(Ag-2)
JO>1Y A




2 30m?®
35MPa 40MPa 35MPa
70MPa 82MPa 70MPa
FCv Fuel Cell Vehicle
FID Flame lonization Detector
FMEA
HAZOP
HFCV-gtr
JPEC-S
JIGA-T-S JIGA-T-S/13/04
JPEC-S
KHK 1
59
2
RRA Relative Reduction of Area
=( ) ( )
S RT Slow Strain Rate Test
OH H20 OH H20
PIV (Particle Image Velocimetry) 2
PLIF Planar Laser-Induced Fluorescence Technique

-(1)




HFCV-gtr ( ) (

( ) ( )
1% (1/4L.E.L.) @®0.2mm
-252.6 -259.2
HFCV-gtr
HFCV-gtr
JPEC-S
FCV
®1.0mm
125% 65 1000
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JAF
3
49
63.2
3
48
FCV
70MPa

FCV

70MPa

-3)




FCV

100m?®
100m?3
1l
1
uT
35 2
1kPa

®1.0mm

-(4)




35

1.26kW/m2
®1.0mm
= (:
3
-2
ASME
A6061 T6 6.5
AB061-T6 245N mm? SS400

HPIS HPI

HPIS
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JIS B 8265

4 ASME
Code
2003 JISB8265
JIS B 8266 JIS B 8270 1
JISB8265 30MPa JIS B 8266 100MPa
HYDROGENIUS
KHKS 0220
( )
LBB Leak Before Burst
i Ni Fe-Cr-Ni
Ni Ni =Ni 0.65Cr
0.98Mo 1.05Mn 0.35Si 12.6C Ni 30% Ni
SA723 ASME 4%
SCM435 0.33 0.38
Cr; 0,90 1.20 Mo; 0.15 0.30
785 MPa 930 MPa
SNCM439 2%Ni
SSRT Test Slow Strain Rate Tensile Test
SUH660 SUS-
316 Ni 24 27% Ti AL V
900 980 700 760
Ni 225 MPa
SUS316L 2
SUS316,SUS316L | SUS316 6 C, Si, Mn, P, S, Fe 18%Cr 12%Ni
(Mo)
SUS316L SUS316 (<=0.08) (<=0.03%)
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XM-19 HRX19 XM-19 Mo
SUS 316L
HRX19 XM-19 Ni SUS316L
Ni Mn Cr
Stress
kgf/mm? MPa
austenite 100% 911 1392
yFe vy
Y C 2.1 727
Ni Mn
18Cr
8Ni Ni
( )
1.5
JIS 0201
( 1,000 1,100 450
550 )
SSRT
RRA RRA
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agehardening

(N/mm?)
S-N
da/dN (m/cycle)
AK Miix/m
CFRP
martensite o Fe-C

Cr

-(8)




(%)
350-500
-3
a
a 912 As Az a vy
Argon Oxygen Decarburization
AOD (¢] Y9
Vareamax Vareamax
( )
bce . .
BCC(Body-Centered Cubic lattice)
(delta ferrite) 100% 1392 1536
oFe & ( )
o) 100 1536 _
Fe-C 1494 0.1[mass %]
( )
fcc FCC(face-centered cubic lattice) o
30 50 Md30( ) 413-
Md30 462(C+N)-9.23Si-8.1Mn-13.7Cr- 9.5Ni-18.5Mo
S(N/mm?)
S N
i
= 245 o
[ [— —
;_E: (25 P ] §RIC 0.32%)
S N =
&
£ jas JHIC 0.22%)
= (20}
+
£ om0 10t 107 10°
H

BOECHE (HERE

-(9)




2%Ni

SNCM439
(stress) (strain) S S
S S
SSRT
(kgf) (mm?)
Stress 5 5
/mm-=(kgf/mm<)
s (stress) (strain)
s ) C )
(austenite) 100% 911 1392
yFe vy (
) Y ©) 2.1 727
Ni Mn
18Cr 8 Ni Ni
( )
A
S-N
1
( )
( )
18Cr-8Ni SUS304
SUS304

-(10)




FRP FRP
FRTP(TP Thermo Plastics )
(
W Ao
(yield point)
JIS 0201
(
1,000 1,100
450 550 )
reduction of A Ao ( )
area Ao
)
(age hardening)
Ni Ni Ni
K|H KIH

Type

Type

Type

-(11)




( )
600 2000 6000 7000
T6
T4 (T6)

“  (Brittle) «C - )

