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[57] ABSTRACT 
A control rod assembly for a nuclear reactor is dis-
closed having a remotely disengageable coupling be-
tween the control rod and the control rod drive shaft. 
The coupling is actuated by first lowering then raising 
the drive shaft. The described motion causes axial repo-
sitioning of a pin in a grooved rotatable cylinder, each 
being attached to different parts of the drive shaft 
which are axially movable relative to each other. In one 
embodiment, the relative axial motion of the parts of the 
drive shaft is used either to couple or to uncouple the 
connection by forcing resilient members attached to the 
drive shaft into or out of shouldered engagement, re-
spectively, with an indentation formed in the control 
rod. 

9 Claims, 7 Drawing Figures 
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before the reactor vessel may be unsealed and personnel 
CONTROL ROD FOR A NUCLEAR REACTOR can safely be present; a relatively long amount of time is 
This is a continuation of application Ser. No. 443,885, necessary for manually disconnecting each of the joints; 

filed Feb. 19, 1974, now Defensive Publication No. the long time required to manually disconnect the joints 
T942.002. 5 increases the radiation exposure of personnel working 

BACKGROUND OF THE INVENTION ° n r e f u e l l n 8-
1. Field ofthe Invention SUMMARY OF THE INVENTION 
This invention pertains to control rods for nuclear The aforementioned problems of the prior art are 

reactors and more particularly to control rods having a 10 overcome by the present invention which provides a 
coupling between the control rod and its associated disconnect coupling between a control rod and its drive 
drive shaft. shaft which has a high degree of reliability while allow-

2. Description of the Prior Art ing for remote coupling and uncoupling of the control 
A nuclear power plant generates electricity from heat rod from the drive shaft by utilizing the actuating force 

produced by fissioning of a fissile material. The fissile 15 of a control rod drive mechanism, 
material or nuclear fuel, is contained within fuel assem- In one embodiment of this invention, the coupling 
blies; a plurality of fuel assemblies comprise a nuclear between the drive shaft and the control rod comprises 
core. In order to extract the nuclear heat produced by the engagement of an expandable collet attached to the 
fissioning of the fuel, the core is placed within a reactor drive shaft, and axially movable with respect thereto, 
vessel and a coolant, such as water or liquid sodium, is 20 with one or more grooves formed within the control 
made to flow through the core so as to transfer the rod. A rod-like plunger forming the end of the drive 
nuclear heat to the reactor coolant. The heated fluid is shaft and extending through the collet is utilized to 
then used to generate steam which is used to drive con- expand the collet into mating engagement with the 
ventional steam turbine-electrical generator apparatus. grooves or to release the collet from mating engage-

Control of the reactor is usually achieved by control 25 ment. Hence, the position of the plunger relative to the 
rods which are dispersed throughout the nuclear core collet causes engagement or disengagement of the cou-
and are mounted for movement into and out of the core. pling. 
The control rods function by absorbing excess neutrons The plunger position relative to the collet is obtained 
produced by the nuclear reaction; hence, proper radial by first lowering and then raising the control rod drive 
distribution of the control rods produces a substantially 30 shaft. The lowering motion causes a pin which is at-
uniform power distribution across the core. On the tached to the collet to rotate a grooved cylinder at-
other hand, proper axial positioning of the control rods tached to the drive shaft. The pin is thereby aligned 
permits the nuclear reactor to achieve design power with an axial groove in the cylinder such that the drive 
levels. shaft is allowed to move in an upward direction relative. 

