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preferably under uncontrolled environmental conditions. liquid propulsion

.system components must be capable of satisfactory operations after years of expo-

] sure to highly reactive propeliants while retaining the propellant without leakage
under severe ambicnt conditions of temperature and relative humidity. Oxidiger
leakage caused by improper component desiyn and severe ambhient storage conditions
has presented serious operational prohle:ns.

The Air Force Rocket Propulsion l.aboratory (AFRPL) is performing a
program to investigate the storability of lig:iid system components and tankage under
severe conditions of relative humidity and wemperature. A varicty of system com-
ponents and tankage materials is being evaluated for long-term storability with
liquid rocket fuels and oxidizers., Storape conditions are +85"”F temperature and
: 85 percent relacdve humidity for oxidizer systems, and +65"F to +165°F temperature
\ and uncontralled humidity for fuel systen's. “The propellants under test are N204.

ClF., N H and MHF-5. Tankage matcrials under test are various alloys of
alun'?inum, %teel and titanium. Tankage is joined by automatic and manual TIG, EB
and solid-state bonding techaiques,

The results of almost 4 years of testing on a representative number of
tankage matcrials have indicated that leakage of oxidizers can occur as a result of

d
g

: improper weld joint design, inadequate quality control in fabrication and acceptance

: leak testing. Factors which can contribute to the developnient of oxidizer leakage ar¢
) high ambient relative humldzty (>30 percent) and stress corrusion cracking suscepti-
; bility of tank material in combination with the pr opellant and trace quantities of
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,after years of exposure to highly reactive propellants while retaining

ABSTRACT

Air Force weapons systems require long-term, maintenance-firee
storage, preferably under uncontrolled environmentai conditions, Liquid
propulaion syetem componento tnust be capable of satisfactory operation

theprog llmt without loakage undef severe umbient cqnditiona of temper-

ature and relative humidity. Oxidizer leakage caused by improper’
component design and severe ambient storage conditions has presented
“serious operational probleml. o

The Alr 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 liguid 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
hgmidity for fuel systems, The propellants under test are ’\TZO4, CIF
N2H4 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
oi tankage materials have indicated that leakage of oxidizers can occur as
a result of improper weld joint design, inadequate quality control in fabe.
rication and acceptance leak testing., Factors which can contribute to the
development of oxidizer leakage are high ambient relative humidity
(>30 percent) and stress corrosion cracking susceptibility of tank
material in combination with the propellant and trace quantities of foreign
comy-. 1s/elements in the propellant. Testing of fuels has indicated
that precipitation.hardened steels can cause heterogeneous phase decom-

position of hydrazine,

iii/iv




FOREWORD

This report covers the testing of liquid rocket propellant tankage.
And propeliant subaystems to evaluate their long-term storage character-
istics, :The testing is being conducted by the Air Force Rocket. Propulsion

Laboratd;'y, Edwards, :California, under Project No,~ 305805FRJ, ~"Testing =~
—— s being donducted’in test areas 1-40 and 1-36, The project engineer is

I.t [Hfoward M. White; the test engineer is Mr, Clifford T, Hurd. This
report covers all work done under Project 305805FR.J through June 1971.
Previous reports written on this project are: AFRPL-TR-69-82, "Long
Ts»m Storability of Propellant Tankage and Components,'' AFRPL-TR-
70-43, ""long<lerm Slorability of Propellant 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 TANNAF

Combined Propulsion Meeting 1 November 1971 through 4 November 1971,
This technical report has been reviewed and is approved

JERRY N, MASON, Capt, USAYF
Chief, Subsystems Branch
Air Force Rocket Propulsion Laboratory
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SECTION I
INTRODUCTION

. coo e L . . . .
Daperience with llquid propeliant rocket leed systems has shown

that the leakage of oxidizers can occur and constitute a difficult problem
under certain environmental conditions. In proi:ellant tankage and certain
-typep oflfve:ed systems, leakage is most frequently observed at or near
we'l}ime;t}’.' It has been shown expéfirﬁentélly fer N204 that when a vapof
leak occurs (through a weldment microcrack 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 immediate

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 CIFS. 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,

|

L

Figures and tables are presented sequentially beginning on pages 26 and
47,respectively.
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In the past, rhe sclection of mmaterials for system applications has
been based upon conventional fluid/material compatibility testing to deter-
mine discoloration pitting, wecight gain or loss, notch scnsitivity, stress
corrosion cracking susceptibility, potential degrading effects on the propel-
lant, and to a certain extent, a:particular system contractor's expcerience
with the tabrication of various matcrials likely to be uscd 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 rcadily 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 seclection 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, undetccted
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 ork loss calculations. Furthermore, the pos-
sibility of such defects forming is greater in the high-strength, limited
weldakility materials frequently used in liquid rocket propellant tankage.
The size and methods of producing test specimens used in compatibility
work climinates many of the manufacturing and quality control procedures
tssociated with production systems. Smooth, polished sarples, welded or
unwelded, arce not compafablc to fabricated tankage material. The exper-
ience of the Titan II weapons system is an excelleat example of the inabili-
ty to translate basic fiuid/material compatibility data to fabricated tank-
age material,  In that casce, the :avnk. zc¢ material, 2014-T6 aluminum, is
compatible with the oxidizer, NZO4 MIL-P-265398; however, in the field,

th - wmissile was plagued by leakage, frequently occurring in the tankage

2
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weldments or heat-affcctedweld zone, ina hansid environnient (< 30 percent

relative huridity),

t 2 Long periods of storage miay allect the functionai performance and 1

§ . !

L 1 system reliability of prepackaged propulsion systems. Lo fac. r the i

x i

= k. stoarahility variahlea in an nr!nr}nno-n Mannar, many aroas com ;
: v variahle in an adenuate manna

sidered, Storage conditions must be selected that are representative
of operational system conditions, Such factors 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 clcanliness levels of the test articles must be known for

[T AR T ¢ - FU T 1Y PP e

reasons of safety, but cqually important, 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 same manner,

Anattbet e i b

manufacturing processcs and quality control standards may immpose many

el

unforeseen conditions which viry from one manufacturer to another.
throughout the fabrication of tankage (i, e., during forming, welding,
ingpection and testing). all data should be available for a meaningful
post-test failure analysis in the cvent of a test article failure. Metal
preparation prior to welding may make the differcnce between a satis- F
factory or unsatisfactory weld with regard to its ability to contain 1

propellant without leakage. Hclium leak testing of systems aned the tech-

nique of leak testing are very important since small leakage which cannot
be detected by X-ray or dye-penetrant inspection can lead to propellant
leakage under adverse e¢nvironmental conditions, These very small leaks ;

can be detected through helium leak testing. The above variables nust be

——" o gt

known and controlled in a meinn.ngful storability investigation.

Although there has not been a storability problem of the magnitude
. of the oxidizer storability probicm on the Titan II, present and future
monopropellant satellite systems require long-term storability data so

their systemi designers can desiun systems with confidence with 5- to 10-
y 8 4 Y

[

year mission lives,  In the long-term storability of hiydrazine, the failure
mode is one of propellant decomposition rather than leakage. This de-
composition is catalyzed by impurities in the materials in contact with the

propellant; therefore, the tanks must he prepassivated or, in the extreme,
3
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be allowed o self-passivate wien loaded with propellant., The use of

standard fluid/material compatibility tests will demonstrate basic
propellant/material compatibility, The premisc in this fuel storability
program is that complataly fabricated rankaga must ha loaded with
propellant and placed in extended storage to permit evaluation of fabri-
cation variables in determining those tankage materials that are suitable
for lory-term storage of hydrazine-type fuels with negligible pressure

rise.
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SECTION 11
PROCRAM STDUCTURD
To bLridge the gap between lahoratory compatibility samples and the
long storability required of operational liquid systems, the Air Force
Rocket Propulsion Lahboratory (AFRPL) has heen éonclucling, for the past
5 years, a program entitled ""Packaged Systems Storability, "' Tuis
program deals with the long-term (5 to 10 years) storage of tankage,
components and integrated propulsion feed systems with carth-storable
fuels and oxidizers. Tankage materials under investigatiun include
aluminum, steel and titanium alloys, Test systems include tankage;and
complete feed systems including tankage. components, expulsion devices
and gas pressurization systems., PFreviously tested undc¢r 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.

