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SSRT T—% DEH|
1 SSRT 7—4 M4 (1)

HYDROGENIUS DATABASE / No. A68(Tentative) / 2017 /
Database on Slow Strain Rate Tensile Test (SSRT) Properties of JIS-SNCM439 Nickel Chromium

6.1
6.1.
His

Molybdenum Steel in 115 MPa Hydrogen Gas

1. MATERIALS

Table 6.1.1.1 Details of processing and related data of SNCM439.

Heat | Production process Product form Dimensions (mm)
BY Hot-rolled Plate Lengthi87Q mm Wldth1130 mm
Thickness:31 mm
Length:834 mm Width:130 mm
1) -
G Hot-rolled Plate Thickness:30 mm
. Length:3630 mm Outer diameter:320 mm
1) -
J Hot-forged Cylinder Inner diameter:200 mm Thickness:60 mm

1) Reported by the manufacture.

Table 6.1.1.2 Chemical composition of SNCM439.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product Bi) 0.43 0.22 0.82 0.012 0.002 1.81 0.86 0.25
analysis Gl’ 0.40 0.22 0.80 0.014 0.002 1.80 0.86 0.26
JD 0.40 0.27 0.89 0.009 0.015 1.84 0.92 0.28
B? 0.42 0.22 0.82 0.016 0.002 1.80 0.86 0.26
Ladle GSZ’ 0.39 0.22 0.79 0.016 0.002 1.80 0.84 0.26
analysis 3 0.42 0.26 0.80 0.010 <0.010 191 0.89 0.25
Requirement” ng 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30
Min | 0.36 0.15 0.60 1.60 0.60 0.15

1) Performed by HYDROGENIUS.

2) Reported by the manufacture.

3) After the inspection certificate.

4) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.

Table 6.1.1.3 Heat treatment conditions of SNCM439.

Material | Heat Shape Quenching Tempering
BD Plate 850 C/2 h, 650 °C/4 h, Air-cooled
Oil-quenched
850 °C/2 h .
1) ’ o -
Large-sized G Plate Oil-quenched 640 °C/4 h, Air-cooled
material Wastfzg-scr’"a 620 °C, Air-cooled
Jv Cylinder 350 °C/IZ) hy
) o 11— 4)
Oil-quenched? 650 °C/4 h, Air-cooled

1) Reported by the manufactures.
2) Performed by HYDROGENIUS.

3) See Table 5.

4) Ablock of 7108 mm, w320 mm and ¢60 mm was heat-treated.



2. MECHANICAL PROPERTIES

Table 6.1.1.4 Mechanical properties of SNCM439.

Tensile Properties
Temperin Tensile . Vickers
Material Heat Shape TempE:ratu?e 0.2 % proof Strength Fractur e | Reduction Hardness
°C) stress o5 elongation | of Area (HV)
00.2 (Mpa) (MPa) &f (%) @ (%)
B Plate 650 7387(739") 867 22 66 275
Large-sized | G” Plate 640 746%(7477) 873 23 66 270
material Jl) cvlinder 620 9257(9217) 1025 20 62 318
y 650 766°(764") 881 25 67 263
Requi 2 max
equiremen min 885 980 16 45

1) Performed by HYDROGENIUS.

2) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
3) Determined from o & curve.

4) Determined from o-stroke curve. See Fig. A1-6.

3. SLOW STRAIN RATE TENSILE TEST (SSRT) PROPERTIES

Table 6.1.1.5 Slow strain rate tensile test (SSRT) conditions.

Type and
capacity ) )

of testing Servo-hydraulic, 50 kN Screw type, 50 kN
machine
Loading
condition

Uniaxial, Monotonic

In 115 MPa hydrogen gas at -45 °C
through 120 °C
Environment In 0.1 MPa nitrogen gas at -45 °C In air at RT
In 115 MPa nitrogen gas at RT
In air at 120 °C
Hydrogen gas : 99.999% (5N)

Gas purity Nitrogen gas : 99.999% (5N)
1.5 x 10 mm/s? (5.0 X 105 s1)3 5 % 5 «1)3)
Test speed 9.0 X 10 mm/s? ( 6.7 X 105 519 1.7 x 103 mm/s? (5.7 X 105 1)
- M10
./ & /
Specimen? / !

30.0

(dimensions in “ —
mm) — —_

75%0.25

1) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide paper.

