
 

 

 
 
1  

( )

 

 

(MSE) (FPP)

3

 
 



 

2 MSE FPP
 

2 1 MSE  
2 1 1  

MSE 2 1
MSE-S 2-1 1.2 μm

1 mm 
 1 mm
WA#8000 1.2 μm 30 g 968 g

2 g 3 mass% 4 mm
90 11 L/min 125 mL/min

2
2-2 MSE-S

2 mm  2 mm
10 30 μm 30 g 968 g 2 g  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2-1 MSE-S  

Air compressor 

Return pump
Stirring machine

Nozzle
unit

Valve

Sample
stand

specimen

Control 
section

Nozzle

Nozzle 
unit

Sample 
stand

Return pump

Control 
section

Air compressor

Valve

Stirring 
machine

Specimen

Nozzle
(1 mm 1 mm)

Air compressor 

Return pump
Stirring machine

Nozzle
unit

Valve

Sample
stand

specimen

Control 
section

Nozzle

Nozzle 
unit

Sample 
stand

Return pump

Air compressor

Control 
section

Valve

Stirring 
machine

Specimen

Nozzle
(2 mm 2 mm)

2-2  



 

3 mass% 10 mm 90
10 g 20 L /min 500 mL/min

 

SUS304 CrN 3
AIP UBMS FAIP 3 13 mm

13 mm 6 mm
2-3

CrN 3 μm AIP
UBMS FAIP  

 
 
2 1 2  
2 1 2 1  

0.5 g 2-4
3 g

AIP 2
 

 

2-3  

2-4  



 

2-5

CrN AIP 0.92 μm/g UBMS 1.03 μm/g
FAIP 0.99 μm/g

AIP FAIP UBMS
 

 
2 1 2 2  

2-6
No.1

0.1 μm
 

  

2-5  

1 2 3 4

1

2

3

4

5

6

7

0
Mass of particles, g

Er
os

io
n 

de
pt

h,
 

m

 AIP
 UBMS
 FAIP



 

 
 

 

WinRoof2015
2-7

AIP No.1 No.2 UBMS
UBMS No.2

FAIP No.1 No.2  
1 g

2-8 AIP No.1 No.2 1 g
2.8 μm

AIP 2-3

 

2-6  



 

 

10 g UBMS
FAIP SUS304

2-7 and damage area 

2 4 6 8 10

2

4

6

8

0
Mass of particles, g

D
am

ag
e 

ar
ea

, %

 AIP No.1
 AIP No.2
 UBMS No.1
 UBMS No.2
 FAIP No.1
 FAIP No.2

2-8 1g  



 

2-6 10 g

2-9 AIP
UBMS AIP

FAIP 0.5 μm
FAIP

 

2 2 FPP  
2 2 1  

FPP 200 m

2-9 10g  



 

6mm 200 m HV 800
0.3MPa 1g/s 100mm 90

FPP
 

S45C ( 15 t4)

40A/dm2 120s HV930 5μm
40A/dm2 3600s HV930 20μm

30A/dm2 5400s HV830 20μm
FPP

SEM X EDS

 
 
2 2 2  

20μm HV930 HV830
FPP 2-10 2-11

Cr Fe

FPP

 



 

 

 
HV 930 5μm FPP

480s 600s 720s 840s

10μm

10μm

S
E

M
Fe

C
r

20μm

10μm

S
E

M

2-11 FPP( 200 m) (HV830
20μm) SEM EDS  

480s 600s 720s 840s

10μm

10μm

10μm

S
E

M
C

r
Fe

20μm

S
E

M

2-10 FPP( 200 m) (HV930
20μm) SEM EDS  



 

2-12 (a) Cr
Fe 480s

570s
(b) (c) 480s 570s

2-10
480s 570s

 
 

 
 
 
 
 
 
 
 
 
 
 
 

(a)  
 
 
 
 
 
 
 

 (b) 480s  (c) 570s  
 

2-12 FPP( 200μm)  
(HV930 5μm) SEM EDS  

2 3  
MSE FPP

Fe
C

r

510s 540s480s 570s

20 m

10 m 10 m 



 

MSE

FPP

 
 
3  
3 1  

ANSYS ver18.0 3-1
1/4

3mm
0.1 0.5mm 5mm

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ANSYS ver18.0

3-1  



 

2.8GPa  
1N

 
 
3 2  

3-2 0.1mm
0.3mm

0.5mm

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
3 3  

3-2 ( ) 

(a) 0.1mm (b) 0.3mm 

(c) 0.5mm 



 

MSE FPP

 

 
 
4  
4 1  

 
4-1 4-2

( 0.8mm) ( )

L

 
 
 
 



 

 
 
 
 

4-1  4-2  
 

1N
30mm 1mm

1mJ 200μm
30m/s 2

FPP
0.1mJ

10
 

 
4 2  

S45C ( 15 t4)  
5μm DLC

0.3μm Si 0.05μm
Si-DLC DLC

 

 
4-3 SEM

(a) (b)

AE

0.8mm

( )



 

 
(c) (f) Si-DLC DLC

1mm DLC
Si-DLC

 
25mm

DLC

 

 
 
 
 
 
 
 
 

 
 (a) 25mm 4.5N (b)  
 (  100mJ) 25mm 1N 

( 25mJ) 



 

 

 (c) Si-DLC 1mm (d) Si-DLC 25mm 
 1N ( 1mJ) 1N ( 25mJ) 

 

 (e) DLC 1mm (f) DLC 25mm 
 1N ( 1mJ) 1N ( 25mJ) 

4-3 SEM  
 

4 3  

MSE FPP

 
 
5  



 

 
MSE FPP

 

 
 
6  

JFE21
 

 
7  
1) 

MSE C 74 739 (2008-3) 
218-224  

2) 2 MSE
2014   (2014) B24 

3) TiAlCrSiN/CrN
2016  (2016)  S1170303 

4) 
2017   2017 A30 


