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A camlock for remote access manipulator

This invention relates to an improved
camlock for supporting equipment from a
tubular member.

There are many situations in which a
hazardous environment limits human access to
various locations. One such situation occurs in
the inspection and repair of nuclear steam
generators. A typical nuclear steam generator
comprises a vertically oriented shell, a plurality
of U-shaped tubes disposed in the shell so as to
form a tube bundle, a tube sheet for supporting
the tubes at the ends opposite the U-like curva-
ture, and a dividing plate that cooperates with
the tube sheet forming a primary fluid inlet
plenum at one end of the tube bundle and a
primary fluid outlet plenum at the other end of
the tube bundle. The primary fluid having been
heated by circulation through the nuclear
reactor core enters the steam generator through
the primary fluid inlet plenum. From the primary
fluid intet plenum, the primary fluid flows
upwardly through first openings in the U-tubes
near the tube sheet which supports the tubes,
through the U-tube curvature, downwardly
through second openings in the U-tubes near
the tube sheet, and into the primary fluid outlet
plenum. At the same time, a secondary fluid,
known as feedwater, is circulated around the U-
tubes in heat transfer relationship therewith
thereby transferring heat from the primary fluid
in the tubes to the secondary fluid surrounding
the tubes causing a portion of the secondary
fluid to be converted to steam. Since the
primary fluid contains radioactive particles and
is isolated from the secondary fluid by the U-
tube walls and tube sheet, it is important that
the U-tubes and tube sheet be maintained
defect-free so that no breaks will occur in the U-
tubes or in the welds between the U-tubes and
the tube sheet, thus preventing contamination
of the secondary fluid by the primary fluid.

Occasionally, it is necessary to either inspect
or repair the U-tubes or tube sheet welds by
way of access through the primary fluid inlet
and outlet plena. For this purpose manholes are
provided in the vertical shell so that working
personnel may enter the inlet and outlet plena
to perform operations on the U-tubes and tube
sheet. However, since the primary fluid which is
generally water contains radioactive particles,
the inlet and outlet plena become radioactive
which thereby limits the time that working
personnel may be present therein. Accord-
ingly, it would be advantageous to be able to
perform operations of the U-tubes and tube
sheet without requiring the presence of working
personnel. There are several mechanisms
known in the art that attempt to provide a solu-
tion to this problem, but none of them have been
able to completely solve the problem.

In United States Patent No. 3,889,820 to
Eugene Ranger, issued June, 17, 1975 and
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entitled “Method and Apparatus for Sus-
pendedly Supporting a Platform”, there is
described a remotely movable carriage which
serves as a mobile platform from which
remotely initiated and controlled inspection and
work operations might be performed on the
tubes in a nuclear steam generator. The carriage
includes a stepping mechanism which interacts
with a member, such as a tube sheet, relative to
which the carriage moves in generally parallel
relationship. The stepping mechanism may
employ selectively extensible fingers for lateral
engagement with the openings in the members.

The platform includes a base portion and at
least two support means of the finger and
gripper type for selective insertion into gripping
engagement with the walls of holes in the tube
sheet undersurface. A support means typically
comprises an upwardly extending finger
mounted on a finger piston reciprocable in an
upwardly extending cylinder carried by the
platform base, a resilient sleeve about the
finger, and sleeve expanding means including a
compression jaw surface and second piston
about the finger below the sleeve and above the
finger piston and vertically movable relative to
the finger and sleeve to longitudinally com-
press and radially expand the sleeve. The sleeve
when inserted in a hole in the tube sheet and
expanded, will grippingly engage a wall of the
hole.

The finger and its piston may be moved
upward relative to the cylinder and base carry-
ing the resilient sleeve for insertion in a hole by
a first force applied between the piston and
cylinder. The sleeve may be expanded by a
second, repulsive force applied between the
finger piston and the second piston. The second
piston, and accordingly the finger piston, may
be moved downwardly relative to the cylinder
and base, even when said second force exists
between the pistons and the sleeve is engaging
a hole wall, when a third force of greater
magnitude and opposite direction to the first
force is applied between the second piston and
the cylinder. This effects a lifting or “cinching”
of the base relative to the tube sheet if the third
force is of sufficient magnitude.

While the patent to Ranger does describe
one type of remote access device, it does not
completely solve the problem of remote access
operation on members such as tube sheets. For
example, if each tube has a slightly different
alignment with respect to other such tubes, the
Ranger device might not be able to insert the
sleeve into the tube.

In United States Patent No. 4,018,346 to
Adam Leshem, et al., issued April 19, 1977 and
entitled “Mounting Arrangement for Anchor
Fingers on a Surface Traversing Apparatus”,
there is described another remotely movable
carriage which has a finger selectively movable
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laterally of another finger into near or sub-
stantial alignment with a hole in a tube sheet for
insertion thereinto. The carriage includes one or
more of the fingers mounted to a base portion
of the piatform by a mounting arrangement
which allows one finger to be deflected later-
ally relative to another finger such that the finger
being inserted may deflect into exact alignment
with the receiving hole by laterial engagement
with the sidewall of the hole. Each finger is
resiliently mounted to a connecting member
which is, in turn, connected to the base portion
of the platform. The resilient mount for each
finger normally centers the finger and allows
both pivotal and translatory displacement of the
finger relative to the connecting member. A
cylindrical adaptor is fixed to the finger and is
radially supported in a circular opening in the
connecting member by a resilient O-ring there-
between in mutually opposing radial engage-
ment therewith. While the Leshem device can
solve the problem of misalignment of holes, it
requires a somewhat complicated structure.

It is the primary object of this invention to
provide an improved camlock for remote access
manipulator with a view to overcoming the
deficiencies of the prior art.

With this object in view, the invention resides
in a camlock for supporting equipment from a
tubulair member comprising: bearings mounted
on a support plate; a central member movably
mounted on said bearings; a first slider member
slidably disposed within said central member,
said first slider member and said central
member defining a first annular chamber there-
between for accommodating a first fluid for
forcing said first slider member downwardly
with respect to said central member; a second
slider member disposed within said first slider
member capable of sliding relative to said first
slider member and having a contact mechanism
formed near the top end thereof; a third member
being an integral; portion of said second slider
member slidably disposed within said first slider
member, said third slider member, said first
slider member, and said second slider member
defining a second annular chamber for accom-
modating a second fluid for forcing said second
slider member downwardly with respect to said
first slider member thereby causing said con-
tact mechanism to contact said tubular member
and to support said support plate therefrom;
characterized in that said camlock includes an
inner housing rotatably mounted on said
bearings, said central member being disposed
within said inner housing and having a cup
member attached to the top portion thereof so
ds to form a step that allows said cup member
to rest on said inner housing, a fourth slider
member disposed within said cup member and
capable of relative motion with respect to said
cup member, a first biasing means arranged
between said fourth slider member and said cup
member for urging said fourth slider member
against said cup member, said first slider
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member being capable of contacting said fourth
slider member, a second biasing means
arranged between said first slider member and
said third slider member for urging said third
slider member against said first slider member
thereby tending to close said second annular
chamber, said first slider member, said third
slider member and said central member defining
a third annular chamber for accommodating a
third fluid for forcing said first slider member
upwardly toward said tubular member thereby
causing said second slider member and said

third slider member to be moved upwardly.

