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~or under the gasbag so as to more or less em-
brace 1t for de*lu“rﬂ',mmﬂ particularly with
the axial pressure of each gasbag speaking
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This mven‘rlf‘n relates to mm‘ ovements 111.

‘the construction of rigid airships wherein the
hull framework comprises transverse rings
or frames (hereinafter referred to as Imﬁcs)
cisposed across the axis of the airship and
secuired to ]011*{11111(1111:11 oirders cisposed par-
allel to the axis, the gas being carried 1n a
number of separate bags or cells.
tion relates more p‘LItICUlaIlY to a system or

an arrangement of wires for suppor ting or
r"e%tmmmfr each gasbag or cell against thﬂ'

pressure of the o gas, rcldmlhr tangentially and
lengitudinally of the airship, and for frans-
‘mitting the resulting loads to anchor 13(}111‘5%
on the. framework. | -
111(, present invention comprises a system

ot wives or the like. (heremmter oenerally

1e1~eued to as circumiferential WIIES) lying
in planes normal to the axis of the airship,
for dealing with the radial and tangential
forces due to the pressure of each wasqu

speaking relatively to the axis of the airship,
with which may be used a system of wires

or the hize (heremafter cenerally referred
to as bulkhead wires) extending over, around

relativ e]g to the axis of the airship.
The 1nvention is illustrated dmm ammati-
cally and by way ot example 1n the ACCOM-

panving drawings, in which Fig. 11s a plan
part of the hull hamewor{ of a

showing
rigid airship fitted with a system of wires

Tor taking the raclal and tqnﬂenﬁal toreces
b*w

Figs. 4 and 5 are re-

spectively a perqpectwe view and &

fitted with a system of wires tor tfl,hmﬂ the
axial forees due to the pressure of a chfsbfl
g, 7 1s a lon ﬂltudm al qech onal elevation OF

the 11*'*“*nfrement shown 1 Hig. 6; and I‘la. 8

1S A 10’1{}1‘[11(1111511 sectional elevauon ot
11"1(1r71ﬁcat10n -

T;ike reference nmnomls 111&11&11“0 8111’111“1'_

pfu ts wherever repeated in the dr: *1119,3

of the hull {framework of o rigid airship,

The mven-“

j_@w‘ 215 a

plan of a-
detail; Fig. 61s a perS‘jectWe view showing -

part m: the hull framework of a rigid air ghm_-: ends of the wire lengths at such points. -

catenary chains may also be discontinuous at
such points and similarly provided with eon-
‘necting eyes 8 at the ends of the eatenary
A Dbolt, pin or similar means
; may bﬂ- employed for con-
-nectmg the two -sets -of cyes in the circum-

- lengths at each ]u:nctmn
‘Lhe’ numel al 1 mdleate% transverse rings
o

1926

'mfhcatefs lonmtudlm‘rl mrders 3 are c11**eum

terential wires, and 4 are bulkhead wires.
In the System of wires or the like accord

Ing to the present invention for taking the
r idial and tangential forces due to the pres:
- sure of each OﬁSb ag, as shown in Tigs. 1 to

5, a number of wires 3 for restraining -each
gashag extend circumfer entially avound the

inner surface of the hull framework between
‘consecutive transverse rings, the circumfer-

1,683,490

ential wires being secured by suitable means

to the main ]omts of the framework wherée

the transverse 111’108 and . the lonfrltudmaJ __
girders meet, so as to take the 1“1dlal and tan-

1.5

oential loadmtr and tI ansmlt 1t to the m‘un |

i ]omts

The UlCUlIle‘;‘I‘eﬁtlal wires may be secured

to the main joints by being attached to a num--

ber of
paraboli
ferred to as

longitudinally arlanoed catenary or

catenary chains), a separate

cqtena.ry chain connecting -each main joint 5
at each main transverse ring with the corre-
spondmcf respective main joint 5 at the next 7

main transverse 11 ng or rings. The catenary

chains bow in similar dlrectlons on' opposite

¢ wires or chains 6 (heiematter re-

sides of the vertlcal plane of Symmetry of

the airship. .
- The catenary form of each chain 6 enableq
it to transmit the radial and tangential load-

entml wires 3 to the main joints only.