2) Stroke speed or cross head speed.

3) Determined on the basis of 30-mm parallel length of specimen. 5.0 X 105 s is given
by (1.5 X 103 mm/s) / 30 mm. 5.7 X 10 sl is given by (1.7 x 103 mm/s) / 30 mm. 6.7 x 105 s’! is given by
(2.0 x 103 mm/s) / 30 mm.
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4. EXPERIMENTAL RESULTS

1200 ———————— 1200 —r
| Large-sized, SNCM439, heat B(650°C T) | | Large-sized, SNCM439, heat B(650 T T)
1000 - In 0.1 MPa nitrogen oas at -45 C =~ 7] 1000 -
. I | . I In 115 MPa hvdroaden aas at RT
[1v] o [1v] =
£ 800 . £ 800
Py Py
ol ol
£ 600 - £ 600
[es] o 1
i i In air at RT
E 400 - E 400
=] =]
= =
200 . 200
0 . 1 . 1 . I . 1 . 0 . 1 . 1 . I . 1
0 2 4 G 8 10 0 2 4 G ]
Stroke {mm} Stroke {mm)
1200 T T T T T T T T T
| Large-sized, SMCM439, heat B(BA0 °C T
1000 -
= L In 115 MPa hydrogen gas at 120 C
L 800 -
Py
o ",
£ 600 5, ]
= .
_E Inairat120 C
£ 400 i
(=]
=
200 .
0 . 1 . I . 1 . I .
0 2 4 6 ] 10

Stroke (mm)
(a-3) 120 °C, 115 MPa Hz
(a) Heat B tempered at 650 °C (og=867MPa)
Fig. 6.1.1 Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas.

(Figure continued on next page.)
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(b) Heat G tempered at 640 °C (os=873MPa)
Fig. 6.1.1 Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas.
(Continued)

(Figure continued on next page.)
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1400 R 1400 —

. — . —
- Large-sized, SNCM439, heat J(620 °C T) | - Large-sized, SNCM439, heat J(620 °C T)
1200 . 1200 L
@000 b e § = 1000 | =
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(c) Heat J tempered at 620 °C (oB=1025MPa)
1) Two specimens were used for SSRT tests in 115 MPa hydrogen gas at room temperature.

Fig. 6.1.1 Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas.
(Continued)
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6.1.2 SSRT T—%42 DH4I(2)
HE . XA RS

1. MATERIALS

NEDO ARFAE M RARERARBEE

Table 6.1.2.1 Details of processing and related data of SNCM439.

Heat Production process Product form Dimensions (mm)
Length:950mm  Width:130 mm
A Hot-forged Plate Thickness:30 mm
B Hot-forged Round bar Outer diameter:430 mm
C Hot-rolled Round bar Outer diameter:300 mm
D Hot-rolled Round bar Outer diameter:300 mm
Table 6.1.2.2 Chemical composition of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo  O(ppm)
A 042 022 081 0.017 0002 181 085 0.26 6
Product B 040 026 080 0.005 0.004 190 084 0.25 35
analysis C 040 0.27 080 0.012 0.014 174 074 0.23 12
D 041 026 082 0.022 0010 160 0.79 0.15 15
Requirement? Max 043 035 090 0.030 0.030 2.00 1.00 0.30
g Min 036 0.15 0.60 160 060 0.15
1) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
Table 6.1.2.3 Heat treatment conditions of SNCM439.
Heat Direction Heat-treated shape Quenching Tempering
Axial . —_— o o
A Length:160mm  Width:130 mm 850 °C/2 h, 650 °C/4 h,
Width Thickness:30 mm Oil-quenched Air-cooled
Axial . . o °
B Length:160mm  Width:100 mm 850 °C/2 h, 645 °C/4 h,
Circumferential Thickness:30 mm Oil-quenched Air-cooled
Axial L . - . ° o
C ength.lGQmm Width:100 mm 8_50 C/2 h, 645 Cl/4 h,
Circumferential Thickness:30 mm Oil-quenched Air-cooled
Axial . - ° o
D Length:160mm  Width:100 mm 850 °C/2 h, 630 °C/4 h,
. . Thickness:30 mm Oil-quenched Air-cooled
Circumferential
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2. MECHANICAL PROPERTIES

Table 6.1.2.4 Mechanical properties of SNCM439.

