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Recent Experience in High Pressure Gaseous Hydrogen
Equipment Operated at Room Temperature

W. B. McPherson and C. E. Cataldo

Pressure vessels for storing gaseous hydrogen to pressurize liquid hydrogen
1 static tests of liquid rfueled rocket engines are fabricated from
aormalized or quenched and tempered steels with solid or multiple layer wall
construction. Service failures asscciated with welds have occurred in the
multiple layer vessels. Bourdon tubes made of 400 series stainless steel have
failed in prcssur* *auges. Serxvice experience indicates that gasecous hydroge:n
sressure vessels should have an access for periodic internal inspection. Wele
in countact with hydrogen should be inspected by magnetic particle or dye penctrant
mechods in addition to X-ray. AS517-F steel, as currently employed, is not recom-
menucc for gaseous hydrogen service. The bourdon tubes in pressure gauges siould
be made from materials that are less susceptible to gaseous hydrogen deterioration.

¢ authors are associated with the Natilonal Acronautics and Space Administracion,
Marshall Space Flight Center, Huntsville, Alabama. This paper is scheduled ior
he

Materials Engineering Congress, LOQS, Detroit.

Prp. ASM Hater, Eng. Congry 19685 Wg




e Liquid bhydrogen Juceled rocket cagine unexpectedly brought (he notorious
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bydrogen embrittlement problom to pround support equipment.  As development ¢
the engine progressed, more gasoous hydrogen (Glin) was required Lo pressurize
0"

Larcer fuel tauks during static tests, o weet Cthis demand systems were con-
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pated at 5000 or

vacted for higher pressures. No soevere nrobloms wore antic
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6G00 psi. Although several steel tank failures had been reported at 3000 ac-
mos bHKVA‘ and ahove (L—B), Low pressure GHy cylinders (2000 psi) have been used
for many rs without any pkoalema. Thus, in 1964, a leak
nozzle on a 5000 psi vessel was repaired without unduc con-
zzles continued to fail, fThen a large storage vessel failed in

section provoking a review of all the Ghz equipment operating at
res.,
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Hy ves Acronautics and Spacc Adming
tration (NASA) and several 3 icg arce listed in Table 1. 0O the
681 vessel ﬂ'stod, onLy lOO vess c‘s ‘; ¢ a capaclly over 50 cubic iect (warer

vessels ds type 1146a, followed
r these steels

volume). dely used
by A30Z~- ‘V and A517-
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.
arc Listed in Table 2. The most

‘ and chemistry ranges
vessel construction is a w ed, multiple
layer eylindrical section with sol ads. Although there arc several welded,
solid wall vessels, most of the solid wall vessels are small scamless forged
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the outer

Thus, an
000 psi is obtained¢ The cylinc
heads are A225-B.  The failed “0227
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replaced, and the vessel was

rrvice,  One month |
failed. Upon
nozzle~

naa veen repaired

sevvice. The

tigavion of
weld had satisfactos
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resses avound the nozzle holoe

may have been sufficient to piououc these vessels were pressurce

Clgue may havo contril
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o1 nien p”cssuyo nitrogen without incident, the hydrogen 248 wWas suspected
and aun Investigation in this arca was begun, A veview ol the published li(craﬁnrc

reveated a scant amount of work had been done on the influcnce ol pascous hydrogen
L a siror

infivence on duccility, particulariy the reduciion-of arca; strongth scemoc

on steels (4-8).  In general, this work indicated thar hiydrogen lac ER
} [onl 2 - [ (5ol
I Lo
be less dntluenced.  Very little data were available on the of feets of hydrogen
1
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ments.  In view ol this lack of knowluedge on weldments, plans were made
y

to replace the l-inch nozzles in the Leaking vessels with a mechanical seal. In
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the meantime, the maximum operating pressure for these vessels was reduced to

3500 i Before all the vessels couid be refitted, another nozzle failed in

Ml . casure, thcn; may b a factor as Ly suspected
1 ely the combined influence of hydro”* VGISElQS%“Q

vessel that
the same size but

t(%dg(’fL(l stec
atislactor:
incin inner shell on which the outer

igue to producc a total wall thickncss of

au
Wi,

ayer vesscel with a
by a shrink-fit tec

5~7/8 inchcs“ The outer shell is not welded to the forged head. Weep holes

he outer three layers. In June 1965 after ten pressure cycles,

*ikud audibly at 3900 psi in the cyilindrical scc tionu o i
head as 1llustrated i
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acless was cul 1n Lae vesse

£ the vessel interior

one 50 inches and the other 22 inches lonz. The 50-1.
is illustra i 2, penctrated the inner shell. The gravi
wation prompted an internal iuspeciion of two other AS5L7-7 steel vege

size and construction that had not yet been placed in service. Sew
deep cracks assoclated with longi

Found in one
found, only one
the first vesscl was
the sections containing
layers. None of thesc vesse

: ther vessel, two shallow circumis
hich was associated with a weid. Sevoeral

ruturncd to the manufacturer, andj upon GL

¥y 0f cracks in the vesse
T

became suspect.
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information could be obtained on
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The vessoel was repaived, returned to MU and has been in nitropoen scrvice
at 0000 psig ror 1S months.

