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SUMMARY 

This work purposes to sketch , in broad outline, the 
status of airship construction in the various countries, 
at a time when commerce over g reat distances might be fi­
nally opened up to the airship through the performances of 
the IIGraf Zeppelin, II After a short histor-ical review, a 
survey of the most important rigid and semirigid airships 
built since 1925, their differences und special problems, 
is made . In more detailed treat ment, the framing construc­
tion of the more recent rigid airships a nd some especiall y 
interesting structural questions are investigated. Since 
an exhaustiv e treatment is not possible in the limits of 
a magazin e article, a list of the pertinent literature is 
app ended. 

I. HISTORICAL REVIEW** 

In order to estimate correctly the present status of 
airship construction, it is necessary to review briefly 
the past . The dirigible airship today has a development 
of more than a generation behind it. The first serious at­
tem:9ts to make a balloon dirigible, i n fact, to build an 
air II s 11 i:9 ,II gob a c k tot hey ear 1 8 52 . At t ha t tim e F ran z 0 s e 
Giffard sought to give to a spindle - shaped balloon the 
speed necessary for steerin g by installing a steam engine. 
Because of the unimportant results, these first experiments 

-----------------------------------------------------------
* IIDer heutige Stand des J~uftsc11iffbaus, i nsbesondere des 
Luftschiffgerippebaus , II Zeitschrift fur Flugtcchnik und 
Motorluftschiffahrt, vol . 24, no . 11, June 6 , 1933, and no. 
12, June 28, 1 93 3. (Lecture before the Berlin Section, 
Verein Deutscher Ingcnieur, Mar ch 15, 1933. Rep ort of tho 
Deutsche Versuchsanstalt fUr Luftfahrt E. V., Berlin-Adlers­
hof - Static Section) 

**See references 1 to 5. 
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were soon forgotten. Not until 1872 did the German, 
Hanlein, make a new attemp~ " He built an airship with one' 
angine, which was driven by the lifting gas of the balloon. 
However, also in this case there were ~ew expe ri mental 
flights. Renard and Krebs in the year 1884, with the liLa 
France," made the first rather important airship flights. 
This airship, with its electric motor of 9 horsepower, at­
tained a speed of 6 m/s '. The fur t her development occurred 
around the turn of the century and was connected with the 
names Schwarz, Santos Dumont, and Lebaudy. The airship 
built by Schwarz is particularly interesting in that alu­
minum sheet was used as hull material, an E'x~o eriment which 
has bee n taken up a gain quite recently and whi ch will be 
furth er discussed herein. 

The invention of the ri g id a irshi p by Count Zepp elin 
revolutionized airship transportation. After Zeppelin had 
already, in the year 1 834, submitted the design of a rigid 
airship to the War Ministry, he succeeded only after tough 
battles in reaiizing his ideas and completing his first 
airship in the year 1899 (fig . 1). This airship, which 
took off for the first time on July 2, 1900, already had 
tho customary distinguishing features of present ri g id air ­
Ships : particularly the rigid fra ming with li ght motal 
ring s and long itudinals; further, the carrying of the lift­
ing gas in a series of independent cells, and fina lly the 
division of the machinery installation into several units. 
Th e symmetrical hull, which had a gas volume of 10,000 m3 , 

was very slender and had a long, symmetrical middle body. 
Control of this airship was still very primitive , Lateral 
control was by means of an u ppe r and a lower control sur­
face at the bow and by means of t wo si d e surfaces at the 
stern. Ve rtical control was at first atta ined through 
shifting of trimming wei ghts along the gangway . Later, an 
elevator was placed at the bow underneath the hull . Th e 
two Daimler engines of 15 hp. each wer~ located in two cars 
susp ended from the keel g irder, and by means of bevel-gear 
transmission drove th e propellers, placed at the height of 
tho centor of resis t ance. 

Tho operation of the first Zep p elin airship soon had to 
be discontinued for econo mi c reasons, and only after a five­
year interruption was Count Zeppelin able to raise the nec­
essary means for a second airship. This airship still re­
sembled its predecessor in many respects, having, however, 
more pow erful engines of a lesser unit weight, The succeed­
ing Zeppelin products, beginning with the successful third 
airship of the year 190 6 , indicate a continuance along the 
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course alr e ady start ed . Figure 2 s how s a t ypical pre-war 
example, the c ommer c i al airshi p IISc hwa ben ll (LZ 10 ), of tho 
year 1911, with a volume of 17,SOO m3 • Th e gangway is 
constructed as a sti f fenin g girder, the hul l has been gi v ­
en stabilizing surfaces at th e stern, the rudders arc ar­
ranged in the box form distinguishing t he pre-war Zeppelin 
airships. At this time t he re already exist ed the Luft­
schiffbau Sch~tte-Lanz, founded in 1 909 , which brought out 
its first airship at the end of 1911 and its second early 
in 1914. The second airship , the SL 2 (fig. 3), particu­
larly exhi b ited a number of substantia l improvements and 
was of special si gnif ic anc e in the furt her d~velopment of 
rigid airship construction . As i n the cnse of the first 
Schutte-Lanz airship, it had a streamlined hull with a 
form less slender than previous airships had and rudders 
attached directly to the stabilizing surfa c es. The gang­
way was located inside the ship, an arrangement which had 
previously been use d in the Zeppelin airship LZ IS, known 
as IINaval Airship L 211 and built in 1913. The propellers 
acted - as was customa r y in p ressur e a i rship construction -
directly b ehind the engines on e lastically suspended side 
and bottom cars. Gas-valvi ng was through spe c ial openings 
at the top of the airship. Wood was used as material in 
the SL- air s hips , while the pre-war structures of the Z­
airships wer e of aluminum. 

Howev er, pre s sure a irshi p constructi on wa s not dor­
mant in these y ear s before t he war . Pressure airships are 
distinguished by t h e fact t hat for maintenance of form 
t h e;)" continuousl y need an inne r superpressure, which is 
accomplished with t he aid of air-inflated ballonets . Pres­
sure airships are classifi ed a s semiri g id a nd nonrigid, ac­
cording to whe ther or not t hey have a stiff ening girder 
for suspension of th e c a r. This gird er can bo suspended 
from the hull , as was the ca se in the military ship of the 
Prussian Airship Battalion, constructod by Basenach (ref­
oronce 6), or secured directly to the hul l, as the Lebaudy­
built airships feature it. More recently the stiffening 
girder is plac ed inside the hull and t he ca r directly at­
tached thereto . The development of the n onrigid system is 
principallY the cont r ibution of v. Pars eval (reference 7). 
The first Parseval a i rship, shown in figure 4, which was 
followed by a series of successive a irships, came out in 
the years 1905-1906 and had a gas volume of 2500 m3 • An 
especially noteworthy feature of this ship is that it had 
t~o separate ba llonets fore and aft, which with difforing 
inflation could be used for altitude c o ~t ro l. A further 
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int e resting nonrigid pressure airship of the pre-war peri ­
od is the Siemens-Schuckert airship designed by Krell and 
Dietzius (fig. 5) . It had three cars, which were suspend­
ed from the hull with fabric curtain suspensions (refer­
ence 8). 

Interesting thoug h it would be to g o more into detail 
concerning the individual states of develop ment of t h o 
rigid and pre ssure airships and to follow further thoir 
development as advanced by the wart only the mo st import­
ant p ioneers of airship construction can be introducod 
here. With regard to the two Ger man airsh i p types, Zep­
pelin and SchUtte -Lanz, there are two comprehensive papers, 
wh i ch admirably describe their develop~ent up to 1 925 (ref­
eren ces 3 and 4) . 

