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5 Claims.

This invention relates to a method of attach-
ing meiallic in members to the exterior of metal
tubes for producing finned tubes adapted partic-
ularly for use as heat exchange conduits, al-
though the tubes are also useful as structural
members. This application constitutes, insofar
as common subject gnatter is concerned, a con-
tinuation in part of my copending applications
Serial No. 240,328, filed November 14, 1938, now
Patent No. 2,261,136, dated Nov. 4, 1941, and Se-
rial No. 323,593, filed March 12, 1940.

In the manufacture of heat exchangers it is
desirable to augment the area of the fluid con-
ducting tubes employed by securing fins of vari-
ous types to the exterior of the tubes. Fins ex-
tending longitudinally of the tubes are particu-
larly desirable in some types of installations be-
cause of the desirable flow characteristics which
can be obtained in the fluid surrounding the tube.
Various methods have been proposed for secur-
ing such fins to the exterior of tubes but so far
as I am aware, all prior methods have been open
to serious objeciions in that they were expensive
and did not connect the fins to the tubes in such
manner that full advantage could be taken of the
hesat transferring capacity of the fins, that is, in
prior types of finned tubes the fransfer of heat
from the tube to the fins has been inefficient.

It is accordingly among the objects of my in-
vention to provide an economical and efficient.
method of attaching fins to tubes which will pro-
duce finned tubes wherein an adequate path is
provided for the flow of heat from the tube to
the fins. Another object is to provide a method
which can be adapted to the production of vari-
ous types of tubing. Another object is to provide
~ a method of making finned tubes which can be
carried out rapidly and efficiently. Another ob-
ject is to provide a method of making tubes of
high strength and durability. Further and more
specific objects of my invention will become ap-
parent from the following description of a pre-
ferred form thereof, reference being made to the
accompanying drawings.
teristics are summarized in the claims.

Briefly, my invention contemplates the pro-
duction of finned tubes of the type in which each
fin member comprises & fin proper and a base
portion welded to the tube; for example, each fin
member may be of sheet metal preformed to
either a U-shaped or an L-shaped cross-section
with the base of the U or L, as the case may be,
welded to the exterior of the tube. According
to my method, the bases of two oppositely dis-
posed fin members preferably are welded simul-

The essential charac-
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taneously to the tube by electric resistance weld.- .
ing to produce substantially identical rows of
welded areas, the welds preferably being evenly

- spaced in such & manner that the welded ares

between the bases of the fin members and the
tube is such that the rate of heat transfer from
the tube into the base of the fin member will
be at least substantially as great as the rate of
heat transfer from the base of the fin member
to the fins themselves, . '

Preferably the weiding operation is carried ous
with opposite pairs of welds made by the use of
two roller elecirodes pressed against the bases
of two oppositely disposed fin members, with the
current flowing through the tube from the weld
in one fin base to that in the other fin base.
The operation is carried out so that the heating
and the corresponding expansion of the tube Is
equal along the opposite sides of the tube with
the result that the tubes arc not warped or
curved during the welding operation. The in-
vention is described herein in conjunction with
the simultaneous welding of & pair of fin mem-
bers, but it is to be understood that, with the
proper apparatus, more then two fin members
may be simultaneously welded to the tube, if de-
sired, in which case the fin members are prefer-
ably spaced equally circumferentially so thab
with substantially equal heating there will be
no bowing of the tube. Further, the successive
welds are made so rapidly, with such a short time
inierval between successive welds, that the tube
is progressed between the welding electrodes fas-
ter than heat is conducted longitudinaily of the
tube to an extent sufficient to materially soften
the base portions of the finned members or the
tube itself in the region engaged by the eleec-
trodes.

By this method the electrodes, which must ex-
ert considerable pressure in order to make prop-
er welds, engage metal which is still relatively
cool and has not been unduly weakened by heat.
This prevents the damaging of the bases of the
finned members and distortion of the tube which
would occur if the welding operations and the
relative movement of the tube and elecirodes
were carried out at such slow speeds that the
heat generated in the making of one pair of welds
had time to travel ahead to soften the tube snd
fin members in the areas next to be welded be-
fore the welding pressure and heat are applied
thereto. By my method, the tube is not material-
1y weakened by the heat at the time the welding
pressure is applied, thus the tube not only has
strength to resist distortion, but also to resist




2

the welding pressure and thus make possible the
production of successful welds without the use
of an internal support or mandrel. 'This neces-
sitates, of course, control of the welding current,
pressure and speed, and the use of a high amper-
age current so as to reduce the time required for
each pair of opposed welds.

