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[57] ABSTRACT 

A nuclear reactor formed of fuel assemblies each in-
cluding a plurality of parallel fuel rods arranged in a 
predetermined fuel rod lattice, which rods are freely 
extractable and insertable at one end of the fuel as-
sembly, is refueled by extracting from one of the fuel 
assemblies a number of fuel rods substantially less 
than the total number of fuel rods and replacing these 
by inserting new fuel rods into the vacated positions. 
This is done for a majority of fuel assemblies of the re-
actor. At the next refueling operation different fuel 
rods from those previously replaced are removed and 
replaced. The removal and return of the rods is pro-
duced by a tool having a plurality of gripping members 
capable of engaging shoulders beneath heads formed 
on the upper ends of the fuel rods. This may be ac-
complished by providing a tool having a number of 
gripping members attached to the tool body corre-
sponding to the lattice positions of the fuel rods to be 
extracted, having gripping members which can be 
pushed together to grip beneath shoulders on the 
upper ends of the fuel rods. 

14 Claims, 14 Drawing Figures 



PATENTED SEP 9 1 9 7 5 
SHEET . 1 

3 , 9 0 4 , 0 4 8 



PATENTED SEP 91975 
SHEET . 2 

3 , 9 0 4 , 0 4 8 

69 
R g 2 

133 70 

m 

tw 

112 

m-

+ 

- O 

• O 

- O 

- O 

- E 

-p-123 127 

r 

— 425 

128 

-129 



PATENTED SEP 91075 
SHEET 3 

3 , 9 0 4 , 0 4 8 

/ 4 t 3 !3t 133 

U 2 

/ 3 2 

I 
I 
I 

I 

5 

\i35 

m 

137 

ih 
21 

FigU 

/ 

' I f 

15 

1 3 3 

m * 

i 

% 

i 

I 
I 

r ^112 

69 

h 

A7775T3P 



PATENTED SEP 91075 
SHEET 4 

3,904,048 

Fig. 5a 
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Fig. 5 c 
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Fig. 5d 
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DEVICE FOR REFUELING A NUCLEAR REACTOR vantage be varied in such a way that after a certain 
HAVING A CORE COMPRISING A PLURALITY OF number of partial refuelling operations substantially all 

FUEL ASSEMBLIES the fuel rods in the fuel assembly have been exchanged 
This is a division of application Ser. No. 881,111, once. Preferably the same pattern is used for all the fuel 

filed Dec. 1, 1969, now Pat. No. 3,733,250. 5 assemblies on a given refuelling occasion. 
RAPKr.ROl [Nn OF THF [NVFNTIOM h i s advantageous to replace in each fuel assembly a 
BACKGROUND OF THE INVENTION substantially constant number of fuel rods on every 

1. Field of Invention given refuelling occasion and for these fuel rods to be 
The invention relates to a method of refueling nu- substantially evenly distributed over the cross-section 

clear reactors and the apparatus for use in such 10 of the fuel assembly. 
method. It is advantageous to extract simultaneously all the 

2. The Prior Art rods to be replaced when partially refuelling the fuel 
When the burn-up in a nuclear rcactor has reached assembly and then to insert simultaneously the new fuel 

the point at which a minimum acceptable excess reac- rods replacing the extracted ones, 
tivity is arrived at, a refuelling operation is carried out. 15 The extraction as well as the insertion of the fuel rods 
It is known to exchange all the fuel in the reactor core, is preferably carried out by means of one single tool, 
for instance in certain nuclear-powered submarines. It The device for refuelling a nuclear reactor having a 
is also known to partially exchange the fuel in the core, core comprising a plurality of fuel assemblies, each of 
by replacing, for instance, one fifth of the number of which comprises a multitude of parallel fuel rods ar-
fuel assemblies, uniformly distributed over the core by 20 ranged in a predetermined lattice, all the fuel rods 
fuel assemblies containing only fresh unirradiated fuel. being freely extractable and insertable at one end of the 
By an appropriate calculation of how much fuel is to be fuel assembly, comprises a tool for extracting and in-
replaced and the enrichment of the new fuel, a reactiv- serting a number of the freely extractable and insert-
ity jump is obtained which permits a certain amount of able fuel rods, said tool comprising a tool body, a num-
encrgy to be used before the next refueling operation. 25 bcr of gripping members attached to the tool body in 
With a certain initial enrichment more energy is ob- positions corresponding to the lattice positions of the 
tained from the fuel by a partial refuelling than by re- fuel rods to be extracted, and means for urging the grip-
fuelling the whole core. The reactivity increase follow- ping members to grip and to release the fuel rods. Such 
ing a partial refuelling shows local variations and these a device enables the use of fuel assemblies which are 
variations increase rapidly with the size of the fuel as- considerably larger than those at present in use and has 
scmbly, this being one of the reasons that fuel asscm- the same advantages as the method described above, 
blies now in use for boiling light water reactors have be- According to a preferred embodiment the tool body 
tween 25 and 144 fuel rods. If a much larger irradiated comprises a transverse carrier member axially movable 
fuel assembly were replaced by a new one, the mis- with respect to the fuel rods having a multitude of con-
match factor would be too high, resulting in reactivity 3 5 nection points for the gripping members, the connec-
that the core in a nuclcar rcactor should be built up of tion points being arranged in a predetermined lattice 
a plurality of fuel assemblies, each of which comprises identical to the fuel rod lattice, and guide means at-
a multitude of parallel fuel rods arranged in a predeter- tached to the transverse carrier member for guiding the 
mined lattice, the fuel rods being freely extractablc and gripping members at least substantially coaxially with 
insertablc at one end of the fuel assembly. 4 0 the respective fuel rods, the tool having a multitude of 

said gripping members, of which a number correspond-
ing to the number of fuel rods to be extracted at a given 

The present invention relates to a method and means occasion are removably attached to the transverse car-
for refuelling such a nuclear reactor: The method com- ricr member at the connection points, each gripping 
prising the steps of extracting from one of the fuel as- member comprising at least two cooperating gripping 
scmblies an arbitrary number of fuel rods supported ax- jaw members movable into and out of engagement with 
ially by a base and arranged in arbitrary fuel rod posi- a shoulder arranged at an end of the corresponding fuel 
tions in the fuel rod latticc, replacing the extracted fuel rod, the shoulder facing the fuel rod at least partially, 
rods by inserting new fuel rods into the fuel rod posi- the grip and release urging means comprising means for 
tions previously occupied by the cxtractcd fuel rods, moving the gripping jaw members into engagement 
thereby refuelling the fuel assembly partially, and re- with the shoulder means for moving the gripping jaws 
peating the steps on at least a majority of the fuel as- members out of engagement with the shoulder, 
semblics, thereby refuelling the rcactor at least par- whereby the tool can extract and insert an arbitrary 
tially. This system of partial fuel exchange within a fuel number of fuel rods arranged in arbitrary fuel rod posi-
assembly, on comparison with conventional refuelling, tions in the fuel rod latticc of the assembly, 
gives the advantages of lower mismatch factor, im- It is preferably for the guide means to comprise a plu-
proved burn-up and more gradual lowering of the rcac- rality of guide rods rigidly attached to the transverse 
tivity during the burn-up process, and also enables a carricr member, each guide rod sliding in a tube paral-
lowcr enrichment to be used at the start. Furthermore, lcl with the fuel rods guided by the inner surface of the 
if an accidcnt should occur after a short time with a sin- tube during a fuel rod manipulation operation. Advan-
glc fuel rod, this can be exchanged and the assembly tagcously some of the guide rods arc arranged to slide 
used again. However, in conventional constructions the in guide tubes for absorber fingers of a fingcrtype con-
entire fuel assembly must be discarded. trol rod, the absorber finger guide tubes being placed 

Preferably those fuel rod positions in which a partial ( I . on fuel rod positions in the fuel rod latticc. latticc. The 
fuel exchange is to be performed upon a given occasion transverse carricr member preferably comprises a 
from a predetermined pattern. The pattern, which may transverse carricr plate and a tubular, axial shaft having 
be latticc-likc and substantially regular, can with ad- a transverse flange, attached to the transverse carrier 

SUMMARY OF THE INVENTION 
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plate at at least three of the lattice positions corre-
sponding to guide tubes for the absorber fingers, and it 
is advantageous if thc connection points are in the form 
of apertures in thc carrier plate. 

