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| degree Fahrenheit for a ship the size of R 100 or R 101. If landing during
the heat of the day with detached clouds in the sky great care is necessary,
as the lift of the ship changes considerably when the sun is suddenly obscured
by clouds. In this case the gas in the ship rapidly loses super-heat, and as
this super-heat may represent anything up to five tons of lift, it is obvious
that its sudden loss at a critical moment may seriously embarrass the captain
of the ship. For this reason the most convenient times for landing are at
dawn or dusk, or during the night when atmospheric conditions are almost
stable.

When the ship is ““ ballasted up "’ in correct fore and aft trim and slightly
light, course is set towards the mooring tower, and the height coxswain is
instructed to bring her down gradually to 1,000 feet. One mile short of the
tower, which is being approached up wind, word is passed to the duty cox-
swain at the mooring point to ease out the main wire to within 100 feet of
the end. This wire is about goo feet long, and is kept reeled on a winch in
the bow of the ship. It is payed out through the mooring cone attached to the
§l!'ﬁp, which can be seen in the photograph of R 33 securing to the Cardington

ower.

The ship is now slowly approaching the tower, with the main wire
hanging from her nose. If there is little wind two engines are probably
runging slow astern, and only the after engine is being used to give her
headway.

The height coxswain can now bring the ship down to goo feet, and the
steering coxswain keeps her steady on the tower. The speed of the ship is
eased off a little more by slowing down the after engine, and, if necessary,
by running the wing cars astern, until the ship is stationary over the landing
mark which shows the position of the mooring tower wire. The last 100 feet
of the main wire is then let go to give the men on the ground some slack in
case the ship veers off to one side or the other, and they connect the two wires
by a snatch-coupling on the tower wire, signalling that the wires are connected
to the ship and tower head. 3

About half a ton of ballast is now dropped from the bow of the ship to
make her trim slightly down by the stern, and also light enough to rise up on
the end of the single wire. When this wire tautens the captain of the ship
adjusts the trim and equilibrium to his satisfaction, and then signals to the
tower that the ship is all ready to haul down.
on the single wire, no jerk is brought on the ship’s bow as the main winch
is set free to veer, and it can then be braked gradually to bring the ship to
rest, and at the same time the long bight of wire, which weighs about three-
quarters of a ton, helps to bring the ship up gradually.

As the ship is being hauled down on the single wire, she must be kept
head to wind by the steering coxswain, and also about five degrees down Ey
the stern by the height coxswain. If there is a wind, dynamic lift, due to the
angle of trim, is added to the static lift, and ensures that she is not carried
down towards the tower by any gust of wind. '

The yaw guys are paid out from the ship as she is being hauled down,
these wires being about 700 feet long and stowed on winches close to the
main mooring wire winch in the bow of the ship. As soon as they touch the
ground the main winch is stopped, and the yaw guys connected up by snatch-
couplings to the ground yaw guys. These guys are then hauled taut so that
the nose of the ship is at the apex of a pyramid formed by the three wires.

If the ship rises up too fast’

If using thre eseparate winches for hauling in the ship, it is most
important that the yaw guys should be kept taut the whole time, as if the main
wire has the strain and the yaw guys are slack the ship may swing from side
to side, bringing up with a jerk on each yaw guy in turn.

While being hauled in, the captain of the ship is responsible for the trim
and equilibrium, and he can stop the evolution at any moment, if he considers
it necessary, by pre-arranged signals from the control car.

When the ship is within about 50 feet of the tower head, the main winch
is stopped, and the yaw guys, which it will be remembered are 120 degrees
apart, are hauled down until the mark which indicates the distance from the
tower head to the anchorage comes to the yaw guy snatch block. These two
wires prevent the ship moving sideways or over-riding the tower, and as the
stern is still being kept down there is no up and down movement, even in a
gusty wind. When the yaw guys are down to the mark, the main wire can be
hauled in slowly until the ship’s cone engages the cone at the top of the
telescopic arm. As soon as contact is made, the ship’s cone is securely held
by three spring-loaded stops, which engage in a groove cut in the ship’s cone.