GROUPI: SMALL CONTAINERS

All tankage in this group is of approximately l-quart capacity
manufactured from aluminum and steel alloys., The purpose for using
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, DBecause of their small size, these
containers cannot dupiicate the manufacturing and quality control problems

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

7




L. 3- by 6-Incl Containers

There are 28 containers of this type in the program. All containers
are manufactured of 2014-T6 aluminum, Containers manufactured by
McDonnell Douglas, General Dynamics, Martin and North American
Rockwell (seven from each firm), were tastad, These werse a direct
offshoot of the leakage problem encountered with the Titan Il weapons
system, and were indicated to determine if NP, (Specification MIL-P-
26539) and 2014-T6 aluminum was an "unstorahle' propellant/material
combination, or it the 'itan [l leakage problem was solely a Martin

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

2, Alcoa 1-Quart Containers

These tanks are Alcoa standard containers for material compat-
ibility testing and are used to evaluate the storability of various
aluminum alloys with NZO4 and CIFB. The aluminum alloys are:
2014-T6, 2021-T6, 2219-T81, 3003, 5456 T-6 and 7007-T6. Tankage of

this type is shown in Figure 3,

3, Arde Cylinders

These are sinall containers developed by Arde, Inc., as high-
pressure COZ cylinders of AISI 301, cryogenically stretch formed
stainless steel, ‘They are used to evaluate the storability of this
material in both aged and unaged condition with NZO4' ClF5 and NZI‘I‘*.

They are illustrated in Figure 4,

GROUP II: REPRESENTATIVE TANKAGE

The tankage in this group varies in size from 10-gallon capacity
up through a full-scale Apgena tank, ard encompasses tankage fabricated
solely for use as test articles in this program as well as surplus tankage

from actual operational systems. The tankage in this group is fabricated

6
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through current or advanced state-ur-the-art methods, and the types of
fabrication and quality control problems ¢ncountered during the course
of manufacture of this tankage group would likely be encountered during
the manufacture of an operational liguid rocketl svstein. Thare ara threa

basic types of tanks in this tankayge group:

1, Storability Test Avticles

These are tanks of 10- to l5-gallon capacity procured ecspecially for
use in this program. 'Thesc are tanks which were evither manufactured by
Convair (Figure 3) or Martin (Figure () as a part of several procurements
over the course of several years., 'The tankage is manufactured from
several aluminum, stcel and titanium alloys. [t was manufactured using
large-scale production methuds, and includes dome, girth, cylindrical,
and longitudinal welds characteristic of large tankage design, Manufac-
turing proccss records, X-ray, photographs, inspection logs and
metallurgical samples of welded and unwelded matcerials were delivered
with the tanks to serve as documentation, The tanks are loaded with
N204 (Specification MSC-PPD-2A), CII-‘5 and NZH4.

2, Existing Tanks

These are tanks that were donated or were surplus to otlier AFRIPI.
programs, or tankage from ouperational liquid rocket systems, The tanks

are as follows:

a., Bullpup Tanks. 'These are three 2014-T76 aluminum tanks
(Figure 7) manufactured by the Reaction Motors Division of the Thiokol

Chemical Corp,, and are loaded wilh NZO4 (Specification MSC-PI'D-24A)

b. Minimum Coust Design a1 ks. These are four tanks of [1Y-140
steel and six tanks of Maraging-200 stecl ([I"igure 8). They were designed
to demonstrate 90-day storability of 1\’204 (Specification MI1.-12-26539)
and UDMH as part of the AFRPIL Minimum Cost Booster Program,

[T TP S CE V7 T PILY R SRR UM
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c¢. ULPR Tanks. These tanks were surplus from the AFRPL
Ultra l.ow Pressure Rocket (UILPR) Program (Figure 9), They are two
2219-T81 tanks and ore loaded with N204 (specification MSC-PPD-2A4A).

d. Agena Tank, Tihis was a tank utiiized to demonstrate YU-day
storability of N?_o4 (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 e<plosive bonding technique in the fabri-
cation of tankage. Two configurations (Figure 11) of tankage werec
fabricated from A2860 stainless steel and one configuration was fabricated
of 65A titanium, The AZ28¢ tunkage is loaded with 1\'204 (Specification
MSC-PPD-2A) and C1F,, while the Ti-65A tankage is loaded with N0
(Specification MSC-PPD-2A),

4

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 musti be
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 storahility of

cemponents 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

b

T
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third stage of Minuteman Ill. These test articles are loaded with N204
(Specification MSC-PPD-2A), CIF5 and N2H4. Two 28-inch-dianieter

conospheroid tanks are also being tested with N204 (Specification
MSC-PPD-2A). These tanks have an AIS] 321 stainless steel expulsion
diaphragra, ‘All of this tankage was manufactured by Arde, Inc.

2. Rolling Diaphragm

These are three tanks fabricat.d by the Re'aétioh Motors Division of
Thiokol Chemical Corp. (Figure 14), These tanks have an 1100-0
aluminum expulsioﬁ diaphragm bonded to a Maraging-200 steel shell and
are 30 inches in diameter, Test article- are loaded with NZO4 (Specifi-
cation MSC-PPD-2A}.

3., AFRPL Integrated Systems

The tanks here are similar to those described under Group II
Storability Test Articles, but, associatéd with the tank on tubing located
on the top and bottorm, 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 (MIL.-F-27417)
and TIG welded joints. Since tankage material and component materiais
are of both aluminum 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 g;'as device (GD) pressurization systems, Systems are
loaded with NZO4 (both MIL and MSC specifications), CZIF5 and MHF‘B.

They are shown in Figure 20,

9/10




SECTION III

TEST FACILITIES

Storage testing of tankage loaded with oxidizer is conducted in a
metal Quonset Liul slorage lest buiiding equipped to provide a constant
controlled environment of 85 + 5°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‘wate'r 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 uncontrelled relative humidity, The
temperature inside the fuel facility can be controlled at any temperature
between +65°and +165°F, Temperature conditioning is maintained by a
heating and refrigeration system, The fuel storage building was originally
insulated with a spray-in-place polyurethane 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,
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SECTION 1V

PROCEDURES

The test articles utilized in this program are procured from aero-
space contractors and are fahricated with tanling and fahrication methods
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-qualiiy 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 articles with the exception of the integrated pressurization/
tankage/ expulsion systems procured fron: General Dynamics, are leak
checked by helium mass spectromete. 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 articies are loaded with propellant and
placed in the appropriate storage facility for storability testing. The
oxidizer tankage is montored for ieakage. 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 inetrument can also be configured as a
"'sniffer' to pinpoint leakage,

In the event of excessive pressure rise in 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 pressurc was due to an isolated instance or is

indicative of a lack of storability of the material.

13/14
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SECTION V

DISCUSSION O RESULTS

A summary of all tuut articles and the results to date are presented
in Tables I through IIIA, Detailed analysis of all test article failures in
this program are nresented 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 té.nkage 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 wher 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 atlack on the exterior
surface which led to eventual development of stress corrosion cracking
and vessel failure. The failure analysis performed on this vessel does not
indicate wvhether the initial nitric acid attack resulted from NZO4 vapor
leak in this vessel or from 1\«'204 leaking from some other vessel in the
storage facility and then condensing on the vessel in question,

The 3- by 6-inch container testing was teriminated for three reasons.
First, at the time of testing at which these containers were terminated
(5 March 1971), a total of 1522 days of testing was accumulated on the 23
containers under test, It was fclt that thie was enough storage time to
demonstrate the storability of the NZO4,’2014-'Y() alwminum 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
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testing of the 3- by 6-inch containers wasterminated 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

Testing of containers ioaded with N was suspended 5 March 1971,

(&
274
As of that date, no leaks had been detected in any of the 16 containers
being tested with N

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

20, The principal reascn for withdrawing these

up by these containers for more advanced test articles, A secondary -
consideration was that all but two of the aluminum alloys, 5456 and 7007,
were represented in other test articles in this program.