« )
fatigue
. S
limit ,
() (109) (So) So
kgf/mm?(107)
S N
20 30 P)
1000h
Kin ASME Sec. Div.3 KD10
C )
A|203 MnS
JIS G 0555 ,ASTM E45
s-1
SSRT
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N da/dN
S-N
S-N 10° 107
*
* ( )
(martensite o ) Fe-C
Cr
/bend test
XYz
60 80
/quenchig
( )
/annealing
ABO61
345 415
A6063
A7075 345 410
SUS304 900 1000

solution heat
treatment

Kin
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AE AE acoustic emission

( ) AE AE
S-N Stress-amplitude Number of cycles to failure

(:
KHKTD5202
3
MPa N/mm2
S-N
KHKTD
5202 2014 NEDO
FRP
1
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KHKS0220 ASME Boiler & Pressure Vessel Code, VIII, Division 3

+ /2
-5
1958
( UN )
1998 10 1998
UN GTR UN
Bi 15 Bi 83 209.0 271.4
Bi(+Pb) A6262
Cr 6 Cr 24 52
CT Compact Tension
END OF LIFE HFCV GTR End of Life
GTR13-HFCV 25 2013 6
Phasel GTR13-HFCV 1
GTR13-HFCV Phasel 2017 10 GTR13-
Phase2 HFCV 2
GTR13-HFCV GTR No0.13
ISO/TC197 1ISO/TC197
WG18 1989 11 WG18
WG6

2013 5 NWIP(New Work Item Proposal)

-(15)




JARI S 001, JARI S

JARI S 001  35MPa JARI S

002 002 2004
KHK S 0128 70MPa 2010 KHK
Klscc (SCO)
Mn 7 Mn 25 54.94
Ni Ni
RRA Ni
Ni 28.5
Ni (mass ) = 12.6C+0.35Si+1.05Mn+1.0Ni+0.65Cr+0.98Mo
Pb 14 Pb 82 207.2 327.5
Pb(+Bi) 6262
RRA SSRT
SSRT RRA Relative Reduction of Area
SAE Society of Automotive Engineers SAE International SAE
SAE International
128,000 SAE International
SAE J2579 Standard for Fuel Systems in Fuel Cell and Other Hydrogen Vehicles
GTR13-HFCV Phasel

J2579 GTR13-HFCV Phase2
SEM Scanning Electron Microscope
SEN Single Edge Notched
SN N
SSRT Slow Strain Rate Technique
SS Stress Strain
T6
Type-3 VH3

CFRP(

Type-4 VH4

CFRP(

-(16)




GTR13-HFCV

1
/2
Crack Opening Displacement
Si Al-Mg-Si Al- Mg2si 2 Si
Si 2
ISO | International Organization for Standardization : 1SO
1998
UN/ECE/WP29 UN UN GTR

GTR13-HFCV Phasel
2MPa %125 GTR13-HFCV
Phasel 11,000

-(17)




GTR

GTR Global Technical Regulation

1998

Zn Cd Hg
10

12

0.2%

0.2%

0.2%

75%

x(L1 - LO)/LO

LO

(L1)

100

GTR13-HFCV Phasel

GTR13-HFCV Phasel
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41 50

26 204
150
20130409 4
( )
-6
AE AE AE
I (@) T
45
X3
A2
8
4
Xis Xz Xz

(a)

b)

48-9(1984)911-917
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AE Acoustic Emission, AE
AE AE
( 10kHz MHZz) AE
AE
AE
ASME American Society of Mechanical Engineers, ASME
ASME
ASME Press
MT MT  ( ) (MD ) /
MT @ /
(22
B)MT 1
PT
6
S-N S-N
S-N S-N curve S-N
stress amplitude (stress range)
number of cycles
TISS JIS
Type -CFRP 1SO11439
ANSI/NGV
Type
Type
Type
Type
Type -CFRP
2473
T
\
e _*___i,,__,__,,__,_ ST -
FRPA Y LB HMBLZLZIESAF—
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Type -CFRP

ET Eddy Current Testing

AE
AE AE
MT Magnetic Particle
Testing
AE AE
« )
striation
(Kn) N n Kn
N=Knxn Kn

n=2 Kn=4.0

n=3 Kn=3.5

n=4 Kn=3.0

n=5 Kn=2.6

KHKTD 5202(2014)
RT Radiographic Testing
-7

7 3 7

3
EIGA European Industrial Gases Association
FCCJ (Fuel Cell Commercialization Conference of Japan)
GC-FID (Flame lonization Detector)
GC-HPID (He Plasma lonization Detector)

TCD

-(21)




