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1. INTRODUCTION 

1.1 Scope 

This is the final report on the work accomplished under contract 

DOT-FA73WA-3239 for Phase I (developmental) items. The procurement was for 

equipment. analysis. documentation. and services as set forth in the engineer­

ing requirement FAA-ER-240-016 and as amended by contract modifications 

(No.1 through No.7). The primary purpose of the basic contract was to 

develop and test a Time/Frequency (T/F) Collision Avoidance System (CAS) 

Ground Station and airborne synchronization equipment which operates to 

disseminate precise time required bv the system. Contract modification No.5 

provided for several items of deliverable CAS airborne equipment and the loan 

of instrumentation. The purpose of the additional eouipment is to allow test 

and evaluation of compatible general aviation and air carrier tvpe CAS which 

employ a new, less expensive technique, for ranqe rate orocessing. All of 

the ground and airborne equipment was built by r1cDonnell Douglas Electronics 

Company (r1DEC) and delivered to the FAA test facility at NAFECwhere it 

successfully oassed the field acceptance tests. 

The intent of this report is to describe the work accomplished under the 

basic contract for the ground station and airborne synchronization equipment. 

A separate final report covers the results and conclusions derived from the 

field acceptance test of the MINI-CAS (MDEC feasibility model of the general 

aviation CAS). For the purpose of self-containment. however. this report 

includes a brief description of the additional airborne equipment and a 

summary of test results. 

During the program. monthly progress reports. analyses. test plans and 

procedures. and detailed instruction manuals were formally submitted. These 

1-1
 



documents are referenced herein for the reader who desires more detailed 

descriptions of the equipment or program activities through final acceptance. 

Inasmu~h as the overall objectives of the Phase I procurement are: 

1) to validate or appropriately modify, ER-240-016 to reflect the needs of a 

. Phase II ground station orototype; and (2) to evaluate the latest version of 

the airborne T/F CAS, the reader should also refer to FAA-NAFEC reports which 

will follow this report upon completion of the field evaluation tests. This 

report and its companion "MINI-CAS" report document onlv MDEC activities and 

the preliminary findings obtained during the facto~y and field acceptance 

test stages of the Phase I program. Detailed NAFEC flight test results are 

not included nor available at this stage of the program. 

1.2 System Description 

The time/frequency collision avoidance system is a cooperative time 

division multiplex radio frequency system desiqned to protect equioped air ­

craft against the threat of collision with any other similarly equipped air~ 

craft. In dense traffic areas, the T/F concept provides interference free 

data exchange for nearly 2,000 participants. The technique reauires precise 

time synchronization and controlled frequency switching of air and ground 

equipment. 

Ground stations, synchronized to a sinqle source of master time, provide 

first order synchronization support to all airborne units within communication 

range. Extension of ground station time is provided through time-hierarchy 

relay chains to all users by scheduled airline users equipped with ARINC 

Characteristic 587 Collision Avoidance Units. Provisions are made in ARINC 

Characteristic 590 and ANTC Report No. 117 for limited level classes of 

cooperative equipment intended for use by small commercial. airline, genera~ 

1-2
 



aviation, and military users. One of the major simplifications in the 

limited level systems is the omission of the time-hierarchy function. These 

systems can obtain T/F synchronization from hierarchial systems but cannot re­

lay it to others. 

In less dense traffic areas, not covered by ground stations and beyond 

the reach of the aircraft sync relay, CAS protection is provided by a secondary 

asynchronous mode (Back-Up Mode). 

1.3	 Equipment Summary 

The following CAS evaluation equioment was delivered to NAFEC. Table 1-1 

lists the major items and functions. 

Development Model Ground Station 

The development model CAS Ground Station was supQlied as part of the 

equipment to be used in the evaluation of the T/F CAS concepts and to 

develop production design data. Primary functions are to provide master 

timekeeping and synchronization service for airborne CAS. Secondary functions 

include test and monitoring of both air and ground subsystems. 

Collision Avoidance Units 

Two identical airborne Collision Avoidance Units (C.A.U.s) were orovided 

for use in the FAA T/F CAS evaluation program. These units are refurbished 

Engineering Model 2000 eoui~ments which conform to ARINC Characteristic 

No. 587. The logic of both units is new and has been redesigned to incor­

porate new functions required for the evaluation proqram. 

The new functions include: 1) Fly By Sync (for air-to-ground synchroni­

zation of the qround station), 2) Extended Range Sync (for nearly doubling 

the start-up and resync range of the ground-to-air link), and 3) ~R/~T Inter­

face (permits C.A.U. to use range rate data from external ~R/~T Unit instead 
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TABLE 1-1. CAS EQUIPMENT DESCRIPTION SUMMARY
 

EQUIPMENT 

Ground Station 

(G/S) 

Fly-By-Sync 
(FBS) 

r10de 1 2000 CAS 

6R/6T Unit· 

~1i ni CAS 

Instrumentation 
(Photopanel) 

MAJOR FlINCTI ONS 

System Timekeeping 
Synchronization Service 
Monitoring/Flight 
F011ow i n9 Test 

Obtain U.S.N.O. Time 
Transfer Sync to G/S 
Monitor G/S Calibration 
Monitor G/S Performance 
Operate as CAS 
Provide Hierarchy Sync 

Commercial Airline CAS 
Provide Hierarchy Sync 
Provide Ground Beacon CAS 
Operate wi th FBS 

Provide Digital Ranoe Rate 
for C.A.U. instead of 
Doopler 

General Aviation CAS 
with 6R/6T and TAU 
Loqic 

Real Time Displays 
Photographic Recording 
Monitor G/S Performance 
r1onitor C.A.U. Performance 
Monitor MiniCAS Performance 
Provide Range/Altitude for 
Join-up and Stationkeeping 

MAJOR ITEMS 

r1aster Channel 
Slave Channel 
Antennas (3) 

"Flying Clock" 
Freq. Std. 
Clock 
Stby Pwr. Sup. 
Control Panel 
C.A.U. 

C.A.U. 
r1aneuver Indi cator 
Antennas (2) 
6R/6T Unit 

PackaC]ed as 
externa 1 un it 
for evaluation 

Pilot's Display 
is integra 1 ~"ith 
Unit. Antenna (1) 

Own Slot Display 
Data Slot Display 
Controls. 
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of internal Doppler measurement). All previously tested functions are 

retained, with a few improvements, in the new loqic design. 

lIR/lIT Units 

Two identical lIR/lIT Units were provided as "add-on" boxes for each 

C.A.U. and are intended for use in evaluation of the lIR/lIT concept. The 

C.A.U. will operate normally (using Doppler-derived range rate) without the 

lIR/lIT unit. When the unit is interfaced with the C.A.U. and lIR/lIT mode is 

selected (switch provided on unit), the C.A.U. utilizes the diqitally­

derived range rate for TAU (time-to-collision) comDutations. The digital 

range rate is computed by differencinq successive ran~e measurements (lIR) 

and dividing by elaosed time (liT). 

Fly-By Sync Equipment 

One set of Fly-By Sync equipment was provided for evaluation of the 

air-to-ground fly-by synchronization technique. The equipment is designed 

to obtain master time by means of a portable clock from the U.S. Naval 

Observatory, maintain time while enroute, and transfer time to CAS ground 

stations via an RF link. Since the equipment utilizes one of the C.A.U. 's, 

it also operates cooperatively in the normal CAS environment with other CAS­

equipped aircraft. Timekeeping is provided by a Hewlett Packard "Flying 

Clock" which consists of a Cesium Beam Frequency Standard and Clock (with 

an improved beam tube) and a Standby Power Supply (with nicad batteries). 

The Fly-By equi~ment is packaged on a sQecial pallet and cabinet which 

includes a Fly-By Sync Control Panel (simplified by contract modification 

to FAA Engineering Requirement). 

Mini CAS 

Two identical airborne Mini CAS units were provided for evaluation 

of "limited level" CAS concepts for general aviation users. These units 
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are modified versions of McDonnell Micro CAS feasibility models. The logic 

has been redesigned to include TAU-threat logic based on the ~R/AT range rate 

concept. The new loqic has been packaged as a fliqht-worthy breadboard in 

the Mini CAS assembly. No attempt has been made to miniaturize the design for 

flight test and evaluation of the Mini CAS concepts. 

McDonnell CAS Instrumentation 

Two identical sets of instrumentation were provided on loan by McDonnell 

for the FAA CAS flight test. Each set is provided with cables to interface 

with either the C.A.U. or Mini CAS. The instrumentation contains various 

digital displays and status lights for real-time monitorinq of system perfor­

mance. 

Figure 1-1 is a photograph of all deliverable equipment. 
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FIGURE 1-1. CAS EOUI Pt1ENT
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1.4 Program Summary 

The schedule of activities, depicted in Figure 1-2, summarizes the 

work accomplished by McDonnell from award of contract, 29 June 1973, to 

field acceptance, 13 December 1974. All work, including design, documen­

tation, factory accentance testing, deliverv, installation, and field 

acceptance testing was completed on schedule. There were no unresolved 

equipment or performance discrepancies. 

1.5 Organization of Report 

Overviews of all work accomplished at the McDonnell facility and the 

FAA-NAFEC test area are presented in Sections 2 and 3, respectively. Brief 

descriptions of the ground station and airborne equipment are given in 

Sections 4 and 5, respectively. Sections 6 and 7 describe the factory and 

field acceptance tests. General conclusions, based on preliminary test 

results are listed in Section 8. Appendix A includes results of reliability/ 

maintainability studies performed in accordance with the engineering require­

ment. Appendix B contains qround station antenna test results not previously 

documented. 
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2.0 WORK ACCOMPLISHED AT MDEC
 

2.1 General 

This section describes the work accomplished durinq the first stage of 

the Phase I FAA CAS Program. This stage covers the time period from award 

of contract, 29 June 1973, to delivery of equinment, 10 October 1974. All 

work was performed at the McDonnell Douqlas Electronics Company (MDEC) 

facility located in St.Charles, Missouri. 

The activities are divided into five general categories: 

(1) Systems Analysis 

(2) Design and Development 

(3) Fabrication and Assembly 

(4) Integration and Test 

(5) Documentation 

Detail monthly progress reports and a PERT diaaram were nreDared to describe 

the status of these activities. These renorts covered schedule, current 

status, meetings, problem areas and proposed solutions, and future scheduled 

An overall summarv of the renuirements and final accomplishments for each 

cateqory is presented below. 

2.2 Systems Analyses 

FAA-ER-240-016 required engineerin~ systems analyses in five areas. A 

contract modification (No.5) deleted the requirement for two of these in 

exchange for additional hardware. The deleted analyses concerned the sub­

jects of "Fly-By Synchronization" and "Extended Range Synchronization". 

These features of the CAS were, however, incorporated into the equipment 

to the extent that the basic concents could be evaluated durin~ flight test. 
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The remaining three analyses were performed, submitted on 28 December 

1973, and approved. 

The	 report, reference (6), is divided into three independent sections: 

(1)	 Ground Station Clock Requirements; 

(2)	 Loran-C Accuracy and Comnarison to Other Time Dissemination 
Services; and 

(3)	 CAS Monitorinq Requirements. 

Althouqh the results and conclusions derived from the analyses were not 

intended to be translated into hardware requirements for the develoomental 

ground station, many of the present desiqn features are included in the 

analyses. The results of extended field tests are required before final 

recommendations can be made for future prototype equipment. Section 7 

of this report presents some prelimina~y findinqs concerninq the station 

clocks, time dissemination, and overall CAS monitorinq. 

2.3	 Design and Development 

2.3.1 General Requirements 

The general design requirements of the basic contract and 

FAA-ER-240-016 were for both oround and airborne equipment. The equipment 

included: 

(1)	 A develonmental model dual channel CAS qround station, 

includino one Loran-C receiver, and with the capability 

of being time-synchronized by overflying aircraft; 

(2)	 A modified r1cDonnell r10del 2000 airborne CAS, including a 

Cesium frequency standard and clock, with the capability 

of synchronizing the ground station by the Fly-By-Sync 

techni que; and 
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(3)	 A second airborne CAS, but without the Cesium standard, 

clock, and Fly-By-Sync equipment. (The capability to inter­

face with the additional equipment was retained in the basic 

CAS uni t. ) 

The objective of the basic contract was to develop production data 

for T/F CAS ground stations and associated synchronization equioment. 

In early 1974, a contract modification was negotiated which deleted 

certain less essential tasks and items (analysis, more elaborate Fly-By-Sync 

equipment, etc.) in exchange for additional airborne hardware. The intent 

of the modification was to permit the FAA to evaluate advanced versions of 

both general aviation and airline tyre CAS which incorporate circuits for 

digital computation of range rate (delta range/delta time). The additional 

equipment, delivered concurrently with the above three items, was: 

(1)	 i1iniCAS - 2 units ~."hich are modified versions of original
 

1l~1icroCAS" qeneral aviation models. The ~1iniCAS emolovs
 

delta range (~R), and delta time (~T) ranqe rate loqic
 

and full TAU threat logic. The earlier f1icroCAS "-las a
 

range-altitude only system.
 

(2)	 ~R/ ~T Units - 2 units which interface ..../ith the r10del 2000 

air-carrier type CAS to rrovide the capability of comparing 

the new AR/AT concept with the original Doppler method of 

derivinq ranqe rate. 

(3)	 Instrumentation - 2 units, loaned by r1DEC, \</hich provide real 

time displays and photographic recordinq. The instrumentation 

operates with either t10del 2000 CAS or r1iniCAS units and substitutes 

for the deleted Fly-By-Sync Disolay Panel. 
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None	 of the fundamental design features of the original three e~uipment 

items	 were deleted as a result of the modification. 

2.3.2 Ground Station Requirements 

Certain basic requirements were srecified by FAA-ER-240-0l6 for 

the ground station. Inasmuch as this is a developmental model, many of 

the specific design details \'Jere developed onlv as the program progressed 

through final system integration and test. The final developmental model 

des i gn (funct ion a1 and phvsic a1) i s des crib edin de t ail i nthe 9r 0 und 

station instruction manual, reference (7). A summary is nresented in 

Section 4 of this report. 

The basic reouirements specified for the baseline design of the 

developmental model are restated below: 

(1)	 A dual channel station is reCluired for onerational
 

availability.
 

(2)	 Separation of the station into two indeoendent station 

(channels) is required to permit interference and time 

transfer experimentation. (This feature would not be 

required in a rroduction system.) 

(3)	 The general equipment design must be in accordance with 

FAA-G-2100 which sets forth standardized reCluirements for 

FAA ground electronics eouinment relative to environment 

conditions, \'Jorkmanshio, rrocesses, safety, electrical 

circuits, finishes, ventilation, wire, markinq, selection of 

~arts and materials, and quality assurance. (In effect, the 

developmental model design was to be comoletely renresenta­

tive of a nrenroduction prototvre in its physical characteristics.) 
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(4)	 Functionally the dual channel station must: (a) accept time 

synchronization from a master source. (b) maintain time with­

in 0.5 microseconds relative to the master source (between 

resynchronization periods). (c) disseminate time to airborne 

CAS. (d) radiate test signals for ground test of aircraft 

CAS. and (e) monitor operational parameters of both air and 

ground systems. 

2.3.3 Airborne Synchronization Equioment Reouirements 

The basic requirements specified for the oriqinal procurement of 

airborne CAS equipment are restated below: 

(1)	 The equipment is not required to meet any specific configura­

tion or form factor; hm-Jever, the eouipment must be suitable 

for installation in a test bed aircraft. 

(2)	 The equipment design shall use best commercial parts and 

prac ti ces. 

(3)	 Each airborne CAS shall operate as a full air-carrier tyoe 

CAS, in accordance with ANTC-117. See reference (4). 

(4)	 One of the airborne CAS units. when interfaced with the 

Fly-By-Sync eauipment shall obtain master time, maintain 

it by means of a Cesium clock and transfer master time 

to specific CAS qround stations via an RF link. The same 

eauipment shall be used to monitor qround station operation. 

The specific desiqn details (functional and physical are documented 

in the airborne equipment instruction manual. reference (8). A summary 

description is presented in section 5 of this report. 
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2.3.4 Additional Airborne Equipment Requirements 

The additional airborne equirment provided under contract 

modification No.5 is not specified by the basic engineering require­

ment, reference (2). ~1cDonnell's "Technical Descrirtion, MiniCAS, 

r10dified CAUls and Instrumentation", dated 18 r1arch 1974, prepared in 

response to RFPWA6R-4-5l44 governs to the extent rrovided by the articles 

of the contract modification. 

The additional equipment, listed in paragraph 2.3.1 of this report, 

required no formal documentation and was to be designed and built to best 

commercial practices. No attempt was to be made to physically incorporate 

the ~R/~T logic into the Model 2000 CAS or to redesign the existing 

IIr1icroCASII unit to add the TAU-threat logic for r1iniCAS. The ne~" l09iC 

units for both versions of airborne CAS were to be packaged as fliqht­

worthy breadboards to be used for evaluation of the ~R/~T range rate concept. 

General design details are documented in the airborne equipment in­

struction manual, reference (8). A summary description is [Jresented in 

Section 5 of this report. 

2.3.5 Design Activities 

All desiqn activities for the 9round station and airborne synchroniza­

tion equipment required by the basic contract proceeded in parallel starting 

in July 1973. Essentially all design was complete by June 1974 with the 

formal release of the last set of ground station logic drawinqs. 

Design activities for the additional equinment did not start until 

mid-February 1974, but were comoleted by July 1974. 

The following paraqraphs summarize the design activities for each type 

of deliverable equipment and include major accomplishments as well as 

problems encountered. 
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2.3.5.1 Ground Station Design 

Before starting detail design, the basic requirements of FAA-ER­

240-016 (see paragraph 2.3.2) were reviewed. In those areas where the 

detailed characteristics were not specified, such as mechanical configura­

tion and monitoring and display function, a design concept was created. 

This effort resulted in a preliminary document entitled: "Technical 

Description, FAA CAS T/F Ground Station", dated 28 September 1973. This 

document contained detail descriotions of the selected design aoproach 

and included: block diagrams; layout drawings of the cabinets and dis­

plays; estimates of power, size, and weiqht; identification of modules 

(make and buy items); ~1cDonnell performance specifications for the various 

subassemblies; and a detailed description of the built-in-test features. 

After reviewing the design approach with the FAA technical per­

sonnel, suggested chanqes were incorporated suc as completely automatic 

channel switchover, instead of manua , after a failure is self-detected. 