Preferably each gripping member comprises a cou-
pling part for detachable coupling to thc transverse car-
rier member, a pivot in thc coupling part located in a 
plane perpendicular to the fuel rods, and two gripping 
arms, each arm suspended at one end on thc pivot and 
having at the other end a gripping jaw. Thc gripping 
arms are preferably identical, have together a substan-
tially circular cross-section, have a narrow part and a 
wide part and a truncated conical transition part be-
tween said parts, the means for moving thc grp ping jaw 
members out of engagement comprising a spring ele-
ment arranged to part the gripping jaws, the means for 
moving the gripping jaw members into engagement 
comprising an axially displaceable transverse locking 
member having an axial aperture in each lattice posi-
tion, the apertures located in the fuel rod positions co-
operating with the gripping arms so that an axial dis-
placement of thc locking member from the narrow part 
of the gripping arms to the wide part moves together 
thc gripping jaws against the spring force exerted by thc 
spring elements. The transverse locking member pref-
erably comprises a transverse locking plate, an operat-
ing rod projecting centrally and axially from the lock-
ing plate and through the transverse carrier member, 
and stops limiting the axial movement of the locking 
plate with respect to thc gripping members, the locking 
member further comprising a plurality of axial guide 
rods attached to the locking plate in absorber finger 
guide tube positions, the guide rods being slidingly 
guided by the walls of apertures arranged in the trans-
verse carrier member. 

The tool preferably further comprises at least one ax-
ially movable member for preventing thc fuel rods from 
buckling when being inserted into their respective posi-
tions in the fuel rod lattice. The buckling-preventing 
member may comprise an axially movable transverse 
plate having an axial aperture for each fuel rod, thc 
plate being guided by the guide rods projecting from 
the transverse carrier member and sliding in thc ab-
sorber finger guide tubes. Thc buckling-prcventing 
plate may be arranged during the first part of an inser-
tion operation to rest on the radially projecting stops 
and during the last part of the insertion operation to 
rest at least indirectly against the fuel assembly. Alter-
natively thc buckling-preventing member may further 
comprise at least three suspension guide rods attached 
to the buckling-preventing plate in lattice positions cor-
responding to those of thc absorber finger guide tubes, 
thc suspension guide rods extending axially through 
and being slidingly guided by apertures in thc trans-
verse carrier member and having free ends with radially 
projecting stops, thc buckling-prcventing plate during 
thc first part of an insertion operation resting sus-
pended from thc transverse carrier member by the sus-
pension guide rods and their stops, and thc plate during 
thc last part of an insertion operation resting at least in-
directly against the fuel assembly. 

In those cases when thc tool includes a buckling-
preventing member, it is advisable for it also to include 
means for supporting thc buckling-prcventing plate axi-
ally, at least during thc first part of the insertion opera-
tion, at such a distance along the fuel rods to be in-
serted into the assembly, that minimum buckling 

lengths arc obtained on both sides of the buckling-
preventing plate. An axially movable support frame 
preferably surrounds the buckling-prcventing member 
radially, at least during the first part of the insertion op-

5 eration, and axial guide rods are attached to the trans-
verse carricr member and arranged outside the fuel as-
sembly for guiding the movable support frame. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be further de-
scribed with reference to the accompanying drawings. 

FIG. 1 shows partly in vertical section a boiling light 
water reactor during refuelling, a refuelling pool and 
equipment for refuelling. 

FIG. 2 shows schematically a view of a refuelling pool 
seen from above. 

FIG. 3 shows a corner of the refuelling pool, partly 
in vertical section along the line III—III in FIG. 2. 

FIG. 4 shows the same corner of thc refuelling pool, 
partly in vertical section along the line IV—IV in FIG. 
3. 

FIGS. 5a - d show, partly in longitudinal scction, a 
view through a core unit consisting of a fuel assembly 
and a fingertype control rod, resting in a control rod 
guide tube. 

FIG. 6 shows a cross-section through the. fuel assem-
bly of the core unit along the line VI—VI in FIG. 5b, 

FIG. 7 shows schematically a partial longitudinal sec-
tion through the tool according to the invention. 

FIG. 8 shows schematically a cross-section through 
thc tool. 

FIGS. 9a - c show schematically how the fuel rods in 
one corner of a fuel assembly which are to be ex-
changed upon every given occasion form a lattice-like, 
substantially regular pattern. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The reactor 3 shown schematically in FIG. 1 is a boil-
4 0 ing light water reactor with forced circulation and in-

ternal steam-separation. Thc reactor 3 is surrounded by 
a primary containment vessel 5 of concrete. The con-
tainment vessel 5 is a part of thc building construction 
which also comprises a shaft 6 arranged above the reac-

4 5 tor 3, and a fuel pool 7, normally separated from the 
shaft by gates located at 61. 

Thc core 1 of the reactor 3 is surrounded by a moder-
ator tank 2, to which a core superstructure having 
steam separators and dryers is usually attached. The 
corc superstructure is preferably constructed in the 
manner described in U.S. patent application Ser. No. 
704,938 to B. Sodergard, entitled: Attachment means 
for thc superstructure above the core in a light water 
boiling reactor, filed on Feb. 12, 1968 and assigned to 
thc present assignee, now Pat. No. 3,625,819. Thc 
moderator tank 2 is in turn surrounded by a reactor 
pressure vessel 8 with a bottom part. A plurality of 
steam-pipes 10 lead from the upper part of thc reactor 

6 pressure vessel 8. Between the moderator tank 2 and 
the reactor pressure vessel 8 is a gap from which circu-
lating water is taken out through a plurality of connec-
tions 11 to circulation pumps, not shown, from where 
the water is returned through a plurality of connections 
12. If desired, circulation pumps inside the reactor may 
be used, in this case preferably being arranged in the 
manner described in U.S. patent application Ser. No. 
857,686 to Lars Leine et al., entitled: Nuclear reactor 

