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The invention relates principally to the struc-
ture and to the making of a sealed seam (. e.,
fluid- and dust-proof) attachment of a corru-
gated sheet metal member to another metal
member along a margin traversing the corruga-
tions.

More specifically, the invention relates to
sealed seam connections between an outer corru-
gated skin or sheathing and adjoining members
of vehicle bodies, especially railway cars, high-
way trailers and the like.

An object of the invention is to obtain a con-
nection or -attachment of the indicated type
which is truly Auid- and dust-tight, which is de-
pendable ang durable, which can be made con-
veniently on a preduction basis and which, above
all, avoids the neecessity of using solder, with its
many drawbacks.

The objects and advantages of the invention
are achieved through the attachment of the lo-
cally flattened corrugations to the underlying
member by a continuous electric resistance seam
weld which not only unites the directly contacting
surfaces cf the corrugated sheet and the under-
lying member but also unites the reversely bent,
flattened wall portions of the corrugations with
each other by a substantially homogeneous, con-
tinuous zone of fused metal.

The manner in which the above and further
features, objects and advantages of the invention
are achieved is fully disclesed in the attached
drawing and the following detailed description.

In the drawing:

Figure 1 is a small-scale diagrammatic side ele-
vation of the end region of a railway car having
g corrugsted metal roof sheathing;

Figure 2 is an enlarged fragmentary view of
the region surrounded by the dot-and-dash line
2—2 of Figure 1;

Figure 3 is a fragmentary section, on a still
larger scale, along line 3—3 of Figure 2;

Figure 4 is a fragmentary perspective view of
cne corrugation and the underlying structure
prior to the establishment of the sealed seam;

Pigure b is a fragmentary section along line
5—5 of Figure 4 and a diagrammatic side view of
a spot welding electrode;

Figure 6 is a diagrammatic, partly sectional,
view along line 8—§ of Figure 5 illustrating the
sequence of cerfain initial welding operations:

Figure 7 is o fragmentary section taken along °

line 7—7 of Figure 2;

Figure & is a perspective diagrammatic view
corresponding to Figure 4 showing the completed
joint between the corrugated sheet and the un-
derlying member;
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Figure 9 is a section along line 8—§ of Figure
7 through the completed sealed seam along its
longitudinal extent; and

Figure 10 is a fragmentary perspective view
corresponding to Figure 4 but illustrating a mod-
ification of the flattening of the corrugations.

The railway car body illustrated in the draw-
ing has a roof skin or sheathing 15 of longi-
tudinally corrugated sheet metal secured at its
ends to a shear panel 1§ of fiat stock and an
end wall panel IT reinforced peripherally by
angle-section rails 18 and {9 which support mem-
ber I6. The corrugations or nodes of sheet (5
have bottom walls 20, side walls 21 and top walls
22. The bottom walls 28 are structurally con-
nected by spaced spot welds 23 to the underlying
structural member (8.

¥or obtaining a fluid-tight closure of the ends
of the corrugations in the known construction
deseribed so far, it has been a practice to flatten
the ends of the corrugations, as shown in Figure
4, and then close the remaining openings or pas-
sages by applying solder to the members {5 and
18 in a narrow region on both sides of the edge
of the corrugated sheet. As indicated above, this
soldering procedure has numerous serious draw-
backs, inasmuch ag it is expensive, on account of
the high cost of the solder and the time required
for its application, as it requires skilled, meticu-
lous workmanship and as it impairs the appear-
ance, especially when the structure consists of
shiny metal, such as stainless steel,

In carrying out the invention, care is taken
that a marginal strip 24 of a certain width, Fig-
ure 5, is flattened so thaf in this region wall por-
tions of the corrugations are folded back upon
each other in three layers, 25, 26 and 21, where-
as the intervening portions of the bottom and
top walls 28 and 22, Figure 6, remain single-layer.
The extreme edge portion of the corrugated sheet
is secured to the underlying member 186 by a con-
tinuous electric resistance weld 28 which fairs
the edge of the corrugated sheet into the outer
surface of member {6 and integrally conneets the

5 three layers 28, 25, 27 without leaving any pas-

sages transversely to the edge of the corrugated
sheet. Thus, a sealed seam is formed, as shown in
Figures 3, 7 and 8.