Detailed interface signals were defined so that the circuit designers 

could proceed. 

Concurrent with the detailed electrical design effort, a support 

program was initiated to insure that the eauioment would meet the specified 

reliability and maintainability. Specific tasks of the engineering special­

ists were to assist in the selection of parts, participate in design reviews, 

ana lyze fail ures, recorranend correct; ve acti on. and perform equi oment ~1TBF 

and rITTR calculations. The results of these analyses are oresented in 

Appendix A. 

The most difficult oart of the design involved compliance with the 

standardization requirements of FAA-G-2l00, reference (3). The final 

FAA WJH Technical Center 
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design is, for the most part, compliant. However, because of the develop­

mental nature of the equipment, a number of requests for approval of suit­

able non-standard parts were submitted as cost-effective and were approved. 

In a large number of cases, these "non-standard" parts were in the category 

of special devices not covered by FAA-G-2100. These included, for example: 

RF circulators, couplers, isolators and low loss cable; liqht emitting 

diodes (LED's) and sockets; high voltaqe components; special Darts used 

on ceramic substrates in microstrip circuits such as PIN diodes, chip 

capacitors, and microwave transistors; and a qroup of "off-the-shelf" 

commercial equipments such as the Hewlett Packard frequency standards, 

clocks and power supplies, the Austion Loran-C receiver, the Fluke fre­

quency synthesizer, and the ACDC power supplies. 

The logic desiqn, considered the critical path in the develoDment pro­

gram, was esoecially restricted by the reauirements of FAA-G-2100. Since 

sockets and wire-wrap techniques, normally used for development work were 

not permitted, a complete breadboard of the logic and display sections 

had to be fabricated and tested before the design could be finalized and 

fabrication of the deliverable assemblies started. Approval was obtained~ 

however, to use MDEC standard stitch wire weld printed circuit boards for 

the developmental model. The inteqrated circuits (I.C. IS) are soldered on 

these boards which contain a standard grid for power and qround and olated­

thru holes for the I.C. ·s. Signal paths are provided by welded wire con­

nections made on the rear to pins inserted in the board. The wirinq is 

then protected by attaching a rear protective cover plate. This construc­

tion technique permits design chanoes to be made much more easily than 

could otherwise be done using production double-sided or multilayer 

printed circuit boards. 
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The total scope of the design task is probably best illustrated by 

the number of drawings generated. Table 2-1 summarizes the effort. 

TABLE 2-1. DRA1~ING SUr·t1ARY 

Engineerin9 Drawings* Number 

Layouts 44 

Artwork 140 

188 (Total) 

Forma1 Drawi ngs Number 

Spec Control 4 

Film 44 

Detail 156 

Assembly 80 

Schematics 56 

340 (Total) 

*Engineering drawings are highly accurate working drawings and are not 

generally released for manufacturing. 

2.3.5.2 Basic Airborne Equipment Design 

The McDonnell Model 2000 Collision Avoidance Unit (CAU) 

engineering model design served as the starting point for design of the 

ai rborne synchroni zati on equi pment. The t10de1 2000 CAU I S were ori gi na 11y 

built in full compliance with ARINC Characteristic No. 587. reference (5). 

as demonstration and test units. To satisfy the requirements of 

FAA-ER-240-0l6. the entire logic section of the CAU was redesigned to 

incorporate the new functions. These included: 
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(1) Fly By Synchronization (for air-to-ground synchronization 

of the ground station). 

(2) Extended Range Sync (for nearly doubling the start-up and 

resync range of the ground-to-air link). and 

(3) ~R/~T Interface (added by contract modification to permit 

CAU to use range rate data from external ~R/~T Unit instead 

of internal Doppler measurement). 

All previously tested functions were retained. with a few improvements. in 

the new CAU logic design. 

The original contract required one set of Fly-By Synchronization (FBS) 

equipment with a s~ecial control and disnlay Danel. This nanel was to 

include controls for ground station slot. a manual entry of special down­

link data messages. and displays of status. sync transfer error and up-link 

messages. Contract modification No.5 deleted most of these requirements. 

All of the FBS functions. except the special data link. were incorporated. 

however. into a modified FBS design. A pallet containing the Cesium beam 

frequency standard and clock. standby pOl'fer supnly. simplified FBS panel. 

and one of the CAU I S was des i C]ned to work \'I'i th one set of 11DEC- loaned 

instrumentation to provide the FBS capability. 

No significant design problems were encountered in the development 

of the basic airborne equipment. 

Approximately 40 drawings were generated to document the new portions 

of the design. This count. of course. does not include some 300 drawings 

for the existing 110del 2000 CAU develoned prior to award of contract. 
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2.3.5.3 r1iniCAS and tlR/tlT Unit Design 

The design of this additional airborne CAS evaluation efluirment 

vias authorized by contract modification rIo. 5. Design activities for both 

r1iniCAS and the ti{/ lXT" Unit (for CAU interface) vlere started in oarallel in 

February 1974. 

The rlcDonne 11 !lode1 2002 r1i croCAS feas i bil ity models served as the 

starting point for the MiniCAS design. These units were originally built 

as general aviation versions of the T/F airborne CAS. They were tested by 

the Air Force, with ARINC Research Corporation providing assistance, during 

r1arch 1973. 

The r1icroCAS threat logic,evaluated bv ARINC, I'las based on fixed 

range alarm boundaries. It was concluded that the full TAU-threat loqic 

used in the air-carrier CAS would be more suitable for all classes of users. 

TAU-threat logic requires measurement of range and range rate to derive TAU 

(time to closest approach). Up until recently ranne rate ~as derived from 

the Doppler shift on the carrier frequency of the 200 microsecond CAS range 

signal. This requires highly accurate and stable (s~ectrally pure) fre­

fluency qeneration throuqhout the entire transmittinq and receiving sub­

systems. The cost of this type of frequency control for the qeneral 

aviation CAS would be prohibitive. However, with the development of in­

expensive medium scale integrated circuits for diqital logic, the previously 

discarded approach of measuring range rate by range differencing became 

practical. This technique, called.6R/,c,T (delta ranCle divided by delta time), 

therefore, makes· full TAU-threat logic oractical for (Jeneral aviation ~hniCAS. 

Like\'Jise, t"e tlR/tlT concept, \'lhen used for the air-carrier type CAS, 

allows a significant reduction in the com~lexitv of the RF subsystem. 

2-11
 



For the FAA evaluation program, no attempt was made to redesi9n the 

RF sections of the r~odel 2000 CAU or to modify the coherent transmitter 

employed by the r1icroCAS. A separate lIR/.H Unit \'1as designed to interface 

with the CAU so that it could operate in either Doppler or lIR/lIT mode. 

The MicroCAS threat logic was redesigned to use lIR/lIT range rate processing 

and TAU threat loqic. Since the resulting "r1iniCAS '1 retained coherent 

transmissions suitable for Donnler nrocessinq by the CAU, both t~pes of 

range rate processing could be simultaneously com~ared durinq flight testing. 

(Preliminary evaluation by ARINC Research and r1cDonnell reveals that the 

lIR/lIT method should be equal to or better than the Do~nler technique. This 

conclusion was based on comparison of measured Doprler data with lIR/lIT data 

obtained by mathematically differencing measured ranqe data obtained during 

the same test fliqhts. (Actual lIR/lIT hard~are was not available, however, 

during the 1973 flight test program.) 

No significant design problems vlere encountered in the '1iniCAS loqic 

and lIR/lIT Units for the CAU. 

Forma 1 dravli ngs vlere not reQui red by contract; however, enoi neeri ng 

schematics and assembly drawings were generated to document the desiqns. ' 

2.4 Fabrication/Assembly Activities 

Fabrication of detail mechanical parts and printed circuit boards for 

the ground station and airborne svnchronization eauinment (modified CAU's) 

started in November 1973. Essentially all purchase orders for parts and 

materials were written by the year end. Assembly operations started in 

February 1974 after initial receipt of purchased parts. Final assembly 

and wiring tasks continued through August 1974 as a result of del~vs 

in delivery of purchase parts. (Six month delivery times for certain 
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"standard" connectors and integrated circuits were typical of the elec­

tronics industry in 1974.) In spite of these delays. all the equipment was 

built; debugged; tested and ready for delivery on schedule. October 1974. 

Fabrication and assembly activities for the additional equipment (Mini­

CAS, AR/AT Units and modified MDEC Instrumentation) started in March 1974 

and continued through August. \~orking to a compressed schedule. with 

similar parts delivery problems. the equipment was also built. debugged. 

tested and ready for delivery concurrently with the ground station and basic 

airborne hardware. 

The following paragraphs summarize the fabrication and assembly 

activities for each type of deliverable equinment and include major accom­

plishments as well as problems encountered. 

2.4.1 Ground Station Fabrication/Assemblv 

The ground station was fabricated and assembled under the scrutiny 

of both r1cDonnell qualitv control and the resident FAA Oualitv/Reliability 

Officer (ORO). The FAA O.R.O. was in residence from November 1973 through 

delivery in October 1974. The full qualitv assurance program began. of 

course. during the development stage with participation in design reviews. 

drawing check. supplier/subcontractor evaluation, and orocurement control. 

During the fabrication/assembly stage, in process inspection was extensive. 

This included: approval of work orders. incoming inspection of ourchased 

part. canplete visual insl)ection of all fabrication and assembly operations. 

mechanical inspection of detailed parts. process inspection. and chronological 

documentation of each operation. All rejected items \...ere recorded and held 

for disposition and corrective action. 
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The major problem encountered during the assembly staqe was parts 

procurement and de 1i very. Althouqh the des i gn lA/as based on the "standard 

parts" requirements of FAA-G-2100 (except for certain waivers discussed in 

paragraph 2.3.5.1), many of the carts, selected during the desiqn phase 

and called out in the assembly drawings, were difficult to procure. Problem 

areas generally related to long lead times (e.q. 36 weeks); minimum buy 

situations (e.g.2-reQuired, minimum order - 100); and the non-availability 

of QPL sources (i .e., no vendors were fully qualified to furnish certifica­

tion that certain parts met all the reouirements of the applicable milita~v 

specifications.) 

In order to maintain the proqram schedule and budqet on the development 

model ground station, ~1cDonnell submitted and the FAA apDroved a parts 

substitution list. These parts substitutions do not affect form, fit, or 

function of the equipment and in most cases the parts are specified as 

"equivalent" to the military types. The production drawing parts list 

retains the military part number in all cases and indicates that the sub­

stitute rart number is aDplicable to the develoment model only. 

The overall scope of the fabrication and assemblv activity is presented 

in Table 2-2. This table summarizes the task in terms of number of printed 

circuit cards, ceramic substrates, replaceable modules, etc., constructed 

for the dual channel ground station. The two channels are essentially 

identical and are housed in standard 19-inch cabinets. One of the channels 

differs in that it also contains a Loran-C receiver and a commercial Fre­

quency Synthesizer used for test. Both channels, however, contain mounting 

provisions and wiring for these two items. (See Section 4 for complete 

description and illustrations of the equipment.) 
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TABLE 2-2. FABRICATION/ASSEMBLY SUMMARY 

GROUND STATION 

Items As semb 1ed : Total ~uantity (2-Channe1s) 

t1ajor Assemblies 12 

Plug-in RF Modules 28 

Antennas 2 

Ci rcuit Cards: 

Loqic (Stitch welded) 32 

RF (double-sided) 40 

Displ~y (double-sided) 8 

RF Cerimic Substrates 24 

Detail t1achine Shop Parts 1600 (Approx.) 

Connectors (mu1tipin and coaxial) 600 (Approx.) 

Major Purchased Items: 

Frequency Standard/Clock 2 

Standby Power Supply 2 

Frequency Synthesizer 

Loran Recei ver 

Blower 2
 

DC Power Supplies
 12 
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2.4.2 CAU/FBS Fabrication/Assembly 

Two McDonnell Model 2000 Collision Avoidance Units (CAUls) were 

modified and one set of Fly-By Sync (FBS) interface equipment was built 

under the same type of quality assurance program as described for the 

ground station. Since the airborne equipment design and construction 

did not have to conform to FAA-G-2100, there Were fe\~er nroblems associated 

with parts procurement. rHlitary grade parts were used, however, whenever 

possible to provide reliability. 

The logic sections of the CAU's were removed and reolaced with complete­

ly new logic, designed to provide the new function (see paraqraoh 2.3.5.2). 

In addition part of the receiver was replaced with an improved low noise 

Loq I.F. Amplifier. The remaininq subassemblies of the CAU (power supply, 

exciter, transmitter, oscillator and buffer modules) \~ere retained in their 

original form but were reinspected for workmanship. 

For the FBS equipment, a pallet was fabricated to mount one of the 

CAU's and the "Flying Clock" units. This equipment consisted of a refurbished 

Hewlett Packard r10del 5061A Frequency Standard and Clock with a K02-5060A 

Standby Power Supplv. A simple panel was also fabricated to house the FBS 

controls, a test switch, and a CAS r1aneuver Indicator; 

Overall scope of the fabrication and assembly activity is presented 

in Table 2-3. (See section 5 for complete descriotion and illustrations 

of the equipment.) 
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TABLE 2-3. FABRICATION/ASSEMBLY SUMMARY 

CAUs &FBS 

New Items Total Quantity 

Logic Assembly 2
 

Recei ver
 2
 

Buffer Module (FBS)
 1 

Ci rcuit Cards
 

RF (double-sided) 5
 

Logic (double-sided) 6
 

Logic (multilayer) 10
 

Logic (motherboard) 2
 

2.4.3 MiniCAS and AR/AT Unit Fabrication/Assemblv 

This additional airborne CAS evaluation equipment was also built 

under the surveillance of r1DEC and FAA nuality representatives. All 

material and parts were of best corrrnercial quality for these "feasibility" 

models. No significant problems, other than an extremely tight schedule, 

were encountered in the fabrication and assembly stages. 

Two r1cDonnell r10del 2002 ~1icroCAS units were refurbished with all 

new logic. The existing RF assemblies and nower supnlies were repackaged 

in the bottom half of the new ~1iniCAS Units. The logic, bunt on five 

standard stitch wire weld cards with sockets for the I.C. 's, was added as 

a card rack on the upper half of each unit. No attempt was made to 

miniaturize the design. The existing MicroCAS indicator was attached 

to the front for control and threat display. A new, more stable, voltage­

controlled osci llator replaced the original 5 ~1Hz source. 
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Two	 ~R/~T Units, one for each CAU, were built. Each new unit con­

sisted of two plug-in logic cards, similar to the MiniCAS cards, and a 

power supply, housed in a small modular case. Again, no attempt was made to 

incorporate this logic into the CAU assembly. 

In addition to these deliverable units, MDEC modified two sets of CAS 

Instrumentation used on previous programs. The instrumentation, provided 

on a	 loan basis, interfaces with either CAU or MiniCAS to provide real-time 

displays and has provisions for photographic recording by a pulse-ooerated 

camera (provided by NAFEC). 

A set of interconnecting cables were fabricated to comolete the 

assembly tasks. (See section 5 for complete description and illustrations 

of the equipment.) 

2.5	 Integration and Test 

Test activities at MDEC were in four general areas: 

(1)	 Breadboa rd 

(2)	 Unit Desiqn Verification 

(3)	 System Inteqration 

(4) Factory Acceptance 

A brief description of the work accomplished is given in the following 

paragraphs. 

2.5.1 Breadboard Tests 

2.5.1.1 Ground Station Loqic/Display 

A comnlete operatin~ breadboard of one channel of the ground 

station logic (card rack assembly) and the display panel I'!as constructed 

using corrrnercial parts, stitch I·lire weld boards and sockets for the 

digital integrated circuits. This was necessarv to insure that the com­

pletely new design was debugged to the extent possible before proceeding 
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with the final deliverable design. Major chanqes to the deliverable units 

would have been difficult because of rigid Qualitv control requirements 

and long procurement times involved in getting standard parts oer FAA-G-2100. 

An t~DEC Test Set, designed for previous company-funded CAS programs, was 

used to exercise the breadboard by simulating signals typical of airborne 

CAS units. 

During integration testing of the deliverable looic assemblies, through 

August 1974, the breadboard was used as a substitution tester. 

2.5.1.2 RF Circuits 

Although the RF circuit design for the ground station was based on 

the earlier Model 2000 CAU design, most of the circuits had to be redesigned 

to meet the special requirements of FAA-G-2100. Some of the design was com­

pletely new. In these cases, partial breadboards were built and tested to 

minimize the unknown in the deliverable RF hardware desiqns. Essentially, 

all of the RF breadboard tests were completed bv December 1973. A model of 

the ground station antenna was also built and tested with 2-inches of radial 

ice. See Appendix B. 

2.5.2 Unit Design Verification Tests 

These test activities were initiated by MOEC design enqineerino to 

complement the formal quali~y and facto~v acceptance test proqrams. After 

each major functional subassembly or module \'Jas assembled, the "un it" was 

subjected to a semi-formal test bv enqineerin~ to debuq, ali~n, and show 

design verification to the extent possible at this level prior to inte~ra­

tion into the major equipment end item (qround station, CAU, f1iniCAS, etc.). 

Although not re~uired by the FAA Enqineering Re~uirement, most of 

the module tests included temperature tests to insure that the development 
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model ground station meets rroduction desiqn requirements. Each unit was 

then sub,iected to a formal quality insrection (and "sealE~d") after com­

pletion of the design verification tests to insure that any design "fixes" 

were properly installed and documented. 

t1cDonnell retains a complete file of these informal unit test 

procedures and data sheets. 

2.5.3 Systems Integration Tests 

Upon completion of design verification tests for a related set of 

"units" (e.g., transmitter modules, exciter modules, receiver modules, CAU 

logic, etc.), the group was installed in the appropriate assembly and tested 

as an integrated set. As additional sets were installed and tested, the 

integration proceeded in logical order until a complete assembly (qround 

station channel, CAU, r1iniCAS, etc.) ~'Jas ready for final systems integration 

(ground station-to-airborne stations). All deliverable equioment was com­

pletely integrated and ready for the formal factorv accertance test by 

26 August 1974, on schedule. 

2.5.4 Facto~y Acceptance Tests 

These tests \'Jere performed by ~1DEC at the St. Charl es, r1i ssouri , 

facility and witnessed by MDEC Quality, the resident FAA Q.R.O. and observers 

from FAA-NAFEC. The tests were performed in accordance \'Jith the approved 

Factory Acceptance Test Procedure, reference (10), to demonstrate comQliance 

with engineering requirements and the contract. 

