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TRANSLATOR’S PREFACYL

Readers of the translation herewith presented,
acquaintu with the construction of chrigibles,WR;m%%i;%
that some of tie technical German terms have not been rendered
by their technical EngIish equivaknts. It is hoped that the result
is in no casernisle~~; a few instances,however, arehere citecl:

Ptd13allon. sknifvnz a balloon in which the axo.m rmessure

,tz.den.ackdunqFd%!iih:$%id%i::ki WFd&I c&’%% ~ ‘
i9 atwavs J&h “me”

p e 156sad&to have bee~devisedby the ~ufihors,are translated
%

I
as “teraIlv as Dossib~: wmlM-doubWt. diumuzkbubliert. are car-
ried over %MGut oha~e into the Englkh, Mnition for heae also
being given. Imwre Rezbungis given as “viscosity.” A few explan-
atory notes have been added in the first 30 pagesl at

K
ints where

the development seemed dMcQlt to follow, and nught ve become
more so in the translation.

The distinction between the modes of sue ensionof the camknown
i! asml~SW@2u%as Mkzkelung (tie common sck+e) an

(th~tis$dmne~~ Ioyed by the Skmms—S

?
L by KreU in the Zeitschrijtjilr FZ

f

- Wld
otm-ihftschi ah%, vohme 2, 1911, the reahg of whi~n might

be recommen ed as a * ti the work herepresenti. Tha9to~-
Wmm@i@ung, as & em described, CORSiSt9 of tWO 10

%
strips of

fabric, eachsewed to the hull along one of the 10 M; e two are
+%paralkl thrcmghoutithe greater -art of their 1

L
ut are brought

together in frontt and behind, e the sides o a bp at the bow;
the carsare suspendedfrom thesestrips.

The Amme (p. 268) is, according to Vorreiteds JuhrbIMhu6er dis
Fori!achritteder Xuftichi ahrt, 1911, age 258, a b which when

#the balloon is in the’h , is canned2 ?vnth it by a ru ber tale; the
two contain hydrogen, and when the pressure in the system goes
down, it ia raised again b piling sand-bag=on the nurseballoons.

In one pkce the trd ator has failed to grasp the meaning of a
phrase (p. 198,bottom) and there are some pIaces, in the descrip-
tions of the experimental sekups, where the pro sr words or mums

ffor the auxiliary a paratus (clamps, screws,etc. h~ve not, perha s,
E &been found. It is elieved that none of the hrsaesrevolved ISof . e

$iirst importana In all such cases, and w erever time seemed to
be an possibility of doubt, the original word has been inserted.

laTwo p cee where misprints seem to have been made in the original
(pp. 167and 206) are indicated in footnotes.

KARL K. DARIUIW.
AUGUST,1917.

MS



PREFACE.

The technical uirements imposad upon the envelope of a free
%baUo?nare simply at it be gas-tight, strong, light in weightz and

that It be able to resist mechanical stresses and atmospheric infl-
uences.The shape of the envelope, however is not of importance,
and in general it makesno cl.ifkence if tie &ape changesunder the
influence of the tansionain the fabric. The same is true of the as-
bags of 80 “d airships,which similarly serve only to receive an to

Tpreserve t e gas. On the other hand, the envelopw of semirigidand
nonrigidairahIpsarer tied, not merely to contain the as, but also

?to maintain their initia form, which is necessarY.for t%e operation
of the airshi., in opposition to bending and sheanug forces.

EEvery app ed force causes a deformation. So long as the deforma-
tion does not impede the operation of the ship it may be ignored.
This is usually possiblewhen the ratio of Iengk to breadth (of the
envelope) is small. -As this ratio increases,the bendh+gandshearing
forces, partly resul~ from the load, partly appearing o~y when
the ship is in motion, umrease; the shear”
cially when the tip is mo~rap$lly.%?$%%!!;~;fv%!$
the deformation is no longer to era le is then easi.1 reached and

8
1aased. This was the case with the trial airshi 0 the Siemew

?dmckert Wii@m. It became apparent in the ear y weeks after the
filling, andlater on duringthe voyages,how advanta eous,andindeed
how necms

Y
&

%
,it would be to have an react knowle e of the pro er-

ties of the fa MC,in order to plan the shape of the envelope. he
attempts to repair this omission.

tration of the Smmens-%huckertworka merits special
thadss for the readinesswith which the made ossible the very

‘% $esakeof aimhipinterestinginvestigations,here to be descn ed, for
construction in general, inasmuch sa the results obtaiued could no
longer be of use for thair own trial airehi . In articukw, the au-
thors are especiall indebted to Director

J
CL Kr% of the division

of war and nav construction of the Siemens+kik.uckertWorks,
for the keen intersst and the extensive supportwhich he aflorded the
presentwork.

The results,which have ~ned out to be indispensablein the con-
structionof suchlong andslenderballoons}canalsobe of usewherever
balloon fabric is emplo ed, whether subjected to forces or used for
transmitting forces. ? he constructor, h whom the im ortance of

fa knowled e of the deformation of iron and steel under orce is self-
-evident,w% wish to acquire the samekno-ivledgeaboutballoon fabric.
Sya@ma:$~cvea “

3
ationsin this direction are the concernof the firms

ma
Y

. their descriptionscantain, together with informa-
tion a out price, weight, str~rgth and gas-tightness, information
about the deformation pro ertms,

r
&e task of the constructorwiIl be

fimh~ned, tie d~ger of ~~OS diminished, and the dem~d for
fa%ricincreased.

RUDOLFHA.AS.-
ALEXANDER Drmxms.

BEEIZN,Decembm, 1918.
m



REPORT No.

. PART 1.

THE STRETCHING OF THE FABRIC
TEE ENVELOPEa

16.
f

AND TEE SHAPE OF

CONTRIBUTION TO THE CONSTRUCTION OF ENVELOPE%

By Rmom W, Dr.E~G.

iNTRODUCTION: BENDING OF THE ENVELOPE, CORRECTION, PlH3VEN-
TION.

The enveIopesof nonrigidandsemirigidairshipsesdesignedare,asa
ruIe,surfaces of revolution. The strips of fabric me cut out in such
a manner, that the ti of this surfaceof revolution is a straight line.
VerysIQht deviations from straightness,suchas are causedb irregu-

Zlaritiee m marking out, outting out, and gluing together t e strops
of fabric, are of no practioal im ortauce.

kWhen the ao.velopeis fdkcl wi gas and equipped, it enters into a
state d load, due partly h the internal pressure,partly to its own
w “ ht, and to the attached weights. The mum and the we’ hts

Y f fpro uce bending and shearingstq; un er the influ~ce of t see
stressesthe axis of the envelope, remously straight,b

J r
to curve;

the b~~ sinks @, while head an tail are bent upwar .
“

::z$E-tiZ2:~~::$EF2~wEof e of the envelope,maybe regarded se perma-f;Gw2:
nent.

As the deformation of billooh fabrim is very considerablein com-
~arisonwith that of the materials employed in machinery, the bend-

?
of the envelope as a rule r ties correction.

?he nature of this correction ependsupon the constructionof the
ship. When there is a rope sus ensio? (Seiila?iehq)-i e., when

$the suspaudedweights are attache to a gmlle, sewed to the envelope,
by means of a number of ropes, apphed at a number of different
points on the ‘rdle-the envelope titer being~ed probe puUed baok

3pto its origin form (at least in the vioinity of the

Y
or shortening individual ropes. The availabi~$~b~%~~

is, owever, limited, less.beoausethe load is then no longer distributed
uniformly along the die, than because of the danger that the

rtensiononthe undersi e of the envdope may be com IeteIy annulled
so that folds will a ear. When the suspendedwe- ts are attached
to a strip of fabric ~~~~~~~v~)the~ape$ !hemvdopeu
not be altered tdter t e filling. (lonaequently} f allowance was not

J-65

—..—

1

.—
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made beforehandfor the deformation it is nemsary to insertwed e-
5shaped~ieces of fabric into the env~ope, thus hug the gas of t e

first filhng.
It seemsdwirable to form a conception of the deformation to be

expected wide the erm+ope is being constructed,and to give a n -
%atmecurvatureto the ams of the envelope,so that it becomesstraig t

(asisnecassaryin order to reach themkmum syeed and to steer up-
ward) only after the load is applied. To do tlus, it is necessarythat
to be acquainted with the properties of the fabric.

A. THE .STBETCEING OF BALLOON FABBIC

THE SINGLELAYER.

The fabric at resent em loyed in makin balloons consistsof two
? % %or three layerso cotton clot , gummedtoget er eitherso that threads

of adjacent layers are parallel ( arallel doublin ~ParaJ?X!douWun)
J Lor so that th?y are not pad (diagonal doub fDiugorw.khb i-

~ ). me
? T

e layer ~ woven from two s terns‘of threads,warp
rau woof, whit intersect at a definite ang e, usuall 90°. When

subjected to forces, this network undergcm three kin& of deforms-

‘\ n

Fm. 1. I?IQ.a. w. a
mm.I-a.—Threadshearend thrwd 8tMgMm@.

tion, which are due to diflerent and independentcausas,but in certain
casesaffect one another.

In we 1 a force P is applied to a tensed piece of fabric. The
action M as follows:

Since the rectangularmeshescontain no di onals, the fabric first

7
H ovar into the codguration of figure 2. T% we cd thwd d.eiw
F&c&bun@.
Since the thread is bent into a wavy curve (because it passesalter-

nately over and under threads of the other system) it tends to
straighten out, This we call thraad8tm” ti (Fbc?enatreckzmg).

~ ~, the fabric under-Since the str+ghtened thread is itself ngate

5 Y
oes a lengh~ of a third kind parallel to the force. This we call

tread extewwn ( adendehwz.g).

!rHBEAD mfEAB.

Thread shear is the change in the angles of a four-corneredmesh.
The mmt ganeral caseof load is shown m figure 4. Im tie a small

\rectangular~iece of the fabric, of length a and breadth , in which
act the tenmonaal and Ca. The ;ecta+gle includesa ~rtain number,
~, of threa+ parallel to one chrectxon,and a certain n~ber,. ~,
equal to or chflarentfrom ~, of threadsparalIel to another (hrection;



REPORTNATIONALADVISORYCOMMITTEEFORAERONAUTICS.157

mthe figure, ~= =4. Let the force alo
3 %

each thread of the fit
systenq due to U1, ereresentedb P1, tatduetouXb P, the

k’ ? xrtmltsnt of Pi, and P y ~; simi arly, the for- on eac t~ead
of the seoondsystem,C&I to al and rz, are repramntedby X P* md
P,, their resultant by l?,. RI and R, wiUnot, in eneral, be parallel
to the initial dirsotiona of the threads. (In t%e diamaq these
forcesme shown only for one thread of each system,and’onl .in one

Lsense. At the other end of eaohthread equal and oppositely eoted
forces are obviously to be applied.)

Since the mesh opposes no resistance to c
9 ‘f a&’’tiq$:librium will be atta.med ord when the threada e par

forws acting upon them. d e reotangle of fabrio depicted in figure
4 is thus converted into the paralkdogramof figure 5.

.

Ro. 4.-Exem@ntd Mxia Mute tllmui shear. Fm. 6.-rha male Wnlent afterthl!eedahfex.

Let a and 13represent the an@s between the directions of the
threads and one of the two priruupsldirections (i. e., the directions
parallel to the tensions; Iater on to be arallel and perpendicular to

?the axis of the endo e); we have the ollowing four conditions im-
iposed on the magnitu es of the foroaw

dividing
P -~mti
~

PC
f =~tankl

but as may be ~ from the mom-hatched triangk, PJP,=tan#
&PJP4=mkY. Equating these,

tarl$+ilta cotu -~tunfl

8ithel’ of Whiohgives

tanu.tunfl=%
(1]

r’

,
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According to this equation:
1. The number cd threads per unit breadth is&aterial; the

thread shear is the same whether or not the warp and woof are

J
equaIl dense.

2. he strength of the threads is immaterial; the thread shear is
not affected by differencesin qualit between warp and woof.

3. The absolute m~nitudes of d e tensions are immatial; the
thread +esr is det.monnedexclusively by their ratio.

Equation (1) is satisfied by intlnitel many paralkJo~ams. To
{every a la a correspondsan angle f?, or whmh equilibrmm exists.

A SOCOH ccmditionM re uired to determine the e uilibrium shape
Uniqud .

&
1 %This is given y the mode of insertion o the element of

fabric inepannungdw Stoffehmmntesin miner Uingebung).
In figures6 and7we seethe mesh,in its initial rectangularfonn and

after deformation,as it lies uponthe surfaceof a cylindrical envelope.
The secondcondition is that two points,A and B, 1 “ng originally on

rone and the samenormal crosssection of the enve ope, lie after the
deformation on one and the same croM section (not newxwarily the

FIG.6. Fm. 7.

FIas. 6-7.-TIM elmmt of Mnioin ~mftionin tbe ilau,

original one)—i e.,
z

ints on one and the samecrow section are dis-
placed parallel to e axis through equal distances. This is a can.
sequenceof the cylindrical symmetry. In the form of an equation:

T7Z.C08a==b.C08~ = 1
whence bfmE wga/ca@

now, by figure 6, &/m-wty

(2)

Now, equatiom (1) and (2) determinea and /3in terms of the ratio
of the tensionsand the initial mgle .7. The computation of vahwa
may here be omitted. Figures 8 and 9 repremnt a and ~, aphed

fin three-dimansiopalCartesian coordinates as functions o 7 and
+,. The following points are to be noted:

1. The surfacesaremirror images of one another,for to each vaIue
of ~ between 0° and 45° correspondsanother between 45° and $0°4
for which the load mse is symmetrical (i. e. if we replace Y by 90

k’ransl.).- Y the anglesa and 13interchange values.—
2. If one of the tensionsis zero, both u and 6 become 900-i. e.,

the other tensiondraws the rectangle out into a straight line.
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3. There is no thread shwr when the fabric (i. e., warp or woof)
isparalIeI to the axis of the envelope. For, fcmT - Owehave a- 0,/3-
90°; for T =90” we have a=90°, 13=O”.

4. There is no thread shetw when Ui==u,;for by equation (1) in
that casetana.tan13= 1, hence a+y -90, C0813=sina.

Substituting into (2), we obtain =a =coty, hence a=~ and the

rectangle of figure 6 remainsunchanged.

EXTENSION OF D~EE, 6HOETE?WNGOF IJINQ~ AND TWWTING
OF THE ENVELOPEEESULTU.?.GFROMTHBEADSHEA-B.

In thread shem the constructor is concerned not with the angles
a and f?,but with the consequencesof the shear as regards the shape
of the envelope.

.-

I?m.& FIQ. 9.
FIGSs4.-AmIIea a and Bmanlthg fromM sh=.

The first consequenceis an extension of the diametar. It is ex-
pressed by a factor d/~, representing the ratio of the iimd to the
initial diameter. (Figs. 6 and 7.) It is computed as follows:

d= h.8i7@+nMina=h(8i7@ +tan-i.8inu) -ii&i28y(tin@+tWvy.8ina)

$=+8in#cm7+tins.siny

The per cent increasein diameter is

()Ad==100 :.–l .

The second omsequence of thread shesr is a diminution in 1
TIt is measuredby a factor l/l., representing the ratio of the fins t:

the initial length of the envelope rmg (IMlenring). It is computed
m follows:

3dw8B=.&co8fl

henca 1 C08/3
~-%”

.
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The percentagedeoressein length is

AMoo(l -~).

The third consequenceof threadshearis a twisting of the envelope.
It ie memmed by the augIe of shear Q (fig. 7), of whioh the tangent
is computedae follows:

tan,.~+
9

in which .
h=(a+m)&w==#7 tins==

d= Z@-@?+ tanysin.a)

9==(a+m)”@@= ~“ma—-— — . . ... r..- ——. . .. —
C48Y”WJ7

makiug thesesubstitutions,

tanq =+-(tins-tinfl%in~%owf –tinawiniy).

‘ mel’h’hmfeuatiom,give tit N, and q in terms.of a, S, 7 whence by
& f’urea8 and9we may expressthem m termso -Yand UJU1;

the correspondinggraphs are shown in @urm 1o-12.
They show first, that for 7=0° or -Y=90° thread shearproduces

!ineither inexesse in diameter, diminution in ength, nor tmsting of
the hull. The same is the case when the two tions are equaI.
Whan the fabric lies diagondly (7=46°) there is no twis~, but the
increase in diametar and dimunition in length reach then largest
values. For all values of 7 between 45° audeither 0° or 90” we have
olumgein diameter and in kngth, and in addition a twisting, whioh

h
is ositive or negative according as 7 is greata.ror lees than 45°.

e surfaces
Y

aphed give uantitativel correct results only for
% Jm ideal networ which oan e deforms at will. In reality the

thread shear is limited by the narrownessof the mwhes. The point
where this limit enters m is to be found by experiment. For the
theory of thread shear, it is sufficient to undemtandita nature and
its order of magnitude.

TEREAD STRAIGHTENING 1 (FADEN8TREUKUNG).

Thread straightening reaulte from the interactions between the
interwound threadsof w

T
and woof. ~ CilWIUUStancesare more

complicated than in threa shear. We therefore consider only the
case which is sim@wt and, at the same time, most important-that
in whioh the tarmonsare parallel to the threade (of warp and woof,
respectively), i. e., 7- OO;and we further assumethat the threads
have an invariable ciroular crosssection, a central axis of invariable
~y~~and an indetitdy high flexibility without resistance to

.

ITIM (kmmwadmeanaI&tally “tbmd stihbIn&” batthefdea isthatdaGMohdtMW dIWVII
outintoastrsi@Iine.
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Let K and ~ represent the number of threads r meter’in vi
r 3and woof, respectively, 21 aud21the forcesact@ a ong the individ ,

u-t-b
ma 10. R@.H. no. M.

threads, P, and P the com orients of theee forces parallel to the
pbe tamgentto &e oIot& f, end A?,their componentsnormal to

-.

. .

*

1
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In equilibrium,

i. e.,

whence
(3)

This equation correspondsin form to equation (1) page 159, for
thread shear. It states first-

1. That the thread straighteningdependaon the numberof threads
pw unit breadth.

2. That it does not depend upon the diameter of the threads.
3. That it does not de end upon the absolute magnitudes of the

&tensions,but only upon eir ratio.
Like equation (I), equation (3) is satisfiedby infinitely many pairs

of angb eand (; a further equation is required in order to make the
solution unique. This is given in term of the diameter 1of thread,
6,and the distancesSIands , desi ated as” threadkngths,” between
pairsof crossingpoints El&~ or E K;, messuredalong the invariable
central axis.

We have 8,=-= ~,+2~Ul

wherein ~1 = ~. - ~1 =2fl”coti-ulcowcc By similar triangle’
K, U,==&

hence 81=26”CO&U,C08fCEi- %%. and solving for UI
U1= 26”c08E+ 2&”8W—8@LE

simikdy for the other thread,

Between the two “wave heights” u, modu, we have the relationship
+ =28. ThiE is most ewil seen, d we first imagine one of the

L& {to be perfectl stmig t; in this case the wa~e height is
obvioudy the sum of L diameter (double the diameter of either].
If now we impart to the straight thread a wave hei ht of any amount

5Ul, the wave he” ht of the other thread diminis es by the same
1%amount, so that t e sum remains constant,

Therefore, 26-C08E+ 8inC(28-c-8 ) +%-cost + 8inl(2b J ~– 8 ) - 2?J
dividing through by 2 and by 13,wkich latter occursonly SEa &visor
of 8imd 82:

~8~+#im## +m8{+~7@(@ ~ 1 (4]

There is no upperlimit to the po=ible vahwa of aland8,; the eater
the thread kngths, the broader the meaheaof the fabric. 5 Ut a
lower limit is imposedby the volume of the threads; this is found by
a special consideration. Two casesaxe to be distinguished:

1Rigorously,the sum of theradii,heretaken.aqMI.
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hence 3>6.+ 1– f%im.
28- cme

FM. 14.–I@Iation MwwJl Ieng@ diameter,and hcumltton of tbxids in tluemi Stnirglltenklg

E s/xi were smdkr than this limitingvalue, the two threadsshownin
cross section would cut into one another where they pass closest
together, which is impossible.

Csse E ~30° (@g. 16).’ i The boundsq condition is

s-c
28-

-L-+-J
Fm. 15. m. 15.
Fm& M-l&–LImttlng Vd.n%?sof iai=sadlength

—.

—

(5)

I

-1

The9e J.imitingvslues “
%

taken into account, the angles e smd~
may be computed for an

7
ad length and any ratio of tensions

from equations (3) aud (4 . The detailed computation is best made
graphically, and can here be omitted. It is here carried through for
the ease in which the -ad kmg~ and numberof ~ads per @t

G~Z?E~%f~=Ff~=~Z:ZZGE:
A

m attain the maximum values
impose by (5), in round numbem60°, 70°, SOO,900.

I

1

1
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The surface is divided into two haks b a cross-hatchedcentral
dIane. The ordinatesin the righ~hand h representq thoseon the

feft, ~. The two halves maybe interchan cd.’ The ordinatesin the
%central plane are to be taken as standar wduea [NulZwerte;ap~ar.

ently becausethey refer to the im ortant casein which both tenwons
$are equd.-’lhns].] For examp ?, for thread length s= *T6 and

temion ratio 1, each of the anglesls equal to 3105’. If Ufi, dimin-
ishes,B8yto 0.5,c didnkhw to 24° and ~ incresseato 42 . If CJUI
diminishes stilI further, we eventuall reach at UJU,= 0.12 a Iimit

d?at which e= 180.5and f= 70°, beyon which it is not possible to go
for the reason just explained.

l?igure17gives a good idea of the numnerin which threadstraigh~
ening operates; it consietain a flattaningaut, or the opposite, of
the wavy line formed by each thread (i. e., the difference between

g r— r —e

/ // /Jw

-- %.-” “ ‘g “—”
Fm17.—Ra9uMat luclfmtlom c and f.

wave-crest and wave-trough is either diminished or increased). If
the waves are low (i. e. if the erpendiculardistance from crest to
trough is smaII,in whicJ!Icase &e meshesare wide and the usntity
@large) chnges in the ratio of tensionsUJUIhave onl a eli t effect

Jt#on the ang.ks. If the meshesare narrower (s/13sm er) e wave9
are higher and the change produced by a given ohange in tansion
ratio is greater (s0 8

%
“ twt ~ti WeL!en3?ihenIUndd5mit auc?i&r Veran,-

dsru &mich). Fin y, if the meshesare so narrow that consecu-
tive%.reads of eithersys woof, oome into contact with
one another (this bq$ns to t 8= ti) the effect reduced by
any chmge in tension ratio ihm again, and fin ~y vanishm
completel at s= ?F6-where the fabtic. is perfectly continuous (con-
secutive tJreads of dher s tem he m contact without an inter-

r Lspace); the necessity that t e threads shall have room in w “ch to
he abolishes all freedom of motion.
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INOREASEIN DIAME_ ANDDEOBEASEIN LENGTHOFENVELOPEDUE
TO THREADS~QRTENING.

As in the case of thread shear, the builder is interested not in the
dues of the mg.les e and r for themsehws,but in the influencaof
thread straightening for the E&apeof the envelope. We retain the
assure tion that the fabric lies aralld to the axis (henoethe tensions

$paralk to the threads); then t!lread straightening reveals itself only
m two effeots SE

%
ainst the three in which thread shear a pears-

in an inorease in Lediametar andadeoresse in thelang of the

/%==7%
I?m. 18. ~Q. IL

Fma. 18-19.-Inaeam in (ifamWr W deywteamh&m of a eYHndrfcdeuYdoLw+dm b thremf

envdo e.
?

Both are directly roportionrd to the chmgea in the qum-
ti@s/Wmdy, of figure 14. l!or imunple, we have for the inoressein

~ A&loo.(f–1)

the quantity f, is then computed M follows:

& .-’ —6“COSE+ f-p3E

5 Sinq—CJ!osq+ ;3cos~

Interchanging ~ with c md s, with s,, we obtti h d~e ~
length AZ.

The computation of Ad and Al SEfunctions of 8/3and CJU1is
made by means of the auglea e and ~ (see fig. 17) and ‘the results
me represented in @urea 18 and 19. The stsndard ~Mti(lNm~

L
We*; ~. p. 101Iine 2) are again tin Qtu ~i’= -f”
of thread straightening, ESpreviously
be seen; the deformation is

ed, IS here dearly to
~ slight?or wide meshes, incresse3

gradually with.de-~ssing bread of meshand, afikirpassingthrough
8 maximum, dmmwhes rapidly to zero.

1

I
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THEEAD EXTENSION.

Under the term thread extemion we include all changes in the
shape and size of the thread itseIf. Under the Mlwnu of the
forces acting on the thread, its 1 th increases”simultaueousl its

%diameter decreases, art] because
{%

Le individu$ filamentaof w ‘ch
it is made contract, ut a o becausethey draw more cbsely together
within the thread. Finally, the crcm~ection of the thread, which
we regard as a~proximately circular, becomesmore or less flattened
out at the points of intersection (with the threads of the other
syatam).

Thread extension is inaccessible to theoretical treatment. It
inevitably accompaniesthread shear and thread straighteningwhen-
ever the fabric ti subjected to stresses.

THE RESULTANT DEFORMATIONS.

By resultunt de@mution we mean the combination of the three
individual deformation just described.

If & fabric (warp or woof) is paraLIelto the axis of the envelo e,
Yand if the tensionratio hap IISto correspondto the ratio of the re a-

rtive thread len ths 8J3 an .sJdso that equations (3) and (4) (p.
Y162) are initial y satisfied, there is neither thread shearnor thread

straightening, and the rewiltant deformation is due entirely to
thread extension. If the fabric is not parallel to the axis thread
shear appears,and if the ratio of tensionis not as just stated, thread
straigkming appears. In the general case, a.11three are present.

