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The present invention relates ‘generally ‘to reinforced
metal enclosures and panels, and more particularly to an
improved reinforced construction formed of ‘bonded
structural members.

A principal object of this invention is to provide metal
“enclosures and panels which are easily assembled to form
ngxd structures capable of resisting racking forces, bend-
ing moments in various planes, and other destructive
‘forces such as occur, for example, in shipment. Enclo-
“stires .of this type are useful as storage and shipping
crates, especially for delicate mechanical apparatus or
:materials sensitive to. environmental conditions such -as

‘humidity, electrostatic fields, fungus and gaseous ingredi- '

ents of the atmosphere.

.- The inherent properties of metal are well suited to the
-requirements of certain spec1ahzed types of storage and
shipping crates and boxes.” It is impervious to moisture
‘and resistant to fungal growth. It will not warp under
conditions of moisture, and in the case of certain metals
such as aluminum, it is slow.to oxidize and the -oxide
itself tends to form a protective layer to-slow down further
oxidation. . Also, as compared with other materials; metal
_has great strength,.and in the case of certain metals suit-
“gble ‘for crating and.boxing, such as aluminum, it is
_resilient and hence well adapted to a‘bsor‘b mechanical
shocks.

. Another obiject .of this invention is to provide an en-
‘closure having strength in the central region of each side
panel as well as. along the edges thereof. :

-A further ob]ect is to provide-a form of assemb‘ly that
‘does not require the usual bolts, screws, rivets, clamps,
tabs, .or.other form of mechanical fastening means which
Jatter are ordinarily adapted .to’ cooperate .with registered
holes, slots, ribs or edges of the component .members.
By this means, it is desired to eliminate the problems of
prec1s1on in" manufacture that -are attendant ‘upon. the
“necessity for. accurate registration of .the parts to permit
“the fastenings to be applied.
~Still_another object closely, relaied to the. foregomg 1s
to provide a fully sealed enclosure having no holes or
other openings to allow- the penetration of moisture or
other.atmospheric ingredients.
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- 'With the foregoing and-other objects in v1ew, the fea-

tures.of the invention include the provision of reinforcing
structural members having slots .of an improved form and
_adapted to:be assembled- as a framework with the'use of
gussets received in the slots and bonded thereto.

" Another feature is the provision of a reinforcing struc-
.tural framework of the foregoing type having provision
for assembly therewith of metal wall sheets similarly re-
_ceived in and bonded . to the slots in the structural frame-
work to complete the enclosure.

", Other features of the invention relate to certa.ln features
“and ‘modes of construction and arrangements of the parts
which will be more clearly understood with reference to
.the followmg description of a preferred embodiment and
;certaln variants thereof as ﬂlustrated in the .appended
“drawings, inwhich - "
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: umted with girth members 30 and 32 by four gussets 34
36, 38 ‘and 40, These gussets are inserted ‘and: bonded

2

Fig. 1 is an oblique view .of a completed box according
to the mven‘uon,

Fig. 2 is a fragmentary elevation in transverse section
of a-frame member and an associated :gusset or wall sheet
showing details of the preferred form of slot;

Figs. 3 to 5 are elevations similar to Fig. 2 showmg
alternative forms of:slots;

Fig. 6 is an elevation in section taken on line 6-—6 of
Fig. 1 showing the interrelationships of frame members,
gussets, and wall sheets;

Fig. 7 is an elevation at right angles to that of Fxg 6
and taken on line 7—-7 theréof;

Fig. 8 is a view similar to Figs. 2 t6 5 showing a third
alternative form of slot;

Fig. 9 is a fragmentary side view of a gusset or wall
sheet -adapted for insertion in the slot of Fig. 8; and

Fig. 10.is a fragmentary side view of a sheet of alter-
mative form for insertion in the slot of Fig. 8.

Referring te Fig. 1, there is illustrated .an assembled
enclosure 12 having visible frame members including edge
members such as 14 and girth members such as 16, assem-
bled with a plurality -of wall shests -18.. The frame
members and wall sheets are of metal, the sheets prefer-
ably being of relatively thin gauge sufficient to resist tear-
ing upon ‘accidental abrasion or denting. = The frame
members are preferably extruded with right-angle ‘and
1 ‘cross-sections and ‘are of heavier gauge.to impart the
necessary strength to the enclosure against racking and
twisting Torces, as for example ‘those which are imparted
when the enclosure is suddenly turned over or dropped
upen an edge while loaded with heavy contents.. It will
be observed that the enclosure is of neat. appearance,
having substantlally smooth-outer walls entirely of metal,
with ‘no .openings for penetration of moisture or harmful
atmospheric gases.

