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SUMMARY

The two test programs réported in this report provided basié structural
data on the use of 2219-T6E46 aluminum for the X-20 cryogenic storage
tanks. The follewing summarizes the test results:

1. Biaxial strength of 2219-T6E46 alumimim at temperatures of
~395° P. and lower are 91,000 psi (min.) compared to uniaxial
strengths of 88,200 psi (mln.) at «~423° F,

2. Ductile failures occurred in all four test tadks at temperatures
of -320° I, and -395° F

3¢ A low factor, prototype liquid nitrogen tank failed at a pressure
: of 2650 psi after 252 pressure cycles at 1000+ 50 psi
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INTRODUCTION

A cryogenic tank development test program was instituted to provide
the following basic data which did not exist at the time the Dyia

Soar cryogenic tank program was initiated.

These problem areas

" were as follows:

1.

2.

Determine biaxial strength and fracture toughness of
2219~-T6E46 aluminum in a l : 1 stress field at cryogenic
conditions.

Determine the burst strength of a low factor; prototype,
2219-T6E46 aluminum cryogenic tank that had been subjected
to 1.5 .times its operating life c¢cycle requirements.

It had been determined that the prime considerabions of any materlal
for the Dyna Soar tanks would be:

’ 1.‘

2.

- 3.

High strength to weight ratio.
High fracture toughness at cryogenic temperatures.

Excellent fabrication characteristics.for small tanks.

Prior to establishing the development test program, studies and
- tests had been conducted both at Boeing and at outside the company
on potential cryogenic tank materials.

From the comparison data, the aluminum alloy, 2219,met all the abeve

- requirements and was thus selected for the Dyna Soar tanks. The
-T6E4S heat treat condition of this material had been developed at
Boeing for the ramjet fuel tanks on the IM-99B missile and provided
a higher yield strength than the more conventional -T62 condition
developed by Alcoa. All that remained,was to test this material . .
in the actual tank configurations and to resolve the previously-:
mentioned problem areas.

EWA 5-749, Section 1 of this report, was initiated to resolve the ‘: \ R

biaxial strength and toughness of 2219~T6E46. Liquid hydrogen was
chosen as the test media for several reasons: .

l. TFracture toughness for all materials is more critical as
the environment approaches absolute zero. ~

2. Material strengths increased as the absolute zero is.
approached.

3. A production liquid hydrogen storage tank is to.be used
in the Dyna Soar Glider. i

A 17" diameter sphere was used as the test specimen because it would
provide an ideal biaxial stress field and would require the same or
similar fabrication processes as full-sized tanks.

“
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"("Jﬁqﬁ 747, Section 2 of this report, was instigated to &Valuate
the gecond problem area. As explained‘'in Section 2. L the design
objectives of a low factor, prototype tank were met in the 16.18%
diameter sphere which was designed to meet the or:.g'inal SUpPeYe
critical nitrogen storage tank requn.rements. .
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1.1

EWA 5-749 LH> Subsize Tank Burst.Tests'

SUMMARY

3

The three 17" diameter tanks were bugst tested at Lﬁg temperatures.

Bach tank falled at calculated stresses in excess of tle predicted

" uniaxial strength for this material. Failures were ductile, indicating

that 2219 aluminum is a reliable, tough material suitable for low

factor cryogenic tanks.
fabricating this material.

i"

No difficulties were found to exist in

%
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1.k

INTRODUCTION

Three 17" diameter spherical tanks were fabricated from 2219 aluminum
plate and tested at LHp temperatures. The purpose for this phasée of
the cryogenic tank development program was to provide information in
the following problem areas: ] s e

a. Determine biaxial strengths and toughness of 2219-T6E46 at LHp
temperatures. .

' b. Evaluate fabrication characteristics of 2219 Al. in a 17" dlameter

spherical configuration,

c. Develop design confidence in thin-walled, low factor cryogenic
pressure vessels.

