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(67)  The proposed solution is a robotic system as-
sembly for disposal of disposal casks (3) in the deep ge-
ological repository (5) including a system of underground
corridor structures and boreholes with the railway trans-
port network (2) with trolley wires, and a disposal robot
(36) of a robotic system for disposal of disposal casks
(3) in the deep geological repository (5) as its main parts
designed to implement the process of transport, manip-
ulation, disposal and backfilling of disposal casks (3) with
spent nuclearfuel into the underground horizontal or sub-
horizontal boreholes of deep geological repository (5).

Robotic system assembly (1) installed in a deep ge-
ological repository (5) is provided as its basic element
with a disposal robot (36) of a robotic system for disposal
of disposal casks (3) in the deep geological repository
(5), where the starting point of the disposal robot (36) is
a vehicle (30) with turntable - conveyance vehicle of the
disposal robot, and further it is equipped with a convey-
ance vehicle (6) for transport of bentonite fillings (4) and
disposal casks (3).
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Description

TECHNICAL FIELD

[0001] The invention relates to the field of disposal,
transport and manipulation of disposal casks with spent
nuclear fuel in an underground system of a deep geolog-
ical repository equipped with robotic technologies.

BACKGROUND ART

[0002] Atpresent, none of the world’s project develop-
ers of deep geological repositories of disposal casks with
spentnuclearfuel has notyetdesigned or realized a tech-
nology according to the invention - a multifunctional ro-
botic system - super-robot, with the ability to associate
diametrically different robotic processes in one robotic
technology - process of transport, manipulation, disposal
and backfilling of disposal casks with spent nuclear fuel
into the underground horizontal or subhorizontal disposal
boreholes of deep geological repository. Upon the com-
parative analyses of the proposed solution according to
the invention with concepts of analogous technologies in
ongoing or planned projects of deep geological repository
in Europe and in the world, it is demonstrable that there
is no transport, handling, disposal and backfilling fully
robotic technological system used, which would be close
to the proposed solution according to the invention. The
closest solution to the proposed projectis a disposal con-
cept of Swiss society Nagra which also proposes a dis-
posal system of disposal casks with spent nuclear fuel
into the horizontal tunnels where in one half of the space
profile of the tunnel there is a disposal cask transported
in a protective casing from which it is pushed by a hy-
draulic cylinder onto the shaped bed in front of the casing
from which it is then, still in the horizontal position, trans-
ported by a gripper manipulator into the area of the sec-
ond half of the tunnel profile onto the shaped bentonite
bed which is already placed in the filling robot. The filling
robot then returns to the base area, where it must be
transformed to another track and interchanged for an in-
jection robot which then freely, by the bulk bentonite,
backfills the space between the profile of the disposal
tunnel and the outer shell of the disposal cask with spent
nuclear fuel.

[0003] The proposed concept according to the inven-
tion solves the disposal process unto the disposal bore-
hole though a fully robotized multifunctional system - su-
per-robot, which without the intervention of a human
agent solves the complex end manipulation transport,
disposal and backfilling process, which diametrically dif-
ferent parameters and functions are accumulated in one
robotic system which creates a unique world novel tech-
nology, oriented on the project program Industry 4.0, in
a partial manner. The proposed solution has not only
unrivaled technological and utility added value but also
an extremely high economic added value compared to
other current methods and technologies.
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DISCLOSURE OF THE INVENTION

[0004] The above-mentioned disadvantages are
solved by a disposal robot of a robotic system for disposal
of disposal casks in the deep geological repository and
arobotic system assembly for disposal of disposal casks
in the deep geological repository including a system of
underground constructions of corridor and boreholes
with the rail transport network, serving as an environmen-
tally acceptable method of disposal of nuclear waste, the
main part of which is the disposal robot of the robotic
system for disposal of disposal casks in the deep geo-
logical repository.

[0005] The principle of the disposal robot of the robotic
system is in a fact that it is formed by a basic part which
is a vaulted frame in which lower longitudinal girders,
there are shaped wheels with in-wheel drives arranged
in the cones in overhung manner;

where in the inner space of the vaulted frame, there is a
dual effector is attached in a horizontal planar frame sus-
pended on two pairs of vertical motion screws of the same
orientation and the same pitch, firmly fixed in the upper
girder of the vaulted frame through gear wheels with nut
which are arranged in radiaxial bearings in the planar
frame; while each pair of the gear wheels with nutis driven
by a rotary drive with pinion through a flexible closed
element; while both rotary drives with pinion are part of
the planar frame, and both rotary drives with pinion are
mutually electronically synchronized;

while the dual effector is suspended under the planar
frame, while it is further provided with two longitudinal
lateral rows of eyes of pendulum bearing of an effector
for manipulation with bentonite fillings, and eyes of bear-
ing of an effector for manipulation with disposal casks;
where on the other, the effector for manipulation with
bentonite fillings is formed by a round rod with swivel
collets of bentonite bed, ended by cylindrical large con-
tact grips, and the effector for manipulation with disposal
casks is made so that on the round rod, there is arranged
in swinging manner a hollow rod with swivel collets of
disposal casks ended by shaped large contact grips;
while both lateral parallel pairs of concentric round rods
and hollow rods are synchronized by two front-end pairs
of toothed segments and driven by linear actuators at-
tached always either on the swivel collet of bentonite bed,
or on the swivel collet of disposal casks, and on the op-
posite side in the eye of the planar frame; while fitted pins
are constrained in the frontal areas of the front swivel
collets of bentonite bed;

while in the rear part of the vaulted frame, there is aframe
superstructure in which a winding drum of the power and
control cable ended by a connecting plug is arranged,
while further in the rear part of the vaultframe being firmly
connected to it, there is a safety hook of mechanical con-
nection of the disposal robotic vehicle and the vehicle
with turntable.