The advantage of using a number of cate-
nary chains is that the Gasba,o is Testrained
appr O‘ilmately to a cylin drical form in trans-

verse section, and 1s kept irom touchmo' th("

Iongitudinal girders 2.

S0

ng maphed by the fmsbag 10 the circumfer- :

%
1

The cir Cunﬁerentml wires nny be dlscon—- o

tmuous where they meet each catenary chain

and pwwded with connecting eyes 7T at the.
The

umm lenﬁths
9 (Figs. 4 and 5)

On

ferential wire lengths and the catenary chain -

With this arrange-
ment no slipping or other displacement ot

~the wires and (21‘1:.111’1Q can take phce

106
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otherm% formed or arranged at each jane-

tion, so that the load apbhed by the circum-

ferential wire lengths to- the joint pms 9

“does not tend to tilt the pins and ther eby twist

the lengths of the catenary chains.

Accm ding to another feature of the inven-

- t10*1 1 or del to prevent the catenary chains

V)

11 or 12 (hereinafter referred te as bridie
- rods). The bridle rods are connected at one
~end 10 with the catenary chains and at the

1 - = b 3
- ) .
o] ) '

L] *
.
- -l

eyes for connection by jo:

JRY

from being distorted by being bulged more

‘acutely at one end than at tﬂe other (qs shown
by’ dotted lines in Fig. 1) when the airship is

nelined or flying at an angle due to the liit

01 the gas still acting ver tlcally under such

condltmnm each cmenmy chain may be lo-
ated. 01 nositioned at one or more pmntc) 10

(Figs. 2 and 3) along its length, wheve it
‘meets the cnunnierenhal Wires

of one or more pairs of straight wires m rocls

other end with the main joints 5 of the hull
framework and thus virtually divide the
chain into a number of seps rate catenary
chains, namely two in Fig. 2 and three in
Kig. 3.
‘ferential wires, the catenary chains and the
bricle rods meet special J‘unctmn pleces 13
ed having separate

-At the junction where the circum-

(Fig. 2) may be provid

Int pins or othel Wi1se

with eyes on the circumferential wir
catenary chains and the bridle rods.
 According to an alternative feature of the

invention, each circumferential wire may be
secured to the respective main ]0111‘55 of the
~ hull framework by means of a pair of straight

~bridle rods (such as 11 or 12) connected at

o1y

~main joints 5

one end with the circumferential wire lengths

at a joint 9 and at the other end with the
| 5 of the hull framework.
In order to aid in locating the circumier-

- ential wires parallel to each other normal to

-+ of the longitud inal girders of fhe
work to resist. any latoral Ioadmﬂ- b} the in-

L

. '.f-,;;” |

SRFRYE

the axis of the airship, longitudinal spacing

7 wires arrvanged parallel to the aX1s of the air-
~ ship may b be employed |

The pr esent arrangement of cucumtel en-
tml wires thus 1\?01(:15 increasing t

ternal gas pressure.

In the system of v?u es or the like accor d |

~1ng to the present Invention, especially for

other cause, as shown in Kigs

~ of wires 4 for restraining the gasbag are ar-
ranged as a slack bull{he‘m emh wire of each

set of bulkhead wires being Conneeted at one

taking the unbalanced axial pre'c;fsmo ot each -

{quam when the pressure in neighbourmg
basbagg 18 unequal due to lnchnq’uon of the
airship, the deflation of one gasbag, or any

6 to 8 a number

end 14, hersinafter called the point of crigin,

 with the longitudinal girders 2 or the outer
‘edgze of the main transverse rings 1 or the.
'wtmzllent at the Iespectwe bfw “and at the

. of the circumferential wive
lengths ‘may be crossed (asin Fig. 5) or
10110 Ltmllnﬂ axis of the airship.
forming each bulkhead extend from their
points of o1 1oin 14 approximately parailel to

b ¥ means

3 the s

he strength
hull frame— |

: 'bI:H h @‘If“l

& manney

1,683,490

{}Lha_,l end 15 conver oing on a centre plate or

tting 16, not HGCL,&SH,LII}T concentric with the

The wires

the longitu Ainal axis of the airship and then

to the centre fitting 16, over, around or under
the gasbag in the 1esp(.,ctlve bay, so as to en-
~brace it more or less..
of the bulkhead wires may be chsplaaed .

