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SELF-CENTERING TOOL HOLDER

This invention relates to a tool holding chuck
and more particularly to a chuck mounted on a remotely
operated tool-positioning arm and having limited self-
centering and self-aligning capability.

Quick release toocl holding chucks are well known
in the prior art. Such <chucks are generally solidly
mounted in apparatus to provide definite, repeatable
positioning of the tool. In the environment in which the
chuck of the instant invention is to be used, namely
within an irradiated nuclear steam generator, manual
guidance and position adjustment is not possible. There-
fore, the tools which are particularly adapted to perform
various operations in a remote detubing/retubing proce-
dure, are mounted on an apparatus such as discussed in
U.S. Patent 4,205,940, in which they are automatically
positioned from a remote control facility as therein
discussed. For the most part the tool positioning is
sufficiently accurate. However, as shown in the above-~
identified application, the tool is mounted on the distal
end of an arm that magnifies any angular mis-positioning
of the arm. Also, the weight of the arm and the working
force applied by the tool at the end may cause a deflec-
tion in the support structure.

Thus, it is the principal object of the present
invention to provide a mechanism for gquickly connecting
and releasing a tool which permits .the tool to follow an

existing opening, as in drilling out the tube, that is to
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permit the tool to assume the proper placement and align-
ment to minimize stress on the various parts.

With this object in view, the present invention
resides in a tool holding apparatus for use with a tool
support and positioning mechanism comprising a base member
rotatably mounted on said support mechanism and defining a
first surface generally perpendicular to the axis of
rotation of said member, a tool holding member including
means for releasably engaging a tool within a tool receiv-
ing cavity open at one end and having a second surface at
the opposite end generally perpendicular to the axis of
said cavity and in spaced facing relationship with said
first surface with said members being generally coaxial,
and an intermediate member disposed between said spaced
first and second surfaces and defining generally parallel
end surfaces, with one of said end surfaces in adjacent
facing relationship with said first surface and the other
of said end surfaces in adjacent facing relationship with
said second surface, said base member and said intermed-
iate member defining first engaging means for rotational
generally coaxial driving engagement therebetween, said
first engaging means further permitting relative trans-
lational movement therebetween in a first plane, charac-
terized in that said tool holding member and said inter-
mediate member define second engaging means for rotational
generally coaxial driving engagement therebetween, said
second engaging means further permitting relative transla-
tional movement therebetween along a second plane in a
direction generally perpendicular to that of movement in
said first plane, first support means are provided for
supporting said intermediate member on said base member
with said first surface, and said one surface in spaced
relationship and providing a fulcrum therebetween permit-
ting pivotal movement of said one surface in one axially
extending plane, second support means are provided for
supporting said tool holder member on said intermediate

member with said second and said other surfaces in spaced
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relationship and providing a fulcrum therebetween permit-
ting pivotal movement of said second surface in another
axially extending plane perpendicular to said one plane,
and interconnecting means extend between said tool holding
member and said base member for preventing axial disen-
gagement of said first and second engaging means, said
toocl holding member translational motion with respect to
the axis of rotation of said base member and pivotal
movement with respect to said base member.

The invention will become more readily apparent
from the following description of a preferred embodiment
thereof shown, by way of example only, in the accompanying
drawings, in which:

Figure 1 is a partial sectional view of a nucle-
ar steam generator head with remotely operated tool hold-
ing and placement apparatus disposed therein for repairing
the tube and tubesheet of the generator;

Fig. 2 is an enlarged cross-sectional view of a
portion of the free end of the tool holding arm showing
the tool holder of the present invention;

Fig. 3 is a view similar to Fig. 2 with the tool
holder rotated 90° from the position of Fig. 2; and,

Fig. 4 is an exploded isometric of the quick
release tool holder of the present invention.

Referring to Figure 1, the particular remotely
controlled apparatus disposed in the channel head of a
nuclear steam generator and which supports the tool holder
of the present invention is shown. Such apparatus is more
fully described and claimed in U.S. Patent 4,205,940,
which is herein incorporated by reference for the descrip-
tion of this particular structure. However, it is suffi-
cient to note the tool holding chuck (59 therein) is
supported on the distal end of a removably mounted canti-
levered tool holder arm (57 therein) supporting a tool
generally in axial alignment with tubes extending through
a <tubesheet (3 therein) of the nuclear steam generator.

It is apparent that proper disposition of the tool so as



10

15

20

25

30

35

0030828
4

to initially be disposed in axial alignment with each
individual tube to be worked on and also in continued
axial alignment as the tool is elevated within the tube
are necessary for minimal stress on the tool and the
attendant support structure. However, it is also apparent
that due to manufacturing tolerances and the inherent
deflections in the cantilevered tool support arm, exact
axial alignment and subsequent axial travel of the tool
are not assured. Thus, the tool holder 59 of the present
invention permits, whenever such misalignment occurs; a
self-centering of the tool as guided by the tool pilot-as
it enters the tube.

