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( 7 1 ) W e , WESTINGHOUSE ELECTRIC 
CORPORATION of Westinghouse Building, 
Gateway Center, Pittsburgh, Pennsylvania, 
United States of America, a company 

5 organised and existing under the laws of 
the Commonwealth of Pennsylvania, 
United States of America, do hereby de-
clare the invention, for which we pray 
that a patent may be granted to us, and 

10 the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to an improved 
apparatus for locating an inspection device 

15 within a nuclear reactor vessel. 
Nuclear reactor vessels employed in the 

commercial generation of electrical power 
are of two types; the pressurized water type 
or the boiling water type. In either case, 

20 the reactor vessel utilizes a generally cylin-
drical metallic container having a base and 
a top flange welded thereto. The main 
cylinder portion itself usually comprises a 
series of lesser cylinders welded to each 

25 other. In addition, a plurality of circum-
ferentially spaced nozzles extend through 
the main cylinder wall and are welded 
thereto. Thus, numerous welds are neces-
sarily used in fabricating the reactor vessel, 

30 in mating the top flange to the main 
cylindrical body and in securing the inlet 
and outlet nozzles to the reactor vessel 
wall. 

The reactor vessel, in use, is encased in 
35 a thick concrete containment area. How-

ever, the structural integrity of the reactor 
vessel, the concrete containment notwith-
standing, due to the operating environment 
is of critical importance. 

40 The weld areas of the reactor vessel are, 
of course, inspected prior to its initial use. 
Such inspection is carried out with all por-
tions of the vessel relatively accessible to 
an inspection device prior to its encase-

45 ment in the concrete containment. How-

ever, in-service inspection of the reactor 
vessel welds is not only desirable, but is 
mandated under governmental regulations. 

Under such regulations, it is required 
that the vessel weld areas be subjected to 50 
periodic volumetric examination whereby 
the structural integrity of the vessel is 
monitored. Due to the nature of an in-
service inspection, the device designed to 
accomplish the specified weld examinations 55 
must be capable of successfully operating 
in an underwater and radioactive environ-
ment under remote control while maintain-
ing a high degree of control over the 
placement and movement of the inspection 60 
sensors. 

The operating constraints are further 
complicated by the variety of reactor vessel 
sizes to which the inspection device must 
be able to be accommodated. Furthermore, 65 
the inspection device must not only be 
compatible with the weld placements of 
the reactor vessels now in use, but must 
also be sufficiently versatile to adapt to 
inspection duty in future vessels. In addi- 70 
tion, the inspection device must be 
arranged in its use to have only minimal 
impact with normal refueling and mainten-
ance operations. 

The use of ultrasonic transducers to 75 
inspect metal welds is known. One such 
system is described in the periodical 
Materials Evaluation, July 1970, Volume 
28, No. 7, at page 162-167. This article 
describes a transmitter-receiver type ultra- 80 
sonic inspection system for use in the in-
service inspection of nuclear reactor ves-
sels. The positioning arrangement for the 
transducers uses a track which is mounted 
on the interior wall of the reactor vessel. 85 

A method and apparatus for ultrasonic 
inspection of a pipe from within is dis-
closed in United States Patent No. 
3,584,504. In the apparatus disclosed there-
in, a transducer array is mounted on a 90 
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carrier which is rotatable, by means of a 
central shaft of the apparatus, within the 
pipe. 

