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- UNITED STATES PATENT OFFICE

2,248,520
WING BEAM

" Robert J. Woods, Grand Island, N. ¥., assignor to
- Bell Aircraft Corporation, Buﬂalo, N. Y., & cor-

poration of New York

Appllcaﬁon Ja.nuary 26, 1939, Serial No. 252 962
6 Claims, . (Cl. 244-—123)

My invention relates to airplane construction,

more particularly to the construction of a box-

beam in a wing which also forms an integral fuel
tank, Heretofore, it has been difficult to provide

a constant strength beam for the wing of an-

airplane without excessive splicing of members
to reduce gages. The saving in weight inherent
in reducing the absolute strength of a beam pro-
gressively from .its point of load toward the end
of its sustaining length, has in thé past been ¢
considerably dissipated by the necessity of using
different sized members which must overlap and
receive rivets at their junction areas. ' ‘Thus the
*saving in weight has been overcome by the add-
ing weight of overlapping parts and of rivets.

tanks with their skin and baffle plates has been
added to that of the wing even where those

tanks approach the outside dimenslon of g por- L

tion of the wing.

One of the objects of my inventlon is to over-
come the above mentioned difficulties.

-Another object of my invention is to provide
a box beam having reenforcing blocks that taper
to zero, from the inboard to the outboard ends -
of the wing. .

‘Still another object of my invention is to pro-

. monocoque spar 9°.
20 beam 4 is angularly disposed in relation to the

vide & box beam composed of the front and rear

‘beams, the skin of the wing, reenforcing blocks,

and longitudinally of the beam shown in Figure
2, taken slong the lines &—8 of Figure 2.
Figure5is a sectlon teken along the lines §5—9%

' of Figure 4..

5"

Referring to Figure 1, it will be seen that a
“fuselage | and nacelles 2 and 2’ are joined by
beam structure 3. Extending symmetrically out
from the macelles 2 and 2’ are beams which need
.only be described as to one side. The beams ex-

10 tending out from nacelle 2 to the wing tip are

front beam 4, rear beam § and augiliary beam
- 8. A fuel tank indicated generslly by the nu-
meral 1 is shown to be formed integrally with
the froni beam 4 and the rear beam § & short

) “I5 distance out in the wing from the nacelle.
Another difficulty has been that the weight of fuel

- As shown in Figures 2 and 3 the front beam
4 and the rear beam § are joined in box beam
construction by bulkheads 8 and skin 9 to form
It can he seen that front

hinges 10 and 11 forming a tapering box beam .
with the rear beam §. The stringers 12 extend-
ing longitudinally of the- box beam fade out as
they erncounter the front beam 4. Flush hatches

25 43 and 13’ allow access to certain of the strlng-

ers f2.
" As best shown in Figure 3 struts 14, 15, and

" 16 together with a stiffener 47 and reenforcers {8 -

strengthen the spar 8'. Hinges {8 and {9’ are

and bulkheads joined in monocogque construction. -30 ftted into notches into the inboard ends of the

A turther object of my invention is to provide
8 box beam for the front portion of a wing part
of which forms an integral fuel tank, the sup-
porting structure of the beam: allowing only a re-

reenforcing blocks 9 and 28 which are secured-
to the top and bottom of the rear beam: 6. " As
,shown in Figure 5 reenforcing blocks 2{ and 32
similarly carrying hinges {{ and {i’ are supplied

- tarded flow of fuel longitudinally of the wing. 35 fo.'tne top and bottom of the front beam &, It

A still further object of my invention is to
cause the bulkheads of my box beam construc-
tion to act as surge plates. -

. With these and other objects oLmy invention
which will be apparent from the succeeding ex- -
_ planation I have shown, for the purpose of mak-
ing my invention more clearly undetstood, the
following drawings, as the preferred embodiment. -
of my invention, i being understood that they

“ are_to be taken in an {llustrative rathex- than in 45

: a limiting ‘sense. .
Figure 1-shows a plan view of an airplane of

“outhoard powered monoplane constmction, show-

ing the location of the beam structure pertifient
to this invention, in dotfed lines. .
- Figure 2 is a plan view partially broken away
- of my tapered box beam.
" . Figure 3 is a side elevation of the beam shown
in Figiire 2.