In order to carry out my method efficiently and
rapidly, I preferably employ a welding machine
of the continuous type, embodying electrode rodls
engaging the bases of finned members on oppo-
site sides of the tube and provided with means
for governing the intensity of the welding cur-
rent and also means such as the well-known
“Thyratron” control, for accurately governing
the time and duration of flow of current. The
apparatus for carrying out my invention also
preferably embodies a jig or fixture for support-
ing and guiding a tube and fin members in their
passage through the machine, the jig preferably
being arranged to permit rapid and accurate in-
dexing of the tube, and being provided with
means for supporting the ends of the tube to
prevent sagging, and for supplying a cooling Juid
to the tube if desired.

Referring now io the drawings, Fig. 1 is a per-
spective view illustrating a section of finned tube
made according to my invention; Fig. 2 is a frag-
mentary plan view on an enlarged scale, illus-
trating one of the finned members secured to the
tube; Figs. 3 and 4 are fragmentary secticns
through the tube as indicated by the lines 3—3
and 4—4 respectively on Fig, 2; Figs. 5 and 6 are
views similar to Figs. 2 and 4, but show a slightly
modified form of tube, and Fig. 7 is an elevation
showing a portion of a welding machine adapted
to calry out my method and provided with my
apparatus for supporting and guiding the tube
and fins through the machine.

As shown in Fig. 1 of the drawings, a finned
tube made according to a preferred form of my
invention may comprise 2 tubular member T
to which a number of fin members {{ are secured.
Each fin member is preferably of channel section
as shown in Fig, 3 and may comprise a base por-
tion 12 and fins {4 formed integrally therewith,
the base and fins being of substantially the same
thickness. The base portions may be curved
slightly, as shown, to conform substantially to
the outer surface of the tube.

It will be evident to those skilled in the art that
the transfer of heat from the tube T to the fins
{4 must take place through the base portion 2.
Further, the limiting factor in the flow of heat

from the base portion 12 to the fins 4 is found :

in the longitudinal sectional area of the fins ad-
Jacent the base; i. e, the regions indicated at
a—g in Fig. 3. Per unit of length, this ares is,
of course, proporfional to the thickness of these
sections.

It follows, then, that if full advantage is to be
taken of the heat transferring capacity of the
fins {4, the path or paths for the flow of heat
from the tube T to the base 12 must be at least
equel in area to the combined areas of the fins
{4 in the regions a—a. To accomplish this result
I secure the channel members (1l to the tube by
a series of resistance welds indicated diagram-
matically at 18 and having a combined area per
unit of length at least substantially equal to the
longitudinal sectional area of the fins 14 at the
junctures between the fins and the base por-
tion 12.

The desired area can be readily secured by a
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series of resistance welds spaced as shown in the 75
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~drawing and any increase in area is of no ma-
“terial advantage so far as heat transfer efficiency

is concerned, for, in any event, the fransfer of
heat to the fins 14 will be limited to the con-
ductive capacity of the portions a—a of the fins.
An important advantage in securing the fins to
the tube by intermittent welds is found in the
fact that if the tube is subjected to a sudden heat
shock in service the fins can buckle or stretch
in the regions between welds without subjecting
the tube itself to unduly large forces, whereas if
the fins were welded continuously to the tuke
such an action would not be possible and a heat
shock might have the effect of damaging the
tube.

A further and important advantage of utilizing
intermittent welds will be apparent from & con-.
sideration of Figs. 2, 3 and 4. As shown in a
somewhat exaggerated fashion in Figs. 3 and 4,
the production of the weld between the base por-
tion 12 and the tube T results in a thinning of
the base portion in the region of the weld because
of the electrode pressure required to produce a
welded connection, the amount which the metal
has been thinned being indicated at 11. The area
available for transfer of heat from a welded area
to the base is determined by the product of the
thickness of the welded area at its juncture with
the remainder of the base and the perimetric
length of the welded area.