In United States Patent No. 3,809,607, a 
5 nuclear reactor vessel in-service inspection 

device is detailed, which device is adapted 
to permit remotely controlled and accurate 
positioning of a transducer array within a 
reactor vessel. This device comprises a 

10 positioning and support assembly consisting 
of a central body portion from which a 
plurality of radially directed support arms 
extend. The ends of the support arms are 
extended to and adapted for being seated 

15 on a predetermined portion of the reactor 
vessel to define a positional frame of refer-
ence for the inspection device relative to 
the reactor vessel itself. Repositioning and 
support assemblies are provided and in-

20 elude integral adjustment means which co-
operate to permit the simultaneous varia-
tion of the extension of the support arms 
thereby allowing the inspection device to 
fit reactor vessels of differing diameters. A 

25 central column is Connected to the posi-
tioning and support assemblies, which 
central column extends along the longi-
tudinal axis thereof. One or more movable 
inspection assemblies are connected to the 

30 central Column and include drive and 
position indicating means. Three specific 
inspection subassemblies include a flange 
scanner, a nozzle scanner and a Vessel 
scanner. Each of these scanners employ 

35 multiprobe transmitter-receiver ultrasonic 
transducers to permit more accurate volu-
metric plotting of the integrity of the welds 
used in fabricating the reactor vessel. 

Since the development of the above-
40 identified inspection devices, the original 

inspection code has been amended to call 
for more reliable and more rigorous inspec-
tions. In addition, these prior art devices 
were unable to accurately measure Or reach 

45 certain weld areas of the reactor vessel. 
Still other drawbacks in the prior art in-
spection devices were the reliability and 
speed of the actual inspection effort. 

One particular problem which was not 
50 entirely solved by the above-described 

prior art devices was that of exactly posi-
tioning the inspection device with respect 
to the reactor vessel since knowledge of 
the position of the transducer array used in 

55 Connection therewith is critical to accu-
rately defining the size, orientation and 
location of a vessel or weld flaw. In addi-
tion, such exact positioning must be 
accomplished, that is, the inspection device 

60 must be fully seated J p the reactor vessel 
at a known location, Without damaging the 
ability of the top vessel flange to be sealed 
to its header. 

It is the principal object of this inven-
65 tion to provide an improved apparatus for 

locating an inspection device within a 
nuclear reactor vessel, with a view to over-
coming the deficiencies of the prior art. 

The invention resides in ah apparatus 
for locating an inspection device within a 70 
nuclear reactor vessel, the vessel having a 
plurality of guide members defining a 
generally circular path, and an internal 
locating element, the exact position of 
which is known, said apparatus comprising 75 
a support ring generally sized to relate to 
the path defined by the position of the 
guide members; a plurality of guide means 
each adapted to be engaged by one of said 
guide members; clamping means for mov- 80 
ably mounting said guide means on said 
support ring to enable, when loosened, 
alignment of each of said guide means with 
one of said guide members; and at least 
three support legs mounted to said support 85 
ring, at least one of said support legs in-
cluding means for adapting said leg to 
engage the internal locating element. 

The invention will become readily ap-
parent from the following description of 90 
an exemplary embodiment thereof when 
taken in conjunction with the accompany-
ing drawings, in which: 

Figure 1 shows an exploded view of a 
nuclear reactor vessel and the several welds 95 
made in the fabrication thereof; 

Figure 2 illustrates a representative view 
of an inspection site with the inspection 
device seated in the reactor vessel; 

Figure 3 is an isometric view of the in- 100 
spection device; 

Figure 4 shows an isometric view of a 
bushing and clamp used to secure portions 
of the inspection device shown in Figure 
3; 105 

Figure 5 shows a plan view, partly in 
section, of a mounting bracket used to 
secure portions of the inspection device 
shown in Figure 3; 

Figures 6, 7 and 8 are plan views, partly n o 
in section, of a lifting assembly employed 
to align, seat and remove the inspection 
device shown in Figure 3; 

Figures 9 and 10 are isometric views of 
the inspection device showing the manipu- 115 
lator arm thereof in two of its possible 
inspection positions; 

Figure 11 is a plan view of the reactor 
vessel's top and circumferential flanges; 

Figure 12 is a plan view of a specially 120 
configured suport shoe, utilized to position 
the inspection device within the reactor 
vessel, having a keyed plate bolted thereto; 

Figure 13 is a plan view, partly in sec-
tion, of the shoe and bracket shown in 125 
Figure 12; and 

Figure 14 is a plan view of a locating 
key used in place of the bracket shown in 
Figures 12 and 13. 

