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Thi13 specification is intended for the, use of the recipient and such persons 
as hav~ need to us~: it in the course of their duty, and may only be used in connect­
icn with work performed for or on behalf of H.M. Canadian Government. The unauthor­
ized retention or destruction of this document, or the disclosure of its contents to 
any unauthorized person, is forbidden. 

ht"tention is hereby Ct>iled to the fact that failure to comply with any of 
the above instructions is an infraction of the Officis.l Secrets Act. 

Any unauthorized person obtaining possession of this specification, by 
finding or otherwise, should forward it, together with his 1name and address, in a 
registered envelope to the Chief of the Air Staff, Air For~e Headquarters, Ottawa, 
Ontario, Canada, 
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(ii) 

Applicable Spe cifications , Publications and Drawings 

The fo l l owing specifications, publications and drawings of tte issue in 
effect on the d.ate of invitation t o tender , shal l f or;n a part of this specifica­
tion, and the requirements therein are to be complied with , except as otherwise 
stated herein. 

Where there is a variation between this specification and the specifications, 
publications and drawingF listed below this specification shall govern, 

s;eecifications 

Royal Canadian 

AIR 7-4(2) 

AIR 7-6(1) 

PROC 100-2(1) 
PROC 100-4(1) 

U.S. Military 

MIL -W-5o88A 
MIL-E '5272A 

MIL ,.E· 5400 

MIL ,.C-5900 

MIL-I-6181B 

MIL-P-7788 ' 

MIL-E --7894A 
MIL-T-9107 

Air Force 

A.V. Roe of Canada 

AVR OC AN E276 

Publications 

Royal Canadian Air Force 

Drawings 

NIL 
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CF ~-105 Aircraft 
Preparation of RCAF Drawings 
Identification and Marking of RCAF Property 

Wiring, Aircraft, Installat ion of 
Environmental Testing , Aeronautical and 
Associated Equipment (General Specification for) 
Electronic Equipment, Aircraft General Specifi­
cation f or 
Control Systems , Automatic Flight, Airoraft, 
General Specification for 
Interferenc e Limits , Te sts and Design Require­
ments , Aircraft Electrical and Electronic 
Equipment 
Plate, Plastic, Cockpit and Interior Controls 
Lighting 
Electric Power, Aircraft, Characteristics of 
Te st Reports ; PrepAration of 

Specification of CF-105 Damping System 

Preparation and Printing of RCAF Engineering 
Orders 
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1..1 This spec ification s tate s t he r equi r ements of t he Department of National 
Def ence, Rolf~l Canadian Air Force , her e i naft er called the Department, for 
the des i gn and construct ion of a prototype aut omatic f light control sub-­
system hereinafter called AFCS, for the CF-105 aircraft in accordance with 
Specification AIR 7 4. 

2. GENERAL REQUIREMENTP 

c,l While this specification i s intended to cover design and construction of the 
prototype system only, the de s ign shall be such that the system will be 
suitable for large scale production as a qualified reliable system. 

2.2 CnmponP.n~ units produced f or the r.JS Services are t o be used wherever possible 
and unless the stated r equi r ements in this spec ification require a new unit. 
On these units, acceptance by the US Services will generally be accepted by 
the Department. New units must be acc eptable to the Department. 

2,3 Phe material entering into the construction of this equipmen~ shall be of the 
best quality . All workmanship and shop pract i ce shall be in acc ordance with 
acc epted standards of modern engineering practic e . 

2.4 C.onstructiort including material and workmanship snall be free from any 
characteristic-s or defects , which may r ender the equipment unsuitable for 
the intended purpose, 

2.5 The use of ~aterials, parts and proce s s es other than those required by this 
and coucomitant specifications shall be inves t i gated and if a substantial 
reduction in size and we i ght or improvement in simplic ity of design, perfor• 
mance, or r eliability cari be r ealized by their use they shall be adopted. 
Approval of new materials, parts and proce ss es shall be subject to the corn .. 
ponent of which the featur e is a part pass ing all r equired tests and being 
acc epted by the Department. 

2.6 Design snall oe in accordance with the mos t advanced electronic equipment 
component des igns and packaging t echn i ques t o ensure m:iinimum size , weight, 
and cooling r equirements . Reliability shall be a ma j or design criterion. 
The u se of easily dis connec t ed, plug- in assemblies of one or more r elated 
circuits shall be inves tigated with a view t owards r eduction of size and 
we i ght, s i mplification of operation and maintenanc e or improvement in 
performance . 

2,7 The component parts of the AFCS shall be de t er mined during devel opment . 

2.8 The AFCS shall be de s i gned t o automatically c ontrol the aircraft satis • 
factorily throughout the airc raft range of operation as spec ified in para 
3. 6. 1 and under the environment al conditions and aircraft configurations 
e ncounter ed in1 operationa l use of the a ircraft . 

2,9 The i ns tallation and operati on of the AFCS shall not caus e any change in the 
aircraft control sys t em whi ch i s objectionable to the Department. 

2.10 Airc raft wir ing for the AJ~ b snall be in accordance with Specifi cation MIL-W-
5o88 unless an improvement f or this sys t em i s submitted and approved by the 
Department. 
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1 2. GENERAL REQUIREMENTS (Cont'd) 
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2.11 Console control s in the cockpit shall be Ughted in accordance with Specifi­
cation MIL-P-7'788. 

3. DESIGN REQUIREMENTS 

3.1 Relation to Damping Sub-System 

j.1 . 1 The AFCS shall comprise the electronic circuitry necessary to deliver 
outputs to the command servos so as t o automatically adjust the flight 
path vec tor and the orientation of the aircraft as demanded. 

