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A self-propelled carriage for inspecting the primary 
vessel Of a fast reactor is capable of displacement 
within the interspace between the primary vessel and 
the containment vessel in order to inspect and test any 
predetermined zone of the primary vessel, the carriage 
being associated with a drive mechanism and applied 
against the oppositely-facing Wall of the containment 
vessel. The carriage is suspended from a composite 
cable actuated by a handling apparatus for introducing 
the carriage into the interspace and withdrawing it 
therefrom. The composite cable supplies electric 
power as well as the different fluids required for posi-
tioning and operation of the inspection devices which 
are mounted on the carriage. 

9 Claims, 6 Drawing Figures 
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order to inspect and test any predetermined zone of the 
DEVICE FOR REMOTE INSPECTION AND primary vessel, said carriage associated with a drive 

TESTING OF A STRUCTURE mechanism proper being adapted to cooperate with the 
oppositely-facing wall of the containment vessel by 

This invention relates to a device for remote testing 5 being applied against said wall while being suspended 
and inspection of a structure in which the environmen- from the extremity of a composite cable which Serves 
tal conditions are such as to prohibit direct access by an to supply the;, carriage with power and with the different 
operator and is of particular interest in nuclear reac- fluids required for positioning and operation of the 
tors, especially fast reactors. The invention is more inspection devices while serving at the same time to 
especially applicable to on-load inspection ofthe exter- 1 0 introduce the carriage into the interspace and to with-
nal surface of a primary vessel which contains the reac- draw it therefrom by means of a handling apparatus 
tor core as well as a volume of continuously circulating which actuates the composite cable, 
metal for the extraction of heat generated by nuclear in accordance with a particular feature of the device 
fission within the core. under consideration, the self-propelled carriage com-

The chief aim of the invention is to permit detection 15 prises a supporting chassis for two parallel driving cat-
of flaws which are liable to appear in the reactor vessel, erpillar tracks which are guided within the chassis and 
in particular in zones of welded joints between metal driven at an adjustable speed by means of two sprock-
components of the vessel, this being achieved by mak- et-wheels located respectively at the front and at the 
ing use of a remote-controlled equipment unit which rear with respect to the direction of displacement of the 
carries suitable testing and measuring devices. It is thus 2 0 carriage, each sprocket-wheel being driven in rotation 
possible to follow the development of flaws or other by a motor independently of the other sprocket-wheel 
minor mechanical incidents which are liable to arise about an axis located transversely with respect to the 
during the service life of the reactor with a view to chassis, each caterpillar track being constituted by the 
adopting the necessary safety measures for preventing articulation of a plurality of identical elements in juxta^ 
more serious accident conditions which might result in 25 posed relation provided with lateral rollers engageablei 
shutdown of the reactor over a long period of time. with the sprocket-wheel teeth, and means for tempo-

It is known that, in a fast reactor, the primary vessel rary attachment to the surface of the containment ves-
is usually designed in the form of a cylindrical shell sel for maintaining the carriage applied against said 
having a vertical axis, the lower portion of which is vessel without limiting its relative displacement in front 
closed by a hemispherical end and which is constructed 3 0 of the primary vessel. 
of stainless steel with a view mainly to guarding against In a preferred embodiment in which the containment 
the corrosive action of the liquid metal contained vessel is constructed of magnetic material, each cater-
therein and usually consisting of sodium. Said primary pillar-track element comprises a frame having a cavity 
vessel is surrounded externally by a second vessel hav- in which is movably mounted a plunger-piston for at-
ing a wall parallel to the first and known as a contain- 3 5 tachmentto the surface of the containment vessel in a 
ment vessel. The open upper ends of the two vessels are direction at right angles to the axis of rotation of the 
suspended from a horizontal shield of substantial thick- sprocket-wheels, said piston being fitted with a termi-
ness which is constructed of steel or steel-lined con- nal permanent magnet which is capable of being ap-
crete and forms a top closure slab or roof for a concrete plied against the surface of the containment vessel. As 
reactor vault which protects the surrounding atmo- 4 0 an advantageous feature, the plunger-piston is slidably 
sphere from radioactive radiations. The outer contain- mounted within a bore of the frame and has a head-
ment vessel is constructed of low-alloy steel and defines piece forming a stop for a spring applied against said 
with the primary vessel a narrow space which ,sur- head-piece and against an annular seating of the frame, 
rounds the entire external surface of the primary vessel. said spring being intended to apply on the piston a 
This space, known as an interspace and filled with a 4 5 force which is combined with the force of attraction of 
neutral gas usually consisting of nitrogen, is continually the magnet by the containment vessel wall and permits 
subjected to a temperature gradient between on the the release of the magnet,which is driven by the rear 
one hand the primary vessel in which the temperature sprocket-wheel during the winding-on displacement of 
varies from 400° to 250° C between normal reactor the caterpillar track. 
operation and shutdown and, on the other hand, the 5 0 In accordance with another characteristic feature, 
containment vessel in which the lowest temperature the plunger-piston is itself provided with an axial blind-
varies under the same conditions between 300° and end bore in which a stud is slidably mounted in opposi-
180° C, by virtue of the presence of an ancillary cooling tion to a stack of washers applied against the bottom of 
circuit placed between said vessel and the wall of the said bore, said stud being capable of cooperating with a 
concrete reactor vault. Said interspace usually has lim- 5 5 cylindrical guide boss which is coaxial with the axis of 
ited dimensions of the order of 700 mm at a maximum the front sprocket-wheel. Said cylindrical guide boss 
and is also subjected to.the action of radioactive radia- forms a cam for exerting on the stud a force which 
tions derived from the reactor core. The effect pro- causes the compression of the washers and the initial 
duced by all the foregoing conditions is to prohibit displacement of the plunger-piston so that the magnet 
direct inspection of the external wall of the primary 6 0 carried by said piston projects from the element, thus 
vessel by an operator and to entail the need for a facilitating the attraction of the. piston by the contain-
remote-controlled device. ment vessel wall. 

