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1 INTRODUCTION

The pionecering cexpericnce with the "Flying Bedstead" VIOL reseach vehicleﬂ
demonstrated the feasibility of achieving satisfactory stability and control
during hovering and low speed flight. Because of the absence of any aerodynamic
surfaces, this vehicle could not be used to study the transition to conventional

light. Further, although the importance of autostabilization was established
in principle, the system used on the "Bedstead" had inherent characteristics,
such as lag, etc which were known to have an adverse effect on flying qualities.

The Short 3.0 aircraft was designed and built to exploit the cxperience
gaincd with the "Bedstead" and to explore thosc areas of interest which the
"Bedstcad" could not cover. Briefly, the original rescarch aims for the 5,C.1
were: -

(a) To investigatc the behaviour of the aircraft during the transition
between hovering and conventional flight.

(b) To detecrmine the optimum and minimum assistance requircd from the
autostabilizer during those manceuvraes.

(¢) To study the problems likely to arisec during the opcrational usc of
such aircratt, including oporations into and out of reogtricted spaces, and in
condlitions of both good and poor visibility.

(d) To develop such equipment as proved ncocssary for the assistance and
guidance of the pilot in these operations, leading to the devclopment of an
all-weather approach and landing systen.

This broad programme still stands, though in exccution it is convenient to
separate it into two parts. The first, covering Items (a), (b) and some of (c),
is conccrned with tho pure acrodynanics and flying qualities and with operating
techniques. The scoond, covering Iten (d) and part of (c¢) involves the develop-
ment of such systems and cquipment as are shown to be necessery to mcet the
objcctive,

Two aircraft werc built. The first, XG 900, made its initial conventional
flight on 2nd April, 1957. The second, XG 905 started tether.d hovering trials
on 26th ¥ey, 1958 and madc its first unrecstraincd hover on 25th Cctober, 1958.

To date, fourteen pilots heve Tlown the aircraft. In addition to the
training offort assoclatcod with this aspeet, a considerable amount of demon-
stration flying has becn done, including an overscas flight to the Paris Alr
Show
[ Ve

The proscnt Notc is concerned with general operating cxpericnce on the S.Ce1,
and is not spceifically related to the rescarch programnc outlined above. The
first of a series of nctcs reporting on spocific rescarch tests on tho aircraft
has alrcady becn issuecd”.



2 DESCRIPTION OF THE S5,C,1 AIRCRAFT

241 Alrcraft and engine installation

The Short S.Cd is a small single-seat taillcss delta aircraft of about
8000 1b AUW. Leadang particulars are given in Table 1, and a photograph of
the aircraft appears in Fig.4. 4 3-vicw general arrangement drawing is given
in Pig,2, whilec Fig.3 is a cut-away illustretion of the intcerior layout of the
aircraft,

Four RB108 light-weight jot-1ift cngines are mounted vertically, in side- *
by~side pairs, in a central bay, around the centre of gravity. These pairs of
engines can be tilted, about transverse axes, from 23  in the accelerate sensg
to 127 decelerate, rclative to the normal. The original design range wes 307,
but the above restriction arose from the nced to fit baffles, separating the
upper and lower parts of the engine bay, to prcvent the recirculation of hot
exhaust gases up between the engines during take-off,

A fifth RBA08 enginc is installed in the rcar fusclage, with an intake
under the leading cdge of the fin, and provides propulsive thrust.

The tricycle undercarriage has twin wheels with hecat-resisting tyres, safe
to 200°C. The gear is non~retracting, but the pilot can selcet either of two
alternative positions for the main legs. The forward position brings the main
wheels close to the C.G., and is used for all conventional or short take-offs
and landings. The aft position ensures that the aircraft will not tip backwards
if landed and braked with some rearward velocity, in VTOL operations. *

The cockpit laycut, Fig.4, is conventional, but somewhat complicated by the
large number of systems which the pilot has to monitor. The only additional .
primary control lever is the common throttlc lever controlling the four 1ift
engines., This operates in a similar monner to a helicopter collective pitch
lever, and carriecs a twist grip which is uscd to control thc propulsion engine
throttle during jet-bornc flight.

242 Lift enginc intake

The critical casc in the design of this intake was the starting of the 1ift
engines in flight. Compressed air from the propulsion engine, applied to the
turbine discs, gives the 1ift cngines their initial acceleration, but to ocnsure
that adeguate rotational specd would be achicved, it was nccessary to avoid an
adverse pressurc grodient betwcen top and bottom of the engines. also, the
flow into the individual engines had to be sufficiently uniform to aveid surge
and vibration problems.

