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SPMARY

This report outlines the current status of the CF-105 project
as determined during a period of liaison with avro alreraft Lid. in May and
June, 1955.

ttention is culled particularly to wircraft performance,
stabllity and control churacteristics upon which the success of the project
is eritically dependent.

It is noted that the weight of the alrcraft has increased
substantially since the publicatlon of the mosi recent brochure. it the

sume time estimates of thrust and drag are in process of revision. It is

believed that in consequence of these changes the performance to be expected
) ¥

is now we# below that specified. To definitely establish the present
relationship between expected snd specified performance sz new and thorough
anslysis supported by an independent check 1s urgently required.

5 soon as reliable figures are availuble it is recommended
that the extent of expecled performance deficiencies be commmunicated to the
ReCodioF,

It is anticipated that means of significantly reducing =1l
component weights will be required. It is therefore suggested that early
considerstion be given by the R.C.n.F, to un extreme progrimme of armament
and equipment weight reduction.

In the present concept of the CF-105, a system for artificially
augmenting the stablility is essentlal to the safety of the alrcraft at some
combinations of Mach number, altitude and load factor. It is proposed to
achieve edequate reliubility by providing also an emergency augmentation

system,




The task undertaken is considerably more complex than that of
merely supplementing the natural damping of the aircraft, a course of action
which has been fullowed on meny contemporary types in countering the locs
of damping resulting from increasing altitude,

t least as & precaution against unexpected obstacles in
the development of the proposed system, a further effort by meuns of wind
tunnel und cimulator studies specificully aimed al improving the nstural
stability and control characteristics of the aircraft appears to be
warranted at this time and is recosmeuded.

Some less extensive problems of design and operation rsquirin

5]

investigation und offering scope for further contributions to the project

are also noted in this report.
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In order to provide for continuing technical liaison between

he aircraft manufacturer and Covermment scientific staff during a critical
period in the ewolution of the CF-105 interceptor design, 1t wus agreed by
the Chairmen, Defence Reseurch Board, the Director, Hational Aeronautical
Establishment and the Fresident, Avro Alreraft lLid. that a representative of
the H.A.E. should be attached to the project. Representation at iAvro
Alrcraft Litd. was established on 26 April, 1955 for an initiald period of

two montls.

These notes constltute a preliminary report to the Director,
N.i,E., on the presenl status of the CF-105 project as determined during
this two month period.

Because in many instances component design schemes, test results
and estimates are undergoing revision, the most recent informution obtainable
from the alrcraft manufacturer is often incomplete. For this reason absolute
exactness in reporting cannol be claimed.

It is intended, however, to call attention to those features

of the project which at present uppeur to be the most critical, particularly

those which may offer scope for definite contributions by the N.ALE,
2.0 DESCRIPIION OF THE CFe105 ¥

Studles of the requirements and design of & supersonic
interceptor to replace the CF-1C0 in the Canudian air defence system have

been in progress since 1949.




Various agspects of the problem have been examined by the D.R.B.,
the R.Con.F., the H.A.Be and ivro adroraft Lid. and have been discussed in a
number of reports published by these organizations.

In late 1951 a comsitiee wus set up by the R.C.5.F. to make
recommendations on the performance requirements of an alrcraft sulted to the
air defence system planned for the period 1957-60 und, if possible, to
recommend improvements to the system. The findinge of this committee were
published in the "Final Report of the sll-Weather Interceptor Requirements
Tean™ dated March 1952,

Subsequently detulled specifications for the sireraft were
drawn up by the R.C.4.F., the most recent being Issue II of R.C.4.F.
Specification air~7-4 dated September 1954.

2.1 Spegifications

In preparing specifications the combat performance and radius

of aclion recommended by the Interceptor Requirements Team were accepted.

These recommendations czlled for 5 minutes sustulned combat at a Mach

number of 1.5 at 50,000 feet with 2 load factor of 2 continucusly

spplied; combat to take place at a radius of 200 muutical miles,
following a combat climb and cruise out at M = 1.5, or at a radius of
300 nautical miles following an economicel climb and cruise out.
Recommendatlons of the Interceptor Requirements Team which
were not incorporated into the R.C.A.F, Specification Air-7-4 were
notably those calling for a crew of one man only and for installed
armament and electronic equipment welghts not grestly in excess of

1,500 1b. each,




Specification Air~7-4 also introduced {irm requirements for

the aircraft to be fitted with two engines of the Wright J67 or similar

type und size and to be capable of & ferry range of 1,800 nautical miles.

Followiny the preparation of the specifications for the
aircraft the R.C.AJF. also published Specification iir-7-5 dealing with
the type of integrated electronic system required for the CF-105
two place all-weather Interceptor. 4An upper limit of 2,000 1b. for
the electronic system was written into this specification.

Supplementary dstails on the deslred characteristics of the
automatic flight control system for the aircraft were published more
recently in the form of an 'Invitation to Bid' in R.C.A.F. Document
Inst.-92-1, dated March 1955.

2.2 Deslgn Proposalas

The moat recent of a series of design proposals for an
aireraft to meet the R.C.4A.F. Specification is that contuined in the
manufacturer's brochure "Iwin engine supersonic all-weather fighter
CF-105" dated July 1954. This brochure describes a large two place
twin engine alircraft with a thin, low aspect ratio delta wing and no
horizontal teil. It is essentianlly this design proposal, tendered
in response to R.C.A.F, Specification Alr-7-4, which has been
accepted by the R.C.4.F. und for which a contract for a mmber of pre-
production alrcraft has been awirded to date.

Manufacturer's studies of smeller versions of the aircraft,
including one design based on a single engine, were discontinued prior

the preparation of R.C.4.F. Specificution Adr-7-4 following the

conclusion reached by the manufacturer and accepted by the R.C.4.F.




that such efircraft would be less likaly to meet the performance
requirencnts, involved greater risks, were less versstile and, in the
cese of the single engine design, suffered considerable loss in
rali=bility and convenience of installation.
2.3 Bwlution of. the Design

it the present time, particularly as a result of wind
tunnel and other model or component tesis, many chenges in
details of the design of the aircraft are contimuously being
incorporated. Some of these changes will be discussed at greater
length later in this report. For reasons of clarity in describin:
the project a nuwber of major features in the svoluiion of the
design since publication of the Avro brochure of July 1954
will be swmarized herc.

2.3.1 Jower Plang

& comperison of the preseni state of development of
the Wright J67 and the Pratt end Whitney J75 engines has led ivro
Alreraft Lid. to select the latter engine for instellsiion in
early pre-production versions of the CP.l05 aircraft. It is

proposed to fit the first a frcoraft with two engines of the type
A2Z Azs
J7590E nd subsequent aircraft with engines of the type J750EN.

Depending upon the rate of development of the Orenda PS13 engine
it 1s proposed to fit engines of this type at some point prior w
production of aircraft for squadron service.