Testing of Alcoa containersloaded with CIF_continues; of the 37 test

articles originally put in storage, 25 are still bein: 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 articie. As with the above 2014-T6
aluminum 3- by b-inch container, the failure analysis cannot indicate
whether the HF resulted from a ClF5 vapor leak in scme nearby tank/
container with the HF condensing on the container which leaked or from
the leaking container itself, In 1970, focur 20! 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 leakage. The analysis of the
cracking (Reference 4) in these tanks would secra to lend credence to the

argument that the cause of cracking (determinec to be stress currosion

cracking) may have been due to the HF condense<d on the surf: 'ée.d’i- that
the HF was from some tank other than the one in which \ « :*i2ss
corrosion cracking developed. The foregoing argument is Ji: “ved

further in the failure analysis report of a Group II tank.
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5, Arde Cylinders

Of the 59 test articles placed in‘o storage, NZO4 (5 aged, 5 unaged),
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aged vessel load with ClF5 has been removed froni testing. This

failure was the result o1 an environmentatly induced siress corrosion
crack, and occurred over a 2-day period when approximately 7.5 gallons
of ClF5 were released into the oxidizer test facility, This large release
of CIFS resulted in a high concen ration of HF buildup in the facility and
was at least partially responsible for the leakage of thig test article,

The reason for this large release of Cll-"_3 will be discussed later under
Group III tankage, ARRPL Integrated Systems., Discounting this one
leak, it would appear that the 301 cryo-stretéhed material is an excellent

material for use in liquid rocket tankage,
GROUPII: REPRESENTATIVE TANKAGE

1. Storability Test Articles

The tankage failures encountered during testing cf this group of
test articles are probably the mosl 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 6Al-4V titanium
and two of 5A1-2.58n titanium) [ailed as a result of loading with "brown"
N204 (MIL-P-26539B). All of the titanium tanks leaked within 35 days
after loading with N204. Both the 6A1-4V and the 5A1-2.5S8n titanium
alloys were in the annealed condition when tested. The use of '""green"
NZO4 (Specification MSC-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 nominal stess versus 40 ksi

reported threshold), Also, the test temperature was significantly below
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the teniperature: at which problems were encountered (85 versus 110 F,)
On the basis of the above considerations, stress corrosion cracking was

not thougnt to be significant. Iailure analysis of the five tanks (Refer-

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

heut-affected zone was responsible for the failure of these tanks.
Currently, there are three 6A1-4V tanks, similar in design to the
5A1-2, 58n tanks described above, in the program that are loaded with
""green' N204 (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" N204 is encouraged for all systems
utilizing titanium.,

A second type of failure encountercd 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 comipound 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 ol the test article manufacturer, This is documented in
Reference 3, In this case, 7039-T6 aluminum vessel with N204(MIL-P-
26539 specification) failed because of stress corrosion cracking along the
short transverse grain direction. After failure, a stress analysis was
performed, and excessive stress was found to exist along that grain
vrientation, thereby allowing a predication of the vessel failure mode
prior to loading of the tank with propellant, A careful review of this

design would have prevented this vessel failure,

18
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The final and most common type of failure encountered in this program

and also with a group of test articles is failure due to environmentally induced

o

-
Qe

42 wurrusion cracklig., ‘1ms failure mode 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 l-quart Alcoa containers
loaded with ClF5. 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 Il leakage problem would indicate
that vapor leakage in a vessei would in time lead Lo a liquid leakage in that
vesgel, Failure analysis done by Martin-Marietta on two vessels containing
NZO4 revealed the presence of fluorides on the exterior surface (Reference
2), The only source of fluorides in the storage facility was the C lF5 slored
in the building, This would in turn indicate that ClF5 vapor, whose source
was a C1F5 vapor leak in another test article, hydrolized in the humid
environment of the test facility to form HF, which in turn condensed on the

N204 vessels and initiated sitress corrosion cracking which led to test
article failure,

Of the failures classed as due to environmentally induced stress
corrosion cracking, a majority occurred in lankage fabricated from either
17-7PH or AM350 steel and loaded with CIFS. In no case, were nitrates,
indicating nitric acid/NZO4 attack, found. This would indicate that the use
of either 17-7PH or AM350 steels with CIF5 would be unwise,

The only way to eliminate this lype of failure would be to isolate each

tank from every other tank. In view of the extensive facilily modification




requive:d to do s, this al-ernative is not being considered at this time.
It is heped that insteal, the installation of toxic vapor detectors (as dis-
cussed in Section i) will substantially reduce the incidence of this lype of
failure hy clearing the facility whenever a cancenrration of avidiser vanoy

is detected,

Although hydrazine testing is currently suspended pending a facility
meodification, almost a year of testing was completed prior tc the termina-
tion of testing. While firm conclusions cannot be drawn on the basis of
pressure rise data collected to date, it appears that 17-7FPH and AM350

are unsuitable for high-temperature (»100°%) storage.

2. Exigting Tanks

a. Bullpup Tanks. 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 Y- 1140 tanks were loaded with N204 and two with UDMH, Three
of the Maraging-200 tanks were loaded with NZO4 and three with UDMH,
The storage testing was to demonstlrate a 90-day loaded padlife without
leakage or excessive pressure rise. This 90-day padlife was demonstrated
and the lankage removed from testing with the exception of two maraging
steel tanks which were retained for continued evaluation of the storabilicy
of ‘his material wilth 1\'&04.
been accumulated on the two tanks still being tested,

Approximately 2 years of storage time have

¢. ULIPPR Tanks. Testing of these tanks was terminated after
appreximaicly 3 years in storage. At the time Lhe tanks were removed from
testing, ro leaks had developed, These tanks were removed to provide

floor space for miore advanced test articles,

ds  Agena Tank, This tank was tested to demonstrate a 90-day

storability with NZO ,» in support of the Agena E (Advanced Agena) Program
-t
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which contemplated a change {rom IRFNA to NZO4' The requirement was

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

GROUP liI: EXPULSION SYSTEMS AND COMPONENTS

1. Metallic Reversing Diaphragms

All test articles of this type loaded with oxidizers are still being
tegted with no leakage observed, Those test articles loaded with hydrazine
have been withdrawn from testing and will be returned to testing when the
modificatione 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 afler 3 months of storage testing.
The leak was due to failure of a hub-to-diaphragm weld, Thic failure
points to an area where increased quality control inspecticn 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 ccmponents when 7, 5 gallons of ClF5 were rcleased into the
facility. The Cl}:"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 Cll‘s"5 caused leaks in the abuve AM350 tank and an

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

5
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 tanks alone. The fluid

-




componecrnts were retained for analysis. Appendix | presents the
results of post-storage tests of aquib valves associated with the test
articles. The tanks associated with these test articles are now
reported in Group [I-Storability Test Articles., 7Testing of these tanks

will resume in Septembor of 17271,

4, Prepackaged Feed Systems

To date, there have been no failures in those systems loaded
with MHF .5, TIailures that have occurred in systems loaded with Cl]?5
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), There are no

more systems loaded with CIF5 under test,

There has been one leak in an N204 system due to a fill tube leak.
Also, seven sys*ems have been withdrawn from tea’;-y because of a
failure in a regulator, The failure was due to environmentally induced
stress corrosion cracking. Both N204 and (;IF‘5 hydrolysis products

were found on the surface of the regulator.
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SECTION VI

CONCILUSIONS

The Package S ystems Storahility Program has accumrlated a
significant amount of storage time, and sufficient data have been
collected so that tentative conclusions and recommendations can be
made. The conclusions and recorﬁmendatinns are based on failure

analysis reported in earlier progress reports and gencral observations
made during the program.

