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safety, which could not be at

THE R-38 CATASTROPHE AND THE MECHANICS OF
RIGID AIRSHIP CONSTRUCTION, *
ation of Spanish article

NS
d in "Memorial 3¢ Ingenieros,"
ic Herrera, Chief of Engineers,

The dreadful disaster which overitook the English rigid air-
ship R-38, on August 84, 1921, and in which 44 men perished, was

a terrible shock to thz whele aeronautic world, since (in view

of the successful opzration of regular air traffic lines by the

which covered over 300,000 km., without the least injury to any
passenger;, it was corfidently assumed that airship construction
hdd élready beer perrfectzd to such a degree as to solve the pProb-
lem of long distance air traffic with the essential factor of

by air lanbs for a long time
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Of course, thorcugh investigations were undertaken, in order
to determine the causce of the catastrcphs, as to whether tbhey

were inherent in the system itself and therefore impcssible to

. @void in this kind of airshipa or whether, on the contrary, the

accident resulted from errors in construction, unforeseen occur-
rences, or faulty operation in this particular instance, which

would in no way affect the use of rigid airships.

The zirship R-38, built in the workshops of the Short Broth-

ers, in Bedford, and finished by the British Admiralty, was de-

& Wrenm Phurtfanzt," April, 1932,
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signed for the North American Navy as the ZR II and was destroyed
in the attempt to fulfill the very hard acceptance conditions.
Its main dimensions were: length 2123 m.; diameter 36 m.; gas
capacity, 77,000 cu.m.; engine power, 2100 Ep (6 engines of 350
Hp each); carrylag capacity, 50 tons; speed, 120 km/h

The rigid frame consisted of duralumin girders, similar %o
the ones used in Zepnelin airships, but 1% was bullt under spec-
ial emnditions, which ruct be taxen inwo account in endeavoring
to determine ths causes of the disaster. ‘

1n the first place, it was the largest airship ever bullst,
its gas capacity being €I70 cu.m. larger than that of the larges?t
zeppelin, and its oogstrus%ion prescated more difficult technical
problems than those already solved for the Zeppelins.

Its carrying capacity was about 60% of its total 1ift, a fig-
ure which likewise exceedad that attained by previous alrships
and which could only be reached by reducing the weight of the
frame at the expense of its strength. The above ratio of carrying
capacity to total 1ift (maximum 1ift of an airship, without the
dynamic power cosained in oblique ascent) enables the determina-
tion of the static altitude in the followiag manner.

when an airship ascends without load, it can rise to & cer-
tain height, where the air density is only 604 of its value at

sea~level, which according to the formula

5,
7 = 18400 log —°
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sea~level,

ponds.to an altitude of

is the attainable altitude, 60
and § thes air density at

7360 m., which

the air density at
the height 1imit), corres-

is necessary in order to

be beyond the reach of anti-aircraft guns.
Such 2 static 2ltitude had hitherio not been attained by any

airship, since it was comnsidered umns

duction in the weight of the frame.
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During the building, various longitudinal girders broke un-
der the weight of the workmen During inflation, other girders
broke and the first tria Atrip showed that the entire frame was
too weak, necessitating various repairs znd reinforcements.

The 2irship had tanks for 40,C00 liters of gasoline and

could fly 9,600 km. a% full speed, or 14,500 km. at cruieing

speed. Its radio station had a range of 2,400 km., and was fully

equipped for radiotelephoay and for obtalining its bearings by

"radio.

The acceptance cocnditions consisted in the demcnstration of
the above-mentioned flight characteristics. On the fourth and
last trip of this airship, which wes begun at 7:10 a.m., August

33, from the Howden airdrome, the speed and meneuverability tests

. were to be made. The latter tests (severest of all) coucsisted

in flying in sharp zigzags for 30 minates, 1n crder to test the
.strength of the frame and the working of the rudder

The airship remained the whole day and night of the 234, in
the air and wussn, aiisT successfully completing its speed tests,
it was above Full at B8 o'clock on the morning of August 24, the

rudder tests were begun with three successive turns, with the

\

cl"

rudder hard over, During the third turn h frame of.the airship
gave way near its center of gravity from the lateral bending
stresses, whereupon there was immediately a series of explosions,

followed by fire and the plunge of the giant airship into the

Humber, not far from the harber of Hull.



The exceedingly violent explosions which broke the window
ranes of the city of Huil, showed that they took prlace after in-
juries to the ga8s bags and the formation of an explosive mixture
of air and hydrogen, which w&s probably ignited by the exhaust
gases from the engines,

In order to facilitate the explanation of how the fatal break
must have occurred, se will give briefly a general idea of what
may be termed the mechanics of rigid 2irships.

Generally the frame of 2 rigid airship (Fig. 1) 'consists of
a series of rings (ccc) or regular polygons., between which are the
gas bags and which are connected by longitudinal girders (11) ex-~
tending from ths nose to the tail, where the rudders and elevators
are attached.