Present estimates of the welghts of these various engines
afterburners are as follows:
AZE A2T
J7588% efizine: 6175 1b. each
J7588 enginoe: 4135 78% lb. each
PS13 engine: 4600 1b. each
I’erfu.munce czleulations and detailed design at present
being carried oul by the asircraft mamufacturer are mainly coafined to
the aireraft to be fitted with J75 engines.
2e3.2 Adrfraze
It is intended to mount and to provide for removel of both
J75 and PS13 engines in a manner similar to that proposed for the J67
engines in the July 1954 brochure. Engine removal is from the rear.
Fixed externsl intake ramps having a 12 degree ramp angle are proposed.
Minimua intake ares is 5.6 sq.ft. in the cuse of the J75 engine and
6.25 zq.ft. In the case of the P513 enzine. Fuselaze boundary layer
air is by-psssed under the remp, part of it being ducted through a heat
exchanger in the air conditioning system and part spilling back over
tie fuselage aft of the intakes. It is proposed to remove ramp boundar;
layer air and thus slleviate any tendency for separation at the entry

behind the rump standing shock wave by upplying porous suction across

the ramp at this point. It is proposed to by-pass approximately 10 percent

of the entering air around Lhe eungine into a cylindricul ejector nozzle
at the design combat condition end at Much numbers greater than M = 1.5,
External modifications to the airframe since publication of
the July 1954 brochure include & 15 percent increase in vertical tail
area, the Incorporation of & 5 percent chord noich at the outboard wing

transport joint amd a 10 percent chord leading edge extension outboard




of this point, the addition of leadiny edge droop, or more correctly

positive leading edge camber, primarily on the cutboard wing and
minor changes in forebody, cunopy and afterbody lines. Forebody and
afterbody chenges ars mainly a result of area rule considerations.
2.3.3 Equimmant
The armament now pgroposed for the (F-105 differs little
from that described in the July 1954 brochure in that the primary
sruament consists of 4 lughes Falcon radar seeker missiles plus
4 similar Falcon missiles with infra-red homing devices. The
ulternative armament proposed, however, differ: from thual described
in ihis brochure and in & further Avro publication "Proposed missile
installations for CF-105 aircraft® dated October 1954 in that 4 ruther
then 3 Sparrow II missiles are carrled in the armament bay, This
armament installatlon is described in Avro publication "Proposed installation
of four internslly stowed Spurrow II missiles in the CF-105 aircruft®
dated February 1955.
Welght estimates for the primary armument to be carried by
the CF-105 are as follows:
8 Falcon missiles at 130.3 1b. each: 1042.40 1lb.
Miseile pack siructure: 67R.79 *
Misslle pick mechunism: 410.48
Missile pack hydruulics: 293.00
Miselle pack air conditioning: 2316
roament provisions:

Total:




Weight estimates for the alternative armament of 4 Oparrow II
wissiles are not avuilable. The weapons themselves, however, weigh
389 1b. each so that:

4 Sparrow Il missiles ut 389 lb. each: 1556 1b.

The major item of equipment, apart from armament, to be
carried by the Cr-105 aircraft is the integruted electronic system.
Tnis consiste of all the electronics required for ground and alr
communications, navigatlon and computing, AI radar and {ire control
equijment, including missile electronics equipment contained in
the ammament pack for pre-launch and launching functions, und the
electronics system required to cupplement the uerodynamic properties
of the flying controls system and to provide automatic control of the
aireraft in response to signals received from the ground or from
the A1 radar.

Pirs contracts for all of this equipmenl have nol yet been
awarded. Weight estimates for a system proposed by the liughes Alrcraft

Company in Hughes Doc. lio. 0525 "in electronic system for the CF-105

interceptor" dated December 1954 quoted & value of 1940 lb. for the

system excluding csbles and bruckets. More recent estimates by Avro
ireraft Ltd. are as follows:

Flying control electronlcs:

Radioc and radar, {ixed:

Radar, removable:

Radio, removable:

Missile pack electronics:

Radsr door actuation:

Probe:




2.3.4 Kedght Supmary

The following recent Avro welght estimates refer to the
aircraft fitled with J75.25 engines and carrying 8 Falcon missiles:

Structure: 16991.40 lb.

Undercarriage: 2754 40

Power plant and services: 13776.12

Flying controls: 1738.26

Fixed and removable equipment: 6661.50

ireraft weight empty: 41921.68

Useful load (combat mission): 18360.04

Take off weight (combat mission): 60281.72
Combat weight (half combat fuel): 52006.72

Jperational welght empty: 43731.72

lew performance estimates based on the aircraft fitled wit

are at present iu process of calculation at ivro Adrcraft Lid.
tage a rather thorough analysis is necessary, since the effects
and drag of large internal alr flows must be taken into account

separate contributlons due to the engines and to external

u completion of these estimates a similar pro
13 engines.,
Rough calculaticns indicate th even with the PS13 engines
the normal acceleration obiair @ at M = 1.5 at 50,C00 ft. will

hort of the 2 g requirement.




in independent check of the analysis now being undertaken is

urgently requircd.wm—imﬁmm—mm&s
wheosvpeoseeet, It will be realized that any large reduction in

performance below the 2 g reguirement will have a profound effect upon

the altitude capabilities of the alrcrafi.

In addition o the effects of internal air flows, for which
it is difficult to make accurate allowsnces in preliminary stages of the
design, the effects of modifications recently incorporated from
consideration of the area rule have not been included in the aircraft
performance estimates published to date., Some discussion of these
two items follows.

3.1.1  Lupldeatdon of the iras Rule

The possibility of reducing the profile drag of the CF-105
by adjusting cross-sectional areas in acecordsnce with the aresa rule
been exumined by Avro Alrcraft Ltd. OSome notes on the method
uged are contained in the Avro publication "Ares rule progress report"
by F. A. WHoodward dated February 1955. The studies carried out are
confined to a Mach number of 1.5. 7The procedure used for calculating
the zero 1ift wave drug is essentinlly that described by R. T. Jones
in Refereonce 1 but using 100 terms in the Fourler series for the slope
of the urea distributlion and using Mach planes at five orientations
between 0 and 2/degrees,

Jthough modifications of varying extent have been examined
by this procedure, in many cases the implications in relocating

equipment and redesigning the structure were cornsidered to be




unacceptable. The modifications which huve been incorporated in the
design conaist of relatively smull changes in the lines of the
forebody forward of the intakes, a reductlun in cross-sectlionul area
at the forward portion of the entry ducts by thinning the outboard lips
of the intakes and an increuse of cross—sectional area at the afterbody
by sdding & fairing or tail cone between the Jel exhausta. These
modifications Lave the effect of zmoothing out to some extent
undulations in the slope of tho area distribution forwurd of the wing
and of reducing the slope of the area distribution afi of the wing.

Tne reduction in profile drag coefficient as a result of ihese
modifications is estimated by Avro Alreraft Iid. to be in the region ¢
to 40 percent at M = 1,.5.

In applying this method for calculating szero 1ift wave drag

several uncertainties arise, Of these the most prominent are:

(4) Uncertainliss dus to the presence of large internal flows
(b) Uncertainties due to fuselage cross-sectional ghape and to
wing location,
These uncertainties suggest o nusber of avenues for
thecrstical and experimental research. Slnce, however, information
from wind tunnel and {ree flight model tests on the external drag of

the CF-105 is now becoming available, uncertainties in the wmethods

not proposed to discusa these further in this report.
3.1.2 ZIrealment of internal LJows
Intake and engine ducting srrangements for the CF-105 with
J75 engines are sketched in Figure 1. The properties of the proposed
convergent exhaust nozszle and cylindrical ejector are shown in

Figure 2.




It is undersicod that & similayr arrangemeat is proposed for

the P313 engine installation.

In the case of the J75 installation a section of the by-puss

Wi case

duct surrounding the engine is sealed off from the ejector nozzle and

a portion of the by-pauss alr is diverted through this reglon for fuel

venting purposes as shown in Figure l.