Thus referring to Figs. 2 through 4, the tool
chuck 59 is clearly shown as mounted on the distal end of
the tool holding arm 57 of such an apparatus shown in Fig.
1. The chuck 59 is formed of an assembly of parts com-
prising a rotatably driven base member 14 having a shank
portion 16 vertically supported in a pair of bearings 18
in the arm 57 and a drive gear is keyed thereto for rotat-
ing the base member 14 from a gear drive arrangement
described in the above-referenced copending application.

The upper end of base member 14 projects above
the arm 57 and defines an enlarged cylindrical head 20
having a generally planar upper face 22 defining a groove
or channel 24 (see Fig. 3) extending diametrically there-
across. A pair of diametrically opposed roller members 26
are supported within appropriate openings 28 in the head
20 via horizontal axial roller shafts 30 received within a
horizontal bore 32 in the head 20 perpendicular to the
channel 24. The rollers 26 extend upwardly through the
surface 22 of the head 20 so that the peripheral rolling
surface of the rollers 26 projects above the general plane
of the upper surface, as 1is seen, and provides a rolling
direction parallel to the channel 24.

The head 20 is also externally threaded as at 34
for threaded engagement of an upstanding internally
threaded annular collar member 36, to be described later,

and an internally threaded lock nut 38.
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An 1intermediate cylindrical plate member 40
having a generally planar lower surface 42 rests on the
opposed rollers 26 so that the plate 40 is elevated some-
what from the surface 22 of the base member 14 and thus
free to teeter or wobble thereon with the roller members
26 forming the fulcrum. The lower surface 42 of the plate
40 defines a downwardly projecting diametrically extending
tongue or rib 44 slidingly received in the channel 24 of
the spindle member 14 to provide an indexed engagement
therebetween which guides any translational movement of
the plate 40 permitted by the rolling supports 26 so that
both rotational and translational movement permitted
thereby is in a common vertical plane on the surface 22.

The upper surface 46 of the plate 40 is likewise
generally planar except for a palir of diametrically ex-
tending and opposed upwardly projecting tongures or ribs
48 angularly off-set from the lower rib 44 90°. A pair of
diametrically opposed rollers 50 (similar to the rollers
26 in the base member 14 and more clearly shown in Fig. 3)
are supported in the plate 40 and have a peripheral sur-
face projecting slightly the planar surface 46 of the
plate. The rotational axis of the rollers 50 is likewise
angularly offset from the axis of rollers 26 in the base
member 14 by 90°.

It should be noted that the outer diameter of
the plate 40 is somewhat less than the inner diameter of
the collar 36 to provide an annular gap therebetween.

The tool-holding portion comprises a generally
cup-like upper cylinder member 52 having an open upper end
formed by a central cavity 53 and a planar lower surface
54 resting on the rollers 50 of the plate 40. The lower
surface 54 defines a diametrically exXtending groove or
channel 56 for receiving the ribs 48 of the plate 40 for
indexed angular crientation of the cylinder member on the
plate. This permits the cylinder member 52 to teeter or
wobble about the rollers 50 in a vertical plane 90° off-
set from the wobble plane of the plate 40 and the rollers
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50 also permit the cylinder member 52 translational mo-
tion, as guided by the rib 48 and channel 56 engagement,
in a vertical plane 90° off-set from the travel permitted
by the plate 40 on the base member 14 with both such
pivotal movement and translational movement on surface 46
being generally perpendicular to the respective movement
on surface 22.

The cylinder member 52 has an annular exterior
flange 58 at its base with the upper surface 60 thereof
angled outwardly downwardly. The upper end 62 of the
collar member 36 has an internal complimentary annular
shoulder 64 angled inwardly upwardly overlapping the
flange 62 of the cylinder member 52. It is noted that the
internal diameter of the collar 36 is 1likewise greater
than the outer diameter of the cylinder member 52 to -
define a like annular gap therebetween.

To assemble the above-identified parts, it is
apparent that the plate member 40 is axially align'ed on
the base member 14 with the respective ribs and channels
properly engaged and the upper cylinder member 52 is
likewise axially aligned on the plate 40 with the respec-
tive ribs 48 and channels 56 engaged. The lock nut 38 is
threaded intc a lowered position on the spindle head 20
and the collar 36 1is threaded onto the spindle until
initial abutment between the complimentary engaging sur-
faces 60, 64 of the cylinder member 52 and the collar 36.
(After this initial abutment the collar 36 is then slight-
ly backed~off to permit generally free movement of the
plate 40 and cylinder member 52 without interference of
the complimentary surfaces 60, 64). And the lock nut is
then tightened against the collar to maintain such assem-
bly. |

In the preferred embodiment the tool holder of
the present invention includes an insert €8 that closely
fits within the cavity 53 of the cup-like member 52 and
which is securely attached to the shank 70 of the tool
supported in the tcol holder. The insert 68 includes a
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set-screw 71 projecting through the sidewall thereof and
into the bore for engagement of the tool shank 70 to
prevent relative rotation of the tool within the insert,
and a second set-screw 72 forming a vertically adjustable
base for the insert to preset the depth of the insertion
of the tool within the insert. By this structure all
tools can be pre-assembled with an insert to a uniform
position before the tool and insert assembly is mounted
within the member 52. .