Tensile Properties”
Heat Direction 0.2 % proof Tensile Fracture Reduction of
stress Strength elongation Area
00 (MPa) og (MPa) &1 (%) 9 (%)
A Axial 730 853 20 57
Axial 739 885 22 61
B
Circumferential 737 881 17 44
Axial 744 880 22 63
C
Circumferential 765 892 16 37
Axial 762 894 20 59
D
Circumferential 781 899 19 53
Max
Requirement?
Min 885 980 16 45

1) JIS Z 2201(2008), 14A specimen (diameter Smm, gage length 40mm)
2) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
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3. SLOW STRAIN RATE TENSILE TEST (SSRT) PROPERTIES

Table 6.1.2.5 Slow strain rate tensile test (SSRT) conditions.

Type and
capac%ty Servo-hydraulic, 100 kN
of testing
machine
Loadlpg Uniaxial, Monotonic
condition
Environment In 90 MPa hydrogen gas at RT In air at RT
Gas purity Hydrogen gas : 99.99999% (7N)
Test speed 3.0 X 103 mm/s? (1.0 X 104 s1)?
N
p M10X 1.5
H
<
Specimen? s
(dimensions in
mm)
(180) | | 30.0 | |_(18.0)
76.2 h

1) Stroke speed.

2) Determined on the basis of 30-mm parallel length of specimen.

1.0 X 104 s is given by (3.0 X 103 mm/s) / 30 mm.
3) Surface finishing was performed by axial polishing with 800 grade silicon carbide paper.
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4. EXPERIMENTAL RESULTS

Fig. 6.1.2 Stress - stroke curves of SNCM439.

(Figure continued on next page.)
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Fig. 6.1.2 Stress - stroke curves of SNCM439.
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6.1.3 SSRT T—% M=H4I(3)

Higt . JFE RF— LXK =4
NEDO /K= FI A ATRA R AR E R R &
1. MATERIALS
Table 6.1.3.1 Details of processing and related data of SNCM439.
Heat | Production process Product form Dimensions (mm)
Length:6000
A Hot-rolled Cylinder Outer diameter:356
Thickness:62
Table 6.1.3.2 Chemical compositions of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product
analysis A 0.40 0.24 0.73 0.007 <0.0010 1.77 0.74 0.22
Table 6.1.3.3 Heat treatment conditions of SNCM439.
Material | Heat Shape Quenching Tempering
S.eamlless A Cylinder 870. °C-80min, 635 °C-160min, Air-cooling
line pipe Oil-quench

2. MECHANICAL PROPERTIES

Table 6.1.3.4 Mechanical properties of SNCM439.

Tensile Properties
Tempering 0 Tensile - Vickers
Material Heat Shape Temperature 0.2 % proof Strength Fractur e | Reduction Hardness
°C) stress o8 elong(;atlon of A(;rea (HV10)
00.2 (MP&) (M Pa) &f (/0) [ (/0)
Seamless line . 787 928 21.2 71.3
pipe A | Cylinder 635 787 928 21.7 69.4 280
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3. SLOW STRAIN RATE TENSILE TEST (SSRT) PROPERTIES

Table 6.1.3.5 Slow strain rate test (SSRT) conditions.

Type and
capaC%ty Servo-hydraulic, 50 kN
of testing
machine

Loaghpg Uniaxial, Monotonic
condition

85°C: Air, 105 MPa hydrogen gas
Environment RT: Air, 105 MPa hydrogen gas
0°C : 0.1 MPa nitgogen gas, 105 MPa hydrogen gas
-30 °C: 0.1 MPa nitrogen gas, 105 MPa hydrogen gas
Gas purity Hydrogen gas : 99.999-99.9999% (5-6N)
Nitrogen gas : 99.999% (5N)
2.0 X 103 mm/s? (6.7 X 105 g1)3

Test speed

DE+0,13
e

g
~

30. 0 ‘

Specimen?
. . . 1 L
(dimensions in ||
mm) ,— ~
|

75%0.25

1) Surface finishing was performed by circumferential polishing.

