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preferably under uncontrolled environrnmetal conditions. Liquid propulsion
system components must be capable ol satlislau tory operations after years of expo-
sure to highly reactive propellants while i,4taiming the propellant without leakage
under severe ambient conditions of tempperature and relative humidity. Oxidizer
leakage caused by improper component design and severe ambient storage conditions
has presented serious operational prohle:ms.

The Air Force Rocket Propulsion laboratory (AFRPI[) is performing a
program to investigate the storability of liqtid system components and tankage under
severe conditions of relative humidity and tenmperature. A variety of system com-
ponents and tankage materials is being evaluated for long-term storability with
liquid rocket fuels and oxidizers. Storage conditions are +85(F temperature and

85 percent relacive humidity for oxidizer yvstems, and +65bIF to +165 0 F temperature
and uncontrlled humidity for fuel systen,s. [he propellants under test are N2 04
CIF , N H and MHF-5. Tankage niatterials inder test are various alloys of
alurr;numr, tteel and titanium. Tankage is joined by automatic and manual TIG, EB
and solid-state bonding techniques.

The results of almost 4 years of testing on a representative number of
tankage materials have indicated that leakage of oxidizers can occur as a result of
improper weld joint design, inadequate quality control in fabrication and acceptance
leak testing. Factors which can contribute to the development of oxidizer leakage ar
high ambient relative humidity (>30 percent) and stress corrosion cracking suscepti-
bility of tank material in combination with the pr-opellant and trace quantities of
n nr,n vnundn/olprwnts mt th, nnnnilpsnt T,,,a , I, f,,iI .I •Ai th-+ at si,

DD ,17precipitatin-hardened steels can cause hetergp~eeoiu•.pqase de-coffnposition of hydrazine. Un- m a el sifi-f.l rSce-ur,ty CIl esi'fjcolion
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ABSTRACT

Air Force weapons systems require long-term, maintenance-free

storage, preferably under uncontrolled envxronmentai conditions. Liquid

propulsion system components mnust be capable of satisfactory operation

after years of exposure to highly reactive propellants while retaining

--_thepropelant without leakage .unde-r- severe ambient conditions of temper-

ature-anid relative humidity. Oxidizer leakage caused by improper

component design and severe ambient storage conditions has presented

serious operational problems;

The Air Force Rocket Propulsion Laboratory (AFRPL) is performing

a program to .investigate the storability of liquid system components and

tankage under severe conditions of relative humidity and temperature, A

variety of system components and tankage materials is being evaluated for

long-term storability with liquid rocket fuels and oxidizers. Storage

conditions are +85°F temperature and 85 percent relative humidity for

oxidizer systems, and +65°F to +165°F temperature and uncontrolled

humidity for fuel systems. The propellants under test are N 2 0 4 , CIF 5 ,

N 2 H 4 and MHF-5. Tankage materials under test are various alloys of

aluminum, steel and titanium. Tankage is joined by automatic and manual

TIG, EB and solid-state bonding techniques.

The results of almost 4 years of testing on a representative number

of tankage materials have indicated that leakage of oxidizers can occur as

a result of improper weld joint design, inadequate quality control in fab-

rication and acceptance leak testing. Factors which can contribute to the

development of oxidizer leakage are high ambient relative bumidity

(>30 percent) and stress corrosion cracking susceptibility of tank

material in combination with the propellant and trace quantities of foreign

cormn.. -,Is/elements in the propellant. Testing of fuels has indicated

that precipitation-hardened steels can cause heterogeneous phase decom-

position of hydrazine.
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FOREWORD

This report covers the testing of.liqulid rocket propellant-tankAge.
I - prupeit~at su•systems to evaluate their long-term storage character-

istics. ýThetesting is. being conducted by the Air. Force Rocket Propulsion
"Laboratg.y, Edwards, :California, under Project No._305805FRJ, 'Testing

S-7 is being ionducted-in test areasi -40 and 1-36I The project engineer 15
Lt [lowar•i M. White; the test engineer is Mr. Clifford T. Hurd. This
report covers all work done under Project 305805FRJ through June 1971.
Previous reports written on this project are: AFRPL-TR-69-82, "Long
T-rrn Storability of Propellant Tankage and Components." AFRPL-TR-
70-43, "Long-Term 6Lor4o,,lty of Propellat Tankage and Components
Interim Report No. 2,' and AFRPL-TR-71-20, "Long Term Storability
of Propellant Tankage." This report will be presented at the 1971 JANNAF
Combined Propulsion Meeting I November 1971 through 4 November 1971.

This technical report has been reviewed and is approved

JERRY N. MASON, Capt. USAF
Chief, Subsystems Branch
Air Force Rocket. Propulsion Laboratory
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kSBEC'i ION I

INTRODUCTION

E2Lpcrienuc wiW11 Liquid propeliant rocket ieed syvterxis ham bhown

that the leakage of oxidizers can occur and constitute a difficult problem

under certain environmental conditions. In propellant tankage and certain
types of~feed systems, leakage is most frequently observed at or near

weldments. It ha& been shown experimentally for N2 0 4 that when a vapor

leak occurs (through a weldment rnicrocrack for example), the result is

drastically influenced by the relative humidity of the atmosphere
surrounding the tank (Reference 1). If the relative humidity is on the

order of 30 percent or lower, the vapor from the leak (principally NOz)

will dissipate into the atmosphere and does nothing to aggravate the leakage.

If the environment surrounding the tank has a relative humidity of greater

than 30 percent, the vapor from the leak will not dissipate into the

atmosphere, but rather the vapor will hydrolyze with the water vapor in

the air, forming dilute nitric acid the exterior surface in the irnnmediate

vicinity of the original leak. Figure "1 clearly shows the resultant

corrosion and discoloration that results from this process. The nitric

acid has a further effect in that it will enlarge the original leak path by

working inward toward the source of the leak. In time, small or even

minute vapor leaks can become large liquid leaks, if they are allowed to

proceed. Although a similar detailed experimental program has not been

performed with the storable interhalogen oxidizers such as CIF-, an

analogous process would be expected with hydrogen fluoride as the hydro-

lysis product. Failures of tankage with the above propellants lend

credence to the foregoing hypothesis of the interhalogen oxidizers.

Figures and tables are presented sequentially beginning on pages 26 and
47 ,respectively.
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In the past, fihe SCe!etion of inziterials for system applications has

been based upon conventional fluid/material compatibility tesiting to lete r-
mine discoloration pitting, weight gain or loss, notch sensitivity, stress
corrosion cracking susceptibility, potential degrading effects on the propel-
lant, and to a certain extent, a particular system contractor's experience

with the fabrication of various materials likely to be used on the system

in question.

Even after this thorough analysis and selection process, the material
and/or processing used in the propellant tankage may not function properly
or leaks may develop during the extended time required of many current
liquid rocket systems, it is readily apparent that the use of conventional

compatibility criteria, while certainly a part of the material selection
process, is not in and of itself suitable for the selection of materials for

the extended storage of liquid rocket propellants when fabricated into
system tankage.

The major limitation on interpreting long-term storability effects in a
realistically severe storage environment is the inability of conventional

fluid/material compatibility criteria to predict leakage. Small, undetected
inholes or microcracks could be formed by an attack by the propellant or
grain boundary precipitates and weld inclusions that might never be

detected through weight gain or loss calculations. Furthermore, the pos-
si!)ility of such defects forming is greater in the high-strength, limited
wcid.(ability materials frequently used in liquid rocket propellant tankage.

The size and methods of producing test specrimens used in compatibility
work eliminates many of the manufacturing and quality control procedures

*Issociated with production systems. Smooth, polished samples, welded or

unwelded, are not comparable to fabricated tankage material. The exper-
ience of the Titan 1I weapons system is an excellent example of the inabili-
ty to translate basic f uid /material compatibility data to fabricated tank-

,, mlaterial. In thalt case, the tank ge material, Z014-T6 aluminumn, is
co,,patibl' with the oxidizer, N 0 M0.IL.-P-Z65398; however, in the field,

th •is s ie. w,,s plagued by lriza ge, frequen•tly occurring in the tankage



wxelIdIom tts or hc at -aftc ctcuI (-!(I /,Ofl. ~n 1 Ijl i(Ic vi rontvi- nt (< 30 p)(- rcc I

j relativc hun idity).

j ~~Long periods of sto rage m ay affect hec functionai pf-i.r tur aice alnd

syte reiblt fpeakg~ propulsion systems. 1l0 I~a- T' i

side red. Storage conditions must be selected that are representative

of operational systemn conditions, :ýuch lactors as temperature and

humidity play an important role. A detailed propellant analysis before
and after testing is required to evaluate the effects of storage on the

propellant. The cleanliness levels of the test articles mubt be known for

reasons of safety, but equally im~portant, for evaluating the process which
was used to effect this cleaning level. Materials and chemicals used for

cleaning may have an, effect upon system life. In the sarne manner,
manufacturing processes and quality control sitanidards may illpose mianlyIunforeseen conditions which %,;ry fromt une mianuifacturer to another.
throughout the fabrication of tankage H. e. , diiring forming, wvelding,

inspection and testing), all dlata should be available for a ioeaniipiful

post-test failure analysis in the event of a test article failure. Metal

preparation prior to welding may make the difference betweeni a satis-

factory or unsatisfactory weld with regard to its ability to contain
propellant without leakage. 1-1clinim leak testing of systemns and thc- tech-

nique of leak testing are very important since small leakage wvhich cannot

be detected by X-ray or dye-penet rant. inspection can lead to propellantItleakage under adverse environmi-ental conditions. These very small leaks

can be detected through heliumr leak. testing. The above variables mrust be

known and controlled in a nwuetn.ngful storab~ility investigation.

Although there has not tbeon a s tonability problem of the magnitudeI

of the oxidizer storability prolbi 'I on the Titan. I1, proesent andI future

monopropellant satellite systemls require long-term storab~ility dlata so

their system designers can riesi%,n sysiemis with confidence with 5- to 10-

year mission livcs . In the long -term) storability of hydrazine, the fail ore

mode is one of propellant decomposition rather than) leakage. This de-

composition is catalyzed by i mpu .11 ie s in the ir-ate rial s in contact with the

propellant; therefore, the tanks tniut hec prepassivated or, in the extreire.



