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7o all whom it may concern.!

Be it known that I, Prmie P. Bawowin,
a citizen of the United States of America,
residing at Greenfield, in the county of
Tranklin and State of Massachusetts, have
invented certain new and useful Improve-
ments in Collapsible Tools, of which the
following is a specification.

This invention relates to collapsible tools,
of the character wherein the cutting ele-
ments thereof may be automatically moved
away and disengaged from the work on the
completion of the cutting operatien. The
invention, while capable of general applica-
tion, finds one advantageous nse as a col-
lapsible tap and will be describsd herein in
connection with such use for the purposes
of illustration.

Collapsible cutting tools have been pro-
vided heretofore in many and various
forms, as T am aware. The tools of the
prior art, so far ags I am aware, do howevet
possess certain disadvantages, which T seek
to overcome by this invention. Among
these disadvantages, may be enumerated,—
the lack of provision for a floating move-
ment of the cutting elements relatively to
that part of the tool which is automatically
fed to the work. This is desirable especially
in collapsible taps, which are used for pre-
cise thread cutting, where it is desired to
have the cutters follow their own lead. The
lack of provision for the floating movement
has made necessary the use of separate at-
tachments for this purpose. Other disad-
vantages of the prior tools ave that they are
often needlessly complex, expensive to man-
ufacture, and difficult to assemble or take
apart.

One object of this invention s to provide
in a collapsible tool, a part suitable for at-
tachment to the turret of a turret lathe ov
to other similar means, and a support for
the cutting elements of the tool connected
to said part for floating movement,

- with mechanism, whereby snid elements

may be held in expanded position and auto-
matically moved to collapsing position when
desired.

A further object of the invention is to
provide, in o collapsible teol, a solid outer
shell within which is housed supports for
the cutting elements and nmechanism to au-
tomatically collapse such elements, the cut-
ting elements extending through the wall of
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sald shell and arranged to transmit their
torsional strains directly to the shell rather
than to the interior mechanism.

Another object of the invention is'to pro-
vide in a collapsible tool a generally simpli-
fied and improved disposition and arrange-
ment of parts to the end that assembly of
the tool is rendered simple and convenient,
as 1s also the dissociation of parts, when de-
sired.

Another object of the invention is to pro-
vide in a collapsible tool, means whereby
the cufting elements may be readily re-
moved without removing the tool from the
turret of the machine and without removal
of other parts and more particularly with-
out any disturbance of the various adjust-
ments of the tool.

Another object of the invention is to pro-
vide a collapsible tool wherein all the mech-
anism, except the cutting elements, are com-
pletely housed in an outer cylindrical cas-
ing or shell, which is of a substantially uni-
form diameter less than that of the root of
the cutting elements, so that the tool may
be readily used for cutting in deep holes.

Amnother object of the invention is to pro-
vide improved means for holding the cut-
ting elements in expanded position, such
means being in the nature of a one piece
catch which is positively moved into and
out of its holding position.

A further object of the invention is to
provide, in a collapsible tool, two relatively
movable members to support the cutting ele-
ments and an improved adjusting means
to move the one member relatively to the
other for the purpose of varying the diame-
ter of said elements, such means being in
the nature of a differential screw and adapt-
ed for adjusting the cutting elements with
close accuracy.

A further object of the invention is to
provide, in a tool of the character described,
generally simplified and improved mechani-
cal structure.

Other objects and advantages will appear
in the following description and in the illus-
trative embodiment of the invention in the
accompanying drawings, in which:

Figure 1 is a sectional elevational view of
a collapsible tool embodying the invention;

Fig. 9 is a similar view showing the cut-
ting elements of the tool in collapsed po-
sition;
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Fig. 8 is an exterior view, partly in sec-
tion, showing the manner of removing the
cutting elements from the tool;

Fig. 4 is an elevational view showing the
ring upon which the cutting elements are
pivoted;

Figs. 5 and 6 are cross sectional views
taken on the lines 5—5 and 6—6 respec-
tively of Fig. 4; ;

Fig. 7 is a partial cross sectional view
taken on the line 7—7 of Fig. 1;

Fig. 8 is a detail view of one of the cut-
ting elements;

Figs. 9 and 10 are end and side eleva-
tional views, respectively, of the wedge ring
for supporting the cutting elements;

Fig. 11 is an end elevational view of the
shell or outer casing of the tool;

Figs. 12 and 18 are end and side eleva-
tional views respectively of the float bar of
the tool;

Fig. 14 is a fragmentary elevational view
showing part of the mechanism for expand-
ing the cutting elements; and

Fig. 15 is a perspective view of a device
to hold such elements in expanded position
during the removal of the internal mech-
anism from the outer shell.

