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[57] ABSTRACT 
Apparatus for handling control rod drives (CRD's) 
attached by detachable fixing means to housings 
mounted in a reactor pressure vessel and each coupled 
to one of control rods inserted in the reactor pressure 
vessel. The apparatus for handling the CRD's comprise 
cylindrical housing means, uncoupling means mounted 
in the housing means for uncoupling each of the control 
rods from the respective CRD, means mounted on the 
housing means for effecting attaching and detaching of 
the fixing means, means for supporting the housing 
means, and means for moving the support means longi-
tudinally of the CRD. 

39 Claims, 9 Drawing Figures 
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APPARATUS FOR HANDLING CONTROL ROD 
DRIVES 

BACKGROUND OF THE INVENTION 5 

This invention relates to apparatus for handling con-
trol rod drives, and more particularly it deals with appa-
ratus for handling control drives which facilitates re-
moval of control rod drives from a reactor pressure 
vessel and mounting of the same therein. 10 

Heretofore, in a boiling-water reactor, great diffi-
culty has been encountered in effecting maintenance 
and inspection of control rod drives (CRD's) mounted 
in a manner to be located below a reactor pressure 
vessel. That is, in carrying out this operation, the CRD's 15 

must be removed from the reactor pressure vessel by 
performing an operation in a region of high radiation 
level. It has hitherto been common practice to perform 
this operation manually by operators who put on pro-
tective clothing. It takes a lot of labor and time to per- 2 0 

form this operation. Moreover, there is the hazard of 
the operators being exposed to a high level of radiation. 
Thus, there has been an increased demand for the devel-
opment of apparatus permitting maintenance and in-
spection of each CRD to be carried out automatically 
without requiring manual attention. 

SUMMARY OF THE INVENTION 
Accordingly, this invention has as its object the pro- 3Q 

vision of apparatus for handling CRD's which elimi-
nates the disadvantages of the prior art and enables 
maintenance and inspection of each CRD to be effected 
readily and positively. 

According to the invention, there is provided appara- 3 5 
tus for handling CRD's attached by detachable fixing 
means to housings mounted in a reactor pressure vessel 
and each coupled to one of control rods inserted in the 
reactor pressure vessel, such apparatus comprising cy-
lindrical housing means, uncoupling means arranged in 
the housing means for uncoupling each of the control 
rods from the respective CRD, means mounted on the 
housing means for effecting attaching and detaching of 
the fixing means, and means for moving the support 
means longitudinally of the CRD. 45 

In a preferred embodiment of this invention, the un-
coupling means of the apparatus for handling each 
CRD further comprises means for detachably connect-
ing the uncoupling means to the CRD. In this embodi-
ment, the housing means is rotatably supported on the so 
support means, and the support means is provided with 
means for driving the support means and causing same 
to rotate. This embodiment further comprises means for 
preventing release to outside of coolant from the CRD 
housing when the fixing means is detached, and drain 55 
means for leading the coolant flowing out of the CRD 
housings to a predetermined position for disposal. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic view of the apparatus for han- 60 

dling CRD's comprising one embodiment of the inven-
tion and mounted on the carriage device beneath a 
nuclear reactor pressure vessel; 

FIG. 2 is a schematic view showing the apparatus for 
handling CRD's of FIG. 1 in its entirety; 65 

FIG. 3 is a vertical sectional view of an upper half of 
the CRD attaching and detaching device of the appara-
tus for handling CRD's; 
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FIG. 4 is a vertical sectional view of a lower half of 
the CRD attaching and detaching device; 

FIG. 5 is a top plan view of the CRD attaching and 
detaching device shown in FIGS. 3 and 4; 

FIG. 6 is a sectional view taken along the line 
VI—VI of FIG. 5, particularly showing the drain 
means of the CRD attaching and detaching device; 

FIG. 7 is a vertical sectional view showing the con-
nection between the lower end of a control rod and the 
upper end of a CRD; 

FIG. 8 is a view similar to FIG. 3 but showing the 
CRD attaching and detaching device with the screw 
cylinder thereof being in threadable engagement with 
the piston tube of a CRD; and 

FIG. 9 is a view similar to FIG. 3 but showing the 
CRD attaching and detaching device with a control rod 
being uncoupled from the associated CRD. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention will 
now b« described with reference to the accompanying 
drawings. Referring to FIG. 1, there is shown the appa-
ratus for handling control rod drives (hereinafter re-
ferred to as CRD's) generally designated by the refer-
ence numeral 1. The CRD handling apparatus 1 is 
mounted on a carriage device 5 arranged in a reactor 
lower chamber 4 defined in a pedestal 3 for supporting 
a reactor pressure vessel 2. A plurality of CRD hous-
ings 6 extend vertically through the reactor pressure 
vessel 2 and each contain therein a CRD 7. Each CRD 
housing 6 is detachably attached by bolts 8 at its lower 
end to each CRD 7 at its lower end (See FIGS. 3,8 and 
9). A plurality of control rod guide tubes 9 extend 
downwardly from a reactor core in the reactor pressure 
vessel 2 and each contain therein a control rod 10 which 
is movable vertically (See FIG. 7). As shown in FIG. 7, 
each guide tube 9 is secured at its lower end to an upper 
end of each CRD housing 6, and the control rod 10 is 
detachably connected at its lower end to an upper end 
of a CRD. The numeral 11 designates television cam-
eras for watching the operation. The numerals 12, 13 
and 14 designate an opening through which access can 
be had to the iifterior of the chamber 4, a bridge and a 
winch for operating the bridge 13, respectively. 

