~s-

Suppression, Mode 3/A: 
Interrogations 

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

Class 1A & 2A (230-1200 Sec ) : ____ x ______ _ 

Transponder Interrogation Response: 

2/ 

P2 Pulse Amplitude Equals P1 Pulse Amplitude (Response~ 1%): __ ~0~-~K~·-------------

NO 3/ P
2

_ Pulse Amplitude 9db~ P
1 

Pulse Amplitude (Response '2' 90%) : __________________ _ 

Receiver Sensitivity Verification by use of Test Set: 
SdB 

Connected to the Antenna end of Transmission Line (-73±4dbm)9dB 

Connected to the Transponder Antenna Terminal with Transmission 
Line Loss Correction (_73::!;4dbm): 

normal low 
80 dBm -66.7 d 

· 79. 9dllm ~69.0 d 

N/A N/A 

1/ Two transponders were used in test profile: one adjusted to SLS=SdB; one SLS=9dB 

2/ These parameters constantly monitored by test set TS-1843A. See note on KC-135. 

APX-64 Transponders set at 9dB had probability of detection of 62.39% at 100 mfle.> 
from antenna, and 40.54% within 50 miles of antenna.(!)n fli'ght test profile :flown in· 
Hilwa i i . 

m 
m 
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TMt'JSPONDER SYSIDl ArW.YSIS (CO'{[IN!JED) 

Receiver Sensitivity Verification Using a Radiated Signal (-73~4dbm) :._N_;_/_A ___ _ 

No d i ffe renee 
Mode 3/A and Mode C Receiver Sensitivity Difference (~ldb) :. _________ _ 

Record: 

Complied with Provisions of FAR 43.9 as to: 

Content: YES 

Form: YES 

Disposition of Records: __ Y.:.:E:.:S:_ ___ _ 

7' RECffiDS (NOVEI-'IBER 1, 1983 - t{)VEI-'IBER L 19&1). 
Number of Pilot Complaints : _____ 7 ___________ _ 

Number of Correlating Bench Check Verifications:-~3~-----

Mean Time Between Removals (MTBR): __ In_s_;_u_;_f_;_f_i_;_c_;_ie.:.:n.:.:t~d~a_;_ta~-----

Confirmed Failure Rate of MTBR: ___ I_.n_s_u_ff:_ic_i:_.·e_n..:_t_d_a:..t:..a ____ _ 

8. WlENTS. 

AWS-350/FY-85/Form 1 
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PREPARED 84 NOV 02 AIMS SYSTEM CONFII)URATtON INFORMATION AS OF 84 NOV 02 PCN UC011-04P 
AIRBORNE . 

"·AIMS·· SERV 
SYSTEM NUMBER CODE MDS QTY MOS QTY MOS QTY MDS QTY MDS QTY MOS QTY MDS QTY MDS QTY 

·· PP-4460/APX-65 USAF OEC130H 1 OGC130P 1 OHC130U 1 OHC130N 1 OIIC13011 

RTt.106311-APX10 USAF OOFOiSA 

RT-10B3B/APX101 USAF 1101011 1 8001 1 C012 1 E003A 1 F015A 1 F015B 1 F015C 1 F015D 
F018A 1 F016B 

RT-1 i!I7/APX100 ARMY AH001S 

USAF HHOBOD 

NAVY AVOOBB 1 F/A018A 1 TFM18A 

.RTC1284/APX100 ARMY C012A 1 C01:iC I CD12D 1 RC012D 1 RC01U 

RT-1285A/APX100 ARMY CH047D 1 OH058C 1 

RT•129BA/APX100 ARMY AHOB4 1 EHOBOA I U11080A 

RT-319C/APX-65 USAF .JC130H 1 OEC130H 1 OltC13011 1 OltC130N 1 OHC130P 1 OWC130H 

RT•727A/APX-64 USAF T038A 1 CHOO:IE I HH003E 

RT-728A/APX-84 USAF B052D 1 BQ52G 1 B052H 1 C135A 1 C1358 1 C135C 1 F 111A 1 F 111D 1 
F111E 1 . F111F 1 0002 1 CHo53B 1 CH053C 1 OC130H 1 EC135A 1 ECt35C . 1 

EC135G 1 ECi35U 1 £C135J 1 EC135K 1 EC135L 1 EC135N 1 EC135P 1 FB111 1 
HC13011 1 HC130N I HC130P 1 HH0539 1 HH053C 1 .JC130H 1 KC135A 1 KC135Q 1 
NC135A 1 RC13511 1 RC135D 1 RC135M 1 RC135S 1 RC135T 1 RC1:l5U 1 RC135V 1 
VC135B 1 IIC130H 1 WC135R 1 OV010A 1 NKC135A 1 

NAVY A004F 1 A007A 1 110078 1 C002A 1 F1118 1 T002R 1 T002C 1 CH053 1 
CH053A 1 CH053D t EII004F 1 RHOS 3D 1 TAOO~F 1 T/1004..1 1 OVOID 1 OV01011 1 

RT-731A/APX-64 USAF COOSA 1 C141A 1 C141B 1 VC137B 1 VC137C 

APPENDIX 8 

INVENTORY OF APX-84 TRANSPONDER EQUIPPED AIRCRAFT 
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EXECUTIVE SUMMARY 

The Mobile Tr~nsponder Performance Analyzer IMTPAl was used to collect 
data en gen~ral aviation aircraft transponders in the Atlanta. 
Georgia, are~. The data were collected at three diff~rent airports 
<Fulton County. Peachtree/DeKalb. and McColluonl in the Atlanta area. 
The data were collected on 1~4 transponders at a distance of 2~0 to 
400 feet freon the taxiway being used by the aircraft. The pilots were 
as~ed to hold their position on the taxiway while the tests were 
conducted. 

Data were collected which describe the interrogation d~coding 

chardcteristics of the transponders as well as their reply 
characteristics. A total of 24 parameters were r.~ecked during the 
test which required approximately 1 minute per transponder. Altitude 
data reported by the transponders was also compared to that received 
from d calibrated altimeter which is a part· of the MTPA. 

The most frequently failed parameter was the requirement to reply at 
90 percent rate during the side-lobe suppression ISLS) decoding 
accuracy test when the P2 pulse is outside the prescribed limits for 
suppr•ssion. Only 41 percent of the transponders tested passed this 
test compared to 65 p•rcent when these data were collected on general· 
aviation transponders at Philadelphia in 1983. 

Seven transponders out of the 154 tested passed all 24 parameters 
tested. Five additional transpond•rs passed ail parameters. but 
replied with ''brackets only" to the Mode C interrogations and were 
failed by MTPA for that parameter. Thus, approx1mately 7 percent of 
the transponders passed all tests for which they were equipped. An 
additional 38 fail•d to reply at a 90 percent rate during the SLS 
decoding accuracy test and/or were "brackets onlu" as their only 
problem. Another 43 failed one other parameter 1in addition to the 
previous ones), 24 failed two others, and 49 failed three or more 
additional parameters. 
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INTRODUCTION 
OBJECTIVE. 

The obJectiv~ of this proJect was to collect da~a describing the 
performance of transponders of general aviation aircraft based in the 
Atlanta. Georgia. area. Of special interest were the side-lobe 
suppression <SLSl characteristics and the accur~cy of the transponder 
reported 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> Anal4sis Team in the 
inve5tigation of transponder related problems in the Atlanta. ~eorgia. 

area. The problems reported by the operational air traffic controller 
personnel were target dropout. excessive coasting. and erroneous 
altitude data. 

The implementation and operation of the Traffic Collision Alert System 
<TCASl is dependent on the accuracy. reliability. and integrity of the 
tran~ponder reported altitude data from TCAS intru~er aircraft. The 
air traffic control <ATCl ground-based system narmally interrogates 
the aircraft for their 4096 code identity and Mode C altitude far use 
in the ATC system. The TCAS interrogates the transponders for Mode C 
altitude For use in the airborne TCAS logic to develop comm~nds For 
evasive maneuvers. Importance of accurate, reliable altitude 
information cannot be overemphasized For the safe operation oF the 
TCAS. 

The Mobile Transponder Performance Analyzer <MTPAl was used to collect 
large volumes of data in a relatively short ?~riod of time in an 
op~ration~l ~nvironment. 

The MTPA is a system designed and fabricated at the FAA Technical 
Center to analyze performance characteristics of all known types of 
aircraft swrveillance transponders. The system is mounted in a bus 
which ha~ its own ~ngine generator for system power requir~ments. The 
sy3tem is fully softw~re controlled. It includes a PDP-11/34 computer 
with pe~ipherals, 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 <DPSKl moa~lators, pin diode 
modulators. and variable attenuators are used for control of the rad1o 
frequency <RFi interrogations. The maximum RF power for interrogation 
is approximately one watt. A parabollC 1ish antenna with 
approximately a 10-degree beamwidth is mounted to the side of the bus 
for ramp testing. The system will operate at anu distance of up to 
200 "'rters from th~ aircraft being tested. 

The t~anspo~d~r parameters are comprisGd of two ~as1c categorie~. One 
set cont3in$ the transponders wave;orm and signal :haracteristic~ such 
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as power, ;;el'sitivity, pulse ampllt;ude, pulse widt~, pulse .f'requency, 
spacing, etc. The second set is message col'tent and response to 
certain stimuli. These -!'unctions are primarily for Mode S 
transponders, but the suppression tests and the ~ode C altitude data 
fall into this category for all transponders. 

The MTPA so~~ware resides in both computer random access memory <RAM) 
and on disk. Required routines are overlayed in memory as necessary. 
Software control is broken dawn into sets and s~quences of tests to 
provide maximum flexibility for operator control, interact1on. and 
test time. On-line recording of data is done on Qisk; a real-time 
summary o-f' test results is provided. A hard copy of this summary is 
provided if requested. 

When not performing tests, the MTPA runs in an "idle'' loop in which it 
continuously interrogates at a low pulse repetition frequency <PRFl. 
When a candidate for testing arrives and is solidly responding to the 
idle loop interrogations <monitored by an A scope presentation), the 
tests can begin. Tests are nominally conducted at an interrogation 
signal ~f -47 decibels above 1 milliwatt <dBml (at the approximate 
aircraft antenna position). If interference exists from other 
aircra.f't the interrogation signal power can b~ reduced from the 
keyboard in 1 decibel (dBl steps until the interference disappears 
pr1or to sta"ting the test. 

RELATED PROJECTS/DOCUMENTATION. 

1. "ATCRBS Tl"'ansponder Data .Prom Dayton, Ohio Airshnw - 1983," 
DOT/FAA/CT-TN83/53. 

2. "Mobile Transponder Performance Analyzer Volume lo System 
Descript1on." DOT/FAA/CT-TN83/05. 

3. "ATCRBS Tl"'ansponde~ Data from Initial Field test ~• MTPA," 
DOTtFAA!CT-TN83/04 

4. "Summary oP Transponder Data for Atlanta, Georgia, Area," 
FAA-CT-80-39. 

5. ''Summar~ of Transponder Data ~une 1977 through August 1978, '' 
FAA-RD-79-56. 

6. ''U.S. Nat1onal Standard for the IFF Mark X <SIFl/Air Traffic 
Control Radar Beacon S~stem Characteristics," FAA Order 1010. 51A. 

MTPA FIELD CALIBRATION. 

The MTPA 
opere1tion. 
<tl"'ansmit 
travel to 

has previously been calibrated For the 
The only difPel"'ence in ramp operat1on are 

and receive) and the time difference For ~he 

and Prom the transponder. 

bench mode of 
the path losses 

RF signal to 

Th1s tral'slation i• easily accomplished by a two-step process. A 
transponder 1s first connected to the calibrated laboratory cable and 
tested so th.at its power, sensitivity~ and delCiy r::haracteristics are 
known This ··calibrated'' transponder is then placad in a vehicle with 



an 3rttenna ma~ntea an its roof and driven down the taxiway to be used 
during the tast3. Continuous power, sensl~ivity, and delay 
me;;surements ;;re m3de on the transponder during this trip. As delay 
char~cter1~t1cs of most tran;ponders vary with receive~ signal 
strength. ~he !nterrogation signal lS varied across the antenna 
pattern in a~der to maintain·a -50 dBm signal at cne vehicle antenna. 
<Thls is only possible since the transponder outp~t characteristics 
are known• i: e., if the reply power is 60 dB down from that achieved 
on the calibrated c;;ble, the path loss would be known and pow~r of the 
next interrogation would be adJusted so that a~proximatelu -50 dBm 
would be seen at the transponder on the next interrogation. l 

The MTPA antenna pattern also has a vertical compo~ent which must be 
considered. The RF coupling is significantly better at 5 feet <the 
approximate height of the roof of the carl than it lS at 1 foot The 
system cont;;ins a lookup table with offset values as a function of 
antenna height and distance. Prior to the test. the operator enters 
the appro•imate antenna height of the aircraft under test (i.e., 
3 feetl; the transmit power is automatically increased by the offset 
valu@ so that a level of -47 dBm is achievej at the aircraft's 
antenna. <The measured sensitivity will also ~e offset by this 
value. ) A power level of -47 dBm was used so that the maJOrity of th~ 
tests would te conducted at a level of approximately -50 de~. <The 
aircraft was normally stopped at a position wher~ the power was down 
apprux1matel~ 3 d6m from that at the nose of the beam. J 

Measurement accuracy cf power and sensitivity is 
or minus 3 dB using the above techniques. 
reflections and landing gear sheilding make this 
achieve. 

normally about plus 
At times. however, 

figure difficult to 

DATA COLLECTION 

Data were collected at three airports in the Atlanta. 
<Fulton County, Peachtree/DeKalb. and McCollumi 
scenario was u;ed at each of the airports. 

Georgia. 
The same 

area 
test 

As communications were available with the pilots of the aircraf' under 
test, the pl~nes were stopped during tne conductio~ of the tests. The 
planes were taxied into position on a taxiway (approximately 400 feet 
away from tne bus> so they were in a position approximately 3 to 6 dB 
down from the nose of the MTPA interrogation pattern. They were 
instructed to have their transponder and altimeter on as they taxied 
into posit1on. The test scenario was then run while the pilot held 
th1s position. He was then instructed to taxi past a cone which 
designated the opposite edge of the interrogation beam. CQntinuous 
power, sens:~ivity <Modes A and CJ, and delay measurements were made 
as he taxied -ast. The maximum power and sensltiv!'Y values achieved 
and the mini.num delay value achieved were saved as the true parameters 
For the t~~n~,cnder. 
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Eacn o~ ~"• :"rae ~ites pre3~nted i~s own data collection problem. 
~tgure 100w~ t~e site plan of the Fulton Coun~y Airport with the 
MTPA bus aa•:tion Reflections from the Administration Building 
ac~oss ~he ~~xi~~ay area were ~ minor problen, but this site was 
ur•f~rab:• t~ one further to the left where the taxiway dropped off to 
a :evel 3 •a 4 feet below the bus. The t1xiway used for data 
collection wa; approximately 2'0 feet from the MTPA bus. 

Figure 2 shows the site plan of the Peachtree/DeKalb Airport with the 
selected sit~ for data collection. The taxiway distance was about 
400 f~et from the bus. The problem here was interference from planes 
ta~ing off and landing on the runwa~ directly in our interrogation 
beam. Po~er ~eduction of interrogation signals was an effective means 
uf min11nlZln~ the problem. 

~igur~ 3 is the site plan of the McCollum Airport showing the site of 
tne MTPA bus during data collection. Planes parked around the 
periphery of ~he taxiways caused reflection problems when parked 
parallel to tne taxiway. The problem was solved by turning tne bus so 
~hat the anterna pattern was centered at the intersection of the two 
tax1w~ys shown. This caused a slight error in t~e delay data Conly a 
f~w roanoseconcsl if the tests were allowed to continue past the 
intersection. 

TEST SCENARI;J. 