The cylindrical member 52 has a quick-release
capability for engaging the insert 68 and to this end
includes an upper annular camming ring 76 in close sliding
engagement with the exterior of the member 52 and defining
an upper surface 78 abutting a retaining ring 80 mounted
in an annular groove adjacent the top of the member 52 and
further defining a lower depending leg portion 84 having
an internal diameter in sliding engagement with the member
52. Between the upper surface 78 and the leg portion 84
the ring defines a generally concave surface 86 providing
an annular space and including downwardly inwardly tapered
area 88 extending to the sliding engaging leg portion 84.

The cylindrical member 52 defines an elongated
horizontal aperture 90 through the c¢ylindrical wall in
alignment with the lower portion 84 of the ring 76. A
locking pin 92 is slidingly housed within the slot 90 and
extends into the inner area of the member 52 to engage a
complimentary engaging groove 94 in the insert 68 for
locking engagement between the member 52 and the insert.
A key 96 retains the locking pin 92 from sliding complete~
ly through the aperture 80 when the insert 68 is removed.

A tensile coil spring 98 encircles the cylin-
drical member 52 with the opposite ends thereof received
in appropriate facing notches 100 and 102 in the collar
member 36 and the ring member 76 respectively, and the
normal biasing force of the spring retains the ring 76 in
its upward position wherein the leg portion 84 prevents

the locking pin 92 from sliding outwardly and thus locks
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the tool insert 68 within the cavity 90 of the cylindrical
member 52. However, manually forcing the ring 76 down-
wardly moves the concave portion 86 thereof into alignment
with the pin 82 and thus upward manual force on the tool
insert 68 will cam the locking pin 92 outwardly into the
annular space 86 and out of the way of further withdrawal
of the insert permitting quick release of the tool and
insert from the cylinder member 52.

An annular outer skirt 104 is attached to the
ring 76 to enclose the spring 98 and provide a generally
smooth outer surface for manual engagement, and also a
guard to keep cutting chips from entering the internal
mechanism.

The tool holder of the present invention also
includes cooling fluid delivery to the tool and to this
ehd the base member 14, plate 40, cylindrical member 52,
and set screw 72, all have an axial oversized bore 106 for
receiving therethrough a tube 108 containing both a lubri-
cant delivery line (not shown) and a pressurized air
delivery line (not shown) so that at the terminal end of
the tube 108, which mates with an axial bore in the tool,
pressurized cooling fluid is delivered thereto for flowing
through the tool and out appropriate apertures through the
side of the tool. A bearing member 16 is retained in the
bottom of the member 52 so as to be between the rotatable
member 52 and the stationary tube 108 so that any movement
of the member 52, whether the permitted translational
movement or the rocking or teetering movement provided by
these members being supported on the rollers, is trans-
mitted to the flexible tube 108 to similarly move or flex
it such that the tube 108 does not come into contact with
any rotating part that would otherwise eventually wear the
tube away.

Thus, it is seen that on those occasions where
the upwardly projecting tool, as mounted within the holder
of the present invention, is not exactly axially aligned

with the opening in the tubesheet, initial insertion of

v
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the tool within such opening will cause the tool holder to
move by wvirtue of its ability to move in any direction
parallel to the surface 22 and 46 (in a first vertical
plane and in a second vertical plane perpendicular to the
first plane such that any required resultant movement
within the permitted limits can be obtained through these
two right-angle planes of movement). Alsc, on occasions
where the axis of rotation of the base member 52 is not in
alignment with the axial direction of the opening receiv-
ing the tool, the tool holder, through its ability to also
- pivot or teeter in two vertical planes off-set 90° and
about surface 22 can also permit the axis of the tool to
be in alignment with the axis of the opening and angularly
off-set from the axis of the drive so that any stress on

the tool, tool holder or drive mechanism due to slight

misalignment is minimized.
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What we claim is: :

