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Low-pressure steam turbines in a power plant are required to operate at high temperatures and under high pressures to achieve
better energy utilization and better performance. Higher operating temperatures accelerate the rate of oxidation and sludge
formation, so the steam turbine is periodically inspected including strict examination of the stud bolts, and it is necessary to
clean the bolts by removing sludge from their screw threads. In the conventional cleaning process, the sludge has been removed
by manual cleaning, which is labor-intensive and time-consuming. Therefore, this study developed automatic equipment for
washing and nondestructive inspection of stud bolts using theoretical analysis and ﬁnite element analysis (FEA). An optimal
clamp load to prevent sliding of the roller was calculated, and a structural analysis of the equipment under operating conditions
was conducted. An optimal washing condition to maximize cleaning eﬃciency was proposed using design of the experiment and
veriﬁed by performing washing test of prototype.

1. Introduction
To increase power generation eﬃciency, low-pressure steam
turbines used in a nuclear power plant had been developed
to be able to operate at higher temperature and highpressure steam conditions. Turbine oil operating in hightemperature environments is exposed to air and catalytic
metals. Fast ﬂow rates and short reservoir residence times
provide more opportunities for air and oil to interact and
react, and the gas temperature (and hence particle temperature) governs the softening and viscosity of the particle, while
the surface temperature governs the stickiness of the deposit
[1]. Therefore, higher operating temperatures accelerate the
rate of oxidation and thermal degradation of the turbine
oil, which means that sludge formation occurs more rapidly
at higher temperatures [2]. Using a compressor ﬂuid creates
and accumulates sludge composed of oxidized steel and oxidized copper, which can lead to a safety problem, possibly
even an explosive situation if coupled with overheating. This
will occur if suﬃcient quantities of carbon and sludge are
formed to cause the valves to stick pent. It can lead to an
increase in bearing temperatures, stuck valves, and blocked
ﬁlters, which can cause unplanned downtime and lower pro-

ductivity [3–5]. One of the greatest problems encountered is
that sludge sticks on stud bolts in the steam turbine shown in
Figure 1. Steam turbine and related equipment in power
plants are periodically inspected. The inspection includes
not only the disassembling of the machine parts but also
the strict examination of the stud bolts, and it is necessary
to clean the bolts by removing sludge from their screw
threads and polishing them. When the bolts are removed to
enable the inspection or replacement of any machine part,
it is also usual to clean the screw threads of the bolts. In the
conventional cleaning process, the sludge has been removed
by manual cleaning, which is labor-intensive and timeconsuming and does not completely clean the threads. Furthermore, the clamp load applied to the bolts was inaccurately determined by worker’s experience. Therefore,
automatic equipment for washing the stud bolt has been
required in the actual ﬁeld.
In the previous studies related to cleaning system for any
type of bolt used in a power plant, Muraguchi developed a
device which can clean a bolt eﬃciently and is easy to use
without vibrating. The cleaning comprises a sleeve having
an open end, a rotor provided in the sleeve substantially
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ing eﬃciency were proposed using the design of experiment
and veriﬁed by performing washing test of prototype. Furthermore, the washing part and the nondestructive part were
combined into one integrated equipment, and this reduces
installation space and improves work eﬃciency and convenience. The methodology (process, material, and software)
for the development of the automatic machine is described
in Figure 2.
1:7.64

Figure 1: Stud bolt used in a low-pressure turbine of a power plant.