The scheduled tests covered a five-~'Jeek period dur'inCJ l'Jhich each end 

item (qround station, t\'IO CAU's \'Iith 6R/6T units and FBS, and two '1iniCAS) 

were first individually tested and then cooperatively tested. A total of 

thirteen major system tests were performed. Section 6 of this report 
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summarizes the results of this major activity. All equioment was accepted 

and ready for delivery on schedule by October 1974. 

2.6 Documentation 

In accordance with contractual reouirements the followinq documentation 

\'Ias generated by MDEC to support the deve1onmenta1 oroqram: 

(1) Analysis (reference 6) 

(2) Ground Station Instruction Manual (reference 7) 

(3) Airborne Equipment Manual (reference 8) 

(4) Factorv Test Plan (reference 9) 

(5) Factory Test Procedure (reference 10) 

(6) Field Test Plan (reference 11) 

(7) Field Test Procedure (reference 12) 

In addition, aOrJroximatel,v 400 formal drav/inqs I.-Jere released to r1DEC Dravdng 

Control files. Most of these were supplied as a drawinq package for use at 

FAA NAFEC during the field and fliqht test programs. 
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3.0 WORK ACCOMPLISHED AT NAFEC 

3.1 General 

This section describes the work accomplished during the second stage 

of the Phase I FAA CAS program. This stage covers the time period from 

start of field training, October 7, 1974, to the final accertance fliqht, 

December 13, 1974. Essentially all work, exceot planning tasks, was per­

formed at the National Aviation Facilities Experimental Center (NAFEC) 

located near Atlantic Ci~v, New Jersey. 

The activities are divided into three qeneral categories: 

(1) Field Training 

(2) Preliminary Functional Tests/Installation 

(3) Field Acceptance Tests 

Detailed monthly progress reports were prepared to describe the status of 

these activities. These reports covered schedule, current status, meetings, 

problem areas and proposed solutions, and future scheduled tasks. An 

overall summary of the final accomplishments for each catego~v is oresented 

below. 

3.2 Field Training 

3.2.1 Orientation Course 

After completion of the factorv acce~tance tests at MDEC, the FAA 

requested that a CAS orientation course be held at NAFEC for oersonnel who 

would be involved in the field test oroqram. This course was held from 

October 7 to October 11, 1974. Subject matter included a review of system 

concepts and the general requirements of ANTC-117 (reference 4), technical 

requirements of the current FAA contract (references 1 and 2), and 
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technical descriptions of the delivered CAS ground and airborne equipment. 

The field test plan (reference 11) was also discussed in preparation for the 

upcoming tests. 

3.2.2 Eouipment Familiarization 

After the equipment arrived at NAFEC, technical personnel were 

instructed in the operation of each item of ground, airborne, and instru­

mentation hardware. The various methods of measuring e~uinment performance 

parameters (e.g., receiver sensitivity, transmitter power, oscillator drift, 

etc.) were demonstrated. As the field test phase ~rogressed, NAFEC personnel 

were able to conduct the formal accertance tests with minimum assistance from 

MDEC. 

3.3 PreliminarY Tests/Installation 

In accordance with the FAA request for delayed shioment (to allow com­

pletion of ground station building facility at NAFEC), all of the equipment 

was shipped from r1DEC on October 10, 1974. The shipment was delayed in-route 

and did not arrive at NAFEC until October 22, but was bff-loaded and received 

in good condition with no damage. After the equipment was unpacked and 

determined to be operable, it was reassembled and brief GO/NO-GO power-on 

checks were performed. Both channels of the ground station were set in nlace 

in NAFEC Building 156, located about one mile east of the main hanger. The 

two qround station CAS antennas were installed ato~ two fifty-foot telephone 

poles, located o~Dosite ends of the building, aonroximate1y fifty feet apart. 

Low loss semi-rigid cable was connected to each antenna and run to the re­

spective channel cabinets. The Loran-C receiver antenna was also mounted 

on one of the poles and connected to the receiver in Channel No.1. 
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3.3.3 Equipment Radiation Tests 

Prior to installation at NAFEC, all tests had been oerformed with 

the equipment transmitters and receivers terminated into dummy loads. 

System-to-system RF communication links were simulated using hardline 

(coaxial cable interconnections) and suitable RF plumbing (couplers, hybrid 

junctions and attenuators) to control path losses. This technique eliminates 

the uncontrollable effects of multipath propagation normally encountered when 

antennas are allowed to radiate. 

Although the CAS design, based on extensive practical experience with 

real-world multipath conditions, incorrorates manv techniques for coping with 

the effects of multipath, certain conditions can cause signal contamination 

to the extent that it should not be used. Rather than rrocess such signals, 

which probably would result in highly erroneous data, it is rejected by the 

signal verification circuits. 

For baseline functional testing, it is, therefore, desirable not to 

introduce multipath into the data gathered in the laboratory. During flight 

testing, of course, multi path-corrupted data is unavoidable. 

To ascertain the effects of multipat~ prior to the start of formal 

acceptance tests, two checks were made: 1) the qround station was connected 

to its dual antenna system, and 2) the airborne units were installed in the 

aircraft, parked on the ramp, and permitted to communicate with the ground 

station and each other via normal antenna-free space paths. The following re­

sults were reported: 

3.3.3.1 Ground Station Radiation Test 

Initial transmissions by lJround station Channel No.1 into its 

antenna resulted in a biphase modulation built-in-test (BIT) failure in 
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that channel. Transmission by Channel No.2 into its antenna resulted in 

nonmal operation. As an experiment, the antennas were cross cabled such 

that Channel No. 1 used Channel No. 21 s antenna, and vice versa. This 

resulted in a blphase BIT failure in Channel No.2, indicating a problem 

with No. 1 antenna. Measurements were made of cable and antenna VSWR. 

Both antenna systems were well below the L5:-1 lima. (in fact, the "good" 

antenna system had a higher or worse VSI~R than the "bad" antenna system.) 

Oscilloscope observations revealed that Channe No.1 antenna system 

was experiencinq more mu1tipath reflections from the surroundinq terrain 

than the other channel. It was also noted that the "bad" antenna was 

slightly tilted on its mount atoD the pole. The antenna was straightened 

slightly and the rrultipath interference was -reduced sufficiently, for the 

moment, to allow the biphase BIT to pass without failure. However, the 

next day, under diffetent weather conditions, the multipath ~gain caused 

random BIT failures in Channel r~o. 1. Due to the non-predictable nature 

(phase and amplitude) of the multipath, it \'1as decided to permanently 

inhibit the biphase modulation BIT circuit to Drevent nuisance-tyoe failure 

a1 anms. 

Earlier analysis, reference 6, revealed that this particular BIT func­

tion was of questionah1e value and probably shou d be eliminated from the 

production desiqn. The success of the BIT depends u~on the biohase decoding 

logic to "read" correctly each data bit of the bil)hase messaqe as trans­

mitted by the channel in own slot. Since biphase data transmission is a 

"secondary" data link function, not essential for CAS or qround station 

synchronization support to airborne stations, and since the operator can 

easily determine prooer ooeration by observation of Qround channel displays, 

disabling the BIT seems justified. 
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Another manifestation of multipath return in Channel No. 1 ''las an 

intermittent failure alanm generated by the ranqe BIT circuit. This was 

traced to strong radar-like reflection following transmission of the ground 

station ranqe pulse. These reflections, as observed. in the No.1 channel 

receiver, continued for over 100 microseconds and occasionally were above 

the processing threshold long enough (approximately 25 microseconds) to be 

treated as a Iisecondll range oulse in the same slot. AlthouCJh the "first" 

range pulse always passed all verification tests for both presence and 

absence of video, the false start of the IIsecondll Clhost ran~e oulse caused 

the BIT circuit to reject both signals ~v declarin0 them to be co-slot occupants. 

This design error was corrected (one wire was removed) and the range BIT now 

functions nronerlv in spite of the multi~ath. 

A third problem was discovered when both channels were connected to their 

respective antennas: the r1aster-Slave loon BIT ",as observed to fail erroneous­

lv. This was not caused by multipath, hm·/ever. The "aster-S1ave loop test 

requires that the transmitted signals radiated bv the '1aster Channel be re­

ceived by the Slave, via the antenna link. demodulated and verified, ~assed 

back to the r~ster, via hardline, and compared to the ori~inal looic modula­

tion for nrarer time-af-arrival (within ~ath delay tolerances). The BIT 

failure was traced to an error in the stitch-wire list used to weld the 

logic. A mis-wired capacitor in the line receiver circuit caused a 

foreshorteninq of the receiver switch control signal in the Slave Channel. 

The function of the control si~nal durin~ the 1000 BIT is to attenuate the 

hiqh Dower siqnal, transmitted by the ~1aster. so that it anpears weak at 

the Slave's receiver. With the mis-wired caoacitor, the control siqnal 

allowed leakaqe from the t1aster Channel transmitter RF rre"ate to be seen 

by the Slave. Even thouqh this weak pregate is about 100 dB below the 
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main hiqh power siqnal (anprox. 63 dBm), the preQate as seen bv the Slave 

was still at the receiver threshold of -88 dBm. Due to the short distance 

between channel antennas (50 feet) and the hi~h gain (6dB per antenna), the 

calculated and observed pregate signal at the Slave was about -88 dBm. 

Consequently, when the pregate leakage preceded the normal signals, the Slave 

logic could not verify the ~1aster's transmissions and the loon BIT would 

fail. The problem was corrected by Droperly reconnecting the capacitors 

in both channels. tlo\'/, ~lith the receiver switch (PIN diode attenuator) 

gated on during the entire pregate and si9nal time, the BIT test functions 

as it shoul d. 

3.3.3.2 Aircraft CAS Radiation Tests. 

Initial radiation tests with the CAU and '1iniCAS units installed 

on the aircraft were completely successful. Durina these tests, the air ­

craft were parked on the NAFEC flight ramp about 0.6 miles from the 0round 

station. Good CAS communications were establis~led bet,"een the station and 

each aircraft CAS and between each aircraft. In sQite of severe qround-to­

ground multipath, the aircraft CAS were able to synchronize and pass the 

ground station ramp test sequence of simulated threat siqnals. The ground 

station displays of both aircraft CAS were solid, as were airborne instrumen­

tation displays of each other and of the ground station. 

Later tests, however. did reveal an instrumentation problem, aggravated' 

by multi path. This did not affect CAS operation. The ranqe disolav inter­

mittently read 196.1 n.mi. althounh the correct ranne was being measured by 

the CAU. The "bad" range number is a preset used in the instrumentation. 

A logic "race ll in the CAU-Instrumentation interface circuit caused the 

display to erroneously reset to this number after a valid ranqe was measured 

but was followed by multipath or other interference. The interface circuit 
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was	 modified to correct the display problem. 

3.4	 Field Acceptance Tests 

The final field acceptance tests were oerformed after comoletion of the
; , 

preliminarv bench checks and functional tests. The acceptance activity was 

divided into three phases: 

(1) 48-hour ground station test 

(2)	 Installation of airborne equipment in aircraft 

(3) Four 2-hour flight tests (minimum reouirement) 

The tests were conducted at NAFEC in accordance with the approved test 

procedure, reference 12, by NAFEC personnel, assisted by r1DEC. 

The scheduled activi~v started on November 6, 1974, with the 48-hour 

continuous test of the T/F Dual Channel Ground Station (exercised by all 

of the airborne equipment setup nearby on benches). This test was success­

fully completed without interruotion or malfunction. 

All airborne CAS equipment and instrumentation was installed and 

functionally checked out in the FAA test bed aircraft (N-376 and N-377 

Gulfstreams) by November 10th. 

The flight acceptance tests covered the period from November 12 to 

December 13, durinC) \'Ihich six flirJhts "/ere made. Since one of the aircraft 

was grounded by an alternator problem, the first scheduled flight was used 

only to check-out and demonstrate ooeration of an airborne CAU with the 

ground station. Four more "official" fliql1ts were made per the formal 

procedures. The sixth and final fli~ht was made to recheck operation of one 

CAU which was experiencing intermittent built-in-test failures and to qather 

more data on CAU to r1i ni CAS threat encounters. 

Total fliqht time (take-off to touch-down) was aooroximately 14 hours. 

Total operating time, including preflight checkout, exceeded 30 hours. The 
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ground station was operated in support of all the preflight checkouts and 

flights. Except for the CAU automatic built-in-test (BIT) shutdown, there 

were no CAS equipment failures, ground station or airborne. (The CAU BIT 

shutdown was later identified as a valid self-detection of improper CAU 

operation. The cause was traced to an intermittent connection between a 

wire and crimp type terminal within the Exciter module of the CAU.) 

Section 7 of this report summarizes the results of the field acceptance 

tests in more detail. (Subsequent tests, performed by NAFEC, during the 

Flight Test Evaluation Program, scheduled to start in January, 1975, are 

beyond the scone of this report and will be reported by NAFEC in a future 

document. ) 
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4.0 DESCRIPTION OF GROUND STATION 

4.1 General 

This section contains a brief description of the development model 

time/frequency (T/F) collision avoidance system (CAS) ground station. 

Detailed descriptions. theory. operating ~rocedures. and maintenance 

information are included in the instruction manual. reference 7. provided 

under the contract work. 

The ground station consists of two channels which contain all required 

functions. The channels may be separated. physically and/or functionally. 

to permit interference and time transfer experimentation with independent 

operation. When separated. both stations retain most of the major time­

keeping, communication, monitoring, and test functions of the dual channel 

system. Only secondary monitoring functions are inactivated. Both channels 

communicate with the CAS airborne stations which are described in Section 5 

of this report. 

Photographs of Channel Mo. 1 of the ground station are shown in 

Figures 4-1 and 4-2. Both channels are identical in construction and 

wi ri ng. Since two channels are norma lly 1oca ted s i de-by-s i de, on ly 

Channel tlo. 1 is eouipned "lith the Loran-C Receiver and Frequency Synthesizer. 

Complete mounting and wiring provisions are made in Channel No.2, however, 

for both these items. 

4.2 r,round Station Functions 

A simplified functional block dia"ram is qiven in Figure 4-3. When 

configured as a-primary ground station, the t"/Q channels are divided into 

"Master" and "Slave". Either channel may perform either function but not 

both simultaneously. Both share the station clocks and Loran-D time 
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FIGURE 4-1. GROUND STATION CHANNEL O. 1 (FRONT VIEW)
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FIGURE 4-2. GROUND STATION CHAN EL NO. 1 (REAR VIEW)
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monitor receiver. In general, the master channel communicates with 

synchronized aircraft and monitors their performance. The slave channel 

monitors the master and detects aircraft which m~v be operating asynchron­

ously. The slave channel is slaved only in the sense that it accepts 

initial synchronization from the master. After that it maintains time 

independently. The slave channel will automatically assume the role of 

the master if the master channel fails. 

The general contents and purpose of each block on Fioure 4-3 are as 

follows: 

RF	 Communications - contains the transmitter and exciter-receiver. 

The exciter provides biphase modulated RF to the transmitter 

which amplifies and sends the RF to the antenna. The receiver 

converts received RF into IF,measures the Doppler frenuency 

shift of the received RF, and demodulates the data stream. 

Ramp Test - This logic generates test messaqes which are used in 

the aircraft to verify threat logic. 

Timing/Comparison - This logic generates timin~ siqnals, establishes 

the time to transmit and format of all messaqes, compares time/ 

fre'luencv accuracy of the frenuencv standards (including the 

Loran-C receiver) and performs self tests to assure proner 

operation. 

Control - provides means to turn prn~er on/off and control senuence 

of self tests. 

Monitor and Display - contains liqht emittina diode numeric dis­

plays to monitor received messages, lamps to display the results 

of self tests, and a meter for checkinq internal power supply 

voltages. 
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Station Clocks/Loran-C Receiver - generates precision 5 MHz for 

station time/frequency reference; monitors Loran-C transmissions 

to provi de an independent t"ime/frequency check. 

Specific functions for each channel are listed below and summarized in 

Table 4-1. Ground Station characteristics are summarized in Table 4-2. 

Functions of the master channel are to: 

(1)	 Accept initial time synchronization or update from a UTC time
 

disseminating service (e.g. t fly-By Sync/CAS, Loran-C, WWV,
 

portable clock);
 

(2)	 Maintain time synchronization, within ~ 0.5 microseconds (3 siqma) 

relative to UTC between ground station time update intervals; 

(3)	 Synchronize CAS aircraft within range; 

(4)	 Radiate test signals for ground test of aircraft CAS; 

(5)	 Monitor time agreement among (a) the internal frequency standard, 

(b) the external frequen~y standard, (c) qround epoch start triad 

transmitted by the master (RF received by the slave; demodulated, 

verified and hardlined back to the master, when co-located); and 

(d)	 the epoch count derived from Loran-C receptions (if available); 

(6)	 Communicate with CAS aircraft to test both ground and airborne 

stations' ability to communicate, as well as to cross check the 

accuracy of the timekeeping and time transfer services; 

(7)	 Passively monitor performance of synchronized aircraft (identify 

and display selected CAS range, altitude, and biphase data); 

(8)	 Passively monitor slave transmissions; 

(9)	 Perform continuous integrity monitoring in the form of Built-In-Test 

(BIT) of all master channel functions; 

4-6
 



(10)	 Automatically inhibit master transmissions when a failure is 

detected; and 

(11) Provide suitable alarms and indications. 

Functions of the slave channel are to: 

(1)	 Accept initial time synchronization or update from the master
 

channel;
 

(2)	 Independently maintain time synchronization within ~ 0.5 micro­


seconds, 3 sigma, relative to UTC (between master channel time
 

update intervals);
 

(3)	 Continuously and independently monitor time aqreement among the
 

selected "on-line ll station clock, the hot standby station clock,
 

and the epoch count derived from Loran-C recentions;
 

(4)	 Receive ground epoch start triads radiated by the master channel, 

decode them, and hardline a verification signal back to the master. 

(5)	 Display the CAS test signals radiated by the master channel; 

(6)	 Display master ground slot transmissions; 

(7)	 Search for, detect, display information, and communicate with 

aircraft operating with asynchronous CAS (arrarently skewed by 

more or less than one slot, or actually skewed in time or frequency 

cycle) ; 

(8)	 Perform continuous integrity monitoring in the form of Built-In-Test 

(BIT) of all slave channel functions. 