Given the above nuclear, thermal, fluid flow, and 35 to the collet. With the plunger in this position, that is, 
mechanical functions, and the attendant constraints and not expanding the collet, a biased resiliency o f the collet 
requirements associated therewith, it is readily under- causes the collet to move inward and out of engagement 
standable that a complicated and sophosticated struc- with the grooves in the control rod. 
ture for supporting the core, a sufficiently rigid coolant In order to effectuate engagement of the coupling, 
flow channeling means, and a precise control rod guide 40 the drive shaft is again lowered causing the pin to rotate 
means are necessary within the reactor vessel. More- the cylinder. However, this time the pin is aligned with 
over, since most typical commercial nuclear power a groove in the cylinder having a shouldered stop. Since 
plants are required to be refueled on the order of once the downward motion of the drive shaft causes the 
every year, the complete apparatus within the reactor plunger to expand the collect and the stop maintains the 
vessel is required to be disassembled in order to allow 45 axial position of the plunger relative to the collet, en-
replacement of the nuclear fuel elements in the core. gagement of the coupling results. 
Further, since the reactor must be positively shut down In another embodiment, a different type of coupling 
during the refueling operations to comply with reactor is used in conjunction with a rotating cylinder. In this 
safety standards, the control rods and the control rod embodiment, lugs attached to the control rod either 
guide means are often designed so as to be capable of 50 interlock with or are free of coacting grooves formed in 
being left in the core throughout reactor refueling. This, the cylinder and attached to the control rod to effectu-
of course, even further complicates the design of the ate coupling or uncoupling, respectively. On lowering 
apparatus within the reactor vessel. and then raising the control rod drive shaft, the lugs 

In the prior art, the requirement of leaving the con- attached to the control rod cause the cylinder which is 
trol rods in the nuclear core during refueling is achieved 55 attached to the drive shaft to rotate: This results in the 
by providing a manually operated disconnect joint be- lugs attached to control rod being aligned either with a 
tween the control rod and the control rod drive shaft. shouldered groove in the cylinder or with a non shoul-
However, in this art, the disconnect joints are such that dered groove in the cylinder. The former position re-
the reactor vessel must be unsealed to allow installation suits in engagement of the coupling while the latter 
of a special tool which is used to manually actuate the 60 position results in disengagement of the coupling. 
disconnect joint thereby uncoupling the control rod r r t f f DFSrRTPTinN o f t h f f»p A w i v r . c 
from the drive shaft. Manual actuation ofthe disconnect B R I E F DESCRIPTION OF THE DRAWINGS 
joint is also being required to recouple the control rod For a better understanding of the invention, reference 
to the drive shaft. While this prior art type of joint may be had to the accompanying drawings in which: 
provides for high reliability, there are a number of dis- 65 FIG. 1 is an isometric cutaway view of one form of a 
advantages inherently associated with it. For example: a disconnect coupling as provided by this invention; 
relatively large amount of time is required to wait for FIG. 2 is a longitudinal sectional view of the discon-
the reactor to cool down, both thermally and nuclearly, nect coupling of FIG. 1 illustrating in the right and left 
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halfs of the figures a coupled and an uncoupled position, 
respectively, of the control rod with the drive shaft; 

FIG. 3 is a developed sequence of operation of a pin 
and a grooved cylinder as incorporated in this invention 
to effectuate coupling or uncoupling of the disconnect 5 
coupling; 

FIG. 4 is an isometric cutaway view of another form 
of a disconnect coupling constructed in accordance 
with the principles of this invention; 

FIG. 5 is an exploded isometric view of the discon- 10 
nect coupling of FIG. 4; 

FIG. 6 is a longitudinal sectional view of the discon-
nect coupling of FIG. 4; and 

FIG. 7 is a developed sequence illustrating the opera-
tion of the disconnect coupling of FIG. 4. 15 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Throughout the description which follows, like refer-
ence characters indicate like elements in the various 20 
figures of the drawings. 

FIGS. 1 and 2 illustrate one variation of a disconnect 
coupling between a control rod and a control rod drive 
shaft as provided by this invention. The item having the 
reference character 13 represents an uppermost portion 25 
of a control rod 10 adapted for movement within a 
control rod housing 12 which may be used with a water 
moderated nuclear reactor, a liquid metal cooled nu-
clear reactor, or other such commercial nuclear power 
plant. With the control rod 10 fully inserted in a reactor, 30 
the uppermost portion 13 will be supported by ledge 14 
in the collar of control rod housing 12 and will be posi-
tioned somewhat above the active section of a nuclear 
core (not shown). A drive shaft assembly 20, which is 
connected to the control rod 10, serves to transmit axial 35 
motion supplied by a rod drive mechanism (not shown) 
to the control rod. 

