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The structural £light test program proposed hersin consiste of two maln parts:

(a)

{b)

P T ration = It is intended to carry out comprshensive
Llutter stion tests both on the ground and during initisl
£1ights, prior to commencement of the Flight Load Survey and
Demonstration tests, In this way it will be possible to check
calculatiorme and predict whather or not critical or detrimsntal
flutters and vibrations will occur during any part of the fiight
range.

Combinad Flicht Load Surye

This portion of the flight test progran, which is based on & 4el.l
of MIL=S~5711, constitutes the formal part of the structura

£1ight testing, The main purposes of these tests are to show that
the f1ight loads check with analytical louds, and also to demon=
strate that the airplane is structurally satisfactory and is
capable of withstanding loads imposed during performance of the
menoeuvrese of the approved program without failure or without
objectionable perrenent set in eny portion of the structure.

Since proof of structural adequacy of the airplane shall be
jointly depsndent on the flight test and static test mesults, a
fair smount of co=-ordination will be roquired between the ground
and £light tests, This is exsmplified in the fcllowing excerpts
Zrom MIL-S~5710 and MIL«S«5711,

MIL-S-5720  §3.2.2 "The teste will be initiated as soon
as the test set-up is availuble, The loads
used are outlined ia puragraph 4,1, If the
flight load data are not availsble, the tests
will be based on analytical louds. The complete
test to destruction {one condition) will not be
gconducted until the flight locad date from the
100% limit load survey have been incorporated
into the test loads”,

MIL-5-5711  §4.1.1.2 "Fingl Phase - (Tests permitted after
completion of ultimate stutic tests), The tests
in this phase shall be conducted to 1U00% of limit
lcading condition,.. s00 "q

it is strongly recomrended that the above degree of tie=in
between ground and flight tests ba meintained in the interest
of the safaty of the airplane.
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SED CF=105 STRUGTURAL INTSGRITY FLIGHT T3ST PROURAM

he sseord alrplane shall be procured and instrumented adequately to
2 % the flight test progrem designated in this proposal, An
aaal airsplane sufficlently late in the producticn program to

ttaining the fimal confipurution, should be procured and
rtzd o sarvs either as a standby or back=up alreraft,

o
[

Jidated 1list of instrurentation, required for the ¥Proposed
Structriral Integrity Flight Teet Progrem", is tabulated in
530 i, Pard ’aJ in itvs eutirety is required for the "Flulter
~o Yihration Tests”, proposed sarlier in this nots, Part (8) one;
e iﬁ i%s sniirsty ave required during the "Coxbined Flight Load
7z and Deonstration Tests" proposed herein,

3 e

1 i

recording shall be such to permit initial scanning of
iing and t mpar‘ -urce to ensure that limiting values have not besn

1, and “O;]QWIEQ this the issucncs of required date in the form
ical Sracs recordings. The detailed methocd for absorbing snd
e *%;w dota 18 not available at this time,

ths larpe number of strein gauges required for this program
~air recormended that a comnutating device be utlilized o
rerording of nore than one siraln cutput on one channems

£ ;@asibﬁe, a switching device to parmih tha selectlo

- groups %o strain gauges, oprior to and during flightc
{ or2atly reduce the number of fiishts necessary to perform

wnosuvres ana raccrd the aorrespoﬁﬂing dutay

The “1aazu§en,atisn required for this phase of testing iz cutlined in
tabls one and constitutes part (a)l and 2, which total 75 signal outputs.

The [1ight menosuvre, louding snd configuration of the sirplans, reguired
for this pcrtimn of testing iz not yet available. The methed of exciting
flusiter and vibrabtion & .riang flight has yet to bs esiablished,

rosomnendsd plek up locution for vibration analysis is shown on
©a 0n®:  {See Page Five),
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PROPOSED CF=105 STRUCTURAL INTHGRITY FLIGHT TLST PROGRAM

2,4 Combined Flight Load Survey and Denonstration

The combined Flight Load Survey and Demonstration program shall be
conducted in two phases as follows:

2.4.1 Initial Phase (Tests permitted prior to completion of ultimate
load static tests) - The tests in thig phase shall be conducted
to 80% of the limit loadinz condition’« The purpose of this
phase shall be to define, by flight measurement over the speed
and altitude range, the critical flight conditions for the
airplane. This phase shall consist of performing tests out=
lined in table two, and measuring flisht loads during all
required manoeuvres, The tests outlined on table two shall
be conducted in the order shown3:

(a) HManoeuvring Grids at three %t;tudes
as per §he2.2.1.1 MI=Se5

(b) Design Criteria Conditions (not covered in (a) as per
§ 4o2.2,1,3 HIL=5-5711)

(e) Tests. required to define suspected new critical conditions as
per 4.2.2,1.3 MIL-S=5711,

* Ses §2cltb3 of this nots.,
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Y] MJ,TM » (Tests permitted after completion of ultimate static
teste) = The tests in this ghase shall be conducted to 130 percent
of 1izit loadiny condition,® The purpose of this phuse shall bs to
verify the loads at and demonstrate the eirplane for 100 percent of
jimit loading condition.¥ This phase shall consist of performing the
tests outlined in toble three and neasuring flight loads during the
required tests as specified,

{a) Flight lozd meesurement - demonstration tests at the speed
altitude combinutions indicated to be critical by the
Initial Phase with loudinis and configurations tested in
that phase,

(1) These tests shall include all ap;licable types of
menoeuvres of § 4.2.2.102.2

(b) Flight load measurevent demonstration tests at limit Much
mumber and 1imit "g" (dynamic pressure), if not covered in
(a) with the eritical loadings and configurutione

(1) A normal pull-out (4¢2s4.1 MIL=8-5711) shall be performad
8t limit Mach number and et lizit "g" (dymamic pressure)
th the critical loadings on configurations as per
402-203-:205 of MIL-S°5‘711,,

{e) Demonsiration tests to demonstrate the structural adequacy of
external Store supports and to establish flight limitations
for any configurations not previously tested, The following
manosuvres shall be performed with the loadings and coniig=
urations noted, (i.a, external fuel tank confijuration)

(1) Hormal symretrical pulleout (4.2.4.1, MIL=S<5711) at
minimum and calibrated speeds up to M = ,95 with the
partially filled external tank loading most critical for
the tank supports and supporting structure.

(2) Normal sy:metrical pull-out (4s2.4,1 MIL=S-5711) at speeds
up to Much = .95 with external fuel tank confi_ urations
not previously tested, as required to demonstirate the
maximum load on each set of supports and supporting
structure and to establish £light limitations for these
configurations,

(3) Normal symmetrical pushedown (4.2.4.2 MIL=S5711) at
speeds up to M = .95 with external fuel tank configurations
not previously tested, as required to demonstrate the

maximum negative load on each set of supports and supporiing
atructures

* See § 2.403 of this mt.g
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PROPOSED CP-105 STRUCTURAL INTSGRITY FLIGHT TEST PRogRay  Fege Mine

2.4.2 (Cont'd)

(4) Abrupt co-ordimted pull-out (402.4011 MIL=-S=5711) 8%

pagd na x4 ron ing with full external
tanka and arnament load nost critical for each set of
supports and supporting structurs,

NOTE:= The four cases diacussed in this section have been modified with
respect to speeds to cater for ths sxternal 1 tank configuration
in asccordance with R,C.A.P, AIR=7=4 issue one & 3.7.2

Howevar it would appear that the above cases as outlined in MIL-S-5711

4e2.2,2,2 €, should apply to the armenent pack with misailes retracted
and the more critical, extended positions, and hence be made applicabls
to the Armament Structural Integrity tests,

In addition it is felt that modifications of menceuvres 4.2.2.3.2 (d),

(1)

(1)

(14)

“N ‘ (141)

(1v)
{d)

(1)

2@463

MIL-S=5711 constituting the following
Normal unccordinated ro. ling pull-out with abrupt checking.
Abrupt uncoordinated rolling pull-out with abrupt checking.

Normal uncoordinated roiling pulleout followed by abrupt rolling in
revsrsed direction,

Abrupt uncoordinated rolling pull-out followed by abrupt rolling
in reversed direction,

Demonatration test required to demonstrate the siructural adequacy
of dive brakes.

Decelaration device shall be extended (4.2.4.15 MIL=8-5711) at the
maximum design speed for the particular device, with an aft centre of
gra7ity loading,

Special Tests (Not listed in tables two end thres)

It is recommended that an exploratory series of tests be conducted

to determine the order of structural temperutures and thermal stresses
during flight in the regions of meximum airspeeds, Thess tests should
be conducteé prior to completion of the Final Fhase of Struc.ural
Flight Testing at the meximum Mech mubers and airspeeds,

The instrumentation for this phase of testing comsists of 150 strain
geuge outputs and 50 thermocouples and 18 test conditiom outputs {See
table one, part (b} 104and part (a) 1.
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"RQPISED CF=103 STRUCTURAL INTEGRITY

.5 Undersarriage

3 recormenaed that sirains at the junction of the undercarriuye

she inner wing structurs be recorded during a seriss of initisl
landin 3, The pur-oss of these tssts will be to dsteraine the
mrastural adequacy and limitations of the CF-105 undercarriags prior
; ha stage of intensiva flight testing,

astrumentation for this portion of testing consists of
inmvcus strain outputs, 200 non-conitinuous strain outpuis
test condition outouta, {See table one {b} 3,9 snd (a)l;,

Critical C/S Structure and Tank Picl-up and Fin

is rgeommended that the strains in the region of the fin and the
ning structure be inves ibatad during the initiel critizal

ng light, This portlon of the sirplane i3 most eritiecal

"l onsaquently reguires careful observation during fli:ht testing,

strurzentation for this pertion of testing consists of 130
outputs and 18 test conditlon outputs (See table 1 {b) 1,2,

i1,
ang load Factor
o Grozs Welght for Stress Analysis® ss defined in AIR=7<)

=

»2 18 approximutely equivalent to the combat weight as
sd in MILaSa57019 3.2.2.4 as on aliernative mission

il gross welight 83 the amount of fuel required to reackh
rget ares, Hanca for ithe purpose of designing the asirplane

ht of 47,000 pounds was used in conjunction with limit loed

18 of 7,33 and =3g,

swavar the actual correepsnd,ug welzht, based on the lates?

; ;iaJle wei ht duta is of the order of 51,500 pounds, Soue
cacision as to which weight will be used with the limit load
factors of +7,33 and =3g for ths purpese of loauding the airplene
for the structural integrity tests proposed herein% would be
dagirzable,
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The Structursl Integrity Flight Test program prepered in this note is based
on USAF MILeS=5711 Specification. In some instances the tosts were modified
to m=st the overriding requirements outlined in RCAF AIReTe/,

The lnstrumentation required for this program comstitutes the followings

SIGNAL QUTPUL

18 {econtinuous)

PESCRIPTION

Test Conditieon
Accelercmaters
Strains
Tenperaturas
TOTAL

57

800 (including 50 continucus)

=928

Unlsse otherwise specifised the strains and temperutures shall be recorded

intermittently.

been suy ssted,

A tentutive time interval of ,05 seconds between points has

Pro7ision should be made 4o initially scan the recorded dute to insure that

limiting valuez of sirains or temparatures have not been exceeded,

Following

this, traca recordings in the form of graphs should be presented to the

Strses Offics for detailad study as soon as possible after the test.

shell be recorded a_ainst a comxon time base,

A brisf outline statement of the test program is outlined in the following

3 ;
ITEM | TEST SIGNAL REMARKS
{ OUT PUT
i Asrcdynamie Heating 218 . Exploratory in
conjunction with probing
tests,
2 Undarcarria_ e 168 Initial Flights of
CF=105,
3 Critical €/S Struct. Tank Initial Critical
Pick=up & Fin 168 Flights of CF-=105
4 Flutter & V bration ol Initial Fli .hts of
CF-105
5 Combined Flight load Survey Basically as per
& Demonstration = Initial MIL=5=5711
Phases 718
& GCombined Flight Load Survey 718 Basically as per
& Deuonstration = Final MIL-5-5711.
Phase :

The abovs dais
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NOTICE: This document contains information affecting the national defense of
the United States within the meaning of the Espionage Act, 50 U, S. C., 31
and 32, as amended. Its transmission or the revelation of its contents in
any manner to an unauthorized person is prohibited by law.

CGHELASSIRIED

ARMY AIR FORCES No. R-1803-11
SPECIFICATION 1 August 1947

STRUCTURAL INTEGRITY FLIGHT DEMONSTRATION
REQUIREMENTS FOR ATRPLANES

A, APPLICABLE SPECIFICATIONS.
A-1. The following specifications of the issue in effect on the date of
invitation for bids shall form a part of this specification to the extent specified

herein:

A-la. Specifications:

A-1a(l). Army Air Forces:

c-1803 Stress Analysis Criteria
R-1803-9 Structural Tests

B. TYPE,

B=1. This specification covers the structural flight acceptance requirement
necessary to demonstrate the structural integrity of aircraft procured by the
Procuring Agency.

G MATERTIAL AND WORKMANSHIP.

c-1. Flight Test Article.- The flight test article demonstrated shall em-
body the same configuration, materials, quality of workmanship, and details of con-
struction as all other flight articles to be delivered on the same contract, or on
contracts for similar models, and shall be structurally similar to the design in-
dicated in the stress analysis and drawings (See paragraph C-1lb, Specification
R-1803-9).