3.1.2 It shall be compatible with the damping sub-system, which is defined 
in Specification Avrocan E-276 for separate development contract. The 
damping system will provide both the command and damping servo amplifiers, 
manual control s tick force pick off, rate sensor s, accelerometers, surface 
position pickoffs, structural integrity cut-outs i n the pitch and roll 
axe s, command signal limiter in the roll axis, and the circuitry required 
to p erform the automatic stabilization of the aircraft, to co-ordinate 
turns , to provide spiral stabi l i ty, and t o providP for unc o-ordinated 
manoeuvres at the option of the pilot. 

3. 1. 3 'l'ne normal damping system will be in operation during all normal modes of 
operation and the emergency damping system will be in operation during 
emergency conditions. 

3,1.4 The Optical Attack Mode and Manual Flight Mode shall be flown manually 
by flight stick control through the damping system and command servos, 
independent of the AFCS. 

3.1.5 See para 3 3.2 (c) regarding rates . 

J . .t.tJ Computations r equired f or AFCS shall be done in the AFCS equipment or may 
be done in the central computer if the concept of a central computer for 
the whol e electronic syst em i s used. 

3.2 Functions 

3, 2 .1 The AFCS shall in conjunction with other sub .. systems enable the inter­
ceptor to per form the following f nnc t1ons : 

(a) Automatic attack 

(b) Automatic navigation 

\ c I Aut,o,m,tie approach f or l anding 

(d) Pilot assist functions cons i sting of: 

(1) Heading hold 

(ii) Bank hold 

(111) Altitude hold 

( iv) Mach hold 

(v) Manual control by aircraft 
control stick 

These are expanded illn greater detail under paragrapll 3.6 . 2 and •in . .Appendix "A". 
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3. DESIGN RF.QUIREMEN'rs (Cont ' d) 

3,3 Sub-Syst em Inputs 

3.3.1 Command Input~ 

- 3 SECRET , 
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3.3 . 1 . 1 To provide the above functions, the AFCS shall accept command signalF from 
the other sub-sys t ems. These are to be selected by i;,he crew in accol:'.dance 
with t he function to be performed and are the modes specified below. 

3.3.1.2 Automatic Attack - It shall receive command signals from the computer 
sub-system to enable the aircraft to fly a correct firing course during 
the attack and for breakaway by pre selection by stick force. Automatic 
breakaway may become a requirement for thas r aircraft. A study is to be 
undertaken to fietermine how automatic breakaway could be accomplished and 
•hat advantages and di sadvantages would accrue. 

3.3.1.3 Automatic Navigation and Interception - For close control it shall accept 
command signals from the data link r eceiver through a coupler if necessary . 
For automatic broadcast control it shall accept command signals from the 
navigation computer. For Dead Reckoning navigation it shall accept command 
signals from the navigat i on computer and directional gyro on the stabilized 
platform. 

3,3.1.4 Automatic Approach for Landing - An AGCA ground installation shall provide 
the s t eering and descent commands for the approach through the data link 
receiver in the aircraft. Automatic landing may become a requirement for 
this aircraft. A study is to be undertaken to determine ho~ this could be 
accomplished satisfactorily. 

3,3 .1.5 Pilot Assist - The pilot's cockpit controls shall enable him to select 
the r equired functions and t o provide the command signals necessary to 
perform the assist func tions listed in 3.2.1 (d). 

3.3.2 Other Inputs 

:5.3 .. 2 .1 Certain inputs are necessary dur,:i.n('i ,the performance of all the functions 
lis ted in para 3 .. 2.1. 

3,3.2.2 The Flight Data Sub-system (refer enc e Specificatd.on AIR 7-6, section 3,6) 
shall provide information as r equired for compensation or scheduling for 
the various modes of operation 1'hese are tentatively indicated in the 
Gumrna ry in Appendix 11 A11 and the followin~ list:-

(a) Heading 

(b) PHch Attitude o,ngJ.c 

'.c) Holl attitude angle 

(d) Altitude 
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(e) Lift acce l eration 

- 4 -

(!) Differential or Pitot Pressure "q" 

(g) Mach Number 

3,3,2,3 Computation of these parameters for compensation or scheduling as 
functions of flight conditi ons shall be performed in the most reliable 
manner. Consideration should be given tu independent computation evP~ 
if the concept of a central computer is used . 

3,3,2.4 The signals generated in the damping sub system shall be used in the 
AFCS \•her ever necessary. 

3.4 Sub-System Outputs 

3 ,4.1 The sub-sys tem outputs shall enable t he aircraft to perform the automatic 
fli,\ht and nilot assist functions outlined in 3,2.L 

3.5 Des ign Characteristics 

3.5.1 Components of the flight control sub-system shall be part of the integrated 
electronic system, including cooling ducting, e l ectrical connections, and 
packaging but Bhall not contain functi ons which are not r equired for the 
AFCS . 

3.5.2 Simplic ity, li ght weight, and reliability shall be cons idered important 
des i gn criteria. 

3,5,3 To obtain operational simplicity, careful consideration shall be given to 
minimizing the number and compl exity for the contr ol s and indicators in 
the pilot's cockpit. 

3.5,4 Transit i ons between manual and automatic modes , or between varions auto­
matic functions , shall be accomplished jn a smooth manner. 

3.5.5 The pilot shall be given the abil:ity t o disengage the AFCS and take over 
manual control at any time durin~ automati.c f'lii;,;ht. 

3.5.6 Suitabl e feedback s i gnal s from the flight sens i ng instrumentation and 
•:drcraft damper sub-system shall be provided to assure· stable and rapid 
operation during all flight conditions . 

3 , 5 , 7 Pr ov:lsion shall be made to keep the aircraft trimmed automatically during 
all flight conditions except the damping mode s and it shall operate at a 
suitable rate to be determined during development. Manual trim should be 
cut out during all modes except the damping modes . 