15 

20 

25 

30 
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having internal pumps, filed on Sept. 15, 1969, and as- tends to be too great if a core unit has stuck. Similarly, 
signed to the present assignee, now Pat. No. 3 ,723,247. the lowering process is interrupted if unloading takes 
A multitude of parallel vertical tubes pass through the placc too early if a core unit does not go down as it 
bottom part 9. These tubes comprise leading-in tubes should. 
13 for drives for control rods and lcading-in tubes, not 5 So that the personnel shall not be unintentionally 
shown, for neutron flux measuring probes, similarly not subjected to too high radiation doses, the lifting process 
shown. The upper ends of the lcading-in tubes or the is interrupted automatically if the operator lifts a core 
guide tubes 13 for the control rod drives are situated at unit too high in the water pool. 
the same level and carry control rod guide tubes 17 of All functions arc controlled from an operating stand 
equal lengths. Each control rod drive comprises an 10 on the trolley 6 3 and the operator can visually super-
elcctric motor, a screw and a nut for normal operation vise the movement of the manipulating tool both 
of the appropriate control rod, and is provided with a through observation apertures in the floor and by 
scram function. Preferably a drive in accordance with means of television equipment. 
that described in Swedish patent No. 3 14,749 is used. The core units 18 are lifted from the reactor 3 to such 

The core 1 is built up of vertical corc units 18, equiv- 15 a height that they pass freely over the threshold 65 into 
alent in number to the number of control rod guide the transport channel 66 to the fuel pool 7, which is 
tubes 17. As is shown more clearly in FIGS. 5a - d and lined with stainless steel. The trolley 6 3 is then moved 
6, each core unit 18 comprises a fuel assembly 19 with to this space with the core unit 18 hanging in the water 
substantially hexagonal cross-section and a fingertype underneath. The layer of water above the top of the 
control rod mechanism 20 arranged to operate inside 20 core unit 18 must be more than 3 meters in order to 
the assembly 19 by insertion upwards and withdrawal give sufficient protection from radiation. The core unit 
downwards. The fuel assemblies 19 are arranged close 18 is lowered to one of a number, for example three, 
together with only a small gap between each other. fuel exchange positions 69, in the shown embodiment 

After shutdown for fuel exchange, the rcactor 3 is situated in one corner of the fuel pool 7, and is locked 
cooled down, for example to below 60°C and the pres- 25 there. The absorber fingers of the fingertype control 
sure drops to atmospheric pressure. Opening of the re- rod 20 are drawn out to a normal lower position. An ex-
actor is started by lifting away radiation shielding changc machine 14 for fuel rods 26 moves forward and 
blocks in the shaft 6 above the rcactor 3 and a semi- grips the rods to be replaced with its tool 21. When re-
spherical lid forming the upper part of the containment fuelling takes place once a year usually about one 
vessel 5 is released and moved, as well as the radiation 30 fourth or one fifth of the number of fuel rods are ex-
shielding blocks, to specially prepared positions in the changed each time so that all the fuel has been ex-
rcactor hall. changed after 4 or 5 years. The machine 14 now ex-

The lid of the reactor pressure vessel 8 has only one tracts the fuel rods and transports them to a deposit po-
pipe-connection, that is for the supply of coolant to the sition 70. From another position next to it the tool 21 
lid of the pressure vessel during emergency cooling. pjc|<s Up a set of new fuel rods and inserts them in the 
This pipe is removed and the bushings in a permanent fuel assembly 19. When the control rod mechanism 20 
seal between the flange of the reactor pressure vessel has been pushed up to its top position, the locking of 
8 and the containment vessel 5 arc scaled. the core unit 18 is released, after which the manipulat-

Aftcr a bolt-joint between the reactor vessel 8 and its ing tool 67 grips the core unit 18 and the trolley 63 
lid has been loosened, the lid can be lifted by a reactor 4 0 transports it back to the reactor 3. 
hall travcrsc and placed behind the radiation shielding In order to make it easier to understand the intended 
blocks lifted earlier. function of the tool 21, the core unit 18 is first de-

Thc shaft 6 above the rcactor pressure vessel 8 is scribed, this comprising a fuel assembly 19 and a fin-
filled with water and the gates (at 61) to the fuel pool gcrtype control rod mechanism 20, as mentioned 
7 arc opened. The corc super structure 4 is dctachcd 4 5 above. As seen more clearly in FIG. 5b, each fuel as-
from the moderator tank 2 and moved under water to sembly 19 is provided with an elongated lower end part 
a position in the water-filled space opposite the fuel 22 projecting axially downwards which, when the fuel 
basin 7. assembly 19 has been lowered to the intended position 

The removal and insertion of fuel can then be started. in the core 1, cooperates with an upper end part 2 3 ar-
Thc operations arc controlled manually from an oper- " ranged at the upper end of each control rod guide tube 
ating platform comprising traverse bridge 62 and trol- 17 in such a way that the fuel assemblies 19 only rest 
Icy 63, which can be moved to the desired positions upright in the control rod guide tubes 17 and are sup-
above the rcactor core 1 and the fuel pool 7. ported laterally only by these control rod guide tubes 

On the trolley 63 is a tclcscopc-cylinder means 6 4 ^ 17 and, at least when the reactor is in operation, by 
with hoisting machinery. The tclescope-cylinder means "" each other, exccpt for the fuel assemblies 19 adjacent 
64, which can be turnablc is provided at its lower end to the moderator tank 2 which, at least when the reac-
with a manipulating tool 67 for manipulating the corc tor is in operation, arc supported at least indirectly by 
units 18. The tool, which is described in more detail in the moderator tank 2. Thus in this construction of the 
the copening U.S. patent application Ser. No. 881,112 reactor, there is no core grid arranged to guide the 
to Aart van Santcn et al., entitled: Method and manipu- upper ends of the fuel assemblies, which means that the 
lating tool for moving a nuclear rcactor corc unit, filed gaps between the fuel assemblies can have a minimum 
simultaneously herewith and assigned to the present as- width. 

signee, now abandoned, can be operated pneumatically As is known, slim construction elements such as fuel 
and be provided with a safety lock to prevent unintcn- assemblies are never completely straight, but always 
tional opening during transport. The hoisting machin- deviate slightly from complete straightness due to man-
ery is preferably equipped with a load-sensing means ufacturing problems. The already negligible gap bc-
which interrupts the lifting process if the lifting force twecn the fuel assemblies 19 will therefore be reduccd 
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at some points so that, at least when the reactor is in 
operation, the fuel assemblies 19 will abut and support 
each other. The moderator tank 2 has preferably, but 
not necessarily, a circular cross-section so that it can 
take up pressure differences between the inside and the 5 
gap with minimal deformation. So that the outer fuel 
assemblies 19 in thc core 1, at least when the reactor 
is in operation, can obtain support from the inner wall 
of the circular moderator tank 2, this is provided with 
at least one support member projecting in against the 10 
fuel assemblies 19, for example in the form of a ring 
103, the inner edge of which supplements thc cross-
sectional contour of the core 1, or in the form of in-
wardly projecting plates running substantially axially or 
at an acute angle along the fuel assemblies 19. These 15 
forms of support member may also be combined. The 
width of the gap is suitably less than about 2 mm, pref-
erably about 0.5 mm. A lower limit is set in practice by 
the deviation from complete straightness of the fuel as-
semblies, since the contact pressure between adjacent 20 
fuel assemblies during shut-down of the reactor should 
not be so great that there is a risk, when lifting one core 
unit, of dragging along an adjacent core unit at the 
same time. 