coaxially and brushes brought into rubbing contact with the
surface of the bolt by rotating the rotor in which the bolt is
inserted. The cleaning operation is performed in the sleeve
which forms an enclosed space to the exterior [6]. Linna
et al. developed the bolt automatic cleaning technology to
enhance the automation degree of bolt cleaning in the reactor
pressure vessel. The key technology for the bolt automatic
cleaning and the 3D design technology are used to simulate
the cleaning process. The test results show that the bolt cleaning equipment is of high reliability [7]. Shindo et al. developed a remote-controlled stud bolt handling device for a
reactor pressure vessel used in general nuclear power plant,
in which the equipment for stud bolt cleaning, nut handling,
and stud bolt tensioning has been combined. A considerable
shortening of working hours and labor saving was accomplished [8]. Saurer, Muraguchi, and Gibson Sr. presented
patents on cleaning devices for the bolt, respectively [9–11].
Xie et al. developed a model for optimizing the ﬂue gas cleaning systems using computational ﬂuid dynamics to simulate
the ﬂue gas cleaning by the spray dryer of a waste incineration power plant. The model was used to evaluate the
removal eﬃciencies of HCl and SO2 of the gas cleaning system with an error of less than 5% between simulated results
and measured values [12]. Lee et al. proposed a spray slurry
nozzle to reduce the slurry consumption and increase the
material removal rate (MRR) in SiO2 chemical mechanical
planarization (CMP). Adopting the spray slurry nozzle in
CMP process provides a higher friction force and shorter
process time than the normal tube-type slurry nozzle,
which reduces the slurry and electricity consumption
[13]. In the previous studies related to the sliding and friction of rubberlike material, Moﬁdi et al. researched rubber
sliding friction on hard lubricated surface and found that
short-wavelength roughness was the dominant contribution to rubber friction. Sliding friction is mainly due to
the viscoelastic deformations of the rubber by the counterface surface asperities [14].
To overcome the existing problems, this study developed
automatic equipment for washing stud bolts using theoretical
analysis and ﬁnite element analysis (FEA). An optimal clamp
load to prevent sliding of roller was calculated, and structural
analysis of the equipment under operating conditions was
conducted. Optimal washing conditions to maximize clean-

2. Design of the Automatic Equipment
This study developed the automatic equipment for washing
and nondestructive inspection of stud bolts consisting of
driving rollers, driven rollers, a clamp, a brush, a shaft, and
injection nozzles. It has four stages as shown in Figure 3. In
step 1, the stud bolt is located on driving and driven rollers
to move to the next stage, and then, a clamp comes down
and presses the stud bolt down to prevent sliding. In step 2,
a brush roller moves down until it contacts the stud bolt
and cleans the sludge by a rotating motion with a constant
set rotation speed. At the same time, each injection nozzle
sprays washing liquid and air with set injection pressures,
respectively, to remove the remaining sludge. When the
cleaning process is completed, the brush and the clamp move
up, and injection of washing liquid and air stops. In step 3,
the stud bolt is transferred into a nondestructive inspection
stage to conduct an eddy current test (ECT). The ECT is a
nondestructive testing technology that provides the ability
to electronically drive multiple eddy current coils, which
are placed side by side in the same probe assembly. To detect
defects such as cracks and corrosion, variations in the changing phases and magnitude of eddy currents are monitored by
using a receiver coil. When an alternating current is passed
through a conductor (copper coil), an alternating magnetic
ﬁeld is developed around the coil which contracts as the alternating current rises and falls. If the coil is then brought close
to another electrical conductor, the ﬂuctuating magnetic ﬁeld
surrounding the coil permeates the bolts and induces an eddy
current to ﬂow in the conductor. This eddy current, in
turn, develops its magnetic ﬁeld. This secondary magnetic
ﬁeld opposes the primary magnetic ﬁeld. Any changes in
the conductivity of the material being examined, such as
near-surface defects or diﬀerences in thickness, will aﬀect
the magnitude of the eddy current. This change is detected
using the detector coil, forming the basis of the eddy current testing inspection technique. The brushing process
precedes the washing liquid and air spray process to
achieve better accuracy of ECT. In step 4, the stud bolt
is unloaded, and the conﬁguration of the equipment is
illustrated in Figure 4.
In the washing and nondestructive inspection stages,
the stud bolt, which is located on the driving and driven
rollers, is rotated by their rotating motion, and then, the
clamp presses down on the stud bolt to prevent sliding,
as shown in Figure 5. If the clamp load is too small or
large, the stud bolt runs idle, which causes a reduction
of washing eﬃciency. So, an optimal clamp load to prevent the stud bolt from sliding is calculated considering
operating conditions.
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1. Design of the whole structure of the automatic equipment
Design of the whole concept and arrangement
Combination of wash part with non-destructive inspection part
Materials of major components
Driving roller

STS304 (Coating Mangle)

Clamp and shaft

STS304

Brush

STS304

All kinds of plate

SS41

All kinds of support beam

STS304

All kinds of bolt

STS304

2. Design of clamp load (Refer to Figure 6 for the detailed methodology)
- Calculation of friction force to prevent sliding

←

Using Equations (1) and (2)

- Determination of clamp load

←

Using ANSYS Workbench

- Verification of structural safety

←

Using ANSYS Workbench and test

3. Design of washing conditions to improve washing efficiency
- Manufacture of prototype

←

By Halla Precision Eng. Co., Ltd.