The test scenario selected for use required approximately 1 minute for 
compl@tion. Since SLS amplitude and altitude ~ata characteristics 
were of speclal interest~ t~o separate tests for each paramete~ were 
included Table l lists the tests in the order tney were conducted. 

The oystem was calibrated each morning prior ~o start of data 
collection. A run was also made each morning to verify the antenna 
pattern prior to the start of data coll~ction. A set of data on our 
"standard" tr .. nsponder was also collected at the start and finish of 
data toll~ction each day in order to verify the stability of the 
system. A ~ample calibration run and antenna pattern run from 
Peachtree/De~alb Airport is included in appendix A. Also included is 
the first run from the calibrated transponder af~er the calibration 
process. 
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FIGURE 1. DATA COLLECTION SITE PLAN - FULTON COUNTY AIRPORT 
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FIGURE 2. DATA COLLECTION SITE PLAN - PEACHTREE/DEKALB AIRPORT 
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i"ABLE 1. TEST SEQUENCE FOR THE ATLANTA n::STS <ATLl l 

-ro::st MTP~ Test 

So:ql.;(·::nc~ T e;t MTPA Duration 

No No. Test Description (sec> 

: ., 
~ Raply Characteristics 0. 5 

2 ., -· Moae Acceptance--Spacing 4. 0 

3 4 Moaa Acceptance--Pulse Width 2. c 

4 '19 Altitude Comparison 0 "\ . -
'5 15 SLS AMP Character1stics -50.-60 dB~ 3. 0 

6 0 Dead Time 1. 5 

7 7 Supression Time 1. 0 

8 8 Reply Rate Limiting 4. 0 

9 12 SLS Mode Acceptance Spacing 10. c 

10 13 SLS Mode Acceptance Pulse Width 10. 0 

1 1 14 Mode A and Mode C Sensitivity 1.0 

12 5 SL~ AMP Char ~-40 to -75 dBm 16. 0 

\3 dB steps) 

13 9~ Altitude Comparison 0. 5 

14 t.o .-.. -, 14 Moae A and Mode C Sensitivity 1. 0 
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TEST RESULTS. 

Tests were conducted on a total o~ 154 ~i~~erent aircra~t 
transponders Some were tested more than once, ~,t the res••lts were 
included only once in these data. There were cas~~ when all tests 
were not success~ully completed <the transponder may have been turned 
of~ by the pilot prior to completion or inter~erence from another 
plane invalidated the data from a particular test>. In these cases 
the data are not included in the summaries. Tne results of each 
particular test are summarized below as a group. 

REPLY CHARACTERISTICS. This test, which is MTPA test No.2, m.;kes 100 
interrogations and measures the characteristics of the replies. This 
test produced data on the following parameters .for 154 transpGnders: 

1. Reply Frequency. Figure 4 shows the distribution of tne reply 
frequencies from the 154 samples. The frequencies range from 
approximately 1086 to 1096 megahertz <MHz) ~ith approx1mately 
9 percent outside the limits of 1087-1093 MHz. 

2. Bracket Spacing. 
spacing for the 154 
microseconds < ~ s) 
outside the allowed 

Figure 5 shows the distribut1on of F1-F2 bracket 
samples. The times varied from 20. 12 to 20. 55 
with six transponders or approximately 3 percent 

range of 20. 2 to 20. 4 ~s. 

3. Pulse Width. 
154 transponders. 
5 percent outside 

Figure 6 shows the pulse width distribution from the 
Variations from 0.35 to 0.625 ~s were found with 

the limits of 0. 35 to 0. 55 ~s. 

4. Code Pulse Offset. Figure 7 shows the code pulse o~fset 

variations ~rom the 840 code pulse samples from the 154 transoonders. 
Figure 8 shows the maximum code pulse offset (the deviation ¥rom the 
nominal position of the code pulse which is the furthest from its 
prescribed position). The specified tolerance is plus or m&nus 100 
nanoseconds <ns) with eight transponders or approximately 5 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 ACCEPTANCE -- PULSE SPACING. This test v_.ries the spacing 
between P1 and P3 o~ the mode interrogation pulses to ascertain the 
acceptance/r~Jection characteristics o~ the transponder. Twenty 
interrogations are made in 50 ns increments ~rom the nominal Mode A 
and Mode C spacings minus 800 ns to nominal plus 800 ns. The reply 
rates ~or the group o~ interrogations at each point are saved. 
Figure 10 shows an analysis o~ the 154 samples from Atlanta. The 
shaded in portion of the ~igure shows the defined area of the 
specification. Samples falling in this area are out of tolerance. 
For example, the interrogations spaced at 7 ~s resulted in 153 
transponders not replying at all and one which replied at a 90 Percent 
rate. Eight transponders or approximately 5 percent failed ~o meet 
the specified tolerances. 

Figure 11 shows the data from the Mode C accep~ance 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 wh4 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 zones appear to be 
centered at approximately 8.4 and 21.5 ~s rather ~han the nominal of 
8. 0 and 21 0 ~s. Seven were skewed so badly that they did not respond 
at the nominal spacing. 

The reply delay di~ference 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 ~unction o~ pulse width. All samples which ~ell 

into the shaded area were investigated ~urther by examin1ng the 
individual tests. In general. the cause was a single data point in 
the shaded <out o~ tolerance) area o~ the data plot. The nominal 
(0. 8 ~sl point was compared to the results of t~e oulse position test 
which used the same interrogation parameters. After this analysis two 
transponders or approximately 1 percent were out of specified limits. 
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DEA~ 1-!~E Th!s t~st determines how long a tra~sponder is ''dead'' 
a~te~ resoonJlng to an ATCRBS inter·rogation. An interrogation is made 
to sol1c1t an ATCRBS reply. A second interrogation is then moved in 
t1me from 20 to 140 ~s after the first The reply rate to the second 
inte•·rogation is used to determine dead time parameter of the 
tran•ponder. It must reply at a 90 percent rate no later than 125 ~s 

following th~ end of the first reply. Eiqhteen transponders 
orlg;nally appeared to fail this criteria. They were investigated 
individually to get a better idea of t~eir charac~eristics. It was 
found that the dead time data was affected by two other circumstances: 
(1' tr1ggering of the reply rate mechanism of the transponder, and (2) 
RF coupl1ng between MTPA and the transponder which could not maintain 
the 90 pe~cent threshold. Most transponders raise their receiver 
threshold in order to reduce the amount. of interrogations they see 
wl1en the repl~ rate exceeds a cert~in amount. When the dead time test 
was conduct~d. two interrogations were made on tne same interrogation 
··~~~nee which is repeated at a 500 hertz (H<> rate, giving an 
ef~ectiva race of 1000 interrogations per second. If this triggered 
~he reply rate l1mit1ng circuitry, the rece1ver threshold was 
1ncr~~sec. If the coupling w~s marginal <for whatever the reason~ 
1. a .. shtela•ng, poor sensitivity. etc.), it may no longer be possible 
to retain tne 90 percent reply rate for the duration of the test. In 
the real ATC environment, the transponder does not receive more than 
about 50 tnterrogations ~rom the same interrogator in a burst. Thus, 
the ~ituation created with the dead tim~ test was not a realistic one 
1n which to measure dead time (it measured the ef~ect of two 
parameters at once>. Figure 15 is a plot of the dead time 
chardcteristics oF a single sample showing the effect o~ the reply 
rate lim1t1ng on the output of th1s test. The reDly rate limiting 
test o~ all samples which exhibited this character1stic were examined. 
If the reply rate was less than 100 percent durinq this test and if it 
were 100 percent during the precedinq test, it ~as assumed to be in 
reply rate llmiting. It was then assumed the dead time to De the 
point at whtch the transponder ~irst replied at a 90 percent rate. 
Applying thii criteria, only one plane failed to r~spond within the 
limits of the dead time specification. The distribution of the data 
is shown in ftgure 16. Reply delay data were not •Jsed from this test 
as the reply rate limiting action of the transponders also af~ected 
the reply delay 
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ATCRBS SUPPRESSION TIME, The suppression time te~t is essentially the 
same as the dead time test except the ~irst interrogation consists 
only o1' a suppression pair <P1 and P2l and, thus. requires no reply. 
The second interrogation is moved away ~rom the ~1rst to see how long 
the suppression period (initiated by the ~irst interrogation) lasts. 
The reply rate to the second interro~ation is used tc, determine the 
suppression time. Figure 17 shows the distribution o~ suppression 
times. Twenty-two transponders. or approximately 14 percent. fell 
outside the limits of 25 to 45 ~s. 

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 P1 and P3. The spacing ~atween P1 and P2 is 
then varied in 50 ns increments from 1.2 to 2.8 ~s. This was t~e most 
frequently ~ailed test in the sample from Atlanta. The results are 
broken into two areas: <ll the area where the transponder should 
reply less than 1 percent (the suppression area--1.8 to 2. 2 ~s), and 
<2> the area where it 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) failed the second. 
Detailed investigation of the test results showed that cne SLS 
acceptance region was too wide or skewed from nominal in almost all 
cases. Figure 19 is a sample showing t~e response of one sa~ple to 
the variation in the SLS. 

SLS CHARACTERISTICS--PULSE WIDTH. This test makes 100 interrogations 
at each point in order to check the pulse width acceptance 
characteristics o~ the transponder. N~minal pulse positions and 
widths are used i'or all p~lses of the interrogations with the 
exception oi' the P2 pulse (its position is nominal but the width is 
variable>. The P2 pulse is set to be 3 dB greater than P1 and P3. 
Widths i'rom 300 ns to 1. 5 ~s are used. Figure 20 shows the results of 
this test. A total oi' ~ive transponders (approximately 3 percent> 
failed to suppress as a function of width, although ~our of these 
failed to suppress altogether. 

SLS AMPL'ITUDE/OYNAMIC RANGE CHARACTERISTICS. Two versions of this 
test were conducted during each run as these parameters were o~ 

special interest. One test was run at only a power level o~ -50 and 
-60 dBm <MTPA test 15) ~hile varying the P1/P2 power ratio. The other 
<MTPA test 5> was run throughout the entire dynamic range capability 
attainable at the transponder <normally the range was ~rom -75 to 
approximately -39 dBml. 

Test 5 was per~ormed in the following sequence: the power level o~ Pl 
and P3 were set to -75 dBm. Sets of interrogations (100 per point> 
were then made where the ratio of P1 (and P3> to P2 was 15, 12, and 
9 dB <Pi and P3 are greater than P2l, to which the transponder should 
reply at least 90 percent. Interrogations were then made at ratios of 
6 and 3 dB, where the per~ormance 1'> unspeci~ie!!. and at ratios of 
O, -3,and -6 dB where the transponder must reply less than 1 percent 
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(suppress!. The reply ratio at each point is saved. The power of the 
group is then incre·ased by 3 dB <-72 dBml and the process repeated. 
This is done at 3 dB increments until the max1mum power output 
capability of MTPA is reached. 

Test 15 performed the groups of interrogations only at -50 and 
-60 dBm. Figure 21 is a summary of the data from test 15. It shows 
that at an interrogation level of -60 dBm. only 116 transponders 
responded at a rate greater than 90 percent, wnile at -50 dBm. 149 
reached this level. Since the transponders had not reached minimum 
triggering threshold <MTL> which is defined as t~e signal level which 
produces a 90 percent reply rate. the specification cannot be aoplied. 
It was used. however. in conJunction with test 5 where MTL can be 
determined. 

The transponder producing the data for figure 22 (the result~ of an 
individual test 5> shows definite SLS problems. At a P1-P2 ratio of 
+9 dB the reply probability drops, as confirmed by test 15 <see figure 
23) which was run at -50 and -60 dBm. The ana14sis program searches 
the ''must reply'' area <see figure 22) of each individual test 5 for a 
reply rate of at least 90 percent. This def1nes the MTL l~vel for 
this transponder (-54 dBm for this case). Data from this column 
<MTL>, -51, -48, -45, and -42 dBm <MTL + 9 dB), are then saved 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, 25, 26, and 27 are plots· 
of the SLS amplitude characteristics from the Atlanta sample at MTL. 
MTL + 3, MTL + 6, and MTL + 9 dB; respectively. Tile "reply rate" axis 
is net completely linear on these plots. The first row contains reply 
rates of 0 and 1 percent (in order to separately s~ow the suppression 
area of the specification>. Tne remaining rows are 2 to 10. 11 to 20. 
21 to 30 percent. etc. Thus. at a P1-P2 ratio of -6 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, 1 percent replied 10 to 20 
percent. 1 percent replied 30 to 40 percent. 1 percent at SO to 90 
percent, and 3 percent replied at 90 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, 26, and 27. A total of 10 transponders failed this 
specification with 4 of those failing to suppress at all. 

Figure 27 is 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 caused a reduction of dynamic range of the 
MTPA interrogations). The maximum signal capability <at the antenna 
of the aircraft under test> varied from site to sic~. but was normally 
in the area of -39 dBm. 
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FIGURE 21. MTPA TEST 15 DISTRIBUTION- ATLANTA SAMPLE 
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The ''must reply'' area of the SLS specification a~Dlies when the signal 
level reaches MTL + 9 dB. so that the P2 pulse (if present! would be 
above the receiver noise. Failures to reply at a ~0 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 reply" portion of the SLS amplitude 
characteristics test. Normally. 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 S 
interrogations are made to our MTPA transponder in order to get the 
proper Mode C altitude data from our calibrated altimeter. 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 t~e standard altitude 
for the Atlanta sample. Test 99 was run twice foT each transponder. 
The number of samples is odd. because one transponder was switched 
from •no altitude'' to ''altitude on" between the two tests. The data 
were analyzed in more detail by selecting o~e or the other of the 
tests and using that for the characteristic of the transponder being 
tested. It shows that 107 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 !ess than 90 percent. Ten 
<~5 percent) replied with altitude data outside the tolerance of plus 
or minus 125 feet. One replied with an error of 1. 000 feet, and when 
the r~sults 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 tests. The power and 
sensitivity are checked for the maximum value acnieved. while the 
reply delay is checked for a minimum. 

1. Reply Delay Data. The former algorithm used fnr determination of 
delay data <merely a search for the minimum value) was modified 
be'cause 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 P1 oulse and the delay 
is set to the nominal value of 3. 0 ~s at cne middle of the 
interrogation acceptance window. As can also be seen from these data. 
this particular transponder had the interrogation acceptarice window 
offset from the nominal interrogation spacinq <8.0 and 21.0 ~s for 
Modes A and C, respectively). In fact, this transoonder did not 
respond at all at the nominal 21.0 ~s Mode C spac1~g. 

In order to get reply data which would 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 ~or our sa~ple. Since the 
interrogators' pulse characteristics are tightly controlled. the 
assumption was made that the interrogators were al~ays at the nominal 
position for all variables during a particular test. Thus. even 
though a test varied a parameter on botn sides of nominal <as all of 
them dol, the delay data ~rom 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 variable is ~t 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. N1ne transponders. or approximately 
5 percent, were outside the limits of 2. 5 to 3. 5 ~s. 

2. Reply Power Data. Figure 34 shows the distribution of reply power 
data from the 154 samples. After applying a 3 dB allowance for 
measurement error due 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) were run 
continuously as the aircraft taxied past the nose of the interrogation 
beam after the remainder of the tests had been completed. The results 
o~ each test (successive approximation search for the Modes A and C 
sensitivity value) were then examined and the highest value achieved 
was used as the sensitivity of that transponder. The reply power of 
each group was also used as an input to the power analysis above. 
Figures 35 and 36 show the distribution of sensit1vity for Modes A and 
C, respectively. After allowing a plus and mir.us tolerance for 
measurement error, 39 transponders (~25 percenti failed to meet the 
sensitivity re~uirements 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-n•ne or 
27 percRnt of the transponders failed to meet the Mode C sensitivity 
criteria. 