The fuel assembly 19 consists of a shroud 24 having 25 
substantially hexagonal cross-section, a fuel rod bundle 
25 with a plurality parallel vertical fuel rods 26 ar-
ranged in an equilateral triangular lattice, guide tubes 
27 for absorber fingers 31 of the finger control rod 
mechanism 20, a plurality of spacers 28 arranged at dif- 3 0 

ferent levels, a transverse perforated bottom plate 29, 
a transition part 30 for transition from hexagonal to cir-
cular cross-section and the above-mentioned elongated 
lower end part 22. 

Thc shroud 24, which may also be omitted, may have 3 5 

a length of about 4 m and a wall-thickness of about 0.5 
- 2 mm, preferably about 0.6 - 0.7 mm and consists of 
a zirconium alloy. Its upper end extends above the 
upper end of the fuel rod bundle 25 to facilitate the po-
sitioning of the lifting tool 67 when exchanging the core 
unit. The sides of the shroud 24 are corrugated and fol-
low the contours of thc fuel rods 26. This corrugation 
increases the resistance to bending in longitudinal di-
rection of the shroud 24. Thc resistance to bending lat-
erally is reduced and thus an over-pressure inside the 
fuel assembly 19 in comparison with the pressure in the 
surrounding gap deforms the shroud 24 clastically 
more easily than before so that the already negligible 
gap becomcs almost non-existent. A pressure differ- ^ 
ence of some tenths of a bar is sufficient to "blow up" 
the shrouds to abut each other. Furthermore, thc cor-
rugation of one shroud side engages with the corruga-
tion of an adjacent shroud side so that the fuel assem-
blies 19 partly lock each other and the mechanical sta-
bility of thc corc is increased. This is of particularly 
great value sincc, as mentioned, there is no corc grid in 
this core design. The control rod guide tubes 17 have 
circular cross-section which fits well to the hexagonal 
cross-scction of thc shroud 24, thus enabling even dis-
tribution of the absorber fingers 31 over thc cross-
section of thc assembly. Of course, shrouds having sub-
stantially square cross-section may also be used, in 
which case it is suitable for thc control rod guide tubes 
17 to have similar cross-scction. 

In the case shown thc fuel assembly lattice comprises 
33 1 possible fuel rod positions. Of these, 305 arc taken 
up by fuel rods, 25 by absorber finger guide tubes and 

4 0 

4 5 

65 

one by thc neutron flux measuring probe 16. The fuel 
rods 26 consist of enriched uranium dioxide pellets 
having a diameter of about 10.5 mm, which are stacked 
in cladding tubes of a zirconium alloy and having a 
wall-thickness of about 0.8 mm. The cladding tubes are 
closed at thc ends by lower and upper end plugs 32 and 
33, respectively. Thc lower end plugs 32 taper towards 
the bottom in order to facilitate insertion of the fuel 
rods 26 through the spacers 28 and the upper end plugs 
33 have a neck part 34 and a head part 35 with down-
wardly directed shoulder 36 which gives a grip for the 
exchange tool 21 to withdraw the fuel rod 26 from the 
fuel rod bundle. It is obvious that many other types of 
end plugs can offer a grip. For instance in the embodi-
ment shown the shoulder 36 is flat, annular and down-
wardly directed, in another embodiment it is truncated 
cone-shaped and directed downwardly-outwardly, in 
yet another embodiment the head is spherical and the 
shoulder 36 comprises a spherical zone, in still another 
embodiment the head comprises a transverse cylindri-
cal pin so that two shoulders 36 arc obtained and in still 
another embodiment thc end plug 3 3 comprises an up-
wardly axially projecting tubular collar having, for ex-
ample, three internal circular grooves which thus offer 
three downwards or downwardly-inwardly directed 
shoulders. The fuel rods 26 are inserted through thc 
spacers 28 to contact the upper side of thc perforated 
bottom plate 29. The plate 29 has only a supporting 
function and therefore, as opposed to conventional end 
plates, is not provided with accurately positioned holes 
for the lower end plugs 32 of the fuel rods 26 since thc 
positioning function has been assumed by thc lower-
most of the spacers 28. Thc absorber finger guide tubes 
27 are attached to and extend upwardly from thc perfo-
rated bottom plate 29, on the lower side of which arc 
inlet throttling means coaxial with thc guide tubes 27 
in the form of stub tubes 37 having a smaller inner di-
ameter than the guide tubes 27. These inlet throttling 
means provide such flow resistance that a substantially 
constant flow of coolant is obtained through the guide 
tubes 27 irrespective of how far the control rod 20 is 
withdrawn with respect to the fuel rod bundle 25. 

Each spacer 23 is surrounded by a spacer frame and 
comprises a multitude of spacer elements 38, each of 
which surrounds a fuel rod 26. The spacer element 38 
comprises two identical dodecagonal rings 39 sur-
rounding the fuel rod, said rings being spaccd from 
each other and connected to each other by four elon-
gated, strip-shaped, vertical spacer springs 40 distrib-
uted evenly round the fuel rod ahd having varying strip 
width and proturbcranccs 41 abutting said fuel rods 26. 
Thc spacer frame is trapezium shaped so that it follows 
three consecutive sides in each of the outer dodecago-
nal spacer elements 38 with thc exception of the corncr 
positions in which, in a hexagonal lattice, thc spacer 
frame follows five consccutivc sides and then continues 
to the next adjacent spacer element 38. It may be pro-
vided with holes, but in the embodiment in which the 
fuel assembly 19 has no shroud, it is advisable for it to 
be unperfortcd. It is then suitable for the spacer frame 
to be higher than thc spacer elements 38 and for its 
upper and lower edges to be bent in towards the fuel 
rod bundle 25 so that thc spaccr frames of adjacent fuel 
assemblies do not hook into each other when a core 
unit is being lifted or lowerd. When there is no shroud 
it is also suitable for thc upper edge of thc uppermost 
spacer frame to extend up to a level above the upper 
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end of the fuel rod bundle 25 in order to facilitate guid- non-engagement position to the engagement position 
ing of the manipulating tool, or for the spacer frame to shown in FIG. 5d with the toothed part 51 of the hook 
be provided with special parts having a similar func- in engagement with the grooves 53. The central rod 43 
tion. A high spacer frame also dampens any possible is so long that its upper end projects axially from the 
flow-induced oscillations of the fuel assemblies, assum- 5 upper end of the fuel rod bundle 25 when the control 
ing that the spacers of adjacent fuel assemblies are ar- rod is completely inserted. A spring 56, which for 
ranged at the same levels. If two spaccr frames at the safety reasons should be duplicated, presses the lower 
same level are moved together, the water in the gap be- part of the central rod, which is shaped as a locking 
tween them must be forced away and if they arc moved head 57, downwards to a locking position in which the 
apart, the water must be suckcd in. The damping effect 10 hooks 50 cannot leave the engagement position. A stop 
increases with increased height of the spacer frame or 58 arranged on the central rod 43 normally rests 
increased area of plates or the like attached to the against the finger holder 4 4 and prevents the rod 43 
frame. Even if a few of the assemblies lack shrouds, it from moving further downwards. A coupling guide 
is advantageous to arrange adjacent fuel assemblies in plate 59 provided with openings and arranged on the 
such a way that the corrugation of one spacer frame en- 15 drive rod 48 guides the drive rod in the control rod 
gages in the corrugation of an adjacent spacer frame or guide tube 17 and carries axially extending plates 60 to 
shroud side. guide the coupling part 46 towards the coupling part 47 