While the thickness of the base is reduced in
the zone {8 to a thickness less than the thickness
of the flanges in the regions ¢—a, adequate paths
for the flow of heat into the base, that is, paths

5 With areas at least substantially as great as the

paths for flow of heat from the base into the
fin portions, are provided by my arrangement
wherein the fins are secured to the tube by a
series of equally spaced resistance welds. As
shown in Fig. 2, by utilizing a series of resistance
welds, the limiting cross-sectional area becomes
the peripheral area of the minute cylinders which
constitute projections of the welded areas through
the base. The axial length of each of the cylin-
ders .is the distance indicated at {8 while the
periphery of each is substantially the same as
the periphery of the adjacent welded area i8.
The welding operation is carried out 'so that
the combined perimetric lengths of the welded
areas and, correspondingly, of the cylinders in
the arrangement shown in Fig. 2, exceeds the
total length of the flanges on section of tubing
illustrated, the total perimetric length of the
welded areas having at least substantially the
same proportional relationship to the total length
of the flanges as the original thickness of the
base bears to the thickness of the welded areas.
Thus the increase in perimetric length as com-
pared to the length of the flanges, at least off-
sets the decrease in section due to the welding
operation and there is no less in efficiency of
heat transfer at this point. For example, in a
one inch length of tube with a channel section
fin member having a thickness of 0.031 inch,
the cross-sectional area at the base of the fins
will be 0.062 square inch. If the welding oper-
ation is carried out in such a manner as to pro-
duce about three uniformly spaced welds to the
inch with each welded area being of slightly oval
form, a little more than Y; inch long and %.
inch wide, the periphery of each spot will be
about 3; inch. With three such spots to the
inch, and the thickness of the metal in the
region of the welds being reduced to 0.028 inch,
the limiting area for the transfer of heat from
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the welded areas to the remainder of the base
of the tube will be 3Xx34X0.028=0.063 square
inch. :

As an example of a procedure which I have

found to be satisfactory in welding low carbon
steel channel section fins of a thickness of about
.031 inch, to & low carbon steel twelve-gage tube
having an outside diameter of 2 inches, with the

welded ares substantially as described above, I .

engage the bases of the channel members with
electrode rolls having a width of about % inch
with an electrode pressure of 900 to 1,000 pounds.
The current employed is preferably about 12,000
amps., at 6-8 volts. Each weld is made with &
duration of current of 3 cycies of 60-cycle, single
phase, alternating current, the current being
shut off for & period of 3 cycles between welds,
the fins being welded to the tube at a speed of
18 to 20 feet per minute, this speed being amply
sufficient {o prevent the tube from being de-
formed by the pressure of the electrodes. -

As described above, with this procedure the
total welded area between the bases of the fins
and the tube is sufficient to give an ample path
for conduction of heat to the bases and the pe-
riphery of the welded areas in the bases is such
that there is ar ample path for the flow of heat
from the region of the welds into. the adjacent
greas of the bases. )

As snother exemple of & procedure which
gives satisfactory vresults, fins composed of
stainiess steel containing 4% to 6% of chro-
mium and having & thickness of .031 inch may
be welded to & twelve-gage tube compesed of
the same material with & current of about 9600
amperes, the control being arranged to have
the current flow t6 produce the welds for & pe-
rlod of 2 cyeles, the current being shut off for
g like period between welds. An electrode pres-
sure of 900 to 1,000 pounds is employed with
electrodes %. inch wide, the operation being
carried on at o speed of from 12 feet to 14 feet
per minute. This procedure gives about seven
welds to the inch, the welds overlapping slightiy.

A section of finned tubing made according to.

the above outlined methed is illustrated in Figs.
5 and 6 of the drawings wherein the channel
member 21 is secured to the tube T’ by a series
of welded areas 26 joining the base 22 of the
channel to the tube. It will be noted that these
welded areas are more closely spaced than those
illustrated in Figs. 2 and 4, with the result that
the welds overlap, producing & scalloped weld
extending longitudinally of the fin. The area of
these welds exceeds the longitudinal cross-sec-
tional area of the fins 24 in the region adjacent
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type are particularly advantageous in conjunc-
tion with the welding of fins of thin section
where the thickness of the fin base is reduced
by a considerable percentage by the welding op-
eration so that & material extension of the per-
imetric length of the welded areas is required
in order to insure an adequate path for the flow
of heat. It is to be understood that welds of
this type are included within the terms “spaced”
or “intermittent” as the terms are used herein,
for while the welded areas overlap, their centers
are spaced and they are produced by intermit-
tent currents and the intermittent character of
the welds can readily be determined by an in-
spection of a welded sample.

