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I N T R O D U C T I O N

Two Navy 0-276 liquid oxygen sauplers , charged with WZ from a Naval Air
Facility, Warmiuster stora ge tank, mare dalivered to the Aero Naterials

• 
• Laboratory for routine laborator y analysis. One of the s~~~lers exploded in

the laboratory cauSing extensive prOperty da ge, but only minor injury to
personnel. An investigation was conducted to determine the probabl e cause of
the explosion. - • 

• 
- 

-

D I S C U S S I O N

It was noted by laboratory personnel at the tins of delivery that one s~~~ler
• cylinder was coapletely covered with frost uber .as the other s~~~l.r was

frost-free. While test preparations ware underway a steel retaining band on
• the frosted cylinder cracked and fell to the floor . Approxinstely five ataites

later the frost-covered cylind.r exploded. Figures 1, 2, 3 and 4 show some of
the extensive physical deusge caused by the explosion. A laboratory technician
abs was standing in th . locatio n shown in Figure 1 sustained minor cuts and a
taxporary loss of hearing. Three nejor sections of the exploded cylinder cons
to rest in the location. shoim in Figure s 2 and 3. Figure 4 shows a typical

j 0-276 I~~ sampler cylinder in a stand near an area of the ileusged wall in the
hallway and some of the shattered steel bands. Figure 5 shows the various
part s of the exploded cylinder . It appears that the valve, nipple and s~~~lsr
filler tube, upon separation from the exploding cylinder , mare propel led upward
to th. ceiling, causing some d g e  and finally landing on the floor about four
feet apart . The wire bands wars scattered throu ghout the area as shown in
Figures 1, 2, 3 and 4. .

FAILUU ANALYSIS OP THE CTI.I1ID~~
Detailed photos of the tube, nipple and exploded cylinder are shown in Figur e 6.

- ,  I Close ..w~~4 iation of photos 1, 2 and 3 (Figure 6) show that ny areas along the
circuafer~~~e of the tube and nipple were void of silver solder (a.. arr ~ws).
Specifications of the nipple assethly from the Naval Air Station, Alameda,
California, 06R Department Drawi ng 212258 of 5 Deceaber 1958 (Figure 7) show
that th. stainless steel tube should have been recessed into a 0.26” (0.66 cm)

• counterbore . Tb. 88 tube fro. the exploded s~~~1.r was found to be count rbored
less than 0.062” (0.158 cm) , practically forming a butt maid with very little
filler ustal. It is beh aved that a crack between the tube and aippl. existed
prior to th. last s~~~l. charge. This separation permitted an mess woli of
LOX to overflow into the cylinder during the filling of the e~~~ler tub.. The
discoloration of the inside of the cylinder as shoisi in Figure S (arro. ) shows
that liquid was present in the lower portion of the cylinder. Photo 4
(Figure 6) shows sans d~~~~e to the threads of the nippl e adaptor. The slight
d~~~~. to the nipple threads and also to the cylinder threads (not shows)
indicates the separation of the adaptor as.~~~ly and cylinder occi.rr d simel-
ton.ou.1y with the rupture of the cylinder walls. Photos S ~~~ 6 show crack .
(open arrvws) in the interior surfac, below the threads in th. neck of 
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cylinder . These cracks are visibls without the aid of any .mgnificaticn. Tb.
mexi 1 depth of the cracks found three-fourths of an inch from the AlP? thread
was 0.013” (0.038 cm). The miniain wall thickness at this point was 0.343”
(0.871 cm), or a crack dept h of 4.5% of the wall thickn.ss. Crac king was detected
to a distanc. of 1-3/4” (4.445 cm) from the AlP? thread . At this point the
crack penetrated to a aaxiaim depth of 0.0015” (0.019 cm) ~there the well ~h1~le-
ness was 0.156” (0.396 cm), or a crack depth of 5% of the wall thickness.
Photo 7 shows the pressure relief arnthly nut s abich are extensively used on
the Navy G-276 sampler exit valves. These nuts have access ports abich can
be filled with fusible metal alloy abLCh will melt aben excess temp.ratu res

j occur, allowing the safety rupture disc to release the excess pressure. The
nut on the left has a fusible metal alloy behind the safety burst disc . Tb.
pres sure relief nut on th . right shows no fusible metal alloy in the access

- :  ports. Since all Navy G-276 LOX samplers are designed for low t~~~arat ure use ,
the prese nce of the fusible metal alloy would prevent the escape of excess LOX
pres sure. Therefore , all Navy 0-276 sampler valves shou ld have a safety relief
nut without the fusible alloy. Tb. safety relief nut on the valve of the exploded
cylinder still had the fusible metal alloy behind the safety disc .

Infrared spectrophotonstric analysis of the oxygen sample in the und amaged
0-276 sampler charged from the sons source at the sans time as the melfunctioned
sampler shoved satisfacto ry quality of breathin g oxygen with no evidence of
abnormal or excess contaminant levels.