Referring to these drawings, the tool in-
cludes a smtable outer shell 10, within which
is housed all of the working parts. As
shown, the outer shell comprises a straight,
cylindrical member, having a smooth and
substantially unbroken outer surface of sub-
stantially uniform diameter. The shell 10
is of hollow, tubular form and has a bore 11
extending from end to end thereof to re-
ceive the various elements to be hereinafter
described.

Intermediate the ends of shell 10, the bore
11 is restricted by an interior flange 12
(Figs. 1 and 11). Slidable in the shell 10,
and guided by the walls of such restricted
portion, is a cylindrical bar 13, hereinafter
called the float bar. Such bar has two
grooves 14 (Fig. 1) formed on opposite
sides of its periphery and the bases of these
grooves afford flat, parallel surfaces 15,
which are engaged by corresponding sur-
faces on a substantial?y U-shaped collar 16
(Fig. 7). The latter snugly fits in the
grooves 14 and forms a flange to abut the
flange 12 described. The collar 16 is thus
fixed to the float bar 13, but may readily be
removed therefrom, when desired. A sec-
ond collar 17, is likewise removably secured
to the float bar 18 by suitable means, as by

‘the screw threads shown, for example. The

collar 17 is applied near one end of bar 13
and is disposed on the opposite side of
flange 12 from the collar 16. A coil spring
19 15 disposed between the collar 17 and
flange 12 and tends to hold the float bar 13
in the position illustrated in Fig. 1, wherein
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the collars 16 abuts the flange 12 of the
shell 10, :

Slightly to the left of the collar 16 (as
viewed in Fig. 1), there is provided a shoul-
der 20 on the float bar 13. Between this
shoulder and collar 16, and held against
axial movement thereby, is a sleeve 21,
which is oscillatable on the float bar. The
sleeve 21 is provided with a plurality of
angularly spaced projections 22, which over-
lie the enlarged portion of the float bar and
such projections have inclined cam surfaces
23. A second sleeve 24, having like projec-
tions 25 and similar cam surfaces to coact
with the surfaces 23, is also applied to the
float bar 13. Sleeve 24 is slidable but not
rotatable relatively to the latter. Thus, a
pin 26 is applied diametrically through
sleeve 24 and passes through diametrically
opposed and longitudinally arranged slots
27 in the float bar. The latter is provided
with a central, longitudinally disposed bore
28, which extends from the left hand end of
the bar (as viewed in Fig. 1) to a position
substantially midway between the ends
thereof. In this bore 28, a bar 29 herein-
after called the control bar, is slidably
mounted and the described pin 26 is driven
through this bar, so that the sleeve 24 and
control bar 29 are rigidly connected to move
in unison.

The cam sleeve 21 described is adapted for
manual operation and has secured thereto a
handle 80, which extends radially through
and beyond a slot 81 in the shell 10. The
slot 31 is best shown in Fig. 3 and, as there
shown, a second slot 32 intersects slot 31 at
right angles. Slot 32 is of less width than
slot 81 and the diameter of handle 30 is
greater than the width of slot 32 so that,
normally, the handle is movable only trans-
versely of the shell in glot 31. A recess 33
(Fig. 1) is however, provided in handle 3
so that the latter when turned ninety de-
grees, from the position illustrated in Fig.
1, may traverse the slot 82 for reasons later
to be described. If desired, a sleeve 34 may
be loosely applied to the outer surface of
shell 10, with the handle 80 passing through
the sleeve, so that the latter conceals the
slots 81. The movement ¢f handle 30 from
the upper to the lower end of slot 81 (as
viewed in Fig. 3) serves to move the control
bar 29 relatively to the float bar 13 and such
movement of the control bar sets the lands
of the collapsible tool, as will appear.