The construction of the enclosure 12 of Fig.. 1 may be
understood from “an examination of Figs. 6 and 7. . As
stated above, the frame members are of two types, the

“edge members such as 14 having a rlght-angle section,

and the girth members ‘such as 16 being. in the form ,of
T-beams. The edge and girth- members are, preferably
extriided in the shapes illustrated; or, if deSIred the edge
members may be formed from sheet stock, cut to s1ze and
‘bent to form angle members.,

A 'number of edgé slots 20 hereinafter descnbed in
more: complete - detail, are formed throughout the length
of each edge and girth member, there being .two edge

*slots in each edge member and four in each girth member.

In addmon each girth -member .has a slot. 22 extending
into the stem portion of the I-section at nght angles to
the slots 20.

Associated with the slots 20. and 22 are sheet metal
gussets -of right triangular shape,.these gussets providing
the means for joining the girth members together. Thus,
as 'viewed in Fig. 6, girth members 16.and 28 abut along
a line 39 and are joined by a gusset 24 inserted in their
respectlve slots 22.  The gusset is held in the slots by.a
suitable adhesive or bonding. material of flowable form
which fills the voids in the slot adjacent.the sides .of the
gusset and sets or hardens to adhere firmly. to the. metal
surfaces in contact therewith. . For the adhesive use is
preferably made of a conventional, epoxy_ resin formula-
tion, but it will be understood that any. one of .a variety
of alternative formulations may_be used. The depth of
the slots is preferably sufficient to provide ‘a bond. of a
strength equal to that of the gusset, and depends on. the

“‘bonding strength of the adhesive.

The ‘union, of girth members at points Dther than the
edges of the enclosure is also-effected by gussets. . Thus
for ‘example, ‘as shown in Fig. 7 the girth member. 28 is
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[into the slots 20 of the respective girth members on.the
inside of the enclosure.

It will be recognized that a feature of the gusseted con-
struction hereinabove described is that it provides a
joint capable of transmitting bending moments in ‘both
tpe horizontal and vertical ‘directjons, The I cross-sec-
tions provide substantial strength against bending moments
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with a minimum weight of metal. Also, any forces tend-

ing to change the angle at which any two girth members
are joined are resisted by the gussets and bonded joints.
- Tt will also be understood that the initial step in assem-
bly of the enclosure 12 consists in uniting the girth mem-
bers as described above to form a framework. Once the
.girth members are joined, the wall sheets 18§ may be in-
serted in the exposed outer edge slots 20, and bonded there-
to as described above with reference to the framing gus-
sets. To this end the sheets are first inserted in the
slots 20 of the girth members, and then the edge mem-
bers are fitted to the sheets by flexing the latter outwardly
as required. A comparison of Figs. 6 and 7 will reveal
that each girth member which overlies another at a corner,
as for example the member 16, is cut off and relieved to
fit closely with the edge member when assembly is com-
pleted. '
A more detailed description of the technique of bond-
ing the framing members to one another and to the sheets
18, in accordance with this invention, is as follows, Fig.

2 illustrates a preferred form of slot 42 in a typical frame °

member 44, joined with a typical gusset 46. The wall
sheets 18 are preferably received in and bonded to slots
of the same form as that illustrated, and in substantially
the same manner. The slot 42 is preferably initially
formed. by extrusion with substantially parallel = sides.
Prior to assembly with the gusset, a predetermined quan-
tity of bonding liquid per unit length of slot is distributed
uniformly therein, this quantity being approximately equal
to the void space per unit length that results after full in-
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sertion of the gusset. Then, the sides of the slot are com- " °

pressed to the shape illustrated, thereby forming an open-

ing 48 slightly wider than the gauge of the gusset.
When the gusset is inserted it presses into the adhesive,

which flows apwardly along both sides of the sheet. If

40

a small excess of adhesive has been provided, it cozes out

at the top of the slot and forms fillets 50, as illustrated.

It will be appreciated that in assembly it is not always
possible to keep the parts in perfect alignment as they are
pressed together. Thus the gusset may enter the slot at a
slight angle, entrapping the larger portion of the adhesive
onone side. This tends to cause the adhesive to flow more
rapidly along that side toward the opening 48. However,
the restriction at the opening is sufficient to arrest the ad-
“hesive, which is ordinarily of viscous, glue-like consistency,
thereby tending to accelerate the flow of adhesive up the
other side. Thus the joint is firm due to the uniform
.distribution of adhesive on both sides of the gusset, and
‘clean due to the restriction at the opening 48 of the slot
which prevents excessive extrusion and loss of adhesive.

