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1

The present invention relates in general to the
construction and operation of tube cutting ap-
paratus and more particularly to apparatus of a
portable type adapted to perform various cut-
ting operations on tubes assembled in the walls
of pressure vessels. Such tubes are generally
expanded within tube seats formed in the walls
and, to further assure a fluid tight assembly, the
tubes are seal-welded at their inner ends to the
surrounding wall metal.

Tn order to remove a tube, for replacement, for
example, the welded connection at the tube end
is removed, and the tube thickness within the
tube hole reduced to an extent which enables the
expanded tube end portion to be collapsed or
otherwise suitably deformed so as to permit with-
drawal of the tube without damage to the asso-
ciated tube seat.

Our invention is therefore especially concerned
with a form of tube cutting apparatus, or tool,
having relatively movable connected components,
onesof which is adapted to extend interiorly of
a tube, and to be maintained stationary therein,
while another component is adapted to extend
exteriorly of the tube, and to receive and sup-
port a cutter for movement relative to the tube.
The second named component also incorporates
means for effecting anchorage of the first named
component within the tube, and further includes
separately operable means arranged to effect both
translational and rotational movement of the cut-
ter relative to the tube.

The various features of novelty which charac-
terize our invention are poinfed out with par-

ticularity in the claims annexed to and forming !

a part of this specification. For a better under-
standing of the invention, its operating advan-
tages and specific objects attained by ifs use, ref-
erence should be had to the accompanying draw-

. ings and descriptive matter in which we have il-
lustrated and deseribed a preferved embodiment
of our invention.

Of the drawings:

Fig. 1is a longitudinal sectional view of a porta-
ble tube cutting apparatus or tool of our inven-
tion, in operative position relative to a tube;

Fig. 2 is a fragmentary view of the tool shown
in Fig. 1, rotated through 90°; and showing com-
ponents of the assembly in a different position
of operation;

Pig. 3 is a fragmentary view of the tool shown
in Fig. 1, showing certain details;

Pig. 4 is a sectional view of parts shown in Fig.
3, taken along line 4—4; and

Figs. 5 and 6 are longitudinal sectional views
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2

showing separate modifications of the cubter-
supporting component included in Fig. 1.

In more detail, Fig. 1 shows a portable type of
tube cutting apparatus or tool arranged in opera-
tive relationship to a tube 12 assembled in the wall
of a pressure vessel 14, such as & superheater
header of circular cross section. It may be as-
sumed that the end portion of tube {2 has been
expanded into contact with the tube seat {5,
throughout the thickness of the header wall, so
as to form a pressure tight joint connecting the
tube to the header. Other tubes, not shown, may
be similarly connected. As originally assembled,
the tube may project slightly beyond the inner
engd of tube seat 15, where the inner end of the
joint may be sealed by a circumferential deposit
of weld metal {1, as represented by broken lines.

The cutter tool, as illustrated, comprises rela-
tively movable, axially coupled components which
in terms of their respective functions and relative
positions may be termed an inner tube plug, or
tube gripping component 28, and an outer, cutter
support, or supporting component 38; the cutter
3| being formed as a reamer with a series of
flutes or teeth which provide cutting edges at
its periphery and also at its forward end. Asso-
ciated with the component 38 are means for oper-
ating the cutter, whereby the cutter is rotated
relative to the tube and also moved axially there-
of. It may be assumed that the weld deposit {7
has been removed, using a different form of cut-
ter, to be later described, and that the tool is
now in position for cutting away metal interiorly
of the tube so as to reduce the tube wall thick-
ness and thereby facilitate removal of the tube
from within its tube seat 18.

The tube gripping component 20 comprises &
central threaded shaft or bolt 21 having a cylin-
drical head 23 slidable within the cylindrical bore
34 of a coupling 32 which constitutes the ter-
minal element of the cutter supporting compo-
nent 38. Such a device is known to the art as
an internal expanding anchor. The shaft 2i
extends through a hole 22 in an end wall of the
coupling and a metal bushing 33 is interposed
between. the end wall and the shaft head 23.
Discs 24, of a suitable deformable resilient mate-
rial, such as rubber, or a combination of rubber
and fabrie, for example, are mounted concentri-
cally on shaft 21 and clamped between a washer
25 and cylindrical locking nut 26 at one end, and
a washer 27 and castle nut 28 at the opposite
end; the nut 28 being locked in position by a
cotter pin 29. The nut 28 may also be soldered
to washer 271 as indicated at 28a. The locking
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nut 26 and coupling 232 have their opposing end
surfaces formed to provide tongue-and-groove
engagemsant diametrically of the surfaces, as illus-
trased in Fig. 2, for a purpose hereinafter de-
seribed. In the forin shown, the tongue 35 is
vrovided on coupling %2, and the groove %8, on
locking nut 26. Shaft 21 and nut 25 constitute
operating means for expanding anchor 285,

