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The invention relates to a method of form-

. ing hollow, internally reinforced structural
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units, and also to the units produced by the
practicing of the method herein featured.

Due to the peculiar adaptability of the
method to the construction of units which
require lightness in weight with a high de-
gree of structural strength compared to the
amount of material used, the invention will
be described with specific reference to the
wings, fuselage and other parts of an aero-
plane, hereinafter identified collectively by
the term aerofoil.

It is understood, however, that the irven-
tion is not specifically limited to aeruplane
constructions but may be practiced wher-
ever a light, metallic, thin shelled construc-
tion is desired.

The primary object of the invention is to
provide an improved method for economi-

~cally forming metallic structural units of
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any desired configuration and particularly
for ~forming complicated or irregularly
shaped bodies which may be of hollow con-
struction to feature lightness in weight.

In its relation to a reinforced structural
unit the invention has for an object the pro-
viding of the component parts of a rein-
forcing frame as separate units, and the se-
curing of the parts permanently in fixed
relation as an incident of a metal depositing
step which gives configuration to the fabri-
cated un’t as a whole.

Another object of the invention is to pro-

5 vide a fabricated structural unit which may

be complicated in design and provided with
attachments and reinforcements secured in
their co-related positions without the use
of fastening means other than the elements
requred to provide the parts necessary to
form the unit itself.

Another object of the invention is to pro-
vide an all metal, one piece aeroplane and/or
to provide an aeroplane the aerofoils and
other major structural parts of which are
each formed as a one piece unit and which
parts are assembled free, or at least substan-
tially free, of any fastening means.

Another object of the invention and re-
ferring particularly to the aerofo’l features
of thé disclosure-isto provide a stream lined
unit, the surface of which will be in'one piece
and the exterior surface of which will be
defined by the smooth surface characterizing
metallic deposits-“when: formed electrolyti-
cally. W WASR TR

Referr'ng to the structural features of the
disclosure an object of the invention is to
provide a simple form of reinforced, hollow
structural unit, fabricated from units which
are also hollow and all of which units are
designed to resist the distorting action of
strains to which such units are subjected
while in use, and which units as a whole will
be formed of less material and therefore
lighter than similar constructions now
known.

Various other objects and advantages of
the invention will be in part obvious from
a consideration of the method features of
the dsclosure and from #n inspection of the
accompanying drawings, and in part will be
more fully set forth in the following par-
ticular description of one method of prac-
ticing the invention and in the inspection of
an aeroplane embodying certain mechanical
features of my invention, and the invention
also consists in certain new and novel modi-
fications of the preferred method and other
features of construction and combination of
parts hereinafter set forth and claimed.

In the accompanying drawing there is
illustrated in diagrammatic form an aerc-
plane illustrating an instrumentality by
means of which the method aspect of the in-
vention may be practiced and also illustrat-
ing a preferred embodiment of the mechani-
cal aspect of the invention.

Figure 1 is a view partially in perspec-
tive of an aeroplane with parts of one of
the wings and parts of the fuselage broken
away to show internal construction of an
aeroplane fabricated by following the meth-
od hereinafter described; = -

Figure 2 is a view in side elevation of one
of the wing reinforcement units; :

Figure 3 is an enlarged sectional view of
the corresponding parts shown at the right
hand side of Figure 2 with parts broken
away to show the hollow. character of the
component parts; and -~ -

Figures 4 and 5 are each detailed trans-
verse sectional views taken respectively on
the lines 4—4 and 5—5 of Figure 2.

In the following description and in the
claims, parts will be identified by specific
names for convenience of expression but they
are intended to be as generic in their appli-
cation to similar parts as the art will per-
mit. L

In its general outline it is intended that
the seroplane. illustrated in Figure 1 fol-
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lows conventional design and include lat-
erally extending wings 10 and 11, a longi-
tudinally extending fuselage 12 therebe-
tween and with vertically disposed hraces
13 to connect with other associated struc-
tures, such as another similar plane where
the device is intended to illustrate a bi-plane.

Referring either to the fuselage or to
the wings, or even to the struts, it is to be
understood that cach of these component
elements are separately formed as herein-
after described, assembled in their proper
relative position and subjected as a whole
to the metal depositing action of an elec-
trolytic tanl, so that there is finally formed,
a unitary, one piece shell covering what-
ever may be desired of the entire structure.

