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C. ISSRT
C. 1.1

SSRT

HYDROGENIDATABASENo. A68(Tentative) / 2017 /

Database on Slow Strain Rate Tensile Test ( SSRYProperties of JIS
Chromium Molybdenum Steel in 115 MPa Hydrogen Gas

- SNCM439 Nickel

1. MATERI AL S
ThlC 1. Meflail s of rperladedsidmg aamd SNCM439.
Heal Product i ¢ Product Di mensi ons ( mr
Length: 870 mm Wi dt
1) -
B Ho-t o | € Plate Thickness: 31 mm
Length: 834 mm Wi dt
1) -
G Hott o | € Plate Thickness: 30 mm
. Length: 3630 mm Out
) -
¥ Hoftor ge CyIInOIelnner di ameter: 200
1) Reported by the manufacture.
Tabd.el. Ch@mi cal composition of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Prod BY 043 022 0.82 0.012 0.002 181 0.86 0.25
ar:ce)llyus(i:; GY 040 022 0.80 0014 0.002 1.80 086 0.26
N 040 027 0.89 0.009 0.015 184 092 0.28
B2 042 022 0.82 0.016 0.002 180 0.86 0.26
Lal G2 0.39 022 0.79 0.016 0.002 1.80 0.84 0.26
anzly‘;s P 042 026 080 0010 <000 1.91 089 025
Requiremert Max| 0.43 035 090 0.030 0.030 2.00 1.00 0.30
q Min | 0.36 0.15 0.60 1.60 0.60 0.15
1) Performed by HYDROGENI US.
2) Reported by the manufacture.
3) After the inspection certificate.
4) JI S G ALOoBaB8l I(02y0e0dB )s,t eel s f or machine structural
Tabd.el. He&t treat soefntSNOMADI .i on
Material Heat Shape Quenching Tempering
B Plate 850/C/ 2 | 650AC / 4 Airkcooled
Oi-uenc|
850AC/ 2 | : .
1) :
Largesized G Plate Oi-duenc | 640AC / 4 Airkcooled
material 8e0/C, 620/C, Air-cooled
. Wat-epr a
ND Cylinder 850/ 2 |
. _ )
OiduenzH 650AC / 4 Airkcooled
1) Reporte by the manufactures.
2A bl oddR8odfIM 0 mmé@&Gnmdm whrse htead .
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2. MECHANI CAL PROPERTI ES

Tabd.el. Medhapi cpérties of SNCM439.
Tempering Tensile Properties Vickers

Material | Heat| Shape | Temperature 0.2 % proof|  Tensile Fractu.re Reduction Hardness

CC) . stress oStrength eloongatlon o,f Area (HV)
U2 (MPa) | Us (MPa) U (%) 4 (%)
BY Plate 650 738(739P) 867 22 66 275
Largesized| GY Plate 640 T46(747P) 873 23 66 270
material . 620 925)(921) 1025 20 62 318
J | Cylinder

650 766(764) 881 25 67 263

l1Performed by HYDROGENI US.
2Det er mi w-Bcdu rf weo.m

33Det er mi wretdr ® k e mc UA ¥6e .i nSeHeY DRIOQGIGENI US DATABASE No. |

3. SLOW STRAI N RRAHETAOMNENSTILENS
Tabd.el. $L &wr ain radendietnisdads. test
Type gncbapaCI_ty Servehydraulic, 50 kN Screw type, 50 kN
of testing machine
Loading condition Uniaxial, Monotonic
In 115 MPa hydrogen gas a5 AC
throughh 120
Environment In 0.1 MPa #AB€ro In air at RT
I'n 115 MPa nitr
In air atl 2 AT
. Hydrogen gas : 99.999%1)
Gas purity Nitrogen gas : 99.999%K)
1.5x 10% mm/? ( 5.0x 10°s1)? 3 ) 5 <1\3)
Testspeed 2.0% 103 mm? ( 6.7 105519 1.7x10° mmf? ( 5.7x 10° s?)
E M10
./ g /
Specimeh :Z /
(dimensions in || ]
mm) |~ ~
30.0
75+0. 25
1) Surface finishing was performed by circumferen
paper
2)Stroke speed or cross head speed.
3yDet ermi ned omnt lpeartad died d 6.0t sf gsipveecni me n
by (16mm/s) /57300°ghins gi velrd Gmy/ 6. 7673 005ghm.
is givedGmm/ 62.0 30 mm.
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Mominal stress (MPa)

Mominal stress (MPa)

4. EXPERI

MENTAL RESULTS

1200 T T T T T T T T T
| Large-sized, SMCM439, heat B{650 °C T)
1000 |- In 0.1 MPa nitrogengas a5 6 7|
800 [ - .
‘1.‘
600 |- : ' i
400 L. In 106 MPa hydrogen gas &0 ©
200 _
0 | . 1 . l .
0 2 4 6 8 10
Stroke (mm)
(4y0C, 106, MPa H
1200 ——— 777
| Large-sized, SNCM439, heat B(E50 "C T) |
1000 | -
In 115 MPa hydrogen gas at 12 1
800 -
600 A i
In air at 1200 |
400 -
200 -
0 ! ! . ! !

4 8 & 10

1200 T T T T T T T T T
| Large-sized, SNCM439, heat B{650 °C T)
1000 L -
— In 115 MPa hydrogen gas at RT
[4v] =
£ 800 -
Py
o
2 600 .
o 1
o In air at RT
E 400 -
o
=
200 -
0 . 1 . l . 1 . l .
0 2 4 6 ] 10

Stroke (mm)

(&) RT, %15 MPa

(a) Heat B t#Aigp®e6EMPa) 650

0 2
Stroke (mm)
(8) A20115, MPa H
Fig. 1.

$tdlstsoke cusveredoENCHK48ge2 in 106 and

(Figure
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20 — 0 200 — 4
| Large-sized, SNCM439, heat G(640 "C T) | Large-sized, SNCM439, heat G(640 %G T)
1000 - In 0.1 MPa nitrogen gas at 1000 |- 7
T B = e,
oL 80D - L 800 -
i o ™ In air at RT
£ 600 - L 600 \ i
ol ol
™ =
= = In 115 MPa hydrogen gas at RT
E 400 - £ 400 4
o o
= =
200 200 .
0 . 1 . l . 1 0 . l . | . l . 1
0 2 4 6 10 0 2 4 6 8 10
Stroke (mm) Stroke (mm)
(4)Y59C, 106, MPa_H (#) RT, 2115 MPa H
1200 ———————
| Large-sized, SNCM439, heat G(640 "G T)
1000 [ 4
. In 115 MPa hydrogen gas at 12
5 - A %o
o 300 L b -
= \ e S
] 0
g ol | 1 o
o ;’ %
g B -
£ 400 | In air at 1200 |
o 1
= | 1
200 | -
0 . l . | . l . 1
0 2 4 6 8 10
Stroke (mm)
(8) A20115, MPa H
(b) Heat G tx(mp@&T72MPa)X 640
Fig.1. $3tnlsssoke cusveedoENCK48e in 106 and 115
(Continued)
(Figure continued on next page.)
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1400 — 02— 1400 —0 1 ——
L Large-sized, SNCM439, heat J(620 °C T) L Large-sized, SNCM439, heat J(620 °C T)
1200 + . 1200 | 4
@ 1000 | . @ 1000 | .
g | -_In 115 MPa nitrogen | = | *.._In 115 MPa nitrogen
E 800 L gas at RT | E 800 L gas at RT |
z L i | x L
w b W
= 600 | i % 600 | -
I= F . = In 115 MPa hydrogen gas at R1
£ 400 L - £ 400 -
In 115 MPa hydrogen gas at R"™ |
200 - - 200 4
0 . 1 . l . 1 . 1 . 0 1 . | . l . 1
0 2 4 B 8 10 0 2 4 & 8 10
Stroke (mm) Stroke (mm)
(4) RT, LY5 MPa H (@) RT, LWY5 MPa
(c) Heat J AC¢prpledr2esdviPaat) 6 2 0
ITwo speci mens were used for o®8®RT eimpelhi uMRa

Fig.1. Stt-sd43 oke
(Continued)
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C. 1.2 SSRT

1. MATERI ALS

ThlC 1. Retlail s of processing and related da
Hea| Producti g Product Di mensions (m
Length: 950mm Wi
A Hoftor ge| Plate Thickness: 30
B Hoft or ge| Round b Outer diameter
C Hotol | e Round b Outdeiramet er: 300
D Hottol | e Round b OQuter diameter

Tabl e Ghle.nt.c2al composition of SNCM439.

