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(54) NONDESTRUCTIVE DETECTION ROBOT FOR PRESSURE VESSEL OF NUCLEAR REACTOR, 
AND DETECTION METHOD THEREFOR

(57) The present invention discloses a nondestruc-
tive inspection robot for a pressure vessel (1) of a nuclear
reactor and an inspection method thereof. The robot
comprises a plurality of support legs (22), a plurality of
mechanical arms (25a, 25b, 25c, 25d), and a main rotary
joint (23); two ends of each support leg (22) are respec-
tively connected onto a stand column assembly (21) and
the pressure vessel (1) so that the central axis of the
stand column assembly (21) and the axis line of the pres-
sure vessel (1) coincide with each other; the plurality of

mechanical arms (25a, 25b, 25c, 25d) are provided with
a plurality of probe assemblies (24a, 24b, 24c, 24d) for
scanning respective components; the main rotary joint
(23) is rotatably connected to a lower part of the stand
column assembly (21) about the axial direction of the
stand column assembly (21); a second mechanical arm
(25b) is rotatably connected to the main rotary joint (23)
about a direction perpendicular to the axial direction of
the stand column assembly (21) by means of a swinging
joint (26), and other mechanical arms are detachably
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connected to the main rotary joint (23).
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to the field of the
nondestructive inspection for a pressure vessel of a nu-
clear reactor, particularly to a nondestructive inspection
robot for a pressure vessel of a CEPR-typed nuclear re-
actor and an inspection method thereof.

BACKGROUND OF THE INVENTION

[0002] A nuclear reactor pressure vessel is one of the
most important parts of a nuclear power plant, is used to
fix, support and contain the reactor core and all the re-
actor components, and is the only non-replaceable large
parts during the entire life of the nuclear power plant. The
quality of the nuclear reactor pressure vessel is the key
to ensure the normal and safe operation of the nuclear
power system. In order to confirm the quality of the nu-
clear reactor pressure vessel, in the inspection specifi-
cations and outlines of the nuclear power plant and the
nuclear power units, the mandatory requirements for
non-destructive inspection of the welds and other parts
of the pressure vessel are specified, and the pre-service
and in-service inspections of the pressure vessel are car-
ried out before putting into operation and after a certain
time interval of operation, respectively.
[0003] The main body of the nuclear reactor pressure
vessel is a cylinder, and the upper part of the cylinder is
connected with a hemispherical upper head by bolt as-
semblies and is welded with a flange, the lower part of
the cylinder is welded with a transition ring section which
is welded with a hemispherical lower head, a water inlet
nozzle and a water outlet nozzle are welded at the cyl-
inder body in a radially spaced manner, and the water
inlet nozzle and the water outlet nozzle are respectively
welded with a safety end which is welded with the main
pipe. Taking Taishan CEPR-typed reactor of China as
an example, the in-service inspection scope of nuclear
reactors includes: the internal overlaying welding layers
inside the reactor pressure vessel, the connecting weld
between the reactor pressure vessel transition ring sec-
tion and the inner radial guide block, the bolt hole thread
of the flange, the connection weld between the nozzle
cylinder section and the nozzle, the dissimilar metal weld
between the nozzle and the safe end, the circumferential
weld between respective sections of the cylinder body of
the reactor pressure vessel ( between the nozzle section
and the reactor core section of the cylinder body, between
the reactor core section and the transition ring section of
the cylinder body), the circumferential weld between the
transition ring section and the lower head, the bond zone
between the internal welding layer and the base metal
inside the nuclear reactor pressure vessel, the bolt hole
ligament area of the flange, the surfacing layer of the
strong neutron irradiation area of the reactor core, and
the like.

[0004] Usually nondestructive testings for the nuclear
reactor pressure vessel mainly are ultrasonic inspection
technology, video inspection technology and ray inspec-
tion technology. Among them, a contact-type convention-
al ultrasound examination requires ultrasonic probe must
be kept in contact with the pressure vessel surface, and
the ultrasonic waves of the probe are hit on both sides
of the weld from a variety of angles.
[0005] As the reactor pressure vessel inspections take
up the critical path of the nuclear power plant overhaul,
the efficiency and reliability of the inspection apparatus
are essential. The inspection apparatus of the prior art
generally does not achieve full coverage of all inspection
sections, and it needs to get out for multiple times during
the inspection.

SUMMARY OF THE INVENTION

[0006] Aiming at the above problems, an objective of
the present invention is to provide a nondestructive in-
spection robot for a pressure vessel of a nuclear reactor
and an inspection method thereof, the inspection scope
thereof covering all inspection items prescribed in the
pre-service/ in-service inspection outline of a nuclear re-
actor pressure vessel, it needs only one time to get out
of the water to complete all the inspection and has a high
reliability.
[0007] To solve the above problems, the technical so-
lutions of the present invention employs are:
[0008] A nondestructive inspection robot for a pressure
vessel of a nuclear reactor, the pressure vessel compris-
ing a cylinder body, a lower head, a tubular nozzle, and
a flange with a bolt hole and a bolt hole ligament area,
the robot comprises:

a stand column assembly stretchable along an axial
direction thereof;
a plurality of support legs for supporting the stand
column assembly, one end of each support leg being
fixedly connected to the stand column assembly and
another end being detachably connected onto the
pressure vessel so that the central axis of the stand
column assembly and the axis line of the pressure
vessel coinciding with each other;
a first mechanical arm provided with a first probe
assembly for scanning the cylinder body of the pres-
sure vessel;
a second mechanical arm provided with a second
probe assembly for scanning the lower head of the
pressure vessel;
a third mechanical arm provided with a third probe
assembly for scanning the tubular nozzle of the pres-
sure vessel;
a fourth mechanical arm provided with a fourth probe
assembly for scanning the screw thread of the bolt
hole of the flange of the pressure vessel and a fifth
probe assembly for scanning the bolt hole ligament
area of the flange of the pressure vessel;

1 2 



EP 3 151 246 A1

4

5

10

15

20

25

30

35

40

45

50

55

a main rotary joint rotatably connected to a lower
part of the stand column assembly about the axial
direction of the stand column assembly, the second
mechanical arm being rotatably connected to the
main rotary joint about a direction perpendicular to
the axial direction of the stand column assembly by
means of a swinging joint, and other mechanical
arms being detachably connected to the main rotary
joint;
wherein, ends of each mechanical arms have an end
rotary joint rotating about the axial line of its own, the
first mechanical arms and the second mechanical
arm both have a first stretchable joint, the first
stretchable joint of the first mechanical arms is lo-
cated between the main rotary joint and the end ro-
tary joint thereof, the first stretchable joint of the sec-
ond mechanical arms is located between the swing-
ing joint and the end rotary joint thereof, the third
mechanical arm and the fourth mechanical arm both
have a second stretchable joint between the main
rotary joint and the end rotary joint thereof, the end
rotary joint of the fourth mechanical arm has its axial
line parallel to the axial direction of the pressure ves-
sel and is connected to a lower part of the second
stretchable joint, the first probe assembly, the sec-
ond probe assembly, the third probe assembly and
the fourth probe assembly are respectively mounted
onto the end rotary joints of each mechanical arm,
and the fifth probe assembly is mounted onto the
second stretchable joint of the fourth mechanical arm
and has an axial direction perpendicular to the axial
direction of the pressure vessel.

[0009] Preferably, the end rotary joint comprises a fix-
ing seat having an inner cavity and detachably connected
to the first stretchable joint or the second stretchable joint,
a worm movably provided on the fixing seat and driven
to rotate by a first motor, a worm gear fitting with the worm
and located within the inner cavity, a first rotation shaft
coaxially connected to the worm gear, and two first syn-
chronous belt pulleys synchronously driven by a synchro-
nous belt, the first rotation shaft is arranged through the
inner cavity which is full of gas, a plurality of bearings
and dynamic seal assemblies are provided between the
first rotation shaft and the fixing seat, the first probe as-
sembly/ the second probe assembly/ the third probe as-
sembly/ the fourth probe assembly are mounted on the
first rotation shaft, one of the first synchronous belt pul-
leys is coaxially connected to the first rotation shaft, a
first coder is connected with the other one of the first
synchronous belt pulleys for collecting and feeding back
information of the angle position of the first rotation shaft,
and a second coder is provided on the first motor for
collecting and feeding back information of the rotational
angle and the rotational speed of the first motor.
[0010] Preferably, the first stretchable joint comprises
three layers of first sleeves sleeving over each other, two
first steel wire ropes, a first lead screw nut driven to rotate