This invention is precisely concerned with a remote In accordance with yet another characteristic fea-
inspection device distinguished by the fact that it com- ture, the chassis of the self-propelled carriage com-
prises a self-propelled carriage which is designed to prises a double deformable parallelogram provided on 
carry devices for inspecting the primary vessel and each side of the axis of displacement of the carriage 
which is capable of moving within the. interspace be- with two parallel link-arms pivoted at one end about 
tween the primary vessel and the containment vessel in two pins carried by the chassis, , said two link-arms 
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being in turn pivoted at their opposite ends on a sup- FIG. 6. is a part-sectional view in elevation showing 
porting member for an orientable television camera one element of the caterpillar track which is illustrated 
and an ultrasonic testing apparatus which is capable of in FIG. 4. 
being applied against the external wall of the primary In the general part-sectional view of FIG. 1, there is 
vessel. As an advantageous feature, the opening move- 5 shown a portion of the primary vessel 1 of a fast reactor 
ment of the deformable parallelogram is carried out by qf a type known per se, said primary vessel being in-
means of a system of pneumatic jacks pivotally tended in particular to contain the reactor core and a 
mounted on the one hand on the chasis and on the suitable volume of a liquid metal usually consisting of 
other hand on the articulation link-arms. The uktra- sodium which performs the function of coolant and is 
sonic testing apparatus es preferably capable of under- 1 0 circulated through the reactor core in order to extract 
going a relative transverse movement of displacement the heat produced by the fission reaction. The primary 
in front of the primary vessel wall with respect to the vessel 1 is usually constructed of stainless steel in order 
supporting member. t o afford resistance to corrosion by the sodium con-

The chassis of the self-propelled carriage is addition- tained therein and has a generally cylindrical shape 
ally provided with safety jacks, the bodies of which are 15 w i t h a vertical axis. Said primary vessel is open at the 
placed at right angles to the containment vessel wall. t 0 P e n d ' h a s a hemispherical bottom end and is sur-
As a result of the reaction of support on said wall, the rounded externally by a second vessel 2 or so-called 
operating rods of said jacks serve to detach the carriage containment vessel which is coaxial with the primary 
within the interspace in order to permit withdrawal of „„ v e s s e l a n d t h e w a l I s o f w h , c h a r e P a r a l l e l t 0 t h , s l a t t e r -
this latter by applying a tractive effort on the composite 2 0 T h e v e s s e l 2 i s consequently not in contact with the 
suspension cable liquid metal coolant of the reactor core and can be 

Said composite cable is advantageously controlled by constructed of material which is less costly than the 
a variable-tension winding and unwinding winch sup- primary vessel especially of low-alloy steel. The two 
ported by a motor-driven trolley which is placed out- v e s s e l s 1 a n d 2 define between them an mtermediate 
side the interspace between the two vessels above the 2 5 s P a c e ,or S°-Cal

1
led interspace 3 which is filled with a 

reactor vault roof so as to bring the cable and the self- n f u t r a l , § a s ,a"d especially nitrogen. Said interspace is 
propelled carriage opposite, to openings formed in said o f s m a 1 w l d t h ' n a m e l J o f t h e o r d e r ° f m m "J 
vault roof example under consideration, and extends around the 

, , ' . . • .. r .. „ entire periphery of the primary vessel. In accordance In order to carry out an inspection of the entire wall • . . . . , , „ 
r ., . , u c , , . . . , J U with the invention, the interspace is provided for the area of the primary vessel by means of the testing de- ... . . r V , , • . 