I;! allowed to lel -pwiasthvato W,'CO loaded witu propellant. The tise (if

standard fluid /, aterial co.npatibility tests will demonstrate basic
propellant/riaterial compatibility. The premise in this fuel storability

Droaramn is that complntnIv fahijcatpd tankapp mist ho In~dsrI with

propellant and placed in extended storage to permit evaloation of ftbri-

cation variables in determining those tankage materials that are suitable

for lonmg-terx-n storage of hydrazine-type fuels with negligible pressure

rtise.
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.SEC1ION 11

n31 -i, C.1) At I. 1 •" c r' •

To bridge the gap between laboratory compatibility samples and the

long storability required of operational liquid systems, the Air Force

Rocket Propulsion Laboratory (AFRPL) has been conducting, for the past

5 years, a program entitled "Packaged Systems Storability. This

program deals with the long-term (5 to 10 years) storage of tankage,

components and integrated propi, sion feed systems with earth-storable

fuels and oxidizers. Tankage materials under investigation include

aluminum, steel and titanium alloys. Test systems inclule tankage; and

complete feed systems including tankage, components, expulsion devices

and gas pressurization systems. Previously tested under this program

were integrated systems consisting of tankage and feed system components.

The test systems encompassed by the program are divided into

three basic groups: (1) small containers, (2) representative-type

tankage, and (3) tankage with associated expulsion devices and/or feed

system components.

GROUP I: SMALL CONTAINERS

All tankage in this group is of approximately 1 -quart capacity

manufactured from aluminum and steel alloys. The purpose for usingII
this tankage group is to evaluate a particular problem or- to evaluate a
promising material. These test articles are relatively cheap and serve

as excellent "screening" devices. Because of their small size, these

containers cannot duplicate the manufacturing and quality control problems

associated with larger-size tanks. There are three types of tankage in

this group:

5i



I, 3- by 6-lnc! Containers

[heri! arc 2S co:ntainers of this type in the prograam. All containers

are manufactured of 2014-T6 aluminum. Containers manwfactured by

McDonnell Douglas, General Dynamics. Martin and North American

Pockwell (seven from each firm.) were tsted. Those were a direct

offshoot of the leakage problem encountered with the Titan 11 weapons

system, and were indicated to determine if N2P 4 (Specification MIL-P-

20ý39) and 2014-T6 altuninuni was an "unstorable" propellant//material

combination, or it the Titan II leakage problem was solely a Martin

fabrication/quality control problem. Figure 2 shows tanks of this type.

2. Alcoa l-Quart Containers

These tanks are Alcoa standard containers for material compat-

ibility testing and are used to evaluate the storability of various

alunminuxi alloys with N 2 0 4 and C IF. 1lie aluminum alloys are:

2014-T6, 202 L-16, Z219-T81, 3003. 5456 T-6 and 7007-T6. Tankage of

this type is shown in Figure 3.

3. .Ardc Cylinders

'these are sinall containers developed by Arde, Inc. , as high- V
prussure Ca2 cylinclers of AiSI 301, cryogenically stretch formed

btainless steel. They are used to evaluate the storability of this

zmaterial in both aged and unaged condition with N204, CIF 5 and N 21H4 .

They are illustrated in 1igure 4.

GROUP II: REEPRESENTA'TIVE TANKAGE

"[he tankage in this groip varies in size from 10-gallon capacity

tip through a full-scale Agena tank, ard encompasses tankage fabricated

solely for use as test articles in this program as well as surplus tankage

fl-o0 actual operational systems. The tankage in this group is fabricated

6



through current or advanced state -I)]- he-art nvl'thluds, anld the typos of

* ~fabrication and quality control problems cncoointe red (ht rii;g the course

of manufacture of this tankage group would likely be eiicounte red dhiring

the manufacture of an ooerational liquiid rockfsl sytf-111I hisrs t. fi*ý

basic types of tanks in this tankage group:

Thee a2ire tnksof 0- o 1-galoncapcit procured especially for

over the course of several years. The tankage is mianufact tired fr~om

several aluminum, steel and -titani um alloys. It was manufactuired usiine

large-scale production methods. and inlcludeCs dome, girth, cylindrical,

and longitudinal welds characteristic of large tankage design., Mantifac-

turing process records, X-ray, photographs, inspection logs and

metallu-gical samples of welded and unwelded materials were delivered

with the tanks to serve as documentation. The tanks are loaded with

N 2 0 4 (Specification %,.1C-PPD-2A), Cll'~ and N. H-14

2. Existing Tanks

These are tanks that were dqnnatedl or were surphis to other AFI'R P

programs, or tankage fromr operational liquid rocket 'systoms. The tanks

are as follows:

a. lBullpup Tanks. These are three 2014-16' aluminuni tanks

(Figure 7) manufactured by the Reaction Mlotors Division of the rhiMokol

Chemical Corp. , and are loaded with IN 0 (Specification MSG- PPD-2A)

b. Mininium Cost Design 'lai ks. These are four tanks o( IIY- 140

to demionstrate 90-day storahility of N 2 0 4 (Specification Nl L-. l-26i39)

and tJDM[I as part of the A FRIP1. 'XIinjinum Cost Booster P~rog ram.

7



c. U IPR Tanks. These tanks were surplus from the AFRP1.

Ultra l.ow Pressure Rocket (ULPR) Program (Figure 9). They are two

Z219-T81 tanks and are loaded with N 20 4 (specification MSC-PPD-2A).

U. A1lia TLCcUk. Tif Wit a tank utilized to demonstrate 'vu-day

storability of N 2 0 4 (Specification MSC-PPD-2A) as part of the Agena E

program (Figure 10). The standard Agena oxidizer is IRFNA.

3. Solid State Bonded Tanks

These tanks were hardware delivered under an AFRPL program

with Martin to demonstrate the ei.plosive bonding technique in the fabri-

cation of tankage. Two configurations (Figure 11) of tankage were

fabricated from A286 stainless steel and one configuration was fabricated

of 66A titanium. The A286 L.ukage is loaded with N 2 0 4 (Specification

MSC-PPD-2A) and CIFs, while the Ti-65A tankage is loaded with N2 0 4

(Specification MSC-PPD-2A).

GROUP III: EXPULSION SYSTEMS AND COMPONENTS

In an operational system, an expulsion device is often integrated

into the tankage to ensure that single-phase liquid is fed to the engine.

Since this is the case, the storability of this combination must he

evaluated. Also, any liquid rocket feed system has components associated

with it, and an assessment of the component storage characteristics is

necessary to design properly a liquid rocket propulsion system. Test

articles in this group represent an attempt to assess the storability of

components and expulsion systems. The test articles in this group are:

1. Metallic Reversing Diaphragms

There are two types of tankage in testing associated with its expul-

sion device (Figures 12 and 13). In all cases the tankage is AISI 301,

cryogenically stretch-formed stainless steel. One group of six

tanks 12 inches in diameter has a 304L stainless steel reversing

diaphragm and is similar to that developed for LITVC tankage on the

8



third stage of Minuteman Ill. These test articles are loaded with N2 04

(Specification MSC-PPD-2A), CIFE and N 2 H4 . Two 28-inch-diaxeter

conospheroid tanks are also being tested with N 2 0 4 (Specification

MSC-PPD-ZA). These tanks have an AISI 321 stainless steel expulsion

diaphragni. All of this tankage was manufactured by Ard,. Inc.

2. Rolling Diaphragm

These are three tanks fabricat.d by the Reaction Motors Division of

Thiokol Chemical Corp. (Figure 14). These tanks have an 1100-0

aluminum expulsion diaphragm bonded to a Maraging-200 steel shell and

are 30 inches in diameter. Test article'- are loaded with N 2 0 4 (Specifi-

cation MSC-PPD-ZA).

3. AFRPL Integrated Systems

The tanks here are similar to those described under Group II

Storability Test Articles, but, associated with the tank on tubing located

on the top and bottom, are fluid components normally found in liquid

rocket systems. The tankage is either 2219-T81 aluminum or AM350

steel. Fluid components consist of a pressure switch, explosive valve

and burst disk, Fittings are AFRPL mechanical fittings WMIL-F-27417)

and TIG welded joints. Since tankage material and component materiais

are of both alumninumn and steel, intermetal transitums are made using

both mechanical fittings and solid state bonded transition joints. These

systems are shown in Figures 15 through 19.

4. Prepackaged Feed Systems

These are test articles developed by General Dynamics Corp, , and

consist of 2219-T86 EB welded tankage, with either a rolling diaphragm

or surface tension screen expulsion device, and either a liquid propellant

gas generator (LPGG), solid propellant gas generator (SPGG) or high-

pressure stored gas device (GD) pressurization systems. Systems are

loaded with N 20 4 (both MIL and MSC specifications), C IF and MHF5..

They are shown in Figure 20.

9/10



SECTION III

TEST FACILITIES

Storage testing of tankage loaded with oxidizer is conducted in a

metal Quos'iet hLtL atualge Leas building equipped to provide a constant

controlled environment of 85 + 50 F and 85 + 5 percent relative humidity.

The oxidizer storage test facility is insulated by a spray-in-place foam '
(polyurethane). Environmental conditions are maintained by two
evaporative coolers and immersion water heaters. Safety provisions in

this facility consist of a firex-type water deluge system, large water

drain piping, fire detectors, a continuous toxic vapor detector and

closed-circuit television monitoring. The oxidizer storage facility is

presently being modified by the addition of an automatic conditioner
shutdown and scrubbing system, which will be operated when an excess

of oxidizer vapor is detected by the facility toxic vapor detector.

The storage testing of fuels is conducted in a building equipped to

provide controlled temperatures and uncontrolled relative humidity. The

temperature inside the fuel facility can be controlled at any temperature

between +65 and +1650F. Temperature conditioning is maintained by a

heating and refrigeration system. The fuel storage building was originally

insulated with a spray-in-place polyurethaie type of form insulation.