1. Tool holding apparatus for use with a tool
support and positioning mechanism comprising a base member
(14) rotatably mounted on said support mechanism (57) and
defining a first surface (22) generally perpendicular to
the axis of rotation of said member, a tool holding member
(59) including means for releasably engaging a tool (70)
within a tool receiving cavity (53) open at one end and
having a second surface at the opposite end generally
perpendicular to the axis of said cavity and in spaced
facing relationship with said first surface with said
members being generally coaxial, and an intermediate
member (40) disposed between said spaced first and second
surfaces and defining generally parallel end surfaces (42,
46), with one of said end surfaces in adjacent facing
relationship with said first surface (22) and the other of
said end surfaces in adjacent facing relationship with
said second surface (54), said base member (20) and said
intermediate member (40) defining first engaging means
(24, 44) for rotational generally coaxial driving engage-
ment therebetween, said first engaging means (24, 44)
further permitting relative translational movement there-
between in a first plane, characterized in that said tool
holding member (52) and said intermediate member define
second engaging means (48, 56) for rotational generally
coaxial driving engagement therebetween, said second
engaging means (48, 56) further permitting relative trans-

lational movement therebetween along a second plane in a
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direction generally perpendicular to that of movement in
said first plane, first support means (26) are provided
for supporting said intermediate member (40) on said base
member (20) with said fifst surface (22), and said one
surface (42) in spaced relationship and providing a ful-
crum therebetween permitting pivotal movement of said one
surface in one axially extending plane, second support
means (50) are provided for supporting said tool holder
member (52) on said intermediate member (40) with said
second and said other surfaces in spaced relationship and
providing a fulcrum therebetween permitting pivotal move-
ment of said second surface in another axially extending
plane perpendicular to said one plane, and interconnecting
means (36) extend between said tool holding member (52)
and said base member for preventing axial disengagement of
said first and second engaging means, said tocl holding
member (52) translational motion with respect to the axis
of rotation of said base member and pivotal movement with
respect to said base member.

2. An apparatus according to claim 1, charac-
terized in that each said first and second engaging means
comprises engaging tongue-and-groove structure on said
facing adjacent surfaces.

3. An apparatus according to claim 1 or 2,
characterized in that each said first and second support
means (26, 50) each comprises a pair of diametrically
opposed rollers disposed within diametrically opposed
cavities in said base and intermediate members (20 and
40), and an arcuate portion of the surface of said rollers
(26, 50) projects above the surfaces of said base and
intermediate members (20, 40) providing said fulcrum
support, and that said tongue-and-groove structures (24,
44, 48, 56) between said facing adjacent surfaces extend
perpendicularly to the axis of said rollers (26, 50)
separating said respective surfaces so that the rollers
(26, 50) provide a rolling support in the direction of
guided translational movement permitted by said tongue-
and-groove structures (24, 44; 48, 56).
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4. Apparatus according to claim 3, character-
ized in that said base member (20), said intermediate
member (40) and said tool holding member (52) are genéral-
ly cylindrical, and said tool holding member (52) defines
an outer annular shoulder (58) adjacent said second sur-
face (46), with the outer diameter of both said shoulder
(58) and said intermediate member (40) being less than the
outer diameter of said base member (20) and wherein, said
interconnecting means comprises a collar (36) threaded to
said base member (20) and having an upper inner annular
lip (62) overlying said shoulder (58) to retain said tool
holding member (52) and said intermediate member (40) on
said base member (20), said collar (36) providing an
annular space between it and the outer peripheral walls of
both said tool holding member (52) and said intermediate
member (40) to permit at least 1limited translational
movement of said members (40, 52) within said collar (36).

5. Apparatus according to claim 4, character-
ized in that said lip and shoulder (62, 58) define comple-
mentary engaging surfaces which are angled outwardly
downwardly, that is toward the base member (20), to permit
relative pivotal movement of said shoulder (58) with
respect to said lip (62).

6. Apparatus according to any of claims 1 to 5,
characterized in that said tool holder (52) has an axial,
tool receiving cavity (53), an aperture (90) extending
through the wall of said cylindér (52) and into said
cavity (53) and a pin member (92), generally conforming to
said aperture (90) slidably received therein and having a
length greater than the thickness of said wall (52), a
slidable ring member (84) encircling said cylindrical
member (52) and overlying said pin member (S92) and defin-
ing a camming surface (88) for camming said pin (92) from
a free position projecting from the exterior of said
cylinder (52) to a tool locking position projecting into
said cavity (53), and a blocking surface for preventing

the pin (92) from moving out of said locking position and,
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means (98) for biasing said ring (84) into said pin lock-
ing position

7. Apparatus according to claim 6, character-
ized in that said pin (S2) includes a stop means (96)
preventing said pin (92) from slidng completely through
said aperture (90) into said cavity (53).

8. Apparatus according to any of claims 1 to 7,
characterized by coolant fluid delivery means (108) ex-
tending through an axial aperture (106) in base member (20

to deliver pressurized cooling fluid to a tool (70) re-
tained therein.
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