3,5.8 Power - An investigation shall be made t o determine whether the AFCS can 
operate sati sfactorily for all modes of flight on 115 ± 6 a nd - 7 volts, 
lf OO ± 20 cyc les /sec , s ingle phase A/C power and 27½ ± 1½ volt D/C from a 
source which conforms to MIL-1'~-7894 or whether s tric t er control and phase 
synchronism is necessary. 
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3. DESIGN REQUIREMENTS (Cont 'd) 

3.5. 9 Engagement - It shall not be possible to engage the AFCS unless the system 
has been energized and i s ready for correc t operation. The time r equired 
shall not exceed 2 minute s for r eadying. Engagement shall be possible at 
any bank or pitch attitude . 

3,5 .10 Service L11·e - The AFCS shall be desigucu wi t h the objective of achieving 
2000 hours of service life without overhaul when operated under normal 
servic e conditions with reasonable servic ing and r eplacement of parts. The 
equipment will be energiz ed ready f or use during ai rcraft readiness on the 
ground and hence should be stable f or 24 hours runn i ng. 

3.5.11 It shall be a design objective t o use as few electronic tubes as poss ible. 

3 . 6 Per1·urmanc e 

3.6.1 Range of Operati on 

3. 6 .1.1 Speed and Alt i tude Range - The AFCS shall be capable of operational use 
throughout t he f oll owing ranges: 

(a) Altitude - sea l evel to 65 , 000 f eet aircraft altitude. 

(b) Mach Number - M--0 .15 at sea l evel t o M2 0 at 65, 000 feet and in 
emergency up t o M2. 2 , limited at all altitudes as i n para 3.6.1.1/,..' 

(c) Rquivalent Air Speed - 720 kts maximum. 

3. 6 .1. 2 Attitude Range - The AFCS shall control t he aircraf t throughout the 
followi ng atti tude r ange . 

( a ) The range of pitch attitude i s t o be de t ermi ned duri ng a study. 

(b) 360 degr ees of ai rc r aft bank attitude 

(c ) 360 degr ees of a i r c raf t heading. 

3.6 .1 . 3 Rate Range - The AFCS shall be capable of cont r olling the aircraft's 
inher ent rates in all axes suff i c i ently t o provide adequate dampi ng and 
manoeuvrability and overall a i r cr aft sys t em oper ation . 

3.6.1.4 Accel er ation Range The AFCS shall control the aircraft satis fac t orily 
within t he f ollowing r anges :-

(a ) Nor mal ac ce l er ation of+ 6 ' g ' in -oull-outs , and+ 4 'g' in turns 
and negatively t o 2 'g '. 

(b ) Lat er al accelerat i on of ± 0 . 2 ' g '. 

(c) For e -and aft accel eration of +1. 5 'g' to -1. 0 ' g '. 
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3, DESIGN REQU~NTS (Cont'd) 

3.6.2 Mo:les of Operation 

3.6 .2 1 Certain of the function eelect10ns described below shall be operable 
in certain simultaneous combinations as ind"l.cated in text. and an 
Appendix "A". When no AFCS mode is selected th" aircraft 11hall be in 
the manual mode .. See :para 3, 7 ,.5 for Emergency Mode 

3,6.2.2 Pilot AssiAt Mode 

3,6.2.2.1 In this mocfo the AFCS shall maintain the aircraft according to the 
further selection by the pilot of' the subsidiary f'ul')ctions descr.ibed 
below. The only commands are tho'3e inserted by the pilot; none come 
directly from navigatiol') equipment, fire control, or data link. 

3-.6.2.2.2 Function Selections 

3.6.2.2 . 2.1 Heading Hold - This function shall be normally engaged durit1g 
pilot assist mode; no selection switch shall be provided. It 
shall disengage automatically when the aircraft bank angle reaches 
3 to 5 degrees. It shall automatically re-engage on the new head­
ing when the bank angle returns to this range. The AFCS shall 
maintain the aircraft at its existing heading with± 1 degree 
tolerance. 

3. 6. 2. 2. 2. 2 Bank Hold - 'I'he AFCS shall hold the aircraft bank angle selected 
by the pilot by manual control; no selection switch shall be 
provided. The threshold for bank holding shall be between 3 and 
5 degrees of bank with a suitable light stick force applied; and 
the value of the latter to be determined during development. 

J.6.2.2.2 . 3 Altitude Hold -~ When this is selected by means of a switch the AFCS 
shall maintain the aircraft at its existing pressure altitude plus 
or minus a tolerance which is to be settled during development. 
Tolerances as set forth in Specification MIL-C-5900 are to be the 
design objectives; these are: ± 10 ft or 0.1% whichever is greater. 

3. 6.2 .2.2.4 Mach Hold - When this selection is made by means of a switch whose 
alternate position shall be Altitude Hold, oee para 3.6.2.2.2,3 
the AFCS shall maintain the aircraft at its existing Mach Number 
with a tolerance to be determined during development. 

3,6.2.2.2.5 Manual Control - When the pilot commands manoeu~res through the 
control stick, force sensing pick,offs shal l provide the command 
signals. Suitable light break-out forces, to be determined during 
development, shall cause disengagement of the hold functions and 
cau,;e swi tching from the AFCS to the Manual Mode for the duration 
of the commands, Upon completion of the command manoeuvres and 
release of the stick, the appropriate hold functions already se­
l ected by the pilot shall be automatically re-engaged . 
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3 .. 6.2,3 Automatic Dead Reckoning Mode of Navigation - When this mode is selected 
the AFCS shall steer the aircraft in azimuth in accordance with the head­
ing to destination computed by the navigation computer and headin~ hold 
from the directional ~vro on the stabilized platform. 