1t has been observed that duuble 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 ¢specially 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 {rom 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" N204 (MIL-1°-26539 Specification
Grade). At the present time, there are three titanium test articles with

more than 2 years of successful storage time, lecaded with "grceen” NZO4'

In one instance, il was noticed that becausce of poor tank design,
excess stress levels existed in the short transverse direction of the
material. This led to tank failure due o stress corrosion cracking,
indicating that tank design must be carcitlly scrutinized to preclude
significant stress levels along stress corrosion sensitive grain

orientations.

23
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The presence of trace amounts of tungsten resulted from
inclusions produced by the tungsten inert pas (TIG) or heliarc welding
process, This in turn resulted in the rapid development of weld leakage

in welded tube joints used with C1F¥_. This is because the (ungsten was
renioved int

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

he forin of gascous tungsten fluoride, and {n turn resultod
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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SECTION VII

RECOMMENDATIONS

In line with the conclusions presented in the preceding section of
this report, tentative recommendations can be made with regard to

improving the storability charactcristics in liguid rocket propellants,

It is recommended that quality control systems be reviewed to
preclude the possibility of the acceptance of tankage with poor design
characterigstica (i.»e. , excessive stress along sensitive grain orientations)
or questionable welds (i, e., hot short cracks in double-pass regi'ons,

or trace inclusion),

It is also recommended that in the case of titanium tankage loaded
with N204, the propellant have sufficient NO content to prevent initiation

of stress corrosion cracking.
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Figure 10,

Acena Tank
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PART

Tank

Transition Joint
Pressure Switch
Explosive Valve
Burst Disk (100 psig)
Burst Disk (120 psig)

MATERIAL
ANI350
3478ST/6G061-T6 Al
347 SST

347 SST

6061-T651 Al

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 -
) L . EXPLOSIVE
' LT RS VALVE
H H | H
H
BURST D|§‘K H 1 H HAND VALVE
= T K
TRANSITION JOINT H H LROSS
- M v: BY 0.035 IN. GRADUATED DIAMETER TUBING
TANK M = MACHINE WELD JOINT
H = HAND WELD JOINT
-+ M
¥, IN BY 0.035 IN. TUBING
H
==l o~ - — K
3] H e M

Figure 15. All-Welded Stainless Steel Systems for
ClF_3 and N,0, Application
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PART
Tank

Transition Joint

Pressure Switch

Explosive Valye

Burst Disk (100 psig)
Burst Disk (120 psig)

Hoke Hand Valve

1/2 in. by 0,035 in, Tubhing
1/2 in. by 0,035 in, Cross
1/2 in. by 0.035 in. Teec
1/2 in. by 0.065 in, Tubing

MATERIAL
6061 -T6H A
347 SST/6061-T6H Al

347 SST

GCLT-TG Al
G061-T6 AL
6061-T6 Al
347 SST

6061-T6 Al
6061-T6H Al
60G1-T6 Al
6061-TO Al

PRESSURE SWITCHES TEE
; M
D ——t :J%
RTH
BURST DISK H{H  CROSS
(=1 Tt = ﬁ% MAND VALVE
H HT H
H TRANSITION JOINT
TANK
" BY 0.065/0.035 IN GRADUATED
DIAMETER TUBING
H
) .
= — S S USEEPA N
M WM M

M= MACHINE WELD

H= HAND WELD

Figure 16, All-Welded Aluminum Systems for
(IIFS and N ,04 Application
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PART
Tank

[Toke Hand Valve
Burst Disk
Transition Joint

AFRPL (Connector Elbow
(MS827866-4-8)

Bohbbin Seal (Unplated)

Plain Flange (MS27853..08)

0.035 Plain I'lange (MS27853-08)
Nut (MS27852-08)

AI'RPL Connector Tee (MS27863-08)
0. 065 in. Plain Flange (MS27853-08)
Plain Flange (MS27858-08)

Bobbin Seal (MS278(.0-08)

0.035 in. AFRPL Connector Union
(MS27851-08)

* AFRPL CONNECTOR TEES

MATERIAL

347 SST

347 SST

LO6L-TO Al

347 SST/6061-T( Al
347 SST

304-1. SST

GCRES AMS5646
CRES AMS5646
A-286

AMS4127 Al Alloy
CRES AMS50646
AMS4127 Al Alloy
AMS4127 Al Alloy

* AFRPL CONNECTOR UNION

el

HAND VALVE

TRANSITION
JOINTS c c M
=t F%J. +—t
H 1 ¢ MC M
M
BURST DISK
M
c

r._

T T
*AFRPL comnscmnswow—/ t M

M= MACHINE WELD
H= HAND WELD

K

C=MECHANICAL CONNECTION

° USED UNPLATED BOBBIN SEAL IN CONNFRTNRS

Figure 17, Separable Connector Stainless Steel System for

:\7"'()4 :\I)])Ii;'il' ion
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PART

Tanlk

Hoke Hand Valve
Burst Disk
Transition Joint

AFRPL Connector Elbow
{MS27866-08)

Bobbin Seal
(Ni Plated - MS27855-08)

Plain Flange (MS27853-08)
0. 035 Plain Flange (MS27853-08)
Nut (MS27852-08)

AFRPL Connector Tee
(MS27864-08)

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

Plain Flange (MS27858-08)
Bobbin Seal (M327860-08)

0.035 in., AFRPL Connector Union
(MS27851-08)

MATERIAL

347 SST

347 SST

6061-T6 Al

347 SST/6061-T6 Al
347 SST

304-L

CRES AMS5646
CRES AMS5646
A-280
AMS4127 Al

CRES AMS5646

AMS4117 Al Alloy
AMS4127 Al Alloy

M C
4
L]

4 o
T =

=

BURST DISK

13

cCM™mM
g
L

AFRPL CONNECTOR UNION

AFRPL CONNECTOR TEE

HAND VALVE

AFRPL CONMZCTOR ELBOW

M= MACHINE WELD
H = HAND WELD

DX
L

M

<

-

C = MECHANICAL CONNECTION

Figure 18. Separable Connector Stainless Steel System for
CIFS Application
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PART MATERIAL
Tank el Al
Hoke Hand Valve 347 88T
Burst Disk booul="I'o Al
Transition Joint 347 SST/6061-T6 A
AFRPL Connector Elbow AMS4127 Al Alloy
(MS27862-0K)
Bobbin Seal (MS27860-08) AMSE127 Al Alloy
Nut (MS27857-08) ANiIS4117 Al Alloy
AFRPL Connector Tece AMs+4127 Al Alloy
{MS27863-08)
0. 065 in, Plain Flange (MS27858-08) AMS4117 Al Alloy
0,035 in, Plain Flange (MS27858-08) . AMS4117 Al Alloy
0. 035 in, AFRPL Connector Union
(MS2785¢-08)
AFRPL CONNECTOR TEE AFRPL CONNECTOR LI'NION
[ c M M
= A’ b :%
H cC ™M
BURST DISK

TRANSITION JOINT
M

TANK

™M HAND VALVE

c
—+ ~+—
cC ™M
AFRPL CONNECTOR ELBOW M = MACHINE WELD

H = HAND WELD
C = MECHANICAL CONNECTION

Figure 19. Separable Connector Aluminum Systems for
CIFS anel NZO' Application
-t
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INTRODUCTION AND SUMMARY

The Test Program, describrd herein, tfor the Maodel 1242 and
1243 Explosive Actuated, 1/2 inch Line Size, Normally Closed
Valves s the final series of teuts which the valves were sub-
jocted to, aftor an Edwards Alr Force Bave Test PDrogram to
test the valves under long term storage conditions while the
unlts were prossurized with N3 O4 or CLIPL 5,