The following consideration will show that, when these deforma-
tions exist tagethe~,they arenot entirely independentof one another
(i. e.t the change m form due to two worldng to ther is not ne~

Yessar.dythe sum of those due to the two separately .
!l!hetwo equations for thread shearare

tallatanfl = rJu, (1)
and

(2)

The first states that the tkads must set themselves in the direc-
tion of the resultmt of the applied forces. Obviously it continues
to hold good when thread straighte~ a pears. Equation (2)

r
$ex reasesa relation betwean a and f?wluch epends on the initial

va uesm and b,hence also on YI and fz (Cf.
%!

.6 snd fig. 14). NOW
the quantities f, and f, are altered by tbrea straightening,so that
equation (2) shouId be replaced by an equation of the form

where z is a function of the thread straightaing. !l!hk is especially
important for T= 45°, where ,

COaa
—x-cot450 =x, henee a~~Cosp

so that thread straightening may indirectl produce a twisting of
[the envelo e which was not to be expected rom the study of thread

shear. $ e shall frequently recur to this phenomenon, which is
disagreeablein the constructionof envelop

.
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The same thin .appears in thread straightening. The two equa-
&tiom go-wrning are

tam , ~
=f - Ulny

(3)

and

() ()
cow+ ~–~ sim+cos~+ r–~ si@=l (4)

Equation (3) is purely the condition for equilibrium and is inde-
pendent of the angIes e and ~ (?)} On the contrary, the second is
valid onIy when warp and woof cross each other at righh angles;
otherwise, the circuhwarcs of the thread (cf. note p. 8) are replaced
b arm of s irals, and in addition the supposition of invariable
tL &ad kmgt is made im ossible by the a earsnce of thread

rextension, so that equation 4) is to be replace%%y a new equation,

(} (>
–~ inc+cos~+ f–2~ ti~==~CoS’+ ‘ 26

-.

whereiny is a function of the thread shear and the thread extension.
i

RELATIONBETWEE.NTENSIONAND DEFORMATION.

Accordin to equations (1) and (3) (pp. 159 and 162) the thread
shesr and L ead straighten@ are determined by the ratio of the
tensions,not by their absoluta magnitude. This fact leads to the
fobving Consflquences:

1. hy tens~ons,no matter how small, produce the unique cor-

Y
reapon deformation in its full amount.

2. The eformation takes place without the performance of any
1

work, and is not reversed by any internal forces in the fabrio when
the load is removed.

3. There is no articular shape (.bngthl breadth) of the fabrics
%correspondingto a sence of -on.

We see that the equations are to be limited in their a pfication.
\The are based upon the unfuMIM hypothesis that the fa ric is en-

ftire y devoid of elasticity. As a matter of fact, the thread pos- .~
sessesa distinct, though smal!, elasticity, which o poses a resistance

ito the lengthening, comprssnon, or bending of t e thread, this re-
sistance increasing with the amount of the deformation.

To thismustbe added the effeot of the rubberization (Gummierung).
The rubberwhich is s ueezed in amo the threads, and the la er of
rubbarwhich is spreJ Tout over the fa ric ads with regard to Jr .ead
shear se would a spr”

7
parallel to the diagonal of the mesh (ah

federnde D@mniLZe) m with regard to thread+kr - ht
% f%%%::thread-tension as would springsparallel to the tie

(ale federnde V.wstirkng) taking a definite though small srt of
ithe load off the threads (die die F&en zu einem UWInaudt Z&em

z?iz entza.si!d).
It is therefore to be expected that the fabric will undergo con-

siderable deformation evm when the load is small, since it is re- ‘
strained onIy by the elasticity of the threads and by the rubber.
!J7he eater the load the more slowl will the deformation ap roach

Fits t eoretical mtinm value. Atheload isremov-ed#elast-
icity of the threads and the rubber wUI strive to reverse the de-
formation.

tThisls@Iy smk@ntfor.s ndLL-TrausL
,
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vrscosrn (mTmAL muomoN).

The thread substauoe (FawmmztiaZ) of the fabric ossessesa
thigh viscosity. The consequence of this is that the eformation

does not attain the amount depicted in curve 1 (fig. 20), but f sls
eh;:~~.b a certain amount, positive during the loading, nega-

0 J e unloading (curves IT, III). The ermanent altera-
ition in form observe after the unload-

! &x86cdM@& ing is complete corrmpondsto equilib-
“- riurnbetween the ehisticforces and the

dsslk The process is the same as
km m the materialsusedin machinery,but

in this case it ap ears practically onl

]
aft8r the ehstic L d‘tmpd, w”e “
in the cww of balloon fabriw it ap

eara no mattar how small the load.
alloon fabric is always in the state of

Wsoosity is due to the mmbined ac-
tion of a great number of resistances,

FIG. XL which are individually inaccessible to
measurement. We can ima@ne it aa

due to a kind of felting. This conception would explain wh the
L40rvicosity changes,within certain limits, during the ~rocesaof -

mation, and why the state of equilibrium is not mnnediatdy and
permanently reached,so that every deformation reqti a certain
amount of time to bemne complete.

EXPERIMENTS.

The experiments described in this pam Met were carried out in
the revolving balloon haUof the Siemens—SI&ckert facto , andwere

!?distributedaccording to opportunity over the fit half o 1912.
‘J?heexperimental amangementswere simple. J.twas possible to

dispensewith specialmachumryand apparatusfor making measure-
ment of high accuracy, becauseof the magnitude of the deforma-
tions to be measured. For exam 10,messurememtsof k th were
ordinarily made with a narrow, &xible celluloid rule di%ed inta
millimeters,Jentha of ti.llimeters bein estimated. The loads were
standardwp~hts and,prmci +ly, san

!
d%ags which had beenweighed.

The choice of fabms su ]ected to experiment was primu shy
6determinedby the stock of the re air shopm the balloon ha~. nIy

za few samplw were specially or wed for the tests from the firm of
Riedinger m Augsburg.

The dmxiption of the experiments is eoniined to a short ex osi-
tion of the exp Ferimentcl sebup and a graphic prwmtation o the
remit.s; all intermediate eomputationeare omitted.

To facilitate the ins ection of the results, the tests are numbered
in Roman numerals. %urtJlermore, a table of materials is added at
the end of this aper in which all the materialssubjected to tests are

$briefiy describe and designatedwith letters.
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‘J%sTL-SLOWNESS OF DFWOEXATION.

(Materiala E andF cdtie table.}

Strips 5 centimeters wide and about 40 cm. long (strips of these
dimensionsarehereaftercakdmmndstripe) were Ioadedmth 20-kgm.
weights, equivalent to tm ap lied tension of 400 kgm per meter in

ken we hare diwlly doubled [cf.the direotion of the -woof. (

f
. 156]layers, the termswar and woof a ply to e directions in the

A 1?ower layer, which lie m el i to the ength of the balloon.) (In
ftheorigimd: Beidiugmw doublierted3toffknmf fiirdi.el?icktungsangabe

“K&, SchuM” jeweti die untie, 6% L.dnge nu.oii dumhgeliiende’
Stofiage nukwge~end.) The elongation (hfeddn.ge a 200 mm.) was
determined at intervals which sre short at first (minutesand hours),
=d, later on, longer (days).

m ‘“

Eloa. ZH2Z-l!est ~ dmvncesof deformatfcm (1% 21 top) l%brfeF,pu!rJleldonb~ fi&22(lmttoM),
fMoE,d@oo$doubIfc@

ho similar strips were loaded with loads of 400 kg. per meter,
not all at once,but m four steps (100, 200,300, 400) at intervalsof 24
hours.

The readings were continued over four weeks, after which the
unloading began, with the first two strips all at onc~ with the Iast
two in four steps (300, 200, 100, o).

tiwtip&%%-&%’Om ‘-d “e “om = ‘Uc’om 0’e tit pmnt upon each curve or each arc
oppoeite which the amount of load is written is the point obtained
one minute after the load was applied (or removed); the secondpoint

z~~rhps~tbt tifipgm-~tim -~of~~tithe~~
1~.~w~>,~hm~ aMtimu~~_dW=OfWM*l_-P~

1

.

I

1

I
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is the point observed two hours later; the third point is the one ob-
served 24 hours lata. From that oint on the elon ation increases
only at a slow rata It reachesits & ial value some 1 days after the
load is a plied,but the contraction after unloadin requms at least
fourwee~. Small undulationein the curves (sucl!as thosamarked
with a) are to be ascribedto considerablevariations in tern erature
and dampnessof the air. fThe exact relationship between eforma-

%tion and theseinfluencesis neglectedhere, as in a the other tests.
Subsequently to the unloading it becomes clear how small the

elasticforces are in comparisonto the viscosity. The contraction of
the strops,especiallym the stepby+tep unloading, is sometimestoo
small ta measure. For the same cause, the permanentset (elonga-
tion) is very large, some 5* per cent.

TESTII. —RELATION BETWEEN TENSION AND DET’OBMATION.

(MaterislsA, B,C,D of thetsble.)

Three normal stripsof eachmaterial were extended to the point of
rupture by uniform increme of load: one paraHcl to the warp, one
parallel to the woof, one diagonall at an angla of 45° (with either
warp or woof). t%The additions to e load were made at short in@r-
vals (aboutone minute) and were of 20 to 50kg. per meter, acco
ta the need for accuracy. %The readings were taken about one-h
minute after each augmentation of load, the elo ation by meas-

Y
5over a length of 200mm. (M@dnge) and the readth diminu-

tion y measuringover a breadth equal to the breadth of the strip,
50 mm.

The observations are graphed as funckions of the specific load

$?
. per meter) in figures 23-26. ~e individual oints are plotted

1!o y m the first diagg+ so as to gme an idea of t e acouracyof the
mrve.

The tension is here dhed as the quotient of the applied load by
the initial breadth (5o mm.), not by the aotual (kisser) breadth at “
the time the load is comp~etelyapplied. This is the procedurein the
investi ationsof strainin the constructionof machin . Hnce,how-

% Yever, t e deformations of th~e f~brica axe immens y gre:ter, it is
desirable to hmke a correction m more exact computations (see
below, p. 208).

The experimentalcurvesare of the kind predicted in
F

e 20,and
thusdepartco~iderably from IIooke’s law of proportion ity between
streesand strain. The stressesarising in praotlce do not ordinarily
emceedthose corrmponding to the imtial rapidly rising part of the
curve.

The direotion of the applied force is of decisive importance; all the
hts show the followin phenomenon: the elongation of the warp is

Edifferent from that of e woof, and both are considerablyexceeded
b that alo the diagonals.
z Y

In figure27 this difkrence is shown b
Jt e different engths of the three samplestrips under the same10 .

The difference between warp and woof is a consequenceof thread
straightening, andcanresultonly from inequality of the wave heights

fof warp an woof, so that the assumptionmade in
Y

ra 17–19
(pp. 164-166)—i.e., that the initial wave heights areequ (s,-s, and
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e=r)+xm not be true. In the pl?oc?~Of Preparing the fabric there
are two stages at which suchinequalitiesrmghtbe introduced:

1. In the loom, the motions and the forms undergoneby the warp
and the woof are entirely difhment.

2. In the processof rubberizatio~ the fabric is unroIIedfrom one
roll and rolIed over another under a certain tension, and is thus ex-
tended paralkil to the warp and contracted arallel to the woof. A

.F
art of this deformation N permanent. 2 ence one and the same
abric ti POS9CSS a ~erent titk! VSkS of the thread stiaightaing

after the rubberizatiortfrom what it did bafore.
To what extent this phenomenon, which is direly disadvan-

tageous in the constructionof balloons, ia taken into accountby the “
firms making fabrics could not be ascertained. Inquiries about this
matter were made, but information was withheld by the ti.

Figure 23-24, dating to one and the same fabric, show the in-
fluenceof rubberization; the elongation parallel to the woof (Mm@,
which is the lesser of the two in the unrubberizedstate, is nearly
double that parallel to the warp in the rubberizedstate. $3hnhrly,
in the rubberized fabrics of figures 25–26 the woof elongation is the
greater (note especially fabric C); to it corresponds invariably
greater contraction parallel to the warp.

In this connection, referenceshould be made to the following ob-
swvation: A seriesof strips was not submitted to investigation tiU a
few weeks, in somecasmeven somemonths,after they were ~pared
(l e., cut out and marked), since the operation of the &emens-
fkhuckert balloons often commmedalI the available time. M

1%this time the 1 ths which had been marked out with tie India-”
Ylinesupon the fa ric parallel to the warp diminishedby about ~ to I

per cent. This is most easily kined by a premous tension of
the warp threads d the ml%wture.

YThe great differences etween the eztensibfities of warp and woof
indicate that the vaka of the relative thread 1

3
8/8&odd in

practice be chosen between ~q and ~, where the
%

acesof mmw 18
and 19 (p. 166)have sharpslo es. Quantitative comparisons etween

fe erimentandthe~oryo X18snd19sre renderedim os-
%3 dsib by the uncertainty in the mitisl values and by the simp “ ca-

tions introducedinta the hy-pothwesof the theory.
The lmge deformationsproducedby diagomdly appIiedload reveal

the action of thread shww. i%ncethe normal strips am loaded only
in a direction ~sralld b the length, not perpendicularly thereto,
the tension ratio CJUIis zero, and as &eoretical limiting values we
shoutd expect 41.4per cent for the elongation and 100 w cent for
the contraction in breadth. As to the elo atio~

%
t%e observed

maxima are in good agreamentwith theo .
7

some casesit oes
%somewhat above 41.4 per cent because o thread extension. or

lesser tensions, the restriction of ilgure 20 is oper@ive. As to the
lateral contraction, there is a differenceof about 45per cent between
theory and experirmnt. This is due b the spacerequirementof the
threads,which brings about that a +/3,the

?
de between vim-pand

woof, can not becomezero. This
%

eisthes arpan
‘%

seenm the
three rhombs discernedone above e other in the rig khamdstrip
in figure 27. It may be computed horn the elongation and the
laterd contraction, and is plotted in @m 23-26.

.

.
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The contribution of thread extension to the tatd deformation in
the diagonal direction is to be ascertaineda! follows: If we ap ly the

Jmeasuredextension m and lateral contraction n ta the equ sides,
drawn of unit length, of a righta@ed isosceles triangle, the hy-

F
otenuse .D13of the new tri le (see @. 24) representsthe thread
ength,inta which the or” ‘

Y
d%ead length130hasbeentransformed.

The differencebetween t e two is pure thread extension. Its mag-
nitude is ~(1 +m)~ + (1-n)Z-.@ It is representedin flgu.re24, in
which it reacheathe maximum value 6.s per cent.

It should be noted that, in general, th8 values for the deformation
gra hed in fi

% Y
ea 23-26, being obtained after the load had been

app “edfor as ort time, are smaIIerthan those that would be found
in the case of a baUoon.enveIope permanently understress.

The mduw of the ultunate strength (stresscaus~ rupture) are of
less im ortance for the purposes of this investigation. (To deter-
mine d em accurately, numeroustearing tests would have been re-

uired,becauseof the difficulty of applying exactly lamed stressw.)
% $arp and woof display approximately the same timate strength,
corresponding to the approximatdy equal number of threads per

fmeter (cf. fa rics C, D). ln f abri~ A, B the warp seems h have
bwn made of stronger threads. In the diagcmd stressesthe o~~
of rupturelim higher up than for war or woof, since the two

i
#r

systemsshare the burden. 1%is just ere that exact determinations
are difiicult, for at the place where the tension is applied the lateral
contractionis strongly o posed,and hence the load on the individual

&)thread is increased (cf. . 27 ; rupture therefore appearsin general
too soon.

l%e observed uItimate strengtha dil%x from those o “ in

~wtitilowatiuwotidbew~ttifrom thmeexperimp!!kis
ractioalwork in being too large; the strew underwhich the env pe

phenomenonwas brought out edrly in k%tsof long duration made
with three-layer fabrics with diagonal layer betwam of less interest
in this lace; it is due to yiymsity. The constructormust kee this

$ &in min in applying empmcal valuea of the ultunate streng , as
determinedby tearing or bursting tests of short duration.

TEST III-THREAD EXTENSION.

A cotton thread taken from a spool was looped 10 times over 2
eyelets (~. 28) thus making a bundle of 20 threadsbound together
at two

r
snts~oten, fig. 28),between which two markswere made

upon t e bundle, and the distance between the marks (MessMnge)
measured; this distance was originaUy 500mm. A balance, an of
weight 55 .

J%
was suspendedfrom the Iower

??
et and w f

%
ts of

200 . add successively;one minuta after eac adhtion to e load
the %!ls“ tancebetween the markswas agarnmeasured: When rupture
took palce, it beganwith the breakin of a sin le thread, afti which

f %s-the others broke after intervals of a sw secon an indication that
the load was distributed with suf3cient uniformity among the 20 ‘
individual threads.

The observed valuw of the extansion obtained in two such tests
representing, therefore, the mean vahmafor 40 threads, are graphed
in figure 29. The curve is of the samegeneral character as those of
the previous test, but approximatesmore closely to that of Hooke’s
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law. The extension causing rupture Ii- between 5 and 6 per ceut,
of the same-magnitude, therefore, as that in figure 24 (cf. p. 172).
By subtrac

%
the tied due to thread extenwon from the VSIues

obtained for e elo ation in
5 T

es 23–26 we get the part due

r
urdy to thread stra@ tening. t may reach 10 per cent (woof of
abric D), but may also be very small (warp of C).

TEST IV—DEFOB31ATION OF OYLIN’DBIOAL EN_KEIOPES.
.

(Fabfic D of the tabk.)

Seven cylindersof 80mm. diameter and 300mm. h~~ht were made
of the fabric. (F 30-32and 41. The fabric wss so cut out that

!? ithe angle Y made y the threadso the warp with the plane normsl

~G. 28. ~IG. 2%+kt m.

to the axis of the cylinder (@g. 6, . 158)wss SUCCXVdy equ~ to
o“, 15°, 30°, 45°, 60°, 75:, 90°. h e bsses were made of grooved
disks of wood 30 mm. tluck. The tension was produced by water
pressure,the water tilde the cylinder being in communication b

%meansof a rubber tube with a water reservomwhich could be raise
at will, so that any desired preswre could be produced.

The ratio of tensionswas regdated by means of weights acting
@ther positively (s0 as to-increasethe-longitudinal tension) or nega-
tmel (so as to deore~ It). The cyhnder was attached to an iron

rbar U-Eisen) by scre
T

at one end; in the first case it was sus-
pendedfrom the bottom o the bar andweights h uon (figs. 30%1);

?m the second csse it stood upright on the to o the bar and the
\weight was applied by means of a double lever alanced over its top

(fig. 32). E the latter case, the longitudinal tension could not be
qmte brought to zero, since then the cylinder would have o~posed
no resistance to bending. The minimum ratio of longgtudud to

.-

●
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transversetensionactuaIIy tunployedwas one-iifth” even in this case
it was necessaryto prevent the cylinder from benchg over by slight
lateral mpporte.

The following tension ratios were investigated:

02/01-0,2, 0,5, 1, 2, ixltluity.
For the tension ratio 0.5 the cylinder stood u ~ght without any

La lied weight, on the Imomyrinciple that in a cy derwith internal
h~ostatic pressurethe longitudinal tensionis half the Iateral. The
might of the upper wooden disk, being very sIight in comparisonto
the water pressures(?,500 mm. of water) was n Iected. For the
ratios 1, 2, and infim~, the

Y
Tlinder was suspen ed with directly

attached additional -we@k. or the tension ratio indnity (fig. 31)
the longitudinal tensiono, was producedsolely by this weight, while
the lateral tensionwas made zero by emptying the cyfinder of water.

0EEEr12a“

Water pressureandwei hb,~ere so chosenthat the greater tension
was alwaywequal to 300L

For pmposcs of measuremen~,a rhombus standi
7

on one end
(?.wit! its diagonal para.lkdto the axis of the cylin er.-Transl.),
mt~ ~ Uonalsof 80 and 100~., was drawn u on the Underwith

%Indm m , on the side oppo~te to the seam. fihe flex%e celhdoid
rolkr was usedto measuxeits sidesand diagonals,by meansof which
the extension in diameter Ad, the diminution in kgth AZ, and the
twist P may be found.

The observedvaluesareWaphed infqp.res 33+5 as functions of ~,
those corresponding to a single value of tinmon ratio lyi

%
on a

single curve; they were taken after the load had been a p ed for
8 to 10 miXlUt@3.In figures 36-38 th

%
c?are represent m three

dimensionsas fumtions of Y and o~ol, e vfdu?sfor o 01=0,0.25,
f0.75,and for ?,/o,-0.25,0,75, being ?btained by mterpo ation. The

negative portions of the surfaces,whmhdo not come mto considera-
tion in the easeof balloon envelopes,are separatedfrom the positive
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rtions (those iuwhich 01, the Iaterd tenaioq isgreater than or ati
Peast equal to oz, the Iongdudinal tension).

In the surfaces,the dharacterof threadahes#aspredicted in @ures
IO-12 comes clearly to light. The ob~ed values M@ however,
in abscdute “tude from the .tiecretical omsj the higher value9

Tmhthsm at was predicted beoauseof elasticity, viscosity, and
the space re@rement of the threat@ while the lower vahm are
alteredbythesinndtaneous threadstrs@tening andthreadextension.

The theoretical surfacesare syrnmetmcslabout the lane 7=45°,
!the observed ones are not. The is due to ineqnditk etween warp

and woof. The extension of the woof is always greater than that of
tbe wu-p in the same positio~ and its contraction lW than that of
the warp; thus, in figure 33, the increase in diameter is greater for
7=90° than-for 7=0”, because in the former case the tbads of
the woof lie m the phme of the orosaseotion. Exce tional extensi-
bility of the woof .corrcwpondeahvap to ameptioJ contractibility
of the warp, and woe versa.

In figg35 and38weflndinevery cssea positive twist at 7=45°.
This is the phenom~on described on page 12, a twist at 45° due
SOMY to threads yh?v. The sense of twist is the same for
alI cases,aina both on@udmal and trmmmrsetensionsstretch the
woof more than they do the w

%Figges 35 and 38, however, ~w a *t twist not only at 45°,
but also at 0“ and 90°, in one case positive, in the other negative.
The causeis as follows: In the fabric em loyed, in the state of zero
Joad,when the fabric was removed from & roll and cat out (wonder
Rolk entnonunenund nadi der Kittenri.cMmgotientiertausgednittm)
the an#e between warp and woof was not exactly 90°, but about
1° or 2 kss than 90°. In the qlinder for which -r-=0 the threads
of the woof were this much to the axis; when the load

L
was ap Ii@ they set ves pardel to the ti, and thus twisted
the cy” der through this angle of 1° or 2“. k the cylinder for
which 7=90°, the warp wa9 psmdlel to the axis, so that no twist

could axisewhen ~= m. Wkh increasing lateral tension, however,

twist m~de its appearwme- for the threads of the woof, not lyiqg
rmai to the d, did IIOt form dOSd circlesexactly m the plane no

but rather arcs of spirals,which -w apart from one another un~

tlreads. ?&e @urea show aleady the mmeaee of twist with b-
o posed b the moment due to the mcreqekg obliquity of the warp

oreasing lateral tion.
‘Thevrduesfor tie tensionslaid out aIong the xes of the diagg

%
Corr ond to the initial vahe of the diametar of the miniature oyh-

e actual tensions (Ioad divided by actual diwneter) show in
$&s, however, qtita considerabledeparturesfrom tbe values be-
cause of the large than es in diameter. The graphs are thus dis-

&torted. .W- this not e case, thq e. g., the negative surface for
the dimmution in len@h -wouldbe congruent with the positive sur-
fkca for the inoreesem &meter, and vice versa. It would be os-

?eible to compute the actual tensionskm the measurementso the
diameter, and thus ta improve the curva. This correction.mustbe
made by means of a lo~w process of in

?
okdiion, and M super-

fluous, since the surfaces are employed not or purposesof compu-
tation but simply to give general uieas.

2!3165”-S.Dec.l?3,65--IZ

.—
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FABRICS WDTE Monn WY ONE lkYEB.

DEDUCTION OF TEE DEFOE?dA’IZON OUEVES FRCEd TEOSE OF ~GLE
LAYERS.

The deformations of the fabrics with more than one layer which
Jare exclusively used in the construction of envelopes, are eduoed

from those of the s@e la er.
fConsider the following abrice made from material D: A paraUel-

dg~d (seep. 158) fabric; a diagmd-doubkxi fabric, oorrqonding

T
ternsof the two layers making an angle of 45°; a tihres

layer fa tic two la era beirg paraUel to eaeh other and the third
disgonal. +he toJ tension corresponding to any given deforma-
tion is found b adding the tensionscorrespond@ to this deforma-

%tin for the in “vidua.1layars. Th~ with diagcnaldoubIed fabric
the value of the tio~ m, in fiagure26, is the sum of the values a
and b, giwhqg the tensions produoing the same deformation in the
individual la em; with a thredsyer fabric it would be n=2a +5.

For the Jre e-layer fabric there are four princ@I directions.
The terms “warp” and “woof” relate to these directions in the oon-

!!
tinuous (durc elende) ‘ layers; the terms “diagonal w

T
“ and

“ diawonal woo “ relate to these directions in the. di~ona la..er,
whi~ in the manufactureof the fabric is laid down m single obhque
strips upon the ocntinuous stri s of the other layer (fin tinzelnwn

ted@gen iNreifm au die dure geli.en& .Bahn.en aufqtik .). Whq

T
1 fe 39, we ave diagonal-doubled fabri~ wdih oth layers

~a$e o the same materi~ the four principal heotione reduce to
two.