• j u ..if ir ii j • j • displacement of a self-propelled carriage 13 which vices carried by the se f-propelled carriage and m par- r . . . i u c.u . . . J ^ , . a c j u ^ serves to carry out inspection of the external wall of the ticular m order to test welded joints formed between i m a v e s s e , t £ c i a l , d u r i c e r t a i n r i o d s o f 
t he d i f f e r en t e l emen t s cons t i tu t ing said wall, t he device ^ ^ ^ , i f e T h ( f v e s s e | s x 2 a r e p r

F
o v j d e d at 

m a c c o r d a n c e with t he invent ion finally compr i se s a 3 5 t h e i r ex t remi t ies with suspension s takes 4 and 5 
system fo r guiding the se l f -propel led carr iage . Said respect ively fo r rigidly fixing said vessels to a hor izonta l 
system is cons t i tu ted by a series of magne t i c strips s , a b 6 o f s u b s t a n t i a l th ickness and f o r m e d of s teel- l ined 
p r o j e c t e d o n t o the n o n - m a g n e t i c wall of the p r imary c o n c r e t e . S a i d s l a b i s l o c a t e d a b o v e t h e level of sod ium 
vessel in a d i rec t ion para l le to the weld seams and by w j t h i n t h e p r j v e s s e i a n d forms a r o o f for c l o s i 

a magne t i c de t ec to r , a signal de l ivered by said d e t e c t o r 4 0 Q f f t he t o p por t ion of a c o n c r e t e vault 7 having walls of 
be ing i n t ended to p r o d u c e act ion on the m o t o r s which cons ide rab le th ickness which s u r r o u n d the vessels a n d 
dr ive the ca terpi l la r t r a c k s of t he ca r r i age in o r d e r t o p r o t e c t t h e external e n v i r o n m e n t agains t r ad ioac t ive 
con t ro l t h e d i s p l a c e m e n t of said car r iage . radia t ions . In a c c o r d a n c e with o n e a r r a n g e m e n t which 

F u r t h e r p rope r t i e s of a tes t ing dev ice c o n s t r u c t e d in i s conven t iona l in this type of r eac to r , t he vaul t roof 6 
a c c o r d a n c e with the invent ion will b e c o m e a p p a r e n t 45 is p rov ided with d i f f e r en t vert ical th rough-ho les such as 
f r o m t h e fol lowing desc r ip t ion of o n e e m b o d i m e n t t he hole 8 in which a re engaged guide s leeves 9 for t he 
which is given by way of example wi thou t any limita- in t roduc t ion of in ternal c o m p o n e n t s or r e a c t o r equ ip -
t ion be ing impl ied , r e f e r e n c e being m a d e to the a c c o m - m e n t j n t o t he vessel 1 t h r o u g h the vaul t roof 6 . One of 
panying drawings , where in : these in terna l c o m p o n e n t s which is shown in FIG. 1 

FIG. 1 is a d i a g r a m m a t i c longi tudinal par t - sec t iona l 50 and des igna ted by the r e f e r e n c e 10 cons t i tu tes a pri-
view of a fas t r e a c t o r wh ich shows in par t icu la r t he m a r y p u m p f o r t he c i rcula t ion of l iquid sod ium within 
shape of t he p r imary vessel a n d of t he c o n t a i n m e n t t he p r imary vessel 1; said liquid sod ium can thus b e 
vessel, t h e r e being f o r m e d be tween said vessels an con t inuous ly d ischarged th rough an ou t l e t d u c t 11 a n d 
i n t e rmed ia t e space o r so-cal led in t e r space fo r the dis- r e tu rned b e n e a t h the r e a c t o r co re ( n o t shown in t he 
p l a c e m e n t of a r emo te - con t ro l l ed tes t c a r r i age f o r car - 55 drawings) t h r o u g h which the sod ium f lows in t he up-
rying Out t h e inspect ion of the ex te rna l su r f ace of said ward d i rec t ion . 
primary vessel; Taking into account the appreciable dimensions 

FIG. 2 is a view in elevation to a larger scale showing which can attain 20 meters in diameter and 12 to 15 
the remote-controlled carriage, and especially the test- meters in height in the case of a high-power fast reactor 
ing and inspection elements supported by said carriage; 60 ofthe order of 1000 MW (electrical), both the primary 

FIG. 3 is a side view of the carriage illustrated in FIG. vessel 1 and the containment vessel 2 are constructed 
2; by initial welding of a series of elements, especially 

FIG. 4 is a partial view to a larger scale showing the steel plates Suitably dimensioned and formed by means 
constructional detail of one of the caterpillar tracks for of weld beads or seams such as those designated by the 
the displacement of the carriage which is illustrated in 6 5 reference 12, said seams being advantageously distrib-
FIGS. 3 and 4; uted along parallel lines and meridian lines of said 

FIG. 5 is a partial cross-sectional view taken along vessels. It is apparent, however, that provision must be 
line V—V of FIG. 4; made for the remote inspection of these vessels and 
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especially the primary vessel 1 after these latter have 
been placed in position within the reactor vault 7. This 
inspection operation is carried out in particular by 
means of the self-propelled carriage 13 as shown dia-
grammatically in this figure. This carriage is capable of 5 

moving within the interspace 3 which, apart from any 
other consideration, would not permit direct inspection 
by an operator by reason of its relatively small dimen-
sions. Moreover, it is necessary to take into account the 
radioactivity which is present within the interspace 3 1 0 

and prohibits any direct human intervention. Finally, it 
is important to take into consideration the relatively 
high temperature gradient which exists within the inter-
space 3 since the primary vessel 1 is always at a higher 
temperature than the containment vessel 2. 15 

