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TECHNICAL MEMORANDUM NO- 277.
—

RECENT RESEAII.CHESIN AIRSHIP CONSTRUCTIOii- III.*

A New T-ypeof Nonzigi.dAirship.

13yII. Naatz,=

In recent $imes the question has often arisen as to whether

nonrigid airs-nips,on fu~ther development, wizl be able to ~om-

pete wi-thrigid airships in size aqd performailces. We lmow that

a nonrigid often surpasses a rigid airship in its performances,

especially with respect to non-sensitivity (e.g., in landing).

We”also know that nonrigid airships, especially large ones, pre-

sent difficulties due to their flexibility. Ve know, furthermore,,

that nonrigid airships, in contrast with rigid airships, permit

so many structural types, that it is not safe to conclude that

the limit of its development has been reach~d. Consequently, in

spite of the fact that nonrigid airships have not yet exceeded

a gas capacity of 36000 cubic meters (1,271,300 cubic feet), it

would still be premature to pronounce judgment-

In principle, nothing stands in the way of increasing the

size of nonrigid airships. Thus, for example, it is almost as

easy to attai-nrigidity during flight, iq large airships as in

small ones, as I explained in my last lecture before the W.G.LO

* From “Beric~te und Abhandlu-nge-nder WissenschaftlichenGe~ell-
schaft fur Luftfahrt,” (a su~plement to ‘Zeitsch.riftfur
Flugtechnikund Motorluftsch~ffahrt,n)March, 1924, pp. 59-63.
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Since this fact is not yet known to all of you, I will taicethe

liberty to speak briefly regarding it. A nonrigid airship of
s.

32,000 cubic meters, the PL 27 (Fig. 27) with a,speed

(78.7 ft.) per second,,withstood all stresses with 20

(4.1 lb./su.ft.) hull pressure during its life of two

Of 24 “m

kg/rn2

years.

The moment of resistance is known, as also the stresses in the

envelope for the given hull pressure. Consequently, we can tell

how great the maximum bendin: rflomentmust have been= I found the
‘.,,,

value of 56,830 m-kg (411,195 ft.–lb.)‘andutilized it to obtain

a general formula

Mmax = O*O1 V2’3 L q, .

which applies, however, onlY to.airshil?sof

Here V = air displacement, L = length and

at maximum speed.

We also investigated the mean internal

give the airship the re~~isite rigidity and

This was calculated from forrmla (1)

strengthening fra,me

in which

*. .. ..

,...

Pm = 0.0217

n= elon~tion

6 = volumetric

. . . . . .- (1)

sirfi~larshape.

q = dynamic pressure

pressure necessary

to prevent buckling.

, for airshiphaving no

q ● ’. . . . “ ““
. (2)

ratio of airship = L(?I,

efficiency of displacement”

Hence,
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The quantities e antir are given in Figs. 28–29. In tlie

bending of a nonrigid airship, the longitudinal tensions are

- distributed approximately as shown in rig. 3 (pazt I), and, in–

deed, so that their resultant is situated at the distance e

from the axis of the cross-section passing through the center of

gravity. The larger it is permissible to make e, tinemore

bending the airship can stani+F.Thebuckling liinitfo~ fabric

envelopes is reached when ej~ = 0.5, but we will see latez that

it is possible.for the numi~er e/r to be larger.

Formula

the same for

changes only-

(2) indicates that the mean

any geometrical enlargemerlt

in direct proportion to the

intexnal pressure remains

of the airs:hip. It

d]roamicpressure at the

maximum velocity. if, for example, we find a hull pressure of

20 kg/m2 (4.1 lb./’sftf).)s:lfficient<or one airship, itwill also

suffice for a larger airship of the same speed and may even be

diminished, since the mean internal pl.’essureis composed of the

hull pressure plus the mean gas pressure,,which is greater in

large airships, on accountof the greater vertical diameter of

the gas cell-s. Security against buckling is no% the same as the

elimination of distortioi%s,which is hard to accomplish in non-

rigid airships. All nonrigid airships are made of woven fabric,

If we compare the elongation of a stzip of fabric with that of a

-.steel band of the same”tensile“stren@h, we”wi~l “findthe”formen
,.

is about 150 times as great as the iatter- .This explains the

considerable flexibility of nonrigid airships, which is resisted

I
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by the addition of stiffening frames of various kinds. The

rics have the further disadvantage of stretching unequally,

. makes.it difficult toadapt them to the stiffening frames.