REPLY RATE LIMITING. The reply rate 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 2. 000 
interrogations per second. The transponders should resoond to at 
least 90 percent of the interrogations to a rate ~f at least 1.000 
interrogations per second. <Transponders of a1rcraft 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 rate data from 
Atlanta. As shown. 10 percent failed to respond at least 90 percent 
at 1.000 int~rrogations per second Approximately 5 percent showed no 
reply rate limit1ng at all at rates up to 2.000 interrogations per 
second. 
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1111 I I Ill 1111 lit 
I aoo II I II I IIIII f:t:f: 
llllll I Ill IIIII Ill 
IIIII I ltl IIIII Ill 
IIIII • Ill 111111 Ill 
IIIII IIUI 111111 Ill 
IIIII *1111 111111 Ill 
11001 111*1 IU,)OI Ill 

U0,)00 I I I I. I &erOOC• I :t I I 
UOOOOI lUll 1-("10601 Ill 
1111111 I IIIII IIIII •** 
1111111 *I • *111: IIIII lll 
IIUC.CII I I Ull UOOI 1-U 
1111111 I I ltll IIIIIIU·* 
IIUt"tCtl .. I Ull IIOfollflt 

-47 DB 

.... 
1111 
II II 
1111 .... 
II II 
II II 

Ill 11111111 I I •111 lllllll.U 
-47 DB Ill Ill UO\i I I I II II UOO II Itt 
-47 08 Ill Ill ltOO I I I 1111 UOO I I Ill 
-47 DB Ill 11111111 I I Ull 111111111 
-47 DB Ill 11111111 I I It II 111111 t** 

FJ -·47 
FT -ot7 
FT -49 
FT -49 
FT -47 
FT -47 
FT -47 
FT ·511 

DB 
no 
DR 

•• •• •• DB 
•• 

IIIII 
IIIII 
IIIII 
IIIII 
lUll 
IIIII 
IIIII 
IIIII 

Ill 11111111 I I 1*11 111111111 
Ill 11111111 I I 1*11 111111111 
Ill IIUOOOI I I 1111 .t\10\lll.t;U: 
It I tii,000itl tl$&11 110001 II I I 
IU llllllllllt 111111 1111111111 
Ill 11111111111 II$$ I* llllf.lllll 
I II I lll_.(,ill Itt tt U U I Uf•fd I II I 
II I I I HtiOO Ill I I I U.l I UOOO II It* 
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"' -

~LJ!f·f21•~ .•>01 3041¥ kiHG 
Ill I :r·T2l•C .002 H123S6 l'FT/t 5000 l~Atff>f'llflllf-"R 

hll:f·T:?IU': .(h)J NtA994 l\IUfi TktlNSf'ntlltEI• 
lll..t:f·t:l•C .004 11/.o\RI(O t\ltlG t~T7Ut 
l•ll :F·J~ftC ,006 9-'>~!iV TI1Xl IHO AUA'f 
ltL.tlrrJ~A ,001 82335 COLLINS 
1•11 :f'l3(1o\ .002 ti544JV f:FSSIU\ 300 Xf'OtiiiER 
lill :r·TJIIr\ ,005 401St NARfO AT-I:'iO 
lll.l:PT."JD& .001 IH66qG RT.lOO TRitUSf'OIIfiER 
fiL.l!Pr3[1(l ,002 -t75.1H C:OI.IJtHl 
[Ill !f'llltl! ,003 475JH COlt INS TftR90 f'l:fONrl TRANSF"ONIIFR 
[Ill !f'l J£1R • 004 :!J4MI Xf·otHIFR 1 
Ul.l: f-'13[1(( , 005 :!34AH Xf'ONIIfR =' f.Oll HIS 
I•Ll!f'TJIIf. ,001 455Jf NAkCO AT150 
DLI:f'TJIJC ,OOJ 777AT IULCOKS 814ft II Xf'ONDfR 
[Ill :PTJftD .001 9h9~U HARr:O AT:iB XfONDER 
l•ll :F'I HIA .001 Ntll5101 KINn KT78 
ltll H'TH•A .002 SF.:SSNA 400 Xf'ONitfR 48350 TAILt 
[ll.l:f'THtA .00-\ Titllt 8:'"08A TEST2 
[tll:PHDA .006 TAll I 6555Y Tf.ST::! Xf'ONht.R KINO 76A 
ltll:f'HDA .007 TAII.I 645RJ Xf'ONDFR COil.INS 950 
lilt If· T 4 TJA • 008 T A I I I 20JAG Xf'ONOF:R r.ou. INS 950 
IJI.UPT4DA .009 TAILI 70·U'f XPOHDFR SFSSNA 300 
[IL 1 :F·T4Ttfl ,010 TAil e 7lAI..FX.f'ONDFR KING AT76A 
llll:f-'f•HIA .012 tiRIIL KING KT7R 
ltlt:F'T4Dft .1Hl TAII.I lR71tt kiNG XPOHitfR 
Lti.J :i''l'SDft .002 TAILU5019J Xf'ONDER KT7t\A 
ltl t :F'T~HIA • 00 .. TAll IR:141F Xf'OHDf.R KING 
Itt! IF'TSDA .005 TAll. I NJ536J XPONJJfR KINA KT7R 
lttl :PJ509 .dOl lflll.l H4~H: !<PQN(tfR KING KT75R 
ltl.t:f'TSDB .002 TAILI 6569K PONDER r:FSSNA 300 
l'tl.l :F'TS[IB .004 TAIL-I H4302Y XPOtfDF.R NARr:n AT50A 
ltl.l H'TSitlt .005 TAll. I 43S5U 
I'll. I :f•JS[l~ .006 TAll I 80173 XPONDfR KINO KT76 
ltl. J Jf'1Sit9 .007 TAll. I H941R6 XPQNDfR CF.SSNA 300 
ltl 1 lf'TSitD .008 1Ail15JJ9f• XPOtiDER rfSf'NA 300 
I'IU :PJ.',TIA ,OtH TAll I 6::!0.JH XPONDfR KING KT76A 
lll.t:Pll.[IA .002 TAtll NI39C XPONDFR KHIA KT 76-A 
[ll.l :f'l.l~tA .OO:J TAli.I4~Jr.u XPONI'IERJ 
ltU :P16[1A .00 .. TAILI421CW Xf'ONDE'R2 
t•ll:f·TM•it .Of•h TA11.157259 Xf'QHDfR KINA KT7bA TFST2 
I•L 1 :f·r.~ltH .007 1Alll:'"8967 XPONrtfR COII.ItiS TJ'IR9~0 
l1l1lf'I.Sitfl ,008 lAilt IIDAI.fS Xf'ON[IfR HARCO AT50A 
DL.I lf'l6ltA .010 lAilt 34:JBE ,XPONDFR C:£SSNA 300 TFST2 
lllt:f·T6£•A .011 TAll I 57h20 Xf'ONDFR HARf.O AT~OA 
I'll 1 :F'T6ltA .012 TAil. I 3035L XPONDFR 1\JNO KT7BA 
UL.I :f'Hl(lfl .013 TAll. I A9J!'iH XPONDF.R CFSSUA 300 
Pll u·rat•i• .Ol4 TAitt 5,_ .. 08 Xf'IINI•FR NARCO ATl~O 
!Ill :f·Jh(tA .01~ TAll. I ~OtCiol XPONitFR 1\Jim 76A 
~l.t:P16DA ,016 TAJI I 400RT XPOHDER KJHO 
[tl1 :f'T?rlti , 001 TAII.IRA4:111 Xf'ONJtfR ATS<lA 

::0. Ci f T · ~.:• ftlt 
~.() FT -5~ (Ill 

~.o Ft -o\7 ,, .. 
2,0 FT --17 [IJ.I 

5.0 FT - .. / TI(C 

2.0 FT - ... 7 f•fl 
2.0 FT -~1 J•ft 
::?oO FT -!'i~ liP 
2.0 FT -4B ftk 
5.0 FT -47 (lf'l 

~.o FT -52 Dfl 
3.0 FT -47 Jlll 
3.0 FT -47 Dl' 
t.S Fl -50 D& 
2.5 FT - .. 7 DB 
2o0 FT -47 DB 
5o0 FT -5? 1'18 
2.0 FT -!iO DB 
2.0 FT -47 Dl' 
2.5 FT -50 08 
2.0 FT -47 DB 
2.5 FT -47 08 
2.0 FT -47 DB 
2.0 FT -47 [18 
I ,5 FT -54 JIB 
1,5 FT -60 P8 
2o5 FT -47 JIB 
2.0 FT ·-47 0(1 

·2.0 FT -47 I'IB 
2.5 FT -47 h8 
?..0 FT -~0 llB 
2.0 FT -47 fiB 
2.0 FT -47 DB 
2.0 FT -47 r•& 
?..0 FT -47 DB 
2.0 FT -47 PB 
2.0 FT -53 PB 
?.~ FT -51 PB 
2.5 fT -~7 DB 
2.5 FT -47 Dl' 
1.5 FT -48 DB 
:'".0 FT -47 JUs 
2.0 FT -47 ltD 
1.0 FT -47 DB 
2.0 FT -47 OJ 
:'oO FT -49 Dfl 
'2.0 FT -~:l DB 
?..0 FT -54 Dl' 
2.0 FT -47 PEl 
2.0 FT -47 1'18 
?.oO FT -47 T•B 

F'(:f 

.I l.ll 
lWEI. 

II ·;··, •''•'• 
r: fo ·;· ~ '· .. , I ~.; '· 
l f till 1', 1 I I 

ss ,.,,,,_,~: ,·, 
J• 5 II 5 c;·q•:'fl ,·,~; 

E U SS I. till 111 ltf 
fTtT Af; I' O~tJ:I..: S~ ,·, f 19 S lllllct.; £0SH 
~~ f(l n [I r•l•kt'tl T• F' 0 Jlllf·:Fil I HfE 
EFTSF f'f'l f· rf ~T <J F'f· f· ££ H •'•EIItl 
nt.:Hf'f' SSf U !>I ~11:1 ,; I f T 5~ f.rtlff ·, T.;!-:5 
I I I I I I I I I I I I 4 f•O I I I I I It I I I I t Ufol .f I I I 
I I I I It I I I I I I I,.,:, I I I I I I I I I I I .._(l(l I I I I 
1111 1111 lllffl.tll I 111*1 IIIIU 1111 
tllf 1111 111111111 I IIIII 111111 1411 
till 1111 llll.fC•OII I llltl 111111 1·111 
1111 1111 lllllflll I lltll 111111 .uu 
1111 1111 111111111 I IIIII 111111 1111 
II II I UO III.H•Mlll I II ttl UC•OO 1114 
1111 Ill 111111111 I t. Ill IIIII 1111 
1111 1.11 11111111 I l.tl IIIII 1111 
I tl Ill lllllllf I Ill IIIII 1111 
I II Ill 11111111 I Ill IIIII 1111 
I II Ill 11111111 I Ill IIIII 1111 
I If Ill II I U.OO I I U I I I h')O II Ill 
I Ill Itt 11111111 ttl ltl 1111111111 
I Ill Ill lll ... t),')l Ill Ill lftOftlllll 
I Ill I It taOC•\•0 I Ill It I tOOOfd II II 
I Ill Ill 111111 Ill Ill 1111111111 
I Ill Ill 111111 Ill Ul 1111111111 
I Ill Ill 111111 Ill ttl 1111111111 

Ill Ill I UOO I II I Ill I 1100 II I II 
Ill Ill 111111 Ill Ill 1111111111 
1111111 II t<'10 II I Ill Itt Ill UOO 1111 I 

111111 111111111 IIUIIIIIIIIUIII 
1111*0 1100011 II I IIIII lltOOOII ••• 

ttttlt ••••••••• '''*''''''''' t:u 111111 111111111 IIUIIIIIIIII Ill 
111111 IIIUIIII llltiiiiiiiU Ill 
1111111 IUOfdlll I'IIIIIIIUOOI Ill 
IIIII I 111111111 1111111111111 Ill 
IIIII I fllllllll llltlllllllll Ill 
II II I flllllltl tUIIUIIIIII Ill 
II II I I UOO lilt II II II II I aoo I II I 
I I I I I I I .tMtl t I I I I I I I I I I llOO I I I I 
II II I 11100 I II 11111111 1*00 I I II 
II II II I UOfd I It Itt! I II ltOO I I II 
II II II 111111 I Ill IIIII Ill 
II II llllltOCII I Ill UOOIIIIt 
II II 111111111 I Ill 111111111 
II II 111111111 I Ill IIIIIIUt 
II II 11.1111111 I Ill lllllltll 
II II Ill I ltOO I I Ill UOO IIIII 
II II 111111111 I Itt lltlllltt 
II II 111111111 I Ill 111111111 

tllll It llllltOOI I Ill ltOOIIItt 
IIIII II 11'1111111 I Ul 111111111 
IIIUIUOIIIItOOOI I Ill .tOOOIIIIl 
111111111111111111 I Ill 111111111 
111111111111111111 I ltl.f llllllllt:t 
1111111111111111111 I Jill 1111111111 
Ill II II I II lllltOO II I II II II tOO I II II 
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I•L11~17~~ ,00~ lAII 1119RJ21 ~PONIIFR ~lNG 

ltlliH[<J(IA .001 TltllHU76U XF'OIIIIER KIN£> t;,JnO\ 
11L.t:ttr:9l••l .00~ lf',iii~RIH7 XPOJHIFR NARf'CI AliSO 
l•ti:IIC911ll .001 TAILIN9~709 Xf'OtlftFR I~HIA -,R,\ 
l•t t:llt:vr•r. .OC•I TAJII7948~ Xf'ONJ•ER 9FT/t ~000 
J•tl:tu:90[1 .001 Tt\llll4fi7J9 Xf'riHDFR JcfUJ•IA 1FST:? 
Jtl J :H ,001 U97t!~IJ lh~RI:O AT50A 
lltt:r. .002 NR:!SB~ 1\HIR 1\T?t. 
J•ll :o ,OO:l IISl:!fl:!Z KING I\T76A 
fill :r. .004 ttR274T CFfiStiA 300 
I•LI :lj .005 N.H53H KJHO KT7t.A INTfF:FEREtiCE 
l•t J: G , 006 U7~7HC CFSSNI• JOO 
Ill.. I IHCIO[Io,,OOJ TAll 19l:'iON 
l•L 11 hf: t OltH, OCJJ TAJI_t.n40P )l:f'OHJ•FR r.n:tSIIA 300 
1.11.1 UICIOJI,\,004 TAili&:!28C XPONDER KUIG t\T76A 
[llJIHf'IOTIA.OO!'i TAtlt'H41:'i XPONIIF'R CESStut 
lll.l rttC10llft.006 .TAJI I.J937H XPONDER CESSNt\ 300 
DLJ:HCIODA,007 TAll 1~219Y RHIEI.hiNB PRO~. 
111.1 ;HCIOitii,OOl N73-tUR RT J~9A FUEL HWfl\ I Ufll. 
Jti.I:HJ:10Tt8.004 14."'21AH HEI.ICOPTFR JRI.I TRY 
llll:HC101.111,00:'i N::'791T lUNG KT76A II Tfa'tNf\, 
Jtll :ur.tOitlt,006 H2791T Rf.OfNCY ~:! TRANS, 
ltl I :t1C1011l:,007 TATli2777Y XPONDER l\JNG Kr76 
Ill 1 : tlf: II PA. 001 fi7026P NARC.O ATSOA 
JtLl :nr.ttDA,OO:! TA1LI0876X XPONPF.R KING KT76A 
(Ill :Hr.t lP(t.OOl Tltlli8961U 
fll l :IH:IIDI"t•004 TAJLI65740 XPONPFR CF.SSNA ~00 
1111 :Hr. I lltt'\,005 N44979 HARCO 
ltll :HClll1A,006 H9265P KINO KT7R 
ltll :nr:t~hA.OOl N6707H 
lll.l :HCl21tA,002 H5555Y f'ASSFP fi:FAH 
ltl.IJHC121tA,003 N990AR KINA KT76A 12 
llll:Hf:l2r•tt,OC•4 H990AR TRANS. 11 
ftll IHC12ltA,005 TAIL15J890 Xf'ONnFR r.F.::SStiA 300 
Ull t Hrt 2rtA, 006 TA 11.164136 XPONDF.R CESSNAlOO I HTFFEREHCE 
JtU IHCJ2[t,\,007 TAILJ538HC COlliNS J 
Jtl.l lH[I;-!(t,,,QOfl TAitl5l8HI': COLLINS 2 
1111 IIICt:!bA,OIO TAJI 1~07HC Hflt. f.OI LJHS 
Ill I :Hr:t21"tA,OII H:l9 .. 9-4 KINO 78 NO SEHS. 
1•1.1 :11Cl:!flt"t.Ol2 TAILI7026P HA[(CR Af5B 
nu:nr.t:~r,,\,013 ti25:!"Y 
l"ll.l:HCI:!I.I~.OOt N555FC KT76A 
[Ill :Hr.IJ(IA,OOl TA11.15280.~ XPONDfR R235A 
Jll.liHC:13ltA,002 TAJL1Ft1171 Xf"(INhfR li.JNO t-.T7loA 
[Ill :Hr.t~£tH,Q()4 TA(1.141121R COI.lJHS 
Oll IHCIJDA.OO!~ TAll 13~98J NARCO AT150 
ltll :Hr.1JI•A.007 TAJI.Ih344\1 CESSNA 300 TES:? 
ltU :t1C13D.-..008 TAJLI47fl50 KINO KT7bA 
ltL1:ftt:llJtf1,00t N514~T 1\JHIJ tNr.. TEST 
[1U:HC13Df.,001 JAIII~~RIU N ... RCO AliSO 
ltll IHI:l~flr.,OO"' H21.07b KINO I\T76 

SF. H. 