The spacers 28 are attached to the guide tubes 27 for when a core unit is being exchanged, 
the absorber fingers. Since the guide tubes 27 are thin- Lifting of the rod 43 will move head 57 out of the 
walled, the wall thickness is about 0.5 mm, it being suit- 20 path of toothed parts 51, allowing locking members 50 
able for the spacers 28 to be attached with the help of to swing to releasing position. 
a reinforcing tube 42. This may then comprise an upper Of course variations of the coupling in FIG. 5d can 
and a lower half which may have different heights, or be used. For example, the pivoted hooks 50 may be at-
be provided with recesses to permit the spacer springs tached to the coupling part 46, the grooves 53 in this 
40 in spacer elements 38 abutting the reinforcing tube 25 case being formed in to the coupling part 47 and a cen-
42 to spring out from the fuel rods 26. In order to tral peg on the coupling part 47 replaces the tubular 
achieve the desired resilient holding of the fuel rods 26 collar 54 projecting from the coupling part 46. 
it is neccssary when stacking the spacer elements 38 In yet another variation of the coupling the pivoted 
laterally to form a spacer to ensure that each spacer hooks 50 are replaced by balls which are movable in 
spring 40 can spring out from its fuel rod 26 without 3 0 through-holes inclined inwards and downwards in the 
meeting any obstruction, for example a spacer spring in lower part of the coupling part 46, which is tubular, 
an adjacent spacer element 38, an absorber finger The upper part of the coupling 47 is similarly tubular 
guide tube 27 or a reinforcing tube 42. A method of and provided with an inner circular groove 53. The 
stacking the spacer elements 38 regularly, which is to balls are prevented from leaving the hole at the bottom 
be preferred from the inspection point of view, is since the upward movement of the locking head 57 is 
shown in the lower lefthand part of FIG. 6. limited by completely comprcsscd spring 56 or a stop 

The fingcrtype control rod mechanism 20 comprises which, when the locking head is lifted, rests against the 
twenty-five vertical, parallel fingers, 24 of which are coupling part 46, and in outward direction by a ring set 
abosrber fingers 31 and one of which is an axially some- into the coupling part 46 and having a lip which limits 
what movable central rod 43 which, of course may be 4 0 the area of the hole. The end surface of the tubular part 
an absorber finger, but preferably consists of stainless of the coupling part 46 is bevelled and acts partly as a 
steel. The absorber fingers 31 are equal in length and guide surfacc when the coupling parts 46 and 47 arc 
are arranged substantially in two circles concentric brought together and partly as a contact surface to the 
with the central rod in such a way that there are nine coupling part 47 to give the coupling parts substantially 
in the inner circlc and fifteen in the outer circle. 4 5 the correct position in relation to each other at the pre-

Thc lower ends of the absorber fingers 31 are cise coupling moment, 
screwcd firmly into a finger holder 44 of frame-like The absorber fingers 31 shown in FIG. 5 are solid and 
structure. The finger holder 44 is shown in FIG. 5c. A consist of tubes with a filling of boron carbide. They are 
central shaft 45 projects vertically downwards from the ^ cooled by a flow of water in an annular gap between 
finger holder 44 and is provided at its lower end with them and the surrounding guide tube 27 and the gap 
a first coupling part 46 for coupling to a second cou- must therefore have a certain minimum width, for ex-
pling part 47 carried by a drive rod 48 belonging to the ample 2 mm. The absorber fingers 31 are therefore so 
driving means 14 for the control rod. The control rod narrow that they may bucklc. In order to reduce the 
shaft is long so that the drive rod 48 will not be sub- ^ tendency to bucklc each absorber finger may be made 
jected to too much radiation. tubular, the boron carbide in this case being arranged 

FIG. 5d shows an embodiment in which the coupling between conccntric tubes and the space between the 
part 47 carries radially movable coupling elements in tubes being closed by hollow end plugs with tubular ex-
the form of hooks 50 pivoted on horizontal shafts 49 tensions. The tubular extension of the lower end plug 
and each having an upper toothed part 51. The hooks is provided at the bottom with a thread for screwing 
are spring-loaded (52) toward non-engaged position. into the finger holder 44. A large amount of coolant 
The coupling part 46 is provided with counter-clements can now be led inside the absorber fingers 31 which 
in the form of grooves 53 for engagement with the may have a straight outlet or, for example, at least two 
toothed parts 51 of the hooks 50. A tubular collar 54 side outlets. The cooling gap to the surrounding guide 
projecting from the coupling part 46, upon insertion of tubes 27 can thus be dccrcased which in turn means 
the core unit towards the coupling part 47 when a core \ that the diameter of the absorber fingers can be in-
unit is being exchanged, will abut projections 55 ar- creascd and the absorber finger will be more resistant 
ranged on the hooks 50, so that the hooks swing from to buckling. Other designs for the absorber fingers 31 
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and other absorber material than boron carbide arc 
also feasible. 

The central rod 4 3 and each absorber finger 31 has 
an upper end part 79 with a neck part 80 and a head 
part 81 having a downwardly facing shoulder 82. The 5 
central rod 43 and the absorber fingers 31 arc of such 
length that, when the control rod 20 is completely in-
serted, the end parts 79 project from the upper end of 
the fuel rod bundle 25. The shoulder 82 on the ccntral 
rod 43 provides a grip for the lifting tool to disengage 10 
the coupling, and the shoulders 82 on the absorber fm--
gers 31 provide a grip for the lifting tool 67 to lift the 
entire core unit 18. It is suitable if the shoulder 8 2 on 
the upper end part 79 of the ccntral rod 43 is arranged 
at one level and the shoulders 82 on the upper end 15 
parts 79 of the absorber fingers 31 at another, higher 
level and if the distance between the levels is greater 
than the distance which the ccntral rod 43 must be 
lifted to disengage the coupling, but less than the dis-
tance available for lifting said central rod between its 20 
lower locking position and an upper end position. This 
makes possible the use of a simply constructed tool for 
lifting the core unit, which tool may have all its gripping 
members arranged in one plane. When, after inserting 
the lifting tool 67, a lifting process is started, first only 25 
the central rod 43 is raised, but when its shoulder 82 is 
on a level with the shoulders 82 of the absorber f|j gers 
31 the tool 67 lifts the core unit in all the end parts 79. 

It is obvious that many different types of end parts 
can offer gripping possibilities. In order to ensure when 3 0 

lifting the corc unit 18 that the load is evenly distrib-
uted over the absorber fingers 31, the shoulder 82 may 
be resilient upwards with respect to the absorber part 
of the finger 31, for example if the end part 79 com-
prises a tubular collar with a flange projecting inwardly 3 5 

at the top and a spring arranged between the flange and 
piston-like foot part arranged at the bottom of the neck 
part 80. 