The frame thus formed, may be regarded a2c a rigid girder sub-
jected to 2 nurber of forces which, according to their nature,
may be classified as follows: weight or loads (force of gravity);
1ifting forces (3ero—static'; acceleraticns (dvnamic). These
forces must be in ecguilibrium in the three most important cases
during flight: (1) Fhen the airship is floating (aerostatic prob-
iem); (2) When flying without acceleration (aerodynamic problem);
(3) When under the influence of any accelerating force (dynamic

problem). We will briefly consider each of these cases.

1. Aerostatic Problem.

When an airship is at rest with respect to the surrounding

air, it is subjected to the force of gravity resulting from the
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1f we take, perpendicular to the line AB, ordinates rep-

ing the constant weights, we have the load curve correspond-~

ct

resen
ing to the last part of the flight, after all the fuel, focd and
ballast have been used up. The resulitans of all these min 11
weights must be offset by the lifting force of the remaining

This is the case when the area, between the dash ourve'of the min-~
imum 1ift (whose ordinates st be proportional to thoge of tae

xi AR equals the dark area

f
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maxirwm 1ift) and the longitudinal é
bounded by the curve of constant weight and when, at the same timsg
the centers of gravity of the twe axreas have the same abscissas.
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In designing an airship, the constant weights mist accor rdingly be

The variable loads (hatched area) must be so distributed
that their variations will not displace ke csnter of gravity, or
go that their center of gravity will always have tne same abscis-
g8a& AG. Thus the magnitude and distribution of the meximur loals
can be established sc that the area included in its curve will
equal that of *he maximum 1ift.

The distribution of these loads may be accomplished in var-
ious ways. We must choose the method which will exert the small-
est beﬁding stresses on the members of the frame. In tals connec-
tion we see that, in every cross-section of the airship, there is
exerted a resultant force which equals the difference between the

corresponding lift and weight. And if, for each point of the axisg

we introduce a new ordi ts the moment of tn
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forces between it and the one end of the airstip, we can then
draw the curve of the bending moment (dot line in Fig. 2). in
which we consider as positive bending moments those which tend to
bend the ends of the airsnip upward and as negative thoss which
tend to bend them downward. If we draw the corresponding curves
for varicis Joac distri’buﬁions, we can find empirically the curve
which gives the minimum bending mome we must bear in nind,
howsver, that some solutions are impracticable, namély, wren they
indicate un'exbgaordin&ry accurmilation of weights in any given
cross-section. This would produce a relatively large shearing

force which would necessitate strengthening the corresponding

The loads are generaily supporied by the rings, partly di-
rect and partly by a girder inside tke hull, which also serves

ag a connecting corridor. The lifting forces of the gas bags are

transferzed by means of a net to the longitudinal girders of the
frame and to the corridor girder.

3. Aerodynamic problemn.

when the airship is flying, the driving force P (Frig. 9),
is transferred by the propellers to the cars or gondolas which,
being rigidly attached to the frame of
port the motion of the airship by overcoring the a
R, whereby the longitudinal girders in front of the engine caz
are subjected to pressure. gince the alr resistance acts oaiéf*y

in the direction of the axis of the hull and the cagl cars are

=
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located outside of and below the hull (for aerostatic stability),
there is generated a moment which tends to make the air ship nose
up. This moment must be neutralized by an equal and opposite mo-
ment F-F produced by the elevators. The latvter moment takes the
form of a bending moment (hatchéd arsa) to which all cross-
sectione behind the first engine car are subjected. For every

cross-section, this moment is ejual to the moment of the - forces
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7-F, which are behind the croas-s
nus the moment of the propeller forces for this poriion of the air
ship.

In each cross-section, this bending moment is exerted on ail
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longitudinal girders, the siresses being proporitional to the
tance from the neutral zone. Hence the forces produced in each
iﬁdividual girder offset a portion of the total bending moment and
indeed proportional to the square of their distance irom the pléne
of the neutral axis.

when an airship, through uneven distribution of its ived

flies on an inclined keel, the air, striking obliguely against “ho

o

hull and especially against the horizontal teil planscs, exerts
force equal and opposite to those of all the balancing static

-

forces, which likewise give rise to corresponding bending nomentis
in the different cross-sections. These bending moments must pbe
computed in the same mannser a&s those produced by static forces,
while also taking into consideration the lateral coﬁponents of the

air pressure in each cross—-section.