D. GENERAL REQUIREMENTS,

D-1. Aircraft to be Demonstrated.- The first flight article, or the first
flight article obtainable for the purpose, of each airplane model procured shall de
demonstrated in accordance with this specification unless otherwise specified by
the Government.

D-la. When a static test article is procured on the contract, results of the
structural tests, if available at the time of the flight demonstration tests, shall
be incorporated in the flight test article prior to the structural integrity
flight demonstrations outlined herein.

D-2. Responsibility for Demonstration.- Unless otherwise specified, the
airplane manufacturer shall, with his personnel and at his own risk, perform the
structural integrity flight demonstrations required by this specification, on such
airplancs on cach contract as shall be designated by the Procuring Agency.
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D. GENERAL REQUIREMENTS (Cont'd)

D-3. Loading Condition.- Airplanes demonstrated shall be loaded with the
design useful load at take-off for all demonstration flights, except that on
flights wherein full positive limit symmetrical flight manoeuver load factor and
1limit diving speed are to be obtained, airplanes provided with external fuel tanks
shall be loaded with design useful load at time of required test manoeuvers (fuel
for climb to altitude to be carried in external tanks, and those tanks dropped be-
fore entering manoceuver).

D-3a. The contractor shall furnish to the Procuring Agency an actual
weight and balance statement showing compliance with this requirement.

D-4. Instrumentation and Flight Records.- Such indicating and recording
instruments as are designated and provided by the Procuring Agency shall be
installed by the contractor on each airplane demonstrated. The flight records
from the recording instruments shall become the property of the Procuring Agency
and shall constitute proof of the aerodynsmic loads applied to the airplane during
the demonstration. 1In addition, the contractor shall furnish to the Procuring
Agency reports containing the pilots' observations on all demonstratior flights
conducted.

D-5. Officiagl Witness.- Unless otherwise specified, each flight demonstra-
tion shall be witnessed and approved by personnel designated by the Procuring Agency.

D-6. Structural Strength.- Each aircraft demonstrated shall be capable
of withstanding the flight manoeuvers required by this specification for its par-
ticular type, without failure or permanent deformation in any portion of the struc-
ture exceeding that specified in paragraph D-5a(1), Specification No. Cc-1803.

D-6a. Whether or not permanent set has occurred will be determined by person-
nel of the Procuring Agency.

D-T7. Reinforcements:

D-7a. The demonstration tests shall be discontinued for reinforcement of the
airplane, whenever such action is considered advisable by the Procuring Agency's
representative, in the interest of safety.

D-Tb. Structure failing to sustain the loads encountered during any portion
of the demonstration (see D-6., above) shall be reinforced to withstand the re-
quired test loads.

D-7c., Reinforcements designed by the contractor shall be subject to review
and approval by the Procuring Ageacy.

D-7d. Those portions of the demonstration tests which resulted in structural
failure will be repeated with reinforced structure on the airplane when deemed neces-
sary by the Procuring Agency.

D-Te. 1T reinforcements are made on the flight demonstration article,
structurally equivalent reinforcements shall be made on all corresponding flight
-articles as Jirected by the Procuring Agency. Structural equivalence of the rein-
forcments shall be approved by the Procuring Agency.
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IYRELASSKIED

E. DETAIL REQUIREMENTS,

E-1. The test manceuvers to demonstrate the structural integrity of
Army Air Forces aircraft are contained in Section F of this specification.

E-2. For structural integrity flight demonstrations the aircraft covered
are classified into five groups as follows: ‘

Group I - Fighter - Penetration, Interceptor
Group IIT - Fighter - All Weather
Group IIT - Bombers - Heavy, Medium, Light

Reconnaissance - Strategic, Tactical, Special
Transport - Heavy, Medium, Light

Group IV - Training - Advanced, Basic, Primary
Group V - Gliders - All types with and without power
F. METHOD OF INSPECTION AND TESTS.

F-1. Preliminary Demonstration.- The preliminary structural integrity
flight demonstration for all types of AAF aircraft shall be performed in accordance
with paragraphsF-la through F-1lc(1l), below. The requirements of Sections C and D
of this specification shall also apply to preliminary demonstrations.

F-la. Pull-out to obtain a load factor equal to .6(n-1)+1 (where n. is the
.positive limit symmetrical flight manoeuver load factor given in Table I, Specifi-
cation No. C-1803) at the minimum airspeed at which it is possible to obtain that
load factor (pressure altitude for performing manoeuver optional).

F-1b. Pull-out to obtain a load factor equal to .6(n-1)+1 (where n is the
positive 1limit symmetrical flight manoeuver load factor given in Table I, Specifica-
tion No. C-1803) at a calibrated airspeed which is not less than that corresponding
to the guaranteed (or estimated) high speed of the airplane. The required accelera-
tion and airspeed shall be obtained at a pressure altitude not lower than that cor-
responding to the altitude specified for the guaranteed (or estimated) high speed.

F-lc. Abrupt roll from a steady left turn. A steady left turn shall be
established with power, bank and dive as necessary to maintain the load factor
specified in paragraph F-lc(l), below, and the calibrated airspeed corresponding
to the guaranteed (or estimated) high speed of the airplane. With the above-
mentioned conditions established and rudder fixed in trim position, the airplane
shall be rolled sharply to the right by abruptly applying a force of 30 pounds
laterally at the stick grip (80 pounds tangentially at the rim of the wheel) or
full aileron deflection, whichever shall occur first. The roll shall be con-
tinued to at least the same degree of bank in the opposite direction (altitude
for performing manoeuver optional).

F-lc(l). The load factor required for all types, except heavy bombardment
and heavy transport, in the above-mentioned manceuver, is .4(n-1)+1 (where n is
the positive limit symmetrical flight manoeuver load factor given in Table I,

Specification C-1803). Heavy bombardment and heavy transport types shall maintain
2n/3 in the steady left turn preceding the roll.
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B METHOD OF INSPECTION AND TESTS (Cont'd)
F-2, Final Demonstration.- The final structural integrity flight demon-

stration for ary particular group of aircraft shall be performed in accordance
with the applicable subparagraphs below.

F-2a. Group I Aircraft:

F-2a(l). Airplanes of this group with service ceiling above 27,000 feet pres-
sure altitude shall perform the following manoeuvers:

F-2a(l)a. Push-down to obtain a negative load factor of -2.0g at a calibrated
airspeed which is not less than the calibrated airspeed corresponding to the design
level flight high speed of the airplane at 12,000 feet pressure altitude (the pres-
sure altitude for performing the push-down shall be optional except that it shall
not be greater than 12,000 feet).

F-2a(1)b. Pull-out to obtain the positive limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803, at the minimum airspeed at
which it is possible to obtain that load factor (pressure altitude optional)

F-2a(l)c. Pull-out to obtain the positive limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803, at a calibrated airspeed
corresponding to the design level flight high speed of the airplane at 12,000 feet
pressure altitude (altitude of performing manoeuver optional).

F-2a(1l)d. Dive from service ceiling to a pressure altitude not less than
15,000 feet below service ceiling with the airplane in the minimum drag condition
(see paragraph H-1), normal rated power on, and the thrust line of the airplane in-
clined at least 50 degrees to the horizontal. The dive shall be entered in accord-
ance with paragraph H-3a. The dive shall be terminated in accordance with paragraph
H-L and at a pressure altitude not lower than 17,000 feet below service ceiling.

F-2a(l)e. Dive from a pressure altitude of 27,000 feet to a pressure altitude
not greater than 12,000 feet, with the airplane in the minimum drag condition (see
paragraph H-1), normal rated power on, and the thrust line of the airplane inclined
at least 50 degrees to the horizontal. The dive shall be entered in accordance with
raragraph H-3b. The dive shall be terminated in accordance with paragraph H-h, and
at a pressure altitude not lower than 10,000 feet.

F-2a(1)f. Abrupt roll from a steady left turn. A steady left turn shall be
established with power, bank and dive as necessary to maintain simultaneously two-
thirds of the positive limit symmetrical flight manoeuver load factor given in Table
I, Specification No. C-1803, and the calibrated airspeed corresponding to the design
level flight high speed of the airplane at 12,000 feet pressure altitude. With the
above-mentioned conditions established and rudder fixed in trim position, the air-
plane shall be rolled sharply to the right by abruptly applying a force of 30 pounds
laterally at the stick grip (80 pounds tangentially at the rim of the wheel) or full
alleron deflection, whichever shall occur first. The roll shall be continued from
the initial bank to at least the same degree of bank in the opposite direction
(altitude for performing manoeuver optional).
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¥, METHOD OF INSPECTION AND TESTS (Cont'd) L > mﬁf CCIflIrm™

F-2a(2). Airplanes in this group with service ceiling of 27,000 feect pres-
sure altitude or lower shall perform the manoeuvers outlined in paragraphs
F-2a(l)a, F-2a(l)b, F-2a(l)c, F-2a(l)e, and F-2a(l)f, except that the high speed
dive shall be entered at service ceiling.

F-2a(2). For airplanes in this group equipped with dive brakes, dive flaps,
pull-out flaps, manoeuvering flaps, or other similar devices, it shall be demonstra-
ted by flight test that these devices will operate satisfactorily and will withstand
the loads imposed by the limit conditions of the design.

F-2b. Group II Aircraft:

F-2b(1). Airplanes in this group with service ceiling above 27,000 feet
pressure altitude shall perform the following manoeuvers:

F-2b(1l)a. The manceuver of paragraph F-2a(l)a.
F-2b(1)b. The manoeuver of paragraph F-2a(l)b.
F-2b(1l)c. The manoceuver of paragraph F-2a(l)c.

F-2b(1)d. The manoeuver of paragraph F-2a(l)d except that the thrust line of
the airplane shall be inclined at least 40 degrees to the horizontal.

F-2b(1l)e. The manoeuver of paragraph F-2a(l)e except that the thrust line
of the airplane shall be inclined at least 4O degrees to the horizontal.

F-2b(1)f. The manoceuver of paragraph F-2a(l)f.

F-2b(2). Airplanes in this group with service ceiling of 27,000 feet pres-
sure altitude or lower shall perform the manoeuvers outlined in paragraphs F-2a(l)a,
F-2a(1)b, F-2a(l)c, F-2b(l)e, and F-2a(l)f, except that the dive shall be entered at
service ceiling.

F-2b(3). The requirements of paragraph F-2a(3) shall apply to this group.

F-2¢c. Group III Aircraft.- Airplanes in this group shall perform the fol-
lowing manoeuvers:

F-2¢c(1). Push-down to obtain the negative limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803, or -2.0g, whichever is less
severe (except transport type asircraft which shall develop -1.0g) at a calibrated
airspeed which is not less than that corresponding to the level flight high speed
shown on the V-G diagram for the airplane for sea level or 5,000 feet pressure al-
titude (pressure altitude for performing push-down optional except that it shall not
be greater than 10,000 feet).

F-2c(2). Pull-out to obtain the positive limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803 at the minimum airspeed at
which it is possible to obtain that load factor (pressure altitude for performing
pull-out optional).
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F. METHCD OF INSPECTION AND TESTS (Cont'd)

F-2c(3). Pull-out to obtain the positive limit symmetrical f1light manceuver
locad factor given in Table I, Specification No. C-1803, at the calibrated airspeed
corresponding to the level flight high speed shown on the V-G diagram for the air-
plane for sea level or 5,000 feet pressure altitude (pressure altitude for rerforming
puil-out optional but shall not be greater than 10,000 feet).

F-2c(4). Pull-out to obtain the positive limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803, at the calibrated airspeed
corresponding to the level flight high speed shown on the V-G diagram for the air-
plane for the altitude of highest Mach number in level flight. The required air-
speed and acceleration shall be obtained at a pressure altitude within 1,000 feet
of the design altitude of highest Mach number in level flight.

F-2¢(5). Dive to obtain the calibrated airspeed corresponding tc the 1imit
diviang speed shown on the V-G diagram for the airplane for altitude of highest
Mach number in level flight. This calibrated airspeed shall be obtained at a pres-
sure altitude not lower than the altitude considered on the V-G diagram. The dive
shall be terminated in accorcance with paragraph H-5.

F-2c(6). Dive to obtain the calibrated airspeed’ corresponding to the limit
diving speed shown on the V-G diagram for the airplane for either sea level or
5,000 feet pressure altitude. This dive shall be terminated with a pull-out to ob-
tain the positive limit symmetrical flight manoceuver load factor for limit diving
speed (as shown on the approved V-G diagram for the airplane)at a calibrated air-
speed not less than 10 miles per hour below the maximum calibrated airspeed obtained
in the dive (pressure altitude for obtaining required airspeed and acceleration
optional, except that it shall not be greater than 10,000 feet).

F-2¢(7). The requirements of paragraph F-2a(3) shall apply to this group.

F-2¢(8). Abrupt roll from a steady left turn. A steady left turn shall be
established with power, bank and dive as necessary to maintain simultaneously two-
thirds of the positive limit symmetrical flight manoceuver load factor given in
Table I, Specification No. C-1803, and the calibrated airspeed corresponding to
the level flight high speed shown on the V-G diagram for the airplane for either
sea level or 5,000 feet pressure altitude. Then with rudder fixed in trim position,
the airplane shall be rolled sharply to the right by abruptly applying a force of
30 pounds laterally at the stick grip (80 pounds tangentially at the rim of the
wheel) or full aileron deflection, whichever shall occur Pirst. The roll shall be
continued from the initial bank to at least the same degree of bank in the opposite
direction (altitude for performing the manoceuver optional).