The remote-controlled self-propelled carriage 13 
which is capable of adapting itself to these environment 
conditions is mounted so as to be suspended from the 
extremity of a composite cable 14 which serves to sup-
ply the carriage with electric power as well as the dif- 2 0 

ferent fluids which are necessary for the operation of 
the inspection and testing appliances or components 
supported by said carriage. The cable 14 is connected 
outside the reactor vault roof 6 to a winding and un-
winding winch 15 for applying adjustable tension to 2 5 

said cable, especially a tension which is proportional to 
the length wound-off. Said winch 15 is mounted within 
the interior of a container 16 which comprises a com-
partment 17 for storing the cable in a remote position 
of the interspace 3. Said container 16 is in turn sus- 3 0 

pended from a trolley 18 and this latter is capable of 
moving along a circular track 19 which surmounts the 
reactor above the vault roof 6. 

In order to permit the introduction of the carriage 13 
which is suspended from the extremity of its cable 14 3 5 

into the interspace 3, the reactor vault roof 6 is pro-
vided with a series of through-holes such as the hole 20 
which are twelve in number in the example under con-
sideration and partially closed by guides 21 which serve 
to control the unwinding of the cable once the carriage 40 
13 has been introduced into the interspace 3 and also 
serve to limit outleakage of the neutral gas atmosphere 
from said interspace 3. In FIG. 1, the container 16 is 
shown in two different positions on its track 19, one 
position being illustrated in full lines and the second 4 5 

position being shown in chain-dotted lines, the con-
tainer being designated by the reference 16a in this 
second case. It is apparent from this figure that, in said 
second position, the carriage which is suspended from 
the extremity of the cable 14a can be oriented in sev- 50 
eral directions designated by the reference 13a, 13b or 
13c. Each direction corresponds to a suitable orienta-
tion of the carriage with respect to a weld seam 12 to be 
inspected, the zones swept by the carriage as this latter 
passes along said seams being represented diagrammat- 5 5 

ically in the drawing by the references 22. More de-
tailed explanations concerning the operation of the 
device will naturally be given hereinafter. 

The construction of the self-propelled carriage 13 is 
illustrated to a larger scale in FIG. 2. It is seen from this 6 0 

figure that said carriage mainly comprises a chassis 23 
which supports two parallel caterpillar tracks, only one 
of which appears in the plane of the figure and is desig-
nated by the reference 24. In order to determine the 
displacement of the carriage 13 within the interspace 3 65 
between the vessels 1 and 2, each caterpillar track is 
driven independently of the other with respect to the 
chassis 23 by means of two sprocket-wheels 25 and 26 

666 
6 

respectively, or in other words a front sprocket-wheel 
and rear sprocket-wheel with respect to the direction of 
displacement. To this end, the caterpillar track 24 for 
example comprises a series of articulated elements 27 
which will be described in detail hereinafter and are 
fitted with rollers 28 which are capable of engaging 
with the teeth of the sprocket-wheels 25 and 26 in 
order to produce the relative displacement of the cater-
pillar track and the movement of the carriage. Changes 
of direction of the carriage are obtained by modifying 
the speed or even the direction of rotation of one track 
with respect to the other in accordance with a proce-
dure which is wholly conventional in this type of equip-
ment unit. Each element 27 which will be described in 
detail with reference to FIGS. 4 and 6 in particular 
supports a mechanism which makes it possible by 
means of its chassis to apply the carriage 13 against the 
wall of the containment vessel 2 opposite to the wall of 
the primary vessel 1. In the example of construction 
which is more especially considered, this application 
mechanism is constituted by a set of two permanent 
magnets 29 which are provided for each caterpillar-
track element. Said magnets produce magnetic attrac-
tion of the carriage by the wall of the containment 
vessel 2 which is formed of black steel whilst the stain-
less steel primary vessel 1 is on the contrary non-mag-
netic. 