2) Crosshead speed.
3) Determined on the basis of 30-mm parallel length of specimen: 6.7 X 105 s! is given by 2.0 x 103 mm/s / 30

mm.
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4. EXPERIMENTAL RESULTS

85°C

1000
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/105 MPa H,
R A R —— E............ ....'.”.N.;z ...........
I, S E— - D —
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1000 2 : :
E 800 |t }\.‘,‘,A"' ...................
s 800 -t f,‘ .............
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/R0 0 N ¢ ST SR U SN S

0 i
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-30°C /105 MPa H,
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Stroke (mm)

Fig. 6.1.3 SSRT curves of SNCM439.
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6.2 I Fan T — % DEH|
6.2.1 ®FHFaT—2DEH (1)

Hig2 .  HYDROGENIUS DATABASE / No. A69(Tentative) / 2017 /

Database on Fatigue Strength Properties of JIS—SNCM439 Nickel Chromium Molybdenum Steel in
115 MPa Hydrogen Gas

1. MATERIALS
Table 6.2.1.1 Details of processing and related data of SNCM439.
Heat | Production process Product form Dimensions (mm)
< Hovrofled Plate Length,’?‘ﬁiocgnrgssgllﬁl};lw o
w Hovrofled Plate Length.’?‘i?cﬁlnrzssgllﬁ};w‘? i

1) Reported by the manufacture.

Table 6.2.1.2 Chemical composition of SNCM439.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product Ci)) 0.43 0.22 0.82 0.012 0.002 1.81 0.86 0.25
analysis H1 0.40 0.22 0.80 0.014 0.002 1.80 0.86 0.26
JD 0.40 0.27 0.89 0.009 0.015 1.84 0.92 0.28
c? 0.42 0.22 0.82 0.015 0.002 1.80 0.85 0.25
Ladle H32) 0.39 0.22 0.79 0.016  0.002 1.81 0.84 0.26
analysis 3 0.42 0.26 0.80 0.010 <0.010 1.91 0.89 0.25
Requirement” max 0.43 0.35 090 0.030 0.030 2.00 1.00 0.30
min | 0.36 0.15 0.60 1.60 0.60 0.15

1) Performed by HYDROGENIUS.

2) Reported by the manufacture.

3) After the inspection certificate.

4) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.

Table 6.2.1.3 Heat treatment conditions of SNCM439.

Material | Heat Shape Quenching Tempering
cv Plate 5.550 C/2 b, 650 °C/4 h, Air-cooled
Oil-quenched
850 °C/2 h .
1) ’ o -
Large-sized H Plate Oil-quenched 640 °C/4 h, Air-cooled
material Waiig-scrla 620 °C, Air-cooled
Jv Cylinder pray

850 °C/2 h,

Oil-quenched? 650 °C/4 h, Air-cooled?

1) Reported by the manufactures.

2) Performed by HYDROGENIUS.

3) See Table 5.

4) Ablock of 7108 mm, w320 mm and ¢60 mm was heat-treated.
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2. MECHANICAL PROPERTIES

Table 6.2.1.4 Mechanical properties of SNCM439.

Tensile Properties
Tempering Tensile . Vickers
Material Heat Shape Temperature 0.2 % proof Strength Fractur e | Reduction Hardness
°C) stress 6 elongation of Area (HV)
02 (MPa) (Mga) & (%) 9 (%)
c? Plate 650 7387(739") 867 22 66 275
Large-sized | H” Plate 640 746%(7477) 873 23 66 270
material Jl) Cvlinder 620 9257(9217) 1025 20 62 318
y 650 766°(764") 881 25 67 263
. 2) max
Requirement min 885 980 16 45

1) Performed by HYDROGENIUS.

2) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.

3) Determined from o & curve.

4) Determined from ostroke curve. See Fig. A1-6 in HYDROGENIUS DATABASE No.68.

3. FATIGUE STRENGTH PROPERTIES

Table 6.2.1.5 Fatigue test conditions.

Type of test Uniaxial
. » 100 kN servohydraulic fatigue machine in gaseous hydrogen and nitrogen up
Testing
machines to 120 MPa
* 50 kN servohydraulic fatigue machine in air
Loading . _
.. Constant stress amplitude test under zero mean stress (B =—1)
condition

4 load R=-1
Waveform v \/ \/

Sinusoidal
Frequency 0.01 -1 Hz
Environme * 115 MPa hydrogen gas, RT
nt » Laboratory air, RT
Gas purity Hydrogen gas: 99.999 %
« o
N
Specimen? © i - i
~t
I g 3.7
) (70) 12,
95

1) The specimen surface was finished by buffing with a colloidal SiO2 (0.04 um) solution.
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4. EXPERIMENTAL RESULTS