;"!,0 FT --tl Jt& 
:.a.o.rr --1:1 •·~ 
;"!,0 Fl -47 ltD 
?.0 FT -47 Ttfl 
:!.0 FT -4·1 JHI 
:t,O FT -H JtB 
!'5.0 FT -37 hlt 
2.0 FT --1 .. lift 
2.0 FT -H Jtll 
:.'.0 FT -44 Pl'l 
2,0 FT -H Oft 
2.0 FT -5~ 08 
:!.0 FT -·7 Plt 
2.0 FT -47 DB 
2.0 FT -47 PB 
:!.0 FT -47 08 
2.0 FT -47 PB 
2.0 FT -4 .. J'IB 
2.0 FT -47 DB 
3.0 FT -47 DB 
2,0 FT -47 DB 
:!,0 FT -47 DB 
2.0 FT -47 DB 
2.0 rr -47 ne 
2.0 FT -47 Pl'l 
2.0 FT -47 DB 
2.0 FT -47 Pft 
2.0 FT· -·7 08 
·2o0 FT -•7 Pft 
2,0 FT -·7 DB 
2.0 FT -47 Dft 
2.5 FT -47 DB 
2o!S FT -47 DB 
:1.0 FT -47 DB 
2.0 FT -47 Dl 
2.0 FT -47 DB 
2.0 FT -·7 08 
J,O FT -47 Oft 
5.0 FT -·7 DB 
2.0 FT -47 DB 
2.0 FT -47 08 
2.0 FT -47 DB 
2.0 FT -47 08 
2.0 -:1 -51 DB 
~.0 FT -47 PB 
2.0 Fl -47 PB 
2.0 FT -47 rtB 
2.0 FT -47 TtB 
2.0 FT -47 f•tt 
2.0 FT -50 fiB 
2.0 FT -47 r.It 

l"t:f· II ','~"" •:•:,·, S!.i <;""''i'~·t, 

J t-Il f A 99·J•,t •1•; J• S U S 9'f~Yl lo{: 
IW£1. I C HU hJ II. I II Sf, I 11it OJ t1r· 

FliT AI- r. OOJ,I.: <; i f1 J-· 1'1 S OOIIf\ l.O!Hi 
f\TD 0 h fllt~Ffl (1 I' 0 Ttfi~FO I WrE 
EFHil-- f"F·I f· Fl ~r f"F· I' H YF Ot£1111 
muu·r ssr u srurr 01 1 T ss u ~;enr.r \'RSS 
II tl t I Ill I It I l- 110 I I II I I I I II I I lilt Of• Ill II 
1111111111 lltHIIIIIIII fltlllllllllltll 
I 111111 Ill I I i. (i0 I I I I I I II ltllll Ill .f. II Ill 
1111111111 llllllllllllllltlllllllllllll 
1111111-tOI IUt;OiilliiiiiiU-IIIIU•CiOIIIU 

11111111 I IUOIItiiiiiiiiiiiiiUdHII 
I I I l I I ~ fof, I I I I I t I I I I I I I I 4 OCII I I t -f 
1111 I 11111111 IIIU:IftiiiiiiUII 
I I I I I I for, I l I I I I I I* I I I I I •oo I I I I I 
Ill I 11111111 ltllf:IJIUUIIIIII 
Ill I 11111111 111111 11111111111 
Ill I UOOIIII ltiUI II UCt(•lllll 
let I H•hllll llltll I l.l0\111111 

II UrJO tIll I tl Ill UOO Ill II 
II 11111111 lltatl IIIIIIU. 
U UOOIIII 111111 UOOIIIII 

I UOO II II U I U I lt(l(d II II 
I IIJIIU lllttl IIIIUitl 
I I tOO I I I 1e I I I I I •oo I I 1 I 1 
I 1111111 111U1 IIIIIIIU 

II I I 1111111 I I ltt1 111111111 
e I I ltOO Ill I IIIII It-O() II Ill 
I I ae t•tlOIII 111111 11.0011111 
I I I I I I tOO I 1 I I I I It I 11.00 I I .t: I I 
I I Ill IIIIUI IIIUI lllllllt& 
I I Ill 1:1-00111 lllltl 11:0011$11 
I I Ill 1111111 UIUI IIIIIIUt 
I I Ill 1111111 IIIUI ttlllltlt 
I I Uti &:UOIII 111111 &.UOIUU 
I t I I Ill. I 11.00 Ill U lilt It t6MI Itt 
I & 1e0111 U0001tl I lUI UOOfllltf:t 

I 11111111111111 IIUI 1111111111 
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I tllltllllllltl IIUI IIIIIIIIU: -1 
&t tiOUIUt•ottl t Ul UttOIIIII tO 

t I 1111 UOOIII I 11.1 UOOIIIU 
I 1111 1111111 I Itt 111111.111 
I 1111 IIIIUI I let lllllllt* 
I 1111 UtH'iltl I Ill UOCtUIII 
I I I 0 I UOO I I 1 I U I UOO 1 I It I. 

1111 UOOUI I Ul lt-0011111 
eeot t:OOOitl I Ill .. 0001111& 
1111 1111111 I Ul 111111111 
II II 110011 I t Ill 11-00IIIlt 

I 1111 111tfll II Ul 111111111 
e1 1111 ltOOIII 11 Ill ltOtlll-1.11 
II 1111 1111111 II Ut 111111111 
II 1111 llltiiU 11:1111 11111111.1 
tl 1111 UU01111 IIIUI UUOIIIII 
II II II 11111111 It: I ttl 11:0001 I lt.t: 
I I It II I tOO II II 111111 IUOOitUI 
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ANALYSIS OF THE FAILURES AND THEIR EFFECT ON THE ATC SYSTEM. 

A program wa~ written to examine all t~e data collected for the entire 
sample and output a summary sheet containing the p~rameter<s1 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 90 percent to th~ SLS pulse spacing 
test at all required points). A "0'' indicates that, for some reason, 
the parameter was not tested. As an example. aircraft "018017" 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 t~e effect on the ATC 
system. The failures will be discussed by paramet~r. 

1. Frequency. Approximately 9 percent of the transponders tested 
fell outside the allowable limits of 1087 to 1093 MHz. As the reply 
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 1086 to 1094 MHzl, the distortion is not significanc. The 
pulse will be attenuated approximately 2. 5 dB and stretched to about 
550 ns. compared to an input pulse at 1090 MHz which would produce the 
proper pulse width of 450 ns. As the frequenc~ deviation reaches 
beyond approximately 4.7 MHz, however. the distortion 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 0. 125 ns. The one sample 
encountered at a frequency of 1096.8 would almost surely not survive 
the thresholding process of the digitizers as the video output of the 
receiver would be attenuated by approximate!~ i5 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 reached a 
90 percent reply rate in any of the tests. If this transponder uses 
the transmitter frequency source as the local oscillator for its 
re~eiver (as many designs dol. the problem 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 
distortion due 
negligible. 

the MTPA system has a bandwidt~ of 20 MHz, so the 
to the MTPA receiver of the off frequency signal is 

2. Bracket Spacing. The ground system bracket detectors are normally 
set to accept bracket pairs spaced at 20. 1 to 20. 4 ps in order to 
accommodate out of tolerance transponders. As a result of this 
widened acceptance zone. of the six transponders out of the specified 
limits only one would have probably not been detected a~ its spacing 
was 20. 55 ps. 
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3. Pulse Width. Most of the ground systems contain "pseudo-lead 
edge'' logic. whiCh inserts extra lead edo~s into the code 
determination logic when the input pulse exceeds a certain val~e. The 
assumption is that a wide pulse is really the result 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 
inseT"ted at a point. 400 to 500 ns bei'ol'e the tT"ai ling edge. This 
enables the decodeT" to T"esolve code pl'oblems 1n a "gaT"ble or 
overlapping" situation. This paT"ameteT" is noT"mall•J site deoendent, 
but a normal value is appl'oximately 600 ns. Some of the tT"an,ponders 
with wide output pulses would pl'obably tT"igger tnis pseudo-lead edge 
mechanism and may result in the declaration of two targets where only 
one T"eally exists <split taT"getsl. 

4. Code Pulse offset TT"ansponders which failed this specification 
would pl'obably be detected with the WT"ong code. Depending on the 
sampling point of the code pulses on each T"eply, the coT"rec~ code 
could occasionally be decoded, but the validity o+' the code data would 
be low. 

One transponder replied with the WT"ong code duT"ing the test. At 
that time we weT"e not T"e~uesting the pilot to reply a specific code. 
The pl'oblem came to light dul'ing the discussion o~ the test T"esults 
with the pilot. AfteT" that time the pilots were T"e~uested 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 wculd not know itl. 

5. Mode Acceptance--Pulse Spacing. The transponoers which failed 
this paT"ameteT" will peT"foT"m at a level which deoends on the accuracy 
of the interrogatoT" timing. Even if the tT"ansmitte-rs are exactly at 
the nominal spacing. seven tT"anspondeT"s would not reply to Mode C 
interrogations. In addition to the loss of altitude data. the 
probability of detecting the taT"get at all w~uld suffer if the 
detection algoT"ithm uses the Mode C data. 

6. Dead Time/Suppression Time. If the dead OT' suppression time is 
excessive. the T"eply pl'obability will be degT"aded as the system tries 
to interrogate a tT"anspondeT" which has JUSt been suppl'essed OT' T"eplied 
to anothel' inteT"rogation. Although 14 peT"cent failed the suppT"ession 
ti(!le• the maJOT"ity failed by 4 ~s OT' less. 

7. SLS Acceptance--Pulse Spacing. S1nce this test was the most 
fre~uently failed <only 41 percent passedl. it deserve~ special 
consideT"ation. This compaT"es with 65 to 70 peT"cent (in the aT"ea where 
90 peT"cent T"eplies al'e T"e~uiredl as measuT"ed in the Philadelphia 
sample taken in 1983. As stated previously, the a•:ceptance area of 
the transponder was usually too wide OT' skewed to one side OT' the 
other. Most of the tT"anspondeT"s still suppT"essed wnen tne P1-P2 
spacing was 2. 8 ~s. If theT"e is any Mode 1 activity. these 
transponders would see this interrogation as a suooT"ession pair and 
suppress. It is also possible that some other RF activity with a 
pulse width of approximately 3 ps (a rise time of about 100 ns or less 
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1s ~l~o r~~'Jtred} produces a pulse pair in the receiver output o~ th~ 
~~an·~p~n~;r; ~~~a~sa cf tne ~Pf frequency characteristirs oF a 
banc~i1~M Itml~ed receiver. If this signal wera an omnidir~ctional 
r~ci~tiD; ~a~~~rn~ the suppr~s~ion time of this group of tr~nsponders 

~o~,l\1 Ja ;-eatl~ increased, wnich would cau~e a drop in the 
pronab1l1ty ~f a reply when interrogatad by the ATC system. 

8. Sl.S 4mplttud~ Characteristics. The primary problem here appeared 
to be sm~!t ranges of signals ~here the transponasrs did not respond 
at a 90 'ercent rat~ when required <especially at ~ P1/P2 ratio of 
9 dB>. This could lead to spotty coverage as those signal levels are 
encountered during ~Me flight. Those which did not suppress at all 
would p~ob~bly result in ''ring around'' targ~ts when naar the 
interrogator in ran9e. 

q. Altitude Comparison. Approximately 38 percent cf the transponders 
were not ''altitude equipped'' as they replied with only brackets to 
Moae C interrogations. The 5 percent with altitude errors present a 
oerious probl~m to both TCAS and the ATC system. 

10. Reply Delay Data. Since so many transpon1er$' reply data were a 
function of the Interrogation pulse spacing. Lt is important that 
the•• pulses be maintained at their nominal value (this is especially 
true for the TCAS interrogators) to avoid range errors. 

11. Sensitivity and Power. Failure of 
result in a r~duction of the range 
int~~rogator~ or in an increased loss oF 
in the process of making a turn. 

these t~o parameters 
of coverage from ~ne 

replies when the aircraft 

will 
ATC 

is 

The remain1ng parameter measurements compare reasonably well with 
tloos~ collected previously. Thus. if the Atlanta area is exper1encing 
more proolems than normally encountered, it may well be the activation 
of the more ~asily triggered suppression mechanism of the transponders 
based the~e. 
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RECOMMENDATION 

In g~neral ~ne failure rates of the transponders tested 1n Atlanta 
are comparaol~ w1th those previousl4 tested li. e., Philadelphia and 
Dayton! wi~n one exception. That is the susceptibility of the 
Atlanta-based transponders to suppression initiation. Only 41 percent 
passed the SLS pulse spacing tests compared to a 65 to 70 percent pass 
rate at Philadelphia. <This is the only data available an this 
parameter. l 

If the ATCRBS problem is more severe at Atlanta. 
discussed above is a candidate as the possible caus• as 
one ~ignificantly different from the previous data. 

the parameter 
it is the only 

It is important to say that the tests only show a vulnerability to 
suppression 1nitiation. The main problem is suppression action as a 
result of interrogations which should not oe recognized as a 
•uppression pair. In order to cause a problem for the ATC system. 
something in the environment must initiate a suopression by some 
interrogation. 

This can be either a pulse pair within the bandwidth of the 
transponder receiver 11030+BWI or a single pulse with a fast rise time 
outside the bandwidth oi' the receiver li. e., a 2. 8 ~s pulse with a 
fast rise time at a frequency of 1020 MHz will etit the receiver as a 
pulse pair at 2. 8 ~sl. The maJority_oi' the Atlanta transponders could 
then be suppressed by the single pulse. 

The fact that the transponders are illegal!~ suppressed could. 
therefore, make them available a lower percentage of the time to reply 
to interrogations from an ATC system. 

It is recommended that the environment be investi9ated to determine if 
1nterference of the type decribed above exists in tne Atlanta area. 
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SUMMARY 

A total a+ 15~ dif~erent transponders ~ere checked at three different 
general av1ation a1rports 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 instruct~d to taxi across the 
interrogation pattern while power, sensitivity, and reply delay 
measurements were made. 