As mentioned earlier, the carriage 13 supports a 
number of appliances for inspecting and testing the 
wall of the primary vessel 1, especially at the level of 
the weld seams 12, progressively as the carriage ad-
vances. To this end, the chassis 23 supports a double 
deformable parallelogram 30 provided on each side of 
the chassis 23 with two link-arms 31 and 32 respec-
tively which are pivotally attached at one end to the 
chassis at 33 and 34 and the opposite ends of said link-
arms carry a supporting member 35 which is also pivot-
ally attached to said link-arms. Pivotal motion of the 
deformable parallelograms with respect to the chassis 
23 is preferably carried Out by means of a pneumatic or 
hydraulic jack 36, the operating rod 37 of which is 
pivotally mounted at 38 on the link-arm 32, for exam-
ple. The supporting member 35 is advantageously de-
signed to carry an orientable camera 39 associated with 
a remote-control unit 40 of a type known per se which 
permits electrical supply, focusing and pointing of the 
camera on the primary vessel wall. The characteristics 
of the camera lens permit visual detection of a flaw of 
0.5 mm with a focal length of 350 mm, the area of the 
image obtained being close to that of a rectangle in 
which the length of the diagonal is 100 mm. The mem-
ber 35 also supports an ultrasonic testing apparatus 41 
associated with bearing rollers 41a and with a bellows 
seal 42 which serves to maintain a suitable couplant 
liquid inside a closed cavity without any attendant dan-
ger of contamination or deposition on the metallic wall 
of the primary vessel. The ultrasonic apparatus 41 is 
connected to a control device 43 which also makes it 
possible to supply the apparatus and to carry out the 
relative displacement of this latter with respect to its 
initial position on the chassis 23 in order to sweep each 
weld seam 12 under inspection, on each side of the 
central zone of said seam. 

The chassis 23 is extended towards the rear of the 
carriage with respect to the direction of displacement 
of this latter by a connecting-plate 44 terminating in an 
end-piece 45 for guiding and fastening the extremity of 
the suspension cable 14. The chassis supports a series 
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of jacks 46 or trip-spring elements which are placed particular a piston 67 mounted within a cylinder 68 
substantially at right angles to the wall of the vessel 2 in formed inside the body or frame of said element. Said 
such a manner as to ensure that, as a result of a reaction piston has an extension in the form of an axial rod 69 
of support on said wall, the operating rods 47 of said slidably mounted within a bore 70 having a diameter 
jacks are capable of detaching the carriage 13 if so 5 which is substantially larger than that of said rod in 
required while ensuring under these conditions the free order to delimit with this latter an annular space in 
suspension of said carriage from the extremity of the which is fitted a spring 71 having substantial flexibility 
cable 14, for example with a view to withdrawing the or in other words having a low variation in force in 
carriage from the interspace 3 by means of the winding respect of substantial elongation. Said spring is applied 
drum 15 (as shown in FIG. 1) through one of the holes '0 at one end against a seating 72 formed within the body 
20 of the reactor vault roof 6. The carriage 13 is also of the element 27 and at the other end against an annu-
provided at the extremity remote from the cable 14 lar shoulder 73 of a head-piece 74 which forms an 
with a bumper device 48 which ensures protection of extension of the rod 69 at the end remote from the 
the camera 39 when this latter is applied against the piston 67. The rod 69 is in turn provided with a blind-
chassis 23 in the folded-back position of the deform- 15 end bore 75 in which is engaged a stud 76 terminating 
able parallelograms. Finally, wire brushes 49 are car- in an actuating end-button 77 which serves to thrust-
ried by the chassis 23 on each side of the displacement back the stud in opposition to a stack of resilient wash-
caterpillar tracks in order to clean the wall of the con- ers 78 which are housed within the bore 75 beneath 
tainment vessel 2 continuously in front of or behind the said stud. A plug or bush 79 is screwed into the top 
carriage. The main object thereby achieved is to pre- 2 0 portion of the head-piece 74 and thus serves as an 
vent the attraction of dust particles and especially upper end-stop for the stud 76. 
metal particles against the magnets 29 of the caterpillar The equipment of the carriage 13 is finally completed 
track elements 27 as this would be liable to limit the by forming in the lateral end-plates of the chassis 23 a 
attractive force of said magnets and the suitable appli- guide member 80 for each lateral caterpillar track, 
cation of the carriage against said wall. 25 There is formed in said guide member a groove 81 in 