Referring first to the wings 10 or 11, it
will be noted that they are of similar con-
struction and each includes three tubular
members or rods extending transversely of
the plane as a whole and longitudinally of
its associated wings and numbered from
front to rear, 14, 15 and 16. 'These members
are circular in cross section and of varying
diameter to meet the requirement of strains
which they are designed to meet. "These
rods are formed by depositing on a suit-
able former, such as celluloid rod of the
proper diameter, a coating .of material, such
as graphite or metal to prepare the surlace
to receive the coating of metal deposited
thereon by the.action of an electrolytie tank.
The celluloid rod so coated is positioned in
a tank, preferably containing nickel or cop-
per. electrolyte,
sired metal is permitted to form on the
¢ylindrical surface
found in practice that this deposit can be
extremely thin and it is heremn suggested
that a thickness of 0.0003 inches be formed.
By gently heating the coated rods after they
have been removed from the electrolytic
tank, the coating and metallic shells will ex-
pand sufficient to permit the withdrawal of
the celluloid rods edgewise from the formed
tubing. ‘ :
~ It is noted that the fuselage 12 is provided
with an internal reinforcement 17 which
includes a plurality of parallel longitudi-
nally extending hollow tubes 18, which are
not circular in cross section as is the case
of the tubes used in the fabrication of the
reinforcement for the wings. The tubes 18
are formed on a suitably shaped celluloid
former in the same manner as has been de-
scribed for the formation of the cylindrical
reinforcing members and in general it will
be understood that the several structural
parts will be started on permanent formers
whenever possible.

Reverting to the description of the wing
reinforcement, it is noted that a plurality
of longitudinally extending frames 20 are
mounted in transversely spaced relation on

and a thin shell of the de--
of the rod. It has been

1,674,041

“the rods 14, 15 and 16. For the most part

these frames are each formed of a pair of
spiders arranged in tandem with one spider
91 carricd on the tube- 15 and' the other
spider 22 similarly mounted on the tube 16. 70
These spiders are formed as separate units
and afterwards mounted on the tubes as
hereinafter described.

In forming these spiders and in fact in
forming any other unit having an irregu- 15
larly shaped configuration which does not
permit of the endwise withdrawal of the
former, suitable castings are prepared to
give the desired configuration. These cast-
ings are preferably formed:of a non-con- 80
ducting and easily meltable substance,
such as wax. The wax formers are first
treated by covering the same with graphite
in order to receive an electrolytically de-\s
posited metal and are then positioned in 88
the electrolytic tank and subjected to the

deposition of a thin coating of nickel or
copper. A deposit of the desired thickness

is permitted to form on the prepared former
and after suitable apertures have been made 90
in the shell so formed, the units are gently
heated to permit the wax to melt and drain
therefrom.

1t is preferable in designing all of the
units to form the same in so far as is possi-
ble with rounded edges and in this connec-
tion it is noted that the cross section 23 of
the spider is elliptical as noted in Figure 5.
Making the units of greater depth than
width has been found to be particularly
efficacious in withstanding the strains im-
posed by wind pressures on the aerofoils
and it is suggested that the different parts
be disposed with their major axes in the
plane of the line of thrust on the aerofoil.

In addition to the spider shaped reinforc-
ing units certain other units may be used
and as an illustration reference is made to
vertical post 24, which due to the fact that
that it is opened at opposite ends may be
formed on a fixed shaped former such as the
celluloid mentioned in the formation of the
other tubes. . '

The wing reinforcement is outlined, top
and bottom, by an upper convexedly shaped
streamn line strut 25 and a lower slightly
concaved stream lined strut 26 meeting at
the tail end 27 to form the convenional con-
ficuration usual in wing constructions of
aeroplanes. ,

The reinforcement for the wing is fabri-
cated by assembling the necessary number
of longitudinal frames on the tubes 14, 15
and 16 This is done by slipping the spiders
21 in spaced relation along the rod 15, and
the spiders 22 in similar relation along the
rod 16, with a spider 21 in alignment with
a spider 22. The frame formed by the-
struts 25 and 26 are located in the plane
of their respective spiders and enclosing the
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same with the open end containing- the for-

ward tube 14. In order to .prevent acci-

dental slipping of the parts when so located .