The invention will be better understood from
the following description of exemplary embodi-
ments thereof when taken in conjunction with
the accompanying drawings, wherein:

Fig. 1 is a partial cross-sectional view in
elevation of a typical steam generator;

Fig. 2 is a diagram showing the slave carriage
and slave manipulator arm in a plenum of a
steam generator along with the master carriage
and master manipulator arm in an inverted scale
model of a steam generator;

Fig. 3 is a partial cross-sectional view in
elevation of a manipulator arm and carriage
extending through a manway of a steam
generator;

Fig. 4 is a partial cross-sectional view in
elevation of the slave manipulator arm and slave
carriage in a plenum of a steam generator;

Fig. 5 is an end view of a manipulator arm
and track;

Fig. 6 is a partial cross-sectional view in
elevation of a tube sheet and slave carriage;

Fig. 7 is a plan view of a slave carriage and
tube sheet;

Fig. 8 is a cross-sectional view in elevation of
a camlock in the withdrawn position;

Fig. 9 is a cross-sectional view in elevation
of a camlock in the inserted unlocked position;

Fig. 10 is a cross-sectional view in elevation
of a camlock in the inserted unlocked abutting
position;

Fig. 11 is a cross-sectional view in elevation
of a camlock in the inserted locked position;

Fig. 12 is an enlarged cross-sectional view in
the elevation of a camlock in the inserted
locked position;

Fig. 13 is a bottom end view of a camlock;

Fig. 14 is a top view of one of the metal
rings;

Fig. 15 is a partial cross-sectional view in
elevation of one of the metal rings; and

Fig. 16 is an exploded perspective view of
one of the metal rings.

in a tube-type steam generator, a tube sheet
supports a bundle of heat transfer tubes. A
remote access manipulator is used to perform
operations on equipment located in areas where
human acess is limited such as a tube sheetof a
steam generator.

Referring to Fig. 1, a nuclear steam generator
referred to generally as 20, comprises an outer
shell 22 with a primary fluid inlet nozzle 24 and
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a primary fluid outlet nozzle 26 attached thereto
near its lower end. A generally cylindrical tube
sheet 28 having tube holes 30 therein is also
attached to outer shell 22 near its lower end. A
dividing plate 32 attached to both tube sheet
28 and outer shell 22 defines a primary fluid
iniet plenum 34 and a primary fluid outlet
plemum 36 in the lower end of the steam
generator as is well understood in the art. Tubes
38 which are heat transfer tubes shaped with a
U-like curvature are disposed within outer shell
22 and attached to tube sheet 28 by means of
tube holes 30. Tubes 38 which may number
about 7,000 form a tube bundie 40. in addition,
a secondary fluid inlet nozzle 42 is disposed on
outer shell 22 for providing a secondary fluid
such as water while a steam outlet nozzle 44 is
attached to the top of outer sheli 22. In
operation, the primary fluid which may be water
having been heated by circulation through the
nuclear reactor core enters steam generator 20
through primary fluid inlet nozzle 24 and flows
into primary fluid inlet plenum 34. From primary
fluid inlet plenum 34 the primary fluid flows
upwardly through the tubes 38, in tube sheet
28, up through the U-shaped curvature of tubes
38, down through tubes 38 and into primary
fluid outlet plenum 36 where the primary fluid
exits the steam generator through primary fluid
outlet nozzle 26. While flowing through tubes
38, heat is transferred from the primary fluid to
the secondary fluid which surrounds tubes 38
causing the secondary fluid to vaporize. The
resulting steam then exits the steam generator
through steam outlet nozzle 44. On occasion, it
is necessary to inspect or repair tubes 38 or the
welds between tubes 38 and tube sheet 28 to
assure that the primary fluid which may contain
radioactive particles remains isolated from the
secondary fluid. Therefore, manholes 46 are
provided in outer shell 22 to provide access to
both primary fluid inlet plenum 34 and primary
fluid outlet plenum 36 so that access may be
had to the entire tube sheet 28.

Referring now to Fig. 2, the remote access
manipulator comprises a master carriage 48,
master manipulator arm 50, slave carriage 52,
and slave manipulator arm 54. Master carriage
48 and master manipulator arm 50 are located
in a scale model of the equipment on which
operations are to be performed such as a scale
model of a steam generator while slave carriage
52 and slave manipulator arm 54 are located in
the actual steam generator 20. Master carriage
48 and master manipulator arm 50 are
connected by cables to control box 56 which is
also connected to slave carriage 52 and slave
manipulator arm 54. Slave manipulator arm 54
is movably mounted on slave track 58 which
extends through manhole 46 and into approxi-
mately the center of primary outlet plenum 36
such that slave manipulator arm 54 may be
advanced into and out of steam generator 20
along slave track 58. Likewise, master manipu-
lator arm 50 is movably mounted on master
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track 60 which extends through the scale model
of the manhole and into the scale model! of the
steam generator. The controls of the remote
access manipulator are such that the scale
model of the steam generator along with master
carriage 48 and master manipulator arm 50 are
located remote from the actual steam
generator, thereby eliminating the radiologicatl
problems associated with personnel access.
Working personnel may then manually move
master carriage 48 and master manipulator arm
50 to a desired location while slave carriage 52
and slave manipulator arm perform the same
movement in the actual steam generator. In this
manner, operations may be performed on the
actual steam generator with greatly reduced
personnel radiation exposure.

Referring to Figs. 3—-5, slave manipulator
arm 54 is shown extended through manhole 46
with slave carriage 52 attached to the end
thereof. It should be noted that while only slave
carriage 52 and slave manipulator arm 54 are
shown in Fig. 3, Fig. 3 also represents master
carriage 48 and master manipulator arm 50
since they are substantially similar. Slave
manipulator arm 54 comprises a base 62
having cam rollers 64 attached thereto. Cam
roliers 64 are disposed in track 58 along with a
chain (not shown) so that base 62 may be
advanced along track 58 by advancing the chain
in the desired direction. Track 58 is supported
from the bottom of the steam generator by
stand 66.