The objective of the Teat Program was to determine {(( the
valves wure still opurablo after the long term storage,
Although the Edwards Alr Force Base Toust Program was
Initlally Intendcd to last flve (3) years, thoe test program was
cut short in late 1969 due to system f[allure. (Non-valve
related. )

A total of fourtcon (14) Model 1242 Valves and {uurtecen (14)
Model 1243 Valves were orlvinaily soent to Kdwairda for the
tegt pregram {n November 1966, Of this guantity a total of
ten (10) Model 1242 Valves and cleven {(11) Model 1243 Valves
wele returned,

The unltes were subjected to ciectrical tusts and subsaquent
actuaticn testlng, There werce no test failures,

Capabillty of the units to properly function after being sub-
jected to the test program has successfully been demonstrated,
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VALVE DESIGN PARAMETERS

MODEL

1242

Primary Mafer&al-

Pressure -
Operating
Proof
Burst

Estimated Weight

Cartridge Data
Briduewire Regiatance
No Fire Current
All Fire Current
Mating Connector
Firlng Clreults

Plow late

MODFL 12

Primary Malerial

Pressure
Operating
I’roof
Burst

Enthated Weight

CGartridge Data
Bridsewive Resistance
No tire Current
ALl Fire Carrent
Mating Connector
Firing Circuails

Flow Rate

347VStatnlou Steel

0-3000 PSIG
4500 PSIG
6000 PSLG

0. 80 1ba,

1.1 10,2 ohims

1 amp or | watt

4.0 ainpa

Dendix DT 061°-12-8S
Fin D sarnanve C
Pin £ eaaaay

duEM oof N),-U.‘ al 1.0 PSID

1243

6061 -TG Al Alloy

0-3000 SIG
4500 DPSIG
6000 PSLG

0. 4% lhs,

1.1 50,2 ohimg

L amp or 1 watt

0 amps

bendix YT 06P-12.8S
Pin B ¢annrnne C
Pin I osaavwee [

4 GPM of N, Oy ut 1.0 PSID

60
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:SANTA FB. SPRINQS, CA 90870

l'o

PURPOSE OF TEST

The objective of the test program was to determine if the Model 1242
and 1243 Valves would successfully function after being subjected to
long term storage testing while pressurized with either N3 Oy or CLT Lig.

The Model 1243 Valve is a normally closed, cartridge actuated
valve of 1/2 inch line size. Upon actuation, tha valve allows
the pressurization fluid to flow through the valve and perform

energy generated when the cartridge is ignited by applization
of clectrical'power. The valve body and nipples are made up

The Cartridge, Model 3545, is an clectrically initiated pyro-
technic device., It is comprised nf a cylindrical housing,.an
explosive main charge (lead azide), redundant initiating circuits
which ignite two (2) initiating charges (zirconium potassium
perchinvate), an electrical connector which miates with 2 Pondis
PLU6P-12-8S connector and a threaded fitting for mating with
the valve, The cartridge is hermetically scaled for long term

cartridge which Pyronetics utilized on 1iiany successful space
programs, among which the most significant was the Gemini
The valve is mounted in a system by welding the nipple protru-
sions to mating lines. [n the normally closcd position, intarnal

sheared and retained within the valve body by a ram propelled

through the valve by the shearing of the nivples, Valve con-

The Model 1242 Valve is virtually identical to the Model 1243

1.1 Description of the Model 1243 Valve
its function.  Valve actuation is accomplished by explosive
of 6061-T6 aluminum alloy of welded construction,
storageability. " The Model 3545 Cartridge is the identical
program,
leakage is prevented by integral nipples, The nipples are
by the actuation of the cartridge, A flow passage is opencd
figuration is presented in Figure 1,

1,2 Description of the Model 1242 Valve
Valve, except that the valve body and nipple material is 347
stainless steel instead of 6061 -T6 aluminum. Both valves
ciploy the same cartridge (Model 3545),

1.3 Disposition of Test Samples

Fhe test sarnples have been retained in Pyronetics bonder stares;

o PAGE |
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FIGURLE 1 - MOREL 1242 and MODF, 1243 VALVE CONFIGURATION
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k 10025 BHOEMAKER AV

BANTA FE SPRINGS. CA 90670

2.0 REFERENCE DOCUMENTS

|l
NS F R

to tha cxtcnt specified herein:

ooy

,{‘” S _ 2,1 _ Military - A

» 09 February 1962
2,2 Pyronetics

Drawling 1242 Valve N.C, Explos
1/2" Openings

. 3.0 TEST DESCRIPTION AND RESULTS

Ten (10) Model 1242 Valves and cleven {11) Model 1242

roof pressure testing and heliwm leakage testing which
P P b |3 4

H The followiny valve scrial numbers were returned from
for the test program:

Model 1242

The following docurncnn comprise the critoria for thu test program

4
] MIL-C-45662A Calibration System Requirements

ive Actuated,

Drawing 1243 Valve N,C. Explosive Actuated,
1/2" Openinga

TS 1242 Acceptance Test Specification

TS 1243 ) Model 1242 and 1243

19 Scptember 1966

Valves woire sub-
jected to testing as described hercvin, Ilecausc of hardware damage
(caused by instullation and removal from the Edwards test system)

wuould have beun

desirable for this test program, could not Le performed,

Edwards AFDB

NModel 1243

Valve Cartridge Valve Cartridge
S/N 626-0G3 640 S/N 626-014 680
626-00+4 623 626.015 653
626-C05 625 * 626-UNK 636
626.010 631 B 626-UNK 655
626-011 610 ks 626 UNK 687

Valve _Cartridge Valve Cartridge
S/N 627-002 734 S/N 627-008 743
$27-003 702 627-010 714
! 627-004 704 627-011 700
: 627-005 718 627-012 746
! 627-0006 684 627-014 709
. 627-007 703

% Scrial numbers cradicated by exposure lo test fluid media at Edwards AFB,

'mm:; ._LJ.mM]Ln.._..

63
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10025 SHOEMAKER AVE',

SANTA FE SPRINGS, CA 80670

3.0 TEST DESCRIPTION AND RESULTS (CONTINUED)

The tests performed within this test program were (1) Visual Examina-
tion, {2) Bridgewire Resistance Testing, (3) Insulation Resistance
Testing, (4) Actuation Testing (with measurement of bridgewire burn-
out timu), and (5) Visual determination of proper actuation,

Prior to the test units being returned to Pyronetics they were exposed
to either 11304 or CLFI, g an 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 weld 1 into a "ot system and exposed
to pressurization with cither N3 Q4 or ¢ ‘I, g.- 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. The information,
further relates, that'termination of the test was not causaed by
A valve fatlure, Test unit scelal wumbars, .n'upu“uui Capousare

meadia and start and stop time of the tests are given belaw,

Model 1243

(Aluminum Valve)

Serial NMumber Test Fluid  Exposure Start  Exposure Stop

3/N 626-003 CLI'Lg 11/68 9/69
626-004 CLFLg 11/68 -
626-005 Nz O4 6/68
626. 010 N,y Oq 6/68
626-011  CLFLg 11/68
626.014 CLFLg 11/68
626 015 C'.FLg 11768
626 . UNK N2Oy 65/68
£26-TTNK N2 Oy4 6/¢8
626-UNK N2 04 6/68 9/69
64 PAGE 6
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Long Term Storagc -- Prgpﬂlant Exposurc ({continued)

Modc] l242
(Stainless Steel Valve)

St.nal Number . Test Fluid Exposurc Start Exposure Stop

6275002 N2O4 . . .- 6/68 9/69
627-003 Nzo4 . . ~6/68 9/69
i627-004 »N’z‘o;;‘ . 6/068 9/69
6275005 . NpOg4u .- 6/68 9/69
627006 ' CLFLs3 ; S 9/68 9/69