The cutter support component 30 includes a

central drive shaft 87 having an enlarged cylin- !

drical outer end portion 88 which is received
within the open end of an operating cylinder 39:
the enlarged shaft portion 38 constituting an end
closure or piston and being sealed to the inner
circumferential wall of the cylinder by a leather
plunger cup 48, suitably held in assembled posi-
tion against the face of the piston by a washer
4| and a retaining spring 42, the latter fitting a
groove in the shaft. Piston 38 and cylinder 39
constitute elements of the cutter feeding means.
The shaft 37 terminates in an outermost end
portion or shank 43, of square or other suitable
form of cross section, for connection to an air
motor, for example, not shown, or other known
driving means for rotating the shaft and thereby
the cutter 3f. The flange 44 serves as a stop to
limit contracting telescoping movement of cylin-
der 39 relative to piston 38. The inner end of
shaft 37 extends through the cylinder end wall

45, of which the inner wall portion 4§ is integral -

with the body of clinder 39, and is recessed and
threaded at 47 to receive a correspondingly
threaded removable end wall portion, or cylinder
cap 48. A pipe coupling 49 is secured to the
lateral wall of the cylinder in registry with a
hole &1 through which an operating fluid, nor-
melly air, is infroduced under pressure. A
deformable packing ring 52 is clamped between
the cap 49 and the inner end wall portion 46 so

as to form a fluid seal circumferentially of shaft °

31. The forward end of drive shaft 37 is threaded
at 54 into the threaded open end of coupling 32.
Various means may be employed to lock the cou-
pling in position on shaft 37, for example, a
headless set screw 56 which extends through the
wall of coupling 382 and engages a chordal flat 57
on the threaded shaft portion 54.

A thrust washer 58 is assembled on shaft 37
against the outer face of the cylinder end wall 45
and, for the cutiing operation indicated, the
entire longitudinal space between the washer and
the cutter 31 is occupied by spacer blocks 5% of
various thicknesses. The cutter is keyed to shaft
37 by means of a key 61 which extends from a
point adjacent the outer face of thrust washer
58 to a2 point intermediate the ends of cutter 31,
when the cutter is in its extreme forward posi-
tion on the shaft.

Each spacer block 59, as detailed in Figs. 3
and 4, is slotted longitudinally as at 62 to en-
able the block to be assembled on shaft 37 in a
transverse or radial direction; the width of slot
62 being slightly greater than the diameter of
shaft 37 at the point of assembly, and the base
of the slot being semi-circular in form to corre-
spond to the peripheral surface of the shaft.
Each block 59 is also formed with a transverse
slot 63 which extends to a depth sufficient to pro-
vide an opening into the longitudinal slot 62 ad-
jacent an end wall 84 of the transverse slot §3.
A snap spring 63, having an inwardly curved end
portion 67, is assembled within slot 63 and se-
cured to bleck §9 by means of a screw 88. The
spring 65 thus maintains the block in operative
position on shaft 27, and also enables the block
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4
to be snapped into or out of position over the
full diameter of the shaft.

The drive shaft 37 is formed with an axial bore
or passage 71 which extends from the innermost
end of the shaft to a point adjacent but spaced
from the piston enlargement 38. A radial port
or passage 12 in shaft 37 penetrates inwardly to
the axial bore Tl to provide communication be-
tween the interior of cylinder 39 and the interior
shaft passage Tl. A similar radial port 73 in
the circumferential wall of coupling 32 extends
the path of communication to the annular space
14 which separates coupling 32 from the inner
surface of tube 12.

When a tube 12 is to be reamed, as indicated in
Fig. 1, before inserting the tool within the tube,
the cylinder 39 is first moved along the shaft
37 toward the shank end 43 and, with all spacer
blocks 58 removed, the cutter 31 moved back in
the same direction. It should also be made
certain that the rubber discs 24 are not expand-
ed. If the discs are found to be expanded, the
clamping pressure on the discs should he relieved
by moving the shaft 37 forward to cause the cou-
pling 32 to engage the locking nut 26, through
the fongue-and-groove connection 35, 36, and
then rotating the drive shaft counter-clockwise
while holding the rubber discs and locking shaft
2| stationary. The pipe fitting 49 is then con-
nected, by means of an air hose for example, to
a source of operating air, under pressure of about
100 p. s. i.