As those skilled in the art will appreciate,
the speed, pressure, current and timing may be
varied to give the desired results with different
materials, sizes and conditions of operation.
The procedures outlined are given merely by way
of example. . *

By carrying out the welding operations as de-
scribed ebove and by maintaining the conditions
on both sides of the tube as identical as pos-
sible, the heating effects on both sides of the
tube are so hearly alike that the tube is not
warped or bent by the welding operation. With
dismetrically opposed electrodes, the flow of cur-
rent is substantially evenly divided in its flow
through the walls of the tube from one fin base

. 40 the other, with the result thei the heating

effects of the current in the tube are minimized,
and equalized between opposite sides of the tube.
Preferably, slternating current is employed im
making the welds and the timing is arranged so
that the current flows for & whole number of
eycles in making each weld, for by so doing the

. heating effects in both of the simultaneously pro-

40

duced welds will be identical, and leakage
through the jig and the frame of the machine
will not cause unegual hesting and resultant

 pbowing of the tube. If direct current is employed,
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* the juncture of fin and base and by reason of -

the scalioped edges the perimetric length of the
welded areas exceeds the total length of the
flanges 24, so that in spite of the fact that the
thickness of the fin base Is reduced by the weld-
ing operation, an adequate path for the flow of
heat from the welded areas to the adjacent por-
tions of the base is provided by reason of the
increased length of the weld giving an adeguate
cross-sectional area for the flow of heat. This
type of weld also produces & tube that is re-
sistant to heat shock, for the scalloped welds
provide zones where the welded connections are
quite narrow, thus permitting some buckling of
the fins to take place and preventing damage
to the tube.

"It will be evident that the greatest increase
in length can be obtained when the welded areas
are just tangent to each other. Welds of this
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or if the duration of the welds includes fractional
parts of cycles, for example, two and one-half
cycles of current flow per weld, then the direg-
tion of flow of current preferably should be
reversed between each successive weld. This re-
versel of the polarity of the electrodes prevents
lepkege of current to ground through the jig
and frame of the machine from causing unegueal
heating efiects on opposite sides of the tube. If
desired, & cooling fluid such as water may ke
passed through the interior of the tube in order
to further cool the same but this operation is
ordinarily not essential. The cooling fluid mey
pe maintained under pressure to act & core with-
in the tube, but for ordinary sizes and gages of
tube I do not find this to be essential. Further,
the elecirodes may be cooled if desired, but in
that event, care should be exercised o see that
the cooling effect is the same on both electrodes.

In Fig. 7 I have illustrated an apparatus adapi-
ed to carry out my method. As shown, the apba~
ratus may include a conventionsal welding ma-
chine, only & portion of the frame 20 of the ma-
chine being illustrated in the drawings. The
welding machine includes electrode rolls af
and 92 suitably driven dand supported in brack-
ets 33 and 24, provided with means such as
air operated plungers (not shown) for urging
the electrodes towards each other. In order
to gulde the tube and fins through the ma-
chine I employ the jig Indicated generally at
85 and supported by the frame member 38
mounted on the welding machine. The jig
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may comprise a frame consisting of plates 37
and a plurality of longitudinal members 38
and preferably welded to the plates to form a
rigid structure. The frame members may be con-
structed of any suitable metals. A plurality of
rollers are mounted upon suitable bearings car-
ried by the longitudinal members 38 and ar-
ranged to guide the tube and the fins through
the machine and to provide for convenient in-
dexing of the tube for welding of a plurality of
fins thereto. '

‘To guide the fins and position them properly
for the welding operation two pairs of fin align-
ment rolls indicated at 40 are provided, one pair
being on one side of the welding rolls 3! and
32 and the other pair being disposed on the other
side of the welding rolls. To retain the tube in
wosition and accurately centered with vespect to
the electrodes, and thereby to insure that ithe
welds will be diametrically opposite each other,
three pairs of tube centering rolls 42 are em-
wloved. In order to accurately space the fins
upon the tube two pairs of indexing rolls 44
are preferably smmployed. These rolls are angu-
larly spaced from the alignment rolls 30 by an
amount equal to the angle between adjacent pairs
of fin members. The narrow electrode rolls fit
down into the chanmnel members and engage the
bases of oppositely disposed channel members.
Thus when the current is caused to fiow, welds
will be formed in the contaciing zones of the
channel members and tube, the current Howing
around the circumference of the tube and the
two welds being made simultaneously.