As mentioned above, the absorber fingers 31 arc so 
slim in relation to their length that they risk being buck- 4 0 

led if the fingertype control rod 20 is inserted rapidly. 
In order to be sufficiently strong the absorber fingers 
31 may in certain cases need to have such diameter that 
they would not fit into a fuel rod position. By arranging 
at least one axially movable guide member, for example " 
a guide plate 89, in the control rod guide tube 17, how-
ever, the diameter of the absorber fingers 31 may be 
selected substantially arbitrarily without there being a 
risk of buckling. The movable guide member 89 shown ^ 
in FIG. 5c comprises a guide plate of frame structure 
and is similar to the finger holder 44, but may have a 
smaller number of cross bars than this and greater 
height. The movable guide plate 89, like the attach-
ment plate 44 and the coupling guide plate 59 on the 
drive rod 48, is guided by means of three guide rods 90 
running inside the control rod guide tube 17, and their 
extensions 91 on the inside of the lower circular elon-
gate end part 22 of the fuel assembly 19. If a single 
movable guide plate 89 is neccssary, this is positioned 
in a lower end position at about half the stroke length 
of the control rod below the fuel assembly 19, and if 
several movable guide plates arc required, they arc dis-
tributed to ensure maximum buckling-safcty. When 
one movable guide plate 89 is used, this rests on the fin-
ger holder 44 and follows its movements if the control 
rod 20 is inserted more than half the stroke length. 
Under other conditions the movable guide plate 8 9 is 
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held in its lower end position by its own weight. To en-
sure that the movable guide plate 89 returns to its lower 
end position, the ccntral rod 43 or the absorber fingers, 
or both, may be provided with stops or the like which 
catch into the guide plate 89 and pull it down. The lift-
ing forcc causcd by a pressure drop in the coolant flow-
ing up through the control rod guide tube is considera-
bly less than the weight of the guide plate 89 if this has 
a suitable construction. In FIG. 5c the movable guide 
plate 89 rests in its lower end position on stops 92 on 
the guide rods 90, but it is clcar that such stops can be 
arranged dircctly on the inner wall of the control rod 
guide tube 17. The movable guide plate 89 may al%) 
rest on legs extending downward to the lower part of 
the control rod guide tube 17 or be suspended on guide 
rods from the fuel assembly. Of coursc, with all these 
arrangements, the finger holder 4 4 must still be mov-
able along the entire stroke length. In order to decrease 
the impact when the finger holder 4 4 during rapid in-
sertion hits the movable guide plate 89 at full speed, the 
finger holder 44 and the movable guide plate 89 may-
be provided with cooperating members which together 
form a hydraulic shock absorber. Springs may also be 
used for this purpose. 

The control rod guide tube 17 has a lower transition 
part 98 for connection to the control drive tubes 13. 
The transition part 98 is provided with inlet holes 99 
for the coolant to be supplied to the fuel assembly. A 
slotted tension ring 100 is arranged in two opposite 
slots 101 and 102 in the control drive guide tube 13 and 
the transition part 98, respectively, in order to achieve 
a rcmote-controllcd detachable connection between 
these components (13 and 98). The slot 101 has a 
depth corresponding to half the width of the tension 
ring and the slot 102 is twice as deep. When the core 
unit has been lifted out and the coupling guide plate 59 
of the drive rod 48 has been dismounted, the tension 
ring 100 can be pressed into the slot 102 by means of 
a remote-controlled tool so that the control rod guide 
tube 17 is disengaged from the control drive guide tube 
13. 

The neutron flux measuring probes 16 are so elon-
gate and so slim that they fit into any fuel rod position 
in the lattice and they arc arranged in corner positions 
in the fuel assemblies 19 in such a way that all probes 
16 have the same orientation with respect to respective 
fuel assemblies 19 so that the probes are distributed 
evenly over the core 1. The probe 16 leaves the fuel as-
sembly 19 through the lower end of the shroud 24 and 
then runs parallel with the control rod guide tube 17 
inside the lcading-in tube 15 which in this case guides 
the probe 16. The probe then leaves the rcactor pres-
sure vessel 8 through its bottom part 9. The probes 16 
are axially movable. When a corc unit 18 is to be ex-
changed, the probe 16 is first drawn downwards out of 
the fuel assembly 19, after which the exchange can be 
carried out. The probe is then moved upwards again to 
its place in the new fuel assembly 19. 

The tool 21, shown in more detail in FIGS. 7 and 8, 
comprises the following main parts: a transverse carricr 
member 71, a multitude of gripping members 72, a 
transverse locking member 73 for the gripping mem-
bers, guide means 74 for guiding the tool towards the 
corc unit 18 and buckling-preventing members 75 to 
prevent the fuel rods from buckling during the insertion 
process. 
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The carricr member 71 comprises a tubular shaft 76 sorber finger guide tubes 27 and the rods 111 are 
with a flange 77 which is attached to a hexagonal car- screwed to the plate 78 through ears 119 welded on to 
rier plate 78 by means of screws 83 and is spaced from the plate. During a refuelling operation the slim rods 
the carricr plate 78 by the screws 83 surrounded by 110 slide in the absorber finger guide tubes 27 guided 
spacer casings 84. The carricr plate :78 is provided with 5 by thc inner surfaces of the tubes, and the thick rods 
three hundred and five apertures 85 arranged in a lat- 111 slide in other guide tubes 112 outside the core 
tice exactly corresponding to the actual lattice of fuel units, the tubes 112 pertaining to the fuel exchange po-
rods, the apertures 85 providing conncction points for sitions 69 and the deposit positions 70 (see FIGS. 1, 2 
the gripping members 72. The flange 77 is screwed to and 3). 
the carrier plate 78 at at least three of the nine lattice 10 When new fuel rods are inserted into the fuel assem-
positions corresponding to the inner ring of the guide bly 19 during a refuelling operation, they mut be pro-
tubes 27 for thc absorber fingers 31, but it is also possi- tected from buckling since the friction in the spacers 28 
ble for the screw attachment to be located in positions is relatively high. This is done with the help of the buck-
corresponding to the outer guide tube ring or to be lat- ling-preventing members 75 in the form of three axially 
erally outside the fuel assembly 19. 15 movable transverse plates 115 which are guided by the 

Each gripping member 72 comprises a connection slim rods 110 and provided with apertures 116 for each 
part 86 for detachable connection to the carrier plate fuel rod. At the start of the insertion process the plates 
78, a pivot 87 arranged in a plane perpendicular to the 115 are distributed along the fuel rods 26 so that mini-
fuel rods 26, two gripping arms suspended suspend at mum buckling lengths are obtained. The plates 115 
the end nearest the carrier plate 78 from the pivot 87 20 thus rest on parts projecting radially from the slim rods 
and each provided at the other end with a gripping jaw 110, in the embodiment according to FIG. 7 in the form 
93 and a spring 94 being arranged to part the gripping of stops 117. The portions of the rods 110 between 
jaws 93. The connection part 86 comprises a head 95 each pair of steps have constant diameter, successive 
to which the pivot 87 is attached and a peg 96 project- portions being thicker at bottom and slimmer at thc 
ing from thc head, the free end of which is threaded. 25 top. The rods have rounded tips 118 so that they can 
Thc peg 96 fits into all apertures 85 and is screwed to be more easily guided into the guide tubes 27. The radi-
thc carrier plate 78 with a nut 97. A locking pin 104 ally projecting parts may also consist of small projec-
prevents the connection part 86 from rotating. The tions which do not prevent the rods 110 from being in-
gripping arms 88 arc identical and together with sub- serted in the guide tubes 27. Thc projections may be 
stantially circular cross-section. They also have a nar- turned, for example 60°, in relation to each other be-
rower part 88' at the bottom which, over a truncated tween different levels and the apertures in thc buck-
conical transition part 88", passes into a wider part ling-preventing plates 115 be provided with corre-
88"'. sponding rccesses so that, for example, the lower plate 