[0006] A preferred solution is when the shaped wheels
with in-wheel drives include a planetary gearbox.
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[0007] The principle of the robotic system assembly
for disposal of disposal casks in the deep geological re-
pository, the main part of which is the disposal robot for
disposal of casks in the deep geological repository, is
that it comprises the system of structures of horizontal
corridors at the beginning of which there is an access
corridor on which the structures of the technological cor-
ridor link up, which are linked up perpendicularly at a
certain height above the floor by the structures of hori-
zontal corridors of the structures of rectangular disposal
boreholes for central disposal of disposal casks with lin-
ing through spatially pressed bentonite fillings;

while the robotic system assembly is further equipped
with the disposal robot of the robotic system robot for
disposal of disposal casks in the deep geological repos-
itory;

where the starting point of the disposal robotis the vehicle
with turntable which has an extended vehicle frame in
which electronically synchronized tailstock sleeves are
stored, while the retractable parts of the electronically
synchronized tailstock sleeves are firmly connected with
an extended superstructure frame in which axis there is
aturntable with drive which is connected through a flange
with a rotatable superstructure on which rear part there
is a rope winch with transmission roller stored in the ex-
tension;

when in the entrance part of the construction of each
disposal borehole, there is built a borehole offset creating
a crossing of the disposal robot between the vehicle with
turntable and the disposal borehole with a difference in
link-up of travelling areas;

while the robotic system assembly is further equipped
with a conveyance vehicle for transport of bentonite filling
and disposal casks, whichis made up of the vehicle frame
in which electronically synchronized retractable tailstock
sleeves are stored; while in the front-end front parts of
the conveyance vehicle, there are mounted through ver-
tical pins the couplings with controlled locking and limited
swing within the storage pocket;

where the hoisted superstructure frame with casings with
locking is arranged on the retractable tailstock sleeves,
where through the part of each vehicle frame, there is a
concave superstructure with opening above the casings
with locking firmly connected with it, while the inner di-
ameter of the concave superstructure corresponds to the
dimensional diameter of the disposal borehole construc-
tion; while a stand with fixation for transport of disposal
cask is placed in the conveyance vehicle; while in the
spatial stand structure lined with supporting parts, there
is the fixation mechanism built-in consisting of mecha-
nism drive, where the drive consists of rotary motor, fol-
lowed by the countershaft distribution gearbox, next to
which there are two opposite branches each of which
comprises a power gearbox in the outset, its output is
followed by a distribution shaft to control the larger lever
of the four-articulated mechanism, while a smaller lever
of four-articulated mechanism is also part of a side shaft
with retaining arms.
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[0008] Furthermore, itis advantageous if the borehole
constructions are circular in cross-section.

[0009] Furthermore, itis advantageous if the bentonite
fillings are circular bentonite fillings, bentonite beds and
circular bentonite blocks.

[0010] Furthermore, it is advantageous if the circular
bentonite fillings and circular bentonite blocks have open-
ings with inner offset.

[0011] Furthermore, it is advantageous if the convey-
ance vehicles and vehicles with turntable forms the set
of robotic vehicles.

[0012] Furthermore, it is advantageous if the set of ro-
botic vehicles is formed by a set of four conveyance ve-
hicles, the first of which is equipped with the stand with
fixation and furthermore with the vehicle with turntable
and disposal robot.

[0013] Furthermore, it is advantageous if all vehicles
forming the sets of robotic vehicles are connected
through the coupling with controlled locking.

[0014] The advantage of the proposed solution is that
the designed robotic technology of disposal of disposal
cask into the horizontal boreholes eliminates completely
all sliding movements of the disposal cask on the ground.
The disposal cask with spent nuclear fuel is not pushed
into the disposal place in the borehole butit is transferred
and laid down gently. This method is very careful to the
surface of the disposal cask and less energy consuming.
Another advantage of the proposed solution is the mini-
mized manipulation with disposal casks in vertical direc-
tion which is very energy-efficient. Another unquestion-
able advantage is the simplicity of the entire robotic proc-
ess, resulting in minimizing the number of special single-
purpose machines and devices which are needed for re-
alization of storage of disposal casks with spent nuclear
fuel and bentonite prefabricated parts.

BRIEF DESCRIPTION OF DRAWINGS

[0015] Onthe attached sheets, there are shown figures
of examples of realization of the robot of the robotic sys-
tem for disposal of disposal casks in the deep geological
repository, and the robotic system assembly for disposal
of disposal casks in the deep geological repository.

FIG. 1: On the top, axonometric view, there is pre-
pared the complete loaded set of robotic vehicles in
front of the disposal borehole, and on the bottom
figure, there is cross-section of the disposal borehole
and disposal robot. In the disposal borehole, there
are shown the first three circular bentonite fillings
placed by a special procedure, then each of the dis-
posal cask is stored cyclically, a centrally located
disposal cask is shown here under which a bentonite
bed is at first deposited, the space around them is
filled with circular bentonite block, and the disposal
cycle is finished by blanking with circular bentonite
fillings. The disposal robot is in the phase when it
filled one of the circular bentonite fillings.
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FIG. 1.1: Detailed axonometric view of the vehicle
with turntable when the rotatable superstructure is
together with the disposal robot thereon in position
when it is prepared to load the held bentonite bed
through the effector for manipulation with bentonite
bed. This is the first part that is loaded into the bore-
hole.

FIG. 1.2: Detailed sectional view of the disposal robot
where the connection between the function of the
fitted pin and the opening with inner offset is evident,
during manipulation with circular bentonite blocks
and fillings. On the disposal robot, there are its main
subassemblies well visible, which are: vaulted
frame, dual effector, shaped wheels with in-wheel
drives, and winding drum of the power and control
cable.

