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(71) W e , HOCHTEMPERATUR REAKTOR-
BAU GESELLSCHAFT MIT BESCHRANTER HAE-
TUNG, formerly Brown Boveri/Krupp Reak-
torbau G.m.b.H., a Company organised 

5 under the laws of Germany, of 15, Zeppelin-
strasse, 5 Koln, Germany, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par-

10 ticularly described in and by the following 
statement: — 

For the control of nuclear reactors it is 
known to use control and/or shut-down rods, 
which depending on their position vary the 

15 power of the reactor or even shut down the 
latter. In so-called pebble bed reactors these 
control or shut-down rods are run directly 
into the pebble bed. In this case the rods 
must usually be moved to-and-fro for a de-

20 sired variation of power. Through this move-
ment wear occurs on the operating elements 
and in certain circumstances an operating 
element may also be damaged, so that harm-
ful fission products pass into the primary 

25 coolant circuit. In pebble bed reactors the 
best coolant medium used in the primary cir-
cuit is a gas, preferably helium. The oper-
ating elements used are fuel elements, graph-
ite pebbles without fuel inserts, and absorber 

30 elements. 
The problem underlying the invention con-

sists in avoiding the above-mentioned dis-
advantages and providing a control system 
for a nuclear reactor with a filling of pebble 

35 type operating elements, with the aid of which 
-system the undesired loading of the operat-
ing elements and the consequent increased 
abrasion of the latter are avoided. At the 
same time the control and/ or shut-down rods 

40 used should serve both for control of the 
temperature or power of the reactor and for 
balancing fluctuations of neutron flow. 

In a process for the control of a nuclear 
reactor with a filling of pebble type operat-

45 ing elements this problem is solved accord-
ing to the invention through the fact that, 
for the control or shutting-down of the re-
actor, one or more tubular jackets within 

[Price 25p] 

/hich which is disposed an absorber part 
re run into the pebble bed of the reactor 50 
o as to assume a position predetermined for 
tie power range to be controlled, and that 
tie absorber parts are moved by adjusting 
[evices in the axial direction inside the 
ackets in accordance with a predetermined 55 
;ontrol operation. Instead of the absorber 
ods previously customary, in the new pro-
ess tubular jackets are used which are 
eldom moved and have freely movable ab-
iorber parts lying in their interior. The 60 
oading of the operating elements by the 
xratrol operation is thereby reduced to a 
minimum. The operating elements are sub-
jected to loading only during the running of 
the jackets into the pebble bed. With the 65 
aid of a very slow movement of the jackets 
this loading can moreover be so adjusted that 
the destruction of the operating elements is 
with the maximum probability excluded in 
every case. The actual absorber parts are 70 
contained in the jackets and can be moved 
at any desired speed inside the jackets with-
out being hindered by the operating ele-
ments. As the result of the proposed method 
the jackets can thus be run into the pebble 75 
bed reactor as far as the desired power range 
and the control cycle can then be carried out 
with the absorber parts freely movable in 
the interior of the jackets. If the jackets 
should wear or become damaged, with the 80 
construction and arrangement according to 
the invention they can be changed just as 
easily as the customary absorber rods. 

In addition to the above-described con-
trol of the power range of the reactor, these 85 
tubular jacket control and shut-down rods 
can also be used for the complete shutting-
down of the reactor by being run to a greater 
depth into the reactor. In view of the lateral 
forces which may thereby be applied to the 90 
control rods it is advantageous for those rods 
which may be introduced as far as or almost 
as far as the bottom of the reactor to be 
disposed in the region of the outlet aperture, 
or outlet apertures in the case of larger reac- 95 
tors, disposed in the bottom of the reactor, 
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particularly when because of the necessary 
small neutron capture cross-section the jacket 
is made of material which cannot be sub-
jected to high mechanical loads. 

5 As already observed, the jackets are run 
in or out relatively slowly. In the case of a 
reactor of medium size the run-in time for 
the jackets may amount to about one week 
or more. Particularly when the reactor is 

10 equipped with operative elements circulation, 
the running-in of the jackets is facilitated by 
movement of the operating elements during 
the circulation operation. During the cir-
culation the operating elements are removed 

15 f rom the bottom part of the reactor and fed 
back to the top part by way of sorting and 
conveyor devices. 

For the purpose of carrying out the 
method, use is made of control or shut-

20 down rods which each consist of a tubular 
jacket slidable in the axial direction 
and a likewise axially slidable absorber 
part disposed in said jacket. I t is 
convenient for the jacket to be made 

25 of a material having a low absorption 
cross-section for neutrons, preferably of 
graphite. The absorber part itself is fastened 
on a flexible element, preferably on a rope, 
in the case of jackets disposed approximately 

30 vertically, and can be raised or lowered 
with the aid of a winding device. The wind-
ing device itself is controlled by a control 
device in contact with the rope in such a 
manner that the rope always remains under 

35 tension and the absorber part does not stand 
on the bottom of the jacket. In another em-
bodiment of the invention, the outer wall of 
the jacket can be provided with a single or 
multiple screwthread. The jacket is then 

40 coupled to a drive device which in addition 
to the axial movement imparts a rotary move-
ment to the jacket. The running-in of the 
jacket is thereby further facilitated. 