After considerablc wind tunncl and flight dcvelopment work, the prescnt
intake system was evolved, ond is shown in Fig.5. The forward part of thg intake
carrics a set of 7 gills, hinged at their rear ecdges, which open about 25 +to
form a forward-facing intoake. The rear of the bay is covered, forming, in
effect, a plenum chamber from which the four ongines arc supplied. This recer
cover carries a series of inward-opening, spring-loaded doors, which are opencd
by the small differcnces in pressurc which exist betwecen the inside of the bay
and outside when the ongines are running.
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During the course of the intake development, the 1lift engines were fitted
with & inch-deep scuttles around the front 180° of each exit nozzle. These
scuttles helped to create a low pressure zone downstream of the turbine and
to ensure that the engines "windmilled" din the correct direction. With the
present intake and the latest engines, these scuttles arc not necessary.

243 Air distribution systenm

The arrangement of the air distribution system is shown in diagrammatic
form in Fig.6 while the location of some of the main components can be seen in
Fig.s.

The four 1lift engines supply compressed air, via their mounting trunnions,
to 2 ring main which feeds the control nozzles (described in the next section)
and also a coentral distributor which feeds air to auxiliary turbines driving
the main electric generator, the hydraulic pump and the fuel pumps. In con-
ventional flight, when the 1lift engines are not running, the air for these
turbines is supplied to the distributor by the propulsion engine, the change-
over being achieved by non-rcturn valves as will be seen from Fig.b.

About 10% of the mass flow of the 1ift engines is fed to the control
nozzles. The auxiliary turbincs take 1% of the 1ift engincs or 4% of the pro-

pulsion cngine mass flow.

2.4 Control system and autostabiligzer

The S.CJ4 has two types of controls; acrodynamic surfaces for usc at normal
flight speeds and air-jet nozzles for use at low speed and in hovering when the
aorodynamic surfaces are incffective, The asrodynamic surfaccs are conventional,
with ailerons and clcvators on the wing trailing edge and a normal rudder,

The air-jet controls comprisc roll control nozzles inboard of the wing
tips and combined pitch and yaw nozzles below the nose and tail., Thesc nozzles
are of the single-eyelid pressure-balanced typc, and are normally 50% open.
Pitch and roll moments arc produced by differentisl movements of the "eyclids"
whilc mainteining constant total exit arca. The nose and tail-mountsd noszzles
also rotate differentially about fore-and-aft axes to produce yawing moments
which ar¢ largcly indepondent of the pitching moment being applicd. With the
full i}OO rotation of the nozzles, however, the pitching moment is, of course,
reduced to 87% of its normal value. Since the pitch nozzles contribute approxi-
mately 6% of the total vertical thrust, this rotation also reduces the total
thrust by Just undcer 19.

In yaw the air-jet and cerodynaimic controls are pcermancntly linked mechan-
ically to the rudder bar end there is no autostabilization, In pitch and roll,
the two typss of controls arc not neccessarily linked; different modes of
operation arc available in which thoe acrodynamic surfaccs or the nozzles are
actuated by direct mechanical connoexion with the stick or by the clectro-
hydraulic scrvo-motor forming pert of an clectrically signalled control system.
These modes of operation arc described in the noxt scotilon.

The elcctrically signalled control system, which was adopted to facilitate
the provision of various degrecs of synthotic stability, together with the cquip-
ment knovm as the "Autostabilizcr" which gonerates the stobilizing signals, is
described in section 2.4.2.
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2.4e1 Modes of operation of control system

The mechanical outputs from the stick and from the electro-hydraulic
servo-motor may be utilized in the following alternative ways which are
illustrated in Fig.7:-

(a) The aerodynamic surfaces and the nozzles may both be operated by the
servo-motor, with the pilot's demands and the stabilizing signals fed in
electrically. This condition is known as "Fully-stabilized".*®

(b) The nozzles may be operated by the servo-motor in response to
electrical signals as in (a) while the aerodynemic surfaces are directly
linked to the stick. This condition is known as "Nozzle-stabilized".*

(¢c) The nozzles and the aerodynamic surfaces may both be directly
linked to the stick in the so-called "Manual",* (more accurately, "Direct")
condition,

Changeover between the first two conditions is made on the ground, but the
pilot has always the facility of reversion to the third condition, "Manual', in
the air by an emergency lever.

Since the elevator hinge moments in certain phases of flight might be
beyond the capacity of the servo-motor, the elevator is normally opcrated through
a conventional power control unit. This unit can revert to true "menual" in the
event of a hydraulic failure, but this is an emergency, not a test, condition.