FIGS. 4 and 5 illustrate to a larger scale, respectively which the rollers 28 of the elements 27 engage succes-
in elevation and in cross-section, the constructional sively as they are displaced by the sprocket-wheels, 
detail of the caterpillar tracks 24 and their drive mech- especially when said elements together with their-mag-
anism. Each track comprises in particular in the case of nets 29 are moved close to the wall of the containment 
each sprocket-wheel 25 or 26 a hollow shaft 50 which 3 0 vessel 2, thus initiating the attraction of said magnets, 
is rotatably mounted on bearings 51 and 52 within the In addition, the external surface of the hollow shaft 50 
interior of the frame 23. Said hollow shaft 50 is ex- which drives each sprocket-wheel is provided with 
tended by lateral end-plates 53, 54 respectively (as outwardly projecting annular guide bosses 82 forming 
shown in FIG. 5). The extremities of said end-plates actuating cams for the projecting end-buttons 77 of the 
have curved portions 55 (as shown in FIG. 4) which studs 76 which are associated with each of the elements 
form driving teeth for the rollers 28 of the caterpillar 27 of the two caterpillar tracks. As can be seen from 
track elements 27. Said elements are pivoted at succes- the sectional view of FIG. 5, it will be noted that each 
sive points about cross-pins 21a and these latter are element 27 comprises two adjacent magnets 29 each 
passed through lugs 56 and 57 respectively which are subjected to the action of a spring 71 and a stack of 
formed on two successive elements 27. By means of 4 0 washers 78 as shown in FIG. 6. The overall result 
this arrangement, said elements are permitted to as- thereby achieved by this duplication of magnets in the 
sume the orientation to which they are subjected dur- case of each element is a better attraction of the car-
ing the displacement of the corresponding caterpillar riage 13 by the metallic wall of the vessel 2 and conse-
track between the front and rear sprocket-wheels 25 quently better fixation of the carriage against said wall 
and 26 as they pass round these latter. The hollow shaft 4 5 during its displacements, in particular in the vertical 
50 has a dog 58 which provides a coupling with the portions of the wall which define the interspace 3. 
extremity of a drive pinion 59 which is in turn rotatably The operation of the inspection and testing device 
mounted on bearings 60 and 61 within a central casing under consideration can readily be deduced from the 
23a of the chassis 23. Provision is made on said pinion foregoing. It is in fact required to ensure that the state 
59 for a toothed ring 63 having a helical set of teeth 50 Qf the beads or seams 12 forming welded joints be-
disposed in meshing engagement with a worm 64 which tween the different stainless steel elements constituting 
is driven by a reduction-gear motor 65. As shown in the primary vessel can be continuously checked during 
FIG. 5, an assembly which is symmetrical with respect reactor operation. This in turn permits the possibility of 
to the mid-plane 66 of the chassis corresponds to the detecting all flaws which appear in such welds a A 

complete mechanism which is associated with one of 5 5 especially of controlling the progressive development 
the caterpillar tracks of said chassis. As mentioned of such flaws in time. Any major fault condition which 
earlier, the carriage comprises two independent but would be liable to cause irreparable damage to the 
parallel caterpillar tracks, the driving motors being reactor vessel can consequently be prevented by taking 
controlled independently of each other in order to the necessary safety precautions in due time. It is thus 
permit the lateral pivotal movements of the carriage in 6 0 a desirable objective to permit the possibility of inspec-
a manner known per se by causing one of the caterpil- tion during each period of reactor shutdown. This is 
lar tracks to rotate at a higher speed than the other or accordingly carried out by displacing the carriage 13 
by displacing the second track in a movement which is within the interspace 3 between the vessels 1 and 2, the 
opposite to that of the first. environmental conditions of the nitrogen atmosphere 

Referring now to FIG. 6, there is shown to an even 6 5 which is-present within said interspace being such that 
larger scale the constructional detail of one of the ele- the thermal gradient existing between the vessels 1 and 
ments 27 employed in the construction of the caterpil- 2 can be tolerated by the carriage mechanisms and the 
lar tracks of the carriage 13. Each element comprises in testing appliances supported by this latter. It can be 
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mentioned by way of indication that the temperature of tant with the disengagement of another element of the 
the primary vessel 1 during a period of reactor shut- same track by the rear sprocket-wheel 26. It should be 
down is of the order of 250° C whilst the containment noted that the floating assembly of the permanent mag-
vessel 2 can be cooled between the external wall and nets 29 carried by each caterpillar track element 27 
the concrete shield structure 7 to a temperature of the 5 and the number of said magnets ensures in this case 
order of only 120° C. maximum efficiency of application of the carriage 13 

In order to carry out an inspection of the external against the wall of the containment vessel 2. In particu-
face of the primary vessel wall as mentioned above, the lar, this result is achieved irrespective of the concavity 
carriage 13 which is suspended from the extremity of exhibited by said wall on the path of the carriage within 
its cable 14 within the interspace 3 is first introduced 1 0 the interspace 3. 
through one of the holes 20 formed for this purpose in As a general rule, the weld seams 12 formed on the 
the reactor vault roof 6. To this end, the first step con- external surface of the primary vessel wall are carefully 
sists in removing the guide 21, then in bringing to the ground at the time of fabrication and assembly of the 
level of the through-hole which has thus been freed the vessel and preferably formed along parallel lines and 
container 16 together with its suspension cable and 15 meridian lines of said vessel. In order to follow said 
carriage 13 by displacing the trolley 18 along the circu- seams correctly, it is particularly useful to form mag-
lar track 19 which is located above the reactor vault netic guide strips or the like on the primary vessel wall, 
roof 6, said trolley being then locked on said track. The As a preliminary step, said guide strips are obtained in 
carriage is then moved downwards through the hole 20, particular by projecting or spraying a suitable magnetic 
the winch 15 being operated so as to control both the 2 0 material which permits more effective positional con-
twist of the cable and the tension of this latter which is trol of the carriage. Since the elements constituting the 
maintained proportional to the length wound-off. Once primary vessel wall are formed of non-magnetic stain-
the carriage 13 has been introduced into the interspace less steel, provision can accordingly be made for strips 
3 beneath the vault roof 6, said carriage is then brought of an additional metal having a very small thickness 
into contact with the magnetic wall of black steel of the 25 within the range of 4 to 6/10 mm without thereby intro-
containment vessel 2 in order to cause said carriage to ducing any mechanical disadvantages in regard to the 
be supported by said wall by means of the series of displacement of the carriage in particular. Said strips 
magnets 29 of the oppositely-facing elements 27 of the can in fact be readily followed by magnetic detectors 
caterpillar tracks, thereby relieving the cable 14. At (not shown) which are transported by the carriage 13. 
this moment, the carriage is entirely supported by the 3 0 The information provided by these detectors permits 
wall 2; the cable 14 is no longer subjected to any effort differential control of the caterpillar tracks and the 
and is capable of following freely the controlled move- desired displacement with transfer from one weld seam 
ments of said carriage both in the transverse direction to another along paths shown diagrammatically in FIG. 
and in the vertical direction. 1. 