GC-MS (Mass Spectrometer)
GC-TCD (Thermal Conductivity Detector)
HPLC (High Performance Liquid
Chromatograph) 2,4- (DNPH)
IC lon Chromatograph )
1ISO/TC197 TC Technical Committee 1SO
TC197
ISO/TC197/WG12 | WG  Working Group WG12 FCV
1SO14687-2
ISO/TC197/WG24 | WG  Working Group WG24
WG
ISO/TC197/WG27 | WG  Working Group WG27
WG
ISO/TC197/WG28 | WG  Working Group WG28
WG
1SO 1999 FCV
1S014687 3 2015
1S014687
1SO 1ISO
1S014687-2 2012 12 99.97 12
1SO 1ISO
1SO19880-1
1SO 1ISO
1SO19880-8
MEA - Membrane-Electrode Assembly
METI Ministry of Economy, Trade and Industry
PEM Proton Exchange Membrane
SAE Society of Automtive Engineers:
SAE J2719 SAE J J2719 1S014687-2
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(Gas Chromatography)

Hydrogen Elimination Mass Spectrometer

HEMS

FCV

NOW Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie GmbH
FCV
HEMS Hydrogen Elimination Mass Spectrometer
TOF-MS  Time-of-Flight Mass Spectrometer
Si
DOE Department of Energy

-(23)




CHs - C7H14
C7H8 3H2‘='C7H14
-8

CSA Canadian Standard Association
FCCJ (Fuel Cell Commercialization Conference of Japan)
FC
FC
HFCV-GTR Global Technical Regulation on Hydrogen and Fuel Cell Vehicles

WP29
HySUT JPEC

HySUT FCV
JPEC-S0003(2012) JPEC-S0003(2014) ,JPEC-S0003(2016)
International NEDO DOE( NOW(
Workshop 1
1ISO International Organization for Standardization
1ISO/TC197 TC Technical Committee 1SO
TC197

1ISO/TC197/WG5 WG  Working Group WG5

1SO17268 WG
LookUp
MC 2016 12 SAEJ2601

MC default fill

SAE Society of Automotive Engineers:
SAE J2601 SAE Standard J2601 “Fueling Protocols for Light Duty Gaseous Hydrogen

Surface Vehicles” Society of Automotive Engineers
SOC State of Charge

100%

Type3 ( ) CFRP)
Typed ( ) CFRP)
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WP29 WP29(World Forum for Harmonization of Vehicle
Regulation) (UN/ECE)
(gtr)
FCV FCV
FCV
FCV (
40MPa ) FCV
-40
85
JPEC-S0003(2014)
LookUp LookUp

FCV
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FCV
JPEC-S0003(2012)

-9
98 1958
1958
GTR Global Technical Regulation)
1998 6 25 98
ECE
abs 0 0 Pa
CFRP
CFRP
FCV : Fuel Cell Vehicle FCV
GTR No.13(HFCV) 25 6 HFCV-gtr Phasel
HFCV-GTR Phase2 HFCV-GTR Phasel
29 10
SAE SAE Society of Automotive
Engineers
SAE J2990 SAE Society of Automotive
Engineers Hybrid and
EV First and Second Responder Recommended Practice
SUV Sport Utility Vehicle
TPRD Thermally-activated Pressure Relief Device
Type3 ( ) CFRP)
Type4d ( ) CFRP)
UN/ECE/WP29/HF UN/ECE WP29
CV-GTR HFCV-GTR
25 6 HFCV-

GTR Phasel

Phase2
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1951

TPRD
GTR No.13(HFCV)
TPRD

LFL)

GTR No.13 (HFCV)

4Vol.%

HFCV-gtr Phase2

4 75
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1000 ppm

1951
( ) (
) ( )
( )
CNG
FCV
-10
CEC California Energy Commission
CEP Clean Energy Partnership
2004
DOE Department of Energy
H2USA DOE
2013 9
H2Mobility 2009 2015
H2Mobility Germany, H2Mobility France, UK H2Mobility
1ISO International Standard Organization
1ISO/TC197 TC Technical Committee 1ISO
TC197
P
ISO/TC197/WG 1SO
ISO/TC197 14 WG
ISO/TC197/WG5 1SO 1SO17268

11MPa, 25MPa, 35MPa, 70MPa
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ISO/TC197/WG15 | 1SO 1S019884
Type-1 4 10,000L 110MPa