- Taguchi method
Determination of design factor
Generation of orthogonal array
Conduction of test
Analysis of variance for SN ratio and response
Suggestion of washing conditions

←

Using Minitab 18

←

Using Equation (3) and test

- Verification of washing condition

←

Using test

Figure 2: Methodology for the development of the automatic machine.
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Figure 3: Process of equipment for washing and nondestructive inspection of stud bolt.

3. Design of Optimal Clamp Load
The optimal clamp load to prevent sliding between the
roller and the stud bolt was calculated considering a critical brush shaft speed and structural safety under operating
conditions. The ﬂow chart for the optimal design of the
clamp load using theoretical analysis and FEA is shown
in Figure 6.

The theoretical model to analyse sliding, which consists
of the driving roller, driven roller, clamp and stud bolt, is
illustrated in Figure 7. The stud bolt and the driven roller
rotate at the velocity of 30 rpm by rotating motion of the
driving roller. The driving and driven rollers have the same
radius (r) of 32.5 mm, and the materials of the rollers and
stud bolt are engineering rubber (Mangle star) and
chromium-molybdenum steel (SCM4), respectively.
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Step 1 (Loading)

Step 2 (Washing)

Step 3 (ECT)

Step 4 (Unloading)

Figure 4: Equipment for washing and nondestructive inspection of stud bolt.
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Brush

Roller

Clamp
Stud bolt

Injection
nozzle

Roller

Figure 5: Detailed view of washing part (step 2): (a) side view and (b) front view.

The torque of the driving shaft, T r , (kg·mm) was calculated by using Equation (1), where H and N are the power
(kW) of motor and rotational velocity (rpm), respectively
[15]. The torque of the driven shaft (T f ) derived from a
clamp load is expressed with a friction force (F f ) as shown
in Equation (2). The friction force (F f ) is determined on
the condition that T f is the same as T r . The power (H) is
given by 0.09 kW in the actual ﬁeld, and the theoretical friction force (F f ) exerted between the stud bolt and the driven
roller was 881.02 N.
T r = 974,000 ×
T f = F f × r:

H
,
N

ð1Þ
ð2Þ

FEA was performed to obtain a clamp load (F c ) to prevent sliding, which produces the theoretical friction force of
881.02 N, by using commercial software, ANSYS Workbench. The FEA model consisting of the driving roller, driven
roller, clamp, and stud bolt was generated by using SpaceClaim, as shown in Figure 8. Analysis of the mesh quality
shows that the minimum value for orthogonal quality, which
should not fall below 0.05, is 0.24, and the maximum value
for skewness, which should not exceed 0.98, is 0.84, so it is
considered that the used mesh is proper.
The material properties of each component shown in
Table 1 were used, and the lubricated friction coeﬃcient of
the roller to the stud bolt was applied as 0.07, which is a general value used in between the steel and the engineering rubber [16, 17], and that of the bolt to the clamp was applied as
0.16 [18, 19].
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Start
Input dimensions and
operating conditions
(H, N, r)

Determination of friction force (Ff)
to prevent sliding

Using Eq. (1)~ Eq. (2)

FEA by varying clamp load (Fc)
Measure friction force
No
Resultant reaction
force > Ff

Fc,j = Fc,i + 135N
j=i+1

Yes
Determination of clamp load to
prevent sliding
Structural analysis
End

Figure 6: Flow chart for the optimal design of clamp load to prevent sliding between the roller and stud bolt.

Clamp load
Stud bolt

Rotation
velocity
30 rpm

Friction
force
r

Driven roller

r

Roller
radius (r)
32.5 mm

Driving roller

Figure 7: Theoretical analysis model to predict sliding between the
roller and the stud bolt.