FIG. 2: Overall view of the deep geological repository
where is the railway network with trolley wires and
rail turntables. The figure in axonometric view shows
the preparatory phase of alignment of loaded con-
veyance vehicles and a method of arrangement of
the vehicle with turntable with disposal robot into the
set of robotic vehicles.

FIG. 3: Here are shown three stages of emptying of
the set of robotic vehicles. In the upper axonometric
view, the set of robotic vehicles is in the arrival phase
in front of the borehole. In the middle view, there is
the phase when the robotic vehicle had already taken
the bentonite bed from the second conveyance ve-
hicle, returned and picks up the disposal cask for its
placementon bentonite bed in the disposal borehole.
These operations are associated with travels of the
disposal robot on the superstructures of conveyance
vehicles and turning of the disposal robot of 90° by
the rotatable superstructure of the vehicle with turn-
table, which is shown on the bottom view, when the
disposal robot is ready to ride with the disposal cask
into the disposal borehole after rotating the rotatable
superstructure by 90°.

FIG. 4: The axonometric view shows the conveyance
vehicle into which superstructure the stand with fix-
ation is inserted, and thereon a disposal cask is laid
in the horizontal position, held by the fixation mech-
anism for safety reasons.

FIG. 4.1: On the top view, there is a cross section of
the conveyance vehicle with a detailed view of the
retractable tailstock sleeves shown. On the bottom
view, there is a cross section of the inserted stand
with fixation, where the connection between the
stand structure with fixation elements, superstruc-
ture frame and vehicle superstructure is visible; the
section further passes through the fixation mecha-
nism acting through the side shafts with retaining
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arms on the disposal casks.

FIG.5: The axonometric view of the vehicle with turn-
table is shown on the figure, when its rotatable su-
perstructure is rotated by 90°, and the disposal robot
with disposal cask gripped by the effector for manip-
ulation with disposal casks is ready for entering the
disposal borehole.

FIG. 5.1: On the top view, there is a cross section of
the vehicle with turntable over the retractable tail-
stock sleeves, while the retractable tailstock sleeves
allow lifting of the superstructure frames and thus
the superstructures where the necessary parts for
backfilling the disposal borehole. The height adjust-
ment of the entire set of robotic vehicles allows
smooth passage of the disposal robot into the dis-
posal borehole in front of the borehole offset. On the
bottom view, there is lengthwise section of the vehi-
cle with turntable and disposal robot. An accumulator
pack can be arranged in the extended frame of the
vehicle with turntable, as an alternative to power sup-
ply of the vehicle with turntable and disposal robot.
The couplings with controlled uncoupling are evident
in the front-end heads of the vehicle with turntable,
including their placing in vertical pins and storage
pockets.

FIG. 6: On two axonometric views, there is the fixa-
tion mechanism which is part of the stand with fixa-
tion, and furthermore on the bottom view there is a
structure lined with supporting parts with two assem-
bling pins fitting in the lower partinto the casings with
locking of the superstructure frame. On the top view,
there is only the fixation mechanism, and there is a
drive visible comprising rotary motor, countershaft
distribution gear, which are followed by two synchro-
nized branches represented by the distribution
shafts controlling the four-articulated mechanism on
each side, and each four-articulated mechanism
controls one of the side shafts with retaining arms.
On the bottom view, there is the fixation mechanism
visible, inserted in the stand with fixation, in which
space it is folded in the initial position.

FIG. 6.1: On two views, there are sections of the
stand with fixation and inserted fixation mechanism.
On the top section, there is the stand with fixation in
operational position when it retains the disposal
cask. On the bottomfigure, there is the fixation mech-
anism in initial position visible, in which it is folded
within the volume of the structure lined with support-
ing parts

FIG. 7: On the bottom view, there is section of the
disposal robot. There is the vaulted frame as a robot
carrying part, suspension of the gripping dual effec-
tor on the motion screws through the horizontal pla-
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nar frame. Furthermore, there are shaped wheels
with alternative planetary gearboxes - see the detail
bottom right. In the front space of the disposal robot,
there are fitted pins for manipulation with circular
bentonite filling constrained in the swivel collets of
bentonite bed. In detail, at the bottom of the figure
on the left, there are in detail the vertical motion
screws on which the gear wheels with nuts are
screwed, and they are driven by rotary drive with
pinion through the flexible closed element. At the
front, there is located one of the pairs of toothed seg-
ments which synchronizes the lateral swivel collets
either of the bentonite bed or disposal casks.

FIG. 7.1: On the front axonometric view of the dis-
posal robot, there is the dual effector highlighted,
including the lifting mechanism using synchronized
pairs of motion screws. Both effectors inset to each
other, with swivel collets are well visible, and there
are visible the large contact grips in particular: cylin-
drical - for gripping a bentonite bed, and shaped -
for fixation of a disposal cask.

FIG. 7.2: On the rear axonometric view of the dis-
posal robot, where the vaulted frame without cover
sheets is evident, where in the rear part, there is the
frame superstructure into which there is inserted the
winding drum of the power and control cable ended
by a connecting plug and a hook is connected firmly
thereto for safety pulling out the disposal robot via
the rope winch that is placed in the rear part of the
rotatable superstructure of the disposal robot.

FIG. 8: Section of the disposal robot is on the figure.
There is the dual effector shown, which supporting
part is the vaulted frame in which hinged on the drive
screws is the planar frame as a supporting part of
the dual effector including the effector for manipula-
tion of bentonite fillings which swivel collets synchro-
nize the circular rods and hollow rods of control of
the swivel collets, and they are the basis of the ef-
fector for manipulation of disposal casks. Further-
more, there are visible the linear actuators attached
on the planar frame, as a source of motion of both
effectors. In the middle of the view, there is the wind-
ing drum od the power and control cable in the rear
part of the disposal robot.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Robotic system 1 of disposal of disposal casks
in the deep geological rer_)ository includes underground
system of corridors and boreholes with railway network
2 with trolley wires for an environmentally acceptable way
of disposal of nuclear waste.