Referring now to the drawings, Figure 130 
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1 shows an exploded view of a nuclear 
reactor vessel 10. While the vessel 10 may 
be fabricated in differing ways, the overall 
cylinder which results from welding to-

5 gether the several smaller cylinders is used 
herein as an illustrative example for pur-
poses of this description. The several welds, 
A-K, shown in Figure 1 are typically those 
which are to be inspected together with 

10 the stud holes 34 and the ligament areas 
: 35 therebetween of the vessel top flange 13. 

It will be understood by those familiar 
with the inspection code rquirements for 
nuclear reactor vessels, that not all of the 

15 welds A-K or the top flange 13 are neces-
sarily inspected at the end of one time 
period, but that any inspection apparatus 
therefor must be capable of efficiently and 
accurately determining the integrity of 

20 the vessel welds A-K and its top flange 13, 
at one time or in predetermined code 
specified groupings. Further, the inspection 
apparatus must be accurately positioned to 
accomplish vessel interrogation without 

25 harming the top flange 13 and, in particu-
lar, its ability to form a proper seal with 
the vessel header (not shown). 

Figure 2 depicts an illustrative example 
of an inspection site. The inspection device 

30 14 is shown therein seated in the reactor 
vessel 10. Prior to inspection, the device 14 
is assembled using an erection rig 5 par-
tially shown. After assembly, the inspec-
tion device 14 is lowered by the site work 

35 crane 7 into the reactor vessel pool 11 and 
into the vessel 10. The work bridge 9, 
also partially shown in Figure 2, can be 
utilized as necessary. 

The inspection device 14 is illustrated in 
40 Figure 3. It comprises a quick-disconnect 

lifting assembly 16, a support ring 18 
having an annular key 19 attached thereto, 
three support legs 20A, 20B and 20C, a 
head support assembly 22, a main column 

45 24, a manipulator arm 26, a transducer 
array 28 and an overall control system 30 
which includes an assortment of motors, 
resolvers and cabling, and is mainly resi-
dent in a console 31. These main elements 

50 cooperate to permit inspection of the re-
actor vessel 10 in accordance with code 
requirements. 

The inspection device 14 is adapted to be 
lowered into the reactor vessel 10 and is 

55 shown in two of its many possible in-
spection positions in Figures 9 and 10. 
Prior to insertion of the inspection device 
14, the reactor vessel header is removed 
and tapered guide studs 32, having cham-

60 fered heads 33, are inserted into three of 
the stud holes 34 which have been design-
ated for that purpose. With the guide studs 
32 in place, the inspection device 14 is fully 
lowered into the reactor vessel 10 arid posi-

65 tively seated therewithin, as shall be here-

inafter explained. The guide studs 32 are 
engaged by guide stud bushings 36 which 
are movably mounted to the support ring 
18. Accurate circumferential positioning 
of the inspection device 14 is accomplished 70 
through the employment of the guide studs 
32 and guide bushings 36 in conjunction 
with a specially adapted support leg shoe 
88, to be more fully described below. 

The clearance between the guide stud 75 
bushings 36 and the guide studs 32 is typic-
ally a maximum of only 3/8". Therefore, 
it is of critical importance that the inspec-
tion device 14 be lowered into the reactor 
vessel 12 with the guide studs 32 and bush- 80 
ings 36 in near perfect alignment with each 
other. Aletrnatively stated, the inspection 
device 14, which is a relatively heavy piece 
of equipment, must be closely aligned with 
respect to the vertical and horizontal axis 85 
or the guide bushings 36 will be cocked 
with respect to the guide studs 32 causing 
the inspection device 14 to hang up there-
on, which might result in damage to the 
inspection device 14, the guide studs 32 90 
or the reactor vessel 10. Thus, the lifting 
assembly 16 must be adjustable to accom-
modate the cantilevered weighting effect 
of manipulator arm 26 and/or any weight 
distribution disparity in the inspection de- 95 
vice 14 which would cause it to tilt from 
a level attitude as it is being lowered. In • 
addition, with the inspection device 14 in 
place, the lifting assembly 16 must be 
quickly and readily removable to allow use 100 
of the inspection site work bridge 9 should. 
that be necessary. 