(9)	 Automatically inhibit slave transmissions (interrogation of skewed
 

aircraft) when a failure is detected;
 

(10)	 Provide suitable alarms and indications for the operator so that 

he may take corrective action; 

(11)	 Automatically assume the function of the master if master fails. 
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TABLE 4-1. DUAL CHANNEL T/F GROUND STATION 

Accept Initial Time and Update 

Maintain Time to Within 0.5 ~s. 30 

Monitor Time Between Clocks 

Integrity Monitor (BIT) 

Inhibit Transmissions if Failure is Detected 

Generate Failure Alarm 

Synchronize CAS Aircraft 

Radiate Test Signals 

Communicate with Fly-By Sync Aircraft 

Monitor Performance of Synchronized Aircraft 

Monitor and Display Slave Transmissions 

Decode Ground Epoch Start Triads and Route 
Verification Pulse to Master 

Monitor and Display Master Ramp Test Signals 

Monitor and Display Master Slot Signal 

Detect Skew 

Function as Master when Other Channel is Not 

FUNCTIONS 

t1ASTER 

x
 

x
 
x
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

SLAVE
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
 

X
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TABLE 4-2. GROUND STATION CHARACTERISTICS
 

Equipment Type: Development Model T/F CAS Ground Station 

Equipment Function: Timekeepinq, Synchronization, and Monitoring Service 

for Airborne CAS. 

Equipment Use: FAA Test and Evaluation. 

Assigned Frequency Band: 1592.5 MHz to 1622.5 MHz. 

Operating Freguencies: 1600 MHz, 1605 MHz, 1610 MHz, and 1615 MHz, 

normally time division multiplexed. 

Frequency Control: Cesium Beam. 

Modulation: Pulse (1.6 microseconds to 200 microseconds) and Biphase 

(NRZ Space, 1 Megabit/second burst rate for 120 microseconds within 

each 200 microsecond pulse). 

Modulation Duty: Up to sixteen 200 microsecond pulses per 3 second epoch, 

pl us up to 2000 1.6 mi crosecond resync tri ads per 3 second epoch at 

intermittent duty. 

Power Output: 2000 watts + 3 dB. 

Receiver Type: Superheterodyne, double conversion.
 

IF Frequencies: 45 t1Hz and 160 or 165 or 170 or 175 t1Hz.
 

Local Oscillator Frequencies: 1440 MHz and 205 or 210 or 215 or 220 MHz.
 

Recei ver Noi se Fi gure: 8 dB.
 

Receiver Sensitivity: -88 dBm.
 

Antenna: Vertical array of nine half-wave dipole elements.
 

Power Requirements: 15 amperes, single phase 60 Hz 120 VAC.
 

Major Assemblies of Master/Slave Channels: Frequency synthesizer, Loran-C 

receiver, transmitter, power control/monitor panel, exciter-receiver; 

display panel, test point panel, loqic, cesium frequen~v standard, 

standby power supply, blower, digital clock, and antenna. 

4-9 





5.0 DESCRIPTION OF AIRBORNE EOUIPMENT
I 

5.1 General 

This section contains a brief description of the airborne equioment and 

instrumentation provided for the FAA CAS evaluation proqram. Detailed 

descriptions. theory. operating procedures, and maintenance information are 

included in the instruction manual. reference 8. provided under the contract 

work. 

Photographs of the Collision Avoidance Unit (CAU). Fly-By Synchronization, 

and MiniCAS eouipment are shown in Figures 5-1. 5-2. and 5-3, respectively. 

5.2 Airborne System Configurations 

The McDonnell Model 2000 Collision Avoidance System (CAS) conforms to 

ARINC Characteristic No. 587 which defines the basic requirements for CAS 

specifically designed for installation in commercial transport aircraft. A 

complete airline CAS installation includes at least one electronics unit, 

designated the Collision Avoidance Unit (C.A.U.), two antennas, at least 

one maneuver indicator, and an optional Precision Frequency Unit (P.F.U.). 

Fiqure 5-4 illustrates normal operational configurations for commercial 

airlines. 

The rkDonnell r·1iniCAS eouipment is intended for use on general aviation 

aircraft. A tynical configuration is shown in Fiq'ure 5-5. 

For the FAA evaluation proqram, the configurations are modified to 

accommodate the additional reauirements for fli~ht test, instrumentation, 

and evaluation of new concepts (fly-by-sync and ~R/~T threat logic). 

Figures 5-6 and 5-7 depict configurations for installation in two 

flight test aircraft. Figure 5-6 configuration is intended primarily for 

test of the Fly-By-Sync (F.B.S.) equipment with a C.A.U. and ~R/~T Unit. 
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FIGURE 5-1. MODEL 2000 COLLISION AVOIDANCE UNIT 
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FIGURE 5-2. FLY-BY SYNCHRONIZATION E~UIPMENT 
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FIGURE 5-3. r~INICAS 
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Instrumentation, anten~as, and aircraft interfaces are connected to the 

C.A.U. The t~iniCAS is normally "off" or in "standby" with transmission 

inhibited. (The ~1iniCAS in the second aircraft would normally be "on" with 

the second C.A.U. "off.") The standby t~iniCAS may be used by turning the 

C.A.U. off and reconnecting the instrumentation, upper antenna, and air ­

craft interfaces to the MiniCAS. 

Figure 5-7 configuration is intended primarily for test of the MiniCAS 

which is shown connected to the upper antenna, instrumentation, and aircraft 

interfaces. The C.A.U. is normally "off" but can be used instead of the ~1ini 

CAS by reconnecting the appropriate interface equinment. Fly-By-Sync equip­

ment is not provided for the second aircraft. 

5.3	 Fly-By-Svnc Operation/Functions 

The airborne fly-by synchronization equipment (Flving Clock and simpli­

fied Control Panel), when operated with a C.A.U. and one set of instrumenta­

tion, enables the operator to control and monitor the initial synchronization 

and periodic calibration of the CAS ground station. Specifically, the CAS/ 

FBS performs the following functions: 

(1)	 Obtains UTC time synchronization from a master time source 

(such as the Naval Observatory) by means of a portable clock, 

or alternately via an RF link usinq a CAS T/F ground station 

(master channel); 

(2)	 Maintains master time while flyino from the master source 

to specific CAS ground stations, and while returning to the 

source for closed loop checks; 

(3)	 Transfers master time (initial start or update) to the specific 

CAS ground station(s), normally via an RF link; 
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(4) Operates cooperatively as a full airborne CAS in accordance 

with ANTC 117 and ARINC 587, in the normal CAS environment, 

while performing FBS duty~ 

(5)	 Monitors the operation of CAS ground station master channels, 

specifically checking all two-way communication functions 

including dynamic range of the links and the timekeeping and 

synchronization process; 

(6)	 Performs continuous integrity monitorinq in the form of built ­

in-test (BIT) of all CAS functions; 

(7)	 Automatically takes itself out of service when a failure is 

detected; and 

(8)	 Processes ground station ramp test siqnals, when on the qround 

and test mode is selected. Displ~ys the simulated threat re­

sponses on the maneuver indicator and the test data on the instru­

mentation. 

5.4	 Model 2000 CAS Operation/Functions 

The McDonnell Model 2000 CAS may be ooerated with or without the FBS 

equipment. On the FBS aircraft this is accomplished simply by selecting, 

either CAS/FBS or CAS-ONLY mode on the Control Panel. In the CAS/FBS mode 

the C.A.U. uses the precision frequency (5 MHz) of the Flying Clock to 

maintain time and is initially synchronized to the epoch time of the clock. 

The C.A.U. remains in time-hierarchy 01 throughout its FBS mission. In the 

CAS-ONLY mode, the C.A.U. continues to use the orecision frequency of the 

Flying Clock (simulating operation of the ARINC 587 P.F.U.); however, 

the epoch time of the clock is not used. Instead, the C.A.U. must achieve 
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time sync via the normal ground-to-air or air-to-air hierarchal resync 

process. In this mode the C.A.U. demotes in hierarchy at the normal "slow" 

rate of one steo per 834 erochs (41.7 minutes) in the absence of a resync 

update. 

On the aircraft without FBS equipment the C.A.U. always operates 

in the nomal CAS mode using its internal crystal oscillator. In the 

absence of resync update, the hierarchy demotes at the normal "fast" 

rate of one step per two epochs (six seconds). 

The C.A.U.s are interchangeable and perform identical CAS functions 

whi ch are: 

(1)	 To encode and transmit CAS signals to convey ranqe, range 

rate, altitude, and time synchronization information to re­

ceivinq stations. 

(2)	 To receive and decode CAS signals transmitted by participating 

stations. 

(3)	 To provide two basic modes of CAS operation: Sync Mode, 

usinq time hierarchy, four frequency multiplexing and one-way 

threat evaluation; and Back-Up Mode (BUM), using special 

interrogate-respond threat evaluation techniques when operating 

asynchronously. Obstacle avoidance is also rrovided since it 

is an integral part of the existing desi9n. 

(4)	 To determine the extent of the collision hazard with respect to 

cooperating aircraft and to generate maneuver and advisory infor­

mation (visual and aural) for the rilot. 

(5)	 To maintain time synchronization with respect to the most 

accurate source of time within communication ranqe. 
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(6) To transfer accurate time synchronization to other stations 

requiring such service. 

(7)	 To provide for automatic selection of the ARINC 587 Precision 

Frequency Unit (PFU) 5 r1Hz, v/hen available, for the generation 

and protection of a more accurate time base, permitting longer 

operation in the sync mode in the absence of time update 

from other stations (not required when the "Flying C10ck " 

is used). 

(8)	 To provide continuous integrity monitoring (BIT); to provide 

outputs to an airborne integrated data system (AIDS), when 

available; to provide data to a flight data recorder (FOR), 

when available; and, to send commands to the maneuver indicator 

and Fly-By Sync Panel to indicate status, degradation and failure. 

(9)	 To provide outputs for automatic test equipment (~rE) for 

use in fault isolation in the maintenance shop. These signals 

are used also for interface with the instrumentation. 

5.5	 C.A.U. Operation with 6R/6T Unit 

The operation and functions of the C.A.U., when connected to the 6R/~T 

Unit, are unchanged from those described in the previous paragraDh. The 

only difference is the technique by which rate information is derived. 

In the basic C.A.U., range rate is obtained by measurinq the Ooop1er­

shift of the radio carrier frequency. This reouires hiqh1v accurate and 

stable frequency generation throughout the entire transmitting and receiving 

subsystems (in addition to precise timekeeping 10qic for ranging and resync). 
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Using the 6R/6T concept, in which range rate is digitally derived by range 

differencing, the requirements placed on the RF subsystems are greatly 

relaxed. 

For the FAA evaluation program, no change has been made to the RF hard­

ware. However, the 6R/AT concept can be tested by turning on the 6R/AT 

unit connected to the C.A.U. (Switch provided on 6R/6T unit.) In the 6R/6T 

mode, the C.A.U. utilizes the digitally-derived ranqe rate, instead of the 

internal Doppler measurement, for TAU-threat computation. 

When connected to the instrumentation, both types of range rate data 

are displayed for simultaneous comparison and evaluation. Threat displays 

and maneuver commands, however, are based only on the selected range rate 

measurement technique. 

5.6 MiniCAS Operation/Function 

ANTC-117 and ARINC characteristic No. 590 provide for limited level 

Collision Avoidance Systems that omit as many complexities as possible 

while permitting use by aircraft flying at jet altitudes and speeds. The 

McDonnell MiniCAS orovides a comnatible system for subsonic aircraft whose 

performance constrains them to an altitude below 10,000 feet and altitude­

rates 1ess than 1 ,000 feet per mi nute. 

The MiniCAS units, provided for the FAA evaluation program, are 

modified versions of early model Micro CAS equipment. MicroCAS threat logic 

was based on range and altitude computations only. However, the transmitted 

signal was controlled to the extent that receivin~ aircraft eouioped with 

Doppler measurement circuits could compute TAU-threats based on both range 

and ranqe rate infonnation. The modified 11iniCAS retains this so-called 

"coherent" transmission feature for use with the C.A.U. which can process 

either Doppler or 6R/6T range rate. 
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MiniCAS incorporates the newAR/~T concept permitting it to use full 

TAU computations in the threat decision logic. Functionally, the MiniCAS 

provides the essential characteristics of the ANTC-117 Limited Level 2 

system. Specifications for the Level 2 system have been revised slightly to 

reflect the performance of the MiniCAS. 

5.7 Instrumentation Operation/Functions 

The McDonnell instrumentation may be operated with either the C.A.U. 

(with or without FBS) or the MiniCAS. Both real-time displ~ys and photo­

graphic recording are provided. The instrumentation package, Fiqure 5-8, 

is arranged such that the display may be viewed directly while the camera 

photographs the display. 

When the instrumentation is connected to the C.A.U., the operator may 

monitor both own slot and one data slot (other participating airborne or ground 

station) on the display. Own message slot number is identified to the operator· 

by a four-digit disolay (m1S SLOT NO.). Unknown data slot numbers are identi ­

fied in a roll call manner on the BOGEY SLOT NO. readout. The onerator may 

select one of the active data slots for display by dialing-in the number on 

the OMS SELECT thumbwheel switches. 

The following information is displayed on the own message slot 

section of the panel: 

1) Own r~essaqe Slot Number 

2) Hierarchy (00 through 63) 

3) Sync Address (Slot Number) 

4) Transmitted Altitude (Feet) 

5) Received Resync (Time) 
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In the data message slot section the following bogey or selected 

slot	 information is displayed: 

1) Range (Nautical Mil es) 

2) Altitude (Feet) 

3) Hierarchy (00 through 63) 

4) Doppler Range Rate (Knots) 

5) t>R/ t>T Digital Range Rate (Knots) or Sync Address 

(Slot	 Number) when selected by a switch. 

Other useful switches and status display lights included on the panel 

include ATCRBS code (altitude encoder) readout, maneuver indicator repeater 

lights, and a resettable four-digit counter (Epoch Number) for time correlation. 

When operated with the integrated CAS/FBS equipment, the real time dis­

plays may be used to monitor performance of the Fly-By-Sync calibration process 

as well as the normal C.A.U. parameters described above. After the initial 

sync has been transferred from the FBS aircraft to the ground station, the 

accuracy of the process may be verified by monitoring the OMS RESYNC number 

readout. This readout is a five-digit number that indicates the fine sync 

time as calculated from time of receipt of a fine sync triad. The nominal 

value is 1419.2 microseconds. The difference between the displayed value 

and the nominal value is the amount and direction that the C.A.U. normally 

corrects its time base in the CAS ONLY mode. In the CAS/FBS mode, however, 

the airborne C.A.U. is already aligned to the Flying Clock with master time 

(from the U.S.N.O.), and the time base is not adjusted to agree with any 

received resync. The RESYNC readout in the case of FBS oneration, therefore, 

indicates how well the ground station time base and transmitted resync signals 
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agree with the airborne. Normal quantizing errors and scatter due to the 

RF link are expected, but the average of the readings should anproach 1419.2 

as the number of samples increases. A significant bias (non-zero average 

difference) would indicate the need for recalibration of the ground time 

base. 

When the C.A.U. is on the ground and test mode is selected, the instru­

mentation may be used to monitor the test message transmissions from the 

ground station. (Doppler range rate must be used to obtain the proper 

maneuver indicator threat displays.) 

r1iniCAS operates with the instrumentation in much the same manner as 

the C.A.U. However, since MiniCAS does not use Doprler range rate nor 

biphase data, the associated displays are not activated. 

5.8 Summary of Equipment Characteristks 

Table 5~1 summarizes the major characteristics of the airborne 

equi pment. 

5-17
 



TABLE 5-1 (Continued): 

Major Enuipment Items: 

r1cDonnell nodel 2000 CAS U1odified) , 
Hewlett Packard "Flying Clock" U~odified)
 

Fly By Sync Control Panel (Simplified)
 

MiniCAS (Modified MicroCAS)
 

Instrumentation (Photopanel)
 

Assigned Frequencv Band: 1592.5 MHz to 1622.5 t1Hz
 

Operating Frequencies: 1600 MHz, 1605 MHz. 1610 MHz. and 1620 MHz.
 

normally time division multiplexed.
 

Frequency Control: Cesium Beam or Crystal
 

nodulation: Pulse (1.6 microseconds to 200 microseconds) and Biphase
 

(NRZ Space at 1 Megabit/second burst rate for 120 microseconds within
 

the 200 microsecond pulse).
 

t~odulation Duty: One 200 microsecond Dulse ner 3 seconds minimum;
 

0.0002 tvpical maximum; 0.003 lockout.
 

SPECIFIC E~UIPMENT INFORMATION:
 

1) rkDonnell Model 2000 CAS (r1odified) 

Ma,i or Items:
 

Collision Avoidance Unit (C.A.U.)
 

Upper and Lower Antennas
 

Maneuver Indicator
 

lIR/lIT Unit
 

Function: Commercial Airline CAS 

Airline Specification: ARINC Characteristic No. 587 

Special Modifications: F1V-By-Sync, Extended Range Resync. AR/AT 

Unit for digital range rate, and instrumentation interface outputs. 
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TABLE 5-1 (Continued): 

System Frequencies Used: All (transmit and receive) 

Frequency Control: External Cesium Beam or Internal Crystal. 

Modulation: Pulse and Biphase 

Power Output: 1000 \~atts + 3 dB 

Receiver Type: Double Conversion Superheterodyne 

Receiver Sensitivity: -88 dBm, nominal 

Receiver Noise Fiqure: 8 dB maximum 

Antenna: Vertically Polarized Stub 

Displays: CAS Status Flag and CAS Command/Advisories 

Power Requirements: 115V, 400 Hz, 3 amps, maximum and Standby 

Timekeeping 28 VDC, 2 amps, ma~imum (C.A.U.). 

Note: 6R/6T Unit requires 115V, 400 Hz, 1 amp, maximum 

2) Hewlett Packard "Flying Clock" U1odified) 

r1aj or Items: 

Standby Power SupPly Model K02-5060A 

Cesium Beam FreCluenCY Standard r~odel 5061A, with 

Standard Options 002 (30 minute battery) and 004 

(improved beam tube, and snecial ontion H59 (001 

clock option with soecial lPP6S output.) 