This installation has subsequentiy been shown to be a fire hazard. At

the present time, testing is suspended pending replacement of the

insulation with a fire-retardant variety. It is expected that fuel testing
will resume in November 1971.

11/12-
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SEC'I ION IV

PROC l' I)2 ::R ES

The test articles utilized in this program are procured from aero-

!~pace co itrsactore a i re f.. .. i'. .te l '..... ]. f1,..i...e. ... .- _--

currently in use in liquid rocket systems. The primary responsibility

for quality control and quality assurance of the test articles is vested in

the manufacturer of the test article. To ensure high-quality test articles

for use in this program, procedure specifications governing all aspects

of the test article manufacture, inspection and cleaning were either

generated or identified for use in the procurement of all test articles in

this program.

All test articlcs with the exception of the integrated pre3surization/

tankage/ expulsion systems procured from General Dynamics, are leak

checked by helium mass spectrometo' and verified to be clean at the

AFRPL to ensure against the development of leaks and the introduction of

contamination during shipment of the test articles from the manufacturer.

Following this, the test articles are loaded with propellant and

placed in the appropriate storage facility for storability testing. The

oxidizer tankage is reontored for Leakage. The fuel tankage is monitored

for excessive pressure rise.

Oxidizer tankage is removed when evidence of leakage is found.

This leakage is detected either through observation of an actual liquid

leak, or the detection and location of a vapor leak by means of the facility

toxic vapor detector. This instrument can also be configured as a

"sniffer" to pinpoint leakage.

In the event of excessive pressure rise inl a fuel tank, the tank is

vented and propellant and ullage gas samples are taken. Tanks which

exhibit continued pressure rise are removed from testing and analyzed to

determine whether the pressure was due to an isolated instance or is

indicative of a lack of storabilitv of the material.

13/14
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SECTiON V

DISC USSION OF RELSLILTS

A sumnmary of all t,,ut articles and the results to date are presented

in Tables I through I11A. Detailed analysis of all test article failures in

this program are presented in the appendices of the reports published

during this program (References 2 through 4). The failure analyses in

this report cover those analyses performed from January to July 1971.

A general discussion of the results obtained from each tankage group is

presented below.

GROUP I: SMALL CONTAINERS

1. 3-by 6-Inch Containers

This type of tankage is no longer in test. Of the 28 containers that

were placed in storage, 23 were still loaded with propellant wh.en the test

was terminated. The failure of four of the five tanks that were withdrawn

from storage testing can be attributed to poor container end-plate joint

design, which in turn resulted in poor weld penetration (Reference 2).

The failure of the other vessel was due to nitric acid attack on the exterior

surface which led to eventual developmnert of stress corrosion cracking

and vessel failure. The failure analysis performed on this vessel does not

indicate whether the initial nitric acid attack resulted from NZO4 vapor

leak in this vessel or from N04 ieaking from some other vessel in the

storage facility and then condensing on the vessel in question.

The 3- by 6-inch container testing was terminated for three reasons.

First, at the time of testing at w.,hich these containers were terminated

(5 March 1971), a total of 1522 days of testing was accumulated on the 23

containers under test. It was flit that this was enough storage time to

demonstrate the storability of the N 0 4 /2014-T6 aluminum combination.

Secondly, the floor space taken up in the facility by these test articles was

needed for other more representative types of test articles. Finally, the



testing of the 3- by 6-inch containers was terminated because the basic

design of the containers was a poor one, and as a result, few data perti-

nent to flight-type systems were gathered.

2. Alcoa l-Quart Containers J
Testing of containers loaded with N204 was suspended 5 March 1971.

As of that date, no leaks had been detected in any of the 16 containers

being tested with N 2 0 4 . The principal reascn for withdrawing these

containers from testing was to utilize the floor space in the facility taken

up by these containers for more advanced test articles. A secondary

consideration was that all bitt two of the aluminum alloys, 5456 and 7007,

were represented in other test articles in this program.

Testing of Alcoa containers loaded with CIF continues;of the 37 test

articles originally put in storage, 25 are still being tested. Failure analysis

of those tanks withdrawn from testing indicated that the failure mechanism

was one of stress corrosion cracking initiated by the presence of dilute

HF on the external surface of the test article. As with the above 2014-T6

aluminum 3- by 6-inch container, the failure analysis cannot indicate

whether the HF resulted from a ClF 5 vapor leak in some nearby tank/

container with the HF condensing on the conta"_ner which leaked or from

the leaking container itself. In 1970, feur ZC.'4-T6 aluminum tanks were

withdrawn from storage testing with bad cracks in the fitting boss weld,

but prior to actual failure, as evidenced by ledkage. The analysis of the

cracking (Reference 4) in these tanks would sec'a to lend credence to the

argument that the cause of cracking (determined to be stress corrosion

cracking) may have been due to the HY condenst..i on the iurf,:tc.a or that

the I"IF was from some tank other than the one in which r. s

corrosion cracking developed. The foregoing arguiment i5 U: ved

further in the failure analysis report of a Group It tank.

16



a. Arde Cylinders

Of the 59 test articles placed in'o storage, N 2 0 4 (3 aged, S unaged),

aged vessel load with GiF5 has been removed front testing. This

tailure was the result oi an environmentally induced stress corrosion

crack, and occurred over a 2-day period when approximately 7. 5 gallons

of ClF 5 were released into the oxidizer test facility. This large release

of CIF 5 resulted in a high concen cation of I-IF buildup in the facility and

was at least partially responsible for the leakage of this test article.

The reason for this large release of CIF. will be discussed later under

Group III tankage, ARRPi. Integrated Systems. Discounting this one

leak, it would appear that the 301 cryo-stretched material is an excellent

material for use in liquid rocket tankage.

GROUP II: REPRESENTATIVE TANKAGE

1. Storability Test Articles

The tankage failures encountered during testing of this group of

test articles are probably the most significant of the entire problem.

These failures give a firm indication as to the areas where improvements

can be made to increase the storability of various propellant/material

combinations.

During this program, five titanium vessels (three of 6AI-4V titanium

and two of 5AI-Z.5Sn titanium) failed as a result of loading with "brown"

N 2 0 4 (MIL-P-2653913). All of the titanium tanks leaked within 35 days

after loading with N 204. Both the 6AI-4V and the 5A1-2.SSn titanium

alloys were in the annealed condition when tested. The use of 'green"

N 2 0 4 (Specification MvSC-PPD-2A) was considered at the time of loading

the tanks; however, the stress levels in the tankage, based on the

nominal loads and thickness, were considerably below the threshold for

the stress corrosion cracking reported (16 ksi nomninal stess versus 40 ksi

reported threshold). Also, the test temperature was significantly below

17



the teniperature! at which problems were encountered 485 versus 1100 F.

On th0,. basis of the above considerations, stress corrosion cracking was

not thought to be significant. Failure analysis of the five tanks (Refer-

ences 4 and 3) indicates that stress corrosion cracking in the weld area anA

heat-affected zone was responsible for the failure of these tank3.

Currently, there are three 6A1-4V tanks, similar in design to the

5AI-Z. 5Sn tanks described above, in the program that are loaded with
"green" N 04 (Specification MSC-PPD-2A). These tanks have been
tested for approximately 2 years with no indication of leakage. Based on

the foregoing, the use of "green' N 0 is encouraged for all systems
2 4

utilizing titanium.

A second type of failure encountered with high frequency during the

storage testing of these test articles is hot-short cracking in and around

the area of double-pass welds. These may either be start-stop zones or

repair welds. In either case, there is a high probability of hot-short

cracks which lead to vessel failure. To compound the problem further,

these defects are often missed during the course of normal quality control

operations. Failures of this type are indicated in the failure analyses

presented in References 2 and 3. Quality control operations should be

structured so as to decrease the chances of such a defect slipping

through.

One failure encountered in this program indicates poor design on

the part of the test article manufacturer. This is documented in

Reference 3. In this case, 7039-T6 aluminum vessel with NO 4 (MIL-P-

26539 specification) failed because of stress corrosion cracking along the

short transverse grain direction. Afler failure, a stress analysis was

performed, and excessive stress was found to exist along that grain

orientation, thereby allowing a predication of the vessel failure nmode

prior to loading of the tank with propellant, A careful review of this

design would have prevented this vessul failure.

18



The final and most common type of failure encount.red in this program

and also with a group of test articles is failure d(10 to environtuentally induced

atisoa Lurr-tiun crackii g. Ibhis lailure niodc has been documented in fail-

ure analysis performed by Martin-Marietta Corporation and in-house by the

AFRPL Metallurgical Laboratory (References 3 and 4). This is the failure

mode alluded to earlier in discussing the failure of 1-quart Alcoa containers

loaded with CIF. In the above vessel failure mode, stress corrosion

cracking is induced by diluted acid on the exterior surface. This acid

comes from the hydrolysis of oxidizer vapors whose source is a small leak

in a vessel in the storage facility. Whether the source of the leak is the

actual vessel that fails or some other vessel is open to question. There is

some experimental evidence to support both conclusions. The work done by

Martin (Reference 1) as part of the Titan Ii leakage problem would indicate

that vapor leakage in a vessel would in time lead to a liquid leakage in that

vessel. Failure analysis done by Martin-Marietta on two vessels containing

N2 0 4 revealed the presence of fluorides on the exterior surface (Reference

2). The only source of fluorides in the storage facility was the C IF stored
5

in the building. This would in turn indicate that CIF, vapor, whose source

was a CIF5 vapor leak in another test article, hydrolized in the humid

environment of the test facility to form 11F, which in turn condensed on the

N2 0 4 vessels and initiated stress corrosion cracking which led to test

article failure.

Of the failures classed as due to environmentally induced stress

corrosion cracking, a majority occurred in tankage fabricated from either

17-7PH or AM350 steel and loaded with CIF. In no case, were nitrates,

indicating nitric acid/N204 attack, found. This would indicate that the use

of either 17-7PH or AM350 steels with CIF would be unwise.
5

The only way to eliminate this type of failure would he to isolate each

tank from every other tank. In view of the extensive facility i-odification

19



reqluit'ti tIo , is al'ernative is not bcitii- considered at this time.