[0017] The entrance to this system is an inclined ac-
cess tunnel through which by the wheel transport with
the load of disposal casks 3, including pressed bentonite
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filling 4 are transported into the deep geological reposi-
tory 5, where they will be translated in the respective
numbers onto driven conveyance vehicles 6 with super-
structures 19 for transport of the required load.

[0018] The deep geological repository 5 consists of a
system of horizontal corridor constructions at the begin-
ning of which there is the access corridor 7 on which the
constructions 8 of technological corridors link up, which
are linked up Eerpendicularly at a certain height above
the floor by the constructions of horizontal corridors of
the rectangular, circular in cross-section, constructions
9 of disposal boreholes of necessary lengths.

[_0019] Constructions 9 of disposal boreholes, repre-
senting a substantial part of the deep geological reposi-
tory 5, serve for disposal of disposal casks 3 which prep-
aration including filling takes place in the surface robotic
workplace. Disposal casks 3 are transported into the con-
structions 9 of disposal boréholes, where they are stored
centrally, where they are lined with space-pressed ben-
tonite fillings 4 of three types: circular bentonite fillings
10, bentonite beds 11 and circular bentonite blocks 12.
[0020] The circular bentonite fillings 10 and circular
bentonite blocks 12 are provided with holes 13 with inner
recess. o o

[0021] The conveyance vehicle 6 is driven, its base is
formed by the vehicle frame 14, into which the electron-
ically synchronized retractable tailstock sleeves 15 are
compiled, and the couplings 16 with controlled uncou-
pling with limited swing within the storage pocket are at-
tached through vertical pins in front-end heads.

[0022] The superstructure frame 17 with storage cas-
ings 18 with locking is arranged on the retractable tail-
stock sleeves 15. Part of each vehicle frame 14 is the
concave supers?ucture 19 with openings, firmlya)nnect-
ed with it, above the sto_rage casings 18 with locking.
Inner diameter of the concave superstr@ture 19 corre-
sponds to the diameter of the construction 9 of disposal
borehole. -

[0023] Designated for transfer of disposal cask 3, built-
in in the conveyance vehicle 6, there is the stand 20 with
fixation into which spatial structure 21 lined with s@port-
ing parts, there is embedded the fixation mechanism 2
consisting of mechanism drive 23, where the mechanism
drive 23 comprises the rotary motor 24, then follows the
countershaft distribution gearbox 25, followed by two op-
posite branches each of which include the power gearbox
26 in the outset, its output is followed by the distribution
shaft 27 which controls the larger lever of the four-artic-
ulated mechanism 28, while the smaller lever of four-
articulated mechanism is also part of the side shaft 29
with retaining arms. o
[0024] The starting point of the disposal robot 36 is the
vehicle 30 with turntable - conveyance vehicle of the dis-
posal robot which is an analogy of the conveyance vehi-
cle 6. Itis also a driven vehicle, it has an extended vehicle
frame 31 but the retractable tailstock sleeves 15 are the
same. With retractable parts of electronically_synchro-
nized retractable tailstock sleeves 1_5 there is firmly con-
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nected the extended superstructure frame 2 in which
axis is the turntable 33 with drive which is connected
through a flange with the rotatable superstructure 34 on
which rear part there is a rope winch 35 with transmission
roller stored in the extension. o

[0025] Disposal robot 36 is formed by a basic part
which is the vaulted frame_3_7 in which lower longitudinal
girders, there are shaped wheels 38 with in-wheel drives
arranged in the cones in overhunEmanner; including a
planetary gearbox 39, alternatively.

[0026] An essential mechanical part of the disposal ro-
bot 36 is the dual effector 40 which is mounted in the
horizontal planar frame 41. This frame is suspended on
two pairs of vertical motion screws 42 of the same orien-
tation and the same pitch, firmly constrained in the upper
girder of the vaulted frame 37 through gear wheels 43
with nut which are arrangedﬁ radiaxial bearings in the
planar frame 41; while each pair of the gear wheels 43
with nut is driven by a rotary drive 44 with pinion throug_h
a flexible closed element 45, both rc rotary drives 44 with
pinion are part of the planar frame 41, and both r rotary
drives 44 with pinion are mutually electronlcally synchro-
nized.

[0027] Dual effector 40 is suspended under the planar
frame 41 so that its two longitudinal lateral rows of eyes
serve to swivel placement of the effector 46 for manipu-
lation with bentonite fillings and for placem_ent of the ef-
fector 47 for manipulation with disposal casks.
[0028]_An essential part of the effector 46 for manipu-
lation with bentonite fillings is the round ro@ with swivel
collets 49 of bentonite bed, ended by cylindrical large
contactaips 50.

[0029] The ‘effector 47 for manipulation with disposal
casks is made so that on the round rod 48, there is ar-
ranged in swinging manner the hollow rod 51 with swivel
collets 52 of disposal casks ended by shap_ed large con-
tact grips 53.

[0030] Both lateral parallel pairs of concentric round
rods 48 and hollow rods 51 are synchronized by two front-
end ;Eirs 54 of toothed_segments and driven by linear
actuators 55 which are attached always either on the
swivel colle_t@ of bentonite bed, or on the swivel collet
52 of disposal casks, and on the opposite side in the eye
of the planar frame 41. Fitted pins 56 are constrained in
the frontal surfaces of the front swivel collets 49 of ben-
tonite bed. o

[0031] Inthe rear part of the vaulted frame 37, there is
a frame superstructure 57 in which the W|nd|ng drum 58
of power and control cable ended by connecting plug 59
is arranged. Further in the rear part of the vault frame 37
being firmly connected to it, there is the safety hook 60
of mechanical connection of the disposal robotic vehicle
32 and the vehicle 30 with turntable - conveyance vehicle
of the disposal robot.