it is suggested that they be temporarily se-
cured in place which can be done most con-
veniently by spot-welding the parts at one
or more -points along their lines of jointure.
The wing reinforcement thus fabricated is
positioned in an electrolytic bath preferably
of nickel and a metal deposit permitted to

enclose -the parts in a thin shell 35. This

enclosing shell acts not only to form a one
piece, homogeneous surface over the several
parts of the frame but acts additionally to
secure the parts in fixed position. There is
effected an electrolytic welding of the parts

‘In position to form the skeleton reinforcing

frame... = : _ }
- In the instant case the fuselage:is formed
of a series of circular hollow rings 28 dis-
posed in parallel- and spaced apart longi-
tudinally on the tubular members 18. These
circular members-28 are formed . similar to

. the manner described for the formation of
‘the spiders.

4 A circular wax form is molded
and which wax form -is preferably per-

forated so that the resulting units will be

provided with apertures 29 extending there-
through and -additionally assisting to give
rigidity to the structure and tend to defeat
the - distorting action of  bending stresses.

The wax form is coated with graphite, de-
posited in an electrolytic bath and a coat--

ing- 38, preferably of nickel, forms on the

" 35 exposed surface. -'The form.is heated and

-
<

40

t_hrougfh suitably- formed wax .outlets and
air-inlets the wax or other material used in

‘molding the former is drained from the

resulting hollow, ring like reinforcing ele-

.ment shown at 28.

In assembling the frame for the fuselage
the reiriforcing members 18 are set into re-
cesses 30 formed in circumferentially spaced

.apart position on the outer periphery of the

ripz 28 and are tempora.rily secured pref-

erably by means of spot welding as hereinbe-

- 50

-fore sug

. In erder to form a keyway
for locking the final coating shell to the rein-

. forcement it. is suggested that the outer side

of certain of the units, such as tubes 18 and
the struts 25 and 26 be provided with a lock-

ing groove 31 preferably of the dove tail

" form shown in Figure 4. This groove is
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- provided with a constricted throat 32 but is

of sufficiently large cross section to permit
the formation of the final metal skin coat-
ing to extend into the groove.

" Any other structural unit necessary -to

form the complete article is similarly con-.

structed. The fundamental constituent part
being formed by electrolytic deposition on
a smtably shaped former; the several -parts
assembled in. their proper coordinated rela-
tion and the units so assembled coated by the
depositing action of an electrolytic bath:

'3

There is finally - formed a plurality of
parts constituting the major. units .of the
aeroplane, automobile, house or other struc-
tural unit -to which the application of the
methods herein -deséribed is applicable,
These major units are then assembled in
their proper relative position and are teni-
porarily fastened together as by welding.

In the instant case the reinforcements for

the wings 10 and 11 are disposed on op-
posite sides of the reinforcements for the

gecured. - In order to give form to the outer
skin in the completed article, the interstices
and other spaces between the units forming
the several skeleton reinforcemeénts are filed

with a readily removable former such as.

wax. For instance, the spaces 33 between
the reinforcements in the wing and the
spaces 34 between the reinforcements in the
fuselage are filled with wax and the exposed

-side surfaces shaped to the configuration de-

sired of the resulting enclosing shell. - The

reinforcing frame thus. filled with wax .is

prepared to receive a coating of metal de-
posited by electrolytic reaction as by coat-
ing with graphite. To suggest” a method
differing from the method hereinbefore sug-
gested of coating the wax with graphite, 1t
is suggested in this case as an alternative,
that the entire assembly be sprayed or other-
wise. coated with an extremely thin coating
36 of metallic silver. On the grounds of
economy it is necessary to make this silver
sheet extremely thin, and merely suflicient
to maintain electric contact over the entire
surface. - In actual practice a-thin film of
metallic silver -almost invisible has been
found to be-sufficient. '

The entire aeroplane thus formed is posi-
tionied in a large sized electrolytic tank and
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fuselage .12 and the reinforcing units are .
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a metallic deposit 37 preferably of copper

is permitted to form on the silver or other
surface prepared to receive it and this cop-
per shell covers and thus encloses the entire
exposed surface. The electroplating action
is continued.until the desired thickness of
metal is formed after which the completed
aeroplane is heated to pérmit the wax, or
other substance used in the former, to melt
or drain from the enclosing shell as has
been suggested in the detailed description
of forming the smaller units of the con-
struction. T ' ‘ .
It is noted that by following the method
herein disclosed. there is provided a hollow.