F-2c(8)a. Heavy bombardment and heavy transport types are to comply with the
requirements of paragraph F-2c¢(8), above, in the preliminary demonstration and need
not repeat this manoeuver in the final demonstration.

. F-2d. Group IV Aircraft.- Airplanes in this group shall perform the fol-
lowing manoceuvers:

F-24(1). Push-down to obtain a negative load factor of -2.0g at a calibrated
airspecd corrcsponding to the level flight high speed shown on the V-G diagram for
the airplane for aither sea level or 5,000 feet pressure altitude (pressure sltitude
for performing push-down optional except that it shall not be greater than 10,000
feet).
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F-2d4(2). Pull-out to obtain the positive limit symmetrical flight manoceuver
load factor given in Table I, Specification No. C-1803, at the minimum airspeed at
which it is possible to obtain that load factor (pressure altitude optional).

F-2d(3). Pull-out to obtain the positive limit symmetrical flight manoeuver
load factor given in Table I, Specification No. C-1803, at a calibrated airspeed
approximately midway between the speed determined under paragraph F-2d(2) and the
calibrated airspeed corresponding to the limit diving speed shown on the V-G
diagram for the airplane for sea level or 5,000 feet pressure altitude (altitude
optional).

F-2d(4). Dive to obtain the calibrated airspeed corresponding to the limit
diving speed shown on the V-G diagram for the airplane for the altitude of highest
Mach number in level flight. This calibrated airspeed shall be obtained at a pres-
sure altitude not lower than the altitude considered on the V-G diagram. The dive
shall be terminated in accordance with paragraph H-5.

F-2d(5). Dive to obtain the calibrated airspeed corresponding to the limit
diving speed shown on the V-G diagram for the airplane for sea level or 5,000 feet
pressure altitude. This dive shall be terminated with a pullout to obtain the
positive limit symmetrical flight manoceuver load factor given in Table I, Specifi-
cation No. C-1803, at a calibrated airspeed which is not less than 10 miles per
hour below the meximum calibrated airspeed obtained in the dive (pressure altitude
for obtaining required airspeed and acceleration optional, but shall not be
greater than 10,000 feet).

F-2d(6). The manoeuver of paragraph F-2c(8).

F-2e. Group V Alrcraft.- Gliders shall perform the following manoeuvers
in free flight (diving when necessary to obtain required speeds):

F-2e(l). Push-down as specified in paragraph F-2c(1).

F-2e(2). Minimum speed pull-out to positive limit acceleration as speci-
fied in paragraph F-2c(2) except that the required acceleration shall be obtained
at a calibrated airspeed which is not in excess of 120 percent of the computed
stalling speed for limit acceleration.

F-2e(3). Pull-out as specified in paragraph F-2c(3).

F-2e(4). Dive and pull-out as specified in paragraph F-2c(6).

F-2e(5). The manoeuver of paragraph F-2c(8).

F-2f. Special Aircraft.- Any aircraft not covered by paragraphs F-2a,
F-2b, F-2¢c, F-2d, or F-2e of this specification shall be demonstrated in accord-

ance with a test program specified by the Procuring Agency after examination of
the aircraft and design data submitted.

G. PACKAGING, PACKING AND MARKING FOR SHIPMENT.

G-1. There are no packaging, packing and marking requirements applicable
to this specification.
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H. NOTES.,

H-1. Minimum Drag Condition.- (See paragraph E-2d(2), AAF Specification
No. R-1803-1). Dive recovery flaps or similar devices designed for bringing the
airplane out of a dive may be used for the pull-out provided they are not opened
until after the specified length of dive at a given angle has been accomplished.

H-2. Failure to Attain Demonstration Requirements:

H-2a. If it is determined by flight test that it is impossible for the
airplane to reach the specified limit symmetrical flight manoceuver load factor
under extreme compressibility conditions, because of a reduction in maximum 1ift,
a deviation from this particular requirement may be requested by the contractor
for the approval of the Procuring Agency provided such request is accompanied by
a report containing substantiating flight test data.

H-2b. If the airplane encounters control and stability difficulties during
attempts to complete the specified manoeuvers, every effort shall be made to take
corrective action. If it is found impossible to elimirate these difficulties in
& reasonable length of time, a deviation from the demonstration requirements may be
requested by the contractor for the approval of the Procuring Agency provided such
request is accompanied by complete reports covering the difficulties encountered
and corrective action attempted.

H-3. Dive Entry:
H-3a. Service Ceiling.- The dives shall be entered from level flight high-

speed at service ceiling in such a manner that not more than 3,000 feet of pressure
altitude are lost before the airplane is in the prescribed diving attitude.

H-3b. At 27,000 Feet Pressure Altitude.- The dives shall be entered at an
altitude such that the airplane will be in the prescribed diving attitude and at
level flight high speed, or more, at 27,000 feet pressure altitude.

H-L4. Dive Pull-Out.- For Group I and Group II aircraft the dives shall
be terminated by a pull-out to obtain the positive limit symmetrical flight
manoeuver load factors given in Table I, Specification No. C-1803, at a calibrated
airspeed not less than 10 miles per hour below the maximum calibrated airspeed ob-
tained in the dive. Termination of a dive shall consist of the attainment of the
required positive limit symmetrical flight médnoeuver load factor.

H-5. Dive Pull-Out.- For Group III and Group IV aircraft the dives shall
be terminated by pull-outs to obtain the positive limit symmetrical flight manoeuver
load factor for limit diving speed (as shown on the approved V-G diagrams for the
aircraft) at a calibrated airspeed which is not less than 10 miles per. hour below
the maximum calibrated airspeed obtained in the dive. The required acceleration
and airspeed shall be obtained at a pressure altitude not lower than 2,000 feet
below the altitude of highest Mach number in level flight as established in the
basic flight criteria report which has been approved by the Procuring Agency.

H-6. NOTICE: When Government drawings, specifications, or other data are
used for any purpose other than in connecction with a definitely related Government
procurement operation, the United States Government thereby incurs no responsibility
nor any obligation whatsoever; and the fact that the Government may have formulated,
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furnished, or in any way supplied the said drawings, specifications, or other data
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or permission
to manufacture, use, or sell any patented invention thatmay in any way be related
thereto.

H. NOTES (Cont'd)

H-6. NOTICE (Cont'd)

(Copies of this specification may be obtained from the Commanding General, Air
Materiel Command, Wright Field, Dayton, Ohio.)
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Developrunt of Integrated Electronic System and its ingtallation in
g?"l%a

Parg 2 of Contract™

Development of Falcon missile installation in CF-108,

Development of Sperrow II missile installation in CP.105,

Sphig deals only with HAC centribution to this ingtallagion, i.¢. ~

sissile launcher, auxiliaries, and tie in to f.Ce8., otS. for Falcon amd
tie in to {.C.8., 2te. for SW.

Wy .lag to help AVRO on launcher problem, HAC to build what Douglas
m for auxiliaries.

' m mm {s geparate contract.




/ 1)

 2)

v 3)

~4)

' tj’é}

6)

Provide AVRO with preliminary installation
datay approximate sizes, attaching peints,
cooling and power.

Provide AVRO with preliminary outline and
mounting drawings for the black boxes.
Preliminary data on cockpit components,
Specification for A.T.M. Requirements
for Radome, Telscom antennae and air data
senging, f’relizﬁiml? list of inter-
ares cabling.

Arrive at agreement with AVRO on

responsibility for instrumentation

Start MMQ for AVRO Engineers.

Complete training course for AVRO Englneers.

Pebruary 1958

¥ay 15, 1955

June 30, 1953

July 31, 1955

Jume 1, 1955




7) Provide AVRO with final installatiocn
and wiring data for metal mock-up
From analysis of AVRO &WIW)M
3ot data HAG to concurr in VRO design of
nigsile extension Zeoar.

. 9) Finalise information in Para. 2 for HAC
developnental production system with
exception of inter area cabling.

- 10) Supply fadar Antesna installation data.

1)) Supply first issue of system inter-
connection list for HAC test alrcraft,

, 12) Deliver to AVRO hardware for metal mock-up
installation.
+13) Provide AVRO with fin al instrumentation
 requirements for HAC test alrcraft.

.14) Complete analytical Design of AFCS and
digcuss with AVRO.

_15) Provide AVRO with design Hlock Diagram
 for AFCS,

-16) Finalise tnter gennection list for HAC
test alreraft and provide list to AVRO.

.17) Provide AVRO with final inter connection list

for pre production systems.

DRAFT
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Octeber 31, 1958

October 31, 1938

November 13, 1953

jonuary 31,1986
February 29, 1956

April 30, 1956

May 31, 1956

June 30, 1956

october 31, 1956




wu}

s 19)

' 20)

~21)

*4 22)

23)

24)

fg,s)
. 26)

Sraining programme.

Operats gecond Englineerin

training pregramme,

Deliver to AVRO hardware for electronic
simulation of AFCS,

Ingtallation of first Integrated Zlectronic
System and pre-flight on 4th Cr-105,
Installation of second Integrated Electronic
System and pre-flight om 5th CP-108,
Construct Third Integrated Electronic System
to e us«i ag a Back up System,

Songtruct fourth Integrated Klectromic System
to be uged as a Tralning Systoen,

Sarry cut flight development of AFCS.

Carry out flight development of Integrated
Rectronic Systen,

 Goatirm data.of (8) and (15) (or later data

Ll am found m by (1) and (22) ).

& LT s 1 7 VO
* Lfﬁa{@%w i;f: =D

Oct 1956 - March 1857

March - Sept. 1957

January 31, 1957 —

July &, 1957

L

Sept. 1957 - Dec. 1958
October 1957 - Dec. 1958

December 31, 1958
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“1) Transmit to AAC the RCAF system February 1955
/'2) Provide HAC with final design data for AFCS, april 30, 1958
3) Trensmit to HAC preliminary data on RCAF Hay 3y 1958 -
- gpi -

-4) Provide HAC with missile separation data based  July 32, 1088
on Cornell tunnel tests. ; gl
§) Transmit to MAC final data on RCAF Doppler, Hovember 30, m

- 6) Provide preliminary input seusor calibration August 31, 1956
from wind tunnel and theory,
_7) Test system wiring intermodulation in metal april - Xov, 1956

mock-up, and return test systen to HAl,
8) mirst Might test data available for air data april 30, 1957

input samr mibmtim.

/ W‘l‘w M aircrafe for test of auto flisht hme 1957
control system.

10)) peldver @P-208 adroratt for test of complete July 1987
‘ intw slectronic systes.

Provide HAC with first misgile separation and January 31, 1958

trajectory test data for correction of ballistic

pertion of cemputisn,

’//12) Provxde HAC with complete missile separation December 31, 1958

trajectory data,




/1)

'v’é)

o 3)

/&)

5)

/g)

Review and comment to AVRO on AVRO missile
ingtallation design,

Design Palcon missile launcher and

Turnish design data to AV RO,

Congtruet and deliver 2 prototype Falcen
lernchers for use on CF-100 Test.

Design electronic missile auxiliaries for CF-108
Falcon ingtallation and furnish installation
and design date o AVRO,

Construct and deliver 10 falcon lannchers
for use in test of prototype missile
package.,

Congtruct ad deliver 30 Palcon launchers
for use in test of the missile installation

irn AVRO aircreft tegt progran.

April 18, 1955

June 18, 1988

October 31, 1988

Decesber 15, 1956

O




v"1) Cosplete the design and install a simple June 15, 1955
Palcon installation on the OF-100,
_2) Complete tests CF-100 with Falcon installation October 31, 1955
and furnish results of any modification to HAC,
“3) Complete the design and constructien of a proto- January 31, 1956
type package installation for CF-105 aircraft i :
and subsdt to HAC for concurrence.
“4) Test the prototype package and submit any July 8, 1956
revigions to HiC for concurrance. :
.~3) Test the Falcon installation in the test CF-108 July 1957 - Dec. 1, 198

aireraft co-ordinating with HAC during this
WWWMWW“




1) Study the Sparrow missile and submit repert to
AVRO,

2) Design misgile anxiliaries for Sparrow missile and
modifications to integrated elicironics system
and furnish information to AVRO.

3) Construct prototype missile auxiliaries and
modify integrated electronic system and deliver
to AVRO.

4)‘ Congtruct second prototype and submit to
qualification test.

5) Qualification tests complete.
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1) Study the Hughes integrated electronic system July 31, 1955
and the AVRO aircraft and determine compatibility
of Sparrow with these items.

2) Develop a Sparrow lanncher to suit the CF-103 Jone 19058
design complete. e,

3) Provide two Sparrov lamnchers for initial test. August 18,1385

4) Provids five Sparrow launchers for protstype February 15, 1956
i el

5) Provide fifteen Sparrow launchers for AVRO test
airaoraft, _

6) Develop such modification to Sparrow as are . Decenber 31, 1957
required to match the requirements of the
electronic systom and the aircraft paramecters,




1)

2)

3)
4)

5)

6)

,7}

Complote design of the launcher extension gear
and package installation for the Sparrow missile.
Design and construct a single unit of the
launcher and extension gear,

Test on the ground the unit built wiler Item 2,
Design and construct a prototype package of the
Sparrow ingtallation,

Test on the sround the prototype constructed
under Itom 4 above,

Construct three developmental packages for the
Sparrow installation,

Test the packages constructed under Item § in
the CF-108 aircraft both on the ground and in

flight,

June 18, 1955

October 15, 1955

May 31, 1957 - Muﬁ,
18358




This system will be covered by a geparate contract to permit the carly
supply of systens and provide flexibility in negotiation, changes and
delivery to suit the aircraft program.
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1) Analytical phage completion and report June 30, 1955
furnished to aVRO,
2) Hlock Diagrem completion and furnished to AVRO. June 30, 1955
3) Preliminary installation data complete and June 30, 1958
furnished to AVRO.