An effective method of chtaining the weld con-
nection 28 comprises the following steps:

After the corrugated sheet 15 is flattened at 24
and structurally connected to the member (6 by
welds 23, single spaced welds are first made
along the edge of the corrugated sheet at about
the centers of the flattened tops 22 of the nodes,
as indicated by the position of the electrode 29
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shown in full line, and in each triple-layer re-
gion 28, 26, 21, as indicated by the positions of
the electrode shown in dotted and dot-and-dash
lines 38, 31, respectively, in Figure 6. These
three locations on each corrugation were found
to be somewhat critical, and it was discovered
that the seam could’ be made more;easily, eco=-
nomically-and safely by -starting the welding at-
these three locations rather than making the
continuous close-space spot or seam welding at®
once. The single weld operations:forge the three:
layers 25, 26, 27 together and force the ends-of-
the top walls into contact with the member (.

Upon completion of the single: welds-at the:

margin, the corrugated sheet {¥ is secured fuid=-
tightly to the underlying structure {6 by close-
space spot welding, such as tangent: welding, or:
by seam welding. This producss the continuous
seam 28 and may also fair the edge of ‘skieett {8
into member {6.

In-making the welds; the electrodesrare prefér-
ably placed.onsthesvery edee:of corrugated sheet
{15, so that about two-thirds:of ! the:contach:sur-.
fare: ofrtliezelectrodessare over;the sheet, where-

as- the remainiig: ones~tRird: projects: cutwardly-

therepeyond; as:illustrated:in-Figure 5. . This:lo=-
catiom:ofithiereléctiodes; coupled with a relatively
high-eladcirodé pressure; facilitates the:forging:to--

gether-of-the three:layers:25, 26:and 27 and the-

tapering: oftHe entirgcedge:of-sheetiid; resuliing:
imrthe:contiftious weld:28:and the merger or fair-.

ingrof thecsurface:ofsheetcisinto the surface . of

memper4§:.
Forrreasonszof fsimplicityrand econoimny. of ‘bro-

cedure,; thezlasty welding ‘step is-carrisd oud with--

outregard:to the weldsspreviously made:at thelo--
cations. 29, 38, 31, instead of merely filling in:the:
missingweldsc

Inv.ay practicel:case illustrating: the:invention,
gopd resmlisswererachievediforisecuring austenitic:
colairotied corrugated .02 ‘gauge stainless steel
to .08 gauge-member ofithe samermaterial; in.
using an electrode pressure:cf.about 2,600 pounds;
a time for eachisingle weld of -6 10110 cycles of 60~
cycle current! anelectrode diameter:of ‘about:1s’’
and. a: spacing hetween: the: welds: giving: alout:
259, averigp: Wetween: adjacent: weld nuggets.

Afters completion. of the. welding; & barbed
structire is:sometimegneted to have been formed”
by moiten: metal squeszed oul! Beyond the: edge-
of"tHe:skiess 1B TI¢neeessary-or deésirablé, the

weld region is subsequently smicethed and the-

Isose-barkswremoved’ By appropriates means; such

as & rotatihe wiresbrush: Thesfinal 'appearance-
is~then as:shown:in-Figure 8] but in-many cases;
the-edgewill ' Ye-even-mere uniform: and have.a-

less irregular- marginal line, dépendihg on- the-

proper- adjustment: of’ all' factors involved: and-
umon-the skill exercised by the-workman:

Tie- fihished® composite - structure: {5, 18] to
gether with other-cléments oftheroof strucure, is:
placad oncthe rails-18; 157of ‘ennd wall'{ T"and ‘is se~-
cured to rail” {19 Ky welds 32, A caulking-com-

pound is placed at 83 between the rails {8, 1§ to.

geal’the connection between end wall and roof.
While the stresses between' ther roof skin: {8,

whiich, inr the illustrated embodiment, constitutes:

a structural element of the body, and the member

i3 are mostly transmitted by the:welds. 19, it.is.

important tiiat.tlie seal Have sufficient strengih to
avoid tearing out.or, cracking wien subjected to.a.
cerbain unavoidakle.amount.of stress.. Thisis the.
case.witn the. seal formed by weld 2.

