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Fig.1-2 Schematic illustration of coating formation[2]
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Fig.1-6 Spraying booth
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Fig.1-8 Specimen and shear test jig.[29]
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2.2
22.1
s35C Fig.2-1
R (#400 #2000), (0.3um)
R Table2-1 Ni «
FUKUDAALOY FP-6M)
( )
R Table2-2 Table2-3 Fig.2-2
S35C Table2-4
) 100+ 1.0 ‘2
>

$16.0

Fig.2-1 Specimen geometry

Table2-1 Chemical composition of Ni-based self-fluxing alloy powder

Ni Cr B Si Fe C

Ba. 147 296 440 267 0.60
(Wt,%)
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Table2-2 Chemica composition of S35C

C Si Mn P S Cu Ni Cr

033 017 064 009 014 008 003 0.13
(Wt,%)

Table2-3 Mechanical properties of S35C

Young's modulus Tensile strength 0.2% proof stress

S35C 206GPa 648M Pa 479MPa

Fig.2-2 Microstructure of S35C

Table2-4 Gas frame spraying condition

oxygen : 172kPa , 35I/min.

Operdling g ovlene : 103kPa , 35/min.
Pre-heating time 10s
Spray time 30s
Spray distance 200mm
Rotating speed of specimen 300rpm
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Fig.2-3 Fusing conditions
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Fig.2-4 Schematic illustration of sprayed coating
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231
Fig.2-5
S35C
JIS Z 2201 Fig.2-5
) MVK-H2 )
19.6N 30 Table2-5
coating
3 60+ 0.1
Mi14x 1
o
CRE e e e e e
2
120+ 0.5
Fig.2-5 Tensile test specimen
Table2-5 Effect of fusing time on sprayed coating

V-0.5h V-4h V-10h

Substrate series series series

Young'smodulus  206GPa 267GPa 266GPa 272GPa

Avg.HV
(19.6N) 606 611 580
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Fig.2-6 Result of fatigue tests
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[78]

SEM
Fig.2-7 V-10h series

(a) Fracture appearance (b) Crack initiation site

Fig.2-7 Fracture surface of V-10h series
(c,=340MPa,N;=1.38x 10°cycles)

[81]
Fig2-8 SEM Table2-6
( o))
(100 )
(20 )
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(b)V-0.5h series

(c)V-4h series (d)V-10h series

Fig.2-8 Microstructures of sprayed coatings
Table2-6 Effect of fusing time on porosity
As sprayed V-0.5h V-4h V-10h
series series series series

Porosity 6.7% 0.5% 0.5% 0.6%

(As sprayed series)

As sprayed series 6.7%
0.5%

Fig.2-6
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X (EDX)(( ) )
Fig.2-9 SEM
Cr Ni
SEM image Cr image Ni image
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(b)V-4h series
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Fig.2-9 EDX analyses of microstructure of sprayed coating
Cr
Ni CrB , Cr/Cs Cr
[85]( A ) Fig.2-9 Cr
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Cr
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Fig.2-16 Fracture surface of 1-200s series
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3.2

(a)Blast A (b)Blast B

Fig.3-1 Steel shot for blasting

Table3-1 Blasting process condition

Materia Steel grid
Distance
(between specimen and nozzle) 100mm
Shot time 60s
Shot pressure 0.6MPa
A:0.7 1.0mm
Particle size
B:0.3 0.5mm
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(b) Fusing condition with induction heating system

Fig.3-2 Fusing condition
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Imm
(SEM)
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X
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Fig.3-3 Definition of diffusion layer thickness
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3.3
331
A series
Ra Rz
Fig.3-5
30
Ra Rz

B series

Ra

A series > B series > C series

Rz

Fig.3-4

(b) B series

Fig.3-4 Observations of substrate surface
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(a)A+spray(l) series (b)B+spray(l) series (c)C+spray(l) series
(a) Fused by vacuum furnace

(a)A+spray(V) series (b)B+spray(V) series (c)C+spray(V) series

(b) Fused by induction heating system

Fig.3-6 Microstructure of sprayed coating

Table3-2 Effect of fusing on sprayed coating

| series V series
Atspray(l) B+spray(l) C+spray(l) | A+spray(l) B+spray(l) C+spray(l)
series series series series series series
Porosity (%) 0.15 0.13 0.12 0.70 0.69 0.63
Vickers Hardness (HV) 720 736 777 676 696 684
Diffusion layer thickness (um) 9 9 8 24 23 22
Young's Modulus (GPa) 256 —_— —_— 267
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Fig.3-7 Results of fatigue tests
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Fig.3-8