Olinair, f=1Hz 4 In115 MPa hydrogen, f=1 Hz

?DD [ T 1 T T T 1T T I T 1T TTTTT0 T T 1171 T T
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= C i
"’m 600 | F 7
t i ]
@ [ I
< 550 E 5 ]
= - ]
E_ 500 n F Sl ;
g 450 2o a .
$ i s i
= 400 [ O]
N - .
35[] -_,, ol vl vl . ol — il [ ||||||-
10° 10° 10* 10° 10° 107 10°
Number of cycles to failure, N,
(a) Heat C, tempered at 650 °C (os=867MPa)
-00 Olinair, f=1Hz 4 In115 MPa hydrogen, f=1 Hz
[ Larged-sized, SNCM439_ heatH | | ]
T g0 LR=-1 |
a 650 E ]
= C i
"’m 600 | A1) 7
t i ]
@ [ I
< 550 x & ]
= [ ]
:I;" L 4
= 500 | D T
= [ O 1
g 450 F o C—s ]
$ [ Fy o ]
= 400 C—s ]
o - :
35[] --L Ll Ll vl . il - il [ ||||||-
10° 10° 10* 10° 10° 107 10"

Number of cycles to failure, N,

(b) Heat H, tempered at 640 °C (0=873MPa)
Fig.6.2.1 S Ndiagram of large-sized SNCM439.

(Figure continued on next page.)

32



=]

Stress amplitude, o (MPaj)

a

Stress amplitude, ¢ (MPa)

700

650 |
600 |
550 [
500 |
450 |
400 |

350 Ll
10° 10

700

650 |

600

550 |
500 |

450 |

400

350 Ll
10° 10

O:lnair, f=1Hz 4 In115MPa hydrogen, f=1Hz
 Larged-sized, SNCM439, heat | | | ]
'_F." = -1

10* 10° 10° 107 10°
Number of cycles to failure, N,

(c) Heat J, tempered at 620 °C (oB=1025MPa)
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(d) Heat J, tempered at 650 °C (os=881MPa)

Fig.6.2.1 S Ndiagram of large-sized SNCM439. (Continued)
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6.2.2 ®RFIFMT—3DEH ()

Hit . HARLAARGH
NEDO /k 3R FI FAE i BT LA R R E RS

1. MATERIALS

Table 6.2.2.1 Details of processing and related data of SNCM439.

Heat Production process Product form Dimensions (mm)
Length:950mm  Width:130 mm
A Hot-forged Plate Thickness:30 mm
B Hot-forged Round bar Outer diameter:430 mm
C Hot-rolled Round bar Outer diameter:300 mm
D Hot-rolled Round bar Outer diameter:300 mm
Table 6.2.2.2 Chemical composition of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo  O(ppm)
A 042 022 081 0017 0002 181 085 0.26 6
Product B 040 026 080 0005 0.004 190 0.84 0.25 35
analysis C 040 0.27 080 0.012 0014 174 074 0.23 12
D 041 026 082 0.022 0010 160 0.79 0.15 15
Requirement? Max 043 035 090 0.030 0030 200 1.00 0.30
g Min 036 0.15 0.60 160 060 0.15
1) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
Table 6.2.2.3 Heat treatment conditions of SNCM439.
Heat Direction Heat-treated shape Quenching Tempering
. Lengthl60mm  Width:130 mm 850 °C/2 h, o .
A Axial Thickness:30 mm Oil-quenched 650 °C/4 h, Air-cooled
Axial Length160mm  Width:100 mm 850 °C/2 h .
B Thickness:30 mm Oil—quenche;d 645 °C/4 h, Air-cooled
Circumferential )
Axial Length160mm  Width:100 mm gs0°c/2h, | 845 °C/ah, Air-cooled
c . . Thickness:30 mm Oil-quenched .
Circumferential ' 625 °C/4 h, Air-cooled
. Lengthl60mm  Width:100 mm 850 °C/2 h, o o
D Axial Thickness:30 mm Oil-quenched 630 °C/4 h, Air-cooled

34



2. MECHANICAL PROPERTIES

Table 6.2.2.4 Mechanical properties of SNCM439.

Tensile Properties”
Heat Direction 0.2 % proof Tensile Fracture Reduction of
stress Strength elongation Area
00 (MPa) og (MPa) &1 (%) 9 (%)
A Axial 730 853 20 57
Axial 739 885 22 61
B
Circumferential 737 881 17 44
Axial 744 880 22 63
C
Circumferential 830 954 16 42
D Axial 762 894 20 59
max
Requirement?
min 885 980 16 45

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm)
2) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
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3. FATIGUE STRENGTH PROPERTIES

Table 6.2.2.5 Fatigue test conditions.

