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(57)  Disclosed in the presentinvention is a guide rail
mechanism suitable for cleaning a steam generator. The
guide rail mechanism comprises a first guide rail and a
second guide rail which are in insertion fit with each other,
and a line guide rail arranged on the first guide rail and
the second guide rail, wherein a plurality of positioning
holes are provided in the line guide rail, the distance be-
tween adjacent positioning holes is the same as that be-
tween adjacent heat transfer tubes in the steam gener-
ator, and the positioning holes cooperate with a proximity
sensor on a cleaning mechanism, so as to achieve trans-
lation positioning of the cleaning mechanism. The guide
rail mechanism comprises a first clamping assembly and
a second clamping assembly which are arranged on the

first guide rail and the second guide rail, and used for
clamping a left portion and a right portion, respectively,
of a spreader plate in the steam generator. According to
the guide rail mechanism suitable for cleaning a steam
generator in the present invention, the cleaning mecha-
nism can equidistantly move below the whole-section
guide rail mechanism, and the guide rail mechanism is
convenient to mount, and is structurally stable after being
mounted.
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Description
FIELD
[0001] The invention relates to the field of steam gen-

erator cleaning technology, and more particularly to a
guide rail mechanism in a high-efficiency and convenient
steam generator cleaning device suitable for confined
spaces, the method for installing the guide rail mecha-
nism onto the divider plate of the steam generator, the
steam generator cleaning device mounted with the guide
rail mechanism and the cleaning method for steam gen-
erators with the cleaning device.

BACKGROUND

[0002] Steam generatorisimportantforheatexchange
between primary and secondary loops in a nuclear power
plant, and has tens of thousands of tube bundles installed
inside. During each shutdown maintenance of the nucle-
ar power plant, the secondary side tube bundles of the
steam generator must be cleaned.

[0003] In the existing steam generator cleaning tech-
nologies, restricted by the structure of steam generators,
the handhole cleaning is generally realized by half-sec-
tion cleaning, i.e. putting the cleaning tool into the vessel
from handholes on both sides respectively for cleaning,
and the cleaning tool must be transferred and installed
between the two handholes. Meanwhile, a sectional type
screwed rigid gun is used for cleaning, the length of the
gun requires multiple adjustments to grow or shorten it
to meet the cleaning requirement at different positions.
Due to the confined space and high dose radiation in
steam generator room, and the fact that the equipment
must be transferred and the length of the gun must be
increased or decreased multiple times for cleaning each
steam generator, the equipment requires a long time for
transferring and installation, and high doses are ab-
sorbed by operators.

[0004] In view of this defects, a patent with application
No. 201710303338.8 and entitled A Full-section Type
Cleaning Device For A Steam Generator And A Cleaning
Method disclosed a cleaning device including a full-sec-
tion guide rail for a steam generator, wherein nozzles are
positioned step by step along the guide rail, and the air
pincers of the actuator grip a rigid lance rod assembly,
and the actuator drives the lance rod assembly to trans-
late the one or more spacing intervals between heat
transfer tubes in a screw drive manner. In this way, the
gun has to be lengthened twice, and when the gun is
lengthened to a longer length (about 3m), the gun as-
sembly becomes a cantilever structure, and there is a
certain potential risk of fracture during operation. Addi-
tionally, due to the accumulation of error of the lead screw
assembly translating, the clamping position of the gun
assembly must be adjusted frequently during cleaning,
to make sure the jet flow from the nozzle is aligned with
the gap between the tubes. Restricted by the installation
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space, the flat guide rail is connected in three sections
and installed by using an extension of the guide rail, so
it is difficult to install the guide rail due to the insufficient
rigidity of the structure at the connection of the guide rail.

SUMMARY

[0005] Onthataccount, to overcome the defects of the
existing technologies, this invention is intended to pro-
vide an improved guide railmechanism suitable for steam
generator cleaning, which allows rapid and solid instal-
lation of the guide rail mechanism in a single full-stroke,
and precise moving and positioning of the cleaning mech-
anism.

[0006] To achieve the above goals, this invention uses
the following technical solution:

[0007] A guide rail mechanism suitable for cleaning a
steam generator, comprising a first guide rail and a sec-
ond guide rail which are fitted to each other by inserting,
and a linear rail provided on both the first guide rail and
the second guide rail; several positioning holes are pro-
vided in the linear rail; the distance between adjacent
positioning holes is the same as the distance between
adjacent heat transfer tubes in the steam generator; the
positioning holes are used to cooperate with the position-
ing holes for translating positioning of the cleaning mech-
anism; the guide rail mechanism comprises a first clamp-
ing assembly and a second clamping assembly on first
guide rail and second guide rail respectively for clamping
the left and right parts of the divider plate in the steam
generator.

[0008] The first guide rail and the second guide rail are
connected by axle hole fitting, and fixed to the divider
plate by fixed blocks and moving blocks, the linear rail
and the positioning holes are machined under guide rail,
the first guide rail (long) and the second guide rail (short)
are fitted to ensure smooth connection. Furthermore,
plunger holes are machined above the guide rail.
[0009] The guide rail mechanism is installed under the
divider plate of the steam generator, a linear rail is ma-
chined at the bottom of the guide rail for moving cleaning
mechanism, and a plurality of positioning holes spaced
apart and equally spaced from the heat transfer tubes
are machined in the linear rail. The cleaning mechanism
can travel along the linear rail, and a proximity sensor is
centrally mounted on the top of the cleaning mechanism.
The cleaning mechanism is moved equidistantly under
the guide rail mechanism by means of proximity sensor
and positioning holes in the linear rail.

[0010] Based on some preferred embodiments of this
invention, wherein the first clamping assembly comprises
afirstfixed block, a first moving block, and a first clamping
assembly for driving the first moving block close to the
first fixed block; the second clamping assembly compris-
es a second fixed block, a second moving block, and a
second clamping assembly for driving the first guide rail
and the second guide rail to insert them into each other.
The firstfixed block, the first moving block, the first clamp-



3 EP 4 394 304 A1 4

ing assembly and the second fixed block are located on
one of the first guide rail and the second guide rail, and
the second moving block and the second clamping as-
sembly are located on the other one of the first guide rail
and the second guide rail.

[0011] Based on some preferred embodiments of this
invention, wherein the first clamping assembly comprises
afirst slider, a tensioning guide rail and a first lead screw;
one end of the first lead screw is connected to the first
fixed block by a rotary joint, and the other end of the first
lead screw runs through the first slider; a clamping sec-
tion is provided on the lower part of the first slider, and a
first sliding groove is provided at each side of the first
guide rail, the clamping section is accommodated within
the first sliding groove; a clipping groove is provided in
the tensioning guide rail, and the upper portion of the first
slider is snapped into the clipping groove; the movement
of the tensioning guide is achieved by moving the first
slider in the clipping groove.

[0012] Based on some preferred embodiments of this
invention, wherein a traction frame is provided at one end
of the tensioning guide rail close to the first slider, and
the traction frame is socketed to the first moving block;
a second sliding groove corresponding to the first moving
block is provided in the first guide rail, and a second
clamping section corresponding to the second sliding
groove is provided on the lower portion of the first moving
block, the second clamping section is accommodated in
the second sliding groove.

[0013] Based on some preferred embodiments of this
invention, wherein a hook plate extending downwardly
is provided at one end of the traction frame away from
the tensioning guide rail; the hook plate is used to affix
to and hook the first moving block.