[0032] Inthe entrance part of the construction 9 of dis-
posal borehole, there is built a borehole offset (?reating
a crossing of the disposal robot 36 between the vehicle
30 with turntable and the construction 9 of disposal bore-
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hole with a minimal difference in link-up of travelling ar-
eas.

[0033] Crossing of the access corridor 7 with the tech-
nology corridor is realized by means of the rail turntable
62 which allows the passage of the set 63 of robotic ve-
hicles from one corridor to another.

[0034] Allvehicles 30, 6 and sets 63 of robotic vehicles
are interconnected via coupllngs 16 with controlled un-
coupling.

Functions

[0035] Robotic system 1 of disposal of disposal casks
in the deep geological repository allows deep geological
robotic disposal of disposal casks 3 as a part of complex,
spatially extensive system of dispasal of nuclear waste,
including important devices such as railway network 2
with trolley wires, except of the conveyance vehicles 6_
vehicle 30 with turntable - conveyance vehicle of the dis-
posal robot and disposal robot 36 which are part of the
horizontal deep geological repos?ory 5 consisting of en-
trance access corridor 7 on which the constructions 8 of
technological corridors and construction perpendicﬁlar
to them link up, namely constructions 9 of disposal bore-
hole serving for placement of disposal casks 3.

[0036] Disposal casks 3 are centrally arrang_;ed in the
construction 9 of disposal_borehole and need to be lined
with bentonite. For this purpose, there serve the seg-
ments of pressed bentonite fillings 4. Most suitable in the
aspect of backfilling here, seem to be the circular ben-
tonite fillings 10 separating the heads of disposal casks
3. Under each_disposal cask 3, there is a bentonite bed
71, and in its length, there is the space of construction 9
Edisposal borehole filled up with the circular bentonite
blocks 12.

[0037] " Dueto possible manipulation with disposal ro-
bot 36 in the construction 9 of disposal borehole, there
are holes 13 with inner recess incorporated in the circular
bentoniteﬁings 10 and circular bentonite blocks 12.
[0038] Disposaﬁzasks 3 and bentonite fiIIingsTare
moved into the deep geolagical repository 5 throug_h the
wheeled transport via the inclined tunnel ‘and they are
translated through robotic manipulators on the respective
driven conveyance vehicle 6, intended for transport of
bentonite fillings 4 and dispo_sal casks 3.

[0039] Conveygnce vehicle 6 is equﬁoped with incor-
porated retractable tailstock sleeves 15 in its frame, and
in its front-end heads, there are couﬁngs E with con-
trolled uncoupling within the storage pockets limiting the
swing attached through vertical pins. On the retractable
tailstock sleeves 15, there is arranged the superstructure
frame 17 firmly connected with them, in which the storage
casings_18 are firmly placed, and on the superstructure
frame there is firmly interconnected with it the concave
superstructure 19 with openings above the storage cas-
ings 18 with Ioc%g; while the inner diameter of the cam-
ber is the same as the diameter of the construction 9 of
disposal borehole. This type of vehicle is used to transfer
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all types of bentonite fillings 4.

[0040] To transport the disposal casks 3 in horizontal
position and their fixation, there is used the stand 20 with
fixation inserted into the superstructure 19 of the cawey-
ance vehicle 6. The stand 20 with fixation is inserted
through its pin_s into the stora_ge casings 18 with locking
of the superstructure frame 17. The stand2__0with fixation
is formed by the rigid structure 21 lined with supporting
parts, securing defined supportir@contact ofthe disposal
cask 3. In the structure 21 lined with supporting parts,
thereis placed the fixation mechanism 22 which essential
part is mechanism drive 23 including a rotary engine 24,
countershaft distribution g gearbox 25 following thereon
with two outputs, while each of which is connected to a
power transmission 26 output shafts are oppositely ori-

ented and followed Wthe parallel distributor shafts 27

transmitting torque moment with opposite rotation orien-
tation to four-articulated mechanisms 28 located in the
front-end parts of the stand 20 with fixation. Each of the
four-articulated mechanisms 28 then controls the pivotal
movement of the side shaft 29 with retaining arms serving
to fix the disposal cask 3 dE‘ing its transport and in the
opposite case, in the initial position, the whole fixation
mechanism 22 is folded into the space of structure 21
lined with supporting parts.

[0041] The vehicle 30 with turntable - conveyance ve-
hicle of the disposal robot serves for storage and as initial
position for the disposal robot 36.

[0042] The vehicle 30 with turntable - conveyance ve-
hicle of the disposal robot is also driven and, unlike the
conveyance vehicle 6, it has an elongated vehicle frame
31 into which, as in the case of the conveyance vehicle
6 the retractable tailstock sleeves 15 are incorporated,
and in the front-end heads there are in the vertical pins
arranged the couplings 16 with controlled locking, with
limited swing within the sErage pockets. On the retract-
able tailstock sleeves 15, there is arranged and firmly
connected with them, the extended superstructure frame
32 in the centre of which the turntable 33 with drive is
%red, as with the superstructure frame_17, while the
concave superstructure 34 on it laid is firchonnected
with the turntable gwitha‘ive, while diameter of its cam-
ber is equal to the diameter of the construction 9 of dis-
posal borehole. The disposal robot 36 standing_on the
vehicle 30 with turntable - conveyanc;/ehicle of the dis-
posal robot is connected to ii through the connection plug
59 of the output of winding drum 58 of the power and
control cable and through the outp_ut of rope winch 35
with transmission roller, through connection to the safety
hook 60 of the superstructure frame 57 of disposal robot
36 seﬁng for the emergency puIIing_out of the disposal
robot 36 from the construction 9 of disposal borehole.
[0043] Loaded conveyance vehicles 6 pass through
the access corridor 7 an on the last rallway turntable 62,
there must be created a set 63 of robotic vehicles so that
it is fully operational upon arrival in front of the construc-
tion 9 of disposal borehole.