internally reinforced structural unit formed

in its entirety or substantially in its en-

tirety of thin layers of electrolytically de-.

posited metal. A structure is formed which
is designed to be of light weight and yet

" formed to withstand powerful distorting
The structure is formed solely of -
-metal shells, substantially of cardboard

strains.

thickness. There are no rivets or other -fas-
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tening devices used. The exposed surface
has the smoothness of polished metal and
this is formed without any polishing or fin-
ishing operation whatsoever. There is also
provided in.the case of the aerofoil illus-
trated a stream lined surface formed of
metal having an extremely low coeflicient
of frictional resistance to the air. The out-
lining surface is homogenous, continuous
and of a pleasing artistic appearance.

In its application to an aeroplane, auto-
mobile or other light vehicle, there is formed
an extremely light, rigid, all metal construc-
tion having enclosul within its outlining
surfaces a skeleton, reinforcing frame pro-
viding all necessary rigidity and with all
parts positively secured in their preset rel-
ative positions. .

While I have shown and described, and
have pointed out in the annexed claims, cer-
tain novel features of my invention, it ‘will
be understood that various omissions, sub-
stitutions and changes in the form and de-
tails 'of the device illustrated and in its
operation may be made by those skilled in
the art without departing from the spirit
of the invention. -

Having thus described
claim :—

1. In the art of forming thin shell, hol-
low metallic reinforced structural units, the
method which consists in forming a plu-
rality of hollow reinforcing members by
electrolytic deposition of metal on suitable
formers, removing the formers, assembling
the members in corelated position to form a
skeleton reinforcing frame, temporarily se-
curing the members in such position, sub-
jecting the frame to an electrolytic depo-
sition to completely enclose the members in

my invention, I

a homogeneous, continuous and thin film of’

metal which acts additionally to secure the
members permanently in their present po-
sitions, assembling a plurality of such frames
in spaced relation, temporarily filling the
spaces therebetween with a removable form-
er, covering the frame and former with a
thin coating of electrolytically deposited
metal, and removing the former.

2. In the art of forming thin shell, hol-
low metallic reinforced structural units, the
method which consists in forming a plural-
ity of hollow reinforcing members by elec-
trolytic deposition of metal on suitable
formers, removing the formers, assembling
the members in corelated position to form a
skeleton reinforcing frame, temporarily se-
curing the members in such position, sub-
jecting said frame to an electrolytic deposi-
tion to completely enclose the members in
a homogeneous, continuous and thin film of
metal which acts ‘additionally to secure the
members permanently in their preset posi-
tions, assembling a plurality of such frames
in spaced relation, temporarily filling the

1,674,941

spaces therebetween with a removable for-
mer and covering the frame and former with
a thin coating of electrolytically deposited
metal. . ) ‘

3. In the art of forming thin shell, hollow
metallic reinforced structural units, the
method which consists in forming a plural-
ity of hollow reinforcing members by elec-
trolytic deposition of metal on suitable
formers, removing the formers, assembling

the members in corelated position to form

a skeleton reinforcing frame, temporarily
securing the members in such position, and
subjecting the frame to an electrolytic de-
position to completely enclose the members
in a homogencous, continuous and thin film
of metal which acts additionally to secure
the members permanently in their preset
positions, :

4. In the art of forming thin shell, hol-
low metallic reinforced structural units, the
method which consists in forming a plural-
ity of hollow reinforcing members by elec-
trolytic deposition of metal on suitable
formers, removing the formers, assembling
the members in corelated position to form
a skeleton réinforcing framne, temporarily
securing the members 1n such position, sub-
jecting the frame to an electrolytic deposi-
tion to completely enclose the members in a
homogeneous, continuous and thin film of
metal which acts additionally to secure the
members premanently in their preset posi-
tions, assembling a plurality of such frames
in spaced relatlon, temporarily filling the
spaces therebetween with a removable form-
er and covering the frame and former with
a thin coating of electrolytically deposited
metal, said coating being connected electro-
lytically to the frames. '

5. In the art of forming a reinforced, hol-
low structural unit, the method which con-
sists in assembling in their proper relative
position the rejn?m-cing elements .of said
unit, welding the same to temporarily secure
them in such relative position, forming with-
in-the outlines of the ussembly so formied a
temporarily ountlining surface to define the
configuration of the final surface, depositing
a layer of metal on said temporary surface
to coat the same, subjecting the assembly so
coated to the metallic depositing action of
an electrolytic bath to cover the temporary
outlining surface and to enclose the reinforc-
ing assembly.