In order to releasably hold the control bar
29 in the position, to which it is moved by
the deseribed actuation of handle 30, and to
prevent relative movement between the con-
trol bar and the float bar 13, a latch 35 is
mounted to slide radially in the latter (Fig.
1). The inner end of the control bar 29 is
grooved circumferentially to afford a shoul-
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der 86, with which the latch 35 may engage
to hold the control bar and float bar in the
relative positions illustrated. The grooving
of the control bar 29 also affords a conical
surface 36" and the lower end of latch 85 is
suitably beveled to coact with this surface.
The latch 85 has a head 87, which is equal
in height to the thickness of sleeve 24 and
therefore 2 adapted to engage the internal
surface of shell 10. Such engqgement serves
to hold the latch in its inner position, where-
in the control bar 29 is held against move-
ment to the right (Fig. 1) rel‘ltlvely to the
float bar. The latch 35, being fixed rela-
tively to the float bar, while the sleeve 24 is
movable axially 1elatlvely to the latter, a
longitudinal slot 38 is provided in sleeve ‘)4
to receive the head 87 of latch 85 and permit
the relative movement of the sleeve 24 and
float bar 13. The engagement of the latch
35 with the surface 36" in the control bar
29 is such as to permit the latter to move to
the right (Ifig. 1) with respect to the float
bar 13. That is the control bar might be
pushed into the bore 28 of the float bar 13
to thereby cam latch 85 radially outwardly
and, of course, if the float bar is pulled to
the left (Fig. 1) while the control bar is
held relatlvely stationary, the same result
would be accomplished. This outward cam-
ming of the latch 35 is normally prevented
by the engagement of the head 37 with the
interior wall of shell 10. In such wall, and
to the left of head 38 (Fig. 1), there is pro-
vided a recess 39, which, when the float bar
13 1s pulled for Wardly (to the left as viewed
in Fig. 1) against the tension of spring 19,
will overlie head 37 and permit it to be
moved radially outward by the camming ac-
tion described. Such movement of the latch
releases the lands of the collapsible tool and
permits the collapsing action. The recess
33 in handle 30 permits a sufficient move-
ment of the float bar 13 relatively to shell
10 to bring the head 38 in line with the re-
cess 39 and to cam the former cutwardly
into the latter.

The lands of the tool are pivotally at-
tached to the float bar 183 and are also sup-
ported by means carried by the control bar
99. The outer (left as viewed in Fig. 1)
end of the float bar 13 is provided with an
enlargement or head 40 (see also Figs. 12
and 13), which closely fits the interior wall
of shell. 10 and functions, together with
sleeves 21 and 24, collar 17, and flange 12,
to guide the bar in its fleating movements.
The intersection of head 40 and bay 13 of-
fords a shoulder 41 against which & ring 42
may seat. The ving 42, shown separately in
Figs. 4, 5, and 6, has four portions 43 of
rounded cross-section, arranged in quadra-
ture, and intermediate such portions, other
portions 44 of square cross section. The
head 46 is provided with four radial slots

45, which also extend a short distance into
the body of bar 13, to receive the lands 46
of the tool. These slots 45 are ar ranged at
right angles to one another, and the de-
scribed ring 42 is so applied against the
shoulder 41 of head 40 that the rounded
portions 43 of the ring overlie the slots.
The lands 46 have U-shaped slots 47 (Fig.
8), which partially encompass the portions
43 (as shown in Fig. 1), so that the latter
function as pivots for the lands. The outer
end of casing 10 is likewise provided with
four, right- rLngulmly arranged, radial slots
48 through which the cutting portions of
lands 46 may protrude. The lands 46 closely
fit the slots 48, and desirably so, in order that
the torsional strains imposed upon the lands
be taken by, afd transmitted to, the solid,
heavy, outer shell 10, rather than by the
more delicate mechanism within the shell.

The lands 46 have, at their inner ends,
cam surfaces 50, and these several surfaces
are_all engaged simultaneously by a single
wedge ring 51, which is slidably mounted
upon the float bar 13 and disposed in the
rear of head 40. A spring 52, coiled about
the float bar 18, acts between the wedge ring
51 and the outer end of sleeve 24 with a con-

stant tendency to separate the wedge ring
axially from the sleeve. The wedge ring 51
acts against the cam surfaces 50 on : the lands
46 with a tendency to move the cutting por-
tions thereof inwardly or.toward collapsed
position. The spring 52 will hereinafter be

called the closing spring, since it functions
to collapse the lands of the tool.