[0047'.] Disposal cask 3 and bentonite fillings 4 loaded
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on the conveyance vehicles 6 line up on the last railway
turntable 62 with the arrangement of the T-shaped rails
of the raiIvEy network 2 with trolley wires in the construc-
tion 8 of technological_corridor in this way: the convey-
ance vehicle 6 with stand 20 with fixation and disposal
cask 3 will be in the direction of construction 9 of disposal
borehole, whereas behind will be the conveygnce vehicle
6 with bentonite bed 11. Now, behind the first two con-
veyance vehicles 6 through the railway turntable 62 on
the opposite side of the transport, there aligns the p pre-
prepared vehicle 30 with turntable - conveyance vehicle
of the disposal robot on which the disposal robot 36 will
stand, and now behinditinto the set@of robotic vetﬁ:les,
there will be the conveyance vehicle 6 with circular ben-
tonite blocks 12 added gradually from the rail of the ac-
cess corridor?, and the conveyance vehicle 6 with cir-
cular bentonite_fillings 10 will be to the last posﬁion. Now
the set 63 of robotic vehicles interconnected through the
coupling_s 16 with controlled uncoupling moves, and it
stops so that the vehicle 30 with turntable - conveyance
vehicle of the disposal robot 36 would be in front of the
construction 9 of disposal borehole.

[0045] Now the last phase can be started, which is the
loading of the products into the construction 9 of disposal
borehole.

[0046] Before that, it should be noted that into a newly
constructed construction 9 of disposal borehole into its
access cross section itis nTecessary to build in a borehole
offset 61 to adapt the approach area into the construction
9 of dis_posal borehole from the rotatable superstructure
34; and further it is necessary to line the end of construc-
tion 9 of disposal borehole with circular bentonite fillings
10 b§/ a special procedure.

[3047] After this preparatory phase, it is possible to
backfill the construction 9 of disposal borehole in cycli-
cally repeatable manner,_and there the disposal robot 36
finds its use.

[0048] Its supporting part is the vaulted frame 37 in
which lowerlongitudinal girders, there are shaped wheels
38 with in-wheel drives including a planetary gearbox 39,
alternatlvely, allowing the ride in the construction 9 of
disposal borehole and at the same time on the super-
structures 19 of conveyance vehicle 6 and the rotatable
superstructure 34 of the vehicle 30 with turntable - con-
veyance vehicle of the disposal robot.

[0049] Inthe upper grinder which is part of the vaulted
frame 37, there are firmly placed two pairs of vertical
motion screws Q and on them, there are mounted the
gear wheels 43 with nut which are arranged rollingly in
radiaxial bea%gs in the planar frame 41. Each of the
front-end pairs, synchronizing motion screw 42 - gear
wheel 43 with nut, is synchronized by a flexible closed
element 45 and driven by a rotary drive 44 with pinion
which are_again part of the planar frame_4_1; while the
planar frame 41 is supporting part of the dual effector 40
consisting of an effector 46 for manipulation with ben-
tonite fillings and an effector 47 for manipulation with dis-
posal casks. T
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[0050] The effector 46 for manipulation with bentonite
fillings includes tow opposite parallel arms each of which
consists of a round rod 48, swivel collets 49 of bentonite
bed ended by cylindrical_large contact grﬁs 50.

[0051] The effector 47 for manipulation with disposal
casks again includes two concentric opposing parallel
arms arranged in swinging manner into side eyes of the
planar frame 41, each of which consists of a hollow rod
51, swivel collet 52 of disposal casks ended by shaped
E‘ge contact gri£53.

[0052] Arms of each of the effectors 46, 47 are con-
trolled by the linear actuators 55 arrang_edmswinging
manner in the vaulted frame z,_synchronization of each
of the effectors 46, 47 is provide always by a pair 54 of
toothed segmengea_ch of which is always located onthe
front-end heads of the disposal robot 36.

[0053] Part of two front swivel collets 49 of bentonite
bed are the fitted pins 56 for gripping and_loading of all
bentonite fillings f exc?pt for the bentonite bed ﬂ for
which serve the holes 13 with inner recess which are part
of said bentonite fillings 4.

[0054] In the rear parth the vault frame 37 of the dis-
posal robot 36, there firmly connected thereto the frame
superstructure 57 into which the winding drum 58 of the
power and control cable is inserted with the connection
plug 59 serving to supply electrical power and control the
dispo?al robot 36, and further in the lowers part of the
frame superstruaure 57, thereis firmly mounted the safe-
ty hook 60 for mechanical interconnection of the disposal
robot ﬁ_with the rope winch 35 with transmission roller
of the vehicle 30 with turntable - conveyance vehicle of
the disposal robot.