[0014] Based on some preferred embodiments of this
invention, wherein a positioning block is provided on the
tensioning guide rail; the positioning block is located at
one end of the clipping groove away from the traction
frame, and the positioning block is used to limit the move-
ment of the first slider; positioning blocks are provided in
the clamping groove on each side of the tensioning guide,
and the positioning blocks are integrated with the ten-
sioning guide rail; the first slider is provided with a groove
corresponding to the positioning block, and when the first
slider is sliding in the clipping groove, the positioning
block is clipped in the groove of the first slider, thereby
limiting the movement of the first slider and preventing
the first slider from running off the tensioning guide rail.
[0015] Based on some preferred embodiments of this
invention, wherein the second clamping assembly com-
prises fasteners, a second slider, a second lead screw
and an installation block; one end of the second lead
screw is connected to the installation block by a rotary
joint, and the other end of the second lead screw runs
through the second slider; a limiting part is provided in
the lower portion of the second slider, and a limiting
groove is provided on each side of the second guide rail,
the limiting part is accommodated in the limiting groove;
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the fasteners and the installation block are used to fix the
second clamping assembly on the flange of the handhole
of the steam generator.

[0016] Based on some preferred embodiments of this
invention, wherein the second clamping assembly com-
prises a mounting flange; the mounting flange is used to
match with the handhole flange of the steam generator
to realize the installation of the guide rail mechanism; the
second sliders are slidable on both sides of the second
guide rail by means of the limit part and the limiting groove
mating like a dovetail-slot; one end of the lead screw is
connected to the installation block and can rotate freely;
the mounting flange is connected to the flange of the
handhole by the fasteners such as bolts; the rotation of
the second lead screw push the second slider to move,
which drives the second guide rail to insert into the first
guide rail, thereby realise the fixing of the short rail and
the connection of the long rail.

[0017] Based on some preferred embodiments of this
invention, wherein a camera is provided at one end of
the tensioning guide rail close to the traction frame, and
the camera is used for visually aided installation; a wire-
way is provided in the tensioning guide rail for accom-
modating a cable of the camera.

[0018] Based on some preferred embodiments of this
invention, wherein an inserter is provided at one end of
the second guide rail, and a socket is provided at one
end of the first guide rail; the inserter is accommodated
within the socket to realize the connection between the
first guide rail and the second guide rail.

[0019] This invention also provides an installation
method for the above mentioned guide rail mechanism,
including the following steps:

a) Put the first guide rail into the steam generator
through a handhole, and hang it on a divider plate
of the steam generator by the first fixed block and
the second fixed block;

b) Shorten the distance between the first slider and
the first moving block by the tensioning guide rail and
lock it, so that the first moving block is closely at-
tached to the divider plate to realize the fixation of
the first guide rail;

c) Put the second guide rail into the steam generator
through the other handhole; hang the second moving
block on the divider plate, and insert the second
guide rail into the first guide rail for connection;

d) Install the second clamping assembly so that one
end of the second guide rail is continuously inserted
in one end of the first guide rail to achieve the con-
nection between the first guide rail and the second
guide rail and the fixation between the guide rail
mechanism and the divider plate.

[0020] This invention also provides a steam generator
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cleaning device, comprising a aforesaid guide rail mech-
anism, and a cleaning mechanism, a traction mecha-
nism, a high-pressure hose reel mechanism and a trac-
tion rope reel mechanism; a proximity sensor is provided
in the cleaning mechanism to cooperate with the posi-
tioning holes for translating positioning of the cleaning
mechanism, so that a nozzle in the cleaning mechanism
is aligned midway between adjacent heat transfer tubes;
the traction mechanism comprises a high-pressure hose
and a traction rope are provided on both sides of the
cleaning mechanism respectively; the high-pressure
hose is used to supply water to the cleaning mechanism;
the high-pressure hose reel mechanism is used to wind
the high-pressure hose to move the cleaning mechanism;
the steam generator cleaning device of the present in-
vention can achieve fast and stable installation of the
guide rail mechanism, and the positioning holes in the
linear rail setbelow the guide rail and the proximity sensor
in the cleaning mechanism are combined to sense the
position and drive turntable mechanisms on both sides,
resulting in the precise movement and positioning of the
cleaning mechanism.

[0021] The steam generator cleaning device of the nu-
clear power plant of the present invention, with the as-
sistance of the sensor component, the cleaning mecha-
nism is able to achieve the precise positioning required
for cleaning, and to ensure the cleaning effect while the
cleaning efficiency is better. The first guide rail and the
second guide rail are connected by axle hole fitting, and
fixed to the divider plate by fixed blocks and moving
blocks, the linear rail and the positioning holes are ma-
chined under guide rail, the first guide rail (long) and the
second guide rail (short) are fitted to ensure smooth con-
nection. Furthermore, plunger holes are machined above
the guide rail.

[0022] The guide rail mechanism is installed under the
divider plate of the steam generator, a linear rail is ma-
chined at the bottom of the guide rail for moving cleaning
mechanism, and a plurality of positioning holes spaced
apart and equally spaced from the heat transfer tubes
are machined in the linear rail. The cleaning mechanism
can travel along the linear rail, and a proximity sensor is
centrally mounted on the top of the cleaning mechanism.
one end of the cleaning mechanism is connected to the
traction rope reel, and the other end is connected to the
high-pressure hose mechanism, and the cleaning mech-
anism is pulled to move at equal steps under the whole-
section type guide railmechanism, by cooperative control
of the traction rope reel and the high-pressure hose reel
mechanism, the auxiliary roller mechanism is provided
to limit the moving route of the high-pressure hose, and
ensure the reliable movement of the reel. The entire
cleaning process is intelligentand nomanual intervention
or adjustment is required.

[0023] Based on some preferred embodiments of this
invention, wherein the cleaning mechanism comprises
an auxiliary roller mechanism for the support of the high-
pressure hose; the auxiliary roller mechanism comprises
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a fixed frame, a moving frame moving relatively to the
fixed frame, an adjusting assembly provided between the
fixed frame and the moving frame, and limiting rollers
provided on the moving frame or the fixed frame; the
limiting rollers on the moving frame and the fixed frame
are on each side of the high-pressure hose respectively
to limit the movement of the high-pressure hose.

[0024] Based on some preferred embodiments of this
invention, wherein the auxiliary roller mechanism com-
prises a lock-pin assembly and a mounting rack assem-
bly; the adjusting assembly comprises an adjusting bolt
and an elastic element between the fixed frame and the
moving frame; the limiting rollers comprise fixed group
limit rollers in the fixed frame and moving group limit roll-
ers in the moving frame; the high-pressure hose runs
between the fixed group limitrollers and the moving group
limitrollers. In order to facilitate installation, the clearance
between the fixed group limitrollers and the moving group
limit rollers can be adjusted by adjusting the adjusting
bolt and the elastic element, so as to ensure that the high-
pressure hose contacts the rollers disposed on both
sides, and then it is locked by the lock-pin assembly after
the adjustment is completed. The mounting rack assem-
bly comprises a mounting rack and a third spring plunger
located on the mounting rack. A guide rail groove match-
ing the profile of the first guide rail is provided in the upper
portion of the fixed frame, and the fixed frame is socketed
to the first guide rail by the guide rail groove, as well as,
the fixed frame can be quickly mounted and fixed to the
long guide rail by means of an axel-bore fit between the
spring plunger located on the mounting rack and the
plunger hole.

[0025] Based on some preferred embodiments of this
invention, wherein the cleaning mechanism comprises a
frame, a nozzle carrier, a cable holder and rollers, and a
first driving assembly for driving the nozzle carrier to ro-
tate; the nozzle carrier, the cable holder and the plurality
of rollers are provided on the frame; the proximity switch
is provided on the top of the frame and cooperates with
the positioning holes in the linear rail; the plurality of roll-
ers are provided on both sides of the linear rail to allow
the cleaning mechanism to move along the linear rail.
[0026] Based on some preferred embodiments of this
invention, wherein the cleaning mechanism also includes
acamera, and the first driving assembly comprises a first
motor and a gear set. The first motor drives the gear set
to rotate, which in turn drives the nozzle carrier to rotate.
The nozzle is installed in the nozzle carrier . The high-
pressure hose is connected to one end of the frame, and
the other end of the frame is connected to cable and the
traction rope The cable is secured by the cable holder.
rollers in two groups are installed on the upper face of
the frame to hold the wire rail, and the proximity sensor
is installed and centred on the upper face of the frame,
corresponding to the positioning hole .