ISO/TC197/WG17 | 1SO 1S019883

PSA

PSA
ISO/TC197/WG18 | 1SO ISO19881 19882
PRD (
1000L 70MPa
PRD

ISO/TC197/WG19 | 1SO 1SO19880-2

70 MPa  H70
ISO/TC197/WG20 | 1SO 1SO19880-3

H70
70MPa

ISO/TC197/WG21 | 1SO 1S019880-4
ISO/TC197/WG22 | 1SO 1ISO19880-5
ISO/TC197/WG23 | 1SO 1SO19880-6
ISO/TC197/WG24 | 1SO 1SO19880-1
ISO/TC197/WG25 | 1SO 1SO16111

(MH)

150L 25MPa
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ISO/TC197/WG26 1SO 1S022734
ISO/TC197/WG27 1SO 15014687
PEFC
ISO/TC197/WG28 1SO 1S019880-8
2
1ISO 1SO 1ISO 1ISO
1SO
NWIP New Work Item Proposal
WD Working Draft
CD Committee Draft
DIS Draft for International Standard
FDIS Final Draft for International Standard
IS International Standard
JISC Japanese Industrial Standards Committee
METI Ministry of Economy, Trade and Industry
NeV Next Generation Vehicle Promotion Center
SAE Society of Automotive Engineers:
WG WG
WG
-11
35MPa 35MPa
70MPa 70MPa
35MPa

-(30)




FCV Fuel Cell Vehicle
KHK 1
59
Event Tree
20 30

14.7MPa 19.6MPa

4vol%
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CAE Computer Aided Engineering
CAM Computer Aided Manufacturing

CAD NC
CF CF CFRP

CF =

(CFRP / ) CF *100
CF

FW
EPDM Ethylene Propylene Diene Rubber -
FEM Finite Element Method
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KHK

HDPE

High Density Polyethylene

stress amplitude
(stress range)
number of cycles

100
50MPa 2.4GPa

360°

FwW

3 4m

S-N
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FRP

FCV

KHK TD5202

150

CFRP

FEM
(0]
1
1
CFRP
4 CFRP
(@3] CF Carbon Fiber
CFRP Carbon Fiber Reinforced Plastics
CFRP
FW  Filament Winding
(FW)
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-2
G-Polymer
CFRP Carbon Fiber Reinforced Plastics
MPa
x
x225
2.25
FW

Linear Low Density Polyethylene
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0.2% 0.2%
70MPa 82MPa 70MPa
AE AE AE
I €Y 1
45
X3
M 2p
8,
E A
X, Xz X5
(a1 o
48-9(1984)911-917
AE Acoustic Emission, AE
AE AE
(  10kHz MHz) AE
AE
AE
ASME American Society of Mechanical Engineers, ASME

ASME Press

ASME Sec.8 Dev.3

Article KG-5; Additional general requirements for composite reinforced pressure vessels

(CPR)

Article KD-13; Additional requirements for (CPRV)
ASME
CF carbon fiber
CFRP carbon fiber reinforced plastics
CFRP

CFRP

CSA Canadian Standard Association
CSA Canadian Standards Association
CT Compact Tension
FC-EXPO
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FCV Fuel Cell Vehicle
FCV : Fuel Cell Vehicle FCV
FEM Finite Element Method
FRP fiber reinforced plastics
FW filament winding
FW Filament Winding
GC-TCD (Thermal Conductivity Detector)
HPIS HPI
HPIS
JIC
KHK 1
59 2
KHK
KHKS 0220
( )
LBB Leak Before Burst
MPa 35MPa 350 70MPa
700

(0]
PAN Polyacrylonitrile
PT

6
RRA SSRT

SSRT RRA Relative Reduction of Area
SEM Scanning Electron Microscope
SCM435 0.33 0.38
Cr; 0,90 1.20 Mo; 0.15 0.30
785 MPa 930 MPa
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SNCM439 2%Ni
SN N
S-N Stress-amplitude Number of cycles to failure
S-N S-N
S-N S-N curve S-N
stress amplitude (stress range)
number of cycles
S-N Stress — Number of Cycle
S-N
stress amplitude
(stress range)
number of cycles
SS Stress Strain
SSRT
(Slow Strain Rate
Technique)
SSRT Slow Strain Rate Technique
SSRT Test Slow Strain Rate Tensile Test
SSRT Slow Strain Rate Test ( or Technique) 10°%/s
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Type -CFRP 1SO011439
ANSI/NGV
Type
Type
Type
Type
Type -CFRP
11
FRPA 1) h LR WEBLELZILISAF+—
WET
(:
KHKTD5202
Stress
kgf/mm? MPa
3
MPa N/mm?2
S-N