In order to support the ends of the tubes as
they are being welded a rigid beam B8 extending
on either side of the welding machine may be
wrovided, the outward ends of the beams being
supported by pedestal members §2. Carriages 58
and 58, supported by rollers 36, 57, support the
opposite ends of the tubes through the medium
of conuecting devices such as the collars 59 and
68 and associated mandrels 6 and 82 which may
ke arranged, if desired, to make a fuid tight
connection with the tube so that a cooling fuid
such as water may be supplied to the interior
of the tube through the connection 63 and dis-
charged through the outlet 64. The flow of fuild
may ke confrolied by valves 65 and €3, the ar-
rgngement being such that fluid pressure may
ne applied to the interior of the tube to assist
in supporting the tube against the pressure of
the electrodes, if desired. As the tube and fins
progress through the machine the carriages

travel along with the tube on the I-beam 58 and ;

thus support the tube and prevent it from sag-
ging because of its own welght. This structure
is particularly important in the production of
long lengths of finned tubing but is not neces-
sary with shorter, more rigid tubes. Screw
means controlled by handles 67 and §8 are pro-
vided for transverse adjustments of the sup-
ports, and the jig is also provided with screws
for transverse adjustment as indicated at 69 and
370. The apparatus is described and shown in
greater detail, and is claimed in my application
Serial No. 323,593, of which this case is a con-
tinuation in part. )

In operation, a length of tubing is fed into the
machine with two oppositely disposed channel
members il positioned thereon, the channel
member being engaged by the fin alignment rolls
40 and the tube being engaged by the tube cen-
tering rolls 42. When the tube and fins reach
the electrode rolls 3f and 32, the current is turned
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on, being controlled and:timed in the desired
manner, for example, as specified above. The
tube and fins are then progressed continuously
through the machine, say from left to right as
shown in the drawings by the electrode rolls
which are power operated. This operation welds
the two oppositely disposed finned members to
the tube by & series of welded areas such as those
indicated in Figs, 2 to 6.

As the tube is discharged from the machine the
welding current is cut off, the tube withdrawn
from the jig, another pair of fin members as-
sembled therewith and the tube rotated to bring
the pair of finned members which had just been
welded to the tube into glignment and engage-
ment with the indexing rolls 48. When this is
tone the fin alignment rolls will guide the new
pair of finned members to be next welded to the
tube in their proper position with respect to the
fins theretofore welded to the tube. The ma-
chine is preferably reversible so that these oper-
ations can be.carried out on the right-hand side
cf the machine, assuming that the first welding
operation was carried out with the tube moving
from left to right as shown in the drawing. Then,
when the tubes and fins have been properly fed
into the machine, the welding current is turned
on and the welding electrodes are driven io pro-
gress the tube and assembled fins back through
the machine in a direction from right to left, as
shown in the drawings, thus welding another
This se-
quence of operations is continued until the de-
sired number of pairs of finned members have
been welded to the tube, six bairs being em-
ployed in the embodiment shown in the drawing.

In the event the cooling arrangement illus-
trated in Fig. 5 is employed, the mandrels 51 and
52 should be of sufficient length that the opera-
tion of welding the fins to the tube can be com-
pleted in both directions without the necessity
of disengaging the tube therefrom. When this is
done it will only be necessary to give the tube
& fraction of s turn within the coupling mem-
bers in order to index it between the successive
passes through the machine.

IFrom the foregoing description of my inven-
tion it will be evident that by my method fAnned
tubes having advantageous characteristics can be
produced economically and rapidly. Tubes made
according to my methed not only are efficient
from the standpoint of heat transfer but also
have great structural strength and are not liable
to failure because of heat shocks. My method can
be carried out rapidly and expeditiously, to accu-
rately weld fins to tubes. According to my
method, the welding operation may be controlled
so as to produce welds which will give the proper
heat transfer and structural strength character-
istics to the completed assembly.

Various changes and modifications in my in-
vention will be apparent to those skilled in the
art. It is therefore to be understood that my
patent is not limited to the preferred form of
my invention described herein and that it is con-
templated that changes and modifications within
the scope and spirit of my invention may be made
by those skilled in the art. Therefore it is to
be understood that the description herein is given
by way of example and not by way of limitation
and that my patent is not limited to the metheds
described herein or in any manner other than by
the appended claims when given the range of
eqviliv?;‘e;m to which my patent may be entitled.

C. H
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1. The method of making finned tubes which
comprises providing separate fin members, each
having a fin portion and a continuous base por-
tion adapted to engage the outer surface of &
tube, assembling a pair of such members with
a tube with the base portion of each member
engaging the exterior of the tube and extending
generally longitudinally thereof, and with the
members disposed substantially diametrically op-
posite each other, and resistance welding said
base portions to said tube, without internal me-

chanical support for the tube, by engaging each’

of said base portions with a roller electrode, ex-
" erting welding pressure upon said base portions
toward the axis of the tube by sald electrodes,
causing a welding current to flow between said
electrodes through said base portions and through
the wall of the tube and around the circumfer-
ence thereof, and moving said assembly with re-
spect to said electrodes at a sufficiently high speed
that the tube in the regions adjacent the welding
zone at any instant remains sufficiently cool to
retain sufficient strength to resist the pressure
exerted by the electrodes without substantial de-
formadtion.