[0055] Vertical positioning of the dual effector 40 via
the synchronized motion screws 43 enables positEning
of all parts of bentonite fillings 4 and disposal cask 3
during their manipulation in front of or in the construction
9 of disposal borehole. Rotary drives 44 with pinion are
synchronized electronically. o

[0056] The disposal robot 36 moves on the superstruc-
tures 19 of the conveyance vehicles 6 and rotatable su-
perstra:ture ofthe vehicle 30 with turntable - conveyance
vehicle of the disposal robot which have the same diam-
eter as the construction 9 of disposal borehole, as well
as disposal robot 36 moves in the construction 9 of dis-
posal borehole. T -

Disposal of disposal casks 3 occurs as follows:

[0057] First, the circular bentonite fillings 10 are trans-
ported individually into the ending part of the construction
9 of empty disposal borehole. This is how the construction
9 of disposal borehole of deep geological repository 5 is
Brepared, and further itis possible to continue in dispo_sal
of disposal casks 3 cyclically. The rotatable superstruc-
ture 34 of the vehicle 30 with turntable - conveyance ve-
hicle of the disposal robot turns by 90° and there occurs
the vertical and horizontal alignment with rotatable su-
perstructure % and the borehole offset g; the rotatable
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superstructure 34 returns to its original position; super-
structures 19 of other vehicles of the set adjust their
height vertially to the same level as the rotatable super-
structure %; and the cycle of disposal can be started.

The course of one disposal cycle:

[0058] Disposal robot 36 picks up through the effector
46 for manipulation with bentonite fillings a bentonite bed
11 from the second conveyance vehicle 6, returns to the
rotatable superstructure 34 and after rotation by 90° rides
to the end of construction 9 of disposal borehole and lays
the bentonite bed 11 at full to the last circular bentonite
filling 10. The dlsposal robot 36 returns, uses the rotat-
able superstructure 34, plcks up a disposal cask 3 via
gripping of the effector - 47 for manipulation with d|sposal
casks from the first conveyance vehicle 6, and again it
rides in the same way to the constructiorTQ of disposal
borehole, and lays the disposal cask § on the bentonite
bed 11 at full to the last circular bentonite filling 10. Fur-
ther, this small disposal cycle takes place similaﬁy with
that, that the disposal robot 36 start to pick up circular
bentonite blocks 12 which are on the opposite side of the
vehicle 30 with turntable - conveyance vehicle of the dis-
posal robot with that, that the surrounding volume of dis-
posal cask 3 is being backfilled gradually, always by one
piece of bentonite filling 4, and it is finished by circular
bentonite fillings 10 prepa_red on the last conveyance ve-
hicle 6. o

[0059_] After unloading, the conveyance vehicles 6, ex-
cept of the vehicle 30 with turntable - conveyance vehicle
of the disposal robot and the disposal robot 36, return by
railway network 2 with trolley wires to the initial station;
and the vehicle 30 with turntable - conveyance vehicle
of the disposal r(%ot, with loaded disposal robot 36, re-
mains in the waiting position at the nearest rail turntable
62 of the construction 9 of disposal borehole to comple-
ment the central positiBn of a set of 63 robotic vehicles
after arrival of loaded conveyance vehicles 6.

INDUSTRIAL APPLICABILITY

[0060] The proposed solution of robotic system as-
sembly for disposal of disposal casks in deep geological
repository including a set of constructions of underground
system of corridors and boreholes with a rail transport
network with trolley wires and a disposal robot of robotic
system for disposal of disposal casks in deep geological
repository as its main part is intended for the realization
of the process of transport, manipulation, disposal and
backfilling of disposal casks with spent nuclear fuel into
the underground horizontal or subhorizontal disposal
boreholes of deep geological repository

List of the Positions Used

[0061]
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1. robotic system for disposal of disposal casks in a
deep geological repository

. railway network with trolley wires

. disposal cask

. bentonite filling

. deep geological repository

. conveyance vehicle

. access corridor

. construction of the technological corridor
9. construction of the disposal borehole
10. circular bentonite filling

11. bentonite bed

12. circular bentonite block

13. hole with inner recess

14. vehicle frame

15. retractable tailstock sleeve

16. couplings with controlled uncoupling
17. superstructure frame

18. storage casing with locking

19. superstructure

20. stand with fixation

21. structure lined with supporting parts
22. fixation mechanism

23. mechanism drive

24. rotary motor

25. countershaft distribution gearbox
26. power gearbox

27. distribution shaft

28. four-articulated mechanism

29. side shaft with retaining arms

30. vehicle with turntable - conveyance vehicle of
the disposal robot

31. extended vehicle frame

32. extended superstructure frame

33. turntable with drive

34. rotatable superstructure

35. rope winch with transmission roller
36. disposal robot

37. vaulted frame

38. shaped wheels with in-wheel drives
39. planetary gearbox

40. dual effector

41. planar frame

42. motion screw

43. gear wheel with nut

44. rotary drive with pinion

45. flexible closed element

46. effector for bentonite fillings handling
47. effector for disposal cask handling
48. round rod

49. swivel collet of bentonite bed

50. cylindrical large contact grip

51. hollow rod

52. swivel collet of disposal casks

53. shaped large contact grip

54. pair of toothed segments

55. linear actuator

56. fitted pin
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57. frame superstructure

58. winding drum of the power and control cable
59. connecting plug

60. safety hook

61. borehole offset

62. rail turntable

63. set of robotic vehicles

Claims

The disposal robot (36) for storage of disposal casks
in a deep geological repository as part of the robotic
system assembly, characterized in that

itis formed of the basic part, which is the vault frame
(37) in which lower longitudinal girders, there are ar-
ranged in cones the shaped wheels (38) with in-
wheel drives, arranged in the cones in overhung
manner;

wherein the inner space of the vaultframe (37), there
is the dual effector (40) which is mounted in the hor-
izontal planar frame (41) suspended on two pairs of
vertical motions screws (42) of the same orientation
and the same pitch, firmly constrained in the upper
girder of the vaulted frame (37) through gear wheels
(43) with nutwhich are arranged in radiaxial bearings
in the planar frame (41); while each pair of the gear
wheels (43) with nut is driven by the rotary drive (44)
with pinion through a flexible closed element (45);
while the rotary drives (44) with pinion are part of the
planar frame (41), and the rotary drives (44) with
pinion are mutually electronically synchronized;
while the dual effector (40) is suspended under the
planar frame (41), while it is further provided with two
longitudinal lateral rows of eyes of swivel placement
of the effector (46) for manipulation with bentonite
fillings and eyes of placement of the effector (47) for
manipulation with disposal casks;

