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REPIBT ON A.. VISIT TO WADC AND HAG 

4 DEC 58 TO 16 DEC 58 

INTRODUCTION 

Ottawa, Ontario. 
19 December, 1958, 

1 .ll. team of technical officers visited WADC, 'Wright Patterson a.FB 
and Hughes. Aircraft Company (HA.C) frcm 4 Dec 58 to 16 Dec 58, The Jlurpose 
of ~he visit was to examine and report upon the status of the AVRO/HA!.C 
proJect on the Arrow Weapon System. The team consisted of: 

W/C DA Maclulich 
S/L A\CW Barrett 
S/L JK Young 
S/L JJ Collins 
s/L EW Ryan 
F/0 WS Sm:!th 

DIE Eng 
D.11.Tel 
A.MlS 
Db.rmEng 
AA.WS 
D/mnEng 

2 Proble111 areas are discussed in the main paper. Detail under these 
problem areas and description of the weapons system are contained in the 
appendices listed under para 49, 

FLIGHT TEST 

.3 Detail on the discussions at WA.DC, Hughes Aircraft Company and 
(unofficially) at Douglas A.ircraft Company is contained in Appendix "A

11
, 

The following problem areas are evident frcm consideration of this detail: 

(a) 

(b) 

(c) 

Management Control Charts for Fl06 A and B Program. A. 
current copy is held in the AMTS Technical Library, These 
charts are revised quarterly, and arrangements should be 
made to have the revisions sent automatically to the AMTS 
Technical Library, 

AtVRO/Convair Liaison Arrangements, The Arrow flight test 
program must take maximum advantage of Fl06/MAi-l flight test 
data. The FlOA WSPO at WADC advises that authority is needed 
fran Headquarters USAF to release Convair data to the 
Canadian Government and its contractors. Therefore, action 
is required by AFHQ and/or DDP to request this authority. 
(See Appendix ·,11.n, para 6.) 

Tggets. No arrangements have been made for targets for 
the Arrow flight test program. Decisions, funding and 
supply arrangements are required when the flight test 
prog.i:-am is approved, (See Appendix •u. 11

, para 10 and Appendix 
nun.) 

(d) Instrumented MB-1, Telemetry packs produced by Sandi.a 
Corporation (the warhead contractor) are required to measure 
warhead accelerations, In addition, ASCOP-PDM/FM telemetry 
installations used by Douglas should be considered far use r-'' 
in this program. (See .11.ppendix "A 11

, paras 11 (a)!iii), -
.31 and .32. ) ~ ==i 

Classi!icalion cancelled/changed to . .. ... ,, •"" uiuc; 1 s59t'U'.'D ,, 1'11 !.H tj f u:. .... /2 
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(e) 

(f) 

u I 
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Pit Drops . Discussions at Hughes indicated that 
Convair had completed an extensive pit drop program 
prior to flight test, and then between each flight a 
drop to check the ejection gear was required, On the 
other hand, Macdonnell Aircraft Company did not eject 
into a pit between each firing flight, These require­
ments Should be examined at Holloman AFB to determine 
the best approach for the krrow program. (See 
Appendix 11A11 , para ll(a)(vi),) 

O:>~ctives of Flight Test Program. Based on results of 
Fl flight test, the following objectives appear 
desirable: 

(i) Standard deviation of errors from fire control 
system (including pilot steering errors and 
radome) - 15 milliradians"""'in azirirutn·and 15 milli­
radians in elevation, 

(ii) Standard deviation of separation and launch errors -
20 milliradians. 

(g) Limited Flight Test Envelope. The results of discussions 
with wane, Hughes and Douglas indicate that the initial 
objectives for a firing program should be those which can 
be achieved by 1960. Thus, as a first approach, the 
following limitations appear practical~ 

(h) 

(j) 

(k) 

(j) 

The 

(a) 

(b) 

(c) 

(i) Altitude= JO to 50~000 feet. 

(ii) Speed = Ml.2 to Ml.5. 

(iii) Load Factors= 0.8 to 2.0. 

USM S ecial \lea ons stems Safet Grou • This group 
is composed o high-ranking representa t ves from all 
USM Connnands and the Inspector- General Branch. It is 
examining all present nuclear carriers and is requesting 
changes in present and future designs. Liaison should be 
established by the RCAF with this group. (See also para 
12 of 11.ppend ix "E 11 • ) 

Douglas/Ji.VRO Liaison. A visit clearance exists for AVRO 
engineers to visit Douglas on the MB-1, but not vice versa. 
11,ri unimpeded two-way channel for personnel and data needs 
to be arranged. 

Instrumentation. Details on this problem are contaiiled in 
paras 29 to 33 of Appendix "A". 

Ranges • Ade qua ta ranges to enable accomplishment of an 
Arrow f light test program must be made available. 

SCHEDULES 

following schedules are contained in Appendix "B 11 : 

M&-l/CF105 Schedule (HAG Plan). 

Fl06A Program Summary. 

Fl06B Program Summary. 

• • o• ./3 
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(d) Fl06A Flight Test Program (4 Charts). 

(e) Fl06B Flight Test Program. 

(f) Fl06A and B Aircraft a nd Weapon Control System (.lWCS) 
Program (2 charts). 

(g) Fl06A Offensive Armament Program. 

(h) AWCS and Armament Development (ilD) Program. 

(j) Support Program for MA.- l/CF105 Program. 

(k) Support Program for GAR JA/4A/CF105 Program..._ 

(1) Accession List of ~l/GARJA/4& DocUID8nts ih A.MTS 
Technical Library. 

Ml!i-1 INSTAUATION IN ARRCW 

5 Two ma.jar problem· areas exist in the MA:r-1 Installation in 
Arr ow airframe No. 25202: 

(a) The provision of 400 cycle power (see paras 17-21 and 
Appendix 11H 11 ). 

(b) The configuration of the two cockpits (see Appendix "P 11
). 

6 Other problem areas examined in lippendix ncn are: 

(a) Stable platform. (Also see Appendix 11F 11
.) 

(b) IntercOOll!lunications (Also see Appendix 11G11
, para 2;;, ) 

(c) Pressurization. 

(d) Wave guide switching. 

(e) Radio Compass inputs. 

(f) A.ntenna multiplexing. 

7 Discussion of other installation problems are contained in 
other parts of this report. References to these discussions are: 

(a) 

(b) 

(c) 

(d) 

Safety interlock requirements (para 12, Appendix "E 
11
). 

Preflight and acceptance data for Fl06 (para 16, 
Appendix 11E11 .) 

Computer Programming (paras 22-29 , Appendix 118 11
). 

Installation of the Horizontal Situation Indicator :bn 
the Rear Cockpit (para 11 and Appendix "F"). 

(e) Radome (para 24 and 26 (b)). 

(f) Optical Sight (&ppendix 11K11 ). This sight is large and 
would obstruct pilot vision in the Arrow. 
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CURRENT M4l-l STATUS AND lMPROVEMENTS 

8 . .at summary of the current MAl-1 status and planned improvements 
is contained in Appendix 11D11 • In addition, Appendix 11 J 11 contains details 
on M&-1 status and improvements. 

FIRE CONTROL SYSTEM, A.lUW-IENT AUXILIARIES AND CGlPUTER 

9 Detail on the Ma:.-1 Fire Control System, the armrunent auxiliaries 
and the ccmputer will be found in Appendix 11E 11 • With regard to the status 
of the Fl06 program, the consensus of the people contacted at WADC was that 
the present Fl06 .at and B program (184 aircraft to end of FY 1959) is on firm 
ground. A decision on the FY 1960 buy will not be made until June 1959 
and will have an impact on MA.-1 development and production. (For more 
information on this subject, see Appendix •3 11 in addition to para 2 of 
Appendix ''E 11,) 

10 In Appendix "E" will be found a description of the remote scope 
recorder, some safety interlock requirements, and cockpit controls references 
in addition to some Fl06 pre-flight and acceptance data. 

INSTRUMENTS 

11 The subject, "Instruments", includes the Air Data Computer, the 
Gyro Reference System, Flight Instruments and the Automatic Flight Control 
System. The following problems are discussed in Appendix "F 11

: 

(a) .ilrloption of ARDC (vertical scale) Flight Instruments. 

(b) Installation of the Horizontal Situation Indicator, 

(c) Canadian facility for map film strips, 

(d) Automatic navigation, 

(e) Automatic r,esponse to data link control. 

(f) Automatic attack, 

C01MUNICA\.TIONS, NAVIGATION AND I.ANDING (CN&L) 

12 Appendix 11G11 contains detail on the CN&L ::iystem which includes 
UHF COOllllunications, UHF Direction Finding, Instrument Landing System, 
Ta.can, Air- to-Ground IFF, Air-to-Mr IFF, and Interccmmunicjl-tions. 

1.3 The basic circuitry of the CN and L equipment incorporated in the 
MA:.- 1 System resembles that of certain specific stock items already in 
general use in the RCAF and other services. However, the unique method 
employed by Hughes Aircraft Company and their subcontractors in packaging the 
equipment to meet a systems concept, with built in test, fail- safe, and space/ 
weight saving features would make it expensi':e in timeand mon~y to make 
substitutions •. The form factors and electrical characteristics of plant, 
repair depot, and squadron test equipment ca ters for systems checking on 
the basis of the RAC configured equipment. 

o o • • /s 
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14 The major changes to the CN and L equipment contemplated by the 
USAF ~re the replace~ent of Frequency Division type data link by Time 
Div~sion type data . link during the period 1962-63 and changes to the IFF 
equipment to make it compatible with the Mod 12 crypto system which may be 
brought into use at that time. 

15 The proposed CN and L package of the MA- 1 System will be cOlllpatible 
with the Canadian environment when Tacan and Data Link ground facilities are 
available. However, there has been no action yet to make provision on the 
computer for an automatic correction input from doppler. 

16~ The present system does not include a medium frequency direction 
fiding equipment. However, provision could be made far the manual insertion 
to the computer of MF/DF information obtained from a conventional radio compass 
receiver which is already incorporated in the CF105 Aircraft. 

ELECTRIC Pa.r&R SUB-SYSTEM 

17 This sub-system presents one of the major problems in the MA.-1/ 
Arrow installation and, therefore, "lllppendix "H" is summarized below. 

18 At present the Fl06 aircraft has a Sundstrand constant speed 
drive carrying four generators, two for aircraft power and two for the MA-1 
system. The latter two are triple output genera tars producing two kinds of 
AC power (400 cps and 1600 cps) and four voltages of DC power. The system 
is fully loaded. Scheduled improvements to the M&-1 require over 4 MW more 
power; therefore, a new power system has been designed using 400 cps . 
"Nearly all the Mat-1 units have been redesigned to operate on 400 cps. It is 
advantageous to use the 400 cps MA-1 far the CF105 and thus retain the main 
power supply already engineered into the Mark 2 aircraft. 

19 Many parts of the prototype 400 cycle MA-1 have been borrowed for 
the CF105 and already shipped to AVRO. The Hughes production plant at 
El Segundo is supplying a production MA.- 1 on the AVRO contract to be modified, 
and from this the bor rowings will be returned . The new system distributes 
400 cycle power to the MA.-1 system by an AVRO junction box. Certain amounts 
of other sorts of power are produced internally in the new MA'.-lC system. 

20 The Mlll.-1 system can operate past transients of 102-124 volts but 
requires 108-120 volts in steady state. Frequency must be controlled to 
! 1 percent which agrees with the Avrocan Specification E- 500, but an effort 
will be made to improve this. Variation in frequency causes the same per­
centage variation in computer time base and hence in system output. 

21 In the M.llt-1 the 1600 cycle power source allows operation of the 
four missiles only in a staggered sequence, thus increasing preparation time 
and cutting into the placement diagrams. However , in the MAl.-lC for the 
Arrow aircraft, parallel. simultaneous preparation of four missiles will be 
permitted. 

MA- 1 JMPROVEMENTS AND ECCM 

22 Detail on the Mlli- 1 improvement, including counter countermeasures 
(CCM) program is contained at Appendix "J". The current CCM capability 
provides a home- on-jam feature it permits operation in a modified close 
control mode if SAGE becomes s~turated; the magnetron is tunable and edge 
tracking is provided, as in the MG-2; range is extrapola ted if jamming does 
not commence until after lock- on has been achieved; and the GAR-JA\. is pro­
vided with home-on-jam and edge tracking. 

. .... /6 



23 By January 1960, a sniffer circuit, ra,rrlan prf, antenna angular 
memoray, and silent lobing ,.,ill have been added. It is . claimed that random 
prf and leading edge tracking ,.,111 counter range gate stealers. The silent 
lobing technique ,.,111 counter (HAG hope) inverse gain repeating jammers. 
A range gate stealer, to be effective ,.,111 be forced to short delay 
(some,.,hat less than 0.2 micro secondsj repeating or high-power, wide-pulse 
operation, to acliieve AGC capture. A conical scan Jammer will be forced to 
s,.,ept or gated fre quency operation. 

24 Further features ,.,n1 be introduced to production in January 1961. 
provided such p:r1oduction is authorized by USAF by next SUllil!ler. Master oscillator 
power amplifier (MOP.Ii) may provide protection against spot jamming, but 
not a ga inst wide-band (cascaded) barrage ja=ing equipment. It may be noted 
that the MOPA. frequency range design objective will pose a severe radome 
problem and this could be the program pacing item. Antenna angular memory is 
expected to provide immunity a gainst chaff on a beam attack. A passive 
ranging technique has not yet been accepted by ~AlDC. The accuracy of such a 
technique ,.,n1 not be sufficient for firing of MB-1 weapons, may be 
accurate enough for GAR ,.,eapons, but may only be sufficiently accurate for a 
nuclear-warhead GA.R. 

25 Further CCM features can only be added subsequently to Jan 61 on 
a backfit basis. 

26 
fold: 

Thus the major problems posed by the USAF/HAG CCM program are two-

(a) Careful scheduling of the Arrow program to ensure as far as 
possible that improvements to the MAl-1 AWCS are picked up 
from production rather than expensive retrofit. 

(b) Ensuring that the radome produced for the 1961 Arrow makes 
the best compromise between: 

(i) Aerodynamic performance. 

(ii) ~timum power transmission over the required MOP& 
bandwidth. 

m SUB- SUSTEM ANDOPTICJil, SIGHT 

27 Details on IR sub-systems and the optical sight are contained in 
A.ppendix "K". 

HUGHES FIELD SERVICE MID SUPPORT DIVISION 

28 Details on the Hughes Field Service and Support Division are 
contained in Appendix "111 • The following problems arise: 

(a) 

(b) 

Close liaison wi th HAiG Field Service and Support staff 
,.,111 be required to ensure that RCAF requirements will be 
met with a minimum of cost and delay. 

Maintenance Depot. The question of what depot facilities 
the RCl!IF will require must be considered. RAC are pre~ed 
to offer technical or administrative assistance in setting up 
such a facility. 

(c) (i) Technical representatives. During the first six months 
of operation each Fl06 squadron will employ 17 
Hughes ' field engineers to assist in squadron maintenance 
of the ~1. After two years of operation, this number 
will be reduced to four engineers attached to the base 

..... /7 
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permanently, 
(Note: ~ these figures do not include the three 
technical representatives who are attached permanently 
to the base for airmen trade training.) 

(ii) With the retention in the RCAF of relatively large 
numbers of trained technicians with experience on 
fire control, comnrunications and aircraft control 
systems, a substantial reduc!tion in the number of 
technical representatives required by the RCAF can be 
expected. 

MArnTENANCE, TEST EQUIPMENT, GROUND HANDLnm EQUIPMENT 

29 SyBetcause this subject represents a major consideration in the Arra,, 
Weapons s em, Appendix ''M" is summarized below, " 

Ma in te nal!ree 

JO The maintenance concept on the Mirr-1 was defined by consideration 
of the following factorsi 

(a) Squadron aircraft operate on a short scramble-time basis, 
so not more than five minutes is available for the 
serviceability check-out. 

(b) The USAF will continue to lose large numbers of trained 
technicians , so automatic self-checking circuitry is 
incorporated into t}le equipment wherever possible. 

Jl Maintenance on the flight line is limited to checking the system 
on a "Go-No-Go" basis , fault finding and box replacement at the electronic 
box level, and making a minimum number of' adjustments and alignments. The 
test is designed so that the confidence level in a •go" signal is such that 
there is 75% to 85% probability of successful; mission completion . 

Test Equipment 

32 Al major item of test equipment is the Mobile Automatic Radiation 
Tester (MART). The MART is atrailer fitted with receiving and low:-,powered 
transmitting equipment, The trailer is designed for unattended operation, 
In respon/~ to a system interrogating signal from an aircraft on the flight 
line, the MART transmits signals which test the aircraft's UHF equipment, II.S 
equipment, data link recei.Ver, automatic UHF D/F facility, TACAN rec@iVers, 
IFF group and a portion of the computer. 

JJ Electrical power for the MART can be provided by a gasoline 
driven motor generator, or may be obtained from commercial power outlets. 
Power specifications are: 12,5 KV.I&., 120/208 volts, three phase, four wire, 
60 cycles. 

34 Seven maintenance test stands are required in the shop area. The 
stands are designed to conform with the rack configuration in the aircraf't. 
Thus a suspect item of equipment can be removed from the aircraft, plugged into 
the appropriate area on the stand, and tested for serviceability. 

35 The MA- 1 digital computer plays an important part in the maintenance 
procedures. The tact i cal magnetic drum is removed from the computer and a test 
drum is inserted for shop maintenance . The computer is programmed so that 
each of the sub-systems (radar , flight control and measurement, communications -
navigation, computer, and power) are tested in detail. The complete shop test 
takes six hours to perform. 

. ... /8 



- 8 -
I, 

Ground Equipment 

36 Cooling Air. The M&-1 requires 45 pounds per minute)( of cooling 
air at 70°F at equipment inlets. The cooling air must be provided from a 
ground source whenever the equipment is operated in the aircraft on the 
flight line ar in the dock/shop maintenance area. AFHQ Tech Library Reference 
No. 8251 describes an equipment which Hughes Aircraft Co. bas found satisfac­
tory. 

37 Ground Electrical Power. The M&-1, with all planned improvements, 
will require 22 KV.41 of electrical power. Power specifications are contained 
in Appendix ''H". 

TRAIN ING - PERSONNEL 

38 Details on training are contained in Appendix "N". 

TRil.INING AIDS 

39 Details on training aids are contained in Appendix 11 0 11 • 

COCKPIT SUB-SYSTEM 
(Details are in Appendix "P") 

40 The cockpit sub-system consists of those parts of the MIA-le AWCS 
which are located in the two cockpits. These include an "F" scope in the 
front cockpit, and a "B" scope and Horizontal Situation Indicator in the 
rear cockpit. 

Mlli.-1 ECP I s (ENGINEER ING CHANGE PROPC6AIS ) 

41 Details on ECP ' s are contained in Appendix 11Q11 • 

MISSILES 
(Details are in lippendix "R") 

42 The Falcon GAR- 3.ii (which is a semi-active radar homing missile) 
and the GAR-4A (which is an infrared homing missile) are improved versions of 
the GAR-3 and GAR- 4, respectively. The GAR-3 and GAR-4 are limited in their 
operational use by temperature and humidity restrictions. They use an 
ethylene oxide power supply which requires a long warm-up period prior to 
mi ssile launch. The GAR- 4 has very poor background discrimination characteris­
tics and, as a result, frequently loses its target. The GAR-3 is being pro­
duced in limited quantities only and all GAR- 4 production was stopped in 
May 58. 

43 To overcome the problems and deficiencies in the GAR-3 and GAR-4, 
a n extensive redesign and development prograunne was instituted to produce 
improved models of both missiles. Production of both the GAR-3A and GAR-4A is 
scheduled to begin in Aug 59. Aldditional information on the missiles 
and the production schedules is available in Appendix ''R" to this report. 

44 Certain problem areas which require staff action, planning or 
co-ordination exist in the Falcon portion of the Arrow/M&-1 programme. 
These are: 

(a) The ava ilability of and procurement arrangements far test 
missiles to meet the Arrow flight test programme. 

(b) The availability of and procurement arrangements for 
tactical missiles for combat stocks. 

. .... /9 
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(c) The availability of and procurement arrangements for 
missile test equipment. 

(d) The availability of and procurement arrangements for 
suitable targets for the second phase of the Arrow programme. 

(e) The study and provision of suitable missile check-out and 
storage facilities at ADC bases. 

(f) The provision of funds for the necessary procurement in 
items (a) to (e) above. 

(g) Provision of additional telemetry decommutation equipment at 
Cold lake for the second phase of the .Arrow programme, due to 
incompatibility between the missile telemetry and the ground 
statian. 

SECURM 

45 Details on security are contained in Appendix ''S 11 • 

CCMFANY ORGANIZATION 
(Details are in Appendix 11T11 ) 

46 Hughes Aircraft Company have organized an Ii,rrow Task Force at 
Culver City. Mr. Joe Scanlan is the manager of this task force and should be 
contacted initially on .Arrow problems of concern to Hughes. 

TARGETS 

47 Details on targets are contained in Appendix "U". 

Mil- 1 AND GAR- Jill/4A DOCUMENTS 

48 An Mtl-1 and GAR-W4A Accession List of documents in the AMTS 
Technical Library is in .Appendix ''V". 

APPENDICES 

49 The following appendices are attached to this report: 

(a) Appendix •A" - Flight Test 

(b) Appendix "B" - Schedules 

(c) Appendix ~c" - Installation CF105 

(d) Appendix "D" - Current M&-1 Status and Improvements 

(e) ./ippendix "E" - FCS, Armament Auxiliaries and Computer 

(f) Appendix "F'" - Instruments 

(g ) Appendix "G" - ColIDllunica tions, Navigation and Landing 

(h) Appendix "H" - Fower Supply 

(j) Appendix "J" - MA- 1 Improvements and ECCM 

(k) Appendix "K" - m Sub-system and Optical Sight , 

•••.• /10 
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(1) Appendix "L" - Field Servjlce and SuppW!ClASS~flED 
(m) Appendix ''M" - Maintenance, Test Equipment and Ground 

Handling Equipment 

(n) Appendix "N" - Tra ining - Personnel 

(o) Appendix "0" - Tra i ning Aids 

(p) Appendix npn _ Cockpit 

(q) Appendix "Q" - ECP 1s 

(r) Appendix "R 11 - Missiles 

(s) Appendix "S" - Security 

(t) Appendix "T" - Company Organization 

(u) Appendix "U" - Targets 

(v) Appendix "V" - Accession List 



FLIGHT TEST 

Fl06A and B/MA.-l/ASQ- 25 Pr ogram 

1 Complete detail on the flight test program and delivery schedules 
for the Fl064 and B;Mbii.-l/ASQ-25 is contained in the Fl06 A and B Management 
Control Charts, dated 2 Oct 58, These Management Control Charts are registered 
in the AFHQ Technical Library, The charts are issued quarterly and it is 
recommended that lRU be advised to send them automatically to the AFHQ Technical 
Library. 

2 The following SUJlllllarizes the status of the Fl06 A and B program: 

(a) First delivery: Fl06A - Dec 56; Fl06B - Apr 58, 

(b) Cormnulative delivery to Sep 58: Fl06A - 27; Fl06B - 3, 

(c) First production aircraft: Fl06A - Sep 57; Fl06B - Apr 58, 

(d) First operational aircraft: Fl06A - Jan 59; Flo6B - Nov 58 . 

(e) First 1,1ing equipped: Fl06A - Sep 59; Fl06B - Jun 59, 

(f) Deliveries by Sep 59: Fl06A - 106; Fl06B - 28, 

(g) Delivery rate of 15/month for Fl06A - Aug 59, 

(h) 

(j) 

(k) 

Delivery rate of 3/month for Flo6B - Sep 59, 

Category II Testing: Fl06A.. - Aug 58 to Jan 60 (11 aircraft ) , 
Fl06B - Dec 58 to Apr 59 (3 aircraft), 

Category III Testing: Fl06A - Aug 59 to Jan 60 (21 aircraft ) 
Fl06B - Apr 59 to Jan 60. 

3 AAD Program on Fl06A and B. In addition to the category I to III 
testing under ta1<en on t he F106 A arid B program, an AAD (AWCS and Armament 
Development) program has been arranged, This program does not include ballis ­
tic and separation trials, but data is gathered to supplement information 
obtained on ballistic and separation tria ls. Col. Kruge is the Test Director 
for the AAD program at Holloman AFB, 1,1hile Col, Housley is the Test Director 
for the Category II and III Tests at Ed1,1ards AFB. Detail on the AAD program 
is attached a t Appendix 11B11 to this report. 

4 Ballistic and Separation Trials on Fl06A and B~ Detail on the 
ballistic and separation trials on the Fl06A and B aircraft is contained in 
Appendix "B" to this report and also in the following paragraphs. 

Discussion a t WADC on Flight Test Problems 

5 The USAF WSP0 a t WADC advised that most of t he l a unch error data 
r equired for the Flo6 program 1,1ill be available by 1 Jan 59 , The f inal 
launch error data 1,1 i ll be reduced and the computer tapes ready by 30 Jun 59 , 

6 It became apparent, from discussions at WADC and HAG, . that AVRO 
will require much data and data analysis from Convair. The WADC/Fl06 WSPO 
recommended that a joint AVR0/HAC/Convair group be formed, 1,1ith liaison 
from RCAF/USAF WSPO. This group should be formed as soon as possible, 
During the mi ddle phas e of this operation, AVR0 should have representatives 
at Convair, The ballis t ics and separation data will be at Convair. 

. ... /2 
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7 In order to form such a group, the USAF WSPO requires direction 
from the Pentagon that Fl06 test data may be made available to the ROAF and 
its prime contractor(s). Having this authority, the USAF WSPO would than 
require a detailed ' breakdown of the type of data and analysis required. A 
conference of all interested agencies should consider this problem in 
order that Convair can produce a report. It is probable that a technical liaison 
agreement or contract between Convair and AVRO will be necessary. 

8 Immediate a ction is required by the RCAF and DDP to get the appropriate 
permission from HQ USAF to WADC fer Convair to re lease data to the Car,adian 
government. 

9 Holloman AFB . The USAF WSPO at WADC advised that if the USAF 
experienced major weapon system problems , or if the weapons or fire control 
system didn't work, then Holloman AFB was regarded as the place to go. There 
is an air space problem at Holloman, but small priority programs can be 
accommodated. 

General Discussion at HAG on Flight Test Problems 

10 Targets - Using M&,1 1s and GAR 1s without \.larheads , HAG are firing 
against manned targets - bcth B571s and FlOO's ~ With complete missiles, 
monostatic reflectors cannot be used - bistatic reflectors are required. For 
hi gh altitude \.Tork, urar.anned targets are mandatory. and t hus HAG fire at para­
chutes or pogohi . An evaluation target is needed for hit miss iles. HAG have 
made no provision f or targets, but have assumed they will be AVRO or HAG 
supplied. HAG Yill be recollll!lending a target requirement after a flight test 
program has been agreed on. The details on targets may be found in Appendix "U". 

11 Ballistic and Separation Testing - The f oll01,1ing notes were taken 
during a short presentation by HAG on ballistic and separation testing~ 

(a) There were several phases i n the MB-l/Fl06 program g 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Launch mechanism and safety proof . This program 1,1as 
done by the airframe contractor for the USAF. The ejec­
tions yere fir st conducted without live motors, Blast 
effects were then studied. Ground static tests 
(ejecting into a pit from a ground stand) were completed 
1,1ith a dummy mass having t he right inertias , 

Air E,lections with Inert Missiles. Approximately 12 
dummies were used for this phase , but HAG believe AVRO 
could get along with fewer. I t is believed that Douglas 
had telemetry in these MB- l 's to relay pitch rates. Sine~ 
cameras on wings have done a bett er job . For photo 
purposes, a lanyard was hooked into a flash powder charge . 

Warhead Environment Testing. Some rounds carried Sandia 
instrumentation - data to determine shock and modes of 
vibration which might effect war head accelerations =s 
telemeterad. However, telemetry should not be required 
during missile flight. 

Motor J4gJ-1t-Offs, Safe separation has to be established 
throughout the f light regime, One or two l aunches a t 
~J g and -1 g would g ive confidence. 

Co-altitude Firings. About 8 data points need to be 
established with J rounds per data poi nt , An important 
parameter is angle of attack which shoul d be explored at 
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low speed/high altitude and high speed/low altitude. 
The objective for angle of attack measurement should 
be accurac ies within plus or minus one quarter degree. 

(vi) General 

1. Need about 25% spare motors. 

2. Need about 10 rounds for snap- up ballistics, 
25% spares. plus 

3. Want ballist ic samples for all cases, 

4, About 12 rounds at .a 3gand-l g at various 
altitudes, 

5. Holloman use pit drops be tween each early firing, 
with a minimum of three per aircraft (Fl06) . 

(vii) Limi ted Envelope. If priority were given tofiring 
within a limited envelope , some additional rounds would 
be rieeded at high and low q and other q 9s an~ Machs to 
ensure that no gross errors exist in the basic equations 
for the ballistic computer. 

(viii) Crder of Importance of Flight Test Data 

1. Safe separation 

2, Angle of attack and jump angle, 

3. Release time. 

4. Ejection mechanism delays, 

(b) Speed Envelope for Fl06/MB: l Firings 

Fl06A Max. Power 

bo 
with A/B (Gr. Wt. 30K) 

ALT. 

(K) S'o-

'/-0 +- -t-

30 

-t 
1 0 ·\-

1 0 

o. o. 't 0- C. 0 .'t 

+ 

+ 
+ 

+ MB- 1 F1R1NG-S 

c~ OA"TA Po ,,-_JTS 

AT ~Ac.H oF 

~-= 4-00 

~=140° 

G-u s, LoAOJ>J(e 

UNS A f= (_ f"~ I~ 

T F = 5". 0 SLCS . 
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Alt . (K2 VF Target No, Rounds 

25 1.2) Manned 
40 1.2) A/C 

Ejection test 1 
Ejection test 1 

20 1.2 Tow .7 Manual, co-alt. 2 

40 1.5 Tow Manual, co-alt. 5 

50 1,5 Chute Manual, co-alt, 2 

30 1.5 Tow .7 Manual, climbing 3 

40 .9 Balloon Optical 1 

20 ,9 QB 17 Optical 1 

40 1.5 Tow Auto, co-alt. 8 

35 1.5 Balloon Auto, snap-up 8 

12 FCS Plus MB-1 Versus Target. About 40 rounds are scheduled f or 
Fl06/MA-lfMB--l versus a target, 

MB-1 Ballistics and Separa tion Requirements 

13 HAC Definition of Jump 

ANTE.NN/\ 

I 

I VF tF 

I <>< 

M, ", S I LE 

i ,'<,\11° L ( o K f -·-•-

Gama ( 'C ) should have a one sigma ( d • S D) dispersion about it, which 
s hould be no grea ter than 20 roils. 
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14 To achieve a 95% confidence factor that the dispersion will be 
no greater than 20 mils, 20 rounds must fall within a S D of 14 roils. 
The same confidence factor exists for 35 rounds having a S D of 16.5 roils, 
or 100 rounds with a S D of 18 roils. 

15 HAG recommend an allocation of 35 rounds at a wide variety of 
Mach, q, etc. About 25% additional rounds should be allocated for aborts, 
attrition, unserviceability, etc. HAG advise that AVRO, in discussions, 
suggested firings from Mach .95 to 1.8, 10 K to 50 K, with 6 snap-ups, -
Total 35 rounds, 

16 Other programs have stablished trajectory data for the MB-1, so 
the Arrow program would be concerned with the first five seconds of flight, 
since separation (damping of transients) requires about 2,5 to 3,0 seconds, 

17 HAG advise that all the necessary data for AVRO can be determined 
by airborne instrumentation. The most critical (and difficult) measurement 
is angle of attack, because it is such a dominant factor in the jump equation. 
It is desirable to measure angle of attack within ¾0 , but present programs 
are only measuring angle of attack within ½0 S.D. 

18 Error Tolerances. The following error tolerances are approximate, 
but represent practical objectives for the Arrow program: 

(a) 

(b) 

(c) 

SD of FCS (including pilot steering errors and radome) -
15 mils (az); 15 mils - (el). 

Separation and launching errors - SD of 20 mils. 

Total allowable error as a design objective should be 
RMS sum of 15 roils for the FCS and 20 roils for the launching 
errors, or a total of 25 mils. 

(d) Accuracr of measurement of angle of attack - required, 
within t 0 ; probably obtainable)within ½0 SD. 

(e) Altitude - 20 ft, 1101 ; longitudinal precision - 50 ft. 

19 MB-1 Firing Delays. The MB-1 firing delays are indicated in 
the following chart: 

+---t1 ----~ 

(Delays due to cir­
cut relays, inter­
valometer, squib 
firing and inertia 
of assembly.) 

f--t2 

(Time to eject 
MB-1 and operate 
motor firing 
squib via lanyard) 

(MB-1 rocket 
motor ignition 
interval) 

Fire Signal 
(Voltage to 
ejector Squibs) 

~ 
Forward um­
bilical plug 
separates. 
(Fuze counts 
time from this 
point.) 

Lanyard 
activates 
rocket 
motor 
ignition 

First for­
ward motion 
of MB-1 
(10% Thrust) 
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There is a requirement to establish t1, t 2 and t 3, because zero fuze 
time occurs at the end oft, whereas the FCS is mechanized for the end 
of t3 • Typical values for these time delays are (in the Fl06 installation): 

½_ - 30 milsecs (approx , ) 

t2 - 30-100 milsecs (approx .) 

t3 - 95 milsecs (approx ,) (this figure depends on temper-
ature, motor aging, etc.) 

In practice, the end of t 1 is measured as the time of hook release which 
is within five milsecs of umbilical plug separation, J 

20 FlOlB subsonic jump variation with q is quite linear as is shown 
in the following sketch of 5" (see para 14) versus q 

-~ t 
(mi~)],___~ _______ ___;:iL--

900 q (PSF) 

Discussion at -WADC/F106 WSPO on RCAF/AVRO Joint Flight Test Program 

21 The proposed RCAF/AVRO Joint Flight Test Program was discussed 
with the Fl06 WSPO at WADC. It was agreed that ~ 

(a) This program does not constitute a full weapon system 
evaluation. 

(b) The F106 objectives for weapons launch and separation 
errors and for FCS (including pilot error and r ad ome error) 
errors would be suitable for objectives in the Arrow program. 

{c ) The limited combat flight envelope would be a realistic 
objective for describing a squadron operational capability 
by 1960. 

(d) The FCS performance described by the Fl06 flight test 
program, the MB- 1 trajectory data from other programs, 
the GAR 31&/4A performance data extracted from the Fl06 pro­
gram, the Arrow radome performance, and the launch and 
separ a t ion errors achieved by the Arrow program could be 
related and analyzed to yiel d good estimates of system 
capability within the l imited fli ght envelope by 1960. 

Discussion at HAC on RCAF/AVRO Joint Flight Test Program 

22 Before dis cussing ·the RCAF pr oposed RCAF/AVRO Joint Flight Test 
Program with HAC representatives, it was evident from var i ous presentations 
~nd comments that HAC and AVRO envisaged a more elaborate program than the RCAF 
had in mind. The two companies apparently had in mind the exploration of the 
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full Arrow fli ght envelope for safety, separation and launch error charac­
teristics and the firing of MB-1 1s to define the ballistic characteristics 
for the MA-1 AWCS. They pointed out that it has been extremely difficult 
to define the ballistics of the MB-1 from the Fl06 and stressed the need for 
an instrumented range . The following flight test program was suggested: 

(a) Missile and MB-1 Requirements 

ll 

202 - None 
205 - 20 MB-1 (36 preferred by HAG) 

40 GAR 3 (EVs) 
9 WSD\! s 
1 GAR 3 (instrumented for vibration testing) 
6 MB-1 (dummies for ejection tests) 
1 MB-1 (temp self instrumented to establish need 

for heater blanket) 
2ll 

* 
- Manual Attack Tests 

6 MB-1 
* 
:A: 
A 

217 -

* * 

6 GAR 3 (EV) 
Auto Attack 

7 MB- 1 
7 GAR 3 (EV) 

2 MB-1 (dummy) 
19 MB-1 (for manual attack tests) 
21 MB-1 (for auto-attack) 

218 -
:l 

3 WSD\ls 
6 GA.R 3 (EV) 

.a 
t: 

32 GAR 3 (for manual attack tests) (EV) 
40 GAR 3 (for auto-attack) (EV) 

.ft includes 25% allowance for no data firings 

(b) Detailed Aircraft Programs 

202 - Aug 59 to Apr 60, MB- 1 lead collision manual attack 
tests; ride along tests; pursuit modes; snap-up; 
AIMTI~ optical; extrapolated lead collision, 202 could 
be used as target after Apr 60. 