Figure 39 gives a summary o~ the testing of the Atlanta sample. As 
indirated, the most failed parameter was the re~uirement to reply at a 
90 percent rate in the SLB pulse spacing test, where 59 percent 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 154 tested passed all 24 oarameters 
tested. Five additional transponders passed i!l parame-cers, but 
replied with ''brackets only" to the Mode C interrogations and were 
failed by MTPA for that parameter. Thus, approx•mately 7 percent of 
the transponders passed all tests for which they were e~uipped. An 
additional 38 failed to reply at a 90 percent rate during the SLS 
decoding accuracy test as their only problem and/or replied with 
"brackets only" to Mode C. Another 43 failed one other parameter (in 
addition to the previous ones), 24 failed two others, and 49 failed 
three or more additional parameters. 
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l.n 
CX> 

ALL !'ARAHETERS HEASIIRED AT HTL UNLESS OTHERWISE STATF.:To 
TEST 2 HUST REPLY GRE'ATER THAN SX. 

FREQUENCY 
JITTER 

PULSE WIDTH 
BRACKET SPACING 

PULSE POSITION OFFSET 

15 OIIT OF 
0 OIIT OF 
8 OliT OF 
6 OUT OF 
8 OUT OF 

154 = % 9 
154 = X 0 
154 = % 5 
154 = % 3 
154 = X 5 

154 = X 5 
154 = % 8 

HODE A PULSE SPACING 8 OUT OF 
HODE C PULSE SPACING 13 OUT OF 

TEST 3 HUST REPl.Y GREATER THAN SOX BOTH HOliES fO HEASURE DELAY DIFFERENCE 
DELAY DIFFERENC£ A-C 7 OIIT OF 141> = X 4 

HODE ACCEPTANCE PULSE WIDTH 

DEAD TJHE 

SUPPRESSION TJHE 

SLS PULSE SPACING <IX 
SLS PIILSE SPACING >90X 

SLS PULSE WJJITH 

SLS DYNAHIC RANGE >90X 
SLS DYNAHIC RANG£ <1% 

2 OUT OF 154 = X 1 

OUT OF 1 :;4 = % 0 

22 OUT OF 154 = X 14 

18 OUT OF 154 = X 11 
91 OUT OF 154 = X 59 

5 OIJT OF 154 = % 3 

16 OIIT OF 1:'i4 = X 10 
9 OIJT OF 154 = % 

/li,s dal~ 1 s /,.,1-,.-, he"' ksl /S 

tvher.t! f-he Tnursj'_,,f_,.,._ If AD,/ ltrC~SJa ~~1 

s.Htu .... , a-~. ve /JtrL t',. "'"/'1"'5' :/A~ yec. 

-;;,~ f,.= tid a. '-'" ,1~ ./'..-o,., .,t....,. r s 
wh"'" #rz 1s k"'~"",n: 

,2,:{ = TO /.J ./:.,/v,,.J .!:7 /fl' 7.' 
1.:1- .f..J~,r ,.t., At,.,-:/ rA.- ?o ;;( /"~"" 
~- ftUkd' ,/, Al<!'ef rAe /;/. /'"~/,-.,., 

t/- f<.,/,,.1 /a s'7'/''uJ a../ ,._ff 
INSUFFICIENT HODE S REPLIES 

HOllE C REPLIES (90X 
BRACKETS ONLY 

GREY CODE VALID <90% 
ALTIHETFR OFFSET 

8 OUT OF 
27 OIIT OF 

107 OIIT OF 
13 OIIT OF 
10 OIIT OF 

307 = X 
= % 
= X 
= X 

299 
280 
180 
3~ 1frts /S ,~~.,/ a ,t;,~,..,./ 

7 
171 = X 5 

154 = % 5 REPLY DELAY 
REPI.Y POWER 

HODE A SENSITIVITY 
HODE C SENSITIVITY 

9 OUT OF 
33 OUT OF 
39 OUT OF 
39 OUT OF 

154 = X 21 
= % 25 
= X 25 

154 
154 

PASSED ALL PARAHETERS 7 = 4X 
PASSED Al.J. OR FAILED BRACKETS ONI.Y 12 = 7% 
PASSED ALL OR FAJLEJI BO AND/OR SLS90 PS 38 = 24% 
FAILFD ONI.Y 1 OTHER PARAHETER 43 m 27% 
FAILED 2 OTHER PARAHfTfRS 24 = 15% 
FAII.ED 1 OR HORE OTHER PARAHETERS 49 = 31% 

1/te /110 /e J ;r;,_y_,_/..,. was 

//latl'oerk;r/j k/1' .,.,L7' /q...-,J 
kJ / and IAu.s /7<> <74~.tf,.a/-.,r 

a/h£/e d'a"' ahZJ d#'4/~~k. 

FIGURE 39. ATLANTA OVE~.~L TEST DATA SUMMARY 
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Fi;Yre A-1 i~ a ~~p~ Gf the ~cre~n after th~ calibration process has 
a~er ~~~v:~t~~- I~ shows a hist~~~ of the ~vents during the run. The 
na.~-o:? :J7 ~:h~ !1T?.At P7'"•,gram is "COUPLE." The name of t"'e C-3litn-·ation Pile 
.ro;- the iia'. ~s "PT2." The sensitivity, pow~r. and delay dena were 
~ollecte4 tw1~e on the calibrated cable to check for repeatability 
p;-ior to moving the transponder to the car for the calibration run on 
the ramp. Fm.~~nc tion 11 2 11 <Transponder in Remote J_ocation) was then 
selected and the car was positioned at one of the edges of the 
1nterrogation patte,.n. Data were then collected as the car •11as driven 
thrcegh the pattern to the opposite side. The cou~le program searched 
these data looking ~or the ma~imum power. sensitivity, and the minimum 
delay. <The ar~ow~ in the left hand column indicate that one of these 
par~$eters was updated during that set of tests. ) ~~en the power and 
sensitivity have both decreased by 10 dB from the maxim~m value 
achieved durt"g the run. the file is then closed by selecting function 
•3• and entering the approximate distance for use in the vertical 
offset table ;election. 

~igures A-2 through A-6 are the data from the pattern run after 
calibration. The values of power. sensitivity. a~d delay which would 
be used as the true parameters for that transponder are c1rcled on 
figure A-2. When compared to those from the CJlibrated cable (see 
figure A-1), it is s;een that tlte sensitivity and delay values are very 
close but the power is off by about 1.4 dB. T~e plot of the power 
data (figure A-3> shows a dip where the maximum should have occurred. 
This could have been caused by a number o, reasons (re,lections, 
interference, etc.), but is well within our tolera.1ce. 

Figure A-7 1s the summary sheet of the complete set Gf tests 
{File-name=ATL1) run on the calibrated transpondeT. The arro~s on the 
le't side indicate parameters which are out of the specified limits. 
The arrows be~ide "Mode S reply rate" merely mean t~at the tran~ponder 
in MTPA which supplies the calibrated value ,or the Mode C code was 
turned off d•.,·ing this run. The delay data are also lo~ <3. 167 rather 
than 3. 182! when compared to the bench value. Tnis is a result of 
selecting the lowest value of delaq which occurs during a~y test. 
(Some of the tests affect the delay. l 
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ofl 
ea!tb,..J4i 

~~.}Jie 

~ COUPLE 

M. T. P. A. COUPLING PROGRAM 

~NTER CALIBRATION FILENAI'IE *PT2 

1 - TRANSPONDER ON CALIBRATED CABLE 
2 - TRANSPONDER IN REMOTE LOCATION 
3 - DATA COLLECTION COI'IPLETE 

ENTER FUNCTION (1__.-'., 
CAL SEN •-77. POU • 57.9 DEL • 3.185 

1 - TRANSPONDER ON CALIBRATED CABLE 
O{l fd~ 2 - TRANSPONDER IN REI'IOTE. LOCATION 

(!a/tyro. ) 3 - DATA COLLECTION COMPLETE 

table ENTER FUNCTION /i) / 
CAL SEN •-77. POU • 57.YDEt/• 3.182 

f'~ofTit[~l - TRANSPONDER ON C,ALIBRATEJ/ CABLE 
. \e/to"" 2 - TRANSPONDER IN REMOTE L09~TION 

) 

-> 
-> 
-> 
-) 

-> 
-> 
-> 
-> 
-> 

REI'IOTE 

SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 
SEN 

·-57. 
·-57. 
•-57. 
·-58. 
·-58. 
·-58. 
•-58. 
•-58. 
•-58. 
•-58. 
•-58. 
•-57. 
•-57. 
•-56. 
•-56. 
·-55. 
•-5~. 
•-52. 
·-51. 
·-50. 
·-~9. 

·-~a. 
·-~6 . 
·-58 . 

POU • 53.3 DEL • 4.103 
POU • 53.5 DEL • 4.104 
POU • 53.5 DEL • 4.103 
POU • 53.5 DEL • 4.102 
POU • 53.7 DEL • 4.1~0 
POU • 5~.5 DEL • 4.099 
POU • 5~.5 DEL • 4.1~4 
POU • 5~.6 DEL • 4.102 
POU • 55,0 DEL • 4.1~4 
POU • 54.6 DEL • 4.103 
POU • 54.1 DEL • 4•105 
POU • 54.5 DEL • 4.108 
POU • 54.2 DEL • 4.109 
POU • 53.5 DEL • 4.111 
POU • 53.0 DEL • 4.113 
POU • 51.9 DEL • 4.112 
POU • 51.2 DEL • 4.118 
POU • 49.8 DEL • 4.120 
POU • 49.0 DEL • 4.128 
POU • 48,0 DEL • 4.131 
POU ~ 1?•S DEL • 4.133 
POU • 46.7 DEL • 4.135 
POU • 45.5 DEL • 4.140 
. POU • 55.0 DEL • 4.09 

J - DATA COLLECTION COMPLErE \ 
... .j.c//"' 1 - TRANSPONDER ON CALIBRATED CAHE 

ENTER FUNCTION GJ.Je." a\.. ~- TRANSPONDER. IN REMOTE LOCATIOU 
EXTRACT DATA <N•0l ~ - DATA COLLECTION COMPLETE 

~t!Jrrdt.. 
run 

-,£;,,,:/ 
.5<-/.,.,1/., ... 

<CR> UHEN READY ENTER FUNCTION (1J " j.,.a..r<' 
ENTER DISTANCE < 100-> 80i!> ( ·ll'l'Jp1 /••*'/". . 

'AUSE 

t,1-> cJ,bfOl = ~ 
p.~ -) 

-> 
-> 
-> 

SEN ·-~9. POU • ~6.2 DEL • ~.121 
SEN •-51. POU • ~8.1 DEL • ~.120STOP 
SEN •-53. POU • ~9.5 DEL • ~.11~ 
SEN •-5~. POU • 51.3 DEL • ~.109. 
SEN •-55. POU • 52.~ DEL • ~.107 
SEN •-56. POU • 52.6 DEL • ~.10~ 
SEN •-56. POU • 53.0 DEL • 4.106 

FIGURE A-1. SAMPLE FIELD CALIBRATION DATA RUN 

.. _./ ~~}!<' .J~kci/M 



ENTER DATA FILE NAME :lPATPT2 38 SEN• 74. POUER• 55.2 DELAV• 3. 182 
1 SEN• 54. POUER• 37.0 DELAV• 3.293 39 SEN• 74. POUER• 54.5 DELAY• 3. 179 
2 SEN• 54. POUER• 36.9 DEtAV• 3.294 40 SEN• 73. POUER• 53.9 DELAY• 3. 186 
3 SEN• 54. POUER• 37.0 DELAV• 3.294 41 SEN• 72, POUER• 53.5 DELAY• 3.182 
4 SEN• 54. POUER• 37.0 DELAV• 3.292 42 SEN• 72. POUER• 52.3 DELAV• 3. 181 
5 SEH• 54. POUER• 37.0 DELAV• 3.295 43 SEH• 71. POUER• 51.2 DELAY• 3. 184 
6 SEH• 54. POUER• 37.0 DELAV• 3.293 44 SEH• 70, POUER• 49.8 DELAY• 3. 193 
7 SEN• 54. POUER• 37.0 DELAY• 3.294 45 SEH• 68. POUER• 48.7 DELAY• 3. 193 
8 SEN• 54. POUER• 37.0 DELAY• 3.293 46 SEH• 67, POUER• 47.3 DELAY• 3. 194 
9 SEN• 54. POUER• 36.9 DELAV• 3.294 47 SEN• 66. POUER• 45.7 DELAV• 3.199 

10 SEN• 54. POUER• 37.0 DELAV• 3.302 48 SEN• 64. POUER• 44.6 DELAV• 3.205 
11 SEN• 53. POUER• 37.0 DELAV• 3,303 49 SEN• 62. POUER• 41.4 DELAY• 3.215 
12 SEN• 53. POUER• 35.7 DELAV• 3.300 50 SEH• 60. POUER• 38.6 DELAV• 3.225 
13 SEN• 53. POUER• 34.3 DELAV• 3.297 51 SEN• 58. POUER• 36.9 DELAV• 3.236 
14 SEH• 54. POUER• 33.7 DELAV• 3.285 52 SEN• 58. POUER• 35.9 DELAY• 3.239 
15 SEN• 55. POUER• 35.7 DELAY• 3.256 53 SEH• 57. POUER• 35.3 DELAY• 3.246 

> 16 SEN• 59. POUER• 39.7 DELAY• 3.240 54 SEH• 57. POUER• 34.9 DELAY• 3.250 
I 17 SEN• 61. POUER• 42.8 DELAV• 3.228 w 

18 SEN• 63. POUER• 45.2 DELAY• 3.!1~ 
19 SEN• 67. POUER• 46.6 DELAV• 3.20 
20 SEN• 68. POUER• 48.1 DELAY• 3.202 
21 SEH• 70. POUER• 49.8 DELAY• 3.197 
22 SEN• 71. POUER• 51.5 DELAY• 3. 195 
23 SEN• 72. POUER• 52.3 DELAY• 3.194 
24 SEN• 73. POUER• 53.3 DELAY• 3.194 
25 SEN• 74. POUER• 53.7 DELAY• 3.189 
26 SEN• 74. POUER• 54.5 DELAV• 3.191 
27 SEN• 75. POUER• 55.0 DELAY• 3.189 
28 SEN• 75. POUER• 55.5 DELAY• 3.188 
29 SEN• 76. POUER• 55.8 DELAY• 3.187 
30 SEH• 76. POUER• 56,3 DELAY• 3.186 
31 SEN• 76. POUER• 56.4 DELAY• 3.186 
32 SE~OUER• 56.2 DELAV• 3.184 
33 ~E 77. OUER• 55.7 DELAY• 3.182 
34 SEN • POUER~ELAY• 3.185 
35 SEN• 76. POUER 56.4 ELAY• • ~ 
36 SEN• 75. POUER• , DELAV•~ 
37 SEH• 74. POUER• 55.5 DELAV• • 

FIGURE A-2. SAMPLE ANTENNA PATTERN RUN 
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SENSITIUITY CORRECTED BY POUER 
3 ATPT2 

80 .,__ ____ _ 

'f' I I * * 
--1: 3 j'47 J: liC * J: . . r . . . r ll *.* ••• ~..... * •• x• •* J: 

72.5~ J:ll:lll)(ll~"t'll ,. 

ll 

ll 
liC& 

•• 
••• J: l fjrcJ£' 

Se,tS /f/(//ly 

65. 

57. 5. 

50. -, 
0. 13.5 27. 40.5 S4. 