The points of origin

longitudinally relatively to the centre of the

ﬂSbELﬂ (LLS in Ifig. 7), or may be 1n the trans-

Verse plane contmnmg the centre oi the Oas—-'
bag (as in Fig. 8). - |

\fdlmds mutuods of (,onllectmﬂ tlle bulk-r
head wires with the £ amework. of the hull
may be employed; for example, a system of

catenary wires or chains 17 connecting the
wires 4 (which extend from the centre nttuw '
16 in the plane of one main transverse ring 1 &
at one end of the gasbag) to points 14 in the

main 'i:-i‘_a-lm erse ring I at i,he other end of the
gasbag, as shown 1n T 10. 7
1 the longitudinal c-‘irders butween these two
rings (as showan in I*w 8).

hull stluctme 1S coneernud and are so ar-

ranged as to talke tensions apiplied—" longitu-

cdinaily and radially, there being no circum-
:’ferent’ial restriction - of - their
eaking relatively to the axis of the airship.

I‘I
s

shown at the 1wht hand-end of Fips. 7 and

8, an elastica, 1. e., a pau.,dmte form, Sllohtly _

modified by ledsan of the variation of pres-

sure of the gas from the bottom of the bag

to the top. “This form reduces the dlll()ﬂllt
the bulkhead bulges 1n the extreme case of
full pressure on one sicde and no pressure on
the other side of the bulkhead, and reduces to

, or with points 14

Bridle rods 18.'_
‘may be used with the Catenary chaing 17.
The bulkhead wires are slack so far as Lhe

G

BT

iy

"movement,

1e curvature of the bulhheud when pressure
exerted on one side only, is therefore, as

| {3}

109

a minimum the longitudinal “displacement

relative to the 311"51111:} of the bulkhead be-

tween the balanced and the unbalanced condi-
tions.

‘In order te reduce the distori Hon OI the
cur uzirw from the elastica form., due to va-

At the left-hand end in Figs. 7 and 8,
the bulkhead is shown flat where the two ad--
:ﬂcent oasbags are full. ' |

115

riation in the pressure between the top and
the bottom of the gas bag, and also to trans-

" mit to the main tmnsve se 1ng the hft of
the gas carried m this ")OIUOH of *‘*he baﬂ' the
| Wﬂ os 4 in the hoif@m %e@tmn of the bu]_khemd

1 1y be carried cirect to the main transverse

ring 1, directly below the centre fitting of the
These: wires may be secured to

the ring by running bridles 19 (Ifig. 7) the

arms of Fwhich Tie in & fore and aft plane and
straddle the cross section of the ring, so that
- as the configuration of the wires 4 changes,
transmitted to the rine in-
which does not canse an undue Tocal
Alternatively,

their tongmﬂs‘ a1e

{wisting ac m of Llit_llﬂﬂ,

1

1

()

H

.l-q.J}_
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- a manner as to balance forces which may

Ly
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passenger cars,

tm*tinf}' actions which would o

ferential S]_JELCIH
used. - -
Longitudinal wires may be ﬁ tted thr ough
the nasbafrs and connected together at the
centre ﬁttmﬁ in ecach slack bulkhead to pro-
vide the effect of a continuous axial wire

' "1;6'33;21290

tapping wires 20 (I’w‘ 8) nmy be Gal‘lled

froni the bulhhea d wires in the bottom section

to the main transverse Iings.

tion these two arrang ements may be used
too ether or in Combm Atiom.