The telescopic arm can  now be centralized and locked in the
*“ in ”” position, which ends the evolution of -landing to the tower. The ship
wires are then unrove from the tower winches and reeled up on the bow

. winches, leaving the ship free to move round the tower head with any change

of wind direction.

The ships now under construction will be fitted with a hatchway in the
bow, and a convenient gangway, which will then be lowered down to the rail
round the tower-control platform to allow the passengers and crew to
disembark, their equivalent weight being taken on board by filling up the
water-ballast tanks in the vicinity of the passenger accommodation.

The system of landing just described is known as the three-winch method.
The same result can be obtained by using two winches, or even one. With
two winches the yaw guys are connected to what may be termed a floating
wire triangle on the ground. The two yaw guys are led through the ground
anchorages to snatch blocks at two corners of this triangle, the third corner
is fixed to an anchorage directly to leeward of the tower. The wire round
this triangle is connected to one winch, with the result that both yaw guys are
hauled in simultaneously. If the ship swings from one side to the other the
whole triangle moves over the ground, which prevents any jerk on the bow
structure and, at the same time, the ground friction tends to stop the swing.
This movement becomes less and less as the triangle grows smaller until
when the yaw guys are down to their marks, all the triangle blocks are
together, so that any side movement is impossible. A modification to this
system has been worked out, whereby all three wires are interconnected, and
all worked by one winch. With the ship some distance from the tower head,
the apex of the wire pyramid can move freely in any direction, all wires
remaining taut; but, as the ship approaches the tower, the system tautens
gradually, until the yaw guys are down to their marks, when they are held by
a limit wire. The winch then hauls direct on the main wire, and the ship’s
cone is brought into the tower cone.

Both these systems have obvious advantages over the three-winch system,
as they eliminate any possibility of putting sudden strains on the bow structure,
and with the single-winch method the ship is moored almost automatically by
the single winch once the yaw guys are connected.

When moored at the tower, watchkeepers are always on board to keep the
ship in correct trim by taking on board or releasing ballast. On a calm day
this is a constant anxiety due to the rapid change in lift, so to assist the
watchkeepers ballast weights are slung in the ship at three or four points.
Each of these weights can be varied to weigh between a half and one ton, and
with the ship horizontal two of them are on the ground and two just clear.
Any small change of lift is, therefore, taken by these weights, and ample
warning is given to the watchkeepers that a change of lift is taking place.

In bad weather one. complete watch is always on board, and a second
watch remains in the vicinity of the tower in case it should be considered
necessary to slip. This should only be necessary under rare circumstances,
and a good indication that conditions are becoming dangerous can be obtained
from the electrical strain gauges fitted in the bow structure. These strain
gauges will register in the control car, in a position which will be under the
eye of the officer of the watch, the actual stress imposed on the bow structure.

Slipping from the tower is a very simple operation, and it can be done in
an wing. As soon as the crew are on board and the engines warmed up, the
ballast weights are slipped from the ground. The ship is then trimmed down
by the stern and about half a ton light as shown by the gauge fitted to ship’s
cone attachment. While this is being done the tower crew secure the ship by a
pendant from the ship’s cone down to the telescopic arm to a slip in the tower
turret. This pendant is then hauled'taut, and the spring-loaded stops in the
tower cone, which hold the ship, are screwed back. At a given signal from
the ship the slip is released and the ship rises away from the tower, her engines
being started up when she is clear.

%rom this short description of landing at a mooring tower it will be seen
how comparatively simple the evolution is compared with landing on the
ground, and it is on this ‘simplicity that the future .of airships depends.
There is every reason to hope that the new towers now erected will come u
to expectations; and the trials of the new ships next year will be watched witg
intense interest by all those who have seriously considered the problems of
imperial air communications.

AN AWARD FOR:GALLANTRY ‘AT :DIGBY.

