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ROYAL AIRCRAFPT EZSTABLISHMENT

(DIDFORD)

A FLIGIM ASSBSSICNT Of TIIE VIEY PROM TH T.S.R.2
BY SDMULATION IN A IUNTER 6

by
0. P, Ilicholas, B,Se, (Zng)

SRILRY

The structure of the cockpit of the T,3,R.2 has been simulated in a
Hunter by blanking off areas of the windscreen and canopy with adhesive
tape, Ten pilots have assessed the view from the cockpit in a varisty of
meteorological visibilities whilst flying at M = 0,9 at 200 feet above
ground level, ani on the approach to land, In the original design of
cockpit canopy simulated the overhead members produced a serious obstruction
to view in turns, but a second caropy design which was also simlated was
fourd to b2 a great improvement, The pilots oritiocised the view from both
T,5,R,2 cockpit designs sirmlated, as the windscreen pillars and arch were
so wida for structural reascns, in order to provide adequate bird strike
protection, that they caused considerable blind aress,
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1 INTRODUCTION

The design of the cookpit structure and transparencies of the T,5.R,2 is
governed by the conflicting requirements of providing a good field of view for
the pilot, and providing a structure which will withstand a bird strike and
meet the thermal requirements of the high Mach number flight plans of the
airoraft, The ultimate solution will inevitebly be some compromise between
these requirements, Proposals were made in the initial brochure for the
asgessment of the view from representative mock-ups, It is extremely
diffioult to make this assessment with any confidence from a fixed platfarm,
and it was felt that a more representative simulation could be mede by blanking
off areas of the cockpit of another aircraft (a Hunter 6) to simulate the
structure of the T,S,R,2, Flights ocould then be msde in representative
ocorditions and comments by the pilots, on the view from the airoraft, obtained,

This assessment was made between November 1959 and January 1960, by the
pilots of Asro Flight R,A,E, Bedford, and by pilots from Vickers-Armstrongs
and R,AF, (A) Branch M,0,A, The view was assessed in high-speed low-level
flight, and on the approach to land, and the comments of the pilots have been
included as an Appendix to this note,

The T.S.,R.2 has been designed for automatic operation at high speed at
low level, so the pilot's view from the cockpit may not be as important as
from a manually controlled aircraft in the same role, However the pilot
must have a sufficiently good view to be able to monitor the automatic system,
and to be able at least to return to base and land in the event of its failure,

2 THE METHOD OF STMULATION

The flight conditions simulated were high speed low level flight and the
approach to lamd,

The cookpits of the T,S.R,2 and Hunter are different in shape and sise
and are shown in side view, drawn to the same scale, in Fig,1, The eye
position assumed for normal flying in the T,S,R.,2 is shown as point X, As
the aircraft will approesch to land using a very nose-high attitude, the pilot
will be required to raise his seat to obtain a better view over the nose of
the aimraft; the estimated eye position in this case is showm as point ¥,
The assumed eye position in the Hunter remained constant throughout the tests
and is show as point Z, .

The simplest method of simulating the windscreen and canopy structure of
the 7,3.R,2 was to represent this struoture by sticking black adhesive tape
to the inner surface of the Hunter winiscreen and canopy, The areas to be
blanked off were fixed by assuming that the angular positions of ocorresponi-
ing points in the T.S.R.2 and its similation, measured from a point midway
between the pilot's eyes, should be the same, leasurements wers made on the
7.8.R.2 windscreen using a viewing inclinometer set up at this point, and then
the areas were marked on the Hunter windscreen using the sams method, The
roof meambers were marked out by external measuremsnt on the canopy surfeoe,