To insert the cutting tool within tube {2, the
coupling 32 is moved into engagement with the
locking nut 26, with tongue 35 seated within
groove 35, and the tool then pressed into the tube
until the cutter 31 bears against the end of the
tube. Then with a small wrench engaging the
shank 43, the drive shaft 37 is turned clockwise,
with enough pressure being exerted axially of
the shaft to cause the coupling elements 26 and
32 to remain engaged until the tube gripping
assembly 20 is anchored within the tube in op-
erative position. The drive shaft 37 is then
pulled out to a position where it may be rotated
ireely by hand, as a result of the tongue-and-
groove coupling connection having been opened,
and thereby providing a clear axial space 60
between tongue 35 and the adjacent end surface
of coupling element 26. The cylinder 39, thrust
washer 58, and cutter 31, are then moved for-
ward by hand, as a unit, until the cutter is
brought into contact with the tube.

The air motor drive, previously mentioned, is
then attached to the shank 43 and the motor run
in the proper direction for normal cutter opera-
tion. To feed the cutter, air is admitted to the
interior of cylinder 3% under pressure of about
160 p. s. i.,, whereby the cylinder is moved for-
ward relative to its piston 38, and the cutter 31
moved in unison therewith, in accordance with
the rate at which tube metal is cut away. As
the cutting operation progresses, a point is
reached where it becomes necessary to insert a
spacer block 59 in order to extend the range of
cutter travel axially of the tube. Several oil
grooves 53, which are provided in piston 38 adja-
cent its forward end, also serve to indicate when
cylinder 39 is approaching a predetermined limit
of its stroke at which further forward movement
should be arrested so as to avoid damage to cer-
tain parts of the tool, for example, by key 61 rub-
bing against the face of thrust washer 58. Ac-
cordingly, when cylinder 39 has been moved for-
ward to a point where the groove 53 nearest flange
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44 becomes visible, the air pressure is cut off and
the cylinder moved back by hand toward flange
44, and a spacer block §9 inserted, for resumption
of operation as before. When the first, outer-
most groove 53 is again uncovered, an additional
block 59 is inserted, and so on, until the required
axial length of cut has been completed.
Throughout these operations, the space 60 be-
tween the coupling elements 26 and 32 remains
open, due to air pressure within the cylinder, and
no change is required in the position of the tube
gripping component 20. During operation of the
tool, a certain amount of the cylinder air tends
to escape around shaft 37 where it passes through
the cylinder wall 45. However, this leakage air,
instead of passing direct to the outside atmos-
phere, flows into the port 72 and thence through
the central shaft passage 711, and port 13, into
the annular space T4 where it is directed toward
the cutter and thus toward the open end of the
tube. The air in flowing both interiorly and
exteriorly of the shaft serves to keep the tool cool
and to blow the metal cuttings from the inside
of the tube. Purthermore, when cylinder 39 has
reached its maximum stroke, the port 72 is un-
covered and the air freely escaping through the
port automatically reduces the pressure in the
cylinder to the extent that feeding action stops.
When cutting operations are completed, and the

air pressure is cut off, the shaft 37 may readily -

be moved forward and the tongue-and-groove
coupling connection 35, 36 again established,
whereiipon the shaft is rotated counterclockwise
to relieve the clamping pressure on discs 24 and
thus permit removal of the tool from within the
tube.

Fig. 5 illustrates a modified form of tool adapt-
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ed to perform a cutting operation on the end of -

tube 12, such as the cutting away of a circum-
ferential deposit of weld metal (not shown) by
which the end of tube 12 is sealed to the wall 14,
as described in connection with Fig. 1. The tool
may also be used to resurface the end of a tube,
or to reduce the length of tube extension beyond
the wall 14, prior to or after the deposition of such
weld metal. Parts having a form and function
equivalent to those illustrated in Fig. 1 are identi-
fied by the same reference characters. The as-
sociated tube-gripping component 20, not shown,
is to be understood as being of the same construc-
tion as detailed in Fig. 1, including the releasahle
tongue-and-groove connection to coupling 32. In
the structure of Fig. 5, the spacer blocks 58 are
omitted, and a shorter key 6ia is required, be-
cause of the shorter axial distance of cutter travel
involved. Cutter 3fa is of a form particularly
adapted for tube end cutting, the cutter teeth
being formed on the end of the cutter and there-
by providing cutting edges confined mainly to an
end portion of the cutter. A thrust bearing 58a
is substituted for the thrust washer 58 of the
previously described embodiment. The bearing
58a, although of considerable overall thickness, is
formed with a counterbore 18 to permit increased
forward travel of cutter 3la along shaft 3Ta. A
pilot ring 76 is included to afford support for the
drive shaft 37e¢ within tube 2 at a location be-
tween coupling 32 and the adjacent end of the
tube. The pilot is dimensioned so as to provide a
close sliding fit with respect to both the shaft
31¢ and the inner wall of tube 12.