‘Figure 4 ls an enlarged section taken vertically 65 tudinally extending angles 33 and 34,

will be seen that the Teenforcing blocks 18 to 22

" Inclusive have their outboard ends at 2 point near

the longitudinal mid-point of thé wing as illus-
o trated by the terminal points 23 and 24. ,

0 As shown in Figures 4 and 5 the upper portion

of the rear beam § carried by hinge {0 and the
lower portion of the rear beam § carried by hinge
10 are joined by stress member 2% and bulkhead

Outboard from hatches 13, i4 a.nd i5 ave bulk-
‘hesds 27 to 31 inclusive forming with spar 3’ the
fuel tank 1. It can be seen that stringers 12 lie
betweenthe. outer skin 8 and the bulkheads and

50 are joined to both the skin and the bulkheads.

Upper skin -9 and lower skin 32 vertically con-
‘necting webs 33 and 234 of the beam 4 and 8§,
-form the longitudinal walls of the integral fuel
tank. These webs 34 and 38 terminate into longi-
The '




cross sectional ared of these angles taper as
they approach the wing end of the beam.

Bulkhead 28 is seen to have the angle pleces
35 at its top and bottom joining the bulkhead 28
to the stringers £2. Border angles 36 protect and
brace apertures 37 in the bulkhead 28 allowing
5 restricted passage of fuel between the com-
»artments formed by-the bulkheads 27 to 31 in-
clusive.
and bottom of the spar 9’ and provide for their
further strength. Bulkheads 29 and 30 are simi-
lazly constructed. Bulkheads 21 and 31 on the
other hand do not have an aperture extending
through them, but on the contrary have seal-
ing panels 8% and 40 respectively on one side in-
stead of the border angles 36 in the case of bulk-
hieads 20, 29 and 80. - Sealing panel 39 fits on the
inboard side of bulkhead 27 and overlapping the
a’*erture thereof. In the case of bulkhead 31

zzoling panel 48 Is similarly affixed to the out-
‘a.:@ard side.

% will thus be seen that I have provided an
epglly constructed constant stremgth wing spar
having bulkheads in a portion of the wing spar
which acts as sides for an integral fuel tank
while the intervening bulkheads have apertures
znabling them to act as surge plates. Further-
mere it can be seen that my box beam construc-
@lon allows a constant diminution in absolute
gtrength from the inboard to the outboard end
without the necessity of splicing members and
‘without the multiplicity of parts.

3% il also be seen that I have so positioned

Iy wing spar as to eliminate a passage of struc-

tural members therethrough other than to which
contribute to the proper functioning of the fuel
tenk. It will further be seen that my construc-
tion enables the constant tapering of absolute
beam strength by the tapering of reenforcing
biocks at the top .and bottom .of the front and
rear beams. It will also be seen that I secure

" . the wing hinges to the reenforcing blocks by

interfitting them with reenforcing blocks and
securing them as by welding.

While I have shown and descnbed the pre-
. Ierred embodiment of my invention, I wish it to
. ‘be understood that I do not confine myself to
the precise details of construction herein set
forth by way of illustration, as it is apparent
that ‘many changes and variations may be
made therein, by those skilled in the art, with-

out departing from the spirit of the inventlon,
‘or exceeding the scope of the appended claims.:

I claim:-

1. In an airplane wing constructlon, a spar
comprising a front beam and a rear beam, the

- . front beam being angularly and rearwardly in-

clined from its inboard to its outboard ends,
relatively to-the rear beam, reenforcing blocks
for the beams. tapering constantly when consid-
.ered from their inboard to their outboard ends;
said outboard ends for said reenforcing blocks
being at points subsantially midway of the lon-

gitudinal dimension of the spar, said reenforc-

ing blocks having notches in their inboard end,
- hinges. for the front beam and the rear beam,
said hinges interfitting with said notches in said
reenforcing blocks, a foundation plate lying sub-
stantially in the plane passing through said
hinge, stringers extending from said foundation
Plate longitudinally of the spar, said stringers
fading out as they approach the front beam, an
inner skin joined to the-inner side stringers and
an outside skin joined to the outslde of said

stringers.

Ribs 38 unite the angles 35 at the top

10

18

30

35,
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2. In a wing construction for an airplane, &
spar of monocoque construction comprising a
front and a rear beam, the front beam being
angularly and rearwardly inclined from its in-
board to its outboard end relative to the rear
beam, a plurality of bulkheads joining the two
beams, reinforcing blocks forming the top and
bottom of each beam, an angle iron attached
to each reinforcing block, the said reinforcing
blocks and angle irons extending longitudinally
of the spar and tapering constantly when con-
sidered from their inboard to their outboard
ends, and the said reinforcing blocks terminat-
ing at & point substantially midway of the longi-
tudinal dimension of the spar.