4) Final installation and wiring data for metal mock. October 31, 1955
$) Hectronic simlation hardware deliversd to AVRO. M&,xﬁﬁ
€) mm&ﬁpmdaiwm&m,. M#gm 5
7) Final Installation data delivered to AVRO. March 15, 1956
8) First set flight test hardware delivered to AVRO. Jalyg!im

9) Second set flight test hardware delivered to AVRO, mmsx,lm

) Through os-ordinated MAC-AYRO action as result of June 30, 1957
flight test the development of acceptable damping

system is complate,

Start delivery of pre-produc
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1)} Preliminary aircraft design information November 30, 1954
delivered to HAC.
2) Final aircraft design information deliversd April 30, 1955
to HaC.

3) Gorrected resilts of aircraft design May 31, 1956
information from simulator delivered to HiC.

4) Commence delivery of AVRO flight test information
to HAC.
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CP-105 FLIGHT TEST HMANUAL
PART E-~-1
HYDRAUIICS - UTILITY
CHAPTER 1 - PURPCSE OF TEST
1.1 $tility bydraulie system flight tests are reguired primar-

1ly te show that the system and 1is8 component sub-systems
as installed in the airceraft meet the aircraft design spec-
ification.

1.2 In addition to the spesification testing, certain guantitat-
ive dota, not nermally obtainable by rig test or other
acans, iz reguired o verify engineering assumptions.,
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CF-105 FLICHT TEST MANUAL
PART E-1
HYDRAULICS - UTILITY

CHAPTER 2 - DESCRIPTICON

The Utility Hydraulie System is basically a 4,000 p.s.i.
pressurized closed center variable delivery pump conirol system.
in addizion, a 1500 p.s.i. ¢ompensator pressurizing and emergency
eircuit is provided.

The over-all utility system is composed of the basic pump
4000 p.si. eircuit, 1500 p.s.i. cireull, and the following sub-
systems:

Landing gear

Speed brakess

Nosewheel steering

Wheel brakes

Arpmament package

afterburner shroud smergency retraction

Sheek strut recuperation

Compensator pressurizing ) (1500 p.s.1. eireuit)
Emergency brakes )

The basic pump circult and 15C0 p.s.i. ¢cireuit ave shown
on drawing 7-0119-4 and described in report 7-0119-6. The princip-
les of pump operabion (Vickers Type FV-3915, AA-60659-L) are dis-
‘cussed in Viekers Bulletin A5202.

The Undercarriage Emergency System, a pneumatic system
(5000 p.s.i. air bottle supplying a 3400 p.s.i. system), is shown
on drawing 7-1500-3 and desaribed in report 7-0119-5.

In addition to the landing gear and wheel brakes hydraulie
sub-gystems discussed in this part, other tests pertalning to
the gear and brakes are given in part He

The armament hydraulie sub-system is not included in this
part but is insluded in part K.
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PART E-1
HYDRAUIICS - UTILITY

CHAPIEE 3 - DESIGN DATA SUMMARY

Some significant design charasteristics and specifications
affeating Utility System test program and instrumentation are as
follows:

3:1 Temperatures

Temperature is not considered to be as critical a problem
Por the utility system as for the flying control system because of
the larger oil capacity of the utility system and the intermittant
nature of its operation. However, in view of tre more Or less un-
known quentities of external heat source and sinks of the installed
system, particular ly at high Mach numbers, general temperature
meagurenents per speeification MIL-T-53522 are advisable. In add-
ition, Heat Exchanger inlet and outlet temperatures should be meas-
ured.

Temperature histories during ground runs and flight, and
also afier engine shut-deown will indicate gtabilized temperatures
end/or rates of change of temperatures (shoek) of the system for
comparizen with the component specifications, gqualification test-
ing and rig testing. In this respect, the following is guoted
from MIL-T-5522: "System temperature chould be determined during
ground 26S%8.....00.. o Instrumentation for Tlight test temper-
atures, which are more necessary and realistie, aoculd be used in
the ground tests if properly planned.” 1In this regard it is worth
noting “hat this intention has already been expressed by Mr. F.
Brame in memo 6582/22/J, as followss

Ty 1s essential that flight and static test measure-
ments be made at the same locations in all systems in
order that the results of the tests may be corrslated.
The Design Office will therefore establish, in agree-
ment with the Static and Flight Test Departments, the
locations of the measurement pickups for all systems
covered by this memo.”

Excess temperature is a major factor in seal life. The
system specifications are now at their limits in this respect (250°F
max. exjected with 275°F specified to give a safety factor).
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PART E-1
HYSRAULICS - UTILITY

CHAPTER 3 (cont'd)

Simultanccus with undercarriage retraction, braking is
automatically applied to the wheels, Following prolonged taxi,
and perbaps crosswind take-cff, which may raise brake temperatures
several hundred degrees, the braking during retraction may eon-
tribute to loeal heating of the hydraulie fluid when the hot
wheels sre stowed in the confines of the undercarviage bay. Ubhile
this does not seem %o be a real design problem, difficulties in
this pespect have apparently been experienced {Boeing 707).

3.2 Pressures

Pressures will reguire careful attention, particularly
with regard %o surge. Surge in the order of 300,000 %o 400,000
p.8.1./56¢, and peak pressures of the order of 8000 p.s.i. might
be enscuntered., Surging of this magnitude would result in shock
loading of equipment and piping, producing wear and fatigue. In
view of difficulties in providing flexibillty in the oircuits (no
hose scmnections, no direet oil to air accumulator), a tight
record of piping and component life for experimental aircraft is
desirabie. In consideration of the surge problem factors of
4 for tbe piping, with 5 for bends, and 1/4 hard material, with
1/8 for bends, are proposed in the design as well as z Surge
damping valve in the speed-~-brake sub-system.

Dwassyce measurements in the reiturn system are desirable
o assess compensator operatlen, toc ensure that pump inlet press-
ure is always positive as required, and to determine that velief
valves and reducing valves do not chatter.

3.3 Operating Times

The time of operation by half cycles of all services must
be deternined under a flight condition which duplicates as near
as practical the average, expected design conditions.
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3.4 Sub-Systens

(2) Landing Jear Sub-System: - {ref MIL-T-5522B). {ear retrac-
Tion and oxtension tests are required in flight. In con-
Junction with these tests measurements are required of gear temper-
ature, ambient air, hydraulic temperature, operation time and
sequence for both extension and retraction of gear. During retrac-
tion: "time should start when down locks open, and stop when gear
is up and lecked and all fairing doors closed. Any lag between
selector valve operation and opening of down locks, if appreciable,
ghould be noted ssparately.” During extension at normal approash
engine R.P.M., 1.A.3. and airplane attitude: "time should start
when uplocks or fairing doors start opening and stop when all
gears are down and locked for safe touchdown. Any lag of getting
pressure from the selector valve o the system, if appreciable,
should be noted separately.” In gear lovering, unlocking and door
opening are hydraulie, but gear extension is by gravity and air
load only with the result that damping of the swinging leg may
be a diffieulty.

T gear raising, the hydraulic system must not only over-
come the welgat of the leg but also the leg falring air lcads ar-
ising {rom the fact thet the undercarriage hinge line is canted
with “¢ading =dge outboard.

iirdercarriage and door Jeck loads have been requested
{re? letier 6382/22/J) by measurement of supply and return line
presaures witain the jack eylinders. Air leads on the undercarr-
iage sre given in letter ref. 6209/09/J, which glves undercarriage
placard aspeed as 250 X E.A.3.

(b) Speed Brakes Sub-system: Continuous indisation of speed

brake position is required to determine nalf cycle operat-
ing times and to check synchronization. Opening of the speed
brakes 15 not expected to affect longitudinal ¢rim to any geeat
extent.

There is no provision for mechanical interconnection of
brakes op hydraulic restriciion, since small inorouncnts of sut-of-
synchrenizaticn (5° or less) probably will have only small effects
on yaw and roll; however increments much beyond this may be
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geyious in yav.

Tamperature measurement of the Speed Brake sub-system 18
desirable.

(c)

(4) Shoek Strut Recuperaticn: Curvent proposal is to delete
ﬁgﬁrauiiea and use pneumatic bottle

{e) Nose Wheel Steerings {see also Part H - Undercarriage)

Toes uheal steering and shimmy damper assessment measure-
mepts will coensist primarily of relative motion between leg and
wheel., For steering, pilots control position will also be required
{pilots sentrol sysiem in design stage). Nose wheel system preas-
ure 1o desirable witha pressure pick-up capable of sensing shimmy.
Hydeaulic temperature measurement is deairable since thermal rel-
jef ah izh temperatures of the shlmmy damper may result in reduced
pressurs at low tempsratures.

() Zmergeney Systems: During at least one cperation of each
cmergensy system at applicabls altitudes and speeds, press-
ure, =lapsed operating time and free aly temperature are required.

included in this category are emergency vrakes and emer-
gency undercarriage.

The emergency undercarriage system is a 5000 p.sii. alr
bottle supplying a 3400 p.s.i. system, which utilizes hose with
the consenticn that this is satisfactory for 'single shot' operat-
ion at this pressure. It may be desirable tnerefore to determine
ambient air conditions in the hose reglon if the bose is sensitive
to temperature.

Down selection is accomplished by air pressure releasing
uplocks and docr unlocking. Nose wheel doors are wiped down by
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nose wheel but main doors must be down before the underecarriage.
Gear lowering, as in ths mein system, is by gravity and air locad.

Cn an Up selection if, for some reason, electrical or hyd-
raulie, the gear is unlocked but fails to retraci, there appears
to be some doubt, whether the gear will leck down without raising
the speed or jarring the aircraft since Down selection, elither
emergency oF normal, puts no pressure in the gear Jacks.

Zzergency Up selection 1s an elecirical overide of the
weight losk pin, fellowed by hydraulic raising of the gear. S8ince
the leg ninge lines are canted with leading edge outboard, the
hydraulic system must cvercome not only the air load on the leg
fairing and the weight of the undercarriage, but also friction
drag lozds due to the hinge orientation.

3.3 Mizgellanesus

Vitration may prove to be & problem resulting in pips
fractures, valve chattering, etc. Vibration measurements hovever
are not catered for in the instrumentabtion, and if such measure-
ments are eventually required, they should be considered as ad hoo
-development.

Other measurements desirable include cempensetor piston
positicn, and door positions.

Underesrriage door operation and eontrol is by means of
three jacks, 5 locks and 1 microswitch (commercial type). The
design problem is of course to locate the one microswitch on the
eritical lock. It has been suggested that for experimental air-
eraft, test microswitches be insialled on all locks and signals.
recorded. Door deflsctions are also a problem and assessment of
deflections may be desirable.,
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5.1 Utility system flight testing will eonsist of routine,
pre-initial-flight ground tests, spot ohecks during rout-
ine flying and finally, 2 series of systematic flight tests.

5.2 The major porticn of this testing is based on the require-
ments of specification MIL-T-5522, which is summarized as
follovs:

Peak Prsasuvre Tests

_ Peak presasure tesis shall be perforwed on the inastalled
hydrauiic system of one experimental airplane of each new model
in £light, on the ground or in the laboratry depending on which
conditions offers the most aritical pressurss.

Ground Tests

{a) Ground te8t peak pressure

{b) System tempereture

{c) Hormal system test {functioning, ete.)
(&) {1ow Fluid level tests)

(e} Emergency operations

{£) Time of operation

Flight Tests

(a) Pre~taxi-check '

{b) Taxi testa - (1) normal system

{11} emergency sSystem
éc) Cperation in flight:
(1) 2,000 feet
{11) operational ceiling {at end of a
"simulated mission, or at least at end of 1f2 hour at altitude)

I £light test peak pressures
iT Temperatures

IIT time of operatiens

w drag brakes

v {reservoir levels)

VI pessible malfunctions

VII ecmergency system operation
YIIT auxiliary systems
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6.1 Jeneral

l. Complete report covering installation, waintenance, servie-
ing and inspection of all components.