U3-4071-1080
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1.5

l.5.1

‘ 1‘6 .

TEST SPECIMEN,

- the X-20 tanks. In this area,lccal discontinuity stresses do occur

e -

L.5.2

- .required 8.50" radius. The lower heads were machined to the required

* head subassemblies were then heat treated and aged to the 2219-TEE4E
"le3+9. The girth weld was left in the "as welded" condition. -

.j'Each tank was insulated with self-adhéring foam insulation after the
. tanks were installed in the test flxtureu and all instrumentation had.

;~ Laboratory was responsible for implementing the test phase..

P T T T T

The three burst tanks were identical 17" diameter spherical shells
fabricated from 2219 Al. sheet stock. A spherical specimen was
selected to provide a 1 : 1 hiaxial stress -field for comparison with -
the uniaxial test specimen tested in reference l.3.7 on the samae
materialo

Design of Test Tanks

£ .
The test tanks were built to the dimensions of Figure l.l. - As noted,
these spherical shells were a uniform .120" thick in the lower hemi-
sphere (head) and .19" thick in the Upper head through which the
pressurization and instrumentation fitting was attached. The upper
hemisphere was dellperately made of a thicker gage than the lower

head to avoid failure near the fitting. The lowér head was reinforced |

adjacent to the girth weld to reduce failure potential through the weld
zone. The instrumentation fitting was welded to the upper hemisphere
and provided a reinforcement for the 1% diameter penetration in the
tank shell. A flanged tube was attached to this fitting from which

the tank could be suspended and filled during test and through which
the instrumentation probe could be inserted. The No., 2 tank differed
from the No. 1 and No. 3 test tanks by the integral boss built into

the lower head. This boss was similar in geometry to those used in

which affect the normal hoop and meridional shell stresses. It was
the purpose of this test tank to see what effect such a reinforcing
boss would have on the overall integrity of the tank structure.
Fabrication

A1l upper and lower tank heads were shear spuni(See Figure 1.2),to the
thickness and contour after spin forming. To the 3.0 inch dlameter
penetration in the upper head,a machined fitting with the flanged tube

was welded in place to provide hole reinforcement. The upper and lower

requirements of reference 1.3.8 prior to girth welding per reference

been & tached, (see Flgure 1.8).
TEST SETUP
To attain the desired environmental. test conditions,liquid hydrogen

was used as the test media. The use of liquid hydrogen required that
the test bhe conducted at a remote test site. The Mechanical Propulsion

U3.4071-1000
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1.6.2

- service.
. unavailability of gaskets.

. TEST SETUP (CONTINUED)

Test Site

For this test program area 35, at the Tullalip Test Site, was
activateds - Site preparation was required and included instru- .
mantation, providing a test pad and contyol housa, and installing
test plumbing. Pictures of the test facility are shown in Figures
l.3and Lik, The test padﬁls approximately 300! from the control
house.

Test Equipment
The three tank burst tes»s were conducted u31ng the same basic test
setup as shown in schematic in Figure L.5, The test‘system as
installed in the test area,is shown in, Flgure 1.6.
consisting of a ceil of 250 feet of %" diameter stainless steel tube .
in a liquid nitrogen tank, is located on Pad C along with the high .
pressure traller mounted helium source.. The test tank.was located

on Pad B.  The 1000 liter ligquid hydrogen dewar along w1th ‘purge and
f¢11 Valves were located on Pad A. . . " Ty FeoL T
The test assembly,made up of-a test tank, test dome, overflll
indicator tank, vent valve, and a support stand, were assembled -..

as shown in Figure 1l.7. All required instrumentation wiring was.
run_in copper tubing for protection past- the point where the -,
assembly was to be foam insulated. Figure 1.8, shows-a typlcal

test assembly after completing the insulation. . ‘- s,

The f£ill line from the dewar to the fill valve was a vacuum-insulated | .