The earth’s gravity of 9.8 m/s2 was adopted to consider
the self-weight of the components. Cylindrical support
condition was applied on the shafts of the rollers. Deformation and movement in the axial and tangent directions
were constraints, and those in the radial direction were
allowed [20]. The friction force in Figure 9 is resultant
of the reaction forces in the x-axis and y-axis (F x , F y ),
which are applied to the contact surfaces, so structural
analyses were conducted until the resultant reaction force
is equal to the theoretical friction force (881.02 N), by
increasing the clamp load starting from 135 N at the interval of 135 N. Based on the FEA results listed in Table 2,
when a clamp load of 675 N was imposed, the resultant
reaction force of 881.88 N, which is the closest value of
the theoretical friction force (881.02 N), was obtained as

shown in Figure 10, so the optimal clamp load to prevent
sliding was determined as 675 N.
To verify the structural safety of the automatic equipment used in the washing process (step 2), which undergoes
the most severe external conditions, structural analysis of the
washing device was performed. The FEA model including the
clamp, brush, driving/driven rollers, and air/washing liquid
injection nozzles was created as shown in Figure 11. The
clamp, roller, stud bolt, and injection nozzles where the
external loads were imposed were ﬁlled with ﬁne mesh,
which results in an interior reﬁnement area with ﬁner mesh
sizes and coarse regions around it, and 406,216 elements
were generated. The bottom surface was fully ﬁxed, and the
cylindrical support condition was given to the brush shaft
and driving/driven roller (axial and tangent directions:
ﬁxed, the radial direction: free), as shown in
Figure 12(a). The driving roller shaft and brush shaft
rotated at 30 rpm and 300 rpm, respectively. The air injection and ﬂuid washing liquid injection pressures were 3
and 8 bar, respectively, and the clamp load of 675 N was
imposed as shown in Figure 12(b). The lubricated friction
coeﬃcient of the roller to the stud bolt (0.07) and that of
the bolt to the clamp (0.16) was the same as the above
FEA, and that of the support plate to the rotating elements
(driving roller and brush shaft) (0.05) was applied [21, 22].
According to the results of the structural analysis shown
in Figure 13, the maximum equivalent stress of 42.8 MPa
occurred at the support plate end, which contacts with
the brush shaft, because it was aﬀected by the rotation
speed, clamp load, and deﬂection of the brush shaft. The
maximum value was much lower than the yield strength
of 215 MPa, so it is considered that the equipment is safe
under the operating conditions.
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Earth gravity (9.8 m/s2)
Clamp force

Stud bolt

Mangle star
30 rpm

Mangle star
Shaft of rollers

Table 1: Material properties of each component.

Yield
strength
Tensile
strength
Young’s
modulus
Poisson’s
ratio

Shaft, clamp, and
beam (STS304)

Stud bolt
(SCM4)

Engineering rubber
(Mangle star)

215 MPa

420 MPa

21.6 MPa

505 MPa

655 MPa

—

193 GPa

190 GPa

0.003 GPa

0.29

0.27

0.48

Resultant reaction force (N)

Figure 8: FEA model to obtain the optimal clamp load.
1000

881.88 N

800
600
400
200
0
135

270

405

540

675

Clamp load (N)

Figure 10: Optimal resultant reaction force (friction force).
Friction force
(Ff =
Stud bolt

Fx2 + Fy2 )

Fy
Fx

Driven roller

Driving roller

Figure 9: Component of friction force.

Table 2: Reaction forces at the contact area according to the clamp
load (unit: N).
Clamp
load
135
270
405
540
675

Reaction force (x
-direction)

Reaction force (y
-direction)

Resultant
reaction force

-341.5
-476.49
-611.49
-746.49
-881.49

15.582
22.053
23.917
25.189
26.249

341.82
476.48
611.96
746.92
881.88

4. Design of Optimal Condition to Improve
Washing Efficiency
The prototype of the automatic equipment was manufactured. The entire structural design is shown in Figure 14(a),
and details of the washing part (step 2) and the nondestructive inspection part (step 3) are shown in Figures 14(b) and
14(c). To validate the optimal clamp load (675 N) obtained
from theoretical analysis, the operating tests with increasing
the clamp load according to Table 2 were carried out as
shown in Figure 15, and the test was repeated 10 times to
ensure high accuracy of the results. The minimum clamp
load not to allow sliding was about 628 N, which is in good
agreement with the theoretical clamp load of 675 N (within
7.5% error).
To conduct the optimal design of washing conditions to
obtain a high washing rate (response) within the given time of
30 s, Taguchi’s method was applied by using the Minitab program. The control factors relating to the washing rate were
determined based on the machine speciﬁcation and the
worker’s ﬁeld experience as follows: washing liquid injection
pressure from 2 to 5 bar, air injection pressure from 3 to 7 bar,
the rotation speed of the brush shaft from 90 to 360 rpm, and
washing time from 5 to 30 s. The orthogonal array was generated as three levels (L9 ð34 Þ) as shown in Table 3. As the noise
factors, the new brush and the old brush, which had been used
in the ﬁeld for 1 year, were used in the experiments.

