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NOTICE: Waen government or other dravings, speci-
fications ox other data are used for any purpose
other than in connection with a definitely related
government procurement opemtion, ths U. 8.
Govermment thereby incurs no respousibility, nor any
obligation whatsosver; and the fact that the Govem-
ment may have formulated, furnished, or in any wvay
supplied the said drawings, specifications, or other
data is not to bde regarded by implication or othexr-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



@)
) () RID-TDR-63-1027
-
@p)
H APPLIED RESEARCH AND DEVELOPMENT WORK ON
¢ FAMILIES OF BRAZED AND WELDED FITTINGS
FOR ROCKET PROPULSION FLUID SYSTEMS
D
(o
Q PHASE I. MATERIAL SELECTION, PROCESS DEVELOPMENT,
AND PRELIMINARY DESIGN
>.-
:\ -
=)
o TECHNICAL DOJUMENTARY REPORT NO, RTD-TDR-63-1027
L(Jl,i November 1962
ZE D
S =T

Rocket Propulsion Laboratory
Research and Technology Division
Alr Force Systems Command
Edwards Air Force Base, California

Project No. 6753, Task No. 675304

(Prepared under Contract No., AF OL(611)-8177 by the
Los Angeles Division, North American Aviation, Ine.,
Los Angeles 9, California
M., H., Weisman, G. Martin, W. D. Padian,

S. Salmassy, T. Fan, G. Sine and J. West, authors.)

r R
i 1]
r\' oeT B 1963 i\

. N
‘ ., .. y ‘I—‘LJ

S
"




RTD-TDR-63~1027

APPLIED RESEARCH -AND DEVELOPMENT WORK ON
FAMILIES OF BRAZED AND WELDED FITTINGS
FOR ROCKET PROPULSION FLUID SYSTEMS

PHASE I. MATERIAL SELECTION, PROCESS DEVELOPMENT,
AND PRELININARY DESIGN

TECHNICAL DOCUMENTARY REPORT NO, RID~TDR=63-1027
November 1562

Roaket Propulsion Laboratory
Research and Technolcogy Division
Alr Force Systems Coumand
Edwards Alr Yorce Base, Califorais

Project No. 6753, Task No. 675304

(Prepared under Contract No., AF OL(611)-8177 by the
Los Angeles Divizion, North Amsrican Aviation, Ins.,
Loe Angeles 9, California
M, H. Weisman, (. Martin, W. D, Padian,
8. Saloassy, T, Fan, G. Sine and J, W"t, ‘uthoﬂ.)



vhen US Goverrment drawings, specifiocations, or ether data are used for ay
purpose other than a defiritely related covernment procuremet operetion,

the govermmont thoreby incurs no responsibility nor any obligation whatsoewer;
and the fast that the government moy have formulated, furnished, or in ay
way supplied the said drewings, specifications, or other data is net to be
regarded by implication or cthervise, as in any mamer lioensing the holder
or any other person or uzuﬁm, or conveying any rights or permission

to manufacturs, use, or sell axy patented invention that may in ary way be
related thereto.

B b b b Bl A ARSLI bl

A ke il



This Technical Documentary Report covers the work performed during
Phase I of U,S. Air Force Contract No. AF O%(£11)-B177. This Fhase ine
cluded the selection of materials for tubing and tube fittings for use
in rucket propulsion fluid systems, the development of brase and weld
parameters for joiningthese materials, the preliminary design of lighte
veight brazed and welded fitiings, and the design and installation of
facilities for qualification testing of brazed and welded fittings
during the Fhase II part of this progrea.

This contract is sponsored by the Research and Technology Divisiom,
Air Force Systems Command, U.S. Alr Foree, Edwards Alr Force Base,Calif-
ornia. It is estallisiied under Air Force Program Structure No. 750G,
AFSC Project No. 6753, AFEC Task No. 67530k, with 1/1t Phildp Olekssyk
of the Rocket Fropulsion latoratory, lLiquid Systems Divisiom, Propulsion
Sub-systems Eranch, as the USAF Froject Engineer.

This program is being conducted in the Regearsh laboratory of the
los Angeles Division, North Americem Aviation, Ing,, International Alrs
port, los Angeles 9, California. Mr. G. A, Fairtaira, Oroup leader of
the Metallic Materials Laloratory, is the Program Manager, and Mr. M. H.
Weisman, Metallic Materials laboratory, is the Project Engineer for the
Gontractor. Farticipating in the program work and in the preparation of
this report, in the areas noted, vere the following persoms: Messrs. Dr.
Ceorge Martin (Materials), W. D. Fadian (Welding), 8. Salmssy (Bresing),
T, Fan (Btructural Analysis), 0. Sine and J. West (Qualification Test
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Recommendations ave presented for lightweight brazed and welded
fittings for use with rocket propulsiom fluid systems. These
recomrendations are based on & literature survey on the compatidility of
candidate materials with rocket propellants, and on the consideration of
the effects of the fitting joining processes on the materials. Other
parsmetars that could significantly affect the fitting classification and
subsequent design, such as material cost and availability, and btrase alloy
shear strength, have been investigated, Joining procedures and
preliminary designs have been dave for industicn brazed and TI0
welded fittings for tubing of AISI 34T stalaless steel, AM 330
precipitation hardening stainlass steel, acd Rene' Ml alloy., Studies have
also been sonduated on the feasivility of drazed and welded fittings for
use vith aluninum tubing, Procedures have been prepared and the required
facilities are being inssalled for qualification testing of the fittings
and joining processes during the Fhase II part of this program. The
fittings vill be tosted to rigid requirements undsr the Qualification
Tests ln;:t.hnr future efforts of this program and the results will be
docunen’

This technical doomantary rejort has been reviewed and &s approved,
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1.  INTRODUCTION

The systems and components of rocket propulsion wehioles must
function under severe envircormental and operational oonditions,
Rocket propulsion fluid systems, in particular, are subjected to
wetrenes of temperature, pressure, vibration, and the effects of
radistion encountered in space, The use of new and exctie p
and other fluids has produced new problems of chemical activity and
material compatibility,

The oconventional aircraft-type fitting designs currently being
used for tubing oonnections in rocket propulsion fluid systems have
proven inadecuate because of problems of corrcsion, lsakage, and
fatigue fallure, liew advanced tube joining concepts are required
:.:ﬁh will provide zero leakage and light weight with high operstional

abdlity,

Technicues for maing ineplace tubir: ~omnections by btrazing and
by welding have bean developed tyy the lLos ingelea Division of Rorth
Mmerican Aviation, Inc,, for use on the X=.5 end YB=70 air wehicles,
Theas technicques are considered to be feasible for further developmarh
for joining tubing for advanced rocket propulsion fluid systems.

The murpose of this program is to develop, design, fabrieate,
and cualify families of
servioe with rocket fiaid » This
ocondusted in three phases: Phase I, Material Selsction, Procesa
Development, and Prelininary Design; Phase II, Detail Dui?
Fabricatdon, and Qualification Testing of the Fittinge; and Phase III,
Final Design of Fittings and Joining Tooling, Preparation of Specifi.
cations, and Reporting,

Phase I consisted of a literaturs survey of the compatibdlity
of typical storable and oryogenie propellants and pressurizing gases
with the candidsate tubing and fitting materials and with the brasing
alloys under considerstion, Fitting materdals and braging alloys
were selected. Brazing and welding process parameters for these
materials were investizated and suitable joining procedures were
developed, A stress analysis of the proposed fitiing designs was
prepared, A detailed plan for the qualification testing of the
fittings during Phase II was prepared and submitted to the USAP
Projasct Officer for aprrcval, The facilities required for the
mialification tests were designed and fabrication and installation
of these facilities was initigted.



Phase II consists of detail design of the pretotype jeinming
tooling required to fabricate the fittings for qualificstion test,
the detall design of thess fittings, and the performanes of thé
qualifieation tests,

Phase III of the program oonsists of the final design of the
Nitings and production«type joining tooling, and the
of drevings, specifications, and test requirements for the fit
and the joining tooling in sush a mammer that military
apd standards may be published, The fitting hardware tr the
Procuring Agency will be fabricated and delivered, A Final Repord
sove the ertire progran, and oont a detailed stress analywis
of the fittings, be prepared and Sted,

The Fhase I part of the prograr has been conpleted and the wozk
una:summnuuumdm;um Fhase are presented in this
Ope TS

e ot i,
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(1) Coemical compatibility vith the system fluids listed in Teble II,

(2) A high strength/weight retic at the maximm servics tesperature
for the system as shown ia Tabls I.

(3) Adility to be satisfactorily bras welding
malzn hh:. daveloped wmder thhw w0d/ee

(+) Commercial availability of the msterial in suitadle forms emd

AMditional factors which ave also important are:; .
(3) Mashimadility. '
(6) Cost.

(7) Acoslerated fatigue damage or emdrittlament & to service
conditions, such as tempereature shock, vitration, ete.

{8) Sensitivity to radistion or spase exvirorment.

The welding and brazing properties of the materials will be discussed

in the appropriate secticas latsr in this report. The other factors
listed above will Le discussed in the following paragraphs.

The mschanical, physical, and chemical properties important ia
selscting materials for rocket fluid systems, in many cases, Vary as a
function of the cperating temperature range of the system. The lower
temperature range of the service enviromment for the systems considered
under this program is -423 F, the tesmperature of liquid hydrogen, for
the propellant system, and -320 P, the temparature of liquid nitrogem,
for the pneumatic aystems, Testing under this program will be conducted
at temperatures only as low as -320 F for both types of systems. The
upper temperature limit for the propellant system and one type poewmstic
system are 200 F, for the second type pneunmatic system 600 P, apd 1500 ¥
for the third type pneumatic systan, The fitting ciassification service
envirorments and the rocket system fluids to be considered under this
pProgram arve presented in Tables I and II, respectively.
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Fitting Service Tluid Type Deseription of
Classiticstion Classification Rocket Systea Fluid
b
(a) UIME-Bydrasine Klends
(0 to 100 percent NgH)
Ey@rogen Peroxide
Nitrogen Tetroxide
Chlorine Triflucrids
Pentaborane
Red Muming Witrie Aoid
White Aming Nitric Acid

Storable
Propellants

HOBNFNW R e 20O
s
-

(¢) w Tenperature Rydregen
iug High Temperature Helius Gas
Elovated v) High Tempersture Combustion
Tarperature Products Associated with
Cases solid and Liquid

Propellants
Reactions (Flow Rates of tha

order of two (2) pounds per
second)




2.1 CHEMICAL COMPATIBILIYY

The primary requirement of a material to be used for tudbing or
fittings in rocket propulsion fluid systems is that it be chemi
compatible with the fluids to be comtained. This ecmpatibility must e
mitual; that is, the fluid must not attack the systam material and cemse
& reduction in the material strength, nor must the m material iteels
caAuse any change in the composition of the fluid, eitber by direct or
catalytic action. Chemical attack by the fluid on th. systea matarial
generally implies a surface corrosion action vhich reduces the effective
thickness of the tubing or fitting and thus reduces its strength.
factors to be considsred are stress corrosion attack and the formation of
loose corrosion products or of siuidge vhich may block vassages oF intere
fere vith the operation of walves.