The carriage device 5 comprises an operation car-
riage 15 and movable carriages 16, 17. The operation 
carriage 15 is rotatably supported on an annular guide 
rail 18 attached to an inner wall surface of the reactor 
lower chamber 4 and has attached on its upper surface 
a pair of rectilinear guide rails 19 on which the movable 
carriage 16 is mounted. The movable carriage 16 has 
mounted on its upper surface a pair of rectilinear guide 
rails 20 oriented in a direction at a right angle to the 
guide rails 19 for supporting thereon the movable car-
riage 17. The operation carriage 15 and movable car-
riages 16,17 are driven for movement by suitable means 
(not shown) in a manner to be able to stop and be fixed 
in place in desired positions. By using the carriage de-
vice 5 constructed as aforementioned, it is possible to 
accurately and quickly effect positioning of the CRD 
handling apparatus 1 with respect to each CRD 7. 

The CRD handling apparatus 1 is shown in an outline 
in FIG. 2. The CRD handling apparatus 1 includes a 
column 21 which is in the form of a letter H in cross-sec-
tion and supported by a support shaft 22 mounted on the 
movable carriage 17, through pneumatic cylinder 
means (not shown), for example, for pivotal movement 
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about the support shaft 22. Carriages 25 and 26 in the 
form of a letter U in cross-section are mounted on op-
posing flanges 23 and 24 of the column 21 and sup-
ported on rollers 27,28 for movement along the flanges 
23 and 24 respectively. The carriage 25 has fixed thereto 5 
a pair of support arms 29 and 31 for supporting a CRD 
attaching and detaching device 33 as subsequently to be 
described. A pair of gripping members 35 and 37 for 
gripping a CRD 7 to be handled are pivotally supported 
through pins 39 and 41 respectively by the other car- 10 
riage 26. The gripping members 35 and 37 each consist 
of a pair of arms pivotally movable toward and away 
from each other by pneumatic cylinder means (not 
shown) for gripping the CRD 7. The carriage 25 has 
attached thereto a winding drum 43 from which a rope 15 
45 extends along the outer periphery of the column 21, 
through rollers 47,49 mounted at the top of the column 
21, to be connected at its forward end to the carriage 25. 
A motor 36 for driving the winding drum 43 is arranged 
on the carriage 26. Brakes 51 and 53 of the air cylinder 20 
type are mounted on the carriages 25 and 26 respec-
tively. If the motor 36 is actuated when only the brake 
53 is applied, then the carriage 25 is pulled by the rope 
45 and moves upwardly along the column 21. 

The construction of the CRD attaching and detach- 25 
ing device 33 will now be described with reference to 
FIGS. 3 and 4. FIG. 3 shows an upper half of the device 
33, while FIG. 4 shows a lower half thereof. The device 
33 comprises cylindrical housing means 30 supported by 
the support arms 29 and 31 and mounting therein un- 30 
coupling means 32 for disconnecting the control rod 10 
from the associated CRD 7. Connecting bolt handling 
means 34 for attaching and detaching bolts 8 which 
couple the CRD housing 6 to the respective CRD 7 is. 
mounted over the housing means 30. 35 

The housing means 30 includes a cylindrical support 
post 48 which has a cylinder 52 bolted in place at its 
upper end through a gear 50. Mounted at an upper end 
portion of the cylinder 52 is a tube 54 which has fixed at 
its upper end a sleeve 58 formed with a flange 56. An 40 
upper portion of the support post 48 is rotatably sup-
ported by a bearing 62 housed in a sleeve 60, while a 
lower portion thereof is rotatably supported by a bear-
ing 66 housed in a sleeve 64. The sleeves 60 and 64 are 
bolted to the support arms 29 and 31 respectively. 45 

The upper support arm 29 has mounted thereon an air 
motor 68 and a reduction means 70, the latter having an 
output shaft having secured thereto a pinion 72 which is 
maintained in meshing engagement with gear 50. Thus, 
when the pinion 72 is actuated by means of the air 50 
motor 68, gear 50 is rotated to thereby rotate the hous-
ing means 30 as a unit. 

The connecting bolt handling means 34 includes a 
plurality of reduction means 74 bolted to the flange 56 
of the sleeve 58 and a plurality of air motors 76 con- 55 
nected to the reduction means 74. The reduction means 
74 and air motors 76 are of the same number as the bolts 
8, so that eight sets of reduction means and air motors 
are mounted around the tube 54 and spaced substan-
tially equidistantly from one another. The reduction 60 
means 74 each have an output shaft to which is con-
nected a hollow shaft 78 receiving in the center opening 
of the shaft 78 a bolt wrench 80 for rotation with the 
shaft 78 as a unit, to provide a bolt wrench assembly. A 
chamber 84 mounting a spring 82 therein is formed in 65 
the hollow shaft 78 beneath the bolt wrench 80 so that 
the spring 82 urges the bolt wrench 80 to move up-
wardly at all times. The presence of the spring 82 and 
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chamber 84 lessens the impact applied to the bolt 
wrench 80 when the bolt 8 is pressed against the upper 
end of the bolt wrench so as to ensure that the bolt 
wrench 80 moves satisfactorily in a downward stroke. 
Each shaft 78 has secured to its forward end a bolt 
holder 86 which holds a head of the bolt 8 which has 
been removed from the CRD housing 6. The shafts 78 
and bolt holders 86 are rotatably supported by bearings 
89 and 91 in a bolt house 88 fixed on the sleeve 58. 

Each bolt wrench 80 is required to produce a torque 
of revolution of a high magnitude for attaching or de-
taching the respective bolt 8. To meet this requirement, 
the high speed rotation of each air motor 76 is reduced 
at a high reduction ratio by the respective reducing 
means 74 so as to obtain a high output torque from the 
air motors 76. 