H.M. Tre King has approved the award of the. Medal of the Military Division
of the Order of the British (Empire to 363339 -L:A.C. W. Arnold, for
conspicuous gallantry displayed at Digby Aerodrome on June 20th, 1928.
Arnold was a passenger with F./Lieut. J. Marsden in a machine which

was wrecked on landing and immediately caught fire. Arnold extricated
himself from the burning wreckage, and, although fully aware of'the grave
risk he was taking, re-entered the flames and succeeded in dragging the pilot,
who was unconscious and very seriously injured, to :a position of ‘safety.
Arnold suffered burns to  his :face, neck, .and hands, and his prompt and
courageous action undoubtedly saved the pilot’s life, since the burning petrol
§pread_b1iapidly and rendered any subsequent approach to the wreckage
impossible.

2 We send congratulations to L.A.C. Arnold andto F./Lieut. Marsden. It
is good news that they are both restored to health.
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THE AUTOGYRO.
By Frigur-Lieur. C. E. W. LocKYER.

A coMPLETE account of the properties of the autogyro would be likely to prove
dull reading, since it would involve the introduction of a good deal of
mathematics. Consequently, it is my intention in this article to confine the
subject-matter to simple explanations of the salient points in which this type
of aircraft differs from the aeroplane.

Before launching this attempt, it is of interest to recall the genesis of
this remarkable departure from conventional methods of heavier-than-air
locomotion. It was not the outcome of a mere desire for novelty, but of
the bitter personal experiences of the inventor, Senor Juan de la Cierva, in his
early essays with aeroplanes. ‘‘ The possibilities of losing flying speed and
the uncertainties of landing,”” wrote Cierva, *‘ are the only faults with which
we can reproach the aeroplane.” It was with the specific idea of attempting
to remove these disabilities-of the aeroplane, *“ to find a flying machine with
stability entirely independent of its speed,”” that he began his experiments on
the windmill type which has developed into the autogyro of to-day. Whatever
other limitations may exist, or be inherent in the design, the inventor has
certainly achieved his aim in so far as it is set out above.

Whether the gyrations of a descending sycamore seed or some other
such simple phenomenon played the inspiring part of Newton’s apple, is not
known. The essence of the idea, however, has been simply stated, as follows:
““ If we wish to reduce the lowest speed of an aeroplane,” that is, mitigate
the inconveniences to which Cierva refers, ‘‘ we increase its area or use some
device for increasing the stalling angle; slot, or flap or change of section:
generally the area is increased. Cierva, instead of adding area, adds speed
by virtue of the rotation of his comparatively small sustaining surfaces ’’;
thereby making it possible for the translation of the aircraft as a whole to be
slow. It transpires, and this is the gift of the gods in this particular device,
that the hinged rotary sustaining elements operate roughly at constant mean
lift co-efficient and speed. The result is that stalling, in the sense of the
breakdown of flow, has been eliminated.

Once committed to the windmill species, Cierva encountered the first and
obvious difficulty, the asymmetry of forces arising from the blades moving
in the same sense as the general motion of the aircraft, on the one side, and,
on the other, in a sense opposite to the general motion. His first attempt
at a solution-was to employ two rotor systems, one above the other, turning
_in opposite senses. Unfortunately, it was found that the lower one, owing
to interference between the two, revolved at only two-thirds of the speed of
the top one, and the difficulty could not be overcome in this way. It was at
this stage of his researches that the most notable conception occurred to him,
that of employing a single windmill, and articulating the blades at their roots.
The idea underlying this modification was that the greater relative air speed
of elements of the advancing blades might be compensated by a smaller
relative incidence. For, where the thrust moment would be large in the case
of an advancing blade rigidly attached to a central spindle, a hinged blade
rises and so causes a reduction of its effective angle of incidence and of its
thrust. Thus, in the case of hinged blades rotating clockwise as viewed

)

. are practically on the axis of the shaft.

by the pilot from below, the starboard blades will be rising and the port
blades falling. :

Articulation of the blades swept away most of the mechanical difficulties :
since, with articulated blades, the total reaction on each blade, that is the
resultant of all air and inertia forces, must pass through the hinge pin.
Gyroscopic couples which would be of the severest nature in a rigid system,
cannot be transmitted through the flexible attachments of the blades, as these
Therefore, we have a resultant force
here as distinct from the precessional couple associated with gyroscopic
motion

While we deal with the mechanical aspect of the rotor, reference should
be made to two other mechanical features of its design.

