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NOTICE

In compliance with the recommendations of the National Advisory Committee for Aeronautics,
all data in D’Orcy’s Airship Manual are expressed in the metric system. For the convenience of readers
unfamiliar with the metric system the approximate equivalents of the metric units employed are
herewith given in English units:

I meter (m.) = 3% feet.

1 kilometer (km.) = $ statute mile.

I cubic meter (cbm. or me.) = 35} cubic feet.
+ 1 kilogram (kg.) = 2} pounds.

I metric ton= 2,200 pounds.



The present volume is the result of a methodicai
investigation extending over a period of four years
in the course of which many hundreds of English,
French, Italian, German and Spanish publications
and periodicals dealing with the present status as
well as with the early history of airships have care-
fully been consulted and digested. It has thus
become possible to gather under the cover of a
handy reference-book a large amount of hitherto
widely scattered information which, having mostly
been published in foreign languages, was not im-
mediately available to the English speaking public.

The information thus gathered is herewith pre-
sented in two parts; one being a compendium of
the elementary principles underlying the construc-
tion and operation of airships, the other constitut-
ing an exhaustive, but tersely worded register of
the world’s airshipping which furnishes, whenever

INTRODUCTION

available, complete data for every airship of 500
cubic meters and over, that has been laid down
since 1834. ~Smaller airships are listed only if they
embody unusual features.

It has been attempted to furnish here the most
up-to-date information regarding the gigantic fleet
of airships built by Germany since the beginning
of the Great War, a feature which may, in a certain
measure, repay the reader for the utter lack of data
on the Allies’ recent airship constructions, which
had to be withheld for military reasons. A revised
and enlarged edition of D'Orcy’s Airship Manual,
in which all the airships built during the Great
War will be listed and their features duly discussed,
will be issued upon the termination of the war.

LX)

Ladislas d'Orcy,
New York City (U. S. A))



ELEMENTARY MECHANICS OF THE AIRSHIP

Definition and Classification.—The airship be-
longs, with its immediate forerunner, the free bal-
loon, to the family of static aircraft.

Static aircraft derive their sustentation from a
hull which is filled with a gas lighter than air; free
balloons and airships consequently float in the
atmosphere, like ships float on the sea, by virtue
of buoyancy.

The airship’s sustentation is, unlike that of the
aeroplane, independent of forward motion, in other
words, the airship can stay aloft without expending
engine power, in which case it drifts with the pre-
vailing wind like a free balloon.

The airship is the outcome of a century-long
endeavor to endow the free balloon with inde-
pendent velocity whereby it would be able to
navigate the atmosphere regardless of winds in
any direction desired; hence the now little used
terms of ‘‘navigable” and ‘dirigible balloon”
under which the airship first became known.

The very nature of the airship’s sustentation,
which permits to assimilate the airship to the
ship of the sea, sufficiently justifies the retention
of the term ‘“‘airship” and the condemnation of
the term ‘‘dirigible,” the customary abbreviation
of “dirigible balloon,” which may reasonably be
applied to the aeroplane too, since it fails to specify
the type of aircraft it is supposed to describe.

The hitherto customary division of airships into
the rigid, semi-rigid, and non-rigid types, which
was based on primitive and now obsolescent con-
ceptions, has been found totally inadequate to ex-
press the features of novel sub-types which have
more recently been produced; it has therefore been
deemed advisable to adopt- a new nomenclature,
based on the constructional features of the hull
which alone permit fundamental differentiation.

Whereas every airship hull presents to the rela-
tive wind an essentially rigid body, it follows that
the term ‘“rigid” cannot logically be applied to



one particular airship type, the same argument’
barring also the terms * semi-rigid”’ and * non-
rigid.”” Consequently all airships in which the
shape of the hull is rendered permanent by means
of a rigid structure, the hull frame, are here termed
structure airships, whereas all those in which the
shape of the hull is maintained through internal
pressure are here listed as pressure airships.
Structure Airships.—The fundamental principles
of the structure airship were first laid down in a.
patent taken out in 1873 by the Alsatian engineer
Joseph Spiess. Twenty years later David Schwarz
of Zagreb (Croatia) built at Petrograd a structure
airship which was the earliest representative of
its kind, but it.was a failure. Shortly afterwards
Count Ferdinand von Zeppelin, a German cavalry
general, emulated Schwarz, whose patents he had
purchased, and eventually succeeded in developing
by gradual improvement of design the highly effi-
cient modern structure airship. Structure airships
are characterized by a rigid hull frame generally
built up of longitudinal girders which are connected
at intervals by polygonal ties; the resulting frame-
work is covered with a waterproof, but non-gas-
tight, fabric skin. On Zeppelin airships every sec-
ond tie is braced athwartships by a radial wire truss
resembling the spokes of a bicycle wheel, through

the hub of which a steel hawser runs from stem to
stern. Both the hawser and the radial truss wires
are fitted with turnbuckles whereby the whole frame-
work may be tightened up when required. The
radial, or tie, trusses form the compartments in

‘which from 18 to 24 individual gas-cells are housed;

the cells are drum-shaped and are fitted with an
inflation appendix and a relief-valve. Owing to
the constancy of displacement realized by the hull
frame, no deformation will occur through a con-
traction of the hydrogen, whereas an expansion
of the gas will be promptly relieved by the auto-
matic and manually operated valves; but as the
latter process may create an explosive mixture
between the gas-cells and the outer cover, it is
necessary to keep this space constantly ventilated
by forced draught, the escaping hydrogen being
expelled through shafts leading to the roof. These
shafts are fitted with automatic valves which can
also be manually controlled.