[0027] Based on some preferred embodiments of this
invention, wherein the high-pressure hose reel mecha-
nism comprises a high-pressure hose reel, a first reel
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frame, a hose connector outlet, a rotary joint, a first in-
stallation assembly, and a second driving assembly for
driving the high-pressure hose reel to rotate; a through
hole is provided in the high-pressure hose reel; one end
of the high-pressure hose is connected to the nozzle car-
rier, and the other end of the high-pressure hose is con-
nected to the rotary joint after passing through the
through hole and the hose connector outlet; the first in-
stallation assembly is used to secure the high-pressure
hose reel mechanism on the first guide rail.

[0028] Based on some preferred embodiments of this
invention, wherein the firstinstallation assembly compris-
es a first mounting plate, a first spring plunger and a tran-
sition wheel assembly; a first guide rail groove matching
the profile of the first guide rail is provided in the first
mounting plate; the high-pressure hose is wound around
the high-pressure hose reel, and passes through the
through hole in the reel to reach the hose connector out-
let, then be coupled to the rotary joint, the other end of
the rotary joint is connected to a high-pressure hose of
a pump, and the other end of the high-pressure hose is
connected to the cleaning mechanism, the first mounting
plate is located under the reel frame and connected to
the first long guide rail by a first spring plunger provided
on the first mounting plate; the second driving assembly
comprises a second motor and a coupling; the second
motor drives the high-pressure hose reel to retract and
release the high-pressure hose; and the second motor
is connected to the spool of the reel through the elastic
coupling; and the coupling can be disconnected for man-
ual retract/release or connected for automatic retract/re-
lease. The transition wheel assembly comprises a tran-
sition frame and a transition wheel in the transition frame,
the transition wheel is used to support the high-pressure
hose, and be used to limit the movement of the high-
pressure hose before it enters the reel, thereby ensuring
the normal operation of the reel.

[0029] Based on some preferred embodiments of this
invention, wherein the traction rope reel mechanism com-
prises atraction rope reel, a second reel frame, a second
installation assembly, and a third driving assembly for
driving the traction rope reel to rotate; a limiting wheel
assembly is provided in the second installation assembly,
which comprises a limiting wheel frame, and afirstlimiting
wheel, a second limiting wheel and a third limiting wheel
which are arranged in sequence in the limiting wheel
frame; afirst limiting opening for passing through the trac-
tion rope is formed between the first limiting wheel and
the second limiting wheel, and a second limiting opening
for passing through the cable connected to the cleaning
mechanism is formed between the second limiting wheel
and the third limiting wheel. The cable is used for signal
and power transmission to the motor and camera in the
cleaning mechanism.

[0030] Based on some preferred embodiments of this
invention, wherein the second installation assembly,
which is similar to the first installation assembly, com-
prises a second mounting plate and a second spring
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plunger; a second track groove matching the shape of
the second guide rail is provided in the second mounting
plate. The third driving assembly comprises third motor.
One end of the traction rope is pulled through and wound
around the traction rope reel, the traction rope reel is
installed in the traction rope reel frame, and driven by
third motor for winding; the other end of the traction rope
is connected to a cleaning robot. The second mounting
plate is installed under the traction rope reel frame and
can be connected to the short guide rail. The second
spring plunger is used for quick installation and limiting.
The first limiting wheel and the second limiting wheel in
the limiting wheel assembly allow position adjustment in
vertical direction to prevent cable from running off. A ten-
sion sensor is mounted on the first limit wheel.

[0031] Based on some preferred embodiments of this
invention, wherein an inserter is provided at one end of
the second guide rail, and a socket is provided at one
end of the first guide rail; the inserter is accommodated
within the socket to realize the connection between the
first guide rail and the second guide rail; the high-pres-
sure hose reel mechanism is provided on the end of the
first guide rail away from the socket; the auxiliary roller
mechanism is provided between the high-pressure hose
reel mechanism and the socket; the traction rope reel
mechanism is provided on the end of second guide rail
away from the inserter; the second clamping assembly
is provided between the traction rope reel mechanism
and the inserter.

[0032] Thisinvention also provides a cleaning method
for cleaning steam generators using the above men-
tioned cleaning device, which includes the following
steps:

1) Install the guide rail mechanism on the divider
plate of the steam generator by the first clamping
assembly and the second clamping assembly;

2) Connect the high-pressure hose to the cleaning
mechanism, and move the cleaning mechanism to
the starting position of the linear rail;

3) Connect the cable of the cleaning mechanism to
the control system; connect the water inlet of the
high-pressure hose reel mechanism to the water out-
let of the pump;

4) Start the cleaning device by a control system; the
high-pressure hose reel mechanism starts to rotate
and pull the cleaning device to move until the prox-
imity sensor senses the first positioning hole, and
the high pressure pipe carousel mechanism stops
the pulling action; then start the nozzle on the clean-
ing mechanism and start to clean the area between
the heat transfer tubes;

5) When the cleaning of the area between tubes is
finished, restart the high-pressure hose reel mech-
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anism to rotate until the proximity sensor senses the
positioning hole again; restart the nozzle on the
cleaning mechanism and start to clean the area be-
tween the heat transfer tubes;

6) Repeat Step 5) to complete the cleaning of all
areas between tubes, then remove all parts of the
cleaning device and take out the parts from the hand-
holes, and the cleaning is completed.

[0033] Thanks to the above technical solution, com-
pared with the existing technologies, this invention has
the following beneficial effects: the guide rail mechanism
ofthisinvention, which s suitable for cleaning steam gen-
erator, allows rapid and solid installation of the guide rail
mechanism in a single full-stroke, to ensure precise
translating and positioning of the cleaning mechanism
under the whole-section type guide rail mechanism. As
to a steam generator cleaning device comprising the
guide rail mechanism, by the cooperative control of the
high-pressure hose reel mechanism and traction rope
reel mechanism, the cleaning mechanism moves at
equal steps under the whole-section type guide rail
mechanism, with moving distance achieved by the reel
assembly driven by the proximity switch and the sensing
signal of the positioning holes machined under the guide
rail; it is not required to adjust the length of the cleaning
gun; the alignment of the jet flow is monitored in real time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Todescribe the technical solution in the embod-
iments of this invention more clearly, the drawings to be
used in the description of the embodiments are intro-
duced briefly as follows. Obviously, the following draw-
ings just refer to some embodiments of this invention,
and for general technicians in this field, other drawings
can be obtained based on these drawings without any
creative work.