The curvm show that the mammr of doubling is of deoisive intlu-
and upon the magnitude of the deformations.
has twice the S- of the single layer.

DiagonaI-doubIedfabric is stro oer than the
% ~

e layer only b .an
insignidcant amount, for the

%agond !%~ioad?~d~f~bm eextensibility, tak~ only a small part of
parakd layar (psrallel to the stress)has reached the point of rupture
does the tension go over to the other la er, with a sudden increase

Tin the axtension. Diagonal-doubled abric therefore offers no
worth-while advantage over the single la eras regardsstrength.

JThe ratio of extension under diagon stress to extension under
str~ parallel to -iv or woof is as pat for paralleldoubkxl as for
single fabric.

‘nTe “+’%$:r$-~$’=~::?-kzno greater deformation mth
under foroes pamdlel to either tbmad system; it is “rigid against
shear.” Thus thread shear, whioh is rwpcnsible for the hugest
part of all deformations, has no Weot on It. Only ‘thread stretch
and thread extension need be considered. This property is aihnost
as important as is high uhimate atmlgth.

Three-layer fabric combines the high ultimate str
Y02”qddoubledwItihthe “rigidity againstshear” of diagonal oubl fabrm

The re es.entationof the behavior of diagonaldoubkd fabric is
cumplet$ by the graph of its latersl contraction, at the bottom of

lPmkbIY~Mtia~14~tio M~ti~k~- ti@ti~~ddtie=yd-
—

~ tnthaOt.ber.-’rmnEL

I
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iigure 39. Note here, that b reason of the multi~~ti~y~~ecoond-i:
Juting causes,difken~ later cmtractions corr

7!’stimedxmsion for different directions of a plie strm, ev- in the

#
$caseof the sin e layez; thesemust be foun by qyziment. Tlms,

fop material ., the magnitude of the lateral contraction relativcl
to the elongation is found from fgure 26. for loads appl@i parall3
ti the wmp, to the woof, and alo

In the case of fabrics of more%~~~~~,=%~~~~ntd
s-, the contraction is sometimesequal to the highest contraction
that would be undergone b any of the layers separately. Jf this
were not the case-e. ., if tle actual contraction were a mean of the

5two or three individu values-the la~m which wotid by itself con-
tract the most would undergo a tenmon in. t% @gonal direction,
the others would und~o a pressure. ll!lus IS nupossible. NOW,
since the curves of relative lateral contraction intersect each other
( .39, bottom) we find cornersin the contraction curvesof multiple
%fa rim, which, ~owever, are in general so flattened out that in

practice they are not perceived as such.

TEST V. —ELONGATION CU_fWES FOE MULTIPLE FABEIO&

(FabriceE,F, Goftie table.)

A repetition of !Jkt IJ. with paralteIdoubledr disgonsldoubIed,
and three-layer fabrics gave the diagrams of figure 40. me three
fabrics subjected to test were thus di&srent from the reviously

&dcxmribedfabric D, ss well as from one mother. Nev less, the
character of the theoretical curves redicted in figure 39 from the

Icurve9for single layers is clwdy to e discerned.
The suddenincreasein elongation in the case of thmdayer fabric

was e9 ecially clear.
3

In less than a minute the diagonal central
layer, though tight$ cemented betwem the two principal layers,
was torn throughout Its whole 1 }h into a number of small pmces

%so that the fabric by transmitted ht appeared uniformly speckled
(gesprenkelt).

In the case of the diagonaldoubled fabric this obsmvation was
made only once, for the point of rupture of the survi “

T
layer lies

closer h the point at which the tenwon changesover (to at layer),
and is reached too soon becauseof the destructionof the first layer.

The obs=ed pointsareplottedforone curvein thecsseof diagonal-
doubIedand one curve in the caseof threefold fabric.

!llrE SHEARINGSTRESSES.

In the preceding treatment, all deformations were deduced from
the two mutually perpendicularnormal tensions c+ (transverse) and
d (longitudinal); the con~ept of shearing stresseswas not intro-
duced. There is a cMain ]ustfication for this procedurein the case
of simpLe(single layer) fabrics, for these do not op oss resistanceto

3shearingstresses,but set themselvesso as to ann them; this ten-
denc is what we designated as “thread shear.” In conmderingthe

&ben of envelopes it is dtiable to introduce the corms tion of
shearin stress,in order to make the procedureconformwith

%
L ecus-

tomary ending computationsin the comkructionof machinery.

●

.,

I

I
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The behavior of the single la er under shearingstress is to a cer-
c?tain extent slready determine b the tests on the deformation of

1?cylindrical envelo w (p. 174)fort e two resultantsRI and l?, (~. 4)
!may bo rephwed y forces, one parallel to (one system of) threads

w%
( pal. M&d

a

woof
r

49%-
diftgm.&mK?.d

a

29

w

0
0. Lw ZYu aw aw, ~2.m

@

o m m T.w m a.w J&%
I?IQ.40.+lMt V, elongationourvw of muItiplefabrics. (MctarMsE, F, G.)

~d the other normal thereto, thesecondbeing analogousb a shear-
ing stress. The essentialcharacteristicsof shearingstmsscaare,how-
ever, most clearly apparent in teds on torsion.

TEST YI--S=ARING 0S’ Sl?NGLE-LAYEB AND DIAOONAI.AX)UBLED
FA3111(J.

(MaterialII ofthetsble.)

Threa miniature cylinders of the fabric like those of Test IV, of
80 mm. diameter and 300 mm. length, were sus ended and sub-

8jccted to internal hydrostatic pressurewithout ad ltional suspended
we. ht, this producing, as stated, a tension ratio 1:2 (longitudinal

Y’to ateral tension); the hydrostatic premure was equal to that of a
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oohmm of water 7,500mm. high. TWOof the cylinders were made
of a single layer of material D, the thread (presumabl the woof.—

iTrandator) being in one cme parallel b the @, an in the other
inohned to the axis at45°. The third cylinder wss diagonal-doubled,
i. e., made of two such Iayers glued tigether, one Iayar paralIel to
the axis and one at 45°.

A d~k of 160mm. diameter was attached ~0the 10werbase of the
c linder, the upper bme bem sec~ed aga~t ~r ue.
& c?

@g. 4?.)
o cords were attached at the edge of the tik, an thence earned

m “~.--—..—.——
!

i
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+

1
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Em. 4L-ToLuoll test.

OVer rollers resting b bti bearings,beyond which Iead weights were
suspended from b (the tide weights being 2.5 kg.). The
torque was bro ht .uptit to a ositive

3kg.),.bnlowere to z.ercin J
-um (weight of 12.5

u steps, then rncressedb a negative

3
maxmmm cOrrespon to% e same weight applied to the other
cord, and fiall bro

d
t to zero and then increased b so great a

F
ositive value at the cylinder was completely twisted around and
oh-isappeared in the fabric.

A rhombussimilar to that of Test IV (p. 175)was drawn upon the
fabric. The alterations in tarque taok place at five-minute intervals,

i
I
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and the readingsupon the rhombuswere made three minutia after
each albmation.

The shearing stress is com uted as folIows: Let the force in kg.
iacting at the rnu of the disk e representedby T, the double lever-

arm of Tin metem by D, the instantaneousdiameter of the cylinder
at the point where the measurementis made by b, the shearingstress
in kg/mby r; then

99

‘=7 ““
.—.

d is ascertainedfrom the initial diameter,80 mm., b taking account
of the measuredelongation. d111the diameter of e disk hIS that

$of the cord, is 161.7mm. The influence of the seam whit lies cm
the op osite side from the rhombus,is neglcted, as in !I’est ~.

In $&we 42 the tangent of the a le of shear, q, is graphed as a
funct~on of the shearing stress. % e curves display a marked
hysteresis, as was oxprewed and OX@incd in figure 20. (lmcepts
suchas remanence (residualmagnetism), coercive form, initial curve
(that obtained when stressis applied for the first time), maybe car-
ried over direotly from the scienceof magnetism.

The difference between the single la or with woof parallel ta the
daxis and the single layer set diagon y is very striking. The first

res ends to she- stres~principally b thread shear, the second
Xl Jo y by thread stnughtenmg and threa extension. Hence a high

degree of shearcorrespondsto a low d ee of elongation (as seen m
fig. 26, .

?
T173) mid vice versa. We s ould, then, expect that the

dmgonadoubled fabric would beham, in res oct to torque, about as
&the single layer set diagonally, since the par el-lying layer takes u

ordy a small art of the stress.
K

The observed shear Is,in fact, mucE
more nearl

T
“ke that of the diagonal single layer than like that of

the paralle single layer. 130wever,the twist is greater than with
the single diagonal layer, whereas we should expect it to be some-
what smaller.

This de arture from the theory is due to the increaseddiameter of
1the cyIin er (evidently the increase due to the internal ressure.—

Transl.). In
Y

?e 42 the diameter d and the he” ht h o the rhom-
%busare aphe as functions of r the unit of lsng bein the miUi-

meter. Y fhe diameter of the cy~nder, made of the sin~ e diagonal
layer, is greater than that of the diagonaldoubled cylin~m, as in tha
latter case th~ expansion is restrained b t$e parallel layer. This

1%differencein chameteroperates in tie fol ~g manner. The twist
reaultafrom the len thening of one spt of chagonal tlweads and the

&shortening of the o er, thus incre
7

the tension on one set and
diminia~ it on the other. The sma er the diameter the smaller
is the initm.1tensiqn due-to the internal pre?sure,and the larger is
the mlutiw changem.temuondue ~ the shearingstress. Thus,when
the threads are initdly under ahght tension the lenghtening and
short@ng under given shearing stress are eater than when they
are lughly -d already (as is the case in
-t o@ s~ht changeain form.

K e larger cylinder), and

dIt ISd cult to arrangeexactly the same ox erimental conditions
$for t.@s on th? two kinds of fabrnc. It WOU1be necessary to pre-

vent increasesm the diametar mthout interfering with the torsion
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(e. g., by means of numerousunconnected “ ). We were ab~eb
Yonut the precaution, as we were concerned on y b +OW the advan-

tage, as re de behavior toward torque, of the &agonal as con-
$hasted wi the parallel position of the fabric cmthe enveIope.

}
I I I d

ml xl r— 1-.
II

‘“”--T*’T -(- ‘q”) ‘-WRY--—’--” ‘~ D“’*
The three torsion

T
eriments were sometimes carried through to

the mrmimumadmissi le value of shesring stres. This timpm
dependson the two normal tensionsof the cylinder, al smdu,,being
given by the fommda

Max. r=G

The deduction of this formula from general hypothesis wdl be
carried out later in connection with the computation of the stresses
in the enwdope. For the csse of an ideal network, it is obtained ss
foI&ws :

v
43 let a=~ be the angIe made by the threads with the

axis. bviowd , so Ion es no torque is a plied, the longitudinal
r stension U*will e divide e ualIy between

&
L two thread systems,

and the threads ti set mseks parallel to the at ants of
u, snd u,. This stab of tensions is depicted by the crw-hatched
paraI1elo ams of forces.

&
If in addition a s-$earing?tress qppeam,

one of systems of threads undergoesan mcresse m tenmon, the

,

i
1

.-
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other system a decrease. The an e of intersection is not changed.
$‘llhere M then a certain va.he of t e she stress,for which the

tensionon h latter svstem vanished. If. w the torcmewss still
further incre%ed, the cylinder retained
its form, the threads of this s &m

$would be under presme (~ar el to
their lengths), which is un ossible.

{Folds are therefore formed; t e @in-
der becomes constricted, assuming a
shapelike a h

T
rboloid (&r Z@inder

8chnurt d yperMoi&f&ntig tin):
the equilibrium of forces becomes
labile; the continuation of the twish

$$$&$&\:EeKg:gE:: fo%
The criti@ shearingStresslr roux)is

therefore gnwn by the equatmn

tan a = r fiuufuz
Now, according to equation (l),

tunw tan 19u Cl/G-a

inthis case, where a= ~,
tin a = ~~m

hence
Tmax=-Ju~

The critical shearing“stressis tlwrefore
present testl as follows. Since the fokls
normal tfmsaonsam least, i. e., at the top
to the bsse, the diameter is to be taken

to be computed for the
hmust a pear w ere the

where J e fabric is fixed
as not much more than

80 mm. The water pressureat the top, which controls the lateral
tension a is equal to V– i17, H depending on the diminution in
hmgthantibeing,on the average,about 110mm. Hence

al a (7,500-110)- 0.04=296 @/m,

The longitm3ina1tension is given by the pressure ~ + 4H + the
weight of the disk,or rather the pressureequiwdent of the weight of
the disk-on the average, 7,500+110 +75 mm.,

uzOa 7)685”0.04”~=164 kg/m

hence, the critical shearingstressat the top is

4T ?ruzx = 296.154=214 kg/m

The ehearin stresssirmdtaneouslyaxis “ at the level of the rhom-
f 9bus is foun from ~ max b condering t e than e in value of the

square of the diameter. $ %or exampIe, for single- yer fabric in the
paraUelposition,

7 a 214.(80/83,5)’=196 kg/m

Thwe are the theoretical valuesof the strew at whioh folds should
appear; the

$
are indicated on

T
re 42 by the letters ~ti, while the

lsttem Fvin icate the valuesat w “ch they are fit observed. These
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Iatter are naturally not perfectly” sharp, and a certain latitude is
thus left for personal judgment. Nevcxthelws, the agreement is
satisfactory.

DEFORMATION OF All ENVELOPI!! OF PNZALL*DOUB~ FABHC.

It is now ossibleto complete the picture,which in test lV we made
&of the env pe as regmxfsincrease in diameter, decrease in 1

*and twist, b taking into account the bending. We anticipate w {
zis to follow y statin .that eachoro~ sectionof the envelopeia under

&the iIlthJICS of ben and She
YFigure 44 re resents schematic ~Wtioon with vertically

(F
?sus ended gondo a, with the deformations due to applied couples

an to shear.
H the fabric lies parallel to the axis the envelope tit undergoes

(according to &s. 36-38,p. 178) a sm~ incressein diameter, a small
decreasem length, and no twist. The couplw now reduce bending

Lstras.ses,which bend the envelope u ward at the en . Sin~, hew-
n?ever, the bending can take @ace o y by virtue of threadstrwghten-

ing and thread extensioq, It remains confined to small vshm. On
the other hand the shesrmg forces reducea large alteration in @e
of the parallel ~abric. (Cf.

3
?.42, eft, p. 185.)

If the fabric is set diagon y at 45” (to the axis), the envelope fit
und

7
oes (acoording to figs. 38-38) a very large increasein diamet=

and ecrease in length, and Iittle or no tvnst (see p. 157): The
d~mon~ fab~ ~pon~ to tie bending moment by thread shear,
the angks in its network becomin s
downward. The resldtj is that t%es~p%q ?~~?~~?
erably. The change in the line of eentroids (tick finie) due to
shearingfore= is, on the co@ary, sli ht, for such-achangecan result

t%re
In both cases, therefor~~$w~%~if the envelope

only from thread str~mhte

exceeds what is permkdie, the chfferenceb -
Y

merely, that with

L
arallel fabric the bending is due primarily to s earing s~, with

It tharefore $IIowsl iat neither
. Uonslfabric rimaril to the beud@g moment.

*
layer nor p~d$l$ub-b

fabric, whether set parakl or diago ywitllres
Y$wa~~~t @eonsfor the construction of the ermeopes of nonrigid

Y t is, of course,conceivable, that any curvatureof the axis
n@ht b: amded by pretioudy gi~ it a comes ending ne ative

$ Fcurvature; just as it is p-ile to att.ama perfec y detite ength
and diameter, by allowing for ~ansion and shortening before-
hand. However, even tkus would not meet satisfactorily alI the

Tconditions of actual flight, m which a number of consid~a Ie band-
~g ~d ,g~q forcm are ~connt@ (rudder,s udls). The envd-
o e would react to thesemomentaryinfluencesti
%

& lmge flexions,and
t e ease of steering would be diminished. h the case of airshi

zwith dia omd fabmc, there is the additiomd disadvantage that e
%~avoida Ie.variations of gas pressureduring iii ht (due to escend-

, deecen
Y 3

&radiation) causethem t! “brea e,” i. e., to chmge
in ength and iameter, to an extent which-can not be alIowed.

How camfuII the constructormust take mti account these prop-
Jerties of par cl-doubled fabric is demonstrated by the French

airship manufactory, in which paralleldoubled material is used by

,

—.

I
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%
reference. F“

r
45 and 46 is resent the two chips Cbment

ayard and A punt Rem. First, d e bending momenta and sl-iesr-
ing forces of the envelope are much diminishedby a long gondola.

\

(Semirigid construction.) If this ia not mrried fsr enough, there
appeama shear sticientl great to be unplesein to the e e. The

Ii? 5envelope of the Adjwmt mu is especially well p sn.ned:d etipis



I?IG.45.- ClmuntBiWI& h= ttltedUpby 9kr.

laa

i

I
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made by fokling togetbm a quarter sphere (swamnwn.gekk er Wer-
?telkugel)with the result that at this point, where becauseo the short

leve.rarm tha effect of the bon - moment is inferior to that of the

% ‘abm T“ ‘dua ::?
shearing for~, the direction of
p=dm~ diagond. The upward benchng IS t us red

Correspondingly,a gradual deflection of the direction of
the fabric is carried out at the rear end of the ship, with the same
N.lccess.

DEFORMATION OF All ENVELOPE MADE OF DIAGOXAIA)OUSLED FAE.RIC.

For no - ‘d ships, of which the ermeIopeshave to resist Ia.we
Tmoments an shearing forces, only diagonakioubled fabric cm Ke

at~ast one$agonaIh3~w). ~=
em eyed (an fabric M to be called diwmud doubled, if it cmtains

For its arallel layer prevents large
alterations in the Iine o centroids, w e its diagonal ~ayer opposes
shear. Its lateral expamsionand longitudinal contraction are sm~
especiallywhan a sam le is ohosen in which the extensibility of the

&woof exceeds that of e warp as little as posdde.
In the case of the first endope of the Smnens4khuckert balloon,

the most extreme
%

e of no-d airship, it became apparent that
even the smallben of diagonal fabric may, under certaincircum-

X

adiufwme ‘mw
~
Fuh 47.-Bending due ta rudders.

stances,~csed the permisible maximum. When the motors were
develo ing full power and the rudderwas

z 9%2?2$$:$’ZRuder gem) the enveIope bent in a downwar
estimatedangIeof about8°, this being observedbecauseb chancethe
airship was passing over a reflecting water surface. 8 eyond this
point folds appeared. This bending rwulted in a deviation of the
ship ~romher mtanded line of flight, which made it impossible to use
the full powar of the motors continually during squally weather.
The diagram (fig. 47) is drawn frem memory, es unfortunately no
good photograph is at hand.

B. EXPERIMENTAL BASES FOE PREDETERMINATIONS OF THE DEFOR-
MATION OF ENVELOPES.

Uong with the fundamental diilerences, as to ~tensional proper-
ties, between the three t es of fabric (psraIIeldoubled, di monal-

? %doubled, 3-layer), we h differences in quslity between di went
sampI* of the same fabric, dependingon thread strength, numberof
threadsper unit leng-@ previous termon during the rocesaof manu-

$facture, etc. Hence, m order to predetermine the eformation of a
envelope made from a given materiaI, it is necessary to determine

t

i
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the” characteristic” of the sdected material by special experiments.
We must inquire:

(1) What data arenecessaryandsufficientto determinecompletely
the characterof the fabrio with respect to its extensional roperties?

d
J’(2 By what experimentscan these datzi be awmrtain ?

e cut a squareelementof the fabric out of the envelope [one side]
parallel to the axis, and apply to it the tensionswhich appear in the ,
most general case. These ar~, the normal tensionsu , Cv and the
shearing stress ~. The “strain” or behavior of the #abnc is fuUy
determmed,when we know the variation in length of the sidesof the
s uare and the variations of its anglea. We dwignate the graph
111w ‘ch re rmentathe relation between variation in length and normal

Etension y the term ncrmd c?iuracterhficand the graph which
representsthe relation between variation in angle and shearing stress
by the term deur clwruderistic.

hE ~ORhL4L @.4RACTERISTIU.

To the homo eneous materials usedin the constructionof machin-
5cry, we can ap y the law of superposition; that iE,we can determine

Jthe longitudin expansionand lateral contraction due to eaohof the
two normal tmsions separately and set the total expansionequal to
the aIgebraicsumof the indim~ual ex ansionsso determined. That

i~, the nornd characteristic is estab “shed by the knowledge of a
sm~le expansion curve and of the oonstant ratio between axpansion

8an flat.eral]contraction. Since throughout the practical range the
expansion curve is a straight line (Hooke’s law), it is sficient to
give a singlenumber,the SIOe of this curve (coefhient of expansion).

$It was already shown in eat II (p. 170) that this rule does not
hold for balloon fabrica. F@hermore, the ratio between the expan-
sion in one direction and the simultaneouscontraction in the p en-
dicuhirdirection is not constant (bottom of fig, 391p. 180). ? ence
the establishmentpf the.nonpal characteristicrcqmrestwo diagrams,
one for eaoh principal chrection.

Furthermore, as we shall see later, the superpositionlaw is not
validj i. e., the deformation producadby lateral tension dependson
the smmltaneous10 “tudinal tensian and vice versa. Each of the

%two diagramsmust, erefore, consistnot of a single curve, but of a
family of curv= or a surfaw each of the curveson which re resents

d!the expansion for varyi~ ~ateral tension under the con tion of
constant 10 ‘tudinal tenmon or vice versa. The n:~al charac-

3teristic of b oon fabrim,therefore,consistsof two farmheaof curves.

!rm SHEARCkA.RAmrsl’’rc.

We find a similar state of ailairs in the case of $he shear charac-
teristic. For the materials usedin machin

7
a -e number, we

coefilcientof shear,is sufficient. Test VI (p. 82) showed that in the
caseof balloon fabric this numbermast be rephwedby a curve, since
Hooke’s law is only an approximation in the case of shear. IL
furthermoreehowwl that the shear dependson the normal tensions.
If it de endedord on oneof the two normal tms.ions,we shouldhave
asin J’ t%e caseof e normal charac,$eristic,a family of curvesioataad
of a single curve. Since it dependson both, we require a family of
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surfacee. Sucha family may, e. g., be madeup of surfacesof constant
shear, over which the longitudinal and transversetensionsvary.

Because of the diilerenca between warp and woof it is ddrable
to determine the shear Ohamctaristicfor both directions. In the
torsion experiment this corresponds to the positive and negative
branches of the h tereeis loop.

TSincathe shear ependson the two normal temiom, we next inquire
whether, inversdy, expansionand contractionmay not de endon the
simultaneousshearingstresw. Wwe this the ca9e we & ould have
to repIace the two ourves detmmhing the normal characteristiceach
by a family of curves. Howeverl as we shell seel the influe~ce of
the shearing stresses-uponexpansion and coqtrac~on -k, wit@ *9

&bk’ ‘“.ti’t ‘ie *pMmtlO”mquw”On “
practical Iimita n U
Iusti6ab1e,esp y so es It H introduced for the purpose of ren- ~

. dering comphcated computations avoidable. For the same reason
we shall later tid ourselves impelled to reduce the shear charac-
teristic to a si@e surfaceby a particular simplification.

METHODS FOB ASf3ERTAINJ2?G TEE NORMAL OEABAO’ITXUSTICL

The experimental scheme for de the nornd character-
istic is dictated by the end b be a fabric is to be loaded
by simultaneously applying tensions parallel to the two rincipal
chrections,and the vamationsin le th a.rallii b the two

%&
d%ections

are to be measured. This double a g may be brought about
1

.
either by the combination of internal hydrostatic reasureand sua-

$pended w “ ht actm.gu.on a miniature cylinder est IV, p. 175) or
!

Simply b %
h

e application of weights to a flat cruciform piece of the ,
fabric. e latter schane possessestha advantagesof simplicity and
of absenceof corrections (p. 177,bottom)- it is med the
upon the normal strip, performedin two dimensionsbesti~~~!

Each observation gives one point for each of the two families of
curves belonging to the normal characteristic. Taking this into
account, three methods may be distinguished: i

1. The entire seriesof omts used to determine both families may
ibe determhed succwsive y from a single cross+haped piece.

2. 13achof the individual curves making up a family maybe de-
termined from a separqte cross.

3. Each separate point ma be determined from a separate cross-
iThe choice of methods M ecided by the condition, that the in-

fluenceof slownessof deformation (Test I, . 177) shouId be circum-
.-

vented as far as possible. h this respect L third method is by far
the best. It precludes mutual influences between the observed
pointe (gegeneedigeBeei@luseung & Vermi.d.spunkte;i. e., probably
the determination of any point is independentof that of any othar—
Trand.] and permits the

3
erimenter to make tests of long duration

without expending too mu time @obabIy becausetests can eimul- 1
taneouslybe carried out on several sampks+hnal.], in which tests
it is ossible at any time to ascertain whether the test has already

%laste long enough or whether it should be prolonged. The method
requires a relatively Ia;ge amount of fabric, but this is not a serious
disadvantage, considering the size of balloon envelo es. In fact, it

?may rank as an advantage, for it becomespossible to orm an opinion
of the uniformity of the fabric, since tie numemusobsarved values



192 REPORT NATIONAL ADVISORY COMMITTEE I?OR AERONAUTICS.

determine the surfacegraphed with great accuracy and axcept.ional
values are eas to detect.