Functi on: r1aster Clock for Fly-By-Sync Servi ce 

H.P.	 Specifications: (Also see HP Manuals)
 

Accuracy: + 7 x 10- 12
 

Settab ility: 1 x 10- 13
 

Long Term Stability: + 3 x 10- 12 (for life of tube) 
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TABLE 5-1 (Continued): 

SPECIFIC EQUIPMENT INFORMATION (CONTINUED): 

Receiver Sensitivity: -78 dBm, nominal 

Receiver Noise Figure: 13 dB, maximum 

Antenna: Vertically Polarized Stub 

Displays: Standby/Sync light and CAS Command/Advisories 

Power Requirements: 13 ~ 1 VDC, 5 amos, maximum. 

5) Instrumentation (Photopanel) 

Function: Real Time Data Display and Photographic Recording 

Interfaces: C.A.U. or MiniCAS, and Aircraft 

Capacity: Two Data Slots (own aircraft and intruder) 

Display Update Rate: Once per CAS 3-second Epoch 

Recording Rate (Camera): One Frame per Epoch 

Displays: 

Own ~1essage Slot Number 

Own Hierarchy Status 

Own Sync Address 

Own Transmitted Altitude 

Own Received Resync Time 

Bogey Message Slot Number (non-selected slot) 

Intruder Range 

Intruder Transmitted Altitude 

Intruder Hierarchy Status 

Intruder Doppler Ranqe Rate 

Intruder 6R/6T Range rate } (s ha red) 

Intruder Sync Address 

CAS Input/Output Status Lights 
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TABLE 5-1 (CONTINUED):
 

SPECIFIC EQUIPMENT INFORMATION (CONTINUED): 

Controls: 

Data Slot Selector Switches 

Oleo Switch (simulates aircraft strut switch) 

Approach/Departure Switch (simulates flap switch) 

Transmit Inhibit Switch 

Camera ON/OFF Switch 

Power Requirements: 28 VDC, 2 amps maximum 
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6.0	 FACTORY ACCEPTANCE TEST 

6.1	 General 

This section describes the Factory Acceptance Test performed by 

McDonnell to demonstrate compliance with the Enqineering Requirement, 

FAA-ER-240-0l6 (reference 2) and the contract, DOT-FA73WA-3239 (reference 1). 

for the Development Model T/F CAS Ground Station and associated airborne 

equipment. The tests were performed at the MDEC, St,Charles, Missouri 

facility from August 26 to October 2, 1974. All tests were performed in 

accordance with the approved procedure (reference 10) and were witnessed 

by the resident FAA Quality/Reliability Officer. Tests results were 

recorded and approved. 

6.2	 Summary of Tests Perftormed 

The factory acceptance tests were divided into two groups: 1) single 

system tests, and 2) svstem-to-sYstem tests. 

Single system tests were those performed on sinqle end-item equipments. 

Measurements were limited to those which did not require use of a coopera­

tive system or special test set. Tests in this group were: 

1)	 CAU Test (each unit) 

2)	 MiniCAS Test (each unit) 

3)	 Ground Station Test (each channel) 

System-to-system tests were those which required use of two or more 

cooperative equipments or systems to establish communication links and to 

demonstrate compatibility. Tests in this group were: 

1) CAU-to-CAU Test
 

2) MiniCAS-to-M'niCAS Test
 

3) MiniCAS-to-CAU Test (each unit)
 

4) Ground Station-to-CAU/FBS Test (each unit)
 

5) Ground Station-to-MiniCAS Test (each unit)
 
6) Ground Station-to-All (four) Ai rborne Test
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6.3 Test Objectives 

All tests were selected to provide a reasonable level of confidence 

in the performance and compatibility of the individual equipments and 

systems operating as a cooperative T/F CAS system under laboratory con­

ditions. Specific parameters (e.g .• pulse characteristics. transmitter 

power. receiver sensitivity. altitude encoding accuracy. etc.) were 

recorded and compared with specified tolerances. 

All tests were performed with hardline (coaxial cable) interconnec­

tions between eauinments to eliminate the uncontrollable effects of multi­

path and signal strength variation. The resulting measurements and in­

dicated responses (displays. alarms. etc.) thus became the baseline data 

for later bench and flight tests in the field. 

6.4 Single System Tests 

6.4.1 CAU Tests 

The followinq tests were performed on both Collision Avoidance 

Units. MDEC Part No. A05A0211: 

1) Transmitter and Pulse Characteristics (power output. droop. 

leakage. spurious radiation. rise time. fall time. overshoot. 

undershoot. backswing. return swing. pulse widths. pulse. 

spacing. and birhase modulation characteristics). 

2) Receiver Characteristics (tangential and threshold sensitivity, 

dynamic range. ad.iacent CAS frequency response. spurious out­

of-band response. and recovery time). 

3) Oscillator Characteristics (warm-up time and drift rate without 

AFC) 

4) Built-In-Test (operation of CAU and Antenna BIT circuits) 

See paragraph 6.6 for summary of results. 
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6.4.2 MiniCAS Tests 

The following tests were performed on both MiniCAS units, MDEC 

Part No. A05A02l4. 

1) Transmitter and Pulse Characteristics (same narameters 

listed	 for CAU. except biphase). 

2) Receiver Characteristics (same parameters listed for CAU). 

3) Oscillator Characteristics (same parameters listed for CAU). 

No discrepancies were noted. 

6.4.3	 Ground Station Tests 

Each channel of the dual channel station was tested individually 

for the following: 

1) Transmitter and Pulse Characteristics (same ~arameters listed 

for CAU). 

2) Receiver Characteristics (same parameters listed for CAU). 

3) Standby Power Operation 

4) Power Line Voltage Variation 

5) Built-Tn-Test Functions. 

No discrepancies were noted in either channel. During the test, however, 

two logic elements in one of the channels were inadvertently "blown-out" 

by a high voltage transient introduced by an item of test equipment. The 

two I.C. 's were replaced and the rework inspected. 

Upon completion of the single channel tests, the ground station was 

tested in the dual channel configuration. Tests were made with Channel 

No.1 as Master and Channel No.2 as Slave. Then all tests were re~eated 

with the Master/Slave functions reversed in each channel. 
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The	 following operations were demonstrated: 

1)	 Time Base Alignment (alignment of both station clocks to 

agree with an external source, internal logic, Loran-C and 

ability of monitoring subsystem to automatically detect 

out-of-tolerance conditions). 

2)	 Cross Channel Monitoring (Master/Slave loop BIT. and
 

Slave monitor of t1aster ramp test functions).
 

3)	 Automatic Switchover (automatic detection and switchover 

from failed clock to good clock and of Master function 

from failed channel to qood channel). 

No discrepancies were noted during the factory tests. During the ore­

liminary functional tests in the field, hOl'lever, it \vas discovered that 

the automatic switchover did not function properly for all possible 

combinations of failed conditions. A minor design channe was incor­

po rated and all known failure-mode combinations were rechecked for 

correct automatic switchover action. 

6.5 Svstem-to-System Tests 

6.5.1 CAU-to-CAU Tests 

The following tests generally required the use of the 6R/6T Units, 

the Hewlett Packard "Flying Clock", the F1V-By Sync (FBS) panel, and CAS 

Maneuver Indicators in addition to the CAU assemblies. Tests included 

the foll owi ng: 

1)	 Back-Up-t10de Threat Eva 1uati on 

2)	 Sync Mode Tests (svnc triad formats, hierarchy and fine sync 

process, oscillator automatic frequency correction, Doopler 

accuracy, 6R/ 6T accuracy, altitude encodin~/decoding accuracy, 

CAS threat evaluation and recirrocity, and check of FBS interfaces). 

See paragraph 6.6 for summary of results. 
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6.5.2 MiniCAS-to-MiniCAS Tests 

These tests primarily exercised the threat evaluation logic of each 

MiniCAS which were checked for proper response and reciprocity of commands. 

Other items rechecked in this test included 

1) Start-Up (from donor, CAU or Ground) 

2) Fine Sync (from donor) 

3) Oscillator Automatic Frequency Correction 

4) ~R/~T Accuracy 

5) Altitude Encoding/Decoding Accuracy 

See paragraph 6.6 for summary of results. 

6.5.3	 MiniCAS-to-CAU Test 

Both MiniCAS units were tested for compatible oDeration with both 

CAU's.	 The followinq items were checked: 

1) Start-Up (from CAUl 

2) Fine Sync (from CAUl 

3) MiniCAS Oscillator Correction (by CAul 

4) ~R/6T Accuracy (each system) 

5) Doppler Accuracy (Mini CAS transmittinq, CAU receiving) 

6) Altitude Encoding/Decoding Accuracy (each svstem) 

7) CAS	 Threat Evaluation and Reciprocity 

See paragraph 6.6 for summary of results. 

6.5.4	 Ground Station-to-CAU/FBS Test 

These tests required full operation of the qround station with each 

channel tested in both Master and Slave modes. Both CAU's were tested with 

the FBS/Flying Clock configul'ation for correct operation with the ground 

station. 
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Tests	 included: 

1) FBS Operation (CAU/FBS sync GIS) 

2) Normal Operation (GIS sync CAU) 

3) Master Channel Monitorinq of CAU 

4) Slave Channel Monitoring of CAU 

5) Ramp Test (GIS test message generation and CAU response) 

6) SKEW Test (purposely skew CAU time base and demonstrate 

capability of GIS to detect conditions). 

No discrepancies were noted. 

6.5.5	 Ground Station-to-MiniCAS Tests 

These tests were performed to demonstrate the ability of the ground 

station to operate with both MiniCAS units. Tests included: 

1) GIS sync MiniCAS 

2) Master Channel r1onitorinq of r1iniCAS 

3) SKEW Test (capability of Slave channel to detect MiniCAS time 

base skew). 

No discrepancies were noted. 

6.5.6	 Ground Station-to-All Airborne Systems Test 

These tests were performed to demonstrate the ability of the dual 

channel ground station to operate with all deliverable airborne CAS equip­

ment (two CAU's and two MiniCAS units) simultaneously. Tests included: 

1) GIS Sync (to all airborne units) 

2) GIS Monitoring (of all airborne units) 

3) Effect of GIS Failure and Recoverv 

No discrepancies were noted. 
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6.6 Summary of Test Results and Discrepancies 

The Factory Acceptance Tests for all equipment was satisfactorily 

completed. Failure reports were written on all discrepancies noted during 

the tests where limits specified in the approved test procedure were not 

. met by the equipment. With the exception of three minor discrepancies, 

all out-of-tolerance conditions noted during the acceptance tests were 

corrected. After the corrective action was oerformed, selected portions 

of the acceptance tests were repeated to verify the fix and to verify that 

all related circuits and measurements retained their orevious characteristics. 

McDonnell Douqlas Electronics Company submitted a formal request for 

waiver on the three discrepancies not resolved inasmuch as the conditions 

noted were caused by inconsistencies within ANTC-117, reference 4. The 

waivers were granted and it was agreed that none of the conditions reported 

will in any way affect the operation of the CAS for the purpose procured. 

The three discrepant conditions associated with the formal MDEC
 

Failure Reports are summarized below:
 

Item 1 Failure Report 05420 and Failure Report 05423
 

After applying power to a cold Collision
 

Avoidance Unit (CAU), the Collision Avoidance
 

Unit will start operation in back-up mode (BUM)
 
before an oscillator accuracy of 1 x 10-8 is achieved.
 

There is no specification in ANTC-117 or ER 240-016 for time-out prior
 

to start of oreration in the back-up mode (BUM). Both Collision
 

Avoidance Units do not achieve the required oscillator accuracies
 

within the time specified in the Factory Acceptance Test Protedure.
 

However, on each unit (within one minute of specification) the
 

asci lator achieves an order of magnitude better accura~y than is
 

required by specification. Since warm up time is not specified and
 

considered a market place item, McDonnell Douqlas Electronics Company
 
recommended acceptance of the Collision Avoidance Unit as is since
 
the temporary inaccuracy will have no affect on system operation. 
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Item 2	 Failure Report 05425 - Failure Report 05428 and 
Failure Report 05429 

Stea~y state TAU 1 threats at the boundaries 

between altitude bands sometimes shift from one band 

to the other momentarily, always in the direction to 

provide an early alert of a potential threat. 

The second basic discrepancy is related to the mechanization of the 

altitude threat logic in both the Collision Avoidance Unit and Mini 

CAS. Altitude input to the CAS is in a special gray code format 

with the least significant bit equal to 100 ft. Altitude is pulse 

position encoded for transmission at a rate of 0.4 usee per 100 feet 

input increment with reference to the leading edge of the range 

signal. Upon reception, the altitude is decoded with reference to the 

range pulse in the same manner as encoded for transmission. 

If the 5 MHz oscillator in the transmittinq system is exactly in phase 

with the oscillator in the receiving system, the Altitude encoded in 

one system will be perfectly decoded in the other system. However, 

as the phase of one oscillator shifts with respect to the other, the 
decoded altitude can vary bv one least siqnificant bit in the decoder 

which results in a change of 100 feet in the decoded altitude. 
Therefore, the only way ANTC-117 requirements incorporated in the 

Factory Test Procedure can be achieved is if the oscillator of the 

participating units remain perfectly in phase, which is impossible. 

McDonnell Douglas Electronics Company therefore allowed for the shift 

of 100 feet from one band to the next at the altitude band boundary 

limits such that they only occur at the extreme of the phase differences, 

and the majority of the threats were correctly detected in the altitude 

band occupied by the TAU 1 threats. Due to the inconsistency in ANTC-1l7 

t1cDonne11 Douglas Electronics Company has assured that threats will be 

detected at the earliest point in time. On this basis, MDEe requested 

waiver of failure reports written on this discrepant condition and 

acceptance of the units "as is". 
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Item 3	 Failure Report 05426 

On one of the two Collision Avoidance Units 

(CAU) the first to third pulse spacing of 

the resync triad is out of tolerance by 20 
nanoseconds. 

Durinq the Factory Acceptance Test of one of the two Collision 

Avoidance Units provided under the subject contract, a measure­

ment of the RF signal at the antenna revealed that the time 

between the first and third pulses of the resync triad was 

20 nanoseconds greater than the tolerance (50 nanoseconds) 

specified in ANTC-117 and the Factorv Acceotance Test Procedure. 

Considering this very tight tolerance on the signal in space and 

the major retunin~ and rework that would have been required, 

r1cDonnell Douglas Electronics Company requested waiver of the 

Failure Report covering this discrenancy inasmuch as the system 

operation is not affected in any wav and the correction of this 

discrepant condition would not improve operation of the 

Collision Avoidance Unit. 

There were no unresolved discrepancies of anv type for the Dual 

Channel	 Ground Station. There were no e~uinment part failures in any 

of the ground or airborne hardware durinq the entire five week period 

of the factory acceptance tests. 
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7.0 FIELD ACCEPTANCE TEST
 

7.1 General 

This section describes the Field Acceptance test performed to 

demonstrate that: all subsystems, ground and airborne, were onerable; 

adjustments to the equipment were optimized; and the enuipment complies 

with the Engineering Requirement, FAA-ER-240-016 (reference 2), and 

the contract, DOT-FA73\~A-3239 (reference 1), for the Development r10del 

T/F CAS Ground Station and associated airborne equipment. The tests 

were performed at the FAA NAFEC facility, New Jersey, by NAFEC personnel 

with assistance from MDEC. 

A description of all work accomplished at NAFEC from October 7, 1974 

through December 13, 1974 is qiven in section 3 of this report, and 

includes field training, prelimina~v functional tests, and installation. 

This section is devoted only to the formal Field Acceptance Tests which 

were conducted from November 6 through December 13, 1974. All tests were 

performed in general accordance with the approved procedure (reference 12). 

As noted in the procedures, flight test portions of the field acceptance 

tests were modified as necessa~v to orovide additional testing as time' 

permi tted. 

Test results were recorded and apnroved for the ourpose of equipment 

acceptance. However, no attempt will be or should be made to perform a 

complete evaluation of the T/F CAS concepts or accuracy based on this data. 

Final evaluation ~Jill be the objective of further testin~ to be nerformed 

by NAFEC on instrumented ranges. This activity is scheduled to start in 

early 1975 and will be the subject of a future renort to be prepared by 

NAFEC. 
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7.2	 Summary of Acceptance Tests Performed. 

The formal field acceptance tests were divided into two nroups: 

1) 48-hour ground station test, and 2) flight acce9tance tests. 

The 48-hour test was essentially a reliability test, during which 

both channels of the ground station were operated for 48 consecutive 

hours without a failure. All airborne eouinment was used in a bench test 

set-up to exercise the various ground station functions and to monitor 

operation. 

The flight acceptance tests required, as a minimum, two successive 

2-hour flights without a failure for each of the two basic type of air ­

borne CAS equipments (CAUls and MiniCAS units). Thus, a minimum of four 

2-hour flights were scheduled. Six actual flights were made, including 

a preliminary check flight and a final flight to recheck operation of one 

CAU which had earlier experienced automatic in-flight shutdown. The 

sixth flight was also used to demonstrate additional two aircraft encounters 

between the CAU nnd one of the MiniCAS units. 

The ground station was oDe rated in support of all the preflight check­

outs and flights of the airborne CAS equipment. Specific tests of the 

ground and airborne CAS included: 

1) Ramp Test
 

2) Fly-By-Sync
 

3) Extended Range Resync
 

4) Flight Following (by ground)
 

5) Communication Range (all links)
 

6) CAU-to-CAU Threat Encounters
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7) CAU-to-MiniCAS Threat Encounters 

8) MiniCAS-to-MiniCAS Threat Encounters. 

In threat encounters involving the CAU~ both BUM and Sync Mode were 

tested and both Doppler and ~R/~T range rate processing were employed. 

Total flight time (take-off to touch-down) was approximately 

14 hours for aircraft N-377 and 12 hours for aircraft N-376. Total 

operatinn time~ including preflight checkout, exceeded 30 hours for 

each aircraft and the ground station. 

7.3 Test Objectives 

The single major objective of the "Field Test", performed at NAFEC, 

was comrletion of the Field Accertance Test. This test required only 

that MDEC demonstrate that all ground and airborne subsystems were 

operating properly for the specified number of hours. The objective of 

the Field Acceptance Test was not to evaluate any of the TfF CAS concepts 

nor to evaluate accuracy of any of the CAS oarameters. This type of 

evaluation is considered to be the major objective of the Flight Test 

Program which follows the Field Accertance Test. Responsibility for the 

Fliqht Test Proqram, including plans, nrocedures, independent instrumenta­

tion systems, data reduction, analysis, and reoorts, is the FAA's. 