Although the rod drive mechanism and a reactor 
vessel are not shown, an arrangement is readily envi-
sioned, whereby a plurality of coextensive control rods 40 
10 and housings 12 are contained within a nuclear core 
and are totally enclosed by a reactor vessel, while each 
of the shaft assemblies 20 extending respectively from 
each control rod 10 sealingly penetrates the reactor 
vessel, and a control rod drive mechanism is mounted to 45 
each of the drive shaft assemblies 20 exteriorly of the 
reactor vessel, but within the sealed environment of the 
reactor vessel. 

As previously mentioned, the rod drive mechanism 
imparts axial motion to the control rod, the relative 50 
axial position of which, with respect to the core, con-
trols the nuclear reaction and the power output. A fully 
inserted control rod completely shuts down the reactor; 
a partially withdrawn control rod serves to maintain the 
level of criticality required to achieve operating condi- 55 
tions. Hence, in order to prevent supercriticality, com-
plete withdrawal of a control rod must be accompanied 
by other measures which add neutron absorbers to shut 
down the nuclear reaction. The disconnect coupling 
between the control rod and the drive shaft assembly 60 
provides an alternative to the need for fully withdraw-
ing the control rods and adding neutron absorbers to the 
nuclear reactor in preparation for core refueling. 

In the example illustrated in FIGS. 1 and 2, the cou-
pling between the control rod and the control rod drive 65 
shaft consists of the interlocking engagement of a plu-
rality of protrusions with the plurality of grooves. The 
grooves 11 are formed within an opening in the upper 
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part 13 of control rod 10; the protrusions 21 are formed 
on the ends of resilient members 22 which extend from 
a cylindrical member 23. Resilient members 22, which 
may be manufactured by slitting an appropriately 
formed cylinder, are biased in a free position to be dis-
engaged from the groove 11 within control rod 10. A 
plunger assembly 24, passing within an opening circum-
scribed by resilient members 22 and axially movable 
with respect thereto, is utilized to spread resilient mem-
bers 22 into interlocking engagement with control rod 
10. Plunger 24 may be equipped with a spring 25 and a 
sleeve 26 to assure smoothness of operation during 
spreading of resilient members 22. 

In FIG. 2, the relative positions of plunger 24 and 
resilient members 22 may be seen in the right half when 
the coupling is engaged, and in the left half when the 
coupling is disengaged. It is to be observed that resilient 
members 22 and plunger 24 are both attached to the 
drive shaft assembly 20. Plunger 24, however, is axially 
movable with respect to resilient members 22. This is 
accomplished by forming plunger 24 directly onto the 
end of drive shaft 27, while resilient members 22 are 
fixedly connected to cylindrical member 23 which is 
slidingly mounted onto drive shaft 27. A flange member 
28, attached to cylindrical member 23 and extending 
radially inward therefrom, is positioned between two 
flange members 29 an 30 which extend radially outward 
from the drive shaft 27. Thus, cylindrical member 23 is 
permitted to telescope with respect to drive shaft 27 but 
is prevented from sliding off of the drive shaft 27. A 
helical spring 31 is positioned within cylindrical mem-
ber 23 and between flange members 28 and 30. Spring 
31 serves to bias the relative positions of cylindrical 
member 23 and drive shaft 27 in a manner which will be 
more fully understood as explained hereinafter. 

When the control rod 10 is coupled to the drive shaft 
assembly 20, the free end of cylindrical member 23 is 
resting on top of a flange or a surface provided in the 
upper end 13 of the control rod 10. In order to uncouple 
the drive shaft from the control rod, the control rod 
assembly is driven first to its fully inserted position 
within the nuclear core so that the upper end 13 of 
control rod 10 rests on ledge 14 in housing 12. Because 
of the sliding arrangement provided between cylindri-
cal member 23 and the drive shaft 27, when the control 
rod assembly "bottoms out" the drive shaft 27 is capable 
of moving downward at additional incremental length. 
This extra downward motion of the drive shaft 27 
causes plunger 24 to move away from or axially down-
ward with respect to resilient members 22. Since the 
force overcoming the free position bias of resilient 
members 22 is thereby removed, the control rod drive 
shaft 27 is disengaged from the control rod 10. Con-
versely, to couple the control rod with the drive shaft, 
plunger 24 must move toward or axially upward with 
respect to resilient members 22. Spring 31 in conjunc-
tion with the capability of cylinder member 23 to move 
telescopically with respect to drive shaft 27 provides 
the means for the interaction of plunger 24 with resilient 
members 22. 

