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Re. 25,360
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i

25,300
FLOATING TUBE WELDING APPARATUS
Harry La Tour, and George Daniel Miller, Middletown,
Ghio, assigners to Armes Steel Corporation, Middle-
town, Chio, a corporation of Ghio
Original Mo. 2,992,318, dated July 11, 1961, Ser. No.
811,029, May 5, 1955, AppHeation for refssue July
2, 1562, Ser. Ne. 267,862
12 Claims, (Cl. 219-59)

Matter cnclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in ialics indicates the additions
made by reissue.

This invention relates to apparatus for welding to-
gether metaliic sheets or strips such, for example, as the
opposed edges of a longitudinal seam in metal tubing.

In the usual tubing mill, an inifially flat sirip of the
metal is continuously advanced and shaped into a tube
having a gap or seam extending lengthwise therealong,
the tube so formed then being subjected to heat and pres-
sure to close the gap and weld together the opposed seam
edges. The welding is usually accomplished by the elec-
trical resistance heating of the seam edges of the tube
to plastic condition by means of contacts which press
against the metal of the tube on either side of the seam,
the heated edges being firmly pressed together to effect
the weld. Such welding may employ low frequency cur-
rent or it may comprise high frequency induction welding
or high frequency resistance welding, all of which are
well known techniques and need not be discussed in de-
tail for the purposes of the instant invention, save to point
out that apparatus of the instant invention may be utilized
in conjunction with any.of them.

In the manufacture of welded tubing the edges of
the seam are not uniformly straight, but rather are some-
what irregular due to initial variations in strip width, re-
duction during forming, and the like, and these irregulari-
ties act to produce variations in the pressure applied to
the tube at the weld point, which in turn produces varia-
tions in the welding temperature. In conventional proc-
essing such irregularities are swamped out by the applica-
tion of sufficient squeeze pressure at the point of weld
to produce a large amount of upset or “flash” on the tube
surface, the squeeze pressure being exerted by a coacting
pair of squeeze rolls mounted one on each side of the
tube at substantially the point of weld. If the weld is
to be scarfed smooth, the pressure exerted by the squeeze
rolls must be such that the wire-like scarf is sufficiently
stiong so that it may be readily handled by the operator.
On the other hand, if the flash is-to be leveled by rolling
while stiil hot enough to be plastic, the squeeze pressure
still must be large enough to overcome the variations in
strip width, with the result that the seam necessarily has
a relatively large flash which must be leveled. Since in
the conventional tubing apparatus the squeeze rolls op-
erate on an inflexible basis, i.e. the squeee roll position
is fixed, the rolls being pre-set and spaced apart by a dis-
tance calculated to produce the required squeeze pres-
sure, the resultant seam is of necessity a compromise be-
tween all the flash on the outside to all the flash on the
inside. That is, with the squeeze rolls fixed, the varia-
tiens in strip width will result in relatively light rolling
in aveas where the strip width decreases to relatively
heavy rolling in areas where the strip width increases.
Light rolling results in the formation of flash on the out-
side of the tube, whereas heavy rolling results in the for-
mation of flash on the inside of the tube.

atively large diameter tubing an internal mandrel or

roll set may be employed to eliminate inside flash, such

devices cannot be employed in small diameter tubing.
In accordance with the instant invention it -is pro-
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posed to accommodate the squeeze rolls to the tubing in
such fashion as to maintain constant, or substantially
constant, squeeze roll pressure irrespective of variations
in the edges of the strip, thereby effecting a material re-
duction in flash, eliminating the need for an internal
mandrel or roll set irrespective of tube diameter, and
enabling the operator to maintain a substantially uniform
welding temperature and control the flash so that when
flash is formed will be on the ouiside of the tube where
it can be readily leveled.

A further object of the invention is the provision of
a squeeze roll construction which, in addition to main-
taining virtually constant load on the seam edges regard-
iess of irregularities in the edges of the strip, additionally
assures that the seam or weld will be properly aligned be-
tween the squeeze rolls,

Stll a further object of the invention is the provision
of welding apparatus of the character described wherein
the welding instrumentality, which is preferably an elec-
trode wheel, is yieldingly mounted and weighted so as
to obtain positive and uniform contact with the tube sur-
face irrespective of surface variations in the tubing and
wear on the tube contacting surfaces of the wheel, the
improved squeeze roll mechanism and electrode wheel
coacting to produce consistently high quality tubing hav-
ing a minimum of flash.