by a second motor, and a first lead screw fitting with the
first lead screw nut, the first sleeve has a first end and a
second end opposite to each other, the second end of
an outer layer of the first sleeve of the first stretchable
joint of the first mechanical arm is connected to the main
rotary joint, the second end of an outer layer of the first
sleeve of the first stretchable joint of the second mechan-
ical arm is connected to the swinging joint, the first end
of an inner layer of the first sleeve is fixedly connected
to and axially parallel to an end of the first lead screw
and also connected to the end rotary joint, the first end
and the second end of the layer of the first sleeve between
the outer layer and the inner layer are both rotatably pro-
vided with a first pulley, the two first steel wire ropes are
respectively wound over one first pulley and two ends
thereof are respectively fixedly connected to the first end
of the outer layer and the second end of the inner layer
of the first sleeve, the winding directions of the two first
steel wire ropes are opposite, a third coder is provided
on the second motor for collecting and feeding back in-
formation of the rotational angle and the rotational speed
of the second motor, a first proximity switch is provided
on the first stretchable joint for calibrating an initial posi-
tion and a stop position of the inner layer of the sleeve.
[0011] Preferably, the second stretchable joint com-
prises three layers of second sleeves sleeving over each
other, two second steel wire ropes, a second lead screw
nut driven to rotate by a third motor, and a second lead
screw fitting with the second lead screw nut, the second
sleeve has a first end and a second end opposite to each
other, a middle part of an outer layer of the second sleeve
is connected to the main rotary joint, the first end of an
inner layer of the second sleeve is connected to the end
rotary joint, the second lead screw is rotatably provided
on and axially parallel to the outer layer of the second
sleeve about its own axial line, the layer of the second
sleeve between the outer layer and the inner layer is fix-
edly connected with the second lead screw nut, the first
end and the second end of the inner layer of the second
sleeve are both rotatably provided with a second pulley,
the two second steel wire ropes are respectively wound
over one second pulley and two ends thereof are respec-
tively fixedly connected to the first end of the outer layer
and the second end of the inner layer of the second
sleeve, the winding directions of the two second steel
wire ropes are opposite, and a fourth coder is provided
on the third motor for collecting and feeding back infor-
mation of the rotational angle and the rotational speed
of the third motor.
[0012] Preferably, the swinging joint comprises a drive
sprocket driven to rotate by a fourth motor, a driven
sprocket driven with the drive sprocket via a chain, and
a worm reducer driven with the driven sprocket, an output
shaft of the worm reducer being detachably connected
with the second mechanical arm.
[0013] More preferably, the swinging joint further com-
prises a second synchronous belt pulley driven with the
worm reducer, the second synchronous belt pulley being
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connected with a fifth coder for collecting and feeding
back information of the rotational angle of the output shaft
of the worm reducer.
[0014] Preferably, the main rotary joint comprises a
mounting seat with a cavity detachably connected to the
lower end of the stand column assembly, a fifth motor
provided on the mounting seat, a drive gear driven to
rotate by the fifth motor, a master gear engaging with the
drive gear, a second rotation shaft coaxially connected
to the master gear, the second rotation shaft being ar-
ranged through the cavity and a lower end thereof being
connected with respective mechanical arms.
[0015] More preferably, the main rotary joint further
comprises an anti-backlash gear engaging with the mas-
ter gear, a sixth coder connected onto the anti-backlash
gear for collecting and feeding back information of the
rotational angle and the rotational speed of the fifth motor,
at least two second proximity switches provided on the
mounting seat for calibrating an initial position and a max-
imum stroke position of the second rotary shaft.
[0016] More preferably, the drive gear and the master
gear are both helical gears.
[0017] Preferably, the nondestructive inspection robot
for a pressure vessel of a nuclear reactor further com-
prises a windlass mechanism for bringing the stand col-
umn assembly to stretch out and draw back.
[0018] More preferably, the stand column assembly
comprises two sleeved layers of third sleeves each with
an upper end and a lower end opposite to each other, an
end of the support leg is fixedly connected to an outer
layer of the third sleeve, the windlass mechanism com-
prises a support frame, the upper end of the outer layer
of the third sleeve is fixedly connected to the support
frame of the windlass mechanism, the upper end of the
inner layer of the third sleeve is below the windlass mech-
anism and rotatably provided with a third pulley, a steel
wire rope of the windlass mechanism is wound on the
third pulley from below and an end thereof is connected
to the upper end of the outer layer of the third sleeve.
[0019] More preferably, the stand column assembly
comprises a plurality of sleeved layers of third sleeves
with an upper end and a lower end opposite to each other,
the third sleeves are respectively denoted as B(1), B(2),
..., B(2i+1) from an outer layer to an inner layer, wherein
i=1, 2, ..., the upper end of B(1) is fixedly connected to
the windlass mechanism, the upper ends and the lower
ends of B(2), B(3), ..., B(2i-1), B(2i) as well as the upper
end of B(2i+1) are all rotationally provided with a third
pulley, the windlass mechanism comprises a support
frame and two steel wire ropes for down-passing and
pulling up respectively, the upper end of B(1) is fixedly
connected to the support frame of the windlass mecha-
nism, wherein an end of one of the steel wire ropes is
fixedly connected to the lower end of B(1) and wound on
the third pulleys of the lower end of B(2), ..., the upper
end of B(2i-1), the lower end of B(2i), and the upper end
of B(2i+1) one after another, an end of the other one of
the steel wire ropes is fixedly connected to the lower end

of B(1) and wound on the third pulleys of the upper end
of B(2), ..., the lower end of B(2i-1), the upper end of
B(2i), and the lower end of B(2i+1) one after another,
winding directions of the two steel wire ropes on each
third sleeve are opposite.
[0020] Further, the windlass mechanism further com-
prises a first winding drum and a second winding drum
arranged on the support frame and driven to rotate by a
sixth motor, steel wire ropes wound on the first winding
drum and the second winding drum respectively for
down-passing and pulling up, and a multiple-stage re-
ducer mechanism located within the sixth motor as well
as the first winding drum and the second winding drum,
the first winding drum and the second winding drum have
the same winding direction of the steel wire ropes but
rotate in opposite directions, the steel wire ropes are ar-
ranged through between the first winding drum and the
second winding drum and connected onto the stand col-
umn assembly, and the windlass mechanism further
comprises a seventh coder arranged on the multiple-
stage reducer mechanism for collecting and feeding back
information of the rotational angle of the first winding
drum and the second winding drum.
[0021] Preferably, the robot further comprises a first
camera assembly on a lower part of the main rotary joint
for monitoring respective mechanical arms, and a second
camera assembly on the second mechanical arms for
checking the whole inner wall of the pressure vessel.
[0022] More preferably, an extension block is connect-
ed between the first stretchable joint and the end rotary
joint of the second mechanical arms, and the second
camera assembly is arranged on the extension block.
[0023] Preferably, the number of the support legs is
three, a guide column is provided in a part of the bolt
holes of the flange of the pressure vessel, the axial di-
rections of the guide column and the stand column as-
sembly are parallel to each other, a through via is opened
on two of the support legs and fits with the guide column,
the two support legs are arranged through two guide col-
umns to support the stand column assembly, respective-
ly.
[0024] Preferably, the fourth mechanical arm further
comprises a connection block detachably connected to
the second stretchable joint thereof, and the connection
block has three end parts, a first end part thereof being
connecting to the second stretchable joint, a second end
part being provided with the fifth probe assembly, and a
third end part being connected to the end rotary joint.
[0025] An inspection method of the foregoing nonde-
structive inspection robot for a pressure vessel of a nu-
clear reactor, comprises the following steps in the proper
order:

A: arranging two support legs through two of the
guide columns, and in proper order, video checking
the lower head, ultrasonic scanning a circumferential
weld between a transition ring cylinder section and
the lower head, a bond zone between a base metal
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and an internal overlaying welding layer, a connec-
tion weld between a tubular nuzzle cylinder section
and the tubular nuzzle, the bolt hole ligament area
of the flange except where the support legs are lo-
cated, and the screw thread of the bolt hole of the
flange except where the support legs are located;
B: arranging two support legs through another two
of the guide columns, and in proper order, ultrasonic
scanning the screw thread of the bolt hole of the
flange not scanned in step A, the bolt hole ligament
area of the flange not scanned in step A, a dissimilar
metal connection weld between the tubular nuzzle
and a safe end, and circumferential welds between
the tubular nuzzle cylinder section and a reactor core
cylinder section as well as the reactor core cylinder
section and the transition ring cylinder section, and
checking the lower head;
C: getting the nondestructive inspection robot out of
the water.