Type of test Uniaxial
Testing . .
. Servo-hydraulic, 100 kN Servo-hydraulic, 100 kN
machines
Loaq[ng Constant stress amplitude test under zero mean stress (R = —1)
condition
load R=-1
Waveform v \/ v
Sinusoidal
Frequency 1Hz 05-5Hz
Environment In 90 MPa hydrogen gas at RT Inair at RT

Gas purity

Hydrogen gas : 99.99999% (7N)

Specimen®

+0

0

r
$15.

0.0
0.0

$26.0 *

1) Surface finishing was performed by axial polishing with 800 grade silicon carbide paper.
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4. EXPERIMENTAL RESULTS
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(b) Heat B, axial direction

Fig.6.2.2 S-Ndiagram of SNCM439.

(Figure continued on next page.)
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Fig.6.2.2 S-Ndiagram of SNCM439.

(Figure continued on next page.)
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Fig.6.2.2 S-Ndiagram of SNCM439.
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6.2.3 I FHT—2 DEH(3)

Hish: JFEXF—ILBEXE4
NEDO /K = FI AR BARE R R B &
1. MATERIALS
Table 6.2.3.1 Details of processing and related data of SNCM439.
Heat | Production process Product form Dimensions (mm)
Length:6000
A Hot-rolled Cylinder Outer diameter:356
Thickness:62
Table 6.2.3.2 Chemical compositions of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product
analysis A 0.40 0.24 0.73 0.007 <0.0010 1.77 0.74 0.22
Table 6.2.3.3 Heat treatment conditions of SNCM439.
Material | Heat Shape Quenching Tempering
S.eamlless A Cylinder 870. °C-80min, 635 °C-160min, Air-cooling
line pipe Oil-quench

2. MECHANICAL PROPERTIES

Table 6.2.3.4 Mechanical properties of SNCM439.

Tensile Properties
Tempering 0 Tensile - Vickers
Material Heat Shape Temperature 0.2 % proof Strength Fractu_r e | Reduction Hardness
C) stress o8 elongation | of Area (HV10)
00.2 (Mpa) (M Pa) &f (%) [ (%)
Seamless line . 787 928 21.2 71.3
pipe A | Cylinder 635 787 928 217 6.4 280
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3. FATIGUE STRENGTH PROPERTIES

Table 6.2.3.5 Fatigue test conditions.

Type of test Uniaxial

TeStmg Servo-hydraulic, 50 kN
machines

Loadlpg Constant stress amplitude test under zero mean stress (R =—1)
condition

4 load R=-1
Waveform \/ v \/

Sinusoidal
Frequency 1 Hz
Envi .
nVlr]i)nme RT: air, 105 MPa hydrogen gas
Gas purity Hydrogen gas: 99.9999 % (6N)
o
o
VAN %/ »
—
Specimen? © - ]
~t|
I kg .7
J (70) J)
75

1) The specimen surface was finished by polishing.
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4. EXPERIMENTAL RESULTS

Stress amplitude, o, (MPQq])

600
500
400
300
200
100

0

103 104 10° 1086 107
Number of cycles to failure, N;

Fig.6.2.3 S Ndiagram of SNCM439.
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BRI ERERT — 5 DEH|

6.3 &
6.3.1 RFEEHERT -2 DEHI(1)
Hig2 :  HYDROGENIUS DATABASE / No. A70(Tentative) / 2017 /

Database on Long Fatigue Crack Growth Properties of JIS-SNCM439 Nickel Chromium Molybdenum
Steel in 115 MPa Hydrogen Gas

1. MATERIALS
Table 6.3.1.1 Details of processing and related data of SNCM439.
Heat | Production process Product form Dimensions (mm)
i Hovrofled Plate Length.’?‘z?cﬁlnfssgllﬁzwo i
“ Hovrolled Plate Length.’?‘i?c?n?ssgolﬁl;wo o

1) Reported by the manufacture.