The foregoing together with other objects of the inven-
ion which will appear hereinafter or which will be ap-
parent to the skilled worker in the art upon reading these
specifications, are accomplished by these constructions
and arrangements of parts of which certain exemplary
embodiments will be described, reference being had to
the accompanying drawings wherein:

FIGURE 1 is a diagrammatic plan view of apparatus
in accordance with the instant invention.

FIGURE 2 is a diagrammatic side elevational view
similar to FIGURE 1.

FIGURE 3 is a fragmentary diagrammatic view illus-
trating the manner in which the axes of the squeeze rolls
may be tilted in a vertical plane.

FIGURE 4 is an enlarged fragmentary sectional view
taken along the line 4—4 of FIGURE 7.

FIGURE 5 is an end elevational view of the squeeze
roll box in which the squeeze rolls are mounted.

FIGURE 6 is a side elevational view of a squeeze roll
mounting arm by means of which it is adjustably mounted
to the box,

FIGURE 7 is a side elevational view with parts broken
away showing the general organization of the welding ap-
paratus,

FIGURE 8 is a vertical sectional view taken along the
line 8—8 of FIGURE 7 illustrating the nib holder for
aligning the seam.

FIGURE 9 is a vertical sectional view taken along the
line 8—9 of FIGURE 7 illustrating the electrode wheel
and also showing an impeder or core contained within
the tube being formed.

FIGURE 10 is an enlarged sectional view taken aleng
the line 18—19 of FIGURE 7.

FIGURE 11 is a side elevational view with parts bro-
ken away of the squeeze roll box.

FIGURE 12 is a plan view of the squeeze roll box
illustrated in FIGURE 11.

Referring first fo FIGURE 7 of the drawings which
illusirates the general organization of the tubing appara-
tus, it will be understood that the tube to be weided is
first formed in a forming mill which comprises a plu-
rality of roll stands which act to successively form an
initially flat strip of metal into essentially tubular cross-
section with the gap or seam uppermost. The trailing
forming stand of the forming mill is shown at 1, and it
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will be understood that the forming mill may be of con-
ventional character and does not form a part of the in-
stant invention. Upon passing beyond the forming stand
1, the formed tube 2 is fed beneath a stationary seam
guide 3 having a nib 4 comprising two small carbide
pieces 5 and 6 (as seen in FIGURE 8) which are in-
sulated from each other by insulating material 7, the nib
so formed projecting into the open seam so as to stabilize
the seam against weaving motion. . The tube next passes
under the electrode wheel 8 which rides on the seam just
ahead of the squeeze rolls 9 and 9a, the electrode wheel
serving to heat the seam edges to welding temperature.
In so doing, it applies a vertical load on the tube. This
load is taken on the support roll 10 which is mounted
directly beneath the contact point of the electrode wheel
with the tubing. It should be understood from the outset
that while an elecrode wheel is employed in the illustrated
embodiment of the invention, it is also contemplated that
such wheel may be replaced by a high frequency con-
ductor comprising a pair of contacts which slide along
the opposite sides of the tube just prior to the point
where the edges of the tube are brought together. In
either event, the squeeze rolls 9 and 9a will serve to press
together the heated edges of the tubing to effect the weld.
Following welding, the tube will pass through an ironing
stand 11 which acts to roll the welded seam.

With the general organization now in mind, reference
is made to FIGURES 1 and 2 of the drawings which
serve to illustrate the operation of the squeeze rolls. As
seen therein, the squeeze roll 9 is fixed in a pre-set posi-
tion, whereas the roll 9a is mounted on a block 12 which
is welded to one side of a hairpin spring 13. The other
side of the hairpin spring 13 is welded to a block 14
which is adjustably mounted for movement toward and
away from the tube being welded. Movement of this
block toward the tubing acts to compress the spring which
in turn applies load on the tube.

The squeeze rolls 9, 9a are mounted on vertically dis-
posed shafts 15, 15a and are free for limited axial move-
ment up or down on their shafts, This arrangement, i.e.
axial floating movement, permits the rolls to automatically
assume the proper vertical position relative to the tube
irrespective of the degree to which the spring is com-
pressed. That is, if the squeeze rolls were in fixed ver-
tical positions, it would be necessary to make the spring
13 or its equivalent in such a way that the squeeze roll
shafts not only do not tilt as the spring is compressed,
but at the same time maintain an exact vertical position.