Crack Opening Displacement
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[L*T™M]

(Gas Chromatography)

ET Eddy Current Testing

KHKTD
5202 2014

NEDO

1.5

0,2%

0.2%
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CFRP 300 450GPa 1800 1900MPa CFRP CFRP
120 170GPa 2400 3200MPa
ISO | International Organization for Standardization : 1SO
1

o = (Ao - Af)/Ao
Ao As

RRA

SSRT
RRA

Type3

MT Magnetic Particle

Testing
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(@) )

HFCV GTR Phasel

2MPa %125 HFCV GTR
Phasel 11,000
1
Kin Kin
FCV
70MPa
FCV
70MPa
2015 FCV FCV ST
FCCJ 2010 3 FCV ST
2025
1
CFRP
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striation
JIS K7216
CFRP
FEM
1
— CFRP
0.2% 0.2% 0.2% 75%
(CF) CF Carbon Fiber
CFRP Carbon Fiber Reinforced Plastics
CFRP
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uT

JIS K6253 1S07619

1SO868 ASTM2240

FCV

x(L1 - LO)/LO

LO

(L1)

100

(@)

HFCV GTR Phasel

HFCV GTR Phasel
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A|203 MnS
JIS G 0555 ,ASTM E45

s-1

/
N/mm?
(
)
1
da/dN (m/cycle)
AK  MPavm
10’
(N/mm?)
S-N
-1
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(Kn)

N
N=Knxn
n=2 Kn=4.0
n=3 Kn=3.5
n=4 Kn=3.0
n=5 Kn=2.6

KHKTD 5202(2014)

Kn

Kn

SSRT

FwW)

FW  Filament Winding

FwW)

FRP

CFRP 90

FRP
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martensite o Fe-C

Cr

BCC

FEM

Kin

(FW)

American Society of Mechanical Engineers, ASME

ASME
ASME
ASME Press

ASME

CFRP Carbon Fiber Reinforced Plastics
CFRP

Fiber Reinforced Plastics
FRP

-(47)




KHK
59
2
Stress-amplitude Number of cycles to failure
S-N =
= )
KHKTD5202
kgf/mm2 MPa
3
S-N
NEDO
KHKTD5202(2014)
ASME
1.25
FCV
70MPa
ASME FRP
+2% 4 =<3
FRP 3

1.5
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3 ( ) (FRP)
3
2 (FRP)
( ) (FRP)
(FCV)
1 2,3,4
70MPa 80MPa
(SSRT)
(FCV)
s-1
(N/mm2)
( ) S-N
(FwW)
CFRP 90
5 70

CSA(Canadian

Standards

Association)

IPN Interpenetrating polymer network
1SO 19880-5 1SO
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JISB2401

JIS (0]

JPEC-S

JPEC

NREL(National
Renewable
Energy
Laboratory)

(@)

Powertech Lab,
Inc.

TR10

10%

JIS K 6261

49

mm %100

[L*T™M]

500nm

nm

NBR
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SiO2

2015 FCV FCV ST

FCCJ 2010 3 FCV ST

2025
JIS K7216

O

A

( )
JIS K6253 1SO7619 1S0O868 ASTM2240
G*(i‘):G1+iG2 G,

(0]
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N/mm?
55 2 70MPa
82MPa
-NH-CO-)
-40
4 x4

6,600

FEM

Finite Element Method

-(52)




gtr global technical regulation
gtr
MFP  Maximum Fuelling Pressure

87.5MPa

-NH-CO-)

CH2 CH2

CAM

Computer Aided Manufacturing

CFRP
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-8
100Nm3/h 100Nm3/h
300NmM3/h 300Nm3/h
CD-adapco STAR-CCM+ 2017 PLM
CO CO
H20 H2 COo2
DSS 1 DSS Daily
Start & Stop
EOR EOR(End Of Run)
FCV

2012 Grade D

2012 1SO014687-2:2012[43]

LHV

LHV Lower Heating Value
HHV Higher Heating Value
< NCV Net Calorific Value

k-€

MOR

MOR Middle Of Run

P&ID

Piping and instrumentation diagram

Pre-SR

PSA

Pressure Swing Adsorption PSA

99.97%

RUA

Ru

S C

SIC
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STAR-CCM+ PLM
PLM
SOR SOR Start Of Run
100 30 100
30 100
LP
PSA
co
H- / 13A
LHV 13A %100
13A LHV 9,940kcal/m® H, LHV 2,573 kcal/m®
Ho / 13A
LHV 13A %100
13A LHV 9,940kcal/m® H, LHV 2,573 kcal/m®
CcO H>
HTS CO»
H20 H2
co
1/2
100Nm3/h
300NmM3/h
H,0
FCV ISO 1S014687-2 2012
99.97
0.18MPaG 1MPaG
co Ho
LTS CO»
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CHa CO CO2
CH4 / CO CHa CO2 %100
PSA
CO
H> CcO CHg4
10 15
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-10