Element (mass %)
C Si Mn P S Ni Cr Mo  O(ppm)

Heat

A 042 0.22 0.81 0.017 0.002 181 0.85 0.26 6
0.40 0.26 0.80 0.005 0.004 190 0.84 0.25 35
0.40 0.27 0.80 0.012 0.014 1.74 0.74 0.23 12
041 0.26 0.82 0.022 0.010 1.60 0.79 0.15 15

Product
analysis

O0O®

Max | 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 -

Requiremertt | | 036 015 060 - - 160 060 015 -

H JI'S G aMé6@al (pped) steels for machine structural

TabQ.el. Be 8t treat goefntSNOM4AA3 9t.i o n

Heat Direct Hedtr eahaped s Quenching Tempering
A AxiallLength: 160mm 850AC/ 2 650A C/ ,4
Wi dt h Thickness: 3] Oi-quenc Air-cooled

5 AxiallLength: 160mm 850A C/ 2 645A C/ ,4
Circumf Thickness: 3] Oi-quenc Air-cooled

c AxiallLength:160mm 850AC/ 2 645A C/ ,4
Circumf Thickness: 3] Oi-quenc Air-cooled

D AxiallLength:160mm 850AC/ 2 630A C/ ,4
Circumf Thickness: 3] Oi-quenc Air-cooled

17



2. MECHANI CAL PROPERTI ES

Tabl e QJVedh&ni4c al properties of SNCM439.

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength eloongatlon Area
Uo.2 (MPa) Us (MPa) U (%) G (%)
Axial 739 885 22 61
5 Circumferential 737 881 17 44
Axial 744 880 22 63
¢ Circumferential 765 892 16 37
Axial 762 894 20 59
° Circumferential 781 899 19 53

11 2201(2008) , 14A specimen (diameter 8mm, gage

Tabl e QJVedh&ni5c al properties of SNCM439.

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elqngatlon Area
Uo.2 (MPa) Us (MPa) U (%) 4 (%)
Axial 739 885 22 61
° Circumferential 737 881 17 44
Axial 744 880 22 63
¢ Circumferential 765 892 16 37
Axial 762 894 20 59
° Circumferential 781 899 19 53

11 2201(2008) , 14A specimen (diameter 8mm, gage

18



3. SLOW STRAI N RPEISEC ONEINIST ILE&EN S

Tabd d6 5] ow straincoatettensile test
Type qnd capaci Servehydraulic,100 KN
of testing machine
Loadingcondition Uniaxial, Monotonic
Environment I ® MP &ydrogeng as at In air at RT
Gas purity Hydrogen gas : 99.999% (7N)
Testspeed 3.0x 10 mmfh (1.0x 10* s1)?
S
p M10 15
Q
SpecimeR ©
(dimensions in
mm)
(18.0) | | 30.0 | | (18.0)
76.2 h

l1ptroke speed.

2Petermined ommnt tpearmddied dfenl@G h of speci men
1.0x10%s'i s gi 8el@ Gmm/ 6) / 30 mm.

)

3 Surface finishing was performed by axial pol i s
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4 EXPERI MENTAL RESULTS
1200 1200
RT RT
1000 1000 |
< In 90MPa hydrogen gas < In 90MPa hydrogen gas
o o
= 800 . = 800f .
@ In air a ; In air
£ 600 ' £ 600} [
7] 7] .
z g ol
£ 400 £ 400
s : o :
4 . pd :
200 {f 200
0 1 1 Il . Il 0 1 1 Il . Il
0 2 4 6 8 10 0 2 4 6 8 10
Stroke (mm) Stroke (mm)
(4 xAal direction @2)Wi dt h direction
@Heat A
B
1200 1200
RT RT
1000 + 1000
< In 90MPa hydrogen gas < In 90MPa hydrogen gas
o o Y e
< 800 . = 800 .
@ In air 9 In air
£ 600 £ 600
(2] 2]
g g
£ 400 S 400
o o
2 pd
200 200
0 Il Il 1 . 1 0 Il L 1
0 2 4 6 8 10 2 4 6 8 10
Stroke (mm) Stroke (mm)
(b-1) xA al direction (®B2Circumferenti al di
(p)Heat B
Fi.g. 1. 3t l-sdkeurves of SNCM439.
(Figure continued on next page.
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1200 1200
RT RT
1000 - 1000 -
E In 90MPa hydrogen gas E In 90MPa hyd.r(.)gen gas
= soof A~ | ) 2 800 " Inair
7)) . Inair n .
o : k 0 :
s 600F (. s 600F [
(2] N 1) .
2 ol 2 ol
£ 400 ; £ 400rf;
o : =) !
2z : 2 X
200 fj: 200}
0 L L L : L 0 L L b L
0 2 4 6 8 10 0 2 4 6 8 10
Stroke (mm) Stroke (mm)
(c-1) xA al direction c2Circumferenti al dire
(Heat C
1200 1200
RT RT
1000 + 1000 +
= In 90MPa hydrogen gas = In 30MPa hydrogen gas
o o o e
= 800 . = 800} _
P . Inair P In air
o ‘ o ‘
5 600 5 600+
7] 2]
g g
£ 400 £ 400¢
o X o
4 j z
200 : 200
0 Il L Il O Il Il : Il
0 2 4 6 8 10 0 2 4 6 8 10
Stroke (mm) Stroke (mm)
(d-1) xAailrecti on d2Ci rcumferential direct

Fi.@.

(dHeat

1. 8tdsdkeur ves
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C. 1.3 SSRBT
JFE@H# D I
NEDO

1. MATERI ALS

ThlC 1. Betlail s of pr adadsasiofg SNCM4r39l.at ed

Heal{ Productio Product Di mensions (
Len6§0DBO

A Hotol | ed Cylinde OQuter dh@&met
Thickhess: ¢

TalCG 1. C8h&mical soMpINCMAE DN.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product A 040 024 073 0.007 <0000 177 074 022
analysis
TAlC 1. He&8t treat soefntSNOMAD3ISt.i on
Material Heat Shape Quenching Tempering

870AC-8 0 mi 1
Oi-quenc|

Seamless ling

pipe 635AC-1 6 0 Airstooling

A Cylinder

2MECHANI CAL PROPERTI ES

ThalC 1. Bechanical properties of SNCM439.

Tensile Properties

Tempering Tensile _ Vickers
Material | Heat | Shape | Temperaturg 0.2 % proof Strength Fracture | Reduction| Hardness
(°C) stress s elongation| of Area | (HV10)
¥ (0 (i (9
Uo.2 (MPa) (MPa) U (%) G (%)
787 928 21.2 71.3
?eam.'ess A | cylinder| 635 280
IN€ pipe 787 928 21.7 69.4

22



3. SLOW STRAEMNSRBEEECONDI Tl ONS

TAIC 1.8L 6w straiomdi at entsest

Type and capacity

of testing machiné Servehydraulic, 50 kN
Loading condition Uniaxial, Monotonic
85/C: Air, 105 MPa hydrogen gas
Envi RT: AiMP,& yldor5g g 8 n
nvironment

0B: 0.1 MPa niMPraoygderng ggeans , 1
-30AC:. 0.1 MPa nitrogen gas,

. Hydrogen gas : 99.9999.99996 (5-6N)
Gas purity Nitrogen gas : 99.99996K)
Testspeed 2.0x 103 mm/ (6.7x 10°s1)3

E M10
1 /
Specime® _.\i/ r
(dimensions in ~H
mm) i |

1) Surface finishing was performed by circumferen
2)Cr osshead speed.