Atter the vessel failed, wmaximum operating pressure for the remalning Gli,
vessels was immediately reduced to 4500 psig and later to 3000 psig. Plans were
begun to have iluspection man-ways placed on all the AS17-F steel, GHp vesscls
at MIT.
ago, an access was cut in a dome of one of the remaining ASL7-F
s in preparation for attaching a man-way. Magnetic particle inspec-
total of 50 inches oi cracks, the largest of which was 9 inches.
tion of onc crack assocliated with a longitudinal

tds made during fabrication of
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foot capacity and 5000

light Center (M5VC)H,
v inspection. This vessel contained
laced in service,
In February 1967 a 450 cubic foot, ASL7-17 steel vessel at Acrojet
o leak. This was a two-lavesr vessel designed ifor 3600 psi. An @Xisplnw man-way
Ltred an internal examination in which a 60-inch crack was discover in a

The vessel has

1

developed

longitudinal weld,

ALl the pressure vess
section, have been constructed
been associated with either the mai

have occurred in the cylindrical
Cracks in these vessel

or tack welds.

stoeil vessels have operated for yeas: ithout problems. Accordxng
1,f (9), the tensile properties of ASL7-F are not
2-B Mod. in epvivonwent.  The wain difference secems to be
characteristics. neceessayy to maintain very strict process and

Obviously, thesce vessels were labri-
517~ steel vessels had cracks in the
inner shell before exposure to GHjp & oscens likely that other A5SL7-F vessels
were placed in service with cracks. It was mevely a matter of time before these

guality contxols when welding
b ow

'ithout such controls.
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cracks propagated to the stage of leaking.
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Plpe Lines
The pipe lines vice have operated loby

ol pressure GH {
" steel pipe line at MITF leaked on the initial
Fig this was an extyremely poor qualit

vears. A weld in an
cycle, As illustrated
a metallographic oxams
It was concluded
reas of this

reveal any cracks in the weld ov
unfused
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and cyclic stresses.




Gauges
1o the past three yeavs, we have reports of at least [ive bourdon tubc
Chat have rtuptured in Gily pressure gauges.  ALL of these gaupes failed below the
the gauge.  The {ivst (ailure, which occurred at a private
company o Huntsville, Alabama, in December 1965, causced a serious injury.
d railure, whmch occurred at MsPC in September 1966, resulted in an
olled Tire. The firve damage is illustrated in Figure 5, and a view of

rated capacity of

LLc
>turaed bourdon tube is illustrated in g 0. Ruptures in two other Lubeg
ved in the same location of the tube as that illustrated in Figure 6, The
L Cive burned a control cable so that Gl trapped in the test vessol
{ the fire at the rupture point wntil the vessel vent valve
manually., Tour of tured bourdon tubes were made of 403

steel. The 400 series stainless
but they are not satisfactory for
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given excellent GH, service

roje to Based on this expericnce,
ccessary to avoid very residual esses in welded axeas,
B )

o
o
0]
=
<3
¢
by
[
b
-
o]

ot

LoCess =d and when

crivical insnect“oq for microcrac] iple weld passes

are especial

ASLY-F steel vcascls, as currentiy rabvicated, ave not satisfactorv for
hwvdrogen. DMore rigid manufacturing controls might produce an acceptable vesscl,

AlL large Gl, pressure vesscls should have an access for periodic internal
inspeciion by magnetic particle ye penetrant, or other nov~descrucc1ve methods
Bourdon tubes in pressure gaugos must be made from materials that are loess
susceptible to hydrogen deterioration. A 300 series stalniess steel or a Be-
copper allioy may be satisfactory.
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FIGURE 1 ~ View of the Failed AS517-F Steel Vessel

FIGURE 2 ~ A Portion of the 50~Inch Crack in The Failled
A517~% Steel Vessel
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FIGURE 3 - Typical Crack in

FIGURE 4 - Weld in an AS17-F

Steel Pipe

RS

Vessel

at MIF
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FIGURE 5 - Area Damaged by Hydrogen Fire at MSFC

FIGURE & ~ Rupturcd Bourdon Tube
&
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