When the L t method is used, the observations must come one
after the other in time, forming a single series; with the second
method, they are

T
ouped in several series. (XmSequentlylthe time

allowed for each o servation can not be nearly so long as M permis-
sible with the fimtmethod, or the test would re uire months. l?ur-

?thermore,*thestate of the sample at tha tirqe o an observation de-
~mds on ~ts~~te at the pre~nousobservahom-there is a sort of

mtmference among the various obareved values. It is DCCCSS~

to reduce this interference to a minimum by arranging the order of
observations in a particular way. Here benfi the uncmttity, the
opportunity for personally made inter olatione. The manner of

{making theseinterpolations is given in t e descriptionof Test VII.

ME~OD FoR ASCEBT~’G 73zE %3AR @ARACTERIS~C. “

The shearcharacteristics bestdeterminedfrom torsionexperiments
like those of Test VI. If the shear is ti be meastied for m diflerent
valuesof the lateral and n difTerentvahes of the longitudinal tension,
it iSnecessary to plot mn hysteresis loops. The desiredpermanent
values of the shear are to be deducedfrom the instantaneousvalues
actually observed by taking account of the remanence.

Here, too, it is ossible to determine all the cyryes-in this CSSS,
{hysteresis loops— y observations on~ single muuaturecylinder or

on several. It is not, however, so essential to have many samples,as
the permanent valuesof the shear are deduced from the meanhys-
teresis loopl rather than by protracting the time during w-e
load is apphed.

TEST VIP-TEE NORMAL CHARACTERISTI(Y OF A DIAGONAIeDOUBLED
FABRIC. SRTGLE-OROSS METHOD.

mtdal F.]

The experimental arran~ementis shown in figures48-5o.
A cross~ha ed piece offabric, the four equal arms of which are

rhemmed and ooped over at the endsl and are 250 mm. broad and
equally Ion , so that the central potion of the cross is a square, is

3outstretch in a framework made of sheet metal with corner plates
(aua BZechtmd Whkeln). The two tensions are produced by the
weight of sandbagsapplied to the armsA and B by means of bent
levers, of which the arms stand in the ratio 1:2, (Fig. 48, Iower
left.) The points C and II, opposite the levers, are tied. However,
set screwsaxeplaced both at the levers and at the tied points, the
purposeof which is to keep the central oint M of the crossover the

Rcenterof the frame andthe levers U in a orizmtal position,whatever
the amount of the deformation.

For measurement, a quadratic network is drawn with ‘fie lines in
India ink, its sidesbeing 200mm. long; for purposesof reproduction
(figs. 49 and 50) these lines have bean retraced heavily in wkde,
as the photonmaphicplate showsalmostno contrastbetween the black
lines and the yellow fabric. The same procedure was followed in
making all the other photographs.

*



REPORT NATIONAL ADTTSORY COMMITTEE FOE AEEONAUTIOW 193 I.

The temon was distributed uniforml over the breadth of the arm
{by means of a steel tube, l@ng in the old made by the looped-back

arm; the load is applied dnctly to a bolt which traverses the tube
laterally (cf. figs. 40-6o). -TIM bending of this tube under such
forces as are appIied is n We, so that the extension of the arm

vis the same throughout ita redth. Perfect uniformit is not, how-
ever, even yet attained. 5At the four inner cornys , there is a
mutual influence of ths two tensions,so that, we

v
~ t say, they are

not “conducted” sti~~ht across the intersection o the croswrms,
but bend around the cornersinto the in@ecting arm becauseof the “
rigidity agsinet shear of the fabric. (I?qg.51.) The tension at the

\ ‘+L

tb~-L II m’!”!” , II, ITnf--Fn \

I’IQ.48.-Experhnent.sIarmn@mnt of ‘%I@e+mEm meHMKI.

bed, and the rectangle assumescornersof the network is thus diminis
a sort of barrel+.hape. The distribution of tensionsis, therefore, not
that correiy?ondm ta the rectan

& r
1-2-3-4 in figure 51, but that

correspondingto e cross-hatche surface.
Correction ma be made for this annoy$ig secondary efkc~ in

6 the present experiment, It E made -by applying,
‘Rd%%i%% the weights already described,four” aumharystretch-
ing clamps” H. Et,, m order to stretch the arms out laterally in the
vicinity of the center of the cross. In figure 48 onIy two of these
are shown. They must always stretch the arms to such an extent

291650-S.DOC.123,65-2—13

I

1
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.

that the sides a-~, b-b, of the network, prolonged, become straight
Iinee. I’or, in t.luscase, the lateral expansion of the arms is M@
to the expansion of the central surface, and no “flowing over’ of
the tension in one crossbeaminto the other takes place. Hence, in
figure 51, the rectangle of tensions 1-2-3-4 M accompaniedby the
rectangks 2-3-6-5 and 147–8.

The ayxiliary clam s are placed at diflerent levels, so that 111and
!~ I@ respectively, a ove and below. They are not co~ected with

each other nor with the framework, so that the can foIlow the
central figure, however it may be deformed, $he tensions are
a pfied by means of 100s sewn to the fabric. It is important that
t Jt ese 100s be sufficien y wide and sufficiently clqse to the central

i3qu&re.%he scheme could be im rovgd in tlu? direction. In
$general, the auxiliary clamps do not urmsh an entudy satisfactory

m. til.-mmltwmm dlstribut.bnOftmsiat.

solution. It ‘takes much
time to adjust them, and
they must be constantly
watched, since in tJmearly
s~g~ of load the fabrlo
flows rapidly.

The test in detail is as fol-
lows: 7x 7 or 49 separate
points areobserved,the ten-
sion being altered between
observations by 80 kgs. per
meter, i. e, theweight of sand
appliedat theendof thelon
armof thelever beingaltere%
each time by 10 kg. The
maximum tension m each
d.irection,wasthere~ore6X 80
or 480 kgim. Iii figure 52,
the orderof successionof the
points is Bhown by the ar-
rows. The dia

r
Ia and

11 are from a ret series of
observations, IIa and IIb
from a seeond series under-
taken for tmrDosesof vefi-

oation. In the first series,the longitudinal tensidnid changed after
ev,~ observation,the lykm$ onlysi~ tiimesin all; in thesecondserim,
thISMreversed. (Lo tubal @nsloncorrespondsta warp,lateral ~o

Ywoof.) A long pause 18days) intervened between the two series,m
order t%give tune for fabric to resumeits original stat% This was,
however, not quite attained. (Cf. figs. 21–22,p. 169.)

During each serias the load was altered at 10-minuteintervals.
Friction m the sup orte of the lever (steel bolts in bronze bushings)

\was ebinated bys aking the framework tiohmtiy. The Ien h and
0$breadth of the network, now rectangular,was then measur in six

placea,invariably eight minutee after the change of load.
In @ure 62we have the meanvaluesof the extensionsexpressedin

~o~t esof the initial length.
arL31

For eachof the two serk there are
‘ “esof curvesIa, Ib, andHa, Ill; Ia andHa ‘vin the exten-

?$sions (positive or negative) of the warp, Ib and IIb t at o the woof
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The sti thing about these curves is the marked remanen~e~f
%the fabric, w ‘ch masks the laws gowxrung tie curves. Tlus M I

—,
I
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versa, ‘lb ids on the new curves lie alternately tio high and
rtoo low, this eing due to the renmnence.t

)?10. 5S.-Toet VII; IKEIMI ehermtarlsttq B e-craw melhod; eemnd p:ottlng of the rcmdts
(f%% F). ..— —. .

&ThAm2~’d7aL5,:&;.Y,:% o ton thlseeamd em being .ohl.#~.f
teq@ti O,whIIemwag_ti W: mwaq

ad ate,.4KP Whm.mehcao ,ex,lldmthe mmanmm al the hfgh pceitlmv81uecdexteaskm a
is nl?gativq and tlds pnxlw a negative
te m-IW.-TrausSatur.

mmmem?aafkatlngthemlthe tkrd m v!+ thatOorredpondin!g

!

—

I
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To each observation of the fit series corr ends an observation
Tof the secondseries,made for the samevslues o 01and ~. The last

step in the determination of the normal characteristic ccmsistsin
COLUwing and weighting the corms on -

iweig ting and the subsequent intergof’’tio~ro?~~ge Z
t.inuouscurvesare drawn is governed y tie follo “

?
considerations.

In some cssesthe resultsof one seriesare more relia 10than those of
the other. In particular, the four “initial curves,” two from each
series, in whioh one of the tensions remains zero while the other
vsxies, are specially reliable (they are distinguishedby points in figs.

i

h?. E4-NormalohmeterfstIc Ma dugonaIdoablM fabrfc(MrIe F).

52-53) beoausethey arenot afl~t@ by previous loads. ‘1’lwe curves

‘e” ‘hmdore ‘b ‘V=”ww!’ “ w(;&cr:Y,:2:2sImutmg curves of the famhs t ere gra

~S~$eaxis of ordinaAiniJre54.
IIb), whiIe the points o the initkd curves of IIaZ Ib

As to the terrmnal
points, at w “chboth tensionshave theu matium vahm (480) it is
certain that in one seriesthe vahm are too high in the other too low.
The vslues plotted in e 54 are therefore tLe arithmetic means.

T‘l!heeepoints being estab “ bed, the remainingourves are drawn,more
or 1- arbitrarily, so as to conform in general appearance aa closely

—,
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as possible to the original curves of iigure 53. The zero points are
thoseof tho first seriw

The dotted curves in figure 64 are those of the other family [e. g.,
on the left, us varies continuously in the continuous curve and u~
is the parameter,while Cl vsxies continuous@ in the dotted curves
and c is the paranmter]. This schemapernuts a certain contrtlleof
the &ape of the curvee. Point A of one system corresponds to
B of the other, C to D, etc.

The normal characteristicreveals evwything of importance about
tho behavior of the fabric:

Hooke’s Law does not hold, for the curvm are not straight linw.
The law of superposition does not hold, for the curves are not

co
F

ent.
the deformation were due entirely to thread shear, it would

vanish whenever the two tensionswere equal. Sincethreadstraigh~
min and thread extension also enter in the deformation does not

%mmis in this csse. the mrve which is t~e locus of poi.nteof equal
tension (drawn wit~ akamate dots and daeheain fig. 54) lies in the
positive part of the lane.

$The modulus of astici~ at any point would be the t
Y

ent”to
the curve at the point in uestion. For exam le, the IUOulus of

iehwticity, for drams pardl to the w , and f%r the values of the
%normal temions at oint P, would be

bP: 284x 10or 2840 m.
e tangent to the curve at

TEST TILL-” MANY-OBOSS METHOD “ FOE THE NOBMAL 0E4RAO-
TEBISTIO OF A THEEE-LAYEE FABRIC.

[Fzbrlo G.]

In this test the number of observationswss lirnhd to 5x 5=25,
at intervals of 100 kg/m in the tensions. The _um tansion
wu 400l.@m.

The five observationsfor a shgle value of the longitudinal tension
are made simultaneouslyby the scheme of

?
55 and 56. The

various lateral tansionsare produced directiy y suspendedweights,
the uniform longitudinal tension by a suspendedwaght and nearly
frictionlcss tie (die gernein.emwMngsspanntmg wini lwrizontul

{Lunter Zwiec enec lt~ng je einer aUf whrdger Bahn, 46°, fiei aufge-
W, dh. mk Thq83$%~” Rob emeugt. Obscure. The word
Rolk may refer to the mterconntwtionsbetween crosses&own in
fig. 56).

For the csse in which the longitudinal tension wss zero, four
normal strips were emp~oyed(not visible in fig. 55).

The arms of the crosseswere 50 mm. broad, the weights var@d ~
from 5 to 20

%
For the measuremefiik,the entire square fo

Ythe center of t “e cross (drawn in white in fig. 56) was employe .
The accuracy of measurement,in spite of the shortnessof the sid=
of this square, is sticient for
inhomogeneity of the fabric. &

racticsl purposes because of the
e distortion of the square by

“le- over” of the tensiom ss describedin Test VII is impeded
b makmg several slits in eao~ cross arm parallel to tie direction
{o the temion. This schemeserves the purposemuch more simply

and surel than does the schemeof auxihary clamps previously em-
ployed. %lmsliti intercept the [diagonal] tensionsfiable to extend



.

.FIQ.E8.-Tast V~ Narme.1charactedsU& SIttt@ af the ~ Fabr!c G.

lca
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away from the central .~ea. The cross - must be sutBcientIy
long to reduce to a neg~ble amountthe obhqueforces due to gaping
open of the SIi&.

The &t was performed in two corrm ondin series of obsern-
f%tions. !llv~ separate creaseswere made or eac observation. For

the first se.nes,the lateral tensionswere first ap~lied, then the longi-
tudinal tension. Simultaneously, the 10 “tudmal tension was ap-
plied to the other set of orowes. After= first series of observa-
tions, upon the first set of crosses,was finished, the weights were
suspendedfrom the latemii arms of the other set. Thus for each
pair of values of the t-ions, two values of the daforrmtion were
observed; one value b

%
influencedmore by the lateral, the other

more b the longitudin tension. For the four normal strips, for
%which t e longitudinal tension is zero, the second seriw natudy

does not exist.
The two seriesof t=ts Iaeted three we.elm. Iluring this period the

deformations were measured a number of times. The rnessure
mentswere always made at three placeson the square,in the middle,
and at a distance of 5 mm. from corners.

In Fig. 57 the measured extensions are plotted (as parcentagea
of the imtial Iength) in families of curves”the first and third dia ms
reproducethe extensionsasmeasure rd 24koure the secondand ourth
the vaIues found three weeks after the loac$ were applied. The
continuouscurves belo

?
to the first series,the dotted curves to the

second. (considering t e way in which a balkmwmvelope is made
out of Iongitudimd strips, we designate as lateraI tension cl, here
and everywhere else in this work, the tension parallel to the woof,
and as Iongitudirml tension u~lthat ardel to the warp.)

c1The apparentl chaotic way m whi the diflerant empiricalcm-vm
5interIace each ot er is due less to uncert.aint of measurementthan

to nonuniformity of the fabric; because,in d measurementscarried
out with one and the same cross, over the threo-weelminterval, the
detiation from the v-ahwaexpeeted was generally (in &r l?egel)
found to be the same.t

The infiuenceof prolongation of fie eriod of load was of the same
nature as that expected horn TMt ? (p. 169). Readings after 14
days showed a marked increase of the deformation omr that pro-
duced in one day, but were practically identicaI with those made
after wee weeks, so that the thre~week period may be regarded,
consid

3
the accuracy of observation, as 10

The 3
enough.

“ erence between the two swim of ma @ ahmmthe strong
influence exerted upon the extension by that one of the two tensions
which WS9fit ap@ied. Corn arisen of the first with the secmid

Eand of the third mth the fourt of the diagrams of figure 57 shows
that this influence diminishw in amount as the length of time,
during which the total load is ap lied, increasm.

JThe normal characteristicis fin ly established,as in the previous
case, by combining and weight”

%
ecpdy the cxmw ending obser-

vations of the two series, the fformations for t e thre+iveeks .
period b “

Y
the ml ones retained; the mean between the corre-

fspending -m UM is t us plotted; the curves of which A is one, in

—

—

—
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(d)

(c)

..
=,.

“i””
<
+.

(a) W~dWXhw. (b) Wmptia w’eaka. (C) Waofaftm W honra. (d) Wed afk 8 vrwks.

Fm. 67.–Teat VIII. Mxmal ebsrackuktioby -mm method. First plottfngof the observatkme
(h%% G).
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T
e 58, are thus produced. By interchanging c, and u we obtain

“tt e curvesB. By inspection,in order to produce a fauu y of curves
of more regular appearance they me altered to the curvas C, and
h interchanging al and Uaonce more, the curvw II are formed.
J ere, of course, there is a certain amount of Iatitude for arbitrary

P
ju ent, but nevertheb the results seem more reliable than
wit the “ “ Iecross method.”

TFor practica purposesit is enerslly sufficient to investigate the
%range of tensionswhich are to e realized with the envelope actually

to be co~tructed. In particular,given $he&ametm of ~haen@ope
and the internal pressure,the lateral tmnon maybe restricted vnthm

Fm. S3.-mrmd dxacwMc ofa 8-layeTMrb (fabrh G).

much narrower limits than thase selected in the praseut research.
It is recommended to vary the longitudinal tension by smaUw
amounts at a t@e, so as to make more measurementsover a given
intervaL A mutablepractical value for the breadth of the moss-arm
is 100mm., and the cross-armmay be divided by nine slits, at least
150mm. Ion , inta 10strips each 10mm. broad. It seemsthat twofserieswould e unnecmsary,if the two tensions.are a plied as near~y
at the swinemoment as possible. 1!

+~f:%i ‘:%g%;~:
sindtueous apphation of the w “
mately by appl.

m
fit a fra@on o the latera load, then a action

of the longitu a 10W3Zthen another fraction of the Iaterd load,
and so on untiI the entree load is applied.

I

—

—

-,
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TEST IX.~ SEEAB (XL4RAUTERZSTEJ’ OF A 8-LAYER FABRIC.

[FabrioG.]

Emplo “
Y

the method of Tmt Vl (p. 182),nine hysterwis loopa
I-IX were potted from observation; three of these corres ended to

%
each of the three values 200,250,300 - /m of the later3 tension,
and one of each three corms ondcd to eac of the values 80per cent

{20 per cent, 50 er cent of t e ratio between longitudinal and laterrd
tension. fFor t e first two ratios, additional weights were employed,
in the way describedon pa e 176. The valuw given for the tension

5are computed on the imtia value of the diameter.
N nine testswere made upon one and the same miniatum c Iinder

Yof 80 (or, more exactly, 79.6) rem. diameter and 300 mm. ength,
which was alwa~ suspended.;in order to produce the 20 per cent
ratio (02:01=0.2){ the ‘n atwe” load was a pIied by means of an

Tequal-armedup=de-down eve?, as shown in & ure 60.
Qlindera of three-layerfabrnc}closed at the endsasbefore (@. 41,

r
. 183) with grooved wooden chsks@z@n.mdene HokxcLeiikn) were
ound not to be sufficiently water- ht. The wooden disks were

%therefore replaced by turned thin-wa ed bronze disks,b which the
fabric was clam ed by means of two metal clamps 180° apart. “
(tie unmiknd%w emetst durch dihmwandig ausgedre?de 13nm.ze-
sclwikn, auf denen da- &%ff duqh je.$ uvn 180 vemetm Bkddieiben
fiQe2@nmt wurde.) The tmwon ihak of :60 mm. diameter} and
the waghta of 2.5kg. each,were the sameasm Test VI, and a sunikr
rhombuswith point downward was drawn upon the fabric.

The maximum load appIied was 10kg., except when the taneions
were low, in which oasw the load was not increased beyond 7.5 or
even 5 kg. so as to avoid the formation of fokls. h the tests some-
times terminated with the highest ap lied load, and hence with the

ccylinder considerably twisted, it was rought back by hand into its
zero position before beginning the next set of tests. The intervals
between successivesets of tests were at least tlwee hours long, and
during each of them the tensions were kept steady at the values
ap ropriate to the following set.

h e resultsare graphed in the nine hysteresisloops (1-~ fig. 61),
the trigonometric tangent of the le of twist, i. e., the-shear per

Yunit lmgth, being representedas a unction of the shearing stress.
The valuesof the norms-ltensionscorrespondingb eachof the curvee
are asfollows:

I II~JTV”~VIIVTIIti
0, 300 300 300 250 250 250 200 200 200
0, 240 150 60 200 125 60 160 100 40

The “first step in the setting up of the hysteresis cu&es shear
ch~r~exiss~ cpnsists in replacing the hysteresis loops by sin le

7ht, for example, consider the initial curve as t ~e
Yimportmt one; y using this ourve we could compute the shear

wluch would be undergoneby the envelo e when it is mounted for
the first time, before lta first voyage. I fter it goes into service
howe~er, it is subjected to excess tensions, flrat m one sense and
then m the other, so that the eventual deformation correspondsto a
sort of average curve.



FRI. 59.4eat EL Torskn-test. “ Pcdtka ‘r sddItkne,l W. Fabric ~.

FIG. W.-Teet K Tmstorktest. “Negative” a.ddIffonaIkad. Fsbrfc G.
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.
In figure 61 average curves are plotted by haIving the remanence

[apparentl by drawing the curves, whose ordinat~ lie halfway
between J ose of the two sides of the hysteresis loops.—Tmns.]
They psss through the tips of the loops, and dependon the maximum
amount to which the stms has been raised, or, in praotice, upon the

Fa!%$=l

@omq

--;- ‘-- “-- ‘- -. 6 -- ‘- %25>

-.
.-

1

.
i

=.

---
.—’

—

FIG. 61.–W EL Etyst8rds kJO~ hr th13@ChWaO@&tfO (fabrio (1).

mcms stresses.encountered by the envelo e d~~ flight. Since the
stressesOcc

Y
5in practice are decidedly em than the critical stress

(that which pro uces folds) only the central part of the curve is of
im rtance.
3

If now we go over inta three dimensions and for each
ue of the shearing stress plot a surface representing the shear as

a function of the longitudinal and of the latersl tension, the f amily
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of surfacm so produced forms the shear characteristic in the form .
describedon psge 190,

Now in @ure 61 we see that for slight shearingstressesthe average
curves are very apprcczimateI straight lines, so that withimcertam
limits Hooke’s law a plies,

ml
%. may then reduce the shear char-

teristic to as. les aceby plott~ the slo e of this line, or moduhs
Yof shear, as a unction of the temuons. de slope taken is that at

the point of infiexion in the curve. The aph is in
x T

e 62. For
example: From loop No. 1we fid the ue of the mo ulusof shear
to be 10x 127.5=1275kg/mfor 01=300 and 0,-240, and this value
is accord. ly plotted in @ure 62 vertically over the point having
time coo%ates in the olo,-plane.

*

Thwe tensionsare computedfrom the water pressuresnd the mean
diameter during each test, taking the additional load into considera-
tion. The formuhafor the computation are for the lataral tension:

Ol=aw

For the longitudimd tension:

Where d is the mean diameter, T the watm pressureat the cmtm
of the rhombus,4H the water columnbeneath the rhombus(fig. 41),
Z the ositive or negative additional load + the weight of the base,

retc., o the cylinder.
In contrast to the procedurein obtaining the nornud characteristic

the tensionscomputad are the tie ones, not the true ones reducad
to the initial diameter. This differencein treatment follows immedi-
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atel from the difhrence in the nature of the phenomenon,and must
$not e neglected in ap lying the shearoharacterist.icto the computa-

tion of the shear of & envelope in practice.
The average curv~ obtained in the way describedfrom the hyster~

sis loops can be replaced b str “D t lines, even when the shearing
stresssinvolmdemeedthehq ts ereproposed; we must,however,
~plo the sewmt to the curve instead of the tangent at the point

UIJixl“on; the resndt is that the ordinates G (fig. 62) become
smaller.

Figure 62 shows &at the shear is in general smaller, the greater
the tensions. This was observed in Test W (p. 182] with single-
layer fabric and there explained in part. The reasono may here be

3somewhat generahzed. Form the rmultant of the “
T

stress
r and the longitudinal tension o’; the inclination of this rm tant to

.4$%WJJJa-w Ill t

01 t 1 1 t , t

‘t@ 250 m 7. m 50 0

w= ~

FIG. a.- Ix. Shtsrcharnatm’flthrapresented = Ed& ofctIrm3 (Mrlc G).

the axis, which is the limiting value of the shear for a nonviscous
netw?rk, will for a

f
‘ven value of r dimkish as & increase9. The

practical she-mwill epend on the tansion in the same way, since by
reasonof the elastic forces and the viscosit it is tdways less than the
theoretical shear. In

w
63 the shearL aoteristiois reprwented

as a family of cur-v=, . being a more suitable form for practical
ap Iication.

h e change in diameter produced by the twist amounted to at
most 0.5per cent for a load of roughly 100kg/m,the changein length
to 1.5per dent. Hence the influenceof shearingstressu on elonga-

Ltion and lated contraction is much smaller than that of e tensions
upon the shesr. In oonsiderhg the deformations misiig in practice
i~ema b! negIectedj ill the more beoause,as indicated on page 191,

& straE.essre largest only where the bending stressesare
smudlesta vanishwhere the bendingstmses attain themmaximum.

I

I

i
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Cl DEFORMATION OF THE ENVELOPE

l’ORCI@H ACTING ON TKE ENVELOPE.

The envelopeof anairshi undergowboth permanentandtramitmy
?deformations. Only the ormer are to bo considered in predetm-

mmmgtheshapeof the envdope. We therefore@ore all aerodynamic
forces and all forces due to the motom (nwtmwche Kii$le) which
ap em duringflight in a straight line or more particularlym a curm,

$an considerthe airshipin equilibriumin a horizontal osition.
3The envelopeis subject,first,b the pressureon thew ls. ‘Thisin-

creasw1 practically uniformly from the bottom upward; the tatal
vertical component is equal h the total lift ~V A representing the
lifting power cubic meter and V the vohnne. fie wtughtof the en-
velope andof all suspendedloadsform, together with thelift, a system
of forces in equilibrium,

The eifect of the pressureand of the weighte is to producelateral
tension al longitudinal tension u, aud.shearingstrew ~ upon every
area element of the envelope. !l!he smal C.omyt of the prawure
first-produceslongitudinal tension. The distm ution of this tension
over the circumferencede ends on the shape of the. cross section.

1’If this ~ere a circle, <andi the ressqrewere m-erywherethe same,
Ethe Icm@udmal ttmmonwould e umform. But the first supposi-

tion is only ap yximately true, the second not at ail; hence the
uniform longituL al tensionis complicatedwith bendin stressw,so

t%that the pointmf a plication of the cmeralresultantof e longitudi-
$ &nal tensionscoinci eswith that of e general resultantof the forces

due to the resmre; hence the prwsure aJone tends b produce a
ibendingof t e envelope.