Modelling and Simulation in Engineering

7

Fluid
injection
nozzle

Support
beam

Support plate
Stud bolt

Clamp
Brush
shaft

Air injection
nozzle

Brush
Roller

Support plate

Figure 11: 3D modelling for structural analysis.

Clamp

Brush

Cylindrical support 0. mm
Fixed support
(a)

Injection
nozzle
B

C

Driven
roller

Driving
roller

A

A Rotational velocity: 30. rpm
B Rotational velocity 2: 300. rpm
C Force: 675. N
(b)

Figure 12: Boundary and load conditions: (a) boundary conditions and (b) load conditions.
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A: Static Structural
Equivalent Stress
Type: Equivalent (von Mises) Stress
Unit: MPa
Time: 1
42.805 Max
21.285
13.416
8.3001

Max

8.3001
8.3001

Support plate
of brush shaft

Max

2.7959
1.1789
0.13099
2.7187e-7 min

Figure 13: Result of structural analysis of the equipment.

Non-destructive inspection part
Prototype

Washing part

Inspector
Clamp
Brush
Stud bolt

Clamp

Roller
Stud bolt

Figure 14: The prototype of the automatic equipment.

Table 3: Orthogonal array (L9 ð34 Þ).

No.

Figure 15: Operating test to validate the clamp load.

The washing tests were performed according to the
orthogonal array, and the washing rate for each experiment
was calculated using Equation (3), by comparing the bolt
weights before and after washing, and the results are listed

1
2
3
4
5
6
7
8
9

Washing liquid
injection
pressure (bar)
2
2
2
3
3
3
5
5
5

Control factor
Air
Rotational speed
Washing
injection
of brush shaft
time (s)
pressure
(rpm)
(bar)
3
5
7
3
5
7
3
5
7

90
180
360
180
360
90
360
90
180

5
15
30
30
5
15
15
30
5
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Table 4: Washing rate according to the orthogonal array.
Initial bolt weight (g)

Bolt weight before washing (g)

Bolt weight before washing (g)

Washing rate (%)

5228.1
5228.1
5228.1
5242.9
5228.1
5228.1
5242.9
5242.9
5228.1

5234.4
5235.9
5236.1
5250.8
5236.3
5237.1
5252.4
5252.6
5237.5

5229.9
5228.6
5228.4
5243.2
5228.7
5230.0
5243.2
5245.0
5229.8

71.4
93.6
96.3
96.2
92.7
78.9
96.8
78.4
81.9

Main effects plot for mean S-N ratios
Washing fluid
injection pressure

Air injection
pressure

Rotational speed
of brush shaft

Washing time

39.5

Mean for S-N ratios

1
2
3
4
5
6
7
8
9

39.0

38.5

38.0

37.5
2

3

5

3

5

7

90

180

360

5

15

30

Figure 16: Mean S-N ratio graph.

Main effects plot for mean responses
Washing fluid
injection pressure

Air injection
pressure

Rotational speed
of brush shaft

Washing time

95

Mean for responses

No.

90

85

80

75
2

3

5

3

5

7

90

180

Figure 17: Mean response graph.

360

5

15

30
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Table 5: Analysis of variance.
(a) Analysis of variance for S-N ratios

Level
1
2
3
Variance
Rank

Washing liquid injection pressure
38.72 (2 bar)
38.98 (3 bar)
38.62 (5 bar)
0.04
3

S-N ratio
Air injection pressure

Rotational speed of brush shaft

Washing time

37.63 (90 rpm)
39.12 (180 rpm)
39.58 (360 rpm)
1.04
1

38.23 (5 s)
39.03 (15 s)
39.07 (30 s)
0.23
2

Rotational speed of brush shaft

Washing time

76.23 (90 rpm)
90.57 (180 rpm)
95.27 (360 rpm)
98.37
1

82.00 (5 s)
89.77 (15 s)
90.30 (30 s)
21.60
2

38.82 (3 bar)
38.88 (5 bar)
38.63 (7 bar)
0.02
4
(b) Analysis of variance for responses

Level
1
2
3
Variance
Rank

Washing liquid injection pressure
87.10 (2 bar)
89.27 (3 bar)
85.70 (5 bar)
3.24
3

Response
Air injection pressure
88.13 (3 bar)
88.23 (5 bar)
85.70 (7 bar)
2.05
4

in Table 4.