[0026] Due to the use of the above-mentioned techni-
cal solutions, the invention has the advantages over the
prior art: by adjusting the axial positions of respective
probe assemblies by means of stretching out and draw-
ing back of the stand column assembly in the axial direc-
tion, adjusting the radial positions of respective probe
assemblies along the pressure vessel by stretching out
and drawing back of respective mechanical arms along
respective axial directions, adjusting the circumferential
positions of respective probe assemblies along the pres-
sure vessel via the main rotary joint, adjusting the angles
of respective probe assemblies via the main rotary joint,
and adjusting the axial position of the probe assembly
for scanning the lower head within the lower head, the
present invention can achieve a full coverage of inspec-
tion parts of the nuclear reactor pressure vessel, and can
complete all inspection items prescribed in the in-service
inspection outline of a nuclear reactor pressure vessel
by getting out of the water only in one time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure 1 is a structure schematic diagram of a pres-
sure vessel of a nuclear reactor;
Figure 2 is a structure schematic diagram of the
present invention;
Figure 3 is a principle schematic diagram of the
present invention;
Figure 4 is a structure schematic diagram of a wind-
lass mechanism of the present invention;
Figure 5 is a structure schematic diagram of a stand
column assembly of the present invention;
Figure 6 is a structure schematic diagram of a stand
column assembly in another embodiments of the
present invention;
Figure 7 is a structure schematic diagram of a main

rotary joint of the present invention;
Figure 8 is a structure schematic diagram of a swing-
ing joint of the present invention;
Figure 9 is a structure schematic diagram of a first
stretchable joint of the present invention;
Figure 10 is a structure schematic diagram of a sec-
ond stretchable joint of the present invention;
Figure 11 is a structure schematic diagram of an end
rotary joint of the present invention.

Wherein, 1 - pressure vessel; 10 - cylinder body; 101 -
tubular nuzzle cylinder section; 102 - reactor core cylin-
der section; 103 - transition ring cylinder section; 11 -
flange; 111 - bolt hole; 112 - bolt hole ligament area; 12
- lower head; 13 - tubular nuzzle; 14 - safe end; 16 - guide
block;

20 - windlass mechanism; 200 - support frame; 201
- sixth motor; 202 - multiple-stage reducer mecha-
nism; 203 - first gear; 204 - second gear; 205 - first
winding drum; 206 - second winding drum; 207 - sev-
enth coder; 208 - contracting brake mechanism; 209
- emergency drawing back mechanism;
21 - stand column assembly; 211 - B(1); 212 - B(2);
213 - B(3); 214 - B(4); 215 - B(5); 216 - third pulley;
22 - support leg; 220 - through via;
23 - main rotary joint; 230 - mounting seat; 231 - fifth
motor; 232 - drive gear; 233 - master gear; 234 -
second rotation shaft; 235 - anti-backlash gear; 236
- sixth coder; 237 - second proximity switch;
24a - first probe assembly; 24b - second probe as-
sembly; 24c - third probe assembly; 24d - fourth
probe assembly; 24e - fifth probe assembly;
25a - first mechanical arm; 251a - extension block;
25b - second mechanical arm; 25c - third mechanical
arm; 25d - fourth mechanical arm; 252 - connection
block;
26 - swinging joint; 261 - fourth motor; 262 - drive
sprocket; 263 - chain; 264 - driven sprocket; 265 -
worm reducer; 2650 - output shaft; 266 - second syn-
chronous belt pulley; 267 - fifth coder;
27 - first stretchable joint; 271 - first sleeve; 272 -
first steel wire rope; 273 - second motor; 274 - first
lead screw nut; 275 - first lead screw; 276 - first pul-
ley;
28 - second stretchable joint; 281 - second sleeve;
282 - second steel wire rope; 283 - third motor; 284
- second lead screw; 2840 - support frame; 285 -
second lead screw nut; 286 - second pulley;
29 - end rotary joint; 291 - fixing seat; 292 - first motor;
293 - worm; 294 - worm gear; 295 - first rotation shaft;
296 - first synchronous belt pulley; 297 - first coder;
30a - first camera assembly; 30b - second camera
assembly.
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DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0028] In the following, the preferable embodiments of
the present invention are explained in detail combining
with the accompanying drawings so that the advantages
and features of the present invention can be easily un-
derstood by the skilled persons in the art, and thus it is
clear to define the protective scope of the present inven-
tion. As referred herein, upper and lower in the present
invention respectively correspond to the upper and lower
side of Figure 2 on paper, and the axial direction of the
stand column and the axial direction of the pressure ves-
sel 1 respectively correspond to the up and down direc-
tions of Figure 2 on paper.
[0029] Figure 1 is a structure schematic diagram of a
pressure vessel 1 of a CEPR-typed nuclear reactor in
the prior art. As shown in Figure 1, the pressure vessel
1 comprises a cylinder body 10, a flange 11, a hemispher-
ical lower head 12, and a tubular nuzzle 13. Wherein, the
cylinder body 10 consists of a tubular nuzzle cylinder
section 101, a reactor core cylinder section 102, and a
transition ring cylinder section 103 successively welded
from upper to lower. An upper part of the tubular nuzzle
cylinder section 101 is welded with the flange 11, an up-
per end surface of the flange 11 is opened with a circle
of bolt holes 111 along the circumference, the bolt holes
111 are used to connect with a hemispherical upper head
and for a guide column inserting in during inspection, and
the flange 11 has a circle of bolt hole ligament area 112
right opposite the circle of bolt holes 111. A plurality of
tubular nuzzles 13 are spaced opened on the tubular
nuzzle cylinder section 101 along the circumference, a
part of the tubular nuzzles 13 are connected with a main
water inlet pipe (not shown), and another part of the tu-
bular nuzzles 13 are connected with a main water outlet
pipe (not shown), ends of the tubular nuzzles 13 are weld-
ed with a circle of safe ends 14 welded with the main
water inlet/ outlet pipes, and the safe ends 14 and the
tubular nuzzles 13 are dissimilar metal welded. A plurality
of guide blocks 16 is spaced provided on the inner wall
of the transition ring cylinder section 103 along the axial
direction, and the guide blocks 16 are welded with the
transition ring cylinder section 103. All inner walls of the
base metal of the pressure vessel 1 are welded with an
internal overlaying welding layer for antisepsis. The pre-
service/ in-service inspection items of the whole pressure
vessel 1 include: a, scanning the internal overlaying weld-
ing layer; b, scanning the connecting weld between the
transition ring section and the guide blocks 16; c, scan-
ning the thread of the bolt holes 111 of the flange 11; d,
scanning the connection weld between the nozzle cylin-
der section 101 and the tubular nozzles 13; e, scanning
the dissimilar metal weld between the tubular nozzles 13
and the safe ends 14; f, scanning the circumferential
welds between the nozzle cylinder section 101 and the
reactor core cylinder section 102 as well as between the
reactor core cylinder section 102 and the transition ring

cylinder section 103; g, scanning the circumferential weld
between the transition ring cylinder section 103 and the
lower head 12; h, scanning the bond zone between the
base metal and the internal overlaying welding layer; i,
scanning the bolt hole ligament area 112 of the flange 11.
[0030] As shown in Figures 2 and 3, a nondestructive
inspection robot for a pressure vessel 1 of a CEPR-typed
nuclear reactor, comprises:

a stand column assembly 21 stretchable along an
axial direction thereof;
a plurality of support legs 22 for supporting the stand
column assembly 21, one end of each support leg
22 being fixedly connected to the stand column as-
sembly 21 and another end being detachably con-
nected onto the pressure vessel 1 so that the central
axis of the stand column assembly 21 and the axis
line of the pressure vessel 1 coinciding with each
other;
a first probe assembly 24a for scanning the cylinder
body 10 of the pressure vessel 1;
a second probe assembly 24b for scanning the lower
head 12 of the pressure vessel 1, and also used for
scanning the cylinder body 10 of the pressure vessel
1;
a third probe assembly 24c for scanning the tubular
nuzzles 13 of the pressure vessel 1;
a fourth probe assembly 24d for scanning the thread
of the bolt holes 111 of the flange 11 of the pressure
vessel 1;
a fifth probe assembly 24e for scanning the bolt hole
ligament area 112 of the flange 11 of the pressure
vessel 1;
a plurality of mechanical arms stretchable along their
own axial directions, the first probe assembly 24a,
the second probe assembly 24b, the third probe as-
sembly 24c, the fourth probe assembly 24d and the
fifth probe assembly 24e are respectively provided
on the ends of five mechanical arms, or the first probe
assembly 24a, the second probe assembly 24b, the
third probe assembly 24c and the fourth probe as-
sembly 24d are respectively provided on the ends
of four mechanical arms and the fifth probe assembly
24e is provided on the end of one of the four me-
chanical arms.
a main rotary joint 23 rotatably connected to a lower
part of the stand column assembly 21 about the axial
direction of the stand column assembly 21, wherein
the mechanical arm provided with the second probe
assembly 24b is rotatably connected to the main ro-
tary joint 23 about a direction perpendicular to the
axial direction of the stand column assembly 21 by
means of a swinging joint 26, and other mechanical
arms are detachably connected to the main rotary
joint 23;