The brase and weld processes for joining tuding and fittings whieh
are being developed under dhis program introduce factors wvhich oma
considerably complicate the compatibility problam. The uswal
dissimilarity vhich exists betvesn a brasing alloy and the materials deing
Joined cause drased joints to have an inherent chemical inhomogensity,
the effect of which must be evaluated. The provlem of material
Alasimilarity in welded joints oan be minimised Dy proper selsgticm of
the tubing, fitting, and wveld filler msterials, Scme chemiecal ocupstis
bility Aifficulties may still arise in welded jodmts, however, & to
such causes as differemces in the metalluvgioal structure or heat trest
condition of the several joimt mmterials.

Cna of the prineipal problems in assessing the compatibility of the
system materials with the fluids contained is ths general scarcity of
couprehensive and reliable dats, Complete information on the materials
and tast conditions are available inm cnly a fev cases., Many compatidility
data vhich appear in the literature do not specify the state of haat
treatment of the test material. Few, if any, tests seem to have bLeen
conducted on stressed materials exposed in the n.um listed in Tadle I
for considerstion under this program.

¥

A reviev of the technical literature was conducted to gather
information on the chamical compatibility and other propert.ss of candi-
date tubing and fitting materials with the rocket propulsicn system
fluids considered in this program. The most valuable literature scurces
are listed in the REFERENCES section at the end of this report and are
also referred to in specific areas below., Additional data were obtained
from tests which had previously been conducted by the several divisicus
of North American Aviation, Inc, This information cm the chemioal
compatibility of a mumber of tubing and firting materials with the
propulsion system fluids and pressurizing gares considered in this
program is presented in summary form in Table III. In addition to this
information, the following comments are relevant to the various groups
of fluids and gases.



TABLE ITI. RECOMMENDATIONS CONCERR
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MELE ITI. RECOMMENDATIONS CONCERNING CHEMICAL COMPATIBILITY OF
CANDIDATE MATERIALS WITE ROCKET PROPELLANT FLUIDS.

-

o BT e

Bop |CLP.1 OF, |ClO3F| K WoFy, | RP-L
SRR
EXPLANATION OF SYMBOLS AND NOTATIONS:
—
A Material suitable for unlimited service involving long-term storsge
B(10) of propellant.
A B Material suitable for storage of propellant under limited conditioms,
i2) B B B and for short-term contact prior to storage of propellamt.
B(6)(10 A C  Material suitable only for short-term contact prior to use of
propellant.
) D D D  Material not suitable for use with propellant.
f2y(e)e(s)]els) Jo(5) 3(10) 1) Service limited to 160 ¥ maxisnm and with dry propellant.
— 2 Materisls must be suitably passivated prlor to use with propellant.
i 50/50 blend by weight of UIMH and
B(11)|B(11) f" Use of all metals is contingent on luito.ue stadiligation. Extended
e service of stainless stesls in these propellants may result in heavy
T6o0 deposits of fluorides. Syatems utilizing stainless steel should be
flushed after each use at high temperature ¢to Tenove fluoride .
) A A A(10) | we= A deposits.
A _ 5) Yay be susoeptible to chenioal attack by propellant.
TTW ) May be susceptible to stress corrosion by propellant.
A L ; —L— T Service limited to 160 F maximm.
: 8) Attacked by dry fluorine at texperatures abave 590 7.
- 9 Suitable only for short-~times use in systems vhere metals other than
:(21(2). [ aluninum alloys are also in contact with propellant because of
: resulting preferential chemical attack on aluminum alloys by
2)(s)| B | B |B(1) [A(10) | e==| A propellsat,
o] ‘ 10) Suitable for use with dry propellant only.
D B11) c 11) Service limited to 212 F maximum.
M2) | A Jam)la()| a(io0) A
D D A
AN Ay |at) | a10) |
D B(2) 5037 [3(2) [B(2)(30)| _
B | B B |B(8)(10 A
D D D D D




Hydrazine and Derivatives

Hydrazine (Niﬁ ), hydrazine derivatives such as UIMH (unsysmetrieal
dimethylhydrazine &nd ME (monomethyl hydrazine), and mixtures of these
fluids exhibit only minor differences in their compatidility vith candi-
dats tubing and fitting materials. In the dry state and at
below 160 F these propellants are compatible with a variety of materials;
ta:t). wl(m); :::u(-.é)hydnuu tends o attack the stainless steels, References

» (3 .

Inconel is the tubing or fitting material which is most compatible
for use with hydrazine and its derivatives. Tantalum, Rene'hl, alumimum

and soms aluminum alloys are also satisfactory for use with hydrazine aad
hydrasine darivatives.

Welding has been found to be a satisfactory method of jJoining the
above materials for service with hydrazine and hydrasine dsrivatives., The
only information availadle on the ccmpatibility of brased joints for use
with hydrasine and its derivatives is for silver brased joints with
brasing alloys such as Easyflow k5. The data indicate that silver brased
Joints are compatible for use with hydrazine and its derivatives.

Bming Ritric Asids

Only a fev materials are satisfactory for use as tubing and fittings
with the fuming nitric acids. As shown in Table 1II, these materials
include tantalum and several of the stainless steels, Aluminm aad
seversl of the aluminum alloys are suitable for use with the fuming maitrie
acids if the acid will not also contact other metallic materials, -
in wvhich other metals as well ss aluminum alloys will be in comtact with
fuming nitric meids are suitadle only for short tims use. In such systems
the aluminum and aluminum alloy components are subject to preferestial
galvanic attack by the propellant. See Referemces (k) and (6).

Titanium and titanium alloys should never be used for systems to
contain fuming nitric acids. Under certain conditions the fuming nitrie
acids react with titaniun and titanium containing metals to form compounds
which are extremely shock sensitive, YViolent reactions may then ocecur,
particularly vhen such ¢ unds are in contact with the fuming aitrie
acids, References (4) and i?).

Welding is indicated to be the preferred method of joining materials
for service in fuming nitric acid systems. The compatidility and
corrosion resistance of brazed joints for fuming nitric acid servioce
could not be established on the basis of the data available, although
acble metal brazing alloys such as gold-palladium appear to be promising.



The use of stainlesgs steels for components of fuming nitric acid
systems which aro assembled by welding or which may bte exposed at times to
temperatures above 700-800 F involves cartain problems, Even with the
stainless steél alloys vhich are listed in Table III as compatible with
funing nitric acids, care must be taken to eliminate the effects of any
carbide precipitation reactions which may result or to avoid such reactions
entirely. BSuch adverse reactions in stainless steels are generally avoided
by use of the stabilized AISI 321 and AISI 347 alloy grades. Weldments of
these alloys are normally satisfactory Yor use in the as-welded condition.
However, unless properly heat treated by solution annealing after welding,
the veld arsas of even these stablligzed stainless steels are susceptible to
stress corrosion by the fuming nitric acids, Adverse carbide precipitation
effects may be minimiged by the use of extra-low carbon stainless steels,
vhich should therefore be specified for service with fuming nitric acids
for parts vhish are to be welded,

Nitrogen Tetroxide

The compatibility of tubing and fitting materials with nitrogen
tetroxide (nggﬁ is generally considered to be similar to the compatibvility
of the mater with the fuming nitris acids. The specific recommendations
showm in Table IIT were prepared on the basis of the survey of the tachnical
literature. In the interpretation of these recommendstions i% should be
noted that nitrogen tetroxids, in the presence of free water, will ionisze in
such & manner that 1t may behave the same as a fuming nitric acid, Because
of this possivility the literature recommends that vhen certain materials,
such as titanivm and its alloys, are considered for nitrogen tetroxide
service, that tests be made of the proposed application in the configuration
that the materials will be used and under the conditions to which they will
be subjected duri.ng the anticipated service lifetime, See References (),
(6), (8), (9), (10) ana (11).

Fluorine and Fluorine Compounds

Fluorine and fluorine compounds such as oxygen difluoride (0Fp),
perchloryl fluoride (Cl0 F), chlorine trifiucride (C1F,), and nitrogen
fluoride (NoF,) ave considered together. Most metals &nd alloys with a high
oxidation resistance are suitable for use with these propelliant fluids,
Monel and the stainless steels, in general, are the preferred materials.
However, the AISI 347 stainless steel grade has been reported to be
susceptible to stress corrosion by liquid fluorine, References (1) and (12).
These materials are usually subjected to a passivating treatment prior to
use with these fluids, Bee References (), (6) and (12). This treatment
produces a passive fluoride film on the metal surfaces which then protects
the surfaces from further attack by the fluoride propellant fluid.

Extended service of stainless steels in these propellants may result
in heavy deposits of fluorides on the metal surfaces, Reference {13). No
data are available on the effects of fast moving streams of propellants
which might disturb or erode the passivated protective fluoride films and
thus increase the corrosion rate.



Striking, repeated bending, flexing, or excessive vibration of flmorids
propellant piping or tankage should be avoided. Such mechanical actions caa
result in flaking, cracking, or breaking of the protective fluoride fila om
the internal surfuces of the system. With certain of these propellants,
such as chlorine trifiuoride, this can result in a rupture of the metal amd
& possibly violent reaction between the metal and the propellant. Flakiag
of the protective film can produce particles which may interfere vwith valwe
operation or block small tubing lines, Referencas (k) and(ih).