Certain specific test objectives were recommended by MDEC for the 

Field Test. These objectives were necessarily in the category of a 

qualitative performance demonstration since means for quantitative data 

collection were limited. The various tests formulated to accomplish 

the specific demonstration objectives are described in the following 

paragraphs. 
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Some quantitative data was collected using MDEC-loaned photo-

panel instrumentation with NAFEC cameras. Most of the photo-data was 

unuseable, however, because of technical difficulties experienced with 

the camera and film processing. These problems have since been corrected 

by NAFEC. Provisions are also being made by NAFEC for digital taoe 

recordinq which should simplify future data reduction task. 

7.4 48-Hour Ground Station Test 

Both channels of the Collision Avoidance System Ground Station were 

operated for 48 consecutive hours without a failure of the equipment in 

any respect. The tests started at 3 P.M. on November 6, 1974 and con­

tinued until 3 p.r1. November 8,1974, NAFEC rersonnel attended the station 

continuously durinq the two-day test. 

All airborne equipment was connected in a bench test setup via hard­

lines (coaxial cables) and RF plumbing (couplers, hybrids, attenuators, 

etc.) to both channels of the ground station. The setup duplicated the 

"Ground Station-to-All Airborne Systems" configuration used in the final 

Factory Acceptance Test. (See paragraph 6.5.6). The setup allowed the 

ground station to operate with any or all of the airborne equipments simul­

taneously. 

Specific ground station functions exercised during the 48-hour test were: 

1) Fly-By-Sync: CAU with FBS was used to oerform initial 

start-up and calibration routine to synchronize the 

ground station Drior to olacino it in the normal auto­

matic Master/Slave mode of operation. 

2) ~ormal Sync: The ground station was used to synchronize all 

four airborne CAS units. 
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3)	 Monitorinq: All ground station displays were checked for 

proper readouts in all disnl~v modes while all airborne 

units continued to operate for four hours. Thereafter, 

at least one airborne unit was used to verify correct 

operat i on every two hou rs for the fi rs t 24 hou rs. Duri ng 

the next 8 hours, operation was verified every hour. 

Checks were then made at two hour intervals for the final 

16 hou rs . 

4)	 Ramp Test: Ourinq the final hour, the ramp test functions 

of the Master Channel were rechecked. 

5)	 Skew Test: Also in the final hour, the ability of the 

Slave Channel to detect asvnchronous operation of airborne 

units was rechecked. 

6)	 Effect of "Failed" Channel: At the end of the 48th hour, 

the Master channel was intentionally caused to "faiP by 

turnino off the hiqh voltaqe power supnlv in that channel. 

The "failed" status of the channel was detected by built-in­

test circuits and the other channel automatically switche~ 

from the Slave to Master mode of operation. In this mode 

sync service was immediatelv restored without measurable error 

to all airborne units. Then the "failed" channel was "fixed" 

and checked for proper oneration in the Slave mode. 

7.5	 Flight Acceptance Tests 

After completion of the 48-hour ground station test, the airborne 

equipment was installed in the two test bed aircraft (NAFEC Gulfstream, 

N-376 and N-377). Brief functional checks were oerformed to insure that 
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all systems were operable and ready for the f1iqht accentance test phase. 

These activities, completed by November 10, 1974, included the equipment 

radiation tests described in paragraph 3.3.3. 

The dual channel ground station was emr10yed throughout the flight 

acceptance tests to provide synchronization and flight following, and 

to further demonstrate its ability to operate with the airborne CAS in 

the aircraft flight environment at various ranoes and altitudes. 

The following paragraphs summarize the objectives and results of 

each flight. 

7.5.1 Check Flight 

The first two-aircraft flight (CAU-to-CAU) scheduled for November 12. 

1974 was cancelled due to a problem with the aircraft alternator on N-376. 

Since N-377 was operable, a two hour check flight was made with CAU No.1 

equipment o[Jeratinq in that aircraft. 

Ramp tests were successfu11v performed prior to takeoff. demonstrat­

ing the CAUls ability to process test messa0es and simulated CAS threat 

encounters. These test siqna1s were radiated bv the ground station located 

approximately 0.6 n.miles from the flight ramp. 

During the flight, CAS corrmunications were maintained between the 

ground station and the CAU on aircraft N-377 to approximately 140 n.miles. 

At this range aircraft altitude was 20,000 feet. Maximum reliable range 

at this altitude is limited more by radio line of sight than by the RF 

link power budget which can theoretica11v accommodate a qround-to-air 

link of 280 n.miles, provided aircraft altitude is greater than 50.000 feet. 

Assuming a 4/3 earth model (equivalent earth radius to compensate for 

bending of a radio beam under standard atmospheric conditions), the 
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maximum theoretical qround-to-air range for an aircraft at 20,000 feet 

is approximately 175 n.miles. This requires~ however~ that both ground 

and airborne antennas have satisfactory patterns and an unobstructed 

view at near zero elevation angles relative to the far horizon. Although 

the ground station antenna pattern is known to have sufficient gain at 

zero elevation (see Appendix B), few aircraft antennas (ton or bottom) 

have smooth patterns at low elevation at all azimuths. Most exhibit good 

forward gain (toward the nose) with rear nulls (toward the tail). Further, 

at low grazing angles~ few line-of-sight paths are completely clear of 

obstructions. 

Typical link calculations assume that one degree elevation angle 

provides reliable range performance. At one degree, the maximum theoretical 

communication range between the ground station and an aircraft at 20,000 

feet is only 110 n.miles. To achieve 140 n.miles ranqe~ the elevation 

angle would be approximately 0.5 degree. Hence, the ranqe observed during 

this check flight appears reasonable. 

Relative to aircraft antenna switching, it was observed at the ground 

station that signals from the upper antenna were in general stronger and 

less multipath-corrupted than signals from the lower antenna. This was 

true for both outbound and inbound legs of the flight. Signals were 

generally stronger durinq the inbound leo probably because of better air ­

craft antenna patterns in the forward direction. Directly overhead~ 

signals from the upper antenna were very weak. This is to be expected 

when the antenna is completely shadowed by the aircraft fuselage. 

Displays of aircraft range~ altitude, and biphase data link 

information (hierarchy, sync address~ identification~ and slot number) 
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were good as observed on the ground station flight-following monitor 

panel. Doppler range rate, as measured by the ground station exhibited the 

typical scatter about the true mean. (Future ground equipment should use 

6R/6T measurements if range rate displays are desired.) 

The CAU on aircraft N-377 stayed in sync with the ground station 

throughout the 2-hour check fliqht. The "extended range resync" mode was 

automatically employed beyond the normal resync range of approximately 90 

n.miles. This was the first time this new function had been demonstrated 

in a flight environment. 

7.5.2 First Accertance Flight 

The first two aircraft flight per the formal acceptance test 

procedure was flown November 14, 1974. CAU No.1 was aqain operated with 

the "Flying Clock" in aircraft N-377. CAU No.2, operating on the internal 

crystal oscillator, was aboard N-376. The qround station was fully ooera­

tional throughout the test mission which was designed to demonstrate the fol­

lowing: 

1) Ramp test preflight checkout 

2) Airborne CAS operation in close fliqht formatiDn 

3) Normal sync mode operation 

4) Extended range resync 

5) Long range startup and resync 

6) Back-Up-Mode (BUM) of)eration 

7) Maximum ground-to-air range 

8) Ground station flight follOlving 

9) Simple CAS threat encounters in all modes 
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Both aircraft systems successfully passed the preflight ramp tests 

(using Doppler range rate processing). The aircraft took off together 

in Sync ~10de. joined up wingtip-to-wingtip and calibrated altimeters 

at 21.000 feet. Reciprocal Climb/Dive threats were nroperly displayed 

in each aircraft. All instrumentation displ~ys were correct. 

Both aircraft proceeded outbound in close flight-formation at 

21.000 feet to determine maximum resync and communication range to the 

ground station. The aircraft displayed range to the ground out to 

97 n.miles. beyond which the CAU logic automatically inhibits its range 

processing circuits (per ANTC-117 rules). The ~round station continued 

to monitor both aircraft out to approximately 160 n.miles. Extended 

range resync from the ground to both aircraft was provided to about 150 

n.miles. which is the approximate logic limit for the process. These 

ranges are reasonable for the altitude involved. (See paragraph 7.5.1) 

After the ground station lost contact. the aircraft proceeded 

outbound to about 190 n.miles and both CAU's were forced to BUM. The 

aircraft turned around. rejoined to check altimeters and pronerly dis­

played reciprocal Climb/Dive commands based on the BUM threat loqic. 

Heading inbound. the aircraft remained in close formation dis­

playing BUM threats while attempting long-range start-u~ (a new function 

incorporated in both CAU designs). Althouqh the logic permits long­

range start up to approximately 80 n.miles. the CAUls did not regain 

sync until they were within 65 n.miles of the qround station. The 

explanation for this is that while both CAU's are in a threat command 

situation. the logic rules (oer ANTC-117) nrohibit the CAS from changing 

operational mode. At 70 n.miles. when the aircraft finally opened 
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air-to-air range beyond 0.5 n.miles. they extinguished the BUM commands 

and were able to synchronize. Since the maximum startup range without 

long range startup logic is 45 n.miles. the new logic was successfully 

demonstrated. 

After sync was regained, both CAU's were switched to employ 6R/6T 

range rate processing instead of Doppler. A brief racetrack pattern was 

flown in which both CAU's received proper avoidance commands during a 

head-on encounter. 

Time did not permit a return to maximum range for recheck of per­

formance as suggested by the procedure. The aircraft retu'('ned to NAFEC 

after nearly three hours flight time. (Procedure renuired only two hours). 

Problems uncovered during the flight included: 

1) Instrumentation intermittently read 196.1 n.mi. 

2) Momentary "TiminrJ Fail" occurred in ground station when 

received siqnal arrives approximatel~ 1230 microseconds 

into time slot. 

3) NAFEC 16 mm camera and film processing produced less than 

satisfactory results. 

None of these problems were considered to affect the results of the flight 

test since all objectives were satisfactorily demonstrated. The above 

problems, discussed in paragraph 7.6, were eventually solved. 

7.5.3 Second Acceptance Flight 

The second two-aircraft CAS acceotance test flight was flown on 

November 20, 1974. MDEC-loaned instrumentation was modified to fix the 

intermittent 196.1 n.mile readout problem reported during the first mission. 

CAS equipment configuration was the same as used on the fi~st flight with 
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both CAU's operating in CAS-only mode during the first outbound run. 

For the remainder of the flight CAU No.1 on aircraft N-377 operated 

in the Fly-By Sync mode. Again, the ground station was employed in the 

mission which was designed to demonstrate the following: 

1) Ramp test
 

2) Normal sync mode operation
 

3) Extended range resync
 

4) Air-to-air start-up and sync
 

5) Maximum ground-to-air range
 

6) Maximum air-to-air range
 

7) Fly-By sync of ground station
 

8) Ground station flight following
 

9) 6R/6T Mode CAS threats
 

Both CAU's successfully passed the preflight ramp check. The air ­

craft took off together in Sync Mode. They did not join up for altimeter 

calibration and minimum range CAS threat checks because of inclement 

weather. Proper threats were displayed, however, while the aircraft 

were side by side on the ramp (with altitude pulse turned on). The 

aircraft headed outbound from the ground station on diverging radials 

to determine maximum air-to-air and air-to-ground range. 

The ground station tracked CAU No.1 in aircraft N-377 flying at 

22,000 feet to 122 n.miles. CAU No.2 in aircraft N-376 was tracked to 

161 n.miles at the same altitude. Both CAU's measured range to the 

ground station up to 97 n.miles, beyond which the display is logically 

inhibited. 
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Air-to-air communications between both aircraft was maintained to the 

97 n.mile limit. 

Extended ranqe resync was provided by the ground station to both 

CAU's. After the ground station lost contact, CAU No.1 with the "Flying 

Clock" supplied normal resync to CAU No.2 with the crystal oscillator. 

After the aircraft were seoarated over 100 n.miles, both CAUls 

were forced to BUM. Then CAU No.1 was placed in Fly-By-Sync Mode, using 

the time base of the "Flyinq Clock". The qround station placed in Standby 

Mode with its time base no longer in sync with the FBS CAU. 

Both aircraft turned and headed inbound toward the ground station. 

The FBS aircraft (N-377) started and resynchronized the BUM aircraft (N-376) 

at 74 n.miles. Since normal maximum air-to-air start-up/sync range is 

limited to 45 n.miles, the new long-range start-up logic was successfully 

demonstrated for the first time over an air-to-air link. Maximum possible 

long-range start-up is approximately 80 n.miles. 

As the FBS aircraft continued inbound the ground station operators 

performed the FBS calibration of both ground channels. After initial sync 

was obtained from the FBS CAU, a ten samnle avera~e of air-to-ground sync 

error showed less than 15 nanoseconds time difference as computed from 

the ground display. The FBS CAU operator reported correct ground-to-air 

resync time on the aircraft instrumentation display for final verifica­

tion of the FBS process. 

Since the weather was still bad, the aircraft did not attempt a 

planned join-up while over the ground station. Instead, they switched 

radials and again proceeded outbound in opposite directions. Altitude 

for the run was changed from 22,000 feet to 8,000 feet to determine 

maximum range performance at lower altitude. 
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The ground station tracked both CAU's to 105 n.miles which is only 

5 miles less than the theoretical maximum for zero elevation angle 

(ground station antenna) using the standard 4/3 earth model. The last 

observed ranges to the ground station on aircraft instrumentation "Jere 

91.3	 and 94.8 n.miles. 

Air-to-air ranges were displayed to 79 n.miles which was the 

maximum aircraft separation before they turned around and headed in­

bound at 8,000 feet. 

As in the first inbound run, CAU No.2 was forced to BUM and the 

ground station was placed in Standby Mode. CAU No.1 remained in FBS 

mode and resynchronized both qround station channels at 42 n.miles. Sync 

accuracy was computed to be within 25 nanoseconds (two samples), at the 

ground station and verified by the FBS operator. CAU No.2 again synchronized 

to the FHS aircraft; however, since the operator \'ias monitoring the ground 

station, the exact start-up range was not determined. 

Prior to landing, the I'/eather cleared enough to permit the aircraft 

to join-up for a simple CAS encounter in 6R/6T mode. Proper threats w~re 

displayed and all one-way ranges were comoared to demonstrate that all 

three equipments (CAU No.1, CAU No.2, and the ground station) were still 

synchronized to a common time at the conclusion of the mission. Total 

flight time was approximately 3.5 hours. (Acceptance procedure required 

only two hours). 

There were no new problems uncovered durinq the fliqht. The momentary 

"Timing Fail", reported in previous flights, again occurred and the film 

quality was still poor. However, the flight was considered acceptable 

since all objectives were satisfactorily demonstrated. 
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7.5.4 Third Acceptance Flight 

The third two-aircraft CAS flight was flown on November 21, 1974. 

r1iniCAS No.1 was operated on aircraft N-376 and r1iniCAS No.2 was on 

N-377. The CAU's were not involved. Flight following and sync service 

was provided by the ground station. Mission objectives to be demonstrated 

were: 

1) Ramp Test 

2) Normal sync mode o~eration 

3) Airborne CAS operation in close flight formation 

4) Maximum ground-to-air and air-to-air ranqes 

5) Ground station flight following 

6) Sim~le CAS threat encounters in 6R/6T mode 

7) Start-u~ and resvnc to ~round station 

Preflight ram~ tests ItJere ~assed bv the r'1iniCAS units. Both aircraft 

took off with the MiniCAS synchronized to the ground station. Instead of 

joining up at the assigned altitude and proceedin~ outbound together during 

the first run, the test plan was modified by NAFEC to accommodate local 

weather conditions. Two runs were made on s~lit radials (215 and 250 degrees) 

to determine maximum range performance. To demonstrate M~niCAS threat en­

counters, the aircraft joined brieflv rrior to landing. (r10re extensive 

encounters were performed in the next flight. See naragraph 7.5.5). 

Durinq the first outbound run MiniCAS No. on N-376 was tracked 

by the ground station to 81 n.miles at 8000 feet altitude, The airborne 

operator on that aircraft reported ground ran0es un to 93 n.miles. MiniCAS 

No.2 on N-377 was tracked to 95 n.miles at 8700 feet by the ground operator. 

The airborne operator reported ground ranges u~ to 91 n.miles. Maximum 

re~orted air-to-air range was 55 n.miles. 
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After both MiniCAS units reverted to stand~y mode, the aircraft 

turned around and headed inbound. ~1iniCAS No.1 reacCluired sync from the 

ground station at 45 n.miles, which is the maximum possible range since 

MiniCAS does not employ the long-ranne start un logic. MiniCAS No.2 

regained sync at 41 n.miles. 

The aircraft switched radials and headed outbound again at approxi­

mately 8000 feet altitude. Maximum communication ranges of nearly 

95 n. mil es were reported by both ground and ai rborne o!Jerators. r1i ni CAS 

No.2, however, reverted to standby at a ranqe of 74 n.miles from the 

ground. As observed on a monitor oscilloscope at the qround station, 

the signal from MiniCAS No. 2 was seen to be in a deep fade zone from 

about 60 to 75 n.miles. Since the time snentin this zone exceeded the 

demote (sync mode-to-standbv mode) time of apnroximately 3.2 minutes, 

the ground station was unable to u!Jdate MiniCAS No.2. At 74 n.miles, 

the ground station received a strong signal and replied with resync but 

it was apparently not processed by the r1i ni CAS as it reverted to standby. 

From 75 n.miles to 95 n.miles the signal was aqain useable; however, the 

r1iniCAS cannot restart at this range. (In nonnal oreration, the MiniCAS 

could have been kept synchronized by any air-carrier tvne CAS within 90 

n.miles. Also, the MiniCAS demote time could probably be increased to 

10 minutes since the present 3.2 minute is very conservative considering 

the stability of the timing oscillator.) 

On the second inbound run, start-un ranqes of 44 and 37 n.miles were 

achieved for MiniCAS No.1 and No.2, respectively. Air-to-air CAS com­

munication ranges of 41 n.miles were renorted by the airborne operators. 
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Before landing, the aircraft joined up at low altitude (approx. 4000 

feet) for a brief check of the MiniCAS threat loqic. All displays were 

correct. Total mission time was about 2.5 hours. (Procedure required 

two hours, minimum.) 