The lifting assembly 16 is shown in 
greater detail in Figures 6, 7 and 8. When 
secured to the inspection device 14, it is 105 
engaged by the site crane 7 which connects 
to the "U" bolt assemly 42 coupled to its 
uppermost portion. The "U" bolt assembly 
42 is shown in Figure 3. A cylindrical col-
lar 44 having a stepped, star-shaped or 110 
cloverleaf bore 46 is bolted, to the top of 
the head support assembly 22. The crane 
7 now lowers the lifting assembly 16 until 
a spider 48 enters bore 46, as shown in 
Figure 6. The lifting assembly is then 115 
manually rotated about 45°, so that the 
splines of spider 48 are positioned to en-
gage the hidden or dotted line portion of 
bore 46 as is shown in Figure 7. The crane 
7 now raises the lifting assembly 16 until 120 
the spider 48 abuts the upper surface of 
the stepped portion of bore 46 at which 
point it is engaged by and in the collar 
44, as is shown in Figure 8. 
• At; this point in the procedure of con- 125 
necting the lifting assembly 16 to the in-
spection device 14, the feet 60 of the ball 
and socket assemblies 50 are held about 
3/16" above the leveling pads 52. The 
leveling pads 52, as shown in Figure 3, are 130 
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connected to the upper portions of the 
support legs 20. A hydraulic cylinder 54 
is now actuated, causing its internal piston 
56 to push against a fixed surface 58 forc-

5 ing the socket feet 60 into tight engage-
ment with the leveling pads 52. Three non-
adjustable base struts 65 are utilized to en-
hance the structural rigidity of the lifting 
assembly 16 and are connected between the 

10 three ball and socket assemblies 50, as is 
shown in Figure 3. As connected, the base 
struts form a triangle, the center of which 
is coincidental with the central axis of the 
lifting assembly 16 and the main column 

15 24. 
The inspection device 14 is thereby fully 

secured to the lifting assembly 16 and is 
now suspended from the crane 7 for align-
ment procedures prior to being seated in 

20 the reactor vessel 10. Such alignment pro-
cedures are necessary due to probable re-
positioning of the movable guide stud bush-
ings 36 from site-to-site to accommodate 
differing locations ofthe guide studs 32. 

25 In addition, the position and extension of 
manipulator arm 26 may be different from 
an inspection start at one site than at 
another. Further, the vessel locating key 
62, shown in Figures 3 and 14, may or may 

30 not be in use. Consequently, the net effect 
of these and other possible causes will 

• be to present the inspection team with a 
different weight distribution at each in-
spection site, thereby necessitating the 

35 alignment procedure. Finally, even if the 
same weight distribution was expected, 
proper inspection technique would demand 
alignment vertification. 

The alignment procedure is carried out 
40 by turning one or more of the turnbuckle 

struts 64 which are rotatably adjustable and 
fixedly connected between the three ball 
and socket assemblies 50 and the slidable 
sleeve 66 of the hydraulic cylinder 54. 

45 Adjustment of the turnbuckle struts 64 
has the effect of gimbaling the inspection 
device 14 about the center axis of the tri-
angle formed by the base struts 65 or the 
lower end of the lifting assembly 16. This 

50 enables the inspection team to plumb the 
main column 24 of the inspection device 14 
and verify its vertical alignment. In addi-
tion, each of the three ball and socket 
assemblies 50 can be individually adjusted 

55 to shift the position of the end of the 
turnbuckle strut 64 connected thereto to 
effect adjustment of the inspection device 
14 with repsect to both the vertical and 
horizontal axes. Horizontal alignment is 

60 verified by checking the level on any one 
of the three leveling pads 52. 