2ele2 Electrically signalled control system and autostabilizer

A simplified diagrammetic representation of this system is given in Fig.7.
The control surfaces or nozzles are positioned by an electro~hydraulic servo-
motor in response to the sum of stabilizing signals derived from a ratc gyro
in the autostabilizer and a signal proportional to the pilot's stick position.
These signals, together with servo position and servo rate feedback signals are
added in a magnctic amplifier whosc output operates an clecctro-mechanical trans-
ducer ("Law's relay") which moves the valve spool of the hydraulic servo-motor.
The position of this valve spool, which detocrmines the rate at which the servo-
motor moves, is measurcd by an AC pick-off to provide the servo ratc fcedback
signal, required for stabilization of the scrvo system itsclf. The main feed-
back signal, the servo position signal, is obtained from a potentiomecter
coupled to the output shaft of the servo-motor.

To provide against the possibility of faults, the electrically signalled
control system, including the autostabilizer, is triplex. That is, it comprises
three independent lanes, cach complete in itsclf and terminating in o servo-
motor, The throe servo-motors arc mechenically coupled to a common shaft and are
50 designed that if a fault should occur and onc of them attempt to move the

* Thesc terms have come into common use with the SiC.4, but thoy are far from
ideal, and their usc herc is not to be construed as a recommendation for their
genoral adoption.,



control to an incorrect position, the other two would then be able to overpower
it and move the control corr.ctly. Thus one lane of thc control system or the
autostabilizer may fail without any great deterioration in the overall per-
formance. The failure of a sccond lane could however leave the pilot without
effcective control through the electrically signalled control system and it
would be necessary to change to "Manual" (mode (¢) in section 2.4.1). For this
reason a fault detection system has boen provided to indicate to the pilot when
a fault has occurrcd. This is achieved by comparing the three signals from a
second set of AC pick-offs mcasuring the positions of the threc valve spools.
When one of these signals differs by more than a sot amount from the other two,
fault indiceting lights arc illuminated in the cockpit. The pilot will then
normelly land the aircraf't as soon as possibie., However, sincc a transient
difference con exist between the three valve positions while o rapid manocuvre
is being performed, the pilot would generally cancel an indication appearing in
such circumstances and takc no further action unless the indication reappeared,

This cmphasis on safety was dictated in the first place by the fundamental
decision to usec an autostabilizer in which the stabilizing signels are capable
of making a demand greater (in fact L40% greater) than the maximum demand from
the stick, so that even when the pilot demands meximum response, the auto-
stabilizer is not saturated and can still maintoin the required response despite
external disturbances. If o singlc lanc system hed been used with an auto-
stabilizer having this degree of authority, then in the event of a lailure which
resulted in a stabilizing signal rcaching its maximum possible valuc, the pilot
would have been unable to control the aircraft. The triplex arrangement overcomes
this difficulty and also ensures that no undue hazard is introduccd by the usc of
the clectricolly signalled control system, enabling the pilot to be given, as
nearly as possible, infallible indication of any forcsceable faults as socon as it
ococurse. In addition, all powver supplics, hydraulic piping cte are so arranged
that no singlc fault can affect the functioning of the control system or auto-
stabilizer and that any fault which is significant is immediately signalled to
the pilot. '

The autostabilizer can providc two forms of stebilization. Either the
outputs of the rate gyros con be used unmodificd to give angular velocity
damping, or the rate gyro signals can be approximatcly integrated in a resistance/
capacitor nctwork to give quasi-position signols, providing o type of control
which rcsembles purc position control in its initial responsc. A more detaillced
account of the operation of the autostabilizer is given in Ref.Z.

3 SPECIAL OPERATIONAL EQUIPIENT

In the ecarly stages of its devclopment, the S.C.1 wes opcrated in o special
gantry (Fig.8) which ollowed & limited amount of frecdom at the hover, up to
15 £t vertically and 10 't off-centrc in any direction. Outside these limits,
progressive restraints woere applicd. The system also limitcd the vertical
velocity to less than 10 ft/sec. The aircraft took-off ond landed on an open-
work grid platform, 6 ft above ground level, to uvlininate ground cffect.

This facility was used for ab initio training of the first 8 of the 14
pilots who have flown the aircraft.



It was known from model tests3 that operation from a plane surface would
involve a serious loss in 3ift due to ground suction, and furthermore it was
appreciated4 that there might be trouble due to the recirculation of hot
exhaust gases into the 1ift engine intake. A considerable amount of work was

done by Short Brothers and Harland, Ltd.” to develop a suitable take-off plat-
form to eliminate these effects. Based on the model tests of Ref.3, the
earliest version of this platform embodicd o series of channels designed to
restrict the free spread of the exhaust gases to a narrow zone, and hence to re-
duce the mixing that was mainly responsible for the induced flow which caused the
1ift loss. However, when an open grid was placed on top of these channels, to
support the aircraft wheels, there was a marked tendency for the exhaust gases
to be forced up through the grid and thence into the intake, causing a loss in
engine thrust, The effect was, in fact, aggravated by the presence of the
channels, and the only effective cure was to cover the grid with motal sheeting,
except for a hole under the lift enginecs. In this condition, the channcls
served no useful purpose and were removed.