[0031] Specifically in this embodiment, the mechanical
arms comprise a first mechanical arm 25a rotatably pro-
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vided with the first probe assembly 24a, a second me-
chanical arm 25b rotatably provided with the second
probe assembly 24b, a third mechanical arm 25c rotat-
ably provided with the third probe assembly 24c, and a
fourth mechanical arm 25d rotatably provided with the
fourth probe assembly 24d, the first probe assembly 24a,
the second probe assembly 24b and the third probe as-
sembly 24c rotate about the axial directions of the me-
chanical arms (25a, 25b, 25c) respectively, the fourth
probe assembly 24d is connected to the lower part of an
end of the fourth mechanical arm 25d and rotates about
a direction parallel to the axial direction of the pressure
vessel 1, and the fifth probe assembly 24e is fixedly pro-
vided on the fourth mechanical arm 25d. The first probe
assembly 24a, the second probe assembly 24b, the third
probe assembly 24c, the fourth probe assembly 24d and
the fifth probe assembly 24e all employ an ultrasonic
sounding manner, and all comprise a probe frame con-
nected with the respective mechanical arm and one or
more ultrasonic probes provided on the probe frame.
Wherein the structures of the first probe assembly 24a,
the second probe assembly 24b and the third probe as-
sembly 24c are disclosed in Chinese patents
CN101894593, CN101894592 and CN2014100255602,
respectively. The probe of the fifth probe assembly 24e
is provided right opposite the bolt hole ligament area 112
of the flange 11, and during scanning, there is no need
to adjust the angle of the probe, and the axial position
and the radial position of the probe are adjusted via the
main rotary joint 23 and a second stretchable joint of the
fourth mechanical arm 25d.
[0032] The ends of the first mechanical arm 25a, the
second mechanical arm 25b and third mechanical arm
25c as well as the lower part of the end of the fourth
mechanical arm 25d all have an end rotary joint 29; the
first mechanical arms 25a and the second mechanical
arm 25b both have a first stretchable joint 27, the first
stretchable joint 27 of the first mechanical arms 25a is
located between the main rotary joint 23 and the end
rotary joint 29 thereof, and the first stretchable joint 27
of the second mechanical arms 25b is located between
the swinging joint 26 and the end rotary joint 29 thereof;
the third mechanical arm 25c and the fourth mechanical
arm 25d both have a second stretchable joint 28 between
the main rotary joint 23 and the end rotary joint 29, the
end rotary joint 29 of the fourth mechanical arm 25d has
its axial line parallel to the axial direction of the pressure
vessel and is connected to a lower part of the second
stretchable joint 28; the fourth mechanical arm 25d fur-
ther comprises a connection block 252 detachably con-
nected to the second stretchable joint 28 thereof, and the
connection block has three end parts, a first end part
thereof being connected to the second stretchable joint
28, a second end part being provided with the fifth probe
assembly 24e, and a third end part being connected to
the end rotary joint 29; the axial direction of the end rotary
joint of the fourth mechanical arm 25d is parallel to the
axial direction of the pressure vessel, and the first probe

assembly 24a, the second probe assembly 24b, the third
probe assembly 24c and the fourth probe assembly 24d
are mounted onto the end rotary joints 29 of respective
mechanical arms, respectively.
[0033] As shown in Figure 3, the nondestructive in-
spection robot for a pressure vessel of a nuclear reactor
comprises three kinds of straight-line moving joints, i.e.,
one stand column assembly 21, two first stretchable
joints 27 and two second stretchable joints 28, as well
as three kinds of rotating joints, i.e., one main rotary joint
23, one swinging joint 26 and four end rotary joints 29,
the above mentioned joints and the stand column assem-
bly 21 all are modularly provided, and the connection
manners between any two of them all are detachable
connection for ease of disassembly, replacement and
reassembly. Wherein the stand column assembly 21 is
used to adjust the depth position of respective probe as-
semblies in the axial direction of the pressure vessel 1,
or the axial position for short; the main rotary joint 23 is
used to adjust the position of respective probe assem-
blies in 360 degrees of one circumference of the pressure
vessel 1, or the circumferential position for short; the
swinging joint 26 is used to adjust the position of the
second probe assembly 24b within the lower head 12;
the first stretchable joint 27 is used to adjust the position
of the first probe assembly 24a and the second probe
assembly 24b within the cylinder body 10 and the lower
head 12 along the radial direction, or radial position for
short, the second stretchable joint 28 is used to adjust
the position of the third probe assembly 24c within the
tubular nuzzle 13 as well as the fourth probe assembly
24d and the fifth probe assembly 24e on the flange 11,
and the travel distance of the first stretchable joint 27 is
shorter than that of the second stretchable joint 28. The
respective joints are described one by one in the follow-
ing.
[0034] The nondestructive inspection robot for a pres-
sure vessel of a nuclear reactor further comprises a wind-
lass mechanism 20 for bringing the stand column assem-
bly 21 to stretch out and draw back. As shown in Figure
4, the windlass mechanism 20 mainly implements the
stretching out and drawing back of a steel wire rope, and
comprises a first winding drum 205 and a second winding
drum 206 arranged on a support frame 200 and driven
to rotate by a sixth motor 201, steel wire ropes wound on
the first winding drum 205 and the second winding drum
206 respectively for down-passing and pulling up, and a
multiple-stage reducer mechanism 202 located within the
sixth motor 201 as well as the first winding drum 205 and
the second winding drum 206, the first winding drum 205
and the second winding drum 206 have the same winding
direction of the steel wire ropes but rotate in opposite
directions, the steel wire ropes are arranged through be-
tween the first winding drum 205 and the second winding
drum 206 and connected onto the stand column assem-
bly 21. The windlass mechanism 20 further comprises a
seventh coder 207 arranged on the multiple-stage reduc-
er mechanism 202 for collecting and feeding back infor-
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mation of the rotational angle of the first winding drum
205 and the second winding drum 206. The multiple-
stage reducer mechanism 202 comprises a primary level
reducer, a secondary level reducer, a tertiary level re-
ducer, a first gear 203 and a second gear 204, wherein
the first gear 203 and the second gear 204 engage with
each other, the first winding drum 205 and the first gear
203 are coaxially connected, the second winding drum
206 and the second gear 204 are coaxially connected,
the first winding drum 205 and the second winding drum
206 drive one steal wire rope to pass down and another
steal wire rope to pull up. For safety, the windlass mech-
anism 20 further comprises a contracting brake mecha-
nism 208 and an emergency drawing back mechanism
209, and when the sixth motor 201 has no action, the
contracting brake mechanism 208 holds the rotation shaft
of the sixth motor 201 tightly to keep the steel wire ropes
still. The emergency drawing back mechanism 209 may
draw back the steel wire ropes when the motor fails. The
seventh coder 207 is arranged on the secondary level
reducer for measuring the rotational angle of the first
winding drum 205, and the controller of the nondestruc-
tive inspection robot may calculate the length of the steel
wire rope being drawn back and stretched out by con-
version after receiving the feedback information from the
seventh coder 207.
[0035] As shown in Figure 5, the stand column assem-
bly 21 comprises five sleeved layers of third sleeves with
an upper end and a lower end opposite to each other,
the third sleeves are respectively denoted as B(1), ...,
B(5) (211 - 215) from an outer layer to an inner layer, the
upper end of B(1) is fixedly connected to the windlass
mechanism 20, the upper ends and the lower ends of
B(2), B(3), and B(4) as well as the upper end of B(5) are
all rotationally provided with a third pulley 216, the upper
end of B(1) is fixedly connected to the support frame 200
of the windlass mechanism 20, wherein an end of one of
the steel wire ropes is fixedly connected to the lower end
of B(1) and wound on the third pulleys 216 of the lower
end of B(2), the upper end of B(3), the lower end of B(4),
and the upper end of B(5) one after another, the two steel
wire ropes on each third sleeve are in opposite winding
directions and wind through the two third pulleys of B(2),
B(3), and B(4) from outside, here, the outside is the op-
posite to the inner side, and the inner side refers to the
side between the two third pulleys 216 of the upper and
lower ends of the same third sleeve.
[0036] In another implementations, as shown in Figure
6, the stand column assembly 21 comprises two sleeved
layers of third sleeves each with an upper end and a
lower end opposite to each other, an end of the support
leg 22 is fixedly connected to an outer layer of the third
sleeve, the windlass mechanism 20 comprises a support
frame 200, the upper end of the outer layer of the third
sleeve is fixedly connected to the support frame 200 of
the windlass mechanism 20, the upper end of the inner
layer of the third sleeve is below the windlass mechanism
and rotatably provided with a third pulley 216, a steel wire