From the above, it will therefore be appreciated that 
the relative axial position of the plunger 24 with respect 
to the ends of resilient members 22 determines whether 
or not the control rod 10 is coupled to the drive shaft 
assembly 20. Selection of either of these relative axial 
positions and positively locking the members in each of 
these positions is accomplished by sequencing members 
40 and 41. 
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Sequencing member 40 comprises a cylindrical spool ward motion of the drive shaft 27, portion of the drive 
which is concentrically mounted to the plunger portion shaft assembly 20, however, continues with respect to 
of the drive shaft 27. The mounting is such that the both cylinder member 23 and control rod 10 by com-
spool may be rotated about the major axis of the drive pressing spring member 31. This in turn causes the rela-
shaft, but is prevented from moving axially with respect 5 tive position of the sequencing pin 41 within sequencing 
to the drive shaft. Flanges 29 and 42 prevent axial mo- spool 40 to move from position A to position B, where-
tion of spool 40. Flange 42 is integrally formed with the upon the sequencing pin 41 contacts the cammed sur-
plunger portion of the drive shaft 27; flange member 29 face of an entrance to a groove in the upper section of 
is threaded onto the drive shaft 27 after assembly of the sequencing spool 40. With continued downward 
spool 40 to the drive shaft 27. 10 axial motion of the drive shaft 27, sequencing spool 40 

Sequencing members 41 comprise a plurality of pins rotates in the direction indicated in FIG. 3 because of 
which are fixedly attached to cylinder member 23. Al- the force exerted by the sequencing pin 41 on the 
though any number of pins 41 may be utilized, the ex- cammed surface. With the sequencing pin 41 at position 
ample illustrated employs three pins with each pin being C, the drive shaft 27 has reached its lower limit of 
equidistantly spaced around the circumference of cylin- 15 travel. That is, the position of the drive shaft 27 is even 
der member 23. Sequencing pins 41 are operationally more telescoped with respect to cylinder member 23 
connected to sequencing spool 40 by fitting within than that shown in the lower half of FIG. 2. The direc-
grooves formed in sequencing spool 40. tion of travel of the drive shaft assembly 20 is then 

In the left half of FIG. 2, it is seen that the groove in reversed. The force exerted by spring 31 maintains the 
sequencing spool 40 terminates at approximately mid- 20 contact of cylinder member 23 with a ledge 15 in the 
plane of the spool forming a shoulder 43. With the upper portion 13 of the control rod 10 while the drive 
sequencing pin 41 held against shoulder 43 by the force shaft 27 is moving axially upward with respect to cylin-
exerted by spring 31, the plunger 24 is axially displaced der member 23. Hence, sequencing pin 41 moves from 
from resilient members 22 thereby disengaging the con- position C to position D, whereupon it comes in contact 
trol rod 10 from the drive shaft 20. In the right half of 25 with a cammed surface of a groove in the lower section 
FIG. 2, the groove in sequencing spool 40 extends the of sequencing spool 40. Spool 40 is again rotated by the 
full length of the spool. With the pin 41 in this groove, force of the pin 41 and the pin 41 comes to rest at posi-
cylinder member 23 is fully extended with respect to tion E, at which position it is firmly forced against 
drive shaft 27 such that flange 28 is in contact with shoulder 43 by spring 31. The uncoupling operation is 
flange 29. Also, plunger 24 is drawn up within resilient 30 now complete and the drive shaft assembly 20 may be 
members 22 forcing resilient members 22 radially out- lifted free of control rod 10. 
ward into engagement with the grooves within the In order to recouple the drive shaft assembly 20 with 
control rod 10 thereby coupling the control rod with the control rod 10, a procedure generally reversed to 
the drive shaft. that described above is followed. With the control rod 