In t h e first -named paper (re f erence 0) the ai rship 
LZ 1 26, built for the United States, is also minute l y de­
scribed. This airshi p in 1924 crossed the Atlantic Ocean 
from th e European mainland and si n ce t h en, as the "Los 
An g eles, Ii has been in t h e service 'of t h e American Navy. 
The two post-war ships "Bodensee" and "Nordstern ," of the 
Luftschiffbau Zeppelin p receded t h e LZ 126 . The "Bodensee" 
is particular l y notewo r t hy in tha t she conduct ed a regular 
air service between Berlin a nd Friedrichshafen as early as 
1919. 

II. SURVEY OF THE MORE RECENT AIRSHI P CONSTRUCTION 

AND SO ME FUNDAME_TAL AIRSHIP Q,UEST IO NS 

1. The More Roce n t Rigid Airships 

In May 192 6 , the fetters p laced u ? on German commercial 
airshi p construction b y t h e Versa i lles treaty were removed 
and the Luftschiffbau Zepp elln be gan t h e construction of 
LZ 127 (fig. 6) . The ship wa s co mp ~eted in the middle of 
1928 and as the "Graf Zepp el i n" is kno '/Vn t o all through its 
successful flights (re f eren c es 9 a n d 10 ). Because of the 
insufficient dimensions of t h e ol d Fri edrichshafen hangar, 
its gas volume had to be li mited t o 1 05 ,000 m3 • Also, 
quito largely for t he same reason, the slendorness ratio, 
i.e., the ratio of the leng t h to the ma ximum diameter , was 
se lect ed . Tho machinery installa t ion c onsists o f five re­
versible Ma y bach engines of 5 30 h p . ea c h , whi c h can be 
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driven with gasoline or gaseous fuel. The engines are 
installed in five cars, staggered longitudinall y with re­
s p ect to each o t h e r, outside the hull. The LZ 129, just 
now uL1 sr constr u ction in the new Friedrichshafen hangar 
of t h e ~uftschiffbau Zeppelin has a ga s vo1ume~ of 1 90,000 
m3 a n i a d.i s tinGtly "fatter" ai r s hip1s for m. Further sub­
stant ia l d &p ar t u r e s of the new ship will be discussed later. 

In En ~land in the year 1926, construct ion of tho two 
rigid a irsbips R, 100 and R 101 wa s be gun (r ofero n ces 11, 
12, 13, and 14). R 101 was built b y the Govornment itself 
in the Royal Airship Works in Cardin g ton; R 100 was awarded 
to a private company, the Airship Guarantee Company, in 
Howden. For both ships the same gas volume and approxi­
mately the s a me slenderness ratio wero or i ginally contem­
plated. R 100 (fig. 7) was comp leted first and, at the end 
o f July 1930, undertook its fli ght to Canada. The machin­
ery installa tion of the R 10Q ,consists of six reversible 
Rolls-Roy ce Condor engines of 670 hp. each, which are in­
stallod in t andem in three cars. In the R-l Ol (fig. 8) at­
tempt was ma de for t he first time to equip an airshi p with 
heavy-oil engines. Five Beardmore Tornado heavy- o i l en­
gines of 585 hp. eac h were installed in five cars. The 
heavy-oil ~ngines, as far as they werc concerned, were dis­
appointing, as they g ave a lower power, and turned out to 
be heavier , than was anticipated, a nd , besides, the revers­
ibility of t he light-metal propellers presented difficul­
ties. After its first trial flights R 101, in order to at­
tain more useful lift, was enlarged b y inscrti ng an addi­
tional bay amidships. Figure 8 shows the R 101 before re­
building. The tragic fate of R 101 is still fresh in our 
memory. Tho airship met with its accident early in October 
1930, in northern France, after starting its flight to 
India. Although, indeed, t h e two En g lish airs hips no long­
er exist - R 100 was broken up after the destruction of the 
R 101 - they can, nevertheless, not be ovorlooked in a com­
plete rp.presentation of the present status of airship con­
struction, s ince they present a great number of very note­
worthy st.ructural innovations which wi ll continue to be 
topics of discussion. 

The largest rigid airships thus far completed are the 
"Akron" (fig. 9), with a nominal gas volume of 184,000 m3 

*In a irships, it is customary to gi ve the nominal gas vol­
ume as the basic siz e . By thi s is mean t the content of the 
gas cells with a fullness of 95 percent. 
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and her rece n tly co mp leted sister ship, "Macon"*. They 
were built in the years 1929 to 1 93 2 in the United States 
b y the Goodyear-Zepp elin Corporation in Ak ron (references 
1 4 to 1 6). A principal feature o f these airshi p s is that 
the eight Maybach engines of 560 hp. each are placed in­
side the airship. They transmit thoir power through long 
s h afts and bevel -goar drives to swiveling propellers ar ­
ranged one behind another, as seen in pr ofile. 

2 . Airship Volume and Ai rshi p Form** 

In the above-me n tioned, nower, rigid airships, one 
recognizes distinctl y tha t the present dev e lopm ent tends 
toward building larger and IIfatter" airships . In fi gur e 
10 the more r e cent rigid airships are again shown in p r o ­
file to the same scale and an old e r Ze ppe lin airship - it 
is the last wartime naval airsh i p LZ 113 - added for con­
trast . According to this, since th e end of the war nomi ­
nal gas volume has increased t h ree-fold, the slenderness 
ratio L/D has decreased from 8 . 8 to around 6 . 0 in the 
LZ 129 and "Akr on, II and t o around 5.5 in the Eng l ish air­
ships. In the "Graf Zeppelin" the te nde ncy t oward a small 
slenderness ratio has n ot ye t b e c ome so evident. This 
lies p artly in the li mited p ropor ti ons of the old Fried­
richshafen construction hangar. It must still be mentioned 
that earilier Schutte-Lan z airships had a slenderness rat io 
which corresponded to t ha t in the "Graf Zepp elin, . II R 100 
is omitted from the asse mbly shown, si nc e, with respect t o 
nominal gas volume and a irshi p 1s fo r m, it is approximately 
t he same as the R 101 as s how n be f or e rebuilding . 

Th e great advantage , which an increase of the gas vol­
ume contribute s to th e economics of a i r ship s is indisput­
able . Cont r ar y to the cas e of the air p lane , an increase 
in th o useful-load ratio, i.e . , that of the pay load and 
that of the fuel load to the total lift, occurs with en­
large ment of an airs h i p , assuming constant speed. This is 
explained by the fact that the weight of the ·hull, exclu­
sive of machinery installation, increases with a power of 
t he volume which li os between 1 and 2/ 3 , a nd that of th e 
machinery installati on , corresponding t o the air resistance. 
with a power which lies below 2/3. 

*The I~kron" in the meantime has been the victim of an acci.­
dent. She encountered a severe s t orm on Ap ril 4, 1 933 , and 
was de st r oyed. 

**Se e references 17 to 20. 
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Such definite judgment of the most favorable slender­
ness ratio is not possible . The air resistance of the hull 
is divided into form and friction resistances. With con­
stant volume, the first increases with a fatter airship's 
form. the latter decreases correspondingly with decrease 
of outer surface. Since in an ae~odynamically well de­
signed hull the frictional resistance comes more into the 
foreground, in this respect the fatter form is the more 
favorable. However, a fatter airship1s form, because of 
its tendency toward instability, requires greater stabiliz­
ing surfaces. Thus the advantage of the fatter airship's 
form is limited. Considered from the structural standpoint, 
the fatter airship is, because of its greater resistance 
to bending, the ~ore advantageous, although here, also, 
transverse framing is associated with increase of airship's 
diameter. After consideration of all of these circum­
stances, it appears that one can choose, at will, between 
slenderness ratios from 5 to 7.5 without appreciable dis­
advantage. 