J.o.2.4 Broadcast Control . Mode of Interception and Return to Base - In this mode 
the AFCS shall steer the airc raft in accordance with command signals from 
the navigation comuuter or from stick eorce . Mach Hold may be used . 

3.6.?.5 Close Control Mode of Interception and Return to Base 

3.6.2.5 .1 In this mode the AFCS shall accept command signals by Data Link or by 
stick force. 

3.6.2.6 Attack Mode 

3.6.2.6.1 For the attack mode of operation the AFCS shall meet the following 
requirements in a manner to assure optimum system configuration giving 
better accuracy than under manual mode. 

(a) The noise component of the s teering command signals shall be 
adequately smoothed in relation t o range and flight parameters 
to minimize: 

(i) miss due t o no:l. se 

(ii) random control surface movement 

, ii i ) r oughness of ride for the crew. This requirement is 
not to compromise (b) below. 

(b) Re sponse t o the s t ee ring command s ignals shall be as rapid as the 
crew will tolerate to r educ e initial heading errors quickly and 
to minimize mi s:; due to target manoeuvre. 

(c) Adequate dyn,unic r,tabillty shall be provided in all degrees nf 
freedom of the alrcraft and uys t em. 

(d) Static bias errorG shall be as small as possible. 

J,o. c .b.2 Automatic s t eering ln az.i.muth and e levation nhall be provided for l e ad 
collision and l ead purauit attacks . 

3.6.2.6.J Optical attacks nhall be made nsing pilot ass i s t mode or Manual Mode. 

j 6.2 ,7 Approach for Lund Jng Mod e - In this mode the AF'CS shall r espond to the same 
s ignals as for Cl ose Control. 

3,6.3 Command Sip;nal Limltinr, When 'tne computer demands a manoeuvre approaching 
thi; value of' normal Hcce lerati on which would cause the aircraft to enter the 
buffet zone or to approach the structur al ' g ' limit the AFCS shall limit the 
execut:tve sip;nul to avoid ei ther of thelle effects . The demande d manoeuvre 
iG t o be c,, ,,;: lnued at the limited r1:ite. until the derp!3-nd is satisfied. 'I11e 

Commo.nd Si ,.nal Limiter slmll operat e in all mode □ except the Emergency Mode. 



SECRET - 8 -
:TfEC°"NO. INST 92-5 
ISSUE NO. 1 

!""I,.., ..... r 
3. DESlGu REQUIREMENTS (Cont'd) 

3.6.4 Rates of' Response - The AFCS with associated damping system and servos shall 
be capable of accelerating the aircraft at the maximum rates tolerable by the 
c rew in the pitch, roll and yaw axe s unless th Pse rates are greater than those 
of which the .airc raft is capable, in which case the latter shall govern. Not­
withstanding the above ability the Command Signal Limiter of paragraph 3,6 .3 
shall limit the manoeuvre in the prescribed way. 

J.7 Safety Provisions and Emergency Operatiou 

3. 7 .1 Cut-011t Switch - Cut-out switche s for the AFCS shall be provided on the stick 
. "!d on the console. 

J.7 .2 Malfunc tions - One evident failure of the AFCS or one failure evident to the 
pilot plus one non•evident failure shall not cause:-

(a) the aircraft to exceed the limit load factor by divergence beyond 
control. 

(b) an uncontrollable oscillati.on of the aircraft. 

3,7 .] Adequate interlocks and safety features shall be provided to avoid dangerous 
flight conditions. 

• ].7.4 An interlock shall be provided to turn off the weapons circuits when in the 
Approacb to landing mode. 

1.7.5 The damping system provides an emergency mode , r ef . Specification AVROCAN 
E- 276 , 

1.8 Maintenance 

3.tl l Design shall be in accordance with curr ent t echn:lques of built-in test 
and alignment cir cuitry. Special te st equipment shal l be kept to a 
rn:Lnirnurn and standard i terns of JAN field test gear given prefer enc e when 
possi1Jl e. 

J.8.2 A rn;ix:Lmum degr ee of component accessibility shall 1ie provided. 

J.tl . J Repl aceable inter-component plug-:in harnesses shall be provided, in order 
to r·irnpli fy maint enance procedures . Test equipment access plugs w111 be 
used wher e access to internal c i rcui tt; 1. s required 

1 .8.4 Inte rlock type of indication shall be i ncorpor a t ed where self-testing 
c1witches, test access plug jumper caps, or s imilar f eatures are provided·. 

J .8. 5 Prov.is ion shall be made during taxi-ing, ta!,e-off and while airborne, 
f'or t he c rew to det ec t major malfunctions i n the system. 

• 3,9 Eng:ir,ce rang Data 

3,9 .1 Dr awlnr;s - Department contracts for equipment, whether procured directly 
by t he Department or through another contractor, r equire that all drawings 
prepared by contractors in accordance with the terms of t he contract must 
be Ln accordanc e with the r equi.rements of Spec ification FROC 100-2. 
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3. DESIGN REQUIR:&;"MENTS (Cont'd) 

I NST 92-5 
1 

3,9,1,1 Prior to initiating work on drawings the contractor shall be required 
to apply to, Air Officer Commanding, Air Materiel Command, RCAF Station 
R0ckcliffe, Ottawa, Ont, Attn: SOPD/3. 

3,9.2 Engineering Orders - Department Contracts for equipment, require that 
engineering orders prepared hy contractors in accordance with the terms 
of the contract, shall be in accordance wit" the requirements of RCAF 
Engineering Order 00- 5-2, 

3.9.2.1 Prior t6 initiating work on publications the contractor shall be required 
to apply to Air Officer Commanding, Air Materiel Command, RCAF Station 
Rockcliffe, Ottawa, Ont. Attn: SOPD/L, for detailed instructions regarding 
EO 00-5-2. 