The present platform (Fig.9) stands 18 inches high and measurcs 37 £t by
42 ft, It consists of a number of portable sections, forming a solid upper
surface except for a central 9 ft diameter hole which admits the 1ift engine
efflux to the open space below. The upwind edges of the platform can be sealed
off by movable screens so that the efflux escapes mainly downwind. Sloping
ramps allow the aircraft to be towed, backwards, up on to the platform. Mos?t
of the normal flying was done from this type of platform. It successfully reduces
these ground effects to insignificant proportions, but the aircraft must remain
over the hole during the first few feet of the lift-off, if 1lift and trim changes
are to be avoided. It also introduces the hazard of landing, in emcrgency, with
one wheel on or off the platform.

A more rccent development has been the adaptation of a ground engine-
running facility as a take-off base. This consisted, originally, of a 4 f't
square secction, U=-shapcd steel-lincd duct over one cnd of which the aircraft
could be tethered for cnginc-running, while cxhaust gascs cscaped vertically
from the other branch, 25 ft awey. One cnd of this duct was subseguently opened
out to a 10 ft square grid over which the aircraft could be positioned for take-
off (Fig.10). Being sct in a level expansc of concrete, this ncw take-off base
was much morc suitable for both training and normal operations. In fact, it has
been used as a base for the first flights of the latest 6 pilots to fly the air-
craft, and has eliminated the need to use the gantry for this purpose.

A much larger (50 £t by 100 ft) flush-fitting platform is now being built
at RAE Bedford (Fig.11)e This will, it is hopced, simplify opcrations consider-
ably by rcmoving the nccessity for the pilot to maintain accurate plan position
control during take-off. With present facilities, the aircraft is subjcct to
significant and disturbing 1lift and trim changes if it drifts off the hole whilc
at low hecight.

No special facilities arc needed for landing on normal concrecte, tarmac or
good quality grass surfaccs, but any loosc surfacc rubblc is liable to be
violently disturbed.



L TESTS COVERED BY TH& PRESENT NOTE

The main research programme outlined in the Introduction has been under way
for a year or more, and the first of a seriec of reports on the results of
specific handling tests is in Ref.2. However, considerable experience, some of
an ad hoc nature, has accumulated on items not specifically listed in the pro-
gramme. These are of interest in relation to the general problems of operating
a direct-jet=1ift VIOL aircralt. These items include:-

(a) Rolling take-offs.

including studies of:~
(b) Take-offs from plain surfaces.
(¢) Structural heating, ground erosion and reciroulation,

(d) Engines and autostabilizer maintenance and serviceability.

5 INSTRUMENTATION

The design of the aircraft provided for the installation of a comprehensive
recording system intended to cover a rescarch programmc which was not, at that
stage, defined in detail. Serious limitations of weight and space cxisted, so
that, inevitably, not all the quantities that eventually proved necessary could
be recorded by the original system. This system is, in fact, still in use, but
refinements are in hand.

At the time of the tosts to be described bolow, the recording system had not
reached operational status, so that quantitative results arc meagre. In
particular, structural and intake temperature measurcments were of low accuracy.
The problem is accentuated by the transient nature of the hot gas flow during
take-off and landing. Electrical recording of temperature was rather unsetis-
factory, and reliance had to be placed on the usc of temperature~indicating
paints in many cascs,

6 SPECIFIC OPERATIONAL THSTS aND OBSERVATIONS

6.4 Rolling take-offs

Ge1e1 Description of tests

As a preliminary step in the study of the problem of opcrating from semi-
or unprepared surfaces, a scrics of rolling take-off's was made from a normal
concrete runway. It was cxpectcd that rocirculation and erosion problems would
be cased by the forwerd speed offvct, and that the wing 1if't contributions at
take-of'f could increase the allowable take-off weight.

For these initial tests, the engine starting phase was not covered. The
engines were started with the aircraft on the platform (scetion 3} end it then
took off and landed on the runway, texying forward to the place appointed for
the start of the test.

Temperature recording clements had becn fitted in the 1ift engine intake,
and thermal paints applied at stratogic points on the structure, Patches of
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French chalk had been laid in strips on the runway, along the take-off path,
to give some indication of the recirculating flow pattern.