3. Lifting Gas and Fuel 

A further important problem of present-day airship 
construction is the question of the lifting gas and the 
fuel for the engines. As lifting gas for an airship only 
hydrogen and helium are considered today. Helium has the 
great advantage of noninflammability; on the other hand, 
however, hydrogen has the lesser ' weight . For design pur­
poses, a lift of 1 . 13 kg/m 3 is used for hydrogen in con­
trast to only about I kg/m 3 for helium. There is then, 
with helium inflation in comparison with hydrogen infla­
tion, a loss in lift of around 11.5 percent. Furthermore, 
the helium is more costly, since 1 m3 of helium costs to­
day around RM 1.50, while 1 m3 of hydrogen, on the other 
hand, costs only RM 0.20 . The use of helium means, then, 
from the economic standpoint, a greater burden. This can, 
however, be substantially reduced if lightening of the 
airship due to the use of liquid fuel and the accompanying 
valving of lifting gas are avoided . This can be accom­
plished, as it is in the case of the "Akron," by means of 
a water recovery apparatus, in which the water vapor con­
tained in the engine exhaust is precipitated. The present 
status is, that in this manner one can recover ballast 
water exceeding in quantity the fuel burned. 

Another me'ans, which was introduced in the "Graf 
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Zeppelin,1I is the use of gaseous fuel having the specifi c 
weight of air . Then the total weight of the airship re­
mains appr o ximately constant . Besides this, the use of 
fue l gas i s distinctly economical, since the space o ccu­
pied by the fuel gas, if considered filled with hydrogen , 
c an lift , in c o mparis o n with th e fuel-gas weight, o nly a 
smaller quantity of gasoline and, in addition, the fuel 
consumption with gaseous fuel is less than with l iquid , 
viz . , 170 g/hp . /hour against about 220 g/hp . /hour . 

The introduction of heavy- oil engines brings a fu r­
ther advance in the develop ment of the airship . These are 
distinctly preferable to gasoline engines in many respects . 
First and foremo s t, in conjunction with the use o f helium 
t hey bring about a considerable decrease in fire h azard . 
A further advantage is, that heavy- oil engines hav e a lowe r 
fuel consumpti o n t han ga soli ne engines have, which , with 
the nat ur e o f airships as long -distance carrie r s , works out 
particularly favorably . And finall y . the use of the cheap­
er heavy oil instea d o f the more costly gasoline indicates 
a g r eat finan c ial saving . The inst al latio n of heavy- oi l 
eng i nes was carried out in the English airship R 10 1, even 
though, as is already mentioned, with little result . Also , 
for the new German airship LZ 129 heavy- o il eng i nes are 
conternp lat Gd . Of course, the use of helium and heavy-oil 
eng i nes are contemplated . Of course, the use of h e lium ano. 
heavy- oil eng ines necessit a tes , for the eco n omic r easons 
mentioned, the ins tall ation of a water-recovery apparatu s , 
unless the so l ution worked out in the construction of the 
L Z 1 29 is a do pte d • In t h i s air s hip , ins ide the he 1 i um 
cells . and surrounded and protected against fire by them , 
s ma ll e r hydrogen cells are provided , for the acc o mmo dation 
of the gas to be valv e d in ma intaining equilibrium . 

A solution, which up t o now has no t been ca rr ied out 
in p ractice , is t he joint use of heliuo and fuel ga s. With 
this, to in c rease thE: safety a gainst fire, the fuel gas can 
be placed entirely insi d e the helium cells . Experin ents in 
this direction with a pressure ai r s h ip ar e at the moment in 
progress in th e Amer ican Navy . The Luftschiffbau Zeppel i n 
has not gone furt her into this last solution, since from 
t he standpO i nt of safety a helium airship with heavy- o i l 
eng ines is preferr e d . 
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4. The More Recent Pressure AirshipD and Their problems* 

In connection with some of the more recent pressure 
airships, some of the problems of pressure airshi~ construc­
tion should 11.0W be briefly discussed. The most ' impor,tant 
task hore is, to build pressuro airships with the smoothost 
possible nondi 's~orting envelopes, with the greate st possi­
ble avoidanc e of appendages . In the new pressure airships 
of the semirigid typ e , t h is proble m is solved, as already 
mentioned, by building a stiffening keel truss into the 
hull, suspending it from the u pp er part of the envelope . 
The car can thon be attached directly to this truss. The 
three Parseval-Naatz pressure airships of the Wasser- und 
Luftfahrzeng-Gosellschaft built in recent years are con­
structed in this man n er, which airships have become known 
to al l as advertising airships (reference 2 2) . Figure 11 
shows the newest of these p ressure airships, t~e PN-30. It 
is an airship of 2,6 50 m3 and has a Siemens SH 14 engine of 
115 hp . located behind the car. The keel truss built into 
tne airship is shown in figure 12. Its ends are carried up 
high and serve forward for the attachment of the mooring 
apparatus and aft for the attachment of the stabilizing sur­
faces. The keel truss consists of articulatedly joined 
Lautal tubes; the panels formed by these are braced by wiro 
diag onals. In some places, however, the counter diagonals 
are lacking, in order to at tain an elastic giving of the 
keel trus s . 

In orde r to diminish the ~istortion of the fabric en­
Velope in the larg e r pressure airs h ips, a steel net may be 
inserted between the cells espe cially provided for hold i ng 
the g as, and the outer cover, around the entir e girth . This 
idea originates with Naatz a nd is to be t ried out on a con­
templated larger airship of the Was s er- und Luftfahrzeng­
Gesellschaft . A similar development, in which, furthermore, 
tho lowor part is developed as a shell framing, comes from 
Wiesinger (reference 23). 

A radical method for attaining a hull wi~h little , 
stretch is carried out by the Metalclad Airship Corporation 
in Detr oit (U.S.A.). The re the pressure a.irship of 5,700 rn3 

provided with a metal e nvelope, as ,sho wn in figure 13, has 
been built (referc-llc 'es 24 and 25}. , . The eight stabilizing 
surfaces pr ovided for increasing maneuverability are espe­
cially noteworthy. T~e metal skin consists of 1/4 mm thick 
Alclad sheet strips, which are joined by means of a special 
rivet-sewing machine and have packing insert ed at the seams . 

*See reference 21, which gives a comprehensi ve discussion of 
pressure airship construction. 



10 N.A.C . A . Technical Memorandum No. 872 

The Alcla d is duralumin, which has a covering layer of pure 
aluminum as a protection a gainst corrosion. Figure 14 gives 
an inside view of the ship and shows t h e ring girders and 
inverted channel longitudinals provided for stiffening the 
metal skin. 

The idea of attaching the car diratly to the hull in 
nonrigid pressure airships also has been carried out in the 
morc recent pressure airships of the Goodyear Company in 
Akron . Figu re 15 shows an example of t his type, the pres ­
sure airship "Puritan, II of 2 ,430 m3 , of the year 1928 . The 
airship has two S i emens SH 10 engines of 60 hp. each at ­
t a ched at the sides of the light- metal car. The umbrella ­
like nose-stiffening of t he hull is easily perc e ived . Be­
sides the more recent pressure airships mentioned, a number 
of pressure airships , principally of t~e semirigid type, 
have originated in other countries in r ecent years, espe­
cially in France , where the "Vedettes" and "Escorteurs" are 
built for the Navy . 