rope of the windlass mechanism 20 is wound on the third
pulley 216 from below and an end thereof is connected
to the upper end of the outer layer of the third sleeve.
The travel distance of the stand column assembly 21 of
this structure is considerably shorter than that of the stand
column assembly 21 with five layers of third sleeves.
[0037] As shown in Figure 7, the main rotary joint 23
is used to achieve the whole rotation of all mechanical
arms at the lower part, and comprises a mounting seat
230 with a cavity and detachably connected to the lower
end of the innermost layer (B(5)) of the third sleeve of
the stand column assembly 21, a fifth motor 231 provided
on the mounting seat 230, a drive gear 232 driven to
rotate by the fifth motor, a master gear 233 engaging with
the drive gear 232, a second rotation shaft 234 coaxially
connected to the master gear 233, the second rotation
shaft 234 being arranged through the cavity and a lower
end thereof being connected with respective mechanical
arms. A plurality of bearings are provided between the
mounting seat 230 and the second rotation shaft 234 to
dynamic seal the cavity. The drive gear 232 and the mas-
ter gear 234 both are helical gears.
[0038] The main rotary joint 23 further comprises an
anti-backlash gear 235 engaging with the master gear
233, a sixth coder 236 connected onto the anti-backlash
gear 235 for collecting and feeding back information of
the rotational angle and the rotational speed of the fifth
motor 231, a pair of second proximity switches 237 pro-
vided on the mounting seat 230 for calibrating an initial
position and a maximum stroke position (i.e., 0 - 380 de-
grees) of the second rotary shaft 234, a sensor is provid-
ed on the master gear 233 and when the sensor is turned
to a position directly facing the second proximity switch
237, the second proximity switch 237 detects a signal,
and the controller of the nondestructive inspection robot
works out the rotational angle and the rotational speed
of the main rotary joint by conversion after receiving the
above mentioned signal.
[0039] As shown in Figure 8, the swinging joint 26 com-
prises a drive sprocket 262 driven to rotate by a fourth
motor 261, a driven sprocket 264 driven with the drive
sprocket 262 via a chain 263, and a worm reducer 265
driven with the driven sprocket 264, an output shaft 2650
of the worm reducer 265 being detachably connected
with the second mechanical arm 25b. The axial line of
the output shaft 2650 of the worm reducer is perpendic-
ular to the axial direction of the pressure vessel, and the
axial direction of the second mechanical arm 25b, i.e.,
the axial direction of the first stretchable joint thereof is
perpendicular to the axial line of the output shaft 2650 of
the worm reducer.
[0040] The swinging joint 26 further comprises a sec-
ond synchronous belt pulley 266 driven with the worm
reducer, and a fifth coder 267 is connected to the second
synchronous belt pulley 266 for collecting and feeding
back information of the rotational angle of the output shaft
2650 of the worm reducer. After receiving the above men-
tioned feedback, the controller of the nondestructive in-
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spection robot works out the swinging angle of the swing-
ing joint 26 by further conversion so as to control the
angle of the second mechanical arm 25b to change the
position of the second probe assembly 24b within the
lower head 12.
[0041] As shown in Figure 9, the first stretchable joint
27 comprises three layers of first sleeves 271 sleeving
over each other, two first steel wire ropes 272, a first lead
screw nut 274 driven to rotate by a second motor 273,
and a first lead screw 275 fitting with the first lead screw
nut 274, the first sleeve 271 has a first end and a second
end (corresponding to the left and right on the paper of
Figure 9) opposite to each other, the second end of an
outer layer of the first sleeve 271 of the first stretchable
joint 27 of the first mechanical arm 25a is detachably
connected to the second rotation shaft 234 of the main
rotary joint 23, the second end of an outer layer of the
first sleeve 271 of the first stretchable joint 27 of the sec-
ond mechanical arm 25b is connected to the output shaft
of the worm reducer of the swinging joint 26; the first end
of an inner layer of the first sleeve 271 is fixedly connected
to and axially parallel to an end of the first lead screw
275 and also connected to the end rotary joint 29 and
driven by the end rotary joint 29; the first end and the
second end of the layer of the first sleeve 271 between
the outer layer and the inner layer are both rotatably pro-
vided with a first pulley 276, the two first steel wire ropes
272 are respectively wound over one first pulley 276 and
two ends thereof are respectively fixedly connected to
the first end of the outer layer and the second end of the
inner layer of the first sleeve 271, the winding directions
of the two first steel wire ropes 272 are opposite. The
first end of the inner layer of the first sleeve 271 is de-
tachably connected with an extension block at rear end.
[0042] A third coder is provided on the second motor
273 for collecting and feeding back information of the
rotational angle and the rotational speed of the second
motor 273, a first proximity switch is provided on the inner
layer of the first sleeve 271 of the first stretchable joint
27 for calibrating an initial position and a stop position of
the inner layer of the sleeve 271, and a sensor fitting with
the first proximity switch is detachably connected with
the outer layer of the first sleeve. After receiving the
above mentioned feedback, the controller of the nonde-
structive inspection robot works out the distance of linear
movement of the swinging joint 27 by further conversion
so as to control the stretching extent of the first/ second
mechanical arm(25a, 25b) to change the radial position
of the first/ second probe assembly (24a, 24b). The output
shaft of the second motor is connected with the gear
which deliveries the rotation to the nut.
[0043] As shown in Figure 10, the second stretchable
joint 28 comprises three layers of second sleeves 281
sleeving over each other, two second steel wire ropes
282, a second lead screw 284 driven to rotate by a third
motor 283, and a second lead screw nut 285 fitting with
the second lead screw 284, the second sleeve 281 has
a first end and a second end (corresponding to the left