Velded joints are recommended to conneot piping and tankage for handling
these propellamt fluids,

¥o data are available on the compatibility of nitrogen fluoride (Nom,)
with metals. Tentative recommendations for NoFi materials compatibility
vhich are given in Table III were cbtained from Referemoe (13).

These propellants 4o not present s material compatidility problem. All
commercial metals and alloys are suitabls for use with the borane compounds.
It is very important that systems containing the borane cospounds be sound
and leaktight becsuse ¢f the extreme toxisity of the borans sompounds.

Krirocarbon Fusls

Fo special corrosion problems are sxperienced with RP=l or other hydro-
carbon propellant fluids, altheugh excessive moisture in the fluid say osuse
gorrosion or rusting in materials subject to atmospheric corrosion. Sush
corrosion prodlems may be aggravated by galvanie souples produced by the
presance of brasing alloys or combinations of dissimilar metals in & system.

Brdrogen Feroxide

™he sain prodblea connascted with the selection of materiala for fabriea~
tion of hydrogen peroxide (E0p) fluid systems 1s not so much the attack of
che fluid on the materials dut, rather, the effect of many materials on the
decomposition of the hydrogen peroxids, Referesoe (b).

High purity alumimumm, the 5000 series of aluminum alloys, and tantalum
SPpeAr to bde the only materials which are fully satisfactory for extended
storage of hydrogen peroxide. Under short<term contect conditicns it be-
comes possible to use a wider variety of alloys including, principally, the
ATISI 300 series stainless steels without adverse service compatibility
effects.

Experience with the hydrogen peroxide system on the X-15 rocket powered
sireraft has shovn that problems arise when aluminum tubing and fittings are
used in copnection with other materials, such as stzinless steels. The
electro-chemical problems which resulted were Such that aluminum and
aluminum alloys have been eliminated from the tubing and tankage systems for
hydrogen peroxide on the X-15., Aluminum tubing, therefore, should be
considered only for an ail-aluminum structure, unless the aluminum materials
can be electrically insulated from the other materials in the system,
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Surface finish is a factor in determining compatibility of materials
with hydrogen peroxids, 7The smoother the surface, the less iz the chanee
of there being undesirable effects, such as liquid-phase decomposition of
the hydrogen peroxide. Therefore, it is necessary to ensure that ths joints
present as little discontinuity as possidle in hydrogen peroxids systems.
See Teference (b).

Materials such as Hestelloy B and C, and 19-90L stainless and heat
resisting steel, may be used only for short-time contast with hydrogen
peroxide, These materials may cause contamination of hydrogen percxids
soluticms sufficient &s to make them unfit for storege, Reference (b),

The following materials are ccnsidered unsuitable for any uss with -
hydrogen peroxide solutioms. In general, they may cause rapid decompositiom
of the hydrogen percxide, ave rapidly astacked, or fors explosive mixtures
vith hydrogen peroxide. Such materials izclude copper and cOpper alloys,
lead, the AISI 40O series stainless steels, magnesium, sins, and gold asd
silver alloys, Reference (b). .

Liguid n and 4

Materials selescted for tubing systems and fittings for use with liquid
oxygen or liquid hydrogen must have adequate strength and toughpass at
cryogenic temperatures. The strength of materials increases &s the
ture dsoreases; but, generally, materials lose toughuess and beccms brittle
or notch sensitive at crycgenic temperatures, Toughness of the material as
lov temperatures, therefore, becomes the controlling factor. The AIBI 300
series austenitic stainless steels, most aluminum alloys, nickel alloys, and

superalloys are satisfastory. .

Materials for use with liquid oxygen must not undergo self-propagating
reactions with the liquid oxygen. Such materials must be tested for shock
sensitivity under service conditions, particularly as regards reacticus on
freshly cut surfaces, Titanium and titanium alloys ignite with liquid
oxygen. The reaction will propagate and campletely consume the titanium,
Refersnce (11). Therefore, titanium and titanium alloys cennot be used for
liquid oxygen aystems.

Bot Exhaust Gaces

The principal material reguirement for hot exhaust gas systexm use is
good high temperature strength. Any chemical reactions are likely to be
greatly accelerated at hiyh temperature, Therefore, traces of propellants
which may be present in the hot gas stream are likely to be more corrosive
than under normal storage conditions. The interaction between cowbustion
products and metals has been studied recently, and the the first results are
deseribed in Reference (15). It is generally concluded from these initial
studies that the interaction can be predicted from thermodynamic date,
except where metallurgical diffusion reactions, such as the formation of
carbides, occur,



Becommendations for Compatibility and Corrosion Testisg

The lack of reliable information oo the chemical campatibvility of the
candidate materials for tubing amd fittings with the flnids used in roaket
propulsion systems makes it highly desirsdle that these matsrials be tastad
under service enviromment type conditions prior to generml use. At least cme
representative member of each of the various rocket propulsion system fluid
types should be selected as the corrosive environment medium. The fluid
types vhich are suggested for use in the tests include a hydrasine ocmpound,
hydrogen peroxide, a fluoride compound, and nitrogen tetroxidas.

In order to obtain results vhich can be expected to represant those
wvhich say ocour in service, the tests should include a stressing fastor to
daterning the susceptibility of the material to stress corrosiom, a jJoining
factor, and a space service factor. The Joining factor will indicate the
effects of electro-chemical action or of changes in the metallurgieal
structure of the tubing and fitting materials due to the presence of a
brasing allcy and any heat treatoent changes caused by the brase or weld
cycles. Spase service factors are those vhich are likely to affect materials
with a high vapor pressure, such as cadmium or silver, both commonly used ia
brazing alloys. These same factors can affect many other materials whieh
my dovelop appreciable wapor pressures At high temperatures. Radiatioa
effects such as may otcur in materials subject t0 space envirooments are
complex and depend greatly on the type of radiation encountered., Vehiclas
in space will be exposed to primary commic radistion, vhich consists prims-
rily of protons dbut also includes particles of higher mass. No dstrimental
effects are anticipated from cosmic rays in the metallic materials um
considered under this program. In the Van Allen radiation belts,
will be exposed to mainly electrons of energy greatar than 13 Mev and o
protons whose energy ranges 1o 700 Mev, Reference (16).

The rediation flux in the Van Allen belts can range from 10 rosntgens
per hour £o as high as 1000 roentgens per hour, depending cn solar conditicms,
Reference (16). The rediation exposure of a satellite orbiting under these
conditions in the Van Allen beits for a period of two years would range from
approximately 107 to 109 ergs per grem of carbon equivalent. By way of
comparison, metals used in puclear reactors are exposed to fluxes 10% to 20°
times as great.

Exposure to cosmic ray or Van Allen belt radiation conditions for as
long as several years is not considered damaging to metals. Damaging effects
are produced in metals by exposure to fast or thermal neutron radiationm.
Such radiation is generated in nuclear reactors, but is not considered to de
a factor in the radiation existing in space or in the Van Allen belts.
Therefore, no general radiation tests are suggested heres. Such tests, if
desired, should be planned to fit the conditions established vwhen details
of specific types of miessions are specified.



Studies of corrosion and of vacuum or space environment effects
can be carried out using a number of different types of standardized
specimens. Results vhich are most representative of service will »e
obtained if the tests are carried out on stressed specimens which
incorporate velded and/or brazed jJoints. This type of specimen will
permit the simultanecus evaluation of both the stress and the
electro-chemical factors. A number of corrosicn and stress corrosioca
tests of fairly standardized types in general use throughout industyry
are presented in Reference (17).

A novel specimen for stress corrosion testing of sheet materials
is undar development by the Contractor. This specimen consists of
one or two strips which are restrained in a bent shape by being joined
at the ends to a shorter third strip which acts as a tension member.
The tension strip may contain a brazed Joint, and the ends of the benmt
strips can be Joined to the tension strip ends by welding, so thet
either Or both brazing and welding effects may be observed. By a
choice of suitable dimensions, the stresses in the sssembled specimen
can be made such that the maximum bending stress in the dent strips
and the tensile stress in the shorter tension strip are sgqual to each
other and are some particular desired value, such as a sertain .
percentage of the yleld strangth of the material. Details of this
specimen and of the calculations required to seleot the specimen sise
and test stress level will be completed during the Phasa II part of
this program.

2.2 STRENOTH CONSITERATION

Senersl Ctrencth Parapsters.

Folloving the determination of satisfactory compatibility with
the rocket propulsion system fluids, the selected candidate materials
are then further evaluated against the following strength requiremeants.
The necessity to minimize the weight of rocket propulsion vehicles
makes it extremely important to consider the strength-to-weight
ratio of constructional materials. The term "strength,” as used
here, implies the effective strength of the material under service
conditions. As a first approximation, the 0.2 percent offget yield
strength as determined by & short~time test at the maximum service
temperature can be taken as a measure of the usable strength of the
material, although the following factors must be taken into account.

(1) 1Instability of the metsllurgieal structure. This can
lead to either prorressive softening and loss of strength
during high temperature service or to herdening and
possible embrittlement after a pericd of elevated
temperature service.

(2) Embrittlement effects resulting from stress corrosiom
or similar phencmensa.
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(3) Patigue fatlure in installstions subject to repeated
stress eycling or vibration.

(s) Fracture toughnesss that is, the ability of & materisl ¢o
contain cracks or dafects wvithout suffering & significent
loss of strength. This factor is considered less important
than the other factors listed above so far as the selestion
of materials for tubing and fittings is concerned. This is
because even small stable (non-progressing) cracks and
similar defects vhich penetrate through the wall of & tube
would disqualify the tube because of leakage or loss of
systen pressure.

(S) Creep strength for applicaticas invelving service at
elevated tempsrature for significant periods of time.