FIG. 1 shows a 3-D diagram of an installed cleaning
device in a preferred embodiment of this invention;

FIG.2 shows a front view of the cleaning device in
the preferred embodiment of this invention;

FIG.3 shows a 3-D diagram of the cleaning device
in the preferred embodiment of this invention;

FIG.4 shows a schematic diagram of the guide rail
mechanism in the cleaning device in the preferred
embodiment of this invention;

FIG.5 shows an enlarged view of Part | in FIG.3;

FIG.6 shows an enlarged view of Part Il in FIG.3;

FIG.7 shows an enlarged view of Part Il in FIG.3;
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F1G.8 shows an enlarged view of Part IV in FIG.3;

F1G.9 shows a 3-D diagram of second clamping as-
sembly in the cleaning device in the preferred em-
bodiment of this invention;

FIG.10 shows a 3-D diagram of second clamping
assembly in the cleaning device in the preferred em-
bodiment of this invention from another perspective;

FI1G.11 shows a 3-D diagram of the cleaning mech-
anism in the cleaning device in the preferred embod-
iment of this invention;

F1G.12 shows a 3-D diagram of the cleaning mech-
anism in the cleaning device in the preferred embod-
iment of this invention from another perspective;

FI1G.13 shows a 3-D diagram of the high-pressure
hose reel mechanism in the cleaning device in the
preferred embodiment of this invention;

FIG.14 shows a 3-D diagram of the auxiliary roller
mechanism in the cleaning device in the preferred
embodiment of this invention;

FIG.15 shows a 3-D diagram of the auxiliary roller
mechanism in the cleaning device in the preferred
embodiment of this invention from another perspec-
tive;

F1G.16 shows a 3-D diagram of the traction rope reel
mechanism in the cleaning device in the preferred
embodiment of this invention;

FIG.17 shows a 3-D diagram of the limiting wheel
assembly of the traction rope reel mechanism in the
cleaning device in the preferred embodiment of this
invention;

In the drawings, 1. guide rail mechanism; 11. first
guiderail; 12. second guide rail; 131. first fixed block;
132. first moving block; 133. second fixed block; 134.
second moving block; 141. first clamping assembly;
1411. first slider; 1412. tensioning guide rail; 1413.
firstlead screw; 1414 first sliding groove; 1415. clip-
ping grove; 1416. traction frame; 1417. second slid-
ing grove; 1418. wireway; 1419. first camera; 142.
second clamping assembly; 1421. fasteners; 1422.
mounting flange; 1423. second slider; 1424. second
lead screw; 1425. installation block; 1426. third slid-
ing groove; 1427. limiting groove; 1428. positioning
block; 15. linear rail; 16. positioning holes;

2. cleaning mechanism; 21. frame; 22. nozzle carrier;
23. nozzle; 24. first motor; 25. gear set; 26. second
camera; 27. proximity sensor; 28. cable holder; 29.
high-pressure hose; 210. cable; 211. traction rope;
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212 rollers;

3. high-pressure hose reel mechanism; 31. second
motor; 32. high-pressure hose reel; 33. first reel
frame; 34. rotary joint; 35. first mounting plate; 351.
first guide rail groove; 36. transition wheel assembly;
37. hose connector outlet; 38. first spring plunger;

4. traction rope reel mechanism; 41. third motor; 42.
second reel frame; 43. traction rope reel; 44. second
spring plunger; 45. second mounting plate; 451. sec-
ond guide rail groove; 46. limiting wheel assembly;
461. first limiting wheel; 462. second limiting wheel;
463. third limiting wheel; 464. limiting wheel frame;
465. connecting rod; 466. adjusting groove;

5. auxiliary roller mechanism; 511. fixed frame; 512.
moving frame; 521. fixed group limit rollers; 522.
moving group limit rollers; 53. bolt hole; 54. lock-pin
assembly; 55. mounting rack; 56. guide rail groove;
57. connecting plate; 58. third spring plunger;

6. divider plate; 7. steam generator barrel; 8. hand-
hole.

DESCRIPTION OF THE EMBODIMENTS

[0035] To help the personnel in this technical field to
better understand the technical solution of this invention,
the technical solution in the embodiments of this inven-
tion is described clearly and completely as follows by
making reference to the drawings in the embodiments of
this invention. Obviously, the described embodiments
are just a part of the embodiments of this invention and
not all of it. Any other embodiments obtained by general
technicians in this field, without any creative work, on the
basis of the embodiments in this invention, shall be in-
cluded in the protected scope of this invention.

[0036] Thesteamgeneratorcleaningdevice ofthisem-
bodiment as shown in FIGs.1-17 comprises a guide rail
mechanism 1, a cleaning mechanism 2, a traction mech-
anism, a high-pressure reel mechanism 3, a traction rope
reel mechanism 4 and an auxiliary roller mechanism 5
for supporting a high-pressure hose 29; the traction
mechanism comprises a high-pressure hose 29 and a
traction rope 211 are provided on both sides of the clean-
ing mechanism 2 respectively; the high-pressure hose
29 supplies water to the cleaning mechanism 2; the high-
pressure hose reel mechanism 3 is used to wind the high
pressure hose 29 to move the cleaning mechanism 2.
[0037] By cooperative control of the high-pressure
hose reel mechanism 3 and the traction rope reel mech-
anism4, the cleaning mechanism 2 moves at equal steps
under the whole-section type guide rail mechanism 1.
The displacement of the cleaning mechanism 2 is
achieved by driving the turntable assembly using a sens-
ing signal generated by a proximity switch proximity sen-
sor in conjunction with positioning holes 16 machined in
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a linear rail set underneath guide rails. Additionally, the
second camera 26 is used to visualise and monitor the
water flow, thereby meeting the requirement of high-pres-
sure jet cleaning between tubes bundles and ensure
good cleaning effect with a higher cleaning efficiency.
The cleaning device has higher translating precision, bet-
ter cleaning effect, higher intelligent level, less rigid gun
lengthening/shortening processes and higher cleaning
efficiency; the camera monitors the jet flow’s alignment
with the area between tubes.

[0038] The structure of each component is detailed as
follows:

(1) The guide rail mechanism 1

[0039] The guide rail mechanism 1 comprises a first
guide rail 11 and a second guide rail 12 which are fitted
by inserting into each other, a linear rail 15 provided on
both the first guide rail 11 and the second guide rail 12,
afirst clamping assembly and a second clamping assem-
bly respectively for clamping the left and right parts of
the divider plate 6 in the steam generator; the linear rail
15 is provided with several positioning holes 16. In this
embodiment, the positioning holes 16 are round. The dis-
tance between adjacent positioning holes 16 is the same
as the distance between adjacent heat transfer tubes in
the steam generator, so that a nozzle 23 in the cleaning
mechanism 2 is aligned to the center between adjacent
heat transfer tubes; the cleaning mechanism 2 is provid-
ed with a proximity sensor 27, which is used to cooperate
with the positioning holes 16 for translating positioning
of the cleaning mechanism 2.

[0040] The second guide rail 12 is provided with an
inserter on one end, and the first guide rail 1 1 is provided
with a socket on one end; the inserter is inserted in the
socket to realize the connection between the first guide
rail 11 and the second guide rail 12, i.e. the long guide
rail and the short guide rail are connected by axle hole
fitting, and fixed on the divider plate 6 by the clamping
assemblies. The inserter and the socket are designed as
corresponding trapezoidal structures for easy insertion
and support. The overall length of the first guide rail 11
and the second guide rail 12 after insertion and fixation
is greater than the length of the divider plate 6, i.e. the
ends of the first guide rail 11 and the second guide rail
12 are protruding from the flange face of the hand hole
8, which on the one hand facilitates mounting of the first
guide rail 11 and the second guide rail 12 to the divider
plate 6, and on the other hand is used for mounting the
corresponding reel mechanism. The linear rail 15 and
the positioning holes 16 are machined under the guide
rails; the long guide rail and the short guide rail are fitted
fit together and butt up flat.

[0041] The first clamping assembly comprises a first
fixed block 131, afirstmoving block 132 and a first clamp-
ing assembly 141 for driving the first moving block 132
close to the first fixed block 131. The first clamping as-
sembly 141 comprises a first slider 1411, a tensioning



13 EP 4 394 304 A1 14

guide rail 1412 and a first lead screw 1413, wherein one
end of the first lead screw 1413 is connected to the first
fixed block 131 by a rotary joint, and the other end of the
first lead screw 1413 runs through the first slider 1411.
A clamping section is provided on the lower part of the
firstslider 1411, and afirstsliding groove 1414 is provided
at each side of the first guide rail 11, the clamping section
is accommodated within the first sliding groove 1414. A
clipping groove 1415 is provided in the tensioning guide
rail 1412, and the upper portion of the first slider 1411 is
snapped into the clipping groove 1415; by the movement
of the first slider 1411 within the clipping groove 1415,
when the first slider 1411 resists the end of the clipping
groove 1415, the movement of the tensioning guide rail
1412 s realised, which in turn pulls the first moving block
towards the first fixed block. A traction frame 1416 is pro-
vided at one end of the tensioning guide rail 1412 near
the first slider 1411, and the traction frame 1416 is sock-
eted to the first moving block 132. A second sliding
groove 1417 corresponding to the first moving block 132
is provided in the first guide rail 11, and a second clamp-
ing section corresponding to the second sliding groove
1417 is provided on the lower portion of the first moving
block 132, the second clamping section is accommodat-
ed in the second sliding groove 1417.