6272007 NyO4 0 7. 6/68 9/69
008 - CLFLs =~ '11/68 8/69
CLFLg - . "11/68 9/69

627: CLELs o 11/68 9/69
627-012 CLFLs 11/68 9/69
;6272014 ) CLFLb o ll'/68 9/69

:

-f‘Aq was rcported above, no tc:.t f‘\lll.ll‘(.s were experienced,

'Visual'-Exnmmatmn“

'All umts were auhy--.ted to a vnu“l “)\dlnllmhu!l upoinn reeeipt at
Pyzonetlcs. Rcsultb arc given in Table I for the Model 1242
Valve:and Tahl.c I[ for l.he Model 1243 Valve, Although most

L units I1ad some <.m I’OblO'\, dlscolorz\tum, rust (stainless steel
alve only), and- somc.. white residue (unknown substance), all
valves:were ¢ deemed to be structurally sound and capable of
rctention of test ﬂ\uds. UnfozLunatLly,,tho mpplo weldment
stubs were in such a condntmn,thnl J.Lilk:l‘_’L testing could not be
performed without extensive valve modification,

The heat discoloration found in the nipplas was attributed to
system welding opt.r.ttloxm. Likewise the minor rust found was
determined to have been caused by welding antd removal opera-
tions whicl were probably not passivated,

The white residuc is of an unknown substance, The etehing
which was found on the exterior surfaces of the valve bodies is
attributed to direct exposure to atmosphere and propellants when
the system mallunction ocecurred,

[n summation, no visual damage could be determined as having
heen caused hy the long term storage tests prior to the system
malfunction,
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QC & R 6-030

ine®
G ettt # (OB Img
10025 BHOEMAKER AVE .
SANTA FE SPHINGS. CA 9087C

3,3 Bridgewire Registe ce Testing .

: G est Reguirement:: B ’

, The- ruélgtancé of each bridgrwire c’lrcéli . hall be mnasﬁréd at ,_

__ ... .l . laboratory smbient_conditions using 3 10 milllampero maximum i

tcut‘_currcr.t.' The resisthee of cach clecuit ahall e 1, 1%0.2
ohms after the unit has been stabilized: of laburatory ambie-it
temperatare for one hour nilnimum, o

st Denaription: .
The unity were assemblad in the test setup shown in Figure 2 ) ) h
and the electrical enntlnuity of each bridgewire ci‘cuit wag = ” E
checked at laboratory ambient conditions wich an Alinco F
Obmnater, having a test current of Jess than 10 milllatnperes, F
Toest Resu'ts 1

Each cartridge checked passed the bridgowire resigtance
requireinent of 1., & 0.2 oluns,  The mininn and f.aximum
resiasinge recordad were 0,98 olum to 1, 22 o

vg, These results:
4 : conlirim that no evidence of deyradation wex ustained as a-

result of the Bdwareds test and none ol the anils was rendered
vipperative,  Reforence tes! results in Apondis 1,

U PRI W

i.d Inzulation Resigtance Tostleog
e nnlalvan eestaianee L sitle

onanpn

Al cuhh no insulation resistan ¢ ties
pusaed by Fdwards A, the Model 35005

PCariridee i designed i

e nts weere iny-

Lo have aomdniowam insualation resistaner ol 5010 megobmsy witen
tested at 900 VDO on a megokrmmeler.,
The unils were assemibled in the teat selup showa in Figaree 3,
For bnitorsation, all twanty -one £21) units were cheeked and
the reststance reenrded.s AL cartridpe s elieclod] passed the

; ! )

S0 b requiretinent,  Lhe mininsan el masimum resles- i
H
1
H
i

tanve s recordoed were B0 acevohimes and 1 100 meyohims,
Reference test results in Appendix L,
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ow i1ne®
DSBS 80 {oemmying

10025 BHOEMAKER AVE .

SANTA +E GPHINGS. CA 20670

Digital
Dials .

Butlon

T :,_IIL_,::.:

-Z.cro Adjust

- Screw
€
]
s Digital
Knoh

Alinco Ohmeter

FIGURE 2 -- BRIDGEWIRE RESISTANCE TEST SETUP
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FIGURIE 5 -« INSULATION RESISTANCE TEST SHTUP
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QC & R 6-030

e *
- ' WOBRASy 8 L ]
. . 10029 SHOEMAKER AVE
SANTA FE SPRINGS. Ca 90870
' )
b
vy
. 3,5 Actuation Testing
Tezt Rogulramient
i ) Each valvo shall be actuated by epplying 4.0 £ 0, 1 amperey to L
[ ne of the cartridge bridgewires, No responsc time shall be - i
E E - i ~easured since no valve pressurizing can be cifocted, The
: L idgewirc burnout tirne shall not exceed 10 milliscconds.
, - . JXest Description
The twenty-one (21) uaity were assembled in the test asctup as
shown in Figure 4, ach valve was actuated by applying 4.01 0,1
amperes to one of the cartridge bridgewires,  Upon aciuation,
the normally clused nipples were sheared and the valve waag
opened., BDridgewire burnout time was recorded,
b Test Results
All twenty-ene 121) valves actuated to the open mode with no
restriction in the flow passage and without any detectable
vvidonee of damage tu e Srdctuial pnicaoily o0 fhe valvea,
Nridaewire buenout pecurred between 2,40 and 4, 49 miiliseconds,
i The actuation test was conzidered successful since the performancs
* parametlers and subscouent visual examination proved satisfactory,
Riference actual test results in Appendix 1 oand Appendix 2,
3.6 PPost A tuation Visual Myamination
Al tweeaty-one L21) anits were vigua)ly exounined after actuation
teating Ior proper actuation, Al the units cxhibited no restrica
tion in the Mow passage indicating proper acluation, -
I
40 CONCI USIONS
Accomp'ishmuent of the test pragram specitied heecin, significed
acceptavcr of the Model 1242 and Maodel Tabd Vilves,  Fhe units fulfllled
all the test requiraments which were capable of beiag perfiormed,
Fxamination ot the dataindicated excellent repeatability of all the
functicnal chracteriatios, i, e, ignition tme and proper actuation,
Therviore hascd an the data oblained during the tesl program, it can
only be conctuded that 'he valves suifered no degradation due to the
' wdwards AL test program of tone term starage/propeilant exposure,

- PAGE |:
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Constant Current

Pulse Gene r"‘mr/_‘
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|
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]
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L
10028 GHOEMAKER AVE
SANTA FE 8PRINGS. LA 90670

TEST EQUIPMENT

“The et equipmont and apparatus cimployed in the performance of tha
various tosts described hoerein, are lgtad bulew, All equipment was

" checked for reliable purfurmangs prior to Inilintion of specific towta,
Accuracy ana capability is as specified:ard nll'calibrations meat the ™
requiremonts of MIL-C-45662A . and arv traceable Lo the Nallonal
Burcau of St; .dards,

8,1 - Tost Egu;l-pmc;,;'l’ - Brldg'crwrl e Reslstance Test

[natr.ment "erftion Clrcuit I'eater
Manufacturer Allnco o
Madal No, C10VE.AY, §/8-501
Ranga . ) - 0-1C, 0-200hims
Accuracy + 0,02 ohms
Callb, {*requency 20 days
Callb, Duo 17 Margh 1971

5,2 Tosl Equipment - Inwulation Reslstance Test
[rstrtument . Megohmieter
Manufaciayeor ool Radin 00y,
Muodel No, 1gn2 1
Ranye 0.5 -2x100 megohis
Accuracy P -
Callb, Frequuency Annual
Calib, Dug 2Y Devcomier 17971