The modulus of elasticity of materiala is important because both
structural stiffness and the strain resulting from bending or from
internal pressure stress are & function of the modulus of elasticiiy.
It is desirsble to use a material vwith as high a modulus as possidls
in order to maximize the stiffpess of the component and minimize the
resulting strain,
8t h riies of Tube and Pitt Materials
The chemical compositicas of can te saterials for tubing and
tittings are presented in Tables IV, V, and VI. Tensils ultimate
and yileld strengths, tensile modulus of elasgticity, and coefficient
of linear thermal expansion values versus temperature are presantad
in Table VII for the most applicable candidate materials. JNote
pust be taken of the heat treatment or condition of the materials :
as listed in Table VII. PFully heat treated materials, of course, :
bave & high strength. EHowsver, in the case of welded and/or brased .
fittings it is usually not possidble to heat treat the connection
after joining when in-place joining procedures are used., It is
necessary, therefore, to consider the minimun properties as exhibited
by the material in the annealed or "as welded" condition when
evaluating the strength of materials to be used for systems om vhich
in-place Joining procedures are to be used. Unfortunately, reliadle
dats on annealed properties are not available for many materials as
this information is not usually considered to be of structural
significance. In the case of welded and brazed fittings, the annealed
and "ss welded" strength properties of materials are required to
determine the reduction in strength across the joint which may have
to be accepted. The information presented in Table VII are taken
principally from Reference (18), the NAA Material Properties Data
Manual, and also from supplier brochures, such as Reference (19).

In addition to the short-time elevated temperature strength,
there are other effects of service temperatures on material
properties which must be consideresd. Service at high temperatures
may produce creep effects. Service under cryogenic conditions may
cause brittleness and low notch toughness, or notch sensitivity. \
The problem of low temperature brittleness can be reduced by the . i
choice of metals and alloys having a predominantly face-centered |
cublic lattice structure. Such materials are the austenitic stainless
steels, aluminum and its alloys, and some superalloys.

1L,
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The rocket propulsion fluid systems for shich the factor of high
teperature cresp of matexials is considered tu present a problmm are
the meumatic hot gas systems, The mechanical properties of alloys
such as may be \uod for tubing and fittings fLor thesa systems arve

affected by the metallurgical changes which take plase in these

materials under the influence of slevated tempersture and tine, These
changes are in mmy cases subject to definite physical laws. Thess
laws generally follow a rate process equation, and from this basis
several types of "paremeters® have been developed wiich utiliss the
m-&ph of some o of time-temperature relstionship to enahle

ime chmges to be predicted from the resulis of relatively short-
time tests. These parameters desoribe the rete effects, or ehngu
naterial properties, as a function of stress, One sush
paraneter is the lLarson-Miller Paranmetar, which will be used for tho
presentation of cresp-rupture properties ot materials which may be used
in the fabrication of pneumatic hot gas systems.

The Larson<iiller Paraneter gives the following rel for
the effects of time and teaxpersture on the cresp-rupture

of mterials:
P=f0)=(T+460)i0gtec)  [3]
wheres
P = the Larson-ille Paremeter
0 = stress, pt
T = tezperature, dogress Fahrenhedt
t = rupture life, hourw
C = a Constant
In the relationship shown by the above equation, a constant-stress plot
of lOg ¢ against the qumntity T +460 should produce a series of
straight line oconverging to a single point when T +46 is ser0,
At this point, (0 tis equal to O, and this value of C is theoretically
the best Constant to use for the data involved, A value of 20 is Ifrequently
used for the Constamt C in the Larson-iller Parameter equation and has
given setisfactory results, Reference (20). When enough experimental dsta
are available, a derived value for the Constant C is used,
Cresp~rupture properties for the candidate materials are given in
Figure 1 in tams of the Larson-Miller Parmmeter in oxder to permit

extrapolation of the data in terms of the effects of both témpersiure and
time.

19



t _

K4 35 40 45 50
IARSON - MILLER PARAMETER ~ P

Figure 1 - Creep Rupture Properties of Selected Alloys
0



il -

8t rties of Bras

Candidats drasing alloys vere selected for investigation under this
program on the basis of brazing characteristics such as wettability arnd flow,
on their compatibility with the alloys t0 be joined, their chemical compati-
bility with the system fluids, and their strength characteristics. The
brasing characteristics and their compatibility with the alloys to be Joined
will be discussed later in this report in the sestion on BRAZING, Such data
as vere available from the literature survey on chemical compatibility have
been discussed in the previous paragraphs. The strength properties of the
candidate brasing alloys and the destermination of shear strength values for
use in the design of braged tubing joints will de discussed in the following
paragraphs.

The strength characteriatics of the candidate drasing alloys were evals
unted on the basis of their tlock shear strength., The block shear test
method for evaluation of brage alloy strength has been established as a re~
liable, rapid and inexpensive method of joint strength evaluation for use at
room temperature, sub-zero and slevated temperatures. A strength relatiocm-
ship has veen found to exist letween brazing alloys of similar vtase alloy
compositions, Therefore, the btlock shear strength properties of the candi. .
date brazing alloys can pe determined on the basis of only a limited number
of tests.

[

Specimen sigze is reascnably flexible, and a number of block shear test
specimens can be cut from & single larger brazed joint section, Two sisas
of test cpecimens were used Tor the block shear tests of this investigationm.
The room texmperature test specimens vwere made by trasing together two pieces
of the tubing system material, each 7/16 x 7/16 x 1/2 inch in size, butted to-
gether with the brazing alloy between them. The specimens for elevated tempers
ature testing were made Ly brazing together two pieces of tubing system
material, esch 1/8 x 7/16 x 1/4 inch in size. The joint was brased by induce
ticn heating in an argon atmosphere as chowm in Pigure 2, after which the
brazed joint section was cut into block shear test specimens of the sises
snown in Figure 3.

A complete screening program to determine the characteristics of a
variety of braze alloy compositions has been conducted by the NAA/LAD Metallic
Materials Laboratory during the past few years. The evaluation has included
block shear tests at temperatures from ambient to 1000 F. The silver-base
traze alloys and several of the gold-base btraze alloys being considered for use
under this program were invesiigated at that time, The results of previcus tests
on alloys of interest to this rocket {itting development program have been
correlated, and the results are presented in Figures 3 and 4, along with the
Lest values which were determined under this current USAF program



Saear Specimen Fabriestion.

Figure 2, Induction Brazing Setup for Block



*8385] YV WOXJ W38( JO WOTIETALI0) *sfory emexg
!gigai.ﬁggg ¢ iyl

| {2,) ~~ SINUSOEL |
©0ST  009T OO¥T 0021 Q00T 008 009 ooY ooe 0 002 oo
|

T " TF~a ! ! | T T | | T |

Gno...o&mﬂnuﬂ .u.umn..iw Sﬁ:a %ﬂ % J
(39~ ‘gez-W ‘Sel-ov) Z0TIV IzvEd TR O
($€°0~T1 ‘S0~ ‘$L°65-Wd) IOTIV ZZved TE-W-pd O _

wIEp 150%)

(vueq

8 R 3 R &8 § °

R
23

é /
LR




- £OTTY ex8lg OLT eSvIqVuBX]

8
RIDNTHIS WvaHE DoTe )
24




Block shear strength tests were performed at temperatures from =320 P to
1500 F. Rene'll alloy specimens with Palladium-Nickel braze alloy Joints were
evaluated over the entire temperature range. The results of these tests arve
presented in Figures 3 and U, and in Table VIII. This Lrase alloy exhibited
the highest block shear strength properties of the brazing alloys being comsi-
dered for use in this program.

The gold-base brasing alloys vere also evaluated with Rene'll slloy block
shear specimens. The golde-nickel-chromium alloy Prematraze 128 was tested at
teamperatures from ambient to 1500 F. Two other gold-base brasing alloys, the
gold-copper-nickel alloy Premabrate 129 and the goldenickel eutectic alloy
Premabrase 130, were tested only at ambient temperature during the present in-
vestigation. Premabrase alloy 130 had dbeen tested at elevated temparatures
during the earlier NAA brazing alloy screening programs. The results from all
the block shear tests of the gold<base brazing alloys are shown in FPigures 3
and b, The data from the tests conducted on the gold-base brasing alloys
during Fhase I of the present program are shown in Table IX.

Block shear strength tests were not conducted for the Nicrobrase alloys
because the poor performance of these alloys in the preliminary wetting end
flov tests S’cc be discussed under ERAZING) eliminated them from further cone
sideration for brazing Reme'kl tubing. Premabraze alloys 128 and 130, and the
60Pd-4ONi=0.3L1 alloy were selected for further evalustion for brasing Renmetll
tube Jointe.

The block shear strength of Typs 347 stainless steel joints brazed with
the BT 4 Lithium alloy, and alsc of AM 350 stainless steel Joinis brased with
BT 4 Lithium alloy, were not determined under this program. BSuch joints had
been fully tested by NAA under previous screening programs., Therefore, the
block shear strength values for such joints shown in Figure 4 are taken from
the material property values used by NAA for design purposes, Reference 18,

2.3 AVAILABILITY AND WORKABILITY CF TUBE AND FITTING MATERIALS

The factor of avallability of a material in the form of tubing and the
vworkabllity of the material are to a large extent interdependent. Esasily
worked materials can be formed into all sizee of tublng; but only limited tubdb-
ing sizes and wall thicknesses can be made from material that is difficult to
work.

Tubular shapes are produced by two main processes. Seamless tubing is
made by drawing pierced billets or tubular extrusions over mandrels. Welded
tubing is produced by forming suitably sized strips into a tubular shape and
then welding the edges together, This tubing can be used in the as-welded
condition, or it can be redravn after welding to produce a unifommly sized pro-
duct with the weld area reworked and smoothed. Tubing which has been welded
and cold redrawn, known as "Wwelded and drawn" tubing, is generally considered
to be equivalent to seamless tubing. .

A great many alloys can be produced in seamless tubular shapes on an ex=-
perimental basis. Commercially available candidate alloys which can be pro-
cured in the form of seamless tubing include the type 300 series austenitic
stainless steels, many of the Hastelloy type alloys, Inconel and Inconel X,
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TABLE VIII. BLOCK SHEAR STRENGTH EVALUATION

$OPd~0N,=0, 314, BRAZE ALLOY

Jonir
AREA
(sq. in.)

ULTIMATE

0495

2

3 0L Room 4025 e8,656 85,700
0198 13 202

g& 00?;0 €00 F 132? Z::”k 67,500

1A +0208 2200 F 195 57,45 57,450

A 015 360 18,324

138 Q173 , 1500 F a7 21,675 19,%00

YA 0161 362 18,505

Note: Base }ht.ar.i.al = Renet! /1

Brage area appeared woid fres,
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TABLE IX.