First segment 68 is rotatably mounted on
base 62 such that first segment 68 may rotate
about a vertical axis through base 62. Base 62
contains a potentiometer chosen from those
well known in the art that senses the angle of
rotation between first segment 68 and base 62.
First segment 68 is connected to second seg-
ment 70 by a first dovetail joint 72 so that the
segment may be easily assembled or dis-
assembled. Second segment 70 has a first
rotatable joint 74 which allows a portion of
second segment 70 to rotate about a hori-
zontal axis through first rotatable joint 74.
Similarly, third segment 76 is attached to
second segment 70 by second dovetail joint 78
and has a second rotatable joint 80 similar to
first rotatahle joint 74. Likewise, fourth seg-
ment 82 is attached to third segment 76 by
third dovetail joint 84 and has a third rotatable
joint 86 similar to first rotatable joint 74. Fourth
segment 82 also has a remotely actuated
gripper mechanism or a fourth dovetail joint 88
which allows the manipulator arm to be
attached to the carriage or tools. First rotat-
able joint 74, second rotatable joint 80, third
rotatable joint 86 and the rotatable joint
between base 62 and first segment 68 of the
slave manipulator arm 54 may be powered by
hydraulic vane-type rotary actuators with
integral potentiometers to sense the angle of

rotation. Hydraulic rotary actuators may be chosen
because of their lightweight characteristic
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which increases the manoeuverability of the
slave manipulator arm 54. Of course, flexible
conduits 90 are provided to conduct the
hydraulic fluid from a fluid source to the rotary
vane acuators under control from control box
56. Since the master manipulator arm 50 is
powered manually there is no need for rotary
actuators in the master manipuiator joints.
However, potentiometers similar to those in the
slave manipulator arm 54 are present in the
master manipulator arm 50. Manual movement
of the master manipulator arm 50 by the work-
ing personnel is sensed by the potentiometers
therin and relayed to a servo control module
located in control box 56 which may be
chosen from those well known in the art, such
as a servo control module from Moog
Incorporated which sends a command signal to
the slave manipulator arm 54 rotary actuators
that causes the rotary actuators to move in a
direction to eliminate the difference in reading
between the potentiometers of the master and
slave manipulator arms. Such signals thereby
cause the slave manipulator arm to replicate the
movement of the master manipulator arm.
Accordingly, by properly moving the master
manipulator arm with master carriage attached,
the slave manipulator arm with attached slave
carriage can be made to move the slave
carriage 52 from outside the steam generator
to attachment with tube sheet 28 of the
steam generator as shown in Figs. 3 and 4.
It should be noted that for ease of
operator control, the master carriage, master
manipulator arm, scale model, and correspond-
, ing controls may be arranged inversely to the
slave arrangement, thereby allowing the
operator to more easily view the master scale
model. In addition, closed circuit television may
be provided as an auxiliary check on the loca-
tion of the slave apparatus and to provide
assistance during docking operations.

Figs. 6 and 7 illustrate slave carriage 52 in its
engagement with a tube sheet 28. Whiie
only slave carriage 52 is shown, it is to be under-
stood that master carriage 48 is similar to it. The
main difference between slave carriage 52 and
master carriage 48 lies in the fact that master
carriage 48 is manually movable while slave
carriage 52 mechanically replicates the manual
movements of master carriage 48. As can be seen
in Figs. 6 and 7, slave carriage 52 comprises a
body 92 which serves as the central portion of
the carriage. Body 92 has a first camlock 94
which is capable of engaging the interior of a
tube 38 of tube sheet 28 for suspending siave
carriage 52 beneath tube sheet 28. Body 92 has
an end effector attachment 96 on the end

thereof for holding tools for inspecting or -

repairing tube sheet 28 or tubes 38. End
effector attachment 96 may be dovetail joint or
other gripper device that is capable of firmly
engaging a work tool. When an end effector
such as a work tool has been attached to end
effector attachment 96 by slave manipulator
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arm 54, slave carriage 52 is capable of travers-
ing tube sheet 28 for positioning the end effector
at an appropriate location under the control of
master carriage 48 and master manipulator arm
50.

Still referring to Figs. 6 and 7, body 92 has a
first housing 98 rotatably attached thereto. First
housing 98 has a first end 100 which is rotat-
ably disposed within body 92 and a second end
102 that extends outwardly from body 92. A
first motor 104 is located within first end 100
and provides first housing 98 with the capabil-
ity of rotating with respect to body 92. First end
100 also has an angle sensing potentiometer
disposed therein for determining the angle of
rotation of first housing 98 with respect to body
92. Master carriage 48 similarly has an angle
sensing potentiometer that senses its angle. Of
course, master carriage 48 does not have
motors therein because it is manually operated.
Manual movement of master carriage 48 is
sensed by its potentiometer and relayed to con-
trol box 56. A servo control module such as one
from Moog Incorporated and located in control
box 56 determines if there is a difference
between the reading of the potentiometers in
the slave carriage and master carriage and
commands the slave carriage motors to rotate
until there is no difference in potentiometer
readings. Thus, manual movement of master

- carriage 48 is translated into mechanical move-

ment of slave carriage 52.

A second housing 106 has a first portion 108
similarly rotatably disposed around second end
102 of first housing 98 and a second portion
110 extending outwardly from first portion
108. Second portion 110 has a second cam-
lock 112 attached thereto which is similar
to first camlock 94. Second housing 106
also has a second motor 114 disposed within
first portion 108 that provides second housing
106 with the capability of rotating with respect
to first housing 98. Another angle sensing
potentiometer is located in second housing 106
for detecting its angle of rotation in a manner
simitar to the potentiometer of first housing 98.
Likewise, a third housing 116 and a fourth
housing 118 are connected to body 92 on a
side opposite first housing 98 and second
housing 106. Third housing 116 may be iden-
tical to first housing 98 while fourth housing
118 may be identical to second housing 106
with fourth housing 118 having a third camlock
120 disposed therein.

As is illustrated in Fig. 7, both master
carriage 48 and slave carriage 52 are capable of
placing the camlocks in numerous locations
which allows the slave carriage 52 to be able to
traverse tube sheet 28 in an uniimited number
of directions. The carriages are also capable of
traversing a tube sheet 28 with an irregular tube
hole configuration or an uneven tube sheet
surface. As described previously, movement of
the housings is accomplished by manual
manipulation of master carriage 48 which is trans-
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lated into mechanical movement of slave carriage
52. Similarly, insertion and withdrawal of the cam-
locks of master carriage 48 is manually
accomplished and translated by electronic
relays and sensing devices into mechanical
movement of the slave carriage camlocks. The
operation of slave carriage 52 is such that only
one camlock is withdrawn while the other two
camlocks remain engaged in tube sheet 28.
With the one camlock withdrawn, the manipu-
lation of the master carriage can position the
withdrawn camlock in a new position. When in
the new position the camlock can be inserted in
a tube 38 and another camlock withdrawn and
repositioned. In this manner, the slave carriage
can be made to traverse the entire tube sheet
28. Moreover, with all three camlocks locked
into tube sheet 28, body 92 is capable of
rotating about first camlock 94 so as to posi-
tion end effector attachment 96 with a tool
attached thereto in a number of different loca-
tions. Such movements of slave carriage 52
serve to position an end effector such as work
tool in appropriate locations to perform
operations on the sheet 28.

Referring now to Figs. 8—13, one of the
camlocks of slave carriage 52 is shown in the
withdrawn position. The camlock comprises an
outer housing 122 with bearings 124 which
mounts inner housing 126 within outer housing
122 in a rotatable manner. Of course, outer
housing 122 corresponds to any of body 92,
second housing 106, or fourth housing 118
wherein there is disposed a camlock. Bearings
124 enable outer housing 122 to rotate about
the camlock even though the camlock has been
inserted in a tube 38. A central member 128 is
disposed within inner housing 126 but is not
fixedly attached thereto. A cup member 130 is
attached to the top portion of central member
128 so as to form a step 132 that allows cup
member 130 to rest on inner housing 126 at
step 132. Since central member 128 is
attached to cup member 130, the weight of
central member 128 is also transmitted to inner
housing 126 by means of step 132. It should be
noted that cup member 130 is not attached to
inner housing 126 at step 132 but merely rests
thereon at step 132 and is capable of relative
motion at the interface. Cup member 130 acts
to contact tubes 38 so as to determine the
location of the carriage with respect to the tube
sheet 28.