The uncoupling means 32 is arranged in the tube 54 
and includes a cylinder tube 94 which has its upper 
portion rotatably supported by bearings 90 mounted on 
the sleeve 58 and its lower portion rotatably supported 
by bearings 92 mounted in the cylinder 52. Inserted in 
the cylinder tube 94 is a screw cylinder 96 in which a 
piston 98 is fitted. The screw cylinder 96 is keyed at 100 
to the cylinder tube 94, so that the screw cylinder 96 is 
rotatable with the cylinder tube 94 as a unit and recipro-
cable relative thereto. Mounted in a lower portion of 
the cylinder tube 94 is an internal gear 102 which is 
maintained in meshing engagement with a pinion 106 
mounted on an output shaft of a reduction means 104 
which is connected to an air motor 108 and fixedly 
supported by a support 110. The support 110 is fixedly 
supported by a guide tube 112 arranged in the support 
post 48 and fixed to the lower support arm 31 through 
support members 114,116 and the sleeve 64. The screw 
cylinder 96 is formed on the inner surface of its head 
with an internally threaded portion 118 which is 
adapted to be brought into engagement with an exter-
nally threaded portion formed in a lower portion of a 
piston tube 120 of each CRD 7 to thereby connect the 
attaching and detaching device 33 to each CRD 7. 

A guide rod 122 is mounted beneath the screw cylin-
der 96 in the cylinder tube 94 for sliding movement 
along an inner wall surface of the cylinder tube 94. The 
guide rod 122 is fixedly supported by a support member 
110. A spring 81 is mounted between a lower end of the 
screw cylinder 96 and an upper surface of the guide rod 
122 in the cylinder tube 94. When the screw cylinder 96 
is disposed in its uppermost position (See FIG. 9), it is 
free from the influence of spring 81. However, when the 
screw cylinder 96 has moved to its lower position by its 
own weight, it is subjected to the biasing force of spring 
81, so that spring 81 performs the function of absorbing 
shock when the screw cylinder 96 is brought into 
contact with the piston tube 120 of each CRD 7. 

The piston 98 mounted in the screw cylinder 96 has 
connected thereto a piston rod 126 which extends 
downwardly therefrom and is keyed at 129 to the guide 
rod 122. This permits the piston 98 to move only verti-
cally relative to the guide rod 122. The underside of the 
piston 98, upper surface of the guide rod 122 and inner 
wall surface ofthe cylinder tube 94 define a lower cylin-
der chamber 128 disposed below the piston 98 and 
mounting spring 81 therein. A ring 130 is attached to a 
lower portion of the screw cylinder 96 to prevent 
downward movement of the piston 98. The piston 98 
has attached thereto an upwardly extending piston rod 
132 which mounts thereon a ring 134 capable of moving 
in reciprocatory movement therealong. The ring 134 is 
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capable of moving in reciprocatory movement in the 
screw cylinder 96 too. Defined by the inner wall surface 
of the screw cylinder 96, upper surface of the piston 98 
and the ring 134 is an upper cylinder chamber 136 dis-
posed over the piston 98 and mounting therein a spring 5 
138 in a manner to surround the piston rod 132. A stop-
per 140 for keeping the ring 134 in place is affixed to the 
forward end of the piston rod 132 so that an upwardly 
directed biasing force is exerted on the ring 134 at all 
times. A tube 142 is mounted on the stopper 140 and has 10 
attached to its forward end a reed switch 144 which is 
adapted to be actuated by a magnet 148 mounted on a 
lower end of an index tube 146 surrounding the piston 
tube 120 of each CRD 7. A passage 150 extending verti-
cally along the axes of tube 142, stopper 140, piston 98 15 
and piston rods 126, 132 is provided and has mounted 
therein wires (not shown) for the reed switch 144. 

A rod 152 extends through the guide rod 122 and 
slidable therealong. The rod 152 is attached at its upper 
end to ring 130 and supported at its lower end by a 20 
spring 154 mounted in the guide rod 122 so that rod 152 
can act as a screwing stroke detector. A pressurized 
fluid supply passage 156 extends through the guide rod 
122 and opens at one end thereof in the lower cylinder 
chamber 128 and is connected at the other end to a 25 
suitable pressurized fluid source (not shown). 

Mounted at an outer periphery of the bolt house 88 is 
a cylindrical drain sleeve 158 for vertical sliding motion 
relative thereto. Packings 160 are provided between the 
bolt house 88 and drain sleeve 158 for providing a seal 30 
therebetween. A packing 162 is mounted at an upper 
end of the drain sleeve 158. When the drain sleeve 158 
moves upwardly along the bolt house 88, an inner end 
of the packing 162 moves upwardly along outer periph-
eries of the CRD 7 and CRD housing 6 to provide a 35 
liquid-tight seal to the interior of the drain sleeve 158. 
Two brackets 164 located in diametrically opposed 
positions on a lower portion of an outer wall surface of 
the drain sleeve 158 each have affixed thereto an end 
portion of a piston rod 168 of an air cylinder 166 se- 40 
cured to the flange 56 of the sleeve 58. By this arrange-
ment, the drain sleeve 158 can be moved upwardly 
along the bolt house 88 when necessary. 

The bolt house 88 is formed at an upper end portion 
of its inner wall with a tapering portion 170 for coming 45 
into contact with a forward end portion of each CRD 7 
and bearing its weight when the CRD attaching and 
detaching device 33 is actuated. 

As shown in FIGS. 5 and 6, the bolt house 88 is 
formed with drain holes 174 each disposed between the 50 
bolt wrench assemblies. The drain holes 174 are each 
connected to a drain tube 180 through a chamber 176 
and a passage 178 formed in the bolt house 88, the drain 
tube 180 being connected to the passage 178 and extend-
ing downwardly therefrom for a distance of about 4 55 
meters. By this arrangement, the coolant flowing out 
from the CRD 7 during a CRD attaching and detaching 
operation can be discharged to the bottom of the reac-
tor lower chamber 4. The drain sleeve 158 is formed 
with slits 182 to avoid the interfering of the drain tubes 60 
180 with the vertical movement of the drain sleeve 158. 