To avoid torsional stresses in the blades themselves, through travel of
centre of pressure, and to allow of the use of a single spar, a symmetrical

Fic. 1.

Direction
of Lift.

section, usually Gottingen 429, has been employed. Again, the blades have
a section, concave downwards in the axial plane, designed so that the resultant
force at each point is along the blade; thus the single longeron of steel tube
is %Lactlcally in pure tension, allowing of the most advantageous use of material
in the spar.

Next, we may consider some of the aerodynamic features. There is
nothing mysterious about the aerodynamics of the autogyro, though there
are certainly curious phenomena, such as the practically constant rate of rota-
tion at all forward speeds once a certain rate of rotation has been exceeded ;
and such loose expressions as that the autogyro stalls at high speed in
contradistinction to an aeroplane, which stalls at low, do not involve any new
ideas of fluid flow. The expression merely means that with increasing speeds
the retreating blades will become less and less efficient, for parts of them
will then be moving backwards relatively to the air; that is, the trailing,
instead of the leading, edge of the blade is meeting the relative air current,
and the aerodynamic conditions are obviously very inefficient. Thus the loose
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expression does not imply any sudden loss of lift due to a breakdown of the
air flow as in the aeroplane at its stalling angle.

A good. deal has been wrltten “ why the autogyro rotates in the sense
in which it actually does ’’; for it is in the opposite sense to that in which
it would if dropped from rest with the shaft vertical. In fact, Don Juan’s
windmill rotates in the opposite sense to those at which his famous country-
man, Don Quixote, tilted. Now, it is fairly obvious that, if the windmill
is at rest and is subjected to an air Ccurrent perpendicular to the shaft, the port
blades of the rotor shown in Fig. 1 would, since their trailing edges are
presented to the air stream, have a higher drag than the starboard, and
rotation would start in the sense shown. This corresponds with the condition
of level flight. It is not easy to give a simple explanation why this sense
of rotation is stable for conditions of flight intermediate to level flight and
vertical descent, and recourse must be had to analysis of the direction of the

Fic. II.

resultant force on the blade elements; which analysis, incidentally, shows why
the pitch angle of the blades must be small. In autogyros this angle is
about 2 degrees.

In referring earlier to some of the mechanical features, mention was made
of the flapping of the blades in flight, and of the downward concavity of the
blades, akin to the droop of the leaves of a palm (Fig. 1). These two features
deserve further examination, aerodynamically.

Since the hinged blades cannot transmit any moment about their hinges,
there must be a general upward inclination of the blades, the magnitude of
this depending on the curvature, weight, and moment of inertia of the blades.
In fact, the upward inclination is necessary to obtain a balance about the
hinge of a blade of the moments due to the thrust, the weight, and the
centrifugal force (Fig. 2), for much the same reasons as an aeroplane has its
inner wing lower than the outer on a turn. This angle is independent of the
angle of incidence of the windmill, and is approximately 6 degrees. As I
mentioned earlier, however, the blades have not a uniform coning angle
throughout a rotation, but, in the case discussed, the starboard blades rise
as they advance and the port blades will, of course, fall. This motion is

equivalent to a tilt of the plane of rotation backwards, the lowest point being
downwind. In addition to this, which is a velocity effect, there is a dihedral
effect owing to the general upward inclination, by virtue of which the thrust
tends to be high in front and low at the back. By the same argument as
before, the blades will rise in front and fall at the back, thus the plane of
rotation will be tilted laterally as well as fore and aft. The new plane of
rotation will have its lowest point somewhere in the first quadrant measured
from the downwind position.