Still referring to Figs. 8—13, a fourth slider
member 134 is disposed within cup member
130 and is capable of relative motion with
respect to cup member 130. A first biasing
mechanism 136 which may be a coil spring
with a stop is arranged between cup member
130 and fourth slider member 134 so as to urge
fourth slider member 134 against cup member
130 along first interface 138. In addition, fourth
slider member 134 has a first ledge 140 for
engaging members disposed therein. A first
slider member 142 is slidably disposed partially
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within cup member 130 and within central
member 128. A sliding seal 144 which may be
an O-ring is located between cup member 130
and first slider member 142 for sealing the
members together while allowing relative
motion therebetween. First slider member 142,
cup member 130, and central member 128
define a first annular chamber 146 for
accommodating a fluid such as air for forcing
first slider member 142 downwardly with
respect to cup member 130. A first channel 148
is provided in fluid communication with first
annular chamber 146 for introducing a fluid
thereinto. First slider member 142 also has a
second ledge 150 for engaging first ledge 140
of fourth slider member 134 that causes fourth
slider member 134 to contact tube sheet 28 as
shown in Fig. 10. A second slider member 152
is disposed within first slider member 142 and
is capable of sliding relative thereto. A spacer
154 is attached to the top portion of second
slider member 152 and a cap 156 is attached to
the top end of second slider member 152. A
first metal ring 158 is disposed around second
slider member 152 and between cap 156 and
spacer 154 while a second metal ring 160 is
located around second slider member 152 and
between spacer 154 and first slider member
142. First metal ring 158 and second metal ring
160 generally fit loosely around second slider
member 152 and may have a slot therein or
they may have a plurality of slots that extend
substantially the length of the ring for
accommodating radial expansion. However,
when second slider member 152 is drawn
downwardly relative to first slider member 142,
the beveled edges of cap 156, spacer 154, and
first slider member 142 cause both first metal
ring 158 and second metal ring 160 to expand.
At this point second slider member 152 will be
disposed within a tube 38 so that the expansion
of the metal rings 158 and 160 will cause the
rings to contact the interior of a tube 38, thus
locking the camlock in place as shown in Figs.
10—12.

Again referring to Figs. 8—13, a third slider
member 162 which may be an integral portion
of second slider member 142 (as shown in the
drawings) or a separate member attached to
second slider member 152 is slidably disposed
within first slider member 142 and central
member 128. Third slider member 162, first
slider member 142, and second slider member
152 define a second annular chamber 164 for
accommodating a fluid such as oil for forcing
second slider member 152 downwardly with
respect to first slider member 142 which
initiates the expansion of rings 158 and 160. A
second channel 166 is provided in third slider
member 162 for introducing the fluid into
second annular chamber 164 while a third
channel 168 is provided for removing the fluid
therefrom. Of course, both second channel 166
and third channel 168 may be used simul-
taneously to introduce the fluid into second
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annular chamber 164. Generally, second
channel 166 is larger in diameter than third
‘channel 168 so that gases that may be present
in second annular chamber 164 may be bled off
through third channel 168 while the oil is intro-
duced through second channel 166. In addition,
a second biasing mechanism 170 which may be
a coil spring is arranged between first slider
member 142 and third slider member 162 for
urging third slider member 162 against first
slider member 142 thereby tending to close
second annular chamber 164. Furthermore, a
third annular chamber 172 is defined between
the bottom of first slider member 142 and
central member 128 for accommodating a fluid
such as air for forcing first siider member 142
upwardly toward tube sheet 28 which also
causes second slider member 152 and third
slider member 162 to be moved upwardly. The
fluid may be introduced into third annular
chamber 172 through a fourth channel 174
which may also serve to remove the fluid there-
from. It is to be observed that it is the action of
introducing a fluid such as air into third annular

chamber 172 that causes second slider member’

152 to be inserted into a tube 38 of tube sheet
28. Likewise, it is this action which causes first
slider member 142 to force fourth slider
member 134 against tube sheet 28. When
second slider member 152 has thus been
inserted into a tube 38, introduction of a fluid
into second annular chamber 164 causes
second slider member 152 to move slightly
downward relative to first slider 142, thus
expanding rings 158 and 160 which causes the
mechanism to be tightly locked into tube 38.

Still referring to Fig. 8, an outer member 176
is attached around central member 128 and has
a fifth slider member 178 slidably ‘disposed
therein. Fifth slider member 178 has a beveled
head 180 formed on the top end thereof that
conforms to the curvature of inner housing 126.
A fourth annular chamber 182 is defined by
outer member 176, fifth slider member 178
and central member 128 for accommodating a
fluid such as oil. Channel and valves (not
shown) are also provided for conducting the
fluid to fourth annuiar chamber 182. When the
fluid has been introduced into fourth annular
chamber 182, fifth slider member 178 is forced
upwardly against inner housing 126. This
procedure is normaily performed when second
slider member 152 has been locked in a tube
38 in which case the contact of fifth slider
member 178 against inner housing 126 will
cause inner housing 126 to become aligned
with second slider member 152, thus aligning
the camlock with the particular tube 38. A third
biasing mechanism 184 which may be a coil
spring is arranged between outer member 176
and fifth slider member 178 so as to urge fifth
slider member 178 downwardly. When the fluid
pressure is released from the fourth annular
chamber 182, third biasing mechanism 184
causes fifth slider member 178 to move down-
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wardly with respect to outer member 176.

Referring now to Figs. 8 and 13, a first sensor
186 is attached to central member 128 so as to
be able to contact third slider member 162. A
second sensor 188 is also attached to central
member 128 but at ninety degrees around third
slider member 162. When third slider member
162 is in the down position first sensor 186 con-
tacts the normal diameter of third slider member
162 as shown in Fig. 8 while second sensor 188 is
contacting first notch 190 in third slider member
162. However, when third slider member 162 is
moved upwardly a short distance first sensor
186 will still contact the normal diameter of
third slider member 162 as will second sensor
188 rather than first notch 190. When third
slider member 162 is fully inserted, first sensor
186 will contact second notch 192 while
second sensor 188 will still contact the normal
diameter of third slider member 162. Thus, the
sensors together can determine if third slider
member 162 is fully down, partially inserted or
fully inserted. The controls for the camlocks may
be chosen from those well known in the art such
as a rotary stepping switch from C. P. Clare and
Company of Chicago, illinois, and may be located
in control box 56.