In addition to the foregoing, the shafts 15, 15a are
also mounted so that the axis of each may be tilted with
respect to the other in a vertical plane parallel to the
tube axis, as in the manner illustrated in FIGURES 3 and
10, thereby permitting adjustment of the alignment of
the seam between the squeeze rolls. Thus any twist pre-
viously introduced into the tube may be compensated for
by inclining the squeeze roll shafts relative to each other,
thereby introducing a slight compensating twist into the
tubing.

As best seen in FIGURE 4, the ironing stand 11, which
receives the tubing subsequent to welding, has a bottom
roll 16 which is fixed in both horizontal and vertical
planes, being mounted on shaft 17 held in bracket 18,
whereas the top roll 19 is spring loaded, as at 20, and
is free to move axially on its shaft 21 in order to facilitate
alignment of the tube. It may be observed that it is not
absolutely necessary to spring load top roll 19. Instead,
it may be screw loaded; and both spring loaded and screw
loaded ironing rolls have been employed with success.

To summarize the action which occurs, the vertical
position of the tube 2 is determined by the position of
the support roll 10 and the bottom roll 16 of the iron-
ing stand; and the horizontal position of the tube by the
fixed squeeze roll 9 and the bottom roll 16 of the iron-
ing stand. The support roll 10 and the upper ironing

roll 19 are free to move laterally, i.e. in horizontal planes,
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principally for ease in alignment, and the squeeze rolls
9, 9a are free to move axially, ie. vertically, on their
shafts so that the vertical position of the blocks on which
the squeeze roll shafts are mounted need not be precisely
maintained.

While preferably squeeze roll 9 will be pre-set to main-
tain the alignment of the tube, it too may be spring
loaded, providing that the two squeeze roll springs be so
matched in spring constant that the tube will maintain
its normal position under the electrode wheel.

It should be pointed out that the use of the hairpin
spring diagrammatically illustrated in FIGURES 1 and 2
is but one of several ways in which the desired squeeze
roll pressure can be obtained. It will be apparent that
other types of springs may be employed, as well as nu-
merous types of load-actuated positioning servo-mecha-~
nisms. In an embodiment of the invention now in use,
the hairpin spring was replaced by two plate-fulcrum type
gprings which are mounted in the squeeze roll box, such
arrangement being illustrated in FIGURES 11 and 12 of
the drawings. As scen therein, the squeeze roll shafts 15
and 15a are each mounted on an arm 21 terminating at
its outer end in a collar 22 which receives one end of a
rocker shaft 23 to the opposite end of which is fitted a
collar 24 having an upwardly projecting tongue 25. One
of the assemblies just described is shown in FIGURE 6
of the drawings. Each of these assemblies is received in
a mounting block, the assembly mounting squeeze roll 9
being received in the block 26 and the assembly mounting
roll 9a in the block 26a. Block 26 is secured to an ad-
justment member 27 slidable relative to the squeeze roll
box 28, the member 27 having an axially extending
threaded bore 29 into which a threaded shaft 30 is fitted,
the shaft 30 terminating externally of the end plate 31 of
the box in a head 3€¢a to which a crank or a hand wheel
may be conveniently secured. With this arrangement,
the block 26 may be readily moved toward and away from
the tube, so as to thereby adjust the horizontal or lateral
position of squeeze roll 9.

The block 26a, which mounts squeeze roll 9a, is se-
cured to a floating base 32 suspended above adjustment
member 33 by means of a pair of spring plates 34, 34a,

“which are preferably formed from Phosphor bronze. The

spring plates serve to yieldingly mount the squeeze roll 9a
so that its pressure against the tube may be automatically
maintained. Adjustment of the spring pressure is ob-
tained by means of the sliding member 33 which is under
the control of threaded shaft 35 having a head 35a, which
will be moved in the same manner as shaft 30.

As best seen in FIGURE 35, the tilting of the squeeze
roll shafts 15, 15a may be readily accomplished by the
opposed set screws 36, 36a which engage opposite sides
of the tongues 25, thereby rocking the shafts 23 which in
turn tilt the arms 21 and the squeeze roll shafts mounted
thereon.