III. THE PRESENT STATUS OF AIRSHI P-FRAMING CONSTRUCTION 

1 . Structure 

The framing cons t ruction of all present-day ri gi d air ­
ships has not changed in its fundamentals since the earliest 
Zeppelin airships . This construction is the following (fig . 
1 6); A series of polygonal transverse rings is joined at 
the corners by longitudinal girders; t :~e rectangular panels 
formed by the ring sides and longitudi~al girders are stif ­
fened by wire bracings, which are a pp lied in a single or 
double panel arrangement . Besides thi '3 "external pane l 
stiffeningll another "inner net bracing ll is usually present, 
which attaches to the inner faces of t~e longitudinals and 
serves for the transferring of the gas forces exerted by the 
cells . The thus constituted envelopi n~ surface forms a sta­
ble space fram e work, which struct u rally is known as a basket 
frame. By stiff enin g of all or of only some transverse 
rings of this bask et fra me, a stru cture of high bending and 
torsional stiffness is obtained.* 

The framing construction shown in figur e 17 , conc e ived 
by Ung er , is fundamentally different. It consists ma inly 

*The suggestion of building the framin g of a rigid airship 
in the form d e sc r ibed originates with M~ller - Breslau (refer ­
ence 5). 

l 
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of two plane trusses in the vertical and horizontal longi­
tudinal planes , intersocting in the airship's axis . The 
rings are built around those plane trusses and attach to 
the two plane trusses at the odgo s of the latter. The ob­
vious disadvantage of this construction is the practically 
unobtainable lateral stability of the deep plane trusses 
and, in addition, their deficient torsional stiffness. An 
a d vantag e of this construction is , perhaps, that a natural 
attachment of the st a bilizing surfaces results and that t ~ e 
vertical plane trusses can be used for supporti ng weights 
a n d the nose for mast mooring without anythin g additional. 

In all of the more recent airships, however, the pre­
viously described basket-work framing has b een used. In 
this construction the transverse rings are designated as 
main and intermediate rings , dependin g on whether or not 
t h ey are stiffened in their own planes. The stiff main 
rings serv e a double purpose . Firstl y , they taka care of 
a proportionate sharo of the external forces on the outer 
cover which affeci t he framing; secondly, they div ide the 
total gas space into the individual compartments which 
serve for the accommo da tion of the gas cells. In the de­
sign of the framing the c a se of a defla ted gas cell is 
considored. Then the ad jacent colIs which are still in­
flated are s ubjected t o large side gas forces, for which 
either the main rings themselves must be carefully de­
si gned, or s ome othe r structural provision must be made. 

In the main rings of the more recent rigid airships 
on e may distinguish two differen t arrangeme nts. In figure 
1 8 they are s h own in contrast, above and below. The 
IfGraf Zeppelin, " as well as the ne\v airship 1Z 129, now under 
construction , have wire-braced rings. The wire bracing 
is atuached to alternate ring cornersj the intermediate 
sides are constructed as trusses . Also, in the one English 
airship R 100 no depar ture from wire-braced rings has been 
made; the wire f orces are here led to ea ch ring corner. 
On t h e other hand, the IfAkron" and the English nirship 
R 101 have so-called i nheren tly stiff ri ngs. These are 
built up in such a manner that two external ring members 
lying in the outer surface of the airship are joined with 
an inner ring me mber by means of wall struts to f orm a sta­
blo triangular girder. The quostion, which of the two main 
ring types is the be tte r for the present si ze and f orm de­
fined by the framing, can net be defi nite l y decided . This 
is due to the two oppo sing functions of the main ring, on 
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the one hand, to prcivido for a g ood weight distribution 
and stiffening of th e framing, on the other hand, to form 
the necessary bulkhe~ds for the gas cells. If only the 
first function existed, preference would undoubtedly be 
given to the wire-braced ring; for. as is woll known. a 
cross-braced structure is superior to a trussed structure 
with respect to stiffness. However, a requirement for a 
good stiffening effect of the braced ring is as highly ten­
sioned a wire not as is possible. 

Now~ however, · for the socond function, namely. for 
serving as a bulkhead, such a tensioneQ net is disadvan­
tageous. for tho side gas forces occurring with deflation 
of a cell produco in the wire bracing tho greater forces, 
the loss the bracing is able to bulge. These wire stresses 
become more appreciable with increasing ring diameter. 
They can be reduced, however, by supporting the wire brac­
ing at the center by means of an axial girder, running 
through the entire ship. Such a solution is applied in the 
three newer rigid airships provided with wire-braced rings. 
However. the use of this acial sup port is accompanied by 
the structural disadvantage that either it must be passed 
through the cell, or must be encircled by the cell. The 
~ormer mothod presents difficulties in making the cell gas 
tight where the girder pass e s through it; besides, the ax­
ial girder is inaccessible. For these reasons, in the two 
r€cent airships LZ 129 and R 100, the gas cells have been 
installed around the axial g irder like millstones. In the 
LZ 127 the solution presented no such difficulty, since 
with the arrangement of lifting g a s in the upper part Dnd 
fuel gas in .the lower part of th e airship, a necessary sep­
aration of the cells resulted and the axial girder c9uld be 
run between them. 

In the two ships pr~vided with inherently stiff rings, 
the "Akron" and the R 101, th.e problem of . taking up the 
side gas forces is solved in different ways. In the "Akron" 
a netting bulkhead with a tensioning device is introduced 
inside the i~nor ring member (fig. 24). This is resilient­
ly attache~ to the inner ri ng corners in the upper part. 
This resiliency yields only with largo forces. The effect 
of this is that, in the normal condition of inflated cells, 
the netting bulkhead acts as a supplementary stiffening of 
the ring; on the other hand, in the unusual loading condi­
tion of a deflated cell. ubich i s accomp a nied by large wire 

. forces, tho bulkhead not can bul g e out. and theroby the 
wire forces are reduced. In the R 101, the placing of a 

J 
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wire net inside the inherently stiff ring has been avoided. 
Instead, the whole cell is surrounded by a parachute-like 
wir e net, which leads the side gas forces into the joints 
of the longitudinal girders (fig, 31) . 

The fact that the inherently stiff ring occupies some 
of the availab le gas space and th9reby reduces the lift is 
always emphasized as an unfortunate disadvantage of such 
rings. To avoid this, it has been suggested that the ring 
be made as deep as possible and its inside filled with a 
special ring colI, However , this solution is accompanied 
by great structural difficult ies and also results in an ad­
ditional weight of cell material and valves, apnrt from the 
consideration that the increased surface of the whole cell 
installation involved in this solution causes increased gas 
lo ss . 

Also, with respe ct to the spacing of the main rings, the 
newer airships differ very substantially , To minimize the 
ring and cell wei ghts, it would be desirable to subdivide 
the gas space as little as possible. T~e size of the cells 
and therewith the main-ring spacing is, however, limited 
by the condition that the loss of lift in the event of the 
deflation of a cell, and the ensuing trim moment, may not 
exceed a definite maximum value. This maximum value do­
pends upon what matter in the airship can be expended to 
offset the loss of lif t and the trim of the ship with de­
flation of this cell. Besides this, a limitation of tho 
cell size results from the re quirement that the stressing 
of the framing with deflation of a cell may not be too un­
favorable. The spacing of the main rings s elected in the 
case of the "Graf Zeppelin " is 15 m. Between the main 
rings, two intermediate rings are placed (fig, 21), They 
serve to reduce the column length of the longitudinal 
girders to the most favorable figure of 5 ill and also to 
provide a favorable angle of inclination for the shear 
wiros. In tho LZ 129, in spite of the largo increase in 
tho gas content, a colI leng t h of 15,0 m, as well as the 
schemo of two intermediate rings, havo been retained. Only 
amidships is the main ring ' spacing increased to 16.5 m. On 
t h o other hand, the wide main ring spa cing in the "Akron" 
has been increased to 20 m amidships an d to subdivide the 
the c o lumn length of the longitudinals three intermediate 
rings have been used (fi g , 23) , I n t he English construc­
tions, R 100 and R 101, the i ntermediate rings have been 
entirely omitted and, instead, the main ring s have beon put 
close together (fig, 26). This resulted in a relatively 
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large number of main rings and the rather large column 
lengths of about 11 to 1 3 ill in the longitudinals. The 
close subdivision of the gas space may well have contrib­
uted to the fact that the structural weight in the two 
Eng lish airships has turned out to be relatively high. 