.3 Teeb Eguipmont - Actuation Tost

[natrwmuent Oscilloseope
Manatacturer Tektreniy
NModel No, 502, $/N 0095173
Range 190 v la 20 v/em
Accuragy T
Callb, l'requency 90 days
Calib, Due 18 March 1971
[t rument Constant Current 'ulse Generator
Manulacturor 1ok R Develupiaent Co,
Range 0- 10 ampa, 9-100 ms
Avcuracy ~to.s54
Calib, regqueney 6 onths
Calib, ue July 1971
73 PAGE s
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TEST NAME

PYRONETICS P/N__lai2

Srtratian T

mat

TEST BY L Avalas
iat DATE

12.21-70

PROVED BY

| C
li ESTING PER (PARA)
l

!
|
|
{
|
'

.S
4

i
! LS
I
! ',
1
| \
)

':

TN . 1 » TN
1
4
.
.
i
! W
LRIV
)
\
- N
vl .'\v
. Fo
PO e c——
&

NOT

P recai '?T-:-“-:,_.;p‘.‘-‘-q‘_,'_p.“ywr‘

{
!
;

CTOUETER

LR
TR
T TeoaTR
oo . N~




3
QC & R 6-030 :
§-".'.‘:'-:..-:: S/N
\/ i et SHFET 2 OF 3. )
5 TEST DATA RECORD ‘ :
d T Valye N.C., Explosive
TEST TITLE Aceumon Test _PART NAME Actuated 1/2 in, Openings -
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TEST DATA RECORD
Valve N, C,, Explosivse
TEST T:TLE Acrusiion Tuai FART NAME _Actuated, 1/ ein, Upenings |
CUSTOMER P/N “‘:r’* PYRONETICS P/N__l2i2
TEST SPEC NO___~Z2 __ ___TEST NAME,, Actustion Top "~
TESTING PER (PARA ) cmelis — S TEST BY _zi_aAvaios
APPROVED BY. _.L: Lundguist - DATE._ _l2-21-170
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Work Taquited -
Jetermine Tause of Rupturo of Regulator Cusing

1. MAZEATALY ALl expeaed ports ape of stulalass steeis, sxcopt the tug on the
ceuling wire which i& an alusinum allcy.

teating of a N, 0, /N, K ayetems The environment .ac 35°F und 85% relative
hurmidity. The exterior of the regulutar was coute. with redd{shebrown
corrosion products. The N;C, /A, N ey tem had not leuke.,

I1I, UNCLUCIONS: Three unde-irable fucters ccntributei to rupture of the thin

fiuoride ions in the warm, moist cnvircnmenty 2) u neiical, thread-like
grcove (Fig. 3) und 3) & tine ecating .n the thin 'mll pertion. The
comprespced henvp cpring inside tie regulater (Fig. 3) wac the final factor
coméridbuting to rujture,

IV, TE3TS § RESULT.:

5

i, Extenalvs x-ray f.uorescence e¢curinution vuy coiplcteu on ex;..ced and
unexposad gecticne . [ the regulator. Corrosion prouusts, curefully -craped

frem the thin wall sectiocn, were uloo exumined by xeruy flucrescenc The
netuls thus detectes wre s folle.:, .iites by uirinlching ;esk intencity:
Casing gutside inride (unexjosed)

Fe N

or or

i bo

_~ note e Loan

Cu, o oy { absence .{ .n)

Nl Ni

II. DBACKGROUND: Tha casing of the regulater (Pig.s 1,2,3) rujtured duriag stora

wall portion of the regul.tor cacing: 1) a corrosion medium of chloride und |

&Y.

It is cartified that this ia an accurate report of test ot analyais parformed by
the Chemical § Materials Branch.

P ed By S [+] ial
ane L,V Name Naz <
X p " < Rede Rha
Name Name Title
chief Matallyroy Section
Cheriical & Materials Branch
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veaiing wire tug Corrosica praducts

‘e Al 2
or Cr Cr
Ni Fe Zn
Cu Cu Cu
Zn Mo
Ni Ni

2. Xeray aiffr.ction of the corrosiova products indicated a predominance of
amorprous naterial vwith amall smounts ‘f sore cryutulline cempounds (namely,
iron oxides, chromiuc cxide, zinc <h. -ride, und zine flucride).

2. «~ specific ion unulysis deteruined the ,resence of chlorides und
fluorides in the corrosion prouuct:.  The tesults weret

4,038 F

558 o1

SISCUSSION:  ire thin wall portion I the casing (Fig. 2) ruptured aue to
corrosion ¢r.cke und fluee (Fig. )} ilong the threud-like grocve {which
gre.tly reauced :the .trength of th.t region) u.ni the prescgure of the
compressed heavy spring.

The uti.ity cr purpcce .o the tnreud-...c grc.ve (Fig., 5) ment:oned above
is not obviou.s, However, in a corr...ve nedium tie _rouve wou.d behave as
an anode (that which would cvorrode) ..nd the sdjucent vet.l an a cathode,
Thus, Crucks uid penetrite the wall ot tie groove (Fig. =+, »hile only
light j.tting corrosion cegurrey e.senhere (Fig.e 5.,

The .re:zence cof zinc as founu on the o.t.ide wull .f thne regulator is

CUNIOUS. the zIins 1s there Lo WhKhuwDo inc .o fre .uently piated

on nL.one=stu ; ;rode cteeluy aaiere 1t intonticnilly  erveos ot oa

sacrificio. 3 < icn Ltecticn. lux ci the zinc on

LhE LUSing s iony o0 Le Lveiin, wire g en. t.g (Fig. 3) vere
e CAFre.uly Uor ozing content. . nce nc derpisat.e uinc centent

was “Jetzcted on tue (ew.ing wire or L.z, tne zinC sn the Casing must nave

teen de.ib.rate.y jisted, ingtold L0 ZaeMmaciely auched ntd trut area.

“he zetermin.iic: of chioride.:, [.unsrldes, ang z.nc in the corrosion
Freduct  cofens mere - goecticrns to tae inc, ap;arently irecent us a
ciadding waterinl. Luoride ions ore Jeletuerious te Letals like zine,

In usddition, z.nc chlorice in tne ;re.ence .f .ol:ture is uciuic and
uggrescively corrosives S0, if this regulutor vas zinc platew, it is not
app-rcent te this cetullurgy -nt .ny tL . nhould rave Soen useu in this

Pur'liCulAr env.rcnzcnt.
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Figure 1,

Rupture of Regulator in Situ
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F'igure 2, Rupture of Regulator in Situ
88
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Figure 3,
L,

2.
3.
4

Regulator as Ruptured (3/4 X)
Thin wall portion of casing
Thread-like groove
Sealing wire
Sealinyg wire end tag

RGO

P e T P e e e e e




Rl 2

NO

1 REP ROOY

c\8LE

GO 37T WO N L

il s s Sm
- e,

e e




ak eoandal

I |I " !l !,l! «
. - .

EXTERNAL WALL

INTERNAL WALL

. .
Py tee 2 (Uroa Sl ) hg VLl oor
AT Lol o Shoaninge e U
RV SRR oo Wit
2N




LRI TR DAt |

TR T R

APPENDIX 1I]

PROJECT 3058035FRJ

REPORT ON EXAMINATION OF 3434

ALUMINUM ALLLOY TANK WELDS
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LABGRATORY TEST . . 156 29 June 1971
Rsquasting stion or )] Kema of Phone Numbert
Raquestar
LKFC Lt. H. white 32282
305805y

Vork Requlred ' -

Exaoination 5456 Alumipum Alloy Tank Welds

I

1. MATZRIALS: 5456=F Aluminua alloy l1-qt. Alcoa tunk; 5536 Aluminua alloy
lug-to-tunk weld filler.

II. BACKGROUND: Tank (8/N 79) exhibited external cracks in the lug~to=-tanx
weldments during storuge testing in an environment of 89 F and 85% relative
humidity. The tank successively contained two fluids: ClFy for 479 days,
tollowed by ClFy for 655 days. These cracks were noted in tiw lug-to=-tank
weldments after euch test poridd.inltpougb the tank dad aot leak (as verified
with GN, at 4O psi). ‘

II1, CONCLUSIONS: The acidic environment caused inte~graaular corrosion

cracking on the crown of the welds. 'Twvo microstructursl fesctures (heavy coring
and large dendrites in the cracked weld region) indicated excessive heating of
tht veld fiiler during welding. '
IVt . CBSERVATIONS & DISCUSSION:
l, Observation: A vertical cross-se:tion of the lug-to«tank region was
podished and examined metullographically up to 400X. Tig. 1 shows the
crown of the atop-pass weld and two cracks, above and balow the crown.