The radial component of the pressureyroducw lateral tension.
This, in conjunctionwith the suspendedwe t and the weight of the
envelope itself, is primarilyrss~onsiblefor e e shapeof the crosssec-
tion; hence the maunerin wluch the load is suspendedis of especial
im ortance.

Eince, in general, the load is otherwise distributedover the 1
Pof the enveIopethan the lift, additionalbendingmomentsarise. -

sequeutly, the 10 “tudimd tension,which was nonuniformover &ne
Ycircumferenceof t e envolo e by reasonof the rwsure aIone,is stil

further ahered. Finall ,
J

8 ?e vertically acting oads are therndves
transmittal to the env ope by meansof obliquel placed cords (sus-

CTension, !tiakekg) which produce forces pad to the axis which
&cewiseafkt the~wchnal tension.

The equilibration o lift md weight throughout-the length of the
envelope is perform.wiby the shearingstreasea.

THE PROO~S OF COnfUtatiOn.

Exact computationof the tiom and deformationsat each point
of the envelope$ impededb the interdependcmceof the two tensions

Land of the shearingstressw “chwe have already studied. Further-
more, the cross section M circularordy at the ends, deviating from
the circularshapein the region where the suspensionis attached.

1PossiblyEti@nt for‘{demasa!.),.~~m
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Fortunately, if emtcttcomputation is impossible, it is likewise
superfluous. For, in the fit place, the interred pressureis subject
to variations about a mean during flight. In the second place, the
forces depend on the tam mature of the air and on the barometer.
In the third place,it rd W from the viscosity of the fabric that a
“mmload does not determine the deformation uniquely, but rather

f etermin- a range of possible valum, the one value which the d~
formation actually assume dependingon thepreviousloads. Finally,
the fundamental determinations of normal sad shear characteristic
re ra9entonly more or less close approximations to the true mean
3v ues, because of the inhomogeneity of the fabrics. If now we ,

recolIect that the pur
E

se of th-e invest” ationswas to enableus h
avoid large errorsm %e shape of the env e, it is clem that in the

!computationsto follow the aim must be to o tain ractical approxi-
mations by usingmethods assimiIaraspossible to L se ~ployed in
the constructionof machinery.

For ti reason we will neglect to a certain dent the intarde-
~endenoe of the individual stresses and spparate the computation
mto several independentparts. If first we

%
ore bending andshear-

ing stress=, there remain (as stressesof the t ordex of magnitude)
the longitudinal and lateral tensions due to an internal preesure
everywhere constant and of moderate amount. These arise when
the enveIope is filled not with gas but with air, and its own we@t is

3
n ected. These iirst+mder teasions produca increase in diameter
a decrease in length, whiah can be evaluated by means of the
normal aharacte.ristic. We then fiLl the envelope with gas of the
smnemem pressure;these tensions are at iirst [zutichst; may mean
to the first order of magnitude] unslterd. Howeveq the moments
whichnow a pearcausea bend@ of the envelope,whmhwe oomp~te

$independenty. In the same way we shall devote a third section to
the.m.fluenceof ah- stresson the shape of the envelope. And,
whale for these three separate mvedgations we assume circular
crosssectio~ we take up m a fourth section the idluence of a dwi-
ation of the crosssection from cirdar form upon the banding of the
envelope.

DRFOmATION OF TKIC kB-EILLED, WmmTLEss ENTET..OPE.

FUNDAMENTAL LAW OF DISTRIBUTIONOF TRNSIONS.

The determination of the normal tensionsis a consequenceof the
relation between ressure,tensio~ and curvature of an element of

Yfabric, dF’ (f3g.64. IJet ds,,~, be its len@h and breadhhmeasured
do the princi al directions @mdlel ana perpendicihar to axis of

3env ope]lpl,pz& eradii of curvaturecorrmpondmgto tlwedireotions
d@l,d@,the angk subtended by the arcs ~, d+ at their centerso~
curvatures; the oondition of equilibrium between pressureand ten-
sionsis

. i-mp’ihl”h, = 2r1maT1d8z+ 2u@#?d81

:,

,

. .

—

.
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The sine of an infinitely small angle being equsl to the angle, we
have

pp,dq~da, = u,d@lp3d@,+ u,dafidq
whemx

p“Pl”Pa = ~l”pa + U2”PI

This equation alone is not suf6cient to determine either tension,
given the pressure; a secondwill be required. For example, if we
solve for UI

cl =ppl —fi.uz (Equation 6.)
Pa

If one tion vanishes, the other becomes a maximum:

rs=pp (Equation 7.)

The same thi happenswhen either radiusbecomesinfinite, i. e.,
%if the elementd “CSon the surfaceof a cylinder or c-one.

FIQ. IM-RI?fatfm between ms%mv,tmdomq
eadourmtum ofa su&oee18mfmt,

Fm. M.-m orftIosIShw strew

APPLICATION TO THE COMPUTATION OF THE CRITICAL SHEAEING STRESS.

[Intcrpolatd at thh pofnt.]

Let m-n (~. 65) be thedirection of the fold a .~aring in a cylinder
a9 a result of torsion; perpendicular to this L ction, the tension
a==0. Hence we have the caseof equation 7:

U=pp

u being the tensionparallel to the direction m-n, com oundedfrom
2u, and r, acting acrossunit length to the direction of z, viz.
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The radius of curvature, p of the arc m-n is simplY the largest
mdius of curvature of the ahipsemade b the intersection, with the

ic Iinder, of the lane cutting the cylin er at angle d to the @;
d ?e magnitude o this, by a known formula, is

p= azjb,

where a =R/sin+, [b =R
so that p= Rlsin=p

substituting into equation (7), -

the solution of which is
~fu~ =Rp

[as may be seen by drawing the right-angled trian#e whose sides

:Zctih
p [-Y tie de adja=t.~ tie fit side b-

ok that surfacebeing cylindmc (cf. bottom p. 208),

c1= Rp

I’m.66.-LunzitudiMItembn inaruledandopo.

then we obtain: as the (masimum) value of ahemingstress,at whkh
folds make thar appearance,

This equation is the one deduced on age 31 for an ideal network;
$we now see that it is quite genwd an independent of the diredion

of the threads, and would even be valid for a meta~cylinder.

APPLICATION TO THE COMPUTATION OF THE TENSIONS TN TEE
EIWELOPE.

The second ~uation required (of. bottom p. 20s) in compu - the
9-ions for a green internal prassureis obtained from the con tion

for equilibrium among the forces paraIIel to the axis (Q. 66):

—

.-.

-.

,

-- .—

. ..——.
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8 being the angle. between the ask sandthe tangent to the envelope
at the cross section fi where al M evaluatad. If this angle is 0,
which takeeplace at the croswwctlon of maximum diameter,we have

~~= hpmB

thusdetermined we canflnd $ by meansof equation 6, page~oeii
. /e the radius o ourvatnre pi IS to be set equal to

P =R. wcz?
P?nR R P&

(“= C&M ===2”’ I–&&
—-

)

For a cylindrical or conical envelope,p3= a, hence

ul= 2uz=pm~88C8

In the osse of the long and slender envelop-es,dc&gned so m to
minimize the air resistance,cwd is n~ly umt~ and p4vw great
in comparison to l?, so that we obtain a suflhmmtapproxnnation
by supposingit infinite: hence

al= pa cl - +Pa nearly.

It is true that tlbecomeslarger near the ends of the enveIope,but in
time regions th~ beryiingmo~enk ~d shearingstrq we so enudl,
that the appro~a~on remamssatiafactmy fpr the am m question,
viz., b detenmnation of the form of the elastma.

DETERMINATIONOR’TEE INOEEASER? DL4METEEAND DEOBEASEIN
LENGTH.

From u and a,, by usirg the nornd characteristic,it is possible to
evaluate he lataral dilation Ad and lomritudinalcontraction Al.

E1
4-W

~ 4

Em. 67.–Firdand second

2&Y-m-h-

For the ressons“~phimxi in Teat II, p es
%s170-17~,thesevahmscanbe regardedonly ss t

apprcmmations. However, by means of them
we may Cornute the @ues to a second ap~rox- c
imation. 2 e ascertainthe actual ttmsionsm the
deformedstats, and expressthem in tarmaof the
undeformedchmensionsby

U’l=al(l +Ad)(l –Al), C’z- U*(1+&l)’

and substituting these into the nornud charao-
taristicl obtsin a second, in every casesufficient,
approxunation to the true latersl dilation and
Iorwitudinsl contraction.

If the envelo e is ma&eof transversestrips,the mesdatersl tension
%is, strictl spea “w, dhinished by the presenceof the .stm thening

seamE. G succesmvestripsoverlap by XYOat the seam alx ould be
divided by the }actor (100+z)/100. The same holds for the lcmgi-
tudinal tion d the strips are parallel to the axis. This correction
may generally be omitted because of its slight in.bnce upon the
final result.
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Fm. &L–WateM.lled mtofatnre. Photo@’aphd ffom pm!ntA (see bekm).
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BENDmGOF THE GAS-lhLED E~PE.

In mmpu “
%

the bend” o of the envelope, we employ the methods
Usedintaohni ?meohanies or the bending of a straight rod, loaded in
iti central Iane,-of-

& r
metric cro~ saotion and variable moment of

in& of these methods depends upon the Navicz
hypothesis, ‘tip~~?i pkne moss sectione
bending ie edleotad.

remain plane aftar the

—.

.s

A

1

i i

FIG. 70.

In order h obtain an idea of thevalidityof the~avierhypothesis in
the easeof bant bslloon mdopes, a miniaturemodel 20om.in diam~
ter and about 150om.long wes constructedfrom the three-layerfabrio
G- siroleswere drawnuponits surfa~, markingout the orossmotions,

&w le it lay flat and was filled only with air so that it was ractioal
undeformed it WRSthen suspended in the middle and b w-id
water, acquming thus a cmsnderable flexion. (Figs. 68-69.) The

b

. ...

--

—.
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pressureof the water wasso adjustedthat the lateral andlongitudinal
tius.ionswere equal to those in a nonrigid balloon of ordinary size;
the bending stress%, however, were decidedIY greater, because the
suspensionwas apphedonly over a short portion of the model in the
center.

The model remained in the loaded state for three weeks, nearly
reaching a permanentvalue of the def~atipn.

The crosssectionswere examined by wghtmg along the ma “ of

the e~s, $
Ya Stra- hted e. Deviation from the pkme would be exp~ck near

anywhere, but could not be detected at mther end.
Slight deviations, appearing irre@arly and of yam~blesign, are h
be asonbedto errorsin reprochmmgthe crosssectionsm the drawings,
which were made by hand.

From a single photograph it is not oasible to determine rigor-
Jonsly whether any crossqection is abs utel flat, except in the case

Jof the crosssectionlying m the plane norm to the ams and seeing
Ftbrqugh the ceqteq of the camera lena. the crosssection, if ane, is

fprojected asa hnem the photograph,tke othe~ ase~pses. n order
to carry out the verification for all grosssectlope~It is deqirable to
~&m7~inetwo photographsstereosooplcally. ‘Ilus ISshownm figures

Th~ model is sus ended with its center ov~ the center of ~ rec-
Ztan le X YV~ an the camera placed at ~ m the.prolon~atlon of

Y# and then at B equally far out in the prolongation of T U. The

%
tWO photographa ( 68 and 69) are to be ima
in figure 70 (tap). “sir central points A and
diately behind the

58
ra he) ~re easil found by ex

iVZ7m the p otographs.
balloon and rectaggle seen 100
the imageslD the Im?g
representedby the lme
by the plane of ,the pa
then the projections
two photographs.
77=V.M at the cen@al point of the photograph from position A, as
just defined (i. e., lines parallel to the hne drawn from the center of
the lens to the central point meet at iniinity in the direction of the
Centrdpoint).

If F’ M a point of the object, its imae- on the holographs will be
zfound at F’a and ~fi. -If now, on the superposg photographs (top,

%
. 70) we.draw the hpea A@= and BPb, they mtarmct at the point

w ere the ~mageof-P M to be loc@d m the c@s~edparallel proje~
tion, .ho thwe hn.esma , and m general wall,mterscct at a small

Jangle, lt is desirabletos t the pointsPa Pb by the same amount a
along parallel lines, to locate the image o~P once more h the same
manner, and then to verify the original location by ~awing the line
f~~W~timage padlel to the direction P%’=, wluch should pass

The tw~ photogra .@, figures 68-69, were treated in this wa . In
& dorder to make the gheet and lowest pointe on the circ erence

clearly visible, bite of paper were attached at the to and bottom of
the mode~,at each pf the marked crosssec~iqns. E order to make
the drawings sticlently accurate, the ongmal plates themselves

,-
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(13by 18cm.) were re acedby m ificatione,in which the diameter
Ct-’lof the model a peare as 60mm.

&
R

Y

00Sof both were made upon a
s“ e sheet ( . ?1), the hoto aph from point A in continuous

$ ted%lrv..an that from point B in ot The procws, the result of
whichis re rwented in-figure71for two mosssections gave the samo
result as J e observations with the straightedge. fio deviation in
either direction from the plane was to be observed wi~ifi-
cation employed.

It therefore appears permimible to assume the validity of the
Navier hypothemsin the case of balloon envelopes.

THE BENDm(lMOMENTS.

~efirstsh incom utingthe bendingis theplothngof themoments
W

9
i JFupon t e env o e in the form of a curve of moments.

If, or every point a ong the length of the envelo e, we subtraot
Ktheweight from the lift, we obtain the load curve,and om &.is,in the

known wav. bv double intwration. first the shearcurve and then the
curve of &&ents. In a&3ition ‘to these moments of the vertical
foroes we have two others (cf. p. 207), viz, the moment due to the
pmwure and that due to the suspension(Takelun.g)

FIG. TA-hfomcmt of tlmSIMpmmm

The tit of th=e is due to the faot that the reasureat a perpe-
ndiculardistance y from the oentral plane of & e cmvelopeM equal
to the pressurein the central phme,pm,PIUS the quantity Av; the
moment is therefore equal to

~=2{a.y.dF.y=fiJAy .g~.dy

For circular crosssection, x= ~~

and ~= J@/~ dy
—.

integrating wluch: for the indtite integral,

J
‘4$-$)0y’~r~ dy=: WCsin$ + 4Ra

and intr ucing the limits of integration,.

The moment of sw eti.on (Ta%elung8nwment)for a crosssection
%All will be defined,.fo owing page 207,as the moment of the forces

due to the mspenwon and acting parallel to the axis. Let T bc
the force applied by meansof a rope to the girdle at ~, H the hori-
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zontaI com orient of T, the distance of P horn the neutral tlhment;
fthen the finite) conhibution of the rope at ~ b ~ mommt of

k
~m eneionis AAG==H. e, and the tottd moment of suspensionat AB

=xH. e, the summation extending from the and of the girdle ee
far as A.B.

— —

If there are a Iarge numk of ropes attached to the girdle ah vari-
ous oi.nts,.or if instead of ropes there is a oontiinuousband of fabric,
the L ‘~ mm~t Aiif= is to be
mphld by the diffarentid d~, 9
and JG becomesMI integral. We
may firsfi aphthe horizontal com-

F
1

ponent o the force due to the sus-
pensionaea functionof P, multiply
the value at eaohpoint by the cor-
rmponding vahe of q tmd b in-

!@ration obtain the curve o the m. zl.-lflm!mtofSJqWalm
mtimentof suspension.

WhiIe the momentedue to the vertically hanging 10A in ensd
%bend the ends of the envelope upward, the g= prawre and i e sus-

f
ension tend ta reduce the opposite eflwt; it is t@mfore the dif-
erenoebetween L two sets of momentathat deternunmthe mnount

of the bending.
TSI! BENDING_SIONS.

The bending tensions produced by the bending momentsl which
may be positive or negative, are su rposed upon the Io

%
tudinal

tensionof the air-fled envalope,whit is alwa positire.
Frelated to the momenta by the equation (cf. g. 74)

%.

ilf~=fa” Y d.s

The development of this integd is most simpl carried out under
the dassumption that Hooke’s law holds i. e., at the moduhs of

~~x. elasticity, ~, expreseed for fabrics in

PJ

~ . . z:-:-
kilograma per meter, is the same for

u eve point on the circumference. This
%con “tIonl as we saw from the normal

R charactenst,ic,is not in general fdfilled.
.—.— —.—, Yet the error which we make in sssum-

ing it isnot inadmissibly
I “Ft’t$mtiddthat we evaluate 17,wlu E e slope

! of the extension curve, at the p~per
—

m 74-EeJJd@telwln
Kg %s ~$o~e $a~~%~;
the development of the above equation

as is done in the constructionof machinery:

-.

—.

—

1

. .
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J is proportional to the moment of inertia of a curve, in this casethat
of a circle about its diameter; this is a consequence.afthe fact that
the tension is measured per unit breadth of the fabric and has
nothing to do with the area of the cross scwtiom In this case it is
~~de ~oi?!t Hence we have, for the bending tension in the es-

)
6w - &MbjrB2

If the enveIope is built u out of longitudinal strips,the momen~of
inertia J is greater than TE8b an amount due to the strength

i Yeffect of the seams and de en “ng on the amount of overlapping o
radjacent strips (cf. p. 210 . In practice this correction amounts to

3 to 6 per cent and somewhatmore at the ends,accordingto the way
in which the strips are cut.

T= FORM OF THE LINE 01’ OENTROIDS.

The equation of the line of centrcids is

#y Mb~.-u
(Equation 8.)

As previously indicated, II is constantover a given crosssection,but -
not over the entire envelope. For each cross section we must find
the value of ~, which on the normal charackwisticcorrwpondsto the
values sl and @ of the normal tensionsprevailing on that crosssec-
tion, In the case of the longitudinal tensionregard must be paid to
the diminution of this producedby the suspenwon,which may alter
considerablythe corrmpondingvalue of 1?. This phenomenonshouId
strictly be consideredin evaluati

Y
the dilation and the longitudinal

cantraotion of the air-tiled enve o e; in practice, however, it is
J’permimibleto ignore it until the ev uation of 11is reached.

Since 13is now determined and the other two factora J and ~
are also determine~ the curve of uation 8 can be plotted and the

3formmf the line of autroidsestab” ed by two consecutiveintegra-
tions.

THE SHEAEING OF THE GAS-FILLED ENVELOPE.

In the constriction of machinery, it-is customary, in treating the
case of beams of which the length stands in a certain ratio to the
wid~, to negkct the deformationdue to shearingforces. This is dot
pernussiblein the caseof balloon envelopes; the deformation due to
the shearingstreses is a wmsiderablepart of the total deformation.

THE DISTRIBUTION OF SHEABING STBESSES OVEB THE CIEUUMFEBENCE.

The condition of equilibrium amo
T

the bending and shearing
stressesacting upon the area element o the envelope which is cross-
hatched in figure 76, maybe written:

2rd!=jds.ds
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and V is the ‘;ehearing force” at the crosssection in question. Sub-
stituting,

●

T=g&d8”&s

the qumtity S is given by

end hence r by

T=&, W. SiUa+ ti~a (Equation 9.)

attaining therefore its maximum value in the cautrd horizontal
phme, “

‘T
-= 5

The same resdt may be reached in another way. In iignre 76,
let m-m and n-n represent two cross.sections se arated by the

&short distsnce W; imagine the former chsplacedpm el to its phme

*
I

ml. 76.–ReI9tfon betwmn bwndIngm3men tamL6heuInglrtmfE.

through a distmce ~.~ by a shearing force V, this displacement
being measuredreIativel to the crossseotion n-n snd at the center

%of m-m; if we negkct t e small complications introduced b the
fsimubuwously arising bending tensions, the disphuxment o any

$
oint P on m-m will be e ual to the same amount, @i!. For a oint

?the radius to which mm the axis makes an sngle a wi fl the
v~rtical plane, ~ displacement has a radisl component, ~.dlm~a,
and a tangentml oomponent, ~-dl~-na. or.dy the latter of these
produ- a ahearingstress in the fabrio itseIf. Since @2 is a con-
stant, the shearing stress must be proportional ta sins:

T= r=.&ina

The she+ force exerted acrossan eIementof arc ds, perpendicular
to the ti, IS r.dw this contributes a component

—

—.

—

I

..

~.ikska = rm=-ds”sin’u

to the total shearing foroe V, whioh is therefore equal to

T=r&tin2a.ds = T&kina@
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No-w Au- x/R,

hence

The integral is simply the areaTE, of the circleshownin ilgure 76.

Hence V=rw;rR; Tw = VjrR
as above.

These two methods lead to the same result onIy when the cross
section k circulax. The weament is, in a sense, a confirmation~~

%the observations made on e miniature btdloon ( . 58) verify”
Navier hypothesis. $ YThe sssextion is, that the ange in the s ape
of the cross motion ordinarily produced when a rod is bent does not
ocour when the cross section is circular.

~Q.76.-She8rb.wstrwsnovertheCLmuMuencaof&oyIIMIer.

The remoning just deveIoped in connection with figure 76 is also
valid if the cross section m-m is taken in a conical ortion of the

f!’huil. For, if each point ~ of the cross section (cf. g. 77), is dis-
placed vertically by an amount@, the tangential com orientof this

ishear will as before be e ual to y“dtsina so that the ependenceof
1 ishearin stresson a will e the same as or the cylinder. Since the

circ~weneehas asboforethevalue$’r~, thes.beolutevalueof rfl
be equal to that at the corres ending point of the circumferenceof a

$cylinder. The ord~difference etweenthis caseand that of thecylin-
der is, that to a &stance d measuredalong the axis of the envelope
correspondsa breadth of fabric equallnot to dl, but to d2/cosiT.so that
a given -shearingstressproducesa (ha lacement of the crow section

This ini#ence is, however, suffkientl
$$;mti~~~sb~~~$henwe were computing al and C, (P.21O{

,



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. 919

THE FORM OF T~ CUSVE OF S~AE.

The a@e y, serving as a measureof the distortion of the axis due
to shear, ISgiVen by

T Fs @quation 10.)
Y=~’~

if the CI’CSSSSCtiOIlis circldar, by

7“&.
The modulus of shear is to be ascertainedfrom the shear charackr-
istic, separatel for each cross section, as in the c= of the moduhs
E. We can tKen plot 7 as a curve, and by onca in

T
sting this

ourve, obtain the form of the elastica ss it would be if o y the shear

were din —what above was caJIed the “curve of shear.” The
Fequation o this curve hm the simple forq

3 ebraic addition of the deformations produced by ben . and
9by ear se arately gives the actual d~fo~tion of the env ope,

dand hence e basismcessary for correcting lt.

THE %ZAPE OF THE &OSS SEOITION OF TEE E~oPE.

The computations just given de~ended u on two h otheaw,
; ?corr=ponding h the aasumedccmhtion in w .ch the em-eo e was

1fiJledwithair,viz, 1,that theradiusof curvature,and,2,that the ateral
tension,are uniform over the entire circumferenceof each each cross
section. The first of these suppositionsmade it possible to simplif
the computations, the second made it permissibleto assumea &

..

—

.—

.—

-.
—
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value of the modulus of elasticity and a single value of the moduhs
of shear for the entire orosssection.

As a matter of f~ct, neither su position is quite ful.filled. There
t%aresomecrosssectionsfor which e first is true, and others in which

the secondis fdfilled, but none in which both are valid. The reason
is, that the pressurevariea aawe go from below upwards,while the
suspensiontends to produceconstmctionsj the remdtis, that the cross
section beoomcaoval, the longer axis being as a rule vertical. The
influence of this henomenonupon the line of centroids is indirect,

!being due to the act.that an envelope of oval crosssection op OSES
to bending and shean

T
fforcw a rcmstanoewhich is difIerent rom

and in generalgreater t an, that presentedby a cylindrical envelopd

THE FOROES AOTING ON THE OBOSS SEOTION.

In the Dew%che Zekmhrift fib Luftw?iif ahrt (1912 p. 322), the
shape of the oross smtion is investigatef by Prof. k Weber, of
Hanover, with es eciel raference h Rittar’s I enieurnwcibnik
&kIIOVSr, 1876). L K“swork relatesto aspecialcase,t at in which the
Lift and the weight are equal and opposite for each crosssection indi-
vidually, so that neither shearingstressesnor bending stressesark
This is the case only for a few particular orosssectionsof an actual
enveIope.

The general case is de icted in @e 78: We consider a ring or
\anmdns of fabric of unit readth situated at an arbitrary point of

the envelope. tipon it act the foliowing “externil” forces:
1. The internalpressure,p} measured in kilograms per squar?meter.
2. ‘I%e weight of the fabrm itself, per unit area, measured m kilo-

3. tie force exerted bythesuspension, TO,having components T,, ‘
grams er square meter.
. .
12, Ik.

4. The longi@inal tension 62.
5. The shearingstresses+ and ra.
We areconca-nedonly with the foroeswhich exert a direot influenoe

u on the lateral tension and upon the sha e of the cross section.
2onsequentl we drop, first of all, the axi

i
5 component T* of the

force exerte by the suspension and denote the reaultrmtof T, and
Tz by T. The weight suspem!eddireotly from the crow section
Q, will be equal to 2T,. SimilarIy, we negIect the longitudina~
tension us, for it h= no eilect whatever for cyhmlrical or conical
envelopes and only a very sIight eilect when the fabriohas curvature
difking from zero for two perpendicular directions (do pelt eu%~t;

$ ~der).i. e. neither radius of curvat~ @@ite, as in $he cue o a cy
Furthermore, w? dro . the mchmdual she- stresqes rl ~d Ts,
which axe op osltely

t%
L ected and m enaral

d
J! exent m maggtude,

and insert e diilerence between e two, TI-I-Z (:egkotmg the
moment of the pair); this diHerence we call the she

Y
Str@3ST h

the ringiklf, and the totaI resul -
%

force we designate y the letter
V and call the shearin foroe upon e ring. The notation originally

!employed for the abso ute value of the shearing stress and shearing
force ISthuz transferred to the finite increments of tke uantities.