flexible metal line. The fill valve and the fill llne from- the valve -

to the test assembly were foam insulated. E' e . ,@ v,‘ L

Also 1ncluded in the test setup was the control console, as shown in’ .
Figure 1.9, located in the coptrel.house. This test utilized only a .
small portion of the switeches on the console which was built up: to.be -
used for control:ofithe entlre Area 35 liquid hydrogen system...:Two .-
different £ill valves were used in this teste A 2" Annin valve with
2500 lbe AS& flanges was used for the first tank burst and the first
attempt on the second burst. This valve had been purchased for use

in a cold hydrogen gas system and did not incoerporate a bonnet .-
extension. After being in liquid hydrogen service for;the time _
required to fill the test tank.assembly, ice was present in the

- valve stem seal area and the valve would not close completely. On

the first burst test it was possible to free the valve so that it
sealed by pushing down on the indicating switch actuating finger.

On the first attempt of the second burst a seal-eould not be obtained
s0 the run was aborted. At this time the Annin-valve.was replaced

. with a %" Pacific .valve (Model: G2500C~10K-ASA) incorporating a - - "

bonnet: extension and orlglnally obtained- for use-in-liquid, hydrogen
This valve was not used in the original £ill line due to
No problems of any kind were encountered
with this valve. ’ :

" The heat exchanger,’v

U3-4071.1000
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'BURST TESTS RESULTS

Le7l

All three tanks were full of L, at the time of burst as indicated
by temperature measurements apnd the nature of the burst itself.
Very little scattering of tank fragments was in QVldence (See
Flﬁ‘ures ld:LOg léll, and lnla‘ , y ' L e g

19 . '
The few problems that were encountered in this test program were
due to the fact that this was the first test conducted in area 35
and because of the unavailability of proper test equipment.

Discussion

Two attempts to burst the first éeét tenk failed due to.an obstruction |

in the helium pressurizing line. On hoth gttempts the initial portion,
of tank pressurization went satisfactorily’and “then no more helium
would flow from the high pressure source to the.test plece! In botn
cases the pressure remaining in the high pressure bottles was: .
considerably more than that required to burst the tank. Operation .
of the pressurizing valve was satisfactory in both cases. ‘It is |
believed that water was present in one of the high pressure bottles
which- had been hydrostatically pressure fested prdor to its use in-
this system. . This moisture most likely froze out and plugged the
orifice which was in,the system to control tank pressurization rate.
The orifice size was increased.after the first burst attempt. The
maximum pressure attained on the second. attempt was considerably

higher on the segond -attempt than on the first. (1650 vs. 500 psig).’
- The orifice size was further increased prlor to the-thlrd burst . "

At

attempt which was. uuccessful. . LN o
During test preparatlon for each test a low pressure helium purge

was run on the pressurizing system during chill-down of the heat-
exchanger to prevent in~breathing of moigture laden alry : . .-\, ;,

approximately one and one-half hours. Chill-down of the system was

. accomplished with hydrogen. During chlll-down, ‘the hydrogen gas-

vented through the hollew instrumentation probe on the test tank f5
until-stabilized temperatures were attained. - No liquid nitrogen .,

"pre-~chill was used due to increased complexlty of- the system and
.~ the additional time required. ‘ i R PN

Pressurization was accomplished by stepping the helium pressure up
using a pneumatically-controlled Minneapolis-Honeywell valve rated
for 10,000 psi service. .This valve was cycled open and closed with
a solenoid valve -in the control system.: The pressurization rate was,
quite high in-the initial portion of all- three burst tests and then
lower as the pressure approached the burst pressure of the tanks,

- The .rate was manually contrélled in this way so that the liquid

temperature inside the tank could be held at a minimum while still

maintaining a reasonable pressurization rate at:the time of burst.