The simulation in the Hunter was oompared with a mook-up of the aotual
T.S.R.2 by means of photographs taken from points X and Y in the T.S,R,2
mock=up and point Z in the Hunter, Since a wide ﬁeldotovie'mrog;md, :
a pinhole camers was used which had a field of view of 120" in asimath and
500 in elevation, The field of view of the camers is shown in Fig,2a and
typical photographs from the standard Hunter, a possible T,5,R,2 layout and
the simulation of this layout in the Hunter, are shown in Figs.2b, 3a amd %
respectively,
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The Hunter windscreen and canopy are closer to the pilot than those in
the T,8,R.2, so the method of simulation used is not perfeoct when binoocular
vision and head movement are considered, since the Hunter structure and
blanking were easier to see round than the corresponding structure in 73&;0
T7.83.R.2, In the Hunter one inch of eye movement is equivalent to 1,7 at
the bottom of the windsoreen (the farthest point in the cookpit from the
pilot's eyes), and to 5.h° at the top of the gindscre;g. In the T.8.R,2
one inch of eys movemsnt is equivalent to 1,0 and 3,7 respectively at these
two points,

3 THE PLI COND AND THE C TIONS
The flight conditions under which the assessment was made were:-

(a) M= 0,9 at 200 £t above ground level over flat terrain and sea,
in straight and level and turning flight, in a variety of metecrological
visibilities, The height above ground level was assessed with the aid of a
radio lltilmm. .

(b) On the approach to 1and on & 3° glide path at 135 knots,
Approaches, both straight and in oross winds (with the associated corrections
to the approach path), were flown in a variety of mstearologioal visibilities,

(c) Incidental assessment during general flying and circuit oonditions,

Two different designs of T,S,R.2 oockpit canopy were simulated, The
first flights with a similation of the cockpit design as it stood in
November 1959 (T.S.R.2 configuration A), showed that the overhesd ocanopy
menbers produced a serious obstruction to view in turns, Another canopy
design (T.S.R.2 configuration B) was therefore rapidly produced by
Vickers-Armstrongs lLimited to improve the view®, although it was not oertain
at the time whether it would be possible to overcome the oconstructionel
problems this introduced, This design of canopy was also simulated in the
Hunter,

T.8.R,2 configuration A had an off-centre opening clam-shsll canopy
with the dividing line to starboard of the centre line, As seen when oclosed
the canopy structure consisted of a wide overhesd beam which extended further
to the starboard of the aircraft centre line than to the port; this beam hed
a small window (offset slightly to port) at its forward end, Pigs,3s and 9a
are photographs from a mock-up of the T,S,R,2 configuration A, talen from
points X and Y respectively (see Section 2), The fields of view derived
from these photographs are shown in Figs,i4a and 10a respectively,

T.S.R.2 configuration B had a symmetrical contre-cpening clam-shell
canopy, the canopy structure (as seen when oclosed) consisting of a single
relatively narrow oentral beam, The fisld of view from point X in 7,8,R,2
configuration B 1s shown in Pig.Ga; this was derived from PFig, ks with
allowance for the change in overhead cancpy meszbers,

The field of view diagrams were dnriwdgmtho inhole camera
photographs with the aid of a photograph of a 5° grid (;13.2;), and have been

corrected to a frams of reference which is parallel to the horisomtal when
in flight, The portions of the diagrams that lie outsids the camera's
field of view are based on firm's data and are shown by dotted lines,

*A cookpit canopy with a structure very similar to that of T,8.R,2
configuration B, but opening in a different manner, has since been adopted for
the T.3,R,2,
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The Hunter was assessed in five configurations,
(a) AtM=0,9 at low level (T.S,R,2 eye position X)

Iunter configuration 1

Standard Hunter with gun-sight removed., This is shown in the photo-
graph Fig,2b, from which the field of view Fig,2c has been derived,

Hunter configuration 2

Simlation of T,S,R.2 configuration 4, The Hunter is shown in the
photograph Fig, 3b, from which the field of view Fig,Lb has been derived, anmd
in the general view Fig,5,

Hunter oonfiguration 3

The field of view of T,S.R.2 configuration B is shown in Pig,6a, and the
simidation of this in the Hunter configuration 3 is shown in the field of view
Pig,6b and the general view Fig,7, The only change from Hunter configuration
2 wes in the overhead canopy structure, and this can be seen by comparing
Pig,5 anxd Pig, 7.