fab-

which

In considering flllese facts, the idea occurs to make tineen-

velope of some less deformable material, like metal, or, since

this is almost impossible, to have two or three envelopes“in

place of one. One or two of these envelopes would serve for gas-

tightness, while the third would take the stresses. The latter

can be made of material not so easily deformable. This idea was

the basis of the new type which will now be described.

velope included a network a (Fig. 30) of steel tape,

tersections,occurring at intervals of about one meter\

The en-

whose in-

(3.28”feet),

were immovably fastened~. This network is secured to the bottom

girder of the longitudinal keel containing the walkway and com-

pletely surrounds the hull. It is held down at the top by a net-

work,partition in the vertical plane of symmetry,.this partition

being attached to the top girder of the keel frame. This parti-

tion also serves: 1. To reduce the height of the hull and the

drag of the airship, by giving it a more circ-~larcross-section;

2* It affords a convenient mems for attachirigthe,,controlsur-

faces, by means of sta~ork extending inside the airship; 3= It

enables the introduction of a wal~~ay and the installation of

valves on the top o: the.airship,as will be subsequentlydescribedi

The increase in weight, due to this partition, is offsetby de-

creasing the weight of the bulkheads and the keel frame, since
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otherwise the walkway

order not to make tine
>.

would have to be made considerably wider, in

hall too narrow.

The spaces between the partition and the networkj on both

sides, are either p@ially or completely filled by the cells e

according to the degree ofinflation of the airship. The whole is

inclosed in an outer envelope b, which begins underneath.with

the bottom cover f and is held at a distance of about 0.2 m

(7.9 in.) and forms an azch over the top at a somewhat greater

distance. This outer envelope is held in positionby longitudi-

nal stays fastened to the nodes of the network in such a manner

as to be easily detachable. The intervening space between the

network and the envelope is connected with the space under the

gas cells and sdtjected to a pressure of 10 to 30 kg/rn2(2 to

6.1 lb./sq.ft.). Thus the network is compelled to support not on-

ly the pressure from the.gas cells, but also the above-mentioned

pressure of 10 to 30 kg/m~ and all accompanying stresses, excepti-

ng a small porticn which is borne by the outer envelope and the

gas cells. We have before us such a structure which reminds us

of ‘arigid airship. The difference lies in the fact that, in the

airship under consideration, the framework consists only of ten-

sion members and the irmer space is sulljectedto increased pres-

sure. The outer envelope is air-tight and waterproof, in order
.-

,-.,.

to enable the airship to remain a long time in the open air and

dispense with hangars. The increased pressure in the airship is

obtained from the relative wind during flight by -meansof special

.. —— ..—
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devices or, when the airship is at rest, bymeans ofblowersi

If the pressure,
_- .!,,..,=

valves on top.

as to ventilate

accumulation of

gets,,.too great, air is released through automatic

The inlet and outlet valves may be so adjusted

the air space more or less, thus preventing the

inflammable gases and the overheating of the gas

in the cells, which is very i~ortant on large ai?$hips”.

The form of the network offers an interesting and extensive

study, to which I ,mayhave the opportunity to return later. I

will now show only a few pictures of experiments with a small

body,6 m (19.7 ft.) long and 2 m (6.56 ft.) in diameter, which the

newly founded liLustuv”has undertaken. Fig- 31,shows the surface

of-this body with the network and a portio-nof the outer envelope.

Fig. 32 shows the,body with the network loaded.to the contem-

plated limit of 100 kg (220 lb.) for a 6 m (19.7 ft.) span and

60 k~/m2 (12.29 lb./su.ft. inside pressure, and Fig. 33 shows the

same body without the network and with a load of 80 kg (176 lb.).

It was found that the loading of the body could unquestionably be

carried so far that the previously mentioned quantity e/r would

have a value of 0.75, while on the netless body it could not ex-

ceed O-6 without dangez of collapse. We may therefo~e

allowable bending load (for airships with the network,

flight) of 30-50% more than we have fomerly, done=
-m

The transverse.bultieafisconstitute a question of

portance for airshipsy since on them depend the static

nal stability, safety against increase of gas pressure

assume an

during

vital im-

longitudi-

at the
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ends and against the sinking of the airship from leakage of the

gas cells. Though so necessary for an airship, it is extremely

..-difficult”to solve”satisfactorily. Smooth walls can not be em-

ployed for nonrigid airships, on acco”untof the troublesome

wrinkles produced on the surface..They’would then.need t~ be

stiffenedby rope’sand belts, as, e.g., on the PL 27. The stif-

fening cables, however, pass through the gas space and render it.,
impossible to employ removable gas’cells. The spherical bulkheads