Referring now to Figs. 12 and 14—186, first
metal ring 158 and second metal ring 160
comprise approximately 19 mm (0,75 inch)
diameter steal rings that are capable of being
expanded but have sufficient resiliency to be
capable of numerous expansions and contrac-
tions without failure and while maintaining their
original size and shape. The metal rings have a

‘longitudinal siot 200 that extends the entire

length of the metal ring and extends com-
pletely therethrough which allows the metal
ring to expand without permanently being
deformed. Metal rings 158 and 160 also have
approximately 15—30 ribs 202 formed on the
inside thereof. Ribs 202 have a first side 204 that
has a thickness of approximately 8 mm (0,30 inch)
and a spacing therebetween of approximately
8 mm (0,30 inch). Ribs 202 afso have a sub-
stantially flat outside surface 206 that remains
substantially parallel to the inside surface of tube
38 for supporting slave carriage 52 therefrom.
In addition, ribs 202 have a first flat surface 208
and a second flat surface 210 at the ends
thereof for contacting either the top end of first
slider member 142, spacer 154, or cap 156,
thereby preventing overexpansion of metal rings
158 and 160. The metal rings also have a first
ramp 212 and a similar second ramp 214 at the
ends thereof that allow the top end of second
slider member 152, spacer 154, or cap 156 to
slide along the inside of the metal rings, thus
expanding them into contact with a tube 38.
However, the provision of first flat surface 208
and a second flat surface 210 stops the
advancement of the members thereby prevent-
ing overexpansion of the metal rings. Were it
not for flat surfaces 208 and 210, over-
expansion of metal rings 158 and 160 could
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occur if the camlocks were activated outside a
tube 38 or if the camlocks encountered an
unexpected obstruction. These problems are
eliminated by flat surfaces 208 and 210.
Furthermore, ribs 202 with the spacing there-
between, allow easy expansion of the metal
rings 158 and 160 while providing greater
resiliency than would a solid metal ring alone.
When it is desired to inspect or repair a
nuclear steam generator, the steam generator
primary fluid inlet and outlet plena are drained
and a manhole Is opened giving access to one of
the plena. The slave track 58 is then introduced
through manhole 46 and bolted into place.
Siave manipulator arm 58 is then introduced
on the portion of track 58 that extends out of
steam generator 20. Next slave manipulator
arm 58 is cranked into the steam generator
along track 58 by means of a chain. At this point
the master manipulator arm 50 is coordinated
with slave manipulator arm 54 so that the posi-
tion of master manipulator arm 50 on the scale
model corresponds to the position of slave
manipulator arm 54 in steam generator 20. Of
course, the scale model is positioned upside
down with respect to the steam generator as
shown in Fig. 2 so that the operator may have
better access to the scale model. Master
manipulator arm 50 is then manually moved by
the operator into any desired position which
results in slave manipulator arm 54 being
similarly positioned. Next, master carriage 48 is

attached to master manipulator arm 50 and

slave carriage 52 is attached to slave manipu-
lator arm 54 as shown in Fig. 3. Master manipu-
lator arm 50 is then moved so that master
carriage 48 is plugged into the scale model of
the tube sheet which results in slave
manipulator arm 54 and slave carriage 52
attaining the position as indicated in Fig. 4. The
camlocks of master carriage 48 are then manu-
ally locked into the scale model of the tube
sheet which causes the camiocks of slave
carriage 52 to also become locked into the tube
sheet 28. At this point, the manipulator arms
(both the master and the slave) are discon-
nected from the end effector attachment 96,
and are extended outwardly through manhole
46 where a chosen tool is attached to the end of
slave manipulator arm 54 such as fourth dove-
tail joint 88 while a scale model of the tool is
attached to master manipulator arm 50. The
slave manipulator arm 54 is then caused to
attach the tool to end effector attachment 96
and release the tool from fourth dovetail joint
88. In so doing, a tool is mechanically handed
through manhole 46 to slave carriage 52
without operator exposure to the irradiated
interior of steam generator 20. In this position,
slave carriage 52 may then traverse tube sheet
28 so as to place the tool on end effector
attachment 96 in proper relationship with a
chosen location of tube sheet 28. At this point
all camlocks are in a locked position as shown in
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Fig. 11 but with first annular chamber 146
closed.

In order to traverse tube sheet 28 it is
necessary to withdraw one camlock as shown in
Fig. 8 so that the withdrawn camlock can be
moved as indicated in Fig. 7 Because of the
rotatability of the members of slave carriage 52
any camlock may be withdrawn and moved as
long as the other two camlocks are locked in
place thus suspending slave carriage 52 from
tube sheet 28. The camlock of master carriage
48 that has been withdrawn is then positioned
over the selected tube and manually inserted;
this causes the corresponding slave camlock to
function as follows.

Referring to Figs. 8 and 9, air is introduced
into third annular chamber 172 which causes
first slider member 142, second slider member
152, and third slider member 162 to move
upwardly toward tube sheet 28 as shown in Fig.
9. As first slider member 142 moves upwardly,
second ledge 150 contacts first ledge 140
which causes fourth slider member 134 to con-
tact tube sheet 28 around the chosen tube 38
as shown in Fig. 10. In this position, second
slider member 152 has been inserted into tube
38. Then oil is introduced under pressure into
second annular chamber 164 which forces third
slider member 162 downwardly with respect to
first slider member 142. Since second slider
member 152 is attached to third slider member
162, second slider member 152 is also forced
downwardly with respect to tube sheet 28 and
first slider member 142. The downward motion
of second slider member 152 causes the
beveled edges of cap 156 and spacer 154 to
contact first metal ring 158 and second metal
ring 160 thereby causing the rings to expand
and contact the inner side of tube 38, thus
locking itself in place as shown in Figs. 11 and
12. Withdrawal of a camlock may be done by
reversing this procedure.

Since each tube 38 may have a slightly
different alignment with respect to other such
tubes 38, it is desirable to align each camiock
with the tube 38 in which it has been inserted.
To thus align the locked camlock, oil is intro-
duced into fourth annular chamber 182 which
forces beveled head 180 against inner housing
126. The beveled sides of beveled head 180
together with the corresponding sides of inner
housing 126 causes inner housing 126 to shift
into alignment with second slider member 152
which is in alignment with tube 38 into which it
has been inserted. Of course, third biasing
mechanism 184 will return fifth slider member
178 to its lowered position upon release of the
air from fourth annular chamber 182. In this
manner any camlock may be locked into any open
tube 38. By moving one camlock at a time as des-
cribed above and then another camlock in the
same manner, slave carriage 52 can be made to
traverse the entire tube sheet 28. Furthermore,
the rotatability of the joints of siave carriage 52
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enables slave carriage 52 to move in any direc-
tion and enables it to skip a tube 38 that may be
plugged. Such movements of slave carriage 52
are used to position tools that have been
attached to end effector attachment 96 so that
operations may be performed in the steam
generator.