In addition to the momentary "TiminC'j Fail" and cameralfilm problems 

experienced in all flights, it was noted that the transmitted altitude of 

the t1iniCAS on N-376 \'Jas erroneous above 5000 feet. The cause l'Jas traced 

to a bent pin on the connector at the end of the aircraft cable from the 

ATCRBS altitude source. (A2 bit was open) The pin was straightened 

after the flight. Operation was rechecked by simulating various altitude 

input codes to exercise each input bit. 

None of these problems prevented satisfactory demonstration of all 

flight objectives. 

7.5.5 Fourth Acceptance Fliqht 

This flight was held November 26, 1974. The formal test orocedures 

were modified by NAFEC to include additional MiniCAS-to-MiniCAS threat 

encounters with tracking by photo theodolites over the NAFEC range during 

the first portion of the flight. The second portion of the flight test 

was designed to check compatibility between a CAU on one aircraft and a 

MiniCAS on the other. Specific objectives to be demonstrated were: 

1) Ramp Test of MiniCAS 

2) MiniCAS-MiniCAS threat encounters 

3) CAU-MiniCAS threat encounters in Doppler and 6R/6T modes 

4) Maximum ground-to-air range 

5) Ground station flight following 

6) CAU svnc support of r~i ni CAS beyond range of qround stat i on 
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After successful preflight ramp checks, both aircraft, equipped 

with MiniCAS, took off, joined-up for altimeter calibration at 7000 feet, 

and checked for proper CAS displays. Then two racetrack patterns were 

flown over the NAFEC theodolite ranqe. Both nroduced co-altitude head-on 

encounters of approximately 400 knots. Satisfactorv alerts and maneuver 

corrmands were generated by both MiniCAS usino the new 6R/6T ranqe rate 

processing. (A separate final report covers the detail results and con­

clusions derived from the field acceptance test of the MiniCAS.) 

Following the MiniCAS encounters, the unit on N-377 was turned 

off and CAU No.1 on that aircraft was turned on. The CAU, however, 

repeatedly failed its automatic bui1t-in-test (BIT) and could not be used 

for this f1iqht. Therefore, the aircraft CAS were Quickly reconfigured to 

utilize MiniCAS No.2 on N-377 and CAU No.2 on N-376. (The opposite con­

figuration, MiniCAS No.1 and CAU No.1 were flown in the final flight. 

See paragraph 7.5.6). 

Both aircraft flew outbound in close formation at annroximate1y 8000 

feet while performing simple openinq and closing maneuvers to check out 

CAS threat response and instrumentation disp1avs. The CAU operated in 

Doppler mode during the outbound leg. 

The ground station provided sync to both airborne systems. Last 

resync to the MiniCAS was renorted at 83 n.mi1es, a1thouah it was tracked 

by the ground out to 95 n.mi 1es. The CAU, olJeratinCJ on the internal crystal 

oscillator, demoted as low as Hierarchv 18 at 100 n.mi1es but continued 

to keep the MiniCAS in sync via the air-to-air link. 

During the inbound leg, the CAU operated in 6R/6T mode while several 

vertical and parallel and turn-in encounters were flown against the MiniCAS. 
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While inbound the CAU was immediately updated to Hierarchy 01 status 

and the MiniCAS remained in sync during the entire flight. All CAU­

~1iniCAS threat encounters and instrumentation displays were satisfactory. 

Total flight time for the combined MiniCAS-MiniCAS and CAU-MiniCAS 

missions was about three hours. (Procedure renuired two hours, minimum.) 

7.5.6 Fifth Acceptance Flight 

The fifth and final acceptance flight was flown on December 13, 

1974. Between the fourth and fifth flight all known oroblems, including 

the ground station "Timing Fail" and the nhoto-recordina difficulties, 

were corrected. The intermittent BIT-fail problem in CAU No.1 was 

thouqht to be fixed bv replacino a nuestionable coaxial connector. 

Although the CAU one rated throuqhout the fifth fliaht without failure, 

the real cause of the BIT-failure was not isolated until February 1975. 

(See paragraph 7.6 for discussion of problems.) 

The major objective of the fifth flight was to demonstrate compati­

bility between CAU No.1 and l"1iniCAS No. 1. Since there was no formal 

procedure for this extra flight, it was patterned much like the fourth 

flight relative to specific objectives and fliqht orofiles. 

After preflight ramp checks, both aircraft took off, joined-up 

at 6500 feet and flew outbound in close formation to exercixe the minimum 

range threat loqic. Both aircraft turned around about 50 n.miles from 

the ground station, still maintaining 000d air-ground communications. 

While inbound one aircraft varied altitude slowlv to exercise the 

vertical threat logic of both CAS units. Over NAFEC, head-on encounters 

were performed to test the TAU-threat logic using both Doppler and 6R/6T 

range rate processing in the CAU. (Mini CAS transmits stable frequencies for 

Doppler but processes only 6R/6T information.) 
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While in the area of the ground station several I'vertical 

scissors" and "tail chase" maneuvers were performed to further demon­

strate CAS compatibility. 

Heading outbound a9ain, N-377 with the CAU flew level at 6200 feet 

while N-376 with the MiniCAS slowly varied altitude from 2900 feet to 

9500 feet. Slant range was maintained within 1.8 n.miles so that all 

ANTC-117 altitude caution bands (Limit Climb and Descent Rates) were 

checked out. The ground station was able to follow the entire flight of 

both aircraft at all altitudes out to 75 n.miles (6200 feet altitude at 

this range) where the aircraft turned and headed inbound. Again syn­

chronization was provided by the ground station to both CAS units during 

the entire run. 

Heading inbound, both aircraft flew narallel slightly beyond threat 

range to check for proper absence of threat displays. Then one aircraft 

attempted to turn-in toward the other. The prooer "NO Turn" commands 

were immediately displ~yed. 

Finally, to demonstrate the altitude rate threat loqic empl~yed 

by the CAU, aircraft N-377 climbed to 8300 feet and dove dOI'1n toward 

N-376 at 6200 feet. The CAU generated the "Level-Off" command and ~~ini­

CAS displayed "Aircraft Below". 

This concluded the final mission. Flight time was approximately 

2.5 hours. No problems of any tvpe were reported bv ground station or 

airborne operators. 

7.6 Summary of Test Results and Problems 

The Field Acceptance Tests for all eauinment was satisfactorilv 

completed. Relatively few problems were encountered durinq the tests 
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and none of them prevented the accomplishment of the test objectives. 

All of the problems were corrected. 

There were no equipment failures of any tyoe in the dual channel 

ground station, either MiniCAS unit, or the MDEC-loaned instrumentation. 

The only failure in CAU No.1 was automatically self-detected by BIT 

circuits. The cause was traced to a poor wire crimp connection in the 

exciter unit. The only failure in CAU No.2 occurred prior to start of 

flight testing and was also self-detected by the CAU. A shorted RFI 

filter pin in the standard ARINC-type rack and panel equipment connector 

prevented the CAU from transmitting an altitude pulse. This pin (LTP-26) 

normally provides the oleo strut switch signal (air-ground) input to the 

CAU. Since no spares or replacements were available, the circuit was 

rewired with a short jumper and an alligator clamp was provided for 

manual control of the air/~round function. 

The momentary "Timing Fail" problem exoerienced during each of 

the first four flights was traced to a logic design error. \~henever 

signals from long range aircraft were detected in the time slot between 

1227 and 1235 mi croseconds, a momentary time base "gl itch " occurred in . 

the ground station. The logic would immediately (within one slot) self­

detect its own time base error, inhibit all sync service, and ring the 

alarm. Within 30 seconds, the logic would then automatically correct 

its time base error by resetting to one of the station clocks, both 

of which retained proper time, and resume normal operation. A minor 

modification was made to the A6 logic cards in each channel. The fix 

was verified by retesting under controlled conditions. using MiniCAS 

signals delayed to arrive at these times in the slot. 
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The photo-recording problems were corrected by NAFEC by changing to 

35 mm cameras and film and providing a hood for the displays. MDEC also 

modified the normal flashing CAS command signals (Climb, Dive and Level) 

so that they are now displayed continuously durinq a threat. In the normal 

flashing mode, the camera often missed the display due either to improper 

trigger timing or shutter drag. 

Unfortunately, much of the photo-recordin~ data was unuseable for 

detailed analysis of acceptance test results. HOI'Jever, ~reliminary reports 

from NAFEC indicate that satisfactory photo-data was obtained during their 

flight test and evaluation program which began in January 1975. Results 

of that program will be reported by NAFEC. 
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8.0 CONCLUSIONS 

8.1 Development Model Ground Station 

Based on the analysis, design and development work accomplished 

at McDonnell Douglas Electronics Company. and on the preliminary results 

obtained from the factory and field acceptance tests, it is concluded 

that: 

1) The ground station rrovides all of the basic functional 

requirements of the FAA-ER-240-016. 

2)	 The design and construction conform to the standardized 

requirements set forth bv FAA-G-2100 for around electronic 

equipment. 

3)	 The performance. based on measured data. meets all basic 

technical characteristics specified bv ANTC-117. 

4)	 Specifically, the new cooperative CAS functions of the 

ground station, including Fly-By Sync. extended range 

resync. flight following. skew detection. and automatic 

test and self-monitoring, were satisfactorily demonstrated. 

5)	 The dual channel equipment with automatic switchover has 

been shown to be reliable and capable ofrroviding high 

operational availability. 

Final evaluation should be based on more extensive field tests 

which will be performed bv the FAA at NAFEC during 1975. If the TfF 

CAS becomes an operational system. the manner in which the secondary 

functions of the ground station are implemented and used should be 

reviewed. For example, questions remain to be answered relative to 

remoting of mode controls. failure alarms, and flight following disrlays. 
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Timekeeping and synchronization service for the CAS airborne community 

are the primary ground station functions and must be orovided, of 

course, by the equipment near the antenna installation. 

Finally, in light of other McDonnell studies (reference 13) 

which show that only a few master ground stations are required to 

provide adequate synchronization coverage for airbornE~ CAS, the deploy­

ment of simple slave type hierarchal ground stations should be considered. 

These stations could be synchronized by overflying air-carrier CAS and 

subsequently provide sync service and/or test and monitoring at airports 

not served by a master station. 

8.2 Airborne Equipment 

Based on the preliminary results obtained from the factory and field 

acceptance tests of the feasibility model airborne equipments, it is con­

cluded that: 

1) The new functions of fly-by sync, long range start-up, and 

extended range sync, incorporated in the air-carrier version 

of CAS, were satisfactorily demonstrated. 

2) The new digital range rate processinq lo~ic (6R/6T) employed 

by both air-carrier and general aviation versions of CAS 

appears equal to or better than the former Dopnler technique. 

If further evaluation by NAFEC proves the concept, the com­

plexity and cost of future airborne T/F CAS can be reduced 

by eliminating the requirements for rrecise carrier frequency 

control and measurement. 
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3)	 Both air~carrier and general aviation CAS communication 

ranges, air-to-air and air-to-ground, are sufficient to 

allow additional functions such as flight followinq, DME, 

stationkeeping, data link, and navigation, to be optional 

for each member of the T/F CAS network. 
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APPENDIX A
 

CAS RELIABILITY/MAINTAINABILITY STUDY RESULTS 

A.l Summary of Results 

The results of detailed analyses indicate that both the CAS Ground 

Station and associated airborne CAS/Fly-By-Synchronization equipment 

meet the reliability, maintainability, and mission availability require­

ments. Mean-time-between-failure (MTBF) and mean-time-to-repair (MTTR) 

were calculated for each line replaceable unit (LRU) and aooropriately 

combined to derive total subsystem and system reliability and maintain­

ability. Since the ground station is dual channel equipment operating 

in the "hot standby" mode with automatic s\'Iitchover, the data were also 

used to compute mission availability. 

The following results were obtained: 

Dual Channel Ground Station: 

Channel MTBF 400 hours 

Channel MTTR 21.5 minutes 

Station Mission Availability = 0.999420 for 168 hours 

Station Equivalent MTBF 289,571 hours 

Airborne CAS/FBS: (r~odel 2000 CAU with HP Flyi ng Clock): 

System MTBF = 247 hours 

System MTTR = 9.4 minutes 

The MTBF results are based on maximum specified temperatures (50oC plus 

calculated heat rise) and avera0e part stress ratios. 

A-l 



A.2	 Maintainability 

A.2.1	 Maintainability Estimates 

A quantitative analysis of the developmental CAS indicates that 

the design meets specified maintainability requirements. These require­

ments are: 

a) CAS Ground Station 

1) The mean-time-to-repair (MTTR) shall not be more than 30 

minutes. 

2) The mean-preventative-maintenance time (MPMT) shall not 

exceed 30 minutes in 168 hours. 

b) Airborne Fly-By Synchronization Equipment 

1) The MTTR for the system shall not be more than 30 minutes. 

2) The MPMT shall not exceed 60 minutes in 168 hours. 

The MTTR estimates, which are summarized in Tables A-l and A-2, indicate 

an MTTR of 21.5 minutes for the CAS Ground Station and 9.4 minutes for 

the airborne CAS. As no scheduled maintenance is required, the analysis 

does not include any preventative maintenance time data and specified 

requirements are met. Routine insrection of the ground configuration, 

pre-flight inspection of the airborne configuration, and cleaning as re­

quired is adequate for the system. 

A.2.2	 Analysis Criteria 

The followinq conditions or assumptions orovided the basis for 

development of the estimates. 

a)	 The maintenance concept apolicable to the analysis basically 

consists of: 
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1)	 Fault isolation to a line-replaceable-unit (LRU). This 

was performed using built-in monitor and fault indicators, 

and general test equipment as required. 

2)	 Repair by replacement of assemblies identified as LRU's. 

Tables 1 and 2 identify these assemblies as applicable 

to the ground or airborne configuration. 

3)	 Test for satisfactory operation using operational functions 

of the equipment. 

b)	 Maintenance times indicated consist of only time during which 

active maintenance is beinq performed. Administrative, supply, 

and similar del~y times were not included. 

c)	 Maintenance technicians utilized were considered to be experienced 

and proficient in the maintenance of similar equipment and had 

received trainino in operation and sUDnort of this system. 

d)	 Support facilities and resources (spares, tools, test equipment, 

etc.) were considered available as required for the performance 

of corrective maintenance. 

e)	 The applicable ground or airborne system MTTR is based on applying 

the assembly failure rate data in a series design configuration 

with continuous operation of each assembly. 

f)	 Access time which may be required on the aircraft due to obstruc­

tions or removal of other installed equipment is not included. 
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TABLE A-l. rtfTTR ESTIMATE - CAS GROUND STATION 

):>0 
I 

+:> 

MAINTENANCE TASK TIME (MINUTES) 
LRU 
Ref ~Jomencl ature 

Trouble 
Shoot 

Repai r/ 
Replace 

Aajust/ 
Check Total 

Fa il ure Rate 
(x 10-5) Time x FR(10-5) 

Al 
A2 

Frequency Synthesizer 
Loran-C Receiver 

6.0 
7.0 

14.8 
4.6 

2.0 
1.0 

22.8 
12.6 

9.980 
20.000 

337.544 
252.000 

A3 Transmi t ter - - - - - -
A3Al Pulse Modulator 18.0 4.0 2.0 24.0 0.904 21.696 
A3A2 Transmitter Monitor 2.0 4.2 1.0 7.2 4.943 35.590 
A3A3 Receiver Monitor 9.5 4.4 1.0 14.9 4.050 60.345 
A3A4 
A3A5 

Power Amplifier 
H.V.P,S. I 18.0 

8.0 
10.6 
26.4 

2.0 
2.0 

30.6 
36.4 

24.823 
4.613 

759.584 
167.913 

A3A6 L.V.P.S. 6.0 25.4 2.0 33.4 2.702 90.247 
ATl 
CRl 

Attenua tor 
Detector 

I 7.0 
7.0 

9.2 
7.2 

2.0 
2.0 

18.2 
16.2 

0.010 
4.350 

0.182 
70.470 

CR2 Detector 6.0 7.2 2.0 15.2 4.350 66.120 
DCl 
HYl 

Coupler 
Ci rcul ator 

I 
I 

11.0 
11.0 

24.2 
21.2 

2.0 
2.0 

37.2 
34.2 

0,001 
2.000 

0.037 
68.400 

A4 Power ~1onitor Panel 7.0 7.0 1.0 15.0 2.893 43.395 
A5 
A5Al 

Exciter/Receiver 
1st Receiver 

-
16.0 

-
2.2 

-
1.0 

-
19.2 

-
9.665 

-
185.568 

A5A2 
A5A3 
A5A4 

Log.I.F. Amplifier 
Video/Bio Demodulator 
Discriminator 

16.0 
10.5 
16.5 

2,6 
3.2 
2.6 

1.0 
1.0 
1.0 

19.6 
14. 1 
20.1 

1.252 
5.906 

15.423 

24.539 
86.818 

310.002 
A5A5 
A5A6 
A5A7 
A5A8 
A5A9 
A5AiC 
A5All 
A6 

5 Freq. Generator 
Bio Mod/Freq.Converter 
Freq. Multipl ier 
UHF Upconverter 
Rec. Power Supply 
Exciter P.S.(+5 + i2V) 
Exciter P.S.(+28V) 
Logic Display Panel 

13.5 
19.5 
16.5 
16.5 
7.0 
7.0 
5.0 
6.0 

3.0 
2.8 
2.4 
2.0 

17.0 
i 7.0 
15.0 
6.4 

1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 
2.0 

17.5 
23.3 
19.9 
19.5 
26.0 
26.0 
22.0 
14.4 

6.495 
6.941 

10.223 
16.906 
2.702 
2.702 
2.815 

22.220 

113.663 
161.725 
203.438 
329.667 
70.252 
70.252 
61.930 

319.968 
A7 Test Point Panel - - - - - -
A8 
A8Al 
A8A2 
A8A3 
A8A4 

Logic Ass,V. 
Logic Card Rack Assy. 
Logic P.S. (+5V) 
Logic P,S. (+28V) 
Buffer/Multiplier 

-
13.5 
6.0 
6.0 

12. b 

-
13.0 
7.2 
7.0 
2.6 

-
2.0 
2.0 
2.0 
2.0 

-
28.5 
15.2 
15.0 
16.6 

-
34.414 
4.892 
2.815 
1.524 

-
980.799 
74.358 
42.225 
25.298 



TABLE A-l. MTTR ESTIMATE - CAS GROUND STATION (Continued) 

LRU 
Ref Nomenclature 

MAINTENANCE TASK TIME (MINUTES) 
Fa il ure Rate 

(x 10-5) Time x FR(10-5) 
Troub 1e 
Shoot 

Repai r/ 
Replace 

AdJust/
Check Total 

A8Bl 
A9 
Al0 
All 

Phase Shi fter 
Cesium Standard 
Stby Power Supply 
Blower Assy. 
1 r1Hz Osci 11 ator 
Loran Antenna 
CAS Antenna 

9.0 
5.0 
8.0 
3.0 
7.0 

10.0 
7.0 

5.6 
13.6 
10.4 
8.4 
3.8 

30.0 
30.0 

4.0 
2.0 
2.0 
1.0 
1.0 
1.0 
2.0 

18.6 
20.6 
20.4 
12.4 
11.8 
41. 0 
39.0 

0.935 
4.000 
6.000 
0.130 
1.000 
2.688 
2.688 

17 . 391 
82.400 

122.400 
1.612 

11 .800 
110.208 
104.832 

TOTAL 249.955 5374.668 

MTTR = L( FAI LURE RATE x r1AINTENANCE TP1E) 5374.668 = 21.5 MINUTESL FAILURE RATE 249.955 
):;> 
I 

U1 



TABLE A-2. MTTR ESTH1ATE - AIRBORNE FLY-BY SYNC EQUIPMENT
 

~~omencl ature 

MAINTENANCE TASK TIME (MINUTES) 
Failure Rate 

(x 10-5) Time x FR(10-5) 
Trouble 
Shoot 

Repair/ 
Replace 

Adjust/ 
Check Tota 1 

CAU Assy. 
Flying Clock Assy. 
Maneuver Indicator (2) 
CAS Antenna (2) 

2.0 

3.0 
3.0 
7.0 

4.0 
15.0 
10.0 
45.0 

2.0 
12.0 
2.0 
2.0 

8.0 
30.0 
15.0 
54.0 

378.787 
12.459 
7.092 
5.376 

3030.296 
373.770 
106.380 
290.304 

TOTAL 403.714 3800.750 

)::> 
I MTTR = ~)FAILURE RATE x MAINTENANCE TH1E) = 3800.750 

= 9.4 t~INUTES(j\ 

L FAI LURE RATE 403.714 



A.3 Reliability 

A.3.1 Reliability Estimates 

A quantitative analysis of the developmental CAS indicates that 

the design meets the specified reliability and mission availability. These 

requirements are: 

1)	 CAS Ground Station: The mean-time-between failure (MTBF) of 

the dual channel qround station shall not be less than 1000 

hours. For reliabilitv calculations the mean-preventative­

maintenance-time (MPMT) interval of 168 hours shall be used 

as the operating (mission) time. The station shall be a 

dual channel system, as required to meet operational 

avail abi 1i ty. 