-

Chill-down and fill of the test sjsfem ahd test tank reqﬁiréé '.ir'ﬁﬁ '

U3.4071-£000
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1.7
1.7.%

107.2

" tank diametér (per Figure

" Tank Pressure,p

. 1 2620 psig

3 2330

" " BURST TESTS RESULTS (CONTINUED)

Discussion (Continued)

The pressurization rate for the three tanks at the time of burst was
as foldows: (L) 2400 psi/min. (2) 2290 psi/min. (3) 1410 psi/min. -
The burst pressures were as follows: (1) 2620 psig, (2) 2500 psig,
(3) 2330 psig. The liquid temperature in the center of the tank at
the time of burst was as follows: (1) -406.4° F., (2) -401.8° F.,
(3) -402.6° F. In addition to.the liquid temperature measurement,

a tank skin temperature measurement was taken. This measurement

was made by installing a carbon resistor on the outer surface of

the tank approximately four inches in a circumferential direction

from the weld which attaches the fitting to the tank upper hemi~ o]

sphere THe maximum shell temperatures at time of.failure were ~395°
F. for tank No, 2 and =396° P, for tank No. 3.

The only problems ercountered on‘this {est were concerned thh
inadequate equipment and 1nstrumentat1§n¢ Several cases of fallure
of temperature-measuring systems and liquid level indicators occurred
on this test. Most of these problems can be traced to the.fach that
Area 35 had ‘just been bullt up and this was-.the first test conducted
in the area. Some temporary instrumentation cables were in use at
the time of this test which resulted in some dlfflculty. '

Test Analysls

N 3.

Based on the burst pressures recorded at the fest site,. nominal

1.1) and measured shell thicknesses, the
calculated hoop stresses are presented in Table l.l. The disconti-
nuity stresses occurring around the integral boss of test.tank No. 2
are not included. However, the combination of such stresses and ’
normal hoop. stresses would indicate a higher failure stress. Compari~

"son of these stresses with uniaxial test data is included in Section

191, : |
TABLE 1.1 . e

Shell
Temperatures

Test Burst
Hoop

Stresses .

101,500 psi

Thickness tz;RadiuSQAI
-399° F. {> 111 ing
-395 '4y1®8

| ~396

[::=> Hoop stress =, pn/at

. P 3 B o :
) S ~-‘e§,'-‘ e e .’ oo N 4 . .3- S ,L S
nat ; . o B . LN . T N

8 50 in.

'1‘
.
:«;,Q R

8 50 98,300

8 5@

2 2500

v.108 pL T 91,100 - -

o

'[Z:=> Estlmated shell temperature

ser 0 e

Min. Shell . Nom. Inside . Calculated _|.°

U3-4071-1000
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1.8.1

1.8.1.1

il. 8.1.2

METALLUPGICAL ANALYSIS OF PAILED TANKS

Metalluzgical analy51s of the first and second tanks are included in
this section. The third tank was lost in transit from the Tullalip
Test Site to.the.Development Center, thus no analysis was possible.
The following data is a direct reproduction of the métallurgical test
reports, (Réeference 1.3.3 and l.3.4), prepared by the Materials and )
Processes Unlt.

Metallurgical Analysis of.Tank No. 1 BT e
Conclusions

The tank failed in a ductile maniier at.an area of. minimum wall thick-~
ness., No material defect ‘was found at the. p01nt of origin of the
failure.. The pitting and intergrahular attack on the inside of

thé tank did not contribute significantly td the failure but did
influence the. fracture path and the. resultant breaklng into numerous
small pieces. .

Procedures and Discussion [

The broken pieces were re-assembled and. the approximate po:nt of ”
origin determined.. Flgure 1.13 shows the partsmre-assembled u51ng
the largest piece as & form. " The center of the 'bottom is shown
marked‘with a circle. The point of origin is marked with arrows.