where the effector (46) for manipulation with ben-
tonite fillings is forms by the round rod (48) with swiv-
el collets (49) of bentonite bed, ended by cylindrical
large contact grips (50), and the effector (47) for ma-
nipulation with disposal casks is made such that on
the circular rod (48), there is pivotally mounted the
hollow rod (51) with swivel collets (52) of disposal
casks ended by shaped large contact grips (53);
while both lateral parallel pairs of concentric round
rods (48) and hollow rods (51) are synchronized by
two front-end pairs (54) of toothed segments and
driven by linear actuators (55) attached always either
on the swivel collet (49) of bentonite bed, or on the
swivel collet 52 of disposal casks, and on the oppo-
site side in the eye of the planar frame (41);

while the fitted pins (56) are constrained in the frontal
areas of the front swivel collets (49) of bentonite bed;
while in the rear part of the vaulted frame (37), there
is a frame superstructure (57) in which a winding
drum (58) of the power and control cable ended by
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connecting plug (59) is arranged;

while in the rear part of the vault frame (37) being
firmly connected to it, there is the safety hook (60)
of mechanical connection of the disposal robotic ve-
hicle (32) and the vehicle (30) with turntable - con-
veyance vehicle of the disposal robot.

The disposal robot (36) as described in claim 1, char-
acterized in that the shaped wheels (38) with in-
wheel drives include a planetary gearbox (39).

The robotic system assembly for disposal of disposal
casks in a deep geological repository made up of a
system of construction of horizontal corridors system
at the entrance of which, there is the access corridor
(7) on which the constructions (8) of technological
corridor link up transversely, which are linked up per-
pendicularly at a certain height above the floor by
the constructions of horizontal corridors of the con-
structions (9) of disposal boreholes for central stor-
age of disposal casks (3) lined with space-pressed
bentonitefillings (4); when the main partof the robotic
system assembly is the disposal robot (36) as de-
scribed in claim 1, characterized in that

a part of the robotic system assembly is the railway
network (2) with trolley wires equipped with the bore-
hole offset (61) of the disposal robot (36) between
the vehicle (30) with turntable - conveyance vehicle
of the disposal robot and the entrance part of the
construction (9) of disposal borehole with difference
in link-up of travelling areas, as well as the railway
turntable (62) of passage of the set (63) of robotic
vehicles between the construction of the access cor-
ridor (7) and the construction (8) of technological cor-
ridor;

while the initial station of the disposal robot (36) an
environmentally acceptable way of disposal of the
disposal casks in a deep geological repository is the
vehicle (30) with turntable - conveyance vehicle of
the disposal robot which has the extended vehicle
frame (31) in which electronically synchronized tail-
stock sleeves (15) are stored, while the retractable
parts of the electronically synchronized tailstock
sleeves (15) are firmly connected with an extended
superstructure frame (31) of the superstructure ve-
hicle (34) in which axis there is a turntable (33) with
drive which is connected through a flange with a ro-
tatable superstructure (34) on which rear part there
is a rope winch (35) with transmission roller;

while the robotic system assembly is further
equipped with conveyance vehicle (6) for transport
of bentonite fillings (4) and disposal casks, which is
formed by the vehicle frame (14) into which the elec-
tronically synchronized retractable tailstock sleeves
(15) are compiled;

while the couplings (16) with controlled uncoupling
with limited swing within the storage pocket are at-
tached through vertical pins in front-end heads of
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10

this conveyance vehicle (6);

where superstructure frame (17) with storage cas-
ings (18) with locking is arranged on the retractable
tailstock sleeves (15); where part of each vehicle
frame (14) is the concave superstructure (19) firmly
connected with it, with openings above the storage
casings (18) with locking; while the inner diameter
of the concave superstructure (19) corresponds to
the diameter of the construction (9) of disposal bore-
hole; while the stand (20) with fixation for transport
of disposal cask (3) is stored in the conveyance ve-
hicle (6); while into the spatial structure of the stand
(20) with fixation of the structure (21) lined with sup-
porting parts, there is built-in the fixation mechanism
(22) consisting of mechanism drive (23), where the
mechanism drive (23) comprises the rotary motor
(24), then follows the countershaft distribution gear-
box (25), followed by two opposite branches each of
which include the power gearbox (26) in the outset
its output is followed by the distribution shaft (27) to
control the larger lever of the four-articulated mech-
anism (28), while the smaller lever of four-articulated
mechanism is also part of the side shaft (29) with
retaining arms.

The robotic system assembly as described in claim
3, characterized in that the constructions (9) of dis-
posal boreholes are circular in cross-section.

The robotic system assembly as described in claim
3, characterized in that the bentonite fillings (4) are
circular bentonite fillings (10), bentonite beds and
circular bentonite blocks (12).

The robotic system assembly as described in claim
5, characterized in that the circular bentonite fillings
(10) and circular bentonite blocks (12) have open-
ings with inner offset.

The robotic system assembly as described in claim
3, characterized in that the vehicles (30 and 6)
forms the set (63) of robotic vehicles.

The robotic system assembly as described in claim
7, characterized in that the set (63) of robotic ve-
hicles is formed by a set of four conveyance vehicles
(6), the first of which is equipped with the stand (20)
with fixation, and furthermore with the vehicle (30)
with turntable - conveyance vehicle of the disposal
robot - and disposal robot (36).

The robotic system assembly as described in claim
3, characterized in that all the vehicles (30 and 6)
forming the set (63) of robotic vehicles are connected
through the coupling (16) with controlled uncoupling.
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