It is l(I-ed that iw stca t, !hi installation of toxic vapor detectors (as dis-

cu.sscU in Ste( lion III) w ill sithslantially re(iuce the incidence of this type of

failnre by c'lRa 'i t, , ihid f ,ii1 tr - -. ; ,--ko. . ,.

is detected.

Although hydrazine testing is currently suspended pending a facility

modification, almost a year of testing was completed prior tc the termina-
tion of testi.ng. While firm conclusions cannot be drawn on the basis of

pressure rise data collected to date, it appears that 17-7PH and AM350

are unsuitable for high-temperature (>100 0F) storage.

2. Existing Tanks

a. Bullpup ranks. All three continue in storage. They have
accumulated over 3 years of storage.

b. Minimum Cost Design Tanks. Of the ten tanks of this type,

two of the 11Y- 140 tanks were loaded with N2 0 4 and two with UDMH. Three

of the Maraging-200 tanks were loaded with N 204 and three with UDMH.
The storage testing was to demionstrate a 90-day loaded padlife without

leakage or excessive pressure rise. This 90-day padlife was demonstrated

and the tankage removed from, testing with the exception of two maraging

steel tanks which weve retained for continued evaluation of the storabilihy

of this material wvitli N'J 2 4. Approximately 2 years of storage time have

been accumulaied on the two tanks still being tested.

c. ULIPR Tanks. Testing of these tanks was terminated after

apprcximn-zn',ely 3 years in storage. At the time the tanks were removed from

testing, rxo la:aks had developed. These tanks were removed to provide

floor space for inorce advanced test. articles.

d. Agena Tank. This tank was tested to demonstrate a 90-day

storahility wtith N 20 t, in sUtpport of the Agena E (Advanced Agena) Program

20



which contemplated a change from IRFNA to N20 4 . The requirement was

met and the tank was remove., from testing at the end of that time.

GROUP Ill: EXPULSION SYSTEMS AND COMPONENTS

!. Metallic Reversing Diaphragms

All test articles of this type loaded with oxidizers are still being

tested with no leakage observed. Those test articles loaded with hydrazine

have been withdrawn from testing and will be returned to testing when the

modifications to the fuel storage facility are completed. During the storage

testing of these articles with hydrazine, no excessive pressure rise was

noted.

2. Rolling Diaphragm

Of the three test articles initially placed in storage testing, two

remain. The third developed a leak after 3 months of storage testing.

The leak was due to failure of a hub-to..diaphragm weld. Thi-h failure

points to an area where increased quality control inspection would be in

order.

3. AFRPL Integrated Systems

Testing of these articles has been suspended and will not be

resumed. This action is a result of the extensive damage sustained by

the fluid components when 7. 5 gallons of CIF were released into the

facility. The CIF 5 was released when a manual weld in the tubing on the

bottom of an AM350 steel tank failed because of a tungsten inclusion in the

weld. This release of CIF5 caused leaks in the abuve AM350 tank and an

55Arde cylinder also loaded with CIF5, Following the leak, all test articles

of this type were removed from testing and examined. It was then deter-

mined that the fluid components, particularly the pressure switches and

transition joints, sustained unacceptable damage. At this time, the instal-

lation was reconfigured to allow testing of the lanks alone. The fluid

IZ



components were retained for analysis. Appendix I presents tile

results of post-storage tests of squib valves associated with the test

articles. The tanks associated with these test articles are now

reported in Group Il-Storability Test Articles. Testing of these tanks

4. Prepackaged Feed Systems

To date, there have been rpo failures in those systems loaded

with MHF..-5, Failures that have occurred in systems loaded with CIF..

have been the result of propellant leakage. Leakage has occurred

through either the fill tube, which was welded shut (Reference 2), or

through voids in the gas side burst disk (Reference 4). T[here are no

more systems loaded with CiF_t under test.

There has been one leak in an N 2 0 4 system due to a fill tube leak,

Also, seven systems have been withdrawn from te .14 g because of a

failure in a regulator, The failure was die to environmentally induced

stress corrosion cracking. Both N 2 0 4 and C IF 5 hydrolysis products

were found on the suirface of the regulator. v
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SECIION VI

CONC lI(SIONS

The Package S ystems Storability lProgram has accumulated a

significant amount of storage time, and sufficient data have been

collected so that tentative conclusions and recommendations can be

made. The conclusions and recommendations are based on failure

analysis reported in earlier progress reports and general observatiors

made during the program.

It has been observed that double heat welds which occur at start/

stop points and at weld intersections or at weld repairs lead to a high

incidence of hot short cracks. This condition is especially prevalent in

manual repair welds because of poor control of heat input. It is there-
fore concluded that quality control criteria for acceptance of welds be
made stringent enough, especially in the case of repair welds, to preclude

the acceptance of defects.

This program has demonstrated the influence of propellant chemistry

on storability. In five separate cases, tankage fabricated fr-omn titanium

experienced failure due to stress corrosion cracking (at stress levels
below the generally accepted threshold for stress corrosion cracking) in
1 month or less when loaded with 'brown" N2 04 (IMIL-1.-20539 Specification

Grade). At the present time, there are three titanium, test articles with

more than Z years of successful storage time, loaded with "grcen" N .0

In one instance, it was noticed that becausc of poor tank design.

excess stress lcvcls existed in the short transverse direction of the

material. This led to tank failure due to stre!ss corrosmion c.racking.

indicating that tank design mnust be carelt Ily scrittiniz ed to preclude

significant stress levels along stress corroslin sunsitive ,graii

orientations.
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The presence of trace amnounts of tungsten resulted from

inclusions produced by the tungsten inert gas (TIG) or heliarc welding

orocess. This in turn resulted in the rapid development of weld leakage

in welded tube joints used with C F 5 . This is because the tungsten w&s

remova in tha fcrn-, of gaseou tung....... uorldc, and in turn rcsultod

in a leak path. The process is somewhat analogous to intergranular

corrosion. The problem of tungsten in fluoride service points up the

need for stict quality control and the rejection of any weld showing

traces of tungsten inclusions.
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III

SECTION VII

RECOMMENDATIONS

In line with the conclasions presented in the preceding section of

this report, tentative recommendations can be made with regard to

improving the storability charactcristics in liquid rocket propellants.

It is recommended that quality control systems be reviewed to

preclude the possibility of the acceptance of tankage with poor design

characteristics (i. e. , excessive stress along sensitive grain orientations)

or questionable welds (i.e., hot short cracks In double-pass regions,

or trace inclusion).

It is also recommended that in the case of titanium tankage loaded

with N 2 0 4 , the propellant have sufficient NO content to prevent initiation

of stress corrosion cracking.
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PART MAT!: P, A,

Tank AM350

Transition Jjint 347SST/6061-T6 Al

Pressure Switch 347 SST

Explosive Valve 347 SST

lBurst Disk (100 psig) 6061-T651 Al

Burst Disk (120 psig) 6061-T651 Al

Hoke Hand Valve 347 SST

1/2 in. by 0.035 in. Tubing 347 SST

1/2 in. by 0. 035 in. Cross 347 SST

1/2 in. by 0.035 in. Tee 347 SST

1/2 in. by 0. 065 in. /0. 035 in. Tubing 347 SST

PRESSURE SWITCH TEE
SEXPLOSIVE

• I I_ I ItVALVE

H H H
H HAND VALVEBURST O ISNK H H T1

I .----- ,_- , +H H OS

TRANSITION JOINT H H LROSS

_ /,' BY 0.035 IN. GRADUATED DIAMETER TUBING

TNM - MACHINE WELD JOINT

H HAND WELD JOINT

M
M - Y IN BY 0.035 IN. TUBING

H

w M,

Figure 15. All-Wclrled Stainless Steel Systems for
CIF and N )Ot Application

40



PART MATFMEIA.

Tank I0i I -TI , , I
Transition Joint 347 SST/(,6,1-T(, A]
Pressure Switch 347 SST

Explosive Vah.c 60tI-T6 AI

Burst Disk (100 psig) 6061 -T6 Al
Burst Disk (120 psig) 6061 -T6 Al

Hoke Hand Valve 347 SST
1/2 in. by 0.035 in. Tubing 6001-T6 Al

1/2 in. by 0.035 in. Cross 6061-T6 A1
1/2 in. by 0.035 in. Tee 6061 -T6 Al
1/2 in. by 0.065 in. Tubing 6061-T6 Al

PRESSURE SWITCHES TEE

H H

BURST DISK H H CROSS

H H Hf M HAND VALVE

TRANSITION JOINT

TANK

'12 BY 0.065/0.035 IN GRADUATED
DIAMETER TUBING

H

H

H H H M

M= MACHINE WELD

H= HAND WELD

Figure 16. All-Veldecd Alun- mum Sy-stems for
C1F and N20 4 Apphliatio.n
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PAR\t T M \ ATE I A L

Tank 347 SST

IHoke HIancd Valve 347 SST

Burst 1)sk iOt r -T6 Al

Transition Joint 347 SST/6061-T6 A]

AFRPL (Connector Elbow 347 SST
(MS27866--8)

B3obbin Seal (Unplated) 304-L SST

Plain Flange (N1S27853.. 081(CRES AIMS5646

0. 035 Plain Flange (MS27853-08) GRES AMS5646

Nut (MS27852-08) A-286

AFRPL CLiiector 'Fee (MS27863-08) AMS4127 Al Alloy

0. 005 in. Plain Flange (M.IS27853-08) CRES AMS5646

Plain Flange (MS27858-08) AMS4127 Al Alloy

Bobbin Seal (MS27860-08) AMS4127 Al Alloy

0. 035 in. AFRPL Connector Union
(MS 2,7851-08)