Al15

A3B

BCC

Body Centered Cubic

Bentonite

bentonite montmorillonite

Clausius-
Clapeyron

Ceo

60

CmMC

carboxymethyl cellulose, CMC

FCC

Face Centered Cubic

FCCJ

Fuel Cell Commercialization Conference of Japan

HAADE- STEM

HAADF-STEM( High-angle Annular Dark
Field Scanning TEM)

In-situ

PCT
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MC methyl cellulose, MC -OH

O- -OCHs
MSC-30 K
Polyimide (polyimide)
PVA (polyvinyl alcohol)
PVP Polyvinylpyrrolidone N- -2-
QCMPCT

G C T )
sp3 1 3 4
SUS304 SUS304 18
X XRD X
Y Y 0.74 nm

ZTC
ZTC Zeolite Templated Carbon
4000 m?/g
A HAADE- STEM Z A
PCT,PC
NH2
H
X
EDX SEM TEM STEM STEM
EDX
107° Sl
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Y La Lu

700 70MPa
STEM
HAADF STEM
TPD

CO2 CO H20 H:

Y 1.3 nm
12 0.74 nm 1
3
(Quartz crystal microbalance:QCM)

4

Hz
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STEM

0.1 nm

(SAV)

Al Al

TEM

1-100

DMA
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X X XAFS
XAFS
5 (CsHs ) 2
ICP-AES
7
90°
X
-11
CFD Computational Fluid Dynamics
SAE SAE
2
2
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1SO17268, H11 1S0O17268 H25 H35HF 1S017268 H50 SAE J2600
SAE J2600 H70
1SO9300
-12
AHEAD Advanced Hydrogen Energy-Chain
Association for Technology Development
4
Ci
1
ISO 14687-2 (2012)
pmol/mol
7 2/7=0.286 pmol/mol
FCV Fuel Cell Vehicle
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1S014687-2 ISO
(2012)
MCH Methylcyclohexane= C7H14
PSA Pressure Swing Adsorption= Pressure Swing Adsorber=
PSA
PSA
SPERA
SPERA
TOL Toluene= C7Hs
KOH
FCV
FCV ( )
X1 mol/h
X2 mol/h (1-X2)/X1
C7H8
1
ISO 14687-2 (2012)
pmol/mol
7 2/7=0.286 pmol/mol

C7H1a
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-13

APRR Average Pressure Ramp Rate
DSP Dispenser
Heavy duty 70MPa
protocol
HFE (Hydro Fluoro Ether)
300
HRX-19 XM-19 Ni SUS316L Ni
Mn Cr
JPEC— JPEC FCV Fuel Cell
S0003(2014) Vehicle SAE J-2601
SAE J-2601 SAE=Society of Automotive Engineers FCV
APRR
SOC State of Charge
15 (NWP)
70MPa
85 40
56 3 1
(bulk)
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-14

CF carbon fiber
CFRP carbon fiber reinforced plastics
DRY WET
DRY
FRP fiber reinforced plastics
FW filament winding
PAN Polyacrylonitrile
Type3 FRP
1SO11439 ANSI/NGV
Typel 4
WET
1
1
(TPP)
Fw)
FRP
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CFRP 90

FRP
5 70
(FwW)
-15
0.2% 0.2%
70MPa 82MPa 70MPa
AE AE AE
| (€)) 11
45
X3
M2
8
X0 X,
48-9(1984)911-917
AE Acoustic Emission, AE
AE AE
( 10kHz MHZz) AE
AE
AE
ASME American Society of Mechanical Engineers, ASME
ASME
ASME Press

ASME Sec.8 Dev.3

Article KG-5; Additional general requirements for composite reinforced pressure vessels
(CPR)
Article KD-13; Additional requirements for (CPRV)

ASME
CF carbon fiber
CFRP carbon fiber reinforced plastics
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CFRP