4. INSPECTION AND TEST PROCEDURES 

4.1 General 

4 . 1 . 1 The equipment shall be designed so that production items will pass the 
qualification tests and production acceptance tests hereinafter outlined. 

4.1.2 The development models shall be rnade with the above end in view but will 
not be required to pass all tests; the particular tests required will be 
decided jointly by the Department, the airframe contractor and the AFCS 
contractor, as development proceeds. 

4 .1.3 For purposes of testing the AFCS under normal operating conditions it will 
be· expedient in some cases to operate a damping system, servos, and input 
devices with the AFCS. This shall be permitted. 

4,1.4 ~cceptance or approval of material or parts during course of development 
shall in no case be construed as a guarantee of the acceptance of the 
finished product. 

4 .1. 5 •rne con"tractor shall, during all working hours, afford unrestrained 
opportunity and facilities for the inspection of the work and materials 
by an authorized representative of the Department, in order to enable 
him to exercise reasonable control of quality. 

4.1.6 Inspection by the Deparcmen"t's representative does not relieve the contract, 
or of responsibility f'or conforming to; the-standard laid down and accepted 
in general practice; the instructions and dimensions contained on the 
approved drawings of the parts or equipment and to the specification. 

4.1.'/ Pre~production tests are those tests to which samples representative of the 
prriduction item are subjected to determine that the production item fully 
meets the requirements of this specification. 

4 ,, 1.8 Acceptance tests are "those tests accomplished on production items . 
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, . INSPECTION A.l'ID TEST PROCEDURES (Cont'd) 

4.2 Pre-Production Tests 

4.2.1 Pre -produc tion te st samples shall cons i s t of such number, but need not 
exceed three, of each component from the pre iminary production run as 
may be r equired to conduct the tests specified below. 

4 2 .2 The contr actor shall furnish the Department three complete copies of 
each pre -production Report and each Flight Test Report. Pre-production 
test r eports shall be in accordance with the technical and format re­
quirements of Specification MIL-T-9107. 

, 2 .3 In cases where environmental t ests equivalent to those shown herein 
have alre~dy been completed by the contrac tor on the component, the 
contractor shall furnish copies of such reports. The tests need not 
be r epeated if the previous report is accepted for this procurement. 

, .2 .4 The equipment shall pass the environmental tests of para 4.2.5 before 
production design is frozen. 

4 .2 5 Pre -production tests shall consist of the tests under the paragraphs in 
4.2.4.1, 4.2.4.2 and 4 . 2.4.3 and thos e t ests specified under Acceptance 
Tests under paragraph 4 . 2.5 . 

4.2.5.1 Environmental Tests 

4.2.5.1 1 The environmental tests shall be conducted :u1 accordance with 
Specification MIL-E-5272A, except as otherwise specified herein. 
Prot otype equipment shall not be r equired to me et thes e tests 
but must be sufficientlv ai ,:-wor~.hv -r.)r t e st and development 
flying. 

4 .c .:;i. j .c Pressure and Temper ature - Whenever the pres sure and t emperature 
are not spec ified definit ely the t est shall be accomplished at 
approximately sea l evel pressure (about 29 . 92 inches Hg ) and at 
r oom t emper ature , about 25°c . 

4. <'. '.,. . l. j L OW Temper ature Tes t s - All components shill be te s ted in accord­
ance with Procedure II of Spec :U'iC' ation MIL-E- 5272A. except that 
vi sual examination at cold t emperat ures i s not r equ:i.red. Before 
conducting the t est, the component:; may be energized for a period 
of' 10 minutes . 

Not e : The 10-minute warm-up pe riod spec i f i ed above does net 
r eli eve the contractor from c ompliancf> with the require­
ments specified in paragraphs 3 .5.11 and 3.7 herein. 

Per f ormance uhall he checked befor e t l,e exposure period, and at 
the conclus i on of the exposure period while still at low t empe ­
r ature . 
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4 , INSPECTION 1\ND TEST PROCJillURES (Cont 'di 

4 ,2.$.1.4 

4.2,5.1.5 

4.2.5.1.7 

4·.2. 5.1.8 

Altitude - All components shall be subjected to the altitude tests in 
Procedure III of Specification MIL-E-5272A at a pressure altitude of 
65,000 feet. The temperatures shall be+ 70 ± 3 degrees F for all 
components. The duration of this exposure shall be 10 hours. Perfor • 
mance shall be checked before, during, and after the exposure. The 
altitude test shall be repeated at the cold temperature called fo~ in 
MIL ··E-5272A for low temperature tests. 

Humidity .. Use Procedure I of Specification MIL-E-5272A except that 
the duration shall be 10 cycles . Performance shall be checked before, 
and at the conclusion of the exposure period. 

Rain - Use Procedure I of Specification MIL-E-5272A. Performance shall 
be checked before and at the conclusion of the exposure period. For 
those components which cannot be sealed, any water that enters shall be 
free to drain out, and the only evidence of moisture shall be that due 
to surface adhesion. 

Salt Spray - Follow MIL-E-5272A, checking performance before and at the 
conclusion of the exposure period. 

Sand and Dust - Use Procedure I of MIL-E-5272A checking performance 
before and at the conclusion of the exposure period. 

Shock - Use Procedure II of MIL-E - 5272A, checking performance before 
andat the conclusion. of the operation. 

~.2 . S,1,10 Vibration - Use Procedure I or III of MIL-E-5272A as applicable. Per­
formance shall be checked before and at the conclusion of the vibration 
period, The maximum acceleration to which the gyros shall be subjected 
shall be specified in the detail specification in accordance with the 
vibration which it is found the aircraft will generate. 