Figure. 10 iltustrates a.novel way. of flattening.
the:ends.of. the. corrugations. preparatory. to.the,
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4
establishment of the sealed seam. The sheet 34
has corrugations formed by bottom walls 35, side
walls 38 and 37 and top walls 38, The ends of
the corrugations are flattened toward one side by
straightening out the adjoining bottom walls 35,
side walls 35 and top walls 38 while folding the
other.side walls 31’ between:the: top and bottom
walls: The exact location of the-creases is, of
course, dictated by the shape and dimensions of
the corrugations. Also for this formation it is ad-
visable.to.make:single welds at least in the three-
layer-regions and possibly in regions adjacent
thereto, before completing the continucus seam.

THe -invention: has particular advantages over
seals-obtained*hy such means as gas or arc weld-
ing in" its’ application to cold-rolled austenitic
high=tensile: stainless steel. The weld timing
and heat. input of electric resistance welding,
used-irr connection with the invention, can easily
be regulated and kept atta minimum in accord-
ance with:known:rules: forraveiding: deleferious
changes:of~the:physical and chemical :properties:
of this- type: of  material. Nor: is: there: undue:
weakening: of the:coldsworked strength: by - the:
annesling: incidental: to: the  welding operation;.
because the extent of annealed zone is kept small.
Similar-considerations-apply also:to.cther metals
having: désirable qualities which.may-be affected:
by prolongedior-intensive heating: connected, fors
instance; with arc.or gas-welding:

The invention is not restrictedto:the illustrated:
and’described embodiment; nor:to-all the details
thereof; astindiéated by. the:following enumeras-
tion of ‘some examples-of available variants. Ch=
viously; eléetiods: diameter, electrode pressure,
weld: spasingy ebcy, Have: to: be:adjusted to: the
nghtives  and’ the gauges: of*the:materials: to:be:
weided together. Furthermore;. adjustments:
may: be made: so- as-to- carry: out-the: invention
with availaple weldinng equipment: The- result.
achievediin the-three-layer:regions by -the initial’
welds-may also be-achieved by :ofler means -forg=
ing-tie layers-togethier preparatory: to the mak--
ing- of’ tHe- continuous weld, There-is-a: great’
latitiide-in regard’ to- the- spacihg: of’ successive:
welds; While: an-overlap of?gbout 25% istsugs-
gested above; a-widér spacing in-whieh theweld:
nuggets just touch each other or are-even slightiy~
spaced’ without léaving-a- passage for-fluid-be-

- tween-tHem; is satisfactory. Not only ths ends:of’

a sheet: but’ also: margins- at’ cut-outs, openings-
and the like may be sealed’off in the same man-
ner.. The invention may alsoc be used for-secur-

ing a corrugated sheet intermediate it§ ends:to a.
member, such-as 6. a.margin-of. & partition wall;

by, flattening the:-corrugations in the attachiment-
zone.and. then closing,ali passages ifr the-longi--
tudinal direction of thie corrugations by a prac-

tically continuous.resistance.weld which obliter-

ates in its:zone.the muili-layer. structure and.
makes:, 2 homogenesus.unit . of all layers.cf. the

corrugated sheet and:-the underlying strueture to -
whiehoit:is secured.. The: term: “corruggtion” is:
to e understoodina-broad sense; anditie:dnven-

tion is applicable-to the attachment: of hat=sec--
tions, sheets having widely:spaced'nodés. or chan--
nels; or- having- for- cther- reasons, multizlgyer

regions; which -hitherto-were deemed’ to prevent:
the formation- of’ & continuous: tight seam by~
means of resistance welding.

Profection. is.sought. in_the light of fhese ex~
planations. for, basic. features. of the. invention; in
addition. to. protestion. for. more. specific. illus--
trated and déscribed features.



2,636,988

What is claimed is:

1. In a structure comprising 3 metal sheet pro-
vided with corrugations and overlappingly con-
tacting another metal member, said corrugations
being flattened in a localized elongated region
extending transversely to the corrugations by
having portions of the sheet folded in three layers
reversely upon each other, and an elongated elec-
tric resistance weld in said region uninterruptedly
connecting said sheet and member by their own
substance at their interface, extending through
said layers and filling all passages between sheet
and member and between said layers, whereby a
sealed seam is formed.