3yDet ermined ommm pearmddied df6.AYDsLiosf gsi pvedchiGnbeyn 2 . 0
mm/ s [/ 30 mm.

23



4 .

85°C

EXPERI MENTAL RESUL

105 MPa H,

1000
800
600
400
200

Stress (MPa)

TS

Stroke (mm)

,105 MPa H,

RT. 105 MPa H,
1000 ; ./ : ;
5 800 o
S 600
@ 400
& 200
o s
0 0 2 4 6 8 10
Stroke (mm)
-30°C /105 MPa K,
1000

Stress (MPa)

e . ............ ,. ......... “\\{/NQ ...........

S

Stress (MPa)

Stroke (mm)

Fi.g. 1. St -

Stroke (mm)

¥ sokreves of SNCM4 39.
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C. 4 .SSRT 4

«4E 1 0D N

-

wfi h

A

(NEDQ)

-

71

1. MATERI ALS
Tabl & IC. 1 Details of processing and related
Heal Producti g Product Di mensi ons ( mr
Length: 833 mm W
L Hottorge Plate Thickness: 31 1
Length: 750 1@um W
E Hoftor ge Pl at e Thiclhemm :
Len@®8mm WL 8irfinhn :
R Hoft or ge Pl at e Thicl3Bemns s
Tabl &2 (Hela.t treatment conditions of SNCM:
Material Heat Shape Quenching Tempering
L Plate 850 Ci2 h, 640 °C/A h, Air-cooled
Oil-quenched
Hot-forged E Plate 850 °C/2 h, 650 °C/4 h, Air-cooled
material Oil-quenched
R Plate 8.50 Cl2 h, 640 °Ch6 h, Air-cooled
Oil-quenched
Tabd 43 Chemi cal composition of SNCM439.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
L 039 022 080 0016 0002 180 084 0.26
Product E 042 022 082 0016 0002 181 086 026
analysis
R 0.39 0.22 0.82 0.015 0.0024 181 0.85 0.26

25



2. MECHANI CAL

Fig.1.

PROPERTI ES

A

.............

.....................

Tr

______

ansyie

g8chAematic

of

speci men

Tabl & eh.pirloperties of SNCM439.
Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
Uo.2 (MPa) Us (MPa) U (%) a4 (%)
L Transverse 755 874 21 59
Longitudinal 749 874 18 62
E
Transverse 767 889 25 58
Longitudinal 748 870 22 65
R
Transverse 762 875 24 64
11 2201(2008) , 14A specimen (diameter 8mm,
Tabl &5 Chlar py propacti es of SNCM439.

. . Charpy Absorbed Energy at 2G (J) Charpy Absorbed Energy &0 °C (J)
Heat Direction — —
Individual Average Individual Average
Longitudinal 147 143 138 143 112 122 116 117
R
Transverse 123 126 125 125 104 103 105 104

26
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3.

SLOW STRAEMNSRBEEECONDI TI ONS

For gbDiimege c

[
»

A

______

Longi tuu

Fig.1.8cBematic of specimen direction.

Ta ba.

el. 8L &wrain rad@®endietnisans. test

Applied standard

ASTM G142 98(2016)

Type and capacity
of testingmachine

Servehydraulic, 50 kN

Loadingcondition

Uniaxial, Monotonic

Environment

In 106 MPa orl15 MPa hydrogen gasRft h r ®20d
I'n 0.1 MPa RTtrogen ga
In air atRT or2 0 AT

Gas purity Hydrogen gas : 99.999%I)
Testspeed 2.0x 108 mmid (6.7x 10°s1)4
N
B 1/
J Q /
Specime? A - _ - T
(dimensions in mm)
) |__a0 || 1
/b

l1Excluding te

2) Surface finishing was performed by circumferen

paper
3)Stroke sp
HDet er mi ne
16mm/ s) [/

ed

0

st specimen shape

or cross head speed.

e
d omm permddied dfé6.AYDs i osf gsi pveckni nbeyn (2. 0
3

mm.
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Heat

4 . EXPERI MENTAL RESULTS
Tabd.el7. 8SRiIroperties of. SNCM439
Heat| Direction Test condition sg(MPa) | RTSY | d (%) | REL? | (i (%) | RRAY
Air 880 - 24 - 69 -
Longitudinal RT 879 1.00 20 0.83 48 0.70
L 115MPa h 903 1.03 19 0.79 40 0.58
Air 879 - 22 - 65 -
Longitudinal| 2 0 0 886 1.01 18 0.82 43 0.66
115MPa h 890 1.01 18 0.82 44 0.68
1) RTS /
2) REL /
3) RRA /
1400 L L L L 1400 1 1T T
| SNCM439, L ] | SNCM439,L ]
1200 | In 115 MPa H; at RT a 1200 [ In 115 MPa H; at 200 °C 4
g: | Strain rate: 6.7x107° ™! (CHS: 0.002 mm/s) s: | Strain rate: 6.7x107° 57! (CHS: 0.002 mm/s)
% 1000 |- 7 = 1000 [ ]
2 [ . P i ]
£ 800 . & 800 -
E 600 i . E 600 i .
E 400 [ : E 400 [ ]
Z - i 4 - ]
200 [ a 200 [, ]
0 I | I | I | I | 0 | | l | L
0 2 4 6 8 10 0 2 4 6 8 10

Stroke displacement (mm)

a RT

Fi@g. 13 8tr-sd3 oke

28

Stroke displacement (mm)

b)2 0AT

curvéeleaof LSNCM439
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Heat

Tabd.el8. 8SRiIfroperties of. SNCM439
Heat| Direction Test condition sg(MPa) | RTS | d(%) | REL | (i (%) | RRA
Air 856 - 23 - 65 -
Longitudinal RT 870 1.02 16 0.70 35 0.54
115MP
- SMPal Mo~ T700| 18 078| 37 | 057
Air 861 - 21 - 60 -
Longitudinal | 2 0 0 861 1.00 17 0.82 40 0.67
115MPa
H 884 1.03 17 0.80 39 0.65
1400 —1 1 T T T T 1400 T T T T T
| SNCM439. E ] | SNCM439, E ]
1200 | In115MPa H, at RT ] _ 1200 | In 115 MPa H; at 200 °C ]
E | Strain rate: 6.7x107° s~! (CHS: 0.002 mm/s) ] f‘ | Strain rate: 6.7x107° s~ (CHS: 0.002 mm/s)
= 1000 [ 7 = 1000 [ ]
wn |- wn |
& 800 § & 800 §
.E 600 f § E 600 | §
§ 400 [ ] § 400 | ]
2 1 7z ]
200 [ ] 200 [ ]
0 TR I P I IR N P I 0 L | L L ! I !
0 2 4 6 8 10 0 2 4 6 8

Stroke displacement (mm)

a TR

Fig. 4. 8tr-sd4s oke

29

Stroke displacement (mm)

b)2 0 AT

curveleaof ESNCM439
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Tabd.el9. 8SRifroperties of. SNCM439
Heat| Direction Test condition sg(MPa) | RTS | d (%) { REL | ( (%) | RRA
Air 851 - 24 - 68 -
Longitudinal RT 872 1.02| 20 0.81 43 0.63
115MPa
R H 849 1.00| 19 0.78 41 0.60
Air 859 - 21 - 60 -
Longitudinal | 2 0 0 855 1.00| 18 0.86 | 42 0.70
115MPa H 875 102 | 17 0.82 38 0.63
1400 — 1 1 T T T 1400 L L T T
| SNCM439, R ] [ SNCMA439, R ]
1200 |- In115 MPa H, at RT ] 1200 |- In 115 MPa H, at 200 °C ]
£ [ Strain rate: 6.7x107 s~ (CHS: 0.002 mm/s) ] £ | Strain rate: 6.7x107° 57! (CHS: 0.002 mm/s)
= 1000 | i % 1000 [ ]
£ s00f 1 £ so00 i
- B : ] @ I .
TE= 600 [ : ] TE= 600 | i
§ 400 i ] § 400 | :
z L | ]
200 i 200 ] ]
0 PR R SRR N NNHRN NI U NI N . 0 I - PN R R N P I R
0 2 4 6 8 10 0 2 4 6 8

Stroke displacement (mm)

aRT

Fig. 1. 8tr-sd3 oke
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C. .SSRT 5
<t 1000 (NEDQ) wfi b

- 1 - - 2

1. MATERI ALS

Tabl & IC. 1 Details of processing and related

Hea| Productio| Product Di mensi ons ( mr

Length: 834 mm !