Hunter configuration 4

Simulation of T,S,R.2 configuration A, The Hunter is shown in the
photograph Fig,8e, from which the ficld of view Pig, 6 has been derived, This
field of view was the seme as Hunter configuration 2 exoept for the simulated
front windsoreen pillars which were displaced from their correot position, so
as to lie over the Hunter pillars, The correct area of structure was
therefore simulated but the front windscreen was too wide, This configura-
tion was assessed to see whether the elimination of ths second pair of
pillars would alter the opinions formed when flying the other configurations,

(b) On the approach to land (T.S.R.,2 eye position Y)

Hunter configuration 5

Simulation of T.S,R.2 configuration A, The Hunter is shown in the
photograph Fig,9b from which the field of view Pig,10b has been derived, and
in the general view PFig, 11,

The conditions assessed by means of the different Hunter configurations
are sumarised in Table 1, in which the relevant figures are listed and
caments on the detailas of the simulations are presented,

4 THE PIIOTS' ASSTSSMENTS

In its various configurations the Hunter was flown over flat terrain by
10 dm)'eront pilots - (7 R.A.E,, 2 Viokers Armstrongs, 1 R,A,P,(A) Branch
M.0.4,).

Early in the tests it was found that meteorological visibility had a
marked influence on the pilots' assessment of a given cookpit oonfiguration,
A configuration which was acceptable in good visibility might become
unaoceptable in poor visibility, as the need increased for contimuous search-
ing to make sure that the path of the airoraft was free from danger of
collision with ground obstructions or other aircraft, Some idea of the
sensitivity of pllots to small obstructions in the cockpit when making these
assessmonts may be obtained from their request to have the emergency campass
removed from the Hunter, sinoce they felt that it might affect their

-6 -
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assessment, This ¢ 8 was at the top of the port side panel of the wind-
screen (Pigs.2b and 3b), and was removed after the first two flights of
Hunter configuration 2,

The standard Hunter has a good view from the coockpit, and pilots found
that the oonsiderable inorease in blind areas produced by the T,S8.R,2
simulation was most uniesirable, particularly when flying in poor
meteorological visibility, Oritioism was directed partiocularly at the large
obstruction to view produced by the overhead canopy, ard by the intersection
of this with the windscreen arch and pillars, in one possible T,5.R,2 layout
similated (7.S,R.,2 configuration A, Hunter configurations 2, 4 and 5)s A
second design of overhead canopy structure which was also similated (7.5.R.2
configuration B, Hunter configuration 3) produced a great improvement in both
these aspects of the view, Other points of oritiocism which applied to both
the possible T,3,R,2 layouts simulated were the width of the windsoreen arch
and windsoreen pillars, both of which markedly reduced the view and therefore
caused anxiety when flying at high speed in poor visibility,

The pilots' essessments of the different Hunter configurations are
surzerised in Table 2 and more detailed pilots' camnents are given in
Appendices 1 and 2,

5  CONCLUSIONS

An assessment of the view from the coockpit of the T,3,R.2 has been made
by 10 pilots, using a Hunter 6 airoraft in which blind areas caused by the
structure of the T.S.R.2 were simulated by blanking off areas of the wind-
soreen oancpy. The areas to be blanked off were fixed by assuming that
the angular positions of corresponding points in the T,S,R.2 and its
similation, measured from a point midway between the pilot's eyes, should be
the same, This method was limited in realism, as the Hunter windsoreen and
oanopy were nsarer to the pilot than those in the 7,8,R.2, 80 that the
improvement in view due to head movements and binocular vision was greater
in the similation than in the actual T.S.R,2,

The principal comment of the pilots was that compared with the Hunter,
which has a good view from the cookpit in all roles, there was a considerable
increase in the blind areas caused by struoture in the coolpit, These

became increasingly spparent when flying at high speed as metecrological
visibility decreased,

The main points of criticism were:-

(1) The front pillars, which if reduced in width would have allowed
a better forward view,

(11) The windscreen arch, which caused a large blind area,
(444) The overhead cancpy structure,

(a) With original off-centre opening, The overhead struoture
in combination with the windsoreen arch and pillars, caused a
large obstruotion to the view in moderately banked turns, The
overhead winiow could be used in steep turns but it would have
been of more use if it hed been contimmwd further aft,