The dendrite size in the crown cf the stop-puss region was very fine.
(Fig. 2} The region underneath the crown (which would be the first
weld pass) had a dendrite size double tiat of the stop-pass. (Fig. 2)
Other weld regiona, with cracks, had dendrite mizes three- to five-fold
thet of the stop-pass. (Fig. 3; note same magnification)

1n gn sartified that thie 15 m deeurate report of test or amalysis performed by
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2.

Discusoion: The gross dendrites in tho cruckod weld veragua the Iine
Cendillea in ih: sroim of tha stapemane wald yislda annaidarublie
information. The larger dendrites reaulted froam the weld filler sooling
sver a longer tise, One assumption is aade: no devices were appiied
lccally around the perimeter of the weld to provide a non=usifors heat
sink. Therefore, the difference in dendrite sizes must .ave resulted
frou exceusive heating ‘n the weld aone where the lif}er dendrites ure
sven, Overheating in welding is known to be deleteriocus, becuuse the
material cannct cool rapidly enough to pravent coring and grainm grovth.
(Coring ia the rejection of impurity and alloying constituents to the
grain bounduries or interdendritic spaces.) longer cocling time permits
greater coring, which in turn creates purer alusinua dandrite matrices
and purer non-aluminus interdendritic material, which in tura sakes a
galvanic couple for corrosion. This type of galvunic corrosion, which
resembled intergranular attack, was observed in the examined welds; the
larger dendrite saterial corroded, which on the surface looked 1iks
cracks and beneath the surface locked like exfolx*1sn.

A cross-section of the vertical atrip on the girth weld was metallographically

mounted and exsmined. (Fig. 4) The dendrite size vas approximatsly ons
and one-half times that of the stop-pass. The interdendritic material vas
broken up or not as comtinucus as in the lug-to-tank weld. A tiny
corrosion pit (Fig.s & & 5) waa observed on the crown of the weld. Tae
orown of the stop-pass on the lug-to-tank weld had the amallest dendrite
sise observed and exhibited no pits or ¢racks. However, Do certain
liniting dendrite aize can be recomzended by thie 1ab below which
corrosion would not have occu.red in this snvironment. The pit was
exazined at higher magnification (Fig. 6) to find cthat interdendritic
paterial remained standing in the gorroded area. This observaticn
indicuted that the interdendritic material was cathodic to the dendrite
patrix (which was anodic and corroded). This corrosion relationship was
preferred for optimum corrcsion resistance, since the dendrits matrix
bad the larger surface area.
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Attachment 1
Microprobe Analysis Work

Raf AFRPL (RTCA) Lab Report No, 156, dtd 16 Dac 1970, para V.5,
concerning the microprobe analysis work which was requested, ths
following information is submittad,

Magnaflux Corporation, Los Angelss, California, performed the work,.
Their findings showed tlat thete was no abnormal amount of CuAl
precipitates at the grain boundaries as had been suspected. Mifroprobe
analysis did reveal, hovevar, that there vare grain boundary precipi~
tates rich in tron, manganese, and aluminum, It could not be dater-
mined through the ]iteraturs whether this {ron-maganese=-aluminum
precipitate was anodic or cathodic to the parent metal grains.
llowevar, discussion with Mr, Leonard W. Boyd, Jr., Supsrvisor Metallurgical
Laboratory, Magnafiux Corporation, indicated that either of the two
conditions mentioned are deleterious to thc metal, i,e., would enhance
corrosion st the grain boundaries., If the precipitates wvere anodic to
the parsnt metal, thay would preferentially corrode. If chay vera
cathodie, then the parant matal immedistely adjacent to the precipitatss
vould praferentially corrods. The latter statemants would hold true
vhen an appropriate alectrolyte is present, in this case, chloride and
fluorids fons in the 85% relative humidity,

Summarizing, the cause of the cracks foming in the weld beads of tha
2014-T6 aluminum slloy tanks with the 4043 aluminum weld filler metal
wvas intergranular corrosion, (Ref Mat Lab Repert No, 156, dtd 16 Dec 70)
A probable secondary cause was tha pressnce of {ron-mangansse-aluminum
precipitates which microprobe analys{s showed to occur discontinuously
at the grain boundsries. Thia precipitate was found primarily &t the
center of the wveld bead, which was whers tha cracks vere propogating,
rather than in the haat-affected zones (HAZ) of the weld.
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igure 2. Derndrite Size of
Ston-Pass (Lower) and First-Pass
(Upper) Welds Below Crown on Boss Weld (425 X)
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Figure 5,

Corrosion Pit Shown in Figure 4 Enlarged to 95X
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Yareh o, 1972 T

RoCKet Propulsien Laberatory

zdwards Alr Force basa, Caliifrnia 93523
Attentlon: Captain Hector Rece, Chemistry Branch (RPIC)

Dear Captain Reca:

Tals will acknowlelce your letitaer of Oceober 28, 1870, ro-
Juesting our cormments ¢ the wolded liguil rocket zrcrelliant
viszel, Wa apeinglizce for the ieniin cf time It has taken for
our avaluascion.

& Alcca R.osearch Laboratorizs' Report
&

cusszs tTo2 ¢causa of the cracking.

.

Q unu.ual corresisn effects Lave Zecen discussed furiihir
with cur Chemical Metallurgy Sivision ané thie intercenc.oitle
corrcuizn and ‘ng that sgmocles exfolil.zticn cf curtain
of tuhu in cur expericence. It azpears o be
roausel cved with che 2014 base alloy
to an unuacual 0T Wiow the cause. The highly
alloyed cendl © in the siheet to shae: welds in
tne wal vsmise that in making the forging-~
to~ilicer weids, int of rAYy aave ogen put inte
trhe wald oo insa sion an gwration., All of the
wald. wore sound, enectrat and appeared to e
nornal ciizest for tho axtensive all and coring in the cracked
forcong-zo~shiet welds, The a:inos: ervironment in which the
@XiosiCr 0X Tho vassceis was exposed, arently was not abnormally
COrrCsiva LE tTLio 2C14-T3 sheet o general intzrgranular
Lttack like onae might expect in st atmosghucre,
ps nls ornc availeble we would
- Lv Zorm of attuea in sone




b4 e for Lf vou have any Jures
IE LT Lae
S e aty
;
JTomi. R, Brudrick

Lo o, Marikae Daevelcorment Division

ALuach.

cc: .r, Jehn Brannigan, (RPRPT)
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WELD LihAs SCHPISITICON

vield S Cu g Te

243562

Mn

Ciscumferential 2.30 1.63 A2 .34

Lug End 83 1.87 .10 .33
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7ig. 1 8poea.No. 203092 Neg, 1812C6A Muge. 20X Etoh: Keller's

dhews (he gorrwind ¢onditlon of ono of the cracked 1'0lds,.
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Pig. 3 8peo.nd, 243092 Neg. 18120684 Mag. 500X Etoh: Keller's

Abows the coring prescid Lin Slo corroded
reglon of thie lug end vold,

' i

Saows & weld strugtire repreacniative
of a typzoasu ofﬁ lilgj bead.
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PLg. 5 Spea.to, 283092 Nag., 131290A Hag. 500L Etoh: Xeller's

Shovr aluminunm-3ildcon alloy structury
eovering a portion of the dilute 4343 weld metal,