FIGURE A-5. SAMPLE ANTENNA PATTERN PLOT (SENSITIVITY CORRECTED BY POWER) 
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F. A. A. TECHNICAL CENTER TRANSPONDER SUMftARY 

THIS TEST DOES HOT PRECLUDE TRANSPONDER CERTIFICATION 

PTSHKl 

PTDa .001 

5,0 FT -47 DB 

02-APR-85 08&09&32 

CODE 5252 
FREQUENCY 189e.s MHZ 
JITTER e.e18 USEC 
PULSE WIDTH e.4S2 USEC 
BRACKET SPACING 2e,31e USEC 
MAX CODE PULSE OFFSET 0.010 USEC 
MODE A ACCEPTANCE CPS> 7.?5 -> 
MODE C ACCEPTANCE CPS) 20.75 -> 
DELAY DIFFERENCE CMODE A-C> CUS) 
ATCRBS ACCEPTANCE CPW> 0.425 -> 

8.48 
21.48 
0.001 
0.925 

USEC 
USEC 

USEC 
-> MODE S REPLY RATE 0,8 - I 

P1-P2 RATIO CREP >• 90-) I -50 DB" 15 ** 12 ** 
P1-P2 RATIO CREP <• 1-) I -50 DBM ** -6 ** -3 

-> DEAD TIME 130,0 USEC 
SUPPRESSION TIME 26.0 USEC 
REPLY RATE (1000) 100 -
REPLY RATE <1400) 68 H 
REPLY RATE <1708) 58 H 
REPLY RATE (2808> 49 H 

1898 +1- 3 
NTE .100 USEC 
.45e t/- .100 USEC 
28.308 t/• ,100 USEC 
NTE .tee USEC 
<7.8 -> >8.2 USEC 
<20.8 -> 21.2 USEC 
NTE .200 USEC 

9 ** ** ** )•9 n e 6 3 <•0 
NTE 125.0 USEC 
35.~ t/- 10 USEC 

S.L.S. ACCEPTANCE CPS> ( < 1- ) 1.?5 -> 2.30 USEC 
S.L.S. ACCEPTANCE CPW> e.38e -> 1.588 USEC 

<1.85 -> >a.15 USEC 

-> MODE 5 REPLY RATE e.8 -
REPLY DELAY 3,167 USEC 
REPLY POWER 56.5 DBM 
MODE A SENSITIVITY -77 DBM 
MODE C SENSITIVITY -77 DBM 

3.eee t/-
45.5 - 68 
66-88 DBM 
66-88 DBM 

FIGURE A-7. SAMPLE TEST SU~Y SHEET (CALIBRATION VEHICLE) 

,see USEC 
DBM 
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T~e s"'mm3'l"Y ~3'ta l'T1l!OII each test 1s i~~>cl·llflllie<i! as t!:his appen.dix. 
A.cC!JJ'l"iilte ·]il·C•III<!'l" arrn'll Si!!II'ISi tJi•oiJi.itJoj •JIIaita IIIIR'l"ll! "'Cit 'i:allc;;;llll 1!)1111 Ji:TalllSjll:lll'lll..:l•l!!T' 
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o11' tlite 11'ermaJi,.,llle1" mol' tile tests .. 

l!'lrla ol'ig•wTe$ "'cr i:r-a1111SIPD111111ie11' !Mc.. lt a1!'e all lalbell;!oil '"silneet L '" ll'ine 
CD•"''P""ll'li.c"" ii'ii·!J""''es ;f,m,. nansfPC110de1r IN!o. 2 aTe lalllelll!<il ''silneet 2. " Fi!JWI1r'l! 
B-1 is '!:i'Hl! test ·-11:'T'iCe ll'o11' Cline t.- t11"a111\SfPilll111iille1rS.. iFi!lllllf1re llll-2 is tllne 
:s"'-...riJI. 

·1rr.all'lspo110der iNc. 1 sllt<D<~~~s o1111l!ll We IP1rilllb Jle,ms.: « 1 » it Ill as "'Ill 1re111l!ll 1ra1te 
lli .. i t:liiii1!J• a110d ·12» li. t lh4 not 1re;p llijj till it!lte ~iille C Ji.n<teJrrGtatlio.,s of' tlllle 
aitlit:Wide tests. ll'llllis is s~at!: IPWIZZli1111!ll• as it arrns~red 100 fPeJrcent 
to tllte i1111te•rogations of' tile ~oille c acce;ptall'l~~ SIPaCil111!ll test (see 
"'Ji;ur" lS-::1 L ne i'1>1te1r1"0!lla11:io1111·s "* 11:111e al t!:ii tu::il,.. test a1re ;nlliO!Ili.l111all 
5fPa-cimtg a1111'd 'tllle same i~~>1te1!'11'ili!Jati·Dl111 p~,..,. as 1tlllese """' test 3 .. 

T"'"'"""'PC1111<!1er ~'Ill. 2. l1101111eve1r, <l'ai lle<!l Olla1111'!1 111a1rant1!!ters OC see ifiiglllfJre llll-2.~. 
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local cscilla11:<>11'·, 1t.,e in1te1r11"ogation sig1111alls f1r'OA KIIPA IIOIOillllllll tile 
3pprooti:ma'tel!J1 6 .. q ri!Hz 11'1ro.m 11:11te cente1r 11'reqlllfe1111c111 of' tllle 1l:ransoeniille1rs' 
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..as 51. 5 -liiii011. ll'i:IWIS• tille signals 1were llletwee:m 20 a1111d 25 cilllll dcu'1111 ifro011 
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.r;..g.,res B-3 a11110!1 ilil-10 .. 

Tille ,,.....,...,.;.,.;; ef t.!lle sEnsli.ti'lo'it!ll tests "'iil:lo tl>e repl!JI II'D>"'e,. a:il<>ve 
40 ·d!lklt aTe ll,oted in tllte follc"'li1111g tallllle:: 
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TABLE B-1 ATCRBS SENSITIVITY TEST ReSULTS 

MATRIX NO. A SENS A DEL. c SENS -- DEL. r'CWER (A) PC\·!ER (c) --
71 -58 2. 661 -59 --~ 

~- 662 40 43 
72 -64 2. 638 -~2 2. 646 45 47 
7;'3 -62 2. 617 -66 2. 628 49 51 
74 -68 2. 603 -68 2. 616 51 51 
75 -69 2. 599 -68 2. 618 51 51 
76 -68 2. 606 -67 2. 622 50 50 
77 -67 2. 611 -66 2. 631 49 47 
78 -65 2. 615 -6!5 2. 632 47 46 
79 -64 2. 618 -65 2. 638 46 47 
80 -64 2. 621 -64 2. 641 46 47 
81 -63 2. 630 -62 2. 646 47 45 
82 -63 2. 634 -63 2: 654 44 43 
83 -64 2. 639 -63 2. 661 48 43 
84 -62 2. 646 -62 2. 665 42 42 
85 -62 2. 659 -62 2. 679 41 40 

As indica~ed. the nose of the interrogation beam w~s crossed by the 
plane at approximately the time tests 73 to 75 were being conducted. 
Since the interrogation power was set to -49 dEm for the tests 
conducted while the aircraft was stationary, and the aircraft antenna 
was approximately 20 dB down from the nose, the maJority of the tests 
were conducted at or near the MTL cf the transponders. This makes the 
data o-1' some o-1' the 'tests somewhat ctuestionable <all te,;;s which 
require a 90 percent reply rate, i.e., dead time, suppress1on time), 
but all reply characteristic type tests are valid. 
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24K HO POUER SEN. 11 1.5 FT -49 DB 

02-APR-85 08&51&46 

TEST "ATRIX 

1 2 3 4 5 6 7 8 9 

2 3 4 99 15 6 7 8 12 
10 13 14 5 99 14 H 14 14 14 14 
20 14 14 14 14 14 14 14 14 14 14 

"' 30 14 14 14 14 14 14 14 14 14 14 I 
w 40 14 14 14 14 14 H H 14 14 14 

50 14 14 14 14 14 14 14 14 14 14 
60 14 14 14 14 14 H 14 14 14 14 
70 14 14 14 14 14 14 14 14 14 14 
80 14 14 14 14 14 14 14 14 14 14 
90 14 14 0 0 e e 0 0 0 0 

100 0 0 0 e e e 0 0 0 0 
110 0 0 0 e e e e e 0 0 
120 0 0 0 e e e 0 0 0 

FIGURE B-1. TEST MATRIX TRANSPONDER (SHEET 1 OF 2) 



- Q
 

............................. 
.................................... 

.. 
~
 

... 
... 

I 
... 

-
............................. 

1
-

........................... 
0 

.... 
... 

-
~
 

... 
-

~'-............................ 
... 

-
............................. 

=: 
"' ~ ..: 

• . ............................ 
... 

............................... 
~ "' "' 

.. 
.............................. 

~ 
... ............................. 

f-< 

1
'-

>< 
• 

..... 

-
.............................. 

~ 
... 

......................... 
• -

f-< 

• 
"' 

• 
... ........................... 

... 
....................... 

f-< 

..... 
... 

.............................. 
I 

"' 
X

 
...................... 

l>
l 

... 
g 

• 1-c -
ca ............................ 

.... ... 
.. 

E
 

... ...................... 
• l 

1
-

• 
CD 

.. 
.., 

.., ......................... 
c 

t-
.......................... 

I 
IU

 

• 
ftl 

- ~
 

... .. • 
• 
•
•
•
•
•
•
•
•
•
•
 &

 
• 

-
c
u
'
"
'
•
•
•
~
"
-
•
c
a
•
-
c
u
 

z: 
---

iB
-4 



'f .., 

F. A. A. TECHHICAL CEHTER TRAHSPOHDER SUI'IPIARY 

THIS TEST DOES HOT PRECLUDE TRAHSPOHDER CERTIFICATION 

24K NO POYER SEN. 11 

PT2DA .001 02-APR-85 08151146 

CODE 
FREQUENCY 
JITTER 
PULSE LIIDTH 
BRACKET SPACING 
"AX CODE PULSE OFFSET 
MODE A ACCEPTAHCE <PS> 
MODE C ACCEPTANCE (PS> 
DELAY DIFFERENCE <PIODE 
ATCRBS ACCEPTANCE <PU> 

1288 
1090,8 PIHZ 

0.828 usEc 
8.397 USEC 

28.310 USEC 
0.006 USEC 
7.78 -> 

28.75 -> 
A-C) <US) 

8.525 -> 
0.0 " 

8.45 
21.40 
0.024 
1.580 

1.5 FT -49 DB 

USEC 
USEC 

USEC 

1090 +/- 3 
NTE .100 USEC 
,450 +/- .100 USEC 
20.300 +/- .100 USEC 
NTE .100 USEC 
(7,8 -) >8.2 USEC 
<20.8 -) 21.2 USEC 
NTE .200 USEC 

-> PIODE C REPLY RATE 
P1-P2 RATIO <REP >• 
P1-P2 RATIO <REP <• 
DEAD TII'IE 
SUPPRESSION TII'IE 

9n> I -50 DBPI 15 ** 12 ** 9 ** 6 ** )•9 
1"> I -50 DBPI 

45.0 USEC 
/___.....,..0 USEC 

** -6 ** -3 ** 0 ** ** <•0 
NTE 125.0 USEC 
35.0 +/- 10 USEC 

99 " / 1/JII"\ 
100 1)0 '"' _) 
99 
99 " 

REPLY RATE (1088) 
REPLY RATE <1480) 
REPLY RATE <1700) 
REPLY RATE <2000) 
S.L.S. ACCEPTANCE 
S.L.S. ACCEPTANCE 

<PS> 1" ) 1.80 -> 2.40 USEC <1.85 -> )2.15 USEC 

-> PIODE C REPLY RATE 
(;)REPLY DELAY L REPLy POYER 

.r tfJ 
P\a) 

<Pial) 8.350 -> 1.500 USEC 
0.8 " 
2.819 USEC 

31,0 DBI'I 
3.eee +/- .see usE~ 
48.5 - 57 DBM 

FIGURE B-2. TEST SUMMARY SHEET - TRANSPCNDER (SHEET 1 OF 2) 



F. A. A. TECHNICAL CENTER TRANSPONDER SUPIPIARY 

THIS TEST DOES NOT PRECLUDE TRANSPONDER CERTIFICATION 

tf6024KI2 

PT2DA ,002 02-APR-85 

CODE 1200 

1.5 FT -49 DB 

08154127 

-> FREQUENCY 1096.9 PIHZ 1090 +/- 3 
JITTER 0.062 USEC ttTE .100 USEC 
PULSE UIDTH 0.362 USEC ,450 +/- .100 USEC 
BRACKET SPACING 20,255 USEC 20.300 +/- .100 USEC 
"AX CODE PULSE OFFSET -0,040 USEC ttTE ,100 USEC 

~ PIODE A ACCEPTAHCE <PS) 7.80 -> 8.20 USEC <7.8 -> )8,2 USEC 
~ -> "ODE C ACCEPTAHCE <PS) 20.80 -> 20.95 USEC <20.8 -> 21.2 USEC 

DELAY DIF~EREHCE (PIODE A-C) <US) 0.027 HTE .200 USEC 
-> ATCRBS ACCEPTAHCE <PY) 0.750 -> 1.500 USEC 
-> "ODE C REPLY RATE 0,0 ' 
-> P1-P2 RATIO <REP >• 90') I -50 DBI'I ** ** ** ** ** ** ** ** >•9 
-> P1-P2 RATIO <REP <• 1') I -50 DBPI ** -6 ** -3 ** ** ** ** <•0 
-> DEAD TII'IE 140.0 USEC NTE 125.0 USEC 
-> SUPPRESSIOtt TIPIE 50.0 USEC 35.0 +/- 10 USEC 

REPLY RATE u 000 , C:! 0)> 
REPLY RATE (1400) ' 
REPLY RATE (1700) 45. ' 
REPLY RATE <2000) 37 ' 

-> S.L.S, ACCEPTAHCE <PS) < < 1' ) 1.95 -> 2,40 USEC <1.85 -> >2.15 USEC 
S.L.S. ACCEPTAHCE <PY) 0,300 -> 1.500 USEC 

-> PIODE C REPLY RATE 0.0 ' 
REPLY DELAY 2.599 USEC 3.000 +/- ,500 USE•~ 
REPLY POioiER 51.5 DB PI 48,5 - 57 DB1'1 
MODE A SEHSITIUITY -69 DBPI 69-77 DBM 
PIODE C SEHSITIUITV -70 DBPI 69-77 DBM 

FIGURE B-2. TEST SUMMARY SHEET - TRANSPONDER (SHEET 2 OF 2) 



PULSE 

1 - F1 
a - c1 
3 - A1 
4 - ca 
5 - A2 
6 - C4 

"' 7 - A4 I ..... 8 - 81 
9 - D1 

l0 - 82 
l1 - D2 
l2 - 84 
l3 - D4 
l'l - Fa 

CODE • 

24K NO POWER SEN. 11 1.5 FT -49 DB 
ATCRBS REPLY TEST - a 

1.3 

p 1.15 

0 

POSITION POioiER & 

J 1.~ .j. t f 
0.000 0.0 
0.000 0.0 ' 
0.006 30.9 I 
0,000 0.0 0 

-1.15 

0.000 0.0 
" 0.000 0.0 

0.000 0.0 -1.3 . 0.000 0.0 
0.000 0.0 •• 4. •• ta. 16 • 

0.001 31.0 I'UL5E 

0.000 0.0 61. 
0.000 0.0 
0.000 0.0 
0.010 31.0 p 45. 

0 

1a00 u 
E 31.J + + + 
R 

IS, 

•·;-------~-----,r------.-------, 
•• 4. •• 

PULSE 

FIGURE B-3. MTPA TEST 2 SUMMARY SHEET (1) (SHEET 1 OF 2) 

ta. 16 • 



PULSE 

1 - F1 
2 - C1 
3 - A1 
4 - C2 

"' S - A2 I 
Ol 

6 - C4 
7 - A4 
8 - 81 
9 - D1 

10 - 82 
11 - D2 
12 - 84 
13 - D4 
14 - F2 

CODE • 

N68241C12 1.5 FT -49 DB 
ATCR8S REPLY TEST - 2 

8.3 

p 8.ts 

0 

POSITION POUER 5 

I 8., t 0.000 0.0 ... .j. 
0.000 0.0 T 

-0.012 28.0 I 

0.000 0.0 0 
-8.t& 

0.000 0.0 
0.000 0.0 " 0.000 0.0 -8.3 
0.000 0.0 8. 4. •• til. "· 0.000 e.0 PULSE 

-0.040 27.2 
0.000 0.0 ... 
0.000 0.0 
0.000 0.0 

-0.045 27.4 p 4&. 
0 

1200 u 
E 38. 