In order to initiate the displacement of the carriage 3 5 The carriage 13 can be periodically stopped along 
within the interspace 3, the motors 65 for driving the each of the weld seams 12 so that the testing and mea-
sprocket-wheels 25 are accordingly started-up so as to suring devices supported by said carriage and espe-
produce the displacement of the caterpillar tracks in cially the ultrasonic testing apparatus can be placed in 
the appropriate direction and in particular to displace position for continuous inspection of the weld seams, 
the carriage in forward motion or else to produce 4 0 At the same time, the deformable parallelogram system 
changes of orientation by differential action on either 30 (shown in FIG. 2) which is actuated by the jack 
of the two caterpillar tracks. The movement of rotation 36-37 controls the constant pressure of application 
of the sprocket-wheels 25 and 26 in fact has the effect against the primary vessel wall while permitting rapid 
of bringing each caterpillar track element 27 succes- disengagement of said system in the event of any ob-
sively opposite to the wall of the vessel 2 so that each 4 5 struction which may be encountered during the dis-
element is in turn applied against the opposite surface placement. The camera 39 is also switched on at the 
and has the effect of supporting the carriage. During same time and a suitable angular displacement permits 
this movement and as shown in FIGS. 4 and 5, the visual scanning of the corresponding zone of the vessel 
rollers 28 are driven successively by the teeth 55 of said wall, especially in front of the carriage. The visual con-
sprocket-wheels whilst the projecting end-buttons 77 of 5 0 trol carried out by the camera is advantageously per-
the studs 76 come into contact with the annular guide formed by means of an electronic viewfinder with volt-
bosses 82 which form cams and are mounted on each age regulation, the complete assembly being capable of 
hollow shaft 50. Said studs 76 are thus thrust into their withstanding temperatures which are suitably regulated 
bores 75 in opposition to the resilient washers 78 and within the interior of the camera casing by means of a 
apply on the piston 67 a force which causes the mag- 5 5 ventilating fan (not shown in the drawings). A remote-
nets 29 to move into a suitably projecting position with controlled focusing system is also associated with the 
respect to the apparent contour of the corresponding camera as well as a series of variable-intensity iodine 
caterpillar track. As the movement of rotation of the spotlights mounted on the carriage. Finally, sets of 
sprocket-wheels continues, so the successive elements mirrors permit axial sighting as well as lateral sightings. 
27 move sufficiently close to the wall of the contain- 6 0 Similarly, the ultrasonic testing apparatus 41 is prefer-
ment vessel 2 to ensure that the magnetic attraction ably controlled by a mechanism (not shown) which 
initiates the application of the magnets 29 against said serves to produce a relative displacement of the mea-
wall together with a correlative compression of the suring head in the immediate vicinity of the wall of the 
springs 71. The displacement of the carriage thus takes primary vessel 1 so as to sweep each of the weld seams 
place at successive points, the application of each sue- 6 5 12 at right angles to their direction progressively as the 
ceeding element 27 of the caterpillar tracks against the carriage advances. 
containment vessel 2 by virtue of the forward motion of In the example described, nine elements are chosen 
the front sprocket-wheel for example being concomi- for each caterpillar track which is in contact with the 
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containment vessel wall and each element carries two 
magnets. Thus a total of 36 magnets are put in action 
simultaneously. This number is sufficiently high to en-
sure that accidental detachment of a few elements as a 
result of surface defects, for example, is not liable to 
affect the stability of the entire system. It is readily 
apparent that other alternative forms of construction 
could be contemplated. Accordingly, instead of making 
use of permanent magnets as in the example described 
in the foregoing, it would be possible to employ electro-
magnets or even pneumatic suction cups or the like, all 
these means being adapted to ensure suitable applica-
tion of the carriage 13 against the wall of the contain-
ment vessel 2 without any attended danger of direct 
contact with the wall of the primary vessel 1. A note-
worthy result achieved in all cases is that the carriage 
13 can be detached in any position within the inter-
space 3 by means of its jacks or spring components 46 
as a result of reaction of the operating rods 47 against 
the containment vessel 2 and that said carriage can be 
withdrawn to the exterior of said interspace under 
emergency conditions by the application of a tractive 
effort on the suspension cable 14 by means of the wind-
ing winch 15. 