G Hoft or geg Pl ate Thickness: 30

Tabl & . 1 Heat treat ment conditions of SN

Material Heat Shape Quenching Tempering
Hot-forged 850 °C/2 h, o _
material G Plate Oil-quenched 640 °C/4 h, Aircooled

Tabl & . 1 Chemical composition of SNCM43

Element (mass %)
Heat . :
C Si Mn P S Ni Cr Mo
Product
analysis G 0.39 0.22 079 0.016 0.002 180 0.84 0.26

31



2.

MECHANI CAL

A

PROPERTI ES

Forging

v

-,
L

[y
f
oS-

Transvepe

Fi@.81. Schemati c doifr escptei coinme n

Tabl & 4. 1 Tpernospielret i e s

of SNCM439.
Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
o2 (MPa) Us (MPa) U (%) 4 (%)
G Transverse 755 874 21 59
11 2201(2008) , 14A specimen (diameter 8mm,

32
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SLOW STRAENSRREETONDI TI ONS

_____

Longi t ui

Fig@.85 2Schematic of specimen direction.

Tabd.&5. S| swr ai n radendietnisans. test

Applied standard ASTM G142 98 (2016}
Type gnd capacity Servehydraulic, 50 kN Screw type, 50 kN
of testing machine
Loading condition Uniaxial, Monotonic
Environment In 115 MPa hydrogen gas at R In air atRT
Gas purity Hydrogen gas : 99.999%I)
Testspeed 2.0x 108 mmkd (6.7x 10°s1)? 1.7x 10° mm/? (5.7 x 10° sH)4
N
y
J jS!
SpecimeR ] — ’ - N
(dimensions irmm) ‘ ‘
18 I /8
/b
1) Excluding test specimen shape
finiskhingumaerpatiat meodl bghing with 60

2) Surface

paper
3)Stroke speed or cross head speed. 5
HDet er mi ned omm hpertmd died df6EAYDOsti osf gsi pleekdi nbeyn (

16mm/ s) /6.7%00°ghims gi vellGmm/ 62. 0 30 mm.

33



5 2B E°C) IKEHABRE S iE A EREh
HREA[MPa] (200°C+115MPa H,, Thrif#F) (RT-115MPa H,)
A , , T

: 200°C : | : | b
200 i > — T |
i \ | e» HREE-EADERESFY

i / D e HRRE-EHOBREEL

160 ‘

120 115MPa \‘_ _ {1 115MPa
I S e S e
: / : ! L

80 : i i P
| / | | ~~d
40 : : : P

Y

RT

o

[
AT
AN

¥

m

-

200115 MPa lhr
100 MPa
115MPa SSRK  H

Fi@.53 Schematic of hydrogen charging befo
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4. EXPERI MENTAL RESULTS
Tabd.&6. SSRifroperti ex9 oHx &StNC M4
Heat | Direction Test condition sg(MPa) | RTS | d (%) | REL | (i (%) | RRA
Longitudinal | RT Air 873 - 26 - 67 -
Longitudinal | RT | 115MPaH 845 097 | 21 081 | 35 | 052
G
115MPa H
Longitudinal | RT (After H 841 0.96 21 0.81 34 0.51
charging)
1200 —————F——
| SNCM439, G ]
= 1000|. " 115 MPaHatRT i
o L Strain rate: 6.7x160 s Y(CHS: 0.002 mm/s) |
2 i —]
»n 800 .
N
9 -
® 600 ]
E =
= i ]
£ 400 i
(@] |
Z ]
200 i
0 . P I B 7 L P .
0 2 4 6 8 10
Stroke displacement (mm)
Fig. 24 Str-ss§soke curves of SNCM439

35



C. & .SSRT 6

«4E 1 0D N

-

(NEDQ)

wfi h

71

-

A

1. MATERI AL S
Tabl & 1IC. 1 Details of proxNeGM43n9yg and related
Heat|] Productio Product Di mensions (r
Lenga3mm5 Wi dt h:
SN23 Hoftor gec Pl at e Thickness: 33
Tabl 62 (Hela.t treat meSINCMOIAWi ti ons of
Material Heat Shape Quenching Tempering
Hotforged | o\ 5 5 Plate| Oo0°C2H, 640 °C/6 h, Aircooled
material Oil-quenched
Tabd &3 Chemi cal ¢ &SMECdvAi3t9i on of
Element (mass %)
Heat ¢ Si Mn P s Ni cr Mo
Product | q\o3 | 040 022 083 0015 00026 181 085 026
analysis

36



2. MECHANI CAL

PROPERTI ES
Forging |
S s— G
Longi tut

Transyle

[—

Fig.601Schematic

of

speci men

Tabl & 4. 1 Tpernospiel r&tNiCavisA 3®Df

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
Uo.2 (MPa) Us (MPa) U (%) a (%)
Longitudinal 751 873 24 66
SN23
Transverse 742 869 21 60
11 2201(2008) , 14A specimen (diameter 8mm,

Tabl &5 Chla.r py pir mp & cStNiCavist 3®f.

. . Charpy Absorbed Energy at 2G (J) Charpy Absorbed Energy &0 °C (J)
Heat Direction — —
Individual Average Individual Average
Longitudinal | 149 143 139 144 124 127 123 125
SN23
Transverse | 122 125 124 124 102 107 105 105

37
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3. SLOW STRAEMNSRREETCONDI Tl ONS

A

Longi t ui

FigQg.6 2Schematic of specimen direction.

TabdQ.el. 8L &6wr ain rad®endietnisads. test

Applied standard ASTM G14298 (2016)
Type gnd capacity Servehydraulic,100 kN Servehydraulic, 500 kN
of testing machine
Loading condition Uniaxial, Monotonic
Environment In 99 Mfahh?/dgogczg: %as aét I;T InairatRTt hr ouAgh 85
Gas purity Hydrogen gas : 99.99999%NY
3 ) 5 «1\3) (~Y.S.) : 1.6x 102 mm/? ( 2.8 10* s1)?)
Testspeed 2.8x103mmfk? (5.0x 10°s?) (Y.S-) : 36.7% 102 mm/D ( 6.5 103 513

Q:p ¢ 8240.02 %:

Specime® - i B _ B
(dimensions in -~
mm) 12.75 560.2 12.75

M14

JIS Z 2201 (1998) 14A

1) Surface finishing was perf800mgdadyg sifFcoamheceaen
paper

2)Stroke speed or cross head speed.

3y Det er mi ned ofmm lpeartad died dfdemgElvraefd especi men

38



4. EXPERI MENTAL RESULTS

Tabd.6L 7SSRIIroperties of SNCM439.