Because there exists a certain amount of
slack or looseness among the members of slave
carriage 52 and because slave carriage 52 is
suspended beneath tube sheet 28, gravity tends
to cause the members of slave carriage 52 to
sag in relationship to tube sheet 28. As slave
carriage 52 traverses the tube sheet this
sagging of the members could accumulate to
the point where the camlocks of slave carriage
52 would no longer be able to engage a tube 38
which would result in the carriage falling from
the tube sheet. To avoid this problem it is advis-
able to have a mechanism whereby the sag of
slave carriage 52 is eliminated after each move,
thus maintaining the carriage at a constant
distance from tube sheet 28. The invention
described herein is capable of eliminating this
problem. With two camlocks locked in place,
the third camiock is withdrawn and moved to a
new position. At this point, air is introduced into
third annular chamber 172 of the third camlock
which causes second slider member 152 to be
inserted as previously described. Then the air is
released from third annufar chamber 172 of
both of the other camlocks while air is intro-
duced into both first annular chambers 146 of
these two camlocks. Since the oil pressure in
the second annular chambers 164 of both of
these camlocks is greater than the air pressure
in their first annular chambers 146 and since
the friction force on rings 158 and 160 is
sufficient to hold second slider member 152 in
place, the introduction of air into first annular
chambers 142 causes central member 128 to
be raised rather than second slider member 152
to be withdrawn. The raising of central member
128 also causes inner housing 126 and outer
housing 122 to be raised relative to tube sheet
28. Since this is occurring on the two locked
camlocks the effect is to raise slave carriage 52
relative to tube sheet 28. Next, oil is introduced
into second annular chamber 164 to lock it in
place. Then air is introduced into third annular
chamber 172 of all three camlocks which
causes central member 128 to be moved down-
wardly with respect to second slider member
152 which causes the bottom portion of cup
member 130 to contact first slider member 142
thus eliminating first annular chamber 146. In
this manner, the cumulative sag among
members is avoided. Therefore, the invention
provides a remote access manipulator for
performing operations on equipment located in
areas where human access is limited.

Claims

1. A camlock for supporting equipment from
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a tubular member (28), comprising: bearings
(124) mounted on a support plate (122); a
central member (128) movably mounted on
said bearings; a first slider member (142) slid-
ably disposed within said central member, said
first slider member (142) and said central
member (128) defining a first annular chamber
{146) therebetween for accommodating a first
fluid for forcing said first slider member down-
wardly with respect to said central member; a
second slider member (152) disposed within
said first slider member capable of sliding
relative to said first slider member and having a
contact mechanism (154, 156, 158, and 160)
formed near the top end thereof; a third slider
member (162) being an integral portion of said
second slider member (152) slidably disposed
within said first slider member, said third slider
member (162), said first slider member {142),
and said second slider member (152) defining a
second annular chamber (164) for accom-
modating a second fluid for forcing said second
slider member downwardly with respect to said
first slider member thereby causing said con-
tact mechanism to contact said tubular member
and to support said support plate therefrom;
characterized in that said camlock includes an
inner housing (126) rotatably mounted on said
bearings, said central member (128) being dis-
posed within said inner housing and having a
cup member (130) attached to the top portion
thereof so as to form a step that aflows said cup
member to rest on said inner housing, a fourth
slider member (134) disposed within said cup
member and capable of relative motion with
respect to said cup member, a first biasing
means (136) arranged between said fourth
slider member (134) and said cup member
(130) for urging said fourth slider member
against said cup member, said first slider
member (142} being capable of contacting said
fourth slider member (134), a second biasing
means (170) arranged between said first slider
member (142) and said third slider member
(162) for urging said third slider member
against said first slider member thereby tend-
ing to close said second annular chamber (164),
said first slider member {142), said third slider
member (162) and said central member (128)
defining a third annular chamber (172) for
accommodating a third fluid for forcing said first
slider member (142) upwardly toward said
tubular member (28) thereby causing said
second slider member (162} and said third
slider member {(162) to be moved upwardly.
2. A camlock as defined in claim 1 wherein it
further comprises an outer member (176) dis-
posed around said central member (128) with a
fifth slider member (178) slidably disposed
therebetween and defining a fourth annular
chamber {182) therebetween for accom-
modating a fourth fluid for forcing said fifth
slider member (178) upwardly against said
inner housing {126) thereby causing said inner
housing to become aligned with said second
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slider member {152); and a third biasing means
(184) arranged between said outer member
(176) and said fifth slider member {178) for
urging said fifth slider member downwardly.

3. A camiock as defined in claim 1 wherein
said contact mechanism (158, 160) comprises
a cap (156) attached to the top end of said
second slider member (152), at least one metal
ring (158, 160) disposed around said second
slider member {152) between said cap {156)
and said first slider member (142), said cap
{156), said at least one metal ring (158, 160)
and said first slider member (142} causing said
at least one metal ring {158, 160) to expand
into contact with said tubular member (38)
when said second slider member (152) is drawn
downwardly.

4, A camlock as defined in claim 1 wherein
said contact mechanism comprises a spacer
{154) attached to the top portion of said second
slider member (152) with a cap (156} attached
to the top end of said second slider member
{152}; a first metal ring (158) disposed around
said second slider member (152) between said
cap (156) and said spacer (154); and a second
metal ring (160) disposed around said second
slider member (152) and between said spacer
(154) and said first slider member (142), said
cap {156), said spacer (154), and said first slider
member {142) causing said first metal ring
{158) and said second metal ring (160) to
expand into contact with said tubular member
(38) when said second slider member (152) is
drawn downwardly.

5. A camlock as defined in claim 3 or 4
wherein it further comprises a first sensor (186)
attached to said central member (128} and
extending into contact with said third slider
member (162}); and a second (188) attached to
said central member (128} at a location ninety
degrees to said first sensor (186), said first
(186) and second (188) sensors being capable
of determining the vertical location of said third

slider member (162) with respect to said central

member (128).

6. A camlock as defined in claim 3 or 4
wherein said metal ring {158, 160) has a sub-
stantially smooth outer surface and havirg a
longitudinal slot (200) extending the entire length
of said ring (158, 160} and extending completely
therethrough for allowing said ring (158, 160)
to expand; a plurality of longitudinal ribs {202)
on the inside of said ring (158, 160) for pro-
viding resiliency fo said ring (158, 160); a first
flat surface (208) on the top end of said ribs
(202) and a second flat surface (210) on the
bottom end of said ribs (202) for preventing
overexpansion of said rings {158, 160); and at
least one ramp (212, 214) extending from the
outer surface of said ring (158, 160) to said flat
surface (208, 210) for allowing said cap (156)
and said first slider member (142) to slide along
said ramp (212, 214) to said flat surface
thereby expanding said ring (158, 160) into
contact with said tubular member (38) with said
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10

flat surface (208, 210) preventing overexpan-
sion of said ring (158, 160).