The interior surface contained a heavy coating of aluminum ox1de

and numerous corrosion pits. . Bxdamination at low magnification’ showed
a network of fine cracks runhing from pit to pit.. Figure 1.14" shows
the interior surface. Figure. 1l.15 is a view showihg the extent of ~
the intergranular attack on the interior surface. The 1ntergranular
network on the interior surface had an average depth of .005" and
was generals. This in efféct is a decrease of. 5% in .effective wall’ o
thickness. ' Had this network been absent the tank could be expected.’
to  withstand a somewhat higher burst pressure. The cracks shown in
Figure l.1l4 are the opening up of this area during general ylelding
of the tank prior to failure.. ‘Along the fracture face at the side

of the photo it will be seen that thé fracturefo+lowedthese cracks A'

from one dark corrosion pit to the next,y  The fact that the tank
failed -at full calculated stress 'would verify that this nefwork of

£

cracks did not. contribute significantly to the failure. Howevery‘~?f,?.:

if a tomk with similar intergranular attack was’ subjected to either‘ -

susteined or cyclic loading, the notch effect could lead to early
failure. ' This type “of surface is definitely unsatisfactory for .?

- pressure vessels. The Structural Materials Group recommended a.

cleaning sequence prior to heat treatment which was followed oh ;
the.third tank of this series. nsTheginterior of this tank was

bright after héeat treatment. The* ‘material ‘was checkedvmicroscnpl—‘
¢cally after burst test to verify the absence of 1ptergranular attack.

\
\

7
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Conclu51ons. SR

METALLURGICAL ‘ANALYSIS OF FATLED TANKS (CONTINUED)

'Metallurglcal Analy51s of Tank Nos 1 (Contlnued)

Procedures and Dlscusslon (Contlnued)

The point of origin of.the failure was approximately 10° -up from the
bottom of the.tank (or 6.5'" down from the girth weld). Figure 1.16
shows the fraéture face at the point of origin. The arrows indicate
the location of growth rings or hesitation points in the growth.
Beyond the outer arrows, growth was catastrophic. Critical crack
length (area of slow growth) was .100" at the surface and .200" at
the center of the wall thickness,

Metallurglcal Analy51s of Tank No. 2

4

The tank fzailed in a ductile manner in an area where minimum wall .
thickness was combined with a change in contour. No material defect
was found at.thé point of origin of the failure. Both surfaces, of
the tank were free of oxide coating. There was no intergranulay
attack found onceither.surfgceol e Lo

g N . . A . 3. s D W R

'Procedures and Dlscusslon .

o Y .
Flgure 1.17 shows the brokean tank after reconstructlon.

l'orlgln was found -to be 2.5'" from the center of the bosse

The point of -

¥

From tais -

point in toward the boss the shell thickness increased abruptly. ‘ﬁﬁ

Pt R T

Thickness at the orlgln of failure was .108'",

D

- The out51de contour in thms region was 'a uniform sphere.

P |

" The increase

#in wall thickness around the boss resulted in a flattening of the

interior contour. It was at this change of contour that the failure
originated.: ‘Critical crack length (area -of slow growth) wasg’ e}OO"

at the surface and .200" at the center of the wall“thlckness.f Flgure"

al.18 shows the fracture w1th the poznt of orlgln braoketed.

¥ K4
The 1nter10r of the tank was bright.

'.‘, 3

. L e e Pos B

Yers LR : S ¢ X ®
’e . . . S Lo

UNIAXTAL. TENSILE TESTING co :f g .

: I3 ! . o . L A
To verify the caleulated burst stress of the tanks, gix specimens
were cut from each of the two failed tanks and tested at LH2,-IN, &
room temperatures. In this section the uniaxial testy results are

ihcluded'andécomparedlthh the blaxial burst test -data.-

N .
gy . . oo . . R . AN e
L P .. - - LA . * L e T

o - . $. o 4. L R
. f . - ‘. < . e L 2 ar bt
T R [ Eh oo . Cer Ve . \

SR,

There»ﬁas no ev1dence of oxmde G
. coating, pits, ‘or ‘intergranulaf attacka Fléure l 19 is a*cmass
.. section taken near the point of orlgln.