Heat | Direction Test condition sg(MPa) | d (%) i REL | G(%) | RRA
RT Air 853 18 - 67 -
- 99 MPa H 856 11 0.61 25 0.37
SN23 | Longitudinal o Air 821 15 . 64 .
99MPa H 820 13 0.87 39 0.61
RT Air 851 18 - 60 -
SN23 | Transverse 99 MPa b 853 11 0.61 26 0.43
85 Air 817 14 - 64 -
99 MPa H 819 13 0.93 44 0.69
1®.. 0+ Juf
——SN-JI(EEKXR) —— SN-J3(85°CK %)
|—— SN-J2(Z {R99MPa7K &) —— SN-J4(85°C99MPasK &)
1000 T T T T T 1000 T T T T
=R 85°C
800 - a 800 -
g 600 - i'zf 600 - \
R R
s s
E 400 | z 400 -
200 | 200
O Il 1 Il Il 1 O 1 1 Il L 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
HEBEAFA—2 (mm) HEEArA—S (mm)
alLongi tspckicnadens at RTb)Longi tswpdeicn arleAs at 8
EAR e AR e
=R 85°C
800 |- — 800 |
g 600 - g 600 - w
R R
“ 400 % 400 -
200 | 5 200
O L 1 | 1 U | 1 | | 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
HERBANE—% (mm) HB#RO—2 (mm)

oTr anssyeaciemens at RT dTransversatséBeci mens

Fi@.63 Str-sagsoke NOEMUB89.o0f S
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C. T.SSRT 7
<1 000 (NEDQ)

-fi h ' — n - A
- A

1. MATERI AL S

Tabl §& IC. 1 Details of pro€Md8bng and rel atec

Hea|l Product i ¢ Product Di mensions ( mr
J Hoft or ge Pl at e -
K Hoftor ge Cyl i ndg -

Tabl &2 Hela.t treatment TTonditions of SCM4

Material Heat Shape Quenching Tempering

3 Pl at e 90(?°C/60 min,

Hot-forged Oil-quenched

material K Cylind 860°C,
Waterspray

600°C/ 100 min, Aircooled

6 3 0 Air-cooled

Tabd &3 Chemi cal co@lM#4&#35%5tion of S

Heat Element (mass %)
C Si Mn P S Cr Mo
Product 036 018 078 0013 0005 1.04 020
analysis K 037 022 084 0012 0005 115 024
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2 SLOW STRATHENRAIHEHSCONDI Tl ONS

Longi t ui

Fig.7n.. Schematic of specimen direction.

Tabd.el4. 3L swr ain radendietnisands. test

Applied standard ASTM G14298 (2016)Y

Type gnctapaCI_ty Servehydraulic, 50 kN Screw type, 50 kN
of testing machine

Loading condition Uniaxial, Monotonic

In 106 MPaor 115 MPehydrogen gas )
Environment at-45/C t h @4y h In air at RTthrough200AC
In 0.1 MPa #AFETro

Gaspurity Hydrogen gas : 99.999%IK])
Testspeed 1.5x 10° mm/sd (5.0x 10°sH4 1.7x 103 mm/? (5.7 x 10°s1) 4
N
I 1/
N @ o’
Specimer? BN - , S
(dimensions in ~ ™~
mm) /8 90" |18
/b

l1Excluding test specimen shape
2 Surface finiskinguméaerpeaetiat medl bghing with 60

paper
3)Stroke speed or cross head speed.

HDet ermined ormm Ipeartmddied dfe.0mostiosf gsi preskhi nbeyn (
16mm/ s)mm5.7%00°sti s gi ¢el@dGmm/ 6) / 30 mm.

41



3. EXPERI MENTAL RESULTS

Tabd.g5. SSRIroperti esdHeadft SCM4 3

Heat| Direction Test condition sg(MPa) { RTS | d(%){ REL | (%) RRA
o 0.1IMPa N, 954 - 27 - 72 -
Longitudinal | -4 5 eupa 936 098 | - - 25 | 0.35
o Air 824 - 22 - 72 -
] Longitudinal |- RT ey 840 102 | 16 | 073 ] 30 | 042
Longitudinal | 1 2 0 Air 864 — 23 . 70 -
9 115MPa H 829 0.96 17 0.74 42 0.60
o Air 862 - 22 - 70 -
Longitudinal | 200 —7Fu5- 836 103 | 15 | 069 | 37 | 053
1200 —————5F———7———7— 1200 ————F——T——7—
| Large-sized, SCM435, heatJ (600 T) i | Large-sized, SCM435, heatJ (600 T)
In 0.1 MPa N, or 106 MPa H, at - 45 In air or 115 MPa H, at RT
1000 |- . 1000 |-
g | &
s 800 |- - = 800 |-
? 1 3
£ 600} 4 £ 600}
7] 7]
< 1 =
= =
€ 400 | 4 E 400}
o (@]
2 ]l 2
200 . 200
o L 1 L 1 L 1 M 1 " 0 1 1 1 1 " 1 1 1
0 2 4 6 8 10 0 2 4 6 8
Stroke ([nm) Stroke (mm)
a) -4 5C by RT
1200 — 77— 1200 —— 77T
| Large-sized, SCM435, heat J (600 T) i | Large-sized, SCM435, heatJ (600 T)
In air or 115 MPa H, at 120 In air or 115 MPa H, at 200
1000 |- . 1000 |-
< <
o
% 800 12 800 |
a ?
2 600 41 £ 600}
(73] 7]
T T
£ c
g€ 400 4 E 400}
[e] @]
=z =2
200 - 200
0 " 1 M 1 1 1 1 1 1 0 ﬂ N 1 N 1 1 1 M 1
0 2 4 6 8 10 0 2 4 6 8
Stroke (mm) Stroke (mm)
01ei dp oA

Fig@.72. Str-sdss oke curBHesdtof SCM43
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4. EXPERI MENTAL RESULTS

Tabhd.&6. SSRoIroperties of SCM435 Heat K.

Heat| Direction Test condition sg(MPa) i RTS | d(%) { REL | G (%) | RRA
. 0.IMPa No 881 ; 28 ; 65 -
Longitudinal| -4 0 — e b 886 101| 21 | 075] 36 | 055

- Air 817 ; 23 ; 70 -

K| Longitudinal| - RT oy 5o 820 | .00 | 23 | 1.00 | 47 | 067
Air 792 } 23 : 65 -

Longitudinal| 1 20— eue 635 1 1.05 | 20 | 087 | 47 | 0.72

Nominal stress (MPa)

Nominal stress (MPa)

1200 ———4————b———7———7— 20 ————————7———7——71—
| Large-sized, SCM435, heatK (630 T) i I Large-sized, SCM435, heatK (630 T)
1000 | In0.1MPaN, or 106 MPa H, at - 40 i 1000 | Inairorll5MPaH,atRT |
g
800 |- 1s 800 |- -
]
o
600 |- 4 5 600 -
(%]
©
£
400 |- 4 £ 400} -
<}
- Z o -
200 J - 200 H -
0 L 1 L 1 L | " 1 " 0 1 1 1 1 L 1 1 1 1
0 2 4 6 8 10 0 2 4 6 8 10
Stroke (mm) Stroke (mm)
a) -40 AC b) RT
1200 T T T T T T T T T
| Large-sized, SCM435, heatK (630 T)
In air or 115 MPa H, at 120
1000 |- -
800 |- -
600 |- -
400 (- -
200 -
o 1 1 L 1 L 1 L 1 L
0 2 4 6 8 10
Stroke (mm)
0l2A

Fig@.73. Str-seds oke cur%HesatofK.SCM43
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C. 8.SSRT 8

«4E£ i 0D N

(NEDOQ)

-5

1. MATERI AL S

Tabl 8 IDelt.