The s pacing of longitudinals is l ~mited by the condi­
tion that a certain figure should not be exceeded for the 
free span width of the outer cover, wh~ch is laced to the 
out er booms of the longitudinals. In ;he German construc ­
tions LZ 127 and LZ 129, as well as in the "Akron," it 
amounts to around 3.50 m. Also with respect to these fig ­
urSs , those previ ously customary have been exce ed ed in the 
Eng lish airships . In order t o reduce th e distortion and 
f luttering of the outer cover resulting from the great 
span width, a special supp orting s truc t ure has b e en pro­
vidod in the R 100, which pulls the co v er inward . On the 
other hand, in tho R 1 01 portable intermediate long itudi­
nals are placed between adjacent main longitudinals (fig­
ure 30), which serve to tension t h e cover radially. How­
ever , since t h es e intermediate longitudinals are not adapt­
ed to taking tcn~ion, they represent a useless e xcess 
wei ght; a further reaso n for the high structural weight 
in the R 101 . 

All previous Ger man ri gi d airshi p s have a frame - stif­
f eni ng keel girder, which serves to transfer to the main 
ri ng s the weights located in the lower p art of the air.ship 
(fi g . 19). In contrast to this, in the R 101 such a keel 
g irder has been e nt irely avoided, since for the greater 
part it was possib le to pl ace the wei ghts in the spacious 
main rings . The corridors pr ovi ded are made up o f relative­
l y weak framin g (fi g . 34). In th e "Akron" throe corridors 
~n all a r e provided, one a t the top and one on each side 
i n tho lo wer part of th o a irship a t 45° to the longitudina l 
plane . In th o forward part of th e airship a corridor runs 
from the control car to tho oxtreme bow . The engines are 
inside the airship in properly fi t ted ro oms at the inter ­
sections of the side corridors with four midship main ring s. 

For the attachment of t h e stabiliBing surfaces it has 
been h eretofore custo mary to cons t ruct a stiff cruciform 
frame in on e 0 r more of the main rin g s in the long itudinal 
loca t ion of the surfacGs, to whic h t he surfaces can then bo 
attached without bracing (fig . 33). In the German and Eng­
lish airships, this manner of construc t ion has been re­
tained . In t h e "Akron," on the o ther hand , the surfaces 
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have been a ttached directly to the outer f raming , relying 
upon the i nhe rently stiff main rings for ri g idit y . In the 
English airships the passe ng er and crew s pac es are l ocat ed 
in the i nte rior of the airship in the forward half of the 
airship , likewise the living spaces for the co mplement of 
the tI.A.k ro n ." The latter are located adjac en t to the side 
corrido rs ; between them a free space is bridged over, which 
serves for the accommodation of five airplanes. Figures 
19 to 24 can serve fUrther to clarify the frame structures 
of the various rigid airships . Further fi gu res are found 
in references 10 to 16 . 

2. structural Elements 

Just as the five newer airsh i ps differ in g en eral ar­
rangement of framing . they also differ from one another i n 
girder design. "The 1Z 127 has girders similar t o those 
which were usual in earlier Zeppelin a i rships. The longi­
tudinal and r i n g girde r s are of triangular form, their 
channel-shaped corne r membe r s being joined by means of cor­
rugated lattices (fi g . 35) . For the 1Z 129, entirely new 
kinds of girders have been deve l oped, which likewise are 
shown in f igu re 35 . The cor ne r members are joined by mean s 
of oppositely set U-shaped s trut s, extensively provided 
with lightening holes . Th e pot - shaped corn e r members used 
for the new gi rders are especially shown i n figure 35 . The 
~pper sections ar e u sed in the more light l y s tress e d , the 
lower in the more h eavily stressed g irders. Figure 36 
shows a truss member of a main ring of 1Z 127. The kind 
of lattic i ng for the various girders is clea rly recognized 
in th i s . Figure 37 shows t he g irders newly develope d by 
the 1uftsc hif fbau Zeppelin and having the opposit ely set 
strut bracing , and shows also the attachment of the latter 
to the outer and i n ne r leg s of th e corner member s. 

In the IIAkronll ~ departure has been made from the tri­
angular type of g ird e r and rectangular box g irders (fig. 
35) have been developed for the rin g members. The se girders 
have no rea l corner me mbers . Rather, t he wa ll plates of 
the girde rs g rip ov e r one another at the c orners and have 
stiffening grooves there . Merely by the setting-in of a 
corner piece the corners are transformed i nt o closed sec­
tions . The wall plat es have extensive light ening hol es . 
In like manner this construction is also a pp lic abl e t o tri­
angular box girders. The ring g irders used in the R 101 
have an appearance similar to that of the ri n g girders in 
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the trAkron. rr In contrast to the rrAkron ," however, lipped 
tubes are used in the corners, into which the wall plates 
grip. In the three boom girders of t he s pa cious rings 
these tubes are made of high-strength st eel, while the wall 
plates are of duralumin. 

Through the so-called efficiency factor one has a 
comparison of the values of the gi rders developed . By this 
is meant the relationship of the buckling load attained, in 
tons, to the running gird er weight in kg/m . This has the 
dimension km. In figure 38 the efficiency factors of the 
triangular gi rders for LZ 127 and LZ 129 are plotted on the 
girder cross-sections . It is seen tha t the efficiency fac ­
tors of the new gi rders, in compar ison with the earlier 
ones, have increased significantly. I t is especially sig­
nificant in connection with the girde r s used, that the ef­
ficiency fa ctors increase with increasing cross-section. 
From this it follows , that the structural improvement of 
lighter girders is particularly diff icult. In figure 39 
the ef f iciency factors for the gird ers developed by the 
Goodyear-Zeppelin Corporation are shown. In the case of 
the g irders used in t he I1Akron," made of the American alu­
minum allo y l7SRT, they lie between 5 and 8. Moreover, 
they may be brought hi gher with t he use of the high streng th 
alloy 24SRT and with i mp roved forming . 

Those developed for t h e framing of the R 100 are tri ­
angular girders, the tubular booms of wh ich show an esp e­
cially noteworthy development . Figure 40 shows such a tube 
in formation. The tubes are rolled in spiral form from 
stri ps of plate and riveted along the contacting edges. As 
is evident from figure 41, the boom tubes are joined by 
me ans of box-type struts, which are arranged op p osed to one 
another in a manner si milar to that used in the previously 
described development of the girders of the L~ 129, and 
which have been provided with lightening holes. 

The longitudinal girders in the R 101 are constructed 
in yet another manner (fi g . 4 2). These l ongitudinal gird­
er s, which likewiie are triangular gird ers, have booms of 
steel tubing and struts of duralumin tubing. The rectangu­
lar panels are cross-braced by means of wire diag onals, 
Th e girders have a consi d era ble depth (up to 70 cm). The 
steel tubes of the booms are not d rawn, but are of sheeting 
bent tog ether. 

In joint desi gn one can distin guish fundamentally two 

------ --- --
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different types. In the first type the intersecting booms 
are riveted directly together. With this type one recog­
nizos that, as a result of the eccentric attachments of the 
~ndividual members and of the stiff construction of the 
joint, stress concentrations occur, which, however, are in 
general of no great disadvantage, since they occur only ·lo­
cally . The other typ e seeks to reduce these secondary 
stress es, since as much as possible it brings the members 
together at one p oin t in special jun ction members. This 
type has th e advantag e in assembling, that all members can 
be comp lete d. in their correct lengths and then screwed up. 
Tho structura l design is, however, more difficult and also 
involv e s mor e weight. 