Table 6.3.1.2 Chemical composition of SNCM439.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product Bi) 0.43 0.22 0.82 0.012  0.002 1.81 0.86 0.25
analysis Gl) 0.40 0.22 0.80 0.014 0.002 1.80 0.86 0.26
JD 0.40 0.27 0.89 0.009 0.015 1.84 0.92 0.28
B? 0.42 0.22 0.82 0.016 0.002 1.80 0.86 0.26
Ladle (332) 0.39 0.22 0.79 0.016 0.002 1.80 0.84 0.26
analysis 3 0.42 0.26 0.80 0.010 <0.010 1.91 0.89 0.25
Requirement” max 0.43 0.35 0.90 0.030  0.030 2.00 1.00 0.30
min | 0.36 0.15 0.60 1.60 0.60 0.15

1) Performed by HYDROGENIUS.

2) Reported by the manufacture.

3) After the inspection certificate.

4) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.

Table 6.3.1.3 Heat treatment conditions of SNCM439.

Material | Heat Shape Quenching Tempering
BY Plate 850 °C/2 b, 650 °C/4 h, Air-cooled
Oil-quenched
850 °C/2 h .
1) ’ o -
Large-sized G Plate Oil-quenched 640 °C/4 h, Air-cooled
material Wy C;a 620 °C, Air-cooled
Jv Cylinder 350 OCS/I; hy
) o 11— 4)
Oil-quenched? 650 °C/4 h, Air-cooled

1) Reported by the manufactures.

2) Performed by HYDROGENIUS.

3) See Table 5.

4) Ablock of 7108 mm, w320 mm and ¢60 mm was heat-treated.

43



2. MECHANICAL PROPERTIES

Table 6.3.1.4 Mechanical properties of SNCM439.

Tensile Properties
Tempering Tensile . Vickers
Material Heat Shape Temperature 0.2 % proof Strength Fractu_r e | Reduction Hardness
°C) stress G elongation of Area (HV)
02 (MPa) (Mga) & (%) 9 (%)
B Plate 650 7387(739") 867 22 66 275
Large-sized | G” Plate 640 746%(7477) 873 23 66 270
material Jl) Cvlinder 620 9257(9217) 1025 20 62 318
y 650 766°(764") 881 25 67 263
. 2) max
Requirement min 885 980 16 45

1) Performed by HYDROGENIUS.

2) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
3) Determined from o & curve.

4) Determined from ostroke curve. See Fig. A1-6 in HYDROGENIUS DATABASE No.68.

3. FATIGUE CRACK GROWTH PROPERTIES

Table 6.3.1.5 Fatigue crack growth test conditions.

Testing machines

» 30 kN servohydraulic fatigue machine in air

* 100 kN servohydraulic fatigue machine in gaseous hydrogen and nitrogen up to 120 MPa

Loading condition

Sinusoidal

* 95- 115 MPa hydrogen gas, RT

Environment .
e Laboratory air, RT
Gas purity Hydrogen gas: 99.999 % (5 N)
Frequency 0.001 - 5 Hz
=
=
i o Wb
2@} 7o
5 : it
=] Py
{ T - falf. §
S, 7D
J( " ] —
{} 1 4 faf.g
Specimen?? - <
(dimensions in mm) 109 200 = I
50,9 44 05 L]
63,5 #0.01

e
iy
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4. EXPERIMENTAL RESULTS
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Fig.6.3.1

Relationships between da/d/NVand AK, and between da/d/V and ffor

large-sized SNCM439.

(Figure continued on next page.)
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A 95 MPa hydrogen gas
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MK - constant (4K =25MParm'?)
A 95 MPa hydrogen gas

10'3_ UL I L LLL B T

I Large-sized, SNCM439, Heat J

[ R=01
104 F E

A
A

107 ¢ E
1 -5 Ll M| Lol Lol L
8_0001 0.001 0.01 0.1 1 10

Frequency, f(Hz)

(c-2) da/d Nversus f

(c) Heat J, 7= 620 °C (0p=1025MPa)

O air
107 ———————————
[ Large-sized, SNCM439, Heat J
[ R=01
5 10°F E
2 ; A
2 Fy
= &
< 10°F ~ 3
= £
g F Yy
a 108 E o 4
= o)
o
= P
5l ]
5 10 3
et
[
o
© 10%k 3
-9 T M |
10 10 100
Stress intensity factor range, £ K (MPa-m'"?)
(c-1) da/d Nversus AK
Fig.6.3.1

Relationships between da/d/NV and AK, and between da/dN and £ for large-sized

SNCM439. (Continued)
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6.3.2 RHSHERT —F DEHI(2)

et . Yoru Wada, Effect of cycle frequency on fatigue crack propagation behavior for steels in

hydrogen storage, Proceedings of ASME 2013 Pressure Vessels and Piping Conference, 2013, Paris,
France, PVP2013-97485.