Selection by Avro Adreraft Ltd. of the type of intuke, duct

nd Ly-pass system proposed was bosed on a number of considerations

which are now swmaurized.
).l.;‘:nl I,.\,Q&QQ_."
. varisble ares inlet is expected Lo be costly in weight.

t the design combat Mach mumber of M = 1.5, the proposed intake and

by-pass combination is expected to be lighter and to result in only a

small reduction in performance. Hence a fixed rump having o 12 degree

ramp angle has been chosen 4s the most appropriste for Mach mumbers belween
= 1.5 and 2.0,

y allowing fuselsge boundary layer air to pass under the

4

woped to aveid & reduction of pressure recovery in adwunce
stem, The bleed to the heat exchanger iz to be
. Just below choking mugs {lows at hlgh speeds in order
dasibllity of shock waves moving forwerd and thickening
ayer over the ramp. Suction on the ramp itself i
incorporated as a precaution against buzz resulting from separction

f1 of the ramp normal shock at the highest Mach numbers (M = 1,73 and

x.JVu) .




ivoldance of buzz s also one of the waln reasons for
incorporating the engine by-puss system, since at Mach numbers zbove
M= 1.5 this allows the minimwa mass flow ratio ut lhe intske to be-
increased. The maximua arge of the by-pass is such that the intake is
Just choked at M = 1.5 in the strzlospliere.
3.1.2.2 Dugting

The duct from the inlet to the engine increases in are

from 5.6 sq.ft. (for the J75 installation) at the intake to 7 sq.ft.

distance downstream of 9 ft. It is thea of circular section
and congtant diameter for the remaining 22 ft. to the compressor.
hder sea level stalic conditions at military rating suction
in the duct is a function of inlake crea, decreusing quite rupidly with
increase of ares. The intake ares was selected from structural
considerations bused on this case (4.28 1b. per sqg.in. duct suction
for un inteke urea of 5.6 sq.ft.). Bstimaites by ivro Alrcraft Lid.
indicate that the tolal thrust losses due to ramp shocks, duct skin
friction, spillage drag and momentum loss in the by-puss sre insensitive
to Intake aprea over the range 5.1 to 5.7 sq.ft.
3.142.3 AQ«WJW
As shown in Figure 1, by-pass flow is controlled by gills et
flush intake around the duet forward of the compresser. 4t lach
nwebers below M = 1,5 it is intended to have the gills only partislly
open at a fixed selting to provide sufficient air for engine cooling.
Mach numbers zbove M = 1.5 the gllle are to be fully open. In

«ddition to ihe effect on intake conditions already noted, ihe by-pass




is expected to improve pressure recovery st the compressor face by
rezoving all the duct boundary leyer air and to reduce intake spillage
drage

Pumping of the by-pass air is accomplished by & cylindricul
ejector enclosing tue convergent exhmust nossle. Estimites of
ejector performunce are bugsed on experiments carrled out on various
ejector configurations tested at the Lewls Laboratory of the
and reported, for exumple, in Reference 2.

The object of the ejector system is to pump the reguired
amount of cooling or by-pass uir with the minimum loss or preferably
uin in thrust. Over most of the speed runge and particularly with
afterburner 1it, s gain in thrust is claimed. Ae an example, for the
design combat condition of M = 1.5 at 50,000 fi. with afterburner on
calculations by Avro Adreraft Ltd. show an increase in gross thrust
coounting to 9.7 percent compared with an engine without the ejector.

=

If this figure is accepted and allowance is made for the momentum drag
of the air swallowed in ihe iwo cases (E2.9 1lb. per sec. through the
engine and 9.2 1b. per sec. through ihe by-pass), an apprecisble gsin
in net thrust is also appurent.

n «dditional fuctor to be considered in estimating the
overall relatlonship between thrust and drag for the CF-105 is the
influence of the jet on the prescure distribution and hence the drag
of the afterbody. Experiments, also carried out by the NACA, onm an
axially eymaetiric body and reported in Reference 3 huve shown that at
supersonic Mach uusbers and st high noszzle pressure ratios the effect of

a Jet lssulng from a convergent nozzle muy be favourable in appreciably

reducing afterbody dray (e.g. 10 to 20 percent reduction in body drag).




=34 =

The rise of pressure over {he rear of the bedy under these
circumstances, and hence the reduction in drag, is explained by
pressure transmission forwurd within the boundary layer from the foot
cof the shock which forms at the base of the body. #As & result of the
sdverse pressure gradient the boundary layer thickens and the shock,
occurring where the flow around the body is forced to change direction
by the presence of the exhsust Jel, tends to split and fan out forward
along the body. This effect, und the resulting improvement in drag,
arg more msrked us noszzle pressure ratios are increased. Some improvement
in afierbody drag was slsoe noled xi subsonic Mach nusbers end high
pressure ratios in the HiG4 experlimenis.

Conditions neur the exbmust nozzles of the CF.105 are
considersbly more complicated than those of the experimenial
arrangement referesed to sbove. The presence of two nozzles, each
having both primary and secondary flows snd separated by a falping which

i not axially symmeiric, is sufficient to muke estimates uncertain.

¥,

Under design combat conditions, however, the values of the primary and

secondary pressure ratios (7.12 and 2.85 respectively) suggesl that

O

possible gains would nol be lurge.

To provide more specific information on interaction effects,
wind tunnel tests on the CF-l05 body with exhaust flows simulated
“re necessury.

verall drag messuremenis at Hach mmbers up to M = 1.23
have slresdy been made during tests in the Cornell wind tunnel.

Some further messurements at serc lift and st Mach numbers up lo




M = 2 have been msde in the NH.A.E, high speed wind tunnel. In addition
drag data from free flight model firings are now becoming available.

Internal flows, present during these tests, are not representative
of actual conditions with engines running. correction procedure 1ie
therefore applled by Avro Alreraft Lid. to take account of these departures.
It 4s interesting to note that approximately the same value of the zero
1ift drag at supersonic speeds, before correction for internal flows,

wis obtained by all three model test facilities. At M = 1.5 thid

uncorrected value of Cp  is approximately .026 for the aircraft without

leading edge droop.

Some experimental confirmation of the arew nethod of caleulsting
wave drag is reported by dvro Adreraft Lid. from e results obtulned
by firing two Ycrude®™ free {light models. These models were used
for checking telemetry technigues on the free flight range and only
roushly resembled the CF-105. Agreemeni between calculated wave drag
at H= 1.5 and that estimated from total drsag measursments, corrected
for skin friction and buse drug is claimed to be within approximately
10 percent. It is not kmown in detall what corrections for internal
flows vere applied in this comparison.

dequate experimental information on intake and entry duct
characteristics should result from tests &t present planned on &
fuselage und intuke model to be tested inm the KACA wind tunnel at
Cleveland and on & somewhat similar model now being tested in the N.i.E.
10 in. x 10 in. tunnel. It is understood also that tests of a 1/12 scale

model of tle ejector under static conditions are planned using a riy




It appesrs then that the major gap in experimental
information to support estimates of drag (or thwust) will be confined
to the characteristice of the by-puss, ejector und afterbody under
flight conditions.

It is, therefore, suggested thut wind-tunnel tests in which
these conditions ere suitably represented should be considered.

al s il il ¥ »Bi;j JBTRU L

The CF-105 is an example of 2 current trend in the desimn
of nigh speed alreraft towards the use of wings of low aspact ratio and
the concentrallon of the greater part of the mass close Lo the longitudinal
exis of the fuseluge.

result of calculatlons and experiments carried out by the

FACA and others o study the stnbility of aireraft having this type of
configuration, some of the difficulties likely to be encountered in providing
salisfaclory stabilily characteristics are now quite generally appreciated.
¥oere a high degree of sweep back is also incorporated into the wing,
in the case of the CF-105, the following tendencies may be expected to

Ppesr:

(2) Unloading of the wing tips at moderate angles of attack causing

pitch-up and & reduct of damping-in-roll prior to the stall,
11gh value of dinedral effectiveness falling off rapidly at large
angles of attuck us & result of tip unlosding.
reduction in the effectiveness of the vertical tsil at the
durger angles of atiack resuliing in & reduction in éirectional
stabllity and csused by immersion of the vertical tuil in the

woake of the wing and fuselsye.