BLOCK SHEAR STRENGTH IVALUATION

KIR-BASE BRAZE ALIONS
SPECIMEN | JOLITT TEST ULTIMATE | ULTDMATE | VOIDS IN | CORRECTED | AVERACE
Bo. AlEA TRP. 104D SHEAR Jonr | ALLOY SHRAR
(8q.in.) (1) STHENGTH | AREA STRENGTH® | STRENGER
= %MM
Erenatraze 128 Alloy .
7 0488 Room 3480 1,31 5 74,876 )
g |.os2 3330 | 6545 | ® 78,51 | 6T
64 Q154 | 800 F 676 43,895 0 43,895 43,095
25 <0153 1200 F 3% 2,700 5 22,800 2,800
9 «0193 | 2500 F 59 3,056 20 3,820 3,820
=.—.==-==L==-ﬂ
Prepabrage 229 Aoy
N +O46L4 | Room 2285 49,245 0 495245 ’
5 #0424, 1825 43,042 5 45,194 47,200
braze
1n oO449 Roam 2100 46,7770 10 51,447 :
12 <0504 3070 60,912 5 63,957 57,700 ]

Note: Base Material —~ Reme' 1

*shear strength values are corrected for woid areas.
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aluminun and most of the aluminum alloys, and tantalum. Welded and drmwn
tubing can be produced in a wider variety of alloys, including AM 350 staine
less steel and Rene' 41 alloy.

The delivery time of tubing made from many of the special alloys, such
as Rene' L1, depends of course on the dimensicnal size and on the emount
ordered. Medium quantity lots can, in general, be supplied more economically
and more quickly than very small or very large orders. Non-standard sises
are very difficult to obtain, and the manufacture of special dies wvould be
warranted only for very large quantity orders. The small quantities usually
required for experimental purposes frequently can be obtained only by accepte
ing overruns or extras laft over from prior productions lots, However, in
the onse of some materials, such as the type 300 stainless steels, just
about any size and wall thickness is available fyom warehouse stock.

2.4 MACRINARILITY OF FITTING MATERIALS

The fittings which are used 1o make the connections between the system
tubing are in the form of short sleeves, The slseves for the welded joints
are usually made by exrandins short lengths of tubing an appropriate smount,
The sleeves for the braged joints must be machined to obtain the regquired @i«
wensions and precision tolerances required for the tore and the brasing alloy
grooves. The brasing sleseves are usually machined fram tube or solid bar.

Machimability is generally a function of strength and the strain harden~
sbility of a material. Some measure of the machinability of a material can
be cbtained from an overall machinability rating. This rating is derived
experimenially by the force and power required to remove a given amount of
material in & given time by varicus machining processes, The ratings are com-
pared to & valus of 100 for a free-machining steel. The following machine
avility ratings for some candidate alloys are based on data from the technical
literature and alsoc from tests conducted in the experimental machine shops st
North American Aviation, Ine.

Relative
Candidate Material Machinsbility Rating
Type 316 stalnless steel 50
Type 321 stainless steel 50
Type 347 stainless steel Eg
Inconel
Inconel X 20
Waspalloy 20
Rene 'kl 15
Titanium & Titanium Alloys 30 - 60
Alundnun & Aluminum Alloys 100 - 200

2.5 CONCLUSIONS ON MATERIALS SELECTIOR

Of all the candidate materials for rocket propulsion fluid system tubing
and fittings, titanium alloys have the best strength-to-weight ratio, However,
titanium and its alloys have & very lov chemical compatibility with many rocket
propulsion system fluids and due to the many fabrication problems their use ias
not recommended.
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Stainless steels of the type 300 series austenitic steels have & low yield
strength, particulerly at elevated temperatures. Nevertheless, their strength
at room temperature is reasonable, and they have quite good streagth at low
temperatures. The geperal chemical compatibility of these stainless steels with
the rooket propulsion system fluids is good. In addition, they are resdily
available in the required sizes for use in rocket fluid systems. Of all the
type 300 series stainless steels, type 347 appears to bave the best chemical
compatidility vith all of tie rocket system fluids except fluorine. Type 7
stainless steel is recormendsd for service from cryogenic temperatures up %0
temperatures in the rangs from 200 P to 600 I,

Alumimm alloys have some promise for low temperature service, but the
difficulties encountered in joining them by the welding and drazing tectniquas of
this program, as well as their generally lov standard of chemical compatibility
have caused them to be virtually eliminated as candidate materials for considera
ation in this progrem.

The potential candidate materials for elevated temperature servige are
tantalum and & group of heat-resisting superalloys comsisting of the Bastelloys,
Waspalloy, Inconel 718, and Rene' Ll. Rene' 4L has been selected frem the
latter group for several reasons. It has a greater potential chemical compati-
bility with the rocket system fluids than 4o the other materials in the greup,
notably the Hastelloys. Rene' 41 1s also more readily available in the form of
tubing than are some of the other raterials at the present time. Finally, Rene’
b1 4n the 'as welded” and “as brazed"” conditions has satisfactory strength for
use in this program, and responds rapidly to aging at elevated temperatures,
thus recovering much of the strength lost in joining. Inconel 718 was found to
have extremely lov strength in the annealed and the “as welded" conditiona.
Inconel 718 is reported to be very sluggish in its aging response, and thus
would take a long time to recover the strength lost during the Joining process.
Tantalim would be a very suitable raterial from the point of view of chemical
compatibility, but its cost is so high as to preclude widespread use except in
cases vhere no other material would be suitable.

One other material has been selected for testing at elevated temperatures
unéder this procrsm alons with the Type 347 stainless steel and the superalloy
Rene' 41. This is the precipitation hardening stainless steel AM 350. AM 350
has been selected because of its generally good chemical compatibility and its
excellent strength=to-weipght ratio. This material is, therefore, recommended
for inclusion in this program. The fittings, or sleeves, for the welded jJoints
in AM 350 tubing systems are made by expanding short lengths of the tubing to
be Joined. The brazing fittings are machined from AM 355 stainless steel bar
st”kl

It is believed that the materials selected for development and testing as
Pittings under this program, while not in common usage for rocket propulsion
fluid systems at the present time, all show promise for such application in
the near future. Results obtained with these materials should be capable of
being extrapclaeted to other service conditions to a useful extent.
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3. ETRUCTURAL ANALYSIS

3.0 GENERAL REQUIRENENTS

The c2mponents of rocket r£luid systems for vhich s stress amlysis
is to be conducted under this program are the tudbing lines apd the
fittings, or joining sleeves, Joining techniques to be conridered are
the brazing spd the welding processss, The envircoment to be dselt with
consists of high interml pressures, snd slso iatensive heating and
oo::tu vhich causes s sharp therml gredient soross the tube or fitting
vadl,

For engineering purposes the emalysis is made in eceordanee-with
the followving considerstions:

(1) The tubes are trested as thick shells subject to both
bigh redis)l temperature varietion snd interms) pressure.

(2) The lceds are rotationslly sysmetricel adbout the axis
of rotatiomn.

{(3) The principle of superposition opsrates withia the
elastic renge; that is, the elastic snd thesusl styesses
can be comdined algebraically.
3.1 TUBING ANALYSIS
The folloving equation governing the distridution of stresees ip
a tudbe are uged for tubing stress snalyses. The deriwetion of these
equations sre shown in Reference (21).

The maximum circumferential, or boop, stress ie:

@), = L *"en [

{ = inside dianeter of tubing

b = outside dluneter of tuding
H = interal (syste) pressure
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Thermal stresses are produced im the tubing by ths tempersture
difference between the inner and outer surfaces of the tubing wall.
These thermal stressss can be calculated by the follewing equatism:

~% R}
q-t% []

vhere:  (f = linear coefficient of thermal expansion of tubing
material

o T-iqmt\mnmnlwuhhﬂl
To = texpersture cn outer surface of tube wll
M = Poisson's ratio of tubing material

e upper sign of the f sign in Bquation 2] spplies to the therwml
stress at the outer surface of the tube » and the lower sign %0 the
thermal stress at the innar surface, When the temperature of the tude
n# surface is less than that of ths tubs wall outer surfese

(Tt <Te ), the cuter surface thermal induced stress is coupressive amd
the inner surfece thermal stress is temsile, Reforencos (21)and (23).

The principle of superposition can be used to combine the thermal
induced stresses on the tubing wall with the stresses produced M the
internal pressure in the tube in order to destermine the critical stress
in the tubing and its location. In the case noted sbove, vhere the tude
wall outer surface is hotter than the inner surfase, the oritissl
combined stress is a tension stress on the inner surface. VWhere the
thermal gralient is large, the critical combined stress can reach the
yield strength of the material as a limiting value. The redistridutien
of local stresses should be considered, especially during equilideium
heating conditions, References (23)and (24),

If the vall thickmess of the tubing is defined bty b/2 § 1.5,
and the maximm circumfergntisl stress, (69 ) max, is defined as the
material yield strength, fey_, for the proof loading condition or the
tensile ultimate strength, f¥u, for the burst condition; by Reference (25),
Bquation [1 ]| can be used to calculate the tube wall thickness required
for a given ernal prassure and temperature enviromme: condition.
The following equation, wvhich is derived from Equation | 1], can be used
to calculate the wall thickness:

t-(8)(- VR 2

Ft* = material yield (proof) or ultimate (burst) strength
N



aight reducs the tubing strength or adversaly affect the servise life.
Finally, the actual wll thickness specified should %e a standad sise
for the particular tubing material. If the calculated s

two standard sizes, the heavier, or thicker, siss should be specified.