[0042] AsshowninFIG.5,in this embodiment, to make
sure the tensioning guide rail 1412 pulls the first moving
block 132 smoothly, positioning blocks 1428 are provided
on the tensioning guide rail 1412, and grooves are cor-
respondingly provided in the first slider 1411, any one of
the positioning blocks 1428 is located at an end of the
clipping groove 1415 away from the traction frame 1416,
and the positioning block 1428 is used to limit the move-
ment of the first slider. The positioning blocks 1428 are
provided in the clipping grooves 1415 located on both
sides of the tensioning guide rail 1416, the positioning
blocks 1428 are integrated with the tensioning guide rail
1412, and the first slider 1411 is provided with a groove
corresponding to the positioning block 1428, when the
first slider 1411 is sliding in the clipping groove, the po-
sitioning block 1428 is clipped in the groove of the first
slider 1411, thereby limiting the movement of the first
slider 1411 and prevent the first slider 1411 from running
off the tensioning guide rail 1412.

[0043] In this embodiment, a first camera 1419 is pro-
vided at one end of the tensioning guide 1412 near the
traction frame 1416, which is used to provide visual as-
sistance when the traction frame is installed in register
with the first moving block, thereby facilitating quick in-
stallation. The tensioning guide rail 1412 is provided with
a wireway 1418 to accommodate the cable of the first
camera 1419. In this embodiment, a downward extended
hook plate is provided on the end of the traction frame
1416 away from the tensioning guide rail 1412, and the
hook plate is used to affix to and hook the first moving
block 132 to prevent the traction frame 1416 from running
off the first moving block 132, as shown in FIG.6.
[0044] The second clamping assembly comprises a
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second fixed block 133, a second moving block 134 and
a second clamping assembly 142 for driving the first
guide rail 11 and the second guide rail 12 to insert them
into each other. The first fixed block 131, the first moving
block 132, the first clamping assembly 141 and the sec-
ond fixed block 133 are located on the first guide rail 11,
and the second moving block 134 and the second clamp-
ing assembly 142 are located on the second guide rail
12, the second moving block 134 is hung on the divider
plate to provide a supporting point when the second guide
rail 12 is installed. A third sliding groove 1426 for moving
the second moving block 134 is provided on each side
of the second guide 12. The second clamping assembly
142 comprises fasteners 1421, a second slider 1423, a
second lead screw 1424, a installation block 1425 and a
mounting flange 1422. One end of the second lead screw
1424 is connected to the installation block 1425 by a ro-
tary joint, and the other end of the second lead screw
1424 runs through the second slider 1423. A limiting part
is provided in the lower portion of the second slider 1423,
and a limiting groove 1427 is provided in each side of the
second guide rail 12, the limiting part is accommodated
in the limiting groove 1427. The fasteners 1421 and the
installation block 1425 are used to fix the second clamp-
ing assembly 142 on the flange of the handhole 8 of the
steam generator. In some embodiments, the mounting
flange 1422 and the installation block 1425 may also be
of one piece construction.

[0045] The mounting flange 1422 matches with the
flange of the handhole 8 in the barrel of the steam gen-
erator barrel 7 for installation. The second sliders 1423
are slidable on both sides of the second guide rail 12 by
means of the limit part and the limiting groove 1427 like
a dovetail-slot. One end of the second lead screw 1424
is connected to the installation block 1425 and can rotate
freely. The mounting flange 1422 is connected to the
flange of the handhole 8 by the fasteners 1421 such as
bolts. The rotation of the second lead screw 1424 drives
the second slider 1423 to move, and when the second
slider 1423 reaches the end of the limiting groove 1427,
the second slider 1423 inserts the second guide rail 12
into the first guide rail 11 to secure the short guide rail
and connect to the long guide rail.

[0046] The high-pressure hose reel mechanism 3 is
provided at the end of the first guide rail 11 away from
the socket. The auxiliary roller mechanism 5 is provided
between the high-pressure hose reel mechanism 3 and
the first clamping assembly 141. The traction rope reel
mechanism 4 is provided at the end of the second guide
rail 12 away from the inserter, and the second clamping
assembly 142 is provided between the traction rope reel
mechanism 4 and the inserter.

[0047] With the assistance of the sensor assembly, the
cleaning mechanism 2 of the steam generator cleaning
device of a nuclear power plant in this embodiment is
able to achieve the precise positioning required for clean-
ing, and guarantee the cleaning effect with better clean-
ing efficiency. The firstguide rail 11 and the second guide



15 EP 4 394 304 A1 16

rail 12 are connected by axle hole fitting, and fixed to the
divider plate 6 by fixed blocks and moving blocks. And
the linear rail 15 and the positioning holes 16 are ma-
chined under guide rail, the first guide rail (long) and the
second guide rail (short) are fitted to ensure smooth con-
nection. Furthermore, plunger holes are machined above
the guide rail.

[0048] The guide rail mechanism 1 is installed under
the divider plate 6 of the steam generator, a linear rail 15
is machined at the bottom of the guide rail for moving
cleaning mechanism 2, and a plurality of positioning
holes 16 spaced apart and equally spaced from the heat
transfer tubes are machined in the linear rail 15. The
cleaning mechanism 2 can travel along the linear rail 15,
and a proximity sensor 27 is centrally mounted on the
top of the cleaning mechanism 2. One end of the prox-
imity sensor 27 is connected to the reel of the traction
rope 211 and the other end of the proximity sensor 27 is
connected to the high-pressure hose reel mechanism 3.
Through the collaborative control of the reel of the traction
rope 211 and high-pressure hose reel mechanism 3, the
cleaning mechanism 2 can be pulled and moved isomet-
rically under the guide rail mechanism 1. The auxiliary
roller mechanism 5 is provided to limit the moving route
of the high-pressure hose 29, and ensure the reliable
movement of the reel.

(2) The cleaning mechanism 2

[0049] The cleaning mechanism 2 comprises a frame
21, a nozzle carrier 22 and a cable holder 28 provided
on the frame 21, rollers 212, a first driving assembly for
driving the nozzle carrier 22 to rotate, and a second cam-
era 26, wherein all components are installed on the frame
21. The proximity switch is provided on the top of the
frame 21 and cooperates with the positioning holes 16
in the linear rail 15. The several rollers 212 are provided
on both sides of the linear rail 15 to allow the cleaning
mechanism 2 to move along the linear rail 15.

[0050] The first driving assembly comprises a first mo-
tor 24 and a gear set 25. The first motor 24 drives the
gear set 25 to rotate, which in turn drives the nozzle car-
rier 22 to rotate. The nozzle 23 is installed in the nozzle
carrier 22. The high-pressure hose 29 is connected to
one end of the frame 21, and the other end of the frame
21 is connected to cable 210 and the traction rope
211.The cable 210 is secured by the cable holder 28. 4
rollers 212 in two groups are installed on the upper face
of the frame 21 to hold the wire rail 15, and the proximity
sensor 27 is installed and centred on the upper face of
the frame 21, corresponding to the position of the posi-
tioning hole 16.