C O N C L U S I O N S

Based on the evidence available, it is believed that the explosion occurred 
-

•

because a separation between the nipple and the stainless steel s~~~ler tube
allowed leakage of LOX beyond the filler tube. The excess volume of UX abich
accuaalated in the bottom of the cylinder produced a ga. pressure buildu p -

- 

I abich exceeded the bursting strength of the cylinder . The use of an unbacked
safety disc on th. vent valve ass~~~ly would have permitted the presáurized
gas to escape.

R E C O M M E N D A T I O N S

Appendix A gives a detailed inspection procedure f or 0-276 Liquid Oxygen
S~~~ler Cylinders. It is recomesuded that this inspection procedure be
followed.
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Figure 1. Room Where the Explosion Occurred
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figure 2. Mjacsnt Hallway with Portion of Cylinder and Steel Bands
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Figure 3. Damage to Mja cent Room
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Figure 4. Typical 0.276 LOX Cylinder in Stand Near Some De ge
in Hallway.
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Figure 5. Parts of. the Exploded Cylinder
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Figure 6. Detail ed Photos of the Exploded 0-276 Sampler
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A P P E N D I X A

INSPECTION OF 0-276 LIQUID OXY~~I SAIWLE& CTLI~~~ $

a

-, 
- 1. R~~~ve nipple assenbly from the sampler cylinder.

2. Check external silver solder joint (refer to U. S. Naval Air Station,
Alameda, California, 06& Departasnt Dra wing No. 212258 of 5 Dec~~~er 1958)
for any irregularities between ths nipple and the stainless steel tubing
~~~ the welded joint of the bottom cap. If the sold r jo int or the weld
area has any defects such as insufficient solder, cracks, or visible
porosity, discard the unit or send it to the shop f or reworking.

3. Check stainless steel 
- 

tubing internally (by inserting a right-angled
- - scriber) to see if properly recessed (counterbored) 0.26” (0.66 cm) into

nipple as .howa in the 10. 212238 drawing. If the silver solder joint
is defective and/or the tubing is not recess.d properly, it is ~~ basized
that the unit should be discarded or reworked to conform to the above
drawing.

I.

4. If the valve safety disc is backed by a fusible alloy (drilled holes
filled with astal), this material 15$? be r suved. The purpose of the
fusible alloy is obviated since the intent of the 0-276 s~~~1er is not
for the storage of compressed gases under high pressures in enviro~~~~tsof extr heat. The high-capacity packless cylinder valve used in
0-276 lOX samplers IIJST be fitted with en UPRACT~~ safety disc. Check
the cylinder valve safety disc (Specification IIIL-V-9439A) by r.woving
the nut on the side opposite the valve outlet to see if the safety disc
is the proper thicksess (.00615 - .00665 in.) or if it bears a burst
strength marking of 2700 to 3000 psi . —

5. A suggested alternative to the present valve used on 0-276 LOX s~~~lars
is to replace this valve with a nodified high capacity pathless cylinder
valve with an unbacked safety disc ass~~~ly to ubich has been added a
2000 psi ~~~~~4 i~~ presenre g~~~e drilled and tapped into the safety bore .
The gauge will permit instenteneous detection of any mess pressure
with in the cylinder.

6. If , at ~~~ tins, it is noted that th. steel protection ba~ds are broken on
a 0-276 1~~ a~~~ler, the cyltiid,r should be discarded. Check the date
i*en the cylinder was last hydrostatically tested. If outdated (5 jaur. ),
s~~~ cylinder to the Naval Air Rework Facility for r~~~rktug and L,4r-~~static testing. -

7. Ia the s~~~ltng operation, after filling the s~~~1er with LOX, the cylinder
should be examined for ~~~ evidence of frost appeari ng on the bottom or

A-2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ -- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- •~~



~~~~~~~
-

~~~~~~
-_- .. 

— —-
~~ 

- -
~~
-- -—

UDC-76332-30

excess frost wear the top s t .  Should this occur, the s~~~1sr should be
to atnosphare t~~~4ia’ely and r.s~~~ling should be perfOr.sd with

alternate s~~~ler. The defective s~~~ler should be cheek.” as stat sd
above in paragraphs 1 to 6 ~~~ r.mrk ed accordingly. In the case of the
medifiad valve suggested ual.r paragraph 5, a visual C~e~~ on the pres*inre
build-up should be made m~ mess pressure vented to the desired 500 psi %

JOT!: An eddy-current non-destructive technique for inspecting ths stai~1ess
steel tube end nipple as.~~~ly has bean suggested. Wnan details of

J this procedure have bean established , the t.chniqus will be available
to facilitate the inspection of 0-276 LOX cyl4ild.rs .
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