The ground run was made with all engines idling, with the 1if't engines
tilted to provide an accelerating component of thrust - which was quite high
(30-40% full thrust) even at idling speed.

6.1.2 Results

Preliminary tests showed that, during the initial stages of a ground rcll
performed with maximum accelerating tilt on the 1ift engines, the intake
temperature was some 15 C above normal. An abrupt return of the intake temper-
ature to normal was recorded as the airspeed exceeded 25 knots. At this speed
and above, the French chalk showed the recirculating flow pattern to be con-
tained under the wings. With the thrust line nearer the vertical, the same
effect occurred at a somewhat higher forward speed.

Once this condition had been achieved during the ground roll, full lift-
engine power could be appliecd and the aircraft rotated nose-up to increase the
vertical component of the thrust and complete the take-off, This 15 degrees
nose-up rotation, and full power, increased the tendency for hot gases to move
forward, but at speeds above 40 nots, no recirculation was detected when the
thrust line was 6° or more aft of the vertical (accelerate sense). Had more
thrust been available, no rotation would have becn necessary and a lower
unstick speed could have been used.

No handling problems arose during the ground roll or during the application
of the 15° nosc-up rotation that was used. The low forward acceleration
(0.1 to 0.2 g) resulting from the use of idling thrust only, gave the pilot
ample time to exccute the rotation, but resulted in unspoctacular performance.
It is estimated that full thrust on the propulsion engine, alone, would have
reduced the ground run (up to 40 knots) to under ;50 ft. Later tests have
confirmed this estimate.

Thermal paints showed evidence of local temperatures up to 19000 on the
tyres, with a "hot spot" at 220 C on the axlc between the twin main wheels.
Skin temperatures under the aircraft were all below 90 °C - under 60°C in most
places = except for the undercagriage Tfairings, which were gencrally below 12000,
although they, too, reached 190 C, just above the wheels. All internal tempera-
tures remained normal.

Lift and thrust losses during the ground roll are difficult to estimate
with any certainty, but rough calculation suggests that, at 40 knots, thoy may
have totalled as much as 1000 1b. Too much weight should not be attached to
the actual figures, but the total loss appcars to be significantly higher than
that measurcd during a true vertical take~off from a plain surface (see Scetion
6.2.1, below). This tentative conclusion is, however, in line with the results
of model tests reported in Ref.6. These tests indicate the existence of a
further loss in 1ift duc to interferencc between the jet exit flow and the flow
around the wing. This loss is additional to that due to ground effect, which
may, in itself, be affectcd by forward spced. Further tests are planned, in
which the effects of ground proximity and forward speed will be studied
separately and together.

-1 -



6.2 Vortical take-offs from plain surfaces

64241 Description of tests

The above tests avoided the problems essociated with the starting of the
1ift engines, before take-off, and the blast and nigh temperature cffects during
a true vertical take-off.

The latter problem was first examined by making a normal vertical landing
on the concrete runway and then, after a few seconds idling, applying full
thrust for a vertical take-off.

Some flaking of the top surfacc of the concrete occurrcd on accasions, but
the weight of material removed was small, and could not be considered a serious
hazard. Fig.12 shows the rcsults of take-offs rom two different areas of
conarcte, one of vhich shows only the slightest damage.

Before attempting the full starting and lift-off cycle, some rig tests
were mode by Rolls Royce, using a single RB108 engine and a dummy undercarriage
leg and wheel. Thermal paints were applied to this dummy. To simulatc the
effect of having 4 engines, some runs were donc with the engine only half the
normal distance above the ground, though this procedure is not now thought to
give a true simulation of a multi-engine system.

Temperatures on this undercarriagc, during a 10-sccond run at 14,500 rep.m.
(full power is at 17,500 r.pem.) werc all below 100°C. The estimated local gas
temperaturce was 1259C., It was deduced that a full power takc-off on the S.C.1
would not result in excessive undercarriage temperatures.

The first test on the S.C.1 involved starting and holding the 1ift cngines
at 12,500 r.pem, for 30 seconds, and then stopping, Thermal paints indicated
that the nose and main wheel tyres had rcached 165 C and 160°C respectively.
Elsewhere, tempcratures were all reagonebly low, and around the 1ift engine
intake, in particular, werc below 40°¢ (the lowest temperature that could be
measured).

The aircraft was then re-started, at the same position as before (the
concrcte having been only slightly floked), lifted off as rapidly as possible,
and landed again a short distance away. The engines had taken 30 seconds to
reach idling r.p.m., and the aircraft left the ground 15 seconds later.