Revendications

1. Systéme de blocage a cames pour
suspendre un équipement & un élément
tubulaire (28) comprenant des roulements (124)
montés sur une plaque support (122), un
organe central (128) monté fou sur ces rou-
lements, un premier coulisseau {142) disposé de
maniére a pouvoir coulisser dans [‘organe
central, ce premier coulisseau (142) et cet
organe central (128) formant entre eux une
premiére chambre annulaire (146) qui recoit un
premier fluide pour pousser le premier cou-
lisseau vers le bas par rapport a I'organe central,
un deuxiéme coulisseau (152) monté 2
Vintérieur du premier de maniére 4 pouvoir cou-
lisser par rapport a celui-ci et comportant un
mécanisme de contact (154, 156, 158 et 160)
formé prés de son extrémité supérieure, un
troisiéme coulisseau (162) faisant corps avec le
deuxiéme coulisseau (152) disposé de maniére
a pouvoir coulisser dans le premier couliss-
eau le troisiéme coulisseau (162}, le premier
coulisseau (142} et le deuxiéme coulisseau
{152) formant une deuxiéme chambre annulaire
(164) qui regoit un deuxiéme fluide pour
pousser le deuxiéme coulisseau vers le bas par
rapport au premier coulisseau, amenant de ce fait
le mécanisme de contact en contact avec I'élément”
tubulaire afin d’'y suspendre la plaque support,
ce systéme de blocage a cames étant carac-
térise en ce qu’il comprend un carter intérieur
{(126) monté fou sur les roulements, I'organe
central {128) étant monté dans ce carter inté-
rieur et comportant une cuvette (130) fixée a sa
partie supérieure de maniére a former un épau-
lement qui permet & la cuvette de s'appuyer sur
le carter intérieur; un quatrieme coulisseau
(134) disposé a lintérieur de la cuvette et
pouvant se déplacer par rapport 3 cette
derniére; un premier moyen (136) de poussée
disposé entre le quatriéme coulisseau (134)
et la cuvette (130) pour pousser ce quatriéme:
coulisseau contre la cuvette, le premier cou-
lisseau {142) pouvant entrer en contact avec le
quatriéme coulisseau (134); un deuxiéme
moyen (142) de poussée disposé entre le
premier coulisseau (142) et le troisiéme cou-
lisseau (162) pour pousser ce dernier contre le
premier coulisseau, tendant de ce fait & fermer la
deuxiéme chambre annulaire (164); {e premier
coulisseau (142), le troisiéme coulisseau {162)
et 'organe central (128) formant une troisiéme
chambre annulaire (172) qui regoit un troisiéme
fluide pour pousser le premier coulisseau {142)
vers le haut ¢c’est--dire vers I'élément tubulaire
(28), provoquant de ce fait la montée du
deuxiéme coulisseau (152) et du troisiéme cou-
lisseau (162).

2. Systéme de blocage a cames suivant la
revendication 1, caractérisé en ce qu'il com-
prend en outre un organe extérieur (176) dis-
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posé autour de l'organe central (128), un
cinquiéme coulisseau (178) étant disposé entre
eux de maniére a pouvoir coulisser et formant
une quatriéme chambre annulaire (182)
destinée a recevoir un quatriéme liquide qui
pousse de force ce cinquiéme coulisseau {178)
vers le haut contre le carter intérieur (126),
provoquant de ce fait I'alignement de ce carter
intérieur avec le deuxiéme coulisseau (152); et
un troisiéme moyen (184) de poussée disposé
entre 'organe extérieur {176) et le cinquiéme
goulisseau {178) pour pousser ce dernier vers le
as.

3. Systéme de blocage & cames suivant la
revendication 1, caractérisé en ce que le
mécanisme (158, 160) de contact comprend un
capuchon (156) fixé & I'extrémité supérieure du
deuxiéme coulisseau (152); et au moins une
bague métallique (158, 160) disposée autour
du deuxiéme coulisseau {152) entre le capuchon
(166) et le premier coulisseau (142), ce
capuchon (156), cette bague métallique (158,
160) et le premier coulisseau (142) provoquant
I'expansion de la bague métallique (158, 160)
jusqu’a ce qu’elle vienne en contact avec le
tube (38) lorsque le deuxieme coulisseau (152)
est abaissé. 7

4, Systéme de blocage & cames suivant la
revendication 1, caractérisé en ce que le
mécanisme de contact comprend une douille
{154} d'espacement montée & la partie supé-
rieure du deuxiéme coulisseau (152), un capuchon
(156) étant fixé & [I'extrémité supérieure
de ce deuxiéme coulisseau (152); une premiére
bague métallique (158) placée autour du
deuxiéme coulisseau (152} entre le capuchon
(156) et la douille (154) d'espacement; et une
deuxiéme bague métallique (160) placée autour
du deuxiéme coulisseau (152) entre la douille
(154) d'espacement et le premier coulisseau
{142), ce capuchon (156), cette douille {154)
d'espacement et ce premier coulisseau (142)
provoquant l'expansion de la premiére bague
métallique {158) et de la deuxiéme bague
métallique {160) jusqu'd ce qu'elles viennent
en contact avec le tube (38) lorsque Ie
deuxieéme coulisseau (152) est abaissé.

5. Systéme de blocage a cames suivant I'une
des revendications 3 ou 4, caractérisé en ce
qu’'il comprend en outre un premier detecteur
(186) fixé & lorgane central (128) et se
prolongeant jusqu’a ce qu'il soit en contact avec
le troisiéme coulisseau (162); et un deuxiéme
détecteur (188) fixé également & I'organe
central (182) mais 3 quatre-vingt-dix degrés par
rapport au premier détecteur {186), ce premier
détecteur {(186) et ce deuxiéme détecteur (188)
étant capables de déterminer la position verti-
cale du troisiéme coulisseau (162) par rapport &
'organe central {128).

6. Systéme de blocage a cames suivant ['une
des revendications 3 ou 4, caractérisé en ce que
la bague métallique (158, 160) présente une
paroi extérieure sensiblement lisse et une fente
longitudinale {200) qui s"étend sur toute la lon-
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gueur de la bague {158, 160) et sur toute son
épaisseur pour permettre |'expansion de cette
bague (158, 160); plusieurs nervures longi-
tudinales (202) sur ia paroi intérieure de la
bague (158, 160) pour donner de |'élasticité a
celle-ci; une premiére face plane (208) a
I'extrémité supérieure de ces rainures (202} et
une deuxiéme face plane (210) a leur extrémité
inférieure afin d'empécher une expansion
exagérée des bagues {158, 160); et au moins
une pente (212, 214) allant de la paroi exté-
rieure de la bague (158, 160) a la face plane
{208, 210) afin de permettre au capuchon (156)
et au premier coulisseau (142) de glisser le long
de cette pente (212, 214) jusqu'a la face plane,
provoquant de ce fait I'expansion de la bague
(158, 160} jusqu’'a ce qu'elle vienne en contact
avec le tube (38), la face plane (208, 210)
empéchant une expansion exagérée de la bague
(158, 160).