@

(@) 4 reduction in directional stability with increasing Mach number at
superszonic speeds resulting from the decrease with Mach mmber of
vertical tail lift curve slope.

Strong inertial coupling between the lateral and longitudinal modes
of motion resuliing from the concentraticn of mass in the fuselage.
This mass distribution gives rise to momeats of inertis which are much
lower and angular velocities which are rmch higher about the roll axis
than about the pltch and yaw axes of the alrcraft and hence
necessitates the retention of all the affected coupling terms previously
neglected in the dynamic equations of motdon.
The effects of the first three of ihese tendencles are of
pursmount importance at subsonic speeds where the largest angles of atiack
are likely to be reached, bul may also be significant at transonic and
higher speeds where directional stubllity 1s decreasing with increase of
Mach number. Inertial coupling effects are importaent over the entire
speed range.
is noted, the sbove are characteristic of alrcraft confilgurations
similur to that of the (F-105 and are the prime causes for difficulty in
adequately slabilizing such sircraft. The problem is complicated, however,
by two further factors. The first is the effect of elastic distoriions
which may modify significantly the walues of the eerodynamic derivatives
st the high values of dynamic gressure encountered over a large part of the
£light envelope. The second i1s the essential difficulty encouatered in
determining the precise influence of individusl stability derivatives on
the behaviour of the alrcruefi, particularly in manosuvres involving both

lateral and longitudinal motlons. This difficulty is a consequence of the




increased complexdily of the dynamic eguations resulting from retenticn
of the coupling terms and excursions into a renge of 1ifting surfece angles
of sttack beyond the vellidity of linearised ussumptions.

Thus, while the existence of a stability problem, such as

+ directionul divergeuce, mey be recognizable from the exsmination of
derivatives determined from model tests and modificsidons to the alrer
favoursbly zffecting the derivatives may be expected to produce an
improvementi, an agsessment of the adegquecy of the ring qualitvlies of the
sirerufl, particularly in cases suspecled of being marginael und during
comblned manceuvres, requires an evaluatdion of the dynumic equations

with all important terms retained. For this purpose electronic simulation
faeilities ure essential.

Egsentially all wind tumnel stablility and control investisutions
on the CF-105 to dule huve been carrisd ocut at the Cornell Aersnuuticul
Laboratlory.

ummary of this test progrumme and an explunation of
configuretions le given in Pigures 3 and 4.

It will be noted that results are confined tc the Mach
susber rangeé belwesn 0.5 and 1.23. The earlier tests were carried out
usin model of .02 scule. later tests have heen made using Ko

scale model.

Importwunt modificutions carried out on the configuration

he tesls were as follows:
(a) Flain wing of 3 percent thickness/chord modified to incorporate

3/4 percent chord negative cumber.




Kegatively cambered wing increased in thilckness w 3y percent

chord. Ducts modified and shock ramps lncorporated.

Wing modified to incorporute a 5 percent chord notch at ihe

cutboard treasport Joint and a 10 percent chord leading edge

extension outboard of this station.

Vertical tail imcreased in ares by 15 percent.

Lyea rule modificetions to the fuselags Incorporated.

fositive camber or droop added to the wing leading edge,

grimarily outboard of the notch.

In the sarlier configurations 1t was found that a pitching
moment non-linearity exlsted cauvsing piich up at moderale angles of
attack a{ high subeonic speeds and indicating unloading ai the tip.
This appears to have been cured by the addition of a moteh plus a wing
leading edge extension. The combination chosen was regerded as the best
of several tested.

lso present in the earlier tests was & directional none
linearity showing up in the yawing moment versus sideslip angle
characteristics. This was most marked at transonic and subsonic
speads where very much more unfavoursble valuss of were present

L values of -3 degrees + 3 degrees than culside this range.
L the same time a tendency o buffeb wus suspected st
some Much numbers from inspection of pressure messurements indicating
separation near the trailing edge on the outboard wing panels.
48 4 means of improving buffet characterlstlcs positive

camber or droop was added to the leading edge. This had the unexpected

effect of removing most of the non-linearity in “a, " and apparently

¢

resulted in some general improvement on the m&‘ﬂihwie of this parameter.
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Pitching and directionsl characterisidcs before and after the
verious medifications to the wing are illustrated in Figure 5.
t subsonlc speeds the wind tunnel results indicate some
mprovement in drag, excluding the component due to trim, resuliing
from leading edge droop and appearing us a shifi of the Cp versus

Cy, polar to the right. It is not clear that this trend is continued

at supersonic speods. At M = 1,23, the highest tsat Mach number,

there is very little difference in drag as a result of the modification
and hence it is quite posslble tisat the drag, stdll excluding control
drag, is slightly higber at ihe combat condition of M = l.5.

Directional stability trends with angle of sttack and with
Mach number are illustrated in Figure 6. These curves refer to the
earlier configurations so that the sbsolute values are now incorrect
nd the values of at subsonic and transonic speeds for small
angles of sideslip are much more fauvouruble than shownm. With these
exceptions the trends indlcuted are represeantative,

It will be noticed that at M = 1.2 there is o very large
reduction in with increasing angle of uttack. AL supersonic
speeds at 50,000 fi. the required angle of attack increases by very
roughly 1 degree per 'g' from values of from 2 to 4 degrees in level
flight. It 1s to be expected therefore that directionul stability
will decrease appreciubly in turning flight at these speeds in addition
to falling off at the high angles of attuck required for landing.




The reduction in directional stability with Mach mmber at
supersonic speeds is extrupolated from the test results at M = 1.23 by
combining the estimuted contributions of the vertical tail und of the
aircruft with tail off., Estimates of the former contribution are less
likely to be in error than those of the latter, since vertical tail
effectiveness is primurily a funciion of the 1ift curve slope of that
surface for which there is & reasocnuble cmouni of uppropriste experimental
and theoreticul informaution. This is not the case for the aircrafi with
il off. The contribution from thls source is taken to change very

1itile with increase of Mach mumber above M = 1.23. Since its magnitude

is guite large, ( -.0016), small errors could have a significant

effect on the overall valus of for the alycrafi,

Thersfore, until model test information on this directional
slabllity parameter at Mach mumbers above M = 1.23 is awvaileble, quoted
values of at supersonic speeds should be regarded us tentative.

IL should be noted here that there is & forwurd movement
of the aerodynamic centre at moderately high 1ift coefficients at
subsonic speeds coinciding with the tendency to pitch up. Awallable
data indicate that this may be producing a negative manoeuvre margin
in the-landing case. This requires further investigation.
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Elastic corrections to the derivatives have been estdmaited
by Avro Alreraft lid. by expressing the stiffuness properiies of the
lifting surfuces (wing and vertical tail) in terms of matrices of
influence coefficients, superimposing upon these similar matrices for
the aercdynamic loading.




The mothods used are presented in a number of Avro publications
by Etkin, Woodward, McKillop and Thomann.

The method of determining alr loads has also been presented in
the Froceedings of the Second Canadiasn Symposium on iercdynamics,
February, 1954.