The lands 46, however, are normally pre-
vented from colla‘psing, under the action of
the closing spring, by a block 54 which is

carried by the control bar 29. The block 54
is of generally cylindrical form and closely
fits the otherwise open, outer end of shell 10.
The block 54 has four angularly spaced slots
55 in its periphery for the purpose of receiv-
ing the several lands 46. The latter have
anpl(_)pnqtelv formed inclined surfaces 56
which rest upon similarly inclined surfaces
37 formed in the wedge block 54 at the base
of slots 55. The surfaces 57 support the
lands 46 at their outer ends and limit the
extent of the inward movement of the lands
under the action of the closing spring.

The wedge block 54 has heen deseribed as
carried by the outer end of the control bar,
and it may, as far as some features of the
invention are concerned, be rigidly fixed to
the control bar. Usml]v howerver, it is de-
sired to provide means for arhustlncr the
lands 46 radially inwardly or outwardly to
suit the particular work in hand. There-
fore, the wedge block 54 is desirably connect-
ed to the control bar so as to permit the one
to be moved, within limits, relatively to the
other for the purpose of shifting the wedge
block relatively to the lands. This relative
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shifting movement operates, by coaction of
the surfaces 56 and 57, to spread the lands
or to permit them to be drawn together un-
der the action of the closing spring accord-
ing to the direction of the movement. Pref-
erably, the adjustable connection, between
the wedge block 54 and the control bar 29,
takes the form of a differential screw, such
as is shown in Fig. 1 at 59. Screw 59 has
two threaded portions 60 and 61, which are
of different, pitch, and one portion, as 60, is
threaded axially into the wedge block 54
while the other, as 61, is threaded axially
into the end of the control bar 29. Thus the
two latter elements are securvely, yet adjust-
ably connected and the particular adjusting
means chosen is advantageous in that 1t
lends itself readily to adjustments of very
fine character. This follows, since the axial
movement of the block with relation to the
control bar is proportional to the difference
between the pitch of the portions 60 and 61.
That 1s, if the latter, on one revolution of
serew 59, would move axially, say, twenty-
five thousandths of an inch and the former,
on the same revolution of the screw, would
move axially, say, twenty thousandths of an
inch, the effective movement of the block 54
relatively to the control bar 29 would be five
thousandths of an inch. It will thus be seen
that the cutting elements of the lands 46 may
be adjusted with very close accuracy, by the
means described, so that the collapsible tool
is suitable for precision work.

In practice, the outer end -of screw 39 is
protected by a set-screw 62. This screw 62,
when removed, permits the use of a conven-
ient means for preventing the lands from
collapsing, which means 1s used more par-
ticularly during the assembly of the mecha-
nism in, or removal of the mechanism from,
shell 10. This means may consist simply of
a washer 63, having a threaded stud 64 on
one side to engage in the open, threaded,
outer end of wedge block 54, and a squared
head 65 on the other side to permit the stud
65 to be conveniently threaded into the block.
The washer 63 is intended to overlie the
outer end faces of the several lands 46 and
clamp them firmly to the wedge block.

In operation, the shell 10 is usually held
stationarily in a chuck while the work to be
threaded 1s revolved. For example, the
shell 10 may be held in the turret of a tur-
ret lathe. The shall 10 is generally fed
axially forward to the work, whereupon the
revolving work will be threaded. For pre-
cise thread cutting, it is generally desired to
have the cutters follow their own lead, and
this is permitted, according to my invention,
by the incorporation into the tool of the
float spring 19, which permits the cutters,
together with the entire mechanism within
the shell, to float back and forth therein, as

1,331,138

required. The axial feed imparted to the
shell would, of course, be approximately
correct, but such differences between this
feed and the correct one (obtained by allow-
ing the cutters to follow their own lead)
are compensated for by the provision for
the floating movement. Without this pro-
vision, the cutters would, from time to time,
tend to drag the heavy turret forwardly to
compensate for its inaccurate feed, and this
is undesirable when accurate work is re-
quired. |