Patentanspriiche

1. Spanndornvorrichtung zur Halterung eines
Geréats an einem rohrférmigen Bauteil (28), mit
an einer Tragplatte (122) montierten Lagern
(124), einem mittels dieser Lager beweglich
gelargerten Mittelteil (128), einem ersten, in
diesem Mittelteil verschiebbar angeordneten
Schiebeteil {142), wobei dieses erste Schiebe-
teil {142) und das Mittelteil (128} zwischen sich
eine erste Ringkammer {146) zur Aufnahme
eines ersten Stromungsmittels zum Abwaérts-
drdngen des ersten Schiebeteils relativ zum
Mittelteil bilden, weiter mit einem zweiten
Schiebeteil (152), das innerhalb des ersten
Schiebeteils angeordnet und relativ zum ersten
Schiebeteil verschiebbar ist sowie nahe seinem
oberen Ende einen Andriickmechanismus {154,
156, 158 und 160) aufweist, und mit einem
dritten Schiebeteil (162), das mit dem zweiten
Schiebeteil {(152) einteilig ausgebildet und ver-
schiebbar innerhalb des ersten Schiebeteils
angeordnet ist, wobei das dritte Schiebeteil
(162}, das erste Schiebeteil (142) und das
zweite Schiebeteil (152) eine zweite Ring-
kammer (164) zur Aufnahme eines zweiten
Stromungsmittels zum Abwiértsdringen des
zweiten Schiebeteils mit Bezug auf das erste
Schiebeteil bilden, um den  Andrick-
mechanismus in Anlage an das rohrférmige
Bauteil zur Halterung der Tragplatte an diesem
zu bringen, dadurch gekennzeichnet, dald die
Spanndornvorrichtung eine drehbar in den
genannten Lagern angeordnete Biichse (126)
aufweist das genannte Mittelteil (128) in dieser
Blichse angeordnet ist und ein becherformiges
Bauteil {130) derart am oberen Ende des Mittelteils
befestigt ist, daB eine Abstufung gebildet ist, die
ein Aufsitzen des becherférmigen Bauteils auf
der inneren Biichse gestattet, daR weiter ein
viertes Schiebeteil (134} innerhalb des becher-
formigen Bauteils angeordnet und relativ dazu
verschiebbar ist, und daR ein erstes Vorspannorgan
(136) zwischen dem vierten Schiebeteil (134)
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und dem becherférmigen Bauteil (130} ange-
ordnet ist, um das vierte Schiebeteil gegen das
becherformige Teil zu dringen, dal weiterhin
‘das erste Schiebeteil (142) mit dem vierten
Schiebeteil {134) in Anlage gebracht werden
kann, daf8 fernerhin ein zweites Vorspannorgan
{170) zwischen dem ersten Schiebeteil (142) und
dem dritten Schiebeteil (162) angeordnet ist, um
das dritte Schiebeteil gegen das erste Schiebeteil
im Sinne eines Schlieens der zweiten Ring-
kammer (164) zu dréngen, und daR das erste
Schiebeteil {142), das dritte Schiebeteil {162)

und das Mittelteil {128) eine dritte Ring-
kammer (172) zur Aufnahme eines dritten Stro- -

mungsmittels zum Aufwaértsdrdngen des ersten
Schiebeteils (142) zu dem rohrférmigen Bauteil
(28) hin bilden, um eine Aufwértsbewegung des
zweiten Schiebeteils (152) und des dritten
Schiebeteils (162) herbeizufiihren.

2. Spanndornvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, da sie auerdem ein
um das Mittelteil (128) herum angeordnetes
AuRenteil und ein dazwischen verschiebbar
angeordnetes fiinftes Schiebeteil (178) auf-
weist, wobei zwischen diesen Teilen eine vierte
Ringkammer (182) zur Aufnahme eines vierten
Stromungsmittels zum Aufwértsdrdngen des
fiinften Schiebeteils {178) gegen die innere
Biichse (126) gebildet ist, um die innere Biichse
mit dem zweiten Schiebeteil (152) auszurich-
ten, und daB zwischen dem AuBenteil {176} und
dem fiinften Schiebeteil (178) ein drittes Vor-
spannorgan ({184) angeordnet ist, um das
funfte Schiebeteil nach unten zu dringen.

3. Spanndornvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, da® der Andriick-
mechanismus (158, 160) eine auf dem oberen
Ende des zweiten Schiebeteils (152) befestigte
Kappe (156) und mindestens einen um das
zweite Schiebeteil (152) herum zwischen der
Kappe (156} und dem ersten Schiebeteil {142)
angeordneten Metallring (158, 160) aufweist,
und daR die Kappe (156) der mindestens eine
Metallring (158, 160) und das erste Schiebeteil
(142} beim Abwiértsziehen des zweiten Schiebe-
teils (152) bewirken, daR der mindestens eine
Metallring {158, 160) in Anlage mit dem rohr-
férmigen Bauteil (38) aufgeweitet wird.

4. Spanndornvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daR der Andriick-
mechanismus ein im oberen Bereich des
zweiten  Schiebeteils (152}  befestigtes
Abstandsstick (154) und eine am oberen Ende
des zweiten Schiebeteils (152) befestigte
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- oder

Kappe (156}, weiter einen zwischen der Kappe
(156) und dem Abstandsstiick (154) um das
zweite Schiebeteil {152) herum angeordneten
ersten Metallring (158) und einen zwischen
dem Abstandsstiick (154) und dem ersten
Schiebeteil {142} um das zweite Schiebeteil
(152} herum angeordneten zweiten Metallring
(160) aufweist, und daR die Kappe (156), das
Abstandsstiick (154) und das erste Schiebeteil
{142) beim Abwiértsziehen des zweiten
Schiebeirils (152) bewirken, daR der erste
Metallring (158) und der zweite Metallring
(160) in Anlage mit dem rohrférmigen Bautell
(38) aufgeweitet werden.

5. Spanndornvorrichtung nach Anspruch 3
oder 4, dadurch gekennzeichnet, dal sie weiter
einen an dem Mittelteil (128) befestigten ersten
Fihler (186), der mit dem dritten Schiebeteil
{162} in Beriihrung steht, und einen am Mittel-
teil (128) an einer beziiglich des ersten Fiihlers
{186) um 90° versetzten Stelle befestigten
zweiten Fithler (188) aufweist, wobei der erste
Fuhler (186) und der zweite Fihler (188) zur
Feststellung der Vertikalposition des dritten
Schiebeteils (162} mit Bezug auf das Mittelteil
(128) dienen.

6. Spanndornvorrichtung nach Anspruch 3
4, dadurch gekennzeichnet, dald der
Metallring (158, 160) eine im wesentlichen
glatte AuBenfliche und einen sich lber die
ganze Linge des Ringes (158, 160) erstrecken-
den und diesen vollstdndig durchdringenden
Langsschlitz (200) aufweist, um das Aufweiten
des Ringes (158, 160) zu ermdglichen, daf?
weiter der Ring (1568, 160) an seiner Innenseite
eine Vielzahl von Langsrippen (202) zur Erzeu-
gung von Federelastizitdt des Ringes (158, 160)
aufweist, wobei jeweils eine erste flache
Anschlagfliche (208} am oberen Ende der
Rippen {202) und eine zweite ebene Anschlag-
flache (210) am unteren Ende der Rippen (202)
zur Verhinderung einer Uberdehnung des Ringes
(158, 160) vorgesehen ist, und daR mindestens
eine von der AuRenfliche des Ringes (158,
160} zu der ebenen Anschlagflache (208, 210)
verlaufende Schragfidiche (212, 214) vorge-
sehen ist, damit die Kappe (156) und das erste
Schiebeteil (142) entlang der Schragflache
(212, 214) bis auf die ebene Anschlagfliche
gleiten kénnen, um den Ring (158, 160) in
Anlage mit dem rohrférmigen Teil (38) auf-
zuweiten, wobei die ebene Anschlagfidche
(208, 210) eine Uberdehnung des Ringes (158,
160) verhindert.
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