Thc locking member 73 comprises a locking plate 115 can pass all the projections except the lowest, etc. 
105 and a central opening rod 106 leading from this 3 5 Another suitable method of giving the plates 115 the 
plate which passes up through the carricr plate 78 and desired mobility is to permit each of them to be sus-
thc tubular shaft 76. The locking plate 105 is provided pended from at least three rods from the carrier plate 
with three hundred and five apertures 107 arranged in 78. These rods are then attached to the plates 115 in 
a lattice corresponding exactly to the actual fuel rod positions corresponding to the outer circle of absorber 
lattice, and additional apertures for slim rods 110 in- 4 0 finger guide tubes 27 and the rods are displaceable in 
eluded in the guide means 74. The apertures 107 arc apertures through the carrier plate 78. The free ends of 
provided with wear rings 108 of hard material, for ex- the rods are provided with some sort of projection, for 
ample stcllite, and the inner diameter of the wear rings example a' head. By a suitable choice of rod length for 
is negligibly greater than thc diameter of the widest each plate 115 they will be suspended, at thc start of 
part 88'" of thc gripping arms. Thc locking plate 105 4 5 thc insertion process, from the upper side of the carrier 
is axially movable between an upper position in which plate spaced along the fuel rods 26 in such a way that 
the wear rings 108 press thc gripping jaws together minimum buckling lengths are obtained. As the tool 21 
against thc spring forcc to grip round thc neck part 34 is lowered the plates 115 will come to rest on thc up-
of thc fuel rods, and a lower position in which thc permost spacer 28 of the fuel assembly 19. At least at 
springs 94 part thc gripping jaws 93 so that the heads thc start of the lowering Stage each plate 115 is sur-
35 of the fuel rods can pass between them. The axial rounded radially by a movable guide frame 120 which 
movement of thc locking member 73 is limited to stops, is guided by the thick rods 111. These thick rods 111 
for example in the form of two pins 109 passing trans- are provided with radially projecting parts 121 similar 
verscly through thc operating rod 106 and situated one to those on thc slim rods 110. During thc lowering pro-
on each side of the carrier plate 78. "" cess the support frames 120 will be caught by the upper 

Thc locking plate 105 is provided with guide mem- edge of thc corc unit 18 and rest against this. A 
hers in the form of at least three short rods 113 which rounded tip 122 facilitates guiding thc rods 111 into thc 
are scrcwcd into the locking plate 105 at positions cor- tubes 112. 
r e s p o n d i n g to thc absorber finger guide tubes 27 in the Modifications of the tool 21 described, within thc 
outer circle. Thc short rods 113 slide in apertures in the scopc of thc claims are obvious to one skilled in thc art. 
carrier plate 78, being guided by wear bushings 114 of For example, the pivot 87 and the spring 94 may be 
hard material, for example stcllite, arranged in the ap- omitted if the lower parts of thc gripping arms 88 are 
erturcs. yieldingly joined to thc conncction part 86. In this case 

Thc guide means 74 comprise at least three, prcfcra- 6<. also more than two gripping arms may be used. Thc 
bly nine, slim rods 110 and at least three thick rods conncction between the gripping members and the car-
I l l . The rods 110 are scrcwcd into thc carrier plate 78 ricr plate may be performed in several other obvious 
in positions corresponding to the inner circle of ab- ways. Also the adjustment of the tool described to fit 
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different fuel rod ends than those shown, for example 
those described in connection with the description of 
the fuel rods, is within the bounds of obviousness for an 
expert. 

As is clear from FIG. 2, the fuel pool 7 is divided into 5 
two parts of equal size, separated from each other by 
a gate 123. In one corner, the upper lefthand corncr in 
FIG. 2, there are three fuel exchange positions 69 and 
the depth of the pool is greater here than in thc other 
parts of thc pool. In this part part of the pool 7 there 10 
are also 154 deposit positions 70, 28 absorber finger 
positions 124 and a space 125 for diverse active equip-
ment. The other part of thc pool 7 holds two groups of 
deposit positions 70, one, 126 containing 48 and thc 
other, 127, containing 108, a space 123 for small rcac- 15 
tor components and a spacc 129 for a transport cask. 
Since the number of core units in the rcactor 3 is 151, 
the number of deposit positions 70 is adequate. 

The fuel exchange machine 14 can travel along one 
long side of the first part of thc fuel pool 7 and reaches 20 
there twelve deposit positions 70 as well as the three 
fuel exchange positions 69. New fuel rods are moved to 
these twelve deposit positions and spent fuel rods from 
them in special transport stands with the help of the 
trolley 63 and the manipulating tool 67. These trans- 25 
port stands have principally the appearance of simpli-
fied fuel assemblies, since they enable new fuel rods to 
be arranged in the pattern determined for the fuel ex-
change taking place, but they can also be gripped by 
the manipulating tool 67 to be moved. Since the trolley 3 0 

63 with the manipulating tool 67 and the fuel exchange 
machine 14 with the fuel exchange tefc 1 21 operate in-
dependently of each other, there is no great alteration 
in thc time required for refuelling in comparison with 
a conventional fuel exchange, although in the method 3 5 

according to the invention all thc fuel assemblies in thc 
core arc taken out for partial refuelling. This admirable 
result is of course partly due to thc corc units being 
considerably larger than conventional fuel assemblies 
and thus considerably fewer in number. 4 0 

Thc fuel exchange machine 14, which has two mo-
tors, one (130) for travelling and one (131) for vertical 
movement of thc tool 21, is guided at the top and thc 
bottom by pairs of wheels 132 running on rails 133. 
The exchange tool 21 is guided during its vertical dis-
placement by two support legs 134. Thc motor 131 
drives a long scrcw 135 running in a nut arranged on 
the tool 21. For lifting and lowering of thc locking plate 
105 there is an operating mechanism having a long rod 
136 and a transverse arm 137 which is attached to the 
operating rod 106. 

Each fuel exchange position 69 comprises sholdcr in 
which the corc unit 18 is placed. The holder has guide 
tubes 112 for the thick rods 111 of the tool 21. At the 
upper edge of theholdcr arc pneumatically operated 
locking hooks 138 to lock thc core unit 18. Further-
more, at every fuel cxchangc position 69 is a device 
139 to lower the fingertype control rod 20 to a normal 
lower position after lowering of a core unit 18 and to 
raise it again when thc fuel rod exchange is complete 
so that thc manipulating tool 67 can lift thc corc unit 
in thc upper part of thc fingers of the fingertypc control 
rod 20 and transport thc core unit 18 back to thc reac-
tor 3. 6 5 

Thc fuel exchange position situated furthest into the 
corner of thc fuel exchange pool is specially designed 
to enable exchange of a finger-type control rod. In this 
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position there is a control rod exchange machine 140 
which can travel a short distance perpendicularly to the 
direction of travel of thc fuel exchange machinc 14. 
Thc control rod exchange machinc 140 is guided at the 
top and at the bottom by pairs of wheels 141 running 
on rails 142. It also has a motor 143 for travelling and 
a means 144 to lower the fingertype control rod 20 so 
that it leaves the fuel assembly 19 entirely. A pneumati-
cally operated locking ring 145 can then be lowered to 
release a lower part of the holder of the fuel exchange 
position from an upper part. After displacement of the 
control rod exchange machine 140 laterally, the finger-
type control rod 20 being carried with it standing in the 
lower part of the holder, the manipulating tool 67 can 
grip the control rod, transport it to one of the deposit 
positions 124 for control rods and replace it by a new 
one. The control rod exchange machine 140 returns, 
the locking ring 145 is raised and the new fingertype 
control rod 20 can be pushed up into the fuel assembly 
19. 