Of the 1912 S.S.’#.airship are more practical. They require.no

bracing and therefore allow the use of gas cells, but necessitate

greater pressure in the spherical spaces. Cylindrical bulkheads

(Fig. 34) are still lighter and more convenient. If we cause the

horizontal cylinder a to be vertically penetrated by a half-

cylinder b of the same thickness, there is formed the penetra-

tion angle ABC, which ser”vesas an attachment edge in the new

bulkhead structure. The bulkhead itself is the severed portion

of the perpendicular cylincler-jacket.This wall is so introduced,,

by auxiliary devices, only the horizontal circumferential threads

take up the stress, when the pressure p, as shown @ Fig. 34,

is exerted on the wall. The’”threads run into the envelope a ‘at
.,

various acute angles, which become ”zero.,at“A, B and C and do

not exceed 30° at other points. Consequently; the envelope is

~,.wrinkledonly at points”between A and B ‘(e’.~;jat”D). The con-

stricting load at this point is small, however, constituting only

abotitone-fourth of the tension of the bulkhead and is applied to
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edges directed obliquely to the axis of the airship. Hence the

load vvillbe taken up chiefly by the peripheral tensi~qs in the
m-, —r ,–

envelope and occasion hardly noticeable wrinkles. AS we shall

see later, these conclusions have been confirmed by experiments

with a water-filled model. The cylindrical bulkhead naturally

supports only the pressure from within outward, but yields before

the load from the opposite direction. The whole arrangement must

be made in pairs as shown in Fig. 35. He~e the

is not left empty, but is filled with gas, just

other spaces, or fitted out with gas cells. If

intervening space

the same as the

both bulkhead

walls are bTOUght close together, the intervening space then be-

comes so small that its gas level begins to rise rapidly, as soon
.

as one of the bulkheadwalls is pressed only a little in the oppo-

site direction. This characteristic can be successfully employed>

in oblique positions of the airship, for causing the gas level of

the intervening space to go with that of the neighboring, higher

located, space, without danger of producing any useless stress in

the inclosed bulkhead. Fig. 37 shows this condj.tionin an experi-

mental body partially filled with water and inclined 20°, in

which the gas is replaced by water and the lfliftllis consequently

directed downward,. Here the equalization of the water level has

taken place in the lower section. ‘Previously the same body was
>.= position

in the horizontal/with the same water level or air level, as seen

in Fig, 35. Thus, while one bullfieadis being put into place, the

other comes into action and.accomplishes the desired pressure ob-
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struction or air-level gradation (and, indeed, iinmedia.tely),be-

cause ‘nochange in shape has to be made for receiving tb.estresses.
.- .,,- ‘,.. ,’ .,.

No wrinkles

third case,.

loaded, one

were observed on the surface of the hod-y,even in the

in which, according to Fig. 36, both bulkheads were

to the maximum limit. On the inside, only the regu-

lar course of everitscould be verified by means of windows.

,For an airship which is provided with a middle partition

wall,,the bulkhead is best made in the foru,of an undividc?dcyl-

inder surface, by

each other in the

tangential to the

taking (Figs 30) two cylinders which ii~tersect

middle partition and are tangential or nearly

network on the sides of the airship. The sav–

ing in weight thus effected is considerable. While the ratio of

the bulkhead surfaces to the surface of the undivided cylinder

is 1427,it is about 1.19 for the divided cyliilder.

For further illustration,we will consider a small airship

of 25000 m3 (Fig. 38). The network rises above a jointed walk-

way 2 meters (6.56 feet) wide and inclosed on all sides by the

outer envelope and walkway shelter- The bulkheads, to the immber

-of I-2,are made of porous fabric and attached to the network by

cords: The gas cells (shown, for example, only 3.4 inflated in

Fig. 38) occupy all

is inclosed on both

‘=~’j”ectedto pressure,

tine13 compartments, so that each bullihead-

sidcs by gas cells. If the airship is sub=
,.,..

it trillretain its shape, even if some of the

cells are not inflated. They can therefore be

when their adjacent surfaces are convex, since

exchanged, even

the bul~.cads allow,
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as shown by experiments, a sufficient

vening spaces. The intervening space

10

filling ol+-tof the inter-

at the tol~~as aiready men-

tioned, is made into an inspection passage, in o~der to inspect

the air vents and gas valves and, in case of need, to make adjust-

ments on-the spot. The gas valves opeildirectly into the outside

air and discharge the gas crosswise to the dtrection of the rel-

ative wind, which, on the one hand, effects a rapid mixing with

the air outside the airship and, on the other hand, directs the

outflow upward as much as possible. This upper air space in-

creases the safety of the airship, by rendering it possible to

search for and repai~ leaks during flight.