205 - Shakedown 
fit MB- 1 
fly Malton 
inert drops 
fit pack 
MB- lJGAR firings 

211 - MB~l/GAR 
Shakedown 
Manual attack 
Auto- attack 

217 - MB- 1 only 

Shakedown 
Manual Attack 
Auto-attack 

- Jan to mid Feb 59 
- mid Feb to late Apr 
- Apr to end Jun 
- Jul to Oct 
- Nov 
- Dec 59 to end Jul 60 

- mostly dry runs with some firings 
- Feb 60 to mid Apr 60 
- Apr 60 to mid Jul 60 
- Jul 60 to Mar 61 (system back- up 

after Mar 61) 

- dry runs and live firings (MA-1 
production system) 

- Aug 60 to Oct 60 
- Oct 60 to end Jan 61 
- Feb 61 to Dec 61 

..... /8 
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218 - GAR only 

Shakedown 
Manual attack 
A..uto- attack 

APPENDIX. 11A. 11 

- dry runs and live firings (MA-1 
production system) 

- Sep 60 to Nov 60 
- Nov 60 to end Feb 61 
- Mar 61 to Dec 61 0 

(c) Utilization Rates 

AVRO advi se HAG to expect five good flights per month on the 
basis of one month for engine changes , HAG state that the 
objective on the Fl06 program is seven to eight flights per 
month or 100 flights per year per aircraft, 

23 The RCAF proposed RCAF/AVRO flight test program was then discussed in 
detail with HAG as follows: 

(a) 

(b) 

(c) 

Flight Test Envelope o It was agreed that a realistic approach 
to defini ng an opera t i onal capubility by mid 1960 is to give 
priority to defining separation and launch error characteris­
tics within 30 K to 50 Kand 1.2 M to 1,5 M. However, ballistic 
equation data must be evolved for the entire flight envelope 
and programmed in the computer . To ensure that the program 
will not have to be repeated at a later date, it is essential 
that some rounds be fired around the flight envelope to ensure 
no gross errors in calculations, 

1.0 g Limitation. The RCAF proposal to limit g investigations 
to 1,0 g to 1,3 g was discussed, Hie felt t hat safe separation 
should be ensured from - 1 g to ~ 3 g, The 1.0 g end of the 
limitation was critized by pointing out that even in the co­
altitude case some ne gati ve g mi ght be pul led. Therefore, 
HAG strongly recommended and the RCAF representatives at the 
meeting agreed that the lower limit of the restricted g 
envelope should be 0,8 g. 

l.J g Limitation. The 1.3 g end of the limitation was 
criticized by pointing out that the MA- 1 may voluntarily go 
into a pursuit mode and that 1,3 g limitation may seriously 
limit the areas in space available to the Arrow for an attack. 
The RCAF requested HAG to do a brief analysis on the g 
limitation i n pursuit attack. Five cases were examined . These 
cases are isolated and cannot be correlated , Therefore, more 
complete analysis should be made before the RCAF defines the 
upper g limitation. 

Case li GAR ./ltttack 

Vr - Ml.5 

VT -0- M0~ 8 

Alt , - 50K 
RL - 25 K 

RLQ - 100 K 

In pursuit attack, any aspect angle (B) 
grea ter than 102° gives greater than 
1.3 g. 

"°'/9 
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Case 3: 

Case 4: 
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GAIR Attack 

VI - Ml.5 
VT - M0.8 
Alt. - 30K 
RL - 25K 
RLO - 100K 

MB- 1 Attack 

VI - Ml. 5 
VT - M0.8 
AU.t, - 30K 
R1 - H,2 K 
R10 - 100K 

GAR Attack 

VI = 1.39M 
VT - 00 7M 
Alt , - 30K 
RL - 15K 
RU) - 100K 

Case 5: MB-1 Attack 

VI - 1.5M 
VT - 0.8 M 
Alt. - 30K 
R1 - 15K 
flw - 100K 

CONFIDENTIAL 
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In pursuit attack, aspect angle (B) 
of 140° gives g of 1,42 

In pursuit attack, aspect angle (B) 
of 140° gives g of 2,54 

In pursuit attack, aspect angle (B) 
greater than 110° gives gr eater than 
1.3 g. 

In pursuit attack, any aspect angle(B) 
greater than 96° gives greater than 
1.3 g 

It would appear from the above analysis that an upper 1.3 g 
restriction, in the pursuit case, would limit the allowable 
aspect angle to within 90° off the tail of the target. However, 
this conclusion must be reated with great reservation for 
two reasons: 

(i) the five cases were e:xamined in great haste by the 
analysis group at HAC and are, therefore, subject to 
error ; 

(ii) only five isolated, almost unreleated, cases were studied. 

Discussions at Douglas Aircraft Company 

24 Ejection System. The following notes cover DAC remarks on problems 
associated with the ejection system for the MB-1: 

(a) It is necessary to eject sufficient inert rounds to 
define the ballistic characteristics prior to motor 
ignition. 

(b) On the FlOl program, when carrying two rockets and firing 
one, the MB-1 nos~d down about 45. This problem was 
solved by placing a deflection vane between the two rockets • 

...• /10 
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(c) The Arrow installation problems appear to resemble mare 
closely t hose on the Fl06 than those on the FlOl H 
the Fl06 has one large bay door, whereas the Arr~w ~e;:: , 
individual doors. 

(d) The Bohanan rack is simpler than the Horkey-Moore rack but 
the H-M gun has more provision far changes, Ratio of forces 
changes can be put on the H-M rack by adjustments , whereas 
these changes require baffles and vanes on the Bohanan rack. 
the H-M gun gets different thrusts by us i ng different sleeves ; 
the Bohanan uses orifices far varying thrusts - these orifices 
tend to clog up with gas residues, 

(e) There is a Special Weapon Board at Albuquerque which assesses 
and approves all USAF Special Weapons installations. The RCAF 
should establish lia ison with this Board , 

(f) MIL Spee E8591B is the installation specificat ion for internal 
and external stores. 

25 MB-1 Supply. Captain Bill Lyons at ARDC Detachment 1, Wright 
Patterson AFB (RDZSFF) is responsible for the allocation of MB-l ' s to 
Holloman AFB. At Headquarters USAF, the contact personnel far MB-1 requirements 
are Major Jack Bower and Major Brookes Favorite , 

26 Technical Assistance , The following notes cover Douglas recommen-
dations for technical assistance: 

(a.) 

(b) 

(c) 

(d) 

DAG would go to Malton to ensure all necessary equipment 
is available and serviceable, 

As with all other MB- 1 programs, DAG would insist upon 
checkout of all rockets by a DAG team consisting of engineers, 
inspectors and mechanics . DAG would wish to control the 
MB-1, during the flight test program, right through to loading 
on the racks. 

DAG are very unhappy about the present engineering situation. 
At present, AVRO have a six month blanket clearance for six 
men to visit DAG at any time (Chamberlain, Lindow, Lucas, 
Lindley plus two). Meanwhile, AVRO, DAC or HAG must be 
authorized to execute an operational analysis study so that 
the safe escape times can be mechanized i nto the fire control 
system computer . 

Previous DAG studies have been classified "restricted data" by 
the USAF, so that the source for this material is AFSWC, 
Kirtland AFB, Albuquerque. Somehow a channel for RCAF/AVRO 
into AFSWC needs to be opened. Contact personnel at 
AFSWC are Ma jor- General Canterbury, Col. John Dishuck and 
Captain John Walsh ( office symbol - SW!) , A special weapons 
study, such as that completed on the Arrow about three years 
ago, may be required. Major Franklin is in the operational 
research group that would do such a study, 

27 AVRO/DAC Liaison. D.ilC expressed willingness to support any RCAF 
project. It was pointed out that DAG and HAG are competitors , and that DAG 
would prefer to work directly with AVRO r ather than through HAC to A.~O.t 
On all other MB-1 programs, DA.C works directly with the airframe con ac or. 

o e o e ~/ll 
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28 Flight Test Program , DA.C advised that the ballistic trajectory 
of the current MBril contributes about 12 to 13 mils SD error, independently 
of separation and launch errors, fire control system errors and radome errors 
DAG also pointed out the need to establish the directional vector of the • 
aircraft, on each shoot, by measuring characteristics at time before launch, 
With regard to the proposed RCAF Stage 1 flight test program, little time 
was available for discussion but DAG expressed general agreement with the 
assumptions and objectives in the flight test time available, It was emphasized 
that about five good rounds per data point on a small number of data 
points would yield better results than the same number of rounds fired over a 
larger number of data pointso 

MAl-1 Instrumentation 

29 Instrumentation for Ml-1 flight test in the Arrow is a "standard 11 

Hughes package, The instrumentation is engineered in such a manner that 
everything (such as amplifiers , oscillographs and power supplies) except for 
wiring leads and strike cameras is contained in a detachabl e packageo Thus 
the instrumentation may be maintained and calibrated in parallel with normal 
aircraft maintenance,, greatly reducing flight test 11down-time 11 , The instru­
mentation package fits onto a missile rack and may contain facilities for 
recording 50 or 28 channels of datao The MA-1 is pre-wired at the Hughes factory 
to bring out 350 parameters to seven connectors in the MA-1 rackso (These 350 
parameters are detailed in AMTS Tech Library Noo 49710) The wiring is led to 
a junction box, t o which is also connected leads to the instrumentation package 0 

Those parameters to be recorded on a particular flight are simply "patched" 
across in the junction box. The cathode followers , scale amplifiers, and 
other electronic circuits are all built as standard, potted, plug-in assemblieso 
The records are standard Consolidated Engineering galvanometer type recorders 
(as already used by both AVRoe and UED) o During flight test operations at 
Palmdale, this instrumentation technique has aided materially in reducing 
"down" timeo Further, the extensive use of potted circuits has increased 
circuit stability and reduced high altitude instrumentation problemso 

JO It is understood that AVRoe are presently makinP' arranp,ements with 
RAC for training of AVRoe data r eduction and analysis personm,l at Culver City, 
It was stated that a period of two months train i nP' was under considera tion 
to check out on miss evaluation a.nd missile •-"\"'l.1ua.t, ,m 0valuation techniques 
as used by Hughes, 

MB-1 Instrumentation 

Jl Two requirements exists for telemetry during MB-1 flight test work. 
The warhead contractor (Sandia CorpJ requires rate histories (linear 
accelerations and angular accelerations) experienced by the missile warhead 
over the profile of l aunching conditions o To facilitate gathering this 
data Sandia have built and supplied telemetry packs (to replace the warhead 
section) on previous weapons installation programs such as those on the FlOl 
and Fl06, This telemetry equipment :I.a understood to be FM/FMo In addition9 

Douglas have used ASCOP PDM/FM telemetry installations extensively to assist 
in obtaining separation and ballistic data for evaluating jump and time to 
rangeo 

32 The M&-1 rocket motcu: is rated for operation over the temperature 
range -20 to ~140 degrees Fahrenheito It is fitted with a Oo25 inch thick 
insulating blanke to With this blanket the motor normally gets no cooler 
than zero

9 
even with no heato Thus , it has been possibl e to use the heating 
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wires im.bedded in the insulating blanket as instrtnnentation to measure 
the rocket motor grain temperature during typical flight profiles. The 
temperature gradient across the rocket motor from outside wall to centre of 
grain has been found not to exceed 5 to 10 degrees. Hence this technique 
has not only proved to be extremely simple, but has also measured propellant 
temperature to within 10 degrees, which is considered by Douglas to be 
sufficiently accurate. 

GAR 3A Instrtnnentation 

.3.3 The Hughes GAR .3A PDM/FM telemetry is a .30 by .30 100 KC gated 
oscillator type of system. Design requires pulse restorers but PW 
electronics are not required for the recorders. The GAR .3A package provides 
the sequentially sampled data matrix (such data as control surface position, 
power suppl7 voltages and AGC voltages) with a second RF carrier (single 
channel FM/FM - a 14 KC standard channel) to record error signal. The GAR 4A 
package is essentially the same except that the second RF carrier data includes 
gyro speed decay and power supply data, The VHF carrier frequencies used are 
227.7, 2.30.9, 225.7, 242.0, 2.32 .9, 2.35,5, 2.37, 8 and 245 , .3 mes. (The first two 
frequencies are for SANDI.A. telemetry, the last four for salvo rounds only.) 
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f@llowing schedules are contained 

MA-l/CF105 Schedule (HAG Plan) 

Fl06l. Program Summary 

Fl06B Program Summary 

Fl06Al. Flight Test Aircraft 

Fl06Al. and B Flight Test Program 
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in this appendix: 

(4 charts ) 

Fl06l. and B MIIFl AWCS Schedule (2 charts) 

Fl06A Offensive Armament Program 

Fl06 Aircraft and Armament Devel opment (AAD) Program 

CF105,/Mb.- l Support Program (HAG Plan) 

CF105/GAR JA/4A Support Program (HAG Plan ) 

Falcon GAR J/Jff./4/4Al. Delivery Schedules , 
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]lliSTA1LATION ~ CF105 

General 

APPENDIX 11C11 

TO Sl038CN-180 
DATED 19 DEC 58 

) 

l HAG were extremely well aware of the "ground rules II under which the 
MA=lC contract for the Axrow had been rai sed: 

2 
time~ 

(a) For aircraft 25202 a current product ion MA-1 was to be 
fitted with as little modification as possible. 

(b ) On any later orders i mpr ovements would be incorporated into 
MA=lC in some regular manner e.g. via ECP 1s, to ensure that 
in any given period the MA=lC would differ as little as 
possible from the USAF funded MA-1 system. 

The MA=lC differs from the MA-1 in two major areas at the present 

(a) The provision of 400 cycle power for the Arrow. 

(b) The cockpit configuration, i,e. the pilot and radio navigator 
cockpits of the Arrow versus the single pilot position of the 
Fl06 • 

.3 F.AG staff advisad that the MA~lC more closely resembles the MA=l 
than the two place ASQ25, The latter designation is used to describe the 
two sea ted trainer version of t he Fl06. Since i t is a trainer aircraft, the 
second cock.pit i.s an exact duplica ta of the front cockpit. 

Problem Areas 

4 Cockpit Configuration = A recent proposal for a cockpit configuration 
was shown to the visiting team members. HAG staff stated that they were 
working closely with AVRO personne l on the problem. Tliey feel that they have 
been able to explain the importance of incorporating the 5 inch rather than 
the .3 i nch scope into the front cockpit. A collapsible hood, extended when 
needed 9 should remove the objection to the fixed hood which obscured certain 
instruments on the cockpit panel. 

5 Stable Platform = Differen departments in t he HAG organization 
expressed concern over the intention to mount the stable platform near t he 
canter of gravity in the Arrow aircraft. They would prefer a mount i ng position 
near the radar and flight control sub=system racks to minimize stray pick- up 
in cabl e l eads since they feel that the pl atfor m1s torquing motars are capable 
of cc«"recting far a non-C of G installation point. 

6 Intercommunications = The CF105 with i 'fllj AIC lOA i ntercom system 
will not use the intercom equipment of the MA=l/1106. The AIC lCJ.l will require 
some integration into t he system but HAO staff fee l that the installation will 
be an improvement over the Fl06 intercom. 

7 Pressurization = The UHF cOlJllll1mications transmitter is pressurized 
to 15 psi gaug~. In the F106 a check valve is included as an airframe com­
ponent to hol d the system at gauge pressure if the MA-1 preijsure supply should 
fail. To avoid damage t o the equipment, it i s imperative tba'j;:, AVRO include such 
a check valve on the Arrow aircraft - including 25202 . fil.l ot'ber electronic 
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equipment receives~ ght pressuri zaticn from the cooling a ir pumped through the 
system. The air enters the rac s at about six inches (wa ter) pressure and 
es capes through small vents in the boxes to cabin pressure. 

8 Wavegi.ii~Switchj_ll~ & problem exi sts in the F 106 in con.~ect ion 
with a waveguide sw!tch whi,;;h was incorpora ted to check ths air •air IFF system

0 

Switches i n each of the antenna lines of he int errogator and responder were 
connected by an R/F cabl e to provide a self~test f ea tur e for the system 0 The 
cable used i s RG 143U wi th an att~ntuation of Oo6 db per footo In the F-106 
i nstallation the cab e prondes about 35 db a +~nuat i on be ween the equipoonta

0 

Since 1 l "' db ~s requ1.Ied 40 db a ttenua t.ors were included a each of he wave~ 
gulde swi t cneao The switch configuration 3 11 x 3'1 x 6 11 • gives rise to a space 
problemo In the CFlrl5 insta:aa•:lon, it wi ll be necessary to ensur tna t the 
cable and switches provide the n~cessary degree of attenuation to satisfactorily 
test the IFF systemo 

'9 Gertain other topics no necessarily of immediate probl em interest, 
were dis ':lUSSttd il 

(a ) UID' Qil{~!!!t~1 .. at1n:.ncia ··9!' - The c~nnel i ndicator in the Fl06 
cockpit is a mechanical instrument. A circular card with 
chanr.el nLllllbers lis ted vertically around t he circumference is 
r tat.ad pas a cut-out windowo The RCAF may wish to i ncorpar~ 
ate one of the electrical type ennunciat-ors already tested -far 
the. Arr ow a :i:rcrafto 

'b ) Ra:.iio Cc,mpa~s~Input.a e ~he rad i o compasa ARN 6r which is 
nc.+ part of ·he MA. :,__ .. s being included in the Arrow communi 
ca t ions - navigat,1or system. The RCAF 8s TAc.tN - ground ne 
v:i.ll n ilt ba tu.lly activated until mld-1961 so the ARN 6 was 
includ6d to pr mde an. LF/MF DF facility until t hat timeo 
Wi t h he possibility of incorporating manaal inputs into the 
d g~ +aJ, , omput..er (refer t o &ppendix F ' ) o The ARN 6 equipment 
takes on added impor tance in that a fix obtained from two 
radi o beacons could be fed int,o the computer a s Tacan lnfarmation 
aIJd 1.10 can be used during the na vigationnto-attack phase . 

(c) ~ -nna Mal~ip .. exing ~ The Fl06o like the CF1050 uses a fin cap 
ant.:mna for UHF communications and a belly antenna for Data 
Link receptiono In the, MAul/Fl069 the airfi-ame provi des 30 db 
Ll3CU.B.tion between the antennae and a tunable filter in he data 
link line prov des a further JO db. HAC advis sd that they had 
no p.i.ans t'crr multiplexing t he equipment s o that either equi pment 

ould use either antenna . They recogni ze that wi th certai:a 
ban ie angles the airframe will shield the data ink antenna from 
the ground transmitter but state that a stu1y of the mul iplexing 
prob-1.em cor.idu<:.t-ed for them by Stanford Univers i ty indicated that 
the so ution would be too compl ex. It is interest ing to compare 
this answer with t he two proposal s f or multiplexing received from 
RCA on th.6 Astra contrac o One of the. propooals was approved 
for further investigation but the st\rly was ha: ted on contra ct 
cancella ion . Technical and ops.rations staffs may wi sh t o re­
assess t he pr oblem and the proposed solutions for future useo 



APPENDIX 11D11 

TO Sl038CN- 180 
DATED 19 DEC 58 

CURRENT MA=l STATUS AND IMPROVEMENTS 

Summary of Key MA~l Capabilities 

1 

2 

3 

4 

Improved Armament 

(a ) Nuclear capability 

(b) Improved Falcon Missiles " higher Pk (See &ppendix 11a 10) 

(i) Improved CCM capability 

(ii) Reduced environmental restrictions 

(iii) Greater tactical flexibility 

Extended Attack Capability 

(a ) Zero to 709 000 feet = with AMTI and snap- up mode 

(b ) Performance to match aircraft speeds up to Mach 2o0 

(c ) Command , Computer Control and DR of i ntercept mission 

Counter Measure Capability (See ~pendix 11 J 11 ) 

(a) If ECM is directed against the interceptor ' s ground stations ~ 

(1) The interceptor will operate in Modified Close Control 
and , 

(ii) will use DR en approach to the target 

(b ) If ECM is directed a gainst the interceptor , it wi.1.1 use 

(i) Range and course extrapolation 

(ii) Wide dynamic range of reception 

(iii) Anti =chaff circuitry 

Improved System Maintenance (See Appendix ''M" ) 

(a) Rapi d, semi" automatic f light line system check 

(b ) Built-in self test for alignment and fault location . 

(c) Completely .ilrtegrated shop maintenance standso 

MA=l(40) Imwovements ,(Sea AppEindix "J " ) 

5 A numl!Jer of i mpr ovements war e planned for the MA=l for use in the 
F=l06, models C and Do 

(a ) Phase 1 Improvements 

(i) Sniffer circuitry 

oo oo o/2 
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(ii ) Random Pulse Repe tition Frequency (PRF) 

(iii ) Extended range = 80 mile sweep 
= Bones Marshall Grid 
= Extende~ search range 

(iv) Improved anti=chaff circui try 

(v) 400 cycle power supply 

(vi) 40 inch hydraulic=antenna with silent lobing 

(vii) Time Di vision Data Link (TDDL) 

(viii) Provision for Master Oscillator Power Amplifier (MOPA). 

(b) Phase 2 Improvements 

(i) Production of MOPA 

(!i) Compl e te anti=chaff circuitry 

MA=l(28 ) Improvements (Sea h.ppendix " Jli) 

6 The ~lanning and design activity has been transferred from the MA=l (40) 
to the MA=l(28) sys tem for the F=l06 A and B~ 

(a) Phase l Improvements = these itsms are planned MA=l ECPs. 
= Production is scheduled for Jan 1959. 

(i ) Sniffer circuitry 

(ii) Random PRF 

(iii ) Extended r ange = as above. 

(b) Phase 2 Improvements = Production planned for Jan 1960. 

(i) Improved anti-.chaff circuitry 

(ii) 400 C"J cle power suppl y 

(ii i) 28 inch hydraulically=driven antenna with silent lobing 

(iv) TD Data Link 

(v) Provision for MOPA 

(f(l) Phase 3 Improvements co Prcxluction planned f or Aug 1960. 

(i) Production of MOPA 

(H) Complete anti=chaff circuitry 

7 In addition to the improvements listed above , provision is being made 
to extend the lock- on range from 22.5 miles to 36 miles . 

8 If the improved programme is approved, HJI.C expects an "early 1960" 
availability to the USAF. Production models for the CF-105 would be available 
6 = 9 months l ater . 
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APPENDIX •E• 
TO 1038CN-180 
DATED 19 DEC 58 

FIRE CONTROL SYSTEM, ARMAMENT AUXILIARIES AND CO MPUTER 

Introduction 

t 
l Relevant Hughes Aircraft docum~~ts a a ilable in AFH~ 
Technical Library, are: 

(a) hAC MA-1-5-S "Oper a tio na l Characteristics and 
Cap a bilities of the F-106 A/MA-1• Apr 58 _ 
(Secret), gives a good description of system 
characteristics in o p erational terms. 

(b) ES 464-00-l Issue 6 - Specification for MA-1 
System. 

( c) HAC MA 1-115 "Pro ducti on Ra d ar Sub-system Design 
Specificati on", 

( d ) MA-l-C/CF-1 0 5 Mk 2 (Arrow) We a po n System Master 
ln d ex , 1 2 De c 58. 

(e) HAC FPS J-0 2 0-1 Issue l •Functio nal Program 
Sp eci f icatio n of the Model A Na vi g ation and 
Attack Digit a l Computer P ro g r a m" 2 4 Nov 58. 

(f) "Dig it a ir• - Hu g h es . Uncla s sified brochure of 
comput e r's t e chnic a l fe a tu res, 

(g) ·•Digit a l Arithme ti c · r im • i ,,- 57 b y R . J. 
J1a g erty of J1AC Field ::, i; r v~ c: '"- ,, o r t 
(Unclassified), This is a n el eme n t =r y i n tro ­
ducti on to the type of digital a l g e bra used 
in the MA-1 digital computer. 

2 WA J C were ~ ske d for an expression of opi n ion as to 
firmn e ss o f the F-10 6 pr og ram a nd the design work lo a d existing 
a t hu 6 hes, WADC co nsider the present F-106 progra m ( 184 A/C 
te end of FY-195 9 ) is on firm ground. A decision a s tea FY 
60 buy wi . l not be t a k e n until next summer and will h a ve an 
im pact on MA-1 develo pment a nd production, (Note tha t s ume 
ite ms in MA-1/4 0 prog r a m a r e also F-108 items and, therefore, 
not necessarily tied to the F-106). With respe c t to tlle HAC 
design staff worklo ad , the MA-1 design peak wa s p a S Bed ap p ro x ­
imate l y six mc nths a g o , Si n ce th a t time MA-1 e f fo rt h a B s ub­
sided to a level a pproximately JO to 4o'I, of l as t s u r,rne r ' s p e a k . 
The F-108 program will not pe a k for at l east 18 mo n ths , by 
which time it is considered all MA-1 development wi l l b e 
complete. 

£ ire Control Syst em & Ar mament Aux i liari e s 

J fhe MA-1/40 ( vice MA-1/28) program item s a r e 
c o ..- ared in detail a t Appendix J, Four prototy pe co • l e G v f 

11 Phase l MA-1/40 items h a ve b ee n bui l t. Phase 2 pr ot o ­
types are expected to be a v a ilable in approximately a yea r , 
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If an MA-1/28 go-ahead is given, the first 28 inch antenna will 
be available approximately May to July 1959. ~~~J<l!'ll 05 
the antennas for A/C 202 through earlyl\,,U\\ 1 H ~ ~ •r~ ~t'~ ' 
standard 23 inch electric drive models \, i"'i\l~ ~l'lability of 
the hydraulically driven 28 inch model (1500 psi, 15 boxes) 
in 1961, the RCAF could fit a non- standard diameter antenna 
(say 32 to 36 inches) provided Hughes had been given the 
requisite six months development time. 

4 It may be noted that all MA-1 system units (black 
boxes) are identified by a six-digit tlughes Part Number, which 
may be followed by a three-digit number (equivalent to des­
ignating the •Mark•). The first three digits of this number 
are used by tlAC to identify the contract against which the unit 
was developed. This information is of value in that the source 
of any unit may be readily identified. Those units which have 
a part number whose first three digits are 470 are unique for 
the MA-1-C (Arrow 2) installation. A list of the pertinent 
•first - 3 - digit• numbers encountered in the MA-1-C system, 
and their development source contract is : 

1st J digits 

435 
463 
464 
468 
470 
471 
472 
476 

Parent System 

E- Se ries 
MG - 10 
.MA- 1 
MG - 13 
.MA - 1-C (unique) 
LRI (F 108) 
AN/ASQ. 25 
.MA-1/40 

5 the 468355-110 unit provides range and range rate 
meters and was developed for the MG - 13 to provide additional 
data for Visual Identification Pass (VIP) attacks. HAC and 
AVRO considered including tnis unit in the MA. - 1-C but dropped 
the idea as not worth the cost (H.AC went so far as to purchase 
some 468355 units from the USAF). Pertinent factors in this 
consideration were: 

(a) The present unit includes some controls 
duplicated in the MA-1 and does not have a satisfactory out­
line configuration for CF-105 . installation. The required 
repackaging would probably result in a unit cost, for a 
limited product ion run, of a bout $1 8 00 to $2000. 

(b) The MA-1 display includes a four mile 
(8000 yard) scale (available even in search); it has 
simultaneous present a tion of the attack display and •B• 
scope when locked-on (providing azimuth, elevation and 
range), and a 250 yard warning light comes on at the 
appropriate time. 

(c) The 355 unit provides no information unless 
the radar is locked-on , and then provides it in a manner 
causing the operator to divide his attention. 

(d) The meters can be (and are) calibrated to 
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- 3- . r:~,,~,~~ 
permit firing, but this calibrat l. on is llt)C,\ nly~' for one case; 
whereas the firing data prov ided on th~ iaope accounts for such 
parameters as altitude and cl osing rate. 

6 The Remote Scope Recorder t o record the scope dis­
plays (464149-150) received production go=ahead Feb 58. First 
article was manufactured Dec 58 and initial aircraft incorpor­
ation is schedule d for June 59, It is not included in the 
system procured for aircraft 202 but would be included in any 
later producti on MA- 1. 

7 This unit weighs 20 pounds and c onsists of two one­
inch oscillos c opes , a highly modif i ed AN/N9 camera with special 
magazine, assoc iated electronics and a dust cover. The unit 
is capable of recording approximately 15 minutes of continuous 
attack or 200 minutes of search on one 100 foot roll of film. 
This is suffic i ent for approximately f i ve attacks. The recorder 
does not function in operating modes other than search and track 
(will not record VIP, snake formation, beacon or ground map). 

8 The camera is basically an N9. With all the mod­
ifications described below it is designated as a Bell & Howell 
917F (Hughes Part Number 651553). It has been fitted wi t h a 
reduced pull down (cut to half of normal), thus effectively 
doubling the recording capacity. The camera drive motor has 
been modified to run at eight frames per second. It has also 
been fitted with a aolenoid- operated c lutch with ove r-ride 
brake to permit pulsed operation with the shutte r open. In 
search the clutch is pulsed once at the end of each horizontal 
sweep of the antenna (once every 1.4 seconds). The shutter is 
arranged to stay open between each pulse so that each frame of 
film, during search, records one c ompletf' horizontal sweep of 
the antenna. To record during track operation the clutch is 
locked in and the camera operates at e ight frames per second. 
Film used is standard double track unsplit 8 mm film (used for 
closer sprocket holes) . This camera is built by Bell & Howell 
to HAC specification PS 3 - 003- 2 dated 1 Jul 58. 

9 The c amera magazine is also modified. It accepts 
a 100 foot roll of film. I t must be hand loaded but is light­
tight at the half open position. This permits threading the 
film in the light after the film has been in serted in the 
magazine in a darkroom. The magazine includes a film sensing 
switch to prevent the film from running complet ely off the 
reel. A light trap access door and adaptor is also provided. 
This permits direct feed of the exposed film from the magazine 
into the automatic film pro c essor. Bell & Howell builds this 
magazine to HAC Spee PS 3-004- 2. 

10 The film i s processed in a Fairchild MINIRAPID 
16 mm Film Processor Model F316, fitted with a small Fa irchild 
adaptor to accept the above magazine. Projection is with the 
normal Time and Motion Study Project or ~hich has been modified 
to make the pull down and aperture compatible, Necessar~, mods 
have been designed by ~ell & Howell. 

11 Two of the >U. - 1 armament auxil iari es units h ~ve 
been modified for installation in the CF 105. These are the 
470264-100, Relay Assembly, Armament Control #1 and the 
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470464-100, Relay Assembly, Mode Sele c tion units, fwo units 
Convair supplied for the F 106, are rtAC suppli ed for the CF 105 
and are the 470 8 0 5- 1 00 , Armament Control Panel and the 470664-
100 Armament Control Relay Assembly #2. A thir d ~\~11'[..nr or 
the CF 105 is the 470 726- 100 Mo t o r Genera t oi\\ l \\_~~{•\(.U 

12 New safety interlock requir\\ ~~ad Just been 
laid down prior t o this vis it by the Air Force Special Weapons 
Centre (at Airtland AFB). These are b eing in c o rp orated into 
the MA-1 armament units for the CF 1 05 and in c lude 

(a) an E jection Rel ease Sw i t ch to control a 
mechan i cal restra i nt f i t t ed t o prevent 
i nadver t ent MB - 1 movement 

(b) an Eje c tion Release Annunciator t o indicate 
the pos i tion o f t he above p i n (mechanical 
re st ra i nt) 

(c) a removable me c han ic a l restraint which prevents 
selection on the ARM Sele c tor of Spe c ial Weapon 
(MB = l) unless the me c han i cal restra int has been 
remo v ed. 

lJ Other c o ckpit c ont rols incl ude Master Arming Switch, 
SPL WPN annunciat o r, Pursuit Sw itch, Missf i re Lights, Retract 
Switch, MB - 1 Armed Monitor and Missile CCM Sw itch. Descriptive 
detail is available in literature referenced abov e. 

14 Di scu s sions were held wi t h HAC Flight Test personnel 
at Hughes (Palmdale) and with Hughes MA-1 aircraft installation­
crew personnel at Convair ( Pa lmdale ) . Item s of d i scus~ion.have 
been included elsewhe re under targ e t s, i nstrumentation and main­
tenance . Several remaining items a r e presente d below. 

15 The c o mplex i ty of the MA -1 i s reflected in the size 
of the aircraf t installation crew required, The largest such 
crew on previous c ontracts ( suc h as Ma - lJ , MGlO, E5 etc) has 
been 50 personnel . The present c rew i nstalling MA-1 i nto the 
Fl06 at Palmdale c omprises 150 personnel, and t h is is to be 
increased shortly to 170 personnel. 

16 Ti me required t o pre - fl i ght the F 106 i s currently 
running ap p rox i mately three hours , with the major it em being 
the airframe . MA -1 system a c ceptan c e fl i ghts requ ire about 
15 hours to comple te. The average number of fl i ghts to 
acceptance is curren tly running to about 10.5 but it is hoped 
that this will come down to eight flights or less, Reliability 
figures on #1 produ ction MA= l syste m ( in operation at Holloman) 
were quoted at five to seven hours of system operati on between 
failures. Hughes draft spe c if i cati ons are pI'opcsing to require 
10 hours between failur e &. It was estimated t hat a r easonable 
figure for early field use of the equ ipment mi ght be seven 
hours between failure ■• 

. .... I 5 



-5-

l? The pattern flown at Palmdale for FCS flight test 
yields a range of 28 miles at turn-in onto target~ing a 
B~7 (Canberra) target wi th no radar augmentati c.:r('J iate target 
pick-up on turn ing-in ti.e,, 28 n.m.) has b~~J:-~ atently 
achieved, In initial test flights of th a.lti.\)~1 ic at tack 
coupler so~e transient problems were ~i e~\~c ed but these 
have been ironed out. Good AFCS pe li~~ nee has been demon-
strated from 175 knots to Ml.8. '\J 

Digital Comput~r 

18 'J.'he computer memory element i s a rotating magnetic 
druru, Which is contained in an ind ividual •black box•. Two 
drum units ar~ supplied with the MA- 1 system ; a •Tactical drum• 
for operational use and a •Tes t d r um• for s c heduled maintenance 
operationi. Constants, in i t i al c onditions, program of arithmetic 
operations and other intell i gen c e is magnetically impressed upon 
the drum by playing a pun c hed paper t ape through a conv ersion 
unit connected to the compu t o r , 

19 ~he test drum prov i des a faci lity to exercise and 
analyse the system for scheduled maintenanc e operations. The 
Test drum is loaded for t his purpose from two tapes. The Test 
Program Tape tconaisting of t hree reels) provides the basic 
program applicable in general to all MA = l systems. The Test 
Program Change Tape provi des the c apabil it y to modify the test 
program to account for 1y11tem mod i fi c ations or changes in 
procedure. 

20 The Tactical drum is loaded from four tapes. The 
Tactical Tape contains instructions for the arithmetic operations 
necessary to accomplish attac k, navig a ti on , control, TACAN 
operati on and the short system ground che c k utilizing the 
tactical test equipment, •MART" (des c ribed in Appendix •o• -
Maintenance). The Tactical P r ogram Change Tape provides the 
facility for effecting changes to the bas ic tactical program, 
The Auxiliary Data Tape contains required geographical co­
ordinate data and is uniquely determined by the particular 
box of 35 m,m. f i lo (map) s t rips loaded into the system, The 
Data Link Timin g Tape contains the intelligenc e required for 
signal data processing , i dentif ic ation, synchronizing, an~ the 
constants necessary for inter r ogating MART. One of 16 poasibla 
Data Link T iming Tapes i s loaded at one particular ti me. The 
time required to loau, rewind and au t oma t i c ~lly check the 
complete drum is approximately two hours. However, auxiliary 
data (TACAN c oord inates, hav i ng points and sector co-ordinates) 
may be changed in a 5 minute loading c ycle, 

21 ~he pre s ent computer tact i c al program (cal led the 
•A* program) is well described in do c uments available at AFH~. 
1t provides coplanar lead coLl i sion; J AT ; normal and AMTl 
pursuit ; visual 1 den ti f1 c ati6n pass; nav i gation; and tactical 
test features. If the aerodynam ic c haracteris t ica of the 
CF - 105 reasonably approx i mate those of t he F- 106, and if the 
other parameters such as weapon/ i nter c ep t o r separation 
parameters and snap~up range cr it e ri a are reaso nably similar, 
no problems will be involv ed in mod i fying the compute~ program 
for CF-105 operation. however, i f s i gnif i cant changes are 
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~nvclved it will be nec essa r y to comp l ete l y re program 
involving a tlAC e ffort of approximately 3 /4 man - year' 
expended ever a pe ri od of approx imately f our monthsW)u 
the possibility of this c ontingency arising wi l 
assessable until con s iderable CF - 105 fli ~ ~ ~ Q~~t 8 

been obJtaine d . \\II.\ ~ ~~.,~~ '\{ t~ i,. 