T AFRPL CONNECTOR TEES * AFRPL CONNECTOR UNION

TRANSITION

JOINTS C C M

SM HAND VALVEBURST DISK

TAN K

M
C

*AFRPL CONNECTOR ELBOW C M M
M = MACHINE WELD
H HAND WELD
C MECHANICAL CONNECTION

USED UNPLATED BOBBIN SEAL IN CONNFrTnAlq

l.'iLuure 17. 'Separable ( 7onnecto r Stainless Steel System fur
\ppi Ai 41 ion
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PART MATER[AL

Tank 347 SST

Hoke Hand Valve 347 SST

Burst Disk 6061-T6 Al

Transition Joint 347 SST/6061-T6 AlI

AFRPL Connector Elbow 347 SST
(MS27866-08)

Bobbin Seal 304-L
(Ni Plated - MS27855-08)

Plain Flange (MSZ7853-08) CRES AMS5646

0. 035 Plain Flange (MS27853-08) CRES AMS5646

Nut (MS27852-08) A-286

AFRPL Connector Tee AMS4127 Al
(MS27864-08)

0. 065 in. Plain Flange CRES AMS5646
(MS27853-08)

Plain Flange (MS27858-08) AMS4117 AI Alloy

Bobbin Seal (MSZ7860-08) AMS4127 Al Alloy

0. 035 in. AFRPL Connector Union
(MS27851 -08)

M C C M M CM

BURST DISK HAFRPL CONNECTOR UNION

M

AFRPL CONNECTOR TEE

TAN K

M HAND VALVE

AFRPL CONNZCTOR ELBOW C M M

M = MACHINE WELD
H = HAND WELD
C z MECHANICAL CONNECI ION

Figure 18. Separable Connector Stainless Steel System for
CIF5 Application
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13ART ,N:. 1'7-R IA L

"Tank ZZ, 1 9 A\ I

Hoke Hand Valve 3-17 SST

Burst Disk lb 0(1 1-'['6 Al

Transition Joint 347 SST/6061-T6 Ai

AFRPL Connector Elbow AMS4127 Al Alloy
(MS27862-08)

Bobbin Seal Flng7860-08) A(NMAS4'7 Al Alloy

Nut (MS27857-08) A.MS4117 Al Alloy
AFRPL Connector Tee AN,64127 At Alloy

(MS27863-08)

0. 065 in. Plain Flange (MS27858-08) ANIS4117 A I Alloy

0. 035 in. Plain Flange (M527858 -08) AMS4117 AI Alloy

0. 035 in. AFRPL Connector Union
(MS27856-08)

AFRPL CONNECTOR TEE AFRPL CONNECTOR UNION

C C M MI, , ' I ,-I -.

H C M
BURST DISK TRANSITION JOINT

M

TAN K

M HAND VALVE

C

AFRPL CONNECTOR ELBOW M - MACHINE WELD
H - HAND WELD

C = MECHANICAL CONNECTION

Figure 19. Separable COnnector Alumiwnm ,-,.stems for
CIF5 an,! N 2 04 Applicaliom
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INTM ODUCTION AND SUMMARY

The Test Program, described hcrein,. for the Model I242 and
1243 ExpLoslve Actuated, 1/2 inc'h Line Size, Normally Closed
Valves Lu the final series of tets which the valves were sub-

jaoted to, after an Edwards Air i',rce Base Test Programn to
tear the valves under long term storage conditions while the
units were preaas.rlzed with N 2 04 or C.7I.. 5,

The objective of the Test Prograrn was to determine if the
valves wure still operable aftor the lorg term atorage.
Although the Edwards Air Force Base Tout Program was
initially intended to last five (') yearq, the test pro, ranm was
cut short in late 1969 due to system failure. (Non-valvo
related. )

A total o0 fourteen (14) Model 12,12 Valves and itAtirtpcn (14)
Modql )?,43 Valves were urhinaiLly 4...tit t• EdwaldL I ,r the
teat prc-gram in November 1966. Of this quiultally a total of
ten (10) Model 1242 Valves am ldevon (1 1) Mt)d•ul ,,•3 Valves

u ale retu rned.

'rhe unltq were subjeoted to !tectrical teata awld simub•equent
actuati,.n testing. There werc no test (aih~ri.

Capability of the utilts to proporly function affr being suo-
jected to the test program has succesjfully l.oen dcnmvm strated.

59 PAGE j



OC R I 6-030

M A A k t
SANTAtC SOPRIN'G A CA_ T0 -

VALVE DESIGN PARAMN:[TEMJ

MODEL, 12.1Z

Primary Material 347 St.inles, Steel

Prassute
Opeoating 0-3000 PS[G
Poof r"4500 PSIG
Burst 6000 6.PSG

Estimated Weight 0.80 lbd.

Cartridge Data
,3rhidgwiro Resiatancv *. 1 0. oblls
No Fiire Current I aniup or I watt
All Firo Gutrent ,4. 0 amps
Mating COwinctor ndix TI PT 0611-12-OS
Firing Crbutta s Pin T3 C

IL' E. I%' "'. - '

Flow ilte • t i' l Nf ,'().I •it I. U PSll)

MODE.L 144

Pri:,na ty A•rl 1,06 -i .'\A Alll)y

C)IQurat n!; 0-3000 IPS[1

P'roof 4t500 PS[(I

Burst 6000 P'S[G

Estiwated W eilht 0.45 lbs.

C(art ridg, Data

, l ic es tance I. I - 0.?-- ohnuia
Nu F"ire C. Lirent I amp1 I or I watt
Ali Fii t.• iGirrunt -i. 0 aI.np:1
Mating Ccintvctor bL5ndix !" 1061 1 2-8S
Fir~ing Cir,-aits Vin B1 *A'.W* C

Flow R.ate 4 .PM of N"Z04 It 1.0 PSID
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1.0 PURPOSE OF TE•ST

The objective of the test program was to determine if the Moidcl 1242
and 1243 Valves would successfully function after being subjected to
long term storage testing while pressurized with either N 2 04 or CLFL 5 .

1. 1 Description of the Model 1 243 Valve

The Model 1243 Valve is a normally closed, cartridge actuated
valve of 1/2 inch line size. Upon actuation, the valve allows
the pressurization fluid to flow through the valve and perform
its function. Valve actuation is accompli'.ihed by explosive
energy generated when the cartridge is ignited by application
of electrical power. The valve body and nipples are made up
of 6061-T6 aluminum alloy of welded construction.

The Cartridge, Model 3545, is an electrically initiated pyro-
technic device. It is comprised of a cylindrical housing,. an
explosive main charge (lead azide), redundant initiating circuits
which ignite two (2) initiating charges (zirconium potassium
pnrrh-h rattr), an electrical connector ,%vhichl, ý, .... I , C
PT 06P-IZ-8S connector and a threaded fitting for mating with
the valve. The cartridge is herinetically sealed for long term
storageability. The Model 3545 Cartridge is the identical
cartridge which Pyrbnetics utilized on i mny successful space
programs, among which the most significant was the Gemini
proll ram.

The valve is mounted in a system by weldi.ng the nipple protru-
sions to mating lines. In the normally closed position, inte2rnal
leakage is prevented by integral nipples. The nipples are
sheared and retained within thevalve body by a ram propelled
by the actuation of the cart ridge. A flow passage is opened
through the valve by the shearing of Lhie iuples. Valve con-
figuration is presented in Figure 1.

I.2 Description of the Model 1242 Valve

The Model 1242 Valve is virtually identical to the Model. I 43
Valve, except that the valve body and nipple material is 347
stainless steel instead of 6061-T6 alurminum. 13o1h valves
employ the same cartridge (Model 3545).

1. 3 Disposition of rst SaMRples

'ile tes;t sam ples have been retainod ill l yronneli.s honded -itore.s.

I, l PAGE
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2.0 REFERENCE DOCUMENTS .

The following documents comprise the criteria for this test program

L *to the extant specified herein:

I•. _2 1 Military .

MIL-C-45662A Calibration System Requirements
09 February 1962

2.2 Pyrnnetics

Drawing I 242 Valve N.C. Explosive Actuated,

I/2" Openings i
Drawing 1243 Valve N.C. Explosive Actuated.

I/IV Openings

TS 1242 Acceptance Test Specification
TS 1243 Model IZ4Z and 1243

19 September 1966

3.0 TEST DESCRIIPTION AND RESULTS

Tcn (10) Model 1242 Valvc and ulevcn (11) Modc'. 1243 -,11 lvej ew' ec sub-
jected to testing as described herein. lBerausc of hardware danmage
(caused by hi.qt-iilation and removal fronm the Edwards test sy.t•'m)
proof pr.sum'e teiýting and huliom leakage trsting whic:h would have been
desirable for this test prograin, could not bo performned.

The following valve serial ntarnbe rs were returned frum E'dwards AIB
for the test program:

Model 1242

Valve Cartridge Valve -Cartridge

SIN 626-003 640 SIN 626-014 680
626-004 6Z3 (,26.015 653
626-003 625 ,• 626-UNK 636
626.010 631 626-UNI< 655
626-011 610 ; 626. UNK 687

Model 1243
Valve Cartridge Valve Cartridge

S/N 627-002 734 SIN 627-008 743

627-003 702 627-010 714
627-004 704 627-0l1 700
627-005 738 627-012 746
6Z7-006 684 627-014 709
627-007 703

' Serial numbers eradicateu by exposure to test fluid media at EdwardJ, AFB.
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3.0 TEST DIESCRIPTION AND[ RESULTS (CONTINUE!D)

The tests performed within this test program were (1) Visual Examina-

tion. (2) 3ricldgewirc Resistance Testing, (,3 insulation R,-sistance

Testing, (4) Actuation T['sting (with neasureini)t! of bridgewire hurn-

out tin-te), and (5) Visual determination of proper actuation.

Prior to the test units being returned to Pyronctics they were exposed

to either •0,> or CI1,FN, aq is described in paragraph 3. 1.

The test descriptions and results arc given in the following paragraphs.