In accordance with the above, to m o v e the resilient 35 10 of the control rod assembly in a lowermost position 
members 22 into engagement with the control rod 10, or within the nuclear core, the drive shaft assembly 20 is 
conversely to move resilient members 22 out of engage- lowered until the lower edge of cylindrical member 23 
ment with the control rod 10, it is necessary to move contacts the ledge 15 in the upper portion 13 of the 
sequencing pin 41 from a half-length groove into a full- control rod 10. It is to be remembered, that at this time 
length groove, respectively. This is accomplished by 40 the position o f sequencing pin 41 with respect to se-
forming the grooves within the sequencing spool 40 in quencing spool 40 is as represented by position E in 
the manner illustrated in FIG. 1. The spool 40 is divided FIG. 3. Continued downward motion of the drive shaft 
into an upper grooved section and a lower grooved 27 causes the spring 31 to be compressed resulting in 
section. Each of the sections being axially spaced by a relative axial motion, or telescopic motion, between 
portion 44 of the sequencing spool 40 having its surface 45 cylinder member 23 and drive shaft 27. A s a result, pin 
coplanar with the bottom of the grooves. The pattern of 41 moves from position E to position F and then to 
the grooves in the upper section o f the cylinder is ro- position G. In moving from position F to position G, 
tated with respect to the pattern of the grooves in the sequencing spool 40 must rotate in the direction indi-
lower section such that each groove lies along a line cated in FIG. 3. This, of course, is possible since se-
which substantially bisects the distance between the 50 quencing spool 40 is especially mounted to drive shaft 
grooves in the opposite section. Moreover, the entrance 27 to permit this motion. With sequencing pin 41 at 
to each groove is cut away forming a cammed surface position G, the direction of travel of the drive shaft 27 
so that the sequencing pin 41 will be guided in its mo- is reversed so that pin 41 moves to position H, then I. 
tion from a groove in the lower section into a groove in Since position I and position E are in axially coextensive 
the upper section, and subsequently into another groove 55 the position of drive shaft 27 with respect to cylindrical 
in the lower section. member 23 is that depicted in the left half of FIG. 2. 

FIG. 3 depicts the developed surface of the sequenc- However, the full-length groove in the lower section of 
ing spool 40 and illustrates the simulated travel of a sequencing spool 40 allows additional relative axial 
sequencing pin 41 within the grooves of the sequencing motion between drive shaft 27 and cylinder member 23. 
spool 40. When the sequencing pin 41 is in position A, 60 During this time, that is, while the drive shaft 27 is 
the control rod 10 is coupled to the control rod drive moving axially upward, cylindrical member 23 is in firm 
shaft 20, which position corresponds to the right half of contact with the ledge 15 in control rod 10. Concur-
FIG. 2. In moving from this coupled position to the rently, sequencing pin 41 is moving from position I to 
uncoupled position, represented by the left half of FIG. position J and the plunger 24 is being withdrawn into 
2, the sequencing pin 41 moves from position A to posi- 65 the space circumscribed by resilient members 22. This 
tion E. This is accomplished by lowering the control forces resilient members 22 radially outward thereby 
rod assembly to a lowermost position within the nuclear causing the protrusions 21 to interlock with the grooves 
core causing the control rod 10 to bottom out. Down- 11. This completes the coupling of the control rod drive 
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shaft assembly 20 with the control rod 10. Since it will It will therefore be appreciated that there has been 
be again necessary to fully lower and then raise the disclosed a control rod assembly for a nuclear reactor 
control rod assembly in order to uncouple the control having a control rod which is capable of being remotely 
rod drive shaft assembly 20 from the control rod 10, the disconnected from the drive shaft. Coupling or uncou-
assembly may be safely operated in any intermediate 5 pling obtains by first lowering then raising the control 
core position without the possibility of the control rod rod drive shaft. This motion causes either a lug or a pin 
10 becoming disengaged from the drive shaft assembly to rotate a grooved sequencing spool thereby becoming 
20. aligned with either a shouldered groove or a through 