As a further measure of precaution recent Zeppe-
lin airships have the lower half of the outer skin
treated with a gas-proof varnish to prevent its pene-
tration by the heavy and impure gas collecting in
the bottom of the gas-cells, which on coming in
contact with the engine exhaust might set the
vessel on fire.



The portions of the hull which are in the immedi-
ate neighborhood of the propellers are protected
against possible injury from this source by a plating
of veneer.

It has been reported that on the latest Zeppelin
airships the gas-cells are connected with a storage
tank whither the expanding hydrogen escapes
under rising pressure through automatic valves
and whence it can be pumped back into the gas-
cells when the hydrogen contracts. Whatever
truth there be in this so far unverified statement,
it is obvious that such a storage tank would greatly
obviate the structure airships’ great drawback of
losing gas and consequently lift in the process of
regulating variations of gas-pressure. A similar
arrangement incidentally existed on the first
Schatte-Lanz airship, where the excess of gas gen-
erated by rising pressure was forced by means of a
centrifugal pump into two gas-cells which remained
empty at sea-level pressure. This system enabled
the airship to reach an altitude of 2,000 meters
without any loss of gas.

The Hull Frame.—The material employed in the
construction of hull frames is either a zinc aluminum
alloy or wood. The former is used in Zeppelin air-
ships in the shape of triangular lattice girders,
whereas in the Schitte-Lanz airships laminated

wood girders are employed. The wooden girders
of the Spiess airship were of tubular form, built
in halves and glued together.

The longitudinals and polygonals of Zeppelin air-
ships are built up of punch-pressed corner-rails and
X-pieces; they are riveted together so as to form
triangular girders. The only authoritative state-
ment regarding the strength and weight of these
girders is one by Count Zeppelin to the effect
-that on his first airship “the aluminum which
served as the material of construction had a specific
weight of 2.7 kg. and a tensile strength of 33 kg.
per square meter of surface. The frames proper
(longitudinals) were built of angle and T-bars and
the bracing girders (polygonals) of angle bars. The
weight of these frames, as applied to the construc-
tion, was ‘0.9 and 1.8 kg. per meter length, this
being equivalent to 0.516 kg. per cubic meter of
volume.” On the Zeppelin airship Sachsen, built
in 1913, the adoption of an aluminum alloy of
greater tensile strength and the use of triangular
girders resulted in a considerable increase in
strength, while the weight per meter of length
was reduced by o.13 kg.

.On the first Schiitte-Lanz airship the hull frame
consisted of a closely meshed lattice-work of lami-
nated wood girders, spirally wound and diagonally
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DIAGRAM OF AN 18,000 CBM. ZEPPELIN AIRSHIP, THE SCHWABEN (STRUCTURE TYPE).

1-17 gas cells; a;—a, propeller stays; b transmission shaft; d forward car; d; after car; d; cabin car; hy, hs elevators; ky, ko, ks radiators,
{ gangway; m propeller outrigger; n,—n, propellers; 0,—0; horizontal planes; o; vertical plane; p rudder.



crossed, which were kept under tension by cir-
cular ties and an elaborate steel wire trussing.
This framework possessed a certain amount of
springiness which constituted a valuable asset in
the case of a rough landing; unfortunately the
time and cost of production of this hull proved to
be so great that it had to be abandoned on later
ships for the Zeppelin type of construction, though
the material remained the same.

Hull Shapes.—One of the most important items
of hull design is that of the shape, for this deter-
mines the amount of air resistance that must be
overcome, the most favorable shape being obvi-
ously the one which affords the greatest power
economy and develops the least stresses while the
airship is under way. The first requirement is
primarily one of general efficiency, since the saving
of one horse-power reduces, on the average, the
dead and live loads (weight of engine, fuel, oil, and
cooling water) by 3 kg. per hour of operation.
The saving thus effected may advantageously be
turned into an increase of fuel, ballast, etc., and is
therefore of considerable interest to the airship-
builder.

The stresses developed by an airship hull in its
progress through the air are of two kinds: compres-
sion on the bow through impact resistance, and

tension on the sides and on the stern through fric-
tional resistance and suction, respectively. On
structure airships these stresses are, on account of
the rigid hull frame, only of relative importance,
namely, in so far as they are accompanied by para-
site resistance which decreases the power efficiency
and by a certain wear of the outer cover. Their
value is, nevertheless, considerable enough, for the
impact resistance of an airship travelling at a speed
of go kilometers per hour represents a pressure of
75 kg. per square meter of projected area, that is
the area of the cross-section at the master-diameter.

On pressure airships, where the hull retains its
shape exclusively through internal pressure, the
question of using a hull of “‘streamline’” shape—that
is, of easy penetration—is, on the contrary, one of
primary importance. According to M. Eiffel, the
air resistance which a pressure airship develops in
her progress through the air causes a deformation in
the hull whereby its volume may increase by as
much as 10 per cent. of its displacement. Since to
the strain caused by this deformation, which tends
to weaken the envelope, must be added those cre-
ated by the excess of internal pressure as well as
by the considerable bending moment existing in
all pressure airships (except in those of the tension
truss type), it follows that the design of pressure



730,00

Al
X7
&
i
i

DIAGRAM OF A 19,000 CBM. SCHUTTE-LANZ AIRSHIP, THE S. L. I. (STRUCTURE TYPE).