and right on the paper of Figure 10) opposite to each
other, a middle part of an outer layer of the second sleeve
281 is detachably connected to the second rotation shaft
234 of the main rotary joint 23 to keep balance, the first
end of an inner layer of the second sleeve 281 is con-
nected to the end rotary joint 29, the second lead screw
284 is rotatably provided on the outer layer of the second
sleeve 281 about its own axial line via a pair of supports
and axially parallel to the outer layer of the second sleeve
281; the layer of the second sleeve 281 between the outer
layer and the inner layer is fixedly connected with the
second lead screw nut 285, the first end and the second
end of the inner layer of the second sleeve 281 are both
rotatably provided with a second pulley 286, the two sec-
ond steel wire ropes 282 are respectively wound over
one second pulley286 and two ends thereof are respec-
tively fixedly connected to the first end of the outer layer
and the second end of the inner layer of the second
sleeves 281, the winding directions of the two second
steel wire ropes 282 are opposite.
[0044] A fourth coder is provided on the third motor
283 for collecting and feeding back information of the
rotational angle and the rotational speed of the third motor
283. After receiving the above mentioned feedback, the
controller of the nondestructive inspection robot works
out the distance of linear movement of the second
stretchable joint 28 by further conversion so as to control
the stretching extent of the third/ fourth mechanical
arm(25e 25d) to change the radial position of the third/
fourth/ fifth probe assembly (24c, 24d, 24e).
[0045] As shown in Figure 11, the end rotary joint 29
comprises a fixing seat 291 having an inner cavity and
detachably connected to the first stretchable joint 27 (the
first end of the inner layer of the first sleeve 271) or the
second stretchable joint 28 (the first end of the inner layer
of the second sleeve 281), a worm 293 movably provided
on the fixing seat 291 and driven to rotate by a first motor
292, a worm gear 294 fitting with the worm 293 and lo-
cated within the inner cavity, a first rotation shaft 295
coaxially connected to the worm gear 294, and two first
synchronous belt pulleys 296 driven by a belt; the first
rotation shaft 295 is arranged through the inner cavity
which is full of gas, a plurality of bearings and dynamic
seal assemblies are provided between the first rotation
shaft 295 and the fixing seat 291, and the first probe
assembly 24a/ the second probe assembly 24b/ the third
probe assembly 24c/ the fourth probe assembly 24d are
mounted on the first rotation shaft 295. The bearings are
used for supporting and provided with a plurality of dy-
namic seals outside to ensure that the end rotary joint 29
is able to be applied under water, and multiple layers of
oil seals are employed to dynamically seal bearings, and
meanwhile, gas pressure is applied to the inner cavity of
the fixing seat 291 to hermetically seal it.
[0046] One of the two first synchronous belt pulleys
296 is coaxially connected to the first rotation shaft 295,
the other one of the first synchronous belt pulleys 296 is
connected with a first coder 297 for collecting and feeding
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back information of the angle position of the first rotation
shaft 295, and a second coder is provided on the first
motor 292 for collecting and feeding back information of
the rotational angle and the rotational speed of the first
motor 292. The second coder is a redundant configura-
tion, for improving the precision of measurement on one
hand, and for detecting and feeding back with the help
of one coder when the other one fails on the other hand.
The first coder 297 and the second coder both are elec-
trically connected with the controller of the nondestructive
inspection robot, and when the controller receives infor-
mation fed back by the first coder 297 and/ or the second
coder, it adjusts the position and speed of the end rotary
joint 29 by controlling the rotating speed of the motor 292.
[0047] Overall, the first mechanical arm 25a consists
of one first stretchable joint 27, one extension block 251a
and one end rotary joint 29 from a beginning end to a
terminal end, the second end of the outer layer of the first
sleeve 271 of the first stretchable joint 27 is detachably
connected to the lower part of the second rotation shaft
234 of the main rotary joint 23, the first end of the inner
layer of the first sleeve 271 is detachably connected to
an end of the extension block 251 a, the other end of the
extension block 251 a is detachably connected to the
fixing seat 291 of the end rotary joint 29, and the first
rotation shaft 295 of the end rotary joint 29 is provided
with the first probe assembly 24a;
[0048] The second mechanical arm 25b consists of
one first stretchable joint 27, one extension block 251b
and one end rotary joint 29 from a beginning end to a
terminal end, the second end of the outer layer of the first
sleeve 271 of the first stretchable joint 27 is detachably
connected to the output shaft of the worm reducer of the
swinging joint 26, the second end of the inner layer of
the first sleeve 271 is detachably connected to the lower
part of the second rotation shaft 234 of the main rotary
joint 23, the first end of the inner layer of the first sleeve
271 is detachably connected to an end of the extension
block 251 a, the other end of the extension block 251a
is detachably connected to the fixing seat 291 of the end
rotary joint 29, and the first rotation shaft 295 of the end
rotary joint 29 is provided with the second probe assem-
bly 24b;
[0049] The third mechanical arm 25c consists of one
second stretchable joint 28 and one end rotary joint 29
from a beginning end to a terminal end, the middle part
of the outer layer of the second sleeve 281 of the second
stretchable joint 28 is detachably connected to the lower
part of the second rotation shaft 234 of the main rotary
joint 23, the first end of the inner layer of the second
sleeve 281 is detachably connected to the fixing seat 291
of the end rotary joint 29, and the first rotation shaft 295
of the end rotary joint 29 is provided with the third probe
assembly 24c;
[0050] The fourth mechanical arm 25d consists of one
second stretchable joint 28, one connection block 252
and one end rotary joint 29 from a beginning end to a
terminal end, the middle part of the outer layer of the

second sleeve 281 of the second stretchable joint 28 is
detachably connected to the lower part of the second
rotation shaft 234 of the main rotary joint 23, the first end
of the inner layer of the second sleeve 281 is detachably
connected to an end of the connection block 252, the
lower part of the connection block 252 is detachably con-
nected to the fixing seat 291 of the end rotary joint 29,
the first rotation shaft 295 of the end rotary joint 29 is
provided with the fourth probe assembly 24d, and the
other end of the connection block 252 is provided with
the fifth probe assembly 24e. The axial direction of the
fifth probe assembly 24e is arranged perpendicular to
the axial direction of the pressure vessel (i.e., horizontal)
so as to directly face the bolt hole ligament area of the
flange, and the axial direction of the fourth probe assem-
bly 24d is arranged parallel to the axial direction of the
pressure vessel and the axial direction of the bolt hole
(i.e., vertical) so that the fourth probe assembly 24d gets
close to the bolt hole to check.
[0051] Wherein, the third mechanical arm 25c and the
fourth mechanical arm 25d are symmetrically arranged
along the middle axial line of the stand column assembly
21 and above the first mechanical arm 25a and the sec-
ond mechanical arm 25b, and when one of the mechan-
ical arms fails or cannot complete the process in the field,
the other mechanical arm may be utilized and quickly
reassembled to achieve the scanning of the flange 11 or
the tubular nuzzle 13; the fist mechanical arm 25a and
the second mechanical arm 25b are basically symmetri-
cally arranged, and when the first stretchable joint 27 or
the end rotary joint 29 of one of mechanical arms fails or
cannot complete the process in the field, the first stretch-
able joint 27 or the end rotary joint 29 of the other me-
chanical arm may utilized and quickly reassembled to
achieve the scanning of the cylinder body 10 or the lower
head 12.
[0052] As shown in Figure 2, the robot further compris-
es a first camera assembly 30a on a lower part of the
main rotary joint 23 for monitoring respective mechanical
arms. The robot further comprises a second camera as-
sembly 30b on the second mechanical arm 25b for check-
ing the whole inner wall of the pressure vessel 1. An
extension block 251b is connected between the first
stretchable joint 27 and the end rotary joint 29 of the
second mechanical arm 25b, and the second camera
assembly 30b is arranged on the extension block 251 b.
The cameras of the first camera assembly and the sec-
ond camera assembly both are rotatably arranged so as
to obtain a relative large range of video images.
[0053] The number of the support legs 22 is three, a
guide column is provided in a part of the bolt holes of the
flange 11 of the pressure vessel 1, the axial directions of
the guide column and the stand column assembly 21 are
parallel to each other, a through via 220 is opened on
two of the support legs 22 and fits with the guide column,
the two support legs 22 are arranged through two guide
columns to support the stand column assembly 21, re-
spectively. The arrangement of the support legs 22 of
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the present invention is disclosed in "RPV Inspection
Equipment Support Legs Design and Reliability Study"
(NONDESTRUCTIVE TESTING, No. 11, 2013).
[0054] An inspection method of the foregoing nonde-
structive inspection robot for a pressure vessel of a CE-
PR-typed nuclear reactor of the present invention, com-
prises the following steps in the proper order:

A: arranging two support legs through two of the
guide columns, and in proper order, video checking
the lower head, ultrasonic scanning a circumferential
weld between a transition ring cylinder section and
the lower head, a bond zone between a base metal
and an internal overlaying welding layer, a connec-
tion weld between a tubular nuzzle cylinder section
and the tubular nuzzle, the bolt hole ligament area
of the flange except where the support legs are lo-
cated, and the screw thread of the bolt hole of the
flange except where the support legs are located;
B: arranging two support legs through another two
of the guide columns, and in proper order, ultrasonic
scanning the screw thread of the bolt hole of the
flange not scanned in step A, the bolt hole ligament
area of the flange not scanned in step A, a dissimilar
metal connection weld between the tubular nuzzle
and a safe end, and circumferential welds between
the tubular nuzzle cylinder section and a reactor core
cylinder section as well as the reactor core cylinder
section and the transition ring cylinder section, and
checking the lower head;
C: getting the nondestructive inspection robot out.

[0055] The specific testing process is as follow:

a, Scanning the internal overlaying welding layer:
the full range scanning is implemented by locating
the first probe assembly 24a and the second probe
assembly 24b to a specified position and state mainly
via the swinging joint 26, the first stretchable joints
27 and the end rotary joints 29 of the first mechanical
arm 25a and the second mechanical arm 25b, and
by associated moving the stand column assembly
21 and the main rotary joint 23. The deepest position
of the internal overlaying welding layer along the ax-
ial direction of the pressure vessel is 10532.5mm,
the maximum scanning radius is 2442.5mm, and the
circumferential scanning angle is 361 degrees
(wherein with 1 degree of overlay area). The move-
ment stroke range of the stand column assembly 21
and the main rotary joint 23 can cover the inspection
area.
b, Scanning the connection weld between the tran-
sition ring section and respective guide block 16: the
scanning method is similar to item a, and the full
range scanning is implemented by locating the first
probe assembly 24a and the second probe assembly
24b to a specified position and state mainly via the
swinging joint 26, the first stretchable joints 27 and