Referring again to FIGURE 7, the electrode wheel 8
is mounted in a holder 37 secured to the base 38 of a
welding head 39 which mounts the transformer for sup-
plying current to the electrode wheel. The base 38 is
supported at its ends by arms 40 and 41 which project
outwardly from a casting 42 which is pivoted at 43 to the
machine frame or other support 44. This arrangement
permits the entire assembly, including the electrode wheel
8, to pivot about the pivot point 43; and by providing suit-
able weights 45 as a part of the welding head, the neces-
sary load may be applied to the electrode wheel to main-
tain good electrical contact with the tubing. As the wheel
wears, the floating action of the head will automatically
adjust so that a constant load is maintained on the wheel
at all times.

The electrode wheel itself can be best seen in FIGURE
9 wherein it will be observed that the wheel comprises
opposed parts 46 and 47 separated by an insulating bar-
rier 48. The wheel is mounted on a non-conductive shaft
49 to which the parts 46 and 47 are secured either by pins
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50 or by a press fit. The wheel so formed may be rotat-
ably journaled in the holder 37 by means of the spring
clamps 51 which permit the electrode wheel to be readily
replaced simply by snapping a new wheel in place. Elec-
trical contact is made with the parts 46 and 47 by means
of the holder 37 which is a two part conductor having sil-
ver bearings 52, the opposite sides of the holder being
connected by means of leads 53 to the source of electri-
cal current housed in the head 39.

Where high frequency heating current is employed, an
impeder 54 may be positioned within the tubing; and such
impeder may be conveniently supported from the nib sup-
porting bracket 55, as shown in FIGURE 7.

It is also competent to point out that a lubricant and
coolant, such as soluble oil, may be employed to cool the
squeeze rolls, such oil being fed to the squeeze rolls
through conduits 56 (FIGURES 6 and 10). As best seen
in FIGURE 10, the coolant wil] flow upwardly through
passageways 57 in the shafts 15, 15a and will be dis-
charged through annular grooves 58. Similarly, the cool-
ant and lubricant may be fed to the electrode wheel
through inlet 59 and passageways 60, as indicated in FIG-
URES 7 and 9.

The mechanism just described has been found to be
highly useful in the fabrication of continuous tubing in
that it is extremely easy to operate and maintain. By
being able to tilt the axes of the squeeze rolls, true align-
ment of the seam can be maintained and necessary ad-
justments made even while the apparatus is in operation.
The spring loading of one or both of the squeeze rolls
permits the application of substantially uniform pressure
against the tube at all times, thereby overcoming the nor-
mal irregularities in the seam edges of the tube and per-
mitting uniform welding. Similarly, the floating action of
the electrode wheel itself and its weight load also act to
overcome variations in the surfaces of the tube at the
seam. These factors contribute to the high speed produc-
tion of uniform welded tubing while minimizing flash.
It has been found possible with this apparatus to operate
at speeds up to 300 ft. per minute employing high fre-
quency heating current. Where low frequency (60 cycle)
current is employed, the operating speed must be reduced
in order to avoid a “stitching” effect.

Modifications may be made in the invention without
departing from the spirit of it. Some of these modifica-
tions have already been described and others will be ob-
vious to the skilled worker in the art upon reading these
specifications. Reference should accordingly be made to
the claims which follow in determining the scope of the
invention.

We claim:

1, In apparatus for welding together the edges of a
longitudinal seam in metal tubing wherein means are
provided for longitudinally advancing the tubing Lfor
contact by a welding instrumentality positioned to con-
tact the surface of the tubing on each side of said seam,}
beneath q welding instrumentality positioned to act upon
said tubing in the area of said seam, means for subjecting
the opposite sides of the tubing to pressure to bring the
seam edges together in edge abuiting relationship at the
point of weld, said last named means comprising a pair
of squeeze rolls between which the tubing passes, and
spring means yieldably and adjustably mounting at least
one of said squeeze rolls, said spring means constituting
the sole support for the squeeze rolls so mounted and
acting to maintain a substantially constant pressure on
the abutting edges of the seam by instanianeously re-
sponding to variations in the seam edges.