3.2 SN (SLESTR) ANATRXS

the
The wall thicikmess of the brase joint fittings, or aleeves, must be

greater than that of the weld fittings in order to yprovide for the inter-

ntial grooves required to holld the brasiag alley. Ia
order to provide for the stress concentration due to the trasing alley
grooves for other ections, the material strength allowshle
used as in Bqustion [3]| sbould be 2/3 of the values given im
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The length of the wold fitting sleeve is not too eritical. The
sleeve should be sufficiently long that it can give support to the hest
affected zone; that u,mluthdtbtnbtuuﬁoﬂlm
vhich has Deen softened Dy the welding heat. The wald fitting slesve
length will be further discussed in the section on the wald joiniug
FrO0ES .

m:mwmmuttm-mumtmumw
of the brased jJo The concern 1s that it withstand the leed
mmwuummt the load vaich tends t0 pull the tubs eni

is,

out of the sleeve. This load is the result of the styess
the internal pressure in the tube, the stresses dus to taperature
effects on Aifferent sections of the piping system, and mechanioal
effects dus to warping of the structure vhich supports the piping
m, the axial load cannot exceed the tensile strength, either

, of the tubing itself or the tudbing would fail before the J
m unouo strength of the tubing is given Wr:

i

@ axial * ToDy [*]
The axial strength of the btrased joint is givea Wy:

O axtal * T 70 = BY) [’J
vhere: 7y = tensile Py, or Fyy of tube material

¥, = shear strength of brasing alley

D = nouina) dlsmeter of tubing

C = half length of fitting slesve

J & = vidth of wraze alloy groeve in sleeve

N = mumber ¢f Yraze alloy grooves in lemgth &
Since the eJo jeedoﬂ.ycqmlthelm&dhhbﬂ,

Equations be combined to give the half length of the
'bmod.-lmuz Tese
e-T+nf‘ [6]
asd the total length of the brased fitting sleewe is:
x.-ac-?,:_‘&+al‘ [1]

In order to distribute the ahear stress more evenly along the length of
the drazed joint, the ends of the fitiing sleeve should Le tapered in
thickness as shown on the sketch on the preceding pege. See Reference (26),

»



3.3 DETERMINATION OF SIZRS

pased on the foregoing stress analysis procedures, data were prepared
in the form of curves showing the relaticnship between tubing diameters snd
wall thickuesses for varicus system pressures and temperatures. The data
are presented for 6061 alumimm alloy, AISI Type 347 and AM 350 stainless
steels, and Rene' U4l nickel-tase alloy tubing. These data are shown cm

Figures 5 through 9.

The individusl tubing sises vhich were to be used in the Phase II
Qualification Test Program were selected to represent both the minimum axd
maxioum tube siges normally used in each particular fluid system. The 3
ineh diameter size for the AISI Type 347 stainless steel tubing vas the
largest size propellant tubing for which testing was contractually required,
even though fitting comnection designs were to be prepared later for larger
tubing sizes, as determined to be feasidle, up to & maximm of 16 inches

diametar.
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4.0 GENERAL

The concept of using bresed joints for connecting fluid system lines
is not new, but the use of such joints in airersft and rocket
hag not occurred until very recently. It ia only ian the last few years
that the brazing technology and equipment required for msking bresed
Joints "in place" snd under field conditions hawe beccme sufficiently
vell developed. The techniques for meking fluid system brased joints
by induction hesting at a distance from the power supply were first
developed by the Los Angeles Division of Korth American Avistion, Ine.,
for use in the conetruction of the X.15 rocket research vehicle. These
techniques and equipment vere further developed snd improved for use ia
sssexbly of the B~T0 sireraft. The work reported in this ssction utiliszed
the previous technology to estadlish mev improved brasing techmiques
snd fittings for use in fluid systems on rocket propulsiom vehicles,

4,1 SELECTION OF BRAZING ALLOYS

Prior to selection of dresing slloys for ewslwstion, ¢ reviev wme
made of the litersture snd of previous work conducted by the Comtracter.
Based upon this review, the following drazing alloye were selected for
use with each of the tudbing msterials:

TUBE_MATERIAL CANDIDATE BRAZING ALIOY

Type 347 Steinlees Steel BT + lLithim
Prembrase 128
Premabraze 130

AM 350 Stainless Steel BT + Lithimm

Niercbreas 1350
Riecrobras IM
Rene' 41 Premabrase 128
Premadbrese 129
Premadbraze 130
60% Falladium + LOY Nickel + Lithium

The chemical composition of each of these brazing alloys
are listed in Teble X.
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The eriteris used for selection of candidate bLresimg alloys are
listed below and are discussed in deteil in the followieg persgraphs:

{1) vettadility
(2) Row
(3) Compatidility with the base msterisd
(v) Corrosion resistance
(5) Strength
Wettability sod Plow

The wetting snd flow cheracteristics of csndidate bdrasing slloys
vere determined by heating small samplea of each of the mterials o
progressively higher temperatures in sn stmospbere controlled tube
furnsce. Tempersture wes monitored through thermocouples sttached to
the beok side of the test specimens. After thes desired tempersture
had been resched, spd the specimen hed stabilisged at temprreture for
s few minutes, it wvas withdrawn from the hot zoue of the furmsce apd
allowed to cool 4in an inert argon atmosphere.

The vetting and flov cherscteristics of the bruse slloys wers :
evalusted visuslly, Three typical test specimene vhiech exhidbit warious
degrees of wetting snd flow are shown in Figure 10. The vettability
and flow charscteristics of the selected ceandidate brazing alloys with
the tubing system materials sre prezented in Tedble XI. It should e
noted that the results of this typs of test, slthough quelitative in
pature, 4o establish the wetting competidility of tbe selected mterisle
snd also the approximete braging temperature for the braze alloy-tube
mterial combination.

All the candidate braze alloys selected for use with Type SAT
steinless steel have exhibited sstisfesctory wetting eand flow. The BT +
lithium alloy appears slightly superior to the Premsbraze slloys 128 and
130. This is to be expected since the lithium sddition grestly improves
vetting and fluidity of the brazing alloy. As poted in 8 previous
_section of this report, the block shesr strength of the BT + lithimm
braze slloy wvas found to be satisfactory for the reguirements of the
Type 347 stainless steel tubing system. Both the silver-bese BT +
lithium slloy and the gold-bate Premabraze 130 alloy were selected for
turther eveluaticn for brazing joints in Type 347 stainless steel
tubing.

The BT + lithium slloy wvas the cnly candidste brasing slloy come
sidered for use with AM 350 stainless steel. This alloy bes proved
very satisfsctory im use for the B-70 hydrsulic system lipe joints, and
has eatisfactory wetting, flow, snd strength properties far the AN 350
stainless steel tubing system pressure and temperaturs requirements.
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COMPARISON OF WETTING AND FLOW OF
BRAZING ALLOY ON PARENT METAL BASE.
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Premabraze alloys 128, 129 and 130, and the 60Fd-kONi-O.3Li alloy shuwed
the best vetting and flow properties with Rene' Ll base metal., These braze
alluys were then tested for block shear strength as described in a preceding
suction of this report, Information about the brazing characteristics of tle
candidate vrazing alloys can also be determined during the block shear tests, :
The extent of melting, wettability and flow of the brazing alloys can be i
uugerved from examination of the sheared surfaces of the specimens after test- :
ing. The effectivaness of various cleaning procedures can also be evaluated
in this manner, Finally, metallurgical examination of the specimens can be
performed to determine the extent and type of diffusion or other reaction of
the Lraze alloy vwith the basis material, The braze allcys used to make the
block shear specimens were in the form of foil; the gold-base alloys were ,002
ineh thiek foil, and the palldiumenickel alloy was .005 inch thick foil., The
couposition, melting temperature, and brazing temperature of these and other
candidate brazing alloys considered for this program are given in Table X.

The palladium-nickel brazing alloy exhibited the best consistent wetting )
and flow characteristics of the braze alloys which were used to make Rene! Al !
block shear test specimens for this program, This was Judged by the appear- ;
utice and absence of voids in the failed braze surfaces of the block shear
specimensa, such as those shown in Figures 1l and 12. The gold-base alloya
tromabraze 128, 129 and 130 exhibited a less consistent flow and wetiing of
thie Rene' %1 vlock shear specimens, as evidenced Dy the presence of up to 20
purcent voids in the failed brage surfaces of some of the tested specimens,

‘'he degree of void area for the gold~bass alloy specimens is listed in Table
X1, and the appearance of the failed surfaces of the specimens tested at room
Lemperature are shown in Figures 13, 1l and 15,

The two Niorobraz all 444 not show satisfactory wetting and flow
characteristics with Rene' L1, . amination of the braze alloy flow specimens
indlecated that the binder used in these powder alloys adversely affected the
wetting and flow of the alloys. As previously noted, block shear strength tests
were not conducted for the Nierobraz alloys.

On the basis of the wetting, flow, and block shear strength tests, Pre-
mabraze alloys 128 and 130, and the 60Pd-hONi-0.3Li alloy wers selected for
turlher evaluation for Rene!' k1l tube Joint brazing.

.2 DRAZING PARAMETERS

The following brazing parameters were considered essential for successful
tube brazing, These parameters were studied in detall for each of the tubing
materials considered for use in this program.

1) Cleaning

2) Atmosphere control

3) Fitting (sleeve) design

I}y Induction heating coll design

5) Heating rate and uniformity of heating

‘“hree other taclors also considered important were the form of the brazing alloy,
the diametrical spacing vetween the Titting (sleeve) and the tuve, and the power
requirements for tiazing,
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Several of these parameters were relatively Mmﬂ of the material
being brazed. These indapendent parsmeters 7vere the cleaning, atmosphere
control, induction heating coil design, heating rate, and the power require-
ments. There was little differsnce in these paremeters whether the matertal
being brazed vas Rene' 41, AM 350, or Type 347 stainless stesl. These
independent paraneters will be discussed in the following paregrephs.

The othber Parameters were dependent upon the brasing alloy and/er the
material being joined. These dependent parameters are the fitting or sleeve
dasign, bdrasing alloy form, and the joint clesrance or dismetrical m
The dependent parameters are also discussed below.

4.3 DOEFENTENT MRAZING PARAMETERS
Slssning

Cleaning procedures for sach of the tubing and fitiing materials o be
used in this program hed been previously established by the Contractor. These
procedures vere found to be entirely satisfactory for use in tube brasing.

The sere procedure £or pre<braze cleaning waq used for all three of the
tubing system materials, Rene' Ll, Type 347 and AN 350 stainless stesls. This
cleaning procedurs was as follows?

(1) Alkaline clean by irmersion in Vitro-Kiene (Turce Wl), with
Turco No. 4215 additive, for 15 to 20 minutes at a bath tempersture
of 170-200 P.