As shown in Fig. 1, the lands 46 are in
expanded position ready for the cutting op-
eration, which is performed as above de-
scribed, in a manner, requiring no further
description. The automatic collapsing of
the lands 46 may be accomplished as fol-
lows: If the automatic axial feed imparted
to shell 10 is stopped, the lands 46 continue
to progress axially into the work being
threaded, and thus a relative axial move-
ment is obtained between the shell 10" and
the float bar 13, to which the lands 46 are
attached. This relative movement may ob-
viously be produced in other ways and the
one described is purely illustrative. Hav-
ing, however, such a relative movement pro-
duced in any way, the float bar 13 moves
forwardly in the shell 10 to the extent per-
mitted by handle 30, and this, as described,

1s sufficient to carry head 87 in under re-

cess 39. As the latch 85 is carried forward
with the float bar, while the control bar 29
remains stationary, the surface 86" on the
latter cams the latch upwardly into recess
39. This allows the closing spring 52 to
come into play and such spring moves
sleeve 24 and thus the attached control bar
29 to the right, as viewed in Fig, 1. As the
bar 29 is thus moved, it carries with it the
wedge block 54 and an inward movement of
the latter permits the collapsing of the lands
46 under the action of the closing spring 52.
The parts then occupy the relative po-
sitions shown in Fig. 2. It will be seen
from this figure that the beveled end of
latch 85 engages the smooth outer peripher
of bar 29 and that the head 37 of the latc
lies in recess 39. Such engagement of head
38 in the latter temporarily prevents the
complete return of the float bar 13 under
the action of the float spring 19. However,
as handle 30 is moved from the upper to the
lower end of slot 81 (Fig. 8), the coactin
cam sleeves 21 and 24 are axially separated,
and the control bar 29 is thus forced for-
wardly. As soon as the grooved portion of
the bar 29 comes in under the end of latch
35, the float spring 19 can then return the
float bar into the position illustrated in
Fig. 1 and, in so doing, the head 38 is
cammed downwardly to force latch 35 into
engagement with shoulder 86. The latch is
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then: held. from' outward movement by the
shell 10 until such time as the float bar is
again pulled ‘forwardly.

The arrangement of the latch 85 for ac-
tion in the: described manner is thought to
be important and novel. The latch is of
the simplest construction and does not de-
pend on spring action to directly force it
mto locking position. The action of the
latch is positive in each direction by rea-
son- of its cam actuation under the move-
ment of the float bar 13 and its impelling
spring 19. The utilization of the latter to
return the latch into locking position, in
addition' to its floating function, is also
thought to be important.

The provision for accurate adjustment of
the lands, as above described, is also impor-
tant, as well as the provision for preventing
the imposition of torsional strains on the
internal mechanism of the tool. The shell
10 is purposely made strong and sturdy to
sately take such strains. The shell 10 is also
of cylindrical form and of substantially
uniform diameter, no portion therect being
greater than the diameter of the root of the
threads of the lands, when the latter ave in
expanded position. Thus, long threads may
be cut or threads located far within a cylin-
der and at a distance from the entrance end
of the hole therein. ¥ urthermore, there are
no obstructions on the: forward end face of
the tool so that it can readily be used as a
bottoming top, when desired. = The arrange-
ment of the wedge block is important, inas-
much as it provides a firm support for the
lands by its disposition directly in under
the cutting portions thereof.

It is also to be noted that the tool is
characterized by the absence of the usual
large number of springs employed in tools
Only two springs are
provided.. One, the closing spring, acts
simultaneously on all four (or more, if de-
sired ) lands and, aside from the feature of
naking one spring do the work of four,
this arrangement is important since.the
one spring may readily be made of ample
strength to effectively accomplish its pur-
pose and yet, withal, is simple and inex-
pensive. The incorporation of the float
spring with the mechanism of the collapsible

-tool itself is particularly important. Here-

tofore, separate attachments have had to be
used to supply the desirable floating move-
ment. This is eliminated, according to my
invention, and a tool is provided which has,
inherently therein, all the floating, qualities
desired for precision work.