A position indicator rod 33 is in contact with the groove, whereby the drive shaft is either coupled or 
control rod 10 in a manner as shown in FIG. 2. Indica- 10 uncoupled, respectively, from the control rod. 
tor rod 33 telescopically moves with respect to drive s i n c e numerous changes may be made in the above-
shaft 20 when the control rod and the drive shaft are described apparatus, and different embodiments of the 
disconnected. Hence, indicator rod 33 serves to indicate invention may be made without departing from the 
whether or not the control rod 10 is engaged with the s P i n t .a n d scope thereof, it is intended that all the matter 
drive shaft 20 15 contained in the foregoing description or shown in the 

FIGS. 4 ,5 and 6 illustrate another embodiment of this accompanying drawing shall be interpreted as illustra-
invention. The method of coupling and uncoupling the tlv® a n d n o t l n a h m i t i n S s e n s e -
drive shaft from the control rod again utilizes a down- ĵ ® claim: , , , , , . , 
ward then an upward motion of the drive shaft as in the 1 A c o n t

J
r o 1 r o d assembly adapted for use in a nuclear 

previous embodiment. A rotatable sequencing spool 51 2 0 factor, said control rod assembly^comprising;a control 
having a plurality of cammed grooves formed therein r ° d h a v l n g a shoulder, a dnve shaft assembly, a cou-
and attached to the drive shaft 52 is also utilized as in f h " « connecting said dnve shaft assembly to said con-
the previous embodiment. The main difference between t r o 1 f o d a n d cooperating pin and cylindrical detent 
this embodiment and the previous one lies in the method „ members connected to said dnve shaft for operating 
of coupling of the drive shaft 52 of the control rod 53. 2 5 s a l d c ° u P j n S t o ?°uP l e

t
 a " d " n c o u P l e s a l d , d n Y e ^ a f 

T .. . v t „ , c CA f. assembly from said control rod, said cylindncal detent In this embodiment a plurality of lugs 54 fixedly con- m e m b e r > 
nected to the control rod 53 interlockmgly engage with b e f i n c o n t J w i t h s a i d d e £ n t m

y
e m b e r i n on

P
e o f t w o 

the grooves in the sequencing spool 51. ^ d i t i o n e i t i o n c r e a t i coupling 
Still referring to FIGS. 4 5 and 6, a cylmdermember 3Q a n d 4 / s e c o t £ i t i o n c r e

F
a t i n g u n c 0upling of the 

55 and a sequencing spring 56 is connected to the dnve d r i y e s h a f t a s s e m b l y f r o m t h e c o n t r o l r o d j s a i d d e t e n t 
shaft 52 such that the dnve shatt may be moved tele- m e m b e r b e i n g m o v e d f r o m one position to the other by 
scopically within cylinder member 55 when the bottom a predetermined unidirectional rotation of said detent 
edge of cylinder member 55 comes in contact with a m e m b e r which results from a lowering and subsequent 
ledge 57 on the control rod 53. 35 lifting of said drive shaft assembly, said coupling includ-