21: With central opening, This was a great improvement on
a

but the overhead structure would still be objectionsble in
a fighter role,

SECRET
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6 FURTHER DEVELOPMENTS

The canopy finally adopted for the T,5.,R,2 is similar to T,.S.R.2
oconfiguration B, but has a narrower central member and opens rearwards,
Other detail changes in the cockpit design have also been made,

Vickers-Armstrongs Limited plan to have further flights in a Hunter to
assess & simulation of the final design,
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APPENDIX 1

THE ASSESSMENT OF A SDMULATION OF THS VIEW FROM THE COCKPIT OF THE T,S,R,2
by
Dilots of R,A.E, Bedford

1 INTRODUCTION AND CONDITIONS

In order to obtain pilots' impressions in flight of the proposed T,S,R,2
canopy ard windscreen, the canopy and windsoreen of a Hunter 6 were blanked
off to give a similar field of view, This field of view was established by
comparing photographs taken with a pinhole camers mounted in the T,3.R.2
cockpit moock-up and in the Hunter, and can only accurately simulate a "one
eyed pilot" who never moves his head,

The flights were made over sea or very flat terrain, and therefore
remarks about obstruction to view at various bank angles do not allow for

hilly surroundings,

This report is a summary of the remarks of seven R,A,E, pilots,
2 PILOTS! ASSESSMENTS
2,1 M= at low level

2.1.1 Hunter configuration 1 (Standard Hunter, mimus gun-sight)

The view was good to very good, due to the light structures employed,
The windscreen pillars were narrow enough to "see through" and so were little
obatruction to vision, However some criticisms can be mede of the view in
turning flight, The emergency compass was an appreciable obstruction to
view in a 30° bank turn to port, At over 359 of bank the windsoreen arch
obsoured a useful part of the horizon, but only a small head movement was
required to see rourd it, although this was difficult under high normal
acoeleration,

2.1.2 Hunter conf ation 2

In straight and level flight at 200 to 300 feet above ground level, the
dowrsrard view ahsad and to the sides was quite good but there was oonsideradle
obstruction of the forward panoramic view by the windsoreen side pillars,

This was partly exaggerated by the extra Hunter pillars, but, even where the
pillars were almost coinocident, there was still a width of pillar whioh was -
difficult to “see through", This obstruction to view was made all the more
evident by the narrow front windscreen, In good visibility the cbstruotion
was of little oconsequence but in limited visibility the presence of the
prillars was increasingly felt, as they formed a positive break in the forward
vision in an area in which it was necessary to soan contimiously while looking
for landmarks and obstructions, In level flight, there was no real obstruo-
tion from the canopy as the side windows were adsquate in depth and contimed
far enough aft to provide a reasomble view, There was, howover, a large
out-off dus to the windsoreen arch, but this was far enough away from the line
of flight to be of little consequence, In poor light conditions the presence
of the extra struoture in the canopy made the Hunter cookpit seem fairly dark,

In turning €light, the asynmetric canopy structures (see Section 3 of
main roport) campletely obacured the horizon in turns of about 50° bank to
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sterboard and 60° bank to port, and in anything except poor visibility these
bank angles were exceeded to obtain a reasonable rate of turn, When
manoeuvring in good visibility the top window was used to help in seeing that
the path of the aircraft was clear, but as the window did not exterd very far
aft it was of limited use, 1In good visibility the principal obstruction was
the windsoreen arch, which, combined with the top of the front pillars and
forward part of the canopy structures, effectively blanked ocut the view of
the intended flight path, This obstruotion to view was continuous baock into
the top canopy structure unless the angle of bank was sbout 75°, when the top
window could be used,