2. Complete log of each component (flight time, snags, ett.).
3. Complate report coverall all enginsering aspecis of taxdi and

fiignt tests of the basic sysitem and sub-systems, ineluding
typical records for assessment of:

a) pressures - nominal, peak or surge, max. rate of increase

b) temperatures stabilized temperatures, maximum rete of

Jhange
nalf eycle times and sequences

¢) operation
Simes
4) emergsney
gystem oDy~
ation
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CHAFTER 8 - REFERENCES

Avrocan %oiﬂuﬁm

E210 Accumulators - hydraiiie pressure air loaded
E232 Coupling, hydraulic pressure
2287 Hydraulioc Sight gauge
E254 ligquid spring and reeuperator system for nose
E249 Filter hydraulis replaceable micronic element, line type
: HeP., 40U.S. GPM
E235 Pllter hydraulie swivelling Line type, replaceable
zicronis elemsnt
B257 Valve for liquid spring resuperator
E258 Separator and oylinder for liquid spring recuperator
Dzawings
7-1900-2 Sshematic - hydraulie - utility pump circuit and 1500
p.8.1. eireuit
7-1900-3 Landing gear sub-system
7-1900-2 3peed brakes sub-systen
T7-1900-5 iissewheel steering sub-system
7-1500-8 Norwal and emergency wheel brakes sub-system
7-1300-7 Ammement pagiage sub-system
7 Afterburner shroud emergency retractar
? Shock strut recuperation
Beports
Avro Report
Number
7-0119-6 Description of Basie Utility System (D. m:}:inghm
Jan., 455
7-1900-1 Deseription of Nose Wheel Steering System (D. Bucking-
bam, Jan.17/55)
7-1900-2 Wheel Brake Sub System {D. Buokingbam, Jan. 18/55)
7-0119-5 Undemcarrdage System (D. Buekingkam)
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latters

6382/22/1 - CP-105 Flight Test Program (Te J. Ilen)'ru from
P. Brame

6209/09/3 - Undercarriage Air losds (ineluding load report

Nov.12/54 P/loeds/f37)

Brochures

Vickers Incorp. Bulletin A 5202 - New Vicksrs EDV Pump
(Librsery refarence V-9-3-1)

Specifications

MIL-H-5440 Hydraulic systems - Dasign imstallation and tests of
Airoraft.

MIL-T-5522 Test Procedure for Aireraft Hydraulio Systems

AVR-ADS-105-1
Design Specifioation for Fighter Airplane CF105 MK 1

AFDOM-60 Handbook of Instructions for Aireraft Designers.

no!o 's
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1. Purpote of Flight Tests
1.1 The primary puvrpose of flight tesis for the undercarviags

and Brake pavachute installations will be to demonsirate that the
Gesig is adsquate for the operaticnal requirements of the air-
pliane .

o
.
o

Secondary purposes pf the flight tests will ke to obtain
quant tative datae walch may be used to verify that design assumpt-
ions vere veasonable and to estimate the service life of ocmponenm,
and to lay dewn praciieal maintenance schsdules.
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2.0 heserigtiom

2.1 general

The undepearrizge is a fully vebtracktable iricyele gear with
win nose whsels and wo-vwheel bogle-type zain gear. e noseyhesls
sretract forward inte & compariment below the pilot’s cookpit and the
main gear folés insard and forwapd indc the wing. Provision is made
Por power steeving of the nosswheel and anti-skid operation of %
sralke on cach main wheel,

2.2 Operabion and Indication

detaile of the undercarvioge operation are outlined on drav-
ing T-0110-3 and in technical depariment report 7-0119~5, which is
attached. A iheeo-position selecter (up, dovn, emergeloy down) is
mounted sheoad of the Llefh console in the pllot's cockpit. A light
in the hanile comes on-¥hen

(&) selection hes been made but operation has pot been completed
B) throhiles are elosed and gear is not locked down.

Tn adiiticn. underearriage position indicators ave provided
L0 380¥,

a) ooy looked down
18 doowrs locksd up
) zear not locked

and an emergency reitrscotion {(ground override) bulton is installed, al-
though the main gear may not rotrast If the aireraft is rolliing for-
?‘fa?‘i.

The gear is vetracted hydraulieally by fluid at 4,000 p.s.i.
sressure {rom the utility hydreulic system. Reducing valves are fitted
Lo give oo~ p.3.1. for nosevheel steering and 1500 p.s.i. for
swoling. imergency lowering of the gear is aceomplished thwough a
35000 pe8i. phoumebic systom which opervates ithe gear and doors simule
Gansousiy.
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2.3 Main Gear

2.2 Nose Gear

2.5 HNogs Wheol Stesring

2.6 Wheals and Brakes

2.7 Sraolke Pavachuie

s
&
&
8
3
o
t
I}
£
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3.0

3.2

3.3 .

w 3
« £
1) gf

3.6

Design Data Summary

Welsht
Yormal landing 'aezgzt Wiy 47.000 1bs
aximum " Wy, max 92900
Findmum 7 " WL min 37,600 7
Cperational itake-ff wt. Hpg 55,000 7

Fagimum take-olf wi. gﬁ‘ max 65 3000 s

Speed

Ianding 132 X 8%
152 X at% W1, max
Retrachion and
Ixtension 250K
fround Rolling oo MPH = 174 K

Bate of dessent at touchdown

fi/sce preof at Wiy
9

fefsee 7 “ﬁ
i *Lm&x

D

Retractisn and Extension Times

Temperature Linid

{perating range -65% %o o 160°F
¥Max. somking
temperaturs 260°F for 20 minutes

Mindimanm Radiug of Turn on Ground

AapM&mly 307 ra.:iius to center line of airoraft, since

nosevheel i3 limited %0 2 55° angular travel.

3.7

Tires {Tubeless)

Maximum ground rolling speed: 200 MPH
= 174 K

A rant T
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3.9 Ground Cleazance {conbt’d)

Jith main logs fully comprassed and main wheel tires fials

{1) ‘=il bumper Limits and if fully compressed & = 15,2°

{2) Tail bumper limits and 1f fuily extended Az 13.8°

ese (B)

With main legs Tully extended and 2f% maln wheel tire just in ground
sontact:

{1} If esnsust nozals closed, tall bumper limits and if
fully cowprensed /5 =20.7°

{2) If ernsust nozsle fully open end tail bunper not
fully gxiende

r‘
=2
A
i
&
&
€8
fod Qb
[}
b
indo
?:-:
i3}
‘g
L

23.,2°

S8 ety o : 2
133} Tall oumper limits 1€ fully extended and V] ?;0,.50.

]

b1
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4,0 Eoplneering Program (time and purposs )
Design

fench and Rig Tegts
HMoock-ups
Pre-£light tesis

Plizht tesis
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CP-105 - UNDERCARRIAGE AND TRAKE PARACHUTE

5.0 Pli-ht Tests Reguirved

5.1  Pre-Zligat

Oy,
]
Qg

Clearence for operation and reiraction.

e,
4y
gt

Funationing - retractlom and looking
indieaticn
nosevhsel gheering
bYaxes :
rarachud

Sy
<3
Ryus?

Jervieing - BECesSs
- removal and installation
adjusting
towing
lacking {fiat tires and oleos)

{D) Fibeation checks

- undercsrriage exionsiocn

brakes,
3.2 Zamlng Zrakss
£ Parachute
Bteering
ghinmy

£lat tives
anbi-ahid funchiondng
undsroarriage walking

5.3 Elight

fake-of? - apee@s lo 1ifb wheels
directicnal control
Shaimmy
walght
retraction times
asyumetrie flight - gear down
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AV
»
(W3]

iandiag -

Pes

£
i

] mpemy s A
=  SLEATANLS

gear lovering itimes

landing spesds - veritlscal
- horizontal

spzed ho iodey nosewheel

parachute operation

braking - anti-skid

shimny

lay Punvay

temperaiures

sions unééy nigh speed, 'g’
{main gear to upper Ting structure).
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CF-105 -~ UNDERCARRIACGE AND FRAKE PARACKUTE Page Tan
8.0
6.1 Dato Reguirved - Underesyriage

1.

34

Complate = 2ort covering installation, mainteonsnce, servieing
ond inspeation of aé._‘ COTPONSNES.

Complete report covering history of esch component ~- alrerafs,
£light, toke-of? weight, landing weighis, severity.

wolete ZgRort covering englneering and apreraft bendling
Spoats, including btyplieal records for a.asessment ofs
u———-'_‘

ghiomy - fen ﬁmmv, damping; effect of load and temperature.

aher vi - siatic and dynamis: effect of cleo inflation. temp-

aeratuze, e,
nleas - behaviour with static load and temperatuve
- defllecticns due %o engine un-up, landing, braking
= torgue, snergy abscrbticn, anti-skid opsraticn
- intsrference or ﬂleamﬁea wvith structure undeyr ‘g’
deflection of doors (open and closed positions)
parcohune - opening time, effeet on dragz and hendling.

centrols &
ind’oations- pilot's a2ssessment (operating times)
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6.2 (F-105 Pilignt Tost Instsumentation

Terserabure messurencnis foy undercarviage components. Hecord
temperatures ab the follovwing locatiens at 30-seccnd intervals {(max)
throughous Tlight simulating combat mission {comsutate on 1 chonnel
if desired).

Tiem No, Requiped

1. HMain gear door jacks - oase tewp.ab inlets 2 {1 side of afo)
2. Main gzear veiractien jJack " " " " 2 {1 side of afs)
3. Homs gear door jack S "
&3' L;{}ﬁﬁ‘ ;gam} H H i i " #

5. ¥aln zear door & uplosk jacks (1 sige of afe)
% k1] k1

6. Ncse il e 5

R -~ " n 1
7. Hgse Dieo b
8. Main * B omagt n
= R # 2 { #
S. U0 raisctor valve :
STl e ) 1 )

10 Bealy contyol walvs i <
7 1 7 ki

11 Teil mumps? jack
12 Yose vheel tav-aly temp

T fimdn " H] 2 2
13 ain

I S R S S S

A
(V]
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7.0 Final Reports

- Hepows by specialist or design engineer

- Haintenanes and servieing instructions

= Deslim certificate
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CP-105 - UNIERCARRIACE AND ERAXE PARACHUTE
8.0 Refercnces
8.1 Speeification s

8.2

Avrocan E-245, Nose landing gear

" E-252 Nose vwheel tires

. E-211 HMain landing gear

" B-228 Whesl and brake zssemblies

% B-251 Main wheel tires

i E-25% Liguid springs and recuperator system for nose
gser

e E-255 Valve, nose wheel steering control

# E-256 Cylirder, nese vheel steering

¥ B-257 Valve, liguid spring resuperator

¥ E-258 Separator and eyiinder, liquid spring recuperat-
o

% P-2-1 Castings; classification and inspsction of.

Deglpgn Speelfication for Pighter Airplane,
JB-105, Mark 1.

AVR-2D8-105/1

¥Il-8-5552
MIL-G-5041
MIL-¥-50138
MIL-T-55228

Drawi ags

[

a.v.
7-4391-1
7-0119-3
7-0111-0024
7-4291-1
7-4201.2
7-1991-11
T-4427-3
7-0162-12
7-0182-84
7-01562-85
7-0162.86
7-0162.87
7-0162-91

e Can.s,

Strut, Alreraft shoek abserber

Cagings; alveraft pnsumstie tires

Wheel and brake assemblicss, aireraft

Test prosedure for airoraft hydraulic and pneumat-
ie systenm.

Hose landing gear gecmetry

Schematic - landing gear hydraulics
Schematic ~ eleetrios

G.A. ~ nose landing gear

Assembly - liquid springs

Assembly - retraction Jack

G.A. -~ sowing arrangements

Geemetry - inper wing forward porticn
Gecmetry of main landing gear - stowed
Dovn geometry of landing gear

Overall geometry of main landing gear
Structural clearances-landing gear bay
Installation and removal of maln landing gsar
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Reports

A.V. Ree Technical Eoporiss

7-0590-2006 - Preliminary Desizn Particulars - Main and Neee
Underesrriage.

T-0553-2007 - CLO5 Wheels and Erakes; Specification Paviiculars

7-0522-2005 - Preliminary Design Particulars for Nose Landing
Gear

T-0110-5 - landing (Gear Operstion

7-0119-6 - Description of Basic Utility Systenm

s O7-330C-1 -~ Description of Nose Wheel Steering Syetem

¢ G7-1300-2 - Deseription of Wacel Brakesz - Sub-system
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Report Number 07-1000-1 ¢

Prepared by D. Buckingham

Dates 17 Jan/s5 '

Subjects Deseription of Nose Wheel Steering Systenm
Aiperafs CFLI05

Reference: chematic - Hydraulic Utility Nose Wheel Steering Sub-system
7-0119-5, Issue 3 dated 17 Janf55 (to be superseded by 7-1900-5 later)

Kose "heel steering is accomplished by a hydraulic jack mounted
on the bottom of the nose vheel strut. The jack is controlled by a2
follow-up valve mechanically linked to the pilot's rudder pedals.

To obtain sseering it is necessary that the nose gear seissors mioro-
switch be astuated by weight o n the nose gear, then the pilet must
depress the sisering sslechor button on his stick grip to open the sol-
engid valve vhickh sends high pressure fluid %o the valve and thence to
the Jack in response to vudder pedal movements,

Neovuwm. .1y, when steering iz not being used, t he jack serves as
a shimmy darpsy Quring taxying and take-off runs, Presumre is shut off
and both sicdes of the valve are commected to veturn at the solencid
selector va ve %o take care of thermal volume changes.

To save plumbing, the pressure for the sicering unit is drawvn
oif the "noie gear down" pressure lime in the nose wheel bay, This
iins has prossure on it at 2ll times on the ground (with the starbeard
ergine running). Hose gear steering retuvd eannot be comnected to the
rose gear 1p" sraessure line in the noss gear bay a8 it is pressurized
in the "UP" selection. Insteed the nose gear steering return line
wust be cavried right beek into the duct bay.
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Report No. 07-1900-2 »

Prepaved by D. Buekingham

Dates 18 Januery, 1955

Subjects Wheel Brakes Sub System (Utility Hydwaulies)
(Dwg 7-1900-6 to be veleamed later)

Braiiag is previded by the action on the rudder pedals which is
carried back to the brake condrol valves in the Quet bay by eable wuns.
A% the valv: two master brake cylinders are actuated -- one the normal
system and the other the emergency system whioh 18 not effostive due Lo
sutoff of tae emergency braking pressure. Failure of normal system
mressure ausomatleally activates the emergensy system so that braling
is avallablz as soon as the pilot depresses the braking pedal.