81

(Fig.3-9)

A+spray(l) series B+spray(l) series C+spray(l) series

Fig.3-8 Result of macroscopic observation

Fig.3-9
FEM
Fig.3-7
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delamination

coating

.: | substrate

(a)A+spray(l) series (b)B+spray(l) series (c)C+spray(l) series

Fig.3-10 SEM observations of interface

C+spray(l)series
A+spray(l)series
A+spray(l)series B+spray(l)series C+spray(l)series
A+spray(l) series
Fig.3-11
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Fig.3-12
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Fig.3-13 Results of fatigue tests
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(a) Fracture appearance (b) Crack initiation site

Fig.3-14 Fracture surface of C+spray(V)series

A+spray(V) series
Fig.3-13
Fig.3-15
B+spray(V)series C+spray(V)series

A+spray(V)series
(A+ spray(l) series)
A+spray(V)series

SEM Fig.3-16
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Fig.3-15 Results of fatigue tests
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Fig.3-16 Microstructures of interface
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3.3

A+spray(V) series

C+spray(V)series
As sprayed
Fig.3-16
Fig.3-17 A series
A series
A+spray(V)series

substrate ¢ L

l spraying

Fig.3-17 Schematic illustration of interface
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4.2

4.2
4.2.1
S35C
R (#400 #2000) (0.3um)
R Ni
1.5mm 2
R
500 / 1010 10
1.5mm 10 05 0.2mm 3
(Fig.4-1) R
V-10h series 1.0mm 0.5mm
0.2mm (2.0mm) (0.5mm) (0.2mm)
4.2.2
(3000rpm)
(SEM)

1.0mm
t= 0.5mm
0.2mm

AR

Fig.4-1 Schematic illustration of sprayed coating
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4.3

4.3

4.3.1
Fig.4-2

Nominal stress amplitude , MPa

500

400

300

200

100

® V/-10h(1.0mm) series
B V-10h(0.5mm) series
A V-10h(0.2mm) series

O Substrate
: A
- A
- A
- A
- ol %A , 4
. me ' & . A >
- o m =N
I .(; me —
N (@] o o ——
N o _©®
g c =
104 10° 108 10’ 108

Number of cyclesto failure, N

Fig.4-2 Results of fatigue tests
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4.3

4.3.2

Fig.4-3
Fig.4-3

[81]

(b) Final fracture site

Fig.4-3 Fracture surface of V-10h(1.0mm)series
(o =260MPa, N=1.2x 106)
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4.3

R
FEM
FEM
2 (206GPa 272GPa)
Fig4-4 FEM Fig.4-2
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Fig.4-4 Results of fatigue tests
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4.3

4.3.3

[78] 2

V-10h(1.0mm) series

Fig.4-5

Fig.4-5 The observation of fatigue crack propagation on the coating surface
(V-10h(1.0mm)series, c =350MPa, N;=3.3x 10%)
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4.3
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Fig.4-6 Schematic illustration of measured area
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4.3

-In(-In(F))

(Fig4-8)

® V-10h(1.0mm) series
B V-10h(0.5mm) series
A V-10h(0.2mm) series

O r N W b 01 O N @©
T

_2 1 Il 1

0 50 100 150
Defect size area,,,, , pm?

Fig.4-7 Distribution of the defect size (V-10h series)

Tabled4-1 Number of defects on the coating surface per unit area

V-10h V-10h V-10h
(2.0mm) (0.5mm) (0.2mm)

Number of defects

per unit area 44 33 15
(N4/mm?)
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4.3

® V-0.5n(1.0mm) series
A V-0.5h(0.2mm) series
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[
1 3 L
z 2|
1 1 i
0
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Defect size area,,, , LM?
Fig.4-8 Distribution of the defect size (V-0.5h series)
434
[87]
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4.3

® V/-10h(1.0mm) series
T F(%) y B V-10h(0.5mm) series
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Fig.4-9 Estimation of defect size by the statistics of extreme value (V-10h series)