The attachments of the bottom Sect"lon of ¢

the bulkhmd to the main tlansvelse frame

are so designed asregards position and length

as to distribute the torces applied by these
attachme nts to the transverse frame 1n such

act upm‘ the transverse frame from other
calses.

of the gasbag constrained by the bulkhead

18 Lifmmuttul to the bettom part of the

11.:1115%1 Se 11ng where it is able to resist thﬂ
downward forces due to the loads which are

slung to the airship in this region,
machinery cars, tzmks for
fuel and ﬂ’re 111{(—3
tween upward and downyard 1 forces, the dis-
therwise occur
in the transverse ring are considerably re-

duced. The p1 esent 1mprovements are there-

tore particularly apphcnble for use with
ype described in

transverse rings of the t
Urued States pment 0} JPLLEIUEOH Serial No.

745,464, which rings do not require taut
tlcu’l‘a\. erse bracing fo keep them stiff, and
avoid the use, espeual]y 1n. aushlps of large

ciameter, of heavy transverse rings which
otherwise would have to be used to In_,&lst the
heavy compr essive stresses in the peripheral

- members oi the ring resulting from the pres-

sure of the f“asbaf“s pmallel to the axis
the airship on the taut bracing.

_:;_(,cmdj_nw to another ieumre of the 1nven-

of

tion, the wires in each bulkhead may be pulled
by the tapping wires 20 into close pr 0311111*6}"

with the transverse ring.

In order to aid In locatmﬂ the blﬂkhead-

wires with 1‘espect t0 one anothel cireum-

from end to end of the airship for the purpose

of fTurther reducinge the: 10]?10‘1111(3111‘1‘11 dis-

placement of the bullkheads.
An important advantage of the bukhead
system 1s that the wires in each bulkhead =
at no time slack, the bulkhead automahm]ly

01‘“ ering progressive resistance to axial dis-
N} qce‘nent when the pressure difference be-
tween adjacent b‘ws Tames owing to the

111%h1p being inclined or from other causes.
Turther. the dmadvantao‘e 1s avoided of a

slack bulkhead which is only stable in e1thel |

of 1ts extreme positions, so that, consequently,
a small movement in
nay cause the
from one extreme position to the other.
Having thus C1£SLllbe(1 he nature- of tL_e

In a modifica-

For example, the 1ift in the portion

such as

Owing to this balance be-

_Wlms or the hke m‘fty-_be
. T - tluflSVelﬁe rings.

mn clalm 3, Wherem the 01rcuml‘er(,mm‘
are digcontmnoua where they meet each

catenary chain and arve pmmded ‘at such
points with pin-jointed COZ{lIleCtIIlO eyes at the
ends of the wire lengths. -

pitch of the airship:
Dbulkhead to surge P‘lpldly_;

&md mv'(,ntlon aml the bebt Means we know

of car 1}71110 the sg ame 1nto pT &cucal effect, wo

claim:— | -

1. In a. I‘l”‘ld .:111‘81111) wherein the hul
immewmk 1S compo%d of transverse rings
secured to longitudinal girders; a Sysbem ol

Wi @.s or the ]11{& Tor restmmmo each fmsbau

2= ..
. ::'.‘

Lw—

;P.E

and. for 't 1?1651111&1110 the lequltmn ]oads 'tu.'

arichor points on the hull fr f,mlewml%; com-
prising circumferential wires lying in planes

normal to the axis of ‘the mrshlp for dealing

mth the mdml and tannenml forces due tu

the pressure of each ﬂaslm,g::rj speakmn rela .

_tn ely to the axis of the air ship.

2. A gasbag 1est1 aining system as c]mmeﬂ B

1 flalm 1, T’"hLI ein the circumferential w 1res
“extend .:u@und the inner sur face of the hull
-im;m(,wolh botv*etn consecutive main trans-
vérse rings, and are secured by means of-a
catenary to the main ]ths of the hull frafe-
work where the ma n transverse rings and the -

len gitudinal girders meet, o as to take the

| 1dml ancl t.:llmen tial lmdmﬂ and tl ‘msmlt 1t -

| -to Je main ]mnts

In a rigid airship Wherem the hulJ
1 mrﬂwork 15 composed oi transverse rings
Joined to longitudinal girders, a system of

“wires -for restraining e:,wh ﬂas bag and for

memutmﬂ the reg ultmﬂ 10’[(18 to anchozt

_ pemtfs on the hull fre amework comprising cir-
cumiferential wires extending
inner surface of the hull framuvork between

ar ound

consecuitive main transverse rings and lymng

~1n planes nor mal to the axis of ‘the a,ushlp
for dealing with the I.‘-ildldl and tangential

forces due to the pressure of each gas bag.

speaking wmtlvely to the axis of the alrshlp, .