{2) Rinse in deminerslized water.

(3) Plckle in inhidited nitric seid (7 to 9 pere .mpm 6to 8
percent Turco L10k) at room tempersture for 10

(%) Rinse in demineralized wvater.
Atmosphere Contral

All Jjoints were brazed in dried argon gae. A pyrex glass tube, closed at
each end by stainless steel fittings, was used as & plemum chaxmber to retain
the argon gas around the joint and also to¢ aid in positioning the tube snd
aleave assembly within the induction coil. Typical assemblies set up for bras-
ing are shown in Pigures 16 and 17. Disassembled fittings, pyrex plenm -
chambers, and various esizes of induction coils are shown in Figures 17 and 18.

Dried argon gas was introduced into the plem=n chamber through one of the
end fittings and flowed between the -etal tube and the pyrex tube, as indiecated
on Figure 19. Dried argon gas was also floved through the inside of the metal
tube. In this way all surfaces of te Joint assembly to be brazed were in an
argon atmosphere. Inecoming gas flows vere belenced so the pressure was approxi-
mately equal on the inside and outside of the tube Joint assembly. If the gas
flow pressures were not mainteined equal, there was & tendency for the argon
gas to pass through the molten brazing alloy, causing voids in the brased joints
or expelling the molten brazing alley from the joint capillary.

a
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A specially built drying train was used to ensure that the argon
gas was dried to less than ten parts per million of moisture before the
gas wus passed through the brazing apparstus. In addition, low flow
rates of the dried argon gas were used during brazing to further minimize
the possibility of imtroducing traces of moisture with the argon. The
argon gas flov rates were controlled to prevent air from entering the
plenum chamber and contaminating the enclosed joint assembly during the
brazing eycle, and particularly when the argon atmosphere in the plenum
ehamber contracted in volume during rapid cooling of the system after
dbrazing.

Coll Design

Design of the induction heating coil for tube brazing includes
consideration of four variables. These variables are:

1; Coil length
2) Coil diameter
3) MNumber of turns in coil
) Size and shape of the tubing used to form the eoil

The relationship of the above variables, the plenum chamber, and
the joint agsembly to be brazed, are shown in Flgure 19. The length
of the coil is determined by the length of the area to be heated, in
the case of this program, the lensih of the fitting. Satisfactory
joint brazing wee achieved for the jointe made in the Poase I part of
this program when the 2oil length wes equal to the fitting length.
Variations of 1/16 to 1/8 inch in the coil length did not appear to bave
any detrimental effects on the brazing process or the quality of the
joint, The coil lencth may be increased or decreased if more or less
heat is required at the ends of the fitting in order to accowplish
satisfactory brazing.

Tne inside diameter of the induction coil is normally made as small
as possible consistent with the size of the plenum chamber. The spacing
between the inside diameter of the induction coil and the outside of the
work plece is called the “coupling” of the coil to the work. In general,
the efficiency of induction heating is greatest vhen the coupling or
space between the coil and the work is as close as 1g possible without
causing the electric current to arc from the coil to the work piece.
However, there are times when the coll diameter is increased in order
to decrease the flux intensity and produce & more even heat input into
the work. Dimensions of the pyrex plenum chamber tubes and the in-
duction heating coils as used for several sizes of brazed tube joints
during the Phase I part of this program are given in Table XII. The
sizes given in this table are indicative only, inasmuch as they are
dependent on the wall thickness or outside diameter of the particular
fitting used to make the joint, and also the coil diameter will de
varied according to the requirements estasblished by the ferromagnetic
characteristies of the tubing and fitting materials.

56



(°uy gTT°0) (°uy Y2L°Y)

‘uy g/L% ™t goE w1 02T uy ¢
(*uy 560°0) (°ux £56°2)

‘ut g/1-2 ™ g L_¥7) uy 2
(*uy 620°0) (°uT 96%°7)

uF 9/5~T w 0% ™ gg ug T
(°uF 620°0) (°ur WT°T)

uy 4/1-1 s 02 e of ug Y/¢
(*uF 650°0) | (°uT $86°0)

‘ut 8/t-1 m G wr G uy /1
(vur twv0) | (oo 06s°0) ||

*ut 9T/€T w21 wr ST _ ut /1
(°ut § 0) (*ut %6€°0)

“ONIHNL 40 ©3ZIS JUTEHALIYd
40 DUTZVHE NOTIONONT ¥Od GISH DHITO0L JO SHOTSHIHIA *"IIX STEVL



The power output, or heating efficiency, of the induction heeting
system is determined in great measure by the match between the electrical
characteristics of the induction generator, the power transmission cable
and the coil. It is particularly important that the impedance of the
transmission cadble together with that of the coil-workpiece combination
be properly matched to the impedance of the induction generator eircuit.
The impedance of the induction coil can be changed scmewhat by increasing
or decreasing the number of turns of copper tubing which make up the
coil. The length of the ares of the workplece which is to be heated is
a consideration in determining the number of turns of the coil, bdbut the
matching of the electrical characteristics of the eircuit is by far the
most important consideration. The coil length can be increased by

apreading the turns farther apart, if neceszsary, vithout increasing the
number of turns. '

The number of coil turns required to satisfactorily draze a given
tube Joint and fitting ecoembination will not be the same when different
induetion generators are used. This wvas demonstrated during the
development of brazing parameters for 3/4 ineh 0. D. x 0.030 ineh wall
Rene' Ll tubing. A three-turn coil produced uniform heating of the
Joints on the 30 KW Ther=Monic Induction Heating Unit, dbut a foursturn
¢coil was required to obtein uniform heating and good quality bresed
Jointe vhen the 2-1/2 KW Lepel Induction Heating Unit was used.

The size; or diameter, of the tubing used to form the work eoil
as well as the tubing shape, whether round, square, or flattened, is
selected to fit the Joint design, tubing and fitting material, lni the
induotion generator which is to be used. The work coil which was used
to braze the Joints in the 1/k inch diameter AM 350 stainless steel
tuhing wvas made from 1/8 inch dimmeter round sopper tube. Round copper
tubing 3/16 inch in diameter was used for the work ccils with whieh
the joints in tubing 1/2 inch and larger in diameter were brased.

ALl tube joint brazing during the Phase I development work was done
using hand-wound, open, water-cooled copper tube coils. The tube joint
to be brezed was contained inside the glass plenum chamber. This type
of arrangement is shown in Figures 17 and 19. It is satisfactory for
bench or “shop type" brazing at the work station on the induction
heating unit, and it can aleo be used at the end of a coaxial power
transmission cable for "in place” brazing at locations remocte from the
induction unit. The plenum chamber can be made in two pieces for ease
of removal from the joint after brazing. The hand-wound copper-coll
i{s inexpensive and can be discarded after use.
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Where many joints of the same size and materials are to be
brazed, the work coil cam be made as a reusable aplit-type com-
figuration, such as is shown in Figure 20. This is & productiom-
type tocl using an air cooled coil. It is designed for ease of
use in an area of limited necessibility at s distance from the
induction generator. This tool is provided with semiautcmatiec
controls and does not require a high level of skill in the using
personnel. Such a unit is satisfactory for precisicn machined
fittings where the wall thickness and fitting dismeters are hald ¢o
close tolerances, and where the nature of the materials and the
size of the Joint do not require particularly large amounts of
heat or long heating times. Should the use of “"snap-on" or splite
type tools for brazing of rocket fluid system tubing Joints appear
desirable, information on the design of this typs of tooling will
be prepared in Phase I1II,

Power Requiremsnts and Beating Rate

Three induction heating units were availadle and wera used
in the Phase I part of the program. They are a 30 Kv, 250 Ks Ther-
Monie unit; & 2-1/2 Kw, 450 Ke lepel unit; and a 1-1/2 Xv, A50 Ka
lepel unit, The 30 K Ther-Monic unit wvas used o0 brage the large
and intermediate size tube joints, and is expected to be required
for all tubing joints two inches in dlameter and larger, The f-
1/2 W lepel unit and the 30 Kw Ther-Monie unit were both used for
trazing the 1/2 inch and 3/b inch diameter tube joints, The 1-1/8
Kv Lepel unit was used for dbrazing the small Joints, such as the
1/8 inch and 1/k inch diameter Type 321 and AM 350 stainless steel
tube joints., All three of the induction heating units were found %o
be satisfactory heating sources for the tube joints brased.

The power settings of the induction machines were initially
kept sufficiently low to insure uniform heating of the tube fitting
assembly during brazing. Slow heating rates vere used duriag the
development work in Fnase I 80 that more time was availabls to
cbserve the wetting and flow action of the brazing alloys, Heatisg
. times for all joints was between one and two minutes. The heating

times used for hbrazing AM 350 tube Jjoints in aormal production
operations frequently are of shorter duration, of the order of 80
to U5 seconds, Shorter heating times on the order of the produstiom
braving cycles will be used where applicable in the manufacture of'
the Phase II qualification test specimens.
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4.k DEPENDENT BRAZIN PARAMETERS

Certain brasing parameters vere previcusly classifisd as beiag
dependent upon the brasing alloy and/or the material being joimed.
Thess were the fitting or sleeve design, the bLresing alloy form, the
Joint clesarance or diamstrical spacing, sad alsc the
placement, The gemeral requiresents for fitting or s.
were discussed in Sectiom 3, Structurel Avalysis. The other depend~
oxt parameters are discussed in the following paregraphs under each
typs of tubing material, and tube sising procedures are descrived.

Bepe' })

The form in which each dbrasing alloy wvas used wvas goversed first
by availadility and secondly by ease of handling or applicaticas.
Premabraze 130 alloy was used as a preformed ring, and vas preplased
within the grooved fitting or sleeve. Prumabrase 128 alloy is mot
available as & preformed ring. This alloy vas used in the form of &
vire loop placed betwesn the two tube ends insids the fitting., The
60Pa=kON1=0. 314 alloy vas available only in the form of thim foil,
This alloy was pre-wrepped around the outsids of the tube ends, amd
then & straight-through (ungrooved) fitting was pressed over the
braze alloy vrapped tubs emds.