CFRP
CSA Canadian Standard Association
CSA Canadian Standards Association
CT Compact Tension
FC-EXPO
1 2 3
FCV Fuel Cell Vehicle
FCV : Fuel Cell Vehicle FCV
FEM Finite Element Method
FRP fiber reinforced plastics
FW filament winding
FW Filament Winding
GC-TCD (Thermal Conductivity Detector)
HPIS HPI
HPIS
JIC
KHK 1
59 2
KHK
KHKS 0220
( )
LBB Leak Before Burst
MPa 35MPa 350 70MPa
700
(0]
PAN Polyacrylonitrile
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PT

6
RRA SSRT
SSRT RRA Relative Reduction of Area
SEM Scanning Electron Microscope
SCM435 0.33 0.38
Cr; 0,90 1.20 Mo; 0.15 0.30
785 MPa 930 MPa
SNCM439 2%Ni
SN N
S-N Stress-amplitude Number of cycles to failure
S-N S-N
S-N S-N curve S-N
stress amplitude (stress range)
number of cycles
S-N Stress — Number of Cycle
S-N
stress amplitude
(stress range)
number of cycles

SS Stress Strain
SSRT
(Slow Strain Rate
Technique)
SSRT Slow Strain Rate Technique
SSRT Test Slow Strain Rate Tensile Test
SSRT Slow Strain Rate Test ( or Technique) 10°%/s
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Type -CFRP 1SO011439
ANSI/NGV
Type
Type
Type
Type
Type -CFRP
11
2A73 FRP7— T
1M
)
7’#
| 1\
FRPA Y LR REGZLZLESMF—
WET
(:
KHKTD5202
Stress

kgf/mm? MPa

MPa N/mm?2

S-N

Crack Opening Displacement

-(69)




[L*T™M]

(Gas Chromatography)

ET Eddy Current Testing

KHKTD
5202 2014

NEDO

1.5

0,2%

0.2%
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CFRP 300 450GPa 1800 1900MPa CFRP CFRP
120 170GPa 2400 3200MPa
ISO | International Organization for Standardization : 1SO
1

o = (Ao - Af)/Ao
Ao As

RRA

SSRT
RRA

Type3

MT Magnetic Particle

Testing
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(@) )

HFCV GTR Phasel

2MPa %125 HFCV GTR
Phasel 11,000
1
Kin Kin
FCV
70MPa
FCV
70MPa
2015 FCV FCV ST
FCCJ 2010 3 FCV ST
2025
1
CFRP
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striation
JIS K7216
CFRP
FEM
1
— CFRP
0.2% 0.2% 0.2% 75%
(CF) CF Carbon Fiber
CFRP Carbon Fiber Reinforced Plastics
CFRP
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uT

JIS K6253 1SO7619 1S0868 ASTM2240

FCV

x(L1 - LO)/LO

LO

2

(L1)

100

O

HFCV GTR Phasel

HFCV GTR Phasel
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A|203 MnS
JIS G 0555 ,ASTM E45

s-1

/
N/mm?
(
)
1
da/dN (m/cycle)
AK  MPavm
10’
(N/mm?)
S-N
-1
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(Kn)

N
N=Knxn
n=2 Kn=4.0
n=3 Kn=3.5
n=4 Kn=3.0
n=5 Kn=2.6

KHKTD 5202(2014)

Kn

Kn

SSRT

FwW)

FW  Filament Winding

FwW)

FRP

CFRP 90

FRP
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martensite o Fe-C

Cr

BCC

FEM

Kin

(FW)

-16

FCV

Fuel Cell Vehicle

KHK

59
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Type

-CFRP

ANSI/NGV

Type
Type
Type
Type
Type -CFRP

FRPA1) HJLIE MELELFILISAF—

1SO11439

Type

FRP

Type -CFRP

MPa
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FRP
CFRP

FCV
70MPa

FRP
FRP
FRP Type
FRP Type
FRP Type
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CNG CNG
FCCJ-TF FCCJ ‘Fuel Cell Commercialization Conference of Japan’
FCCJ
TF
FC-EXPO
1 2 3
JHFC Japan Hydrogen & Fuel Cell Demonstration
Project 1 (JHFC1) 2002-2005
2 (JHFC2) 2006-2010 3 JHFC3 2011 -2013
JHFC1 JHFC2
JHFC3 70
3
KHK KHK
MPa 35MPa 350 70MPa
700
oJT ‘On-the-Job Training’
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2017

11
2010 HySUT
PDCA
NEDO HySUT 2014
4 2015 100
FCV
2025

2025
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E A B C
AB.C
D1 ABC
D2 D1
D3 D1
E
-2
0.2% 0.2%
2G
5G
o o)
o
Hall-Petch
oy = 0o + ky(1/Vd)
Oy oo ky d
Ni Ni C Mn Ni N Ni
723 Ni  Mn
FCC
Hall-Petch

o = (Ao - Af)/Ao
Ao As
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SSRT Slow Strain Rate Testing SSRT
X
EPMA
Heat Affected Zone HAZ
107