SI%

the

106G

and a plv rality of longitudinally arranged

catenary chains each e‘ateﬂdmo between the o
B (U .
nair of consecutive transverse rings and con-

main joints of a longitudinal ﬂuder-nuth a

necting said joints ‘to the mrcumferentlal -

Vires 1}1110 between the 1espect1ve pmr oi

A asbw restraining system as cl

5. A gasbag restraining system as cmlmed

almed -
Wll ey

110

115

in claim 3, wherein ‘the catenary chains dre

terential wire and are provided at such points
with pin-jointed connecting eyes at the end&,
of the catenary chain lenn‘ths B

6. In a 119;1(1 ﬂllbhlp wherein the huH :
framework is composed of transverse rings
~joined to longitudinal girders, a system of
wires for I't.,bh aIning sach Gas bag and for
transmitting the re%ultmo' loads fo ‘anchor
-pomts on the hull framework comprising cir-
cumierential wires extending around the-
mner surface of the hull fr amework between

consevutne mnam tmnsvelse llnﬂs zmd lymo

| _chscontmuous where they meet each circum-

120

130



m plenee normal to the axis of the air Sh]p
for dealing with the radial and tangential
forces due “to the pressure of each gas bag

- speaking relatively to the axis of the alrshlp,

- a pluraht y O

of longitudinally arranged cate-
nary chains each extendmo Detween the main

o ]omte of a longitudinal gir vder with a pair of
~consecutive transverse rings and connecting

g}

said joints to the ureumferentlal wires lyme'

between the respective pair of transverse
rings, the circumferential wires each com-
prising separate sections extending between

the meeting points of said wires and consecli-

tive cetenel‘v chains and the catenary chains

4 =l
o .
) |

“each comprising separ ate sections extending
between the meeting points of the mtenarya
. chans

~with (*oneeeutwe circumiferential
wires, said sec t1ons having eyes at said meet-
ing pomts and pins tenduw through and
joining the eyes of the sections “of the circum-

ferential wires and the eetenaw chains at
“their meeting points, the eyes o

 ferential wires at said meeting pmnte being

N
-l

30

0

‘1 t.}

LB

...H

G

crossed and thereby avolding tendeney of the_
]01111110' pins to tilt and the catenary chains to

twv15t

7. A gas bag restraining System as clai; mec

in claim 8. wherein each ca
_pOSlt]Oned at one or more points along its

enary chain is

length, where it meets the circumferential
wires, by means of a pair of bridle rods each

‘connected at one end with the catenary chain

and at the other end with a main ]omt of the

hull framework.
8. In a rigid airship whelem the hull

framework 1s con’lpeee@ of transverse rings

joined to longitudinal oirders, a system of

wires for resty alning eaeh oas bag and for
transmitting the 1eeultm0* Toads to anchor
points on the hull fmmewmh comprising cir-

cumferential wires e\.,erld*nﬂ | eround the
inner surface of the hull fr amework between

~consecutive main transverse rings and lying
in planes normal to the axis of the airship =

for dealing with the radial and tangential

forces due to the pressure of each gas bag,

speaking relatively to the axis of the 'lII‘Shlp
a plurality
“nary chains each extendmﬂ between the main
joints of a longitudinal “ll‘d@]ﬁ' with a pair of

consecutive transverse rings and connecting

“gaid joints to the circumfer entlal wires 1V1110'
between the respective pan‘ of transverse
rings, a pair of bridle rods for each of said

catenary chains, each of said bridle rods hav-

“ing one end eonnemed to the joint of one of
ders with one of the trans-
“verse rings, and a junction piece at the meet-
ing point. "ot said bridle rods, catenary chains
and ecircumferential wires and having sepa-

the lonwltu dinal g2

“rate eyes for connecting it with said bridle

rods, eeten*u"y ehnns and mrcumferentml”_

wn‘ee. __ -
9. A oasbag restraining S} stem as claimed
m daml 1 Wherem E“l(}h Cll"CLIHlfBl"el’ltl‘ll wire