The lifting assembly 16 is capable of 
being quickly disconnected by reversing the 
order specified above. First, the hydraulic 

65 cylinder 54 is deactivated causing its outer 

sleeve 66 to move upwards lifting the socket 
feet 60 from the leveling pads 52. The 
crane 7 now lowers the lifting assembly 16 
by an amount sufficient to allow the spider 
48 to fall out of engagement with the 70 
upper portion of the bore 46 of collar 44. 
Spider 48 can now be rotated and with-
drawn from collar 44. After this is done, 
the entire lifting assembly can be removed 
by the crane 7, freeing it for other work, 75 
and leaving the inspection device 14 seated 
in the reactor vessel 10. Alternatively, the 
lifting assembly 16 can be so disconnected 
after it has been used to remove the in-
spection device 14 from the reactor vessel 80 
10, leaving the inspection device 14 on 
resting pads (not shown) or on the erection 
rig 5 preparatory to shipment. By removing 
the lifting assembly 16 with the inspection 
device 14 still seated in the reactor vessel 85 
12, the work bridge 9 can be moved across 
the vessel pool 11 allowing for the perform-
ance of other maintenance or inspection 
procedures or to assist in the vessel in-
spection itself. 90 

Referring again to Figure 3, there is 
shown three support legs 20A, 20B and 
20C. Each of these is joined to the head 
support assembly 22 by a spacer 68 which 
is of a length appropriate to the diameter 95 
of the vessel to be inspected. It should be 
noted that for differing diameter reactor 
vessels, the spacers 68 and the support 
ring 18 are selected and sized so that the 
guide stud bushings 36 extend radially to a 100 
point where they will be aligned with and 
then engage the guide studs 32. Very small 
variations in radial dimensions are accom-
modated by loosening the guide stud bush-
ing clamps 70 and inserting shims of an 105 
appropriate thickness which would have 
the effect of moving the center of the guide 
setud bushings 36 radially outward of sup-
port ring 18 as desired. It should also be 
noted that the guide stud bushing clamps 70, 110 
when loosened, permit movement of the 
bushings 36 along the support ring 18 to 
accommodate variations in the placement 
of the guide studs 32 in the vessel top 
flange 13 at different inspection sites. 115 

As previously noted, the guide stud 
bushings 36 are movably connected to the 
support ring 18 by the bushing clamps 70. 
As was also previously noted, the support 
ring 18 carries an annular key 19 about its 120 
outer surface. A keyway 71, see Figure 4, 
cut in the surface of clamp 70, which 
mates with support ring 18, accommodates 
key 19 and aligns the guide stud bushings 
70 on support ring 18 with respect to the 125 
remainder of the inspection device 14. In 
addition, support legs 20A, 20B and 20C 
are connected to support ring 18 respec-
tively by a bracket 90, see Figure 5, having 
a keyed hole 92 therethrough. Thus, the 130 



5 1 581 009 5 

bracket 90 engages the key 19 and posi-
tively locates and locks the support legs 
20A, 20B and 20C to support ring 18 
which enhances the structural stability of 

5 inspection device 14. The levelling pads 52 
are bolted or welded to the upper segments 
of the support legs 20A, 20B and 20C in 
horizontal alignment and are utilized in 
the manner described above. 