Fig. 6 illustrates an additional modification,
also of a form particularly adapted for tube-end
cutting. The main distinction over the form de-
tailed in Fig. 5 is the provision of mechanical
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means, instead of fluid pressure means, for ad-
vancing the cutter 3fa toward the work during
the cutting operation. In this form, the drive
shaft 87b is of uniform diameter throughout, ex-
cept for the flange 44a and the drive-attachment
end 43. The cutter feeding means, generally in-
dicated at 80, is positioned between the cutter 31a
and flange 44a, and separated therefrom by a ball
thrust bearing 81 at each end. The feeding means
includes a flanged feed-screw §2 having an ex-
ternally threaded sleeve portion 83, and a feed nut
84 having an internally threaded recessed por-
tion 85; the secrew 82 and the nut 84 having axially
aligned bores for assembly of the parts on drive -
shaft 37b. Each of the parts 82 and 84 is pro-
vided with one or more radially extending rods or
handles 86 for use in rotating one part relative
to the other so as to regulate the overall axial
dimension of the assembly and thereby advance
the cutter 31a relative to the end of tube 12.

It is apparent from the present disclosure that
each of the above described tools provides a com-
pact assembly, and in each assembly a cutter
feeding means is included as an integral com-
ponent. Each form of tool is also arranged for
the convenient attachment of a suitable power
means for effecting cutter rotation. A feature
of each assembly is the provision of an integral
tube gripping component for resisting the re-
action of the cutter during operation. These
are features which enable the tool to be manipu-
lated and operated within a header, or in var-
ious other locations where the tool may not be
readily accessible. Provision is also made for
performing different cutting operations such as
tube end cutting and reaming. In this connec-
tion, it is to be noted that although one form
of tool is shown for one type of cutting oper~
ation, and another form for a different oper-
ation, the same basic arrangement of parts is
common to all.

While in accordance with the provisions of
the statutes we have illustrated and described
herein the best form of our invention now known
to us those skilled in the art will understand
that changes may be made in the form of the
apparatus disclosed without departing from the
spirit of the invention covered by our claims, .
and that certain features of our invention may
sometimes be used to advantage without a cor-
responding use of other features.

We claim:

1. Apparatus for removing metal from a tube
comprising, in combination, a support shaft
adapted to be inserted in a tube; an internal ex-
panding anchor including a rotatable operating
means for expanding said anchor; said operat-
ing means being connected to the inner end of
said shaft with a lost motion connection pro-
viding for axial and rotational movement of said
shaft relative to said operating means; inter-
locking coupling means on the axially adjacent
ends of said shaft and said operating means en-
gageable by axial movement of said shaft toward
said operating means to couple said shaft to
said operating means for rotation of the latter
by said shaft to expand said anchor to grip the
inner surface of the tube; a cutter mounted on
said shaft and fixed against rotation relative
thereto, said cutter being movable axially along
said shaft; and cutter feeding means including
a first element fixed to said shaft, a second ele-
ment mounted on and movable axially along said
shaft and operatively engaged with said cutter,
and means operable to force said elements apart
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axially of said shaft to feed said cutter along
‘said shaft; the reaction of said last named means
on said first element urging said shaft axially
away from said anchor, to maintain said cou-
pling means disengaged during feeding of said
cutter to provide for rotation of said shaft and
cutter.

2. Apparatus as claimed in claim 1 including
spacer means removahly mounted on said shaft
between said cutter and said second element to
maintain such operative engagement between said
cutter and said second element during extended
feeding of said cutter.

3. A tool as defined in claim 1 wherein said cut-
ter support shaft is formed as a piston adjacent
its outer end to form said first element and said
second element comprises an open-ended cylinder
telescoping with said piston and having fuid inlet
means arranged to admit fluid under pressure
into said cylinder.

4. A tool as defined in claim 3 wherein said
cutter support shaft is formed with an axially
extending interior passage communicating at its
outer end with the interior of said cylinder at a
point on said shaft spaced substantially from said
piston, said passage communicating at its oppo-
site end with the atmosphere surrounding said
tool at a point inwardly of the path of movement
of the cutter along said shaft.

5. A tube cutting tool having axially aligned -

interconnected components of which one is
formed as an inner tube plug adapted to grip the
interior of a tube and another comprises an outer
cutter support shaft arranged for rotation about
the axis of alignment and for axial adjustment of
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a cutter therealong, a stop-on said shaft, cutter
feeding means positioned inwardly of said stop
and comprising a member mounted on and mov-
able along said shaft, and spacer means mounted
on said shaft inwardly of said movable feeding
means member for maintaining the cutter at a
predetermined minimum distance from said
member during normal cutting operations, said
spacer means comprising a block having a slot
therein of a width and depth enabling the block
to be assembled on the cutter support shaft in a
direction transversely thereof, and spring means
associated with said block for releasably main-
taining said block in operative position on the
shaft, said spring means having a substantial por-
tion of its length flat and lying parallel to the
depth of said slot.
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