£.Q~R ATTACK MODES 

le ad c ollision (coplanar 
only) 

Pursuit 

by crew selection 

on Jam Angle Tra c k 
usi ng extra polated 
rang e 

by cr ew sele cti on 

on Jam Angle Track 

in low - altitude 
AMTl mode 

Visual Identification 
Pass 

- automatic fli pht 
contro l 

manual or f o r anake 
f o rmati on 

•B• Program - clean up ei ~ p rogram 

- snap up made normal 
at tack mode 

- modified c lose c ontrol 
( SAGE provides target 

c oordinates, altitude 
and vel ocity - comput~r 
the n computes off set point 
naviga ti on and subsequent 
attack) 

prov ision for autematic fli 6 ht 
and navigation 
part ial al titude h o ld {t o 
overcome humped e r submarin e 
coursea). 

22 The •A• program prev i do1 n• snap-up although there 
la a deceleration c orrection term. It may be no ted that the 
navigation funct i ons already o ccupy aoout 40~ ef the drum 
capacity, Addition of a deppler capability is c o nsidered 
impract ic al since this addit i on would require dru m space c qu, to 
that now o ccupied by both nav i gation and attac k f unct ion s. 

23 The •B• program will be fina l i zed in January 1959, 
and is expected to have been flight tested and be available in 
the third quarter ef c alendar 1959, This program wil l fea tur e 
an improved (d•=bugged and ahortened) •A• pr ogram together 
with extensi on of rang e extrapola ti on to th e snap-up case, 
load coll i sio n snap- up, provisions for automatic fli ght con­
trol and navigat i on tie - in and par t ial al t itud e hold during 
attack (to allev ia te humped/aubmarine attack paths). 

24 The p o ssibility of a further c omputer program 
change as part of the ••=called MA= l/40 package has been 
considered by tlAC but is n o t defined at thi• time, USAF 
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have not yet received a de cisi on regar; ~g ~ • 13\i~uy of 
F-106 aircraft and fur t her MA- 1 de""f~. -~ 'c .~pj~d•1' ~ontin-
gent on this de c ision. Uh, :loo· ' 

25 Add i tion/mod i f i cation t o t he •B• program con-
sidered by HAG as part of an MA= ~/40 program include Differen­
tial Altitude Ranging (DAR ) , considered sufficiently accurate 
for GAR JY only ; IR sub - system program (i n c luding a power rate 
ranging routine ); adoption of Alt it ude Ho l d in the Phase 1 
steering equations ( t o o~vi ate humped/submar ine attack path 
problems) and the i n c lusion of mo r e s e lf-t es t sub - routines so 
that it would not be necessary t o c hange d r ums for minor main­
tenance operations such as scale fa cto r ad j ustments, 

Possible Compu t er Developmen t 

26 To a cc ommodate more s u b-rou t ines ( t o provide more 
computational c apabil i t i es) HAC have p r oposed a drum longer by 
approximately 2.5 inches. WADC have no t a c cepted e i ther HAC's 
proposal to enlarge the d r u m no r the ir pr o posal to transistorize 
the computer, Although a compu t er with a larger c apac ity would 
be desirable, t he presen t storage c apab i l it y i s a dequate for 
presently author i ze d programs, i ncluding a u t omati ci ty and TDDL. 
This subject c annot be conside r ed c losed, however, since either 
the inclusion of auxiliary ranging ( suc h as DAR, PACOR or PADAR) 
or a w~apon change ( such as a GAR J Y) would ne c essitate incor­
~orating a greater memory c apa c i t y ( larger drum ) . 

27 Al l no r mal at t a c ks are pre s ent ly mechanized ('•A• 
program) for c o -p lanar lea d-c oll i s i on geometry. However, the 
snap-up attach prov i des a be t ter target ( larger radar cross­
se~tion for example ) , i s le s s comp~i c ated · to mechanize in the 
computer than pro g r a mming to a ltit ude for a c o - planar a ttack, 
and utilizes an area where the inter c e pt or i s easier to control. 
With the advent of the •B• pro g ram t h e no r mal attack will be 
snap-up (approx i mately 8 t o 1 0 s~cs before fire ) wi th a 20,000 
foot diffeien t ial if the t arg e t i s be l ow 45,000 feet and with 
the inter c ep t or a t 45,00 0 f ee t i f th e t a r ge t i s above that 
altitude. 

28 Although t he MA-1 ~s spe cifie d to c ater to a M 2. 
4 ~nterceptor, i t will c ater to highe r s peeds, However, th~ 
above M 2,4 te mperatures a re exper i en c ed outs id e the MA- 1 
Weapon Control Syste m ope r ating range. The same heating problem 
exists with the missi les i f they are f ire d at the s e higher 
Mach. numbers, 

21 The ~B• program p r ovid e s more fle xible environ-
mental freedom for the GAR mis s iles t og ether with better control 
of the missile CCM f e atur e s (se e Ap~ en di x J ). In contrast to 
the •A~ program wh i ch optimizes t he al t i t ud e var iables on six 
parameters, the *B* p r og ram i s op t im i ze d on v i:t ually infinite 
parameters. The fa ci l it y to s e l e ct edg e tracking for the 
missile if CCM has been c al l ed for, p e r mi ts the c omputer 
to sele;t the tr a c kin g mode i n acc o rdan c e with t he following 
logic c hart : 

Mi ss i le An ti - Chaff Normal 

Nose Ta il 'No•e Tail 

Altitude greate r 
Centroid tha• Launch Range LE TE Cen t roid 

Altitude l ess tha n 
Launch Range LE Centr o id LE LE -· 



C O N F I D E N T I ! f 

u ,1r, ~-SS":.f \tD 
JO The poss i bility e x ists th~ J 't\ie""' l :ii.1 c omputer (Fl08) 
could be used in la t er product io n MA-1 f er CF 105. This is an 
advanced trana i sto ri zed c ompu t e r (p os aibly a v ailable en._d_ 61 
to early 62). It i s a four - pha s e ma c h i ne wit h independent 
operation, fer example, of th e a rit hme tic uni t and control unit. 
A large number e f manual i npu t s ma y be i nse rt ed through a key­
ooard. This manual i npu t is being g iv en p rior i ty consideration, 
metivated by a des i re to u tili ze the capa city of the twe - man 
crew and to operate in a v e ry wea k g ro und en vir enment. The 
capacity will be a pnr o ximat el y J t o 4 ti me ■ that ef the present 
MA-1 (Mod 6 ) c o mpute r :i nd a bout twic e a s fas t . The werd length 
may be inc r ea s ed to 20 o r 21 t o pr o vi de more flexibility in 
writing ins tru ctio n s. Maint a i nab ility a nd r el i ability are 
claimed to be mu c h sup e ri o r. A pro t e type h a s been built. Six 
months are est i mate d t o c he ck t h is p r e t o t ype, with possibly a 
further yea r of d e v e l o pm ent (produ ct i o n p r esen t ly not defined). 

31 The drum check mode has b ee n f oun d to work well in 
beth the MA- 1 and the LRl (this c heck ess e nt ially adda up all 
the digits on t he drum). How e v e r, in incorp orating MA - 1 
fun c tions (auc h as A , B a nd C magneti c c o r e ar i thmetic registers 
and magn e t i c fl i p =flop c o ntrol r e g i ster) o nt o th e drum, by 
virtue of i ts fou r - p hase ope ration , th e LR I co mpu t ,e r can be drum 
checked in the a i r, p r o vi ded it s o peration may , tac t i cally, be 
temporarily i nterrup ted . 

32 Ane t he r p os si bil ity fo r th e CF 10 5 would be a 
transis t o riz ed v e rsi on of t h e Mo d 6 c o mputer . This version 
might remain s ing l e phase o r b e mod ified t o a two=phase 
machine. Medules fr om t he LR I c emputer would be uaed te 
achieve t r ana i sto riz at io n. i f th i s we r e done the first 
problem wou l d be outpu t , whic h wou ld have a maximum value 
ef 100 volts. This out put le v e l wou ld pose a preblem with 
transistors, possibly ne c ess it a t ing v a cuum t ube s ~n the 
outputs. 

Pregramming Theory 

JJ An MA- 1 preble m (al so c o mmo n t e t he MG - 2) is the 
eccurrence of •humped• o r au b ma rin e~ a tt a c k paths. These 
are caused by fa i l ure o r i nab ility t e e li mi nate bias in the 
antenna rate gyros . lt ca n be s hcwn tha t f or a constant 
speed tail chase the maximum d e pa rt ure (hm) f r om a c oplanar 
attack is 

R 
where R

0 
i s i n itial l o ck- o n rAng e . This relation­

ship display ■ the f a c t t hat ear l y l o ck-Qll yi elds greatly 
increased hump s, hen c e suggesti n g p ar t i a l a l t itude hold as 
a rudimen tary so l ut i on . 

34 As s ta ted elsewh e re , Hug he s h ave looked a t four 
metheda of poss i ve r angi n g f r o m th e p o i n t of v i ew ef 
computer prcgramming. Th ese are d if fe r en tial altitude 
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ranging, elevation rate ranging, ranging by change in Line 
ef Sight (LuS) direction and change in LOS rate (the latter 
two presumably three - dimensional extensions of the first two). 
Other, more soph is t icat e d, schemes have been lecked at but 
not te the point of invest igati ng required computer programm­
ing. These four schemes a ll solve bas ical ly simple geemetric 
relationship& witn certain ass umpt ions and approximation& te 
within (hopefully ) required missile accuracy, Wit h respect 
to the followin g diagram 

v, 

R 

Differential Altitude Ranging is g ot from 

1·1 henc c 

where subscripts F refer to interceptor 
T refer to targ e t . 
E refer to elev a tion 
s refer to inertial 

space coordinate a 

and target altitude is received from tha g r nund . 
environment. 

35 Elev at i on rate ranging is derived by integrating 
the above equation to get (with altitude held con stant) 

·, ('. C f E G = • 

whence R = si n JJ.s 
-:it =-Tc 

WL S COi E s 

where Tc i 8 ti f'.l e-to- t: c to fi 6 ht c, r-t a rget cclliaion. 

36 a s n ote d el s ew h~~ e , HaC ~ r e c, rr yi ng o ut s y stem 
inte , r ati o n desi g n stu d ie s f er a proposed Infra-Red (IR) 
auba ; ste m, These studies incl u de mechanization of a pa~sive 
rM n g ing technlqu 0 , The eq uati o n for lR power rate ranging 

wa s stated to be 

R 
T, 

from which, again, time 
to go is read ily obtained. 
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INTRODUCTIO N 

1 The MA-1 Airborne Weapon and Cont ro 1 System in-
cludes a i r data e qui pment, g yro r e ference system, horizontal 
situa ti on d isplay, co mmand Mach and command altitude indic­
ati o ns, a nd automa tic fli g ht c ontrol equi pme nt, Instruments 
tha t h a ve to b e p r o v id e d eepa r a t e l y incl ud e the engine instru­
me nts, a ir f r ame in strum e n t s a nd f l ight instruments other than 
the ho rizontal s i tua tion indicator (HSI). 

Ai rl DAT A CO MPUTER 

2 P eople con s u l t e d : D, Stockma n of WADC, a.nd A.. Gill 
of HAG. Th e ty p e i s MG -1, r a n c; e to Ma ch J and 80,000 feet, 
ma n u fact u r e r Bendix , and s pe cificati o n - HAG PS2-699, It is 
a n an a logu e de vic e doing its c om put a tion without reference to 
the digital comput e r. I ts a ccuracy is stated in the spec, a 
copy of which was supplied and is in the Technical Library. 

J The inputs are provided by sensors provided by the 
airframe manuf a cturer as follows: 

4 

( a) P it ot Sta t i c Tu b e , ty pe MA-1, rang e to Mach 
J, 22 inches long, 2 2 watt heater, made by 
Gibbons Manuf a cturing Co,, Los Angeles, 

(b) Angle of Att a ck S e nsor, type MA-1, a wedge 
vane, on side of fuselage of F-106, on nose 
boom on CF105, The precision of angle of 
attack measur e ment is important f~r the 
MB-1 mi ss il e and constitutes a problem in 
a ss e ss me n t an d study at present, For t h e 
MB-1 an a c c ur a cy of ¼ de g r e e in angle of 
a t t a c k is r e quired, 

(c) Free Air Temperature sensor, type MA-1, 
st ag n a tion t emper a ture, 

The a ir Da t a Co mp ut e r c onsists of:-

(a) 

( b ) 

( C ) 

( d) 

Th e S t a t i c P r e ssure Compenaator, HAG #464721, 
This uses a t hr ee - dimensi onal cam for 
co r re cti on. To illu s tr a t e the possible 
mag ni tude of c o rr e ctions n o te that the 
st a tic e rr o r in th e FlOlB reaches 2000 
f ee t, 
The b a si c Ai r Dat a Co mputer, HAG #464646, 

The convert e r cha r a cterizes outputs as 
requ ired for us e r equipment and is tailored 
t o th e a ircr a f t, Thi s is not an off-the­
she lf it e m, The c o nv e rter c o ntains servos 
driving output potentiometers. digitizers, 
etc. The numb e r is HAG #464420• 
A c onverter for altitude rate, HAG f464J20 
a nd a norm a l acc6lerometer, 464061 are used, 
To t a l we i g ht o f the five Air Data boxes is 
80 , 5 lbs, 

5 There a re thirteen outputs such as dynamic pres s ure, 
log atatic pressure, Mach number, ma ximum safe Ma ch number, 
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corrected temperature , etc, Four addi tional autosyn outputs 
will be added en units to be connected to the ARDC instruments, 

6 The Production st a tus of the Air Data Computer ia 
that JOO have been built, and over 1 , 00 0 contr a cted for, 

7 The Air Data Compu ter coupled to vertical scale 
instruments is now starting maneuv eri ng flight tests, lta 
qualifi c ation is to be comple te by 1 5 Mar 59, Mr. Scanlan 
emphasized tha t air data f light t es t points should encompass 
the whole flight envelope of the ai rcraft because this would 
snsure that the work would not h ave to be done over again with 
a cast ly retrofit, The curves of parameters are shaped and 
established better by the wh ole range with a limited amount ef 
flying than by concentrating that flying in a limited range 
because the latter fixes o nly the average value at the centre 
of the limited ran g e but not the shape of the curve, 

8 Mr, Stockman of WADC recommended buying the 
MA-1 les s the Air Data computer supplied by HAG. Their 
version o f the MG-1 differs from the standard USAF one by 
deletion of the true air speed computing device this being 
calculated in the digital compu ter, He claimed that lack 
of TAS would prev ent flying without the digital computer, 
This would not hinder local pilat practice but ferry flight 
would be inadvisable and operational missions impossible 
without the digital computer, 

GIRO REFER~NCE SYSTEM 

9 People consulted: D, Stockman of WADC, A Gill 
a nd W.A.Lob it z of HAG, Description - The Gyro Reference 
Syatam used in MA- 1 and fo r the new ARDC flight inatruments 
i s commonly cal led a •stable Plat form" and consists of:-

(a) St ... ble Element, HAG #464289, sometime• 
called •Two ~gyro element ~. This unit has 
te be boresighted when it is insta1led in 
the aircraft, It has •bearing diddling• on 
the outer gimbal which mean• 20 revolutions 
one way follow ed by 20 revoluti ons the ether 
way. The wei ght is 55,7 lbs. A directional 
gyre i s included on the stable platform. The 
number will change t o 476288 when the power 
is changed to 400 cpa and the mounting changed 
to fit our aircraft, It has to be mounted 
inverted hanging from above and the rell wires 
have te be reveraed internaily. Two gyros 
aenae torques that affect the Stable Element 
in the X and Y axea a ligned according t o the 
free directional gyre azimuth, The gimbals 
on all three ax es are servo driven with high 
gain loops, Th• ARDC version is mad• b y 
Lear and Hughes' version by Kearfett, 

(b) Integrator, HAC /46 400 9 , This unit 
pro v ides the time c on stant of integration of 
th e 84-minute Schule,r tuning. Weight is 
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14,2 lbs, 

(c) Am pl.:t! ier for Roll and Pitch, MAC #464109, 
1·1e ight 8 ,6 l b111, 

(d) Demodulator, HAG #464209, wt J,6 lbs, 

te) Azimuth Amplifier, HAC f464J09 , wt 12,2 lbs, 
Th is unit drives the azimuth g imba l and add ■ 
the correcti on from ths flux valve to produce 
magneti c heading, 

tf) Latitude Counter and Juncti on ~,x hAC #464409, 
weight 8,0 lbs, When it is converted to 400 
cp s power the number will change to hAC #476409, 
This is mounted in rear cockpit, 

lg) Test Se t, Communication and Navigation Sub ­
system, ttAC #464396, Thi s provides self-test 
facilities fer the Gyro Ref erence Sub -system, 
The total weight of the above item is 109,2 lbs, 

lh) Azimuth Rate Gyro, USAF Type MG-1, ne, 60-59J8. 
Erec t ion Signals are cut out during turns b¥ 
thi s un i t and it p rovides rate &ignals to the 
Flight Director. 

(j) Flux valve - provided by Avrc, 

lk) Gimbal Controller~ vpt i onal with ARDC in1tru­
ment system and apparently not included in HAG 
Sl'b-eyste m. To ma k e the system good for all 
<- ituJes a t h ird gimbal controller is re­
~uired to leek the r ol l g imbal, 

Weight is 10 lbs ex tra, 

10 Operation of the Gyro Re f eren c e Sub-1y1tem -

( b) 

Initial Mede - Th i s occur• during the first 
two minute ■ while t h e gyrea a.re being brought 
up to speed and erected by a tight clesed 
loep from the a ccelexometers in the X and 
Y planes, It als~ provides the initial 
point of the Schu

0
ler term according to 

h eading and latitude, tleading is set 
manually in the c o ckpit in unit HAC 
#476905, whic h contains alse the power 
svstem controls. Lat itude is aet en HAC 
u;it #464409, Latitude Counter, 

Normal Mod~ - In Aormal eperation the 
accel e r o m~te r gain i a reduced greatly and 
the Schu .1.~- r t.uni.n6 to.C Jl is uaed, Correct ior. 
signals are provided f•~ th~ ~arth 1 • rate ef 
rotaticn C$rrected fer lati tude and fer the 
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UNCl!:SS~FIED 
platform orientation, 

11 Accuracy - Accuracy o f v erticality is plus or 
minus one third of a degree and the drift rate of the 
vertical gyros i s one third of a degree an hour. Th• 
drift rate of the Direction a l Gyro is one degree an hour, 

FLIGHT INSTRUMENTS 

12 People consulted:: D, Stockman of WADC, The 
MA-1 system does not now include any flight instruments 
except the Horizontal Situation Indicater (hSI), The 
ARDC instruments, with the exception of the HSI, are to 
be put into the 90th and subseq_uent Fl06 ayatem, They 
are remote operating and driven by outputs of the Air 
Data and Vertical Reference Sub - systems, Five hundred 
sets of these instruments are on order, Delivery is in 
eight months from date of contract, A repert, *ARDC 
Vertical Instrumen t Test Repor€• by Major Sviminoff, is 
going to press in the week starting 15 Dec· 58 and a copy 
will be sent to RCAF ti~. 

13 The ARDC Attitude Director, mad• by Lear, haa 
bank scale at top, moving horizon, turn and slip baLl at 
bottom, and director needles with the lateral deviation 
pointer remaining vertical, Tne amplifier is integral 
but it can be detached, Weight 6,5 lbs, 

14 Th• ARDC Flight Dire c ter Computer is procured 
from both Collins and Sperry, both having contracts for 
250 ef them to the same specification, Sperry's ie 
transistorizsd and weighs 5 lbs, but the Collins unit, 
uaing tubes, weighs 10 lbs, Collins are transistoriz­
ing theirs now. 

15 The ARDC Mach/Airapeed Indicater coats $8000, 
weighs 10 lbs and is panel mounted, The dimensions ars 
J-½• wide x 8 -½" high x 8• deep, There are settable 
Command Markers, but wnen in Data Link mode they are 
aet automatically, The re is afa i lure warning flag, 
The following vertical scales are ■ nown on tne face: 
angle of attack, •g•, Mach and IAS, Across the bottom 
are : - •gu counter, command Macn and IAS, There is a 
aep~rate amplifier b1x. 

16 The ARDC Altitude/Rate Instrument i• in the 
same aize as the Mach/IAS lnd icater, weighs 10 lba, 
ceata $8000, and has a separate amplifie r bex, The 
vertical acalea ar e: - r ate ef climb , te 12000 ft/min 
then a counter ahews the h i gher ratea, th• altitude 
tap• with 2200 feet showing in the window at any tim•, 
and thirdly a fixed planning &Cale with aettable indicea 
for target altitude

1 
and command altitude and an indicating 

index for c abin pres&ure, Acreas the bottom are barometric 
setting, command altitude (automatic by Data Link er 
manually set) and a target altitude c ounter, 
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17 _ Lighting a nd Paint Colour, Integral wedge 
plate lighting is used on ail the ARDC new instrumenta. 
It wasdemonstrateJ to the writer and appeared successful, 
The bulbs are operated on 5 volts and have a life of 
10,000 hours, They stand vibration better tnan the 28 
volt bulbs as their filament is¼ as long and has four 
times the cross - sectional area. Grey knobs are used on 
black instruments with a grey panel. 

18 Flight Tewting, - The vertical scale in-
struments are just starting manoeuvring flight testing. 
These instruments are in a simulator in the Flight ~ontrol 
Laboratory at WADC and an invitation was extended to have 
RCAF pilots come and try out these instruments, Three 
days notice is all that was requested. Furthermore RCAF 
pilots were invited to come for trial flying with these 
instruments in a TF102 with side by side seats, We would 
have to ask for it officially through CJS and the Pentagon 
next March or April, ACTION RCAF H~. 

19 ~ualifica tion. - All qualifications are to be 
completed by 15 Mar 59, Qualification has been waived on 
the first thirty Gyro Reference Sy1tem intended for use 
with ARDC instruments apart from the MA-1 system. 

20 Relation to MA-1 System,C F105 Mark 2 aircraft 
no il. 210, 211, 212, and 213 should be like product ion 
aircraft. tiAC will propose that they be equipped with 
the new ARDC instruments , ~eing remote indicating they 
are well integrated with the central air data computer 
and the gyrc reference subsystem. Mode selection is done 
by a single selector switcn for the MA-1 and the ARDC 
instruments, ' lf tnose instrument1,1 are not selected, and 
the present ruling by the COR staff is that they are not 
ac c eptable, certain fun c tions such as Command Mach number 
will require add i tional instruments. One needle of the 
RMI will p ro bably be used for Command Heading. It i s 
recommended that t he RCAF should re - consider the question 
of using the ARDC vertical scale instruments. 

ACTION RCAF.tiQ 
DR NAVIGATION EQUIPMENT 

21 The ARDC Horizontal Situation Indicator (HSI), 
made by Collins in size 5• x 5- 1/4•, has a moving card, 
director index, comm and marker (set by Data Link or man­
ually), r ad i o o r rada r be ari ng index, distance c ounter, 
and mo de wind ows around the periphery, There will be a 
HSI in size 5• wide x 4~ high, like tne other but lacking 
the mode ind icationa . A separate coupler is required 
and i s airfr a me contractor furnished equipment tailored 
to the related systems that may oe in the aircraft. 
Sper ry makes one of these couplers. The Collins HSI 
will be finished qualifi cation during the week starting 
15 Dec 58. The ARDC Ho ri zontal Situation Indicator is 
replaced in the MA-1 and MA-lC by a different unit 
developed by Hughes Aircraft Co. 

22 HAC Horizo nt al Situation Lndicator,(HS~,­
Data from Mr. Slocum of tiAC - tiughes have produced their 
own Horizonta l Situation Indicator (HSI) RAC #470180 
using film strips to proje ct maps from behind onto a 
screen, The HSI shows interceptor and target position 
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and track direc tion. The centre of t he map display is a 
map reference po int su c h aa, but not limited to, a TACAN 
station. The TACAN sele ~tor can select the appropriate 
map strip for any preset location or re f e rence point. 
The HSI with its i nputs f rom t he Digita l Computer c on­
st i tu tes the DR Navigation faci l ity , It we i gh s 82 lbs. 
It is entirely dependant o n EAGAN as the digital computer 
does not start navigation computation without at least 
one TACAN fix received while air borne. 

2J nughes are funded by Avro to study how manual 
insertion of fixes c ould be done. The following proc e dure 
requirin g two new sw itches iB b ei ng con s id ered:= 

(a) Move the course control to put beari ng 
line from interceptor across the location 
of the fix en the map display, 

( b) Use a new •range c ontrol* to put inter­
c eptor over the fi x, 

( c) Press the new •inse rt button• putting 
data into the co mputer as if it came 
from TACAN. The co mputer continues 
by DR. 

( d ) l f the p rec ess is repeated later ever 
a second f ix the compu t er will co mpute 
a wind fro m the t wo fixes. The wind 
information c an be erased by use of the 
AILAS switch , New switches are men = 
t ioned in ( b) and (c ). A diffic ulty 
and expense would be en c ountered for 
lack of spare wires in the conn e ct ors 
and c ables, 

24 The requi~ite film strip maps are be i ng prod-
uced by the Aeronau tic al Chart and Information Centre (ACIC) 
at St. Louis. They also make the data tapes for the digital 
co mputer. They do not have the necessary Canadian inform­
ation in pro cessed form , and t ney are fully loaded with 
work, Mr, Bo u cher recommended setting up a Canadian firm 
or Government Depar t men t to make these strips and tapes, 
to avoid encountering delay, (Boucher and W. H. Be ll 
of HAG and Stegner of WADC.) ACTION RCAF & DDP 

25 Installation of t he hSI in the CF105 aircraft 
presents a problem in that it willnot fit in the proper 
central pos i tion in the rear c o c kp i t. It mi ght require 
repackaging, This mignt be done b y a Canadian firm like 
CAE as a mod i fication rather tnan c olliplicate and delay 
the production line at nignea. It all ows only six inchea 
on e ither side for the man's legs and co mes within an 
inch of the front e dge of the seat, 

26 From J, S c anlan of HAG= Fu t ure developments 
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for Accurate Navigation - Tw o approaches are worth con­
i id ering , e,g. inertia l navigation a n d Do~pler-aided DR. 

(a) Inertial Navigation encounters v e ry severe 
limitations to i t s tactical use in the 
present ~tate of the art . For inst a nce, 
floated gyros are used but these require 
one hour's warm- up time , 

(b ) Doppler -ai ded De ad Rec koning i s a self ­
contained system whic h could replace 
TACAN, Additional compu t er capacity 
would be needed which cou ld be provided 
b y go ing to the tranii st ori zed computer, 
or possibly b y deleting part of the time 
division data link facili ty, 

Automat ic Flight Cont rol Sub - iyste~ 

27 People consult ed : - At WADC Mr, M, S, Feldman and 
Capt ain J, A, Fraser of Fl i ght Contro l Laboratory and a t 
HA C Mr, Mansfield , Mr. Nuttall and Mr. J . A. Scanlan, 

28 Description - The AFCS provides pilot assist 
functions and automatic operation in several modes, 
Pilo t Assist mo de inc l ud e s heading hold, altitude hold, 
Mach hold, a nd pit c h and roll hold, A functiona l box 
dia r,ram is attached, The specif ica ti on is included in 
th e MA- 1 equ ipment Specificat i o n and !!AC report no. MA -l-
9S(V) •11 I!'unctional descripti on c h ap ter V: Automatic F light 
Control Subs y steill~ re fers to the equipment in its MA- 1 
c onfi g uration. The weight i s 32,l lbs for the pilot assist 
units a l one and 73,5 lbs, for the comp le te AFCS, 

29 Pilot Ass is t Mode - Heading h old wa s set to engage 
wi thin 5 degrees of wings level but this has b ee n found 
unacceptable to pilo t s because it prevents them from 
making small corrections. It is being c hanged to a switch 
for heading hold, Presele ct heading with a button has 
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been developed and flight tested but is net in the first 
systems. The central Gyrc Reference System is the scurce 
of attitude signals. In the Fl06 command cutputs go to 
the different i al servos locking the differential when in 
pilo t assist mode, thus making them direct or parallel 
servos. There i s no electri c s ti ck, In the CF105 air­
c raft the AFCS c ommand cutputs go to the parallel servos 
which have alre a dy been supplied in the damper system 
pr o v i ded by Avro, In the Fl06 there i s no yaw rate 
sign a l and the cu t put of the AFCS is a ccntrol surface 
pos i ticnal command, In the CF105 outputs required are 
roll a nd pi tch r ate whi c h are to be provided by a ccn­
verter, 

JO Au t om a t ic Modes, - Separate boxes provide for 
automatic at ta c k and aut omati c l a nd i n g approach, hence 
fun c t ion s can be adied er d ele t ed s i mply by including or 
omitting t he ap pro pria t e bc x es, Dec i sions, therefore, 
a r e no t u r gen t in t h i s fi eld, Co mmand Signal Limiting 
oper a tes only i n au t omatic atta c k mode, Switching 
fun cti ons a r e dcne by a single mode sele c tion switch 
for the whcl e we a po n system i n c lud i ng AFCS and the ARDC 
v e r ti c al i nst ru ments , The e a rl ie r Fl06 aircraft will have 
the au t omati c a tta c k equipment but it will net be activ­
ated unt i l flight test i ng i s finished and any required 
changes a re ma de, 

J l The nee d for Auto mati c Modes, = Automatic 
nav i g a tion has a lo w p ri o r ity fo r cu r air c raft because 
o f t h e t wo - man cr ew so that i t is n et necessary, Automatic 
Land i ng Approa c h c culd be valuable under scme cpera ticnal 
c ond i t i ons be cause i t r educ es loss of time and a borted 
at t e mp ts , Va r i ous s tat emen ts made reg a rding the need for 
automat i c att ac k are a bs tracted belo w: 

( a ) There is l ittle o r no qu a n titat ive dat a to 
p r o v e h ow muc h i mp r o v emen t i n k i ll probab­
ility woul d accrue from aut omat ic atta c k, 

( b ) Au t omat ic at ta c k o f f er s the probab ili ty of 
greate r uti l i zat ion of capabilities of the 
airc r a f t b e cau s e : = 

( C) 

( i ) 

(ii) 

The p ilot tri es t o allow more margin 
nea r the bo rd e r s of the fl i ght envelope 
be c ause he i s i nheren t ly more variable, 

ra rel y t he p i lot wi ll exceed the aircraft 
limit a t ions of stall or buffet and so 
a bo rt an a t tac k ; t he au t omatic system 
would no t do th i s at all, 

Aut o ma t ic at ta c k offe r s more relief for the 
p i lo t a t the most c ri ti ca l t i me allowing 
h im to gi ve more atten ti on to survey the 
t a c t ic al s i tuat i on, 
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(d) 

( e ) 

( f ) 

(g) 

-lO- UNCllfSSjfr[f)1 ! 1. 
Automatic attac k corr ects errors more 
speedily and earlier than the pilot can ; 
this be i ng particu lar l y valuabfe in late 
lock- on, 

Automat i c at t ack e~ualizes pilot capability, 

There is no reason to believe the pilot 
canno t generally ste e r accurately enough 
to aim t he MB = l ( the significant word being 
•generally"'), 

Cl o se to the performance limit of the air­
craf t t he AFCS wil l do be t ter than the 
pilot, 

(i ) Automatic attack perm ita useful flight 
at higher altitud e t han does manual 
f ligh t . 

(ii) Near the margin of the flight envelope 
there i s generally a gain in maneouvr­
ab i l ity , 

(h) Aut o ma t ic attack will be an aid to a form 
o f s nap - up a ttac k, Altitude hold woul d be 
used unt i l B t ime when automatic attack 
would be engaged c a u sing the a ir craft to 
i mmed i ate l y snap=UP and Qtab i l iz e i n the 
c limb before f i ring, 

32 There is no plan a t present for in c lus ion of auto-
mati c modes in the CF1 05 bu t Avro will r e c ommend to the RCAF 
what degr ee o f aut~mat icit y t hey t hink should be i n corporated, 
The comput e r c alls for the a i r c r aft to go automatically to a 
c olle ction p oi nt after an a t tac k, I f there i s no automatic 
mo d e an e xtra display wi l l be ne c e s aar y in t he c o c kp it to 
direct the pilo t t o f ly to the c ollec t ion point, 

ACT ION IN HAND BY AVRO 

RCAF to monitor and 
dec i de , 

33 Fitment of Hughes AFCS to CF105 = (W ADC i nput)-
Fifteen to e ight ee n months i s op t im i s tic for HAC to adapt 
their AFCS to the CF10 5 , The p ilot assist would take 60% 
of the time, They c ons i de r we c o u ld g et p i lot asQis t from 
HAC i n our 21st air c raf t an d auto mat ic attac k a bout 9 months 
later. Howe ver, see t he nex t pa ragraph for Huc;hes' statement, 

34 Fitment of AFCS t o CF10 5 Aircraft Cont'd (HugheQ 
in fo rmati on ). There will no t be an AFCS, e v e n p i l ot ass ia t, 
i n aircraft 202. The fun ctional d i ag r am for the CF 105 pilot 
as s ist installation is made, hardw a re is be ing modified and 
a set was shipped by a i r exp r ess t o Av ro approximate ly 15 
Dec 58. At Avro i t will be c onne c ted to the simulator for 
trials before being put into a i r craf t 203 in January 59, ~ 
spare set will be sen t . Des i gn o f the coupling to the damper 
sy stem ga v e little or no trouble a t t his s t age . Aircraft 203 
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will have special cab ling and modified racks. Lat e r ins t al l­
a t ions will h a ve standard MA-1C r acks and cab l i ng provision 
for automatic function boxes. If we do not want AI LAS or 
automatic nav iga tion , a ltitude hold could be put in box 
46 4 021 saving space but not co st. 

35 Status - The AFCS i s buried in the ba.sic MA-1 
Contract and in the MA- 1 s pe cifi~a tiorl, WADC h ave n o t released 
AFCS ite ms fvr produ c tion but they expect to release t h e pi lot 
ass i st i tems within two months. Preselect heading will be put 
into the production line in about 9 mon ths by ECP number 1 1 1 9 , 
Automatic Landing Approach System (2 boxes) will be relea sed 
about May or June, 1 959 a nd Auto matic Attack during the l as t 
quarter of 1959.( WADC information ) 

36 Fl ight Testing of AFCS - The US AF exp ects to 
flight test pilot assiit f unctions in the next two mo nths. 
If automatic atta c k is adopted by the RCAF the following 
program cons id era tio ns would apply: -

(a) At l east the major por tion of pilot assist 
program on CF105 should be done first , 

(b) MA- 1 automatic attack c apabi l ity will h av e 
been proven on th e groun d and by flight 
test in the Fl06 by that time. 

(c ) Additional t~sti ng in the CF105 to includ e 
the automatic attack c apabi l ity would be 
r e latively small, abou t 15-20 hours, 

37 Ve rification of_Aerodynam ic Derivatives - (W.N , 
Turner of HAC) 

The WS PO people at WADC had expressed doubt 
that Fl06 No, 464 was serving a wo r thwhile purpo se in con ­
f irming aero dynamic derivatives, Mr. Turner was asked - is 
it ne ce ssary to h a ve an aircraft devo ted to flight testing 
f o r aerodynami c derivatives to accomplish AFCS design? 

38 Mr. Tu r ne r said these t ests would have be e n 
more valuable if they had been done two years ago in a n Fl02 , 
Th e y were delayed by miscellaneous flight delays on the Fl06 , 
Also the Flight Test facility did not r un the tests of gre a t ­
est interest, e.g ., in the h igh s peed reg ion and in the trans­
onic region , The data are useful now for confirmation only 
and no re - design was necessary, The original data were good 
enough that actual flight c ond itions were within the adjus t me n t 
range, The control surfa c e effecti v eness da t a are the par­
ameters most likely to be poorly estimated . Some difficulty 
was experienced with os c illatioc \n the transonic region but 
it was cured by fur the r wind tunnel data , 

39 Turner has a great deal of confiden ce in Avro's 
approa c h to getti n g aerodynamic data and in the a ccuracy of 
their data, They already have consid erable fl ight data and 
c onfirmation of sat i sfacto ry ope ratio n of the damper system, 
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hence the ae rodyna mic and c ontr o l surfac e parame ters provid­
ed by Avro must be good, Therefore , HAC consider tha t our 
a irc raft needs only confirmation during normal flying after 
the wo r k on a/c 203. 

40 Faults - It wil l be easy to distingush between 
coordinate d turn s commanded by Data Link a nd faults which will 
cause either di sengag e sho wn by the barb e r pole signal , or 
r and o m gent l e turns. 

~ mma ry 

41 The a r ea s of uncertainty or problems in the 
instrument sec tions of the MA-lG system are:-

(a) Precision of angle of attack, 

(b) ARDC Instruments - should they be adopted? 