To enable the operation of the CRD attaching and 
detaching device 33 constructed as aforesaid to be bet-
ter understood, means for coupling each control rod 10 
inserted in the reactor core to one of the CRD's 7 will 65 
be described in detail, before describing the operation of 
the device 33. Referring to FIG. 7, the CRD housing 6 
is mounted at its upper end to a lower end of the guide 
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tube 9 for vertically guiding the control rod 10. A ther-
mal sleeve 200 is fitted in the CRD housing 6, and a plug 
202 is inserted in the control rod 10 and located along 
the center axis thereof. A socket 204 is attached to a 
lower end of the control rod 10. A spud 206 is mounted 
at an upper end of an index tube 146 fitted in and extend-
ing axially of the CRD 7. If the spud 206 is inserted in 
the socket 204 and the plug 202 is inserted in the spud 
206 so that the spud 206 may be forced tightly against 
the socket 204, then the control rod 10 is connected to 
the CRD 7. A piston tube 120 fitted in the index tube 
146 (See FIG. 8) has secured to its upper end an uncou-
pling rod 208 which is engageable with the plug 202. 
Thus, by moving the piston tube 120 upwardly, it is 
possible to cause the uncoupling rod 208 to push the 
plug 202 upwardly. 

The operation of the CRD handling apparatus 1 will 
be described by referring to FIGS. 3, 4, 8 and 9 as ap-
plied to an operation of maintaining and inspecting the 
CRD's 7. 

First, in order to bring the CRD attaching and de-
taching device 33 to a position in which it is in align-
ment with the CRD 7 to be handled, the CRD handling 
apparatus 1 is bodily moved by the carriage device 5 in 
the reactor lower chamber 4. The positioning of the 
device 33 can be effected quickly and accurately by the 
rotary movement of the operating carriage 15 and the 
linear movements of the movable carriages 16 and 17. 
Upon completion of the positioning, motor 36 is actu-
ated to move the CRD attaching and detaching device 
33 upwardly along the column 21. This upward move-
ment is stopped immediately before the upper ends of 
the bolt wrenches 80 are brought into contact with the 
lower ends of the bolts 8. While the device 33 is in this 
position, the carriage device 5 is operated again, if nec-
essary, to ensure that the CRD attaching and detaching 
device 33 is accurately in alignment with the CRD 7. At 
this time, the relative positions of the CRD attaching 
and detaching device 33 and the CRD 7 are substan-
tially as shown in FIG. 3. It will be seen that the lower 
end of the piston tube 120 of the CRD 7 has just come 
into contact with the screw cylinder 96 of the CRD 
attaching and detaching device 33. 

Then, air motor 68 is actuated to rotate the housing 
means 30 so as to thereby bring the bolt wrenches 80 of 
the connecting bolt handling means 34 to positions in 
which they are in alignment with the respective bolts 8. 
Rotation of the air motor 68 is transmitted through the 
reduction means 70, pinion, 72 and gear 50 to the sup-
port post 48 and cylinder 52. Rotation of the cylinder 52 
causes the tube 54 and sleeve 58 to rotate, to thereby 
rotate the connecting bolt handling means 34. After 
positioning of the bolt wrenches 80 is completed, motor 
36 is actuated again to move the CRD attaching and 
detaching device 33 further upwardly. Usually, hexago-
nal openings of the heads of the bolts 8 and the bolt 
wrenches 80 are angularly displaced from one another, 
so that coupling of the device 33 to the CRD 7 cannot 
be readily accomplished. Therefore, with the upward 
movement of the device 33, the bolt wrenches 80 are 
pressed by the bolts 8 after coming in touch with the 
heads thereof, with a result that each bolt wrench 80 
moves downwardly through a chamber 84 for the shaft 
78 against the biasing force of spring 82. The upward 
movement of the CRD attaching and detaching device 
33 is stopped in a position in which each bolt wrench 80 
would be in engagement with the respective bolt 8 over 
a sufficiently large distance to ensure coupling between 



the drive 33 and the CRD 7 if each bolt wrench 80 were 
received in the hexagonal opening in the head of the 
respective bolt 8. Usually, this position is preferably a 
position in which the tapering portion 170 of the bolt 
house 88 is positioned against the forward end portion 5 
of the CRD 7 as shown in FIG. 8. Also, as the device 33 
is moved upwardly, the screw cylinder 96 is pressed by 
the piston tube 120 and moves downwardly a suitable 
distance in the cylinder tube 94 against the biasing force 
of spring 81. Thus, the screw tube 96 is in a position 10 
relative to the piston tube 120 such that if the tube 96 is 
rotated then the connecting threaded portion 118 can be 
threadably connected to the threaded portion of the 
piston tube 120. 