G; forward car; G after car; P,, P; propellers; H; forward elevator; H; after elevator; Sti, Sts stabilizer planes; S, S rudders.

Courtesy of The Aeroplane.

SPECIMEN OF A ZEPPELIN LATTICE-GIRDER.
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airship hulls should closely follow the best results
arrived at through laboratory research work.
Aerodynamic Notes on Hulls.—A certain diverg-
ence of views exists regarding the best streamline
shape for airship hulls. In principle the most effi-
cient shape appears to be one elliptical, six diam-
eters long, with the master-diameter at about
from 30 to 40 per cent. of the length aft of the nose,
the bow being somewhat blunter than the stern.
This shape is the one proposed by the British and
French laboratories; the German laboratory sug-
gests a similar shape except for the stern, which
should taper off to a sharp point. The principle of
the dissymmetrical shape of hull was first laid down
by the Frenchman Jullien, who built in 1850 an
airship model of such shape; it was later taken up
and further developed by Captain Renard of the
French Army Engineers, who built the celebrated
airship La France. Nowadays this shape is used
on all but the Zeppelin airships, where the prevalent
reason for building the hull straight-sided for three-
quarters of its length seems to be facility of con-
struction. Standardization of parts used in the
construction of the hull frame thus becomes per-
fectly feasible for Zeppelin airships, a feature well
nigh impossible to achieve were all the longitudinals
of different curvature and all polygonals of different

diameter, as would be the case in a true streamline
shape of hull.

Besides reducing the air resistance to be over-
come the dissymmetrical, fish-shaped hull has the
property of endowing the airship with a certain
amount of “weathercock stability’” which means
that the vessel will tend to always turn into the
wind, unless otherwise directed. This feature is
very important, because a solid of revolution which
progresses in the direction of its longitudinal axis
is in a state of indifferent equilibrium, that is to
say, the slightest inclination of the axis suffices to
produce a turning couple which may cause the air-
ship to assume a vertical posmon relative to the
ground.

Nevertheless, the fish-shaped hull even when
combined with fin surfaces abaft, can check longi-
tudinal instability only up to a certain speed, called
the critical speed, which varies according to the
radius of curvature of the hull and the angle of
inclination to the horizontal.

Pressure Airships.—The principal feature which
distinguishes pressure airships from structure air-
ships is that in the former the hull retains its shape
through the agency of internal pressure, which must
exceed the atmospheric pressure and not by means
of a hull frame.



The theory of the pressure airship was first
enunciated in a memorandum which General
Meusnier submitted in 1784 to the French Academy
of Sciences and in which he incorporated a very
comprehensive design of a pressure airship. “The
Meusnier design was indeed a creation of fundamen-
tal importance which, for want of engine power, had
to wait upwards of a century before it could be
practically employed.” (Zahm.)

The first pressure airship that navigated—under
limited control—the air was built in 1852 by Henri
Giffard, the inventor of the steam-injector. This
steam propelled airship was followed in 1884 by
Captain Renard’s electrically driven La France
which was the first airship to make a return voyage
against a moderate wind. The advent of the in-
ternal combustion engine completed the pressure
airship’s conquest of the aerial ocean in 1902 when
Henri Juillot produced the gasoline driven Lebaudy.

The Ballonnet.—Excess of pressure is generated
on most pressure airships by means of one or more
"balonnets, or bladders, which are located in the bot-
tom of the hull and can be inflated with air through
a fan-blower. A contraction of the gas and the
resulting loss of volume and deformation of the
hull are thus compensated for by an expansion of the
ballonnet; on the contrary, an expansion of the gas

beyond a certain limit (generally 30 mm. of water)
will open the ballonnet valves and relieve the pres-
sure without loss of gas, through the only escape
of air. Should, however, the pressure still rise in
spite of the open ballonnet valves the pressure with-
in the hull will be relieved by the automatic gas
valves which are generally timed to open at 3540
mm. of water.

Both gas and air valves are of the spring-loaded
type. Some airships are provided with gas valves
both on the top and on the bottom of the hull in
which case the upper ones act as safety valves while
the lower ones serve as manceuvre valves. This
system permits to expel the heavy, impure gas col-
lecting in the bottom of the hull, thus saving the
pure gas for further service.

Since the very existence of a pressure airship is
dependent upon ability to maintain the shape of
the hull regardless of variations of atmospheric
pressure and temperature, it follows that both the
ballonnet and the relief-valves must have a sufficient
capacity effectively to compensate sudden changes
of buoyancy. For this reason it is also customary
to employ on modern airships an auxiliary engine
for actuating the ballonnet-blower, thus making the
latter independent of a possible breakdown of the
main power plant.
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The ballonnet was invented in 1872 by the French
naval architect Dupuy de Léme, although its in-
vention is generally accredited to General Meusnier.
The latter proposed on the contrary to maintain
the tautness of the hull by means of a double skin,
the internal acting as a gas-container while the
external skin would be 'nothing but a protective
cover. The continuous air space between the two
skins would not only allow its being inflated at the
excess of pressure required, but would also give the
gas-container an efficient insulation against varia-
tions of temperature.