1Finallv, it is po=ible to sim Iif the expression for t e efkct of
L?the weigh of the envelo e i~e , =; this weight in pract@e amoun@

\to 10 or 20 per cent of t e M A“ 1? me weqght per umt area, g, M
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resolved into a radial component
L

ma and a @gerkiaI component
g-titi. The former is Op ositely - ted to the mternd pressurOat

fevery point on the u per alf of the envelop, and directed m the same
sense M the intA presmre at every point on the lower half. Its
magnitude, being proportional to tom, is a linear function of the
vertical coordinate in the auvelope when the crcs9 section is circular,
and nearly hem when the cross section is ovaI. If we plot the
vertical coordinate as ordinak and the ressure as absckm (fig. 78,

~issabythecorresponding‘Uht-baud side), and then augment each a
3v ue of 9m8a, we obtain a straight line, dotted in figure 78. The
result is the same M if the original lift A -were dimmished by an

IQ
mG.7a-lkucesaattngonthOaca?sHtimloft.lman’d Opa

amountg/R,where R is the radius of the circle or (if the cross section
is not uite circulm} a mesn radius; i. e, as H the lift A were replaced

13bya ‘t A’, where

A ‘=A–$

The total lift or upward force upon the cross section F is therefore

As could have been foresmq the integral of the radial component
9dL1.C08atsken over the entire circumference, is equal to one-half
thetotai w.htofthering.

YThe other alf of ii%is accounkd for by the tangential com onentt. ~
iThis com orient is proportiomd to the sine of a; it therefore epends

on ain t%e same wa as does the shea@ stress r, and ik integral
corresponds to V. ?t may therefore be combined with the shearhw
strwii, the sum being a quantity proportional to tins, and the integral
of the sum being

v’=v–&&

-.

-.

--
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The si of V is so chosen that Via positive when directed upward,
!?asistelif& A-l?

~ weight of the enveIope may therefore be aUowed for in com-
the shape of the uross section by subtracting one-half of it

K:% e lift and the other half from the shearing force. The original

Q+ GL=A.F+V

equation is thertiore replaced by the new equation:

Q =A’.F+ -r’

Hereafter, the rim= will be omitted and the “reduwd” mduea
$A’, V’, r’ will be esignated by the symbols A, V, r.

IQ
Figure 78may now be replacedby the sirn ler figure 7%,in which

only the ressure,the shearing stresses,an
?

$ the suspensionforcca
appear. hree casesare to be distinguished:

1. No weights sus ded directly from the cross section; the
entire lift must be bE ced by shearingstresseshaving a downward
resultant,

Q=O. A. F=- V.

2. The weight exactly equal to the Iift,

Q=Ai? V-O. ‘

3. The weight either bss than or great-mthan the lift; the differ-
ence must be balanced by shearing stresseswith downward or up-
ward rawdtant. This is the general csse.

FIRST OARE : SUSPENDED WEK?HT EQUAL TO ZERO.

The tit case is that of the cross sections near the ends of the
envelope, except those at which the rudder ors- planes are.at-
tached. Let us first suppose that the moss eeotion IS, and remams,
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c.ktiar, and upon this assumptioncompute the radiusof curvaturep
from the pressurep and the stressesu and r. If p comesout equal to
R, the assumptionwill have been .ustiiied. In what follows, 6 rep-
resents the lateral tensuonCl, U2L ving been omitted for reasons
previously m lained.

8The gener equation for shear@ strmses in a circukw cm=
section LSequ. 9, p. 217, viz,

“A.rnm
Inethmetpresentcase the shearing force V ---- 4’- ‘“ ‘- “-””f 4*

:
V= A.rB8

hence
r =A..R&”na

This stress is directed downwards. It ia supe osed upon the
3lateral tension U1 in such a mmmer that the tot Iaterd f4reEs, u,

FK+.S1-ReIatfonMween Mad tmskm and shearhgstmr,aus-
pendedlmights?ro.

increases stedly fmru the bottom ta the tap, paesing
mean value u~ at the center:

su= u=+ T.ds

Here (78==dy/a’i?lu, so that J%ds-J4R.dy Henea

through a

so that the Mend tension r is a linear function of the vertical w3-
ordinate. The cmtmme mdues are: At the top, U@-r. +AIP; at
the bottom, u%=U=–AB. The value at the cenk is the arith-
metic mem of these two,

Ufn=*(uo+ull).

The condition for equilibrium among the forces pamJleI to the ~ is

whence
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The radiusof curvature is then, by equation 7 (p. 208), equal to

MP.4YI-R
P=;-=

P.MY

so that, in accordancewith our assumption,all crosssectionsof the
envelope to which.weights are not chrectly tmspandedremain cir-
cular.

SEOONDOASE: WEIQHTEQUALTO LrFT.

The deduction due to Ritter and quoted by Weber, in which the
lateral tension is constant over the circumference,is here a plicable.

$For the sake of completieas, the wsential part of this de uction is
here introduced.

FIO. 81.-Shape of tha orcm sectionwhcmwdght and lift am WUL

EQUATION8 INVOLVING IATEEAL TENBION ~ RADIUS OE CUEVAT’URE.

In ilgure 81 the crosssection is representedin a Chrtesiancoor&-
nate system, the gas pressurebeing zero at W points of the z—axis.
The lateral tension,&,at any point ~, maybe resolved into com -

Kncnts V aud H, the magnitude of which are to be found from e
conditions of equilibriumfor the element of fabric (IP:

V=fjnf.z =Afy(h, H=cO – (yO-y)A~-aO–$(yO’ –y2) .

The ratio of V to His the slope of the tangent to the cross section in
the vertical plane; since the height, y, dimmishesas z increases,the
sign must be revereed:

““ “=2--;
whence:

[ ““-$’’-’’As@’-As@’

.
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The mathematid development of this equation is carried out in
order to obtain an expression for the radiue of curvature p; acoording
to Ritter, it ie ae follows:

Differentiating both sides, we have

substituting dy/dz =U, this equation becomes

du –A..y. (l+@
Z=uo– &i(yo’ +) “

the lehhand side with 2u.dz, the right-hand side with
z&?Jl~ “e emg equal by virtue of the above substitution:

2u.du=
–2A-W (1 +@)dy

+%’-99
dividing by (1+U’)

2usdu –2A”$dy .
1+4 A

uo–#Ye*–w)

Now we have on each side a fraction, of which then umemtor is the
differential of the denominator; integrating

log(l +-u’) = –2.10@o-+(y.’–@]+ c.

At the ~chest point, O, we have u =0 and y= yo. Hence

log 1= –2 log(uo–O) + (7,or

c= 2 log Uo
henoe

log (I+u’) = –2 Iog[ao–#(y.~-@)]+2 log &o

whence

[

Co

(l+u’)- A
%-# Yo’-Y7 T

or
A

uo-~(Yo’-Y’)”*”

—

I



Substituting these values into equation 11,above, we get

By virtue of the trigonometric formula

we obtain
4iw=’GGGizF&

“.=J7-j‘ ““””
&a-

..—

We now have the followin
fP

nerd relation between the radius of
curvature p and the angle u c . fig. 82):

Furth’’mm,

dx
P.du= (h ==a

d(tina) =&

heme, substitutingabove,—
t?

p.d(tana)”CO&a= ‘@&a=&a&
Whenoe

and substituting this into the second equation on p. 226:

u.=- –Ay”p - – p“p

From equation (7), p. 208, we have in general C=p”p, hence a= - UO=
conEtant.
The same procedure is applicable to points PI on the lower half of

~e @cumferenm. and leads to the same result. Dropp” the nega-
Ytlve mgn, we obtain for the absolute value of the radms o curvature,

UC
p-:-q-~

which is the equation of an equilateral hyperbola (fig. 81). At points
Z, where the suspension is attached, there are disccmtinuities of the
magnitude

l“ A*F F
~–fi”~=~w,-%yu

(Equation 12.)

Suppose the points Z to be moved downward, i. e., the ‘ dle to be
attached lower down on the surface of the envelope” in &limit the
points Z remh the bottom, and we have a load appfied at one sin e

t!!!point, viz, the lowest oint of the cross section. In this ca8e e
radii of curvature for & e retire circumference are reprwauted by a
singIe equikt.aral hyperbola.
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The result to which the above reasoningleads, viz, that the lateral
tansion u is uniform over the entire circumference,was indicated by
the oonclusion reached in the previous case no load). For there
we found that the variations an r were due to Jle shearingstressesr;
but thesestressesvanish in the pment case,the lateral tensionbein
babmced at every point b the internal pressure

i
, which is diI’SCk%

L
erpendicuhui-yti the fa ric. Con9equentIy u can vary only in
- ction, not m magnitude.

THEPRACFiCALDE!llE=A1’IONOPTEEEEhPEOF~ CROS813EOlYON.

The equations “ustdeduced do not cornplettdy detine the radii
iof curvature in a solute magnitude for given vtilues of pressure and

circumference, the value of the constant O
not b% fixed so far. We may proceed
b
;~

successivearbi value of
%and plotting the correspon her-

?bohe P-y= 0, and then determhug mm
these the cmrespon~g values of pressure
and circumference. These values may be
plotted as curves, from which the shape of
cross section comes onding to given data

ima be ascertained yin
J ??

olatiom
his method is depicte in figure 83.

We begin with the limiting case, m which
the Ioad is applied at the lowest point..
The hyperboke plotted in the figure are those for which p.- 1,
Y. =6.25, ad P.= 1, Y0Y3.71, rtspsotivdy. h ap roximation to

Lthe actual shapeof the mrcumferencais obtained by awi arm of
circlesof the proper radii. Th? ?e a is likewise introduce for pur-
poses of Mn$lc. It is de &mebrticaBy (~. 81) as follow:

3’IQ.llL-ReIetfon befmreenEaml ~

where ~ -AyO-~, PO,so that

‘8a”1–e

. If a is positive for points on the envelo e above the oenter, the

T
is to be reversed for points beIow. & us for the lowest point

o the crosssectionshown on the left cornerof f!gure 83,we have

m~ = =3”712 ‘0.7162
2“3”71 – 1=0.782.

In this manner we obtain a famiIy of cross sections, apparently
ccrya onding to various VRIUOSof the internal ~e but to drdy
& d me value of the curvature at the top. I&le family, however
representsdl potible cases; for SUcsses in which yJyO and, thare-
forer pJ~O, have the same vahe, give similar shapes f’or the cross
sectio~ L e., shapw deviating in the same way from the oircle. The

.
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value of the ratio p~pO varies iu practice from onwlhird to two-
thirds.

The deviation from the oimle is given with sufficient exactitude
for ractictd work by the ratios of the height H and the breadth B

$to e diameter D of a circle of equal pemneter, to ether with the
%rvalue ~ of the angle a at the lowest point. ThesQt m quantities

were determined from the crosssections lotted by the method just
described-four in all-and are

r
zaphe in

%
re 84 (upper art)

as ~unctionaof ~heratio ~ ~.
$&

n the same xre are graphe the
ratio of. the radms POto e ratio of P* to D, and the ratio of the
“elevation of the back” yO’–ymto 11,

The ratio of prsssurea@pOis ohosenMIabscissa,bemuse the vahe
of this ratio oorrespondmgto an~ prop~sed values of diameter and
interred pressuremay be found muuechately,so that it is easy to
ascertain the shape of cross mction cormponding to the proposed

. conditions.

The shape of cross section in the..c.asewhere the suspewion is

%
attached 1her up on the envdope cau.bededucedfrom the limit”
case just cuwed. To every mode of sus ension ( Takelu

Y
Y

emmsponds a value of the 7‘csue ensionratio” ( akelungsverhdltnb,
denoted by u and deked as J e ratio of the length of the curve
02 U to that of the curv~pka-s “ h~line OZ~, (Fig. 81.)

YWhen the load Q is ap@ied at the owest pwnt, u= 1. In the othei
extreme case viz, that m which the suspensionis attached at the
two ends of &e greatest horizontal breadth of the envslope and the
directions of the two fo~ applied at these points intmsect at
indnit , u= O. M the posnble caseslie between thesetwo extrerncs.

h be 83we sea the aha e of crosssection for the casem which
Ythe ratio of sue ension ( tlm angwerhdlhis, here doubtlessmeant for

iIlakelungswriili nis) is taken equal to 0.733. The upper half of the
envelope has the same sham as in the previous ease where u =1?
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since it correspondsh the smneh erbcdaas before (e. g. to that
Ffor which po=l, y =3.71, in the ower half of fig. 33). ke next

make a provisional estimate of the positiom of the ~inte Z, U,
and L, and verify it as folIows: The area AI’ comprise. within the

mau-clemdentiof crmsmctkmasfunctkmnOfpl’fsmmand Wspemkmlath.

curve O LIZ UO, of whioh the part above Z is known and the part
beleo~: o! &far only

r
essed, is measured with the planimeter,

Y
e or wluch a provisional value has Iikewise

been assumed)is etermined, and so also is the heiiht y, whioh in

-.

—

--

●
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this case is equal to 1.866. From these three data we find, by
meansof equation (12), agg 226, the value qf the d~ereqce ~ – ~

! 1between the two radu o curvature at the point of d~ontuwty .
This gives the secondhyperbola; from this we p~otths curve for the
lower part of the crosssection,and find out by comparisonwhether
it agreeswith the curve assumed. (-Asa rule, two corrections are
euflicient h make the a ement satisfactory.)

rThe ‘ ‘coefbienta of e crosssection,” viz, the angle and the five
ratios defined on age 228,are then redeterminedfor the value u=

f0.733, and plotte as functions of lp~ in figure 84 (canter); note
rthat the angle % is here replaced y the angle e. h. seventh co-

efficient there is introduced the ratio of the verticaI d~tmce from
Z to the top ?f the envelope, to the quantity D previously defined;
this distanceM depoted by y.–ys.

The second lumtmg case, that in which u=O, is also shown in
figures83-84. It now becomespossible to gra h the coefhcientsas

&functions of the two variables, pressureand e sw ension.ratio,
Ysimultaneously, i. e., as surfaces in three~ona coordmaa.

F03..%.-Hmhtmdbreadthofmm !mtlmaafUmmlLlofpmmlmmldSmpm!ollratio.

The surfaces representing the deviation of the height and the breadth
from the values they would have. if the cross section were circular
are shownoin figure 85. It M obvmua that the grea@r the presmre,
and the

%
her up the points at which the suapemnon is attached,

the less is e deviation from the circle.

THIRD UASE: LOAD GREATER OB SMALLER THAN LIJ?17.

This is the most general ewe. It is Corn wed with the special
fcasesI. and II in figure 86, representingthe ateral tension and the

radiusof curvatureasfunctionsof the vertical coordinate. In case1,
the radius is constant, and the tension increaseauniformly from the
bottom *upward, proportiomdly to the pressure. In case II, the
tensionMconstantover the back (i. e. above the girdle) and constant
over the belI (below the irdle), while the variation of the radius is

i ddetm-mined y the eq “ ateral h erboke. In case III we dis-
Ptin ish between IHa, in which t e load Q is less than L4”F, and

IIfin which it is greater thanA“ F’. In the formercase,the tension
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attains its maximum at the top and its minimum at the bottom;
in the latter it attains its maximum just above and its minimum
justbelow &e girdle; and in neither case is it a linear function of
the verticaI coordinates. The curve re rwenting the radii of curya-
tmreis made up of two arm, which in 111’a lie between the hypsrbolm
of I and II, and in IIIb lie beyond that of II; these arcs are not
thSLUdVU h erboke.

EIt is dear at case IH can nqt be treated in ~ny simple.way: It
would appearbest p. em Ioy a method of suowme apprommat~ons,
by makm~ a provmons! assumption as to the shape of the cross
seotion; it IS to be expected from ease II that the curves forming the
cross section will be very similar to arcs of hyperbok-and then

------ -—--- ——

haainnu 5-

. ---—----z .=------Jyy ---

??tQ.S6.-Tensfonandmdlnsofcocvatnm8sfnnctforuof themdlcd c@xd.hks (@es ~ II, IIL)

a provisional assumptionas to the distribution of shearingstresses
(p. 217),which de endson the difference (Q–m); the value of the

%int8rnal pressure eing.given, we may computa the latersl tmsion
a at each point of the arcumference, and tiny the radius of mrva-
tureu. If the valuesof p so computedagreeexactlywith the assumed
vaks, the assumedshapeof mosssectionwas correct; otherwise, the
olosenessof the agreement indica~ thg ap roach to correok of

&the a.ss~ptions ~d maybe used to gwde e proc- of second ap-
pro~ation. ~ ~oce dur~,howev-er,is very circumstantial and
tmkous,ant as wdl e seen m the next section, maybe evaded by
an interpolation scheme.

INFLUENCE OF THE SHAPE OF CBOSS SEOTION OX BEXDING AND SHEAR.

The purposeof our investigation of the shape of orossseotion WSS,
to correct our previous com utatiom of bending and shear. The
influence on the bending is i ue to the ohange of the moment of
inertia J, in the equation

d% I&
m-m (Equation 8, p. 216.)

1
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the influence on the shear is due directly to the change in J/Sin the
equation

~-: & (Equation 10, p. 219.)

where S represents the mpment of half the circumference, with

A
res ect to the horizontal ams thro h the center of the crosssection.

3e values of J and S may be etermined graphicall from the
Lshape of the crosssection (fig. 83) precisely ~ were the ight and

breadth (H, B), and may be plotted as functions of two variables,
pressureand suspensionratio. This is done in figure 87. The two
surfaces reprwent the percentage change in J and in J/S, their
vahm for circular cross sections being taken as m@y; they “ve

%!a good idea of the influenceof the shape of crosssection on ben ‘ng
and shear.

FM.87.–Bondlwmdahw MhmotioIMofpmmmendWpm.don Iatio.

PBAOTIOAL APPLIOA’ITON OF THE COACFUTATTONS OF BENDING AND
SHEAR.

As a rule, a balloon has only one value of the suspensionratio u,
this value being determinedby the distanceof the carfrom the envel-
ope. time uently, it isneoessar b takeonIy asinglecurve from the
surfacesof

*
de 87. ClmtlMo er hand, it ISdesirable to know, for

any given va ue of u, the influencenot only of the ratio of ressures
?JPObut aho of the “ratio of loa$’’p~i~b. An idea of the antmay

f e gathered from the two follo
-%

.

8
1. If &F=o (fit case) AJ an A(J/S)”are zero.
2. If AF - 1 (secondcase)AJ and A(J/S) are ivemby figure 87.

f3. In the third place, if the load is increasedin dnit.al the crose-
$section will contract into a vertical line of length ~l?, an J and J/S

will approachasymptoticaill to definite limits.
Consequent , if we plot

i
& quantities AJ and A(JH as functions

of the ratio of oads, xu Q/&F, the two curves have thesecharacter-
istics: they pass through the origin z = O, =0, thro h a known

L
d Yoint z = 1,y = ~,and ap~roachasym tdic y the stra” t line y = a.

$ %thermore,it is certain that J an S are monotonic y increasing
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functions of Q. Hence, if we draw through the two Imown points
and onward toward the asymptita a c~e which is everywhere
conoave downward and risii~, without points of inilexion this curve

-iwilI be a closeapproximation to the actual curve, espaa y asVRIUSS
of the variable z asjgreatasor greahr than 3 arehardly ever attained
in practice. The smp1e9tequation for such a function is

a“kx
‘=~

which may be interpreted as follows: The straight line which b the
equation

is deflected downward by the introduction inti the last tam of the
denominator of the factor z, and approachm the asymptote y =a as z
increases indefinitely.

FIG.Sa-mtlmcl forinterpolmng* them E’I:fW..%.rJmIerd61# *
emcientaororos#motion i%

anltdygrwtImd.

This simple asst@ption enablesus ta escape the tedioussohemeof
successive approximations exph.ined on page 231. The limiting
values of J and J/fl are detarmimd as follows (of. fig. 89):

Site the moment of inertia of the circle, JO, is equal to xR’, the
quantity J-is equal to

J- E$JO= 1.645-J0

i. e.,

Likewise
masimum U= 64.5y~

—,
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hence
J?ouZ—=~R8= 3

white for the cirmdar cross sectiomwe have (p. 66)

$=+R

hence

— -:+ - L333+iz . 0

(A~w = 33.33%

These me the limiting values by the aid of which the functions y
(p. 233) are to be cqmputed; the com utation is made for the value

{u= 0.733 and for vamouE valuea of t e ratio p~/O, and the curves

FIG.W.-Chin@inJ andJ@tubenmdb mmthgoomputatfomof bendingnnd shfar.

so computed are shorn in figure 90. These curves give directly the
corrections to be applied for various vahms of the pressureand the
load, and are adaptid for immediate practical use.

D. SPECIMEN COMPUTATION OF THE DEFORMATION OF AN ENVELOPE.

The folkwriug specimen computation is intmded to serve the con-
structor as a cone.uwsumma

7
of the individual computations neces-

sary to determine beforehan the deformation to be
T

cted with a
given envelo e (the theory of the last section being ws presup-

% rPosed), tiese sing arranged in what is the most practica and con-
venient order. At certain l~cea it wiU eriablehim to nudgeto what
extant it is pemnissikdefor L dto simplify the proce ure, consider-
ing the accuracy of the data at his command. ‘llisbtigtie p oss

3of the present specimen,it is made geneml enoughto include the
separatecomputationsheretofore explained, but otherwiseas simple
as possible.
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lti is required, to ascertain the deformation of a nonrigid balloon of
12 meters@ (symbol used in the origin~l; probabl mems diameter.—
Trand.) and 80 metm 1 Jh there bem no loa exce t the envelope

Yditself and the car (i. e. no f $ooneti., m ders ropes ( esselung) etc.).
The car is em ended from two strmght bands 40 met~rs Ion (~ake-

? fZungq+urte)(c . fig. 92J; the individud forcm (i. e. presumab y those
exerted along the imhvidual ropes) are tdl equaI and uniformly dis-
tributed along the length of the belt (cf. fig. 78) and their directions
prcdon ed backwa@ intersect in one point A for the forces applied

%b one elt, and in one point B for the forces applied to tie other.
These points A and B a ~ear in the cross~ection diagram shown in

U&nfigure 92; in the Iongit ahection diagram of the same figure one
is directly behind the other at C. The suspension ratio is put equal
to 0.733; the lift A to 1 kiIogram per cubiometer; the mean pressare

fx
to 30 millimeters of water; the we” t of as quare meter of the

a ric b 0.5, the fabric being sup o
?

3 to be diagonal doubled and
to be attached to the enmIope in ongitudimd strips.

The foIIowing data are sup sed to be know: The normal char-
?acteristio of fabric F of the ta Is (cf. fig. 54, . 197), and the &ear

$charackistio of &bric G (tlg. 63,p. 205) thie aracteristicnot being
lmown for F.

The computation is divided into five sections, corresponding to
6gure991 to 95.

I. INOEEME m DrAmwEE AND DEOEEMSEI* LENGTH.

1. Cbmpute
rough formula

(F&. m)

the nonnal tensions, to fit approximation, by the
(p. 210)

Cl=pJ? apprcx. Uz==~pa approx. (a)

likewise by the exact formula (pp. 208-209)

(1 RU1= c~ .—
)

.,=g
2c08&p2

2. Detmnine, from the normal characteristic (~. 64), to fit
ap roximation, the vahws of the increase in diameter and decrease
in!en#hcorrea9nding to thevalum of thetensicms~t=putedl
both y (a) an by (b); Adie to be determinedfrom “ m
the woof, A1 from that for the warp.

3. Compute the normal tensionsto secondapproximation from the
original values compqted by (b), and the new values of diameter and
length, using the formuheof page 210:

—,

.-

1

—.

4. Determine the increase in diameter and decrease in length, to
second approximation.

5. Determinefrom Ad and Al the tiaI form of the air-filled hull.
In iigure 91 the results of these computations are designated by the

corresponding lettars. Thns, the fou curves marked q, going from
tap to bottom, represat successively the fimt.-appmumation com-
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putations of the lateral and of the longitudinal heims, of the
mcreaee in diameter, and of the decrease in length. The continuous
curve at the top representsthe i3rstor initial fo~ the broken curve
the final form. The final form as found b the first approximation

Jdiffersord@ightly from that as found by e secondapproximation.

.— .—. —

I

1
w I I

I.——. —— I
I

6

II

I
I

#/-”—-\ -F----- 1

l% OL—lnorWUEOfdhzlllOt.Wmd dmma.wof length in the spedmenmmpntifion.

In generaI it will be suilicient to determine Ad and Alto the first
approximation, employing the values of U1and U2found by the rough

‘ formuk (a).
The exact formula for the lateral tension has &continuities at the

points where ~ is discontinuous, but tlxwe am rounded off by the
natural operation of the deforming forces. (Cf. fig. 51.)

*
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IL THE BKNDIXG FoBcms.

1. Compute the weight of the mmelope, G., in kilograms per meter
length.

2. Plot this as a function of the horizontal distance from one end
of the hull; plot the lift, ~. ~, as a function of the same thing; the
area between the curves gives the weight of the car.l

m. a-me be?langbmfsintwSp3dmenCornpawkm

3. Determine, for T.= 1 (cf.
%’2&x21$;2i&f::-zontal and verticel components,

and lot these M functions of the same variable (these CUrV= ar~
Anot OVVllin &. 92).