Fig. 3 jllustrates and alternative form of slot 52 in a
frame member 54, joined with a gusset 56.  The slot 52
is substantially straight-sided except near its opening 58.
It may be sawn or extruded as a straight-sided slot slightly
wider than the thickness of the gusset, and its edges may
‘then be pinched together to form the opening 58 approxi-
mately equal to the thickness of the gusset 56. If the slot
is formed by extrusion it may have the narrow opening
58 imparted to it in that process. This opening provides
a tight bond with negligible loss of the bonding liquid

through extrusion from the opening of the slot in as-’

sembly.

Prior to insertion of the gusset 56 into the slot, a pre-
determined quantity of bonding liquid per unit length of
the slot is distributed uniformly in the slot, this quan-

_tity being substantially equal to the void per unit length
"resulting after full insertion of the gusset. The mecha-
; nism by which 2 uniform distribution of liquid is insured
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- described.
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may be understood by assuming that the gusset 56 is in-
serted at an angle to the slot 52 as illustrated by phaiitom
lines 60. This tends to trap the greater part of the liquid
on one side of the gusset, and as the gusset is forced to-
ward the bottom of the slot the volume of void space on
this side is reduced. Because the opening 58 fits the
gusset and because of the viscosity of the liquid it can-
not escape in any substantial quantity. - The result is that
the liquid tends initially to flow longitudinaily of the slot
and to be equally distributed therein while all entrapped
air is allowed to escape around the ends of the gusset
or through the opening 58. When the liquid completely
fills the space available, further insertion of the gusset
is prevented unless and until it has rotated in the direction
of the arrow F, in which case the liquid is allowed to flow
to the other side of the slot and to become equally dis-
tributed on both sides of the gusset. Thus insertion may
be completed in this case only if the liquid is allowed
to be evenly distributed, that is, only if the gusset is rotated
in the slot as force is applied. T

Fig. 4 illustrates another alternative form of slot 62

-which is similar to the slot 52, except for the addition of

indentations 64 at intervals along its length. These in-
dentations provide inward projections 66 whereby rota-
tion of the inserted gusset as described with reference to
Fig. 3 is produced automatically by the force of insertion
due to the tendency of the projections to centralize the
inserted member and thereby to allow the liquid to flow -
equally to both sides of the gusset, . - -

Fig. 5 shows another form slot 68 having an enlarged
bottom portion 70 which facilitates equalizing flow of the
liquid between the two sides of the gusset. '

Fig. 8 illustrates still another alternative form of slot
72 which is similar to the slot 52 (Fig. 3) except. that it
is provided with tapered bottom wall portions 74. In
this embodiment the tapered wall portions 74 tend to
centralize an inserted gusset 76. The gusset is preferably
provided with an uneven or wavy edge 78 as illustrated in
Fig. 9, or holes 80 as illustrated in Fig. 10, to facilitate
flow of the bonding liquid.

In the embodiments of Figs. 3 to 5 and 8 the opening
of the slot is approximately equal to or slightly greater
than the thickness of the gusset to be inserted, as in the
embodiment of Fig, 2. T

Panels and enclosures constructed according to ‘the
teachings of this invention are of superior strength and
light weight and may be fabricated at minimum cost due
to the efficient structural design and equalized distribution
of applied forces and moments in various planes. The
enclosure is neat in appearance and tight due to the im-
proved slotted and bonded construction. as hereinabove

Having thus described the invention, I claim:

1. An enclosure having a self-supporting framework
including at least two generally rectangular girth assem-
blies composed of I-cross-section members having gen-
erally flat parallel portions, each of said members hav-
ing a slot in an edge surface of one of the generally flat
parallel portions thereof, said girth assemblies being
perpendicular to one another and intersecting at their

_respective mid-points, respective slots being disposed in

mutually -perpendicular, substantially co-planar relation-
ship, a number of gussets of substantially uniform thick-
ness inserted in the slots of said members to join them in
abutted relationship, a flowable bonding material sub-
stantially filling the void between each gusset and the
walls of its associated slot, the opening of said slot not
being appreciably wider than the thickness of said gus-
set, and each slot having a portion appreciably wider
than its opening to facilitate the flow of said material to
both sides of the gusset upon insertion thereof in the
slot. Lo . -

2. In a reinforced metal enclosure a sub-unit includ-
ing an I-beam frame member comprising two pairs. of
substantially parallel, spaced flange portions  disposed
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at right angles to a common central portion, a slot dis-
posed in the edge surface of each of said flange portions

filling the void between the sheet member and the walls
of each slot, each of said slots having a portion appreci-
ably wider than its opening to facilitate the flow of said
material to both sides of the sheet upon insertion there-
of in the slot.