::B ecause of these considerations German airship build­
ing has thus fur not departed from the stiff riveting of the 
joints . Fi gure 43 shows a typical joint, as it occurs in 
t h e constructi on of the 1Z 127. The long itudina l girder 
with the do~nward pointing ape x passes through t~e ri ng 
girder e Underneath the atta.chmcn t plate for field aSGombly 
is vis:i.ble. Also the g ird e :'s of the "Akron" are riveted 
at the joints . Fi gu r e 44 sh ows an inner joint of the main 
ring. Here e specia l ly simple attachments r esult from the 
rectangular dosi g n of t he g irders. 

In t he construction of the R 100, spec ia l joint mem­
ber s (fig . 4 6) have been rivetod together, on to which the 
boo m tube s of the long itudi~al and ring gi rders are screwed 
b y ffiP.c_ .r:.5 of sleeve nuts. Such a joint comp leted is seen 
in ft~ure 45 , which again shows the continuity of a longi­
tudinal girder at the ring corner. 

A ~ing joint of the R illl looks entirel y different 
(fi g . 47). ~he boom tubes of the ring s truts are brought 
to gether i~ ~yramld f orm and end in a light metal casting 
(fi g. 4 ~ ), wb12h i s held by the for k- like ends of the tubes 
o f the inller ring bo oms. Also the wire attachments in the 
R 1Q1 are lO~~01 out in an unusual manner. The wires are 
p oured i:lto S·l.cc'/ es, which aro scre wed into casings. The 
c asings are snive l-fastened to a steel plate, which ca~ 
turn arou n d a bolt set in the joint cast ing. 

In the "Graf Zeppelin" as well · as in t he "Akron" the 
ends of wires are looped, served with ,small wire and then 
solder ed. The new structur e of the LZ 129 has departed 
from this typ o of wire terminal for t he bracing of the main 
rings. The wires, which here in p l ac es g o to wire diame­
ters up to 8 mm, end in so-called "Heddernh eimer" casings, 
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which are turned up over the wire endH on the wire-drawing 
frame. According to t e sts which were conducted a t the DVL, 
these casings represent an exceptiona l terminal joint (26). 
In t h o rings of the LZ 129, now under construction, an es­
pecially interesting attachment of the wire bracing to the 
ring corners has been developed (fig. 49). It has for its 
object the leading of the wire forces as centrally as p os­
sible into the ring joints, in order to reduce torsion and 
l a teral bending stresses in tho ring girders . The wires 
c omin g into th e joint are brought together on a steel mem­
ber, the so-callod "spreader." Aroun d this is laid an end­
l o ss cablo strop, which is led over a formed part, the so­
called "whip . II This formed part swin €; s on a bolt, which is 
p laced at the junction point of the ring and long itudinal 
girders. 

3. Materials. 

In the structures of L2 127, L2 129, "Akron," and 
R 100, duralumin is use d as structural material. In the 
R 101 a mixed construction has been adopted, in which the 
boom tubes of the long itudinal girder s are worked out in 
steel. The question, which of t h e two materials mentioned 
is more suitable for t he airship frame is difficult to de­
ci d e theoretically. If one compares the pure efficiency 
factors for columns, then, t o be sure, duralumin shows u p 
t h e better~ one should not forget, however, that in view 
o f t h e compact design and the possibility of welding in t h e 
c a se of steel construction the joints turn out lighter. 
With t h e size of presen t -day airship structuros we have un­
dou btedly co me into a range where steel, especially in the 
form of weldable tubes, comes into the picture as a serious 
co mp etitor of duralumin, which is preferably used in open 
sections on account of r iveted attachments. 

In table 1* a re as s e mbled the dur a lumin alloys hereto­
fore used in airship structures. Hardness 1 signifies: 
cold rolled after refining. The corresponding values can 
also bo applied to drawn sections, since approximately the 
same streng thening results f rom drawin g . Th e first series 

*The table is taken fro m t he paper by Dr. In g . Erenner: 
"Die Au swirkung neuerer Erkc nntnisse der Werkstofforschung 
auf den Luftfahrzeugbau" (liThe Development of Now Concop­
tions of Material Research in Aircraft Construction ll ). ap­
pearing in tho DVL-Jahrbuch 1933. 

l 
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rep resents the ordinary duralumin, as it was used in the 
pred ecessor of the "Graf Zeppelin, II the "Los Angeles," 
placed in service in the American Navy. 

I n the second series the substitute alloy 681ZB de­
velop ed for the "Graf Zeppelin" is introduced, from which 
o n e p erceives that the tensile strength as well as the 
ela s ti c li mit, for which in li ght metals the 0.2 limi t is 
sp e c i f ied, have increased about 10 percent. In t h e last 
l ine t he American 17SRT used in the "Akron" is entered. 
As ma y be seen, this alloy is not better than the normal 
alloy 681B, strengthened by cold rolling. Further, the 
tab le cont a ins in the next to the last line a new alloy 
DM3 1, which was recently developed at the Durener Me t nll­
wJ r k e. With respect to its elastic limit and tensilo 
st reng th, this alloy lies about 10 percent higher yet than 
t h e sub stitute alloy 68lZB used for the LZ 127. Since its 
o ther p roperties, especially its corrosion-resistance, are 
not worse t h an in those previously me n tion ed, this alloy 
might be e sp ecially suitable for airs h ip construc t ion . Th e 
co r rosion resisting steel used for tho longitudinal g irders 
o f t he R 1 0 1 has a te n sile strength o f about 140 kg/ mma. 
S t i l l t o be mentioned is, that in the construction of the 
gangway fr aming of the semirigid airship PN 30 (fig. 12) 
Lau tal tubes have been used , which show a tensile strength 
of 3 8 to 42 kg/mma and an elastic limit (0.2) of 22 to 27 
k g / mma . 

4 . Loading Assumptions and Structural Design 

After having gone into the construction and the struc­
tural elements of the framing in the foregoing paragraphs, 
the f undamentals on which the design of the fra~ing rests 
should now be briefly treated; first something about the 
loading assumptions. 

The forces which stress an airship are in the main of 
three kinds: the static, the aerodynamic, and the inertia 
forces. To the static forces belong the weights carried by 
the airship, which arc divided i nt o deadweight, operating, 
and useful load, as well as the lifti ng forces exertod by 
the lifting gas. One speaks of the rreigho d-off ship, when 
loads and lift are equal, of the hea v y shi p , when the loads 
exceed, and of the light ship when the lift exceeds. 

The static forces are determined with tho loast error. 
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It is the task of the constructor to strive from the begin­
ning for balanced distribution of the weights and lifting 
forces through suitable weight distribution plans. This, 
however, is possible only to a limited degroe, so that es­
pecially after a rather large fuel consumption and in the 
very rare case of tne deflation of a cell, the static loads 
can cause rather large shear forces and bending moments . 

The forces of the second kind are the aerodynamic or 
air for c e s . The y rep res en t tho m 0 s t i mp 0 r tan t g r 0 up 0 fox­
ternal forces . Their determination is accomplished through 
ptessure measuroments in the wind tunnel (referencos 27 and 
28) as well as through tests on the airship in flight (rof­
erenc~ 29). Their theoretical determination is possible 
through the procedures worked out by F·l1hrmann, Von K~rm~n, 
and Munk (references 30, 31, and 32, rospectively), the re­
sults of which in general show good agreement . with the test 
results. The aerodynamic forces occur chieflY in trimmed 
flight, i . e . , when the heavy or light airship flies with an 
upward or downward directed longitudinal axis for equaliza­
tion of the static forces , Similar forces occur in curved 
flight. Further, the forces acting on the stern of the air­
ship with rudde r movement belong to tho aerodynamic forces, 
and finally als o the forces exerted by gusts. 