Initial bolt weight − Bolt weight after washing
× 100:
1−
Initial bolt weight − Bolt weight before washing
ð3Þ
The mean S-N (signal-to-noise) ratios with the characteristic that the larger is the better and the mean responses
(washing rates) were plotted in Figures 16 and 17, respectively, and their analyses of variances were conducted to
investigate the eﬀect of the control factors on the washing
rate as shown in Table 5.
It was found that the rotation speed of the brush shaft,
which has the biggest variance of S-N ratio (1.04), has the
largest impact on deviation of the S-N ratio, and the
remaining control factors are as follows: washing time
(0.23), washing liquid injection pressure (0.04), and air
injection pressure (0.02), as shown in Table 5(a). Also,
the rotation speed of the brush shaft has the biggest variance of response (98.37), which has the largest impact on
washing rate. The order of the remaining control factors
are as follows: washing time (21.60), washing liquid injection pressure (3.24), and air injection pressure (2.05), as
shown in Table 5(b). To minimize variation and to maximize washing rate, the control factors to maximize the
mean S-N ratio and the mean response are selected as follows: washing liquid injection pressure of 3 bar, air injection pressure of 5 bar, the rotation speed of the brush
shaft of 360 rpm, and washing time of 30 s.
To verify the above suggested control factors, 10 times
repeated washing tests were performed, and the mean washing rate of 97.7%, which is higher than the requirement in the
ﬁeld (95%) and the results in Table 4, was obtained as shown

in Table 6. Analysis of variations was conducted as shown in
Table 7, and 40.19 of S-N ratio and 100% of washing rate
were obtained. This shows the big improvements compared
to No. 1 in Table 3 with level 1 (2 bar, 3 bar, 90 rpm, and
5 s), which has the variations of 37.07 and 71.4%, respectively, so the optimal design method and optimal control factors were veriﬁed.

5. Conclusions
This study developed the automatic equipment for washing
the sludge and the nondestructive inspection of stud bolt
used in low-pressure steam turbines in the power plants.
The optimal clamp load to prevent sliding between the roller
and the stud bolt was derived, and the structural safety of the
equipment was veriﬁed under the operating conditions. An
optimal design of washing condition was performed to
improve the washing rate of the stud bolt. The summaries
are as follows.
(1) The integrated automatic equipment by combining
the washing part and the inspection part was devised.
It consists of driving/driven rollers, clamp, brush,
shaft, and injection nozzles and has four stages. Step
1 is the loading process, and in step 2, the brush roller
cleans sludge, and two injection nozzles spray air and
washing liquid, respectively, to remove the remaining
sludge. In step 3, the nondestructive inspection of the
stud bolt is conducted, and ﬁnally, the stud bolt is
unloaded in step 4
(2) The optimal clamp load of 628 N to prevent sliding
between the roller and the bolt was obtained from
the operating test, and this value is a good agreement
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Table 6: Washing rate applying the optimal control factors.
Initial bolt
weight (g)

Bolt weight before Bolt weight after
washing (g)
washing (g)

5228.1

5237.0

5228.3

Washing
rate (%)
97.7

Table 7: Washing rate applying the optimal control factors.
Washing liquid
injection
pressure
3 bar
Mean SN ratio
Mean
response

Rotational
Air
Washing
injection speed of brush
time
shaft
pressure
5 bar
360 rpm
30 s
40.12
100.0

(7.5% error) with the clamp load of 675 N obtained
from the theoretical analysis and FEA
(3) The structural analysis result of the washing device
showed that the maximum equivalent stress of
42.8 MPa occurring at the support plate was lower
than the yield strength (215 MPa), which means that
the equipment is safe under the operating conditions
(4) Based on Taguchi’s method, the best washing rate
(97.7%) was derived when the process variables are
as follows: washing liquid injection pressure of
3 bar, air injection pressure of 5 bar, rotation speed
of the brush shaft of 360 rpm, and washing time of
30 s
By applying the automatic equipment and the optimal
washing condition, a considerable shortening of working
hours and labor saving can be accomplished and the overall
time required for an annual inspection of a nuclear power
plant can be reduced.
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