3..In a reinforced metal enclosure a structural sub.
unit including a pair of frame members having identical
I-beam cross-sections, each of said frame members com-
prising two pairs of substantially parallel, spaced flange
portions disposed at right angles to a common central
portion, a slot disposed in the edge surface of each of
said flange portions parallel to said flange portion; said
frame members abutting each other at right angles to
form pairs of corresponding flange slots, the slots of
each of said pairs being disposed in mutually perpendicu-
lar, substantially co-planar relationship, a thin sheet
member of substantially uniform thickness correspond-
ing to each of said slot pairs, mutually perpendicular
edges of each of said thin sheet members being disposed
in the respective slots of its corresponding pair, each of
said slots having an opening slightly wider than the thick-
ness of said sheet member to admit the latter, a body of
flowable bonding material substantially filling the void
between the sheet member and the walls of each slot,
each of said slots having a portion appreciably wider
than its opening to facilitate the flow of said material
to both sides of the sheet upon insertion thereof in the
slot.

4. The structure of claim 3 wherein the sheet members
disposed in the respective slots of each pair of spaced
flange portions comprise a cover sheet and a triangular
gusset sheet respectively,

5. In a reinforced metal enclosure a structural sub-
unit including a pair of frame members having identical
I-beam cross-sections, each of said frame members com-
prising two pairs of substantially parallel, spaced flange
portions disposed at right angles to a common central
portion, at least one slot disposed in the central portion
of each of said frame members substantially perpendicu-
lar to said flanges, said frame members abutting each
other at right angles to form pairs of corresponding
central portion slots, the slots of each of said pairs
being disposed in mutually perpendicular, substantially
co-planar relationship, a thin sheet member of substan-
tially wniform thickness corresponding to each of said
slot pairs, mutually perpendicular edges of each of said
thin sheet members being disposed in the respective slots
of its corresponding pair, each of said slots having an
opening slightly wider than the thickness of said sheet
member to admit the latter, a body of flowable bonding
material substantially filling the void between the sheet
member and the walls of each slot, each of said slots
having a portion appreciably wider than its opening to
facilitate the flow of said material to both sides of the
sheet upon insertion thereof in the slot.
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6. In a reinforced metal enclosure a structural sub-
unit including a frame member having an Y-beam Cross-
section, said frame member comprising two pairs of sub-
stantially parallel, spaced flange portions disposed at
right angles with respect to a central portion, a slot dis-
the edge surface of at least one of said flange

perpendicular flange portions, a slot disposed in the edge
surface of each of said last-recited flange portions, said
edge member being positioned at right angles with re.
spect to said frame member, one slot of sajd edge mem-
ber being disposed in mutually perpendicular, substan-
tially co-planar relationship with the slot of said -frame
member, a first thin sheet member of substantially uni-
form thickness having
thereof disposed in said
an - opening slightly wider than the thickness of said
sheet member to admit
bonding material substantially filling the void between
the sheet member and the walls of each slot, each of
said slots having a portion appreciably wider than its
opening to facilitate the flow of said material to both
sides of the sheet upon insertion thereof in the slot.

7. The structure of claim 6 and further comprising
substantially identical in con-
struction to said first recited frame member, said second
frame member being positioned at right angles to sajd
first recited frame member and to said edge member so
that a slot of said second frame member is disposed in
mutuoally perpendicular, substantially co-planar relation-
ship with the other slot of said edge member, a second
thin sheet member of substantially uniform thickness
having mutually perpendicular edges thereof disposed in
said last-recited slots and bonded therein in identical
manner to the bonding of said first sheet member.

8.. The structure of claim 7 and further comprising a
slot in the central portion of each of said frame mem-
bers, said central portion slots being disposed in mutn-
ally perpendicular substantially co-planar relationship,
each of said central portion slots being identical in con-
struction to the flange slots of its frame member and
being disposed at right angles thereto, a third thin sheet
member of substantially uniform thickness having muty-
ally perpendicular edges thereof disposed in said central
portion slots and bonded therein in identical manaer to
the bonding of said first and second sheet members,

References Cited in the file of this patent
UNITED STATES PATENTS

994,128 Corliss —.____________ June 6, 1911
1,377,341 Hansen ____________ May 10, 1921
1,972,396 Woroniecki __.__.________ Sept. 4, 1934
2,162,271 Munters __._____._____ June 13, 1939
2,275,426 Gray .o ______ Mar. 10, 1942
2,457,002 Spiro _______________ Dec. 21, 1948
2,720,332 Holt .______________ Oct. 11, 1955
2,737,266 Gross ________________ Mar, 6, 1956

FOREIGN PATENTS
699,006 Great Britain __________ Oct, 28, 1953
329,229 Germany ______.________ Nov. 16, 1920