During retraction of the gear the brakes awe automatically app-
iied by an 2lsctric sclemoid valve in the electrie cireuit of the "up"
solenvid on the landinz gear selector valve. This applies and maintains
braking on the main vheels undil all gear and doors are up and locked.
In the brak: walve block the normal breke sylinder is by-passed and
i%00 p.s.il. i3 applied direetly into the brake lines.

The astematle switehover to emergency braking on failuve of the
acrmal systom is accomplished by a spring losded pisten which is held
in noymal gpisiticn by normal pressure of 4000 p.s.i. When this press-
ure falls o0f the spring moves the piston to the "emergemey braking on”
position povrting emergency braking fiuid at 1500 p.s.i. into the emer-
geney brake eylirnder and out egain to the brakes themselves.

&n snii-gkid deviece will be fitted on cach of the main wheels.
This vill consist of a detector and a velief valve which releases hrake
pressure until wieel speed builds up again beyond the skidding speed.
in some of “he systems novw being exemined, these two parts are com-
bined in on> body deovoid of any electrical comneations. Other versions
¥ith slectrisal type skid detectors usually in the wheel hub, have sol-
encid operated relief valves located slsewhere in the brake lines.
One advantas of the electrieal versions is that braking on the same
tire on the opposite side of the alreraft ean be released at the zame
time thus aveiding the ground loop hazards of unsymmetrical braking.

The anti-skid retuzn line is used for emergensy braking wita
the anti-skid unit relief valve protected by a check valve. Emergency
pressure, in the absence of any normal pressure, shifts the shuttle
veive and gives siraight proportional braking without enti-skid oR-
arasien. ;

The brakes awve of the Gocdyear dise type. Thiey bave 4o eperate
with higher system return pressures (50-130 p.s.i.) than is the usual
288e.




CF-105 - UNDERCARRIACE AND BRAKE PARACHUTE

Underecarriage Sketehes

Sketeh of legs and door schematies
Brake system

Brergency system
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& programme cf filight tests is Presernied for the CF=105 aiverafs bazed
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TRODUCT 0N

A preliminary f£light %est programre for the CF-105 all-weather, supersonic

been

Lo

3s

Tollowing objestives in mind:

praparad vith
To demonstrate tha’ the aircraft mesta the requirements of R.C.A.F.
Specification 4. R=7=4,

1

ata which migh% be required to finalize the design of the

3
" 5

h,

£

i3

UU

aircrais or its components for production purposes,
To othalr yuanbitaiive data about the aireraft and its systems in order to

lease 1% for squadron servica.,

The tss5 cregreume is shown in graphical forwm in Fig, 1 on page _ .
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nine aireraft are used for testing and development work

a

Fughes &drcrafi Co,, and that, since J-67 engines pro bably
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avéilable in quantity as the aireraft are built, smaller

‘J.:

‘nstalled initdally in all but two sireraft, It is

8%t and Whitney J=57 engines will be used and that thess

aireraft will be limited to subsoniec testing until J=67 engines sre

Walle comsideratls testing can be done with thoise aireraft and engines,

or ccupleting the oversll test programme will probably slip by
8ix %o 2ight mounths for two reasons:

~o .Gditicral zroblems due o é second engine installation.

2¢ Delay in solving development problsms due to the lack of superscnie

bhack-up aircraft,




The test programme consists of thr:s phases as below:~
(1) Probing tests in which the speed and height ranges of the
airerafi are investigated gradually, During this vhase of
sesting, the auto-stabilizaticn system must be set up and
Zinalized and the behaviour of the basic aireraft structure and

y. tems must be menitored.

(2) Follow=up Tests, in which the detailed investigations of airceait

handling, performence, systems operstion, snd structural integrity

{3} Ocerational Systems Tarsus, during which the ermament, communicetions,

~irsecontrol, automatic f1ight control, and all weather phases are

e teste vequired for each system srs dlecussed below, with allowsaca:

porary 4-57 engins installation,
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AFRODYNANIC PROBING

P>

£2

Following the initial functioning checks of the first aireraft, th

o

first flight tests will be to determine the stability and comtrol
characteristies of the airerafi. 4 seriss of flights will be reguired
to meesure the damping characteristics about all three sxes with
automa tic stabilization throughout the speed and height range of %the
ts will also be required without the autcometic

stabilization system working,

&% i3 anvizipated that the first three months of flying for the first
)

airera 7% will be nseded to set-up and assess the sutomatic stabilization

fiight range from ses leval to 40,000 £+, below M = .85,

ison, sixveen flights were reguired over & two month pericd of tims
te elent the initial yaw damper installstion on the CF~100 over the same

© altitude range. Since this phase of the work is subsonie,

(]
=
oo
{4
3
5
[
L,
“5
5~*¢
3%
Ly

ble engines than the J=677s could be Fitited to the

a

When the sgeeni airgraft becomes available, it should continue this phase
of Les%ing, gradually probing higher speeds and altitudes until the full
flight vange of the sireruft has been tesited. Since systematic besting of
certain sirersft utility systems will have to keep pace with the probing,
progress will be slow, and it is antieipated that at least sixty flights

and nine months time will be racuir:d to complete the progiamme,
) D prog
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ALROD¥NAMIC ﬂOﬁING

Although these tests sre primarily to provide a well=gt. »ilized vshicle
for further testing, considerable informetion will be .. einad £bout the

3

performance and handling characteristics at the sume

HANDLING CHARACTIRISTICS

Following the asrodynsmic probing teste, a serles of
trials will be required 1o asseas the flying qualities - %he ajreraft and
to obtein data for the Filotfs Hotes, U.S5.A.F. Speciiicoation #1815-B
"Flying Qualities for Piloted Adrplanes® has been reviswed ss it would
apply to the CF~1J5 airecraft and & preliminary sstimatz hes been made

for the flying time required to carry out this programme. This is

summarized belowi=

g1 NUMB'R OF F ALLOWED
SIPRSONIC TTSIS
1. Dymemic Stability Tests 18 32
2. Stetlc Longitudinal Stability g &
3. Elevator Power; Elevator Coatrol & 9
Lo Effect of Alr Brakes 2
5. Ilateral Control, Rates of Roll 4 b
6, Stalls, CL Max, Buffet Boundary 8 i2
Ts Asymmetrié Power FA 2
8. Diving Tests & 12
9. External Tank T e
59 77

Since some of the subsonic tests are affected by engine characteristics,
ninety to 100 flights (13=14 months flying) would be required using J-67

engines, while shout &0 flights {8 -~ 9 montas flying) could be cone using

Srn 2 1@"‘ e?}é’ nag,
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Performence tests will be required for the CF-105 aircraft to demonstrzis
Ls abiliity to meet the specification and to provide data for Pilob!s Wohtes

for the aircraft. While many useful data will be obtainsd during othsr fesis.

2% least sizty six f1ights (ten months flying) will be raquired with ihe

eraft and engine condigurations:

NUMBFR OF FLIGHTS REQUIRED

1. Calibratiom of pitot, static, tenporature,

sideslip and angle of attack orobes 5
P g

2. Levsl speed and fuel consumpiion

3, 4/C elean 12

\b; External Tank fitted 8

L2 3ingle Tngine operation 7

3. Combat & Ferry Missioms 6
4e Ulimb, Descent, Ceiling b
5, Tsko-off, landing (normal) 0
6. Take-off - engine failure 4
7. Accslsration and deceleration 10
8, Minimum Turning Radius at altitude -
)
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avallablis for de tai¢ed investigations and modification as required, Such
ltems as intake duct studies, flutter, aeroelastic distortion, stabilization

problers, and drag measurenents might be included,




4.6

{a) ground rig tests
{b) prototype aircraft pre flizht tests
{c) Flight tests i) spot checks

{i1) systematic tests
The fusl arysten is relatively uwnorthodoz and although much
cevelopment and test work will have been completed before
first flight, certain featurss will require in-flight checking,
vartisular.y since a number of important paraneters such as

temperaztures snd reference pressures are difficult to simulate

3

or predict for ground rig tests,

‘

is of particular interest since the resulting fuel

ivad distribution governs c.g. travel, In conjunction with

senk pressure regulation, collector tank level regulation
and wenting checks are advisable since rig tests can give only
limited results. 8ince fuel is being used as coolant for both
il =nd engine, and fuel temperature limits are relatively
severes, fuel terperaturs measurements are desirable., In
addition, awdliary tank tests and incidental checks of
rafiling, unusual altitudes, etc are requiredﬁ%ince 213 ovfe=

able engine inlet fuel tempsratures may be marginal for

certein high Mach Number cases of extended time, fuel tempe-
raturss checks should be carried out during therm{dynamic

investigations.
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FUEL SYSTEM (cont?d)

Spot checks of the above points should be made on each

flizht of the first few aircraft until a series of systematic
tests can be completed to clear the system throughout the

flizbt renge. Program time required for systematic testing

A

neceszarily consecutive but rather should they follow closely

vehind the aerodynamic probing, This scheduling is for test

only, any development work required as a result of the

tesus should be catered for by provision of a back up aire

era’t, In crder that flight test time be kept to a minimum,

of design, vig tests, ground tesis and flight tests be made
“n temmg ol program content as well as test results,

racuirements as outlined in reference 1¥ are of

,

very limited use since the fuel system iz somewhat unconvend
tionai, however where applicable this report should be used

23 a zuide,

=t should be noted that if more than one iype of engine is
&L Lo the aircraft, the proto-iype pre~flight tests and

in-7light spot checks will be requirsd for each profotype.
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FUEL SYSTEM { cont'd)

" Refsrencei- U,5.4.F. Memo report WCNEI=525-440

‘est Procedure for Turbo Prop & Turbo Jet

!

4

craflt Power Plant Installations,

|2
s

5 INSTALLATIO

w8 required Lo assess the engine installation include
{2) Crcund rig tests
{t} protpiype aireraft pre~flight tests

(]

fiight tests - (i) g0t checks

(ii) systematic toois
Fngine Installation problems requiring test investigations
includs engine and afberburner cooling, throttle handling
ard response, lubrication, auxiliary drives, engine per-
fermance, afterburning operation, auxiliary long range
tank Tunctioning, engine de-icing, yelocity distribution
2% Lixz engins intake etc.
Cr irizke -~ engine ground rig will provide much pre-flight
data and subsequent development work should then be minimized.

Howevar in addition to the rig tests, certsin of the problems
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ENGINE INSTALLATION(conttd

g

particularly engine cooling, require pre~flight ckecking

on the prototype aireraft,

uring the initial flying of prototype alrcraft, spot

checks of engine and afterburner cooling ete will be
required until systematic tests of the installation are
caryied out, These systematic investigations will require

a prezram time allccation of approximately 20 flights, These

1ts are noh necegsarily consecutive but should carecied out

in phass with aerodynamic probing. In additicn to these
flights the systematic coaling checks should be continued

thermodynamie testing where high Mach mumbers will be

tims che aircraft proposed for delivery to Hughes Aircraft are

Fal

since idreralt performance is of course dependent on engine

nenee which in turn depends on intake and cooling sys~

tem characteristies; checks of these items will be required

z ailrcraft performance testing.

Izing wrials will be required before clearance of the aircraft
q

Lo squadron use. However, since it does nobt appear feasible

to allocate J67 aircraft time to Hhis problsm till the.
winter of 1958, this program will then extend into the spring
of 15 590

Close liaison of flight test with design and rig testing is

oughout all phases to minimize flight test fime.
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ENGINE INSTALTATION {eont'd)

If more than one type of engine is installed in the aireraft,
rig tests, pre-flight checks and in-flight spct checks will

be requirec for each engine installation. Systematic investie
gaticns however would be limited to the J~67 installation only,
Since the flight imes allocated are for testing only, any deve-
lopmen’ work which may be required should be catered for by means
of a back wp aircraft,

Recormsnded test procedures of refere(l)* will be used as a

guide Hubt may nob be sufficient or applicable in certain cases,

RBoference (1) = Test Procedures for Turbo Prop and Turbo Jet
Aircraft Power Plant installations.

U.S.A.F. Memo Report = WCNEi=-525-460
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EYDRAULICS

(8) Flyvng Costrol System

{b) Utility System which is used %o cperata:
{1} A4ir brukes

{11} U/C and Door Retracticn

In additicn o the Wwo basic systems, oil to fuel and oil to air heat exchange:

‘ded which alse provide cooling for gear box and constant speed umit

£ the hydvaulics and heat exchangers will consist of:-

vem hydvaulle £light %ests will be dome in conjunction with

lizabior and aircraft handling tests and there

time has bsen allocated,

Usility asystem flight testing, other than routine checks hoth pre=-flight end
inefligh*, will consist of a series of systematic tests to determine operatinvg
times, peak prossures, pump and fluid temperatures, emergency system funstisnire

elc. in general accordance with reference (1),




4.8 HYDRAULICS {(Contl'd)

Programme time allocation to complete these tests is in the order of so-sa
flights rot including armement system tests which are comsidered separe v3ly

under armizent.