I + 
R + + 

t&. 

8·+-------~------r-----~-------, 
8. 4. •• 

PULSE 

FIGURE B-3. MTPA TEST 2 SUMMARY SHEET (1) (SHEET 2 OF 2) 

til. t&. 



'"·- A1CIII ~y TilT - I 
141C ItO I'OUEll SEN. ll t.S FT -411 D 

nhUIIICY . , ...... 
: 7&.i 11\AY • 1.1311 

IIID'nl • 1.3117 

c se. 
E 

" I II 

' as. 
I 

II 

"' I \ I 

"' •• 
IIIII. 1115. 11111. 11116. Ulll. 

fill-Y Clllll 

1111. , ... , ··- ., 
p 7&. , 7&. 

E r 

• • 
c 61. II C II, 
[ I 

I II 

" " II 

T ' ••• • •• 
Jt Jt 

II I ~~· Jt ..•..... '. ...... , ..... , • • 
1.11 •• 3 ..... • •• 1.7& a. a.& 3 • 3.1 4. 

PULSE WIDTH CUKCI KLAV C UKC I 

FIGURE B-4. MTPA TEST 2 SUMMARY SHEET (2) (SHEET 1 OF 2) 



.... _ 
MCIIII Ill'\\' TilT - I 

lllti41C .. 1.5 FT -411 D 

-....: ... 
. ·-··" : 75.1 II1.AY • .... 

UIDTM • . ... 
' "· 
E 

" I * T as • . 
'1ft.* 

* * "' •• I .... ..... IUS. 
0 ·-· ·-· u ... 

,_IUIIICY 1111111 .... .... 1 ·-- 1 

p 75. p 71. 

E I 

• • 
' "· c ... 
E E 

" " 
T liC T 

iiS. liC II, 

I liC 

* )If.# liC 
liC liC 

I. f • • • • • I , ..... , ..... , •• 
I. IS •• 3 •••• ••• 1.71 •• • •• 3 • 3.1 •• 

PULDE UIDTK IUIECI DELAY IUIEC I 

FIGURE B-4. MTPA TEST 2 SUMMARY SHl.ET (2) (SHEET 2 OF. 2) 



24K HO POWER SEH. 11 1.5 FT -<f9 DB 
ATCRBS "ODE ACCEPTAHCE TEST (POSIT) - 3 

tee._ •. _ IUIUIIIII*II I H. 11111111111111 
lit ~ ~ lit 

I lit~ ~ lit 

~ I; 75. 

lit~ 
II 75. lit 

·I R 
lit R ~ :I ~ 

lit 

E E ~ p se. lit p &1. ··I ~ ~ L I lit t. ~ lit ~ v 

a* ~ v :· I a ~ as. 

~ 
i!S. lit 

~ 
lit % % 

"" •. I ~ I '· I 
<<<j<r< --,· ............ , I I I I ,_. 

6.8 7.4 •• a.& 11.2 111.7 i!l.3 i!1. i!l.& 22.2 ,_. 
IIODE 3.1111 P1-P3 C USlC I ftODE C P1-P3 CUSECI 

4. 4. 

R • 
E 3.5 E 3.& 
L t. 

D D 
E 3. E 3. 

L +1 It I I It tIt I tt t II II++ t. 
I +t~-t++-1-t+#t-H+H+t 

A " a.& 1.& v y 

a. •• -~-···-··-· .• 1 

••• 7.4 •• ••• 11.1 111.7 21.3 i!1. ill.& u.a 
IIODE 31111 P1-P3 IUSECI IIODE C P1-P3 IUSECI 

FIGURE B-5. MTPA TEST 3 SUMMARY SHEET (SHEET 1 OF 2) 



H6124KI2 1.5 FT -49 DB 
ATCRBS "ODE ACCEPTANCE TEST <POSIT> - 3 

, ... _ ~ ~-

~ 
"'· ~· 

-~ D :;· .~ ~ 
~ • 7& • ~ • 75. 

~ R ~ R . ~- ~ E ~ 
E 

~ p se. 

-'I 
p St. 

D I: L ~ L ~ ~ ~ \' y . I ·. 25. 
lK ~ D ~ as. ~ 

~ ~ 
D ~ lKD 

~ 

"' o. I D ~ • I 
B i •• I I •• ·--,-····- ........ , .... 

N 6.8 7.4 I. 1.6 1.1 11.7 11.3 at. 21.6 22.1 
IIODE 3-'111 Pl-P3 IUSEC I RODE C Pl-Pl IUSECI 

... ... 
R R 

E 3.5 E 3.& 
L L 

D D 
E 3. E 3. 

L .... +++1-i+ .................... L I .. .............................. 
Ill Ill 2.& ••• y y 

2. •• -----.-·-·· .... .. ' 
6.1 7.4 I. 1.1 1.1 11.7 21.3 21. at.& aa.e 

ftODE 3-'111 Pl-1'3 I USEC I RODE C P1-P3 IUSECI 

FIGURE B-5. MTPA TEST 3 SUMMARY SHEET (SHEET 2 OF 2) 



24K HO POUER SEN. 11 1.5 FT -49 DB 
ATCRBS "ODE ACCEPTANCE TEST CP.Y.) - 4 

tee._ ••••• ,,,,,,,,, '"''''''''''' a 
JIDt :It 

:It 
" 75. 

R 

E 
I :It , se. 
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FIGURE B-6. MTPA TEST 4 SUMMARY SHEET (SHEET 1 OF 2) 
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FIGURE B-6. MTPA TEST 4 SUMMARY SiEET (SHEET 2 OF 2) 



"' I -"' 

a~K NO POYER SEN. t1 
~ODE C ALTITUDE VERIFICATION - 99 

188. 

- 75. 
R 

E 

p 

~ 

y 
.... 

as • 

..• . . . .. , .... ' .... ' .... ' 
-lett. -set. •• &II. 

ALT OfFIIT 

STANDARD TRANSPONDER • 
TEST TRANSPONDER • 

1 .... 

9ee. FEET tee. % VALID REPLV 
e. FEET e. % VALID REPLV 
e. REPLV e. % BRACKET REPLV 
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FIGURE B-8. MTPA TEST 15 SUMMARY SHEET (SHEET 1 OF 2) 
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24K NO POUER SEH. 11 1.5 FT -49 DB 
SIDE LOBE SUPPRESSION TEST - 15 
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FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 1 OF 2) 
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FIGURE B-9. MTPA TEST 15 SUMMARY SHEET (DELAY) (SHEET 2 OF 2) 
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FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 1 OF 2) 
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FIGURE B-10. MTPA TEST 15 SUMMARY SHEET (POWER) (SHEET 2 OF 2) 
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FIGURE B-11. MTPA TEST 6 SUMMARY SHEET (SHEET 1 OF 2) 
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FIGURE B-11. MTPA TEST 6 SUMMARY SHEET (SHEET 2 OF 2) 
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FIGURE B--12. MTPA TEST 7 SUMY.ARY SHEET (SHEET 2 OF 2) 
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FIGURE B-13. MTPA TEST 8 SUMMARY SHEE1 (SHEET 2 OF 2) 
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FIGURE B-14. MTPA TEST 12 SUMMARY SHEET (SHEET 2 OF 2) 
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FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 1 OF 2) 
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FIGURE B-15. MTPA TEST 13 SUMMARY SHEET (SHEET 2 OF 2) 
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FIGURE B-16. MTPA TEST 14 SUMMARY SHEET (SHEET 1 OF 2) 
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FIGURE B-17. MTPA TEST 5 SUMMARY SHEET (SHEET 1 OF 2) 
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24K NO POUER SEN. 11 1.5 FT -49 DB 
SIDE LOBE SUPPRESSION TEST - 5 
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FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DELIY) (SHEET 1 OF 2) 
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FIGURE B-18. MTPA TEST 5 SUMMARY SHEET (DELAY) (SHEET 2 OF 2) 
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FIGURE B-19. MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 1 OF 2) 
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FIGURE B-19. MTPA TEST 5 SUMMARY SHEET (POWER) (SHEET 2 OF 2) 
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FIGURE B-20. MTPA TEST 99 SUMMARY SHEET (2nd RUN) (SHEET 1 OF 2) 
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FIGURE B-20. MTPA TEST 99 SUMMARY SHEET (2nd RUN) (SHEET 2 OF 2) 



APPENDIX 9A 

NEW MANUFACTURED TRANSPONDER TEST RESULTS 
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\ 75. :0: ~ ~~ R 

E :0:~ 
p 50. :0:~ ~ 

L ~ 
:0: ~ y 

25. :0:~ 
~ :0::0: :0:~ ~ 

e. 
19.8 

4. 

D 3.5 

E 

L 

~ 3. 

v 

2.5 

:0: 

20.4 21. 21.6 22.2 
MODE C P!-P3 !USEC> 

++.J... L ++ ++J.Wl.+ +LJ..Lm +•-Ll-t-LL.Lt-.LL. ~ L + 

2-~-------.--------.---- ·-,----·-·--1 
19.8 20.4 21. 21.6 22.2 

MODE C P!-P3 !USEC> 



KING KT76A SER I 47422 18-~IAR-86 
ATCRBS MODE ACCEPTANCE TEST <P.W. I - 4 

100. 

% 75. 

R 

E 

p 50. 

l 

y 

25. 

e. 
0.3 e.6 0.9 1. 2 1.5 

~ODE ]/A PI,PJ P.U. ISECl 

~·-

D 3.5 
E t+l-++++.j.l I I II I 1 ' I I I 1 1 I I 111 • 1111llllllll 1 l)ll • 1 1 II 

L 

A J. 

v 

2.5 

2·4-------,--------.-------.------~ 
e.J 0.6 0.9 1.2 1.5 

I'IODE 3/A P1,PJ P.U. ISECl 

100. 

" 75. 
R 

E 

P se. 

L 

v 
25. 

e. 
e.J 0.6 0.9 1.2 1. 5 

MODE C P1,PJ P.U. ISECl 

4. 

D 3.5 
E f.t.-4-1--1-U-+ + + ++ t .llll +.1 + t +++ +.Lf-l ++ ++-4 ++f++++ J. + LLL ++ 

L 

A J, 

y 

2.5 

2·4--------.--------,---- r-·--------, 
0.3 0.6 0.9 1.2 1.5 

~DE C P1,PJ P.ll. CSEC l 



PI-P2 

15 

12 

9 

6 

3 

0 

-3 

-6 

KING KT76A SER t 47422 18-MAR-86 
SIDE LOBE SUPPRESSION TEST - S 

PI LEUEL ! -DBM l 

75 72 69 66 63 60 57 54 51 48 45 42 39 36 33 30 27 24 

0 73 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

e 73 100 100 100 100 tee 100 100 100 100 100 100 100 100 100 100 100 

0 74 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

0 73 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

0 80 79 85 40 1 2 35 100 100 100 100 72 0 0 0 55 1 

0 19 15 e 0 e e 0 0 e 0 e 0 0 0 0 0 0 

e 0 e e e e e 0 e e e e 0 e 0 e 0 0 

0 0 0 e 0 0 e 0 e 0 0 e 0 0 0 0 0 0 



P1-P2 

15 

12 

9 

6 

3 

0 

-3 

-6 

KING KT76A SER t 47422 18-MAR-86 
SIDE lOBE SUPPRESSION TEST - 5 

P 1 LEVEL ( -DBIO 

75 72 69 66 63 69 57 54 51 48 45 42 39 36 33 30 27 24 

3750 3525 3500 3459 3425 3425 3400 3400 3400 3400 3400 3400 3375 3375 3375 3375 3375 

3725 3550 3500 3475 3450 3425 3425 3400 3400 3400 3409 3400 3375 3375 3375 3375 3375 

3700 3559 3590 3475 3459 3425 3409 3400 3400 3400 3400 3409 3375 3375 3375 3375 3375 

3725 3559 3590 3450 3450 3425 3400 3400 3400 3400 3400 3400 3400 3400 3375 3375 3375 

3700 3550 3500 3475 3425 3425 3425 3400 3400 3400 3400 3~00 3400 3400 

3700 3550 

- ----



100._ 

% 75. 

R 

E 
p 50. 

L 

v 
25. 

0 •. 

e. 

~·-

D 3.5 

E 

l 

A 3. 

v 

2.5 

35. 

KING KT76A SER J 47422 18-~lAR-86 
ATCRBS DEAD TIME TEST - 6 

xxxxxxxxxxxxxxxxxxxx 

~ ~ ~ ~ ~ ~ ~ ~ 
70. 105. H9. 

P3-P3 TIME IUSECJ 

~+++~iiiii+ii++i+i++ 

60. 

p 55. 

0 

"' 
E 50. 

R 

~5. 

xxxxxxxxxxxxxxxxxxxx 

2.;--------r-------r-------.------~ .. -~ 
9. 35. 79. 105. He. 9. 35. 70. 105. 1~0. 

PJ-PJ TI"E IUSECJ P3-P3 TIME IUSECJ 
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KING KT76A SER I 47422 12-MAR-36 
ATCRBS REPLY RATE LIMIT TEST - 3 

1~0._ X X X X :t: X X X :t: :t: X X :t: :t: 

~' 75. 

R 

E 

p 50. 

l 

v 
25. 

X 
:t: 

:0: 
:t: 

:t: 
X 

0·+--------.-------.--------.-------. 
e. 

4. 

D 3.5 

E 

l 

A 3. 

y 

2.5 

500. 

+ + t t + + + 

1000. 
P R F 

1500. 2000. 

• I • • I • I I l j l l j 

2·+-------.-------.--------.------, 
e. 500. 1000. 

P R F 
1500. 2000. 

60. 

p ss. 
0 

u 
E 50. 

R 

45. 

:0: X X :0: :t: :0: X X X X X X X X X X X X X X 

e. 500. 40. 2000. 1000. 
P R F 

1500. 
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KING KT76A SER J 47422 18-11RR-86 
S.L.S. MODE ACCEPTANCE TEST (POSITl - 12 

IOO._.,:t:J:J: //////_ 

X ~ ~ ~75. ~ §§. . ~ ~ 
:~ . I ~ 
" ~ ~ '2S. / X % ~ 

J: ////// ~ 
X~ 

0. ~ •••••••• ,............ %:', 
1.2 

4._ 

D 3.5 

E 

L 

A 3. 

v 

2.5 

++tl+J.+ 

1.6 2. 2.4 2.8 
MODE 3/A PI-P2 (USEC> 

..L.+++ 

2.1-------,-------,--------.------, 
1.2 1.6 2. 2.4 2.8 

MODE 3/A PI-P2 (USECl 

100. :t:X X 

• 75. 

R 

E 
p so. 
L 

v 
25. 

e. 

4. 

D 3,5 

E 

L 

A J, 

v 

2.5 

:0: 

X 

J: 

X 

1.2 1.6 

.j..j.J..j.-1--L+ 

~ §§. 
§§. 
~ 
@§ 
§§ 
@§ 

~ 
:0:~ 

2. 2.4 2.8 
MODE C PI-P2 tUSECl 

+.L ...... 

2. -----r------, 
1.2 1. 6 2. 2.4 2.8 

MODE C P1-P2 (USECl 



KING KT76A SER I 47422 18-MAR-86 
5.L.5. MODE ACCEPTANCE TEST tP.W.) - 13 

100. 100. 

% 75. - 75. 