ails of

- - A

procesSAT 28 and
Hea|l Product i ¢ Product Di mensions ( mr
D Hoftor ge Plate Len_lg;ih(::sr?e;n;n:s()Wir
E Hoftor ge Pl ate Len?tt'lihtz:lﬁr?egn?:30Wir
Tabl 82 GHela.t treat meA7 28ondi ti ons of
Material Heat Shape Quenching Tempering
Hof or D Plate 50 ‘?g?n:icr:].liircool 640 °C/6 +6 h, Akcooled
material E Plate o CIZR 640 °Cle+2.5 h, Acooled
Tabd &3 Chemi cal compRs8ition of S
Heat Element (mass %)
C Si Mn P S Ni Cr Mo \%
Product D 026 009 028 0006 0001 334 168 041 0.08
analysis 026 009 028 0006 0001 334 168 041 008
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2. MECHANRIRORIERTI

ES

Forging |

P
<«

[
»

Fig.8 1Schematic

Tabl & 4. 1 Tpernospiel retAv 2 3

of

speci men

of

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
Uo.2 (MPa) Us (MPa) U (%) a (%)
- Transverse 798 872 16 76
l1Heat DHeat E
2J1 2201(2008) , 14A specimen (diameter 8mm,
Tabl &5 Chlar py propac A-¥ 2383 of S
. . Charpy Absorbed Energy at 20 °C (J] Charpy Absorbed Energy &80 °C (J)
Heat Direction — —
Individual Average Individual Average
- Transverse 223 | 221 | 220 221 223 | 226 | 230 226
lHeat DHeat E

45

direction.
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3. SLOW STRAEMNSRREETCONDI Tl ONS

A

Longi t ui

Fi@.8 2Schematic

Tabd.el. 8L &wr ai

of

r ad e&n dietnisa d =.

speci men

direction.

test

Applied standard

ASTM G14298 (2016

Type and capacity
of testingmachine

Servehydraulic, 50 kN

Loading condition

Uniaxial, Monotonic

Environment

In 106 MPa o115 MPa hydrogen gas-#5ACt h r ®Wdch
MPa #A5AErogen
In air at RTor 200AC

I n

0.

gas a

Gas purity Hydrogen gas : 99.999%I)
Testspeed 2.0x 103 mmk? (6.7x 10°sH
N
QS
A M0
N \§ -’
SpecimeR BN - . <
(dimensions in ~ ™~
mm) /8 w! ||
/5
l1Excluding test specimen shape

2) Surface fi

paper
3)Stroke

AHDet er mi

16mm/ s)

SPp
ne

ni shing

ed or

0 mm.
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4 .

EXPERI MENTAL

RESULTS

Tabd. &8l 7SSRIropert-vyr28 H&aSAD

Heat| Direction Test condition sg(MPa) | RTS | d(%) | REL | ((%) { RRA

Air 843 - 25 - 77 -
Longitudinal| RT 841 1.00 17 0.67 30 0.39

115MP

SMPa b 865 1.03 16 0.62 28 0.36

Air 793 - 23 - 77 -
Longitudinal| 2 0 0 802 1.01 16 0.70 44 0.57
115MPa h 798 1.01 16 0.69 43 0.56

1400 ——————— 1400 —————

[ SA-723M, D ] L SA-723M, D u
< 1200 [ In 115 MPa Hat RT i < 1200 [ In 115 MPa H at 200°C ]
ol [ Strain rate: 6.7x16 s Y(CHS: 0.002 mm/s) ] o | Strain rate: 6.7xI8s Y(CHS: 0.002 mm/s)
= 1000[ 1 2 1000 2
)] = n )] - n
(7] | [72] |
9 800 § 9 800 ]
17 [ ] » I ]
E 600 i . _g 600 i B
g 400f i g 400[ i
pa ! 1 = i 1

200(, . 200(, i
0 . P P P P ] 0 . PR - PR - P P . ]
0 2 4 6 8 10 0 2 4 6 8 10

Stroke displacement (mm)

aRT

Fi@.83 Str-ssgs oke
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Stroke displacement (mm)

b)2 0 AT

A r2Be Heaft
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Tabd.8 8SSRIropert-v28 HéaSAE
Heat| Direction Test condition sg(MPa) i RTS | d(%) | REL | ((%) { RRA
Air 942 - 27 - 75 -
Longitudinal | -4
ongitudinall -45 = o ba | 909 | 097 | 14 | 050 | 26 | 035
Air 864 - 24 - 76 -
E Longitudinal| RT 862 1.00 16 0.65 29 0.38
USMPah ™00 o101 | 14 | 058 | 27 | 036
Air 812 - 22 - 76 -
Longitudinal| 2 0 O
gitudi 115MPah | 778 | 096 | 15 | 068 | 43 | 057
7200 — 1400 ———————
| SA-723M, E | [ SA723-M, E 1
= 1200[- In 106 MPa H at -45°C a = 1200[ In 115 MPa H at RT ]
o | Strain rate: 6.7x16 s Y(CHS: 0.002 mm/s){ o | Strain rate: 6.7xI8s Y(CHS: 0.002 mm/s)
= 1000} 1 = 1000} 2
(7)) | (7)) | |
(%) | (7] |
O 800 1 9 800 i
17 I 1 @ [ ]
.E 600 . .E 600 .
S [ 1 € i ]
© 400 1 o© 400 ]
Z - 1 =z ! i
200} R 200} .
oL R L Ll Ll . ] 0 L R R P Ll ]
0 2 4 6 8 10 0 2 4 6 8
Stroke displacement (mm) Stroke displacement (mm)
a) -4 9C b)RT
1400 — 1 1 1 L " 1 1
[ SA-723M, E ]
1200 [ In 115 MPa H, at 200 °C ]
E‘ [ Strain rate: 6.7x107° s~} (CHS: 0.002 mm/s) |
= 1000 [ ]
- [ ]
n |
£ 800 i
- [ ]
E 600 | 7
§ 400 | ]
Z [ 3
200 [ ]
0 . . . . . . . P I
0 2 4 6 8 10
Stroke displacement (mm)
0204

Fi@.84. Str-sd3 oke
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C. .SSRT 9

(NEDQ)

1. MATERI AL S

Tabl &

IC. 1 Det ai

-~ A

Il s of proSsAd28ing and rel ated

Hea|l Product i d

Product

Di mensions ( mr

Hoft or ge Round b OQuter diameter:
Tabl & . 1Heat treaBArTe2n3t conditions of
Material Heat Shape Quenching Tempering
Hot-forged SA Round b 850°C 640 °C, Aircooled
material Waterquenched
Tabd @3 Chemical compds3ition of
Heat Element (mass %)
ea C Si Mn P S Ni Cr Mo V

Product | g0 | 026 009 028 0006 0001 334 1.68 041 008
analysis
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2. MECHANI CAL PROPERTI ES

Forging |

A
N

Longi tut

Fig.491Schematic of specimen direction.

Tabl & 4. 1 Tpernospielr®A7 23 o f

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
Uo.2 (MPa) Us (MPa) U (%) a (%)
SA Longitudinal 743 865 22 71

191 2201(2008), 14A specimen (diameter 8mm, gage

Tabl &5 Chlar py propac3aA-v23. of

Charpy Absorbed Energy 5 °C (J)
Individual Average

SA Longitudinal 186 189 196 190

Heat Direction

50



3. SLOW STRAEMNSRREETCONDI Tl ONS

A

Longi t ui

FigQ.94 2Schematic of specimen direction.

Tabd.& 6S| swr ain radendietnisads. test

Applied standard ASTM G14298 (2016)
Type gnd capacity Servehydraulic, 100 kKN Servehydraulic, 500 kN
of testing machine
Loading condition Uniaxial, Monotonic
Environment In 115 Mtpﬁ r:y((j)r%g%nr?as |8aﬂ'5 In air at RTthrough 85 °C
Gaspurity Hydrogen gas : 99.99999%NY
3 ) 5 «1\3) (~Y.S.) : 1.6x 102 mm/? (2.8x 10* s1)?
Testspeed 2.8x10°mmi? (6.7% 10°s?) (Y.S.~) : 36.7% 102 mm/? ( 6.5x 103 51)?

