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•  Fa$gue	
  is	
  a	
  concern	
  for	
  high-­‐pressure	
  gaseous	
  hydrogen	
  fueling	
  infrastructure	
  
•  Effects	
  of	
  gaseous	
  hydrogen	
  on	
  fa$gue	
  crack	
  ini$a$on	
  are	
  rela$vely	
  unknown;	
  

addi$onally	
  test	
  methods	
  for	
  accelerated	
  tes$ng	
  in	
  hydrogen	
  environments	
  are	
  needed	
  	
  
•  Fa$gue	
  life	
  is	
  measured	
  for	
  21Cr-­‐6Ni-­‐9Mn	
  austeni$c	
  stainless	
  steel	
  aDer	
  thermal	
  

precharging	
  with	
  hydrogen	
  
•  Tension-­‐tension	
  fa$gue	
  of	
  circumferen$ally	
  notched	
  specimens	
  is	
  used	
  to	
  simulate	
  

component	
  structures	
  
•  Direct	
  current	
  poten$al	
  difference	
  (DCPD)	
  is	
  used	
  to	
  probe	
  crack	
  ini$a$on	
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Fa#gue	
  Proper#es	
  

Fe	
   Cr	
   Ni	
   Mn	
   Si	
   C	
   N	
   S	
   P	
  
Bal	
   20.45	
   6.15	
   9.55	
   0.52	
   0.033	
   0.265	
   0.0013	
   0.018	
  

Composi'on	
  of	
  21Cr-­‐6Ni-­‐9Mn	
  austeni'c	
  stainless	
  steel	
  used	
  in	
  this	
  study	
  

Condi$on	
  
Yield	
  

strength	
  
(MPa)	
  

Tensile	
  
Strength	
  
(MPa)	
  

Elonga$on	
  
(%)	
  

Reduc$on	
  
of	
  Area	
  	
  
(%)	
  

Notched	
  
Strength	
  
(MPa)	
  

Non-­‐charged	
   539	
   881	
   61	
   79	
   1438	
  
H-­‐precharged	
   669	
   957	
   55	
   50	
   1495	
  

Tensile	
  proper'es	
  of	
  21Cr-­‐6Ni-­‐9Mn;	
  from	
  14mm	
  diameter	
  bar	
  

Specimens	
  are	
  thermally	
  precharged	
  
in	
  gaseous	
  hydrogen	
  at	
  pressure	
  of	
  
138	
  MPa	
  and	
  temperature	
  of	
  300˚C	
  
for	
  25	
  days;	
  this	
  results	
  in	
  hydrogen	
  
concentra$on	
  of	
  approximately	
  
220	
  wt	
  ppm	
  for	
  21Cr-­‐6Ni-­‐9Mn	
  

Hydrogen-­‐precharging	
  reduces	
  the	
  tensile	
  
duc'lity	
  of	
  austeni'c	
  stainless	
  steels.	
  
•  Reduc$on	
  of	
  area	
  in	
  hydrogen-­‐precharged	
  

21Cr-­‐6Ni-­‐9Mn	
  is	
  consistent	
  with	
  reports	
  for	
  
other	
  austeni$c	
  stainless	
  steels.	
  	
  

•  Hydrogen	
  precharging	
  of	
  21Cr-­‐6Ni-­‐9Mn	
  reduces	
  tensile	
  duc$lity	
  by	
  about	
  40%,	
  
consistent	
  with	
  reduc$ons	
  reported	
  for	
  other	
  austeni$c	
  stainless	
  steels	
  

•  The	
  fa$gue-­‐life	
  curve	
  (Wöhler	
  cuvre)	
  is	
  not	
  significantly	
  affect	
  by	
  hydrogen	
  
precharging	
  for	
  notched	
  specimens	
  in	
  tension-­‐tension	
  fa$gue	
  

•  Crack	
  ini$a$on	
  can	
  be	
  detected	
  with	
  DCPD	
  monitoring,	
  which	
  shows	
  ini$a$on	
  to	
  
represent	
  from	
  20	
  to	
  70%	
  of	
  the	
  fa$gue	
  life	
  for	
  this	
  tes$ng	
  configura$on	
  

•  Hydrogen	
  precharging	
  does	
  not	
  affect	
  crack	
  ini$a$on	
  	
  

•  Circumferen$ally	
  notched	
  specimens	
  with	
  stress	
  concentra$on	
  factor	
  Kt	
  ~	
  6
(specimen	
  consistent	
  with	
  notched	
  tensile	
  specimen	
  from	
  ASTM	
  G142)	
  

•  Stress	
  ra$o	
  R	
  =	
  0.1	
  and	
  frequency	
  f	
  =	
  1	
  Hz	
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Measured	
  poten'al	
  difference	
  as	
  a	
  func'on	
  
of	
  cycle	
  number	
  for	
  interrupted	
  tests	
  	
  
•  Test	
  interrupted	
  (at	
  ‘X’);	
  specimen	
  heat	
  $nted	
  

to	
  mark	
  extent	
  of	
  fa$gue	
  crack	
  extension;	
  test	
  
con$nued	
  to	
  failure	
  

•  Tests	
  B,	
  C	
  and	
  D	
  show	
  crack	
  extension	
  on	
  heat-­‐
$nted	
  fracture	
  surface	
  

•  Test	
  E	
  shows	
  no	
  crack	
  extension	
  
•  Crack	
  ini$a$on	
  is	
  iden$fied	
  by	
  ver$cal	
  arrows	
  

for	
  each	
  test	
  	
  

Stress	
  amplitude	
  =	
  177	
  MPa	
  

•  Monotonic	
  tests	
  are	
  ploked	
  with	
  stress	
  
amplitude	
  of	
  45%	
  of	
  notched	
  tensile	
  strength	
  

•  Curve	
  fit	
  to	
  data	
  for	
  non-­‐charged	
  condi$on	
  

Fa'gue	
  life	
  curves	
  for	
  tension	
  -­‐tension	
  fa'gue	
  of	
  notched	
  specimens	
  

•  For	
  maximum	
  stress	
  greater	
  than	
  net-­‐sec$on	
  
yield,	
  ini$a$on	
  is	
  20-­‐25%	
  of	
  cycle	
  life	
  

•  For	
  maximum	
  stress	
  less	
  than	
  yield,	
  ini$a$on	
  
is	
  about	
  55-­‐65%	
  of	
  cycle	
  life	
  	
  

•  Lines	
  for	
  trend	
  only	
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