6. In the art of forming a reinforced, hol-
iow metal structure, the method which con-
sists in-filling the interstices of a hollow re-
inforcing frame with a removable former
shaped to define the configuration-of the de-
sired final outlining surface, coating said for-
mer surfice with a metallic coating, subject-
ing the surface so coated to the metal deposit-
ing detion of an electrolytic bath and remov-

'_ing the temporary foriner. .
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7. In the art of forming a reinforced, hol-
low metal structure, the method which con-

-sists in filling the interstices of a hollow re-

inforcing frame with wax, while leaving
some of the frame exposed, coating the ex-
posed surface of the wax with a metallic
coating, subjecting the assembly so formed
to the metal depositing action of an electro-
lytic bath, and heating the resulting struc-
ture to remove the wax.

8. In the art of forming hollow internally
reinforced structural units, free of fastening
means, the method ahich consists in assem-
bling a skeleton reinforcing frame, filling the
interstices thereof with a moldable former
shaped to give the configuration desired of
the resulting structure, treating the former
surface to receive a metal coating by electro-
lytic deposition, subjecting the assembly so
formed to the metal depositing action of an

" electrolytic® bath to form a metal layer se-
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cured electrolytically to the frame, and re-
moving the former.

9. In the art of forming stream lined aero-
foils, the method which consists in providing
a sultable reinforcement, filling the spaces
within the reinforcements with a former,
subjecting the same to the metal depositing
action of an electrolytic bath to form a one

‘piece thin metal shell of the desired configu-

ration enclosing the reinforcement, and pre-
senting an external stream line surface free
of projections and fastening means.

10. In a structural unit, the combination of
a fabricated internal reinforcement compris-
ing hollow component parts electrolytically
welded and a covering of electrolytically de-
posited metal connected to the reinforcement.

11. An aerofoil having a wind pressure re-
ceiving surface formed of copper, deposited
electrolytically on a layer of silver.

12. In an aeroplane, a fabricated hollow
structural part thereof including a plurality
of units cooperatively associated to perform
their intended functions, certain of said units
being hollow, and the entire structure being
formed integrally in one metallic piece.

13. In a device of the class described, the
combination of an internal metallic rein--

. Mo .

forcement of skeleton form and 'an enclosing
metallic shell of electrolytically deposited
metal, -the enclosing shell being electrolyti-
cally welded to the reinforcement incidental
to its disposition and being otherwise free of
fastening means.

14. A structural unit including a metallic

bu
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skeleton, internal reinforcing frame, a one

piece metal shell enclosing the reinforcement,
said shell being of electrolytically deposited
metal, one piece, free of fastening means,
smooth on its outer side and connected inte-
grally with the skeleton franie to secure the
parts thereof in their present relative posi-
tions.

15. A hollow acrofoil comprising a plu-
rality of component parts each complete per
se and constituting a fabricated metallic rein-
forcement and an enclosing thin shell of elec-
trolytically deéposited metal acting to secure
the parts in fixed position relative to each
other and thus cause the component parts
forming the metallic reinforcement to brace
themselves vertically.

16. A hollow aerofoil having hollow inter-
nal reinforcing elements and having its ex-
posed surface defined by a one piece homoge-
neous coating of electrolytically deposited
metal and having such rigidity as character-
1zes aerofoils used in aéroplanes.

17. An aerofoil including an internal rein-’

forcement and an outlining shell both foriaed
of copper electrolytically deposited and elec-
trolytically welded. :

18. An all metal aeroplane including inter-
nal reinforcements and an outlining shell en-
closing the reinforcements, said outlining
shell being formed of a layer of electrolyti-
cally deposited metal.

19. A one piece aeroplane comprisingi a

pair of laterally extending wings and a lon-
gitudinally extending fuselage therebetween
constituting an integral structure formed of
electrolytically deposited metal.

Signed at New Yorkcity,in the county of
New York and State of New York this 18th
day of April A. D. 1925. ’

BLASIUS BART.
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