Air motor 108 is actuated to connect the CRD attach- 15 
ing and detaching device 33 to the CRD 7. Rotation of 
air motor 108 is transmitted through the reduction 
means 104, pinion 106, internal gear 102 and cylinder 
tube 94 to the screw cylinder 96. As the screw cylinder 
96 rotates, the connecting threaded portion 118 is 20 
brought into threadable engagement with the threaded 
portion of the piston tube 120, thereby allowing the 
screw cylinder 96 to move upwardly. When the thread-
able connection has reached a length of about 20 milli-
meters, air motor 108 is de-actuated. This threadable 25 
connection length is detected by the screwing stroke 
detector 152. At this time, the CRD attaching and de-
taching device 33 is in a state shown in FIG. 8 which 
also shows the relative positions of the device 33 and 
the CRD 7, in which the spacing between the upper 30 
surface of the screw cylinder 96 and the underside of 
the CRD 7 is about 25 millimeters. It should be noted 
that in FIG. 8 the bolt wrenches 80 are shown as being 
in engagement with the hexagonal openings at the heads 
of the respective bolts 8. 35 

Upon completion of coupling of the CRD 7 to the 
CRD attaching and detaching device 33, an operation 
of uncoupling the control rod 10 from the CRD 7 is 
initiated. First, pressurized air is supplied from the pres-
surized fluid supply source (not shown) to the lower 40 
cylinder chamber 128 through passage 156. This causes 
the screw cylinder 96 to move upwardly along the inner 
wall surface of the cylinder tube 94, with a result that 
the piston 98 also moves upwardly along the inner wall 
surface of the screw cylinder 96. Upward movement of 45 
the screw cylinder 96 moves the piston tube 120 of the 
CRD 7 upwardly. Upward movement of the piston 98 
also places the reed switch 144 in an extended position 
in which uncoupling of the control rod 10 from the 
CRD 7 can be ascertained. 50 

Upward movement of the piston tube 120 causes the 
uncoupling rod 208, which is unitary with the piston 
tube 120, to move the plug 202 upwardly, thereby re-
leasing the plug 202 from engagement with the spud 
206. Then, hydraulic pressure is supplied to the CRD 7 55 
to move the index tube 146 downwardly. When the 
index tube 146 has moved to a position in which its 
forward end is positioned against an enlarged shoulder 
210 of the piston tube 120 (See FIG. 9), uncoupling of 
the control rod 10 from the CRD 7 is completed. When 60 
the index tube 146 is in this position, the magnet 148 is 
substantially flush with the reed switch 144 which is in 
its extended position. Thus, the reed switch 144 is ener-
gized by the magnet 148 and turned on, so that it is 
possible to ascertain from outside that the control rod 65 
10 has been uncoupled from the CRD 7. By using a 
signal generated by the reed switch 144 as an interlock 
signal for sequentially performing the subsequent opera-
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tion steps of the CRD handling apparatus 1, it is possible 
to increase the safety of operation. 

Thereafter, the pressurized air in the lower cylinder 
chamber 128 is released therefrom to move the screw 
cylinder 96 downwardly. Downward movement of the 
screw cylinder 96 results in downward movement of 
the piston tube 120 and the index tube 146 whose for-
ward end is positioned against the enlarged shoulder 
210 of the piston tube 120. This downward movement 
of the piston tube 120 stops when an enlarged lower 
shoulder 212 thereof is positioned against a flange 214 at 
a lower end of the CRD 7. In this way, the control rod 
10 is completely uncoupled from the CRD 7. 

For the sake of preventing scattering of the coolant, 
pressurized air is supplied to air cylinders 166 to move 
piston rods 168 outwardly therefrom to cause the drain 
sleeve 158 to move upwardly along the outer peripher-
ies of the bolt house 88 and CRD 7. The drain sleeve 
158 moved to its upper position in this way is shown in 
dash-and-dot lines in FIGS. 8 and 9. 

Air motors 76 are actuated to detach the connecting 
bolts 8. Rotation of air motors 76 is transmitted through 
reduction means 74 and shafts 78 to the bolt wrenches 
80 which are rotated thereby. The bolt wrenches 80 are 
first rotated through a small angle to complete the en-
gagement of the bolt wrenches 80 with the respective 
bolts 8 in case the engagement of the bolt wrenches 80 
in the hexagonal openings in the heads of the bolts 8 is 
not completed. This operation may be performed prior 
to uncoupling of the control rod 10 from the associated 
CRD 7. After confirming that the bolt wrenches 80 are 
in complete engagement in the hexagonal openings in 
the heads of the bolts 8, air motors 76 are actuated again 
to remove the bolts 8. This operation is preferably per-
formed simultaneously with all the bolts 8. The bolts 8 
removed from the CRD housing 6 are retained in the 
bolt holders 86. After the bolts 8 have been removed, 
the bolt wrenches 80 move downwardly into chambers 
84. FIG. 9 shows the CRD attaching and detaching 
device 33 in this state and the relative positions of the 
device 33 and the CRD 7 at this time. 

Upon completion of the bolt detaching operation, 
carriage 25 is moved downwardly a distance of about 10 
millimeters. The CRD 7 also moves downwardly the 
same distance. This causes the coolant accumulated in 
the CRD housing 6 to be discharged therefrom. The 
coolant is led into a space formed in the drain sleeve 
158, from which it is discharged through the drain holes 
174, drain chambers 176, and drain passages 178 in the 
drain sleeve 158 into the drain tubes 180. From the drain 
tubes, the coolant is released to a predetermined posi-
tion in the reactor lower chamber 4 (See FIGS. 5 and 6). 
The provision of packing 162 at the upper end edge of 
the drain sleeve 158 obviates an accident of the coolant 
overflowing the drain sleeve 158. Thus, disposal of the 
coolant of high radiation level can be performed safely 
without permitting same to leak to outside. 