10 When seated within the reactor vessel 
10, the three legs 20A, 20B and 20C sup-
port the entire weight of the inspection 
device 14. Stainless steel shoes 84 are bolted 
respectively to the bottom of support legs 

15 20B and 20C. These shoes rest either on 
the circumferential vessel flange 15 or on 
the core barrel flange (not shown), depend-
ing on whether the core barrel has been 
removed. A special "A" shaped shoe 88 

20 is bolted to the end of support leg 20A 
and is adapted to accurately position in-
spection device 14 as it is being seated with-
in the reactor vessel 10. With the core 
barrel remaining in the vessel 12, a plate 

25 94 having a keyway 96 cut therein is bolted 
to shoe 88 as shown in Figures 12 and 
13. As it is being seated, keyway 96 en-
gages a head-to-vessel alignment pin, the 
position of which is known, and positively 

30 locates the inspection device 14 within the 
vessel 10. As mentioned above, the clear-
ance between the guide studs 32 and the 
guide stud bushings 36 is about 3/8" and 
their engagement yields a coarse circum-

35 ferential alignment. The subsequent en-
gagement by key-way 96 of the head-to-
vessel alignment pin yields a fine circum-
ferential alignment which provides for an 
absolutely certain placement of the inspec-

40 tion device 14 within vessel 10. With the 
core barrel removed for inspection, the 
plate 94 is removed from shoe 88 and a 
vessel locating key 62, as shown in Figures 
3 and 14, is bolted to shoe 88 in its place. 

45 The vessel locating key 62 fits into a notch 
17 cut in the circumferential vessel flange 
15, see Figure 11, which notch is other-
wise covered by the core barrel flange. 
This engagement of notch 17 by the vessel 

50 locating key 62 provides the same fine cir-
cumferential alignment means, with the 
core barrel removed, as was yielded by the 
use of plate 94. It should be noted that 
plate 94 can be built up with appropriately 

55 configured shims to accommodate the dif-
ferent sized head-to-vessel alignment pins 
that may be encountered from one vessel 
to another. Thus, by choice of the shoe 
88 configuration, in conjunction with the 

60 engagement of the guide studs 32 by the 
guide stud bushings 36, the exact circum-
ferential location of support leg 20A, and 

derivatively that of manipulator arm 24, 
is known and assured. In addition, this 
positive location or seating of the inspec- 65 
tion device is accomplished without touch-
ing or threatening the sealing surface of 
the vessel top flange 13. 

WHAT WE CLAIM IS: — 
1. Apparatus for locating an inspection 70 

device within a nuclear reactor vessel, the 
vessel having a plurality of guide mem-
bers defining a generally circular path, and 
an internal locating element, the exact 
position of which is known, said apparatus 75 
comprising a support ring generally sized 
to relate to the path defined by the posi-
tion of the guide members; a plurality of -
guide means each adapted to be engaged 
by one of said guide members; clamping 80 
means for movably mounting said guide 
means on said support ring to enable, when 
loosened, alignment of each of said guide 
means with one of said guide members; 
and at least three support legs mounted to 85 
said support ring, at least one of said sup-
port legs including means for adapting said 
leg to engage the internal locating element. 

2. Apparatus for locating an inspection 
device, according to claim 1, wherein said 90 
guide members comprise guide studs ex-
tending upwardly from the reactor vessel, 
and said guide means comprise stud bush-
ings having an internal diameter larger 
than the outer diameter of said guide studs. 95 

3. Apparatus for locating an inspection 
device, according to claim 1 or 2, wherein 
said reactor vessel has an internal circum-
ferential flange formed therein, and the 
remaining support legs include means for 100 
adapting said legs to contact and rest upon 
the internal circumferential flange of the 
vessel, said support legs being mounted to 
said support ring at points which insure 
that the internal circumferential flange and 105 
the internal locating element are simul-
taneously and respectively contacted and 
engaged. 

4. Apparatus for locating an inspection 
device, according to claim 3, wherein said 110 
internal circumferential flange has a notch 
therein adapted to serve as the internal 
locating element, and wherein said means 
for adapting said leg comprises a locating 
key mounted to said at least one support 115 
leg, said locating key being adapted to fit 
into said notch when said inspection device 
is seated in place within the reactor vessel. 

5. Apparatus for locating an inspection 
device, substantially as hereinbefore de- 120 
scribed with reference to, and as described 
in, Figures 2 to 14 of the accompanying 
drawings. 

RONALD VAN BERLYN. 
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