Q:p ¢ 8240.02 %:

Specime® - i B _ B
(dimensions in -~
mm) 12.75 560.2 12.75

M14

JIS Z 2201 (1998) 14A

1) Surface finishing was perf800mgdadyg sifFcoamheceaen
paper

2)Stroke speed or cross head speed.

3y Det er mi ned ofmm lpeartad died dfdemgElvraefd especi men
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4 . EXPERI MENTAL RESULTS
Tabd. € 7SSRIr operStAy 28 o f
Heat | Direction Test condition sg(MPa) | d (%) i REL | G(%) | RRA
RT Air 850 16 - 73 -
SA | Lonaitudinal 99 MPa H 852 10 0.63 25 0.34
¢ a5 Air 814 15 - 71 -
99 MPa H 817 11 0.73 36 0.51
RT Air 843 15 - 68 -
SA Transverse 99 MPa H 850 10 0.67 22 0.32
85 Air 810 13 - 61 -
99 MPa H 815 10 0.77 31 0.51
1®.. 0- Juf
—— SA-JIEBRR) —— SA-J3(85°CKR)
1000 —— SA-J2(ER99MPask ) |—— SA-J4(85°C99MPak F)
‘ ‘ ‘ . 1000 ‘ ‘ ‘ T
Em 85°C
800 | 800
% 600 |- % 600 |-
E R
2 ©
E 400 - J’E 400 |-
200 - 200 -
0 | 1 | | 0 | 1 | L 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
HE#AO—2 (mm) HBREIFA—2 (mm)
alongi tswdeicnate NRsT blLongi tsypdicnaBe/ s
—SsASIERAR) — SATSHBSCRS)
1000 —— SA-S3(Z R 9IMPazk ) 1000 [~ SA-S5(85CIoMPazk )
b 85c
800 - . 800 -
g 600 |- . g 600 - \
‘f; a00 i ig 400 -
200 - 1 200 -
0 I I I I I 0 L 1 L L 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12

HEBEBIrA—2 (mm)

cYr anssvpeacsiame nRsT

Fi@.9a3. Str-ssgs oke
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HEBE#EXFO—2 (mm)

dTr anssvpeacciam®ABs

AU rr2\Be s
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HYDROGENIDSTABASHNo. A6 9(Tentative) / 2017 /
DatabaseonFatigue StrengthPropertiesofJIS - SNCM439Nickel ChromiumMolybdenum Stee
in 115 MPa Hydrogen Gas

1. MATERI AL

ThlC. 2. Meflail s of processing and related da

Hea| Producti ¢ Product Di mensions (mr
ct) Hotol I e Pl ate Lengl'thri]:cizoesr:rr31 V\ﬁ
W | Hotortel  prate| oML TRC TT,, Y
) Hoftorge Cy'i”d‘rﬁggihaigsﬁqgt?mzooou

1) Reported by the manufacture.

Tabd.e2. Ch@mi cal composition of SNCM439.

Heat Element (mass %)
C Si Mn P S Ni Cr Mo
ch 0.43 022 082 0012 0002 1.81 086 0.25
;’;Z‘I’yi‘f; HY 0.40 0.22 080 0.014 0002 1.80 086 0.26
2 0.40 0.27 089 0.009 0015 1.84 092 0.28
c? 0.42 022 082 0015 0002 1.80 085 0.25
H2 039 022 079 0016 0002 1.81 084 0.26
ahi‘lj;‘;s P 042 026 080 0010 <0.00 1.91 089 0.25
Requiremertt| M| 043 035 090 0030 0030 200 100 030
min | 0.36 0.15 0.60 160 060 0.15

1) Performed by HYDROGENI US.

2) Reported by the manufacture.

3) After the inspection certificate.

4) JI S G ALOoBaB8l I(02y0e0dB )s,t eel s f or machine structural

Tabd.e2 . He 8t treat soefntS NOMAA3 9t.i o n

Material | Heat Shape Quenching Tempering
co Plate 850/CT 2 1 6504/ 4Airkcooled
Oi-duenc|
850AC/ 2 | . .
1) .
Largesized H Plate Oiduencl 640AC / 4 Airkcooled
material 860/C, 620AC, Air-cooled
. Wat-epr a
P Cylinder 850/C/ 2 |
o , )
Oi-quen?H 650AC / 4 Airkcooled

orted by the manufactures.
¢ B 8of3M2 0 mm6 @G ndm whse dtead .
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2. MECHANI CAL PROPERTI ES

Tabd.e2. Mechani cal properties of SNCM439.

Tensile Properties Vick
Tempering . . ickers
Material | Heat| Shape | Temperaturg 0-2 % proof| Tensile | Fracture | Reduction| ;. 4ness
°C) stress Strength elopgatlon of Area (HV)
Uo2(MPa) | Us (MPa) | U (%) G (%)
cv Plate 650 733(73F) 867 22 66 275
Largesized| HY Plate 640 T7469(747P) 873 23 66 270
material _ 620 925)(921) 1025 20 62 318
J) | Cylinder
650 7669(764) 881 25 67 263

l1Performed by HYDROGENI US.

2Det er mi @-8cdu rf weo.m

33Deter mi wretdr bk emcur vée .i nSeHeY DRROGIGENNIUS DATABASE No.
3. FATISGRRENGHROPERTI ES

Tabd.e2. BEabi gue test conditions.

Type o Uni axi al
Testing 100 kN servohydraulic fatigue machinegaseou$ydrogen and nitrogeup to 120 MPa
machine 50 kN servohydraulic fatigue machine in air
Load.' Constant stress amplitRxdé)test
condi t
load

N -
Wavef o v \/ \/

Sinusoi dal

Freque 0.011 Hz
. 115 MPa hydrogen gaRT
Enviro Laboratory airRT
Gas pu Hydrogen gas: 99.999 %
o Loy
)
VA $°</ O
E _ _
Specitm
- 20
= 78 J.7
J. (70) 2.
95

1) The speci memilsyhrefidafcfei w@ swi{ B . mapcodl oidah. Si O
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4 EXPERI MENTAL RESULTS
- Inair, f=1Hz 4 In115 MPa hydrogen, f=1 Hz
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(b) Hteamp ¢r, e AT (Gect8 7BAMP a )
Fi@. 2. &Ndli agorfansarzeed SNCM439.

(Figure continued on next page.)
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1. MATESRI AL
TAlC 2. Reftlail s of processing and related
Hea| Producti g Product Di mensions (m
Length: 950mm Wi
A Hottor ge Plate Thickness: 30
B Hoft or ge| Round b Outer diameter
C Hottol | e Round b OQuter diameter
D Hotol | e Round b Outdeiramet er: 300
Tabd.e2. h@mi cal composition of SNCM439.
Element (mass %)
Heat - :
C Si Mn P S Ni Cr Mo O(ppm)
A 0.42 0.22 0.81 0.017 0.002 181 0.85 0.26 6
Product B 0.40 0.26 0.80 0.005 0.004 190 0.84 0.25 35
analysis C 0.40 0.27 0.80 0.012 0.014 1.74 0.74 0.23 12
D 0.41 0.26 0.82 0.022 0.010 160 0.79 0.15 15
Requiremerit Max | 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 -
q Min | 0.36 0.15 0.60 - - 1.60 0.60 0.15 -

) JI'S G 4bé6al (p9ged) st exetlrsudtour arlacths en e
Tabd.e2. Be&8t treat soefntSNOMADI St.i on
Heat Direct Hedatr eaaped ¢ Quenching Tempering
. Length160mm 850AC/ 2 < .
A Axi al ThiCkness:3Oi_quenCGSOAC/,mlr-dooled
Axi al|Length160mm 850AC/ 2 < .
B Circumf Thi ckness:3Oi-quenc645AC/’4\'r'dDOIed
c Axial|Length160mm 850A C/ 2| 645A C/ ,#ir-dooled
Circumf Thickness: 3 Oi-duende625-°C/4hAir-cooled
. Length160mm 850AC/ 2 < .
D Axi al ThiCkness:3Oi_quenc63OAC/,Alr-dooIed
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2. MECHANI CAL PROPERTI ES

Tabd.e2. Mechani cal properties of SNCM439.

Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fracture | Reduction of

stress Strength elqngatlon Area

Uo.2 (MPa) Us (MPa) U (%) (i (%)
A Axial 730 853 20 57
Axial 739 885 22 61
° Circumferential 737 881 17 44
Axial 744 880 22 63
¢ Circumferential 830 954 16 42
D Axial 762 894 20 59

191 2201(2008), 14A specimen (diameter 8mm, gage
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3.

FATISGREENGARROPERTI ES

Tabd.e2. Rabigue test conditions.
Type of Uni axi al
Testing . .
machines Servehydraulic, 100 kN Servcehydraulic, 100 kN
Load_ln Constant stress amplitRxdé)test
condit
load R=-1
/\ time
Wavef o \/ \/ U )
Sinusoi dal
Freque 1Hz 0.1 Hz
Environ In 90 MPa hydrogen gas at RT In air at RT
Gas pu Hydrogen gas
— @/ : oo
- > S >
Spectimi I J
_'ZGw 051 . 120 ‘_4‘\'J‘ 5
16(
1) Surface finishing was perfor med
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4 EXPERI MENTAL

RESULTS
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Fi@.2. 3Ndi agorfansNCM439.
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B SSRT

700
’5'_@
é 600 O
»® I o
o 500 AN
-o L
E: o
?El 400 A o
@ o)
n |
S 300 A0
= [| O Inair A
w Ll A In 90MPa hydrogen A~ T
200 2I I””“ISI I””“I4I III”“SI III”“GI T 7
10 10 10 10 10 10
Number of cycles to failure, N,
( e) BHeiartc u mfdd rreercttii aln
B SSRT
700
s |
é 600_ O
™ [ O
o 500 A O
-c L
2 A~ 3
= I
= 400 D O
©
% L
o 300
5 [| O Inair
Ll A In 90MPa hydrogen
200 2I I””“I3I I””“I4I III”“SI III”“GI I”””7
10 10 10 10 10 10

Number of cycles to failure, N,
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Fi@.2. 3Ndi agorfansNCM4 39.
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C. 2.

3

3

JFE@H D |
NEDO

1. MATERI ALS
ThlC 2.Beflail s of processing and related
Hea| Product i Product Di mensi ons ( mr
Leng0DBO
A Hoitol | e Cyl inde OQuter dh@meter
Thickhess: 6
Tabd.e2. @he@mi cal sofmMpINCNMAE DN.
Heat Element (mass %)
C Si Mn P S Ni Cr Mo
Product A 040 024 073 0.007 <0.000 177 074 022
analysis
Tabd.e2. Be &8t treat soefntSNOMAI3I%.i 0 n
Material Heat Shape Quenching Tempering
Seamless . 870 AC-8 0 mi . . .
line pipe A Cylinder Oi-duenc 635AC-1 6 0 mAirsooling
2. MECHANI CAL PROPERTI ES
Tabd.e2. Bechani cal PNOCON£LB®ies of
Tensile Properties _
Tempering . , . Vickers
Material | Heat | Shape | Temperaturg 0-2 % Tensile | Fracture | Reduction| |5 qness
C) proof stresg Strength | elongation| of Area (HV10)
Jo2 (MPa) | Ug (MPa) U (%) 4 (%)
787 928 21.2 71.3
feam.'ess A | cylinder| 635 280
IN€ pipe 787 928 21.7 69.4
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3. FATISGRENGHROPERTI ES

Tabd.e2. Babigue test conditions.

Type o Uni axi al
Testing .
machine Servehydraulic, 50 kN
Load_l Constant stress ampbittRdié) (est
condi
lc load R=-1
Sinusoi dal
Frequg¢ 1 Hz
Enviro RT: air, 105 MPa hydrogen gas
Gas pi Hydrogen 9%(sa@N)29. 999
9
%\% N — °\“§<j P
o Q
Spect © - _
T g 3.7
Y (70) J
9
1) The speci rmdamilsyhrefdalcies lwiarsg .
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4 EXPERI MENTAL RESULTS
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Fi@. 2. 3NdLi agofansNCM4 39.
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1. MATERI AL

66

Tabl3e. IC. Details of processing and related
Hea| Product i ¢ Product Di mensi ons ( mr
Length: 833 mm !
L Hottorge Plate Thickness: 31
Lengt h: 750 mm !
E Hottorge Plate Thickness: 31
Lengtif@m WL 8irfinhn :
R Hoft or ge Pl at e Thicl3Bems s
Tabl3e 1H2at treat ment conditions of SNCM:
Material Heat Shape Quenching Tempering
L Plate 8.50 Ci2 h, 640 °C/ h, Air-cooled
Oil-quenched
Hot-forged E Plate 850 °C/2 h, 650 °C/4 h, Air-cooled
material Oil-quenched
R Plate 8.50 Ci2h, 640 °C6 h, Air-cooled
Oil-quenched
Tabd3e 1CBemical composition of SNCM439.
Element (mass %)
Heat C S Mn P Ni  Cr Mo
L 039 022 080 0016 0.002 180 084 0.26
Product E 042 022 082 0016 0002 181 086 0.26
analysis
R 039 022 082 0.015 0.0024 181 085 0.26



2. MECHANI CAL

PROPERTI ES

A
N
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Transyle

Fig3. 1Sdéhematic

of

speci men

Tabl3e 1O.dnpirloperties of SNCM439.
Tensile Propertiés
Heat Direction 0.2 % proof Tensile Fractu_re Reduction of
stress Strength elongation Area
Uo.2 (MPa) Us (MPa) U (%) a4 (%)
L Transverse 755 874 21 59
Longitudinal 749 874 18 62
E
Transverse 767 889 25 58
Longitudinal 748 870 22 65
R
Transverse 762 875 24 64
11 2201(2008) , 14A specimen (diameter 8mm,
Tabl3e 1Cbarpypiropacti es of SNCM439.

. . Charpy Absorbed Energy at 20 °C (J] Charpy Absorbed Energy &0 °C (J)
Heat Direction — —
Individual Average Individual Average
Longitudinal 147 143 138 143 112 122 116 117
R
Transverse 123 126 125 125 104 103 105 104
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3RI SI NG LOAPRAOEBRTI ES
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Fi @312 Schemastpiecciorfen. directi on

Tabd.e3. Ri. §i ngedtoadondi ti ons.

Applied standard ASTM E399
Testing maching Servcehydraulic, 50 kN
Loading condition Uniaxial, Monotonic
Environment In 115MPa hydrogen gaat RT
Gas purity Hydrogen gas99.999 % (5 N)
Test speed 2.0x 10* mm/fs
t=14.9

- HIL]

2 Loy
& =S
Specimen
(dimensions in mm) {}

0.3

6/

5.4
63.5
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4 EXPERI MENTAL RESULT
a)He &t
95% secant line

Load, P (kN)

30 —

25|

In

Displacement rate: 2x1"0mm/s?

SNCM439, R

115 MPa Hat RT

o5 1 1s
COD (mm)
¢ Heat R

S

b))

He at E

Fi g3. 4CRel at i on s HhiomeshCOdtomre eNINCM4 3 9.

‘N

|l oad tests for

Tl e C.Reslul?rs of rising
Heat | DiSPlacementraly  roq congition | K, [MPa mj®
[mm/s]
L 50.5
E 2x10" RT 115 MPa H2 64.7
R 56.9

1ASTM E399 Ko

Ki H
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