After confirming that the release of the coolant from 
the CRD housing 6 has been completed, carriage 25 is 
moved further downwardly, so that the CRD 7 can be 
withdrawn completely from the CRD housing 6. Fol-
lowing the complete withdrawal of the CRD 7, it is 
gripped by the gripping members 35 and 37 as shown in 
FIG. 2 and disconnected from the CRD attaching and 
detaching device 33. Then, the column 21 is moved 
pivotally about the support shaft 22 by the fluid cylin-
der means (not shown), so that the CRD 7 is brought to 
a substantially horizontal position. The CRD 7 is moved 
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by known means through the opening 12 formed in the 
pedestal 3 into the bridge 13 from which it is trans-
ported to a predetermined destination. The aforesaid 
operation is performed under surveilance by the televi-
sion cameras 11. 5 

In performing the operation of coupling a CRD 7 to 
a CRD housing 6 after inspection is finished, the afore-
mentioned sequence of operations are performed by 
reversing the order. In this case, it is not necessary to 
move the drain sleeve 158 upwardly. 10 

In the aforementioned series of Operations, a CRD 7 
is positively coupled to the CRD attaching and detach-
ing device 33 by bringing the internal threaded portion 
118 formed in the screw cylinder 96 into engagement 
with the external threaded portion formed in the piston IS 
tube 120. However, it is to be understood that this 
threadable connection is not essential and can be elimi-
nated, if desired. If this is the case, uncoupling of the 
CRD 7 from the control rod 10 and removal of the bolts 
8 from the CRD housing 6 result in the CRD 7 moving 20 
downwardly by gravity when carriage 25 is moved 
downwardly, so that the CRD 7 can be withdrawn. 
However, prolonged use of a CRD 7 sometimes inter-
feres with downward movement thereof by its own 
weight. By taking this trouble into consideration, it is 2S 
desirable that the CRD 7 be positively coupled to the 
CRD attaching and detaching device 33 by a threadable 
connection between the internal threaded portion 118 
and the external threaded portion ofthe piston tube 120 
so that the CRD can be forcibly withdrawn. 30 

We claim: 
1. Apparatus for handling control rod drives (herein-

after referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 35 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 40 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 45 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 50 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means, said uncoupling means comprises 
means for detachably connecting the uncoupling 55 
means to said CRD; 

means for supporting said CRD attaching and detach-
ing means; and 

means for moving said supporting means longitudi-
nally of the CRD. 60 

2. Apparatus for handling control rod drives (herein-
after referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 65 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 

detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means, said uncoupling means comprises 
means for detachably connecting the uncoupling 
means to said CRD; 

means for supporting said CRD attaching and detach-
ing means, said housing means is rotatably sup-
ported on said supporting means, and said support-
ing means is provided with means for driving said 
housing means for rotation; and 

means for moving said supporting means longitudi-
nally of the CRD. 

3. Apparatus as claimed in claim 2, wherein said driv-
ing means for rotation comprises an air motor and a 
reduction means. 

4. Apparatus for handling control rod drives (herein-
after referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means; 

means for supporting said CRD attaching and detach-
ing means; 

means for moving said supporting means longitudi-
nally of the CRD; 

means for preventing scattering of coolant flowing 
out of each of said CRD housings when said fixing 
means is detached; and 

drain means for discharging released coolant to a 
predetermined position. 

5. Apparatus as claimed in claim 4, wherein each of 
said CRD's is fixed to one of said CRD housings by 
means of a plurality of bolts, and wherein said means for 
effecting attaching and detaching of said fixing means 
comprises bolt wrench assemblies equal in number to 
said bolts arranged in an outer peripheral portion of said 
CRD housing, said bolt wrench assemblies being lo-
cated in an annular bolt house secured to an upper por-
tion of an outer periphery of said housing means. 
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6. Apparatus as claimed in claim 5, wherein said cool-
ant scattering preventing means comprises a drain 
sleeve mounted on an outer periphery of said bolt house 
for upward movement therealong, and driving means 
mounted on said housing means for moving said drain S 
sleeve, said drain sleeve having a packing mounted at an 
upper end thereof and adapted to be brought into liquid-
tight sealing engagement with outer peripheries of the 
CRD and CRD housing. 

7. Apparatus as claimed in claim 5, wherein said drain 10 
means comprises a plurality of drain holes formed in 
said bolt house, and a plurality of drain tubes connected 
to said bolt house and each communicating with one of 
said drain holes. 

8. Apparatus for handling control rod drives (herein- 15 
after referred to as CRD's) attached by detachable fix-
ing means to housing mounted in a reactor pressure 
vessel and each coupled to one of control rods inserted 
in the reactor pressure vessel, comprising in combina-
tion: 20 

cylindrical housing means; 
uncoupling means mounted in the housing means for 

uncoupling each of said control rods from one of 
said CRD's; 

means mounted on the housing means for effecting 25 
attaching and detaching of said fixing means; 

means for supporting said housing means; 
means for moving the support means longitudinally 

of the CRD; 
means for preventing scattering of coolant flowing 30 

out of each of said CRD housings when said fixing 
means is detached; 

drain means for discharging the released coolant to a 
predetermined position; and 

wherein each of said CRD's is fixed to one of said CRD 35 
housings by means of a plurality of bolts, and said means 
for effecting attaching and detaching of said fixing 
means comprises bolt wrench assemblies equal in num-
ber to said bolts. 

9. Apparatus as claimed in claim 8, wherein each of 40 
said bolt wrench assemblies comprises a bolt wrench 
engageable with one of said bolts, and means for driving 
each said bolt wrench for rotation. 

10. Apparatus as claimed in claim 9, wherein each 
said bolt wrench is reciprocatorily fitted in a hollow 45 
shaft rotatably supported by said housing means, and 
resilient means is mounted in said hollow shaft for nor-
mally urging the bolt wrench to move upwardly by its 
biasing force and said shaft is driven for rotation by said 
driving means 50 

11. Apparatus as claimed in claim 10, wherein said 
hollow shaft has a bolt holder mounted at a head por-
tion thereof. 

12. Apparatus as claimed in claim 10, wherein said 
driving means comprises a plurality of air motors and 55 
reduction means. 