This over-a-century-old idea has lately been em-
bodied with marked success in the Forlanini type
of airships. There the gas container is suitably
trussed to the outer cover so that both will maintain
their correct relative position. Excess of pressure
within the air space is generated in two ways. When
the airship is under way an intake valve fitted to
the nose of the hull admits and distributes the on-
rushing air to the air space whence it escapes
through a relief valve mounted on the stern, the
amount of internal pressure being regulated by the
greater or lesser aperture of the relief valve. Thanks
to this arrangement the air circulates all the time
around the gas-container and effectively prevents
the leaking hydrogen from creating an explosive

v

mixture. When the engines are stopped excess of
pressure is generated in the usual way, that is, by
means of a fan-blower.

Rubberized Fabric.—The considerable stresses to
which the hull of pressure airships is subjected-have
brought about the adoption of rubberized fabric of

high tensile strength. On Parseval airships of over

8,000 cubic meter volume the fabric is tested to
withstand a pressure of 2 metric tons per square
meter of surface. For this purpose diagonal doubling
is resorted to, which consists in building up the
fabric of two or three layers, the threads of which
diagonally oppose each other.

To counteract the destructive influence of sun-
light on rubberized fabric the latter is generally
treated on the outside with chrome yellow or
aluminum paint. Hence the yellow or silvery color
of most airship hulls.

Airships whose outer cover is made of rubberized
fabric are subject to danger of fire from self-electri-
fication because this material quickly becomes elec-
trified in dry air. ‘ When rolled up or creased in any
way it rustles and gives out electric sparks, the latter
being clearly visible in the dark.” (Moedebeck.)

This danger is particularly characteristic of pres-
sure airships where insufficient tautness of the rub-
berized envelope and gas leakage may combine to

11
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cause disastrous results. On structure airships

this danger is greatly lessened by the use of non-.

rubberized fabric in the outer cover.

To prevent self-electrification airship fabrics
built up of several layers of diagonally doubled and
specially gummed and varnished silk have more
recently been used to good effect.

“Gas Tightness” of Fabrics.—Therubberized fab-
ric used in airship hulls is theoretically gas-tight; in
practice, however, as hydrogen absorbs the air and
diffuses through osmosis, allowance must be made
for a daily leakage of from one half to one per cent.
of the volume. The only really gas-tight material
is gold-beater’s skin, which is used in the gas-cells
of Zeppelin airships; unfortunately this material has
a low tensile strength and is, furthermore, not as
impervious against water as it is against gas so
that it cannot be employed to advantage in the con-
struction of pressure hulls. On structure airships,
where there is an outer cover to protect the gas-
cells against the weather, the use of gold-beater’s
skin is, on the contrary, very satisfactory, although
its cost is very high.

The Ripping Panel.—All pressure airships are
provided with a ripping panel whereby the hull can
almost instantly be deflated, should the wind prove
too strong to permit mooring in the open.

The ripping panel, of which there may be sevcral
on a large airship, consists of a strip of rubberized
fabric which is applied over a vertical seam in the
hull. It is operated by a ripping cord which its

“bright red color easily distinguishes from the rest

82

of the operating cords.

The system of construction of structure airships
obviously prohibits the use of a ripping panel.

The Understructure of Pressure Airships.—The
understructure of an airship is the part situated
underneath the hull proper, which affords accommo-
dation for the machinery (engines, transmission,
propellers, fuel, oil, and water-tanks, dynamo,
ballonet-blower, etc.) and the crew.

The machinery and crew are housed on most
pressure airships in one ‘or more cars which are
suspended from the hull by means of rigging guys,
whereas on most structure airships the cars are
rigidly connected with the hull frame. -

According to their system of suspension, pressure
airships may be divided into the following sub-
types:

(1) The girderless type, in which the load, rep-
resented by a short car, is directly distributed over
the hull by means of steel cables ending at the top
in crow’s feet of flax rope, which are toggled to a
rigging band of canvas, sewn upon the bottom of the



hull.
by canvas belts passing around the hull.
was originated by Major von Parseval.
~ (2) The car-girder type, originated by the late
Colonel Renard, in which the load is distributed
over the hull by means of a trellis girder, extending
up to two thirds the length of the hull, which is sus-
pended by a rigging similar to the one above de-
scribed, although the rigging band may be omitted.
_ Only part of the girder is fitted as a car proper in
this case, the great length of the girder serving
primarily to reduce the bending moment.
.ent application of this principle consists in fitting a
" short car with fore-and-aft outriggers, which serve
the same purpose as a trellis girder, with a consid-
erable saving of weight, however.

(3) The keel-girder type, in which the load, rep-
resented by a short car, is distributed over the hull
by means of a girder, attached to the bottom of the
hull, from which the car is suspended. There
exist many divergent applications of the keel-
girder principle. o

On the original keel-girder airship, the Lebaudy,
designed by the eminent French aeronautic expert,
M. Henri Juillot, the girder consisted of an oval
platform of steel tubing which was built into the
underside of the hull and held in place by internal

The rigging band may further be strengthened
This type

A diverg-

crow’s feet. On a later ship, the Morning Post,
the girder was long and narrow, built in two pieces,
hinged and suspended a short distance from the
hull. The Gross-Basenach airships (Prussian Army
Airship Works) are built on the same principle.