4,2,5,1.ll Explosion Proof Use Procedure I of MIL · E-5272A. The component shall 
be operated during the exposure period, 

4.2,5 .1.12 Radio Interferenc e - The radio interference t ests shall be conducted 
in accore1ance w:I:th Specification MIL-I-6181B. 

'+, 2. ,5 .. L 13 Voltage Stability - The AFCS shall be tested to determine that it w:Lll 
operate satisfactorily as a syst em from a power source which reaches but 
does not exceed the limits specified in Specification M1L-E-7894A, Type 
1, and in paragraph 3 ., 5. 8 herein .. The system shall not be required to 
engage be ow 21 V. nc and is not required to remain engaged for direct 
cu1-rent transients of more than 10 volts below the steady state. 

4.2.5.J .14 High Potential - Each component shall be te sted for di.electric strength 
to ground for those circuits which do not have a path to ground through 
resistance, capacitance, or inductanc e according to the following volt­
E1ge schedulio, unless otherwise specified under the individual components. 
The potential shall be of a frequency of 50 to 60 cps, and shall be 
applied for 1 minute. 
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Voltage Rating 
of Circuit 

under 115 volts 
115 volts 
over 115 volts 

4.2.5.1.15 High Temperature -

Applied High 
Pot ential 

500 volts rms 
1250 volts rms 
Twice r~ted voltage 
plus 1500 volts rms. 

(a) Use frocedure I of Specification MIL-E-5272A for all units 
not otherwise specified below. Performance shall be tested 
before and at the conclusion of the exposure period. 

(b) The test procedure for amnlifiers and calibrators shall be as 

follows : 

Each component shall be placed in a heat chamber, and the 
internar chamber temperature raised to 160° ±3°F with Im inter­
nal relative humidity of less than 5%, Th<' test component shall 
be energized. The equipment shall remain at 160° ±3°F for lo 
hours. At the conclusion of this time, the equipment shall 
undergo 4 test cycles each of 3-1/4 hours duration including 5 
minutes at the maximum temperature to which the equipment might 
be subjected in service. The barometric pressure of the cpamber 
shall then be reduced ·to that corresponding to the pressure of 
30,000 feet. The equipment shall then be subjected to the test 
specified in Procedure I for a period of 12 hours. At the con­
clusion of the test, and with the equipment still at 160° ±3°F 
the performance shall be checked according to the applicable 
detail specification . 

(c) The test procedure for the trim interrupter shall be identical 
to the procedure in (b) above, except that the equipment shall 
undergo 10 test cycles. of 1 1/4 hours duration . 

4.2.5.2 Acceleration Tests - Before any critical flight tests are conducted, 
the contractor shall demonstrate that adequate provis ions are in­
corporated to prevent the AFC S from applying control to the aircraft 
that would caus e the aircraft to exceed its structural design limits. 

4.2.5,3 System Operation Tests 

4.2.5.3.1 The AFCS installed in a CF-105 aircraft shall demonstrate sat­
isfactory performance in accordanc e with the following req_uirements: 

4.2.5,3,2 Ground Test ~ 

(a) Interlock Test - A t es t shall be made t o demons trate satisfact­
ory operation of the interlockl.ng f unctions 

(b) Sense of Operation in Pi t ch - S:i r;nnls shall be put into the 
pi t cJ-1 cha nnel t o dcmom,t r at e t hl\t the contr ol s move i n the 

cor rPc t sense . 
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(c) Sense of Operation in Roll anrl Yaw - Signals shall be introduced 
into the roll and yaw channels to demonstre.te that the controls 
move. in the correct sense, 

4.2.5.3,3 Flight Tes ts 

4.2,5.3.3.1 The flight tests shall be performed for the purpose of demonstrating 
compliance with the r equirements listed hereunder, Unless otherwise 
specified the flight tests are to be conducted in fairly smooth air. 
Unless otherwise specified, the aircraft shall be trimmed manually 
for straight and level flight for each test prior to engagement of 
the AFCS. Sufficient tests shall be conducted with external stores 
in place to determine that the AFCS is able to control the aircraft 
satisfactorily with such stores in place. 

4.2.5.3,1,2 Control Characteristics~ Transitions between manual and automatic 
modes, or between various automatic functions, shall be accomplished 
in a smooth manner to the satisfaction of the test pilot. 

4.2.5.3.3,1 Flight Test Procedure - The flight test procedures listed in Table 1 
shall be performed in aircraft flight configuration which will be 
jointly agreeable to the Department, the airframe contractor, and 
the AFCS contractor. 

4.2.5.1,3.4 Rough Air - With the AFCS engaged, operation in rough air shall not 
excite sustained periodic oscillations of either the aircraft or the 
control system during straight and level flight, climbs, dives or 
co- rdinated turns. 

4.2.6 Acceptance Tests 

4.2.6.1 Individual Tests - Each production component or complete production AFCS 
shall be inspected to determine compliance with the individual tests of 
the latest approved jssue of the applicabl e detail specification. These 
tests shall not apply to the prototype equipment. 

4,2.6.2 Sampling Tests - One of each component of the production AFCS shall be 
selected at random from every hundred or fraction thereof produced and it 
shall be subjected to the following tes t procedures. 

(a) The sampling tests shall consist of the sampling tests specified in 
the latest approved i ssue of" the applicable detail specification. 