13. Apparatus as claimed in claim 10, further compris-
ing means for preventing scattering of coolant flowing 
out of each of said CRD housings when said fixing 
means is detached, and drain means for discharging 60 
released coolant to a predetermined position. 

14. Apparatus as claimed in claim 13, wherein said 
bolt wrench assemblies are located in an annular bolt 
house secured to an upper portion of an outer periphery 
of said housing means, and said coolant scattering pre- 65 
venting means comprises a drain sleeve mounted on an 
outer periphery of said bolt house for upward move-
ment therealong, and driving means mounted on said 
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housing means for moving said drain sleeve, said drain 
sleeve having a packing mounted at an upper end 
thereof and adapted to be brought into liquid-tight seal-
ing engagement with outer peripheries of the CRD and 
CRD housing. 

15. Apparatus as claimed in claim 13, wherein said 
bolt wrench assemblies are located in an annular bolt 
house secured to an upper portion of an outer periphery 
of said housing means, and said drain means commprises 
a plurality of drain holes formed in said bolt house, and 
a plurality of drain tubes connected to said bolt house 
and each communicating with one of said drain holes. 

16. Apparatus as claimed in claim 10, wherein said 
uncoupling means comprises a screw cylinder engage-
able with a lower portion of a piston tube fitted in each 
CRD, and means for driving said screw cylinder for 
reciprocatory movement. 

17. Apparatus as claimed in claim 16, wherein said 
screw cylinder is fitted for reciprocatory movement in 
a cylinder tube rotatably supported in said housing 
means so that the screw cylinder is rotatable with the 
cylinder tube as a unit, resilient means is fitted in said 
cylinder tube so as to resiliently support said screw 
cylinder when the screw cylinder is in a lower position, 
said driving means for driving the screw cylinder for 
reciprocatory movement comprises means for supply-
ing pressurized fluid to said cylinder tube. 

18. Apparatus as claimed in claim 17, wherein said 
screw cylinder has a piston fitted therein for reciproca-
tory movement, said piston having connected thereto a 
piston rod extending upwardly therefrom, and a reed 
switch mounted at an upper end of said piston rod, said 
reed switch being adapted to be actuated by a magnet 
mounted on an index tube in the CRD and located at a 
predetermined height so that uncoupling of the control 
rod from the CRD can be detected by actuation of said 
reed switch by said magnet. 

19. Apparatus as claimed in claim 18, wherein said 
piston and said reed switch are normally disposed in a 
withdrawn or inoperative position and adapted to move 
upwardly to an extended or operative position as said 
screw cylinder moves upwardly when the pressurized 
fluid is supplied to said cylinder tube by said pressurized 
fluid supply means. 

20. Apparatus for handling control rod drives (here-
inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means, said uncoupling means comprises a 
screw cylinder engageable with a lower end por-
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tion of the piston tube of said CRD's, and means for 
driving said screw cylinder for reciprocatory mo-
tion; 

means for supporting said CRD attaching and detach-
ing means; and 5 

means for moving said supporting means longitudi-
nally of the CRD. 

21. Apparatus as claimed in claim 20, wherein said 
uncoupling means further comprises means for detect-
ing uncoupling of the control rod from the CRD. 10 

22. Apparatus as claimed in claim 20, wherein said 
screw cylinder is fitted for reciprocatory movement in 
a cylinder tube rotatably supported in said housing 
means so that the screw cylinder is rotatable with the 
cylinder tube as a unit, resilient means is fitted in said IS 
cylinder tube so as to resiliently support said screw 
cylinder when the latter is in its lower position, said 
driving means for reciprocatory movement comprises 
means for supplying pressurized fluid to said cylinder 
tube. 20 

23. Apparatus as claimed in claim 22, wherein said 
screw cylinder has a piston fitted therein for reciproca-
tory movement, said piston having connected thereto a 
piston rod extending upwardly therefrom, and a reed 
switch is mounted at an upper end of said piston rod, 25 
said reed switch being adapted to be actuated by a mag-
net mounted on an index tube in the CRD and located 
at a predetermined height, so that uncoupling of the 
control rod from the CRD can be detected by actuation 
of said reed switch by said magnet. 30 

24. Apparatus as claimed in claim 23, wherein said 
piston and said reed switch are normally disposed in a 
withdrawn or inoperative position and adapted to move 
upwardly to an extended or operative position as said 
screw cylinder moves upwardly when the pressurized 35 
fluid is supplied to said cylinder tube by said pressurized 
fluid supply means. 

25. Apparatus as claimed in claim 24, wherein said 
screw cylinder is formed at an upper end thereof with 
an internally threaded portion which is engageable with 40 
an externally threaded portion formed on an outer pe-
riphery of the lower end portion of said piston tube, and 
said uncoupling means further comprises means for 
driving said screw cylinder for rotation. 

26. Apparatus as claimed in claim 25, wherein said 45 
driving means for rotation comprises an air motor and a 
reduction means. 

27. Apparatus for handling control rod drives (here-
inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 50 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 55 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con- 60 
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi- 65 
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 

means for effecting attaching and detaching of the 
fixing means; 

means for supporting said CRD attaching and detach-
ing means including two support arms; and 

means for moving said supporting means longitudi-
nally of the CRD. 

28. Apparatus for handling control rod drives (here-
inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncouplng means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means; 

means for supporting said CRD attaching and detach-
ing means; and 

means for moving said supporting means longitudi-
nally of the CRD including a column, a carriage 
movably arranged on one side of said column, a 
winding drum, and means for rotating said winding 
drum arranged on the other side of said column, 
said winding drum having a rope wound thereon 
and fixed at one end to said carriage, said support-
ing means is mounted on said carriage. 