(Cr )

SEM Fig.4-10
Ni Cr
Cr
HV=235
(4-1)
Tabled-2
V-10h(0.5mm) series
V-10h(1.0mm) series V-10h(0.2mm) series

Fig.4-10

Tabled-1

-80-



4.3

Chromium compound Matrix (Nickel)

Fig.4-10 SEM observation of crack propagation
(V-10h(1.0mm)series, c =350MPa, N;=3.3x 10%)

Tabled-2 Result of fatigue strength estimation

d{é%norrﬁ) (B{Brlﬁ)rrﬁ) (6{ -%rqrrﬁ)

Vickers hardness [HV] 235
Defect area [um?] 240 159 95
Experimental value[MPa] 267 318 402
Estimated value [MPa] 321 332 347
 Emor[w]  +20 45 4

V-10h(0.2mm) series
10h(1.0mm) series
Ni
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TableA-1 Ni
Fig.A-1
1010
1010 CrB, Cr,Cs, [Ni] 3
3
2
Cr
1010 Ni B, S
TableA-2
Cr (CrB, Cr;Cy)
Cr

(Ni)

TableA-1 Composition of Ni-based self-fluxing aloy powder 85

Ni Cr B Si Fe C Cu Mo

Bal. 17 3.3 4.2 4.0 0.9 3.0 2.0
(wt,%)
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1400 \4— start of CrB pri ma}ry crystallizaition

\,/ start of Cr,C, crystallization

1200 AN |
\ / start of [Ni] crystallization
start of [Ni]+Ni;B pseudo-binary

\ eutectic crystallization

Temp.

1000 N—__
/ i
800 / |
[Ni]+Niz;B+Ni;Si pseudo-ternary eutectic crystallization : end of solidification
| | | | |
10 20 30 40
Timeinmin

Fig.A-1 Cooling curve of Ni-based self-fluxing alloy powder 85

TableA-2 Vickers hardness of sprayed coating 85

CrB Cr,C, (Ni) (Ni)+NigB  NigB+Ni Si
2300 1650 200 500 650 880
(HV)
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(Crack) p O
1950 [88]
r Jr (Singularity)
(Stress intensity factor)
Fig.B-1 y Go X 2a
Ki
K, = o, (B-1)
K, X o
I _ K
v~ Jom (B-2)
Fig.B-1 |
| Ki(
1) Kin( 1)
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A
r
b,\/ﬁ
p X
B\Oé a\A

Fig.B-1 Crack of 3 dimensions (length = 2a)

[89]
KI KImax
Fig.B-2 ( area) K K imax
K nax = 0650, 7/ area (B-3)

Fig.B-2 Stressintensity factor of 3 dimensional surface crack in optional form
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AKip area

Fig.B-3 Jarea
AKin (B-3) oo 204
TableB-1
Fig.B-3 varea <1000um AKy  Jarea
AK,, oc (\/area)% (B-4)
TableB-1 HV 4Ky,
AKy  HV HV
AKin

AKy HV 4Ky HVE

AK,, o (HV +C)5 (B-5)
C
| | I * | |
I i |5 ]
B | 1
1 [-1 7 b
- 11l ] | = — =i .
:: -.".-'"T' I-.-! :
i B * -
:.:; i - L3
10 10 100
v (TFET. LI

Fig.B-3 Relationship between A4 K, and area of micro-defect and micro-crack
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TableB-1 Variety of HV and defect of considered materials

HV HV
A : S10C 120 H : S50C(T) 319
-1 : S50C(T) 378
B : S30C 153 -2 : S50C(T) 375
C:S35C 160 J:7:3 70

D-1: S45C(A) 180 K: (2017-T4) 114
D-2: S45C(A) 170 L: (SUS603) 355
E : S50C(A) 177 M : (YUSL170) 244
N: 720
F: 45C(Q) 650
G : S45C(T) 520
(B-4)  (B-5)
AK,, =C,(HV +C, )(«/ area)% (B-6)
C G
C. C, FigB-3 (B-6)
AK,, =3.3x10°(HV +120)(\/area) * (B-7)
AK, MPa mt2
Jarea  pm
HV kgf/mm?
FigB-4  (B-7) HV=70 720
(B-7)
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