(c) DR Navigation 

(i) Installation of Horizontal S it1.U.tion 
Indicator - modification or replace­
ment is probably required, 

(ii) Source for map film strips 

(iii) Provision of Manual inputs 

(iv) Dependance on TACAN 
I 

(d) Autom a t ic Flight Control ~ystem 

(i) Decisions on automatic modes 

(1). AILAS 

(2) Automa tic Data Link and 
Automatic Navigation 

(J) Au tomat ic Attack 

(ii) Assurance of adequate desiga, 
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TO S1038CN- 180 (llWS) 
DATED 19 DEC 58 

CCMMUNICATIONS1 Ni.VIM.TION AND IANDING (CN&L) 

SUBSYSTEM CF MA-1 

General 
UNCLASS!fiED 

1 The functions of the CN&L subsystem of the MA.-1 system are~ UHF 
oommunications , UHF data link, UHF direction finding, instrument landing system, 
'!'acan, air ground IFF, air-to-air IFF, and Interconnnunications. 

2 Circuitry of the equipment is somewhat similar to that of existing 
equipment in general use in aircraft but the physical factors bear little resem-
blance, 

3 The packaging has been designed by HAG and their sub=contractors to 
meet a systems concept with built-in test, fail safe, and space/weight saving 
features. In general, the equipment is made in small packages with front panel 
and chassis, These plug into spaces in a shock-mounted rack in the aircraft, 
or into the requisite spaces of the test consoles. 

4 Details of the equipment are contained in the Handbook of Field 
Maintenance Instructions Aircraft and Weapon Control Interceptor System Type MA-1 
TO llFl- MA 1-12-3, Refer to AFHQ Tech Library, 

Voice Commumications 

5 The UHF Command Communications function is performed bJ an equipment 
of which the specification and circuit resembles that of the AN/AR0-,34, However, 
it has been packaged in three "plug into rack" type units and it has a much 
higher output power:g 50 watts ! 2 db, 

6 The equipment is made by Electronics Incorporated (ECI) to meet the 
HAG requirement of the MA-1 system, It has an associated control unit which 
provides for selection of 20 preset channels and manual setting of any channel 

n t-he 225- 400 mes, range. An associated readout indicator on the instrument 
panel enunciates the channel selected, 

Data Link Receiver 

7 The data link receiver resembles the AN/ARR- 44 in circuitry and 
is made by ECI to meet the HAG requirement of the MA-1 system, It is of the 
frequency division type and covers a range of 225- 400 mes. It incorporates 
a voice channel, A Tuner/ preselector unit is used to reduce the interference 
from the UHF transmitter, The aerial for the data link receiver is beneath the 
F-106 aircraft while the UHF communications aerial is in the fin cap, The 
airframe provides 30 db isolation between the UHF voice and data link equipments 
and an additional 30 db is provided by the data link preselector, Th data 
link receiver is compatible with the UHF/ADF facility and can be switched to 

it by the pilot. 

8 The USAF have a program to convert from frequency division to time 
division data link, experimentally by 1960 with complete conversion in the 
period 1962-63 , HAG will make the necessary changes to the MA-1 system working 
with RCA who will provide the equipment, type AN/ARR-61, The AN/ARR- 61 will 
use the same tuner/preselector unit as that now used with the frequency division 

type data link receiver. 
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9 The AN/ARR~·61 data link receiver is described in MIIFR- 26573 0 The 
following are the principal sub-assemblies~ 

to the 

UID:L_filll 

Receiver data link R884/ARR-61 MliFR~26 ,''' ~ e:'~ . 
Computer digital ~digital CV7U3/ARR-61 Miu·R··Y6~•~, V ll ,; 
Control Converter-Receiver C2558/ARR~61 MTIFC- 26577 
CFo7UJ/ARR~61, Converter digital to digital, also acts as a 

omputero 
coupler 

10 A UHF/ADF equipment similar to the AN/ARA~25 but manufactured by 
Collins to meet the HAG requirement is pr ovided with the MA-1 system0 The 
equipment can be selected by the pilot to work with the communications or data 
link UHF receivers by means of a switch in the cockpito Provision is made for 
feeding UHF/ADF information to the computer and the Horizontal Situation 
Indicator (HSI) . 

Instrument Landing System 

11 The instrument landing system comprising a glide slope receiver and 
marker beacon receiver in one box and a localizer receiver in another bCjl;, both 
of ,.,hich "plug into rack", is Collins equipment made to form factors suitabl e 
fo.1 the Hughes MA-1 systemo The frequency ranges are conventionalo Twenty ILS 
Channels are provided on localizer and 10 are provided on glideslopeo 

12 The marker beacon receiver output has a transistor amplifer to flash 
14 volt indicator lightso The usual relay system is not usedo AVRO may have 
to install a transformer to activate the 28Vo indicator lights in CF-1050 
Some functions of altitude hold are included in the !LS boxes. 

TACAN 

13 The Tacan system is referred to as AN/ARN-53 0 It is made by Federal 
to meet the HAC/MA~l requirement and it incorporates integral self test features. 

14 The MA- 1 Tacan system has 126 crystal controlled channels and 
cmprlses four "Plug into rack" boxes into which have been built an oscilloscope, 

a distance counter and a bearing indicataro These instruments are for self 
test and to check the information getting into the computer and HSI. 

15 A reliability indicator in the cockpit indicates when Tacan is not 
providing the necessary inputs. The antenna in the F~l06 is located in the 
fin cap o 

16 The USAF has no known plans for changing the type of Tacan in the 
MA~.1. Systemo 

Airr-Air IFF 

17 The MA~l system uses the AN/APX 26B and APX 27B equipments made by 
HAG. This equipment is not fully compatible with the MOD 12 crypto equipment. 
However, HAG has a contract to make the necessary modificationso When modified 
by the addit.ion of a computer box having a volume of 1/3 cubic foot, the 
equipment will be identified as APX 42 and APX 43. The Computer on which the 
design will be frozen in,;ruly 1959 is being made by Hazeltineo Production 
quantities are expected in 19610 

18 The APX 26B and APX 27B equipment in the MA~l system operate from 
the central power supply and incorporate a self test feature. It is syn­
chronized with the fire control radar and uses the same antennaf 
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19 The USAF has a development program for an air=to,•air IFF known a:s 
APX 40 and APX 41. This equipment is about 7/10 1illi size and weight ·of APX 26B 
and APX 27B. However, they have no future program1,roduction quantities of 
this equipment. 

20 Another development program in progress is for APX ~8 and APX 39. 
Development models have been built and prototypes are expected in July 1959. 
Combined services tests of this equipment is scheduled for the first half of 
1961. The equipment is about the same ~ize as APX 42., 43 . 

21 The USAF d o not intend to r eplace APX 26B and 27B with new equipment 
but rather they intend to modify it to the APX 42, 43 status . 

Ground Air IFF 

22 The MA-1 system has a version of t he AN/APX0 •19 incorporated for Ground-
Air IFF. The equipment was made by Hazeltine and as it stands , it is not co= 
patible with the MOD 12 crypto system. The addition of a computer box, the develop­
ment of which is covered by Rome Air Development Cent..er Pro ject 1981, will be 
required f or use with MOD 12. In the MA=l system, the Al:.r· Air IFF and Ground Air 
IFF will share the same computer box, 

23 The APX-19 has a version of KY- 148 for SIF modes . 

24 On the F=l06 aircraft, the ground-air IFF is as sociated with an aerial 
on top and one on the bottom of the aircraft, A switch continubusly cycling at 
20 RPM ensures optimum coverage, 

25 HAC has pl aced an additional shroud around the APX=l9 and connected it 
to the aircraft air pressure system but otherwi se the for m factors have not been 
changed . 

Intercommunications 

26 The MA=l system incorporates an audio amplifier and mixing network of 
HAC desi~ and manufacture. The system mixes and ampli fies t he audio from UHF 
connnunications , data l ink, Tacan, ILS, and interconnn. A common volume control 
in front and rear cockpits is used to adjust the combined level to suit the 
O<.Jcupant. "Hot mike II is used continuously ~. both cockpits. 

27 The chief disadvantage of the above system is t he masking of interconnn 
by other inputs, There is no facility to give interconnn a preference or higher 
level . 

ECM 

28 Apart from the ECM features of the fire control system, on X~band, 
which are treated elsewhere in this report there are no ECM features in the MA=l 
system. Refer to Appendix "J". 

29 WADC representatives advised that there has been no consideration to­
ward the use of the radar homer AN/ARD-501 or similar equipments with the MA=l . 

Cooling 

30 Because of the high concentration of electronio equipment in a limited 
space there is a need for an adequate volume of refrigerated air for cooling during 
a ground test. This requirement is treated more fully in Appendix ''M". 
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POWER SUPPLY -----
1 Informa tion is from F,J. Rees of WAl)C and R, J, 
Boucher of HAC. 

MAI-Fl06 E lectric Po we r 

2 At present the Fl06 aircra ft has a Sundstrand Const a nt 
speed drive unit #45GB04 (Flo6) ~•hich is about half through its 
test program and may be finiahed in J months or so, The T.O. 
is 9H6-J-14-2, Pa ds a re provided for four generators as 
fo l lows:-

For the a/c 

For the MA -1 

system {Pad A 

.Pad E 

- Generator J&H G-129 or GE-8-06263, 
8000 rpm, lCO amp DC at 28V . 

- Genera t o r J &H G- 280 or GE-0 264 
12,0 0 0 r pm , 2'J0/115V, 3~ , f in E} i 
v ersi o n to be 25KVA, 

Pad G - Genera tor J&H G-51, i.e. HAG 
#4641 8 9 , 
1 2 ,0 0 0 rpm, DC, giving: 

JOOV, 3,5 amp ( WADC) to 2½ 
a mp. (HAC) 
150V, 6, 2 amp, 

-140V, 4,0 amp (WADC) to 5 
amp. (HAG) 

It is oil cooled, brushless, and is 
starting running tests, 

Pad D - Generator J&H G-52, i.e. HA.C · 
1464089, 
12,000 rp m, AC/DC, giving: 

1600cps, ?. 5 KVA, 115V 
400c ps , J.O KVA( WADG) to 4,5 
(HAG), 115V, 3~ 
28V, DC, 60 amp, 
It is o il cooled and brushless. 

The above MA-1 generators are to i;pecification HAC 
#ES-1-753, There a re further sub-units converting to 600V, 

50V, -1 5V and others, The system for MA.-1 is a t maximum 
loading and c an not support more lo a d. 

400 cps POWER SYSTEM 

3 Scheduled i mpr ove ments comprising what is called 
the MA- 1/28 a nd MO PA re quire over 4 KW more power. To meet 
this requirement a new power supply with larger capacity 
is being developed for the Fl06, A second G-280 would be 
inst all ed inste ad of the G-51 a nd G-52, MA-1/28 requires 
18 KW so t h e G-280 with 25 KW a llows am ple margin, The MA.-1 
i s being s i mpl ifi ed by converting nearly all the units to 
operate on 400 cps power, All the engineering has been done 
and a h a nd built set of electric units a nd modified MA-1 
system is entering the stage of test operating. 

4. lt is adva ntageous to use the 400 cps units for 
the MA- lC a nd to use the alre a dy designed 400 cps aircraft 
pow er supply of the CF105 aircraft, Many parts of the 
p rototype set of 400 cps electric power units and modified 

..... /2 
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MA-1 ayatem unite have been borrowed for the CF105 program 
and already 11hip ped to AVRO(in week star ting 1.5 Dec 58). 
The Hughe11 produc tion plant at El Segun do i11 11upplying a 
productidn MA-1 on the AVRO contract to be . modified and 
from this the bor rowings will be retur ned. A second 11et 
will be modified aa a 11pare • 

.5 The 400 cpe, three phase, aircraft power iii 
di11tributed to unite of MA-lC by an AVRO Juaction box. 
Certain amounts of other sorts of power are still required 
and are eupplied by con version uni t s a s part of the MA-lC 
11y11tem, except for 100 Amp11 of 28 DC from the aircraft 
rectified DC power. The DC ie u11ed for relay energizing, 
The internally P.enerated powe r i11 as follows:-

(a) 
( b) 

(c ' 
( d) 
( e ) 
( f) 
(g) 
(h) 
( J ) 
(k) 

( l ) 

(Ill) 

~50V, DC, 2 amp , from a mag-amp unit 
-5 0V, J>C, 2 amp , from the same unit as (a) 
.,.Joov, llG, 2,4 amp, series tube unit 
+l.SOV, DC , 6 amp , mag-am p 
-140V, DC , .5 amp, mag-amp 
-250V, DC 1, 2 amp, series tube unit, 
+lOOY, DC , 200 ma , for reference in computer 
-140V, DC , 100 ma , for reference 

Ll..5/57,5V, 1600 cps, · lOOVA, for re f er"nc~ 
115V, 1600 cps, JOOVA, for AFCS1 motor 

• generator 
11.SV, 1600 cps, 500VA, other 

load J 
115V, 1600 cpa , 2 • .5 KVA, for mie11iles, 
motor gene r ator, weight 2.5 lbe, 

6 The internal power URite in the MA-lC ay1tem 
weigh 1.50 lb11 in total, MA-1 units that have been modified 
to operate on 400 cpe are numbered 476, •• i•11tead of 464 ••• 
and uRite peculiar to the MA-lC ay11tem alone are numbered 
470 ••• 

7 Accuracy ef Control - The MA-1 11y11tem caa 
operate past tran11ie•t11 of 102-124 Volts but require, 108-
120Y in steady atate. Frequency mu11t be controlled to 11 
percent which agrees With the Avrocan apec E-.500 for the 
aircraft power sy11tem but+½ percent would be better, 
Variation in frequency causes the same percentage variation 
in the time base of integration fro m the gyro11 and hence the 
same percentage error in ay11tem output. Being 11aturable 
reactor-regulated transients are minimized , aad al110, 
tran11ients are on the 40 KVA power source inatead of on 
7,.5 KVA and 110 h a ve a smaller effect, Reference-Hughes 
Report No, FRSJ-068-1 •Functional Requirement Specific­
ation f or Power Supply Sub11-11ystem•,dated 26 Nov .58, 

8 Fower for Missile11 - In MA-1 the 1600 cpe 
power all1w11 operation of the four miQ ailes 11taggered 110 
only one misaile uaee power at a time, Thie increaiee 
the preparation time and cute into the placemeat diagram. 

·• .... /J 
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However, in th:, '. IA- lC and iia MA-1 when modified for 400 
cpa power pa rallel aimultaneoui preparation of four 
miaiilea ia perm i tted, 

9 Ground Power Unit - The motor generator aet 
ii MC-lA. The -lA s e t is an improvement ov~r the - 1

0 
with 

less ripple, It has been tested L•d qualified. It ia made 
by Ideal Electric Manufacturing Co 0 Maiaiefield

0 
Ohio, to 

apecificat i on MIL - ~- OJ97A, Ita aize is 8 ft x J½ ft by 
40 inchea high and its weight about 5000 lb1, The imput 
is 2 20 or 4 4ov, 6} c pa and the output 400 cps, 115V. 37.5 
KVA, and 28V 0 500 a mp1, 



MA'l,,,l JMPROVEMENT AND COUNTER COUNTERMEASURES PROGRAM 

Introduction 

1 The MA. l Counter Countermeasures program will be discussed under 
the following headings (,_,h icb actually cover MA. 1/40 MA 1/28 and advan<.ed 
developmento TI-.ese are not all CCM items but are included together here for 
coherence ) 

(a ) Current CCM 

( mod i fied close control 

(ii) jam angle track (JAT) 

(iii) range and course extrapolation 

(iv) edge tracking (Nose Tail s~itch ) 

(v) tunable magnetron 

vi) missile CCM 

(b ) Phase I of CCM developmen1 

(1 ) supersearch 

(ii) sniffer c ircuit 

(iii) random prf 

(iv) extended range 

{A) 80 mile sweep 

(B) Bones Marshall grid 

(C ) extended lock on range 

(v) improved anti chaff 

(v ) 4 0/28 inch antenna 

{vii) 400 cycle p owero 

(c) Phase 2 of CGM DeveloEm~t 

(1) MOP.A 

(ii) complete anti chaff 

(iii ) provisions for m sub system 

(iv) differential altitude ranging (DAB ) 
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(d) Advance Phase of CCM Develo2ment NCll\SS\f\E 
(i ) advanced passive ranging 

(ii) CHIBP 

(iii) miscellaneous 

2 The MA~l counter countermeasures development program is funded under 
USAF letter Contract A.F 33(600)- J6?'99(MA 1 counter countermeasures) . This 
program is di vided into two phases, Phase of which i s for progressive intro, 
duction into production from September 59 to Jan 60, Phase 2 is f or production 
in Jan 1961, The development contract i s funded for Phase 1 and Phase 2, but 
production is funded for Phase 1 only at t his time . (Phase 2 production i.s 
partly dependant on a FY 60 Fl06 buy.) 

3 The advanced phase is a part. of the continuing Hughes development. of 
possible counter countermeasure items which could be included in later 
contrac t ual negotiations . It may be noted that Hu~hes break the program 
down into three phases . Phases 1 and 2 of the Hughes program correspond to 
Phase 1 of the USAF program and the USAF Phase 2 corresponds to the Hughes 
Phase 3, The breakdown shoYn is the USAF l i sting. The advanced phase of GGM 
development at Hughes is classified under the heading of advanced studies and 
is not funded by a specific USAF contract . Advanced phase items could only 
be included in the MA=l system on a backfit basis. 

4 Due to the long lead times involved for some of the component 
items an early production fund release is required from USAF in order that 
the dates may be met. Four prototypes of all Phase 1 items have already been 
built, and are currently under test. 

Modified Close Control 

5 The Modified Close Control (MCC) capability i s classed as a CCM 
feature ir1 that it is expected to provide a capability in those cases where 
ECM may have overloaded the SAGE data handling capabi l i ty. I t is expected to 
greatly increase the SAGE handling capacity. Essentially, it is a sub= 
routine in the computer program which is available on demand. 

6 Under close control conditions the direction canter gives the All 
Weather Fighter (AWF ) a vector to fly, in order to reach the correct 
offset point, Under modified close contr ol , the Direction Center gives to 
the interceptor: target ground velocity, altitude and co=ordinate information. 
This information is used by the computer together with TACAN derivation of its 
own position to compute direction and distance to offset point for attack. 
SAGE can transmit ECM, cut-off attack, or snap=up attack override i nstructions . 

JaI11. Angle Track 

7 Jam Angle Track (JAT) is provision of a facility t o enable the FCS 
antenna t o angle track the jamming signals when range information has been 
denied due to jamming . There is no JAT capability in the face of a conical 
scan inverter type of deception jammer. 

8 If the i nterceptor is in the search mode when jamming is firs t 
experienced, the fighter will complete its attack i n a pursuit course approach 
to the targe t after the crew have achieved angle lock-on with the HCM mode 
selected. rr' the interceptor fire control radar has already been locked=on 
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for at least lo5 seconds prior to being jammed by the enemy9 then the inter­
ceptor will comple¼ its lead collision attack utilizing extrapolated range 
(provided HCM is seleoted within a few seconds after jamming oommences and the 
navigator obtains angle look-on) o 

9 Operation in JAT mode (from search or track) is initiated by selecting 
"HCM" and then locking- on in a normal manner . If transition to JAT is required 
from track, this operation is faoilitated by the long time oonstants in the 
antenna traoking servo whioh maintain the antenna 's angular orientation for 
some seoonds after loss of look-on, thus approximately indicating the target 0s 
angular orientationo A 30 db (ferrite) attenuator is automatically inserted 
,.rhen the AGC voltage indicates reoeiver saturation is being approaohed. 

10 If jamming ceases during the oourse of a jam angle track approach 
to the target, then the half action s,.ritoh on the hand control is seleoted to 
the half aotion position to permit the operator to oontrol the range gates 
,.rithout l osing angular look- on of the antenna o Range look-on is achieved in 
the normal manner of running the range gates in/out as required to correctly 
plaoe the range strobe over the target and releasing the action s,.ritoh to achieve 
look ono The antenna ,.rill maintain its orientation angle for approximately 
1 to 2 seconds (due to angle memory circuits) ,.rhich is oonsidered a sufficient 
l ength of time to permit the radar operator to obtain range look~on ,.rithout 
disturbing the antenna angle positiono 

11 The effeotiveness of jam angle track is presently being evaluated in 
flight testo (Also see para 38) . 

Range and Course Extrapolation 

12 Approximately 1.5 seconds after normal look-on has been achieved 
the radar supplies a Delayed Range Cln Target (DRor) signal to the computer. 
The ocourrence or non-occurrence of this signal is used by the computer to 
determine ,.rhether an attack should be pursuit or lead-coll is ion ,.rhen the JAT 
mode is selectedo If DRor has been reoeived, the computer first directs the 
interceptor onto the oorrect lead collision heading, and adjusts the previously 
measured range and range rate to account for tm new heading obtained after 
this turno This adjusted range rate is used to maintain the range data 
approximately correot via computer bookkeeping operations. The resultant 
attaok ,.rill maintain the inte~ceptor in a favourable position in oase relock 
is possible (by virtue of "burning through" the jamming); it may be sufficiently 
accurate for sucoessful GAR firing if range re- look is not obtained, but ,.rill 
not be aooura te enough for MB=l attacks o 

Edge Traok ing 

13 As in the MG=2. 

Tunable Magnetron 

14 The present magnetron is oapabl.e of a tuning rate of approximately 
120 to 140 megaoycles/sec/seoo Hughes state this tuning rate is presently 
limited by baok lash problems in the present RCA magnetrono Hughes oonsider 
that this tuning rate may be adequate to permit the fire control system r adar 
to remain ahead of a traoking enemy spot jamming equipment of early vintage , 
and ,.rould therefore, force suoh a jammer into a barrage jamming mode. 
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15 Prior to incorporation of the sniffer capability tuning is con= 
tinuous during the period that the "ANTI JAM" button is de~ressad 0 'With 
the advent of the sniffer capability to automatically operate the magnetron 
tuning motor, manual control of this tuning motor has been removed from 
the ANTI JAM button and the manual control feature provided on a side console 
in the cockpito (Magnetron tuning is unavailable after 20 seconds to go 
with microwave GAR as the radar automatically seeks the missile frequency at 
that time ) 

Missile Counter Countermeasures 

16 GAR JA is provided with a capability to automatically complete an 
at+ack in a home on jam mode in the event that jamming is sensed at any time 
during the missile's attack o 

17 With the GAR JA the computer is enabled to select either LeadiTig 
Edge (LE) or Trailing Edge (TE) tracking alternatives to the normal centroid 
trackingo The computer compares computed launoh range with interceptor 
pr assure altitude and then selects the missile 1 1> tracking mode ac arding to 
the following logic charti 

Missile Normal 
11CCM" (CCM not Selected) 

Selected 
Nose Attack 'l'ali Attack No:se Atia.:.J<: Ta 1J .&f.tacf 

Altitude greater 
than Launch Range LE TE Centroid Centroid 

-
Altitude less than 
Launch Range IE Centroid IB LE 

-
18 Missile 11CCM" versus "Normal " is a cockpit selectiono The switching 
in the missile is done by blowing either a LE or TE squib (thermal relay)o 
Firing of the squib by the computer is done approximately one second before 
launcho The action is irreversible • but the cockpit switch may be operated 
at any time up to the instant the squib is fired o The missile centroid tracks 
if neither squib is firedo 

~er-Search 

19 One of the items in Col. Marhsall°s program to improve USAF AWF s 
range capabilities was the ability to auto-search over a relatively narrow 
angular field. This was considered desirable because GCI information a t leas t 
permits the AWF craw to localize the area in which to search for the target, 
This l ocalization greatly decreases the frame time, giving more "looks~ per 
second and thus improves the chances of obtaining an early detection range. 
A1s o

0 
with the advent of the MA~l/40 program, it was realized that the antenna 

pattern would be much circumscribed, increas ing frame time to cover a given 
area and, therefore, search problems might be encountered. For these reasons 
it was decided to develop the narrow search capability referred to as super 
search. 

20 In super-search, the antenna will search plus or minus tan degrees 
in azimuth about the nominal position set for the antenna, and will search a 
two bar pattern in elevation. 

0 0 ./5 



U NClAs~:fH:O 
21 It was noted above that as part of the sniffer circuit modification 
the old anti- jam button function of tuning the magnetron has been transferred 
from the hand control switch to a separate switch on side console, freeing 
the anti- jam button for other useo Operation of this button will cause the 
antenna elevation search pattern to step upwards one bar width each time the 
anti-jam button is depressedo The actions necessary for the operator to 
utilize the super- search are simply to depress the half action switch t o 
the half position and then to arlentate the antenna in elevation bv means of the 
anti- jam buttono • 

Sniffer Circuit 

22 The sniffer circuit requires an initial operator selection (decision) 
to sniff or not to sniffo The sniffer circuit consists of the addition of a 
gate, 150 microseconds wide9 at the extreme end of each listening· time period 
of the radaro Signals anpearing within this 150 micro-second gate are integrated 
and compared with a pre-determined power levelo When the signals are greater 
than this pre- set amount, a plate relay is tripped which automatically causes 
the magnetron tuning motor to operate and (hopefully) to tune through to a 
clear bando When the amount of noise or signal within the gate drops bel()1ol the 
preselected value then the tuning of the magnetron automatically ceaseso 

23 It should be noted that the sniffer circuitry is purely an rf f w1 iono 
I t will accommodate railing and noise jamming but will be ineffe~tual agains t 
a r ange gat~ stealer, or other type of deception Jammer o 

24 After incorporation of.' the MOPA mcdifica tion, the sniffer action 
will be changed, so that the 150 microsecond gat~ will sniff at the frequency 
of the next pulse to be transmitted and will cause the video information t o 
be blanked (removed) on the sweep following the gate if the noise level exceeds 
th~ preset thresholdo An alternative to video blanking is being consider ed 
which would cause the frequency of the radar to be nudged by approximately 5% 
if the sniffer detected jammingo (It has not yet been demonstrated that the MOPA 
section will permit this frequency nudge (called "jam drifttt by Hughes) or, .e. 
it has selected a frequency for a particular pulseo) The sniffer also contr ols 
random prf (para 25) and variable rf coupling (para 38)o 

Random PRF 

25 Random pulse repetition frequency (together with edge tracking) 
is designed to counter the effects of a range gate stealer type of jammer o 
This type of jamming equipment is required to receive demodulate, assess , and 
then re-broadcast the signal it receiveso This involves a time delayo A solu­
tion, which can be used by the jammer to obviate this time delay, is t o 
measure the PRF of the incoming signals and use this information to antic ipa t,e 
the arrival of future incoming signalso In this way he can re-broadcast 
a l arge signal in the gate of the victim and thus capture his AGC in prepar ation 
for s tealing the range gateo Use of edge tracking forces the jamming equip, 
ment delay to be less than 1/5 micro secondo However, addition of random 
prf to the edge tracking function will virtually eliminate the possibility 
of the jammer using this t~chnique successfullyo 

26 The normal MA~l radar prf 0s are 416 pps in search and 1000 pps 
in track

0 
In random prf operation, this repetition frequency is jittered a t 

random within a band 5% either side of the nominal centre frequency o Random 
prf operation is automatically switched out at 7 to 5 seconds -t~go when 
using microwave missiles since a RAD or ALL (MISSILE) selection automaticall y 
locks the prf to a crystal- controlled 2000 pps at about 7 to 5 seconds-to~go 
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~tended Ran_@_ 

27 In addition to the extension of the radar range capability through 
the use of super- search9 other proposals are being included such as the 80 
mile sweep, extended range and Bones=Marshall grido These are all par t cf 
the FCS improvement program sparked by Colo Marshall of USAF ADC o They are 
not necessarily CCM except in the sense that radar range impr ovements provi.de 
data earlier in an attack anri9 thereby 0 assist the i nterceptoT t o build up 
data for an extrapolated or manual attacko 

80 Mile Sweep 

28 The 80 mile sveep is not a modifka tion to the radar but :!.s a 
modiflcati on to the s cope displayo It consists of an additional sa1o1'·tooth 
sveep generat i ng circuit calibra ted f or 80 miles 9 a new scope overlay with an 
80 mile range scal e added, and a nev switch detent to permit selection of the 
appropr iate display circuit for this 80 mile range sca1eo 

Bones-Marshall Grid 

29 The so called Bones 0 Marshall grid consists of the addition of grid 
lines on the present overlay vith approximately 1/3 inch spacing between 
adjacent grid lineso The intent is that the operator (by means of thls gr .d) 
may get good position co=relation on his displayo This vill permit hin 1;o 
concentrate his search in a particular area on the s cope and thus detect the 
target at a greater range o 

Extended Lock-On Range 

30 The present lock=on range of the MA 1 f ire control system radar is 
22o5 nautical miles o This range capability is being extended to 37o5 miles 
through a re-design of the range lockon circuitso This fac i lity vill not 
provide an a ctual increase in range, but merely the ability to lock- on at a 
greater range should a sufficient signal be available to permit this t o be 
a ccomplished a 

Jl The particular range of 37o5 miles was selected because a greatBr 
range would require that the system be mechanized to permit lock~on i n 
long pulse at the greatBr ranges , and the incorporation of an automati0 
circuit t o switch the operation of the radar from long pul se t o short pu~se 
at the range where accuracy becomes more importanto To avoid this extra ~om­
pllcation

9 
the c ompromise was taken of setting the maximum lock=on range at, 

the limit of 37o5 miles. 

Improved Anti Chaff 

32 The a c tion of the circuitry utilized to accomplish leading edge 
and trailing edge tracking presently exhibits considerabl e hysteresis effecto 
The circuitry is being cleaned up to alleviate this effecto The an:tenna 
tracking loop circuitry is also being re- designed o The intent here being to 
optimize the tracking loop gains from an anti~chaff point of vlewo 

33 I t is suspected by Hughes engineers that chaff has been depressing 
the automatic gain c ontrol of present radars and for this reason the MA l radar s 
AGC will be selected off the leading edge9 rather than the center of the range 
tracking gate, as an added interim snt i -chaff featureo 
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40" Antenna 

34 In fact, the size of this new antenna has not yet been established, 
Four prototype 4U" antennas have been built, as noted aboveo As preparation 
for a possible future economy drive, a s t udy is under way (by HAG for WADG) 
_of re packaging the Phase 1 features in present boxes and the provision of a 
28 inch antennao Upon completion of this auxiliary study, WADG will make 
a final decision as to whether the 40 or the 28 inch antenna will go into the 
F:i.06 (provided there is a FY 1960 Fl06 buy) It may be noted that the hydrau....1 . 
drive for the 28" ant enna 1o1ill handle any antenna size up to 54" and 1,1ould 
therefore, be amenable for use with an RGAF requirement for an antenna size 
between 32 and 36 incheso If a go ahead on the 28" antenna is avallab.le 
by 1 Jan 59, the first item will be built in 5 to 7 months with a subsequenT 
rate of one a month for subsequent prototypes. 

35 Both the 28 and the 40 inch antennas are horizontally polarized 
Bi~ent-iobing type antennaso Hydraulic drive has been utilized to cope with the 
extra gear required to accomplish silent lobingo This silent lobing has been 
obtained through provision of a new feed to the antenna, and adding a sector 
s ,arming feature. 

J6 Feed is accomplished by means of a four barrel cluster of rectangular 
wave guides introduced to the antenna axially from the rear (projecting through 
the canter of the dish from the rear). The four front corners of the waveguide 
cluster present a wedge-chamfered appearance o The returning energy in the fo~~ 
barrel waveguide is scanned at 75 to 200 cps by means cf a rotating quarter 
wave plate to obtain the required angular tracking error signals. 

3 The silent lobing modification also features variable rf oupling 
which alters the ratio of the sum and dtl"ference ·signals presented to the 
antenna tracking loop, In the search mode only the sum signals are utilized. 
In the normal track mode of operation, the ratio of sum to difference signals 
used is un:!ty, In the Jam Angle Track mode of operation, the signal ratio .l.l> 

approximately 10 to 1 (difference to sum). Thus the percootmodulation per mL~ 

track error is co!l§liderably increased and a much more sensitive tracking system 1s 
achieved in the JAJ mode. This provides better performance against s'wept 
frequency type of angle jamming equipment. This variable rf coupling is brought 
into play by the·sniffer circuitry just as is the random PRF. 

4 IJO Cycle Eower 

38 The present 1600 cycle power supply is inadequate9 witness the fac+ 
it will not bring a full load of missiles up to readiness , and has been a 
major source of difficultyin the MA-1 fire control system, In order to 
correct this deficiency, and to make provision for the future addition of the 
MOPA system (which will require more power) the system is being converted 
wherever possible from 16U0 cycles to 4U0 cycles operationo Wherever i600 
cycle power is still required a Hughes 1600 from 400 cycle converter will furnish 
the power. 

MOPA {~star Osc1llator2 P01,1er Amplif11;r. 

39 MOPA features pulse- t o-pulse random tuning, with the design obje tive 
of achieving this over a frequency band of one third (33 03%) the centre fre 
quency

0 
This is achieved through t he use of a Varian back1olard wave tube oscillator 

and h1gh-pOll'er HAG TWT 1s 0 In the MOPA system, the sniffer will sm.ff the freqaen y 

,/8 
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" 
prior to transm ssion and will then either blank the video for the 
succeeding pulse (video blanking) , or nudge the f'requency by approximately 
5% prior to transmission (jam drift), depending on an evaluation of 
ef'fectiveness and ease of mechanization of these two proposed alternatives. 

40 HAG quote MOPA output as 250 KW peak power out of the antenna 
(which is equivalent to about 325 KW peak as measured i n the standard manner 
at the directional coupler - t hus roughly double the MG-2 peak power ) . The 
average pCf\ler delivered is stated to be 375 to 400 watts . With an increased 
repetition . frequency the duty cycle is • 0015 No change in pulse ler.gths 
are presently contemplated due, f or examp.1.e 0 to beacon considerations. 

Complete Anti~Chaff 

41 The di.fficulty with present anti chaf f drcuitry i s that pr otec 
tion is not afforded for those attacks which occur near the beam. Fer th• 
r eason, angular rate memory for the MA-1 radar is be ing developed. Thfa will 
probably be made a dual mode whereby the antenna tracking servo time constants 
and smoothing filters will be optimized both with angular rate memory and 
without angular rate memory s o that the system may be optimum in both the 
chaff and non=chaff modes . In addition, work i s being done with an Fl02 
against a B47 chaffing aircraft. The intent i s to get r ecognition criterfo 
by which anti-chaff circuitry may be evaluated . 

Provisions for IB Sub- S~s tem 

42 These are developments required for an IB/AI interlocked system 
with (hopefully) an integrated scope display . Detail planning is based on 
the HA.C proposal . Neither a Convair selection from among the three proposal~ 
nor a USAF decision as to further development and production funding will be 
available before next summer. Detail on IB sub system will be found at 
Appendix '1K11 • 

Differential Altitude Ranging __ 

43 Differential altitude ranging may attain an accuracy within 10% 
of true range and IIBY possibly be sufficient for GAR firing . (The 
a ccuracy quoted by WADC is 70% , marginal for GAR JY, inadequate for ot her 
GAR. ) It will definitely not be sufficiently accurate to permit the f1 r1ng 
of M&ol . 

44 Evaluation is to be carried out in an FlOl at Culver City. 
Prototype equipment is now being constructed , it will then be install ed 1n 
the aircraft and fli ght tes t is scheduled for commencement in Jun 59. 
Attacks will be conducted against an aircraft carrying an ALT 6 spot jaroruer o 
IFF equipment will be used to get exact range to compare with the range 
measured with the DAR equipmento Tes ting will be conducted under bo~h 
quasi static and lead collision course conditions . 

Advanced Passive Rangi~ 

45 Indications received at WADC were that they were prepared to 
buy a study on passive ranging techniques at thi s time, but were not pre 
sently prepared t o go further o Differential altitude r anging, ranging 
by manoeuver and angular rate ranging are all under study by Hughes . 
Fixed range lead pursuit or fixed range pursuit have been investigated 
theoretically but are not considered to be suitable at this time . BARON 
was studied at one period but is not presently under active consideratioi~. 
Further the Hughes BARON studies were directed towards range but did not 
conside~ the resolution of range rate through filter ing the doppler on the 
basic signals. 
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46 PACOR is a likely contender in the eyes of 'WADC. Some 'Work on 
this subject is being done at Hughes , presently company finan.e~. 

4~ PACOR has been under development by the Fairchild Cuided MissiLe 
Division 'With flight test activities being conducted in Cl23 aircraft The 
next test bed 'Will be an all weather fighter type aircraft. It is expected 
that production 'Would be possible in approximately tw0 years. 