(3) The high-pressure hose reel mechanism 3
[0051] The high-pressure hose reel mechanism 3 com-

prises a high-pressure hose reel 32, afirst reel frame 33,
a hose connector outlet 37, arotary joint 34, a first instal-
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lation assembly, and a second driving assembly for driv-
ing the high-pressure hose reel 32 to rotate. The high-
pressure hose reel 32 is provided with a through hole,
and one end of the high-pressure hose 29 is connected
to the nozzle carrier 22, and the other end is connected
to the rotary joint 34 after passing through the through
hole and the hose connector outlet 37. The first installa-
tion assembly is used to fix the high-pressure hose reel
mechanism 3 on the first guide rail 11.

[0052] The firstinstallation assembly comprises a first
mounting plate 35, a first spring plunger 38 and a transi-
tion wheel assembly 36. A first guide rail groove 351
matching the profile of the first guide rail 11 is provided
in the first mounting plate 35. The high-pressure hose 29
is wound around the high-pressure hose reel 32, wherein
passes through the through hole in the reel to reach the
hose connector outlet 37, then be coupled to the rotary
joint 34, the other end of the rotary joint 34 is connected
to a high-pressure hose 29 of a pump, and the other end
of the high-pressure hose 29 is connected to the cleaning
mechanism 2. The first mounting plate 35 is provided
under the reel frame 33 and connected to the first guide
rail (long) through the first spring plunger 38 on the first
mounting plate 35. The second driving assembly com-
prises a second motor 31 and a coupling. The second
motor 31 drives the high-pressure hose reel 32 to retract
and release the high-pressure hose 29.The second mo-
tor 31 is connected to the spool of the reel through the
elastic coupling, and the coupling can be disconnected
for manual retract/release or connected for automatic re-
tract/release. The transition wheel assembly 36 compris-
es a transition frame and a transition wheel in the tran-
sition frame, the transition wheel is used to support the
high-pressure hose 29, and be used to limit the move-
ment of the high-pressure hose 29 before it enters the
reel, thereby ensuring the normal operation of the reel.

(4) The traction rope reel mechanism 4

[0053] The traction rope reel mechanism 4 comprises
atraction rope reel 43, a second reel frame 42, a second
installation assembly, and a third driving assembly for
driving the traction rope reel 43 to rotate. The second
installation assembly is provided with a limiting wheel
assembly 46, which comprises a limiting wheel frame
464, and afirstlimitingwheel 461, a second limiting wheel
462 and a third limiting wheel 463 which are arranged in
sequence in limiting the wheel frame 464. A first limiting
opening for passing through the traction rope 211 is
formed between the first limiting wheel 461 and the sec-
ond limiting wheel 462, and a second limiting opening for
passing through the cable 210 is formed between the
second limiting wheel 462 and the third limiting wheel
463. The first limiting wheel 461 and the second limiting
wheel 462 are integrated by a connecting rod 465, and
an adjusting groove 466 is provided on the limiting wheel
frame 464 for up and down movement of the connecting
rod 465. The first limiting wheel 461 and the second lim-
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iting wheel 462 in the limiting wheel assembly 46 allow
position adjustment in vertical direction to prevent cable
210 from running off. A tension sensor is mounted on the
first limit wheel 461.

[0054] The second installation assembly is similar to
the first installation assembly and also comprises a sec-
ond mounting plate 45 and a second spring plunger 44.
A second guide rail groove 451 is provided in the second
mounting plate 45 that matches the profile of the second
guide rail 12. The third driving assembly comprises third
motor 41. One end of the traction rope 211 is pulled
through and wound around the traction rope reel 43, the
traction rope reel 43 is installed in the traction rope reel
frame 43, and driven by third motor 41 for winding; the
other end of the traction rope 211 is connected to a clean-
ingrobot. The second mounting plate 45 is installed under
the traction rope reel frame and can be connected to the
short guide rail. The second spring plunger 44 is used
for quick installation and limiting.

(5) The auxiliary roller mechanism 5

[0055] The auxiliary roller mechanism 5 comprises a
fixed frame 511, a moving frame 512 movable relative to
the fixed frame 511, an adjusting assembly provided be-
tween the fixed frame 511 and the moving frame 512,
limiting rollers provided in the moving frame 512 or the
fixed frame 511, a lock-pin assembly 54 and a mounting
rack assembly, limiting rollers 522 on moving frame 512
and limiting rollers 521 on fixed frame 511 are on both
sides of high-pressure hose 29 respectively to limit the
movement of high-pressure hose 29.

[0056] The adjusting assembly comprises an adjusting
bolt and an elastic element in bolt hole 53 provided be-
tween the fixed frame 511 and the moving frame 512.
The limiting rollers include fixed group limit rollers 521 in
the fixed frame 511 and moving group limit rollers 522 in
the moving frame 512. A connecting plate 57 is connect-
ed under the fixed and moving groups of rollers. The high-
pressure hose 29 runs between the fixed and moving
groups of rollers 521, 522. To facilitate installation, the
clearance between the fixed group limit rollers 521 and
the moving group limit rollers 522 can be adjusted by
adjusting the adjusting bolt and the elastic element, so
as to ensure that the high-pressure hose 29 contacts the
rollers 212 disposed on both sides, and then it is locked
by the lock-pin assembly 54 after the adjustment is com-
pleted. The mounting rack assembly comprises a mount-
ing rack 55 and a third spring plunger 58 located on the
mounting rack 55. A guide rail groove 56 matching the
profile of thefirst guide rail is provided in the upper portion
of the fixed frame 511, and the fixed frame 511 is sock-
eted to the first guide rail 11 by the guide rail groove 56,
as well as, the fixed frame 511 can be quickly mounted
and fixed to the long guide rail by means of an axel-bore
fit between the spring plunger located on the mounting
rack 55 and the plunger hole.

[0057] Preferably, a circular flow tool can be installed
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at the flange of handhole 8, the function of the circulation
flow tool is to form a circular water flow along the inner
wall of the steam generator, and to drive the sludge water
flowing out from the area between the tubes after high-
pressure water cleaning to the suction port, thus forming
a closed water circulation loop. The circular flow tool can
use the existing technology in application No.
201710303338.8. Additionally, some temporary blanking
plates can be used to block the handhole temporarily
during flushing to avoid introduction of foreign matters
and to prevent water mist from escaping from inside of
the steam generator.

[0058] The installation and operation of this cleaning
device also requires a pulling trolley, which has the same
rollers as those on the upper part of the cleaning mech-
anism, and has a high-pressure hose or a cable connec-
tor carried by means of a clamping mechanism. The cou-
pling is transported from one handhole to the other by
means of a pulling trolley, driven by a two-part, quick-
threading connecting bar. After that, the pulling trolley
and the connecting bar are taken out of the two handholes
respectively, and the high-pressure hose connector or
cable connector is connected to the cleaning mechanism,
it can start drafting the cleaning mechanism to make it
translate on the guide rail mechanism.