3. 1 Long Term Storage -- Propellant Exposure

Data furnished by Edwards AFT' indicates that the valves which
Pyronetics supplied were welt , into a -4t. system and exposed

to pressurization with either NZ04 or t. , c,. The units
remained in the system for a maximum period of sixteen (16)
months prior to a system malfunction which cut the storage test

short of its anticipated five (5) year term. I'hc information,
further relates, that termination of the test was not caused by

CoZt U!IL6 5CV ll I LkI I It: 1ý t , IU[k:l I Itw~ I I! • [% )t I) .t"

nmrdia and start and stop time of the t'..•t4 aro given b,,tkw.

Model IZ43

(Alumninuri Valve)
S,..ial Number Test Fluid E.Do;u re Start -'Xposttc Sto

:/1, 626-003 CLF"L5 11/68 9/69
646-0-04 CLFL 5  11/68
6Z6-00; N? 0 4  6/68
620-6010 N204 6/68
626-.0)I CFL,5  11/68
; - 0 14 GC LI.,75 1t/68

,n15 C(,YL5 11/63
6(i16-[,N1 N2 0. 1  6/68
6)6- V-NK NZ O, 6/68
6,6- UN K N2004 6/68 9/6')
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3. 1 Long Term Storage -- Propellant Exposure (continued)

Model. 1242-
(Stainless Steel'V~alve)

Serial Numnber Test Fluid Exposure Sta rt FExposure Stop

'6271-`0021 N 4 6/68 9/69
'627-m003ý NZ 04 6/68 9/69
627-004, N 2 04 6/68 9/69

-,'627"'005 N ZO 4 '," 6/68 9/69

6 CLFL.5. 1 9/68 9/69
627- 007' N 2 0 4  7 6/68 9/69

62:08 CLFL5 . 11/68 8/69

627-..< GLFL5  11/68 9/69
6 - 7 01 LFL 5  1689/69

'62 '7-012 CLFL5  11/68 9/69

627-0114 C LFL,ý 11/68 9/69

'As was re ported,,above,'no test failures were experienced.

3.2 Visual Examination-

All Units we re subjected to a vi sudIl exain itiatiw,i upun roei pt at

PyIr6,nt'ics. Results are given in Table I for HieO M'odel 124Z

Valve~a'nd -Table 11' for the Modol, 1243 Valve. Al lhiogli most
*units hia-d, som corrosion,' discoloration, rust (sdainless steel
. valve "only), , and so~me white reuidue (unknown :iubsa±nce), all

valves -were klcnc bbe structu rally sound and capable of
rcent~mon of test flutid q. r,,nfortunatetly, thc rd ppl e %veldirrient

StUbs ;wereL inl OLICh a condition that leakage to-.,.s1Jg could not bo
performed without extensive valve'nmodification.

The heat discoloration found in the nippt-is viaL; attributed to
system welding ope rations. Likewi e the mm:: ;r ruist found was
diete rmined to have been causecd by welding and remnoval opera-

tions which were probably not passivaterl.

The white residueC is of an unknown substance. Thei etching
which was found onl the exterior su rfaces of the v;ýalvc bodies is

attribiifed to dircct exposure to atmosphere mnd p ropellants when
the sys tern malfunction occur red.

In s unimation, no vi-tial damiage could be d -tcrio in ed as having

been catused hy tlhe long term LMtoratge tests prior to the system
mralf(unction.
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SANtA FE SPRINGS ýA VQ470

3. 3 fridge-wL re Rmidstiý :eTe.a

* ~ lb Req auirement -.

-- The rosistancti of eact, bridg.'wirc circuit 'hali Jb measured at
-lburator, a.Mbient-conditlant-using iv.10 mnilliamspe re maximumn
tost cui rer.t. Thn ruaist rica of cach cli-cuit Thall ')e 1. 1 t0. 2
ohnm h 4fLcr the unit has been stahlijiwd- ýt Iaburatory atnhibit-i
tinnpiratare for one hiour rlitninurn,.

Test Vc~crspijjon

Tiho unitsl we re a~sLm'b. -d in the tcst tsetup shown in Figure 2
atid the ,jl~trkcal r,,ntlnuit.% of eac h LsrIteir i ýClit WAS
chuckedl ,t laboirato~ry arnhicrt eontfitionii, whhd an Alinco

Ohituuhavingi a test c.ur rent uI.J es to h~i 10 milliiamnperes.

'l'usti t eU

Each cart ridge chucked psodthe Ihridg.wti re,-iiuLaflce
-(U~riCIIýUnt Of 1. * 0.2 0111i14. T'he rssnit,.iin and r-aximniu
rv .;i qt 'inc o wet,!n 0. 98~ ul~i,, to 2.. ý n' ''Ict ''ut

confiirm that no eý idenr-'z of (lc.grad(ittjioin -~ -itistaimýd as a.
I' lt) 11,C Edlwadi'I Ics"ýh 1.ioI C .ic t:, asilit..'d rendere'd

~IuscflLV:. Reft-r!'1ce týJ' tizult•, in 1 ,ii . ..

i idat ')00 V UG son a mesguhi'.sisustcr.

lith- usois we ic asIitir the o: t L~Iis Iha wi-v~ in Pigiiro .1,
5-niii4ii~a j~i, stL.VJA'.n, - 1) i ;,l - ii 4 is h-; -Is-kodr and

th, r,:,I~isl ricinilcil . .\iL ii i;- c Ira--ti;,: thil
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3.5 kcutLon Tetinlg

E ach valvo shall be actuated by applying 4. 0 t 0. 1 amparms to
-no of the cartridge bridgelvires. No remponse time shall be
neaisurad since no valve pressurizing can bei effocted. The
i-dgtewirc burnout tirne shall not exceed 10 milliseconds.

I .2qt Descr.1ikjif

1he twenty-one (21) u.iitu were assembihred in the test 3etup as
ottlowt Lin F~igu re 4, Each Y,%tLv! w~is a~ctuaitedu by applying 4. 0 1 0. 1
amperes to one of the cartridge Idglrw.L'p..- iLuatiunl,
file normally closed nipples wore h,!;ir,Arr an tnc valve was
uipefied. B3ridguwi rv bur-nout timl; was record ed.

All twvnity- one 121 ) valvesr actuated tot the opon mode! with not
re.t rictiof in tho flow pilsaago ;Lni without any dotecta ile

'I w actuitlicn le~t was con zitlec'l uc.lin lv, v(the po rroriitic
ti rdntlwri3 ati Aubsueuioit viiual pr~iii iitivo'ld ,.LIL-t.Iictory.
ItIurr-nLC oitiiil t.'it teCult: ill *\ýrilj 1)I ~tr ~ptli .

3.6 ).-it A', Itllitio !.:,:i K .-J~ii ati~o

Lion in Ol.- Ilow' PaSsage jiid~iCating to r.cLuation,-

4.0 CONG 1 1:, i[CNS

Acconpli~lninrt of Owi Loqt ptojgt'o:i dpc~L h,-ruui, u'ij

acctvptaiuci r Ow \oltl 1.1-12 and X1'uit I t Il,. itUttits fulfilled
all hOil t~jvt 11oo tot-' .w i -l Ore j-lt Ici'. ',I Ihcin perl'ri-met.

E,ximttujttitt ... Lo t law . Inictated *,XrcVlleiit rupwttalilily ,ot '1ll tile
huinctv-tal t !h rac' i~l i . -i.. v. , iiulijozt tiniu avul 1.p(.-pr ac~ttitltill.

ThIurviuro Ia-i.d :tn tOw zixta obtained hit-inj4 thie tueJ prt'i'oan, it r-an

only 1w c inchI:uId it iz . "w va lY0 110ie ' tni ~ e ti u d tie to the

Zdwaruls I-IL lut of rwoti , ttbgIun ilrgun)ip mi expos.co-u.
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S. 0 TESLT~fq 11U1%4 EN r

Tno ta i equipment at apparatmii tewployed in the perforn'nicuofu the
varicouA troBth desc rieodl Ahurein kre tlitodr builuw., All equiptnent was
chocked for rsliable piurforrnanc.Q prior to 1nlLýiitioun uf specific Lusts.

*Accuracy anu capabffity i s 4* pueifled ardr.tt11citlihratto~iimmet the"
requircnmonta ol MIL1.(C-1I66ZA and aro IrAceabIll Lo the Nationa&l
Blureau of Str ,dards.

S. I Toot Equi m-e-,;t - 1rjdg'cwvirr Rol3mLancu Test

tIi4tr, rnent !j~nition ir cu int T,!tr
Mlanufacturer Alinoc
Mutiol No, 10-1AF', S/N 730
11ar0g 0 - 1', 0 - a0 'JIim1
Accuracy - 0. 04 ohmrII
Cialib, F'-'-quoncy 9)0 days
Call:). DUO 17 M.-ývtji 14 ,7I

5.2 T1s-cijrei ln~ulat, ie

fr,6trunmcInt I'iiiur

Nfudul , 41). 86 13( I

i\c- ilrncy i%-.

I :i L). 'rqINCn 191iiti

N'lawifatiutuer T'Iktacpz
Mo~del No, '504, SIN 0ooil 3
Rainge 100 v to 40 v/cII1i

Caltb, Frequency 9J4) dmiiy
Gadlib. D~ue (8 Marchm 1971

lIn-Il Li111nct Cin14timni Currunt I 'lCIi (;~cl! ratur

Ra [I g L) - 10 31pol 0 100 111t

Cibil. lrvquemc y 6i wowilis

c.alib. Due Jukly 197,1
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QC k R. 6-030

"SHEETJ.LOF.L_TEST DATA RECORD

TEST TITLE A,,t.. at ion T, t PART NAME :ý
1

2,,tod, I/ in. Opoenngs
TESTOMER P/N / PYRONETICS P/N 1z4tL ..... MER ""' TEST NAME-

TESTING PER(PARA) ,-A TEST BY F ,y.9k.
APPROVED BY. DATE .2- 2 1- 7•

I'lL .. -,-1.I'

S... . ;, ... .. '.. .. , "' .. • K

I. - . , -. ; r L' . . "r .

,'. ": .. " tT {

T -,, . - .. . .

NO pEROl•£F



C ,R~ 6-030

S/N
sSHFETL3_OFPJ.