48 The feasibility of this system has been proven. Ranges of up to 
50 miles have been obtained 'With an a ccuracy of appraocimately 90%. The 
accuracies have not been sufficient for use 'Wlth the MB l, but have been 
adequate for GAR type 'Weapons. (The accuracy is dependent upon the altitude 
and altitude differential, the ground roughness, the type of jammer 3ignal 
and with range rate (t his latter effect has not beer evaluated, but theoretically 
is of small consequence.) 

49 The present PACOR system utilizes an au.~1liary antenna pointing 
down to pick up the signal reflected from the ground (but does not have to 
measure the auxiliary antenna angle). A variable delay achieved by means of 
a rotating magnetic drum is used to compare the direct and reflected signals 
to measure the delay between them but tracking functions to make this pro~ess 
automatic have not yet been built in. Fairchild are to determine the ,ptimum 
configuration for the auxiliary antenna under terms of a recently negotiated 
three month contract. There are hopes for development of a slot array ant..ru;a 
either electronically or mechanically scanned, to eliminate the requiremen 
for the present type of auxiliary antenna . 

50 The counter to PACOR is a jannning signal with a delay fixed by foe 
geometry of the attack situation. WADC consider it 'Wlll be difficult, 
therefore for the jammer to counter PACOR. 

51 CHIRP is a technique of frequency modula :L:.g transmissio1 n 
finite steps using a frequenc--y stable oscilla tox. The method is to transmit 
for, say a quarter micro second at one frequency, shift, frequency slightly, 
transmit a quarter micro second at a new frequency, and so on for say 2.; 
micro seconds. The frequencies are again s tapped on reception and thus on 
the display the range resolution is effectively that attained 'With a quart..,r 
micro second pulse width9 but the range obtained is stii.l goul. since the 
pO'Jer per pulse can be held up. It is possible to get away from AMTI 
tracking problema and retain good resolution, This it~m is in an early 
stage of development and might possibly be available in approximately two 
years If adopted, the circuitry for this item 'Will be packaged into one 
of the present two AMTI bcJXes o 

Miscellaneous Items 

52 Some A scope development was done for he MG 13 fire control 
system, (the production status 'Was not ascertained). It 'Was stated that 
this might permit cross-over being obtained at approximately double the 
normal cross over range by virtue of an increase effectively in the signal 
to noise ratio, of about 5 db ( this is discernabili ty not trackabiL ty ~. 
The A scope als o permits better observation of chaff and range gate stealerso 
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The ECM threat for the 60- 65 period consi~ red by Hughes is an 
equipment of the ALQ 27 type, radiating 200 1,1atts vhi,•h vould provide approxi 
mately .6 vatts per megacycle over a 1000 megacycle band assuming an antenna 
gain :,f three. In a spot jam mode, it would be possible to get approximately 
f-0 watts per megacycle over a 10 megacycle wide band. If the Soviet.s 
concentrated on barrage jamming, they might possibly get a 10 watts per 
megacycie capability as an uppe limit. 

54 Travelling 1,1ave tubes for pre- amplification have not re~eived any 
wcrk at Hughes . In contrast Hughes have worked on Mazers to reduce t.he noise 
figure itseif. They believe it may be able to achi6ve several db of 
noise reduction . 

55 The idea of multiple gates for achiev ing a rap d re lock capabillty 
is believed not to have been considered by Hughes . HAG have investigated 
the possibility of causing the range gates to sveap rapidly over a small 
increment in range, with the centroid of th s area perhaps caused to ro, ~" t·y 
range rate memory. No plans exist for further vork on a rapid rGo~luck capab1,.1ty. 

56 The idea of firing alternately into a dmrnny load in order to se u up 
a "spoof" type of track ope ation has not bean .. ons1dered by the Hughes de ,;l p 
ment department.. 

5 It was stated that any CCM development beyond those fea•ures detaiied 
at Phase 2 of the programme would be items to be included on a retrofit 
basis only. 

58 The use of a dio data presentation as a CCM feature is being studied 
to determine if it would be a useful addition to the Fl08/LR1 system, I 
1s considered that, in conJunction vith the LRl pulse dcppl er audio CCM 
may be a valuable feature. Its use with older sty,1e radars (MA. lv MG, 2) 
is not considered to be able to add sufficient capability to justify development, 
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INFAA0 RED SUB".'SYSTEM AND OPTICAL SIGHT 

IR SUB SYSTEM 

l An activa ECCM program axj sts on the MG- 2 FCS in the CFl00. An IR 
sub system for the CF- 105 has been a continuing RCAF requirement , In both con­
texts information was required for use in project planning , This was obtained 
with reference to the proposed MA~l IB sub system for the F-::.06 interceptor, 
together with brief details on other USAF IB AI syst-ernB (current and under 
development). The information on other USAF IB AI sets is summarized at Table 1. 

TABLE l ~ USAF IR AI fjl~ 

NAME CONTRACTffi TYPE STATUS REMARKS 

AN/AAQ-,2 GE Search A mcdifiGd model under For day ight appli-
stood being worked OD, cation. All transis -

tur IBIS FCS, 
~0" colle~tair . 

AN/ AACJc, 5 m Search Two mcda~s availabl e. l sec frame time, 511 
collect(!:-, Sensitive 
in 1,8 to 6 micron 
range. Standard 
cryostat tachniques, 
Model 1 has 400 
elevation coverage, 
Elevation coverage 
and frame time cut 
to 13° and 1/3 sac 
in Moo.al 2. 

AN/MR 20 AVCO/GE Search/ Very old project. This is a 20 inch 
track Tests are to be com- system. GE are 

plated by end of Jan evaluating a mono= 
·-959. AVCO report cular ranging tech-
by March/April 1959. nique with GE funds 

on STAANGER, 

AN/AAR 21 ITT Search/ New since July 1958. This program is 
track a...vid Prototype model extending the basic 
ranging scheduled for delivery AA(lc,5 set by incrsa:s-

Augus.,, 1959, ing the collector to 
6 inches , adding track 
and rang1n~ ftlllctions , 
and putting in a 3 
micron cut- off to get 
rid of 1.8 to 3 micron 
clutter. 

o e e • f,/2, 



2 m dfac;usl!li:ng the ffi field at WADC9 solll6 c om;nents of a g,,meral 
na t ur e were madso US.I.F ~onsidsrs tlw.t the clutter and noise chs.racteristfos 
of state0 ·of ~·the~art equipment render it necessary for the operator to devote 
his compl ete attention to the search scope to acquirEi> a 'target0 The degree 
of con::entration requ.ired militates against succ:essful use of this t ype 
equipmemt in a singL, p:ace intarc:epta!" . 

Ill, P1°opcsals f,v F~l06 U I t SSIFIF 
3 If an m sub~system is installed in the F 106. it, will be CFEo Gonvair 
.invited bids from Alfion9 Aerojet and Hughes f or a system Gompatible with the AI 
such that, t,he IR and the, FCS may be slavi>d togsthero The operator i s to haYa 
the option of IR crr AI (hcpef\llly w:J..th the 1R data on the Al scope fo 811 

integrated display) o A pursuit mode with manual fir ing is to be mechanized with 
design development also t~ be directod towar d an automatic fir i ng capability 
(at least w:H,h the GAR 1s L These thr<;;e IR systems are ln a feasibility investi­
gation p!:-.ca.se o Gonvair i s expected to have assessed the bi ds and made a selection 
within six months, with production :items appearing about twelve months l.ater 
(mid 1%1 o 

4 The AVION proposal :!.s for' a .4xl degree cell, using a reticle and a f our 
bar s can to ooYer a t,welve degree f'ce Jl,1 (l)f v:!.ev through an irdome of approxl.mately 
6.5 inches dismeter . The Aei:oj at pr .:iposal uses a dual f°le l d reticl e t o a chieve 
see.rch and track . Ssaroh c overs a hollow core approximately 12 to 42 degrees 
wi th tra.::k::ing :!.u the cenu-a:. fieldo The conical scan is obt..ained by rotating 
the optics. Detail on these systems was not availabl e f r om USAF since each 
consists of a pl:oposal from one con+.ractor· to another, none ars y e t a USJJ' 
ftmded program and -:ia a i s ther efore proprietary at thls t:'..me o 

5 The HAG pr oposal is available i n AFHQ Tech/Library (Library Reference 
4975 ) titled ~l'fughes Inter iln IR Systems ~ 411504/13 dated 11 Novsmber 9 1958~0 
The design lsans hsavily on integrat,icin with ~.A.-1 FCS e l ectronics wheres.rei· 
possible. . Forr a s ingle :m head syst,sm the adde;d we.ignt due to IR .is estin:.ated a t 
38 l bs 0 A research model is unde:rgofog flight test in a GlJl ait'crafto The 
HAG pt' op,ased program envisages fabrfoation of an eng.inesr· ing model with B~57 
flight test to start March 1959 and production De.cemher 1959/J·anuary 19600 

6 Fousr ID.c<les are proi:-ose,d~ :rn. Track/Radar s· avsd, Rs.dai· Track/IR Slaved., 
S:!.mul tarieous Radar aoo IR Sea.i:"ch9 m Search/Track with Radar off o Some of 
the prop os ed capabilitiss arei IR ranging (powe:~ rate and/or angl e) , r adar angl e 
hold aga.inst cr.aff9 quan,:,ita.tive visual di spl ay of angle spoof .ianun.ing9 and 
passive att.ackso Ths1:1 e capabiliti<:;~ would r equire that the ccmputer memory ha1re 
added capac.ityo 

Note :s To obtain the quantitat:J.·,e, visual displ ay of angls spoof j amming effects 9 

~IR and r·adar antenna tracking srrr:xr signals would be c ompared for phase arii 
amplitude . The phase and w"Ilplituds differe.nce .i·.ould be a!a1lable to r otate 
a line on ths s c ope and to set tl11:> length of such 1:1:.l!e o ,Jms , in the preisence of 
a ngl e deception j anuning 0 a diap.l.ay ',rould be availabfo ahcrw!ng t he d irection and 
magnitude of error introduced into the AI r adar by the angle .;ammingo 

7 Ld.quid nitrogen t oolin,g is employed f or the Laad Selenidei dst.ectorso 
An in.d:!.um. a1·senida filter rejects radiation bel ow 3 microns. A saphire window 
aids in att..aining the long wave cut~cf'f of 5o 5 microruio The :!.rdome is silicon with 
? inch d iameter . 

0 00 0 0 /'J 
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8 T~e lR :Oe<'.'.d m.e chan~co,l .:1ssembly is readily ame,nable to 1'epa-::kaging 
o a variety of' shapes an1. a.;, sur.:h. i;ould bG adaptabl.e to a variety of 

instal1at1.ons sur.:h as dt.e._ w-1.ng .i oi:-t. durL side of fuse .age. :f orehead
9 

chin or 
fin etc. 

1 Tt,6 MA sy,; " ;;m 1 ,1 .JudES a •: on ~oraputing (.::.pt1.:al) furnd sight 
cal.ibrated f or GAR 4 and MB .l. manual e.t .acks. Do:::uments des~ribing this sight 
which are avai .abl e in AMTS Te ~ii /Library are (all unclassii'iad and filed under 
Library No. ~ 

a ) HAG Pr uct SpacifL::atlon PS 2=b90. Issue 1 (November 1957 ) 
"Si ght , Fixed Non omp,1tu:.g (65 ,.J75' HUG P/N 464169-150. n 

~ liAG Dra. - •• g o St ght F..:xe.d ,, Non ~omputing_ Outline & Mounting 
d1!Densions 464,l.69 :5 ,;o. 

(c HAG Drawing, Re t i cle Optical Sight 428993. 

l'1 f he. s i gh is cy:.indrl! aJ ~ll form,, 10.J"' inches long
9 

apprax:imately 2.75 
inches d:Lame t -s~ a.ad ls f itted wi th a collapsib e rudder eyepieee . I is a 4 
power tel es •ope wi+h a v ie~ f 5, 75 deg..· ees, ex it pup:L. of 7 .5 m.m., eye relief 
of 2.25 inches arid.eight -, tfole pates . The r e ticle pates provide an appro= 
priate HVY (HGavy a ir~:raf , nominally a 170 foot i.ingspan) reticle . and MED 
(medium air craft, nominal ly a 1. foot wi ng span) reticle at each of four altitude 

ranges o .... 8, 000r 18~36r 00'\ % :,. . ooo. 47. 000 up ). Each reticle cons i s ts 
of hree .oncentr ic rlr.gs, pr -viding f or correct firing range for IB GARp and 
MB=l . The retic.1.es axe bas;;.d or.· the conditions deta iled belo._. at Tabl e 2. 

IJ.t .._t :lde (' oon°s f eet ) 

Maximum l atm.ch range 
(intermedi ate dashed cfrcle ) 

Minimum launch rangE:i 
(large dashed clrcle ) 

S:roalL 1.mbr· ken en.le 

.3 

Latul,-h :Ma. ,4 "r, f'l O O O O Of') O 0 

Clo.q i .. g &i. • , • , • , 
Tail Aspeot (Jf.ax MB- • , 

GAR "' ' 

LAUNCH R&NGES 
(.lCYl 1s f Feeit) 

8 

. ,. 
300 f t/sec. 
15° 
2f1G 

15.5 

6 

47=up 

8 



HAO FIELD SERVICE AND SUPPORT 

APPENDIX "L~ 
TO Sl038 CN-l80 
DATED 19 DEC 58 

Refer ence~ AFHQ Tech Library 4997 

General 

1 Che of the ma j or divisions of the Airborne Systems Group of Hughes 
Alircraft Co. (HIAC) is the Field Service and Support J FS&S) Division 0 

411 organization chart of FS&S is conta i ned ut Rafei::~nc~ ]r?lJo:ve . This 
appendix covers the activities of two of the major; !lub.,sedtt\frr/!'lr, he 
Divis i on~ Field Engineering and the Radar Maintenance Depot: ' / 

2 The activities of the FS&S Division are based on the following 
support cons id era tions,; 

(a ) Training Personne l - Refer to Append ix 11N11 - The pr ogram 
covers training on the installation, maintenance and 
operation of the equipment and the training of mil itary 
instructional staff. 

The provision of maintenance and stock spares. 

(c) Tool and Test Equipment - Covers all aspects of standard 
and special tools and handling devices . 

(d) Handbooks - The production of installation handb ook~, 
operating handbooks , parts catalogues , maintenance hand­
books and training manuals. 

(e ) Facilities - Deals with installation, overhaul, maintenance, 
and training facilities. 

(f) Support Services~ Field modifications, product improve­
ment, provision of technical representatives and fie ld 
engineer s to user units. 

J "Required Support Studies and Planning1t o The support services 
provided for the user by HAO are developed from a time- phased consideration 
of the foll01,Ting elements g 

(a) 

(b) 

(c) 

(d) 

(e ) 

(f) 

maintainability requirements 

maintenance concept, e . g. an operational r equirement for a 
fast turn around will require a quick check maintenance 
facility and a rapid repair/replacement capability 

initial Quantitative Personnel Requirements Information 
(QPRI) - information on job analysis , numbers required, etc. 

training concept 

handbooks 

final QPRI 



(g) 

(h) 

(i) 

(j) 
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maintenance plan - layout of" maintenance facilities 
tabulation of equipment requirements at the flight iine 
and in the maintenance repair areas, etc . 

"System Support Requirements Sunnna.ry" - an end result of t he 
planning is ,the production of this smmnary of factual data 
which establishes the requirements for all support consider~ 
ation. The document is used by maintenance personnel at 
the tactical unit level, and serves as a check list on all 
of the support items required to carry out a maintenance 
task£ Does the unit have all of the necessary standard and 
special tools and test equipment? Does it have the proper 
quantities and types of ground handling equipment? etc. 

4 Comment. Close liaison with FS&S will be needed to ensure that 
RCAF requirements under the various headings listed above will be met with 
a minimum of cost and delay, 

Radar Maintenance Depot 

5 An integral part of the FS&S organization is t he Radar Maintenance 
Depot at HAC , The maintenance concept for the MA~l and the associated 
radar and special test equipment is to operate it to failure r ather than 
to institute maintenance on a periodic time expiring basis, (J, MacArthur 
at WADC advised that the Production MA=l is now running from five to seven 
hours between failures, ) 

6 Repairs on any of the MA-:j. sub- systems which are beyond the cap-
ability of the shop level maintenance staff (refer to Appendix ''M") are 
forwarded to the radar maintenance depot, This depot occupies an area of 
139,000 square feet and contains a $5,0009 000 inventory of special tools 
and test equipment (USAF and HAC mroed) and a further $100, 000 worth of 
equipment is being added for the Arrow Program. 

7 The depot repairs the equipment on a first- in, first- out ~sis. 
RAC keeps an estimated JO- day supply of serviceable parts and sub- assemblies 
on hand in t he depot, This stock is drawn from Air Materiel Area, 
Warner-Robbins Air Force Base, Macon, Georgia, When an unserviceabl e item 
is received at the depot9 the unserviceability tag is used as a unit demand 
and a serviceable item is forwarded as repl acement, The unserviceable 
equipment is inspected visually and replacement parts are drawn from repair 
stock, The unit is repaired, tested and pl aced in the serviceable stock 
area for shipment when required, 

8 In addition to being repaired9 the equipment is up- dated at the 
time of overhaul , .1111 of the modificati ons which the equipment lacks are 
incorporated in to it while it is undergoing repair , A restriction on any 
such modification is that it must not affect the interchangeability of the 
equipment among aircraft, The modifications , therefore, are mainly of 
the product improvement typeg improved circuit changes, substitution of 
better radio tubes, etc. If the costs of making such modifications are re­
imbursable HAC must request permission from the user t o incorporate the 
modificati~n. If the modification is a company cost item no such appr oval is 
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necessary. HAG advise that they have requested re:tmbursement on such 
items only twice in the past eight years. 

9 At present, equipment turn- around time is 2.0 weeks. The depot 
processes 1009 000 major assemblies each year and 609 000 bits and pieces or 
subassemblies . Repair costs run between 8 percent and 10 percent of replace 
ment costs. For items not available from USAF stock, the depot has I.PO 
authority from Warner- Robbins AFB. 

10 Comment. If an Arrow Production Proeram is approved, a number uf 
items related to depot operation will require considera tiont 

(a) Location of the Canadian depot facility - at the present 
time HAG serves as depot for U5AF bases west of the 
Mississippi River including Alaska, the Pacific area and 
Japan, while Warner- Robbins AFB serves as depot for 
the European Theatre and for units east of t he Miss i ssippi 
River. 

(b ) Wow.d Warner- Robbins or HAG be used as a back- up depot 
for some other prime depot? 

(c) \lhat degree of assistance (technical and administrative) 
would be required from HAC in setting up a separate depot? 

Technical Representatives 

11 A prime function of the FS&S Division ls the trainmg and pr ovision 
of technical representatives and field engineers to support the maintenance 
pr ogram at tactical units. USAF ADC are planning on a single Fl06 squadro 
per base with eighteen aircraft per squadron. Faced with a high turnover 
rate among technician airmen the USAF will r ely heavily on technical repre­
sentatives assistance. For the Fl06 missiles one technical representative 
will be attached permanently to the base. For the Fl06JM!!.-l sys em the 
present planning figures aret sixteen technical representatives per base 
for the first six months of operation; of these sixteen, nine will rema in 
for the second six months ; of these nine, six will remain for the second 
year of operation. After the second yeai- three technical representatives 
will be attached permanently to the base for the fire control system. 1t 
should be noted that the above figures do not include technical re{l!'e sentat1ves 
attached to the base as part of the Fiel d Training Detachment (FTD). R.6fer 
to Appendix "N". 

12 Comment. With the retention of relatively l arge numbers of 
technicians with experience on previous fire control systems a substan ial 
reduction in the number of technical representatives required by the RCAF lan 
be expected. 

~tory Production 

13 The team visited the HAC production facilities at El Segundo near 
metropolitan Los Angeles . The plant is large , -well equiped and uses many of 
the most modern production techniques. Present production value of the outp~t 
exceeds $3, 000, 000 per week. 
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MAINTENANCE9 TFST EQUIPMENT9 GROUND HANDLING EQUIPMENT 

Reference: AFHQ Technical Li brary::i No . 4961 (Maintenance) 
No. 4962 (Maintenance) 
No. 4945 (MART) 
No: 8~51 (Cooling Air) 
No. 8256 (Main enance ) 

Maintenance 

1 HAC provided the early recommendations for the mai ntenance con-
cept. I t was recognized that automatic check- out equipment would be required 
to minimize time and wear on the separate component boxes of the system. 

2 The basic rules which defined the concept werei 

(a) Squadron aircraft would operate with a short scramble 
time therefore? not more than five (5 mi nutes would 
be available for serviceability check" oilt, 

(b) If a 11 00 11 signal was received on a short system check, 
the confidence level in the signal should be such that 
there woul d be a 75% - 85% probability of mission completion. 

(c) If a "NO GO" s ignal was received, an indication was wanted 
of what subsystem was at fault . 

3 HAC fell that t hey are meeting the requirements by the use of 
the following: 

(a) Mobile Automatic Radiation Tester (MART). The MART is 
a trail er fitted with receiving and low- powered trans­
mitting equipment and is designed to check out the 
communicat ion- navigation subocsystem and certain portions 
of the computer and fli ght control sub- syst~ms, on a 
"GO-NO GO" bas i s in 56 seconds . The vehicl e operates , 
unattended, from an unobstructed area within a mile of 
the fli ~ht line . The operation of the unit is described 
in some detai l below. 

(b) Self check features on the separate sub- systems , If a 
"NO GO " signal is received from a MARTp the fault can 
usually be assigned to one of the sub- systems. The 
technician then institu es a self check procedure on 
that sub- sys tem, and the check is designed to i ndicate 
the specific box at fault. The fligh t line r epair which 
the technician carries out i s limited to the substitution 
of serviceable boxes . A time period for compl ete fault 
i sol ation to one box is approximately 4 minutes . 

4 A continuing program exists to mi nimize the number of maintenanc13 
controls 

O 
Four hundred have been eli minated so far ; two hum.red remain 

of which only sixteen need testing wit h t he complete system operating. 

0 0 0 0 ./2 
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Maintenance Levels 

5 There are four maintenance l evels~ 

(a) Flight Line 

To carry out flight line maintenance the technician 
requires ground power v ground c ooling, a MART, a Shor t 
Ground Test Panel, a check list and the self test 
fea t ures of the sub=systems. His responsibility is 
l imited to carryin~ out the test checks and replacing 
unserviceable boxes i n the system. 

(b) Dock Leve l 

Periodic routine maintenance is carried out at the dock 
level. A dock shelter is requir,eq, e~ectrical power 
and cooling mus t bs provided' ari ~/ sy1:{l.em,.,.¼st , benches 
for each cf the five sub- systems must be ~i-l/i.;bJ.lf:i radar, 
c omputer •. communication- navigation- l anding, flight control 
and measurement, and t he system power supply. The test 
equi pment is mounted on mobile racks so that it may be 
taken to ths aircraft for sub•· system checking if necessary. 

(c) Shop Level 

Repair of bits and pieces within a s ub=system box is 
carried on at the s hop level . Modification work and re­
programming of the compu ter are done at this level. The 
most highly qual i fied technicians are employed in this area 
and, as in t he dock level area, t hey require power, cooling 
air and a c omplete se t of the sub- system test units. 

(d) !)epot Maintenance 

Refer to Appendix 111 11 • 

6 Fault Finding i n t..he dock and s hop level areas is a i ded by the 
use of a separate t.est drum i n t he digit.al c omputer. The tac tical 
computer drum c ontains the program for the navigation and attack phases of 
the interceptor. In addi t ion, a pcrtion of the dr um capacity is pr ogrammed 
to process t he MART testing signals. Far more complete shop testing of the 
system9 t he tactica l drum i s removed and is replaced by a test drum which i s 
programmed to check sub- system operation in detail. It a fault i s pres ent 
in the sub,, system under test9 the computer stops operating at a parti cul ar 
point in the program and the malfunctioning part can be located by a visual 
interpretation of the osciAlograph displ ay or of the particular c ombination 
of signal lights on t ,he computer panel. A complete test of all the circuitry 
i n the subsystems using this equipment r equires six hours. 

Maintenance Test Stands 

7 A total of seven test stands are needed for shop maintenance . 
The allocation per sub~sys tem is~ three s tends for the c omputer sub- system, 
two for t he radar (FCS ) sub- system, one stand for the communica tion~ 
navigation- l anding sub=system" one stand for t he flight control and measure­
ment sub- system and f or the power sub- system. 

o o o o/J 



8 A large part of the i.riring in the sub-system b=es is i n the 
f(l!l'.'1]l of printed circuitry on wafer cards a pproxi~tely four· inches square 0 

A wafer wi t h its associated resistors a nd condens ors i s easily removable 
f rom t he b ox assemblyo The t-est drum in the compuer can i s olate a fault 
do'Wll to t he wafer level. The wafer ca n t hen be located, removed and checked 
on a s eparate tes stand . The operation of bis stand is comparabl e to 
that of a commercial tube tester. Tha wri,f'er is inserted into an appropri ate 
slot9 proper voltages are applied by se· ting dials in accordance with a check 
l ist a nd an indication of the serviceability of each e l ement on t he wafer 
appears on the test dials , A fault is thus i s olat-ed t o a particular element 
in the circuit and is wirrected by standard shop repair practices, 

9 The equipment boxes for each of the sub systems are designed as 
plug in units o The inputs and outputs of each b,:l!K are available on pin 
connectors that are plugged direc ly into receptacles on the aircraft r ack, 
The maintenance test stands are designed with the pin receptacles so that 
t he e quipment can be plugged directl y into the s tands. This des ign makes 
the su?istitution of alternative equipment extrerfifjlt~ j,f,ficult, For example, 
in accordan e with ROO' planning for lJHF a:ircraU ' ·,, J ~might 
a ppear desirable to substituta an ARC 52 equipment "f"l!Pf.il,~~~:lf •· equip-
ment in the MA· L However" such a substituti on would entail a 
redesign of the equipment to fit it into he space configura ion available on 
t he communications rack and on the maintenance test rack , If a complete 
c ommunications-navigation facility was subs-tituted to avoid such unit 
redes ign9 it vould be necessary to provide self checking features " on the 
equipment to minimize serviceability check time, The maintenance .. test stand 
for t he nei.r c ommunications package would then require redesign, Sugges tions 
for substitution of equipment in aTiy of the sub-systems should 0 therefore, be 
exami ned carefully to insure that the impact of such substitution on the total 
integrated system~operational ar.i maintenance i s understood. 

10 The Mobile JAu+omatic Radi ation Tester is utilized in t he followi ng 
manner 8 A t 13chnic'-:an in the aircraft sele ct,\11 •1one of the four MART computer 
func tions - sys tem tests MCC data link9 CC data link or unit test~and listens 
ou t on the a l l oca ted uhf MART frequency . If the MART equipment is testing 
anot.lier a ircraft at the tims o the technician hears a busy s ignaL As soon 
as t he .l"requet!ey- is clear9 he presses an interroga tion button in the aircraft o 
If t he technician has asked for a full system check9 the following opera t i ons 
take pl a ce~ 

(d) 

(e) 

The MART recei,res t-heinterrogating signal on an ARC 270 

A decode;,.• b ox tn the trai er activates the MART unitso 

Instrument landing signals are radiated from MART and a r e 
race ved by the aircraft, 

Simulated TACAN s gnals are radiated and the informat ion 
appears on the cockpit hori zontal situation i nd ica tor , 
In addition

9 
the computer enunciator indica tes "OK" - the 

standard indication for the reception of TAClN signal s in 
the Ma.=lo 

An ID' signal is transmitted t o interrogate t he aircraft. 
The MART equipment compares t he repl y wit,h t he kno-wn 
reply, If the equipment is functioning correctly9 a four 
hundred cycle tone is transmitted to the aircraft l ater 
in t he test via t he data link voice channel, 
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(f' ) A data link signal is i:l'ansmitted by the MART. If the air~ 
craft equipment is c,perati~g correctlyp the following 
indi cations appear in t he cockpitt 

(i ) ~DL" ,i.ppe s on the computer enunciator. 

(ii ) '.t'ne tiloo- i:rgo (t o offset ) appears on the s cope. 

(iii ) A st,e,ering s i gnal is displayed on the HSI. 

Grcw~m.Gnt 

ll Ccoli.Qg _!!t ~ The MA~l r equires refrigerated air when it is 
operated on the ground. HAC ma!ntenance facilities at Palmdale, California, 
have tested t\l'O ground air c ondit,ioning units f A REGO provided for t he USAF by 
Convair and an American Electronics model~- (Amer i can El ec tronics , Inc., 
El Monte, Cal ifornia ), The REGO model wa$ assessed as unsatisfactory because of 
unreliable service and t,h.,, extremely high 'noise · level of the equipment. 
Members of the r e.p or t:h1g tea.m car confirm the objectionable hoise level of the 
equi pmen • !n t-he .'30C-6UO cy~l e per band9 noise measurements taken ten feet 
from the equi pment. va :ied in i ntensity bet ween 96 db and 115 db, while the 
general noise level of ':.he hangar area was 64 db , HAC advise t hat they have 
arranged purcha&e of four.· A1110ricar1 El ec tronic Model No. MA 3- MN, an electrical 
dr iven (440 vol ts ) air conditioner- , Ths equipment is said t o be more reliable 
and quie t er t han the KECO models. Specifications for t his modal (a gasoline 
driven model s alsc availabl e ) have beem passed to AVRO by HAC, Purchase 
pr i c,e is appr r_ximatel y $15 0 000 = $1~,ooo per unit, depending on the quantity 
order ed. 

12 Gr -und~l" = The. MJtu1 sys~m, including a l l planned improvements 
will require 22 KVA f el e ;: t rfoa.i. p c"Wer fctr ground operaticr.., HACFPalmdale 
use an American El ectronics 40 KVJA gr ound power unit Model M!)o J . A modi fi~ 
cation kit is ne cessary wit h t.he nn:i t to maintain voltage readings within the 
tolerance needed i,1 th,;, MA=:: . Comrair has all the ir..formation available on the 
modificat i on . 

J Gx-01.mc!_ Handling E,,n;_tJm1.e,Z!.+ - The final confi guration of the haIJdling 
equipment for maintenance, lr1 not, 1st c ompl ete. WADC favour lfpush up~ units 
to hoist equiprner,t into pl a .,s9 whi l e ADC want crane type equipment, Ona 
eql!ipmsnt, that. has been ac<;Gpt ,e,d is a d oi.ly=mounted winch used to remove, 
carry and repl a ce the Tadar d i.ah and the associated RT package. The equip­
ment was des igned t o ssrve t ,he F=l06 and it will need a height modi f ication 
if it is to be used on t.he A:n u;i; , 
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1 The MA-1 system is comprised of five interdependent s ub-systems each 
of which bear varrying degrees of resemblance to contemporary conventional equip­
ments insofar as circuit detail is concerned but very little simil arity fro:n t he 
as pects of form factors, layout, testing, fail safe , and maintenance concept . 

2 Because of the inter marr i age of equipments f rom the armament, 
corrnnunications, radar, instrument, and electrical fields there is a need for a 
systems technician capable of checking out the entire system to verify that it 
is serviceable. If it is not serviceable, the systems technician should be 
capable of determining the location of the fault and exchanging the faulty 
assembly, It is not necessary for him to be1.a ~pecialist in all the allied fields 
nor is such an achievement practically possible. Specialists in each of the trade 
fields should be capable of all levels of field maintenance on their respective 
equipments. 

3 The USAF plan is to train the bulk of their technicians on t he MA{ 
system, in the field, through the use of Mobile Training Units (MTU) with the 
assistance of permanent technical representatives from HAG. There will be three 
HAG tech reps for this purpose for each squadron of 18 aircraft. The Mobile 
Training Units, which are described in Appendix 110 11 - Training Aids, normally 
come to a squadron three months in advance of receiving the 1".AI fitted aircraft. 
The first MTU will go to McGuire AFB in New Jersey about the 1st January 1959, 

4 Air Training Command USAF now have technicians on courses at the HAG 
plant. It is their intention, as soon as they have enough competent instructors, 
to phase out large scale contractor training and to give their technicians initial 
training for the MAI system at Lowry Air Force Base. 

5 Hughes Aircraft Company is currentl y providing training courses for 
personnel of the USAF who will be employed initially on maintenance of the MAI 
system and who will serve as instruct or s at Lowry AFB and on Mobile Training 
Units. The f ol lowing table s hows t he course specialty, the USAF career field 
of the personnel on each course, the duration of courses, the number of personnel 
in each category r equir ed for a squadr on of 18 a ir craft , the maximum number of 
students per training equipment and the s kill levels r equired by t he entrants~ 
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lr.,AF Duru t ion No Hequir ed 1·.axir,um Skill C, urso Career of Course per ~qdn of Nm•'er Level of Soecial t;i: Field in \.leeks 18 Aircraft 2er Tr ainer Entrant Notes 

YST"BM 322X0 26 9 10 5-7 l 

RADAR 322XO 22 4 6 3-5 1 

C0MPUTi.m 322X0 24 4 6 3-5 1 

FLIGHT CON-
TR0L & 322X0 15 4 6 3-5 1 2 MZAS UREMENT 

CN an:! L 301X0 15 3 6 3-5 3 
PO,JER 432XO 9 3 6 3-5 4 
TEST EQUIP-
MENT 324X0 22 2 3-5 5 

GAR 3 
MISSI LE 311X0 12 2 3-5 

NCJI'E 1 - Technicians on these courses are basically radar trained. The systems 
man will normally have had a longer and greater experience in the 
field. 

NOTE 2 - FC&M technicians also do an additional four week course at Gonvair on 
flight integration. 

NOTE 3 - Technicians on the CN and L course are basically the equivalent of 
COllllll techs. 

NaI'E 4 - Technicians taking the power course have an additional training i n 
electronic fundamentals before reporting to HAG. 

NCJI'E 5 - USAF has basic Trade Test Equipment Technician. 

6 HAG capacity for training is 50 students per course (25 per shift, 
2 shifts) on the system and 30 students per course (15 x 2) on sub-systems. 

7 Potential instructors for the USAF receive the same training in the 
plant as maintenance personnel. The USAF take care of their own requirement f or 
the instruction on handling courses, techniques of instruction, etc. Each USAF 
squadron of 18 aircraft will have three HAG tech reps assigned permanently 
for training purposes. These are in addition to the field service representatives 
provided for maintenance on the scale of: 

16 -
9 -
6 -
3 -

for first 1 to 6 months reduced to, 
for 6 - 12 months reduced to, 
for 12 - 24 months reduced to, 
for 24 and subsequent months. 
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8 HAC representatives indicated that training courses could be made 
available for the RCAF. 

9 In addition to the above, HAG are providing the following courses 
for staff personnel and operators~ 

(a) Supervisors Planners Course (for Staff Personnel) 

This course is of 3 weeks duration and accommodates 
12 persons per course, It is designed to give staff officers 
and other management people a knowledge of the overall MAI 
system, its capability and support requirements, 

(b) Pilots and Operators Orientation Course 

This course is of 8 days duration and is designed to familiar­
ize Pilots and Operators with function and manipulation of 
controls, interpretation of displa~i\nd. gene.ral considerations 
which help the operator get the be1j fi:tuJ:J:.'l,'lft">Pf1 the, w,e of the 
equipment. ut.n;j~#t ED 

10 The cost of courses to the USAF is approxinntely $3,25 per student hour , 
Thus a technician 1s course of 26 weeks or 1040 hours at $3,25 costs about $3,300, 
This covers the cost of course preparation and tuition but does not include 
anything for training equipment cost, or spares support and maintenance, The MAI 
systems and sub- subsystems now at HAG for training are the property of the USAF and 
loaned to HAG for training purposes . 

ll The cost of the Supervisor's Planners Course approximates $3,500 far 
12 people for 3 weeks and for Pilots and Operators $800 to $1, 000 for 10 people, 

12 Advance notice required for courses runs at 4 to 6 weeks for pilot/ 
operator, 2 months for supervisors and planners and three months for technicians. 