1. MATERIALS
Table 6.3.2.1 Details of processing and related data of SNCM439.
Heat Production process Product form Dimensions (mm)
D Hot-forged Plate Thickness:75 mm
E Hot-rolled Round bar Outer diameter:200 mm

Table 6.3.2.2 Chemical composition of SNCM439.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product D 0.42 0.22 0.80 0.014 0.0023 1.82 0.86 0.25
analysis E 0.40 0.23 0.78 0.022 0.0100 1.72 0.83 0.20
Requirement? Mi_iX 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30
Min | 0.36 0.15 0.60 1.60 0.60 0.15

1) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.

Table 6.3.2.3 Heat treatment conditions of SNCM439.

Heat Heat-treated shape Quenching Tempering
850 °C,
D Thickness:35 mm Simulated cooling 640 °C, Air-cooled
60 °C/min
Outer diameter:200 mm 870 °C
E Inner diameter:60 mm Oil- uenched 620 °C, Air-cooled
Thickness:70 mm g

2. MECHANICAL PROPERTIES

Table 6.3.2.4 Mechanical properties of SNCM439.

Tensile Properties
Heat Direction 0.2 % proof Tensile Fracture Reduction of

stress Strength elongation Area
o2 (MPa) os (MPa) &t (%) 9 (%)

D Width 804 942 - 65

E Axial 808 957 - 67

max
Requirement”
min 885 980 16 45

1) JIS G 4053 (2008), “Low-alloyed steels for machine structural use”.
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3. FATIGUE CRACK GROWTH PROPERTIES

Table 6.3.2.5 Fatigue crack growth test conditions.

Testing machines Servo-hydraulic, 100 kN
Loading condition Sinusoidal
Environment 90MPa hydrogen gas, RT
Gas purity Hydrogen gas: 99.99999 % (7 N)
Frequency 0.067, 0.04, 0.2, 0.5 Hz

\
[
v
SLLL

,‘

1'09
\

Pl
8 | ——- §>C:€} -+
Specimen g o

(dimensions in mm)

SLLL

a=150 %

W=50.8

121 &g

63.5
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4. EXPERIMENTAL RESULTS
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Fig.6.3.2 Relationships between da/d NV and Kmax for SNCM439.
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6.3.3 RHSHERT —FDEHIQ)

Hish: JFEXF—ILBEXE4
NEDO KR FI I TR BAR B R R R E
1. MATERIALS
Table 6.3.3.1 Details of processing and related data of SNCM439.
Heat | Production process Product form Dimensions (mm)
Length:6000
A Hot-rolled Cylinder Outer diameter:356
Thickness:62
Table 6.3.3.2 Chemical compositions of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product
analysis A 0.40 0.24 0.73 0.007 <0.0010 1.77 0.74 0.22
Table 6.3.3.3 Heat treatment conditions of SNCM439.
Material | Heat Shape Quenching Tempering
S.eamlless A Cylinder 870. °C-80min, 635 °C-160min, Air-cooling
line pipe Oil-quench

2. MECHANICAL PROPERTIES

Table 6.3.3.4 Mechanical properties of SNCM439.

Tensile Properties
Tempering 0 Tensile - Vickers
Material Heat Shape Temperature 0.2 % proof Strength Fractu_r e | Reduction Hardness
C) stress o8 elongation | of Area (HV10)
00.2 (Mpa) (M Pa) &f (%) [ (%)
Seamless line . 787 928 21.2 71.3
pipe A | Cylinder 635 787 928 217 6.4 280
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3. FATIGUE CRACK GROWTH PROPERTIES

Table 6.3.3.5 Fatigue-crack growth test conditions.

Testing machines

Servo-hydraulic, 50 kN

Loading condition

Sinusoidal

Environment RT: Air, 93 MPa hydrogen gas
Gas purity Hydrogen gas: 99.9999 % (6N)
Frequency 1 Hz

SpecimenV?
(dimensions in mm)
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4. EXPERIMENTAL RESULTS
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Fig.6.3.3 Relationships between da/d N and AK of SNCM439.
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