Other important features of the invention
relate to the provision for the convenient as-

sembling or removal of parts. To remove

the lands 46, as is frequently necessary, all
that is necessary is to give handle 30 a
quarter turn so that it can slide forwardly

>

in slot 32 (Fig. 8). Then, by pushing on
the handle, the- entire mechanism may be
shifted forwardly so that the lands 46 are
completely extruded from the shell. By
turning: handle 30 to prevent its return in
slot 32, the lands may be held in their ex-
truded position. Then, as clearly shown in
Fig. 3, the lands may be swung sufficiently
on their pivots to permit their removal and
the insertion of new lands, if desired. To
remove the lands, it is cbviously unneces-
saiy to vemove the shell 10 from the turrvet
and, furthermore, it is unnecessary to dis-
turb any of the carefully made adjustments.
The removal of the lands is thus a very sim-
ple meatter and may be accomplished con-
veniently and expeditiously.

The entire-internal mechanism of the tool
may likewise be readily removed, This, as
well as the removal of the lands, is accom-
plished while the latter are in their ex-
panded: positions, and the device shown in
Fig. 15 1s used to hold the lands against
collapsing. The collar 17 and handle 30 are
unscerewed, whereupon the float bar 18, with
all its associated parts still held in correctly
adjusted working relation, may be com-
pletely removed as a unit from the shell.
The removal of collar 16 permits the cam

sleeve 21 to- be slipped. off the float bar and ¢

by driving out a single pin (26) the other
cam sleeve 24, the spring 52, wedge ring 51,
and pivot ring 42 may be successively
slipped off the bar 13 in the order named.
The removal of parts is, thus, rendered as
convenient as possible, and it will be obvious
that the assembly of parts may be made
with equal convenience and as expeditiously
as possible.

The invention has been disclosed herein,
in an embodiment at present preferred, for
illustrative purposes. It is recognized,
however, that many modifications may be
made in the one structure herein disclosed,
having for their object the use of the in-
vention in a form differing from the specific
one disclosed. Tt is, therefore, desired to
have the scope of the invention defined by
the appended claims interpreted by the
spirit of the present disclosure rather than
by the letter of the one form disclosed.

What I claim is—

1. In a collapsible tool, a member by which
the tool may be supported and fed to the
work, cutting elements, supports therefor ca-
pable of relative movement to permit said
elements to be spread and drawn together
and mounted to move relatively to said
member, and means yieldingly connecting one
of said supports and member so that the
one may float within limits relatively to the
other.

2. In a collapsible tool, a member by
which the tool is supported and fed to the
work, cutting elements, supports therefor
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connected for relative movement, releasable
means to hold said supports against rela-
tive movement to maintain said elements in,
one position, means operable on release of
said means to move said supports the one
relatively to the other to move said ele-
ments to another position, and means con-
necting one of said supports to said mem-
ber to permit floating movements of the
former relatively to the latter.

8. A collapsible tool, comprising, an outer
shell, cutting elements protruding outwardly
from the shell, a member slidable within the
shell for supporting said elements, a sec-
ond member slidable within the shell for
supporting said elements at a distance from
the first-named member, means to move one
member relatively to the other, means tore-
leasably hold said members against relative
movement, an abutment provided in the
shell for engagement with one of said mem-
bers to limit its movement relatively to the
shell, and means to yieldingly hold the last-
named member against said abutment.

4. A collapsible tool, comprising, an outer
shell, cutting elements protruding outwardly
from the shell, a member slidable within the
shell for supporting said elements, a second
member slidable within the shell for sup-
porting said elements at a distance from the
first-named member, means to move one
member relatively to the other, means to re-
leasably hold said member against relative
movement, an abutment provided in the shell
for engagement with one of said members
to 1imit its movement relatively to the shell,
and means operable after the last-named
member has been moved a predetermined
distance away from said abutment to release
said holding means and permit said mem-
bers to move the one relatively to the other.

5. A collapsible tool, comprising cutting
elements, a cylindrical outer shell having in
one end a series of radial slots through
which said elements protrude, means within
the shell to support and position said ele-
ments radially of the shell, said means in-
cluding relatively movable parts normally
held against movement to hold said ele-
ments In one position, and means operable
on release of said parts to move the one rela-
tively to the other to move said elements to
another position, the radial walls of said
slots arranged to take the torsional strains
imposed on said elements in cutting and
prevent the transmission of such strains to
the interior mechansim.