13 H&C has unofficially quoted AVRO a price of $800,000 for training a 
total of 126 RCAF technicians in two courses of 63 weeks comprised of 12 systems 
techs and 9 sub-system techs in each sub-system, This price is understood to 
cover course preparation and tuition but does not cover training equipment or its 
support and test equipment, 

14 The USAF course numbers applicable to each of the above courses are 
as follows~ 

System SM32251A-7 

Computer SM32251A- 4 

Test Equipment SM32251A- 6 

FC and M SM32251A- 5 

Radar SM32251A~3 

Power SM42350-72 

CN and L SM30150-7 

GAR 3-4 SM31170E~5 

Supervisor Planner SM3234A~l 

Pilot Operator NUJDber not obtained 
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Mobile Training Unit_j_.!:l.TIL.Lsili~tl 

1 Informa ti on from Sgt, Ramo a t WADC~Convair procured a 
nine pane l mock-up of the MA -1 syste m a s pa rt o f the MTU. The 
pane ls a r e c apab l e of be i n g c onne ct ed to stimulate to some d eg r ee 
the op e r a ti on of t he whole sys te m, The pa nels a r e c onne ct ed by 
50 foot c ab les to permit u s e in separa t e r oom s, The first MTU 
wa s a cce p t ed by the USAF on 2 6 Nov 58 and has been loa ne d to 
Conv a ir for the F·106 sc hool. An instructor training co u rse was 
finished on 17 Dec 58, The first USAF MTU will be locat ed at 
McGuire AFB, in New J e rsey. The cost of an MTU for the Fl06 
consisting of 26 pan els is over $ 1 ,000,000 and the pric e doe s 
no t include the set of MA-1 equipment which is GFE, a t a cost 
of abo ut $800,000 to $900 1 000. Power is derived fro m a 220V 
40 H.P. motor driviRg the a ircra{t eq~ipment, a nd i n addition 
a n APU is used. Th ere is no GAR equipmen t , only cha rt s, 

§ch oo l EquipmeAt 

2 Informa tion fro m G, Goebel of HaC, The equipmen t used 
~ t the HiG school sin c e it s t a rt e d ~e c 57 includes literature, 
c l assroom equipment, MA -1 Ma inten a n c e Benches, GAH Ch e ckout 
Equipmen t , '''Cra zy Nos e s"', Field Test Equi pment, a nd Test Equi p ­
ment for Maintenance Equipment, 

3 Reference Handbooks a r e, T.O. 1 s on the MA-1, numbers 
T,O. llFl-MA l-12-1 to -5, a set of technic a l pa pers for ma in­
tenance training on Radar set /AN SPS (XN-1) a nd other subjects, 
a lso the document HAC MA- 1-1-S, 

4 Clas s room tr aining equi pme nt is:-

( i ) 
(ii) 

(iii) 
(iv) 
( V) 

Schematics 
Bl ock diag ra ms 
Tec h nical descr i p tion• 
Text workbooku pr od uced by the s c hoo l 
Te s t s, wri tte n, and p r ac t-ic a l on a ctual equipmen t, 

5 MA- 1 Ma intena nce Benches unmodified,- The se e xist for 
f ive sub-system sp ecia lt ies . Th e y a r e no t interc onne cted e xc ep t 
for a common po we r sup p ly, An a dditi on a l ~e t of the po wer s ec ti on 
of MA-1 is re qu l red to provide the power f or opera tin g, thus leav ­
iag th e power be•ch complete for s tudent train i ng u se. 

These benches are:-

(1) Rada r Maintena•ce Bench 
(2) CN & L Ma intena•ce Bench 
(3) Flight Con tr o l a nd Neasurem e a t Be nch 
(4) Po wer Sys t em Maintenance Bench 
(5) Co mputer Ma intenance Bench 
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6 The Power Requirement s of M A-1 Syst em Test Benches 
a t the Technical Traini ng School by actual me asur ement are as 
shown below for each se t, on the average:-

'l'ype Pow er 
400cps 

28V JOOV 150V -1401 J@ 
400Cpil 

10 
28V 4oocps 

1600 cps CVAC GVA~ 
60 
cps 

Am ps Ma, Ma, Ma, VA(0,9PF)VA(0,9PF)VA(O,PF) Amps VA(o,75pF Amp1 

52,7 232 7 5216 3352 142 9 1933 
, 

11,6 189 2o9 263 J6 

64.J 2516 5505 J615 1429 1969 6872 

~ ~.Sa . if/38.9 

55. a' , , • 

105 

105 

This a pplies to Squadron Shop or Training on MA-1 and 
would be different fcir MA-lC. See .MA-1 Test Equi pment Master Index 
Dwg, #464000-507 Rev, R, and Master Index for MA-1C/CF105 Mk, 2 
(Arrow) Weapon System, 

7 GAR-J/4 Checkout Equipment is as follows:-

Voltage ~ Current 

CHECKOUT CON SOLE - HAG - 177000 

11 5-230 V,60 cps single phase, J wire 

or 60 amps per phase 

two 115V phases and neutral of 208V, J phase system 

MAINTENANCE CONSOLE - HAC - 177001 

115-230 V, 60 cps single phase, J wire 

or JO amps per phase 

two 115V phases and neutral of 208V, J phase system 

or 

115V, 60 cps single phase, 2 wire 
60 amps per phase 

one 115V phase or and n eu tral of 208V, J phase system 

AIR COMPRESSOR - HAC - 156906 

208V, 60 cp11 three phase, 4 wire 25 amps perphase 

14KVA 

7K.VA 

16KVA. 
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MOTOR GENERATQR (WSEfil - HAG - 187196 

208V, 60 cps three phase, 4 wire 9 ampa per phase 

NOTE: ONE ADDITIONAL WIRE TO EACH PIECE OF EQUIPMENT MAY BE 
REQUIRED TO PROVIDE GROUNDING OF EQUIPMENT FRAMEWORK 
IN ACCORDANCE WITH LOCAL PRACTICE. 

8 Syatem "Crazy Noaea• or Three-dimeRaional Syatem 
Trainers. Sy1tem training is given on these not ■ub­

syatem ■ pecialist training. Five students can train on one 
•crazy Nose~• at a time. A "1Cflfhl ~~se• contists of a tubular 
frame 1rnpport ing the MA- 1 racl£1Jfi"j_J] <lf_j ('r1fli ,e r.-.q.,o, ckpi t in approx­
imately realiatic configuration wY~'l.~~Jii-~A a radar dummy 
load aad a power supply. The Ground Power' "u!4dii.sed in MA-1 
Training (Long Life Type) can alao be uaed at a Squadron, 
Data i •: - -· 

Input 

Out put 

220/440 Volt, 60 cy,, 3~, 200/100 Amp, 

11 5 I 2 0 0 V O lt • 4 0 0 0 y . • 3 ~ • 2 0 KV A • 0 . 7 5 p . F . 
115/200 Volt, 400 cy. ,3~,5 KVA,0.9 P.F. 
115 Volt, 1600 cy., 1~, 12 KVA, 0 , 9 P.F. 

28V DC,, 75 Amp. 
28V DC., 100 Amp, 

-140 Volt DC . , 7.5 Amp, 
./-150 Volt DC., 7.5 Amp, 
/Joo Volt DC., ).5 Amp 

Description - Generator Set - Portable, Motor Driven 
Type AF/ECU- 10/M 
AEI Part No. 4-408100001 
Model No. EPM 2261 
CVAC Part No. 8-96025-8 03 
CVAC Spee No, 8-06453B 
T,O. f35C2 - 2-25-44 

A changed ground power unit may be required for the MA- lC system, 
A •crazy Nose• costs abou t $25,000, fbr pump and fram~ $15,000. 
for cabling, $900,000, for the MA-1 and $20,000 for the p ower 
supply, for a total of $960 1 000, The air pump delivers a bout 
6½ inches pressure of air but oooliAg has been deficient some­
times in h ot weather. Utilization has beeR 85%. Maintenance 
is re quired . 

9 Field Test Equipment - It is set up in portel:lle st a nds 
called •Dock Maintenan c e Stands•. There is one f or Radar, one for 
~N&L, one for Flight Control and Measuremeat and Power, and four 
others. They were designed by HAC but are supplied by Warner 
Robbins AFB at Macon, Georgia, 

10 ARoth~r item of field test equipmeRt is the Mobile 
Automatic Radiating Tester, or MART which when interrogated by 
aa MA- 1 set by radio then gives a cyole of various radio signals 
i~ a period of 52 seconds to test the communications gear of the 
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M~-1. Two minute fault finding signals may be commanded i• 
any of the channels, It is normally not manned, It gives a 
failure warning if it goes out of order, It iz ,ffective for 
one r.ile dist a nce in a JO degree cone, 

11 There is test equipment for the Maintenance 
Equipment and a course is give• on its use, A trade of Test 
Equipmeat Technician exists. 

12 CREW TRKINERS Fligh t Simulator - Since it 
is procured f rom Link HAC c od ld not tell us about it except 
to confirm tha t it includes V.A.-1 si mu l a tion, Sgt Ramo at WADC 
st a ted tha t it includes MA-1 and ARDC vertical instruments. 
The delivery date is Jun 59, There is no fOCkpit procedure 
trainer. 
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APPENDIX "P " 
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1 The Cockpit Sub- System consists of those parts of MA- 1 which are 
located in the two cockpits, In addition to this MA- 1 sub- system, the cockpits» 
of course, contain environmental equipment, escape equipment, manual flying ~on 
controls, engine controls , engine instruments , flight instruments and some 
miscellany, Of these , the flight instruments must be mentioned here because 
they may be closely integrated with i e MA- 1 system if desired , Independent 
flight instruments may be chosen or f_!§ truments may be operated remotely from 
the MA-1 Flight Sensing Sub- system, Tbr.r ARDC new instruments are of this latter 
class and have been described in some a, tail in Appendix "F 11

, 

2 The cockpit controls and display for, the MA- lC are listed in detail 
in the Master Index, HAG Report No. 470000-lQO, Preliminary Issue, ref No. 4359, 
The MA- lC items in the front cockpit include:+" 

3 

(a) Radar scope, No. 476080, on panel • 

(b) Optical sight, 464169, on panel 

(c ) Radar indicator control, 435071, on panel 

(d) UHF Command Preset Channel Indicator 081, on panel 

(e) Control, Frequency Selector, Communications, 464505, on 
console 

(f) Control, Receiver II.AS, 464755, on console 

(g ) Control Panel, Transfer Relay, 470105, on console 

(h) Armament Control Panel, 470805, on consol e 
(j) Control, Flight Mode , AFCS, 464163» on console 
(k) Converter Signal Data, Cockpit Disulay No. 19 464, 520 

The Mbl.-lC i terns in the rear cockpit include~ 

(a) Control Panel, transfer relay» 470105, on console 

(b) Control, Radar set, 464305, on panel 

(c) Radar scope, 476080, on panel 

(d ) Control, Radar Set, Azimuth Scan and Hori zon Ad justment, 
470855, on panel 

(e) Control, Antenna, Hand , 470019, on console 

(f) Filter, light , cathode Ray Tube, 464025, purchased from 
outside vendor 

(g) Visor, Cathode Ray Tube , 464125, purchased from outside 
vendor 

(h) Control, Radar Set, Identification, 464555, on console 

(j) Control, channel selector, TACAN, 464405, on panel 
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(k) Control, Frequency Selctor, Communications, 464505, on panel 

(1) Control, Power-System, 476905, on console 

(m) Control, Converter- Receiver C2558/Aliffi (Separate Contract) , 
464019, on incorporation of Time Division Data Link 

(n) Annunciator, Computer Mode, 464034, on panel 

(o) Control, Coder, Decoder, 464655, on console 

(p) 

(q) 

(r) 

(s) 

(t) 

(u) 

Control Selector - Auto- navigation, 464955, on console 

Indicator, Horizontal ~ ~ion, 470180, between man us knees 

Relay Assembly, Control ~/":;'~er~ 470764 
~~' 

UHF Command Preset Channel Indf-,~~ 081, on panel u ., 
Panel, Self Test, 464796, on conso~ ~ 
Rack, Electrical Equipment, 464002 

(v) Rack, Electrical Equipment, HSI, 470102 

(w) Converter Signal Data, Cockpi Display No.2, 464620 

(x) Control Converter, Bearing Select Switch, 4641.hJ. 



ECP Procedures on MA-1 Program 

Discussions at WADC 

1 The following notes outline the discussion held at the Electronic System 
Branch (ESB) of the Airborne System Laboraties, WADC, on ECP (Engineering Change 
Proposals) procedures for the HA- l/Flo6 Program: 

2 

(a) There are two types of ECP : (i) Convair ECP (ii) HAG ECP. Certain 
Convair ECP ' s crossover on HAG ECP ' s and vice versa. Thus HA- 1 ECP's 
from HAG go to the ESB and meet the Convair ECP which is sent over 
from the Fl06 Weapons System Project Office (WSPU), Conversely , Fl06 
ECP ' s go to the WSPO and meet the HAG ECP which is sent over from the 
ESB. 

(b) There are two categories of ECP: routine and mandatory emergency: 

(i) On routine ECP' s , the contractor goes t hrough normal channels to 
AMC who forward it to ESB for technical review. ESB may call on 
the laboratories for technical adv ic~: A WADC position is then 
sent t o AMC . If retrofit is involved , an A~iC/AMA (Air Mater ial 
Area) takes over for kits, etc. 45-60 days are usually required 
to get contractual author ity to the AMA. The AMA has people at 
the contractor who take immediate steps on retrofit. This is 
called the "failure to fix" group. 

(ii) On mandatory emergency ECP ' s , the contractor submits the ECP by 
TWX to ESB and AJ~C (fighter branch of aeronautical equipment 
division - LMEGF) . LMEGF takes care of the whole AMC problem. 
ESB handles the technical situation . A five day target dead-
line is established for technical analysis. AMC require an 
additional three days if an indication of approval or disapproval 
is phoned over by ESB . If this ECP effect s Convair , F106 WSPO are 
called in and are given the same five day deadline. 

The off ice symbol of ESB is WCLOOE, and of Fl06 WSPO is RDZSDG . 

J If there should be a substantial RCAF MA-1 program , Mr. Stegner (ESB head) 
recommends that an RCAF officer be attached to WCLOOE in order that ECP ' s would not 
hit the RCAF cold. 

Discussions at HAG 

4 The following notes outline the discussion held at HAG on ECP procedures 
for the F106 program: 

(a) There is a joint HAC/Convair plan for joi t ECP's . If there is an 
RCAF program , a copy of th i s plan will be available. 

(b) A HAC/Convair Configuration Control Committee meets weekly. HAG 
supplies membership from all divisions of the company . Discussion 
is held on changes initiated by USAF, Convair or HAG. If an ECP 
does not effect HAG the HAG representative often sit s in. 
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(c) If a HAG change may effect t he airframe , or if Gonvair financial 
coverage is required , the whole EGP is discussed with Gonvair, An 
EDRA (Engineering Drawing Release Authorization is then ra ised and 
co- signed by HAG and Convair , 

(d) \fuen a DAG EGP is submitted t o USAF , there is always cross-reference 
made to a Gonvair EGP or a Gonvair covering letter. 

5 There is a clause i n HAG and Gonvair contracts requiring them to liaise on 
any changes which might have cross-effect. A statement of concurrence is required 
from Gonvair even if a HAG EGP does not effect Gonvair . 

6 A chart showing the latest MA-1 EGP stat , s is attached, 
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FALCON GAR-JA AND GAR-4/l MISSILES 

Introduction 

§..§.Q.!!.§.:!: 

APPEND IX 11R" 
TO SiOJ8CN-180 
DATED 19 DEC 58 

1 This appendix provides information on the GAR-3/JA and GAR·4/4A 
improvement, test and production programmes. _Ad.di tional information 
on other areas is provided in Annexes to Appendix "R" as follows: 

(a) Annex l - Weapon System Evaluator Missiles (WSEMs) 

(b) Annex 2 - GAR-3A/GAR-4A Maintenance 

(c) Annex 3 - GAR-Jj/GAR-4A Training 

(d) Annex 4 - The LE-6 launcher 

(e) Annex 5 - Missile launch Sequence 

(f) Annex 6 - F-106 AWCS and Armament Development Programme. 

Security 

2 Security information on the Falcon GAR-3 and GAR-4 and the missile 
check-out equipment is contained in Security Classification Guides which 
are held in AFHQ Tech Library as reference No. 4987~ 

Definitions 

J The various modelsatrl types of missiles in the GAR-3/GAR-4 pro-
gramme are defined as follows : 

(a) Models 

(i) XGAR- 3/XGAR-4 

(ii) )l'.GAR- J/YGAR-4 

(iii) GAR-J/GAR-4 

(iv) X.GAR-JAI/XGAR-4& 

(v) GAR-JA/GAR-4& 

(b) Types 

(i) Type I 

(ii) Type II 

(iii) Type III 

(iv) Type J1J 

Experimental models 

Preproduction models 

Production models 

Experimental models of higher perfor­
mance version 

Production models of higher perfor­
mance version 

Tactical missile - uses all live 
components 

Training missile - uses inert components 

Test missile - uses live motor but 
warhead and fuze are replaced by tele­
metry package. 

Weapon System Evaluator Missile - the 
fuze warhead and motor are replaced by 
recording equipment. 

. ... /2 
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Characteristics of GAR-3A/GAR-/4A 

4 The GAR-3~GAR-4A versions of the Fa.lcon GAR-3/GAR-4 will have 
essentially the same operational characteristics (i.e. launch ranges, 
altitude capabilities, etc) as the original versions but will include 
many improvements. Certain parts of the GAR- 3/GAR-4 limit the temperature 
range in which the missile may be used to 0OF to ~130°. Other problems have 
been encountered due to humidity. The

0
GAR-3A/GAR-4A versions will extend 

the temperature range to -65°F to fl60 F and remove any limitations due to 

humidity. 

The GAR-3/JA and GAR-4/4A Programmes and Schedules 

5 The "X" period in these programmes has usually been of approximately 
12 months duration. The ''Y" period has varied from 9 to 15 months and over­
laps the "X" period to some extent, The production period does not overlap 
the ''Y" period. 

6 The 1'X" models of the missiles are built at Hughes Aircraft 
Company, Santa Monica, and the "Y" 1;1nd production models are manufactured 
at the Huehes plant in Tucson, Arizona. Changes can be ~ed into any missile 
during the "Y" Programme but once the production programme starts changes are 
made only at the beginning of a "lot". All missiles manufactured during a two 
month period (i.e. Feb/Mar) will be of one lot, 

7 The following table lists the missile firings which have taken place 
to date. The launch aircraft in each case has been an F-102 with the MG-10 
FCS suitably modified for GAR- 3/GiR- 4 launching. The targets for these 
firings have been foil - lined parachutes, balloons and drones but the para-
chutes are the most commonly used, 

~ Jiumber Launched Number Guided Number Hit 

XGAR- 3 20 13 9 
YGAR-3 28 18 10-12 

GAR-3 11 10 5 
XGAR-4 13 10 9 
YGAR-4 16 13 9 

8 The XGAR- JA programme calls for the first launch in late Jan or 
early Feb 59 and the XGAR-l;A first launch in Apr 59. Both these firing 
progrannnes are to be completed by 1 Oct 59. It is not proposed to produce 
any YGAR-JA or YGAR-4A missiles but to start directly on production missiles 
(GAIB-3A/GAR-4A). The GAR-4A development is lagging the GAR- JA development 
by approximately two months. 

9 

~ 

YGAR-3 

The GAR-3/GAR-4 progrannne is summarized below. 

Quantity Period Remarks 

75 Jan 57/Feb 58 Preproduction missiles - lll 
for test and evaluation purposes • 

. . . . /3 



Model 

GAR-3 

GAR-3.l 

YGAR-4 

GAR- 4 

XGAR-4.l 

GAR-4A 

Quantity 

196 

13 

792 

75 

60 

16 

60 

- 3 -

Period 

Mar 58/15 Nov 58 

15 Nov 58/Jul 59 

Jan 59/Jul 59 

Aug 59/Jul 60 

Jan 57/Feb 58 

Feb 58jMay 58 

Aug 59/Jul 60 

~:§.£B. :§. 1'. 

APPENDIX "R" 

Remarks 

First production procurement by 
USAF. These are non-tactical 
missiles and will be used in 
test programmes. 70 are being 
used at Eglin AFB for Ground 
Handling Tests and for check-out 
of Ground Servicing Equipment. 

Second production procurement by 
USAF. These will be limited 
tactical missiles and will go to 
the ADC squadrons. 

Experimental models 
3 for Environmental tests 
4 for Laboratory tests 
6 for·.;eategory I (joint Contractor-

.. ~~) firings • 
\$. ' 

Combat stoc fli t :v)~p~,qu_adrons 
The production is ~cba~tilej for 
2 in Aug, 5 in Sep and increasing 
until a rate of 100 per month 
is reached. 

As for YGAR-3. 

This pr oduction was cancelled 
at the end of 60 missiles because 
of poor results obtained. These 
missiles are being fired for 
aircraft compatibility tests 
and others are being used for 
lab tests. 

Experimental models. 
First 6 will be used for quali­
fication, verification and lab 
tests. 
The 10 remaining will be used 
for Category I firings. 

Production builds up to a rate 
of.35 per month. 
All these will be used in 
evaluati on and test programmes. 

10 The production quantity of 60 GAR-4A missiles is limited by USAF 
funds. The USlliF are endeavouring to obtain funds for additional GAR-4A.1s. 
They would like to obtain l'.30 to 150 more missiles for evaluati on and testing. 
In additi on, they will be placing orders for combat stocks and the quantity 
obta ined for this purpose should be approximately the same as for GAR-3A 
(792) as it is planned to supply s quadrons with 71 GAR-3A 1s and 70 GAR-4A 1s. 
(Total - 141 per squadron of 18 aircraft.) 

.... /4 
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11 The progralllllled Category I (Contractor/USAF) firings for the period 
1 Oct 58 until 1 Oct 59 are as follows: 

GAR-3 
GAR-4 

?GAR-3A 
XGAR-4A. 
E.V. 

Total 

35 
2 
6 

10 
4 

57 

(Separation trials with missiles 
with motor, no guidance) 

GAR-3 Limitations or Deficiencies 

12 The first production run of GAR-3's will be non-tactical missiles. 
The following deficiencies or limitations in the early GAR-3 have been 
partially responsible for the introduction of the GAR-3A programme. 

(a) 

(b) 

(c) 

(d) 

Radome-antenna combination has onl~i channel 

This refers to the requirement ford tt.Jli>'g 
capability whereas a six channel c ·~ 14~ equired. 

frequencies being allotted to different airer I, t • 
prevent mutual interference when missiles are fire .1Eo 
Servopositioners are not sealed. This results in conditions 

similar to a vapour lock in the hydraulic system after the 
missiles have been cycled through various altitudes. 

Fuze - difficulty in attaining the temperature and humidity 
limits required resulted in the fuze being behind the rest 
of the missile program. A potted design was being used for 
the fuze. 

Rocket motor (XM 18E4) - would not qualify over the required 
temperature range. It has been given a Pre-Flight Test 
Rating only, which means that it can be fired only by 
development and test agencies. 

(e) Electronics package - limited to O°F to H30°F operation. 

(f) Mk 5 l'ower supply - This is a liquid propellant (ethylene 
oxide) power supply which requires a warm-up period prior 
to missile launch. In addition, a switch has to be mounted 
in the aircraft and the pilot has to switch heating 11 on 11 

which is not too satisfactory. Another limitation is a 
four to six month shelf life far the power supply. 

13 Iater production lots of the GAR- 3 will incorporate improvements 
which will also be used in the GAR-JA. 'l'here will be 13 major changes in 
this second production run including such items as: 

(a) Mk 6 Power Supply - uses a solid propellant to produce the 
gas to operate the turbine far both hydraulic and 
electrical power. 

(b) Sealed servopositioners. 

• • 0 ./5 
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(c) Rocket motor (HX-19F) - this is an old rocket motor which 
has been re-instated and produced for this second production 
run of GAR-J's. It has been qualified from -40°F to 
•170°F for operational use. 

14 This second production run is just starting. The aim is to produce 
GAR-3's which will have no hardware deficiencies and will be suitable for 
limi~ed tactical use, The operational temperature limits will be 0°F to 
4130 F while the storage temperature limits will be -40°F to 4 140°F. There 
still will be limitations due to humidity which will not be eliminated in 
the GAR-3. If the GAR-3 is subjected to high humidities while on an aircraft, 
it must be removed, dried and tested before it can be considered as service-
able for flight again, 

15 There has been some slippage in thi~econd production run because 
of some difficulty in meeting certain specifications. The USAF do not 
want to give waivers on these missiles. The two areas giving trouble are: 

(a) Radio noise - In all the previous missilesSpecification 
MTir I-006181C (USAF) Interference Control Requirements, 
Aeronautical Equipment (now MilrI-26600) has been waived 
and Specification MIL-I-6051 (Inter,f erence Limits and 
Methods of Measurement, Electrica I arid Electronic Install­
ation in Airborne Weapons Syste= , lissociated Equipment) 
substituted, HAG is having difficult llle'et/'iilg }UL-I-6181 
even though the USAF have given a, waiver of 1~ for t 
overall missile system. The GAR-3 still exceeds the ,. 
Spee plus 10 db .raiver by apprOJCimate),y 18 db. This 
represents a considerable improvement over the first produc­
tion run missiles .rhich ran 60 to 80 db higher in noise. 
The noise level ·generally is quite close to the Spee require­
ments except for some high peaks at certain frequencies. 

(b) Mk 6 Power Supply - The testing of the solid propellant 
power supply was going well and was practically completed 
.men trouble .ras encountered. After aging0 a po.rer supply 
at -tl?O°F for 60 days, it .ras fired at -60 F. The pro­
pellant restrictor failed in this firing (restrictor-inhibitor 
on surface of propellant). A series of penalty runs are 
being done to quality the pa..rer supply for a temperature 
range of -40°F to '9140°F for these GAR-3 1s, This power 
supply is to be fully qualified for the GAR-3A and GAR-4A, 

16 The GAR-3A uses the GAR-3 airframe but there is a considerable 
amount of redesign and relayout of circuits and components .rithin the 
missile itself, and circuitry has been added, Because of the changes and 
additions the .reight of the missile has increased and the center of gravity 
has moved, Pieces have been added to the wings to provide greater aero­
dynamic lift and to change the canter of pressure (See Figure 1). 
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FIGURE 1, MISSILE EXTERNAL CONFIGURATION 
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17 The GAR-3A will incorporate changes to meet the humidity require ­
ments (which are 15 cycles through 100% humidity at 100° :!. 5°F, then check­
out successfully five days after completion of cycling) and the temperature 
requirements (which are -65°F to +160°F or the missile bay transient temper­
atutes, whichever are higher). These changes include: 

(a) 

(b) 

(c) 

(d) 

(e) 

Installation of a sealed bulkhead just ahead of the power 
supply section. 

Sealed umbilical connector. 

Extensive re-design and re-layout of practically all the 
units forward of the bulkhead in (a) above. 

New forward and aft wiring harnesses. 

Add i tion of an environmental sleeve (forward section 
huroidity seal) which extends from the rear of the 
radoma to the power supply section (approximately). 

(f) A..mnnetically sealed fuze (T-1407) which has also had 
approximately 10% of its circuit re-designed. 

(g) 

(h) 

(i) 

(j) 

A new rocket motor (XM-46 ) which temperatm-e limits of 
-65°F to ~19o°F and sealed against humidity. 

A fully qualified Mk 6 power supply. 

Provision in the airframe to accommodate "0 11 rings at 
forward and rear end of sealed section. 

Provision of a plexiglass window in the sleeve in (e) to 
permit visual inspection of fuze pistol. 

18 Other chanv,es which wi ll be included in the GAR-3A are: 

(a) A semi- hemispherical radome with an aerodynamic spike, 
This r adome wi ll give much better radar performance 
and will allow use of all channels required for the 
receiver. 

(b) An Auxiliary Signal Microwave System. This improvement 
includes the installation of a rearward facing, helical 
antenna in the foot at the rear of one of the wings and 
a microwave mixer section along with certain other 
circuitry . This system sample~ the main bang from the 
FGS transmitter when the missile is in flight, then turns 
off the main receiver section when the cross-over, illusion 
or blind range in approached. The receiver stays off 
from this time until intercept or, in other words, the 
missile continues on the course that it is flying at the 
time of cross- over with no further guidance changes. 
Chassis which are changed to accommodate this system are 
the range trac~ing and I.F. chassis. 

. .... /8 
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(c) The firing connections for the Mk 6 power supply and 
the rocket motor igniter have been removed from the 
umbilical connection and will be made through separate 
connections and leads from the Igniter Safety Package 
on the LE-6 launcher. These changes have been incor­
porated as safety measures to reduce the possbility of 
inadvertent firings. The motor igniter is also "sealed" 
in the rocket motor and requires no testing or checking. 

(d) The XM- 46 rocket motor will provide approximately 10% 
greater thrust primarily in the sustain phase, This is 
required because of the increased weight and drag of the 
GAR-3.il. The motor grain will be produced by Thiokol but 
as yet, the material for the grain has not been selected. 
Three different grains are being studied and tested arrl 
the new rocket motors should be available shortly after the 
GAR-3A goes into production (approximately Nov 59). This 
program is in the development and pre-qualification phase 
and is scheduled to complete qualification by 1 Aug 59. 

(e) The GAR-3A has additional anti-chaff circuitry, The 
pilot selects "Normal II at all times unless there is chaff 
because the selection of edge tracking (CCM) does degrade 
missile performance. When "CCM" is selected by ·the pilot, 
then either Leading Edge Tracking (LET) or Training Edge 
Tracking (TET) is selected by the MA-1 computer and at the 
time of missile launch the appropriate squibs are blown in 
the missile to give the desired type of tracking for the 
attack conditions , Further information is included in 
Appendix "J" (MA- 1 Counter Countermeasures Program) paras 
16 to 18. ' 

(f) The GAR=3A has a home-on-jam (HOJ) capability, If jalllllling 
occurs while the missile is in fli ght, the radar receiver 
will automatically selecttre home- on-jam mode and the 
missile continues to home on the target , When HOJ ceases, 
the missile does not range re-lock. 

19 The first experimental GAR-3A has just been completed . Production 
drawings will be released in January 1959, 

GAR-4 Limitations and Deficiencies 

20 The GAR-4 initial production run was stopped after delivery of 
~O missiles because of the poor results being obtained with the IR guidance 
unit which was essentially a GAR-2A guidance unit. This seeker had very 
poor background discrimination characteristics and consequently was losing its 
tar,wt. In addition, the temperature and humidity problems encountered in 
the GAR-3 programme were the same in the GAR- 4, 

G.lR-4A 

21 The decision was made in May 1958 to change from the lead sulphide 
cell to a longer wavelength cell, The two types being considered are indium 
antinimide and lead selenide with the indium antinimide being favoured. 
These cells are effective in the 3 to 5 micron band and will home on the jet 
plume. A crash program is underway and is proceeding according to schedule. 
Texas Instrument Co. of Dallas, Texas, are producing the indium antinimide 
detectors and are having producti on difficulties. Philco may also become 
a source of supply. Hughes at Santa Barbara are producing the lead selenide 
detectors in limited quantities t o ensure that an alternate seeker is avail­
able in the event that difficulties with the indium antinimide detectors 
develop. . ... /9 
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22 An expensive and perhaps critica~ item from the supply point 
of view is the irdome, The irdomes and optical lenses for the GAR-4A are 
made from silicon crystals which are grown and th~n cut, machined and 
polished to extremely fine tolerances by HA.C, Hf,C is endeavouring to 
develop a process whereby powdered silicon will be placed in a mould and a 
blank produced with the aid of heat and pressure. 

23 Both detector s under consider a tion require cooling to -196°C 
and the cooling wi ll be accomplished by means of a cryostat (which is 
approximately one half t he size of a cieare,tte in all dimensions) using 
liquid argon• The cooling time of the present system is in the neigh-
bourhood of 8 seconds. The gas r eservoir will have sufficient capacity to 
give an interceptor a "three pass" capability after cooling act i on has been 
initiated. 

24 The GAR-4.A~with the exception of t he guidance unit,is essentially 
the same as the GAR-3A, The only differences are that the GAR-4A uses two 
different chassis and does not include the rearward facing antenna and 
microwave system associated with it (see Figure 2) . All other parts 
incl.uding the environmental sleeve are the same (90% of the units are common 
to both GAR- JA and GAR- 4A), 

25 Some advantages of the GAR-4A over the GAR-4 ar~• 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

The GAR- 4A has a backgr ound discrimi nation fact~ 
approximately JO times better than the GAR-4. 

The GAR- 4A will be innnune to the present hot flares. 

The GAR- 4A will have a beam attack capability. 

The GAR- 4A wi ll have better low att itude capabilities, 

The GAR- 4A will have a higher navigat ion constant at hi gh 
altitude which will improve its hit probabi lity, 

0 
The GAR- 4A wi ll be limited t o angles greater than 10 
from the sun compared to J0° for the GAR- 4, 

26 A manufacturing prototype GAR- 4A guidance head is undergoing 
flight tests in a C-131 aircraft at HAG, These tests have been acquisition 
and tracki ng tests and no background discrimtnation .problems out to the 
r anges of the GAR- 2A and GAR-4 have ye t been encountered. These tests were 
scheduled to be completed by 31 Dec 58 but are approximately one week 
behind schedule, Pr oduction drawi ngs are s cheduled to be released 1 Feb 59. 

Self Destruct Mechani sms 

27 Both the GAR- JA and GAR- 4A Type I missiles contain a 11Self Destruct 
Mechanism~which opera tes to destroy the warhead 31 seconds after the missile 
"first motion" on the launcher. This mechanism is actually part of the 
1-1407 fuze and opera tes when the fuze clock runs down. It fires the fuze 
and warhead just as i f the trigger wires had operated. 

28 The Type III (Test) missiles are fitted with a Range-Safety Self-
Des tructors which are used to prevent test missiles from leaving the safe 
firing r ange area . After 20 seconds of missile flight, two fuzes detonate 

.... /11 
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a length of primacord that breaks the missile in half, The use of these 
destructors at Holloman AFB is mandatory. It has also been found that by 
using the destructors the missile parts are sometimes recovered for 
study purposes since the missiles do not travel so far. 

Publications 

29 The following Technical Orders have been issued and those 
indicated by ill are held in the AFHQ Tech Library: 

21-GARJ-2 GAR-'J Handbook Assy, Service, and Maint Instructions 

21-GARJ-J 
21-GARJ-4 Illustrated Parts Catalogue 
21-GARJ-6 GAR-J Handbook Inspection Requirements 
21-GARJ-101 Supply Support of Falcon Missile and Field Checkout 

Equipment 
21-GAR4- 2 GAR- 4 Handbook A:3sy, Service, and Maint Instructions 

21-GAM-J 
21-GAR4-4 Illustrated Parts Catalogue 
21-GAR4-6 GAR-4 Han~book Inspection Requirements 
JJD9-JO-l• ll2 GAR-J/GAR-4 Missile Field Checkout Equipment 

Handbook Service Instructions 
JJD9-JO-l-114 GAR- J/GAR-4 Missile Field Checkout Equipment 

Illustrated Parts Breakdown. 

Estimated Costs 

JO The estimated cost of the various missiles is indicated below: 

GAR- 3 $32, 000 ea. 
GAR-JA $32,000 plus ea, 
GAR-4 $28,000 ea, 
GAR-4A up to $45,000 ea, 
GAR-3 WSEM $52,000 ea. 
GAR-3.l 'WSEM $60,000 ea. 
GAR-J/GAR-4 Shipping Container $1200 ea. 

(Note: as stated above, these are estimates only'. ) 
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WEAPON SYSTEMS EVALUATOR MISSILES (WSEM'S 

Description 

1 The WSEM is essentially a Falcon which has had the warhead 
removed and the rocket motor replaced by instrumentation. WSEM 1s are de­
signated as YGAR-3 WSEM 1s etc . and are known as Type IV missiles, These are 
specially built missiles which are used for MA- 1 system maintenance, 
evaluation and test programmes, and air crew training although they are 
primarily designed to air check the Fire Control System operation, 

2 The WSEM is installed on the launcher in the aircraft in the 
same manner that the other missiles are loaded, The WSEM operates like the 
model of the missile that it represents, going through the same sequences 
and performing in the same manner as the real missile, It simulates the 
missile even to the point of switching to internal power for a short interval 
(2 sees.) when it has been fully extended. Range lock-on from the actual 
tar get or home-on-jam if there is jamming can be checked during the interval. 

3 . The instrumentation package is a Hathaway li1'6!,4vr, wvich provides 
27 channels for recording information, There are 1fgfli;b-#{J/.ii~ls and 
8 analogue channels, The analogue channels are used to mmfff:€'111 ' 1/1'/~ 
through F missile preparati on functions, AGC, r ange gate slewing, '£/for'l 
digital channels are used to monitor On-Off functions. q~T[I 

4 -· The recording is made on quick developing photographic paper which 
cau be developed by any photographic section or by means of a portable 
rapid processing unit which has been developed and is available. The time 
required to process the record in this unit is approximately 15 minutes, 
Special slide rules and templates are required for the interpretation of the 
record and are supplied with each WSEM, The WSEM has a three pass capability 
(limited by amount of photographic paper which may be carried). 

5 RAC recommended that the USAF should scale these 8 per squadron 
but the USAF are provid ing 4 per squadron and one of the portable developing 
units per squadron·. 

Development and Production Programme 

6 Pre-production models of the GAR- J and GAR-4 WSEM 1s (YGAR-J WSEM's 
and YGAR-4 WSEM 1s) are being delivered now, The production has been delayed 
somewhat due to difficulties encountered with the galvonometers in the recorder. 
The GAR- JA and GAR-L.A WSEM 1s will have improved galvanometers. 