3. In a wing construction for an airplane, a
spar of monocoque construction comprising a
front and a rear beam, the front beam being
angularly and rearwardly inclined from its in-
board to its outboard end relative to the rear
beam, & plurality of bulkheads jeining the two
beams, reinforcing blocks forming the top and
bottom of each bezm, an angle iron attached to
each reinforcing block, the said reinforcing blocks
and angle irons extending longitudinally of the
spar and tapering constantly when considered
from their inboard to their outboard ends, and
the said reinforcing blocks terminating at a point

. substantially midway of the longitudinal dimen-

sion of the spar, hinges mounted on the inboard
extremities of the front and rear beams, said
hinges being designed to aid in attaching the
spar to an airplane, and.stringers connecting
the bulkheads, ,

4. In a wing construction for an sairplane, a
spar of monocoque construction comprising a front -
and & rear beam, the front beam being angularly

" and rearwardly inclined {rom its inboard to its

4

46

50

568

60

70

78

outboard end relative to the rear beam, a plurality
of bulkheads joining the two beams, reinforcing
blocks forming the top and bottom of each beam,
an angle iron attached to each reinforcing block,
the said reinforcing blocks and angle irons ex-
tending longitudinally of the spar and tapering
constantly when considered from their inboard to
their outboard ends, and the said reinforcing

- blocks terminating at a point substantially mid-

way of the longitudinal dimension of the spar,
notches in the inboard ends of the said rein-
forcing blocks, hinges adapted to aid in attach-
ing the spar to an airplane mounted on the front
and rear beams, sald hinges interfitting the said
notches, and stringers connecting the bulkheads,
said stringers fading out as they approach the
front beam. .

5. In & wing construction for an airplane, a
spar of monocoque construction comprising a
front and a rear beam, the front beam being
angularly and rearwardly inclined Irom its in-
board to its outboard end relative to the rear
beam, each of said beams comprising a web
member, a reinforcing: block mounted on the top
and bottom of each web, the said reinforecing
blocks and webs extending longitudinally of the
spar and tapering constantly when considered
from their inboard to their outboard ends, and
the said reinforcing blocks and webs terminating
at a point substantially midway of the longitudi-
nal dimension of the spar, an angle fron attached
to each of the reinforcing blocks, said angle irons
tapering - constantly from their inboard to their
outboard ends, their inboard ends lylng at a -
point substantially midway of the longitudinal
dimension .of the spar, bulkheads joining the two
beams, strmzers connecting the lmlkheads sald
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stringers fading out as they approach the front
beam, and hinges mounted on the front and rear
beams, said hinges being designed to aild in at-
taching the spar to an airplane. )

6. In a wing construction for an airplane, a
"spar of monocoque construction containing an
enclosed. fuel tank comprising & front and a rear
beam, the front beam being angularly and rear-
wardly inclined from its inboard to its outboard
end relative to the rear beam, each of said beams
comprising a web member, a reinforcing block
mounted on the top and bottom of each web, the
said reinforcing blocks and webs extending lon-

-gitudinally of the spar and tapering constantly’

3

- board ehds, and the said reinforcing blocks and

1o

when considered from their inboard ;o their out- 15

webs terminating at .a point substantially mid-
way of the longitudinal dimension of the spar;
an angle iron attached to each of the reinforcing
blocks, said angle irons tapering constantly from

" their inboard to their outboard ends, their in-

board ends lying at a point substantially mid-
way of the longitudinal dimension of the spar,
a pair of spaced solid bulkheads joining the two
beams, said bulkheads forming with the web
members a fuel tank, and apertured bulkheads
intermediate the said solid bulkheads, said aper-
tured bulkheads being designed to act as surge
plates within the tank.
’ ROBERT J. WOODS.
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. It is hereby certiried that’ error appears in the printed 'spe‘cification
of the above numbe*ed patent requiring correctionas follows- Pagel sec~ .
ond - column, line 4§, for the word "hatches" read --struts--; and that the
said Letters Patent should be read with this correction therein that the .
-same may conform to the record of the case in the Patent office.

Signed and sealed this 1lth day of October,- AJ D. I9l+l

Henry Van Arsde.le s
(Seal) Acting Commissioner of. Patents.