BCC

FEM
H = (E 1/v)<60
H J/mm E \Y | A v
mm/min
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CNG Compressed Natural Gas CNG CNG
300V
300V
IEC
(Cc) IEC
A) IEC
(A
)
(N
4%
85
85
(N ) IEC
1km?
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LTCC Low Temperature Co-fired Ceramics
MEMS Micro Electro Mechanical Systems
Q Quality factor 1
RC LC
-5
CARS
CARS
2
ICP-RIE
(Inductively Coupled Plasma Reactive lon Etching : ICP-RIE)
MEMS Micro Electro Mechanical Systems
Si PD(Photodiode) APD(Avalanche photodiode )
SI
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PMT

SiOB

Si

MEMS

CARS
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CCD CCD CCD
InGaAs InGaAs 900 1700nm
- T dd 4 F L [T T T ] I
% ( TS 3 ( FBAFZDi FILHECTe) )
4 [ ———— (" twonzysey
¥ | (AuosUsee) ) (nst)
. 3
§ oL ER D) ( eviFbse
\ @aasP) )| |7
g G /|y e(Pos) ]
B (wvanusnek
w \__ (nGaas) ./
1T
200 300 600 800 1 ? & & 810 20
x& nm nm nm nm gm Hm B B R Hm
ZIEEETTE it (R)
OH
H202
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-

5
D
@

0.7um
1mm 0.7 2.5um 2.5 4pm
4 1000pm

copErEs LYX

‘ CCD
COEEBEN RmEs R

LED CCD LED

JIS Z 2329
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CMOS

CCD

10 — 400nm

185-260 nm
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HD=RE

100
)

HEMED =
_— -3
BEk x
N @
=5
EEAEL &
s
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100 s —
a0 I_ \
| \/
o \l
L ] v
5 =0
g A — 2
30 —t b2 S —
" ] ’l R
o\ / \
o L—- ....... -/ \-" ................ e
<400 f00 GO0 oo a0 00 1000 1100 1200
HBE m
Type of protection
3
Zone Zone  Zone
EEE el
TISERT | AEmE e Z2E A
TR | AR HETRIR
m B B 8
Fone D o
Zonel Q ) A e
7on6 7 0 s e 0 o |EEE
2
CCM Catalyst Coated Membrane
FCV : Fuel Cell Vehicle FCV
JHFC Japan Hydrogen & Fuel Cell Demonstration
Project 1 (JHFC1) 2002-2005
2 (JHFC2) 2006-2010 3 JHFC3 2011 -2013
JHFC1 JHFC2
JHFC3 70
3
MPa 35MPa 350 70MPa
700
Nafion DuPont
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(Membrane Electrode

MEA Assembly, MEA)
-8
1 1
-9
Fuel Cell Vehicle
FCVv
KHK 1
MPa 87.5MPa 875
N 3 ( ) N 3
7 3
FCV
FCV FCV
FCV
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20 30

FCV

JPEC-S 0003 2016
H70 2-4kg 4-7kg 7-10kg

FCV FCV

CFRP
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-10

CCs Carbon dioxide Capture and Storage
HP
FCV FCV Fuel Cell Vehicle
HP
Jcos 2011 10 15
JCco8
HP
MIRAI 2014 12
HP
p
®
OR

z nEBNITEQEBEERE

k=1

\ 4

p p=1
HP
HP
LPG
HP
HP
HP
«c )
(s, S) OR
HP
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( ) HP
GIS Geographic Information System
HP
FCV
FCV ( )
HP
HP
-40 FCV
FCV HP
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COo2

IEA/AFCIA

Advanced Fuel Cells Implementing Agreement 1990
IEA

IEA/HIA

Hydrogen Implementing Agreement 1977 IEA

IPHE

International Partnership for Hydrogen and Fuel Cells in the Economy
2003

18 1

co2

20-30% KOH

(SOFC: Solid Oxide Fuel Cell) 700-
1,000

(PEFC: Polymer Electrolyte Fuel Cell) -
(MEA: Membrane Electrode Assembly)

PPS

PPS Power Producer and Supplier

10
PPS PPS
PPS

CHj

110.6 -95.0

CHq

100.9 -126.6 MCH
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Cool Earth
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NEDO

NEDO
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