The maximum surface temperaturcs rccorded were 19000 and 1?000 on the nose
and main whecl tyres, respectively. Elscwhore, surface temperaturcs were as
before, though thiere was one place on the leading edge where the temperature
hed excecded 40°C., Neither test resulted in any damoge to the aircraf't.

The estimated loss in net vertical thrust bascd on the maximum take-off
weight, was 800 1b., i.e¢. lcss than that derived from the rolling take-off tests.

6e2.2., Discussion of tempereturc mcasurements

It is of interest to compare these measurcd surface temperatures with the
estimated local gas tcmperaturc., ¥For a singlc round jet normel to, and within
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about 10 diameters of the ground, the local gas temperature, at more than about

2 diameters from the jot axis, is roughly inversely proportional to the radial
distance from the jet axis and directly proportional to the jet exit tempecrature,
i.c,

T, - T x/d

where Tg, T, and Tj are the local ges, ambient and jet exit temperatures,

respectively, x/d is the radial distance/jet diameter ratio and k is a constant
(about 1.1, from model tests).

When 4 nozzles arc used, this simple circular distribution is distorted,
temperatures being highest along the axcs of symmetry. Using model results
(unpublished) the estimated local temperature distribution close to the ground
can be superimposed on the plan view of the 3.C.1, as in Fig.13. Thc tempera-
tures to which the whecls and undercarriage were subjected can then be compared
with the measured surface temperatures. As would be expected, surface tempora-
tures are less than the gas temperaturc, by an amount which depends on the
duration of the exposure and the surface materisl (i.e. rubber or metal).

The results arc colleccted in Fig.14A, which relatcs the temperaturc ratio
(Tg = TO)/(Tg - T,) to the exposure time, T4 being the surface temperature.
Thesc results are very approximate, as the exposurc time makes no allowance for
starting and stopping the tost, during which, gencrally, the gas tomperature
varied also,

However, Fig.14A docs illustratc o logical trend, in that non~mectallic
(poorly conducting) surfaces get hotter thon metallic surfaces, and temperaturcs
approach the local gas temperaturc in time.

6.3 Ground hecating studics

Some tests have been made to find the temperature rise in and below a steel
deck during o vertical take-off’. Tcmperaturc scnsors were cmbedded % inch into
1 inch deck plating mounted on typical ship structure. The aircraft hovercd for

30 seccnds over thoe take-off spot, following the normel starting cyecle.

The highest rccorded temperature in the deck plating wos only 12500, and
this was achicved 3 minutes after take-off, Bcyond an 8 £t radius circle, the
deck temperaturcs were not significantly offccted. The temperature ratio
averaged only 0.15 (after 3 minutés). Clecarly, this type of structure is a very
effective heat sink.

Other tcsts8, using a singlc RB108 ecnginc, have yiclded the surfeace tempera-
ture distribution on concrete after a 10 seconds take-off cycle, with the results
shovm in Fig.14B. The cstimatcd locel gas temperature is also shown, together
with an estimated surface tempocrature distribution based on a constant temperaturc
ratio. The veluc of this ratio (0.45) is also indicated on Fig.14A, for compari-
son with the eircraft heating data, It is lower than any value measured on the
aircraft, possibly because the flow is largely parallel to the concrete, whercas
the "hot spots" on the aircraft were more nearly normal to the flow.
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A1l these tests wore done with 1ittle or no wind. The rolling take-off
tosts (Section 6.1) resulted in the temperaturcs on the main undercarriage
reaching 220°C in one place - appreciably hotter than during the static tests.
It eppears that tho axi-symmetrical temperaturc distribution of Fig.13 may
become distortcd downstrcam, due to forward spced, which would incrcase tho
local gas temperature around the main undercoerriage.

6.4 Discussion of thrust and 1ift loss measuremecnts during vertical and
rolling take-offs

These tests were designed for demonstration purposes, rather than for
acourate mossurement of 1ift losses, Further, the instrumentation was not
entircly suitable. The mein problem is uncertainty rogarding actual inteke
temperatures, which probably very with location and time. Thus, & single
temperaturce clement {as wos uscd during the rolling take-offs) could give mis-
leading rcsults. From bench tests, a 10 C intake temperaturc rise, at constant
throttle setting, reduces the total thrust by ncarly 150 1b. However, during
those tosts, the full throttle settings were not preeisely fixed, and, in
addition, normal acceleration was not accuratcely knowvm.

Therefore, the numerical results quoted must be treated with reserve, but,
assuming that the normel acceierations worc not much differcnt from 1g in the
two cases, there is an indication that the 1ift loss during a rolling toke-off
is greater than that during a vertical take-off. Furthermore, there is o
suggestion that losses during a verticel take-off may be greatcr than in a
landing (the measurcd loss for a landing is reported in Ref.2); this may
possibly be duc to the recirculation having had a longer time in which to
establish itself during thoe engine starting proccdure.