The mcest important case of the dynamic problem cccurs when,
with the airship going at full speed, the elevators and rudders

are suddenly displaced to their full extent. A% this instant

pig. 4 nere is produced against the rudder an air prescure,
| (=

whose lateral component tends %o turn the airship about its cent
tien 0. This lies in front o¢f the center of gravity g
at a distance egual to the moment of inertia of the airship divid
ed by the product of its mass times the distance beitween the cen

of gravity g and the center of applicaticn of the rudder fozxce

In other words, the product of the distance of g Trom 0 &nd

inertia of the airship.
The angular acceleration given the airship is equal to the
moment of the rudder force, with reference to the center of grav

of inertia of the airship and this ang
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ity, divided by the wmomen

lar acceleration produces rectilinear accelerations in the differ

gnt cross-secticna, accordiing to their distance from O. Thus

there are produced in every cross-section, thrcugh the linear ac

s
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uelerwulon inertia forces equal to the product of the mass time

the acceleration. These forces (shown in Fig. 4) produce bending
moments (dot curve), whose maxiwum occurs & little behind the cen-
ter of gravity.
Application to the R-I8.
Y ;000 ‘ou.m. gis capacity and 1.1 kg, per cu.m. 1ifting
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force of commercial hydrogen, we can assume the maximum aerostatic
force of the airship to have been about 85 metric tons and the
minimum 35 tons (weight of airship without varieble load). The
variable load would therefore be 50 tons.

The asrodynamic forces of the airship, in horizontal flight
under full engine power, may be computed in the follcwing manner.
With an engine power cf 3100 HP, or.157,800 kon/sec., and &a sgpeed
gf 180 km/h, or 33.3 m/sec., the pulling for;e, if it could be
completely transferrca, would ve 157 .500 divided by 33.3%, or
4735 kg., and if we assume & propeller efficiency of 704 (the usu-
al velue), we would have 3300 kg. pvlling force, which also equals
the air resistance to be overcome by the airship. The nose is
therciore subjected tc this pregsure which, in this particular in-
gtance, is divided betwesn 30 girders, so that each girder is sub-
jected to a pressure of 185 kg.

The distance of the middle line of the air resistance from
the plane of the prcpreller axes was &bout 15 meters. The momert
tending to make the a2irship nose up (dynamic tail-heavinessg) was

3300 x 15, or 49,500 kgm., which had to be offset by

o)

¥
force of 49500,/130, or 413 kg., exerted by tne elevators, if we as
sume that the elevator surfaces were about 120 m. from the center

of gravity. Applied at a distance of 80 m., i.e., in the viei
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of the rear engine cars, this force would have exerted a bending

moment of 413 x 80, or 33,040 kgm., which the 20 girders had to

withstand, the upper oaes in pressure and the lower ones in tensior
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If the radius of the airship is taken as one, then two of the
girders are in the neutr el plane, four at 0.31; Tour at 0.59; ToHE

2R U.8l, four at 0.95, and two at 1.00 distance from the s&ame

‘plane. The force generated in each girder would be proportional

'eo E) J‘JO OL 10_; On 35, v‘: \15 O 90

1o

to the square of its distance,
or 1.C0. These numbers multipliied by the corresponding numbers
of girders and added together, give 10, from which it may ve de-
duced that in the most stressed girdefs, i.e., in thcse farthest

from the nsutral plane, a moment of 33040/10, or 3304 kgm.. is

produced end that, with a lever arm of 13 m. (radius of airshir),

the force to be withstood by each girder would be 33C4/13, or
9d kg,

The Gynamic forces ars more difficult to compute because we

»

need to know the moment of inertia c¢f the airchip, for which we
have no satisfactory data. We can, however, make an approximate
computaticn, by taking as its basis a homogenecus girder of the

same langth and mass as the airchip.

The total mags M of the airship is 85,000 kg., not including

the mass of the 77,000 cu.m. of hydrogen (about 15,000 kg.), or
altogether 100,070 kg. With an over-all leangth of the airship of
312 m., we will take 2310 m. as the length of a girder, disregard-
ing the tip of the tail.

The total area of the vertical stabilizers and rudders was

about 100 sg.m., which was about the same as the total area of the

"u

horizontal stabilizers and elevators and since, with the rudders
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The maximum bending moment will occur in the cross-section

corresponding to the value of x where its differential quotient
B ®

(3 v ;Z;z> vanishes, i.e., for x = 70 y. This cross-section is

35 meters tehind the center of gravity and its bending moment is

£ (140 + 3 x 70 - 70) = Z22 p = 140000 kgm.
</
. The girders farthest from the neutral plane must therefore

i 140000 .
be able to withstand a force of g 13 = 10?7 kg~

If this force is added to the above-mentioned aerodyrnamic stresses
we find that the girders would each be subjecied to a total stress

of about 1350 kg. at the center of gravity of the airship, where
the bresk actually occurred.

We see therzfore that the dynamic effect of a violent rudder
displacement, which was easily produced on this &irship with its
balanced rudders, could be more than four times as large as the
combined static and azvodynamic loads during ordinary flight. It

is no
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that a rigid airship, whose frame had
already been stralned by the two latter forces aﬁd was then within
a few minutes, while still under maximum engine power, put to the
fearful test of having its rudder thrown hard over, should break
enbtively in two.

frou the German
Translated/by the Naticnal Advisory committee for Aeronautics.
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