A preferred embodiment of the invention 
45 will now be described with reference to the 

accompanying drawing which is a longitu-
dinal cross-section of a control rod. 

A tubular jacket 1 is hollow and receives 
a rod 3 of absorber material in its interior 

50 2. By means of a drive device the jacket 
1 can be moved in the axial direction and 
at the same time rotated about its longitudi-
nal axis. The drive device for the jacket 1 
consists essentially of an electric motor 4 with 

55 a shaft 5, a cylindrical member 6 which is 
secured to a casing 7 of the electric motor 4 
and which has an internal screwthread 8, a 
sleeve 9 with an external screwthread 10 
and slide elements 11, and a shaft 12 formed 

60 with axially extending grooves 13 for the 
slide elements 11. The shaft 12 is made fast 
to the shaft 5. The screwthreads 8 and 10 
of the cylindrical member 6 and of the 
sleeve 9 are in engagement with one another. 

65 The jacket 1 is secured to the sleeve 9. At 

the bottom end of the cylindrical member 6 
there is mounted a guide part 14 for the 
jacket 1, said guide part at the same time 
forming the bottom closure of the cylindrical 
member 6. The jacket 1 is made of graphite 70 
and its outer wall 15 is provided with a 
screwthread 16. 

The electric motor 4 imparts to the shaft 
5 either a left-hand or right-hand rotation, 
which is transmitted by the shaft 12 to the 75 
sleeve 9. The interengaging screwthreads 
10 and 8 effect a displacement of the sleeve 
9 in the upward or downward direction in 
dependence on the direction of rotation. The 
slide elements 11 slide in the grooves 13 dur- 80 
ing this movement. Since the sleeve 9 is 
made fast to the jacket 1, the latter is moved 
in the same way. The rotary movement and 
the screwthread 16 facilitate the penetration 
of the jacket 1 into the pebble bed. 85 

For the operation of the absorber rod 3 
there is provided an adjusting device which 
consists of a winding device composed of 
an electric motor 17 and a rope drum 18 with 
a rope 19. The rope 19 is passed through 90 
the shafts 5 and 12, which for this purpose 
are provided with suitable axial tores. On 
the electric motor 17 there is provided a 
position indicator 20 from which the posi-
tion of the absorber rod 3 in the jacket 1 95 
can be read. A rope guide device 21 serves 
for the uniform winding of the rope 19 on 
and off the drum 18. A monitor device 22 
monitors the tension of the rope. The cas-
ing 23 of the winding device is mounted on 100 
the casing 7 of the electric motor 4 for the 
jacket 1. 

W H A T WE CLAIM IS :— 
1. A method of controlling a nuclear 

reactor with a filling of pebble type operat- 105 
ing elements, wherein for the purpose of con-
trolling or shutting-down the reactor, one or 
more tubular jackets, within which is dis-
posed an absorber part, are run into the 
pebble bed of the reactor to a position pre- 110 
determined for the power range to be con-
trolled, and the absorber parts are moved in 
the axial direction inside the jackets by an 
adjusting device in accordance with a pre-
determined control operation. 115 

2. A method according to claim 1, where-
in the run-in speed of the jacket is adjusted 
to the resistance of the operating elements to 
rupture. 

3. A control or shut-down rod for carry- 120 
ing out the method according to claims 1 or 
2, wherein a tubular jacket is provided which 
is slidable in the axial direction and includes 
an absorber part which is likewise axially 
slidable inside the jacket. 125 

4. A control rod according to claim 3, 
wherein the jacket is made of a material hav-
ing a low neutron absorption cross-section. 

5. A control rod according to claims 3 
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or 4, wherein the absorber part is fastened 
on a flexible element, which is connected to 
a winding device which is arranged to raise 
and lower the absorber part inside the jacket. 

5 6. A control rod according to Claim 5, 
wherein the tension of the said flexible ele-
ment is monitored by a monitor device in 
contact with the flexible element. 

7. A control rod according to any one 
10 of Claims 3 to 6, wherein the outer wall of 

the jacket is provided with a single or mul-
tiple screwthread, and wherein the jacket is 

coupled to a drive device which in addition 
to the axial movement imparts a rotary 
movement to the jacket. 15 

8. A control rod substantially as des-
cribed herein with reference to the accom-
panying drawing. 
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