The considerable head-resistance such a sus-
pension generates led Italian airship-builders to
seek and find a different solution of the problem.
In the Italian Army airships, designed by Captains
Crocco and Ricaldoni, the so-called ‘‘girder’ is
nothing but a Gall’s chain of considerable propor-
tions, which is inserted between two layers of fabric
on the bottom of the hull. Thanks to its being
articulated, this girder closely follows the hull's
curvature, allowing for longitudinal, but not for
lateral, play. It realizes a method of suspension
which gives for the same amount of air resistance
a better distribution of load than the girderless
type of airship, which it outwardly resembles.

On all the foregoing keel-girder airships the car
is suspended a considerable distance below the hull
by a rigging of steel cables.

The minimum of air resistance not only for the
keel-girder type, but for any pressure airship as well,
is attained on the Forlanini airships. There the
cable rigging is entirely done away with, for the car

is closely adherent to the hull. The keel-girder, to

13
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DIAGRAM OF THE 7,000 CBM. LEBAUDY AIRSHIP CAPITAINE-MARCIIAL (KEEL-GIRDER, PRESSURE TYPE).

H gas container; B ballonnet; C girder; M car; P air discharge pipe; Ho elevator; T fuel tank; F landing pyramid; S rudder; Gl;-3
stabilizer planes; e ballonnet partitions. N
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which the car is rigidly connected, consists of a
triangular lattice-work of steel tubing which follows
the curvature of the hull’s underside from stem to
stern. The front end serves to stiffen the nose and
holds the air intake valve in place; the rear end car-
ries the steering group. This girder, which is en-
tirely rigid, is inserted into a longitudinal slot pro-
vided in the hull and is supported by a crow’s feet
rigging from a suspension band which is situated in
the centre-line of the hull. -

(4) The tension-truss type, created by the Span-
ish engineer Leonardo Torres-Quevedo, in which
the load is distributed over a hull of trefoil section
by means of a flexible truss contained within and a
cable rigging attached thereto.

The tension truss consists of three cables, run-
ning from. bow to stern, which are carried in fabric
pockets sewn to the hull at the intersection lines
of the thrée lobes, and are trussed to one another
by flax ropes and fabric strips. When the hull is
under pressure, the truss is under tension and acts
as a perfectly rigid girder, which distributes the load
of the car or cars uniformly over the entire hull.
The car is hung to'this girder by a limited number
of cables, the crow’s feet of which are toggled
within the hull to the lower sides of the triangular
girder. Thanks to this feature, not only is the

air resistance reduced to a great extent, but large
airships of this type can be kept rigid when under
way with an excess of pressure of only 15 mm.
of water, whereas all other pressure airships require
an average pressure of from 25 to 30 mm. of water.

It is obvious that, since the load is evenly dis-
tributed over the hull, each portion of buoyancy
carrying a proportionate amount of load, the bend-
ing moment will come very near being nil, which
is the ideal condition sought. Furthermore, owing
to the much lower internal pressure required, the
hull is subjected to stresses and strains of much
smaller value than on other pressure airships; con-
sequently the life of the hull is increased, and

_lighter fabric can be used in its manufacture.

15

The only apparent drawback of the ‘“‘polylobe"”
hull is that the surface area exposed to the relative
wind is greater than for a hull of circular cross-
section, so that the skin friction is proportionately
increased.

The Understructure of Zeppelins.—The above
considerations hold true to an even greater extent
in the case of structure airships. There the hull
frame forms a permanently rigid girder over
which the loads can more uniformly be distrib-
uted than over a’ pressure hull. One can dismiss
with a few words the Schiitte-Lanz type, in which



the hull carries the cars on a cable suspension, . ters fitted with hammocks for the crew, a wireless

since it embodies one great drawback of pressure
ajgships the avoidance of which should be and is
one of the principal points in favor of true structure
airships. This drawback is the position of the pro-
pellers, which are, except in the case of the For-
lanini airships, applied too.far beneath the centre
of resistance. As a consequence, airships of the
suspended-car type have a tendency to drag the
huil behind, thus causing disturbing couples, which
must constantly be corrected by the control organs.

On true structure airships, such as the Zeppelin,
the cars are rigidly connected with the hull and at
buta iittle distance, so that the propulsive apparatus
can furnish its maximum of efficiency. Prior to
the Great War the Zeppelin airships had a V-shaped
keel protruding from underneath the hull, which
formed the vessel's backbone and was fitted as a
gangway affording passage between the engine cars.
In the gangway there were the fuel- and oil-tanks,
which fed the Maybach engines, these driving two
sets of. twin-screws stayed on outriggers. In the
middle the gangway flared out and formed a spa-
cious compartment which served on passenger air-
ships as a cabin-car, seating twenty-four; on mili-
tary airships the compartment was divided into a
wardroom for the convenience of the officers, quar-
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room, and a photographic cabinet. Lavatories were
provided on both types of airships.

A lookout post, permitting astronomical observa-
tion as well as the mouriting of aeroplane-defense
guns, was provided on the top of the hull, near the
bow. This platform, about three meters square and
provided with-a hand-rail, communicated with the
forward car by means of a stairway which was in-
closed in a shaft of aluminum plating and led right
through the hull between two gas-cells.