T

:‘;'.“:T‘: l' 8 T
mgw“ 1.8.1
l‘ 8. 1‘2
b ] 1.8.2
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1.9

- UNIAXTIAL TENSILE TESTING (CONTINUED)

1.9.1

1.9.2

Test ‘Specimen o .

The nine specimen blanks were cut-from the 19" thick upper hemisphere

of the No. 1 and No. 2 test tanks. The blanks were cut in the

following directions from each head (See FPlgure 1.20); five each 4n

the meridional direction; two each in the hoop direction; and two

each at a 45° diagonal. These blanks were cut. out, straightened,.

and machined without subsequent heat:treatment. Blank size was

limited to the smallest feasible size to minimize induced strains

incurred during the straightening. operation. A Boeing test specimen, -
" Draving No. 23--5131, was used for these tests. This is a 1.00" Gage

Length Specimen and required a 4.00" x 1.00" Blank. Gage in the

test section.was a nominal,.23", ,

Test Results

The results’ of the tensile tests are tabulated in.Table 1l.2.  +Rogm
temperature tests.were conducted as control specmmen for comparison

with the specimen tested in Reference l 3 Te - u

Flgure 1.2l is plot of the base metal tests obtalned in Reference
1.3.7 and the data obtained in this test program as summarized in
Reference l.3.6. In addition, the calculated burst stresses from
Table 1.7.1 are also indicated. The plot of data indicates that

.the tanks burst at stresses equal to or higher than' the un1ax1al iest

specmTen.., . - . -

U3-4071-1000
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1.9

1:9.2

UNTAXTAL TENSILE TESTING (CONTINUED)

Test Results (Continued)

Test

gy
TABLE 1.2 o
UNTAXTAL SPECIMEN TENSILE TEST DATA

. Pest[T=>  Test - Ultimate = Yield Elongation

Tank Specimen Temp. ~ Stress- Stress in 1.00" %
No. No. (°F.) (X.8.1.) (K.8.1.) : _
1 7RL © 90 - 61.3 45,6 9 - '
' L e 70 63.9 47.8 8 '
7=45-1 70 63.9  h2.8 8
2 om 7 68.1 . M. 11
- A 68.8.. . 50,5 L, .9 .
] . 9_45'_1 o) 67. 8: - F L}.g'.o ‘ 1L .
’ W R k23 C gm6 S 6k ;h_t 0
T2, k23 8909 6k VL9
ot 7-bs-2. T ches . 9Lb R U L
2" 9R2 -h23 | 96.0 61.8 16
912 -423 oLk ' 65.2 12
9-45.2 - 423 91,9 6l b 14
1 7w . #4320 68.6 f 48.7 - 10
7Rl 320 70.5 49,5 1 \
L 785 . ~320 77,4 53.5 12
2 93 k23 93.6 ' 6k.3 | 15
B 88.2 i - 621 22
9B5 k23 98,7 6ha7 19
- ’ . . ‘
E;::» * Specimen No. indicates orientation of blank: - -
‘ 7RL - Meridional, 7Tl - Hoop, & 7-45-]1.  Diagonal Specimen
l.;3-407l~‘1000

Eosmves | O D202
l PAGE 1-13 -}.
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SUMMARY

One uninsulated 2219 aluminum liquid nitrogen tank was pressure
cycled and burst at -320° F. The tank completed 252 pressure
cyc¢les before bursting in excess of design requirements. The
failure was of a ductile nature.
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2.4

' ¥ INTRODUCTION

Ore 16.18" diameter spherical tank was fabricated from 2219 aluminum
plate and tested at liguid nitrogen temperatures. ' The purpose of

this phase of the cryogenic tank development program was to substanti~
ate the ultimate strength of the tank after being subjected to
operational life pressure cycle requirements.