Heat exchanger checks ars required and initially should be considsred =&
part of hydraullec, fuel anc engine test programmes, Firal checks, howevar
should be made during thermodynamic tests where high Mach Numbers are

experienc:d for exitended periods of %ime,
If mors than one type of engine is fitted to the aireraft, the amount of
work requ.red in additiom to that detaziled sbove would depend to s grest

extent on simulerity of pumps gear boxes ste, installed,

Ref. (1. Test Provedurs for aircraft Hydvaulic and Pneumetic Systaus

’

MIL-T~8522,
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Low Pressure pneumatics, fed by engine compressor air, supply sir for air conditioning,

cockpit pressurization, canopy seal, anti-g sults, and fuel transfer system
pressurization, Of thess, the air conditioning and cockpit pressurization are cf
most interest in test programming, (other than fuel tank pressurization which is

considered under the fuel system),.

Alr conditioning and pressurization tests will includes-

(a) rig tests

(b) pra=flight tests

(¢) flight tests
Fligh checks of a preliminary nature to check functioning of equipment will be
inciéantal to initial flying programmes, Systematic testing of the system through-
out the flight range will be required conmcurreat with aerodynamic probing altheugh

not necessarily on the sz = aircraft,

This systematic test prograire, including checks of flow and temperatures to all
alr conditioned compartments and equipment, for typical as well as critical cassil,

will require about 14 flights,

Alreraft fitted with engines other than J-67 are probably useful for equipment

checking or development but systematic tests will require a J=67 eircraft,

Certain electronic system, cooling checks may be carried out on the aircraft by Hughes

in conjunction with their test programms, however, finalized systsmatic testing to
include critical ceses will probably require testing on the first aircraft stivrs

fitted with production type electronic systeme




e

Armament bay =ir conditioning, beyond the checking of supply, will be carried out

in conjunction with armament testing.
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Tests for the electrical system will comsist of:i-

(1) Mock-up Tests

{2) Pre-flight ground tosts

(3) Flight Tests
Flighs utests will consist primarily of functioning and cooling checls
of 2lacirical squipment in the aircraft. Since some operational sgvi ment
wiil no% be availlable until lete in the test programme, Qummy loasds % 11
bava "¢ be substituted in order to assess the power supplies and cont ols,

]

leatrical system checks will require seven hours of the flying liste-

s

wncer 7 lechanical Systems FProbing and Development®, with J=67 engines.

Aceitizml chacks will be required on an aireraft with J=57 angines.
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4.11 STRUCTURAL INTEGRITY

The C-105 Structural Integrity Flight Tests will pe preceded by extens vs

structural vroznd testing ra— he pain purpos, fll”ht tests will ©- ‘o

v’ e O o

‘ a. . Tt i T
SH Vs 3 A AAD (1 2au 25— 8-——40 ®
"ii 7i"iﬂ‘i ol 4;491~L§».A1L.,a¢»{$113A

for ground testing,

The initial flight testing will bs controlled by the progress of Aubtc-
Stabilization “ests in the subsonic region, However svery effort will be

mace o clear She CF~105 as a test vehicle throughout the Subsonic pertion of

the Tirst five months of flying. Following this

spot chack will be carried out during aercdynamic probing in order to sxtend
the g limitstions in the trensonic and supersonic regions at an early cdate,

so that z supersonic test vehicls will be available for preliminary probing

o]
ot
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flughes Falcon and Douglas Spavrov missile packages. In
general » limited structural integrity test will be integrated with the
genzral flight test programme prior %o extensive Thermodynemic ang

§tructg:"_ Integrity %testing scheduled during the last nine months of

besting on aircraft number 5,

Alrcraft numbers 1, 2, 3, and @ will be strain gauged to record data
duriag the incidental and major structural integrity checks, A brief

reswze of the flight test programme ia shown in the following table:




ITEM TEST ATRCRAFT | FLYING TIME
HOURS
(a) | Siructural Integrity for subsonic
: wt euvelepe(to be integrated #1 1
| with subsonie probing)
(b) 2hyusturel Integrity for transonic "~
% supersonic flight envelope up to #2 H
i = 1.8 (integrated with aerody-
aaric probing)
(e) 3srustural Integrity and thermodyna- #5 63
mic {aerodynamic heating) up to M =
<.0 throughout entire flight enve~
Lare
{e) Zaek up for structurel integrity and #3

siermodynamic
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4el2 C=105 ARMAMPNT PROCRAMME

4@1201 H? Aol Bl - ,. "- et

SUMMARY

7

The GAR-1A and GAR-1C ¥¥¥M¥EE constitute the supersonic launched sexi active

miers wave nomer, snd the supersonic launched infra red passive homer. it
is antlcipated that the externmal configurations of both missiles to be the
same, and hence while programming for the more critical GAR~1C (IR) missile

sufficient date would be obtained for the more flexible GAR=14 (MW) missile.

The <-105 armanment Flight Test Programme is to bs preceded by extensive
grouad snd $-300 rig £light tests. Briefly this constitues:

{1} ¥ech~up of one missile bay

(2} Funectional mock-up of one missile bay

37 Mock=up of armament package

141 Actuating mechanism ?est Rig {(CF=-100 Mk.4)

{5} CP-305 Arnament Installation Tests

R
oy

¥ined Tunnel Trejectory
This will constitute the bulk of developmant work on the Hughes Falcon

Missils Fack,

The prapesed CPY05 Arnament Falcon Flight Test Programme, for which an
allottn nt of two (F=105's will be necessary is shown in the following

tablesz-




-~ 4,12 CORTINUED
EXPENDED
ITEM TST FLIGAT LIVE LMY
TIME  MISSILE MIZSILES
7SS
GUIDANCE
Subsopic 24, 18 343
Transcaic 26 18 i1
Supersonic 46 18 i3
’  Missils Trajectory & Angle of Attack 18 sz
{e) Hissils Jettison 12 Nil 48
TOTAL »126 lfg,, i8
This Test Prograrme is designed assentizlly to determine:-~
o {1} Handling cheracteristics of the sevoplana during the firing ecyecle, and

Fheng fire” positions,
(11} The strength stiffness, and functioning of missile package.
(i) Effect of buffst, flutter on doors,
{iv) Blast and air pressures on doors and surrounding structure.
(v) Arscment Bay Teupereture History throughout entire flights, i.s. Defors
engins start to afber engine stop, Hydrasullc temperatures and pressirss,
(vi) Missile launchings including trajectories and interference effesss.
{vii) Missile Jettison Programme,
whica with completion of the Hughes MX 1179 Fire Control System will muke
available an aircraft weapon combination for a system evaluation at Cold

Iaks,

&

gh | DEVILOPMINT OF FALCON MISSILE PACKS-S—>—" SO
The CF=-105 Armement Flight Tests are %o be preceded by an sxtensive

developmen% prograrme on the Hughes Falcon Imstallation, Briefly this

development prograrme would consist ofie




412 CONTINUED

(1)

.
Lt

St

Yock-up on one missile bav, on which proposed changes will be trisd
before being incorporated in sny other rig or drawing,
fypehional Mock-up of Ore Missile Bav, which will be of metal
congtruction, Tests will be conducted to measure hydrsulic pre:surss
and missile loads during extensioms, In general the basic design will
ba tested,
Yock-up of Armsment Packsge ~ This mock-up will include a full complimens
of dummy wmissiles. The object of this mock-up would be to check
clearances, method of attachment to aircraft, mssezs the suitabiiity of
grourd handling, snd assist in design of ground hendling squipment,
fctuating Mechenism Test Rig -~ Thias will consist of a C=100 Mk..
eireraft [itted witt a single Falecon Missile Bay mesnufactured to
(§-1C5 drawings, Initlally ground functioning tests will be carriasd
paratory to alr functloning %ests, On completion of thess

¢31t8 several missiles will be ground fired at the tumnel butte o

i
o
fubo
1)
1
o
[

e

celermine blast and corrosive effscts, Completing this will be
limited f1light Piring programme to correlats the ground and flight
chgervations,

GE2i05 Armsment Tnstalietion Tesis - This specimen will consist of a
rackage complete with mechanism, progrepming box 2nd inhervalometsr, and
te capable of ground firing. The tests will cover timing, sequenairg,
functioning, hoisting, serviecing, arming, rigidity and mock-up
installation checks, In general this rig will complete the developmant

A KooLRs
work prior to releasing drawings for manufacture, AW ES W K%$AN\

The forgoing programme is expected to ¥ield a fully developed Faloon
Missile Packege for installation in the CF-105, 4ssuming that all tie
flight conditions have been properly simulated snd covered in ground

and CF-100 rig tests the C-=105 Armament Flight Test Programme will
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4.12 CONTINUED

essentially be a "Test Progrsmme" and not a development one, It is fal%

(6)

however that some provision should be meds to allow for developmant
work, The exact simulation of sir loads, and effect of "hang~firs¥

on stability would be difficult to predict, In stort it is recoi-cndes
thet & back up aircraft be allotted for armamant tests to handls any

development problems that would appsar,

In addition some wind tunnel tests, are planned to asssist in the
aerodynemics of the Missile Pack as utilized in the r=-105, It is
expected that the resulis of such tests will be known and analysed priow
to actuml flight testing of the Falcon Missile Pack in the CF-lOSG

C~105 Wind Tunnel Armament Testing

A brief Wind Tunnel Test Programme will be carried out to determire “he
effect of firing cycle on Handling, Jettison cases, and rissile wra jectory

daza,

FLIGHT TSTING THE FALCON MISSILE PACK

The purpose of this programms will be to clear the Falcon Missile Pack

throughout the required flight range and also to provide Hughes Aircraft

with Missile Trajectory, angle of attack and other dats necessary for ths

successiul completion of the M{1179 Fire Control Sgetem. Following this

will be the evaluation the sircraft/weapon combinmation probably to take

place at Cold lLake Alberta,

TEST PROGRAMME

In order tc proceed systematically and with caution the Armament Flight

Te5% Progremme will be divided into five stages of testing, i.e.




4012 CONTINUYWD
{2} Subsonic Méagﬁ
(b) Transonic M%) 1,
{e) Supersonic M=% 2.0
(d) Missile trajectory + angle of attack
{e) Missile Jettison
With the first three stages being further subdivided into
(i} Handling and response
(11} Structural Integrity and Functioning
{111} Missile Trajectories
With respect to item {(i1i) Missile Tresjectory, only a limited firing
programme is plamned during the subsonic and transonic stages of testiag.
As the fLight testing progresses to the supersonic stage and rasulis are
favourable; a omprehensive Missile Tra jectory programme will be underiaken
covering the entire flight range in thr:e stages, subsonic, transcnic and
supersonic. X{l Adn all out effort will be made to clear the 'aeroplena (e
: t
720 kis, (Desizn Diving Speed) bsfore this “inal phase of testing begins. |
Frow the foregoing it is apparent that a large portion of armament bestirg
can be osrried vut on a J=57 equipped CF-105, with provisicn for occassicnal
supersonic "probing® on a J-67 equipped CF-105, This would result im
economical utilization of the two J=67, CF-1057s allotied for initial
light besting. The final stage of testing, i.e., Missile Trajectoriazs ia the
Supersonic regilong will be carried out on a J-67 equipped CF=-105, whiza b

thls time may be n abondance;
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DETAILED PROGRAM

(a) SUBSONIZ TESTS ‘i}‘85, E.A.3, 3 520 KNOTS

The entire subsonic test program is scheduled on a J57
powered CF 105, It will be during this stage of testing
thait the Falcon lilssile Package design will tend to solidify.
This initlal period of testing will afford to the pilote
familiarity with the flying and operating qualities of the

asroplane with respect to the Hughes Falcon Missile Paek,

I 5p TEsST SPECIFIC DATA FLT. EXPEND
AND HKMARKS TIME MISSILES
HOURS

Check auvito stability
"Hang fire" case 'S o

[

Check door clear- 2 0
ances & deflections; :
bay pressursss- fuse-
lage & pack deflec~
tions: sirsam gauges
Cn add'n linik deflec- 2 0
tions, missile vibra=-
tions & drag, buffet.
- Armamsnt bsy tempera-
tures before T.0., & a
after engine shut dowm
Hyd. pressures

3 Structural Integrity During firing cycle &
tions g application measurs

5y 4.0 bay pressures & tenpe=
ra%ures*, missile sccee-
lerations, and motor 10 8
temp gas survey, Jack
pressures missile
position as program
box, engine flame oub
& compressor stage.
Blast Pressures
missile trajectory,
armament bay temp, Hyd.
pressuras & tenp

4  Missile Trajectory During(3) above miasiw L 10
- Limited launchup les flred snugly.,
for initial function add'™n 2 5 & full salvo
& trajectory fired at 35,000£t
engine flame-out &




ITEM TEST SPECIFIC DATA FLT EXPE)
AND UEMARKS Tl MIBS I ES
HOURS
4 effects. Armament
cont. Bay Temperature,
Hydrawlic temp.
prsss,
Totals 24 18

4 actual & simulate
% 7.33 G or max permlssable at the itime of programme

(&) TBANSONIC Tis5TS Mb 1.2 E.A.3.3> 720 KNOTS
The transenic tests will be conducitsd between ¥ .8 -« 1.2 and
at sgpeed up to 720 Knots, This region must be thromwoughly
exy%g;ig by the pilot so that all characteristics of trans-
A e
uni;1during which the firing cycle may be operated 4F known.
The "Hang "ire” condition especially presente an acute problem
for transonic {iight,
ITEM TES? SPECIFIC DATA FLIGHT EPZ UBD
AND REMARKS TIME MISS 1S
HOURS
1 Qualiitative Handling and Check anti stabili- 5 i
response during firing zation. Hang fire
cycle sase included
2 Structural Integrity Check door clearance, 2 0
(a) Missiles Retragted deflaction fuselage
g5 3.5, 795 % and pack deflections;
strains »
{b) Missiles Extended In additioh:- link 2 2
g = 3:5: 730 % deflection missile
accelerations, mis-
sile drag:door flut-
ter, buffeting.
Armament Bay Temp,
Hydraulic temp &
press.
2 Structural Integrity & During firing cycle & 12 3

Function
g *® 2,55 L0

g application, measure
arm bay pressures,
gas concentration .

temperature: missile
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ITEM TEST SPECIFIC DATA FLT BXPENDED
AND REMARKS TIUE I35 ILES
HOURS
3 & motor temperature,
cont, Jack pressure missile

position as program
box, sngine flame=
out, Blast pressures,
misgile trajectory.
Armament Bay Temp.,
Hyd temp & press,

L Missls Trajectory During (3) above mis- N 10
Limited Launching sile fired snugly.
for function & In addition } and full
trajectory salvo at 35,000% alii-

tude for engine flamew
cuts & missile Inter-
ference checks,
Armament Bay tempera-
tures,

Total 26 is

A Actual & simulated
¢ 7,33 G or mex permissable at time of progra:.