2. The method of making finned tubes which
comprises forming separate fin members, each
having a fin portion and a continuous base por-
tion adapted to engage the outer surface of a
tube, assembling a plurality of such. members
with a tube with the base portion of each mem-
ber engaging the exterior of the tube and ex-
tending generally longitudinally thereof, and with
the members substantially equally spaced from
each other circumferentially of the tube, and si-
multaneously resistance welding said base por-
tions to said tube, without internal mechanical
support for the tube, by engaging each of said
base portions with a_roller electrode, exerting
welding pressure upon said base portions toward
the axis of the tube by said electrodes, causing
8 welding current to flow between said electrodes
through said base portions and through the wall
of the tube and around the circumference there-
of, and moving said assembly with respect to
said electrodes at a sufficiently high speed that
the tube in the regions adjacent the welding zone
at any instant remains sufficiently cool to re-
tain sufficient strength to resist the pressure ex-
erted by the electrodes without substantial de-
formation, . '

3. The method of making finned tubes which

. comprices providing separate channel section fin
members, each having two fin portions and a con-
tinuous base portion adapted to engage the outer
surface of a tube, assembling g pair of such mem-
bers with a tube with the base portion of each
member engaging the exterior of the tube-and
extending parallel to the axis thereof, and with
the members disposed substantially diametrically
opposite each other, and resistance welding said
base portions to said tube, without internal me-
chanical support for the tube, by engaging each
of sald base portions with a roller electrode, ex-
erting welding pressure upon said base portions
toward the axis of the tube by said electrodes,
causing a welding current to flow between sald
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electrodes through said base portions and through
the wall of the tube and around the circumfer-
ence thereof, and moving said as.embly with re-
spect to said electrodes at a sufficiently high
speed that the tube in the regions adjacent the
welding zone at any instant remains sufficiently
cool to retain sufficient strength to resist the
pressure exerted by the electrodes without sub-
stantial deformation.

4. The method of making finned tubes which
comprises providing separate channel section fin
members, each having two fin portions and a
continuous base portion adapted to engage the
outer surface of a tube, assembling a pair of
such members with a tube with the base por-
tion of each member engaging the exterior of
the tube and extending parallel to the axis there-
of, and with the members disposed substantially
diametrically opposite each other, and resistance
welding said base portions to said tube, without
internal mechanical support for the tube, by en-
gaging each of said base portions with a roller
electrode, exerting welding pressure upon said
base portions toward the axis of the tube by said
electrodes, causing an alternating welding cur-
rent to flow between said electrodes through said
bace portions and through the wall of the tube
and around the circumference thereof, moving
said assembly with respect to said elec'‘rodes at
a speed between 12 to 25 feet per minute and
interrupting the current to provide from 3 to 12
welded areas per inch of base, the speed, the
thickness of the tube and fin members, and the
welding current all being correlated so that the
tube in the region adjacent the welding zone at
any instant remains sufficiently cool to retain
suficient strength to resi.t the pressure exerted
by the electrodes without substantial deforma-
tion.

5. The method of making finned tubes which
comprises forming separate fin members, each
having a fin portion and a continuous base por-
tion adapted to engage the outer surface of a
tube, assembling a pair of such members with a
tube with the base portion of each member en-
gaging the exterior of the tube and extending
generally longitudinally thereof, and with the
members di.posed substantially diametrically op-
posite each other, and resistance welding said
base portions to sald tube, without internal me-
chanical support for the tube, by engaging each
of said base portions with a roller electrode, ex-
erting welding pressure upon said base portions
toward the axis of the tube by said electrodes,
causing an intermittent, alternating welding cur-
rent to flow between said electrodes through said
base portions and through the wall of the tube
around the circumference thereof, and moving
said assembly with respect to said electrodes at a
sufficiently high speed that the tube in the region
adjacent the welding zone at any instant remains
sufficiently cool to retain sufficient strength to
resist the pressure exerted by the electrodes with-
out substantial deformation, and whereby each
of said base portions is welded to said tube by a
series of substantially evenly spaced welded areas.
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ord of the case in the Patent Office.
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Henry Van Arasdale,
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