[0059] The installation process of the guide rail mech-
anism is as follows:

STEP 1: install the first guide rail in the handhole
with larger outer space, and hang it on the divider
plate by the first fixed block and the second fixed
block; one end of the first guide rail can be used as
an installation handle to facilitate installation;

STEP2: shorten the distance between the first slider
and the first moving block by the tensioning guide
rail and lock it, so that the first moving block is closely
attached to the divider plate to realize the fixation of
the first guide rail;

STEP3: install the second guide rail in the other
handhole; hang the second moving block on the di-
vider plate and insert the second guide rail into the
first guide rail for connection, and then install the
second clamping assembly so that the end of the
second guide rail is continuously inserted in the end
of the first guide rail to achieve fit and fixation be-
tween the guide rails;

[0060] The working process of the steam generator
cleaning device in this embodiment is briefly described
as follows:

STEP 1: install the guide rail mechanism on the di-
vider plate, and secure it by the first clamping as-

sembly and the second clamping assembly;

STEP2: connect the high-pressure hose to the clean-
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ing mechanism by the pulling trolley, and install the
cleaning mechanism at the starting position of the
linear rail;

STEP3: connect the cable to a control system; con-
nect the water inlet of the high-pressure hose reel
mechanism to a water outlet of the pump;

STEPA4: start the cleaning device by the control sys-
tem; the high-pressure hose reel mechanism starts
to rotate and pull the cleaning device until the prox-
imity sensor senses the first positioning hole, and
the high pressure pipe carousel mechanism stops
the pulling action; the nozzle is activated according
to a pre-programmed programme, and the nozzle
starts to clean the area between the heat transfer
tubes according to a set range and number of rota-
tions;

STEPS: when the cleaning of an area between the
tubes is finished, the high-pressure reel mechanism
is started automatically to rotate until the proximity
sensor senses the positioning hole again, then the
pulling action is stopped and the cleaning action is
started; the traction rope is kept under tension during
the pulling process by means of the motor under the
action of the tension sensor;

STEPG6: repeat STEPS to complete the cleaning of
all areas between the tubes, and then remove all
parts of the cleaning device and take out the parts
from the handholes.

[0061] Inview of the problems of position change, poor
translating accuracy, and inability to monitor in real time
during the working process of the cleaning mechanism,
which are caused by the rigid gun used in the steam
generator cleaning device at home and abroad at
present., this present invention is intended to improve
the operation safety, positioning accuracy and to realize
visualization with the following technical solution: a struc-
ture based on the flexible high-pressure hose and the
pulling of the traction rope is designed to realize trans-
lating of the cleaning mechanism on the guide rails; the
high-pressure hose and the traction rope are wound
around theirownreels respectively; thereels are installed
onboth ends of the cleaning guide rails; the precise trans-
lating of the cleaning mechanism is realized by the com-
bination of the proximity sensor and the camera; a hole
for proximity switch sensing and equal spacing with the
heat transfer tubes is machined on the substrate of the
guide rail, and through the sensing of the hole by the
proximity switch, the proximity switch sends out a signal
to control the rotation and stopping of the high-pressure
water tube, thereby realising the translating of the clean-
ing mechanism 2 on the guide rail; real-time verification
is carried out through the image of the second camera,
and adjusted by rotating the high-pressure water pipe if
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necessary; the use of the auxiliary roller system and the
tension sensor prevents twisting of the high-pressure
hose and the traction rope and allows positioning accord-
ing to the required distance.

[0062] The steam generator cleaning device in this in-
vention comprises the guide rail mechanism, the cleaning
mechanism, the high-pressure hose reel mechanism, the
traction rope reel mechanism and the auxiliary roller
mechanism. The whole-section guide rail mechanism is
installed under the divider plate of the steam generator,
and a linear rail machined at the bottom of the guide rail
for moving the cleaning mechanism. On the linear rail,
positioning holes are machined at intervals matching the
heat transfer tubes. The cleaning mechanism is installed
on the linear rail, with a proximity switch installed at the
centerinit, and one end is connected to the traction rope
reel and the other end is connected to the high-pressure
hose mechanism, and the cleaning mechanism is pulled
to move at equal steps under the whole-section type
guide rail mechanism, by cooperative control of the trac-
tion rope reel and the high-pressure hose reel mecha-
nism; the auxiliary roller mechanism is provided to limit
the moving route of the high-pressure hose, and ensure
the reliable movement of the reel; to control the move-
ment of the high-pressure hose reel mechanism by
means of the proximity switch sensing the positioning
holes in the linear rail, and under the cooperative control
of the traction rope reel mechanism, itis possible to guar-
antee the stable state of the cleaning mechanism on the
guideway, ensure the stability of the cleaning mechanism
on the guide rails, improve the positioning accuracy of
the cleaning mechanism, drive the nozzle for precise
movement and visualized monitoring, ensure good
cleaning effect, reduce changing frequency of the rigid
gun during cleaning, increase cleaning efficiency and re-
duce the exposure dose of field operators.

[0063] The above embodiment is intended to explain
the technical concepts and features of this invention, and
to help the personnel familiar with this technology to un-
derstand the contents of this invention and embody it
accordingly, and not to limit the protected scope of this
invention. Any equivalent changes or modifications
based on the essence of this invention shall be included
in the protected scope of this invention.

Claims

1. Aguiderail mechanism suitable for cleaning a steam
generator, comprising a first guide rail and a second
guide rail which are fitted to each other by inserting,
and a linear rail provided on both the first guide rail
and the second guide rail; several positioning holes
are provided in the linear rail; the distance between
adjacent positioning holes is the same as the dis-
tance between adjacent heat transfer tubes in the
steam generator; the positioning holes is used to co-
operate with the positioning holes for translating po-
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sitioning of the cleaning mechanism; the guide rail
mechanism comprises a first clamping assembly
and a second clamping assembly on first guide rail
and second guide rail respectively for clamping the
left and right parts of the divider plate in the steam
generator.

The guide rail mechanism according to Claim 1,
wherein the first clamping assembly comprises a first
fixed block, a first moving block, and a first clamping
assembly for driving the first moving block close to
the first fixed block; the second clamping assembly
comprises a second fixed block, a second moving
block, and a second clamping assembily for driving
the first guide rail and the second guide rail to insert
them into each other.

The guide rail mechanism according to Claim 2,
wherein the first fixed block, the first moving block,
the first clamping assembly and the second fixed
block are located on one of the first guide rail and
the second guide rail, and the second moving block
and the second clamping assembly are located on
the other one of the first guide rail and the second
guide rail.

The guide rail mechanism according to Claim 2,
wherein the first clamping assembly comprises a first
slider, a tensioning guide rail and a first lead screw;
one end of the first lead screw is connected to the
first fixed block by a rotary joint, and the other end
of the first lead screw runs through the first slider;

a clamping section is provided on the lower part
of the first slider, and a first sliding groove is
provided at each side of the first guide rail, the
clamping section is accommodated within the
first sliding groove;

a clipping groove is provided in the tensioning
guide rail, and the upper portion of the first slider
is snapped into the clipping groove; the move-
ment of the tensioning guide is achieved by mov-
ing the first slider in the clipping groove.

The guide rail mechanism according to Claim 4,
wherein a traction frame is provided at one end of
the tensioning guide rail close to the first slider, and
the traction frame is socketed to the first moving
block;

a second sliding groove corresponding to the first
moving block is provided in the first guide rail, and a
second clamping section corresponding to the sec-
ond sliding groove is provided on the lower portion
of the first moving block, the second clamping sec-
tion is accommodated in the second sliding groove
1417.

The guide rail mechanism according to Claim 5,
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wherein a hook plate extending downwardly is pro-
vided at one end of the traction frame away from the
tensioning guide rail; the hook plate is used to affix
to and hook the first moving block.

The guide rail mechanism according to Claim 5,
wherein a positioning block is provided on the ten-
sioning guide rail; the positioning block is located at
one end of the clipping groove away from the traction
frame, and the positioning block is used to limit the
movement of the first slider.

The guide rail mechanism according to Claim 2,
wherein the second clamping assembly comprises
fasteners, a second slider, a second lead screw and
an installation block; one end of the second lead
screw is connected to the installation block by a ro-
tary joint, and the other end of the second lead screw
runs through the second slider;

a limiting part is provided in the lower portion of
the second slider, and a limiting groove is pro-
vided in each side of the second guide rail, the
limiting part is accommodated in the limiting
groove;

the fasteners and the installation block are used
to fix the second clamping assembly on the
flange of the handhole of the steam generator.

The guide rail mechanism according to Claim 8,
wherein the second clamping assembly comprises
a mounting flange; the mounting flange is used to
match with the handhole flange of the steam gener-
ator to realize the installation of the guide rail mech-
anism.