Clearly further tests are required, with refined instrumentation for the
measurcment of effoctive intake tomperature, in particular.

6.5 Other experience of opcration from plain surfaces

Normal runway concretc appcars to be entirely adequate for vertical toke~-
off und landing of the S.Ce1s In addition, many landings hove been made on
asphalt and gross surfaces, with no problems when these surfaces are in good
condition. 01d, cracked asphelt or taormac will "peel" off at o spectacular
rate, and loosec material in rceently-filloed trenches, ete can rosult in some-~
thing of a hazard for personnel on the ground, although no damage to the aircraft
has ever becn reported,

The rceireulating flow pattern ncor the ground was dramatically illustrated
on one occasion while hovering over a freshly-mown grass surface. Cut grass
accumulated on the lift enginc intake cover, blocking the intake to the extent
that the aircraft could not maintain height. No damage was done to the engincs,
in spite of the cxcessive jet pipe tompcratures which ocourrcd.

7 MAINTENANCE AND SERVICEABILITY RECORD

7+ Relevance of currcent experionce

The maintensnce and serviceobility cxperience on the S,0. must be viewed
in the light of the fect that it is a prototype eircraft of small size in which
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the engines, and much of the cquipment are at an early stage of development.
Its role as a variable stability rescarch aircraft has rcsulted in some
complications, while accessibility of components and case of maintcnance were
not primery design requirements. The triplex autostabilizer, in particular,
was of o ncw type, with no background of operationecl experience.

On the other hand, like all experimental aircraft, the S.C.1 is always
operated under favourable conditions. Every carc is teken to avoid the risk
of damage. It is flown by highly skilled pilots and scrviced by above-average
engincers.

With these qualifications, a factual account follows of actual operating
experience on the aircraft.

7.2 Engine maintenance

During a typical 12-month period, the aircraft made 200 VIOL flights
averaging 5 minutes hovering flight time cach - though an operational aircraft
would only use its 1ift engines for 1 or 2 minutes per flight. In addition, 20
ground runs of about 7 minutes cach were required for normal maintenance and
inspection checks.

In this period, which includcs two serics of intensive public demonstrations
(Paris and Farnborough), the engincs themselves required no maintcnance whatever,
Some effort was expanded, however, on associated systems (fuel, etc) which
accounts for the above ground running timc.

This maintenance offort is difficult to state fairly, because, initielly,
the ground crew werc not familier with the aircraft. By far the biggest single
Jjob was the replacement of a fuel proportioner unit, buried dcep in the crowded
rear fuselage., It is cstimatcd that the total effort on power plant maintenance
alone was 20~25 man-hours.

It is interesting - and probably valid - to comparc this effort with that
for anothor small expoerimental aircraft, having a single, well developed engine
of the samc total thrust as the S.C.1.

Over the same 12-months period this circraft cccumulated almost exactly the
same flight time as the S.C.1 and the engine maintenance effort expended was 22
man-hours. Two-thirds of this total were cccounted for by jet pipe or re-heat
unit replacement - itcems which do not apply to the SC.1.

From this admittedly very limited comparison it appears that the S.Cel's
multiple 1if't cngincs do not, in themselves, raise any more meintenance problcoms
than a typical single engine of the samc total thrust.

To summarise S.Ce experience, cngine maintcnance amounts to 1 man-hour per
flight hour, and ground running accounts for 10-12% of thc total enginc usage.

7.3 Autostabilizer meintconance and serviceability

7+%4¢1 Routinec inspection

Special-to-typc cquipment is used to comparc input end output signals on
each individual "lane" of thc two channels (pitch and roll). The differcnce is
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ad justed to within the limits accepted by the fault detection network. Then,
with all 3 lanes engaged, a transient disturbance is applied to each complete
gyro unit (by rocking it on its anti-vibration mounting), to confirm that no
faults are indicated. This final check is therefore to a higher standard than
can be achieved on a single~lane system, since not only must the 3 lanes each
function correctly, separately, but they must all be in step during a transient
input also.

Inspection personnel state that they prefer the triplex system, in
principle, to any other in their wide experience. The system is self'-checking,
and if a defect is present, they can generally locete not only the faulty lane,
but also the faulty section of that lane, without removing the equipment from
the aircraf't.

7.3.2 Serviceability and reliagbility

Faults indicated in flight arc of two types. The most common are transient
in nature, arising during rapid manoeuvres and particularly during flat turns*.
Unless the indication persistently reappears after cancellation by the pilot,
they do not call for remedial action and no record has been kept of their
occourrence.