In poor visibility, it was generally found that bank angles-of about
40P were not exceeded and under these conditions the canopy structure was
still above the horison, over flat terrain, and did not cause an obstruction
to the view of the ground, On these ocoasions, the desired line of sight
was usually through the front windscreen which Just allowed one to see the
flight path, The real cbstruction was caused by the width of the front
pillars, as,in a turn, the lower ons was lying Just below the horison and
blanking out a large peroentage of the desired field of view, The windscreen
arch formed & very positive barrier to more rearward view although, in
:::dﬂi;:io‘n; of poor visibility and no horison, there was little desire to see

r aft,

2,1,5 Hunter configuration j

The roduction in the overhsad canopy structure to a single central
member made a very great inprovement to the overhead view in steeply banked
turns and allowed more light into the cookpit, About 75° of bank was
required to put the bar on the horison, over flat terrein, and whenever this
bank angle was used the circumstances were such that a limit on upward view
was not of a serious nmature, All the remarks about the front windscreen
and arch in para, 2,1,2 still apply in this case, although the very presence
of more peripheral view in steep turns made some of the shortcomings of the
front screen more bearabls,

2,1.,4 Hunter configuration 4

This configuration was assessed to see whether the elimination of the
extra Hunter pillars would alter the opinions formed in the earlier flying,
It was appreciated that the front windscreen would now be much wider than the
T.S.R.,2 screen,

The improvement in view produced by this change was very merked, anl
was almost entirely dus to the extra width of the front windsoreen, It was
thought that the actual width of the windscreen pillars was still too great
to "see through" and this bsoame inoreasingly apparent as msteorologioal
visibility decreased,

2.2 0Op the approsoh to land .

Hupter configuration o

The dowrmard view on the approach was sufficient for even a very flat
& h in the Hunter at 135 lkmots, On a straight approach in good
visibility, there was no real inoonvenienoe from the front pillars even ina
15 knot oross wind, and the goneral forwerd view was thought to be quite good,
In hasy oonditions, the front pillars became quite an obstruction when looking
for the rursay lights from about two to three miles range, and it was felt
that in poor visibility they would be a serious handicap if the airoreft was
not quite 1ined up with the rummy on reaching visibility distence from an
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instrument epproach, When making a visual circuit in poor visibility, the
wirdsoreen arch presented a very objectionable obstruction when banked on the
final turn, and this made it very difficult to keep the runway in sight,

3 CONCLUSIONS

In good visibility, there was nothing really unpleasant about the view
at high speed apart from the considerable obstruction to view caused by the
canopy struotures in steep turns, and it was felt that, as a simple improve-
ment, it would be of advantage to make the top window contime further aft,
The flights made in Hunter configuration 3 showed that the canopy with a
single central member was an acceptable arrangemesnt, and caused serious
obstruotion only in very steep turns when some loss of upward view would
probably be acceptable, This overhead blind spot would probably still be
obJjectionable in an aircraft required to perfarm a fighter role,

With the visibility anything less than good, there was considerable
oriticism of the width of the front pillars, combined with the narrow front
windscreen and the very wide windscreen arch, The limitations in view
thereby imposed inoreascd as the meteorologicel visibility decreased and it
was considered that, for an aircreft which was being designed to operate in
all weathers at low level, possibly with some unserviceability of automatics
or navigation aids, the existing amount of struocture was unacceptable, The
reduction in vision in poor visibility is acoentuated by the reduced time
available to see obstructions when flying at low level, and therefore any
blind spots meke it desirable to reduce speed, It was realised that severe
structural requirements were having to be met on this aircraft, but it was
felt that the problems of the present restriotions to vision would have to be
balanoced against those of easing the structural requirements,

This same effect of the accentuated reduction in vision also applied on
the landing approach in poor visibility, when the time taken to see the rwway
or approach lights decreased the chances of making a suocessful approach,

It was considered that the greater distances from the pilot's eyes to
the structure in the actual T.S.R.2 cockpit would meke oconditions worse than
those present in this simulation,

L RECOMMENDATIONS

It is considered essential that the cbstruction to view ocaused by the
front windsoreen pillars be reduced by either optical or structural meams,
and that the rear arch of the windscreen be redesigned to give a better view,
even if this means a slight reduction in the struotural strength of the
windscreen,