4. Plot the curve Q =2 T as function of the same variable, the
scale being so chosen that t~ sum of all the Q’s comes out equal to
the weight of the oar m previously ascertained. The upper, nearly

—

.

t

,
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~%?!w.art of the heavy curve represents the load curve,
(GHis graphed m @. 92 as d intrinsically negative.—

ml.)
5. Corn ute the ratio Q/AF for subse uent us? in correcting the

? 1values of and J/i?(p. 232). he effect o the w ht of the envelope
in decreas- Tthe value of AFby 4(.2E(p. 221) nee s to be considered

%only when e pressureis small and when the suspensionbelt is
low down. (See @ 87 p. 232.)

6. Plot the horizon~ component T!, us”
3

the true scaIe, and by
integrating the curve obtsm the honzont force due to the sue-
peneion.

7. In figure 9!, determine the diminution of the longitudinal
tansionby thehormontalforce due to the suspension(p. 216,top). (d).

8. Correct the previously de~rmined value of the increase in
diameter in preparation for further c.mrectiomwhenAJ and A[~~@

Jare foun .
(The letter d refers to curves infig. 91; the new value of the decrease

in Iength is also plotted there.)

III. SEEABINGFOBOESAND MOMENTS. ~lg. 93.)

1. B ~ktabgrr~ the load curve (@. 92) the curve of. the shearing
force ? f

2. By integrati& the curve of V, the moment My of the vertical
forces is obtained.

3. Compute the monwnt of the gas pressure by the formula (p. 214)

M+XIPA

4. bmpute the momcmtof suspension~ ( . 214) by multip&i.n
t%the horizontal component 2’8at each int of e belt by the vertic

E
J

dietancafrom the belt to the cantral e of the envelope (2.6 meters,
~. 92) and integrating along the belt.

5. Obtain the resultaat monumt ~~ by subtracting (J&+ itf~)
from ilfV.

IV. TEE BENDING. (Fig. 94.)

1. Detmnine, from the normal characterietio (fig. 64) the modti’w
of elasticity for the velueaof the normal tensionsasgiven in @ure 91

Y
94 the modulusis tmm uted for the tions as det.armined

$$; (a “and as determinedby ( , and the curves are marked by the
corms Ondingletters).

2. 8 etarmmethe momentof inertia for circularcrosssection,using
the formulaJ= rll: (p. 216), and employing the increasedradius taken
from figure 91; in addition, the following corrections are to be made:

tirrection for the strengthening effect of the seams (p, 216; esti-
mated as 5 per cent).

Correction for the increase in diameter due to the horizontal fom
due to suspension, corresponding h the expansion curve (d) in figure
91.-—-

Correction for the change in elm e of crosssection,madeby means
of the diagmuu of

\
%

4m 90 (p. 23 ; the value for the ratio of loads,
IAF, being taken m @ure 92, and that for p$p. computed from

t e diameter and the given value (30 mm. of water) of pm.



In e 94 the curves are drawn twice- once (continuou9 curves)
using ‘uncorrected” values of ~ and/, viz, thosecomputedfrom
the rough vahms (a} of the tensions and the formula J ==dirn;and

~ ~.
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Fm. W-Shmr@fomm tmdmommt.s& theupafuumcomputatfom

once (broken curves) using the “corrected” values of E and J, com-
puted from the more exact vahes (d) of the tausions and the cmrec-
tions to JI above dkribed.

Comparison shows that the “uncorrected” values of the last-
named quantities M& considerably in some cases from the “cor-
rected” values, so tbt if the corrections to E and J are neglected
the remdt may be serioudy in error; ev+h~ h the me correc-
tion to J appear separately to be v

7%
% peaiaUy un ortant

is the correct determination of IL Etic y,- E’ shouId ba su jetted

1

,



240 REPORT NATIONAL ADvlSOBY COMMI’ITEE FOE AERONAUTICS.

to a further correction not heretofore mentioned; the clistinction
between &t approximation and seoond approximation vsluea of
the normal tensions (pp. 171, 210) should apply also to the bending
dresses. This correction is worth making, howevar, only if the
determination of the normal characteristic can be made free from
arbitrary interpolations (cf. p. 197, 199); considering what is said

?on page 47, this seems quits easible.

*.
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V. b SHEAE AND THE RESULTANT @@AL) FORM.

(Fig. 96.)

1. Determine from the shear oharscteristio (fig. 63) the modulus
of shear, G, for the valuea of the normal tensions taken from @e 91.
(Curves a and d, @. 95, represent G, thus computed from tim rough
values (a), and the cucactvalues (d), of the tions.)
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2. Determine the value of J/l? for circular cross section from the
formda (p. 219):

J rR
S-T

m-

‘jr’.1’ k
I d’-..~”-
1
I -d*G I
I 1
1 1

4-

1
t
I

f
I
I
I

I
I

It& W.Jl%odu?arrmd tbe PmalfarmoItlw anveIop fntIMspdawu com@etfon.
(SrJmbrncdti IddnIua ofslmar. Schfebm$kftde: Ourvaofsbear.)

For the incresse in diamebsr,due to the horizontal forca due to

8
Suso:ns&&urve (c).

%
e in shape of oross sectio~ ourve (d).

3. Evshmte quantity (p. 219).

—
1

1

II

1

I



242 REPORT NATIONAL ADVISOBY COMMITMIE FOR AzEONAUTIC&

and thence by a single integration, find the curve of shear. Here,
Jas previou y, two curves have bmn drawn for each of the quantities

lotted one curve for uncorrected and ~heother for corrected values.
?he & erence is distinctl leas than m the last case, because the

1corrections to G and to /S influence the final results in opposite
senses. The statement just made about E a pIies also to Q.

4. Add the bending and the shear (carriJ out only for the cor-
rected values).

5. Plot the angle made by the plane of the cross section with the

the line of centr%!ls. (l?~94.)
vertical, this be” equal to the angle whose tangent is the slope of

6. Havin lotted the
Ml

e of centroida draw outward hwm it, in
the planes o ie cross sections, lines equa to the radii of the envel-
ope S9 given in

v
e 91; connect the extrarne oint9 of these lines

Jby a curve, thus o. taining the outkne of the env ope in its final form,
as seen from the wale.

E. Sl?UDYOF A MINIATURE _LOLO~ IN AN IEPEOIALLY 81MPLE
.

Certain measurements were made u on the miniature previously
Jused in investi~ating the phmen- of e cross sections (p. 58), these

making it osable to form an idea as to the extent of the agreement
?!between t e actual deformation and the deformation as predicated

from the non.ual and shear charaotaristics. .

DESCEXPTION OF - MODEL - ~E MrnnzE OS’LOADING.

The modal was 1.5 metars long, and consisted of a cyhdrical
central pima of 200 mm. 0, with a hemispherical f~rward end and

simihw Stipt3 ~-~) of ~bri~ $$::~$
a gradually tapering rear end. It was made b se

i ; t f ~eachmdeamwof ‘an-

0

each other by 9 mm.; rubber tubes were attach
at the ends, and alo
entiidly attached dou Is loops (Doppelschluufm)

+
y which to suspend it..—. —. On the surface was drawn a rectangdar net-

i$=
work of lines; 12 meridian lines, made when the
strips were cut out, and 17-transverselines, made
b rotating the model as m a lathe whle a rig-

~G.6+3,~ -kill d (ri lY fixed pencil was held against it.
mlatm lmlloon, me mean pressure inside the modeI wae .m@e

with air and then~~ filling it with water. During th~
utd to 3,000 mm. of Water, first by fi

tests, the bending an shearing forces were negligible o this state
is attained, when the model M filled with aicr,aim ~y by su

E 3
I’ Torting it at the two ends ( . 971, the waght o the rno el

sin very smaUc when it is
5

cd mth water the suspenslpn is

?
attac cd at all t~e different loops ( . 98). ~us the coqcbtlons
aseumed in the discussion of p~e 2 7 are realized. During the
second series of tests, the suspemuon was attached only at the four
middle loops on each side; bending and shearing forces then make
their appearance, and the conditions are similar to those in the case
of the gas-filled envelope. The reaotion of the suspension is evenl

rdistributed among the eight loops by means of a system of equa -
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armed levers. (F’@ 99 and 100.) The exoess of w “ ht of the
%forward hslf over the rear half is balanced by a 2.5 . weight

attaohed at the rearmost loop.
The intervaIs over which the various typw~f$;a~~e$p lied,

and the times at which the various measurem J out,
are shown in &ure 10L

TWISTINGOF THE ~L4TUBE. .

The amount of twist was determined by Luemuringthe vertimd
distances m. snd n, from a fiat surfaoe to two oints at op~site
ends of a chameter,as depioted in figure 102. &ree Suoh pall’s of

D
8?0

.—

3.5 ModelWedm
Water,mqlended

w $oZflopermjt
d bemdiug

%

m “.._J&

E_m.10!L-Mmsumxnentof the Met of the
mcdeL

It& IOS.-ReMIon between a@e
of Met end @e ofeheaq

~G. 101.–DIuMoII of IcadIMz
and time of messmemencs.

measurements were made u n each CIWS seetion, the thqee di~-
Petem making angles of HO with one another, and -the S= points

consequently lying upon six different strips of fabmc. The mean
value of (3 determined from these three p~ of measurermmtsis

#

plotted in @re 104,eaoh vertical Iine ccmrespondin to one of the ‘
L17 moss seotions marked by transverse Iines; e is t en as zero at

the ninth (oentral) m seotion. The aagle of shear is given by

as maybe seen from @ure 103.
The angle q in the present ease is only slightly greater than 1°

(of. &s. 35 and 38, for 7=450). Neverthel=, the twist e whioh it

1

1

I

1
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produws is so considerable (in ow case, e ual in aU to about 11°)
%that in long aimhipswith several cars it may e the cause of decidedly

troublesome phenomena, and even in short airshi s generally makes
it necessa

3
fto change the pmitions of the m ders and steering

planea (Ru er und Rlohtflown).

IIWREASE IN DIAMETER AND DEUBEASE IN LENGTH.

The ~meiwe in diameter and decrease in length were determined
three tuncs—twice with the model sup orted mthout bending, once

1!with the bent model-by measuring t e distances between pairs of
meridian lines and of transverse lines, The points plotted in
figure 105 represent mean values, averaged from observations on

Fm. IM.-TwWIIIS of the rntn!ature.

four to five r$rips. The curves show, in the Mt lace, that the
deformation H not completed for a long time. T%e longitudinal
contraction as observed at the time of the s~ond set of measurements
is not plotted, as the curve came very close to the curve obtained in
the tlurd set, and would have made the di am unclear.

YIn the second lace, we observe a consi erable variation of. the
$amount of the d ormation from place to lace along the 1

& “?\h$:the evelope. Since the same oscillations of e curve appear m
curves at the same places, they must be due to inhomogeneities in
the fabric itself. It fol!oys that the “many-cross method” is the
most suitable for deter the normal characteristic, and that the
results it “ves are better, t e greater the number of the individwd
points. ~ @re IM%heoretical vahes of the quantities M
and AZ,determined to second approximation from the normal char-
acteristic (@. 58) are graphed with broken lines.
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h figure 1061the decrease in length of fo~ in~~dusl 8triPs o-~v)~
as determined m the third set of measurements (cJ is plotted in four
curves, the mean decrease being plotted as a M& The disgram gives

I I I I
o \ I I

——.

d
dz

kamvuecf 3 5 7 s 7? .n 5 m

I!’l@.m&–Ioomse Illdiellletermddema!a$p&ype mIL@.tulm.LettedngesSn* di6-

a good picture of the vra
t

in which bending takes plsce; it shows
how the decres.ae in lengt is

r
atest on one side and least on the

other, on which it may even e chsnged in sign and ~ppe.aras sn
increase in length (this portion of the cumes in question H cross-

Iim

Fm. 10&—DeaeesalRIengthoftheskhdlvidud ti ctftbeminiatumdue toLmdIug. Intbe
ceder, Ummeanvallu,ff%nm-m~=

hatched). Hence it gives an idea of the changq ip shape of the
cross section, which E of importance in deti m the correct
vahe of the modulus of elasthxty E from the normal &wacteristic.
(.llamit ld.wt ea den Vmfang C% Fornutnderung filr jeden @kr8chitt

-:

.—

,

.—

I

—

.:

I

I
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t

erhnnen derfllr die pawende Wa7dd~ Elu&it &tenwduleE au der
Normulciburtetitik von Bedeutung iet.)

A change in length becomes definitely-an increase in the vicinity
of the head of the balloon. This is because the model is made of
only six strips, so that the head, instead of being a perfect hemi-
sphere, is more like a hexagonal pyramid, and the central lines of the
strips (along which the change m length is measured) are too short
in comparison with the seams, so that an undul large longitudinal
tension falls upon -them. %In actual baIloons t ere are 30, 40, or
more Stnpsj and tlus phenomenon does not appear.

THE Lrrm OF cEmROrm AND ti tiRVE OF S-R.

The final form of the model after three weeks of loading, was
determinedfrom the photo ap~ (figs. 6S-69) which had been used c

~previously to test the vali ty of the Navier h othesis. In ure
107the contoursof both photographs, enlar %#md made acco i~
to the principles given in connectionwith & e71, are re reduce .
By bisectingthe successivetransvemebes and connectingL points

I
I

f A — — — -

I
1 I /m

MqmmA@d) W

t

RG. 107.-Bendingrmdahwrfrwof the mtnfatum,detwmlufd fromthe photosmph of _ Ws’J.

with a curve, we obtain the Iine of.centroids of the model (approxi-
mately). The shape of this curve 1sthe-samem both diagrams,

The cross-section planes are determmed by the bits of paper
attached to the back and to the bottom. If, now, starting from iK
and going in eaoh direction, we draw a curve intersecting all the
cross sections at right angles this curve enables us to separate the
eflect of pure ben~ from hat of shear.

The osition of the curve is difFerentin the two photo a .hs.
This differenceis partl due to smalldeviationsfrom exact par%$s

model. the~its o~a$ are ~
of the two hoto ap , but rincipally due to the twisting of t~

ued exactly upon the top and bottom
meridi’anlines, partici~ate in the twist of the miniatur~, and con-

(?
se uentl~do not remam in theobject plane (f3g.70 portion marked

rundriss”); this changesthe apparentanglesof he crosssections
& phenomenonis wpecially clear in the upper photograph toward
the tail; the curve in q~estion at tit departsfrom the central curve
and then ap roachw It again.

&
Obviously, the u per photograph

(taken from e head end cf. p. 211-212) gives
Y

$ e better a prox-
{imation near the head and the ower photograph (taken from t e tail
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end) is better near the tail. Howeve~, since the absoIute value of
the shesr is small and the determination by this method not suf3-
cientI exact to make conchsions from either photograph alone

Trelkb e, the mean between the values obtained from the two pho~
graphs is employed in the computation.

COMI?ARATTVE tiMPUTA~ON.

The computation of the form of the line of centroids is carried out
in figures 108,109,and 110. It is simpler than the speoimencom-
putation (p. 234) in three respects:

1. The weight of the envelope can be ne@cted, for it amounts to
oily 1.2per cent of the weight of the water.

m- ‘Aw I

. . . . .

m-

w-

0

4

If?L

m-

FIQ. K&4hange in sha~ c4tlM mhdature. The Iced.

2. The for- due to the suspensionare entirely vertical. The
moment of suspensionvanishes; so does the decreasein 10 “tudi.ttal

Ytension due to the horimnttd component of the suspension orces.
3. The ratio of suspensionu is ual to zero, and the ratio of

$
ressuresfp~pa=0.935=1, nearly. 3 ence the correction of J and
/S’I&;ti8&~ ~ecessary.

Y
&ect of the seams requires a correction” of

6.9/r.200, or, roug y, 10 er cent.
ln the final diagrsm of & m 110 the theoretiod and the observed

forms of the elastica as produced ky ben~ along (up~er air of
fcwrves) and by bending plus shear (lower paw) are deplete . The

theoretical curves are continuous; the observed ones are broken.

I

;

. . .
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The theoretical curves agree qutitatimly with the experimental.
The observed values of the dmation from the straight hne (due to
bending lus shear are, however, about 15 per cent 10SSthan the

xcompute values. k e portion of the deviation due to bending alone
agrees with theory to about 7 per cent. The portion of the deviation
due to shear ~, however, some 30 to 35 per cent lws than what was
expected. Tkusis not to be wondmed at. It is primarily due to the
fact that the shear characteristic, u om which the computation is

Jbased, is determined from the centr curves of the h teresis 100 s
1? E(fig. 61), whereas the observed deformation was the at which t e

model had ever undergone and it was to be expected that it would
be 1=s than the computed d~ormation by an amount equal to the
influence of the viscosity (cf. @ 20, p. 168). If in figure 61 we com-

SJ
m-

s-

0.

@-k i
t

ua- 1

I

II I

op-

@-

@-

0
I I I

1
?0

FRI.K)9,-change In nllspeofUIEIufIllatumThe ‘she#z.

pare the VS3USSof the modulus of shear deduced from the cautral or
mean curves with those deduced from the initial Curvesj we tid
throughout diffemmes of 30 to 40 er cent. Hence this M a sufE-

%cient explanation for the cWlerence etween theory and experiment
in the resentcsse; neverthelessit is deeirable to test the matter out

&by f or experiments,especiallyupon shear. h regardsthe bend-
ing; however, the theory appears to kcdrmed in every respect
by thiStrial.

SUMMARY.

In the foregoing the behavior of balloon fabrica as regards suscepti-
bility to deformation has been predicted from the structu.m of the
fabrwa and demonstrated by a number of experiments.
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It has been found what data are necm be$orethe deformation
of an actual envelope can be predictid” expermen M methods for
obtaining these da~ have been desoribe&

@??-m3

@u-

0
Q&# I

I

@-

“q-

0,

4=- i

I
@-

4f-

0
t 4

Pm. 110.-ChengsInsh9peofthemhfatum. Tha?mdIngmdthe EnEdfm.ucaMIfMof cfdlkda

The determination of the deformation of an actnal errdope has
been separated into three~arts, dealing successively with the increass

e
in diameter and deorease m lm , the bending, and the shear. The
departure of the cross sections m the circular form has been ascer-
tmned, and a simple way of taking account thereof m computing
the bending and the shear is given.

1

.

—.
I

I
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A specimen computatio~j with fre uent reference to the preceding
%deductions, has been furmshed for t e constructor.

The deformation of a miniatum balloon has been investigated
experimentally and compared with the theoretical predictions.

l’ab.ieoffabrks.

We!ght Il.!
nw~r -~ p=

Nature of fabria
~g ,=,

SprdalohaInoter!ati@A
mear,a

A. 6i@13kJy= . . . . . . . . . W

B. SIng!e layer . . . . ----- W

c. Shlgle layer . . . . . . . . . 49J

D. Single layw . . . . . . ..- ml

E. Parallel dcabled . . . . 2,eon

F. Dlasonfddoibkd . . . 1,450

Q. Threalayer. . . ... .. . am
I I

85 Ummbba’l@ utdord. %mllwl Eohdoff (uude
or rawfebrIa).

UK Eubberiz8dau OMaide wloredenthootlux. For&
tide atriPsto be glu~ on (i?kktr@@.

76 Rubbwkl on cuteaide, unwlered. Sc-caUedoere

225 It%%%%% botb aideeyuuwlored. Soalkd band
. ,&””l$~yfi#gB:9&Y&”zk

Unooloredm Outdded hldde.

m ‘k%%%c%!?%kt%.%.%b’’%-%lo::w
km) ?dMd18layerdlagond atca.46”. Insiderubbarlaal,

umolored. Outsideunrnbberhad, yeIlow.
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THE DEFORMATION OF THE ENVELOPE OF THE SIEMENS-
MXIUCKERT MItSKll?.

By Ammm Dmmms, Dipl.Schiffbau-
%

.nie~m~va~mImt k AirshipCon-
ahuction, RI@ Technkal

—

OBSERVATIONS ON THE AIBSHIP AND ~S UPON A MODEL

The lans used m the construction of nonri ‘d balloons always rep-
& Fresent e outer envelo e as a surfaceof revo ution, the cross sections

Lof which me oircks in p es perpendicular to the axis. The patterns
for the lon “tudinal and transverse strips, from which the envelope

fis put toget er, are designed and cut out of pa er in conformity with
thIS assumption, upon which is likewise base/the dekmnination of
the volume.

SimiIarl , atl published construction pIans of nonrigid balloons rep
iresent the ody of the balloon as a surface of revolution. Howeveq to

take two instances, the icture of P-VI. ( . 1) ~d tie k~tuhl I
section of the Siemens& &uckert motor a- ‘p, drawn from metuure—
menti made some three months after ilx first iilling (@. 4) reveal
how far the envelo e, after being mounted md filled with gas, detites

$from the initially esigned shape.
The change from the planned shape of cross section into a pear-

sha~ed form is, in practice, IW notmable. This is due in part to
~ increase of internal pressure with height inside the baUoon after
It H filled with a gas hghter ban air (m general, hydro en); and

%diminishes as the mtermd prcsm.re is increased, whether y venti-
~atorsI (Ballcq~&torenJ or otherwise.

The change m the shape of the lon .tudinal section, *peciaDy in
&n,. This is not merely anthe contour of tie baclq is more st

esthetic defect, especially in com arisen with the rigid aimhips of
!the Zeppelin type, but a practica fault, which certainly does not

contribute to increasing tie speed of the airship.
When the ratio of length to breadth @lrechmyverhlZtni8) is cm-

siderable-thus, in the Slemena4chuckert airshipIt is 9to l-and the
central cylindrmal ortion is 10

II’ %
the bends appear stiIl more clearly.

In the Parseval ba Oons,and st more in nonrigidbalkmswith 10
3stfiening rods ( V’erstezfungstrw, tie-rods) such as b k

aimhips of the 014ment-BaA type, it is ossilde to correot this
&fault m part by meansof tie rope suspension, e long ropesextedng

LNaIne4,the-p Whbh ~P8 ti hb th bdklIMk~

251
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far out to front and rear being stretched taut. Such appliancesare
entireI lacking in the Siemens-Schuck@ airshi ; however, it was

{ %possibe to comect the worst of the deformations y insertingwedge-
shaped pieces of fabric at the oints of greatest ,curvature.

$A comparisonof figure 5 an the photo
well aspossiblethe successthusattained. ~f:E12:w$!!rtE “
first nonri@d balloon to which such a correction has be~ applied.
The expmence here acquired, in particular that in the drawin . of
C
F

4, will make it possible to provide better a inst the ben
r

L
w auever a new balloon of this shape and size is uilt; in particular,
the patterns for the strips of fabric wilI be drawn so as to allow for
a much larger number and better distribution of”the wedge-shaped
insertions.

The requiremauta imposed by the purchaserof ‘ “ We balloons
?have becomemuchmoreexacting in the last few yearn, ecauseof the

at com etition ● consequent , the builderof nonrigidbaI.loonswill
K“&& cl”d hum com elIed to atta mqxmtanceand value to the beauty
of his Ships.

&
ublication of a ortion of the experiences and

investigations of %e Siemens-schuc rt factory relatively to the
defommtiona of the endopes of nonrigid balloons will therefore be
of general interest.

DETERMINATION or mm DmmGmKU~.mSBY COMPUTATION AND BY
.

This haa been carried out for the Siemens-&huckert envdopes. It
is here superfluous to take u

J
the process of computation, as it has

been thorougldy and gene y treated in the ~nmious paper. It is
there shown that the results of the computation me in od agree-

rment with experiment when the ~ym tions there ma e in order
Jh simplify the computations are just” ed b a suf6cient approxi-

mation.
However, in c?m uting the bending of the enveIo of the S. S. air-

ship (fig. 3) the d Euence of the shearing forcce 1w ‘oh causes a dis-
placement of the woes sections waa entwely neglmted; at that time
the properties of the fabric employed (three-layer fabnc) which affect
this henomenon were not known. Furthermore the existing data
on d e expansion of the fabric (or the characteristics det.er@ning
the expansion) were incorrect. They were obtained by expemmmts
on a cylinder of the fabric about a meter long and 30 cm. in diametar
tie tension in the fabrio be”

Y
iincreased by increasing the interna

pressure and the expapsion sing detennbd by measuring the
circumference. This serm of tests the maximum tension att&ined
in which was 500 kg. per meter intended over only half an hour”
consequentil~ no account -was taken of the peculiar

1
roperty 01

balloon fabrnc emphwuzed m the yrevioue paper viz, e property
of approachm~ the fial deformation corresponding tit a given load
only asymptotically as a result of which the deformations produ~d
by the permanent load to which the balloon IS subjected when m
use are greatm than those found by the experiments, and the vahe
employed for the moduhs of elasticity ~oughout the computations
was too great. The fact-at fit surprwmg to the constructors and

1Tkreword hereusedis S&?rkf#& fn the previone pe er the word kamleted 86“hmriug foreWks
1%SrMhkmft; the rrkwmhgspp- to M thesarue.-TmrM tor.



I
.—.

I

I [

Fm. 1.—Afmhip of the Luftfahmmgbe.n Coq of BItter5eld. P- T?.

I

i
t

232



REPORT NATIONAL ADVISORY COMMITTEE FOE AEEONAUTTOS. 253

builders of the S. S. aimbip-that the actual bending wss rougldy
10 tire- se great as that compu~ is thus explsined:

Another s
%

rise, this time an
T

eeable one, was furnkhed by
the fact that e balloon develope no creases on the under side,
even ah zero pressure (an tier Bau.e7&ite wicht einknickte), while the
oom utation uulicated that this phenomenon-due to the annulling
of d e tension on the extreme upper or Iowar filament of the en-
velope—wouId appear at an excess pressure of 11 millimeters of
water. The resson is that in the computation the influence of the

m

u

iRs’&%do4
*Ikrelm-lMk#
1-1=-4X*

I
ml- I c9-4!lz74k#m
~1-=@%m

FIG. &

suspension was neglected; this incressea the cross sections
internal pressure gow down, so that the moments of inertia
cros3 sections increaae.