the end rotary joints 29 of the first mechanical arm
25a and the second mechanical arm 25b, and by
associated moving the stand column assembly 21
and the main rotary joint 23. The deepest position of
the connection weld of the guide block 16 along the
axial direction of the pressure vessel is less than 9m,
the maximum radius is 2442.5mm, and the circum-
ferential scanning angle is 361 degrees (wherein
with 1 degree of overlay area). The movement stroke
range of the stand column assembly 21 and the main
rotary joint 23 can cover the inspection area, the first
stretchable joint 27 has a enough stroke to ensure
the first probe assembly 24a/ the second probe as-
sembly 24b may be stretched out and drawn back
oppositely, and not interfere with the guide block 16
to avoid obstacle.
c, Scanning the thread of the bolt hole 11 of the
flange: there are four bolt holes 111 of the flange of
the pressure vessel of an EPR reactor (A, B, C, D)
mounted with guide columns therein, and in order to
ensure all bolt holes 111 can be scanned, the robot
inspects in a manner of installing for two times in a
positive and negative position. For positive installing,
the support legs 22 are arranged through the guide
columns of bolt holes 111 A and B to inspect the bolt
holes 111 C, D, etc.; for negative installing, the sup-
port legs 22 are arranged through the guide columns
of bolt holes 111 C and D to inspect the bolt holes
111 A, B, etc. The inspection is implemented mainly
by the fourth probe assembly 24d of the fourth me-
chanical arm 25d, the stand column assembly 21
and the second stretchable joint 28 are kept fixed,
and the main rotary joint 23 and the end rotary joint
29 are used to move for scanning with a movement
range over 361 degrees which satisfies the scanning
range.
d, Scanning the connection weld between the tubular
nuzzle cylinder section and the tubular nuzzle: the
weld is mainly located at the position R = 2843.5mm
of the pressure vessel, and the scanning is imple-
mented mainly by the third probe assembly 24c on
the third mechanical arm 25c. The stand column as-
sembly 21 and the main rotary joint 23 are kept still
for the positioning before scanning, and the second
stretchable joint 28 and the end rotary joint 29 are
used to implement the scanning along two directions,
i.e. the axial direction and the circumferential direc-
tion of the tubular nuzzle.
e, Scanning the dissimilar metal connection weld be-
tween the tubular nuzzle and the safe end 14: the
weld is mainly located at the position R = 3735mm
of the pressure vessel, and the scanning method is
similar to item d. The scanning is implemented main-
ly by the third probe assembly 24c on the third me-
chanical arm 25c. The stand column assembly 21
and the main rotary joint 23 are kept still for the po-
sitioning before scanning, and the second stretcha-
ble joint 28 and the end rotary joint 29 are used to
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implement the scanning along two directions, i.e. the
axial direction and the circumferential direction of the
tubular nuzzle.
f, Scanning the circumferential welds between the
tubular nuzzle cylinder section and the reactor core
cylinder section as well as the reactor core cylinder
section and the transition ring cylinder section: loca-
tion before scanning is implemented by locating to
a specified position and state mainly via the swinging
joint 26, the first stretchable joints and the end rotary
joints 29 of the first mechanical arm 25a and the sec-
ond mechanical arm 25b, and then the full range
scanning is implemented by associated movement
of the stand column assembly 21 and the main rotary
joint 23.
g, Scanning the circumferential weld between the
transition ring cylinder section and the lower head:
it is implemented mainly by the second probe as-
sembly 24b on the second mechanical arm 25b, the
location before scanning is implemented by locating
the stand column assembly 21, the first stretchable
joints 27 and the end rotary joints 29 to a specific
position and state, and then the full range scanning
is implemented by associated movement of the man
rotary joint 23 and the swinging joint 26.
h, Scanning the bond area between the base metal
and the internal overlaying welding layer: the same
with the scanning method of item a. In addition, the
scanning method for the surfacing welding layer
within the strong neutron irradiation area of the re-
actor core also is the same with the scanning method
of item a.
i, Scanning the bolt hole ligament area 112 of the
flange 11: the inspection is mainly implemented by
the fifth probe assembly 24e of the fourth mechanical
arm 25d. The location before scanning is implement-
ed by the stand column assembly 21 and the second
stretchable joint 28, and the scanning movement is
implemented by the main rotary joint 23.

[0056] The embodiments described above are only for
illustrating the technical concepts and features of the
present invention, and intended to make those skilled in
the art being able to understand the present invention
and thereby implement it, and should not be concluded
to limit the protective scope of this invention. Any equiv-
alent variations or modifications according to the spirit of
the present invention should be covered by the protective
scope of the present invention.

Claims

1. A nondestructive inspection robot for a pressure ves-
sel of a nuclear reactor, the pressure vessel com-
prising a cylinder body (10), a lower head (12), a
tubular nozzle (13, 14, 15), and a flange with a bolt
hole (111) and a bolt hole ligament area (112), is

characterized in that, the robot comprises:

a stand column assembly (21) stretchable along
an axial direction thereof;
a plurality of support legs (22) for supporting the
stand column assembly (21), one end of each
support leg (22) being fixedly connected to the
stand column assembly (21) and another end
being detachably connected onto the pressure
vessel (1) so that the central axis of the stand
column assembly (21) and the axis line of the
pressure vessel (1) coinciding with each other;
a first mechanical arm (25a) provided with a first
probe assembly (24a) for scanning the cylinder
body (10) of the pressure vessel;
a second mechanical arm (25b) provided with a
second probe assembly (24b) for scanning the
lower head (12) of the pressure vessel;
a third mechanical arm (25c) provided with a
third probe assembly (24c) for scanning the tu-
bular nozzle (13, 14, 15) of the pressure vessel;
a fourth mechanical arm (25d) provided with a
fourth probe assembly (24d) for scanning the
screw thread of the bolt hole (111) of the flange
of the pressure vessel and a fifth probe assem-
bly (24e) for scanning the bolt hole ligament area
(112) of the flange of the pressure vessel;
a main rotary joint (23) rotatably connected to a
lower part of the stand column assembly (21)
about the axial direction of the stand column as-
sembly (21), the second mechanical arm (25b)
being rotatably connected to the main rotary joint
(23) about a direction perpendicular to the axial
direction of the stand column assembly (21) by
means of a swinging joint (26), and other me-
chanical arms (25a, 25c, 25d) being fixly con-
nected to the main rotary joint (23);
wherein, ends of each mechanical arms have
an end rotary joint (29) rotating about the axial
line of its own, the first mechanical arms (25a)
and the second mechanical arm (25b) both have
a first stretchable joint (27), the first stretchable
joint (27) of the first mechanical arms (25a) is
located between the main rotary joint (23) and
the end rotary joint (29) thereof, the first stretch-
able joint (27) of the second mechanical arms
(25b) is located between the swinging joint (26)
and the end rotary joint (29) thereof, the third
mechanical arm (25c) and the fourth mechanical
arm (25d) both have a second stretchable joint
(28) between the main rotary joint (23) and the
end rotary joint (29) thereof, the end rotary joint
(29) of the fourth mechanical arm (25d) has its
axial line parallel to the axial direction of the pres-
sure vessel and is connected to a lower part of
the second stretchable joint (28), the first probe
assembly (24a), the second probe assembly
(24b), the third probe assembly (24c) and the
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fourth probe assembly (24d) are respectively
mounted onto the end rotary joints (29) of re-
spective mechanical arms, and the fifth probe
assembly (24e) is mounted onto the second
stretchable joint (28) of the fourth mechanical
arm (25d) and provided right opposite the bolt
hole ligament area (112) of the flange of the
pressure vessel.

2. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the end rotary joint (29) comprises a fixing
seat having an inner cavity and detachably connect-
ed to the first stretchable joint (27) or the second
stretchable joint (28), a worm movably provided on
the fixing seat and driven to rotate by a first motor,
a worm gear fitting with the worm and located within
the inner cavity, a first rotation shaft coaxially con-
nected to the worm gear, and two first synchronous
belt pulleys driven by a synchronous belt, the first
rotation shaft is arranged through the inner cavity
which is full of gas, a plurality of bearings and dy-
namic seal assemblies are provided between the first
rotation shaft and the fixing seat, the first probe as-
sembly (24a)/ the second probe assembly (24b)/ the
third probe assembly (24c)/ the fourth probe assem-
bly (24d) are mounted on the first rotation shaft, one
of the first synchronous belt pulleys is coaxially con-
nected to the first rotation shaft, a first coder is con-
nected with the other one of the first synchronous
belt pulleys for collecting and feeding back informa-
tion of the angle position of the first rotation shaft,
and a second coder is provided on the first motor for
collecting and feeding back information of the rota-
tional angle and the rotational speed of the first mo-
tor.

3. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the first stretchable joint (27) comprises
three layers of first sleeves sleeving over each other,
two first steel wire ropes, a first lead screw nut driven
to rotate by a second motor, and a first lead screw
fitting with the first lead screw nut, the first sleeve
has a first end and a second end opposite to each
other, the second end of an outer layer of the first
sleeve of the first stretchable joint (27) of the first
mechanical arm (25a) is connected to the main rotary
joint (23), the second end of an outer layer of the first
sleeve of the first stretchable joint (27) of the second
mechanical arm (25b) is connected to the swinging
joint (26), the first end of an inner layer of the first
sleeve is fixedly connected to and axially parallel to
an end of the first lead screw and also connected to
the end rotary joint (29), the first end and the second
end of the layer of the first sleeve between the outer
layer and the inner layer are both rotatably provided
with a first pulley, the two first steel wire ropes are

respectively wound over one first pulley and two
ends thereof are respectively fixedly connected to
the first end of the outer layer and the second end
of the inner layer of the first sleeve, the winding di-
rections of the two first steel wire ropes are opposite,
a third coder is provided on the second motor for
collecting and feeding back information of the rota-
tional angle and the rotational speed of the second
motor, a first proximity switch is provided on the first
stretchable joint (27) for calibrating an initial position
and a stop position of the inner layer of the first
sleeve.

4. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the second stretchable joint (28) comprises
three layers of second sleeves sleeving over each
other, two second steel wire ropes, a second lead
screw driven to rotate by a third motor, and a second
lead screw nut fitting with the second lead screw, the
second sleeve has a first end and a second end op-
posite to each other, a middle part of an outer layer
of the second sleeve is connected to the main rotary
joint (23), the first end of an inner layer of the second
sleeve is connected to the end rotary joint (29), the
second lead screw is rotatably provided on and ax-
ially parallel to the outer layer of the second sleeve
about its own axial line, the layer of the second sleeve
between the outer layer and the inner layer is fixedly
connected with the second lead screw nut, the first
end and the second end of the inner layer of the
second sleeve are both rotatably provided with a sec-
ond pulley, the two second steel wire ropes are re-
spectively wound over one second pulley and two
ends thereof are respectively fixedly connected to
the first end of the outer layer and the second end
of the inner layer of the second sleeve, the winding
directions of the two second steel wire ropes are op-
posite, a fourth coder is provided on the third motor
for collecting and feeding back information of the ro-
tational angle and the rotational speed of the third
motor.

5. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the swinging joint (26) comprises a drive
sprocket driven to rotate by a fourth motor, a driven
sprocket driven with the drive sprocket via a chain,
and a worm reducer driven with the driven sprocket,
an output shaft of the worm reducer being detachably
connected with the second mechanical arm (25b).

6. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the swinging joint (26) further comprises a
second synchronous belt pulley driven with the worm
reducer, the second synchronous belt pulley being
connected with a fifth coder for collecting and feeding
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back information of the rotational angle of the output
shaft of the worm reducer.

7. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the main rotary joint (23) comprises a
mounting seat with a cavity and detachably connect-
ed to the lower end of the stand column assembly
(21), a fifth motor provided on the mounting seat, a
drive gear driven to rotate by the fifth motor, a master
gear engaging with the drive gear, a second rotation
shaft coaxially connected to the master gear, the
second rotation shaft being arranged through the
cavity and a lower end thereof being connected with
respective mechanical arms.

8. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 7,
wherein the main rotary joint (23) further comprises
an anti-backlash gear engaging with the master
gear, a sixth coder connected onto the anti-backlash
gear for collecting and feeding back information of
the rotational angle and the rotational speed of the
fifth motor, at least two second proximity switches
provided on the mounting seat for calibrating an in-
itial position and a maximum stroke position of the
second rotary shaft.

9. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 7,
wherein the drive gear and the master gear are both
helical gears.

10. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the nondestructive inspection robot for a
pressure vessel of a nuclear reactor further compris-
es a windlass mechanism (20) for bringing the stand
column assembly (21) to stretch out and draw back.

11. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 10,
wherein the stand column assembly (21) comprises
two sleeved layers of third sleeves each with an up-
per end and a lower end opposite to each other, an
end of the support leg is fixedly connected to an outer
layer of the third sleeve, the windlass mechanism
(20) comprises a support frame, the upper end of
the outer layer of the third sleeve is fixedly connected
to the support frame of the windlass mechanism (20),
the upper end of the inner layer of the third sleeve
is below the windlass mechanism and rotatably pro-
vided with a third pulley, a steel wire rope of the wind-
lass mechanism (20) is wound on the third pulley
from below and an end thereof is connected to the
upper end of the outer layer of the third sleeve.

12. The nondestructive inspection robot for a pressure

vessel of a nuclear reactor according to claim 10,
wherein the stand column assembly (21) comprises
a plurality of sleeved layers of third sleeves with an
upper end and a lower end opposite to each other,
the third sleeves are respectively denoted as B(1),
B(2), ..., B(2i+1) from an outer layer to an inner layer,
wherein i=1, 2, ..., the upper end of B(1) is fixedly
connected to the windlass mechanism (20), the up-
per ends and the lower ends of B(2), B(3), ..., B(2i-
1), B(2i) as well as the upper end of B(2i+1) are all
rotationally provided with a third pulley, the windlass
mechanism (20) comprises a support frame and two
steel wire ropes for down-passing and pulling up re-
spectively, the upper end of B(1) is fixedly connected
to the support frame of the windlass mechanism (20),
wherein an end of one of the steel wire ropes is fixedly
connected to the lower end of B(1) and wound on
the third pulleys of the lower end of B(2), the upper
end of B(3), ..., the upper end of B(2i-1), the lower
end of B(2i), and the upper end of B(2i+1) one after
another, an end of the other one of the steel wire
ropes is fixedly connected to the lower end of B(1)
and wound on the third pulleys of the upper end of
B(2), the lower end of B(3), ..., the lower end of B(2i-
1), the upper end of B(2i), and the upper end of
B(2i+1) one after another, winding directions of the
two steel wire ropes on each third sleeve are oppo-
site.

13. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 12,
wherein the windlass mechanism (20) further com-
prises a first winding drum and a second winding
drum arranged on the support frame and driven to
rotate by a sixth motor, steel wire ropes wound on
the first winding drum and the second winding drum
respectively for down-passing and pulling up, and a
multiple-stage reducer mechanism located within
the sixth motor as well as the first winding drum and
the second winding drum, the first winding drum and
the second winding drum have the same winding
direction of the steel wire ropes but rotate in opposite
directions, the steel wire ropes are arranged through
between the first winding drum and the second wind-
ing drum and connected onto the stand column as-
sembly (21), and the windlass mechanism (20) fur-
ther comprises a seventh coder arranged on the mul-
tiple-stage reducer mechanism for collecting and
feeding back information of the rotational angle of
the first winding drum and the second winding drum.

14. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the robot further comprises a first camera
assembly on a lower part of the main rotary joint (23)
for monitoring respective mechanical arms, and a
second camera assembly on the second mechanical
arms (25b) for checking the whole inner wall of the
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pressure vessel.

15. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 14,
wherein an extension block is connected between
the first stretchable joint (27) and the end rotary joint
(29) of the second mechanical arm (25b), and the
second camera assembly is arranged on the exten-
sion block.

16. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the number of the support legs is three, a
guide column is provided in a part of the bolt holes
of the flange of the pressure vessel, the axial direc-
tions of the guide column and the stand column as-
sembly (21) are parallel to each other, a through via
is opened on two of the support legs and fits with the
guide column, the two support legs are arranged
through two guide columns to support the stand col-
umn assembly (21), respectively.

17. The nondestructive inspection robot for a pressure
vessel of a nuclear reactor according to claim 1,
wherein the fourth mechanical arm (25d) further
comprises a connection block (252) detachably con-
nected to the second stretchable joint (28) thereof,
and the connection block has three end parts, a first
end part thereof being connecting to the second
stretchable joint (28), a second end part being pro-
vided with the fifth probe assembly (24e), and a third
end part being connected to the end rotary joint (29).

18. An inspection method of the nondestructive inspec-
tion robot for a pressure vessel of a nuclear reactor
according to any one of claims 1 -17, characterized
in that, the method comprises the following steps in
the proper order:

A: arranging two support legs through two of the
guide columns, and in proper order, video
checking the lower head, ultrasonic scanning a
circumferential weld between a transition ring
cylinder section and the lower head, a bond zone
between a base metal and an internal overlaying
welding layer, a connection weld between a tu-
bular nuzzle cylinder section and the tubular
nuzzle, the bolt hole ligament area of the flange
except where the support legs are located, and
the screw thread of the bolt hole of the flange
except where the support legs are located;
B: arranging two support legs through another
two of the guide columns, and in proper order,
ultrasonic scanning the screw thread of the bolt
hole of the flange not scanned in step A, the bolt
hole ligament area of the flange not scanned in
step A, a dissimilar metal connection weld be-
tween the tubular nuzzle and a safe end, and

circumferential welds between the tubular nuz-
zle cylinder section and a reactor core cylinder
section as well as the reactor core cylinder sec-
tion and the transition ring cylinder section, and
checking the lower head;
C: getting the nondestructive inspection robot
out.
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