TOMS
ferential wire ends at a joint and at the

other end with the main joints of the hull -

f the circum-

of lollcrltuqulhr arranged cate— |

1,683,490

is secured to the 1eepeet1ve main ]0111ts of the

1111]1 framework by means of straight bridle
~connected at one end with- the cireum.-

ff emewm k. .

A casbag restraining system S elalmed
1n lellﬁ 1 wherein lono*ltudmal Spacing wires
are employed norn ml To the mroumfelent]al

Wires.
11. A wqebe# res L,I'mmntr system as elenned

in claim 1, comprising bulkkhead wires for
dealing more particularly with the axial pres-

eure of each gashag, speaking relatively to

e axis of the dllShli) the bulkhead w:lree'm._"

being a 11¢mﬂ'ed as a elack bulkhead, each set

of bulehead wires at the point of or 10'111 bemﬂ'_ -

connected with the outer edge of the main
transverse rings or the like at one bay, at the

other end converging on a centre fitting or
the like, and between the ends extending over,

8o

avound -rlﬂ(:l under the rrasbacr SO as more or -

1ese to embrace 1t.

12. In a rigid airship embodymo' 2 hull |

framework unnposed of longitudinal girders
and main transverse rings “secured thereto
and prowdmg gas bag bays between them, a

gas bag restraining eyeterf.l for dealing par-
ticularly with the axial pressure of each oas

bag with respect to the axis of the alrshlp.,'
comprising bulkhead wires arranged as a

slack bulkhead, said wires at the pomt of

origin being connected with the outer edge
~of the main transverse rings at one bay and
converging at the axial centel of the airship.
“and h‘wmo a fitting connecting them at said

iy

¥H

Jow

center, the portmns of said wires between

“their ends e\tenumw over, around and under

the oas bag so as nmore 01 less to embrace 1t
the bulkheqd wires in the bottom section of
the bulkhead being carried direct to the main

transverse ring at a position below the center

ﬁttmo of the bulkhead

13. A oasbag restraining System S clmmed

1 claim 12 wherein the wires in the bottom
section of the bulkhead are secured to the

‘main transverse ring at a position below the

LU

110

centre fitting of the bullkchead by running
bridles, the arms of which lie in a fore and aft

plane and Straddle the cross eectlon of the

malin transverse ring.

14. A casbag 1est1 aining system S clelmed- .

1n claim 12 whel eln the wires in the bottom
sectron of {he bulkhead are secured to- the

main transverse ring at a position below the
centre fitting of the bulkhead by tapping

wires car 1"1ed from the bulkhead eres to the
‘main transverse ring. . S

15. A gasbag restraining system a3 clalmed '

‘1n ela,un 12, wherem each bulkhead wire 1s-
secured to :{L m aln trensvelse ring by a tap-—

pmﬂ' wire.

16. A Oasbaﬂ‘ reetmmme System as claimed

13

120

125

in claim 12 whelem spacing Wll"eS are em- .

pleyed n. locatmo the bulkhead wires.

| -13u



A gasbag restraining system as claimed the main tr a,nsvel Se 1"1110* at Lhe othel end of =

- 1n LL:UII] 1, Whelem the bull{head wires are the gasbag. . :

- connected Wlth the framework of the hull by In tesumony WhLI‘BOi we have swned our v
~ Ineans ot a system of catenary chains connect- names to this specification. -

> ing the bulkhead wires, which extend from L
the centre fitting 1n the plane of one main VINCENT CRANE RICHMOND.

transverse ring at one end of the gasbag to =~ FREDERICK MI1CHAEL ROPE.
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