The magnitude of the estimated effect of slesticity on fin
1ift slope s illustrated by the typical results shown in Figure 7.

Velues of the deriwvailves obtained during wind tunnel wmodel
tests corrected for sero-elastic effects and plotted as functions
of Mach number, altitude and normal accelerations are contained in
various Avro publications. Duta in this form for the alrcruft
configuration with droopsd leading edges are not &ll yet available.

Some preliminary estimates for this configuration are shown in Figure E.

It will be seen from the example given in Figure 7 that
aero-elastic effects cause an apprecisble reduction in fin 1ift slope,
and hence in » &b high values of dynamic pressure. At the design
combat condition this reductlon amounts to $ or 6 percent, but increases

to from 15 to 20 percent st altitudes near the tropopause and to

30 percent at the muximu attainable speeds (close to M = 1) at

geu level.

Since negutive or even low positive values of y 48
indicated in Figure £, may bo expected to create a severe problem in
stabilization, requiring some form of augmentation, efforts to improve
directional stability are clearly desirable. These might very well include
an attanpt to increase fin stiffness. It seems possible that the small

increase in drag and weight to be expected from an incresse in fin




thickness to about 5 percent chord would be quite tolerable in view

of the resulting increase in stiffness. Furthermore it appears

poasible that a greater fin rigidity could be obtained by carrying

the root structure down into the central beam of the fuselage.
4¢3 sugnentalion of Stabllily

Ag & result of the reductior in serodynamic dumping with
increase of aliitude it has become necessary on marny current alrcraft
to utilize properly phased control motions to supplement the natural
damping characteristics in order to obilain satisfactory dynamic qualities.
Up to the present time, however, in conventional aireraft, such systems
have served the purpose of improving the combat effectiveness rather
than being essentisl to the safety of the aircraft. Io other words
fallure of the stability augmentation system has not compromised the
safety of the aircraft,

¥With the CF-105 a new situation arises.

Preliminary simulator stwiles of the stubllity of the CF.l05,
carried out by Avro Adreraft Ltd. and by the K.i.E., indlcate that
under many clrcumstences the aircraft without any form of stability
augmentation cannot be controlled by the pilot. The most serious
region of difficulty 1s at high Mach numbers where loss of stability
is likely to result in a very rapid divergence and immediate structural
fallure.

These studies were carried out using the earlier values of
the derivatives and were of a restrictive nsture aince only three

degrees of freedom were represented.




Some improvement in the luterzl charscteristlcs has
undoubtedly resulted from receant medifications. Thdsyiowevery ks
The present extent of the reglons iu whieh the aldrcraft cannot be
coentrolled by the pilot, ’:mm » is not clear. proper assessment
can only be obtuilned by solving the equatione of motion In at least
five degrees of freedom with correct values of all the derivatives and
inertiss inserted. This has nol been possible to date because:

(¢) Many of the derivatives, purticulsrly the rotary derivatives,
have notsbeanr measured over the full range of Mach mumber

and angle of attack. At the same time estimates of some

of these derivatives are very uncertain.

(b) Adsquate elecironic computing facilities for simulation

beew kb E d
studles have net=yet-besr-seb ug. !

In spite of this, the exicztence of regions in which the
aireraft without augmentation is uncontrolluable is almosl certain
(e.z. when passes through zero) and therofore the following
Jternative courses of action are possible:

(2) Leave the aircraft configuration fixed and make use of some
form of stability cugmentution system to ensure that there
is no possibllity of a rapid divergence or of structural
failure and that all oscillstions are adequately damped.
ilter the configuration sufficiently to eliminzte the
posaibility of a catastrophic divergence but artificielly

augment the rnalural damping.




Provide satisfactory characteristics without employing a

system of augmentation st all. This would undoubtedly require

major changes in configuration.

The course of aclion at present being followed by Avro Alreraft
Lid. is the first of the above. It is felt by the firm that any
configuration changes, other than those already incorporated, sufficliently
effective to naturally avold divergence would unduly penzlize performance
and that the investigation of such changes would result in prohibitive
delsys in the progrume. Considerable effort is therefore being applied
to the development of & suitable stability sugnentation system.

set of requirements for ihls system has recently been drawn

up for the purpose of sub—contruciing the development. These requirements

are contained in an Avro internal document "Requirements for CF-105

Myiﬂ‘, SjLﬁm" dated 16 ;‘Lk,y 1955.

in excerpt from these requirements, describing the function
to be performed by the system, is attached as Appendix 'A' %o thie
report.

L will be zeen from ihe requirementa that it is intended
to supplement the normal augmentation system with an emergency system
about the yuw axls. In the event of faullure of the former system it is
proposed to have the emerpgency yaw axls augmentation system cut in
esutomatically. In this way it is felt thai the probabiliiy of loss
of control as a result of fallure of the aymentation system can b2
mude at least as small as that resulting from fullure of other components,

such as the hydruwlic powered conirol system. As a further precaution




it is proposed o use magnetic amplifiers in the emergency augmentatlon
system. It should also be noted that an additional functlion of the
auygmentation system is to provide for tura coordination (i.e., to limit
sideslip).

Payagraph 2 of this report refers to the specificaticn for
an integrated electronic system for the CF-l105 aircraft. Ihis
specification requires that ihe aircraft shall be capable of
rerforning certaln functions either through manusl control by the pilot
or automatically. These functions are deacribed

(z) Intercep
(b) ittack
{¢) Return to base.

ulomatic performance of these functlons means that the sircraft
control gystem is operated directly in response o signals (e.z., from
4 I padar or from the ground), without the interventicn of the pilot.
Whare nescessary compulations on inpul signals are carried out Ly e
central computer in the aircralt and are then fed to the flight control
system. OSultable provision for feed back is required in order to close
the control loop.

When the aircraft is flownm in this manner, commends are

automatically transmitted W the flying controls thxrough a zet of

servos which in twurn operate the main hydraulic Jack walves. These

servos are in parallel with a direct mechanlesl liaksge, between the
Juck valves and the pdlot's control column and rudder pedals and
ire therefore referred to as the parallel servos.

Control operatlons required to augment aiycraft stabiliiy

and demping churscteristics are transmitied to the hydraulle jack




‘ wlves through a separate sel of servos referred o as the differential
servos. It 1s intended to feed to these servos the necessary functions
computed from the cutput signuls from warious flight sensing elewents,

In the normal augmentation system it is proposed o meke use of the
facilities provided by the central computer for ihis purpose. It is
pruposed to provide & separate computer for the awrgency ayslem.
To 1llustrate the relationship between the augmeniation
syatem and other control components & sketch of the elevator contxrol
system is given in Figure 9.
This disgrem also shows the two modes of control (*mechanicul
menual® and "electricel mamual®) aweilable to the pilot.
In studylng the stablility of the sircraft alone it is necessury
o know the welght and inertlas and to have a complete set of the elastic
derivatives over the expected range of operating conditions. To carry out
a similar study for the purpose of designing s sultable sugmentation
system the following edditilonal information is required:
(a) The trunsfer functions relsting the inpul and output of all
gensing elementis.
(b) The transfer functions for the differentizl servos in the
system.
(¢) The transfer functions relating the input to the hydraulic jack
to control deflection for all contiols.
If the various aerodynamic derivatives are functions of Mach
mumber, dynumic pressure, angle of atitack, ete., then these functions
met be reproduced w a sufficleantly close approximation so that the

correct values ure alwsys applied In solving the control equations




for the complete system. Where variations in speed are relatively -
small it may be permissible to assuwme that the derivatives are

independent of Mach number and dynwalce pressure over this small range.