(b) When sampling te sts are specified on a number of items that are 
selected from a production run, and one or more of this number fails 
to meet the specified tests, acceptance of all items of the type that 
failed still on hand and subsequent production shall be with-held 
until the extent and cause of failure is determined. For operationaL 
reasons, individual tests may be continued pending investigation of 
a sampling test failure; however , final acceptance of the items on 
hand and subsequent production is contingent upon the inspector's 
dec i s ion regard:lng the over-all conformance of the product to require­
mr.nts of this Bpec ification . When corrective action has been accom­
plished, nll Grnr1pling tests shall be repeated. If investigation in­
dicates that th e defects may PXist in items previously accepted, full 
particulars concerning tile defects, including r ecommendations for 
cor" r-c t1 nn, shn 11 be furnished to the Dq,artment. 
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. 4 . INSPECTION A}TD TEST PROCEDURES (C ont' d) 
' ~ 

• 

(c) Retests - Rejcct8d AFC Systems shall not be re-submitted for 
inspection without furnishing full particulars concerning 
pr evious rejection and the measure take n to overcome the defects, 

(d) These te s ts shall not apply to the prototype equipment . 

. 5. PREPARATION FOR DELIVERY 

To be specified by amendment to this spec ification. Special arrangements 
w.ill be made for the prototype equipment. 

6 . CHANGES TO SPEC IF'ICATION AND WORK 

6.1 The Department through the Department of Defenc e Production may order extra 
work or make changes by altering, adding to or deducting from the specifi­
cation and or the work; the contract sum being adjus t ed accordingly. No 
extra work shall be made unles s in pursuance of written order from the 
Department of Defence Production, and no claim for an addition to the cum, 
t rac t sum shall be valid unles s so ordered. Drawings, or the equivalent, 
showing details of all extra work, must be approved by the Depar tment and 
the right is reserved to reject any work not done in ac_cordance with the 
approval of the Department's representative. 

6.2 If the contractor claims that any instructions, by drawings, or otherwise 
involve extra cost to this contract, he shall give the Department written 
not:ice thereof within a reasonable :).apse of time after receipt of such 
instructions, and in any event, before proceeding to execute the work. 
No claim shall be valid unl ess so made . 

6.3 The contractor shall state in his tender any item which he cannot fulfil 
as specified. He shall indicate any deviations , substitutions or changes 
which he requires a s alternatives. 

6.4 Any quest.Jons r elating to this spec ificat1.on are to be r eferred to the 
Department' s authorized representative . 

6.5 If the contrac t or wishes to suggest alternatives, obtain concess ions or 
otherw:is e depart from the current ls,me of the specification, he is to 
forward his proposals immediately to the Department for approval. 

Note: Copi es of this specification may be obtained by contacting the Department 
of Defence Pr oduction , Ottawa, Ontario, Canada. 

NOTIC E: Whe n Government drawings, spec ifications , or other data are used for 
any purpose other than in connection with a definitely related Govern­
ment procurement operation , the Canadian Government ther eby incurs no 
respons:ibility nor any obligation whats oever; and the fact that the 
Government may have formulated, furnished, or in any way supplied the 
sa:l d dn .wings , specifications , or other data, is not t o be r egarded 
by Jrnplication or otherwise as in any manne r licensing the holder or 
any other person or cor porat i on, or conveying any rights or permission 
t o manufacture , use, or sell any patented invention that may in any 
way be r c>lated ther eto . 
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AFCS 
FUNCTION 

Bank 
Hold 

AXIS 

Roll 
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F1.IGHT TESTS TABLE 1 

TEST PROCEDURE 

Engage Pilot Assist 
Mode. Straight and 
level flight for a 
minimum of 3 minutes 
Heading contr ol 
disengaged. 

Apply aileron con ­
trol input and r e ­
lease at a bank angle 
of approx. 20 degrees. 
Control stick steer­
ing and synchroniza­
tion shall be in­
operative for r oll, 
and no heading feed­
back shall be used . 

STABILITY & 
PERFORMANCE 

CHARACTERI STICS 

Damping 

atatic 
Accuracy 

Response 

DampiDB 

Static 
A.ccuracY 

• • 

REQUIREMENT!'!" 

There shall be no oscillation which exceeds 
±.5 degree below 5,000 ft, and- :!: 1 degree 
aqove 5,000 ft. The period of the oscilla ­
tion shall not be less than one ~half of the 
lateral directional ; natural period of the 
aircraft_and shall not be objec tionable to 
the Department . 

The AFCS shall maintain the wings level 
attitude within± 1 degree. 

The short period r esponse shall be smooth 
and rapid and not ob jectionable to the 
Department . 

The shor t period damping shall be adequate 
to permit one overshoot. The overshoot 
shall not be greater than 15i of the ini­
tial r oll attitude ampl itude. There shall 
be no oscillation which exceeds ±. 5 degr ees 
below 5,000 ft and± 1 degree above 5,000 
ft. The period of the osc illation shall 
not be less than 1/2 of the lateral-direct­
ional , natural period of t he aircraft, and 
shall not be objectionable t o the Department. 

The AFCS shall return the aircraft to with­
in± 1 degree of the initial attitude in 
r.oll. 
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A ... "lcCS 

ru':~CTIO~ 

Heading 
Hold 

A.US TEST PROCEDURE 

Apply aileron con ­
trol input and re-­
lease at bank angles 
of gr eater than 7-5 
degrees but less 
than 60 degrees. Con­
trol stick steering & 
synchronizer shall be 
used for this test . 
Heading control will 
be automatically lock 
ed out at bank angles 
greater than 7.5 de­
grees. 

Head-, Engage Pilot Assist 
ing Mode. Straight & 

level flight for a 
maximum of 5 minutes 
with roll and head­
ing loops both en­
gaged. 