2)	 Airborne CAS: The rnBF for the fly-by synchronization system 

shall not be less than 100 hours. 

Tables A-l and A-2 of the maintainability estimates, resoectively, 

list the failure rates for each of the line replaceable units (LRU's) of 

the ground and airborne equipment. Total airborne failure rate is 

403.714 x 10- 5 which is equivalent to an MTBF of 247 hours. Total fail ­

ure rate for a single channel of the ground station is 249.955 x 10- 5. 

This is a channel r1TBF of 400 hours. In normal ooeration, however, dual 

channel redundancy with automatic switchover is provided. Also, two-out­

of three redundance with automatic switchover is orovided for the station 

clock network. Reliability is theoretically reduced (MTBF = 400/2 = 200 hours) 

if all equipment is required to be fully onerational at all times; whereas, 

in normal operation, the availability of the primary functions of a Master 

channel-to keep time and supply sync service- is significantly increased 

(MTBF»400 hours) by the dual channel/automatic switchover concept. 
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Figure A-l illustrates the concept in block diaqram form. Each 

contributing line rerlaceable unit (LRU) of the on-line Master channel 

and station clock network is shown. The Test Point Panel (A7) and 

Standby Power Supply (A10) LRUls are not included since they are not 

required for normal operation. (In fact t they effectively increase over­

all availability bYt respectivelYt reducing fault isolation time and pro­

viding carryover power for the clock network during power interruptions.) 

Although units of the clock network are physically located in the channels 

for convenience t they are treated serarately in the model which indicates 

2-out-of-3 redundancy. The two channels o~erate in hot standby paralled 

redundancy with an MTBF of approximately 464 hours per channel t exclusive 

of the clock network. 

A-8
 



." 

........
 
G'J 
C 
;:0 
ITl 

)::> 
I 
--' 

G'J 
;:0 
0 
c 
:z 
0 

)::> Vl 
I --I 

\.() )::> 
--I 
........ 
0 
:z 

;:0 
ITl 
r ...... 
)::> 
OJ 
.......
 
r 
........
 
--I 
-< 

3: 
0 
0 
ITl 
r 

ON- LINE ( MASTER.) C.HANNEL
 
-

XM'TR XM'T~FR'O. ~XMTR XMTR R(vR XMTR 
SYNTH 

I (AI) 

10,02.0 

.~ 

rIRS"T 

?cvR 
'-- (ASAl) 

I 
1\0,:'47 

-

~O~l~ 
CA':!l 
ASSY 

(ABAI) 

~,q05" 

MOD. . MON . MON. P. A. HVPS LV?S 

(A)AI) 0-- (MAl)f- (A~A3)1- (A~M) f-- (A~A5) r- (A~""") 

1I0'553! 20,228 

-

LOC; 

IF A~W 

(ASA2) f- ­

7Q,g70 

VIDEO 
1:.1 PHASE 
DEMO!) 

(A'SA3) 

Ib,q 30 

L()(, .:t LOGie 
5'/ P.') 2.8 ',IPS. 

~ (AaIl2) (AeA3) -
3515'/4120,"t4O 

-


~ 

24.€.87 

FREQ 
Ol~(. 

(A5A4) 

")483 

BUF'n:~ 

x~ M~"T 

(A9A+) 

~ 5,5"'f3 

HOT STANDBY (SLAVE) C.HANNEL~-

4/028 21,~17 3/,011 

BI¢ 1"000s·n£Q FREO. 
GEN. FR." cow. MVlT. 

- (A SAC.) r ­'-- CASAS) (AS""") 

14,40415',3'14 Q,78 1 

?"';,,~ CAr. 
SHIF"T£R ANTU";'" 

I-- C.HI\NI"H l-i-- (MSI) 
Nt.• 

101,c>00 

I W~EN A MA<"TE'R L.R.V. F''''LS IN OTHER C..HAN"IfL 
M"TeF ... 4""1 HOvl\ 

w IT'" AU"TO~ATIC. ~WITCHOVER TO M'-'STER FUNCTIOII/ 

ATTN ~ DFT. U(DUPLUUCIRC,"U PWR 
A'!>CR' 

(A~A"TI) f 
A) t1l2) 

IO,OOO~ 1'\)5"00 I 

t- ­

VHF
 
VPC.ONIt
 

(A!iAB) 

5,91S' 

-


RcvR 
LVP~ 

(MA'l) 

37,011 

Ce FRE"Q. 
,.... ­ STD. (1M) 

.:1.5,000 

1 MH1 
~~ ~ OSC.ILLATOR 

100,000131 
- (c. FREQ 

'--­ STD. (lM) 
.;1,5',000 

-


f- ­

. MO/ll. 
PA"IE"~
 

V\~t>C.I) (A3HYI) (M)
 

'IOO,OOOM 150,000 I I 34,5(,,1 

fX(TR 
LVP') 

CAS 1'.10) 

~7,OIl 

-

tX(TR 
Zevp.S 

(A5AI1) 

35',5'11. 

-


LORAN-C. 
Rc.vR (Al) 

5,000 

LORAN 
ANTENNA t-­

37,;l.O~ 

5TATION (lOC.t< NE'rWORI< 

lOG-1C. 
DISPLAY 
PANE'L 

, ­
(Ab) 

I 

4)500 I 



A.3.2 Mission Availability 

The reliability model of Figure A-l may be simplified to the one 

shown in the figure below: 

CLOCK No. 1 

r-- I­. r = 4 x 10-5 
r~ASTER CHANNEL 

r = 216 x 10-5 

~ 
SLAVE CHANNEL
 

= 216 x 10-5

I r ~ 

I 
SECTION 

LORAN-C RECEIVER
 

r = 23.688 x 10-5 

CLOCK No. 2 

-5~ ~r = 4 x 10 

I 
SECTION 2 

channel required for 2 out of 3 branches required for
 
success success
 

Availability of each section is calculated from the followin9 equation: _ 

EXP Eo. (9-30) 

n-J 
n = Number of channels 

r = Failure rate/channel 

T = ~1ission time reriod 

~ = Maintenance action rate 
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Equation (9-30) from	 Calabro, S.R.; Reliability Princioles 

and practices; McGraw-Hill Book Co., Inc.: 

New York 1962. 

Section 1 Availability for 168 hours operation: 

n == 2 channels 

r == 216 x 10-5 failure/hour 

T == 168 hours 

1 
iJ == MTTR
 

22
 
~1TTR = 22 min. or 60 hour
 

1
 
_ 22 == 60 ==
 

iJ - 60 22 ?~ Actions/hour 

-2 (216 x 10-5)
2 

(168) 
== EXPAf11 2(t)	 (216 x 10- 5) + lQ

11 

Aw == .9994267 
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Section 2 Availability for 168 hours of operation: 

Since 2 out of 3 branches are required for success, 

this may be treated as a dual channel equivalent to 

the fa 11 owi ng: 

r-- ­ -r = 27.688 x 10- 5 

- -r = 4 x 10- 5 

Section 2 availability is then ~ least: 

n = 2 channels 

r = 27.688 x 10- 5 Failure/Hour 

T = 168 hours 

r'I·ATTR - 15 • 5' 0 r ~15.5 hm1n. 0 ur 

1 
15:5 60 h 

)J ~ = 1"5:5 ours 

(27.688 x 10- ) (168) J 
-5) 60Af12~ 

5 2 ­

(27.688 x 10 + 15.5 

.9999933 
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Total system availability for 168 hours: 

AMT Ar11 AI120 x
 

= .9994267 x .9999933
 

= .9994200
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EQUIVALENT MTBF
 

Reliability is the probability of success for a qiven mission time.
 

Availability is the probability of success for a given mission time.
 

If one wishes to think in terms of an equivalent MTBF for this multiple
 

channel, repairable system, equate availability to reliability, R.
 

-rTR = £ 

or 
TR = £ ­ MTBF EQ 

or
 

T
ln R - ­
~1TBFEn 

TMTBF EQ = - Tr1R 

Let R AMT 

MTBF EQ - - T 
lnA 

MT 

MTBFEQ - - 168 
1n .99942 

MTBF Eq 289,571 hours 
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APPENDIX B 

GROUND STATION ANTENNA TEST RESULTS 

B.1 Summary 

The dual channel CAS ground station employs two independent antenna 

subsystems. Each antenna radiates and receives vertically polarized 

electromagnetic waves in the 1592.5 to 1622.5 MHz frequency band. The 

radiation pattern provides maximum communications range in a horizontal 

plane without excessive pattern multi-lobing which could result from low 

angle radiation. The beam elevation angle is low enough to provide maxi­

mum communications range and communications with aircraft on the ground, 

but not so low as to allow excessive multipath reception. The mean 

antenna gain in the horizontal plane at the beam center is 8 dB greater 

than that of an isotropic radiator. The difference between maximum and 

minimum qain in this plane is less than 1 dB. The radiation pattern has 

a vertical beam width of about 13 degrees and the lower half power point 

is about one degree above the horizon. The VSWR is less than 1.5:1 over 

the operating frequency band. 

B.2 Description 

The antenna consists of a vertical array of collinear-mounted dipole 

elements. The sections have an effective length of one-half wavelength 

and have their inner and outer conductors transposed at each iunction. 

The top section of the antenna contains a quarter wavelength short, which 

is extended to provide protection against liqhtninq. An inverted choke 

;s positioned one-half wavelength below the first gao to eliminate the 
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need for a ground plane and to keep unwanted RF currents from traveling 

down the feed cable. The elements are covered and supported by a 

fiberglass radome. 

B.3 Test Data 

The results of pattern measurements and VSWR tests are oresented 

in Figure B-1 through B-9. Figures C-l throuqh B-6 are the vertical 

radiation patterns at various fre~uencies encompassina the ndssband. 

CAS frequencies are 1600 MHz, 1605 MHz, 1610 MHz, and 1615 MHz. 

Figure B-7 is the horizontal pattern indicatinq 0.9 dB circularity 

and Figure B-8 indicates midband gain measurements resulting in 8.4 dB 

gain. 

Figure 8-9 is a plot of antenna VSWR over the operating frequency 

band. 

A breadboard model of the antenna was subjected to an ice-load test. 

Figure 8-10 shows the antenna encased in approximately two-inches of 

radial ice. The measured VSWR remained less than 1.5:1 over the CAS 

frequency band. 
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ANTENNA: U.s GNp 5747"/;:'# 

ANTENNA LOCATION:....·.......:...r........:...._S_L.I--------=======t=====­
MODEL SCALE:_---' ­ _ 

VEHICLE: I 

ruu SCALE FREQUENCY:.,L.;.=-.JI«.~'::""-:....a... 

8-='= 1 

¢~ 

L-~~=-.=..:..-.:.;:... _+-----~-----------------l 

CONFIGURATION: 

REMARKS: ,:?r2 11?'.c 
r.' £ {://'I/O'

INTEGRATOR COUNT: 

-==------:==--------­
POLARIZATION: EQ'> I i E9 [--i OTHER: 

---~=~ 

PLOnED IN: VOLTAGE (SQ. RT.) I:Kl POWER (Llil.) D
 
TRANSMISSION DISTANCE:
 

OBS<:RVER:· DATE:
 

«. cco_ 

FIGURE B-1. VERTICAL PATTERN 1580 MHz 
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¢= 

VEHICLE: 1 
FULL SCALE FREQUENCY: / 6Pd tWd'~ANTENNA LOCATION:,---------:::::~~;::==F_=:=:;:~~ 

MODEL SCALE: _ 

ANTENNA: C /} s 

CONFIGURATION: INTEGRATOR COUNT: 
-==---===--------­

POLARIZATION: E~ ~ EO [J OTHER: 
---~ 

PLOTTED IN: VOLTAGE (SQ. RT.) ~ POWER (LIN.) 0 
, RANSMISSION DISTANCE: 

OI3SERVER; DATE: 

MAG UIY UIII'-'" rca .11 .: •• c,:a., 

FIGURE B-2. VERTICAL PATTERN 1600 MHz 
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ANTENNAMODEL SCALE: _ 

BE> 
¢-=-""--­

ANTENNA: CAS G !IV VEHICLE: -l-

FULL SCALE FREQUENCY: 1/c?5 ;',7#;:­
LOCATION:...·======~:~~a~~~~~~~~S 
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-==----:==-------­
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---~=:::-
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tIAC u.y I lit C.\'. ,,1: •.•,f k. & co· 

FIGURE B-3. VERTICAL PATTERN 1605 MHz
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ANTENNA: C/iS GilD 57A7/h'l 

ANTENNA LOCATION;,--­ -=====t======_ 
MODEL SCALE:: _ 

VEHICLE: I 

FULL SCALE fREQUENCy:/t'I.:J Hh' 2. 

OTHER: 
----~== 

POWER tLiN.) 0 

CONfiGURATION: 

REMARKS: 

INTEGRATOR COUNT: 
------------­

POLARIZATION: E¢ 0 E8 0 
PLOTTED IN: VOLTAGE {SQ. RT.) jX\ 
TRANSMISSiON DISTANCE: 

.... c UIY U4"V. , ...... i 

OOSERVER, DATE: 

... ceo 

FIGURE 8-4. VERTICAL PATTERN 1610 MHz 
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I AATENNA: ('/If;: GaD ST/17t',P/ E;.t,E,c.>P~..¥Ci2 VEHICLE: 

ANTENNA LOCATION:...·---------=:::~~===1~~~~:. 
MODEL SCAlE: _ 

FULL SCALE fREQUENCyjG35 Hh':: 

8_= 1 

¢= 

CONfiGURATlO N: INTEGRATOR COUNT: 

POLARIZATION: E<!J 0 E8 l=.J OTHER: 
----­

PLOTTED IN: VOLTAGE (SQ. RT.) ~ POWER (LIN.) 0 
TRMISMISStON DISTANCE: 

OBSERVER, DATE: 

.Ac. &;),., It'ILV.•1 •.•1t K •• co 

VERTICAL PATTERN 1635 MHz 
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FIGURE B-6. 



ANTENNA LOCATION=-."-----------=====t======-
MODEl SCAL~: _ 

VEHICLE: I 

FULL SCALE FREQU ENCY: /0V 6'/4Hd 

8_= 1 

CONflGURAT JON: INTECRATOIl COUNT: 

POLAnIZATION: E ¢ I J [() [?(OTHER: 

PLonEO IN: VOLTAGE (SQ. RT.) B pOWEn-f-L-Ir-j-.)-["'=::] 

TRANS"~ISSJON DiSTANCE: 

OOSERVEn: DATE; 

••C UI., ute..,. rCD .• :31 K.': c;.o . 

FIGURE B-7. HORIZONTAL PATTERN 1608 ~1Hz
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ANTENNA: C4S 6/1D 5 T.I91ljJ// 

ANTENNA LOCATION:--==:::===-~~:~~~~~~~~~~
MODEL SCAU: _ 

VEHICLE: ~ 1 

fULL SCALE fREQUENCY:...............;....;:..--'-:..-.:-=1 

7. g+.b: 8.l/cI 

()c= 

¢-----I 
INTEGRATOR COUNT: CONfIGURATION: 

POLARIZATION: Et:> 0 £6 [: OTHER: 
----==:;­

PLOTTED IN: VOLTAGE (SQ. Rl.) ~ POWER (LIN.) 0 
REMARKS: TRANSMISSION DISTANCE:
 

OBSERVER! DAfE:
 

•• & co 

FIGURE B-8. VERTICAL PATTERN 1608 MHz 
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VSWR 

1.1 

1. 0 -J.­ --L­ ---J _ 

1600 1605 1610 1615 

Frequency - t1Hz 

FiQure 8-9. ANTENNA VSWR 
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FIGURE B-10. ANTENNA ICE LOAD TEST 
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