The middle partition in the airship allovs a good and simple

method for suspending the engines and propellers on laterally

projecting arms. ‘Ihepropellers revolve about the same axes as

the engine shafts, though with reduced speed, and are d~iven by

either rotary or radial engiiles. They are started.by compressed

air, which is also

can be effected by

the reversing gear

employed for operatiilgthe valves. Reversal

swinging the arms, thereby dispensing with

and utilizing the ‘~filolepropeller thrust for

backward flight. The propeller arms may be located anywhere on

the airship. They may be drawn in for overhauling during flight.

On small.airships, whe~e this arrangement would require too much

-space, the surety of flight can be increased by increasing the

number of en~lnes- Thus, for example, four 210 ‘HPengines would

suffice for tie airship consi~ere~> but (since tineweight permits
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it) two reserve engines.are added.. The engines are easily Te.

moved an-d“replaced. It is advisable to keep engines @ reserve

at the airdromes, since in this way the reliability of tineair-

ships can be ccnside~ably increased.

Compressors are provided for generating compressed air and

are driven by auxiliary engines, which also drive the ventilators.

The airship can be moored from the forward part of the keel or

directly from the large shock absorber. The latter has the shape

of a float and can be filled with water or emptied, according to

whether the airship is to be moored on the water or allowed to

ascend. This method is contemplated for the operation of airships,

especially large ones, on lakes or other lmdies of water, with-
$

out hangars.

As far as the weights of this new type are concerned, we can

form an approximate judgment in couparicon with rigid airships,

since its construction is vepy si.rnila~.We must, however, imagine

the new type,vJithOUtthe constricting@al’titionwall. The weights,

as just stated, remain the same. In the new type, the bulkheads

are about 27% larger than on a rigid airship, but,”on the other

hand, they require no heavy transverse frames, so that the com-

parison shows, in general, that in one airship most of the girders

are rnad.e’Verystrong and-rigid, while,,in the ot,herairship, they

only need to have tensile strength and can accordingly be made

much lighter, especially when good materials are used. The dif-

ference in weight, which is thus in favor of the new type, is

..-.
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indeed, diminished somewhat, du-eto vakitius devices, such as

pre~tire.regulators, autiliary engines and a heavier envelope,

b~t always remains considerable, as shown by the oalculationso

In sumrrhg up the essential features of the new type, we

nay characterize it by the following advantages.

1. The new type is as rigid as a rigid airship-

2* It Is just as strong as a nonrigid ai~shipe

3. It is not nearly so sensitive to in~uties.as a nonrigid

airship, due to the network under the envelope, and tears are nOt

propagated so easily as in cloth envelopes.

4. The gas cells are arranged the same as in rigid airships-

5+ It is only slightly affected by the heat of the eun and

by the weather, on account of the wide.ventilating space.

6. It is lighter than a rigid airship.

7. It can be made of all dimensions,

since the stresses are taken up by a metal

made as strong as desi~ed..

TranslationbY Dwight M. Miner,
National Advisory Committee
for Aeronautics-

UP to the largest,

network, whioh Cm be

~..., . ... . . ,.e.
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Figs.27,31,32 & 33

~,
$*

Fig.27 Parseval-Luftsohiff PL27
32000 m3 (1130064 ou.ft.) ompaoity.

Fig.31 Experimental hull
with network and a por-
tion of the envelope.

Fig.32 Bending of

-

4)
Fig.33 Bending of hull without network
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Figs.28,29.
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Fig.28

‘Pm
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eFpm

Distributlo& of longitudinal tensions
on unloaded and bent airships.
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New method of construction.
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Figs.34,35,36,3’i.

B

Fig.34 Cylindrical bulkhead.
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.Czx23
Section a-b
T?ig.35
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Diagrams of

F:~.37

bulkhead tests

CZ2CZ
Section a-b
Fig.36

the experimental body.
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Flg,38 25000 m3(882863 cu.ft,} commercialairship of the new type.
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