If a shroud 24 in a core unit 18 must be exchanged, 
the method is in principle the same as that for exchang-
ing fuel rods. However, in this case the fuel rods which 
are not to be exchanged arc extracted to be used again. 
The manipulating tool 67 transports away the used core 
unit with thc spent fuel rods to a depositing position 
and a new core unit is collected. This is complete with 
the exception of those fuel rods from the old corc unit 
which arc to be used again. After insertion of these fuel 
rods the shroud cxchangc is complete. 

Examples of exchange patterns for refuelling are 
shown in FIGS. 9a, b and c. In these figures thc fuel 
rods to be exchanged on the first occasion are desig-
nated 1 and those to be exchanged upon the next occa-
sion 2, and so on. The circles in the rod lattice desig-
nate the guide tubes 27 for the absorber fingers. Upon 
comparison between the righthand parts of FIGS. 9a 
and b it is seen that only the orientation is different in 
these exchange patterns. These two figures apply when 
exchanging about one fifth of thc number of fuel rods 
upon each refuelling occasion. FIG. 9 c shows a pattern 
for exchanging about a quarter of the number of rods 
each time. 

We claim: 
1. In a device for refuelling a nuclear reactor having 

a corc comprising a plurality of fuel assemblies, each of 
which comprises a multitude of parallel fuel rods ar-
ranged in a predetermined lattice, all the fuel rods 
being freely extractable and insertable at one end of the 
fuel assembly, a tool for extracting and inserting a num-
ber of thc freely extractable and insertable fuel rods, 
comprising: 

a tool body; 
a number of gri jping members attached to thc tool 

body in positions corresponding to the latticc posi-
tions of thc fuel rods to be extracted; means for 
urging thc gripping members to grip and to release 
the fuel rods; 

the tool body comprising: 
a transverse and with respect to the fuel rods axially 

movable carrier member having a multitude of 
connection points for the gripping members, thc 
connection points being arranged in a predeter-
mined latticc identical to the fuel rod latticc; and 

guide means attached to the transverse carrier mem-
ber for guiding thc gripping members at least sub-
stantially coaxially with thc respective fuel rods; 
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the tool having a multitude of said gripping mem-
bers, of which a number corresponding to the num-
ber of fuel rods to be extracted at a given occasion 
are removably attached to the transverse carrier 
member at the connection points; 

each gripping member comprising at least two coop-
erating gripping jaw members movable into and out 
of engagement with a shoulder facing the fuel rod 
at least partially; 

the grip and release urging means comprising means 
for moving the gripping jaw members into engage-
ment with the shoulder and means for moving the 
gripping jaw members out of engagement with the 
shoulder, whereby the tool can extract and insert 
an arbitrary number of fuel rods arranged in arbi-
trary fuel rod positions in the fuel rod lattice of the 
assembly; 

the guide means comprising: 
a plurality of guide rods rigidly attached to the trans-

verse carrier member, each guide rod sliding in a 
tube parallel with the fuel rods guided by the inner 
surface of the tube during a fuel rod manipulation 
operation. 

2. The tool of claim 1, in which: 
some of the guide rods are arranged to slide in guide 

tubes for absorber fingers of a fingertype control 
rod, the absorber finger guide tubes being placed 
on fuel rod positions in the fuel rod lattice. 

3. The tool of claim 2, in which the transverse carrier 
member comprises: 

a transverse carrier plate; and 
a tubular, axial shaft having a transverse flange, at-

tached to the transverse carrier plate at at least 
three of the latticc positions corresponding to 
guide tubes for the absorber fingers. 

4. The tool of claim 3, in which the conncction points 
are apertures in the carrier plate. 

5. The tool of claim 2, in which cach gripping mem-
ber comprises: 

a coupling part for detachable coupling to the trans-
verse carricr member; 

a pivot in the coupling part located in a plane perpen-
dicular to the fuel rods; and 

two gripping arms, each arm suspended at one end on 
the pivot and having at the other end a gripping 
jaw. 

6. The tool of claim 5, in which: 
the gripping arms arc identical, have together sub-

stantially circular cross-section, have a narrow part 
and a wide part and a truncated conical transition 
part between said parts; 

the means for moving the gripping jaw members out 
of engagement comprising: 

a spring element arranged to part the gripping jaws; 
the means for moving the gripping jaw members into 

engagement comprising: 
an axially displaceablc transverse locking member 

having an axial aperture in cach latticc position, 
the apertures located in the fuel rod positions co-
operating with the gripping arms so that an axial 
displacement of the locking member from the nar-
row part of the gripping arms to the wide part 
moves together the gripping jaws against the spring 
force exerted by the spring elements. 
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7. The tool of claim 6, in which the transverse locking 
member comprises a transverse locking plate; 

an operating rod projecting centrally and axially from 
the locking plate and through the transverse carrier 
member; and 

stops limiting the axial movement of the locking plate 
with respect to the gripping members. 

8. The tool of claim 7, in which the locking member 
further comprises: 

a plurality of axial guide rods attached to the locking 
plate in absorber finger guide tube positions; 

the guide rods being slidingly guided by the walls of 
apertures arranged in the transverse carrier mem-
ber. 

9. The tool of claim 2, further comprising: 
at least one axially movable member for preventing 

the fuel rods from buckling when being inserted 
into their respective positions in the fuel rod lat-
tice. 

10. The tool of claim 9, in which the buckling-
preventing member comprises: 

an axially movable transverse plate having an axial 
aperture for each fuel rod, the plate being guided 
by the guide rods projecting from the transverse 
carrier member and sliding in the absorber finger 
guide tubes. 

11. The tool of claim 10, in which the guide rods have 
radially projecting stops; 

the buckling-preventing plate during the first part of 
an insertion operation resting on the radially pro-
jecting stops and during the last part of the inser-
tion operation resting at least indirectly against the 
fuel assembly. 

12. The tool of claim 10, in which the buckling-
preventing member further comprises: 

at least three suspension guide rods attached to the 
buckling-preventing plate in lattice positions corre-
sponding to those of the absorber finger guide 
tubes, the suspension guide rods extending axially 
through and being slidingly guided by apertures in 
the transverse carricr member and having free ends 
with radially projecting stops; 

the buckling-preventing plate during the first part of 
an insertion operation resting suspended from the 
transverse carrier member by the suspension guide 
rods and their stops, and the plate during the last 
part of an insertion operation resting at least indi-
rectly against the fuel assembly. 

13. The tool of claim 10, further comprising: 
means for supporting the buckling-preventing plate 

axially, at least during the first part of the insertion 
operation, at such a distance along the fuel rods to 
be inserted into the assembly, that minimum buck-
ling lengths arc obtained on both sides of the buck-
ling-prevcnting plate. 

14. The tool of claim 10, further comprising: 
an axially movable support frame surrounding the 

buckling-prcventing member radially, at least dur-
ing the first part of the insertion operation; and 

axial guide rods attached to the transverse carricr 
member and arranged outside the fuel assembly for 
guiding the movable support frame. 
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