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Hydrogen-gas sealed hollow type specimen

➢ Conventional material test in hydrogen-gas-environments

⇒ Testing conducted using a testing machine equipped with a large-capacity pressure vessel

➢ Principle of conventional basic testing

⇒ Creating hydrogen environment surrounding a solid specimen.

Safety/cost issues

Hydrogen gas

Specimen

Solid sepcimen Hollow type specimen Surface condition of specimen exposed to 

hydrogen gas

Testing with a hollow type specimen enables the creation of a testing environment 

with a small amount of hydrogen.
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Strength testing using hydrogen-gas sealed hollow specimen
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Material: SUS304

Hydrogen gas pressure: 13.3 MPa

Hydrogen gas temperature: room temperature

Tested in air at RT

SSRT Test using hydrogen-gas sealed hollow type specimen

G.L. = 24 mm

Inner diameter = 2 mm

Outer diameter = 6 mm

CHS: 0.002 mm/sec

Quasi-Cleavage

Dimple

Fracture surface 

obtained in 13.3 MPa hydrogen gas

➢ Test result
SUS304 exhibited reduced tensile strength, elongation at 

fracture, and reduction of area due to hydrogen effect.

Tensile 

strength 

(MPa)

RTS
Elongation

(%)
REL

Reduction 

of area

(%)

RRA

Air 695

0.95

78

0.62

71

0.65Gaseous 

hydrogen
663 48 46

H2Fracture surface 

resulted from crack 

initiation at the 

hydrogen-exposed 

specimen inner surface 

and subsequent 

propagation
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Low-cycle fatigue (LCF) test in 9.3 MPa hydrogen gas at 500℃

0.1 MPa nitrogen-gas

9.3 MPa hydrogen-gas

N2 chamber

Induction heating

◼ Type 304 stainless steel 

Outer diameter 12 mm

Inner diameter   6 mm

◼ Temperature 500℃

◼ Internal atmosphere 9.3 MPa H2

◼ External atmosphere   0.1 MPa N2

◼ Stress ratio R =－1

◼ Waveform  Triangle

◼ Total strain Δεt = 1.0 %

◼ Test speed 0.1%/sec

◼ Number of cycles to failure          

Nf = 7,289 cycles
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Miniature testing technique｜
120MPa-class ultra-high-pressure hydrogen gas environment testing machine

◼ Max. operating pressure 120MPa

◼ Pressurized volume 30cc

Pressure sensor

Test machine upper flange

Shut-off valve for hydrogen replacement

Internal load cell

Specimen

Hermatic connector for wiring extraction
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◼ Max. operating pressure 120MPa

◼ Pressurized volume 30cc

Pressure sensor

Test machine upper flange

Shut-off valve for hydrogen replacement

Internal load cell

Specimen

Hermatic connector for wiring extraction

Miniature testing technique｜
120MPa-class ultra-high-pressure hydrogen gas environment testing machine
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SSRT and fatigue crack growth testing using miniature specimen

Result of SSRT testing in high-pressure hydrogen gas 

at room temperature
Result of fatigue crack growth testing 

at room temperature

In air

SCM435

In air or 60 MPa H2 at RT

CHS: 0.0005 mm/sec

Material: SUS304  

Fatigue crack growth rate increased 

approximately ten times in 60 MPa hydrogen 

gas at room temperature.

In hydrogen gas
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SUS304   R = 0.1

In air or 60 MPa H2 at RT

σB

(MPa)

Elongation

(%)

REL

(%)

Reduction 

of area

(%)

RRA

(%)

Air 793 20 - 66 -

60 MPa H2 786 15 0.78 46 0.70
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Thank you for your time
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