As a result of the accelerations occasioned by the air 
forces, the third kind of forces OCCl1rs: the so - called in­
ertia forces. They are oquated to the external air forces 
and moments in accordance with the d'Alembort principle and 
depend upon the mass and tho moment of inertia of tho air­
ship. 

In German airship construction it is customary to se­
lect a limited number of conditions of loading . Principal ­
ly, there are the case of the airship flying in the verti­
cal plane at a fixed limiting altitude , that flying in the 
horizontal plane with the smallest turning circle, as well 
as the case of the rudder hard-over at a fixed rudder angle. 
More recently there has b e en added the consideration of the 
stressing due to gusts, which attack the forward part of 
the airship with a velocity of more than 10 mis, as well as 
the forces on the airship lying at the mooring mast . The 
loading conditions mentioned are investigated individually 
and in certain combinations together with the constant stat­
ic loads, In the calculation of tho "Akron" all aerodynamic 
loading conditions are combined in a single loading condi­
tion, the effe c t of which is assumed in all longitudinal 
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planes of the airship (references 17 and 33). In the con­
struction of the English airships, on the other hand, com­
binations of loading conditions are considered in much 
greater number than was previously customary (reference 34). 

Also in the matter of safety, distinct progress has 
been made in the newer airship structures. In Gorman air­
ship construction a uniform factor of safety (against 
breaking) of 2 for tension and compression is taken as a 

. basis, With this the factor of safety for tension is ap­
plied to the tensile strength of the material and that for 
compression is applied to the experimentally ostablished 
compression strength of the momber concernod. In the Ameri­
can construction, on the other hand, the factor of safety 
2 applies against exceeding the so-called lIy i eld point, II 

wh ich in the alloy used, l7SRT, lies approximatelY around 
30 kg/mm 2 (reference 33) . Since this limit agrees approxi­
ma t ely with the compressive stress attained in the compres­
sion me mbers, this gives, even more severely than in air­
plane construction, a distinct security against the break­
i ng of tension and compression members. A still more ex­
tehsive graduation of factors of safety is followed out in 
the English constructions. The required factors of safety 
(against breaking) lie, depending on the kind of stress, 
between 2 and 4 (reference 35). 

With the high degree of static indeterminateness, the 
exact calculation of an airship framework as a statically 
indeterminate space framework practically can not be accom­
plished, On this account one is compelled to adopt approx~ 
i mate methods (references 36 and 37). The simplest and, 
under certain hypotheses, also the most suitable approximate 
method consists in considering the entire airship fra n e to 
be a homo g eneous beam, and to calculate according to the 
usual bending thoory, In tho determination of the momont 
of iner.tia of such a beam one must, however, consider not 
only tho circular cross sections, but also the diagonal re­
i n forcement of the tension zone by the outer panel and the 
inner net stressing, and under certain circumstances a lso 
that by the outer covering. In what magnitudes the indi­
vidual portions are to be taken depends on the transverse 
force acting at the section considered. 

Another approximate method consists in calculating 
the forces in the diagonals of the outer surface under the 
hypot h esis that the transverse rings are rigid in and per­
pendicular to their planes and that only a parallel dis-
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p l ac ement of these rin g s with resp e ct t o each other takes 
place . The circumferential forces are th en determined from 
the components of . the diagonal forcos :~o determined . In 
contrast to the previously men t io n ed b ending theory, this 
meth od is designated as the shear theo ry (refere n ces 4, 38 , 
a nd 39) . 

s tress and bendin g measurements on the framing with 
definite conditions of loa d ing can give an indication con­
cerning the accuracy of the ap p roximate methods discussed . 
A loading test of that kind was undertaken early in 1929 by 
the DVL with the framing of the LZ 127 in the hangar. The 
measure ments were made on the wei ghed-off airship and the 
various loading conditions were obtained by shifting of the 
wei g hts provided. The measurement of the stretch of longi ­
tudinal girde rs was mostly by the electro-acoustic method 
with Maihak strain gauges , tensions in wires were determineQ. 
with the tensio me ters developed by Luftschiffbau Zeppelin. 

From the grea t number of measure ments taken , there a re 
selected in figure 50 t h e stress measur ements in the longi­
tudi nal girders over a n ,airsh ip's cross section approximate­
ly ami dships for two si g nificant conditions of loading . In 
the fi rst case a l ar g e be nd i ng moment a cts in conjunction 
with a small transver s e force ; in the second case a small 
bending moment in conjun ction with a l a rge transverse force. 
Th e curves a · show the variation of the stresses mensured 
in the longitudinal gi rders under these conditions of load­
ing . Superimposed on these are three calculated curves b, 
c, d , which were obtained in accordance with ths above­
men tioned beam theory b u nd er the hypothesis that only 
the longitudina1s alone, c, that the longitudinals and 
all diagonals~ and d, that the longitudinals and only the 
diagonals lying in the tension zone contribute to the mo­
ment of inertia. In t h e case of the diagonals a cooperation 
of the net stressing and outer cover is considered. The 
course of the curves shows that the stress distribution 
measured lies in general between the two lines band c, 
and, indeed, agrees well with b in the comp ression zone 
and well with c in t h e tension zone. The line d is in 
good agreement with whole course. 

A somewhat expensive procedure for checking the 
stresses is the carrying out of static tests on models, 
which in their elastic properties duplicate the full size. 
~uch model tests are in preparation at the DVL. 

l 
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5. Weight Survey 

In closing, a survey of the weights us ed f or the 
framing and other pa rts of the dead weight s of the airships 
mentioned s hould be g iven. 

In fi gure 51. the weight ratios of fra ming, wiring, 
etc., t o d ead weight, as well as the ratio of the dead 
weight to s tatic l ift , are shown graphically to the same 
scale for the various airships. The squar e sho wn, repre­
senting 5 tons* serves as a measure of the actual weights. 
Primarily noteworthy in this drawin g is th e large ratio of 
the framing to dead weight in the two Engl ish airships R 100 
and R 101. This probably lies. as is already mentioned, 
mainly in the close ring spacing as well as in the relative­
ly high facto rs o f safety chosen. The greater ratio of the 
wiring to d ead weight in R 100 compared with R 101 is to 
be attributed to the g reater ratio of the wi r ing area to 
the profile area of the hull in the case o f R 100. The 
smaller weight rat io o f outer cover and gas cel ls in the 
"Akron,1I R 100, and R 101 in comparison wi th LZ 127 is to 
be attribut ed to the greater volume and the s maller slen­
derness rati o. The large ratio of the machinery in s talla­
ti o n in the LZ 127 and llAkron" in compariso n with the R 100 
probably lies largel y in the relatively high unit weight 
of the Maybach engines chargeable to operating safety, and 
in compnr i so n with the R 101 in the relati ve ly low total 
power of the machinery installation of the R 101 . Finally, 
in addition there is the large ratio of the cr ew and pas­
senger spaces in the two English airships. This re sults 
fro m th e fact that in the two Eng lish airships a r elatively 
high weight has been expended for the furnishing of these 
spaces. The dashed lir.es in the case of R 101 show t he ra­
tio if approximately the same expenditure is made as in the 
case of t he "Graf Zeppelin." 

In conclusion. it must be noted that in this compar­
ison, in which all airships are assumed inflated with hy­
drogen, the "Akron" co mes out so mewhat too favorable, since 
with helium inflation the framing portion is more lightly 
stress ed; howe ver. offsetting this in the "Akron" is the 
add itional weight of the water-recovery appa rntus. 