It is recommended that the canopy be made to open oentrally (as in the
modified configuration) to improve the upward view and that the width of the
overhead obstruction be kept to the absolute minimum, Everything possible
should still be done to try to make the oanopy completely clear, even at the
possible expense of e¢jection times, If the canopy has to open off-ocentre,
the top window should be contimued further aft,
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APPROIY 2

THE ASSESSMENT OF A SIMULATION OF THE VIEW FROM THE COCKPIT OF THE T,S,R,2
by
Pilots of Vickers-Armstrongs (Airoraft) Litd,

HUNTER CONFIGURATION 2 ONLY

The aircraft was flown at 200 feet at or near 600 knots for a consider-
able period to assess the view, The flights included periods over land and

sea,

The results can be briefly surmarised as follows:-

(i) Forward view was marginal, though not patently unacceptable, The
view forwards and upwards was extremely poor due to the heavy arch/top
beam intersection,

(11) Vhen the aircraft was banked 45° the horison disappeared
campletely, This angle of bank was considered to be that normally
used in these flight conditions, At higher bank angles (which were
not pleasant at such low altitude) the horizon could just be seen
through the 8" x 6" panel which has been inserted at the forward emd
of the top beam to afford a view of the horisgon in the L.A.B,S,
manoeuvre, This aspect of the viow was considered unacoeptable,
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FIG. 1 (a8b)

BOTH FIGURES
SCALE — §d FULL SIZE,

X -~ PILOT'S NORMAL EYE
POSITION

Y - PILOT'S EYE POSITION ON
THE APPROACH TO LAND.

FiG.1(@ SIDE VIEW OF THE T.5.R.2.COCKPIT.

DATUM.

Z —PI.OT'S EYE PORBITION

\ FOR ALL FLYING

i

FIG. I(b) SIDE VIEW OF THE HUNTER COCKPIT. !
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FIG.2

FIG.2b. HUNTER CONFIGURATION 1, FROM POINT Z

FROM PHOTOGRAPH
o= = == FROM FIRM'S DATA

20

o

] ¢

‘/\

Z

FiG.2c. FIELD OF VIEW FROM HUNTER CONFIGURATION |, POINT Z
AT M=0-9 AT LOW LEVEL

RAE: 152297 |1
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FIG.3

FIG.3a. T.S.R.2. CONFIGURATION A, MOCK-UP FROM POINT X

FIG.3b. HUNTER CONFIGURATION 2, FROM POINT Z

—

R.AE: 152298 |6l
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— - rROM F FIG.4(@&b)

Y 2
7 7

74 W A ////

~
i

/ 7

FIG. 4(a) FIELD OF VIEW FROM T.S.R.2.
CONFIGURATION A POINT X,AT M-O9 AT LOW LEVEL.

7

i
...... A7 07 .
/ 5

FIG. 4b) FIELD OF VIEW FROM HUNTER

/
V,

CONFIGURATION 2 POINT Z,AT M=0-9 AT LOW LEVEL.
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FIG.6(a&b)

/ _____ % // _____ oo
7

FIG. 6{a) FIELD OF VIEW FROM T.S.R.2.
CONFIGURATION B POINT X, AT M-O9 AT LOW LEVEL.

FIG. 6.b) FIELD OF VIEW FROM HUNTER
CONFIGURATION 3 POINT Z, AT M-O-9 AT LOW LEVEL.
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FIG.7

FIG.7. GENERAL VIEW OF HUNTER COCKPIT IN CONFIGURATION 3
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FIG.8
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FIG.9

FIG.9a. T.5.R.2. CONFIGURATION A, MOCK-UP FROM POINT Y

FIG.9b. HUNTER CONFIGURATION 5, FROM POINT Z

R.AE: 152302 (6!
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FIG.I0@&b)

FIG.10(a) FIELD OF VIEW FROM T.S.R.2.
CONFIGURATION A POINT Y, ON THE APPROACH.

//// /_////K/////////

,
______ e
T30 )

FIG. 10.(b) FIELD OF VIEW FROM HUNTER
CONFIGURATION 5 POINT Z, ON THE APPROACH.

N
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FIG.11

FIG.11.

GENERAL VIEW OF HUNTER COCKPIT IN CONFIGURATION 5
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