TES TTLE Acuaton Tes t V~r Vah'u N.C., EXPLosive

TESTTITE Atuaton ~i'PART NAME ActuLtt- I/Z in. Openings

CUSTOMER PIfN r N/A jo- 
A;; ~ P N _ __ _ _ _ _

TEST SPEC WO......TS NAME, _F N I

TESTING PER (PARA) N/A TEST BY ir' Atn

APPROVED BY~L'ccitDATE 2 I



QC, & Rl 6-030

'~ ~~RdlO* 'S/N
-o°6" '....0', SHEET-LOFL

TEST DATA RECORD
Valyva N.C., Exptosive

IL~I 1!1 6L. r 'LSl rIM i NAMI. A (UI . tie Inl, ulOrp
CUSTOMER P/N N/A PYRONETICS P/N IZ4Z

TEST SP9C f A M F. A ctuation ,ol ,- h'•,TiN• P.R IA A) ::a -"' - TE ST W1• ,il A VSgi, - 2.

APPROVED BY . Lundquist DATE1 2 1-•-70

S... ..

TI , ./

N ..--.-..

N.J,';••L,: •• i ,, "'T "• / . '-,' N IIqE 
I

" "- • -. • .. . .. . . . "_.- . .- ' ".""oT. - _



QC & R 6-030

flo S/N
I ~SHEETw-OFi.

TEST DATA RCCf-0D

TEST TITLE Actgation Test PART NAME Actuaed lJZ 11 i.Drsi

- GvPOER P/N N/ YRONETiCS P/N_____44$___
TEST SPEC NO. N/A TEST NAME ArHl~,o-I'1.

TESTING PER (PARA) N/A TEST By- Avalai

APPROVED-B DAULUd~U~ ~.~0 .-

l-'y i o1

~4TREPRODUCLBLE



QG R 6-03o

S/N
"I I 'ot. 194"1SHE ET 2OF-

TEST DATA RECORDVavN.CExlse
F-0Valvm 4. C. &r - Z= , !?2 !n. v

C US`T OME R P /N N/'A PYRONETICS P/N 1243

TEST SPEC NO ý, TESTNAME Actuation Test __ _ _ _ _JAPPROVEL) BY- i-uricidst DATE 12-1.7,0

IL-. -.-r

NOT RE R D, - ___ L r



SINI
IAA' P1 PI'OI TT fl~TASHEET..LOF-x..

\'3tvc N. C., F~xplogive

LTEST TITLE -Actuation Test PART NAME Aett-iau n Ono jniua
CTOMER P/N N/A PR-IS / I

TEST SPEC NO. N A TES AM A~tua t j 11, s Tt
TESTING PER (PARA) TEST g

F ~APPROVED BY-.iz~~ __DATE

m~ 3,

NOT REýPRODUCI BLE
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Report Nr. !Date
LABORATORY TEST 4 Mar 197

Requesting Organinstion (Symbol and/or Name) Name of Phone Num~ber

L'. 1h. ite ~ 8
3ample, Test or Project

iO85~ ackage .yte .torcability
WaXi Zquir'ed

:>etermine :ause of Rupture of Regulator Cuaind

1. M'UAQ.!~ All exposed I.arts ewe of vituinlee5 steels, uxcý,pt the tag on the
L,...ing Air@ *ho'ch ie an alw~.inum 2.y

11. BACKROKJNDi T.he casing of the regulator (Ti;..a ',2,3) rultired duriag storage
testing of a NIO,4NdM& syrtern. '.he unvir.1nment ,ac, 35F ~ard 85% relative
hurridity. The exte±rior of the regulit~r kat oatL.. ...ith reddi!ýh-brv~n
corrosion products. The N2 C,/Nj Ik sy. I e,. had no t -e:,kc.

1.71. 22NCL'JIONSi Three ur.I~e-:irab~e f.,ctsrz contrllbutp., to rupture f' the thin
Mali -Portion of tý.G regul itor ca~r,- g 1) a corros-:un me~iunr. of chloride andi
fluoride ions in the Aarm, moist rrnvircnrrentl 2) u r.eic~l thread-like
groove (F'ig. 3) arnd 3) a zl~nc cca~irg ~n the thin -a.. portion. 7he
compresserd heavy _4ring -inside tze rL6.2ator (F4.,. .3) wic tne fi.nal factor

contr-ibuti.ng to r-,;ture.

IV. TESTS & RL_1ULT..,

I Extensive x-ray f..uorescence u<--cnuntior. iLv cC,:;_tc, -on exiýcZed and
-inuxposed aecticne f the regulator. Corruz-ion pr~ ~cureful ly cr'Aped
from trio thin %all section, were bia e~Arrmned by x-ru±y fl-.crescenc Tt.u
miet-Jz thus detectei z..re fo.lo. -, ..ite.4 by ur.hn leak irnten;ty:

Zasing 2u t -ide .nrride (uinex>*.Dc-.J

Fe 'C

Ni

It is certified that this is an accurate report of test or analysis performed by
the Chemical 4' Materials Branch.

rfPLm 1v Si3 fAyr 'aOfca



ý_ealing Aire t; orrosioa ;rouu~cts

Fe A
ýr Cr Cr

Ni Fe Zn
Cu Cu 09ýI-

Zn MO
Ni Ni

2. X-ray 'itffr-cticn of thte corroaioai jroducta indicated a predominance of

iranr oxýides,, cnrornium uxidi., zirnc ch, r;.de, und -zinc fluoride).

s- e ific ion d..4.;oio der..,,ibL the ,retjfnce if cnloride& una
fluorides in the corr.asto.n ;rnoct:.. The ze~ulta o~ergZ

4.2^3* F

V. .,I -'U 'SS'I ON ire thin wall port,_on .f the casinig (Fill. $`) riptured cue to
corrosio~n Cr-..o<& and fluesý (fi,; I:, ;long the tnrvad-like groove ý#chich
gre -tly reca-ced the trenith of Lr,-t region) ýn- the i2resoure of the
cOrc;re~tzuU heavy sPring.

-he utx.iLty or ;urpome A' the trra- ~ grc-ve (Fig. 3) ret-..ned above
is not jbvioa,ý. Hosuvvr, ..in a corr v'ý :di.. tý ýroýve would behave Aa

an unodu k.ha:, 4hich tozla corraa'e r. the ao uc n. :ctj_ LL!; a cathoje.I
... r, cos u--' jenetrote tnu 2.- it t ýe 0.- o~ve (F:g. ý&, AhiiQ only
-i;'itting cc: rosion JýCCurrcC eLe.hee (Fig. 9

fle .re.-.ece. of zinc a ý<fo n; ane _t e f tnc retgu1~tur is
;"IyO theL zino !.L, t.rort .K,-nfrec uently riated

fo !crrz- i,;. rg:;:. of t:-e ztinc o~n

ex-.tr7ie. Oetre _-y -,r zinc ont~nt. -c. :ro as:n ;co .;ncontent
was hetactcior.t~ e__ing ,ire t. zinc n the casing must nave
Ltefn:. ce - :0, r~tt*, S:, trs*-:,4 heoi rt: tr-t. area.

-ht oetra chloride_ .U z. no ;: the corios:ion
Frodu.ct penv mr -cectior.7 t: e:C ýno, az;rntyres-ent us a
cladding cateri:1 ±' zunrtdc e -euc~u to; -vtsis I:Ke zinc.

in addition, a n, chlor:a,.e :.r. t~o rvc e .f A ci. ture 25 .cio:*c and
eg;grez~oiveiy r"'r ie c, if Lhn_ reý6othr ýa: zinic uLjatuý, it is not

86
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Figure 1. Rupture of Regulator in Situ
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NOT REPPODUCIBLE

Fligure 2. Rupture of Regulator in Situ

88



NW11

Figure 3. Regulator as Ruptured (3/4 X)

I. Thin wall portion of casing
2. Thread-like ieroove
3. Sealingz wire
4. Sealing wire end tag
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APPE:NDTX III

PROJECT 305805PRJ

REPOR~T ON EXAM"INATION OF ;456

ALUM,:NILjM A>LO*Y 7-ANK WELDS



Flifl TRI at16 iJI
LA5~WAZ~1 29? fU 5 June.122

~aminatioI Lt.6 H.mu Whloe Ta228eld

I. HMATaIAL.8: 53456-F Aluminum a~lloy l-qt. Alcoa tink; 5556 Alum~inum alloy

lug-to-tank weld filler.

II. DACKGROUNDi Tank (61N 79) exhibited exctqrnal cracka Ln tbhe lUg-to-tan
weldinents during etordige testing in an environment of 83'F and 85% relative
humidity. The tank succesaively contained two flui.ds; Cl~j' for 479 days.,
followed by ClFj for 655 days. Thsee cracks were noted in tCie lug-to-tank
uveidzente after eacb test period,.although the tank did aot leak (as verified
with WM, at 40 psi).

111. CONCLUSIONM The acidic env 'ironment caused into-granular corrosion
cracking on the crown of the welds. Two microstructursa feacturea (heavy coring

and large dendrites in the cracked weld region) ind~ioated excessive beating of
tlweld fiiler during welding.

IV-OBSERVATIONS & DISCUSSION:

1. Observationz A vertical cr034-691:tion of the lug-to-tank region was
polished and examined metallographically up to 4O0X. 7ig. I &hove the
crown of the stop-pass veid and two cracks, above and below the crown.
The dendrite size in the crown ef thie stop-pasns region was very fine.
(Fig. 2) The region underneath the czown (which would be the first
well~ pass) had a dendritv size double tiiat of the stop-pasa. (Fig. 2)
Other weld region&, with cracks, had dendrite sizes three- to five-Col'd

S that of the atop-pass. (Fig. 3; note sa~me magnification)

Iti re~fI*e04 &hatis~ Ii aSZM Gaate Pot af test or "st~ymie perfemed by

tho. 'ChMI. I Aea WHI Haars Weah



I

Discusolon: The grose dendrite, in tho cruckod weld veru, the fine

information. The larger dendrites resulted from the weld filler :oolintg

over a longer time. On. me aesývi to aadet no devices were applied

locally earound the perimeter of the weld to provide a npn-u.:iform heat

sink. Therefore, the difference in dendrite sipis must ._ve resulted

from excessive heating ýn the weld son@ where the la.der dendrites are

seen. Overheating in welding is known to be deleterious, becuuae the

material cannot cool rapidly enough to prevent coring and grain growth.