As has been clearly brought out by the foregoing 
description, the invention is not limited in any sense to 
the example of construction herein described and illus-
trated but extends on the contrary to all alternative 
forms. 

What we claim is: 
1. A device for remote testing of a structure, com-

prising a primary vessel surrounded externally by a 
containment vessel, wherein said device comprises a 
self-propelled carriage, means for inspecting the pri-
mary vessel on said carriage, said carriage moving 
within the interspace between the primary vessel and 
the containment vessel to inspect and test any predeter-
mined zone of the primary vessel, a drive mechanism 
for said carriage co-operating with the oppositely-fac-
ing wall of the containment vessel and applied against 
said wall, a composite cable suspending said carriage 
and supplying said carriage with power and with differ-
ent fluids required for positioning and operation of said 
inspection means, said cable serving to introduce the 
carriage into the interspace and to withdraw it there-
from, a handling apparatus for actuating said compos-
ite cable, said self-propelled carriage comprising a sup-
porting chassis, two parallel driving caterpillar tracks 
on said chassis, two sprocket-wheels on said chassis 
guiding and driving said chassis at an adjustable speed, 
said sprocket-wheels being located respectively at the 
front and at the rear with respect to the direction of 
displacement of said carriage, a motor driving each 
sprocket-wheel in rotation independently of the other 55 
sprocket-wheel about an axis located transversely with 
respect to said chassis, each of said caterpillar tracks 
including a plurality of identical articulated elements in 
juxtaposed relation, lateral rollers for said elements 
engageable with said sprocket-wheels, and means car- 60 
ried by each of said elements for temporary attachment 
to the surface of the containment vessel for maintaining 
said carriage applied against said containment vessel 
without limiting its relatively displacement in front of 
the primary vessel. 6 5 
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2. A testing device according to claim 1, wherein the 
containment vessel is constructed of magnetic material, 
wherein each caterpillar-track element comprises a 
frame having a cavity in which is movably mounted a 

5 plunger-piston for attachment to the surface of the 
containment vessel in a direction at right angles to the 
axis of rotation of the sprocket-wheels, said piston 
being fitted with a terminal permanent magnet which is 
applied against the surface of the containment vessel. 

10 3. A testing device according to claim 2, wherein the 
plunger piston is slidably mounted within a bore of the 
frame a head-piece for said piston forming a stop, a 
spring applied against said head-piece and against an 
annular seating on the frame, said spring applying on 

15 the piston a force which is combined with the force of 
attraction of the magnet by the containment vessel wall 
with release of the magnet driven by the rear sprocket-
wheel during the winding-on displacement of the cater-
pillar track. 

2 0 4. A testing device according to claim 2, wherein the 
plunger piston has an axial blind-end bore, a stud slid-
ably mounted in said bore a plurality of resilient wash-
ers in said bore applied against the bottom of said bore 
and opposing movement of said stud, said stud cooper-

25 ating with a cylindrical guide boss coaxial with the axis 
of said front sprocket-wheel, said cylindrical guide boss 
forming a cam for exerting on said stud a force com-
pressing said washers and the initial displacement of 
the plunger piston whereby the magnet carried by said 

30 piston projects from the element facilitating the attrac-
tion of the piston by the containment vessel wall. 

5. A testing device according to claim 2, including 
means for guidiing the self-propelled carriage including 
a series of magnetic strips projected onto a non-mag-

3 5 netic wall ofthe primary vessel in a direction parallel to 
weld seams and a magnetic detector providing a signal, 
a signal delivered by said detector acting on the motors 
driving the caterpillar tracks of the carriage and con-
trolling the displacement of said carriage. 

40 6. A testing device according to claim 1, wherein the 
chassis of the self-propelled carriage comprises a dou-
ble deformable parallelogram provided on each side of 
the axis of displacement of the carriage with two paral-
lel link-arms pivoted at one end about two pins carried 

4 5 by the chassis, said two link-arms being in turn pivoted 
at their opposite ends on a supporting member, an 
orientable camera mounted on said supporting member 
and ultrasonic testing means applied against an exter-
nal wall of the primary vessel. 

50 7. A testing device according to claim 6, wherein 
opening movement of the deformable parallelogram is 
carried out by pneumatic jacks pivotally mounted on 
the chassis and on the articulation link-arms. 

8. A testing device according to claim 1, the chassis 
of the self-propelled carriage including safety jacks, 
bodies for said jacks at right angles to the containment 
vessel wall, operating rods for said jacks for detach-
ment of the carriage within the interspace by engage-
ment on said wall for withdrawal of said carriage by 
said composite suspension cable. 

9. A testing device according to claim 1, wherein the 
means for temporary locking of the carriage on the 
containment vessel are constituted by electromagnets 
or by pneumatic suction cups. 

* * * * * 