4t the time of writing 4t is undersiocd ihat ibe trunsfer
funcilons for the hydraulle jacks have been determined by Avrv alrcraft
Ltd. It i= nol known whether similar data have been obtalned for the
cther components or whethier studies are proceeding on the basis of
assumed characterisiles. As noted sarlier simulator work to date
has been necsssarily restyicted. However, preliminary runs have
been carried out on the B.E.A.C, simulator at Malton on damping
networks with the longitudinal and lateral modes uncoupled.
Hodification of this equipment to persit studles of augmented
asystems in five degrees of freedom is now in proceas.

It is propesed initdally to simulate aireraft end component
characleristics electronically, but to graduslly replace the
glmulation of jacks and servos with the actual components. For this
purgose full scale control rigs are being assembled.

The above is & brief swmury of the epproach adopted Ly
Avro Lhireraft Lid. to the problem of ensuring satisfaclory stability
characteristies four the CF-105., The following commenis are made:

(a) The design of a stability augmentation system for the CF-105
iz not a straightforward task.

In addition to damping the chort period oscillations about all

three axes it will be necessary to provide atability by

artificlal meuns in the Duteh Roll und spiral modes for

many combinations of Mach muber, altitude and load factor.
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In the landing case it is possible also thatl some augmentation
of static longitudinal stability will be required. }
Frovided alwsys that the limits of control effectiveness are
not approsched, which does not appear tw be the case al present,
the development of such a system chould be possible. The
problems involved are, however, only partdally uncovered.

This is because much data, particularly on the deriwatilves,

are stlll lacking and because slmulator studles of the

couplste systea in {ive or more degrees of froedom have nol

yot started. At the moment, therefore, no realistic ussessmeal
of the time and effort involved in developing a satisfactory
sugmentation system can be madae.

Wind tunnel tests at present scheduled are expected to extend
existing data on derivatives up to & Mach number of at leoast
M= 2, Because uncerteinty is ctlached o estimites of many
other derivatives, particularly the rotary derivatlves, lle
possibility of measuring thess in the wind tunnel shculd be
eximined.

Because the presence of non-linearities adds to the complesdty
of the problem of stebllization, an effort should be mude duriny
2ll future wind-tunnel tesis to trace the source and if possible

to £ind meuns of removing uny persisient non—linearities.

The most significant simplification of the stability problem

would result from its reduction o & matter of merely augmenting
the ratural danmping of an already positively demped oscillation
and of providing twrn co~oprdination facilities. continued

programme with this end in view carried out in purallel with




wind-tunnel snd simulator studles already planned appears
to be warranted at least as zn insurence against unexpected
delays or even fallure in the development of the mroposed
augmenistion system,
In considering methods of increasing the directional stabllity
of the cireraft it is sugposted that atl least the following
showld be considered:
($) Hesns of reducing the sdverse contribution of the
fuzelage to
Iucrease of fin stiffness.
The addition of an end plate to the fin to Increase
fin 1ift curve slope. (Possibly accompenied by an
increase of fin tip chord).
Finally it should be remembered th:l the alrcraft will be
requived {o operate under automatlc control during certain
phases of the combai mission. Woen flouwn in this way and
notably durdng the attack, quite violeat manceuvies may be

compandet,. The turn co~ordination facilities (minimisation

of sideslip), roll rats and normal accelerstion limiting

devicez to be provided by the stability augmentation system
are here essential. Froblems assoclated with thls mode

of contrel have as yeb recelved little attention. Cperation
under automatic control is also smenmable to study using
electronic simulstor equipment ags reported, for example, in
Reference 4. Early lunitistion of such studles appears
desirable once it is clear that a reasonable solution to the

problem of stabilization hes been foumd,




The requiremente of R.C,A.F. Specification 2ir-7-5 for en
integrated electronic system for the (F-105 sro sumarized in Appendix 'B!
to this report.

The closest approach to this specification tendered to date is
the proposal pul forwsrd by the Hughes Alrcruft Company. This proposal is
bused on and is very similar o the Hughes MX1179 system now under development
for the U.S5.4.F. for instwllation In the Convalr F-l02 single place interceptor.

i block diagram of the HX1179 system is shown in Figure 10.

The Hughes flight test programe for the MIIITI system for
the F-102 adrcraft is shown in Pigure 1l.

Major differences between the R.C.AF. specification and the
HX1179 system arise from the following:

(z) the addition of a navigator/al operator in addition to the pilot,

(b) the requirement for true broadcast control operatdon,

(c) changes in certain specific components (notably in ermement, radar,
navigation and landing edds).

It is understood that the development of e system for the
COF-105 has not yel started since differences still exist between preposals by
the Hughes Alrcraft Company and R.C.A.F. specifications.

6.0 LRUNENT
Some mwroblems arlsing from the proposed crmament installatlions

for the CFID5 ere here described.

(a) To avoid the possibility thet infra red homing missiles fired in

salvo will bresk lock with the target and home on one another, it
is proposed to launch Fulecons at = small angle to one another

(2} degress) and to angle them down to avoid danger of collision

with the fuselsgze. Spurrow missiles are to be ripple fired and




hence for these only dowmisrd angling is proposed.
These misalligmuents with the alrstream in the extended position
ncrease the loads on the launcher,
The possibility of large side louds is of particular concern in
stressing the lsuncher., Information on lhese loads hus therefore
been sought during recent wind tunmel tests al the Cornell
eronzutdcal Laboratory.
lLauncher loads and also the woelght and sise of the installation
are likely to be reduced if rail length can be kepl short, or
praferably reduced tw szero. The pussibility of doing this depends
upon the effect of rall length on the lsuuch Wrajectory and the
engular and linesy displacesents widch cau be tlersted. The
problen of determining the minioum rail length peralszsible is
being studied simultaneously with that of launcher loads usi
Gata obleined from the Cornell wind-tunnel tests,.
The esperimental technique wdopted is ecsenilally the sume as that
used by the L.A.E, for ihe Valvel Glove launcher investigations.
During the launching sequence it is proposed to open and close
the missile bay doors only for the perlods required to extend uud
retract the launchers. The doors will be closed dwing firing.
Fluctuating door loads and otber undesirsble effects reculting from
nisaslle bay buffetinyg may occur. Door hinge moments and bay

pressures have been measured during wind-tunnel testc.

Sparrow Il and infra.red homing Ialecon missiles «l presenl proposed

uire to be locked on the turgel prior io luunch. This is likely
& F

to involve « delay in the extended positlon of st least 1 second




and possibly 2 seconds before the missiles are fired. The effect
of such delays ou aireraft behwviowr, purticularly sbout the yuw
and piteh axes requires investigation.

e lock-on requirement elso imposes a tactical limitailon on the
direction of spproach to the target since the long, wide fuselage
noge forward of and above the missiles creates a large blind area.
Intercoption studios are reguired o assess thds problem,

An interesting poseibility being considered by Avro Alrcraft
Lid. 1s that of & seni-submerged misslle inztallatiion. leye the missiles
are merely recessed into the fuselsge., 4 schaue 1s belng lnvestlgated
in which zero length launchers are rotated into the extended position by the
thrust of the misszile motor and withdrown from the rsdssile lugs and retracted
by a return spring. veight reduction of ut least 700 or €00 lb. has been
estimated for an installation of this iype.