,

u the —
of the

DETERMINATION or mm D~UWm~gN or mm HYDROGEN-TILLED
.

This method is the most exact, although the most ex ensive;
2since the required corrections can be ttscartsinedbeforehan onIy to

a very rough approximation and at the custof muchtime, as is shown

tAItllllu@lthfsk *erdMedtfesrEmainfnthecmiputeffmofthedeformatt
!mrShelloonofthes. s. b.mcau%%$x%
w- ~.-. s=sHi%&wy&”%&%t% &S%w%”..e hadW ‘bfIofdreukrcrasmtimIIWI!LHencathe=we w @@S” bktokd~ .?impIf&~de~
the teekofeorquting thedefamettonofa Eudlof the-t typ.-Adh&snote.
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by the example, already partially discussed, of the Siemens-Schu*ert
alrahip.

The reduction to gcaphio form of the ben “
%.%.:?::longitudinal plane (@+ 4) invohe no teihnical

/1 !
1

i. \,

—

-4; I L 1

J L

.l 1
.?.

1

I ...—-
a pear, however, in .dehti
t% % %X2$:hTel?W%Mere was no provmon for su
of the S. S. factory. Henm it was necxssaryto measurethe

%
eated

breadth of crose eeotion by dropping plumb linw from the alloon

I
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to the floor (A&Mm dw Bali?omsauf dem Boden), thus obtaining, by
com arisen with the longitudinal section, the ratio of the greatest

t%to e least diameter for each cross section.
The results of the measurements are given in figure 6; they show

vey clead that the deformation of -the cross section, other M
be Jequ , increases with the spectic load, so that indentations
(I?ti,ten) ap ear in the envelope at the phwes where the gondokis

zare suspende ; thwe are more pronounced, the law the artificial
excess pr.eesurqin the brdloon. Compare also the photograph in
figure 8, m winch the constriction are indicated by arrows.

B measurin the circumference and the length it was found that
I tthe ormer ha increased by roughly 7 per cent over the intended

va~ue, while the latter had dimimshed by onl .1.5 to 2 per cent.
LWe see further in flgnre 6 that thaoentral e of the horizontal

projection of the envelope is not straight. The cause L& in an annoy.
mg peculiarity of the diagonal fabki~em Ioyed, which was fir@ demon-

dstratad beyomldoubt by the premo y mentioned experunents on
the prop~rties of fabrics. The difleranea between the ~us~eptibility
b extemnop of the warp and that of the woof m the prumpal layer,
and the umformly apphed diagon~ stri , cause the enveIo e of the

Y Lballoon to undergo a twist around the on “tudinal axis; t “s eflect
%’is partially compensated b the weight of t e gondolas, but the ten-

Aaion on one side of the b oon is increased thereby, a sharper con-
striotionie produced, and a curvature of the axis is caused.

This appears much more s@gly in the K~rting balloon belonging
to the Austrian army authomtiesoeven the pictures, e. ~., those pub-
lished in the Dew%c7ML-u@ja7irer-hikhrift, show the tit distinctly.

This.type of de~o~atio? can in ~e future be ?voided by emplo -
Jing. strips pf fabmp, m wluch the &agon~ layer M laid down par y

as d wmdmg a rqght-handed, pa~tlZ as m a lefthanded screw, so
th~t -the twisting tendency due to It IS caqcele~. A atent covering

?tlus un rovement has been tied for some tuue m near y all countries
!$by the iemens+khuckert Co.

D~ERMINATION OF = DEFOWATION BY EXPERIMENTS ONMODELS,

This method, so far as I know, was tit employed by the Italians,
and was brie3y dwcribed by Capt. Crocco in the periodical L.a
Tec7m@e A&onuut” u for June 1, 1911. lt consists in making a

&model of the large b eon, out of the samefabrio, of sqchdimmsions
and filled with water to such a pressurethat the spemfictensionsat
va~ous omta on the model me ~quaI tq ~hoe.eat the corresponding

fpomta o the ballom. When the Condtlon u fulfilled, the specific
expansions, extensions, and displaoementi in th~ model must be
equal to those in the o “ “
measure,must be identi~’~~~lg~r~fi%~~~~s~~~~~
will be adducedlater on, during the demri tion of the ex erimenta

?performed.by the author in the service o the Sieme& uckert
facto . -

7It e odd first be mentioned that these experiments could also be
erformed by submerging the model in water and filling it with air

!@. 11); but ~ememmementi wodd then have to be made under
water, which is not convenient. It should be noted beforehand that
the results make no claim to completeness, especially since the weight



~G.7.-Sfemens-&huckert ak.hfp aftereorrwtfmtaf hull.
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of the large envelope can not be re reduced in the raodel. Compar-
$ison of the deformation of the mo el with that. of the orkinal has

show however, that @e method is in practice compIetelysatfifactory.

SCALEOli’_ MODRL.

For the adjacent shaUoW cyiindriwd cross section of a balloon
(@. 9) let p= represent.the external, p{ the interred pressure. Both
of thesevary, M is know acoording b the law

whe~ To is the specific gravity of the gas. As we deal
relatively smaU heights, we may replace this Iogarithmio

only with
law, to a

H&9.

sticient degree of approximation, with a linear equation of which
the general equation M

po–p=h. voorh=~

$mtOX @ the horizontal plane, in whiqh the two pressure curves
intersect,1.e., where p== ~;for example, ~nthe caseof a completely
~~es hprical balloon O

L
% is the plane in which lies the lower end

tube (Fiilhaatz).
The shape of the moss section is completely determined when the

radius of curvature
1?

is given for every point of the circumference.
We have the genera relation,

t
P ‘ii

ZllS5°~. Dec. ~ S%2---17

.
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—

i
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258 REPORT NATIONAL AWJISOEY COM~TTEE FOR AERONAUTICS.

where t is the tension per unit 1
Y

th and pa-pi-p=. The same
relation holds for a watar-filed mo e],

P’=& ‘“”’

If, therefore, we have a model which is .constructid on a scaIe equal
to I/n, that of the large balIoon,and msh to have the crossseotion
similar to that of the original, we must have at each pair of corre--. 4

spending points

and hence

Since by definition,

j%= pi – Pa)

we have also

P“=+P

t’fp’u+tlp.)

or p.==(Z-IO–7wJ – (p,–hf.)-MY.- Tf)

t’ It
~’(7’:– Y’i) ‘~ m

—..

Similarity requires also that h’ =~h; we thus obtain

t’n It ~ %2= : y’a–y’{
MY’. - 7’{) ‘~ -’ t’ ‘y~– ‘y{

T@ scale of the mpdel is thuscomp~etsl determinedwhen a.wduo
is ass ied to the ratio tli’1or any relation etweent andt’ is ass ed.

Yh%eady mentioned, It is desirableto make the model out o the
samefabriu as the large balloon,.for then we obtain the samespecific
extensionswhenthe specifi~tensxonstand tf are made equal. Assign-
ing the value 1 to the ratio t/t’, we obtain

~f=Yta–T14~<

Ta–Y{ a

wh?re -a=Ya- ~{ is the lifting power of the, gas e? cmbicmeter,
{wluch IS known to be subjecti to large varlation?l. em depeqdent

?on tempe@we, absolute.pressure,and the hunudlty o the am,to
say nothing of the pumty of the hydrogen. On the contrary,
a’= # – Y’{ is more constaut,since the densit of water 7’= variea

wit~ t!at o~water, which is ro#Jy 800 time!~ great.
ord s “ghtl , and the density of air #i is Deg “gible in comparison

In practice, therefore, wes set

a’= 7’a– #f -1,000 approximately.

II we take a=~=-yi=l.l, we obtain na=
1,000
~ and n= 30..
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DmrmwrIoN 01’ FOEUESOvn 7mEMODEL.

The sosle of the model was determined as

““c-d:

bt the volume of the large balloon be V, that of the model F,
then the ratio of volumes is

V=nsv’.

The total load that the balkwn is able to carry is G = pa where, as
above, a reprewmtathe hfting power of the contained gas er cubic

?meter. The weight of the water inside the model is G’ I= a’, where
a’ =1000 kg. per cubic meter. Hmce

. .
$ -g,.%+

In this ratio the weight of the gondolas, that of the wakq that
of the benzine bdast, etc., are to be computed ~d evaluated, m the
ease of the water-fikd modeI. as forces directed uDwards: this is
Shown ill we 10, and is eesy to carry out. The pfiper a~owauce
for the weig t of the an-
velope, however, can not
be correctly made unks
we reduce It h the sw.ne
ratio and imwine it M
distributed in t~e .correot
way over the entnw sur-
face of the an.veIopeof the
model (of. fig. 10). The
might of tie envelope of
the modd itsdf is directed
in exactly the opposite
sense when the model is
filled with water and is
directed in the sense de-
sired onl when the envel-
ope is & ed with air and
submerged uuder water. (I?Q. 11.) Even then the eflect of the
w ‘ ht of the model would not be analo ous to that of the weight

%of $e eimdope; for, since the emdo e o the model is of the same
%fabric as that of the btioon, its weig t stauds to the weight of the

baUoon in the ratio of the areas, i. e., in the ratio

—
Fm. 10.

HIH’ =nZ[l, or H’ =$

whereas the ratio ought to be the same as that of @ to ~, i. e.
?

,.“
-i
..:

—.

,.

,
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Since a’/a is approximately 1000, the weight of the envelope of the
model is only one-thirtieth of the reduced weight of the envelope of
the balloon. Consequently, @ order to make roper alIowance for
the weight of the envelope m the set-up of & e 11 it would be
necessary to make the model out of fabrtc about 30 times as heavy

, (per unit area) as the fabric of the balloon. This would scarcely be
possible in practice.

On the other hand we see that in the set-u with the watm-fllkd
mod~ although the weight of the model its& acts in the opposite
sense to the one desired its infhmnce can not be eat, since it is
equal to only about one-&irtieth of the reduced w~%’t of the balloon
envelope.

Since, with nonri “d balloonsl the weight of the ermdope is one-
fuartar to on-thir the total hft, it can not be entirely neglected.

% the experiments here pictured allowanoe was made for it by

L
K7

>

FIG.IL Pm.la

inserting an air sack, extending the entire length of tke model (see
@. 12) of such capacity that the weight of water displaced b it
was equil tie reducecl weight of the envdope, includi

Y
a?v Ves,

t&es, etc. Furthermore, we oross ~ections of. this air sac are so
ed that the $Mribution of wel ht (of chsplaced water) along

h% ‘tuflinal ams is as closely s
T

& as poswble to that of the
reduce w~ght of the envelope.

It must not be overloomd that the reduced weight of the envelope,
as thus introduced, causeathe sha e of the envelope (cross section) to

%tbeincorrectlyreproduced theheig of theoroassectionbein increased
5and the breadth diminis&d, relativel to what they woul be if the

P
{reduced wei t were properly distri uted (cf. . 10). This fault

%can be party corrected by increasing the intern pressure beyond
the value previously computed, h’ -hIn; for this increase maim the
cross sect~ons broadar in the horizontal, narrower in the vertical
direction. However, the tensions in the envelope of the model in-
crease likewise, so that # > t.

. .’,

.-
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The de&redbroadeni of the horizontal diameter maybe obtained
%without introducing this t error, if we make the stile of the model

k than 1:30. For, from the equation for the scale of the model,

t.a’
“ -tni

\ it isswn that n bemm~
9

er than 30 when t’ is made greater
than t. If, theqefore, nl is ma e,

f
eater than 30, it will be neoessmy

to increese the mternd resaure eyond the value h’ =hln., iD order
m make t’ equal to t. # or a certain vslue of the scale factor ni >30,
the error introduced by. the soheme of figure 12 for making allow-
ance for the reduced waght of the enveIope is as nedy annulled es
potible.

We observe, however, in the above equation for n’ that t’ beoomea
ual to t for a value of the smde-factcr nl ~ater

2
&an n, when the. .

9P ower per cubio meter of the h dr en ~ lees than l.1—a case
whit M more frequent in ractice

&
ilaa%e converse one in which

a> 1.1. If, however, we t e this value (i. e., apparautly the value

,

Em. 18.

of a=l.1. —TraIIsL) ss a mean, aud choose our value of K b fuMII
the Condition previously snnounced, it will dill be necawwy h
ineresse the intend pressure ht.

The incresse, dh’, m h’ whioh is neoexnwy can be com uted only
approximately, by means of the wwumption that, when & e internal
pressure ie increased by dh, the shape of the cross seotion doee not
changs-i. e., that, even after the umrease takea pkoe, the radius
of curvature PI is equal to I/n ti p. Thie ie not aotuaUy true-
for the orcas section must broaden a little in the horizontal aud
contrsct in the vertical direction.

For the point A, in figure 13, we have in the large balloo~

and in the model,

.’

—,

i’
“-fi’+y’+dh’)a’
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?&king t’ equi to t, and dividing one equation by the other,

$=’*
By the above

h’+ ‘ 1
assumption, P’ =r~ and ~ =-z

consequently
dh. (z’= (li+y)(z.?a– (?i’+y’)a’

( )L+y)(a.n–$
dh-

af )-nwy)f~-;

We aee that &t’ incremeswithy; for example, if we compute dh’

for y-D/2, then for all points above t’>t and P’>+P, and for all

pOilltS below, i’ <t and P’<$. The maggtude of the error can not

be computedwithout furilmr knowledge, but it is smaller, the larger
his relatively to .D/2.

The e enment to be described in what follows was ~d~~lia
Y

kis balloon was to have themmelenggh as theS. . balloon, fro~
reposed aUoon,of which the phme are given in

v
which it was to differ only in having a greater volume, every diameter
being magnified in the same ratio.

The model is made out of three-layer diagonal fabric. k regds
ita stre hand ita pro erties with respect to extension it corresponds

T Jto the fa MCprevio y used for the S. S. balloon. b, however,
was made of $2 longitudin@ stri s, whiIe the model was made out

c?of onIy 8; thIS was done m or er to make the strengthening due
ta the unavoidalie seams stand in the same ratio to the (str dh of

%‘ the) seamks fabric as in the CM of the large balloon alt ough
adjacent strips overlapped by ordy 9 mm on the model and~y 30 mm.
on the balIoon, The arrangement of the strips and seams is shown
in the pro “ectecl cross sechon (fig. 16) and the photogra h of the
model as flue /d with air (fig. 17). The scale factor is 1:3 k instead
of 1:30, for reasons exphtined above.

The reduced weight of the envelope was allowed for by means of an
air sack, and the other weights by heavy sandbags of swtable might,
with the aid of double-armed leve~, wire ropes, and movable locks
(t nacihtellbare Bpanmchltismr). Sunihm compensation was made
for the weight of the horizontal rudders, the stabilizing lanes, and

Ithe ropes at the forward end (Nawnfeswbzg). (Cf. aIso t e ictures,
figs. 17,24, and 25). fThe weight of the envelo e of the mode includ-

d 7? ding the air sack and the clamps ( Elemnwoti tun m), -wase ectivel
JannuUed b means of cast-iron riders, which co d be moved at wi

~
fi

don the vein.
2 tar the model was fikl with watetrthe water pressure was raised

to an amount corresponding to an excess pressure of25mm. in the
large balloon and the deformation was meaaured; for some time at
frequent intervals, later on less frequently.

..-. —.
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The water pressure desired for a model on the scale 1:334 and for
the excess ressure 25 mm. is found b the method reviously de-

cf’ A %soribed, an assuming a= 1.1 (kg. per c ic meter), to e

26 22.72
“=1.1.33* =—o= 0.6816 m.- 682 mm. of watar, approx.33*

i

i

FIQ. 16.-CYW mctkm of the model, showhg armngeme.ntof the drips of Mn’fo.

The tensions t’ would be lessthan t; the amount is found by the equa-
tion

t.a’

“=~a

to be t’=~-t._i=0.82t. . .
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Ih order to make t’= t, it is necessaryto incressethe internal pressure
by

()
dh==n(h+y) ;--$

setting7+ and Ys ~/.2=8 meters approx., we obtain

[
dh=33~. 30.74 ~– 11000 -w 1=194 mm. approx.

hence h’ +dh=682+ 194=876 mm., water pressure required, measu-
red in millimeters of wakm

—“

The shape of the transverse section is shown by the photograph
(@. 18) and two scale di (fig. 19). It agrees mth that of

.-

the large balloon very ar as comparison is possible, i. e.,
..

in the ratio of height to breadth.
._

The chsmge of the shape of the longitudinal section must, naturally,
also correspond to that of the large bslloon; for, when the distribu-
tion of the weights appfied b the modeI corwponds to that for the

—

balloon, each portion of the envelo e will. be subjected to the same
$

&seq.entIy thespticextensions end the displacement must be
s ecMc forces m the case of the mo el as m the ease of the original. .-

the same.

Since the tensions chin from point to point, any given change in
~~ a change onthe model over adiataucethe balloon is reproduced

..

only I/n times as great. rroneous resdta may be cared b this
i?circumstance, and @so by the fact that the strengthening in uence

of the seams, ete., m the balloon, can be reproduced only approxi-
mately in the model; the errors, however, are of subordinate im-
portimce in comparison with the ~onsiderable deformations due to
the extensibility. of the fabric, as m seen by com arin the ictures
of the longitu L al section of the model with &at 0$ the%dloon
(
%

:15 and 20 with @g. 4).
21 shows ako the horizontal projection of the model when

fillo?’%%h water; the constrictions produced by the gondolaa,
-1
-1

exactly as in the case of the la e.balloon (fig. 6), mu be recognized.
%sExperiments with a model of t t

P
therefommake it possible at

relatively slight cost to foresee the d ormation of a proposed balloon
even at the time when the patterns for the fabric are being made.
Other valuable information can be obtained in this way; for example,
information about the change in vol~e, which depends upon the

..

extension of the fabric and upon the chstortion of the cross sections
.— !

from the original circular form, and which, in the determination of
the volume of the balloon, can (as mentioned at the beginnin )

%be ascertained only b experimce” further Mormation about t e
fposition of the center o gravity of t~e volume ( Votumen.schuxrpunkt)

whioh is displacedby the deformationof the envelo ,sothat theposi-
tion computedfrom the diagramsis not correot. T a mistakeismade —.
in this matter it is necessarysubsequently to change the position of
the loads; if the gondohs are suspended by a rope suspension

—

(Sdakelage) from the balloon, it is ordiumiIy easiest to make the
.

changeby displacingthem. If, however, the gondolas are suspended
by mems of a strip of fabrio (Stq$aujhd rig), as is the mse with

?the S. S. billoo~ It is much more diilic t to make the correction.
—



266 REPORT NATIONAL ADVISOEY COMMITTEE FOE AERONAUTICS.

.

.

.-

—

—

Idimff

2,:

m

rdhs7Y

FIG. 19.

.



I

t
I

w

I

W 2) —Model filkd with water

Zm

I

,



,

REPORT NATIONAL ADVLSORY COMMITTEE FOB AERONAUTICS. 26T

lR the determination of the center of gravity of the volume it seems
advisable to perform two exp eriments; one, -during VVhiCh the air
sack of figure 12 is inserted, and the other, d

Y
wluch it is left out.

k the latter case it is neoessary to add the re uced wekht of the
hd to the weight of the gondohw-
but the vohune of the air sack and
the osition of its oeder of gravity,

%vihic is hard to determine, do not
enter into the computation. On the
other hand, the increased deforma-
tion due to the additional weight
introducad by omitting the air sack

h
rovides another source of error.

e comparison of the two results,
which are obtained by com ~eti$
the moments, makes it possl
determine the centar of gravity of
the volume with the same order of
accuracy as is possible, in practice
in the determination of the center o~
gravit of the entire balloon, includ-

llimg h , gondolas, eto. The deter-
mination mmalso be carried out for
various values of the interior pres-
sure and various loads, and in ar-

Lticuhr for conditions comes n -
zto those prevailing at hi h ti~d~

Lwhqetheliftingpoweris “ -
taneouslyl the variation o: volume
with varying internal pressurecsnbe
ascertained.

F~e 22shows the results of an
expwiment of this sort performed
with the model piotured m @gures
10-17,eto. We perceive that when
the internal pressureis redueedfrom
800to 50mm. of wateq,cares ond-

2ing to a changeof the intern pres-
sureof the large balloon from 23.5to
O mm., the volume diminishes b ,

{roughly, 12 per cent. When t e
same experiment were

J
erformed

on the large balloon its , the vol-
ume dimkshed by OIdy8 pSr cent
over the same r

Y
e of prwaure.

This difference is ue to the fact
that the arperiment upon the model
was performed with the air sack
tierted: this. as dreadv stated.

.

causes &
9

ex&&ve atreto < of the eroas section. This stretching
is obviously greater the em er the rnternal pressure.

A change m vohune equal to about 8 per cent wxmsponds ta a
change in the tmnperature of the gas within by about 22° centigrade,
or to a ohange of about 60 mm. m the barometer.

. . .
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It follows that the S. S. balloon does not re “ an Anyn.e’ to
compensate the ch~es in vohune produced b t e c

s JT9”””’-sure or tam eratmreencountered over a perxo of a few ays m the
S. S. M. k is, how?ver, true ordy tithe weights (gondolas, eta.)
are so distributed that the bending stresses whwh they exert upon
the hull oause M-creases or dents even when the pressure on the
underside of the balloon is zero. *he advantage of such a pro~ert~
in a balloon is, not merely that the Amm.aand its oost are avmde ,
but also that the h drogen content of the balloon (the loss by diffusion
being made up by ~*ad&tiom)detifiora~ ody~htl~ Amuse
balloon increases the surface of the balloon immens y, t e influence
of’ diffusion (inward as well as outward) being comeepomlingly

augmented. Still more troublesomeis the fact that the internal pres-
sureat the undersideof the nurseballoon is usually zero, so that air
is sucked into it. (Nocii unungeneiimermacht &h der 27in.dund
geltend, duaz die un4erseit4 h’ Anme geh$enInnendruck au#ioeiat
am? d.adurchein Amwqen von L@l in die~efie l.emorru$!.) The harm
cpuld doubtless be lessened b making the nurseballoon of very gss-

Jtqght,1.e., heavily rubbarize fabric, mstaad of the customary hght
two-laver cloth.

.The”experimentsupon the model may be extended so as to cover
the oasesof deformation due to bemh.g strcmeswhioh are produced
by forces acting in the horizontal plane, aud likewise those due b
additional momenta in the vertical plane, 1— -=,: !

1seat.Ianw@sprakx.
!

1
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Fpr axample, ben
9

- IYmoments in the horizontal lane are cmscd
d 2Dtight when the &n is shifted (chwch .Le en es SeihL9teu.er8).

d‘I&%&ions thus produced are, in the S. S. b 00:, rather consider-
able, partly because of the high ratio of le@h to chpmetar~however,
the a ear also in the Zeppelim, according to Chief Engineer D&r
of $ellppeh facto ?

e23prmmti~edet-ationof thecurverepresen~ the
b~%g moment due to the pressure of the rudder, for the . S.
airship, and based upon the sssum tion that the reaction of the air

8upon the enveIope tends to cause o y a rotation around the cenkr of
gravity of the balloom The mdues of the banding moment obtained
u nthkswnrmt ionme
r %

minimum values, for, when the tip is
a vancing throug the air, the reaction is displaced fsr forward toward
the head of the balloon and thermrinmm bending moment is doubled

FsG.!43.-Bsmdlnz -S dus to prcwurs of nzdi(l Prssmnactfw3nddu@ fU@tr.t16metsrs@

or tri led. Th~e bending moments can not be imitated on the
fmode , come uehtly the Mults .ven we of value only in comparing

2 8clitkrent mo & and different b eons with one another.
Since, with our fabrics, the deformation produced by a given ccn-

stant stress depends on the length of time that the stress LSapplied
and a preaches its mtium value asymptcticall~, it is necessary to

$exten these experiments over a lo~~ interval of @e. A number of
observations me made successively at greater and greater intervals,
and the experiment is ttiated when the fkrion ceases to increase
perceptibly. “From the graphs of figures 26 and 27 we see that this
point is reached in about 50 hours.
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The measurements of fiexion after the load is removed are inter-
esting in this rmpect, that they confirm the conclusiondeducedfrom
the experiments on defonpation of fabrics mentioned at the begin-
nin

L
viz, that the bon” imparted to a nonrigid balloon by

ben “ stresses, never entir~y vanishes when these are removed.
.-

1

1 I
1

I
I

I 1
I

I

I
I

f

i , b I

Figure 28shows&model for anotherproposedballoon. Comparing
this icture with figure .20,we see that the ch

Y
e in the shapeof the

hull !ms resulted in a deaded diminution of the ending.

m+ 1A P

o
Itl1 i lmddf~ d&drd —

PI(I. n.-Ex@mm onkxllw inwdkal pIaM,m.kr-ti mdal.

These mqyriments with medalshave shownalready that the method
is a convenmntauxiliary in the planning and the construction of full
balloons; they were not, however, mrried out exhaustively, but only



FIG. 2!3.
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so far as appeared necessary in conjunction with the study of the
allexperknce ained with the motor b oon and for several new designs;

mnther are %
x

very systematic, as appears from the present acemmt.
In articukr e q

f
erimenta so far performed relate onI to a type

?of till balloon, and even for this case the magnitude o the errors
introduced along with the eimp~cations is not completely investi-
gated. A well-planned repetition and development of the expti-
ments would form a worthy task for one of the laboratories, already
existing on ccmhg into existence, for the study of aeronautics. The
chief purpose of the present publication is to stimilate such an
attempt .

.
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