7 The production programme is as follows: 

Model Quantity 

YGAR-J WSEM 6 

Time Period 

Delivery completed 
by end of Jan 59. 

Will have the capa­
bility of checking 
either the umbilical 
or safety package 
i gniter circuit, 
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Model Quantitr Time Period 

GAR-3 WSEM 40 Apr 59/Aug 59 

GAR-3A WSEM 45 Nov 59/July 60 

YGAR-4 WSEM 4 Delivery by Jan 59 

GAR-4-A WSEM 

AJ'jJ!j.l!J. .L 

APPEND DC "R II 

Six of these will go 
to ADC squadrons and 
remainder will be used on 
test and evaluation pro-
grammes. 

The quantity shown is on 
contract but this may be 
increased to 63. 

No firm programme. 

8 The GAR-3A WSEM which is being developed will be interchangeable 
with the GAR-3 WSEM but will have the added capability of monitoring the Edge 
Tracking Channel. 

9 HAC have recommended to the USAF that they (USAF) make a small 
purchage of GAR-4A WSEM' s which would be used to support the test programmes 
and for pilot training but not for use as a maintenance tool. The GAR-4A 
WSEM performs or checks only two functions which the GAR-3A WSEM does not 
check and these are relatively minor hence the small requirement for GAR-4.A 
WSEM 1s, 

10 The WSEM is considered to be an indispensable piece of equipment. 
It is used to check the overall FCS operation including the circuitry to 
the missile launchers, A single WSEM can check from 70% to 80% of the FCS 
and the portion which cannot be checked by a single WSEM is primarily those 
circuits leading to each of the other three launchers. 

11 The USAF, before they accept an aircraft from the manufacturer, 
now perform a final system flight test using WSEM' s to check out the FCS. 

Test Equipment 

12 The WSEM is checked out on the missile check-out console which is 
used in the usual manner. An additional piece of equipment, the WSEM 
Motor Generator, is re~uired however. The GAR-J/GAR-4 check-out consoles when 
retrofitted for GAR-JA/GAR.4-Al will have the capability for GAR- JA/GAR-/4.A\. 
WSEM check-out. 

lJ The WSEM signal data converter and signal data recorder units are 
tested and maintained using the Test Set, Recorder and it's associated 
maintenance cabinet and test panel and a Recorder Maintenance Kit, These 
items are mobile in that they may be moved around to the required position in 
the missile check- out area. 

Training 

14 WSEM training is included in the GAR-J/GAR-4 training since the 
WSEM is a type IV missile, No other course or special training is provided 
on WSEM 1s, 
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15 The estimated cost of WSEM's is $50,000 to $60,000 each. 

Publications 

16 A preliminary handbook produced by Hughes Aircraft Co. is available 
on YGAR-J/YGAR-4 'WSEM 1s. Particulars of the publication are as follows: 

Hughes Aircraft Co. Publication No. 67-136 
WSEM Model YGAR-J/YGAR-4 (Falcon) 

dated 15 Jul 58. 

17 The detail specification for each missile includes the specification 
for the WSEM, 
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1 The maintenance concept for the GAR-3A/GAR-4A is essentially the 
same as for GAR- l/GAR- 2. Information on this subject is available in AFHQ 
Tech Library Ref . 4145 , 

2 At ADC units , all GAR~JA/GAR-4A repairs W'ill be done by replacement 
of the faulty package, assembly or card. The faulty item is then shipped to 
the Depot for repair , Middletwn (Pa.) Air Material Area (MAMA) has the 
responsibility for all Falcon missile repairs after the missiles go into 
service therefore MAMA W'ill be the GAR-3A/GAR-4A Depot. 

3 The missilGs test equipment, ho,,.,ever, W'ill be calibrated, repaired, 
and maintained by the ADC unit W'hich W'ill have a capability of carrying out 
90% of the repairs including component and part replacement (see also GAR-JA/ 
GAR-4A Training) . 

4 The Hi-Valu Concept is used to provide the quickest and roost economi-
cal method of maintenance for certain items. Information on this concept is 
available in AFHQ Tech Library reference -No, 4145 , 

Facilities ✓ 

"IJ u 
5 The ADC facilities provided for GAR-1/GAR- 2 are used for -4 
with very little change, 

6 There is no requirement for humidity , dust or temperature control 
in the storage bays for the GAR-3A/G.llt- 4A although heating W'Ould be advisable. 
The check-out area roust have heating and should be capable of being 
maintained in as clean a condition as possible although air- conditioning W'ith 
dust control is not required. 

7 Adequate storage space for storing and handling missiles in their 
shipping containers is essential and storage space for spare missile packages 
and components and test equipment spares must be provided. 

8 Si nce the missile contains live rocket motor , fuze and W'arhead at all 
times during its handling, buildings roust be constructed or provided W'ith this 
in mind . The USAF requires that missiles be stored ,,.,ith their for,,.,ard end 
against a 12 i nch reinforced concrete ,,.,all so storage bays are constructed in 
this manner. In addition, 12 inch W'alls enclose the missile check- out area. 
(Report of a Visit to Eglin AFB on Miss i le Buildings and Ground Handling Equip­
ment dated 17 Apr 57 fi le C817- 100 and Cl920-105=1B is available at AFHQ and is 
generally applicable to GAR- JA/GAR-4A), Missiles in their containers are 
normally stacked i n the storage bays in groups of six - stacks tW'O W'ide by three 
high W'ith the success ive layers separated by pieces of 4 x 4 11 lumber to provide 
space for fork lifting. 

Test Equipment 

9 The GAR- 3/GAR- 4 test equipment is considerably different to the GAR-1/ 
GAR- 2 test equipment both in appear ance and operation, hOW'ever, the same general 
type of flow and check-out is performed. 
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10 The GAR-JA/GAR-4& missile check-out console will be different to 
the GAR-J/GAR-4 check-out console to accommodate the var i ous differences in the 
missiles, The changes necessitate about 10% redesign and hardware changes to 
the equipment, Approxiroately one half the changes will be circuitry or 
electrical changes and the other half mechanical changes. The GAR-J/GAR-4 
consoles that the USAF will have i n use when the GAR-JA/GAR-4A are introduced to 
the service will be retrofitted for GAR-JA/GAR-4A over the period Nov 59 to 
mid 1960, Tlie first GAR-J.1/GAR- 4A production consoles with GAR-JA/GAR-4A features 
built-in are scheduled to be delivered starting in Dec 59, 

11 Some of the main changes in the field check-out equipment (both the 
missile check-out console and the electrical test and maintenance console are 
involved) are : 

(a) Changes to check-out console hardware to accommodate 
missile with environmental sleeve. 

(b) Wir i ng harness changes to meet the missile wiring changes. 

(c) Inclusion of a blind range test, 

12 Lists of the special missile test equipment (CFE) and the items of 
standard test equipment (GFE) along with views of ~ ~gFE equipment are avail­
able in the AFHQ Tech Library (ref AFHQ Tech Libra(/~; _:Nr.• 8273 . ) • 
These have not been included in this report because tt tl;ti_: r.}:ilfiJ1$ number of 
copies available . "i: i.' '/f:'/lp. , .. t: f"lt 
Ground Handling Eguipment (GHE) iJ 

13 Although the missile shipping and storage container (Type EGSC-3) 
is not commonly considered an item of GHE it could be since the missile is 
kept in this container during all phases of storage and handling and is only 
removed for check-out or for loading on aircraft, The whole handling concept 
is based on using the contai ner in that manner. 

14 1he following is a list of items of GHE for the GAR-J/GAR-4 on the 
F-106 and the companies who provide the items. 

(a) Missile shipping container 

(b) Three wheeled dolly (2 per missile) 

(c) Hoisting tongs 

(d) Manual stacker 

(e) Transport trailer (5 GAR- 31/4.A) 

(f) Lift bar, 2 man 

(g) Missile loading and hand ling frame 

(h) Case rolling device 

(i) Electric fork lift 

(j) Tow vehicles 

Hughes 

Hughes 

Hughes 

Hughes 

Convair 

Convair 

Convair 

(Being proposed to USAF 
by Hughes) 

Note::: - CFE items are not listed here but are listed in the reference in 
para 11. • •• ,./3 



VU!'ll' J..U.t~d-.. J.~ 

ilNEX 2 
J.PPENDlX 11R11 

- 3 -

Check-Out Facility 

15 The check-out facility for an ADC squadron contains one complete set 
of missile check-out equipment. The Falcon GAR-3A/GAR-4A will be checked with 
the environmental sleeve in place and the actual check-out time required is 
approximately 5 minutes if no troubles are encountered, If the missile fails to 
pass a test it can, in some cases, b-e repaired by replacement of the faulty 
package while on the check-out console. In other cases, the missile is removed 
and placed on a maintenance stand and the necessary work is performed there. 
The missile is then re-checked. 

16 The missile check-out console is capable of checking an intermixed 
line of CAR-JA and CAR-4A missiles without interruption. The check-out 
procedure followed by the console operator does, however, vary according to the 
type being checked. 

17 The check-out console has the capability to check several times the 
number of missiles (171) planned for the USAF ADC squadrons based on the planned 
frequency of check- out. 

Missile Check-Out Frequency 

18 All missiles will be checked on receipt at~ unit and then will be 
loaded on an aircraft or placed in ready use storage, · ' ~' 

19 Those missiles in ready use storage will have the humidity indicators 
on the shipping conta i ners checked while in storage to ensure that the humidity 
ins ide the container is not excessive. These missiles will be cycled through 
check-out every 60 days. 

20 It is intended to cycle those missiles which are installed on aircraft 
through the check- out console on the following basis: 

('!-) Every time the missiles are removed from the aircraft. 

(b) After 15 days on an aircraft or 25 ±'lying hours, whichever 
comes first. 

Shelf Life 

21 At the present time the shelf life of the missiles has 
two years. This figure is governed by the life of the explosive 
probably will be increased as more data becomes ava ilable on the 
teristics of these items. 

Test Equipment Costs 

been set at 
components and 

storage charac-

22 The present GAR- 3/GAR- 4 check-out consoles being delivered to the USAF 
are costing approximately $725,000 each. A follow-on order for nine GAR-JA/ 
GAR-4A consoles is being negotiated and the cost of these may approach 
$1,250, 000. (Note: - as this contract has not yet been negotiated, this figure 
must be quoted with discretion.) 
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1 GAR-3/GAR-4 training is being carried out at Hughes Aircrai't 
Company by HAC and at Lowry AFB, Denver by Training Cormnand of the USAF. 

2 HAC set· up training courses to train: 

(a) HAG personnel 

(b) Personnel from other contractors associated with the weapon 
system programme i.e., Convair, AVRO. 

(c) .USAF personnel: 

(i) for employment on test and evaluation programme 

(ii) for employment as instructors at Lowry AFB 

(iii) selected few for early ADC employment. 
I ' 

3 As the programme advances, the burden o r.a'.).ningitr~ adualJ.y shifts 
from HAG to the USAF Training Command although HAG generally tetain a training 
facility and capability for some time after training has ;h':rf ~ l.}o• th~ USAF. 

"' Courses 

4 HAG trains only one level of technician for GAR-3/GAR-4 whether 
the students are to be employed a s instructors or maintenance personnel, 
The course entrants from the USAF are NC0,7 level technicians (JllXO -
Guided Missile Field) who generally have had GAR-1/GAR-2 training or fire 
control system backgrounds. Hughes can plan and adjust the course offered 
to suittra ,gualificati ons of the entrants. The level of training, pro­
ficiency required of the students, etc. must all be negotia ted with the 
Company prior to the start of a course. 

5 The 7 level course produces technicians who are essentially 
missile test equi pment maintenance technicians. These techs are given a 
thorough training in the operation, calibration, repair and maintenance of the 
missile checkout Console and sufficient training on the missiles so that 
they can perform checkouts , establish whether the mi ssile or the test equipment 
is faulty, and understand the various functions and relationships between 
missile and test equipment , A technician of the highest skill level is 
required for the test equipment ma i ntenance because the test equipment is 
repaired, parts replaced and calibra ted at unit level whereas in the missile 
only units or cards are replaced and there is no repair work done at unit 
level. The ADC unit has the capability of performing 90% of the maintenance 
and repair which should be required far the checkout console. 

6 The training course provided at Hughes and that provided at Lowry 
AFB ai.13 very similar , The course length i s 12 weeks .. A.t Hughes, three con­
soles are available and a max imum of three students per console is the rule. 
This gives the training department a capability of training nine students 
per shift, two shifts per day for a total course loading of 18 students. 
The course is divided into approximately 50% classroom instruction and 50% 
practical work on the console , 

7 WSEM (Type IV Miss i le) training is included in the GAR-3/GAR-4 
course . 

. ... /2 
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8 Missile checkout on the checkout console at .ADC units is performed 
by 30 and 50 level personnel. These personnel are less highly trained and 
skilled than the 7 level technicians and are essentially apprentices and 
mechanics. HAG does not train personnel of these levels. This training i s 
provided at Lowry AFB or at the ADC unit by the Mobile Training Unit. The 50 
level course at Lowry AFB is of 12 weeks duration. 

Mobile Training Unit (MTU) 

9 
units. 

The USAF employ the Falcon MTU to train technicians at the ADC 

10 The Falcon MTU is comprised of an instructional staff from Training 
Command and a set of Training lids. The training aids include: 

(a) Technical Crders 

(b) Training slides and charts 

(c) Cutaway or sectionalized missile 

(d) 

(e) 

Plexiglass missile 

Components IIA1r~k . 
-4.M .. .,., ~t,., _{,:-i/r 

*rll.1i~"' ? 11 The MTU does not include any actual missiles, ~'t.fe'!J.5ment or 
spares. This had led to the main disadvantage of the Falcon · :'¾,I eh is that 
the operational checkout console, operational missiles and sp~ s e used f or 
training. This increases console down time and subsequently maintenance, 
repair and calibration which in turn may interfere with the missile checkout 
capability of the unit. 

12 This training is provided as a type of conversion training for 
mechanics who previously had been trained on the GAR-1/GAR-2 and On-the- Job 
Trai ning (OJT) and trade advancement training for personnel who have received 
the basic electronics training at Lowry AFB. 

13 Additional information on training may be found in Appendix "N " -
Training. 
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1 The LE-6 launcher {launcher - Rocket Airborne - Model IE-6) is a 
launcher which has been designed and built by Hughes Aircraft Co. far use with 
GAR-3/GAR-4 missiles. At the present time the F-106 is the only aircraft which 
uses this launcher and it is used in conjunction with the MA-1 FCS . 

2 The l auncher is designed to perform the following duties: 

{a) Support the missile in readiness in the aircraft. 

(b) Provide electrical connections between the missile and the FCS. 

(c) Provide hold-back restraint with a specific force and work 
output required to free the missile. 

{d) Provide a track along which the missile slides for initial 
trajectory control. 

3 The missile is loaded by sliding it into place on the l auncher tracks 
and in so doing the electrical anl. me chanical connections (with two exceptions) 
are made automatically. The GAR-)A and GAR-4A. missiles have separate leads for 
the motor igniter and the power supply igniter circuits brought out to the tail 
of the missile . These two connections have to be completed manually by plugging 
leads from the safety package at the rear or aft end of the launcher into the 
proper connections at the tail of the missile. Upon missile firing the launcher 
el ectrical contact block is retracted into the launcher and protected from the 
rocket motor blast to avoid damage. 

Design Considerations 

4 The following points received close consideration in the des ign and 
development of the IE-6 launcher. 

(a) Maintenance - The design is such that only a minimum 
of maintenance is required to keep the launcher in 
satisfactory operating condition. 

(b} Interchangeability of Parts - The whole launcher has been 
made to close tolerances and, therefore, spare parts are 
readily interchangeable and the complete launcher is also 
in;tarchangeable. 

(c) Safety of Operation - The whole launcher design has been 
aimed at producing a launcher which gives a high degree of 
safety. 

(d) Ease of Loading - Loading is easily and quickly accomplished 
as indicated in para 3. The loading operation requires a 
simple piece of handling equipment and three men to load a 
missile on a launcher in the F- 106. 
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5 The igniter safety package is a small unit which is being added t o 
the rear or aft end of the launcher. This package will contain necessary 
circuitry to provide a mot or igniter safety circuit and a power supply 
safety circuit. All the circuits are kept inactivated until the power supply 
~gniter s ignal is received approximately two seconds prior to missile launch. 
The l eads to the miss ile connections are dead before launcher retraction. The 
drawing for the i gniter safety package will be available in the AFHQ Tech 
Library probably by the end of Jan 59. 

Mounting 

6 The launcher is easily installed or removed frCllll the aircraft. It is 
held in position by the extension gear mounting br acket (6 bolts) at the 
rear and a forward attach fitting (1 bcil.t) at the front . The forward attach 
fitting permits one to two degrees of movement and is provided so that any 
installation misalignment is taken up by i t rather than causing twisting of the 
launcher frame, 

Maintenance 

7 As stated in para 4(a) s the launcher i s easily maintained, Between 
flights

9 
it is visually inspected for signs of wear or damage. The material 

used i n i ts construction (7075 T6 al) is treated and painted with a special 
paint which is very resistant to damage by friction and missile exhaust gases. 
A detergent and water are used t o clean the launcher. 

8 The launcher is quite similar to a 50 cal. machine gun i n many 
respects - the parts are made t o close tolerances so are fully interchangeable; 
the mechanism is primarily mechanical with an electrical switch interlock 
system and umbilical wiring harness, i t is easily stripped and assembled. 

9 The only part of the launcher which is subjec t to a fair.ly high 
amount of wear or breakage and, therefore, replacement is the "hold=back pin", 
When the missile is loaded on the launcher the holdback pin in the launcher 
is caused to lower and engage in the missile bushing . This pin is the only 
mechanical connection between the launcher and missile and serves to hold the 
missile in place prior to launch. In other words , the holdback pin prevents 
any fore and aft movement of the missile on the launcher prior to launch. 
The holdback pin is designed to shear at approximately 8 g 0s and is the weak 
link in the system provided to prevent damage to other parts of the launcher. 
This pin becomes wcrn or chipped due to loading9 unloading or firing of 
missiles and consequently must be replaced when it shows these signs of wear, 
This can be quickly and easily done on the launcher mounted on t he aircraft 
without r emoving other parts . The holdback pin should be checked after every 
missile firing, 

Temperature Limits 

10 The launcher temperature limits are established by the capabilities 
of the ebectrical wiring harness and the switches in the launcher and are 
from =65 F to ~25o°F. 

Production8 Supply and Costs 

11 The launchers are built by Huphes at Tucson and sent to HAC 
El Segundo factory , They are normally shipped with the FCS and are considered 
a part of it , 
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12 Over 600 of the LE-6 J.aunchers have been manufact ured. The pr oduc-
tion r ate approached 100 per month. 

13 No exact cost f igure was obtained but an estimate of approximately 
$1000 each was given. 

Additional Information 

14 Additional information on general launcher description and 
disassembly procedure and photographs are available in the AFHQ Tech Library 
under Reference No. 4949. 
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1 The sequence of events leading up to and follwing missile launch 
is detailed far GAR-3A and GAR-.41A in "GAR-3 and GAIR-4 Falcon Missiles 
Co-ordination Specification No~ 185508 11 which is held in AFHQ Tech Library 
as Reference No. 4951. 

2 An abridged launch sequence chart for GAR-3 fired in the automatic 
mode on a lead collision attack is attached for general information, 



GAR- JWGAR-4A LAUNCH SEQUENCE (L. C.) 

PH.aiSE II 
w:~'----- PHASE I -----.>f-

Radar Lock-on 

A Al B C D E· F F.M 

,f-- Warm ~ ~ ~ 
Real 3.5 min. 1.5 min 

~o ? f-.3.5 
Sec Sec 

Time 

Computed 
Time 

20~ 5 • .3 to 
sec. 6.2 sec. 

PHAiSE I - ~ - From .3. 5 to 4. 5 mins. - must be completed prior to take-off. 

~ - 1.5 mins. for other radar components to heat. 

PHASE II - Attack Phase - starts with A signal and continues to missile impact 

1l - start Armament Preparation - hand action switch 

End 

unch Bo 
F ... 6 

pac 
Variate 

B - radar starts tuning to mis s ile frequency (GAR-.3.Al) - auto 
C - doors open, launcher extended, missile internal power, radar PRF tuned to GAR-31l, GAR-.3A range 

gate slaved 

D - parameters and CCM computed and squibs blown 

E - waveguide shutter open, "G" weight released 

F - firing signal 
FM - first motion (missile) 

Launch - Range and angle track target - no steering 

End Boost - steering starts 
F .. 2.2 - Launcher up and doors closed 

FM41.9 - missile armed Notes: Missile committed at C signal. 

F .. .3.6 to F-f21.5 - time to impact 

FM~.31 - self destruct 

Pilot can prevent launch prior 
to E signal, 

4( .- - - -

Self 
Destruct 
F .31 

~ 
:,: 

t . 
.: A j ~. I • ~ --
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F-106 AWCS MID ARMAMENT DEVELOPMENT PROJRAM (AAD) 

Intrcxl.uction 

1 The F-106 AAD Program is a combined development test involving the 
USM and contractors being carried out at Holloman AFB, 

2 The purpose of the program is to develop the tactical capability of 
the F-106A Weapon System beyond the capabilities show by the Rand D program. 

Schedule 

3 Three F-106 aircraft are assigned to the program, 

4 The AAD Program began in Jun 58 and is scheduled to be completed 

by Nov 59. 

5 There are 50 Genie (MB-1) and 44 Falc /i.:, {~~) firing missions 
planned. The Falcoh miss ion -will use 6 Type I (-taf't~ • ' '.s.si::\-~ and 85 Type 
III (telemetered) miss ilea• -11,, 

1 
F,.iJ ff l D 

6 Jun 58 Program started 
Oct - Jan 59 MB-1 Manual Firings (23) 
Jan 59 - Mar 59 GAR-3 Manual Firings (17) 
Mar - Apr 59 GAR-3 ECM Firings l4) 
Apr - May 59 Aircraft Mcxl.ifications 
May - Sep 59 MB-1 Automa tic Firings (27) 
Sep - Dec 59 GAR- 3 Automatic Firings (23) 

Note: The numbers in brackets indicate the quantities to be 
used for each phase. 

7 Aldditional information may be found in Appendix 11B11 
- Schedules, 
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Classification of~ 

2 The Security Requirements Check Lists 9 SRCL 0s, are made t:.p and 
i ssued try AMC on Form DD2~4o The RCAF will have to issue SRCL0s for the 
M!=l C equipmento To assist us in doing this a complete set of MA~l and GAR 1 
and 4 SRCLUs has been provided, Security Classification Guides are provided 
t o expand cm and interpret the SRCL in detail regarding every piece of equipmen , 

1 Training alds are classified a ccording to the information they reveal, 
Technical reports are clas.slfied according to t heir corit'6nt~ with s e<CTet 
being the highest classif ication except as affe cted by paragTaph 4 beloo, The 
only secret information is on countermeasures, 

4 GAR JA will be no higher than confidentiaf fA!i 4A will be secret 
as r egards guidance and frequency band until it getfJJt· J~!on. delivery 
to tactical units when it will go down t o confidential 1 :, ~l'tlfa~ 
t hen have to be revised o Regarding Note 7 on page 5 of GAR J e 'uf.ltt fC J 
Classification Guide~ dat ed 17 Jun 1958 ~ "Proven countermeasures data w l 
be cla ssified Top Secret" the RCAF will have to act accordingly "1hen the 
t ime comes o ,, A.;:;tion RCAFHQ, 

5 An SRCL for the other weapon will have to be produced for our 
program, HAG canno t help on this, = Action RCAFHQo 

Visits 

6 A l etter from USAFHQ t o AFPR at Hughes , fil e ref, AFCIN=XlC, dated 
3 Dec 19589 cc £ to IBAF Central Co- ordinating Staff9 Ottawa9 has se t up the 
channel far visit requests as follows£ 

(a ) HAG visitors to Canada= Request by HAG to USAF Pl ant 
Representative who forwards it to RCAF representative 
attached to their staff9 F/0 Kendall by name, RCAF 
(F/0 Kendall) will forward the request to t,he CF=l05 
Project Office in ottawa (actually to the Depar tment of 
Defence Production) , RAC are submit.ting a list fl t 0 >1 , . 

(b ) Canadian visi t or s to HAG , The above noted letter des l g= 
nates F/0 Kendall as the official channe1 for spons .. r-.a,g 
r equests for Canadian represent at:i.voa , f AVRO 1., v1,,1, Jl,-,f', 

(c) The Secur ity Che k List · f Vis t ars oa MA C Pr, gr am for med 
8A)Ccrd _.,,Er •v pa1·a,gr a phs 'a and (b ) above is t 0 be reviewed 
on .31 AprH 1959 , Those on he list may v1s 1t on s hor t 
notice wit,hout fur t her security arrangements 

o o,:, o o/ Z 



HAC represEmtati·.-es suggeste,d RCAF rperesentatives be handled in 
the same way o The RCAF noroina tiox:,s should be added to the Security Check 
List of Visitors on MA=lC Programo Undoubtedly, this will have to be done 
by PMov and C,TS concurrence ,, - Action RCAFHQ . 

8 When and if CAE or oth8I' Canadian firms are required to visit HAC 
on this program, the appropriate names should be added o the list. HAC 
representatives though CAE should ba'l;-e representation at once as they have a 
sub=contrac t from HAC. 

9 The authority conferred on F/0 Kendall by the USAF should be con= 
firmed by lett.er to him from RCAFHQ. = Ac tion RCAFHQ. 

10 F/0 Kendall i s fully accredited to HAC to receive classified documents 
or secret, aural and visual information pertaining to MA- 1 AWCS and its 
Canadian ve:rsion plus the GAR 1 9 2r 3 and 4. We shou d have 11GAR JJA and GAR 4A. 

and t hosa pc.rtions .:,f ASQ 25 and of MG=lJ thaj
11
will be applicable o the MA=l 

installation (MA lC) in the RCAF CF-105 aircv/JifM 'i-_ ~o F/ 0 KendalP s 
accredita ion. lill/Lfi u 

-1ED 
_.i As stated i n he referenced letter F/0 Kenda1P s accreditation 
i s being rur:ended by separate a ction permitting him to receive for Canada HAC 
hardware involved in the CF·l05 installation. He accepts custody of the hard­
ware at Cul.ve:l' Ci t.y , cos of shipment being borne by the RCAF , the HAG repre= 
senta tives said the contract will read FOB Culver City. 

Publicity Rel eases 

12 The channel f'or a draft publicity release is to USAFPR, to AMC far 
USAF concurrence, to RCAFHQ f or RCAF concurrence~ and return. 

HAG V1si t Reports 

lJ The Mill tary Sales peop.1.s are required to sullm: t reports on vis i ta 
by foreign nationals. Actual ly t he USAF Pl ant Representative is charged 
with producing t hi s reporto He asks HAG to give him the repor t as a favour 
instead of sending a USAF offfoer around with the visitors . This is a problem 
between HAG and USAF. 
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HUGHES AffiCRAFT C01PANY ORGANIZATION 

l The Hughes Aircraft Company (HAG ) is wholly owned by the Howard 
Hughes Medical Institute, a npn-profit institution organized for the purpose 
of further i ng research in the medical sciences o All of the profits of the 
company not used for expansion are used by the Medical Institute for researcho 
HAG is an outgrowth of the Hughes Tool Company and came into being in 19530 
Annual sales now exceed $300,000,000 and the company's plants in Culver City, 
El Segundo, Inglewood, Palm:iale , Tuscan and Santa Barbara employ 31,000 people o 
Ninety five percent of the output from HAG is in support of the military 
services, 

2 The Centre of the HAG is at Culver City, California, where the 
executive offices and research and development activities are l ocatedo It is 
here that abstract concepts and initial designs evolve into practical designs 
and pr oven systems, missiles and products, Manyb,··f the. supporting functions 
as well as commercial products facilities are lo ' ·ted; in Ingle.rood, which is 
nearbyo Electronics manufacturing operations ar ~ n

11
ultra modern 

plant covering 40 acres and employing 7,000 persons at¥ ~do~ . near 
Culver City. The airborne armament control system is man t'/4qd1., j:n J;:,l Segundo 
and the Falcon guided missile is produced in their plant at TuscoJ,f:'.,\!;J:zona o 

3 The HAG maintains a special Products Research Centre at Santa Barbarap 
California, and a flight test activity at Palmdale, California, where they 
co-operate with the airframe manufacturer, Convair, in getting the systems into 
aircraft and flight testing to achieve the optimum resultso 

4 A repair depot which is now doing contractor repair and overhaul at 
a rate of 1009 000 black boxes per year, covers 139,000 sq,ft, of plant space, 
occupies 19 000 personnel, and is located in rent,i:;d space adjacent to the 
commerical airporto 

5 The Ground Syst8ms Division employing 39 000 persons on ground 
radar, data processing and Traffic Control radar is located at Fullerton, 
California, 

6 The Hughes program of electronic research, development, and JM.nu· 
facturing for the military and for industry embraces seven fields of activity 
as follows~ 

(a) RESEARCH - Fundamentai and Applied Research develops new 
ideas, and solves specific problems, and improves existing 
designso 

(b) AlRBORNE SYSTEM AND MJSSILE DEVELOPMENT - This activity 
creates and continually improves the airborne armament con~ 
trol systems and guided missiles needed for defence against 
supersonic high-altitude aircrafto 

(c) FLIGHT TESTING ~ New and improved electronic systems and 
weapons are evaluated under actual conditions of use, 

(d) SYSTEM AND MISSILE MANUFACTURING - Weapons and Systems 
which have proved satisfactory in the exhaustive flight test 
and evaluation stages are produced in quantity in this field 0 

00 0 ./2 



(e) FIELD SERVICE AND SUPPORT - The HAG Field Service and 
Support activity aids the user i n maintaining systems in the 
field and feeds back performance infor mation to the company 
for constant improvement of des ign and r el i ability. 

(f) CCMMERCIAL PRODUCTS DEVELOPMENT = As t he name impl ies, t his 
activity is devoted to the production of el ectr onic components, 
instruments , and systems for industry. 

(g) GROUND SYSTEM DEVELOPMENT AND MANUFACTURING - This faci l ity devel ops 
and produces surveillance r adar and data- processing equipment f or 
ground tracking, recording and cm.trol of aircraft. 

7 The HAG began workl in the weapon sys tem f ield in 1948 with the develop-
ment of the radar fire- control system for the US Air Forces fir st all-weather 
jet interceptor. Since then, it has developed weapons and contr ol systems for 
every interceptor of the USAF plus systems f or t he USN and t he RCAF . An out­
standing feature of these projects has been the close par t nership wi t h the 
airframe manufacturer from initial concept to t he full operational status of 
the complete weapons system, Co- ordination be tween HAG and Convair, f or example, 
has produced the Fl02A and the Fl06A and B with t he ir compl etely integrated weapon 
system and control features, //jg 
8 The organization of the co1;1pany as it r!f..J.'f!}JtR,.~dwJ."l:fpt::m is 
shown i n chart form at Annex l to this Appendix , 'fJ'J,)flflf ,.,, It 

"'u 
9 It is noted that while the MAI pr oject officer (Mr . B. Turner) is 
r esponsible, through the Officer - in- Charge of t he Airbor ne Systems Lab, t o t he 
officer in charge of the Airborne Systems Group f or t he MAI pro ject he has 
another function under the Fl 06/ MAI/GARJ-4 project where ha reports directly 
to the Officer- in-Charge of the Airborne Systems Group , Als o of i nterest is the 
fact that the Fl06;M!l/GARJ- 4 project officer has a representa tive on hi s staff 
from each of the allied divi sions, These representatives give their full t ime 
t o the project and return t o their own division upon compl etion of project . 

10 The CF105/MAI pro ject is being processed by a team headed by 
Mr . Joe Scanlan. 

11 Sub-Contractors and companies ass ociated with HAG in the production 
of the MAI/GAR ►4 combination are listed in Annex 2. 

12 Not listed in Annex 2 is AVRO of Canada Ltd . , with whom HAG i s 
currently collaborating in gett ing an MAI sys tem installed i n a CF105 Mk l , and 
Canadian Aviation Electronics (CAE) , with whom HAG has cont r acted f or some f ield 
suppor t and who now have three of their pe ople a Culver Ci ty l earning something 
about the MAI C system. 

lJ Current USAF contracts with which the Hughes Aircraft Company are 
connected are listed for information at Annex J. 

14 Annex 4 lists the name, funr; t ion and telephone number of persons 
contacted at HAG during the visit, 
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DAT~ ~9 D~,C:f ,.. r~c~;:~J;lt.D 
SUB-CONTRACTORS AND ASSOCIATED CCMPANIES 

C01PANY 

Convair 

Electronics Incorporated 

Federal Telephone and 
Radio Corporation 

Edison Pioneer Bendix Aviation 

Collins Radio Corporation 

Kearfott 

RCA 

Jack and Heintz 

Hazeltine 

ADDRESS 

Los Angeles 

St. Petersburg, Fla. 

Peterboro, N.J. 

Peterboro, N.J. 

Cedar Rapids 1 Iowa 

Camden, N.J. 

Cleveland 

PRODUCT 

Airframe 

UHF Comm. 
Data Link Receiver 

TACAN 

Air Data Computer 

UHF/ D F, ILS 

Stable Platform 

Time Divi sion Data 
Link 

Power Supply Units 

Ground-Air IFF 

IFF Computer 
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CURRENT USAF CONTRACTS WITH HAG 

AF-33(600)~36453 

A.w.c.s. and Armament Development Program (AAD). An Air Force 
sponsored test program currently being performed at Holloman Air Force 
Base with support from Convair, Douglas and Hughes. Aircraft presently 
involved are F-106A S/N 464 and s/N 465 1,1ith 11STQ" (pre-production) MA-1 
AWCS. F- 106A S/N 233 is the third aircraft assigned to the program and 
contains a production MA-1 AWCS. It is anticipated that an F-106B with 
ASQ-25 AWCS will enter the program during mid-1959. The Hughes contract 
covers the following fire control system engineering services to support 
Holloman test operations through 1959: 

l . Flight test engineering co-ordination 
2. Maintenance and modification of MA-1 systems and instrumentation 

3. Data processing 
4, Pilot services 
5. Introduction of corrective changes to MA=l design 
6. Informal letter type reports. 

This contract covers the missile engineering services provided by Hughes 
in support of the above noted AAD Program. Briefly the GAR 3/4 engineer-
ing services cover the following~ 

1. GAR Telemetering 
2. G.IR Missile checkout 
J, Targets 
4. Technical Director Assistance 
5, Flight Test Engineering 
6. Launcher 
7. Operations and Control 

AF-3.3 (600 )-36401 

A Contractor Flight Test Development Program during calendar year 1959 
embracing the following major tasks~ 

1. Evaluation of AFCS for F-106.l aircraft S/N 454 
2. Evaluation of MA-1 system in F-106A aircraft S/N 457 
J. Evaluation of AN/ASQ-25 AWCS in F-106B aircraft -6/NZ508 
4. ~ration: and maintenance of Target .lircraft 
5. Laboratory evaluation of ASQ-25 AWCS and auxiliary equipment 

in support of flight test program 
6. Engineering liaison with Convair for system/aircraft com­

pability problems 
7. Informal monthly progress reports. 

AF-33(600)-32038 

Mll-1 R&D, Production of Services Test Quantity systems , Production 
Implementation. 
R.Emaining work concerns ARDC Integrated Instrument System (R&D Program 
for integration of "Phase II" cockpit panel) and procurement of spares 
for STQ systems. 
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!.J 
AF~3J(600}-J6799 

R&D~ including flight test of advanced MA- 1 system improvements including 
hydraulic, silent lobing antenna; CCM ; MOPA; provisions for TDDL and m 
sigh and. lOY altitude capability; static (400 cycle) po~er supply. 

Management of Mil-1 Time Division Data Link Integration. Including liaison 
with. RCA and Convair. Biggest effort is scheduling and program planning. 

AF=J3 (600)-3J78~ 

CXiginal M!-1 Production Contract. 
no M&=l Installation Systems, Training Systems, MTU Systems. 
Spare components and parts in support. 
Maintenance Tools and Test Equipment. 
Materials and services for incorporation of AF approved engineering 

changes, 
Verification Tests, 
Maintenance Data. 
Engineering Data. 
Training parts, tools and test equipment, 
Deliveries - March 1958 through May 1959 . 

Additional Work~ 
ilI 
Phase II Panel 
Airborne Recorder 
AFCS Modes 

AF~J3{600)-34133 
<riginal AN/ ASQ-a25 Production Contract 

41 - ASQ- 2 5 Installation Sys terns 
Spare components and parts in support 
Maintenance Tools and Test Equipment 
Material and services for incorporation of AF approved changes. 
Verification Tests 
Maintenance Data 
F.:nginaering Data 
Royalty Payments 

Deliveries - May 1958 through November 1959. 