On the latest known type of Zeppelin various
alterations are embodied in the understructure.
The V-shaped keel no longer protrudes from the
hull; the bottom is flat, and the gangway is built up
within the hull in the form of an inverted V. Ob-
viously a corresponding portion of the drum-shaped
gas-cells is cut away. The cars number four and
are arranged crosswise: the fore and aft cars ar¢
coaxial, the remaining two cars, nicknamed ‘‘ power-
eggs,” being mounted amidships right and left of
the hull. The classic double twin-screw drive of
ante-bellum Zeppelins is displaced by four pusher-
screws, of which there is one on each car, each being
driven through a clutch and change-speed gear by
a 240 h.p. Maybach engine. The after car houses,
however, two more such engines, which drive



through™ bevel gear shafts a pair of twin-screws
stayed on outriggers.

The cars are built up of lattice girders similar to
those used in the hull frame, and are covered with .
corrugated aluminum sheeting 2 mm. thick.

The forward car comprises three compartments;
the one foremost serves as a chart-room and com-
mander’s cabin, next to which comes.a small wire-
less room, the rear compartment constituting the
first engine-room. The “power-eggs’ and the after
car serve chiefly as engine-rooms; the after car may
alsa afford quarters for the crew.

There are two gun emplacements on the roof,
one, near the bow, mounting two 12 mm. guns on
collapsible tripods and affording to each gun an arc
of fire of 180 degrees from the center line, and one
near the stern, aft of the rudder, mounting a Maxim.
Six more guns of this type are mounted on the cars;
namely, two each on the fore and aft cars, and one
each on the “ power-eggs.” Sixty bombs are carried
amidships on two racks situated underneath the
gangway. The bombs are released by an electro-
magnetic gear from a switchboard in the chart-room.
The release device can also be worked by hand,
though in either case a sliding shutter must first be
opened to allow the bombs to drop.

Stability, Trim, and Steering.—An airship is,
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when in motion, subject to rotation around three
axes, transverse, vertical, and longitudinal, which

‘cause the airship to assume oscillating movements.

These are, respectively, rolling, yawing and pitching
and in order to keep an airship to a true course it is
necessary to possess means with ‘which to check
these oscillations.

Rolling is automatically checked on all airships
by having the load underncath the lift, thus
placing the centre of gravity below the centre of

_ buoyancy.

Yawing is counterbalanced on all modern air-
ships by means of vertical fins, and pitching by
means of horizontal fins. It is customary to mount
these fins directly on the hull, near the stern, or a
little distance below it so as to bring them in line
with, and a great distance from, the centre of resis-
tance. In this respect structure airships possess a
distinct advantage over pressure airships in that
the fins may be rigidly mounted on the hull frame,
whereas on a pressure hull the fins must be stayed
by an elaborate truss, which is furthermore depend-
ent for its rigidity upon the hull’'s ability to main-
tain its shape. This is why on most keel-girder
airships the keel-girder extends far back along the
hull and carries the stabilizing fins, a solution which
must unreservedly be preferred to that, customary
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DIAGRAM OF THE P. TYPE AIRSHIPS OF THE ITALIAN ARMY AIRCRAFT WORKS (KEEL-GIRDER PRES-
SURE TYPE).

\Y% gas valve; B ballonnet; G car; St stabilizer and rudder; aa articulated keel-girder, carried in pocket bb; cc keel-girder links.
In the left-hand corner a plan view of part of the keel-girder.
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on car-girder airships, of mounting the fins on the
end of the girder a considerable distance below the
hull.

The tendency in fin design is at present toward
simplification, such as is displayed by the cross-
shaped fins, which are gradually displacing the mul-
tiplane and cellular fins of the last few years and
the inflated fins of still-earlier days. The raison
d'étre of the latter was chiefly their ability to lift
their own weight; inflated fins did not, however,
prove of efficient action and greatly increased the
air resistance.

The steering of an airship in the horizontal plane
—that is, sidewise—is effected by means of a rudder
similar to that used on ships. This rudder is gen-
erally of the balanced type, to facilitate manual
control, and is mounted in the wake of the vertical
fin. In some cases multiplane rudders are em-
ployed. Steering sidewise may also be assisted by
swivelling-screws.

Steering, in the vertical plane—that is, up and
down—is effected in a great variety of ways. An
airship can ascend through purely statical means,
like a spherical balloon, by jettisoning ballast; but
this manceuvre is never made use of alone, because
it is slow and involves much loss of ballast. The
proper way for an airship to ascend is to alter its

‘

.

trim, whereby the bow will point upward, so that the
pull of the air-screws will be applied at an angle to
the horizontal. It is true that the latter object
may be attained without change of trim by means
of swivelling screws, which can be inclined at the
angle desired; but this kind of ascent is highly in-
efficient, because it increases to an appreciable ex-
tent the projected area of the hull relative to the
line of flight, thus creating additional air resistance.