The fore-and-aft tilt produces no asymmetry in the direction of flight;
the sideways tilt does, and requires compensation. Since the lateral tilt
depends on dihedral eﬁect it can be modified by adjusting the downward
curvature of the blades, as ‘the outer parts of the blades will thus be inclined
at a smaller angle to the plane normal to the shaft of the windmill.” The
asymmetry of forces due to this dihedral can by this means be reduced to
small proportions; and, to allow for the remaining side force, the shaft of
the windmill is tilted laterally to suit some mean angle of incidence, the base
being to starboard for the sense of rotation considered here.

In conclusion, reference should be made to the performance of the
autogyro compared with that of an aeroplane of the same weight and horse-
power. Certainly, up to the present, the former has not shown up favourably
as regards speed and climb. Whether this will always be so is still a subject
of controversy, and it should be borne in' mind that the autogyro is still in
its infancy. One of the arguments put forward to demonstrate why the
autogyro can never be as efficient as an aeroplane of the same weight and
horse-power is that, in going from “ A ™ to “ B,” the sustaining surfaces
of the former trace out a spiral path, whereas those of the latter travel in
a direct straight line. But the argument is not so simple as that. An
aeroplane flying at top speed carries more area than it needs, because it requires
that area to fly at low speeds. In an autogyro, the area is much less, the
extra speed of the lifting surfaces, by virtue of their rotation, compensating
for this at low speeds. The body, in each case, travels at the normal speed, -
and the increased work is in respect only of a small fraction of the total.
Moreover, the better aspect ratio of the autogyro supporting surfaces has to
be taken into account. So that it may still be premature to give a verdict,
and, in view of the ability of the autogyro to land more slowly, pull up more
qulckly after landing, and to remain stable at large angles of incidence, it
seems well worth while to investigate the pOSSIbllltleS of improving its speed,
climb and take-off.
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LORD TRENCHARD OF WOLFETON.

SoME have already written, and many will write later of the constant and
eminent services in many directions, which have been rendered in peace and
war to the Royal Air Force by our departing Chief of the Air Staff, of whom
we publish a photograph in this JourNAL. Some will recall that he was flying
in 1912; some that he was the General Officer Commanding’ the Royal Flying
Corps; some will recall the difficult days when he resigned his command and
another charge—that of the Independent Air Force—had to be found for him.

At the Royal Air Force College we shall remember him not least as the
founder of the College in February, 1920, and we think it not inappropriate

to recall the words he wrote in the first issue of the College Journal about
eight months-later: —

I hope this magazine will live and prosper, and be a great help in
forming and guiding the destinies of this College.

It was decided to form this Cadet College because it was realized from
the first that such a College was the essential foundation of a separate Air
Service. This College, in conjunction with the School of Technical Training
for Boys at Halton, will have the making or marring of the future of this
great Service, which was built up during the war by all the gallant Pilots and
Observers and other ranks who fought through it, and won a name in the air
second to none in the world. It always held, and finally conquered completely,
the German Air Service. If it is to continue its great work, which I am
convinced we all intend that it shall do, we all realize that it has to live up to
its war reputation, and we must ensure by every means in our power that
it does so.

““ We have to learn by experience how to organize and administer a great
Service both in peace and war, and you, who are at present at the College in
its first year, will, in future, be at the helm. Therefore you will have to work
your hardest, both as cadets at the College and subsequently as officers, in
order to be capable of guiding this great Service through its early days, and
maintaining its traditions and efficiency in the years to come.

- ““ H. TRENCHARD.”’

It is our duty to see that these words about the College and the JourNAL
are fulfilled to-day in a manner worthy of a man who, already in the first place,
has deserved well of his country, and to whom this country can look confidently
for fresh victories in peace or war for many years to come.

By eourtesy of ‘' The Aeroplane "'

MARSHAL OF THE ROYAL AIR FORCE, LORD TRENCHARD
G.C.B., D.S.0,, D.C.L., LL.D.
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