R R 

E E 

p 50. P 50. 

l l 

v v 
25. 25. 

e. I a: e :: : :1 1 12: 1 ,.. ..... e. -t---.,.--1910lf1!1ii--~--*lll'*f 0.3 0.6 0.9 1.2 I. 5 0.3 0.6 0.9 1.2 1.5 
MOE 3/A P, II. ! USEC l MODE C P. W. !USECl 

4. •• 

D 3.5 D 3.5 

E E 

l l 

A 3. A 3. 

v v 

2.5 2.5 

2.~------.--------.-------.------~ 
0.3 0.6 1.5 0.9 1.2 2. 1.2 1.5 0.3 0.6 0.9 

~ODE 3/A P. Y. !USECl MODE C P. Y. !USECl 



KING KT76A SER I 47422 18-MAR-86 

ATCRBS SENSITIVITY TEST - 14 

MODE A 

SENSITIVITY • -71 DBM 

PERCENT RESPONSE AT -81 DBM • 0.0 

MODE C 

SENSITIVITY • -71 DBM 

PERCENT RESPONSE AT -81 DBM • 0.0 
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KING KT76A SER I 47422 18-11AP-86 
ATCRBS MODE ACCEPTANCE TEST I P. IJ • ) - 17 

teo. 

% 75. 

R 

E 

p 50. 

l 

y 

25. 

0. 
0.1 0.~5 0.8 1.14 1. 5 

MODE 3/A Pl,P3 P.U. I SEC I 

~·-

D 3.5 
E II•IIIIUII I plt.LHI' 11111111111 11111111111 I llltltlll !Ill 

l 

A 3. 

v 

2.5 

2·~------.-------.--------.------~ 
0.1 11.45 0.8 1.14 !.S 

PIODE 3/A Pl,P3 P.U. !SEC I 

100. 

% 75. 

R 

E 

p 50. 

l 

v 
25. 

e. 

~. 

D 3.5 

E 

l 

A 3. 

v 

2.5 

' ' ' 0.1 0.45 0.8 I .!4 1.5 
MODE C Pl,P3 P.Y. ISECI 

, , I , , I , I' t .j..i..Ll.l..l.+t! +wt J.++ -4-J.L.+J..l.l..l-l-l.+H+tLl+.J-+.Lj.JJH + 

2·1--------.---------.--------,-
0.1 0.45 0.8 1.14 t.s 

,ODE C Pl,P3 P.U. ISECl 



100. 

% 75. 

R 

E 

p so. 

l 

v 
25. 

SPERRY RT-459A SIN 11599 3-18-86 
ATCRBS DYNAMIC RANGE TEST - 1 

················•· ~ SENSITIVITY = -73 DBM 

o. f"///////~///////,///0/' ...... I I 

~. 

D 3.5 

E 

l 

A 3. 

v 

2.5 

o. 25. 5e. 75. 100. 
POIIER (-DBl 

+~+~~+~++++++~++++++ 

2·1-------.-------.--------.------~ 
e. 25. se. 75. 100. 

POioiER (-DB l 



SPERRY RT-459A S/N 11599 3-18-86 
ATCRBS REPLY TEST - 2 

0.3 

p 0.15 

0 

I t + t t + t f + t t t + + =>ULSE POSITION POWER s 
I e. 

1 - F1 0.000 56.9 
2 - Cl 0.057 57.0 T 

3 - A1 0.060 57.0 
4 - C2 0.061 56.4 0 

-0.15 

5 - A2 0.063 56.7 
6 - C4 0.063 56.3 " 
7 - A4 0.063 56.9 
8 - B1 0.059 56.0 

-0.3 

9 - D1 0.059 56.3 
e. ~. 8. 12. IS. 

10 - B2 0.056 56.5 
PUlSE 

11 - D2 0.052 56.0 60. 

12 - B4 0.049 56.1 
13 - D4 0.045 56.0 I r + T + t ~ r 1 + + 1 1 + 1 14 - F2 0.039 56.0 p 55. 

0 

CODE • 7777 y 

E 511. 

R 

45. 

~. ~ 
0. ~. 8. 12. IS. 

PUlSE 



"'·- ATCRBS REPLY TEST - 2 

FREQUEHCV • 1889.81 

: 75.1 DEL•Y . 2.836 

~IDTH . •••• 2 

c se. 
E 

I X 
H 

T 2s.J 
X 

SPERRY RT·.59A sm 11599 3-18-86 

X 

X 
X e. 

1888. 1885. 1898. 1895. uee. 
FREQUEHCV (~HZ l 

188. tee.l 
p 75. p 75. 

E X E 

R R 

c 51. c 5e. 
I X 

E E I :t 
H H 

T T 
25. 25. 

X 

:t 

··~········ , ..... , ..... , •• 
t.IS 8.J ••• 5 e.& 8.75 2. 2.5 J. J.S •• 

PULSE ~IDTH IUSECl DElAY IUSECJ 



10@._--

% 75. 

R 

E 

P se. 

L 

v 
25. 0 

(: 0 • ..: _,,, 

6.8 

~·-

D 3.5 

E 

L 

A J, 

v 

2.5 

SPERRY RT-4S9A S/N 11599 3-18-86 
ATCRBS MODE ACCEPTANCE TEST !POSIT 1 - 3 

~*********~*~~ 

% 
~ ~ ~ 
~ ~ ~ ~ 
~ 

~ 
~ 

I 1 •: : : lfEB!lfEI910119J 
7.4 8. 8.6 9.2 

MODE 3/A P1-P3 (U5ECI 

+.._ 
+J..-++1!· II', .... 'I' !Ill...&. 

100. 

- 75. 
R 

E 

p se. 

L 

v 
25. 

0. 
19.8 

4. 

D 3.5 

E 

L 

A 3. 

v 

2.5 

U::o:::t:OOO::O« *** *** **V* 

X 

20.~ 21. 21.6 
"ODE C P1-P3 (USECI 

~~ ........ ···~~~ 

% 
~ 
~ 
~ ~ 
~ ~ ~ 
~ 
~ 

22.2 

2.i-------.-------.--------.------, 2. +-------.-------,---· ·---,,------1 
6.8 7.4 8. 8.6 9.2 19.8 20.4 21. 21.6 22.2 

MODE 3/A P1-P3 (USECI MODE C P1-P3 (USECI 



SPERRY RT-459A S/N 11599 3-18-86 
SIDE LOBE SUPPRESSION TEST - 5 



SPERRY RT-459A S/N 11599 3-18-86 
SIDE LOBE SUPPRESSION TEST - 5 

PI lEVEl 1-DBI'Il 

75 72 69 66 63 60 57 54 51 48 45 42 39 36 33 30 27 24 

P1-P2 

15 2950 2850 2825 2800 2775 2750 2775 2800 2825 2825 2825 2800 2800 2775 2775 2775 2775 2800 

12 2925 2850 2825 2800 2775 2750 2775 2800 2825 2825 2825 2800 2800 2775 2775 2775 2775 2800 

9 2925 2850 2825 2800 2775 2750 2775 2800 2825 2825 2825 2800 2800 2775 2775 2775 2775 2800 

6 2950 2875 2825 2800 2775 2750 2775 2800 2825 2825 2825 2825 2800 2800 2775 2775 2775 2800 

3 2950 2875 2825 2800 2775 2750 2775 2825 2825 2825 2850 2800 2800 

0 3000 

-3 3025 

-6 
-------



100. 

% 75. 

R 

E 

p 50. 

L 

I' 
25". 

SPERRY RT-459A S/N 11599 3-18-86 
ATCRBS DEAD TIME TEST - 6 

xxxxxxxxxxxxxxxxxxx 

~ 

I I I e. •• ••• • 

~ ~ ~ ~ ~ ~ 
~ 

~. 

D 3,5 

E 

L 

A 3. 

v 

2.5 

e. 35. 70. 105. 1~0. 

P3-P3 TIME <USECl 

~~~~~++~i~iiiii~~ii 

60. 

p 55. 

0 

"' E 50. 

R 

~5. 

xxxxxxxxxxxxxxxxxxx 

2.~-------.-------.-------.------~ 
e. 35. 70. 105. 1~0. 

~e. !05. 
0. 35. 70. 

1 
1~0. 

P3-P3 TIME <USECl PJ-PJ TIME <USECl 
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SPERRY RT-459A S/N 11599 3-18-86 
ATCRBS REPLY RATE LIMIT TEST - 8 

1~0._ ;t: ;t: X :t: X X X :t: Jl( J1: X X Jl: 

% 75. 

R 

E 

P se. 

L 

v 
25. 

Jl( 

:t: 
X 

X 
Jl( 

:0: X 

0·4-------.-------.--------.------, 

4. 

D 3.5 

E 

l 

A 3. 

v 

0. 

2.5 

soe. 1000. 
P R r 

1see. 2000. 

+ + + i i i i i i i i i i ! ! 1 1 1 1 ! 

2·;-------.--------.-------.------, 
e. see. 1000. 

P R F 

1500. 2000. 

60. 

p 55. 

0 

~ 

E se. 

R 

~s. 

X X :0: X X X :0: X :t: X X X X X :0: X X X X X 

~~. ---1 

e. s00. 1000. 1s00. 2e0e. 
P R F 



100. 

~ 75. 

R 

E 

p 50. 

l 

v 
25. 

SPERRY RT-459A S/N 11599 3-18-86 
ATCRBS ECHO SUPPRESSION TEST - 10 

xxx:o:xx:o::o:x:o::o: :o::o:x 

0 • I ...... ' • • • I I * I 
0. 

~. 

D 3.5 

E 

L 

A 3. 

v 

2.5 

6. 12. 18. a~. 

TII'IE 

.............. .1.+++++++ +++ 

2·1-------,-------.--------.------, 
0. 6. 12. 18. 2~. 

TI~E 



SPERRY RT-4S9A SIN 11599 3-18-86 
S.L.S. MODE ACCEPTANCE TEST (P.w.) - 13 

100 '1 * sco:•:.. tee. 

* I * 
% 75. - 75. 
R R 

E E 

p 5e. * P 5e. 
I * l l 

v v 
25. 25. 

e. I •«: 55 : : ee: :s 1 see:a:J!E191!*' e. +---l!li9JII---fl1619'--eleplle--IOO!f 0.3 0.6 0.9 1.2 1.5 e.3 0.6 0.9 !.2 !.5 
MOOE 31A P. ~. IUSECl MODE C P. U. IUSECl 

~. ~. 

D 3.5 D 3.5 
E E 

l l 

A 3. A 3. 

v ~ v 

2.5J 

t-+_lf+'+L 
2.5 

2.;-------.-------.-------.-------, 2. --,----, 
e.3 0.6 0.9 !.2 1.5 0.3 0.6 0.9 1.2 1.5 

~ODE J1A P. U. IUSEC l MODE C P. U. IUSECl 



SPERRY RT-469A S/N 11599 3-18-86 

ATCRBS SENSITIVITY TEST - 14 

MODE A 

SENSITIVITY = -74 DBM 

PERCENT RESPONSE AT -81 DBM = 0.0 

MODE C 

SENSITIVITY • -74 DBM 

PERCENT RESPONSE AT -81 DBM • 0.0 



100. -"::u:n::u: 

% 75. 

R 

E 

p 59. 

L 

\' 
25. 

X 

SPERRY RT-4S9A SIN 11599 3-18-86 
S.L.S. MODE ACCEPTANCE TEST IPOSITl - 16 

:1: 

X:O::I::O::o::ICO::o: IIIII. -lk:I::I::I::O::I::I: 

" 75. 

R 

E 

p 511. 

L 

v 
25. 

:1: 

:I::O::I::I::I::I:J;:I:X:O: 

e. p2/"// ••••nnn••••••••nll( 1 W///, e. p;?'m •••nunn••n•nnn Wffi I I 

~. 

D 3,5 

E 

L 

A 3. 

1. 

v T++.l...L...L..L.L. 

2.5 

1.5 2. 2.5 3. 1. 
MODE 3/A PI-P2 tUSECl 

..... + ................ J. ..... ~J.+ 

4. 

D 3,5 

E 

L 

A 3, 

v 

2.5 

1.5 2. 2.5 3. 
MODE C PI-P2 tUSECl 

..L..L.L++.L..&.. .L.L.L..l . .L-.1...1. .1. .1. .l. 

2. 2. -----,-----1 
1. 1.5 2. 2.5 3. 1. !.5 2. 2.5 J. 

MODE 3/A PI-P2 tUSECl MODE C P!-P2 tUSECl 



SPERRY RT-459A S/N 1159~ 3-13-86 
ATCRBS MODE ACCEPTANCE TEST <P.lJ.l - 17 

100. 

,, 75. 

R 

E 

p 50. 

L 

v 
as. 

0. 
0.1 

4._ 

D 3.5 
E 

L 

0.45 0.8 1.14 1.5 
MODE 3/A Pl,P3 P.U. <SECl 

A J. 

v ••••••• " " I I II I II I I II II I , I I I I II II ••.. 

~...u._..!.+'-..... .........u.~ 

2.5 
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PULSE POSITION 

1 - F1 0.000 
2 - C1 0.059 
3 - A1 0.062 
4 - C2 0.065 
5 - A2 0.066 
6 - C4 0.067 
7 - A4 0.069 
8 - B1 0.068 
9 - D1 0.068 

10 - B2 0.065 
11 - D2 0.062 
12 - B4 0.059 
13 - D4 0.054 
14 - F2 0.048 

CODE = 7777 

NARCO AT-150 S/N 28728 3-18-86 
ATCRBS REPLY TEST - 2 
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ATCRBS MODE ACCEPTANCE TEST fPOSITl - 3 
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NARCO A-T-150 S/N 28728 3-18-36 
SIDE LOBE SUPPRESSION TEST - 5 

PI LEVEl t-DBMl 
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NARCO AT-150 5/N 28728 3-18-86 
SIDE LOBE SUPPRESSION TEST - 5 

Pl LEVEL <-DBMl 

75 72 69 66 63 60 57 54 51 48 45 42 39 36 33 30 27 24 

3300 3225 3150 3100 3075 3050 3025 3050 3050 3075 3075 3100 3075 3075 3075 3050 3050 3050 
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3325 3225 3150 3100 3075 3050 3025 3050 3050 3075 3075 3100 3100 3075 3075 3050 3050 3050 

3325 3225 3150 3100 3075 3050 3025 3050 3050 3075 3075 3100 3075 3075 3075 3050 3050 3050 

3325 3225 3150 3100 3075 3050 3025 3050 3075 3075 3100 3100 3100 3100 3075 3050 3050 

3325 3300 3175 



NARCO AT-150 5/N 28728 3-18-86 
ATCRBS DEAD TIME TEST - 6 
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NARCO AT-150 SIN 28728 3-18-86 
S.L.S. MODE ACCEPTANCE TEST <P.lJ.) - 13 
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NARCO AT-150 S/N 28728 3-18-86 

ATCRBS SENSITIVITY TEST - 14 

MODE A 

SENSITIVITY • -73 DBM 

PERCENT RESPONSE AT -81 DBM • 1.0 
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SENSITIVITY • -73 DBM 

PERCENT RESPONSE AT -81 DBM • 0.0 
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NARCO AT-150 S/N 28728 3-18-86 
ATCRBS NODE ACCEPTANCE TEST ( P .lJ. ) - 17 
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3-18-86 
•P.W. I - 17 0 s.•N 28728 T"NCE TEST NARCO 

AT-15 S MODE ACCEP H 
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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, Georgia, area; Final Report, October 
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-TN83/04. 

8. ATCRBS Transponder Data from Dayton, Ohio, Airshow - 1983: March 1984; Leo Wapelhorst, 
Mark Schoenthal; Report No. DOT}FAA/CT-TN 83/53. 

APPENDIX 10 



APPENDIX 11 

GLOSSARY 



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 
~azimuth and range data. 
nautical miles and is used 

Radar; Radar providing position of aircraft 
It is designed for range coverage up to 60 

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 1n 

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. 
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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 a1r 
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 
conta1n1ng 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: National 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. 
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NAS: National Airspace System; The common network of U.S. Airspace, 
~igational 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 radio 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 distinctive 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 
to a remote indicator 

Link; A method of transmitting 
site by microwave equipment. 

radar and beacon data 

SLS: Side Lobe Suppression; A technique of preventing transponder replies 
~side lobe interrogations of radar beacons. 

TO: Technical Order; Publications covering the operation, maintenance, 
repair and overhaul of equipment. 
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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; 
standards of a product. 

Regulations covering the technical 

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. 