{c) SUPERSONIC TESTS M 2.0, E.A.5. 720 KNOTS

T This portion of testing will be mainly concerned with the Mach
thumber effects and the final clearance of the Structural Inte-
grity and function up to the design dive speeds of the aercplane,
aerodynamic heating will constitubte one of the basic problems
during this phase of flying., Accurate recordings of Armament
Bay Temperaturss will be tszken throughout the operating cylce
of the aeroplane to rmmm ensure that danger limit is never

exgeeded.




ITEM TEST SPECIFIC DATA FLT BXTEIDE
AND REMARKS TIME FISSILES
HOURS
1 Qualitative Handling Check auto stabilization 10 0

and response during
firing cycle

2 Structural Integrity
(a)Missile Retracted
8 = 3,5, 7.33 %
§b)Missile Extended
g = 3,5,7.33 ¢

3 Structural Integrity
& function

\

i Missile Trajectory
Limited Launching
for function area
trajectory

4 Actual & simulated

Hang firs condition

Door deflections, fuselage 4 0
& pack deflections, strains

parting

In add’n link deflections 4 0

missile accelerators,
missile dragg door {lutter
buffetiing. Armament

Bay temp, Hyd, temp &
press,

During firing cycls; 2L 8
agmament bay, press.
termperature, gas
survey; missile acce-
Lleration, moltor temp
jack pressure, dyna-
mic loads engine flame
out, missile position
or program Dox, blast
pressures, missile
brajectory, Armament
Bex temp., Hyd Temp
and pressure

During(3) above nmissiles A 30
fired snugly, in add'n

1 and full salvo at

35,0007 #ngine flame

out, and missile

interfersnce checks.,

Armament bay temp.

[

Total Lb

e

b 7.33 g or maximum permissable at &ime of program
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) MISSILe THAJUCTORY & ANGLE OF ATTACK

M 2. B,A.S. 720 KNOTS
The purpose of this portion of the programme will be mainly
o provide desigzn data for the H x 1179 development at Hughes
aireraft, In general the data required would be:

] fAﬁgle of attack

Missile trajectory for jump factor

g Missile rocket motor temperature

L_Wiircraft flight garamgters
A limited portion of the above data will be obtained during the
test programme outlined in sections (2) (b) & (e), i.e. during
the structural integrity & funciioning tests, It is proposed
to zommence this missile trajeétory programme on complstion of
the Supsrscnie portion of the above mentioned tests,

as followsis

MACH NUMEER

O R

KW
o
o

ALTITUDE

pefon
(3
o0
SN
font
2
<
s
o
™

19,0001

20,000°

30,0001 Sy X s z : I

40,000¢ =
50,000 X el &
60,0001

¥

Where "{" rapresents the flight conditions at which missiles would
be fired singly 3 times each from the rear row. In addition three
salvos of 4 would be fired to determine the missile interferencs
at " ® conditions. A further schedule of firing only half the
above combined number, from-the front row would follow.

A limited number of missiles would be launched under g loading up




up to L.g,

The estimated missiles for air firing would be

Rear How Singly Launched v 12X 3 =36
Rear Row Salvo Launched L X 2 =12
Front Row Snugly launched 6 X3 =18 *
Front Row Salve Launched 2 X3=6
Front & Rear a zores{D..L) 16
TCTALS 88 Missiles

Estimated flying time: ﬁg’ﬁigms @ 1 hour = % hours

In addition and simuitansous with the air firing tests the angle of
attack missile rocket motor tsmperature, and aircraft flight paramstars
will be pscorded to provide integrater data for the development of

the #X 1179 - Fire Control System ,

Notes - This missile trajectory program is designed to find

the "trend" and check wind tumnel results, and hence
oniy a limited number of firings as planned at this
stage,

Hisgile Jettison

.~
[0
b g

s

The missile jettison programme is scheduled for this armament
development & Spanbe~tairplane”. bnis S it T jettison
& missile firing programmes to progress Logether wWiich i;i; a
desirable feature in so much as a photegraphic and obbervation
platform will be available.on the missile firing CEF105,

It is mewiwwd assumed of course, that this program will be
superceded by extrusive Wind Tunnel Testing, the eritical cases
would then be flight tests along with oceassional check points
to correlate Wind Tunnel with Flight Test results,

It 1s estimated that such a program, which is planned in detail
én completion of Wind Tunnel Testing, would require approximately:-
12 Fligﬁta @ 1 hour/flights = 12 hours

and S 48 dummy missiles'_




4ol2.2 DOUGLAS SPARKOW MISSILE
The Sparrow Missils Pack is being designed to conisin a total of four
supersonic launched active, Sparrow Missiles, The oparation of thie
Missile is different from the Falcon in so much as the missile mus™ be
first lowersd into firing positlon and then steered om to the targst
prior %o launching. This missile must be directed to within 4° of
the target prior to initiasl guidance which asccurs sbout ,2 seconds

after launching,

Prior to comprehensive Flight Testing most of the development of tie
Sparrow Peckage will be completed in a comprehensive ground test
programme which would be similar to taat planned for thelﬁughea

Falcon Missile Fackegs. 4 brief resume of the proposed Flight Test
Programme, which is similar to that of the Hughes Falcon, is outlined in

the Table shown belows:

FXPRNDED

TTEM TEST FLIGHT LIVE DOMME
TIME __ MISSILES  MISSILES

(a)  SUBSONIG 25 % '@ 11

 Handling and Response
V Structural Integrity & Stfffness
M Armement Bay Temperatures
~ Alr Loads Pressurea
Functioning
Blast effects, buffet, flutter
Missile Interference Trajectory
Fire Control Data, Firing Cycle

(v) RANSQNIC | 25 Y ED 1

"~ Handling & Response

Y Structural Integrity & Stiffness

* Functioning

- Air loads, Pressure
Blast effects, buffet flutter
lMisgile Interference, Trajectories
Fire Control Data, Firing Cycle

Armament Bay Temperature : \rt)
(c) SUPRSNIC : 50 G I

{Continuzd on next page)




4el2,2 (Cont'd)
; EXPTNDED

ITEM TST FLIGHT LIVE DUMMY
TIME MISBILFES WMISSILES

{¢) ~ Handling & Response
Structural Integrity & Stiffness
Functioning
Air Lozds, Pressurss
Blast effect, buffet, flutter
Missile Interference, Trajectories
Fire Control Data, Firing Cycle
Armamsnit Bay Tempsrature

(d)  MISSILE TRAJTC.CRY | 6 5% §il

{e) Missile Jettison & Interference 6 Nil !‘Dééfi;

TOTAL T2 & ? & 24

The initial #&is#? missile irsjectory programme is considerably less intensivs

than the Hughe Falcon, only 16 nissiles being programmed, It is anticipated
tha® extensive Wind Tunnel testing will precede the Flight Test Rmxyg programue

and also considerabls data will be availsble g from the supplier of the Sparrow

s

-8, Douglas Airerafi, Hence the Missile Trajectory and Inberference will ba
spot checked %c determine the trend., The final snalysis of this data will

then determine the necessity of a further missile tra jectory programme,




IELECOMMUNICATION AND NAVIGATION

Telecommunication and Navigation Testing will consist ofi~

(a) Mock-up and bench tests,

(b) Development tests on a C=100 vehicle

(e) Ground Tests

(d) Flight Tests.
Much development work will be completed with mock=ups and €=100 testing, however a
great deal of Telecommunication and Navigation flight testing will be required before
alrcraft are released for squadron use, Since the telscommunication and navigatlionsl
equiprent are part of the integrated electronic system it is proposed that the bu;k
of the test work be earried out by Hughes with certain t2sts and back up provided by

Avro,.

Although integrated systems will not be fitted to the initial alrcraft, certain tests
are required at an early date, These tests are to prove the communication and
navigation facilitios in these esrly aireraft and also since the integrated system

and test programme are so dependent on antennae, coverage and range checks are raquirad

very early in the programue,

The preliminary testing required consists of elementary checks of the basic navisation
end communication equipment {,e.: Radio Compass, Gyrosyn Compass, U,H.F, transmitter-
receiver, and interphone, Test time, not necessarily all on one aireraft, will be in
vhe order of 15 flishts, Radar Altimeter and Antenna checks of U.H,F, Homer, Tacan,
Ground to Air IFF, Aix to Ai; IFF and Doppler all require early preliminary checking
much of which can be done in conjunction with the primery navigation tests and during
normal flying., Scheduling of these tests nust be considered in conjunction with the
overall test schedule for.the integrated electronic system which is now being

%
established with Hughes Aircraft,
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IELECOMMUNICATION AND NAVIGATION

As a Tollow=up to the preliminary testing of Antennse and Nevigation Equipment,
final systematic tesﬁing of thase items is required concurrent with the MX=1179
testing, Test time required is in the order of 6 to 8 months, No development time
bas been allocated, Developm.unt, if requir:d, would probably be carried out on the

Aerogynamic-Mechanical back=up aircraft,

Alrcr«ft with engines of lowar power than the J=67 would be quite suitable for the

Navigation and Antenna checks,




boldy
Lot firiomatic Flight Control & Fire Conbrol Systems

assuized that two aireraft will be sent to Hughes

it i
Alreraft Company for devclopment of the fire control
zvotem and the automatic flight contrcl systems, Flight

investigatisns of the cooling conditions should be done by

Cempany during their development flying.

in addition a pre-production system is propcsed for installatisza

in an aireraft at AV, Boe in mid 1958,
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ALL WEATHER

Flight assessment of the 'ice worthiness! of the aireraft includes assessment

of the aircraft’s sensitivity to ice as well as the operation of its ice protection
systems,

Although one winter of testing could be sufficient, depending primarily on vesthe:
encountered, two seasons are preferable. Testing in the winter of 1957 = 53 may
have to be done with a J=57 aircraft depending of course on the priority of work
on the J=67 aircraft at thet time. In any event since engine ice worthiness is

of prime importance final testing must be carried out on a J=67 aireraft.

In this region useful icing test seasons are approximately from November to Lpril,
Any clear air checks required before icing is encountered should be schecul 3¢ befrre
the icing seascn,




56

6o

c
(1)

(2)

5

-3

15

This flight test programme has been drawn up to indiecate the

amount of test flying required by the company to cleer the sirerafd

for squadron service, Minimum allowances have been mude for dev:lopment
work and no time has been allocated to evalu.tion bty the R.C.,4.7. or

U.S.A.F,

This programme is based upon current estimates of aircrsft and enging
avallability, Since some aircraft will be ready before J~67 engines
are avallable for ther, the effect of a temporary installation »7 a

smaller engine {J=57) has been considered for subsonic test work.

Wails much useful flying can be done with the J-57 engimes, it is £alt
that the main usefulness of these aireraft would be for modification and

development tests as J-67 engines becomeavailable or were substitnutad

from aircraft number two znd three

(3) while six J-67 engines are allocated for the test programmes on
aircraft #2 and 3, their service 1lifs is not known at the momeni sn?
preduction engines might be required during the programme, This voild
affect the engine change-over dates on twe other aireraft,

RECOMMEN UAT TON

(1) It is recommendsd that aircraft mumber 1, 2, 3, 5 be allocated o

aerodynamic and mechanical syste@s testing and be instrumented in a

similar manner so that their test programmes could be interchanged,
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RECOMMINDATIONS {Cont!d)

(2

\

/

)
s

It is recommended that aircraft number 4, 8 be allocated ¢
armement testing exclusively, Instrumentation for armament xusxﬁxg
tests should be contained within the armament package so that tssts

could be carried out on other aircraft, if required,

It is recommended that close attention be paid to instrumsntation end

data anelysis requirements in oréer toAkeep the overall cos8t ir teorms

of programme time, equipment, and analysis time to 2 minimum,

In this connection, this test programme should be reviewsd in Getail

in order to specify (1) data required for computation and amalysis work.
{2) data required to pinpoint deficiencies anc

permit guick, positive corrective action to be taken,