(Coring is the rejection of impurity and alloying constituents to the

grain buundariee or interdendaritic spaces.) Longer cooling time permits

gredter ooring, which in turn creates purer aiuminum dandrite matrices

and purer non-aluminum interdendritic material, which in turn makea a

galvanic couple for corrosion. Thi type of galvmnio corromion, which

resembled intergranul&ar attack, was observed in the examined held&; the

larger dendrite material corroded, which on the surface looked like

cracks md beneath the surface looked like exfoI*'.)n.

2. A cross-section of the vertical strip on the girth weld wsa metallograpbically

mounted and examined. (Fig. 4) The dendrite size was approximately one

and one-half timem that of the stop-pass. The interdendritic material was

broken up or not am continucous aw in the lug-to-tank weld. A tiny

corrosion pit (Migea 4 & 5) wae observed on the crown of the weld. The

crown of the stop-pass on the lug-to-tank weld had the smallest dendrite

smie observed and exhibited no pits or cracks. However, no certain

limiting dendrite mize can be recomended by this lib below which

corrosion would not have omae.red in thian evironment. The pit was

examined at higher magnification (Fig. 6) to find that Interdendritic

material remained standing in the corroded area. This observation

indioted that the interdendritic material was cathodic to the dendrite

matrix (which was anodic and corroded). This corrosion relationship was

preferred for optlmum corromion resistance, mince thW dendrite matrix

had the larger surface area.
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Attachment 1

Kicroprobe Analysis Work

Raf AFMPL (RTCA) Lab Report No. 156, dtd 16 Dec 1970, pare V.5,
concerning the microprobe analysis work which was requested, the
following information is submitted.

Kagnaflux Corporation, Los Angelae& California, performed the work.
Their fi~ings shoved that that. was no abnormal amount of CuAl2 *precipitates at the grain boundaries as had been suspected. Microprobe
analysis did reveal, however, that there were grain bo,,ndary precipi-
tates rich in iraon, manandes, and aluminum. It could not be dater-
mined through the literature whether this iron-maganese-aluminum
precipitate was anodic or cathodic to the parent metal grains.
However, discussion with 'fr. Leonard W. Boyd, Jr., Supervisor MetaelurgLW
Laboratory, Magnsflua Corporation, indicated that either of the two
conditions mentioned are deleterious to tihe metal, i.e., would enhance
corrosion at the grain boundarier. If the precipitates were anodic to
the parent metal, they would preferentially corrode. If they were
athodic, then the parent metal ismdistely adjacent to the precipitatmas

would preferentially corrode. The latter statements would hold true
whom an appropriate electrolyte is present, in this case, chloride and
fluoride ions in the 852 relative humidity'.

Sumarizing, the cause of the cracks forming in the weld beads of the
2014-T6 aluminum alloy tanks with the 4043 altadin-m weld filler metal
was intergranular corrosion. (Ret Het Lab Report No. 156, dtd 16 Dec 70)
A probable secondary cause was the presence of iron-2=ganase-aluainum
precipitates which microprobe anAlysis xhowed to occur discontinuously
at the grain boundaries. This precipitate was found primarily at the
center of the weld bead, which was where the cracke were propogating,
rather than in the haut-effected sones (XAZ) of the weld.

95/P6
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~ ~EP~ODUCIBLE

Figure I r,2 tI- ½ wi(X
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FI errieSz )
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Figure 3. Acen(l ri'to Size Pelbw% Crown in
Crac:k Rccirn o-' Iioss %elil (425 X)
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II

Figure 5. Corrosion Pit Shown in Figure 4 Enlarged to 95X
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Figure b. r-cn~t2Vate,-a'ý SKIIl Stanciing
:n (z Qn9 '3 N.See Fig~urcs 4 and 5



Xa r ch . 19 7.

R.oc~et Propulsion~ la".rato:-v
-.'wa .zcia Air Force Base, Callibnia 93523
Attent-.ons Captain Hector Reo J21h~eistry Branch (RPTC.)

Deaar Captain Redo:

T'^is will,' ac.<ow.Qvr Your :ctta of oc,ýobcr 2L, 1970, ra-
.;czýtiný- our cor~its cO t-e l:.ri_` roc'et ~T
V--, .,' apigz for the of time .' has t&kern for
our jv!.'&z. -J

ý'ou w,:- fI-'n ctzzc'hod Aoo--a Rse.rch Laboratories' Roport

'o._3 _:"74ic sa st1- c*s Of. ¾-'-a '

Scorrc.;z`on affczz dlý oo ; oc'ssed
cý ou: C-omca-::ts2ug azs.nd i.nc n.terc-en-:;.tic

of t,;-.._ 0,4-- znor 1z. ~er to "Le

-- -,at were wiz-c4 tho 2314 ]cscs alloy

all:oyed Con-2ion aid, not exist in the s'leet to snhee: wel.ds in
_,all vesl so we could s&.~othat --. ma~kincý t:e forging-

to-Q*.'aue we~s a greater- az~ounz of :-,-, ry :.ive *.-.en 'p-t into
inozr:.e ~roner f-usion anc. _,'on0ZZEAton. All Of the

wale-wzr sund, : good Penetral.ion, an appeared to ba
c.~tfor axtensive alc'_yirng and coring in the cr.-.-:ed

foir-_nzoý-sh~ct we:.dr. The a:s.2rcen~vironm~ent _-'r wh-'ch the
OXL-71'or o~z v':mjcýs was exposed, apprently was not abnormall1y1. CorrO6.v.2 ý.Z the 22'14-TS sheet revealed general irntargzanular
z-zc _k on -_ight exnect in a szacoasr atmos-h.*._re.

:H..m S ais c- uncor-~od vassal . nsOne aa~a we wcul.;d

10 3



-. u~ton weo:.ng tc

- ~ ~ ~ ~ ~ h of. -o-*wwt>I; :stszca nd tif vo.u We\ any 4"

5...-to,-a

-. tr;c:Daveio-t.,or.:ý Divisior.

cc: *z.John Brannigar., (RPRPt)
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N LW K EN:c S o. PA

PHYS'CAt. YJT7ALLURGV, S220 N R EPORTP

Februavy 23, 1971

No. 13-53747

job cri'er from .A ~kzst rK - tvn
da.ted No-vember 31ý7

One :raterdvze A~%;::ceL noe ,eldmen'.3
whoch atýtaches the end -St:ictr.cosh..te for examine-a
t~o:n. 7ne circtmfez-n2 It. an-~ 0. FL id~s -'n the t arc b ody
d'd not reveal the mrsn c f crt~~ ctank arz lug materlah"
were 201"'-76 alloy and thc 2111r:atrw;a '3aoy

weld e samples we-re exm.-.dz ,eý,zr.7mne tecause of' the

Exar-natlcn :,f -' s -- - ~ditakh ein
revealid z at t'- .L cracs rt~fo o sv

-.tr...r~ y ;e ' a~ I . n st anrce InZQ3
from &n.e cro;.'n of e aouceus on,; exfocliated

cond~t~on as SI ''- 2. :h m-! srctr oI'

the weld ea 4 r: z; r.c reýývce ýa e ba ýrc L out o,

fil'er a-loy and -.-e cored stru,.c-:ý, c tn-e ;;elc 'eai -
ciparcoir Srn the 3i.stutt' A.Zcz
not reveal any evide~nce of srcu e t- o=,-



t also sc a fx -Tycr hay: og a typical i'4
F-.-. SL'Jtt2&by ?gCre :ha oroe

oE, 4 r a zt~a.'-ý,zzp rog~on atnoc one area LSWa.
'ocrczr. bst'ecr t-c bod y of e:;% tth c or nE.

aec e of crackcinz In. -'ns 2 d tne vesscc.
c av' v' :. r- t;n~ 0.. t.%o2ý

* mcr.tr 'oo"i~ cobserve- a_'rýoe the
o^d .not ..C e. drec t.II.cZ r ap.h.'ca y~

- : ys0. Ce 0 d S .:Q-aC r ~o S o'
at. 0' a, r .,a

."_ - bouit Tne iae n bo*, ,jelas, m..ch higher
2:a e ' -.* L-en - 1f-I

>:uaaasa-.:.e--s a'so :,.vealed the ;-esnonce of int~er-
a-.st.c.attac -In theo 231.4--6 all.oy tank body extending;

&:.s exati'natlr _-L -s cv`dent that tue we_,; fa.1ures
- O _rczve attack. LI; '-s be!lieved that In thne -ar~c

-s f c C y rh er t :C-o the- a- c, toad

/ ý b Cb of e -e½. ..o0 le! L Cs f
of th fill: aloy carnnot .e cretdb

'.. ~~,azay be, posslblo Incraeor-
i~~~ ̀ an , e d, lu t ed bte ad by placIng a cover pass uf

alloy over the crlg6hnal w,,eld bead.

Repor.;t by H.?. a.. Approved by R. H. Stevens

cc; a....usc~,A2
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WELDZLD2:?::c

Spec., ,:id :- C Cu e M n

2 43C2 Ci:cu,,f ere nt'a .30 1.88 .12 .34 .36

243052 Lug End .83 1.8? .10 .33 .21
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NOT REPRODUCIBLE

~///xi,

3 .4 
4.r,

Ne-

1i~ .Ipofo 243092 N03 181JZý6A &4. 2()X Stah jollerlS

'u~ o'r ond00 tiozn of one Of tho Caokal~c~ i.1odso

.. , -7,

dw

VL8- 2 SP*o.No. 243092 Neg. 181287A Us~. 100X robah Ule2.3ew'

extaJ.g a an th odn ritic uundarlea.
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