- Two more tanks had been included in this test program. One tank
-would have been burst tested to substantiate the ultimate strength
of the inner shell; the second would have been subjected to external
environment testing to determine the structural integrity under
dynamic loads. Several reasons were apparent for not completing
this phase pf the program. They were:
" (a) The tank configuration no longer resembled production’
- liquid nitrogen or liquid oxygen tankage. ’

" (b)  Availability of the tést data would have been too late
: to support production tank drawing releases.

(¢) The pressure cycle and burst tank failed well above the
. static burst pressure requirements. . ‘

U3.4071-1000,

s | N D2800%
| pace 285
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2.5.1

"V mgr SPECTHEN

'Design of Specimen

The test specimen is shown in Figure 2.1 and comprises the ~7..

inner tank assembly of reference 2.3.2. Basically, the inner shell
is a 16.18" diameter sphere with two inlet-outlet penetrations hnd
two trunnion support fittingsy all parts being made of 2219 aluminums

The design of this tank was based on the original requirements fon

a storage vessel capable of containing l.27 cubic feet of supercritical
liguid nitrogen at an operating pressure of 1000 * 50 psig and with a-
167 pressure cycle capability. In additionito these requirements were
the requirements: of low weight, minimum volume, fill and venting in
two d“fferent attitudegrand structural support with low heat gaine

2219 aluminum in the TEE46 heat treaf condition (See reference 1. 3 8)
had been selected as the tank material primarily because of its
excellent low temperature strength, toughness, formability, and
weldability. This material had demenstrated these characteristics

in the first phases of the structural development program in reference,
1341y 1347, and in the IM~99B ram. jet fuel tankss Allowable stress

. for this material was provided in reference 2.3.6.

- To satisfy manned safety requirements, factors of 1.5 at proof

pressure, (at which no permanent deformation could occur) and 2.0

at burst pressure, (under which no failure could occur),were applied,
The foundation for these factors are based on reference 2.3.5,
Yaragraphs 3.10,1 and 4.8,11.3. In addition to these requirements,

a factor of 1.5 is applied to the life cycle requirements. Using the
above criteria, the inner tank shell would be required to provmde 2.0
factor burst strength, (2100 psi)sat the end of. 252 (1.5 x 168)\

" operational pressure cycles. v

" To satisfy these requirements the tank design shown in Figure 2.5.1

resulted. Two trunnion fittings provided external support for th
tank. At each of these support points, an integral pad is prov1ded

through which loads could be uniformly distributed into the shells . il -

Two fill and vent fittings are also provided with integrally rein--
forced penetrations in the tanks-shells to accommodate the local

- discontinuity stresses. Where the two hemispheres are girth welded

together, a reinforcing band is provided in each hemlsphere to prov1de

- the additional strength in the Mas welded" zone.

3

T 2.5.2 Construction of . Specimen
The two tank hemispheres were formed by sheax splnnlng. Each head
progressed in several stages from a )" thick, 36" x 36" 2219
‘aluminum plate to the 16.18 1.D. hemlsphermcal shape. The material
was annealed during the spinning operation to preclude the possibility
of tearing due to work hardening.

U3-4071-1000

| No. p2-80092 -
‘: p.n;«se 278,
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, 2,5 TEST SPECTMEN (CONTINUED)

=

2.5.2 Construction of Specimen (Continued)

Following spinning, the reinforcing pads for the .vent.and f£ill
fittings were indented into zach head. The outer surfase of

each aemisphere was machined to the contour indicated in reference

- 243.2. Prior to welding the fill and vent fitting to the tank,

S ' the nozzle was punched out in the center of the reinforcing bossy.
This technique provided an integrally reinforced penetration without -
requiring a "weld-in" fitting., The oversize trunnion fittings were
butt welded to© the apex of each hemisphere to provide the support
points for the tank. Each head subassembly was heat treated and

. aged to the TGE46 condition, (See reference 1.3.8), prior to the
final girth weld per reference 1,3.9. Final machining was done -

to each trunnion fitting to true their axis to the center line of
the tank. } i ; . S