Changes of trim can be effected by static or dy-
namic means, or by a combination of both. Static
control of trim may be attained through a shifting
of the centre of buoyancy or of the centre of grav-
ity. In the first case the hull is provided with two
ballonnets which can respectively be pumped full of
air; thus, for ascending the rear ballonnet is pumped
full and the front ballonnet emptied, and vice-versa.
The difference between the specific weights of hy-
drogen and air causes—in the ascent—the centre
of buoyancy to move forward, which in its turn
raises the nose of the airship. This is the system
employed on the Parseval and Gross-Basenach air-
ships; it is worth noting that on both types addi-
tional trim control is secured by a simultaneous
shifting of the centre of gravity. On the Parseval
airships this is effected by the car itself, which can
move back and forth a distance of 0.75 m., owing to
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the car’s main stays passing under rollers. This
fore-and-aft motion is limited by appropriate an-
chor-stays. On the Gross-Basenach airships the
centre of gravity is displaced by trimming-tanks,
which are filled and emptied by compressed air.
The double-ballonnet system, besides being of very
efficient action, has the further advantage of afford-
ing means for checking the disequilibrating moments
which the sudden surging of hydrogen toward the
high side may generate. Additional means for
checking this tendency are found on most pressure
airships in the form of fabric partitions.

The trim can also be controlled by dynamic
means through the use of lifting planes (elevators)
which raise or depress the airship’s nose by virtue
of the pressure onrushing air exerts upon them.
This system is principally employed on structure
airships where the under side of the hull affords a
considerable amount of lifting surface when in-
clined to the line of flight. On a 20 ton Zeppelin
airship 2 tons may thus be added to the static lift,
in which case the airship is, at the moment of start-
ing, actually keavier than air.

On the Zeppelin airships the action of the lifting
planes is seconded by static trim control. Prior
_ to the war this was effected by a shifting of the
center of gravity. For this purpose the gangway

of the early Zeppelins was fitted with a track on

" which a small lorrie carrying tools and spare parts
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could be moved back and forth. This primitive
system was discarded in 1909 in favor of water-
ballast trim, the water being carried in rubber bags
which were suspended in the gangway. On the
latest known Zeppelins the trim appears to be also
controlled by a displacement of the center of buoy-
ancy, each gas-cell being provided with a ballonnet
whereby the volume of gas can be increased or
reduced at will. Since the low tensile strength of
gold-beaters’ skin, which is the material used in
the gas-cells, does not permit the storage of hydro-
gen under pressure, all excess or deficiency of gas
is regulated by the aforementioned compensating
tank (see p. 4). This system, which is nothing
but an application of Parseval’s double-ballonnet
system to the cellular construction, appears on the
main as very efficient, for the ascensional speed
of the latest Zeppelins is given by Swiss publica-
tions as being a thousand meters in three minutes,
two thousand meters in eight minutes, and three
thousand meters in fifteen minutes.

Volume, Displacement and Lift.—It has been
said before that an airship floats in the aerial
ocean, as ships float on the sea, by virtue of buoy-
ancy. A clear comprehension of the laws of the
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DIAGRAM OF THE 9,000 CBM. ASTRA AIRSHIP ADJUDANT-REAU (CAR-GIRDER PRESSURE TYPE).

A envélope'; B ballonnet; C stabilizer planes; D air valve; E gas valve; F elevator; H tractor screw; I side propeller; K transmission;
M engine; N fuel tark; O oil tank; P chart room

; Q instrument board; R engine room; S passenger compartment; T landing carriage;
U ripping panel. . .
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atmosphere is absolutely essential for understand-
ing and comparing airship performances. It will
therefore repay the reader to read the present
chapter in its entirety.

At normal barometric pressure (760 mm.) and
0° Centigrade 1 cubic meter (cbm.) of air weighs
1.293 kg.; an airship of 6,000 cbm. volume displaces
consequently (6000X1.293=) 7758 kg. of air, or,
roughly, 7.8 metric tons. This tonnage, called the
normal displacement of an airship, affords the most
convenient means of comparison between airships,
because it is applicable to both the metric and
English systems of measurement, and also because
it ‘permits the use of small values. The latter ad-
vantage is particularly striking in the English
measures, where an airship of 6,000 cbm. volume,
which is a small vessel, is expressed in the imposing
form of 211,800 cubic feet.

Under the above-mentioned normal atmospheric
conditions 1 cbm. of pure hydrogen weighs 0.090
kg.; that is, approximately 1.2 kg. less than an
equal volume of air. For practical purposes the
latter figure should, however, be reduced to I.1
kg., because hydrogen cannot be produced in a
totally pure state, and also on account of the par-
tial deterioration (diffusion) of this gas under the
influence of the air.

The difference between the weights of equal
volumes of air and hydrogen gencrates an equiva-
lent lifting force which is caused by the upward
pressure the displaced air exerts upon the hydrogen.
It follows from the foregoing that 1 cbm. of com-
mercial hydrogen possesses a normal lifting force,
or “lift,” of 1.1 kg. An airship of 6,000 cbm.
volume has thus a normal lift of 6,600 kg., or 6.6
tons. By subtracting the lift of an airship from
its displacement we obtain the weight of the hydro-
gen contained in the hull. In the case of the above
airship we have:

Displacementet s ERE 7.8 tons
it o IR o A e 6.6 tons
Weight of hydrogen........ 1.2 tons

Coal-gas, which is currently used for inflating
free balloons, is much cheaper and much less in-
flammable than hydrogen. It is, nevertheless, but
little employed in airships, on account of its greater
weight and obviously lesser lift. Coal-gas weighs,
according to its degree of purity, from 0.520 to
0.650 kg. per cubic meter.

It is customary to express the degree of purity
of a gas in terms of specific weight. In that case
the normal weight of 1 cbm. of air is assumed to
be the unit in terms of which the weight of the gas
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is expressed. Thus, for instance, a specific weight
of 0.15 means that a given volume of gas is 0.15
times heavier than an equal volume'of air. Its
actual weight is therefore 0.15 X 1.293 = 0.1935
kg., and its lift 1.293@% 0.1935 = 1.0995 kg., or
approximately 1.1 kg. per cubic meter.