Added Work~ 
MI 
Airborne Recorder 
AFCS Modes 
Phase II Panel 

.. .. . /3 
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Follow-on MA-1 Production Contract 

34 - MA- 1 Installation Systems 
Spare components and parts in support 
Maintenance Tools and Test Equipment 
Revisions to Maintenance Data 
Revisions to Engineering Data 

Deliveries - April 1959 through September 1959. 

AF'~JJ(600)- 38280 

FY- 59 Follow--on MA- 1 Production Contract 

112 - WJ..-1 Installation Systems 
Spare components and parts in support 
Maintenance Tools and Test Equipment 
Maintenance Data 
Engineering Data 

Deliveries - June 1959 through April 1960, 

UNCLASS IFl:ED 
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HUGHES AIBCRAFT CCJ,ll>ANY 

PERSON CONTACTED 

02cl0 - Contracts 

JC (Jack) 
HB 
DJ 
Ge orge 
Mr. 

Bratton - Visit C~ordinator 
Fuller - ECP Organization 
Knapp - Sub- Contractors 
McBride - ECP Procedure 
Mams = ECP Procedure 

08-,,10 - Field Service and Support 

EM Boykin - Vice President and Director 

08- JO •· Servi ce Contracts and Requirements 

RW Flather - Supervisor Service Contracts 

_Q§-,40 - Radar Maintenance Depot 

M (Bob) Johnson - Manager 
W Schoneman - Assistant Manager 

.9.!t.!iO - Field Engineering 

TG Macklin 
GW Goebel 
CA Noel 
Ill.J Courtney 
RL Er ickson 
EW Cull en 
AH Mcculloch 

08-60 - Quality Control 

- Manager 
- Head of Technical Training 
= Programming Training 
- Technical Liaison Section Engineer 
- Field Service and Support Engineering 
- Field Service and Support Engineering 
- Field Service and Support Engineering 

GL (Glen) Coates - Manager 

08-80 = Support Co-ordination and Programming 

JV Ferrero 
EM Walrabstein 
RM Boulter 

20-10 = Staff 

- Programming MA-1 
- Programming GAR- J, 4 and JY 
- Programming GAR J/4 and JY 

H Bouck - Programming Manager 
DJ Comstock - Programming Mll- 1/MA- 1/40 
KJ QiDonnell - Programming GAR- J/4/JY 

40-00 = Technical Laboratories 

RM Mitchell - Weapon Systems Testing 

TELEPHONE NO. 

3432 
2934 
3987 

3618 

5605 

5561 
5546 

5347 
CS 5- 0371 Ext 4.1. 
CS 5- 037 Ext 45 

4956 
4r:i:,7 
6172 
4166 

5541 

2128 
4192 
5829 

2402 
2881 
6l'l 

.3917 

.... /2 
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TELEPHONE NO. 

f!cl)J_::_ Project Management - Ma=l, ASQ-:;25 

BE (Barry) Turner - Proj ect Manager 

£-... 1 l'.:01nputrng and Controls Department 

KM Stevenson - Manager 
TH Mansfield - Assistant Manager - Analog 

Equipment Development 
'WS Shockency = Assistant Manager - Digital System 

Development 
TJ Burns - Head of Analysis and Program Design Sec. 
WE (Wayne) McNutt - Section Engineer - Analysis and Progra:m. 

Design Section 
JA (Jake) Kelly - Navigation and Test Progra:m.ming 
WR Krafft - Head of C=unications Equipment Section 
HV Nuttall = Head of Dynamics and Analysis Section 
WN Turner = Aircraft Dynamics and Control 
AE(Abner) Gill - Ma=l Equipment I 
EG (Eldon) Rowberg = Ma-1 Equipment II 
WA Lobitz - Stable Pl atform 

41-15 - Radar Department 

RM Tryon 

AG Wedin 
RL {Bob) Brackney 
RW Stafford 

- Acting Assistant Manag.er = Seeker Head 
and Controls 

- Head of A.U Section (IFF) 
- ECCM 
- ECCM System Analysis 

~= MG Series Systems Department 

WR Bell 

!J,:.44 - Mb,,,l System Department 

V Wslge = Manager 
JA (Joe) Scanlan = Assistant Manager (CF-105 Project) 
EW (Everett) Durfee - Acting Head System Evaluation Section 
PE Narsell - Planning and Analysis (Flight Tests) 
WG (Winston) Walker - M&a l Reliability (CF- 105 Project) 
NW Hall - Head of MA',.,l Operations Section (Palmdale) 
LO {Uio) Langlois - MA.- 1 Airborne System Engineer 
RA\. (Bob) Boucher = Mi-1/40 Development 
John Buskirk - Flight Test 

41-48 = EH~ipmant Engineering Department 

J Aristei - Section Engineer Armament Engineering 

306 

3383 

2891 

2954 
3418 

4914 
4930 
4309 
2526 

4922 
2745 
2354 

2554 
4992 
2153 
6201 

4303 

4913 
4195 
42ll 
4744 
4744 

3288 
4020 

Section 4733 
JB (John) Lyon - Section Engineer Armament Engineering 

Section 4733 
'WR (Bill) Gockel - Project Engineer Armament Engineering 

Section 2401 
JB (Bruce) Roberts = Armament launching Problems 2020 
Alex Mathieson - Armament Auxiliaries 
DM (Don) Piehler - MB-1 (Ballistics and Separation) 4452 

0 ••• /J 

(4256? ) 
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TELEPHONE NOo 

41-01_~_ Project Management - Mlli.-1, ASQ: 25 u NCl '. ss• f IED 
BE (Barry) Turner - Project Manager 3066 

{d,- 11 - Computing and Controls Department 

RM Stevenson - Manager 3383 
TH Mansfield - Assistant Manager - Analog 

Equipment Development 2891 
ws Shockency - Assistant Manager - Digital System 

Development 2954 
TJ Burns - Head of Analysis and Program Design Sec. 3418 
WE (Wayne) McNutt - Section Engineer - Analysis and Program 

Design Section 4914 
JA (Jake) Kelly - Navigation and Test Programming 4930 
WR Krafft - Head of Communications Equipment Section 4309 
HV Nuttall - Head of Dynamics and Analysis Section 2526 
WN Turner = Aircraft Dynamics and Control 
AE (Abner) Gill - Mtl= l Equipment I 4922 
EG (El don) Rowberg = M&-1 Equipment II 2745 
WA Lobitz - Stable Platform 2354 

41- 15 = Radar Department 

RM Tryon 

AG Wedin 

- 11.cting Assistant Manag,er - Seeker Head 

RL (Bob ) Brackney 
RW Stafford 

and Controls 
- Head of AAI Section (IFF) 
- ECCM 
- ECCM System Analysis 

41-43 - MG Series systems Department 

WH Bell 

41- 44 - ~ l System Department 

V Welge - Manager 
JA (Joe) Scanlan - Assistant Manager (CF- 105 Project) 
EW (Everett) Durfee - Acting Head System Evaluation Section 
PE Narsell - Planning and Analysis (Flight Tests) 
WG (Winston) Walker - M/ka l Reliability (CF-105 Project) 
NW Hall - Head of MA'Fl Operations Section (Palmd.ale) 
LO (Leo) Langlois - MA-1 Airborne System Engineer 
Rl!. (Bob ) Boucher - Mlli.-1/40 Development 
John Buskirk - Flight Test 

41- 48 - Equipment Engineering Department 

J Ar istei - Section Engineer Armament Engineering 

2554 
4992 
2153 
6201 

4303 

4913 
4195 
4211 
4744 
4744 (4256'2 ) 

3288 
4020 

Section 4733 
JB (John) Lyon - Section Engineer Armament Engineering 

Section 4 733 
WR (Bill) Gockel - Project Engineer Armament Engineering 

Section 2401 
JB (Bruce) Roberts - Armament Launching Problems 2020 
Alex Mathieson - Armament Auxiliaries 
DM (Don) Piehler - MB-1 (Ballistics and Separation) 4452 
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42c 00 - Guided Missiles Laboratories 

FV (Frank) Flynt 
QC McKenna 

- GAR Project Office 
- M&-1/GAR ►4 

4&=03 = Project Management, GAR- 3/4_ 

CC L3Grand - Project Manager 

42 2 = Fiel d Operations Department 

BW Beers - Assistant Manager 

42=14 ~ Launchers and Power Plants Department 

(Mechanical Engineering Section) 

DN Paxton 
JF Skinner 

- Head 
= Launchers 

(Propulsion Section) 

D.l Mahaffy 
EP Gebhard 

- Gas Generators (Mk 6 Power Supply) 
- Rocket Engines 

60-66 = Information Security - General Office 

JL (John) Murphy - Security Cl assification 
RE (Ralph) Ringvald - Security Inspections 
CJ Beach ~ Personnel Security - Clearance 

San Diego 

Herb Campbell 

Palnrlal e 

John Seymour 
Jack Hall 
Mr, Dugan 
Dave Perkins 

El Segundo Plant 

JR Breen 

- Manager - Hughes Installationp Convair 

- Manager = Palmdale Facility 
- Palnrlale Electronics 
- Palmdale Test Pilot 
- Palmdale MTU 1s 

- El Segundo Tour 

TELEPHONE NO. 

3455 
6169 

2725 

3861 

2.445 
4382 

4372 
4372 

4758 
4622 
2775 

Windsor 7=3191 
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Reference .Q'.FHQ Technical Library No: 4944 Summary of Operational Targets 
4958 Falcon Fourth Quarter 1957 Progress 

Report 
4956 Falcon Second Quarter 1958 Progress 

Report 

1 Various targets have been and are being used in the FalJlon programs. 
The targets can be divided into two broad categories which are: 

(a) dynamic targets and, 

(b) static targets 

Dynamic Targets 

2 
The dynamic targets are drones of the following types: 

(a) Q-2A Ryan Firebee 

(b) QF-80 Droned F-80 

(c) QB-17 Droned B-17 

3 All the drones for the Falcon firings are supplied as Government 
Furnished Equipment. HAG have been developing or directing the development of 
Q-2./ll drone radar and infrared augmentation, 

Static Targets 

4 Ntnnerous static targets used in the Falcon programmes inc~ude: 

(a) Parabag - Mk 3 - radar-target, parachute (air dropped) 

(b) Parabomb Mk 2 - m-target, parachute (air dropped) 

( c) Radar Balloon - radar target, balloon (ground released) 

(d) Beacon Balloon - nonscintillating radar target, balloon 
(ground released) 

(e) Hasti (High Altitude Strike Indicator) - Infrared target, 
balloon (ground released) 

(f) Pogo-Hi II - radar and IB target, parachute (ground launched 
by rocket) 

5 The air dropped parachute targets have been mos t extensively used 
because of the relative ease with which they may be accurately positioned over 
the range. A disadvantage of these is the altitude capability of the releasing 
aircraft. 

6 
because: 

Pogo-Hi is one of the most satisfactory target systems available 

(a) The target may be pos itioned in space quite accurately (range, 
azimuth and altitude) 

(b) It has an altitude capability o" over 75,000 ft. 
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Radar Augmentation f~ ___ _. _ 
11 

7 To provide adequate radar targets for both- ground tracking radar 
and the Al radar and missile receiver, the radar type targets in mos t 
cases require special provisions to produce the necessary radar refleftive 
area. The following chart indicates the method used to obtain the radar 

reflective area,-_ 
(a) Parabag Mk 3 - Parachute is made of silver impregnated 

nylon fabric. 

(b) Radar Balloon - Balloon is covered with thin metal foil. 

(c) Hasti - Hasti cage containing corner reflectors. 

(d) Q-211. Firebee - Monostatic tail cone reflector is added to 
drone. In addition, a seven foot radar 
reflective pod containing bistatic and mono­
static corner reflectors has been developed 
by Ryan for the Q-2A, 

(e) Pogo-Hi - Radar reflective parachute. 

IR Augmentation 
The targets used for the IR missiles require an m source to be 

This has been accomplished as follows: 8 
fitted. 

(a) 
Parabomb Mk 2 - T-3 Mod BB9 flares are used in sufficient 

quantities to produce 200 watts/steradian, 

(b) Hasti - Uses same flares as above, 

(c) Q-2A - Four BB-9 flares mounted on each wing tip. 

(d) Pogo-Hi - Pyrotechnic flares or thermic charge. 

Genie Targets 

9 Manned B-57 and F-100 aircraft are 
Genie firings in which no warheads are used, 
escape manoeuvre when the rockets are fired. 
used because of the necessity to perform the 

Targets for Miss Evaluation 

being used as targets for the 
The aircraft go into a standard 
High performance aircraft are 

escape manoeuvre quickly. 

10 The targets which are used for both Miss Evaluation work and air-
craft acceptance flight test are B-57 1s and F-1001s. Normally , the B-57 
does not use any radar augmentation, however, if augmentation is required, it 
has been provided by installing a corner reflector under the canopy behind the 
pilot. Occasionally passive reflectors have been used on the F- 100

1
s, These 

have been corner reflectors in tanks mounted on the aircraft. Active radar 
augmentation has not been used. 

11 It has been found that at least 200 square feet of effective radar 
cross-section is desirable with 100 square feet being the absolute minimum for 

these tests. 

. ... /3 
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Target Usage 
12 The following table provides an indication of tpe types of targets 
used and the number of times they have been used for HAG/Falcon firings during 
the period 1 Oct 57 to 30 Sep 58. 

(a) Parabag radar parachute - 22 

(b) Q-2A drones - 13 

(c) Parabomb IR parachute - 11 

(d) Beacon balloon - 9 

(e) Hasti - 6 

(f) Pogo-Hi - 6 

{g) Radar Ballobn - 6 

(h) QF~80 drones 
,,i 

ASSIFIED 
TOTAL 78 

Note, Pogo-hi is a ne"1ly developed target system which has just come into 
operational use. 
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AFHQ TECHJ:CAL LIBRARY 

KUGHES AIRCRAFT CO MPANY GAR (FALCON) AND 

~OCUMENTS HELD AS OF 22 DEC i§ 
TITLE UNC' ~ -"-"'•Pllli""°~ASS-

. J.i,.w--lA ·•~GATION 
==.:=----------- ------ ·- -- ·-SOURCE 

Hughes A/C Co. 

Hughes A/ C Co. 

Hughes A/C Go. 
TM 221 

Hughes A./C Co. 

Hughes A/C Co. 

Hughes A./C Co. 

Hughes A/C Co, 
TM 341 

-Falcon Missile Packaging and Handling " 

•Falcon Missile Summary Report on 
Guidance & Control" 

~Launching Radar & Seeker Ranges for 
MX-904 Missile (Falcon)R 

~Preliminary Handbook Operating Instructions 
for Guided Aircraft Rocket YGAR-1

11 

~Preliminary Haadbook, erection and Main­
tenaAce instructions for Guided Aircraft 
Rocket Ygar-l• 

•Preliminary Handbook Service Instructions 
for Field Assembly and Checkout Equipme~t 
Xgar-1 ·•. 

•X-Band Radar Cross-Section Measuremeats 
(Falcon)•. 

AFG 57S-134001-3 •Personnel requireme•ts for use of Falcon 
Missile by Fighter Units - aad Appendixes 

Hughes A/C Co. 

Hughes A/C Co. 
SRSM.7-30 

Hughes A/C Co. 
TM 370 

Hughes A /C Co. 
TM 357 

Hughes A/C Co. 

Hughes A/C Co. 

1-3 • 1950 

•weapons Systems Developments Labs. Aero­
dy1tamie Data, Gar-1 A Missile " 

•The Gar-1 Falcon Ground Support System" 

~A Turbine-Driven Electrical-Hydraulic 
Power Supply for the Gar-lA Falcon• 

"Analytical and Simulation Techniques 
used in Predicting Falcon Probability 
of hit'•, 

•second Quarter 1957 - Progress Report 
No. IV-2VF-Faleon GAR 2• 

"Second Quarter 1957 - Progress Report 
No. IV-2EG Falcon GAR- 3 GAR-4" 

Hughes A/C Co, "Special Research No. SRSM 7-46. Effect 
of T47 and T58 Rocket Motor Exhaust on 
Structural Materials, 15 Nov 54. 

Hughes A/C Co. 
TM 393 

•Aerodynamic Data Report, GAR-lD and 
GAR - 2 Falcon Missiles~ 15 Sep 56 

..... /2 

C 

s 

C 
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4147 
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4318 

4319 

4344 

4851 

4852 

4853 
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4855 

4856 

4857 

4858 

4859 
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CLASS­
I F ICA T ION 

SOURCE 

Hughes A/C Co 

APG«:'-TN-58-9 

APG /ADA/38 - A 

TITLE 

~F a lcon GAR-1 - GAR lB Pro g ress 
Report No. ll-2DY Second ~uarter 
1955, 15 Aug 55 

•Evaluation of the F-89J Armam e•t 
System - GAR-2A Mode, Feb 58 

~Final Report on Project APG/ADA/38-A 
& ST of GAR - 1 {Falcon) Missile 12 
Feb 57" 

Hughes A/C Co, •Detail Specification GAR 1/GAR 2/GAR 
SRSM9-79 lD Field Checkout Equipme•t•, JO Jun 

55 Amended 15 Oct 56 

Hughes A/ C Co, 
4113. 7 / 54 

•C om ments on Missile Jump a•d Weather­
cock.., 15 Jan 57 

Hughes A/C Co, ~Addendum 1 to M- 111, Evaluations for 
Res. Study 187 Balloon Targ ets•. 8 Mar 57 

Hughes A/r.; 
M-111 

Co, "''General Techniques for Determination 
of Missile a•d Rocket Lauaching Error 
for use in Eva luation of Dry Ru• and 
Live Firings•, 
1 Aug 56 

Hughes A/C Co, ••nalysis o f the E-9 ( XY- 2) and MG - 3 
F i re Control Systems and the Falcon 
Missile•. 4 De c 53 

Hughes A/C Co, 
Cpy 43 Rev ~A• •Specif i cat i o n No. SRSM9 - 147A Det a il 

Spec i fic a ti o n GAR 3 Missile~. 15 
Mar 58 

Hughes Systems •Installation Re quire ments. Drawings -
Dev. Lab, MA- l =F - 106A, 9-1 5- 58 

Hughes A/C Co, 
Doc. Cod4 947 

*Pos t Provisi oni ng Review List~. 
15 June 57 

Hughes A/C Co, • Co c kpit Sub syste m MA - 1 Aircraft and 
TM - 561 Ref lDC Weapon Control System•. 1 Apr 57 
41145/88 -

Hu ghes A/ 'J Co. •C on vair-Hughe s Technical Coordina ti on 
Iaue x f or We apon s Sys t e m F - 1 06A/ MA- l. 
Is sue A". 1 J ul 58 

C 

USAF TO IM2 -
GAR 4- 2 

~Ha ndb o ok As s e mb ly , Ser v ice , a n d Mai nt e na nce 
Instructions Mi ss i l e Model GAR - 4 ~ 15 Feb 

USAF TO- IM2 
GAR3 - 2 

USAF TO- llFl­
MA.1 - 12-4 

USAF TO llF l­
MAl-12- 1 

58 Rev i sed 1 Ma y 58, 

•Handbook, Assembl y , Service a nd Maintena nce 
Instructions Missile Model GAR - J {Falcon), 
15 Feb 58 Ref 15 May 58 

w~ircraft a nd Weapon Control I n terceptor 
Syste m Type MA - 1 15 May 58 

Air cra ft a nd We a pon Control In t erceptor 
Syste m Type M A- 1 (Power Subsystem). 
15 May 58 

..... ft 
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4860 

4861 

4862 

4863 

4864 

4931 

4932 

4933 

4934 

4935 

4936 

4937-V 

USAF TO- llF l ­
MA.1-12-5 

USAF TO llF l­
MAl-12-2 

USAF T 0- llF 1 
MA-1-12- 3 

Hughes A/C Co. 
Xl73775 

Hughes A/C Co, 
ES - 464- 00 - 01 
MA/1F-106A 

Hughes A/C Co, 
Rpt PS - 2 - 72) 

Hughe£ a/ \; Go. 
Rpt, TS2 - 661 

Hughes A/C Co, 
Rpt, TS - 2=657 

Hughes Al C Co. 
Rpt TS2 - 84 

Hughes A/C Co, 
Rpt. PS - 2- 442 

Hughes A/C Co. 
Rpt, ES464 - 00-l 
(A.mndl) 

Hughes A/C Co. 
Rpt. MA - l - 9S 

4937-TII Hughes A/C Co, 
Bpt MA - l - 9S 

4938 Hughes A/C Co, 
Rpt. MA- 1- llS 

•Aircraft and Weapon Control 
Interceptor System Type MA-1" 
15 May 58 

~Aircraft aad Weapon Control 
Interceptor System Type MA-1 1

•. 

15 May 58 

~Aircraft and Weapon Control 
Interceptor System Type MA-1"' 
15 May 58 

•preliminary Out line -GAR,4A Sealed 
Missile• (Nominal Di mensi ons "'• 
8 Oct 58 

56. •Production Issued 29 Oct 
Revision F l - 1 Aug 58, 
Specific a tion ES 464-00-1 
5A) 29 Oct 56 

Eq_uipmeat 
(Is sue 

*Integrated Air Data Computing System 
for the l AWCS Type MA~l AND AN/ASQ-
25 and the ARDC Cockpit. (Product Spee.) 
28 Mar 58 C 

•Arma ment Control Gro u p of 1 AWCS Issue 
6 - Ele c t r ical Tests (Test Spee)" 28 May 
58 u 

"'Ele c tronic Control Amplifier Group. 
Mi ssile Antenna, Electrical Tests•. 
(Test Spee ) lJ Oct 58 C 

•MA- 1 AFCS/F - 106A, HUG P/N 464000, 
Group Electrical Tests. Issu11 11 
(Test Spe c·• 26 May 58 U 

~Genera t o r Set Stabilization Data, 
Issue 5 (Product Specification" C 
15 Jul 58 

Eq_uipmeat Spec i fication Issue 
4A•6 Apr 56 C 

•Air Data Computer - Functional 
Description - Automa tic Flight C 
Control System - MAl (Chapter V) 
Sep 58 

»Automatic Flight Control Subsystem­
Fuacti onal Description - MAl (Chapter 
VII) Sep 58 

•Production Radar Subsystem Desiga 
Specificati on for the MA-1• 20 Jul 
58 

..... /f 

C 
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4940 

4941 

4942 

494J 

4944 

4945 

4946 

4948 

4949 

4950 

4951 

Hughes A/v Co, 
.t pt . Mh -1 -5-S 

______ l' I 'l' Ll', 

AQ pe r ~ ti ona l Cha r act ristics a nd 
v aoa bilities o f F-106 /NA -1 (~D N8 -
J6522 /4 0 ) Apr 58 s 

Hughes lJ. /1., Co, 
Rpt. ES 1+64-00-l""Specificati on t o the lA \·, CS Type liA -

1 System Issue 6 (Equi pment Spee) 
C 

Hughes AJ!J Uo. 
Rpt. PSl-971 

Hughes A/C Co, 
Rpt PSl-251 

Hu ghes A/C Co, 

Hughes A/C Co. 
Ref 4212 2/ 1784 
rn 

Hu g hes A/C Co. 
M-14J 

Hughes A/v Co. 
SDN 8-52J42J/40 

Hughes A/C Co. 
PR No. 11 

Hughes A/C Co. 
Mlll 

Hughes a;c Co. 
MA- 1-8-S 

Hughes A/tJ Co, 
FPSJ -020- 1 
Issue 1 

Hughes A/C Co. 
Spee 185508 

1 Nov 58 

~Ante nn a , ADF HUG (651252) P/N 
464117-150 Issue 2 (Product 
Specific a tion )• 17 Ma y 58 

n Ta ctical Air Navig i a ti on (TACAN ) 
Set, Issue 1 (Product Sp e cific a ti o n) 
19 Dec 58 

•Missiles - Manufacturing Deli very 
S c hedul e s~ 28 Ma y 58 

•Summary of operati onal targets• 
6-11-5 7 

~Nobile Automat ic Ra diating Tester 
HUG Par t No. 486116-110" lJ Mar 
57 

~List of CCM Fe a tures Present a nd 
Proposed for MG-lJ systems"' (Cp 
No. l) 

"Fl06 AAD Progr am & Fl06 AWC S 
Armam ent Jevelopment Progra m 
Progre s s Report - Log No. JlJ -

AAD - JO)J-47 for Period 10-11 
thru 2 3 ~11-1958° 26 Nov 58 

•General Technizues for Determin­
ation of Missile a nd Rocket 
Launching Error for use in Evaluation 

0 

0 

C 

C 

C 

s 

C 

of Dry Run & Live Firings~ l Aug 56 C 

'"'MA - 1 Air c r aft & Weapon Control System­
A Technique for the Flight Test 
Evaluati on of a FCS in dry ru• MB-1 
Attacks (Cp JO) JO May 58 C 

• MA-l/AN/ AS~-25 Aircr a ft & Weapon 
Control Interception System 
Functional Program Specific­
ati ons of the Model A Naviation 
& Attach Digital Computer Program"' 
24 Nov 58 C 

"'MA-1 Aircraft and Weapon Control 
System GAR-J and GAR - 4 F~ lcon 
Missiles Coordin a tion Specification" 
2 Feb 58 C 

..... /~ 
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49 54 

4955 

4956 

4957 

4958 

4959 

4960 

4961 

-
SOURCE 

Hu g hes A/C G0 , 

MA-1-5-s 

Hughes A/C Co, 
Dw g s. i69421, 
169450, 46 4054 -
550 

Hughes n /C Co , 

Hughe s A/C Co. 
V-lPR 

Hughes A/C Co. 
V- 2PR 

Hughes A/G Go, 
V- JPR 

Hughes A./C Co , 
1V- 4PR 

Hughes A/C Co, 
plt. 1 V- 3DF 

Hughes A/C Co 
1V-3EG 

Hughes A/C Co, 
PB-7 

Hughes A/C Co, 
M- 148 

•opera ti onal Chara ct e ristics & 
Capa 'OJilities of the Fl06A/MA-
l (SDN8-J65 22 /4 0) Apr 58 S 

•Dr a wings - Launcher LE-6• 21 & 25 
Oct 57 19 Feb 58 G 

~Drawing - Deve lopment P la~ 
(Pro g r a m Pla n) for MA-1C/CF105 
We a pon Control System~ 24 Nov 58 C 

"'GAR-lD/ 2.A./J/4 F a lcon Missile -
First ~uarter 1958 Progress 
Report (SDN8-J6089) 40F-3J8) 
15 May 58 S 

"'GAR-1D/2A/J/4 Falcon Missiles­
Second Quarter 1958 Pro g ress 
Report (SDN8-J610/40-346) 15 
Aug 58 S 

11 G AR-1 D / 2.li /3 / 4 Fa 1 con Mi s II i 1 e s , 
Third, Quarter, 1958 Progress 
Report (SDN8-J6l28/40F-332) 
15 Nov 58 S 

•GAR-1/lD/2:4 Falcon Missiles­
Fourth ~uarter 1957 Progres s 
Report (SDN8-36039/40F-356) 
15 Feb 58 S 

~G AR -2 Falcon Pro g ress Rep or t , 
Third Q.u ar t e r•1 , 15 Nov 57 

GAB 3/4 ¥ alc on Missile Progress 
Report for Third quart e r 1957 
(SDN7-36091/40F - 445) 15 Nov 57 

•AN/As~~2 5 Self-Test Fe a tures for 
CDl/CTCl Iaspections (8 Sep through 
12 Sep 58 ) - AN/ASQ- 25 Aircraft & 
Weapon Control System• 2 Sep 58 

•Maintenaace of the MA-1 Aircraft 
and Weapon Control System" 9 
Apr 57 

C 

C 

0 

0 

4963 Hughes A/ C Co, .*Detai l Specific a tion for GAR4 
Spee, SRSM9-150A Mi ssile (Rev A) 15 Mar 58 
(REV ) 

C 

4964 Hughes A/C Co, 
See also Spee. SRSM9-
4851 147A ( REV) 

•Detail Specificati on for the GAR-
3 Falcon Missile (Op 41) 15 Mar 
58 C 
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4966 
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4968 

4970 
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-
SOURCE 

Hughes A/C Co, 
Spee. SRSM-9= 
149A (REV) 

Hughes A/C Co. 
Spee, SRSM-9 -
121c (Rev) 

Hughes A/C Co. 
470000 - 100 
Preli11, 

Hughes A/C Co, 
Dwg SP-69546 

Hughes A/C Co, 
TM . 554 

Hughes A/C Co. 
58H-6 4}7/4177 

Hughes A/C Co, 
X470073 

Hughe II A/C Co, 
Dwg 470000-207 

4973-1 Hughes A/ C Co. 
to 4973 - 8 

4974 

4975 

4976 

4977 

4978 

Hughes A/C Co, 
Rp t l Q:: 

Hughes A./C Co. 
Rpt. No. 4115, 
4/13 

Hughes A/C Co, 

Hughes A/c Co, 
Rpt PS2-786 

Hughes A/C Co, 
RPT DWG 464200-
206 

--
-~ CLASS-

T ITLE ________ ...;I:.af~· IQ!! I ON 

•verification Test Specification 
oa the GAR-3 Falcon Missile 
(Rev. A) (CP 3) 15 Mar 58 G 

•Detail Specific a tion on GAR 3-GAR 
4A Field Checkout Equipmeat (Rev. 
C ) C p • 8 1 ) 15 S • p 58 C 

~MA - l=C/CF105 Mk 2 (Arrow) 
Weapon System (HAC-Ref 4359) 
Master Index• 12 Dec 58 U 

•General Arrangemeat on GAR-4A 
Falcon Missile (Drawiag) 5 Dec 
58 C 

~A technique for Measuremeat of 
F ir e Control Launching Error on 
Falcon Snapup or Coaltitude 
Attacks• l Jan 57 U 

•Proposal to Provide a Training 
Program for Air Force Personnel 
on the MA-1 AWCS during Fiscal 
Year 1959" 8 Aug 58 U 

•Instrumentati on List - First Cut 
for CF105 (Does not include 
AFCS) U 

~Test Equipment Master Index -
YWA.-lo sy ■ tems 11 U 

"Hughes Drawings for the GAR 
3/3A/4 lalcon Missile • 1958-
1958 

•MA- le AWCS and GAR- 3A/4A for 
AVRO RCAF/CF105 Support Program, 
Is sue 2 (Planni•g Purposes) 
(Interdepart11eatal Corres­
pondeace) 8 Dec 58 

•Hughea laterim l R System~. 
1 Nov 58 

•F 106A aad F106B Managemeat 
Control Charte. w/~uarterly 
Program Review•. 2 Oct 58 

•Accelerometer, Aircraft Normal 
464161 - 1 50 Issue 1 (Product 
Specification). 26 Ju:a 58 

•Fuactional Schematic Ar11ament 
Control, MA - 1 Production (7 
Sheets) - (Urawings). 16 Sep 58 

C 

C 

C 

C 

u 

u 

..... /r 
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4980 
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4982 

4983 

4985 

4986 

4987 

4988 

4989 
Pt 1&2 

4990 

4991 

4992 

SOURCE 

Hughes A/C Co. 
Rpt. PS2-699 

Hughes A/C Co, 
Rpt. PS-1-730 

Hughea A/C Co, 
Rpt. PS-1-747 

Hughes A/C Go, 
Rpt. PS2 - 103 

Hughea A/C Co, 
Rpt. FPS- J-020-1 

Hughes A/C Co, 
Ltr. 158H- 11591/ 
4)59 

Dept of Defense 
(US) Dwg1 

Industrial Sec ­
urity 

Dept of Defells9 
(US) DD For11 254 

Hughea A/C Co. 
Pt s 1 & 2 

Hughes A/C Co. 

Hughes A/C Co, 
Dwg, MA- l CF105 

Hughes A/C Co, 
FRSJ - 068-l 

-7- ..... 
TITLE 

CLASS­
IFICATION ---

"l•tegrated Air Data Co mputiag 
Cyctem for Interceptor Aircraft 
a•d Weapoll CoJttrol Types MA-1 
Bild AN/AS~-25 (Product Spee) 
22 May 58 C 

~R a dio Receiving Set ILAS Is1ue 
6 (Product Specificati on) 23 
Jua 58 U 

• Commullicatioll& Subsy1tem, Radio 
Set, AN/ARC - 67, Receivillg set, 
Data Link AN/ARR-50 Issue J 
(W/A.la to No. 2J)(Product Spee) 
JO Apr 57 C 

~switch Radio Frequency Tra•a-
11isaion Line, 651244 HUG-P/N 
464263-150 Iaaue 2 (Product 
Specification). 26 Apr 57 U 

• MJ;.-1/AN/ASQ,, 25 Aircraft and Weapon 
Control Interceptor Sy1te11. -
Fu•ctional Program Specification 
of the Model a Navigation and 
Attack Digital Computer Program", 
24 Nov 58 C 

~Letter Reference-Transmittal of 
Documeats to the RCAF" 12 Dec 58 C 

"Power Diatributio• - l AWCS (aet 
of Thirteen Diagrams) Dec 58 U 

•Security Classification Guidea• 
1958 U 

•Secur ity Clas ■ ifications Check 
List (Prime & Subcontract) 
l Jul 56 U 

•Pt. l - ~G••eral Launcher Description• 
Pt. 2:-•Lau•cher -R ocket Airbor•e~ 
Model LE-6 Di saasembly Procedure" U 

•R65J98, R65J99, R65J96, R65J97, 
R6540l, R65406, R65405, R65407, 
R65404, R6540J, R65408, R65409, 
R65410, R654l2, R654lJ, R654l4, 
(MA- l & CFl05) Dec 58 

R65400, 
R6 5402. 
R65411, 
R6 5415 

•Instru11e1t Paael, Front & Rear Arrow 
11• 11 Dec 57 

u 

u 

"MA- l C/CFl05-Fu1ctional Requirem••t 
Specification for Power Supply Sub-
1yatem (Brief No. l, PCA 537) 26 Nov 
58 U 
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3993 

4994 

4995 

4996 

4997 

4998 

8160 

8161 

8225 

82 26 

8 227 

S CJURCE 

Hughes A/C Co. 
PS2-690 

Hughes A/G Co. 
Dwg 464 169-550 

Hughes A/C Co. 
Dwg 428993 

Hughes A/C Co , 
FSS - Act. 08 

Hughe• A/G Co . 

Hughes A/C Co , 
l0 - 58/LP/2M 

Hu ghes A/ C Co. 

Hughes A/C Co, 
Y. - 96 

Hughes A/C Co, 

Hughes A/C Co, 
Spee, PS2-699 

Hughes A/C Co, 
Spee, PS2-723 

atitD LASS-
IF ICATION 

•Sight Fixed,No11 Computiag 
(651375) HUG P/N 464169-

150 ( Pro duct S pecificati on) 
see also Ace f499 4 & 4995) 
27 Nov 57 u 

•Sight , Fi x ed,Noa c oEputiag Out­
liae and Mouatiag Dimension• 
( Dra wiAg) (~e~ al10 Ace Noa, 
4993 & 4995) Feb 57 U 

"'Reticle - Optical Sight (Drawi11g) 
See also ace Nos . 4993 & 4994) 
Apr 57 U 

•A dig i t a l Arithmetic Primer (Field 
Service a •d Support Activit1 08) 
5 Aug 57 U 

• The Story of Field Service Support: 
Hughes Airbor•e SysteEs (Brochure) U 

*DIGITAIR - A Digital Computer 
Pr oduced by Hughes (Brochure) U 

( Issue 5A) ES- 464 - 00-1 W AL No,l 
& Er ra tas - Specific a ti on for the 
Int e rceptor System Aircraft a lld 
Weap on Contr ol Typ e MA- 1 & GAR-
¾ 3 0 Nov 56 to 21 Ma y 57 

~The MA- 1 Aircra ft a • d We a pon 
Control System"' 15 NoT 55 to 
Apr 56 

8 X4 70000 - 1 00 Isaue A - MA.- 1 - Cl/ 
CF - 105 Mk . 1 (Arrow) We ap on Sy ■ teE 
(Co11. tract Brief No . 1 PCJ. No, 
537 ) Prelimina ry Master Index, 27 
Oct 58 

•Inte g r a ted Air Da t a Computing 
Syste m for the Interceptor 
Systems , Aircra ft a nd We a pon 
ontrol Ty pes MA- 1 a •d AN/ ASQ-

25, I s aue 6 ) 22 Ma y 58 

"I•t egrat ed Air Da ta Computing 
System for the Interceptor System 
Air c r a ft & We a pon Control Typea 
MA- 1 & AN/AS~- 25 a •d the ARDC 
Cockpit. 28 Ma r 58 