The method of uncoupling the dnve shaft 52 from the i n g a p l u n g e r m e m ber and a radially biased resilient 
control rod 53 as well as the developed operation of m e m ber having a shoulder cooperatively configured to 
lugs 54 with respect to sequencing spool 51 is shown in e n g a g e s a i d c o n t r o l r o d shoulder, said resilient and 
FIG. 7. With the lug 54 at position K, the lug is within p iu nger members being affixed to said drive shaft as-
a full-length groove in the lower section of sequencing ^ s e m bly arid axially movable with respect to one another 
spool 51; therefore, the drive shaft 52 is uncoupled from u p o n s a i d m o v e ment of said detent member so as to 
the control rod 53. Downward motion of the drive shaft radially move said resilient member shoulder into and 
52 causes lug 54 to move relative to sequencing spool 51 o u t c f engagement with said control rod shoulder, 
from position K, to position L, and then to position M, 2. The control rod assembly of claim 1, wherein said 
at which time it contacts a cammed entrance to a 45 drjVe shaft assembly includes a rigid drive shaft, said 
groove in the upper portion of sequencing spool 51. The detent member comprising a grooved cylinder which is 
continuing downward motion of the drive shaft 52 ere- mounted to said drive shaft for rotational movement 
ates forces on the cammed surface causing the sequenc- thereon, a cylindrical member slidingly mounted onto 
ing spool 51 to rotate in the direction indicated. During said drjVe shaft, said cylindrical member having said pin 
this sequence, the lug 54 moves from position M to 50 member fixedly connected to the wall thereof, and a 
position N. The direction of travel of the drive shaft 52 biasing member positioned to act on said cylinder mem-
is then reversed, whereupon lug 54 moves from position ber and said drive shaft such that said pin member is 
N to position O. In moving from position O to position forcefully held in either of said two axially spaced posi-
P, sequencing spool 51 again rotates in the direction tions in said detent member. 
indicated thereby aligning lug 54 with a coupling 55 3. The control rod assembly of claim 2, wherein said 
groove in the lower section of sequencing spool 51. grooved cylinder includes a pair of axially spaced ar-
When surface 59 of lug 54 is firmly in contact with rays of grooves formed in said cylinder, with said pair 
surface 58 on sequencing spool 51, the drive shaft 52 is of arrays of grooves being spaced by a portion of said 
coupled with the control rod 53. grooved cylinder having its surface coplanar with the 

Uncoupling the drive shaft 52 from the control rod 53 60 bottom surface of said grooves, said groove arrays 
is accomplished by lowering then raising the drive shaft being rotated relative to each other by an amount sub-
such that lug 54 moves from position P to position U. stantially equal to one-half the pitch distance between 
During this sequence, spool 51 is rotated by the action grooves, the entranceway to each groove from said 
of lug 54 on the cammed surfaces of sequencing spool spacing portion of the cylinder having a corner cut 
51 in order to align lug 54 with the full-length groove in 65 away so as to form a cammed surface, said grooves 
sequencing spool 51. With the lug 54 in the full-length thereby being arranged to rotate said grooved cylinder 
groove in spool 51, the drive shaft 52 may be removed one pitch distance by the force exerted by said pin mem-
from the control rod 53. ber on said cammed surfaces during one lowering and 
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lifting cycle of said drive shaft assembly, and during 7. The control rod assembly of claim 6, wherein said 
said lowering and lifting cycle, said pin member being resilient members are mounted to a cylinder member 
positioned in one of said axial positions and then the being concentrically mounted to said drive shaft and 
other. axially movable with respect thereto, and said axial 

4. The control rod assembly of claim 3, wherein said 5 position of the enlarged end of the drive shaft assembly 
pair of arrays of grooves in said grooved cylinder com- s o ^ t 0 couple the control rod with the drive shaft by 
prise a first array with each groove extending coexten- forcing the resilient members into engagement with the 
sively, and a second array with adjacent grooves ex- indentation in the control rod is fixed by the relative 
tending alternately to one and then the other of said a x i a l P° s l t , o n ° f s a l d P m m , e m b e r l n f j d d e t e .n t member. 
axially spaced positions of said pin member, said second 10 8 A c o n t

J
r o 1 r o d ~ W y adapted for use m a nuclear 

array thereby having alternate grooves extending coex- r e a c t o r > 8 3 1 ( 1 c ° n * 0 1 ' ° d f sembly comprising a control 
. i rod, a drive shaft assembly, and a coupling connecting 

_ ™ . , , . . . , . , , . . , said control rod to said drive shaft assembly, said cou-
5. The control rod assembly of claim 1, wherein said i t t c c o o p e r a t i n g lug and detent means for 

detent member comprises a cylinder mounted to said , 5 £ o n n e c t i n g a tfd disconnecfing said control rod from 
drive shaft for rotational movement thereon and having ^ d r i v e s h a f t a ^ b l y , said detent means including a 
two axially spaced arrays of grooves formed therein, c y l i n d e r m 0 Unted to said drive shaft assembly for unidi-
said grooves serving to guide said movement of said rectional rotational movement thereon and being 
detent member, said groove arrays being operationally f o r m e d t 0 h o l d ^ l u g m e a n s i n engagement therewith 
interconnected by a portion of said detent cylinder 2 0 s o a s t o connect said drive shaft assembly to said control 
having its surface coplanar with the bottom surface of r o d ) a n d t o allow said lug means to be disengaged from 
said grooves, said groove arrays being rotated relative said detent means so as to disconnect said drive shaft 
to each other by an amount substantially equal to one- assembly from said control rod, said lug means being 
half the pitch distance between grooves, and the en- moved from engagement to disengagement with said 
trance to each groove being cammed. 25 detent means by a predetermined rotation of said detent 