Rocket motor ignition close to the alrcraft ckin and miseile
cooling are lkely (o preseni problems with a scheme of this kind. Nevertheles:
the potential reduction in welght and complexity and the avoidance of lurge
internal sloumge space requiremenits offer powerful adwintages. It ls
suggested that investigations of the design of an alternative armament
system zlong these lines should be given close attention.

7.0 CONCLUSIONS AlD RECCMAENDATIOUS
This roview of tie present stalus of the CF-105 interceptor

projoct leuds o the following conclusions and rocommendations:

(a) Incorporation into the R.C.:.F. specifications of a requirement for

two particular engines of large size and a gensrous scheduls of
military equipment has necessitated a large and heavy aircraft.

gradual upwerd revision of many component weight estimates




bas resulted in a continual rise of gross weight.
This may be espected to reduce the celling and the avallable
load fuctor at the dealgn combut condition of M = 1.5 at
50,000 fi. Rough estimutes based on recent informaiilon on drag
and thrust indicate an avseilable load factor with Y813 engines
SR below the 2 g reguirement,
4 thorough wnd independent check of new performunce estimules
currently belrg made by ivzo Adreralft lLid. is urgently required.
dt s recopmunded fhat iz work should be caxried oul ss spon
Lapesaille by the jlcfeBa
Estimates of some contributions to drag are unceriuin., Wind-twmel
and free flight model tests already carried out or planned will provide
more reliable data, Alrcraft performance is, however, quite dependent
upon the contributions to drag and thrust of the engine bypass, ejector
nozale and afterbody combinstion. Wind tunnel tests of this group of
components are not et present planned. JIi is recovmended ilat the
oeaibility of parrying out such tests should be gplered Jointdy by
3he NadeBa and svro Alreralt. Iids
In ts initdal configuration the stability charucteristics of the
alreraft were dominated by thiree adverse effects:

(1) Pitch up at moderate 1Aft coefficients at

subsonic speeds

(41) Directional instability at small engles of sideslip

at subsonic speeds
Directional instability &t all angles of sideslip at

supersonic speods.




'8 a result of lncorporating a wing leading edge extension and

notch, adding leading edge droop or positive cember, increasing
vertlcal tail area and modifying fuselege shipe, considerable
improvement hxs been obtained.

loamlinearity in has been largely eliminated, the magnituds

of increased at ell speeds and pitch up reduced.

These favourable trends, however, are not sufficlent to ensure that
the aircraft can be controlled by the pilot at all probable operating
conditions. To aveld the possibility, particularly at high supersonic
speeds and in manceuvring {1light, of o divergence resulting in

structural fuilure, soume further improvement is requirved.

Adternatively a system for augmenting the stability must be provided
which utiliges contrvl motions to artificislly adjust the values

of the serodynamic stiffness derdvatives.

The CF-105 is further characterized by low aerodynamic damping

cbout all three umes., This is of less consequence to aircraft safety
than to the avoldance of oscillatdons partdcularly under automatic
control. &gain improvement is required either by chenges in
configuration, which would certuinly have to be large, or by
utilizing control motions to artificially edjust the waulues of the
aevodynamic damping derivatives.

It is proposed by dvro Alreraft Lid. to incorporate an augmentstion
system in which the objectives of both (c¢) and (@) are met and

which in addition provides for turn co-ordination through the
minimization of sideslip. By supplementing this system with an
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emergency systen effective about the yaw axis only, utilizing
magnetic amplifiers and switched in automatically In the event

of failure of the normal syetem, & reliability as high as that of
other essentisl components such as the hydraulic powered controls,

is expected.

The problems involved in the development of such a system are only
partially uncovered and therefore in the writer's opinion, mo realistic
assesmmont of the time and effort required is possible at present.

In order to thoroughly study problems of stability, information

on the aerodynumic derivatives should be as complete and accurate as
possible. JBecause uncertalnty fs atlached to esllmates of meny

of the darivetdves. partiadsrly rotary derlwatives, it 4s regommended
Lbat the posedbilliy of messurdng these in the wind tunnel should ba
sxeguined.

Compared with the task underisken, the development of a system for

the purpose only of asugmenting dsmping and minimizing sideslip is

relativaly stralghtforwerd. Simplification of the problem to this

extent, however, necessitates that in all other respects the
inherent atability characteristics of the aircerafi should be
satisfactory. further effort with this objective, carried out
in parsllel with wind-tunnel testa and simlator studies already
planted, appedars to be warrunted at least as an insurance against
unexpected delays or even failure in the development of the
proposed augmentation system.

An investigation of this kind may not be fully compatible with the
programme alrsady in hand or plamned at ivro Adrcraft Ltd. Jp this
event it da racoymended thal the required wind-tunnel tesis of
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modifications and simulator studies of the effecis of Lhase
tapility characteristics of the aircrefi

The problem of adequately stablilizing the alrcraft is critical

and therefore of immediate importance. Heluted to the solutlon of

stebility problems, but of lesser urgency, is the behaviour of the

aircraft under automatic control particularly durdng the attuck

phase. Early investigation of various aiitack manceuvres is

required, using electroaic computer equipment, to determine the

nature of the problems involved.

Since it is most probable that Sparrow II and infru.red homing

Falcon missiles must lock on before launch, the blind area created

by the presence of the fuselage rose may impose a serlous tactlcal

limitation during an attack. A study of representative attack

cases is required to determine whether this 1s so.

Welght estimates for electironic eguipment and armement installations

for the CF-105 are now between 50 and 100 percent greater than the

figures recommended in setliing up the requirements for the aircraft.

Effort vuimed al reducing the weight of these und olher components

is therefore most justified. In this respect the scheme for semi

external stowapge of armament, being glven some attention by Avre

Adrcraft Ltd., is promising and appears to warrant stronger

conslderation.

wa-religble Ligures ore avallable if is recommanded
Lhat the extent of ewpecled performance deficiencies ba
sopmundeated 1o the ReUa.i.F.




It 1s suggested that the R.C.A.F. consider the instltutlon

at an early date of an extreme programme huving the following objectives:

(1)

To review equipment and amswment specifications for the
purpese of rejecting «ll but the most essential items
and of permitting measures which are likely to result in
appraeciable weight saving.

To encourage the evoluticn by the aircraft manufacturer
of alternative and lighter schemes for the installation

of equipment and eraument.
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ordination of lift-acceleration and
roll-angle commands during rolling
HRANQUVers.

RaCh RM L54E27. Auge. 1954.
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LE SIE
AND
DATE

CORNELL
REFERENCE

MACH NO
AND
R.N.

CONFIGURATION

PURPOSE

SERIES 1
SERTANGGTS
SERIES TI
APR. 1954
SERIES II
JUNE

SERIES TV

19564

JULY 1954

WA 780 -003

AAB9I- Wi

150~ 1-123

1-23-184 x |08

| B Clwl W2

Vi Ps

WA 808-003
AA 907-WI

b

T

iT
! 6

| 23— B4 x 10 LRS S Sg, T
|

50 - 123 | B, C,y W3 V,

wA 80B-013

AA 907 w2

WA 808 -023

50—l'23 | Bp Cp C3 W3
123- 1-84% |O6 Vo2 Rg D Fp S
50 {Bz B3 C3 Wz Wy

123 and szledﬂw 5 W V2 Rs T

| INCREASED WING Y%,

LONG S+C
EFFECTQ OF

TESTS
CAMBER

LATERAL S+C TESTS WING PRESSURE
DISTRIBUTIONS EFFECTS OF
MISCELLANEOUS.