Apply a rudder con ­
trol input and re­
lease.Control stick 
steering shall be 
inoperative for this 
test. T..~e maximum 
heading change ac­
cumulated due to the 
over-power shall be 
not more than 3 deg­
rees (Consistent with 
avoiding more than _.2 
g lateral accelera­
tion of the aircraft) 

• flIGffi' 'i.'ESIS TABLB 1 (Cont'd) 
•• '~ 

STABILITY & 
PERFORMANCE 

CHARACTERISTICS 

Response 

Damping 

Static 
Accuracy 

Damping 

Static 
Accuracy 

Response 

Damping 

Static 
Accuracy 

REQUIREMENTS 

The short period response shall be smooth and rapid 
and not objectionable to the Department. 

The short period damping shall be adequate to per­
mit one overshoot. The overshoot shall not be 
greater·than 15% of the initial roll attitude am­
plitude. There shall be no oscillation which ex­
ceeds ±.5 ,degrees below 5,000 ft and± 1 degree 
above 5,000 ft. The period of the oscillation shall 
not be· less tha~ one-half of the latteral-direct­
i onal natural period of the aircraft and shall not 
be objectionable to the Department. 

Upon release of the stick, the AFCS shall engage 
the r oll attitude mode and maintain t he aircraft 
within± 1.5 degrees of the atittude existing 
at the time of stick release. 

There shall be no heading osc illation which ex­
ceeds the value of± 1/2 degree. The period of the 
oscillation shall not be objectionable to the 
Department. 

The AFCS shall maintain the aircraft heading 
within±_ 1 degree of the reference heading. 

The short period response shall be smooth and 
rapid and not objectionable to the Department. 

There shall be no heading oscillation which ex­
ceeds the value of ±1/2 degree. The heading res­
ponse shall not overshoot by more than 15% of the 
initial input heading error. 

Upon release of the control, the AFCS shall main­
tain the heading within ±1 degree of the initial 
heading. 
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I IB"' AFCS A.XIS TEST PFOCEDURE 
Func ,:ror; 

9 Alt it..1de Piech Straight and l evel 
Ho l d flight fo r a maxi mum 

of 5 'Din . 

- ' Per form coordinated _, 

turns with bank an -
gl es up to 60 de-
gr ees . 

- Trim air cr ~f,:; for --
approxirn ~t ely 1 000 
ft /rn in de5c ent , 
Swi t cl:", alti t ude 
contr ol on at t he 

i selected reference 

' 
a l titude . 

I - 7 I Trim aircr aft f or I --
approximately 1000 

I ft /min ascent. 
I Switch altitude 

I 
control on at the 
selected alti tude . 

• • FLIGHT TESTS TABLE 1 (Cont ' d) 
ST·ABILITY & 
PERFORMANCE REQUIREMENTS 

CHARAC TERISTICS 

Daa:;p ing The re shall be no altitude osc ill at i ons which ex-
c eed ± .1 degr ee and t he period shall be not less 
than 11 sec . The osc illation shall ~ot be object-
i onable t o the Department. 

Static The AFCS shall hold t he reference a l titude to 
Accuracy within± 1 0 f eet or . 1% whi chever i s gr eater . 

Response The re sponse shall be smoot h and rapid and shall 
not be ob j ~c tionabl e t o t he Department . Ther e 

Damping shall be no altitude oscilla~i ons which exceed± .1 
degree and the period shall be not l ess than 11 
seconds. The oscillations shall not be objection-
able to the Department. The AFCS shall hold the 
ref. altitude t o within± 30 ft. or± 0 . 21, which-
ever i s greater 

Response The alt i tude controller shall cause t he a ircrafl; 
to return t o t he sel ec t ed al-citude smoot hl y and 

Damping r api dly . The under-shoot shall be l ess than 250 
Static feet . The final a l tit ude shall be withi n 50 £eet 
Accur acy or 0 . 2% of the sel ected refer ence alt itude, which -

ever is greater . 

Response The altitude controller shall cause the air cr aft 
t o r e t ur n t o the selec t ed altitude smoot hly and 

Dampi ng rapidly The over-shoot shall __ be l e s s than 250 
St atic £ee t. The f inal altitude shall b e wi thin 50 f eet 
Accuracy or 0 . 2% of t he s elec t ed reference altitude, which-

ever is greater. 
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ITEM AFCS AXIS 
FUNCTION 

13 

14 Auto!Datic Pitch 
Trim 

15 Switch- All 
ing A:xes 

16 Broad- :Yaw 
cast 
Control 
Mode of 
Inter-
ception 

• 
rLIGHT TESTS TABLE 1 (Cont'd) 

STABILITY & 
TEST PROCEDURE PERFORMANCE REQUIREMENTS 

CHARACTERISTICS 

Disengage and re - engage Response The response shall be smooth and rapid and shall 
altitude control. Ap ~ not be objectionable to the Department. The 
ply a stabilizer contra Damping altitude transient shall return directly to, and 
input, forcing the air- remain vi~hin 10 feet or O. li of reference altitude, 
craft off reference alt - whichever is greater. 
tude 100 ft or o.4i 
whichever is greater, 
and abruptly release . 
Automatic-pitch trim 
shall be inoperative. 

Decelerate from ,9 Mach Response The pitch attitude shall not change more than +1° 
No. to equivalent ap- from attitude just prior to disengagement for 
proach speed in an expe period of 5 sec. after disengagement. A vertical 
ditious manner. Afte:r acceleration transient due to disengagement shall 
stabilizing the approacn not exceed 0.2 g. 
speed, wait ten sec onds 
and disengage AFCS. 
Auto trim shall be oper 
ating during the speed 
transient. 

Engage & dis engage AFCS. Response Switching shall not cause any transients which ex-
Select all modes of AFCc ceed .2 seconds duration. These transients shall 
operation . not be objectionable to the Department . 

Engage Broadcast Contra] Respo;:ise The aircraft shall turn on to the heading rPquired 
Mode . Provide inputs tc to intercept the supposed moving target. 
the Computer either by 
manual input or by data 
link. 
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