29. Apparatus for handling control rod drives (here-
inafter referred to as CRD's) attached by detachable 
fixing means to housing mounted in a reactor pressure 
vessel and each coupled to one of control rods inserted 
in the reactor pressure vessel, comprising in combina-
tion: 

cylindrical housing means; 
uncoupling means mounted in the housing means for 

uncoupling each of said control rods from one of 
said CRD's; 

means mounted on the housing means for effecting 
attaching and detaching of said fixing means; 

means for supporting said housing means; 
means for moving the support means longitudinally 

of the CRD; and 
wherein each of said CRD's is fixed to one of said 

CRD housings by means of a plurality of bolts; and 
wherein said means for effecting attaching and de-

taching of said fixing means comprises bolt wrench 
assemblies equal in number to said bolts arranged in 
an outer peripheral portion of said CRD housing, 
said bolt wrench assemblies being located in an 
annular bolt house secured to an upper portion of 
an outer periphery of said housing means. 

30. Apparatus as claimed in claim 29, wherein said 
coolant scattering preventing means comprises a drain 
sleeve mounted on an outer periphery of said bolt house 
for upward movement therealong, and driving means 
mounted on said housing means for moving said drain 



sleeve, said drain sleeve having a packing mounted at an 
upper end thereof and adapted to be brought into liquid-
tight sealing engagement with outer peripheries of the 
CRD and CRD housing. 

31. Apparatus as claimed in claim 29, wherein said 5 
drain means comprises a plurality of drain holes formed 
in said bolt house, and a plurality of drain tubes con-
nected to said bolt house and each communicating with 
one of said drain holes. 

32. Apparatus for handling control rod drives (here- 10 

inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with ^ 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 2 0 

uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 2 J 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 3 0 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means; 

means for supporting said CRD attaching and detach-
ing means; and 35 

means for moving said supporting means longitudi-
nally of the CRD including means for gripping a 
CRD to hold the CRD in an alignment with said 
CRD attaching and detaching means, said gripping 
means including a carriage movably mounted on a ^ 
column, means for selectively locking the carriage 
in a desired position on one side of the column, and 
two pairs of arms pivotally mounted to said car-
riage so as to be movable toward and away from 
each other in each pair for gripping the CRD. 45 

33. Apparatus for handling control rod drives (here-
inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 50 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 55 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 60 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 65 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means; 
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means for supporting said CRD attaching and detach-

ing means; and 
means for moving said supporting means longitudi-

nally of the CRD including a column, a first car-
riage movably arranged on one side of said column, 
a winding drum, means for rotating said winding 
drum arranged on the other side of said column, 
said winding drum having a rope wound thereon 
and fixed at one end to said first carriage, said 
supporting means being mounted on said first car-
riage, and means for gripping a CRD to hold the 
CRD in an alignment with said CRD attaching and 
detaching means, said gripping means including a 
second carriage movable on the other side of said 
column, means for selectively locking said second 
carriage at desired positions on the other side of the 
column, and two pairs of arms pivotally mounted 
to said second carriage so as to be movable toward 
and away from each other in each pair for gripping 
and releasing the CRD. 

34. Apparatus as claimed in claim 33, further compris-
ing means for carrying said column, said CRD attach-
ing and detaching means, said moving means and grip-
ping means being mounted on said carrying means, said 
carrying means including rotatable platform disposed in 
a reactor lower chamber defined in a pedestal means for 
supporting the reactor pressure vessel, a first carriage 
car disposed on said rotatable platform for linear move-
ment, and a second carriage car disposed on said first 
carriage car for linear movement substantially trans-
verse to the linear movement of said first carriage car, 
said column being pivotally mounted to said second 
carriage car. 

35. Apparatus for handling control rod drives (here-
inafter referred to as CRD's), each CRD being received 
in an elongated housing mounted to a reactor pressure 
vessel so as to extend vertically into and out of the 
reactor vessel and being provided with a piston tube, 
each CRD having an upper end portion connected with 
a lower end of a control rod and a lower end portion 
connected with a lower end of the elongated housing by 
detachable fixing means, and a plug-socket means for 
connecting the upper end portion of the CRD with the 
lower end of the control rod so that the CRD may be 
uncoupled from the control rod when the piston tube is 
longitudinally moved toward the lower end of the con-
trol rod, comprising in combination: 

a CRD attaching and detaching means including 
cylindrical housing means, uncoupling means dis-
posed in said housing means for engaging a lower 
end portion of said piston tube and for longitudi-
nally moving the piston tube toward the lower end 
of the control rod to uncouple said CRD from said 
control rod, and means mounted on said housing 
means for effecting attaching and detaching of the 
fixing means, each of said CRD's is fixed to one of 
said CRD housings by means of a plurality of bolts, 
and said means for effecting attaching and detach-
ing of said fixing means comprises bolt wrench 
assemblies equal in number to said bolts; 

means for supporting said CRD attaching and detach-
ing means; and 

means for moving said supporting means longitudi-
nally of the CRD. 

36. Apparatus as claimed in claim 35, wherein each of 
said bolt wrench assemblies comprises a bolt wrench 
engageable with one of said bolts, and means for driving 
each bolt wrench for rotation. 



37. Apparatus as claimed in claim 36, wherein each 
bolt wrench is reciprocatorily fitted in a hollow shaft 
rotatably supported by said housing means, and resilient 
means is mounted in said hollow shaft for normally 
urging the bolt wrench to move upwardly by its biasing 
force and said shaft is driven for rotation by said driving 
means. 

38. Apparatus as claimed in claim 37, wherein said 

hollow shaft has a bolt holder mounted at a head por-
tion thereof. 

39. Apparatus as claimed in claim 37, wherein said 
5 driving means comprises a plurality of air motors and 

reduction means. 
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