The lift of an airship, as obtained by subtracting
the weight of the contained hydrogen™from that of
the displaced air, gives the maximum weight an
airship can lift for a given volume. The gross lift,
therefore, comprises the weights of the hull, the
understructure, the machinery, and the equipment.
The difference between these weights and the total
lift gives the useful load, which is made up of the
fuel supply, the crew, and the military or commercial
load.

The Static Attitude of Airships.—The lift of an
airship may be considerably influenced by varia-
tions of atmospheric pressure and temperature;
hence all statistics of airships are based upon
normal displacement and normal lift; that is, at
760 mm. barometric pressure and 0° Centigrade.

Whenever the altitude above sea-level increases
by 80 meters, the atmospheric pressure decreases
by one per cent, The corresponding expansion of
the air results in a decrease of the air’s density
whereby its:ability to exert lift is proportionately
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lessened .But- since hydrogen expands under the
decreased atmospheric pressure in the same pro-
portiort as as air, it follows that the lessened density
of the a’ur will be compensated for by an increased
volume 'of hydrogen. Consequently an airship
does not ?ose any lift upon ascending as long as the
gas is abIe‘ to expand within the hull. ‘

The expansion of the gas within the hull is,
however, necessarily limited by structural con-
siderations. .The low tensile strength of balloon
fabrics, whlch is the logical outcame of the well-
known weight-saving tendency applied to all air-
craft, makes it imperative to prevent the hull from
being subjected to conside able internal pressure,
such as would arise through the expansion of the
gas were the hull a totally sealed gas-container.
This is why the gas-containing portions of all
airships are provided with relief wvalves, which
automatically open when the internal pressure
reaches the safety limit.

Such being the case, it becomes obvious that if
an airship is to reach a certain level without loss
of lift, it must be only partly inflated at sea-level.
This initial deficiency of lift relative to the maxi-
mum lift afforded by full volume must be compen-
sated for, upon ascending, by throwing off an
equivalent amount of ballast.
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DIAGRAM OF THE 9,000 CBM. CLEMENT-BAYARD AIRSHIP DUPUY-DE-LOME (CAR-GIRDER PRESSURE TYPE).
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The allowance for lift deficiency due to partial
inflation greatly varies according to the type of
airships. On structure airships the considerable
weight of the hull frame generally limits the
allowance for gas expansion to ten per cent. of the
gas-cells’ volume, a fact which eloquently demon-
strates the need of large displacements for making
structure airships efficient.

The absence of a hull frame enables pressure
airships, on the contrary, to embody a much
greater allowance. for gas expansion, the capacity
of the ballonnet often attaining thirty-three per
cent. that of the envelope. Since pressure air-
ships are dependent upon internal pressure for the
maintenance of their shape, variations of gas pres-
sure being regulated by the ballonnet (see p. 7), it
follows that the capacity of the latter determines
the allowance for gas expansion and consequently
the attainable altitude. It should be clearly under-
stood that the ballonnet is nothing but a compensat-
ing device for variable gas volumes, which endows
the pressure airship with constant displacement up
to the ballonnet’s capacity of contraction or expan-
sion. Structure airships can, on the other hand,
do without a ballonnet, because the greater or lesser
inflation of the gas-cells does not affect the air-
ship’s displacement ; the latter is, indeed, invariably
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constant, since it is determined by the volume of the
outer cover, which is kept rigid by the hull frame.

It has been said before that an airship loses in
theory one per cent. of its lift whenever the altitude
above sea-level increases by 80 meters; in practice,
however, the stretch of the fabric and the not
wholly isothermic expansion of the gas lower this
ratio to such extent that one may assume the gas
to expand one per cent. of its volume for every
ascent of 100 meters. Thus, or instance, an air-
ship which is ninety-seven per cent. inflated at
sea-level can reach an altitude of 300 m. without
loss of gas, provided the temperature of the air
remains constant; but if it ascends to the 500 m.
level, then the airship loses through the relief
valves two per cent. of its lift, which must be
compensated for by releasing ballast of equivalent
weight. On descending from 500 m. to 300 m.
altitude, the airship loses once more two per cent,
of its lift; for, the gas having contracted in the
descent, the gas container will be only 98 per cent.
inflated. The resulting lift deficiency o’ two per
cent. must again be equalized by releasing ballast,
unless it be balanced by an expenditure of fuel.
The above example is drawn from the operation of
commercial Zeppelin airships, which were normally
navigating at the 300 m. level.



Variations of the hydrogen’s density are, owing
to the small specific weight of that gas, of so little
magnitude that it is customary to disregard their
influence upon the static attitude of airships.

Variations of barometric pressure affect the
operation of airships in a way similar to those of
atmospheric pressure. A 10 millimeters drop of
the barometer corresponds approximately to an
ascent of 100 m., and consequently to an expansion
of the gas of one per cent. its volume, and vice
versa. In practice it is, however, difficult to
- distinguish the influence of atmospheric pressure
due to altitude from that of barometric pressure
due to meteorological phenomena, since both kinds
of pressure variations are recorded on airships by
the self-same instrument; namely, the barometer.

The 