ADDITION OF DORSAL FIN AND FAIRING
INTAKES ON DIRECTIONAL STAB

LOW SPEED TESTS ON WING NOTCHES

EFFECTS OF HIGH @ ON S+¢C

SERIES ¥
0CT. 1954

WABOB-033

SERIES I
PHASE IO
MAR. 1955

|
|
|
f
1

WAB44-003

SERIES 1
PHASE Y
MAR. (955

WAB44-C03

SERIES I

PHASE I¥
APR. 1955

WAB44-003

JUNE 1955

|
|
|
|
|

i (+04 SCALE)

i

WgV; Rg T,

5C 425 !
23~ 184 X ILGl
and 576 x 105 | V8
NOTCHE S
Np 5.6 5,75, 8
|Ng 75,8,85, 9

284C2w

NOTCHES AND L E. EXTENSIONS
LONGITUDINAL AND LATERAL

TESTS. AILERON CP TESTS
SHORT INVESTIGATION USING

DIFFERENT PLAN FORMS

S+ C

©95 and 1:20 ! BS CS
(04 SCALE) |

Wo Ng

Va Rg
PLUS
FALCON AND

EFFECTS OF MODIFICATIONS TO CANOPY,

EFFECTS OF VARIOUS COMBINATILNS OF

EFFECTS OF MISSILES ON AIRCRAFT
CHARACTERISTICS. MIS
DOORS OPEN AND CLOSED

SPARROW MISSILES

5
Vi
PLEUS

| FALCON

95 and 1120

!
)
{04 SCALE) |

Rg

AND

FORCES AND MOMENTS
PRIOR TO LAUNCH
ARMAMENT BAY PRESSURES

DOOR HINGE MOMENTS

ON MISSILES

|SPARROW MISSH.E S

95 and |20

-
i85 63 w

s

PLUS
FALCON AND
|SPARROW MISSILE

e

10

— e —

50 - 123 8 v, W E
(104 SCALE) | Ny B,
PLUS VARIOQUS
L.E. DROOP

CONFIGURATIONS

S\LES
4 OR 5

FORCES AND MOMENTS ON MIS
FOR TRAJECTORY PURPOSES
LONGITUDINAL STATIONS, 3 VALUES OF
MISSILE INCIDENCE AND 3 VALUES OF
MISSILE YAW AT EACH AIRCRAFT

S| ANGLE OF ATTACK

INITIALLY TL TEST EFEECTS OF
DROOP ON BUFFET TENDENCIES
LATER TO DETERMINE EFFECTS ON
S+C, PARTICULARLY ON DIRECTIONAL
CHARACTERISTICS

SILES EXTENDED,

SUMMARY OF CORNELL WIND

TUNNEL RESULTS




DESCRIPTION SYMBOL DESCRIPTION

VERT TAIL
ORIGINAL BODY INCLUDING DUCTS Vi ORIGINAL ONE-PIECE FIN AND RUDDER

WITH MOCIFIED DUCTS Vo FIN WITH RUDDER + RUDDER BALANCE

B, WITH MODIFIED ROUNDED NOSE

Bp WITH LONGER NOSE OF SIMILAR SHAPE MISCELLANEOUS

P SHOCK PLATES

CANOPY Rg SHOCK RAMF

C ORIGINAL CANOPY T FUSELAGE TANK
IN NEW POSITION SB, FUSELAGE BRAKES

LARGER CANOPY FIN BRAKES
e e e et

FAIRED DUCTS

3% UNCAMBERED WING WITH CONTROLS > SEALED GAPS

ERED WING NO CONTROLS

3% CAM
CA

NB. |- NOTCHES ON WINGS W, ,Wg AND Wg INDICATED BY N
FOLLOWED BY SUBSCRIPT A OR B, DENOTING SERIES,

PLUS 6“2% NOTCH ‘ S FOLLOWED BY NOTCH DEPTH IN PERCENT.

PLUS 89% NOTCH (A

B
% MBERED WING WITH CONTROLS

SYMBOLS APPROPRIATE TO 1955 TESTS NOT KNOWN
PLUS NOTCH (A SERIES) PRECISELY BUT THE FOLLOWING DEFINITIONS ARE
L.E. EXTENSION FROBABLE

WITH 15 % AREA INCREASE

LE. EXTENSION v
Z

/0

LE EXTENSION 5 10 % _.E. EXTENSION

5 %

Bg WITH AREA RULE

CORNELL WIND TUNNEL MODEL CONFIGURATIONS. EXPLANATION OF SYMBOLS




A- 3% 9% CAMBERED WING

B- A WITH 5% NOTCH AND
10 % EXTENSION

= e

WING WITHOUT DROOP
-——— WING WITH DROOP
N.B. THESE RESULTS MAY NOT BE
AT THE SAME C.G. POSITION

EFFECT OF WING MODIFICATIONS ON DIRECTIONAL STABILITY
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Cnﬁ
PER DEG

0006

c
Ui

PER DEG
--0015

60,000 FT. |

20,000 FT 40,000

4

PRELIMINARY ESTIMATES OF ELASTIC DERIVATIVES OF
AIRCRAFT WITH L.E. DROOP IN [g FLIGHT (C.G. AT 03l MA.C)
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|
|

— SIGNAL |
FEEDBACK

i

|

ELEC. MANUAL 7

CONTROL

(STICK FORCE MODE)

TO STARBOARD JACK

I
|
1

NAVIGATION

e

|
|
|

FIRE
CONTROL

|
|
|

SENSORS

r
|
[
l
|
A
|
|
|
|
|
[
|
|
r—
[
[
[
[
|
-
|
|
|
[
|
[
L
|
[
A
I
[
|

DIFFERENTIAL
SERVO

CONTROL
VALVE

AIRCRAFT

SKETCH OF ELEVATOR CONTROL SYSTEM




GROUND-AIR
IFF

TRANSPONDER

AN/APX-25

AIR-AIR IFF

TRANSPONDER

AN/APX-27

INTERROGATOR
TRANSPONDER
AN/APX

SUB-SYSTEM

ANTENNA
AND

R.F. SYSTEM

RADAR SUB-SYSTE

RULOT
SUPERVISION AND

MONITORING

S

TRANSMITTER

RECEIVER

o

M

DISPLAY
AND
CONTROLS

!

DISPLAY
AND
CONTROLS

FLIGHT
SENSING
UNITS

COMPUTER AND
CONTROL SUB-SYSTEM

-

INPUT

DEVICES
(¢

AUTOMATIC
FLIGHT
CONTROL
SYSTEM

QUTPUT

DIGITAL

I = |DEVICES
OMPUTER

DIGITAL DATA

RECEIVER AND
CONVERTER

AN/ARR-39

RECEIVER
INTERROGATOR

AN/ARN-21
D ME -OMNI

e e
LANDING

UHF

AN

AIRCRAFT
CONTROL
DIRECTION ACTUATORS
FINDER
/ARA —-25 ROCKET FIRING
SRS — SIGNALS

MISSILE
AUXILIARIES

AN

T A.FC.S
A

ALTIMETER

TO

RADIO
LAUNCHING
DATA

/APN =71

)

PILOT

i

RECEIVERS

COMMUNICATIONS,

-

A

COMMUNICATION

VOICE MULTI
OQUTPUT

GENERATOR

AlIR
TURBINE

¥

N/ARC-34

NAVIGATION AND

LANDING SUB-SYSTEM

POWER SUPPLY
SUB- SYSTEM

HUGHE S

MX 1179

INTEGRATED ELECTRONIC

SYSTEM

AS PROPOSED FOR CONVAIR F- 102