Real faults - those which do persist - have all been of a passive (as
opposed to "runway") nature, and have avcraged one per 50 flights of about
8 minutes each. This lecads to & mean time between faults (not failurcd of 6%
flight hours, but about twice this in terms of total running time.

The distinction between faults and failures is important. No auto-
stabilizer fault that has ever occurred has esndangered the aircraft, or even
affected control or response in any way. Lxcept for the fault indicating
system, the pilot could not have dctected that a fault had occurred. The
principle of the triplex system is considersd to have been fully Jjustified;
equally, a reliablc fault indicating system is cssential.

Fault rcctification and maintenance problems are amplified by the small
sizc and complex internal layout of the aircraft. The maintenance effort is
groatly extended by the necd to remove other units which restrict access to the
autostabilizer componentgs.

744 Goneral causes of unscrviceability

To put the engine and cutostabilizer problem in perspcctive, it is inter-
esting to break down thc total peoriod of unscrviceability into scparate causes.
The following table applics to a continuous 20-month period of operations:-

* In cach chennel, the 3 rate gyros arc mounted with their spin axes at 120° to
gach other, During a flat turn in o non-level attitudc, slight differences in
pitoh/yow and roll/ycow cross-coupling exist between the 3 lancs, which result
in fault indications.
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Percentage of total unserviceability time due to:-

Engines (including routine engine changes) 149
Autostabilizer 19%
Replacement of "time-expired" components 27%
Hydraulics 4 0%
Fuel system 2%
Electrics 4%
toutine inspection and modification 16%
Research installation work n

When the aircraft is serviceable, it averages 12 flights per week and has
mede 7 experimental VIOL sorties in a day on occasions. The overall average,
however, is 2.6 flights per week.

8 CONCLUDING REMARKS

In the course of the research programme for which it was designed, the
S.C1 has also yielded valuable information on some of the problems of operating
end maintaining a jet-1ift VIOL aircraft.

Vertical and rolling take-offs from plain surfaces have confirmed the
existence of a significant loss in effective 1lift force, but have shown that,
purely from the handling and the structural heating aspects, therc necd be no
serious problems. There are, however, indications that the loss in total
vertical 1lift force during take-off may be larger than expected from the results
of hovering tests ncar the ground, and that this loss is not, apparently,
recovered by wing 1ift at forward speeds up to at least 40 knots.

Analysis of these tests has emphasised the difficulty and importance of
measuring actual engine thrust under these conditions. Further tests are
planned, using improved intake and engine instrumentation.

The engineering problem of servicing and maintaining the S,C.1 has been
examined. The engines, on the whole, have given much less trouble than might
be expected from their number, while the triplex autostabilizer, also, has an
important point in its favour from the inspection aspect, in that fault-location
is relatively casy, and the system is self-checking. When the aircraft is
serviceable, quite long periods of intensive operations are possible.

Concerning the main research programme, it is expected that the S.C.1 can
serve as an c¢ffective research vehicle within the limits imposed by its small
size and restricted load-carrying capacity, but that experiments involving
instrument flight and the assessment of guidance cquipment for low-visibility
operations, for which a "safety" pilot is essential, will nced a larger, multi-
seat research aircraft.
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TABLE 1

SeCe1 aircraft -~ principal data

Wing - span

Area

Standard mean chord

Sweepback -~ leading edge

~ trailing edge
Overall length (excluding nose boom)
Pitch and yaw nozzle amm
Roll nozzle arm
Mean height of wing undersurface above ground -~ static
~ oleos extended

Weight of aircraft, less fuel
Max. conventional take-off weight

Total 1ift engine thrust; including control thrust, but
excluding installation losses

Propulsive engine thrust, excluding installation losses
Estimated moments of inertia at 6900 1b:

Pitch

Roll

Yaw

-19 -

23.5 ft
211.5 £t
9.0 ft
53,0
30
25.5 ft
11433 ft
8.76 ft
Leb £t
5.6 ft
6260 1b
8050 1b
8600 1b
2200 1b

5480 slug-£t

1865 "
7000 "



FIG.I. THE SHORT S.C.1. JET-LIFT RESEARCH AIRCRAFT
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FIG.3. SECTIONAL VIEW OF THE AIRCRAFT
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FIG.9. THE PLATFORM FOR VERTICAL TAKE-OFF
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FIG.T1. NEW TAKE-OFF BASE UNDER CONSTRUCTION AT BEDFORD



FIG.12. EXAMPLES OF DAMAGE TO CONCRETE
SURFACE AFTER VERTICAL TAKE-OFFS
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