2.6 . TEST SETUP o

The schematic sketch of the test -setup is shoﬁn in Fiéure 2.2. The
" . test was conducted in the Structures Laborabories Hazardous.Test
Cell by the Development Lab Unit. . LT

The test tank was immersed in a LN, bath to maintain a constant
-320° F. test temperature. Pressure was applied by a 10,000 psig,

5 g.p.m. Cosmodyne cryogenic pump. Control of the system was by .
manually-controlled valves operated outside of the test cell. & Test
pressures were recorded by a Sanborn Strip Chart Recorder. - Testlng
was performed on schedule with no delays due to malfunctioning
equipment. Photos of the test equipment -and fac;llty are. included .,
in Flgures 2. 3, 2.4, and 2.5. . S 0

% AN

2.7. TEST OBSERVATION

Pressurization of the test tank started after.the temperatures. had

‘stabilized in the immersion tank and in the pressurization loop. '
" . This was visually confirmed by checking the boil-off rate in the |

system and ice build-up on the supply lines. The test pressure

of 1000 & 50 psig was attained -in 30 seconds, held for 30 seconds,

and then depressurized.in 30 seconds. Thils was repeated 252 times

at which time pressure was steadily 1ncreased until burst occurred

at 2650 p51.

. Burst occurred as a mild detonation due to two factors. (1) There
was no fragmentation, and (2) the burst energy was absorbed by the
immersion liquid. Figure 2.6 is a photo of the test specimen after
‘failure. As is noted, the failure occurred as a clean circumferential
break adjacent to the glrth weld neatly separatzng the tank into

_halves. , A \

W
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2:7 TEST. OBSERVATTON .(CONTINUED)

: The burst stresses were determined in both the heat ‘treated shell
and the “as welded" girth weld wlere failure occurred. The effect
of stress raisers were ignored and only membrane stresses are
considered, From the hoop stress equation,; S = pr/2t, the  following
stresses were calculated:

Base Metal Burst Stress
p = burst pressure = 2650 psig
v = 8.09 + .15/2 = 8.165 in.
', t = shell thickness = .15 in. (min.)
s =.2650 x 8.165 = 72,000 psi
2 X J45
| Girth Weld Stress
p = 2650 psig ‘ ”
r = 8.09 + .168 = 8.258 in. -
[t = 336 in. - :
. 5= 2650 x 8,258 = 32,500 psi S e
2,X 4336 [ ERURRN :
These stresses can be compared with reference 2.3,6 allowable
stresses at -320° I'. They are: © AN
Fyy = 68,200 psi (base metal, pg. 82.5.5.1-11)
‘ Frg = 292300 psi ("as welded" butt joints, pge 82.5.9:3) . .
2.8 METATLLURGICAL ANALYSIS -
The following data is based on information provided in reference
2.3.3 by the Materials and Process Unit. The failure occurred
along the girth weld. The arrows in Figure 2.6 and 2.7 indicate
- the origin of failure which corresponded with a deep, sharp weld
undercut on the outer surface of the tank.. Figure 2.8 is a cross
section through the weld showing the .0055" deep undercut with a
. root radius of .012", This undercut was evident on both sides of
the weld and varied in depth from .005" to .006".
The radius of the weld underbead drop-through is .028". The weld
itself was found to be of uniform quality with no porosity or slag
U3.4071-1000
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2,8 | METALTURGICAT ANALYSTS (CONTINUED)

s inelusions. The mierohardness readings, converted to Rockwell E,
were 87.5 in the weld metal, 87.0 to 99.0 in the- heat-affected zone,
‘and 97.0 in the base metal. - These readings. are normal for an "as
welded” joint in 2219 T6E46 aluminum, w L
In conclusion it can be stated that the notch effects at the weld
undercut and the underbead drop-through zcted as stress risers and
caused failure in that zone.
Production tanks willynot have "as welded" joiunts in the shells;
nor will such obylous stress raiser be tolerated.

> U3-4071-1600
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