6. A collapsible tool, comprising cutting
elements, a cylindrical outer shell having in
one end a series of radial slots through which
said elements- protrude, means within the
shell to support and position said elements
radially of the shell, said means including

_relative movable parts normally held against

movement to hold said elements in one posi-
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tion, the radial walls of said slots arranged
to take the torsional strains imposed on said
elements in cutting and prevent the trans-
mission of such strains to the interior mecha-
nism, and the end face of said shell having
no part protruding beyond the end faces of
said elements, whereby the tool may be used
for bottoming.

7. In a collapsible tool, cutting elements,
two members each acting to radially support
said elements and arranged for axial move-
ment the one relatively to the other, means
releasably holding said members against rel-
ative movement to hold said elements in one
radial position, and means operable on re-
lease of said members to automatically move
them relatively to one another to move said
alements to another radial position, an ad-
justing device to separate the supporting
part of one member from the like part of the
other member for the purpose of radially
adjusting said elements, the supporting part
of one member being separable axially from
the body thereof, and said device comprising
a serew having a portion threaded into the
last-named part and a second portion thread-
ed into said body, said portions having
threads of different pitch.

8. The combination in a collapsible tool,
having cutting elements, and two relatively
movable members each engageable with said
elements and adapted on such relative move-
ment to cause a radial movement of said ele-
ments, of means to radially adjust said mem-
bers, one thereof being comstructed in two
parts which are connected together by said
means, the latter comprising a differential
screw.

9. In a collapsible tool, cutting elements,
two members movable axially the one rela-
tively to the other to cause radial movement
of said elements, a shell within which said
elements are mounted for floating movement,
a one-piece device slidable transversely in
one member and adapted to engage the sec-
ond member to hold the members against
relative movement, a cam provided on the
second member, and a cam provided on said
shell, one of said cams arranged on a for-
ward floating movement of said members to
positively force said device outwardly to re-
lease said members, and the other cam ar-
ranged on a reverse movement of said mem-
bers relatively to the shell to positively force
said device into holding engagement with
said members. v

~10. In a collapsible tool, cutting elements,
two -members mounted for relative axial
movement and arranged on such movement
to cause radial movement of said elements, a
shell within which said members are mount-
ed for floating movement, releasable means
to hold said members against relative move-
ment, and means to move said members the
one relatively to the other upon release of
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the last-named means, the latter comprising
a device mounted in one member for radial
movement and engaging the shell at one end
and the second member at the other end to
hold said members against relative move-
ment, the second member having an axially
inclined surface with which said device en-
gages, and a recess provided in the shell in
the axial path of said device and adapted to
permit the latter to be forced radially out-
ward by said cam on a floating movement of
said member relatively to the shell to release
the members for relative axial movement.
11. A collapsible tool comprising an outer
shell, cutting elements, a member slidable in
the shell and connected to said elements to
be moved axially thereby, a second member
acting to radially suppoit said elements and
mounted to move relatively to the other
member, releasable means to hold said merm-
bers against relative movement, means to ef-
fect the last-named movement on release of
the last-named means, coacting cams one on
each member and one of which is osciliatable
relatively to the other to reset said members
after such relative movement, the first-
named member having a shoulder to engage
an abutment provided in said shell, a collar
removably secured to said first-named mem-
ber, and a spring between said collar and

7

abutment to yieldingly hold the first-named
member against the latter, all constructed
and arranged so that on removal of said
coliar the entire mechanism within said shell
may be removed as a unit with all its parts
1n properly adjusted codperative relation.

12. 1n a collapsible tool, an outer shell, a
member mounted therein for floating move-
ment, cutting elements pivotally supported
from said member and protruding radially
irom said shell, a second member engageable
with sald elements and mounted for axial
movement relatively to the first member, a
spring tending to move said members rela-
tively to one another in one direction to
move said elements radially to one position,
resetting means operable from without the
shell to move said members relatively to one
another in the opposite direction to move
said elements radially to another position,
means to releasably hold said elements in
the last-named position, and means permit-
ting the first-named member and associated
parts to be moved axially relatively to the
shell by said resetting means a suflicient dis-
tance to permit complete access to sald ele-
ments, the latter being connected to the first-
named member for convenient removal when
thus exposed from the shell.
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