2. In apparatus for welding together the edges of a
longitudinal seam in metal tubing wherein means are
provided for longitudinally advancing the tubing [for
contact by a welding instrumentality positioned to con-
tact the surface of the tubing on each side of the seam,}
beneath a welding instrumentality positioned to act upon
said tubing in the area of said seam, means for subjecting
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the opposite sides of the tubing to pressure to bring the
seam edges together in edge abutting relationship at the
point of weld, said last named means comprising a pair
of squeeze rolls between which the tubing passes, said
squeeze rolls each being mounted for rotation on a verti-
cally disposed shaft, said squeeze rolls being free for lim-
ited axial movement along their respective shafts, at least
one of said shafts and the squeeze roll thereon being
yieldably and adjustably mounted relative to the tubing,
whereby to maintain a substantially constant pressure on
the edges of the tubing irrespective of variations in said
edges.

3. In apparatus for welding together the edges of a
longitudinal seam in metal tubing wherein means are pro-
vided for longitudinally advancing the tubing Efor com-
tact by a welding instrumentality positioned to contact
the surfaces of the tubing on each side of the seam,]
beneath a welding instrumentality positioned to act upon
said tubing in the area of said seam, means for subjecting
the opposite sides of the tubing to pressure to bring the
seam edges together in edge abuiting relationship at the
point of weld, said last named means comprising a pair
of squeeze rolls between which the tubing passes, said
squeeze rolls having normally vertically disposed axes of
rotation, means mounting said squeeze rolls for tilting
movement of their axes of rotation in vertical planes par-
allel to the longitudinal axis of the tubing, and means
mounting at least one of said squeeze rolls for yielding
and adjustable movement relative to the tubing, where-
by to maintain a substantially constant pressure on the
edges of the tubing irrespective of variations in the edges
thereof.

4. The apparatus claimed in claim 3 wherein said
squeeze rolls are rotatably mounted on shafts and are
free for limited axial movement along said shafts.

5. The apparatus claimed in claim 4 wherein the
means for tilting the axes of rotation of said squeeze
rolls, comprise arms mounting said shafts, said arms
being pivotally mounted on blocks movable relative to
each other, whereby the distance between said squeeze
rolls may be adjusted.

6. The apparatus claimed in claim 1 wherein said
spring is of the hairpin type, wherein said last named
squeeze roll is mounted to one end of said spring, and
wherein the opposite end of said spring is mounted on a
block which is adjustable relative to the tubing.

7. The apparatus claimed in claim 1 wherein said
spring is of the fulcrum-type, the said last named squeeze
roll being operatively connected to one end of said spring,
with the other end of said spring connected to a movable
support, whereby said last named squeeze roll may be
moved toward and away from the other of said squeeze
rolls.

8. Apparatus for welding together the edges of a lon-
gitudinal seam in metal tubing, which comprises means
for longitudinally advancing the tubing, a welding means
positioned to [contact the surface of the tubing on each
side of the seam,] act upon said tubing in the area of
said seam, means mounting said welding means for yield-
able contact with the tubing, and means for subjecting the
opposite sides of the tubing to pressure to bring the scam
edges together in edge abuiting relationship, said last
named means comprising a pair of squeeze rolls between
which the tubing passes, said squeeze rolls lying beyond
the point at which the welding means contacts the tubing,
at least one of said rolls being yieldably and adjustably
mounted relative to the tubing by a spring which con-
stitutes the sole support for the roll so mounted, where-
by said spring acts to maintain a substantially constant
pressure on the edges of the tubing and is instantaneously
responsive to variations in the edges thereof.

9. The apparatus claimed in claim 8 wherein said weld-
ing instrumentality comprises an electrode wheel, where-
in the means for yieldably mounting said electrode wheel
comprises a pivotally mounted welding head to which
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said electrode wheel is secured, and wherein a support
roll underlies said electrode wheel to support the tubing
at its point of contact with said electrode wheel.

10. The apparatus claimed in claim 9 wherein said -

squeeze rolls are rotatively mounted on vertically dis-
posed shafts, which shafts are tiltable in vertical planes
paralleling the longitudinal axis of the tubing and where-
in squeeze rolls are free for limited axial movement
along their shafts.

11. The apparatus claimed in claim 10 including an
ironing stand for receiving the tubing subsequent to its
passage between said squeeze rolls, said iroming stand
having a fixed bottom roll for supporting the tubing from
beneath, and an adjustable top roll for contacting the tub-
ing in the area of the welded seam.
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8
12. The apparatus claimed in claim 11 wherein said
top ironing roll is free for limited axial movement, and
wherein said bottom ironing roll is fixed against axial
movement.
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