* l:et r ic. 1 ton, metric = 2204.6 pounds. 
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IV. CONCLUSION 

In covering the matters relating to the pr~sent posi­
tion of airship construction it was possible only to a lim­
ited degree to go into them thoroughly. Particularly, only 
a part of the materials graciously made available by domQs­
tic and foreign airship authorities could be introduced. 
The foregoing discussion is intended primarily to give an 
idea as to what mental and material media have been used 
in airship construction up to the present time, and what 
guiding influence German airship construction has exerted 
on t he previous development. 

Translation by Ray E. Brown, 
Bureau of Aeronautics, 
Navy Department. 
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TABLE I 

strength Data for the Newer Aluminum Alloys 

Alloy and hardness Yield Tensile Elonga- Remarks 
point strength tion 

CY o . a CY B 5 
kg/mm 8 kg/mm a (per-

cent) 

681 :0 , untreated 26-28, 38-42 18-15 According to 
hardness 1 32-34 45-48 12-10 data of the 

681 ZB, untreated 28-30 42-44 18-15 Durener 
hardness 1 36-38 46-43 12-10 

Metallwerke 
DM 31, untreated 30-34 46-48 15-12 A . -G •• Duren 

hardness 1 40-42 50-52 12-10 

1 7SRT . average 32 I 43 10-15* According to 
I American data I 

* Mea sured over 2 inches. 
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Figure 1.-First Zeppelin airship. 

Figura 3.- Second Schuette-Lanz 
airship. S12. 

Fi gs. 1,2,3,4,5,6 

. 
~~~~""--"~ .... _ .. iIW1~ ....... l'ir 

Figure 2 . - Z-ship SCHWABEN. 

Figure 4.- First Parseva1 
pre s8ure ship. 

Figure 5.- Siemens-Schucke r t 
pressure ship . 

Figure 6.- GRAF ZEPPELIN (LZ-127). 



N.A.C.A. Technical Memorandum No. 872 Figs. 7,8,9,10,11.12 

Figure 7.- The English rigid 
airship R-100. 

Figure 8.- The English rigid 
airship R-101. 

L11130 L '0- 4 I .. 
J.USOO",! 
(f!Jf8) 

Figure 9.- The American rigid 
airship AKRON. 

nn:::ID:[] 

1 ~ .• ~ ~ .. . , . 

Figure 11.- Semi-rigid pressure 
airship PN30. 

Figure 10.- Profiles of more 
recent rigid airships. 

m:nm 

Figure 12.- PN30. gangway truss. 
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Figure 13.- Meta1c1ad pressure 
airship ZMC-2. 

Figure 15.- Goodyear pressure 
ship PURITAll. 

./1"',.,," 

Figure 

Figure 16.- Usual sy.tem of airship 
framing. HR = main ring. 

ZR-= intermediate ring. L = Longitud­
inal girder. 

17.- UNGER system. 

lllZ6 Iff 00 

""" 

of ring types. 
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Figure ]Q.-LZ127-Framework during 
assembly, showing a 

view of rings. The rings are sus­
pended from the roof trus5es dur­
ing assembly. 

F1gs. 19,20,21 

Figure 20.- LZ127-Main ring on the 
floor. The rings are 

completely finished on the floor 
and are erected by the aid of stiff 
assembly frames. 

Figure 21.- LZ127 _ 
Partial view 

of the framework show­
ing the wire-braced 
main rings with the 
truss work, and the 
two unbraced inter­
mediate auxiliary 
rings. 
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7igure 22.- LZl27 - Inside Tiew 
of framework. The axial 

girder ~ be aeen between the 
upper lift gas cell. and the lower 
fuel gaB cella. Below 1a aeen the 
g&lJ8W8¥ girder. 

Figure 23.- AlROW-
lraming 

with tip of .tern 
suspended beside 
it, The inherently 
stiff, three boom, 
main riDgs wi th 
their Elg-Eag strut 
bracing are eaaily 
visible. The framing 
of the AIROI was 
assembled on "framing 
towers". Two of these 
are placed under each 
main ring. 

Figure 24.-AKROI-
Main 

ri ng lying down 
wi th resilient 
bulkhead netting. 
The casings 
attached to the 
corners of the 
inner ring mem­
ber in tM upper 
part of the ring 
contain the 
res11ienc,y devicea, 
A.t the left 18 
seen the junction 
of the aide 
corridor with 
the main ring. 
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Figure 25.- AKRON - Tip of t 
bow with mooring 

spindle. The mooring spindle 
il at the tip of the bow and 
in the middle of the back­
ground a cruciform ring is 
seen. ~ne mooring cone. here 
still lacking, hangs from the 
tip of the spindle. 

Figure 27.- R-IOO - Partial view 
showing cell and ring 

bracing. The ring bracing is 
distinctly marked on the end of the 
cell. The axial girder seen above 
supports the wire netting at the 

26.- R-lOO - Assembly view 
of the framing. The great 

ring and longitudinal spacings, a8 
well as the single-panel brRcing. 
are notewort~. 

Figure 28.- R-IOO - Inside view at 
the bow. In the foreground 

the ramie cord net is visible between 
the ring wires. 

center and is inclosed by the gas cell. 
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Figure 29.- R-1OO - In.ide view. 
In the foreground the 

promenade deck of the passenger 
space located inside the ship. 
The walll are fabric covered. 

Figs. 29,30,31 

Figure 31.- R-lOl - View of ringl. 
The three boom ring has 

rectangular panels, which are 
wire braced. The wire netting 
.urroundiD8 the cell and it. 
attachment to the lower part of 
the riD8 are eaaily Been. 

Figure 30.- R-lOl.- View of the bow fraadng. Between 
the widely spaced "ire braced 

longitudinal girders are located the numerous strut 
braced inte~ediate longitudinala . TheBe can be used 
for final tensioning of the outer cover in the radial 
direction. 



N.A.C.A. Technical ~emorandum No. 872 

32.- R-10I - Ring lying on 
the noor. The 

columns in the outer ring plane con­
siat of la.acitudinal girder sections. 

" 

11gs. 32,33,34 

33.- R-IOI- Stabililing 
surface 

structure. The two rings 1n way 
of the surfaces are of cruc1form 
type, extensions of which form 
the spars for tho warfaces. 

1igure 34.- R-IOI. Inside view, In the foreground 
at the left the corridor made up of weak 

framing, and at the ri.ght a portion of the three 
boom ring, are v1sible. 
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u 
o 

Akron 

H'IOf 

7igure 35.- Various girder types: Longitudinal and ring girders 
of the LZ-127 and 129. structural shapes ot the LZ-129. 

Ring ,girders of the AKRON and the R-10l. 

Figure 36'.- LZ-127 - View of a 
main ring truss member. 

Fi~e 37.- LZ-129 - View of the 
new gird.ers. 
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F~lre 39.- AlROI-&fficiency facto~8. 

l1gure 40.- R-lOO - Spiral tubes 
in formation. Figure 41.- R-1OO - Girder. 



N.A.C.A. Tecnnical Memorandum No. 872 

Figure 42.- R-lOl - Longitudinal 
girder. 

l1gure 44.- AKRON - Joint . 

J1gure 46.- Junction piece. 

Figs.42.43.44.45.46.47 

l1gure 43 .- LZ-l27 - Joint. 

F1gure 45.- R-lOO - Joint. 

Figure 47.- R-lOI-Inner ring jOint. 
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figure 48.- R-lOl - Junction piece 
and wire attachment. 
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Figure 50.- Measured and calculated 

stresles in the longitudinal 
girders ot LZ-127. 
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Figure 49.- LZ-129 -
Wire 

attachment to 
the ring. 

R1(}f 

$ C"LE D-S( 
Figure 51.- Ratios of wetght groups to deadweight and of 

deadweight to 11ft, in per cent. 