6. A control rod assembly adapted for use in a nuclear means which results from a lowering and subsequent 
reactor, said control rod assembly comprising a control lifting of said drive shaft assembly, said detent cylinder 
rod, a drive shaft assembly, a coupling connecting said further comprising three axially spaced arrays of 
drive shaft assembly to said control rod and cooperating grooves formed therein, with a first and second of said 
pin and cylindrical detent members connected to said 30 arrays of grooves being axially adjacent and serving to 
drive shaft for coupling and uncoupling said drive shaft guide the movement of the lug means from engagement 
assembly from said control rod, said detent member to disengagement with said detent means, and the third 
being formed to captively hold said pin member in array of grooves being axially adjacent said second 
contact with said detent member in one of two axially array and serving to allow axial separation of said lug 
spaced positions, one position creating coupling and the 3 5 means from said detent means, each of said arrays of 
second position creating uncoupling of the drive shaft grooves being operationally interconnected by portions 
assembly from the control rod, said detent member o f detent cylinder having its surface coplanar with 
being unidirectionally rotatable such that said pin is t h e b o t t o m s u r f a c e o f S M d grooves, the first and second 
positioned in one of said axial positions and then the o f groove arrays having an equal number of 
other, said unidirectional rotation of said detent member 4 0 S r o ° v e s ; s a l d first ^ s e = o n d groove arrays being ro-
resulting from a lowering and subsequent lifting of said * * * r e l a t l v e t 0 e a c h ° t h f r s u c h that each g r o o v e o f 

drive shaft assembly, said coupling of the control rod ^ ' . s P ° f I o n e d a l o n 8 f 8 n a J l " 6 W h ' C h h e? 
with the drive shaft assembly including a shouldered ^ e e n a d j a

f
C e n t , ln t h e array said . , ^ C , .. , C -.A third array of grooves having one half the number of indentation formed witlun the coupling end of said 4 J s J ^ f i r s t a n d « c o n d w i t h t h e 

control rod and a plurality of resilient members having * ^ ^ ^ t h i f d b e i n a i i g n e d a x i a l l y with 
a shouldered protrusion tnereon tor engaging witn said - o t h e r groove in said second array, said first and shouldered indentation to couple the control rod with s a i d ^ ^ a h a v i n t h e e n t r a n c e w a y t 0 e a c h 
the drive shaft assembly said p urality of resilient mem- g r o Q v e c a m m e d s u c h t h a t m o v e m e n t o f s a i d l u g m e a n s 
bers being biasly formed radially so as to be normally 5 0 from a g r o o v e i n o n e a r r a y t o t h e o t h e r c a u s e s a r o t a t ion 
disengaged from said shouldered indentation, the resil- o f ^ d e t e nt cylinder about its axis an amount corre-
ient members being mounted concentric with said drive s p 0nding to the pitch distance between opposite 
shaft assembly, and such that an enlarged end of the grooves in said first and said second arrays of grooves. 
drive shaft assembly having a cross-sectional configura- 9. The control rod assembly of claim 8 wherein said 
tion greater than an opening circumscribed by said 55 i u g m e a n s comprises at least one protruding member 
resilient members is located axially adjacent the ends of fixedly mounted to said control rod, and said control 
said resilient members, whereby motion of the drive rod assembly further comprises a biasing member in-
shaft assembly relative to the resilient members causes eluded with said drive shaft assembly positioned to hold 
said enlarged end of the drive shaft to force the ends of said lug means against a shoulder formed within said 
said resilient members radially outward into engage- 60 detent cylinder so as to maintain connection of said 
ment with said shouldered indentation in the control drive shaft assembly with said control rod. 
rod. * * * * * 
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