The guide rail mechanism according to Claim 4,
wherein a camera is provided at one end of the ten-
sioning guide rail close to the traction frame, and the
camera is used for visually aided installation;

a wireway is provided in the tensioning guide rail for
accommodating a cable of the camera.

The guide rail mechanism according to Claim 6,
wherein an inserter is provided at one end of the
second guide rail, and a socket is provided at one
end of the first guide rail; the inserter is accommo-
dated within the socket to realize the connection be-
tween the first guide rail and the second guide rail.

An installation method for the guide rail mechanism
according to any of Claims 1-11, which includes the
following steps:

a) Putthe first guide rail into the steam generator
through a handhole, and hang it on a divider
plate of the steam generator by the first fixed
block and the second fixed block;
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b) Shorten the distance between the first slider
and the first moving block by the tensioning
guide rail and lock it, so that the first moving
block is closely attached to the divider plate to
realize the fixation of the first guide rail;

c) Put the second guide rail into the steam gen-
eratorthrough the other handhole; hang the sec-
ond moving block on the divider plate, and insert
the second guide rail into the first guide rail for
connection;

d) Install the second clamping assembly so that
one end of the second guide rail is continuously
inserted in one end of the first guide rail to
achieve the connection between the first guide
rail and the second guide rail and the fixation
between the guide rail mechanism and the di-
vider plate.

A steam generator cleaning device, comprising a
guide rail mechanism according to any of Claims
1-10, a cleaning mechanism, a traction mechanism,
a high-pressure hose reel mechanism and a traction
rope reel mechanism;

a proximity sensor is provided in the cleaning
mechanism to cooperate with the positioning
holes for translating positioning of the cleaning
mechanism ;

the traction mechanism comprises a high-pres-
sure hose and a traction rope are provided on
both sides of the cleaning mechanism respec-
tively; the high-pressure hose is used to supply
water to the cleaning mechanism; the high-pres-
sure hose reel mechanism is used to wind the
high-pressure hose to move the cleaning mech-
anism.

The cleaning device according to Claim 13, wherein
the cleaning mechanism comprises an auxiliary roll-
er mechanism for the support of the high-pressure
hose; the auxiliary roller mechanism comprises a
fixed frame, a moving frame moving relatively to the
fixed frame, an adjusting assembly provided be-
tween the fixed frame and the moving frame, and
limiting rollers provided on the moving frame or the
fixed frame; the limiting rollers on the moving frame
and the fixed frame are on each side of the high-
pressure hose respectively to limit the movement of
the high-pressure hose.

The cleaning device according to Claim 14, wherein
the adjusting assembly comprises an adjusting bolt
and an elastic element between the fixed frame and
the moving frame; the limiting rollers include fixed
group limit rollers in the fixed frame and moving
group limit rollers in the moving frame; the high-pres-
sure hose runs between the fixed group limit rollers
and the moving group limit rollers .
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The cleaning device according to Claim 14, wherein
the auxiliary roller mechanism comprises a lock-pin
assembly and amounting rack assembly; the mount-
ing rack assembly comprises a mounting rack and
a spring plunger located on the mounting rack;

a guide rail groove matching the profile of the first
guide rail is provided in the upper portion of the fixed
frame, and the fixed frame is socketed to the first
guide rail by the guide rail groove, and the fixed frame
is quickly mounted and fixed to the long guide rail by
means of an axel-bore fit between the spring plunger
located on the mounting rack and the plunger hole.

The cleaning device according to Claim 13, wherein
the cleaning mechanism comprises a frame, a noz-
zle carrier, a cable holder and rollers, and a first driv-
ing assembly for driving the nozzle carrier to rotate;
the nozzle carrier, the cable holder and the plurality
of rollers are provided on the frame; the proximity
switch is provided on the top of the frame and coop-
erates with the positioning holes in the linear rail; the
plurality of rollers are provided on both sides of the
linear rail to allow the cleaning mechanism to move
along the linear rail.

The cleaning device according to Claim 17, wherein
the high-pressure hose reel mechanism comprises
a high-pressure hose reel, a first reel frame, a hose
connector outlet, a rotary joint, a first installation as-
sembly, and a second driving assembly for driving
the high-pressure hose reel to rotate;

a through hole is provided in the high-pressure hose
reel; one end of the high-pressure hose is connected
to the nozzle carrier, and the other end of the high-
pressure hose is connected to the rotary joint after
passing through the through hole and the hose con-
nector outlet; the first installation assembly is used
to secure the high-pressure hose reel mechanism
on the first guide rail.

The cleaning device according to Claim 18, wherein
the first installation assembly comprises a first
mounting plate, a first spring plunger and a transition
wheel assembly;

a first guide rail groove matching the profile of
thefirst guide rail is provided in the first mounting
plate 35; the first mounting plate is located under
the reel frame and connected to the first guide
rail long through a first spring plunger provided
on the first mounting plate;

the second driving assembly comprises a sec-
ond motor and a coupling; the second motor
drives the high-pressure hose reel to retract and
release the high-pressure hose; and the second
motor is connected to the spool of the reel
through the elastic coupling.
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The cleaning device according to Claim 16, wherein
the traction rope reel mechanism comprises a trac-
tion rope reel, a second reel frame, a second instal-
lation assembly, and a third driving assembly for driv-
ing the traction rope reel to rotate;

a limiting wheel assembly is provided in the sec-
ond installation assembly, which comprises a
limiting wheel frame, and a first limiting wheel,
a second limiting wheel and a third limiting wheel
which are arranged in sequence in the limiting
wheel frame;

a first limiting opening for passing through the
traction rope is formed between the first limiting
wheel and the second limiting wheel, and a sec-
ond limiting opening for passing through the ca-
ble connected to the cleaning mechanism is
formed between the second limiting wheel and
the third limiting wheel.

The cleaning device according to Claim 20, wherein
the second installation assembly comprises a sec-
ond mounting plate and a second spring plunger; a
second track groove matching the shape of the sec-
ond guide rail is provided in the second mounting
plate.

The cleaning device according to Claim 14, wherein
aninserter is provided at one end of the second guide
rail, and a socket is provided at one end of the first
guide rail; the inserter is accommodated within the
socket to realize the connection between the first
guide rail and the second guide rail;

the high-pressure hose reel mechanism is provided
on the end of the first guide rail away from the socket;
the auxiliary roller mechanism is provided between
the high-pressure hose reel mechanism and the
socket; the traction rope reel mechanism is provided
on the end of second guide rail away from the insert-
er; the second clamping assembly is provided be-
tween the traction rope reel mechanism and the in-
serter.

A cleaning method for cleaning steam generators
using the cleaning device according to any of Claims
13-22, which includes the following steps:

1) Install the guide rail mechanism on the divider
plate of the steam generator by the first clamping
assembly and the second clamping assembly;
2) Connect the high-pressure hose to the clean-
ing mechanism, and move the cleaning mech-
anism to the starting position of the linear rail;
3) Connectthe cable of the cleaning mechanism
to the control system; connect the water inlet of
the high-pressure hose reel mechanism to the
water outlet of the pump;

4) Start the cleaning device by a control system;
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the high-pressure hose reel mechanism starts
to rotate and pull the cleaning device to move
until the proximity sensor senses the first posi-
tioning hole, and the high pressure pipe carousel
mechanism stops the pulling action; then start
the nozzle on the cleaning mechanism and start
to clean the area between the heat transfer
tubes;

5) When the cleaning of the area between tubes
is finished, restart the high-pressure hose reel
mechanism to rotate until the proximity sensor
senses the positioning hole again; restart the
nozzle on the cleaning mechanism and start to
clean the area between the heat transfer tubes;
6) Repeat Step 5) to complete the cleaning of
all areas between tubes, then remove all parts
of the cleaning device and take out the parts
from the handholes, and the cleaning is com-
pleted.
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