2. In a structure comprising a metal sheet pro-

‘vided with corrugations and overlappingly con-
tacting another metal member, said corrugations
being locally flattened along a margin of the sheet
extending transversely to the corrugations, the
flattening comprising portions of the sheet folded
in three layers reversely upon each other, and a
practically continuous electric resistance weld
along said margin uninterruptedly connecting
said sheet and member at their interface by fused
parts of their own substance and extending
through said layers in closing all passages between
sheet and member and between said layers.

3. In a structure comprising a metal sheet pro-
vided with corrugations and overlappingly con-

tacting another metal member, said corrugations 3

being flattened in an elongated region extending
along one margin of the sheet transversely to the
corrugations by having portions of the sheet
folded in three layers reversely upon each other,
and an elongated electric resistance weld uninter-
ruptedly connecting the margin of said sheet and
said member at their interface, extending through
said layers and filling, by fused parts of said
metal members all passages between said margin
of the sheet and said member and between said
layers, the surface of the sheet at the margin
being tapered and faired into the surface of said
member.

4. In a fabricated structure, a sheet metal
member provided with at least one channel-
section formation and overlappingly contacting
a surface of another metal member, said chan-
nel-section formation having a restricted region
Hattened by reverse three-layer folds of portions
of the sheet member, said three-layer folds being
reduced in aggregate thickness to the thickness
of the adjoining portions of the sheet member
along an elongated zone extending transversely
to the channel-section, and a continuous electric

resistance weld connecting in said zone the sheet :

member to said other member at their interface
and extending through said three-layer folds
thereby forming a sealed seam between the two
members free of extraneously supplied sealing
madterial.

5. Sealed seam between a margin of a metal
sheet and the surface of an underlying metal
member at a distance from the marging of the
latter, comprising a continuous electric resistance
weld connecting said sheet and member at their
Interface along the extreme limit of said margin
and fairing the outer surface of the sheet into
the adjoining surface of said member.

6. In a fabricated article, a sheet metal struc-
ture overlappingly contacting a surface of another
metal member and having g multi-layer forma-
tion adjoined by a single-layer formation, said
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multi-layer formation being reduced in aggregate
thickness to the thickness of the adjoining single-
layer formation in an elongated zone traversing
both formations, and a continuous electric resist-
ance weld providing a fused ineclusion formed by
the parent metal of said metal structure and
member, said inclusion connecting in said zone
the sheet metal structure to said member at their
interface and extending through said multi-layer
formation thereby forming a sealed seam between
sald structure and said member.

7. Method of making a fluid-tight connection
between an edge of a corrugated metal sheet and
a surface of another member, comprising the
known step of fattening the corrugations along
the margin to be sealed so that the side walls
and adjecining wall portiong of the corrugations
are reversely bent upon each other in three over-
lapping layers, the step of securing by single
spot welds the walls foru:ing the uppermost layers
along said edge to the underlying member at
points adjacent the reversely bent portions and
of securing by single spot welds the three layers
to each other and to said member, and the step
of forming a continuous electric resistance weld
seam between said edge of the corrugated sheet
and said member.

3. In a method of making a fluid-tight connec~
tion between the edge of a corrugated metal sheet
and an underlying fat surface metal member by
electric resistance welding, comprising the step
of flattening the ends of the corrugations along
the edge to be secured and of making the welds
by an electrode placed on the edge of the corru-
gated sheet so that part of the contact surface
of the electrode projects beyond such edge.

9. In a method according to claim 8, in which
the part of the electrode contact surface located
on the corrugated sheet is greater than the part
which extends beyond the edge of the sheet,.

10. In 5 method according to claim 8, in which
about one-third of the electrode contact sur-
face extends beyond the edge of the corrugated
sheet.

11. Method of making g fluid-tight connection
between the edge of a corrugated sheet and a
surface of another member, comprising the step
of flattening the corrugations along an elon-
gated zone so that the side walls and adjoining
wall portions of the corrugations are reversely
bent upon each other in three overlapping layers,
and the step of forming g continuous electric
resistance weld seam in said zone hetween said
corrugated sheet and said member in using an
electrode pressure forging the three layers to-
gether and reducing their aggregate thickness
to about the gauge of the sheet.
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