The joint clearance for the Rene' Al joints, or the diamstrieal
gap between the tube 0,P, and the fitting 1.D. vas 0,003 iach for the
Premabraze 128 and 130; and was 0,003 to 0,00k inch for the

alloys
601;:-1001!1-0.314 alloy, depending on the thickness of the brasiag alloy
foil.

Iype 321 and 347 Stainless Steel

i

Type 321 stainless steel vas used to dewvplop the trasing pare~
meters for the system in which Type 347 stainless steel tubing will
be used. The tvwo steels are very similar in their brasing properties.
Premabraze alloy 130 again was used as & vwire preform in conjumetion
with a grooved fitting. The Jjoint clearance was 0.003 inch, PP 4
lithium brazing alloy vas alsc used as a preformed wire ring preplacsd
insids a grooved fitting. Because of the fluidity of the BT 4 lithiwm
alloy, & slightly closer Joint clearance of 0,0025 inch was used.

AM 8 ss Stesl

BT + lithium was the only brazing alloy used with the AM 350 staime
less steel tubing, This allcy was used in the same wire preformed riag
and with the same design of fitting as with the Type 321 tubing fese-
crived in the preceding paragraph.
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Tube Sising

Tube sicing generally is necessary in order to produce high
qQuality production~type braged joints. BSizing of tubing say de
required to correct for the effects of the outside diameter and
ovality tolerances of commercial tubing, and also for out-ofs
tolerance conditions which may result from any tube formiag
operations,

Tube sizing can be accamplished satisfactorily in the hydrene
1ic punch press; however, this method cannot be used to sisze tube
in place on systems during final assembly and in field repair
maintenance. To accemplish tube sizing in all stages of assembly
and field maintenance repair, & portable, high energy tube aising
tool may be used, A tool of this type, as shown in Figure 21, bas
been developed by the Contractor and is being used in the assembly
of tubing systems for the XB-70. This high energy tube sising
tool can be used in the field under normal safety precautions.
High energy to size the tube is cbtained by the expansion of gases
of a .22 caliber charge. The tocl has split dies to correct tube
OD a.nd. wall thickness, and when used sizes the tubing to 0.010

inches above the nomina) OD. This sizing tool can be used cm

dlameters up to approximately two inches,

Tube sizing operations were not performed during the brasisg
investigation of the Fhase I part of this program. Instead, the
experimental sleeve fittings were selectively fitted to the tubiag.
4.5 EVALUATION OF BRAZED JOINTS *

Rene' L1 Tube Joints

Of the three brazing alloys selected for evaluation with Fene?!
L1 tubing, only Premabraze alloys 128 and 130 produced satisfsctory
brazed tube Joints. Both of these brazing alloys produced joints
that were 90 t0 95 percent void free. On the basis of the shear
strength data shown in Figures 3 and 4, both brazing alloys are axe
pected to produce Jjoints that will pass the burst test requiremsnts
at 1500 F. Premabraze alloy 128 is expscted to deveicp & slightly
higher shear strength at 1500 F than is Premabraze alloy 130, Howe
ever, Premabraze alloy 130 is readily available as a preform ring
while Premabraze alloy 128 is not., Preform rings of brezing alloy
have the advantage of being easier to use and produce more repro-
ducible quality Joints. Therefore, because of its availability as
a preform ring, Premabraze a.u.oﬂ' 130 has been selected as the recom~
mended alloy for brazing Rene' L4l tube Joints. FShould it prowe
possidble to procure Premabraze alloy 128 as preformed rings at some
later date, then this alloy would be recommended because of the
higher shear strength which it is expected to develop at 1500 F.
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At the start of the brasing paramster development work, difficulty
was encountered in obtaining satisfactory flovw of the gold-bass brasiag
alloys along the Rene! L1 tube joint capillayy., This difficulty is be-
lieved o result frem the presence in Rene' L) alloy of the slements
alwminum and titanium., These slemsnts are thought to form oxides on
the tube and fitting surfaces, the oxides inhibit wetting and flow of
the brasing alloy. This problem wvas overcoma by nicksl plating the Mess!
bl alloy tube and fitting surfmces 0 be brased. The gold-base bresiag
alloys vere able 0 vet the nickel plating and flow easily through the
Joint capillary. Exoellent Joints, such as the one shown in Figure 22,
were cbtained by this techaique, :

The 60PA-hONi-0, 314 brasing alloy had shown great promise during
the initial evaluation work with the vetiing and block shear specimens.
Excellent block shear strength vas attained at all tezmperatures from
sub=gero to 1500 F. Then, difficulties were encountered during the pree-
liminary attempts t0 brage Rene' Ul tube joints. The high melting
temperature of this alloy (2100 F) reguired a brasing temperature of
2150 F. Currently, the 60P&-4ONi-0.311 alloy is available commercially
only in the powder form. The alloy used for the tests under this pro-
gran vas prepared in the NAA laboratory by vacuum inducticn melting, and
then rolled o 0,003 inch thiok foil. The first melt of this alloy was
used for the preliminary tests and produced the excellent results., Two
successive attampts to reproduce this alloy vere unsuccessful. For rea-
sons vhich were not readily apparent, both lots of alloy had melting
points above 2150 F. VWhen these lots of alloy were used to brase tube
Joints, brazing temperatures of 2200 T or higher wers required, Under

these conditions incipient melting and deformation of the tube Joint
oscurred.

Inasmich as the shear strength of the gold-base alloys ware detere
mined to be adequate for the Repe'! 41 tube system requirements under
this program, the 60Pd-hON1-0,3L1 alloy was dropped as & candidats brase
alloy for this program. However, it is believed that dsvelopment of
this alloy should be pursued further. The problems encountered are
thought to have been caused by variations in the lithium content, which
has a great effect on the melting point of the alloy,

The 60PA-UON1-0.3Li alloy lot firat made had good wetting and flow
characteristics vith Renethl, It vas not necessary to nickel plate the
Rene' 4l surfaces in order to cbtain satisfactory wetting, as was the
case with the gold-base alloys. The strength charsacteristics of the
block shear specimens at 1500 F were excellent, This alloy should prove
satisfactory for use with other high-strength high-temperature tubing
materials, such as Haynes alloy HS-25., Further development of this brese
ing alloys is, therefore, recoamended under a separate development progrem.
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Type 321 Stainless Steel Tube Joints

The most satisfactory brazed jJoints with Type 321 stainless steel
tubing were made with the BI' + lithium drazing alloy. Joints were
produced with this elloy which were 95 percent void free.

Early joints brazed with the BT + lithium alloy and Type 321
steinless steel tubing had many voids. These voids vere determined to
have been caused by mill markings on the tubing which the chemical cleaning
operation bad not completely removed. This condition was corrected by
vapor honing the tube surface prior t0 the regular cleaning operation.

Prerabraze allioys 120 and 130 produced brazed Type 321 stainless
steel tube Joints which were approximately £0 percent veoid free. The
quality of the joints brazed with these gold-based alloys would probably
have been further improved if the nickel plating technique discussed
above had been used in the same manner as with the Rene' 41 joints.
However, since the BT + lithium alloy produced very satisfactory quality
brazed joints in the Type 321 stainless steel, further vork on development
of brazing parameters for the gold-based alloys with the Type 321 stainless
steel tubing was discontinued.

AM 350 Stainless Steel Tube Joints

The BT + 1ithium braze allcy wetted end flowed very well in the
AM 350 stainless steel tube joints. The experimenmtal AM 350 tube joints
made with this braze alloy were approximately 70 percent void free. This
is well below the quality level which igs normally obtained in production
brazing of AM 350 tube Joints with these materisls. Examination of the
test Joints showed that the Joint clexrance had increased during the
brazing operation. The dimensional tolerances of the Jjoint have been
established with the expectation that the sleeve would contract sli
during the braze cycle. It is believed that the AM 355 stainless steel
sleeves used for the test joints vere not in the required heat treat
condition. and that &8s & result the sleeve underwent dimensional growth
rather thun the expected shrinkage. This problem is not expected to
occur apain since a close inspection will be made of tubing and fitting
materiale intended for use in this program. As showm ino Figure §, BT
+ lithium brazed joints are expected to have a block shear strength of

22,000 psi at room temperature, 20,000 psi at 200 F, and 12,000 psi at 600 F,
Reference (18).




4.6 JOINT REBRAZING FEASIBILITY STUDY

A femeibility study has been initiasted on the problems mszocisted
with debrazing and rebrazing of Joints made with the materials used in
this program. The preliminary rebrazing study vas conducted with &
simple butt Joint specimen made from Rene' 4l rectangular bar. The
brazing alloys investigated with Premabraze 130 and 60P2-4ON1<0D.314
alloy. The brazing, debrazing, and rebrazing operstions were performed
wvith the apparatus shown in Figure 23.

The Rene' 41 butt joint made with Premabraze 130 alloy was debrased
and rebraged a total of five times.. These operations were conducted at
terperatures both above and also somevhat below the nominsl 1742 P melting
temperature of this brazing alloy. It was possidle to pull the joint
apart at temperatures of the order of 1600 F to 1650 F, and then csuse the
slloy to rebond at temperatures of 1650 F to 1700 F. Tris vas done in an
argon atmosphere. The debonding and rebonding belov the melting temperature
of the brazing alloy can be accomplished because of the particular nature
of gold alloys as regards their known malleability and dry wvelding or
pressure bonding characteristics, Reference (20). Tne joints were
examined after each braze operation and were found to be of sound gquality
with no apparent voids or discontinuities.

Tne jointe made with the 60PA-LON1-0.3Li alloy werc brazed and
debrazed twice and then rebrazed a third time., Exarination of this joimt
showed a poor qQuality braze after the third braze operation. It appesred
that the lithium in this brazing allsoy had dissipated during the first
two brazing and debrazing operations. Since the lithium in this alley
served as & volatile flux and alsoc. improved wettability and flow
characteristics, vhen it waa gone the brazing alloy was no longer
capable of proper wetting and flov to reform a sound joint. In this
connection, it can be expected that the silver-base brazing alloys which
contain lithium as & fluxing agent will react in a gimilar menner. That
is, they will be capable of only a very limited number of debrsszing and

rebrazing operations because of lithium volatilization and depletion
from the alloy.

An attempt was mede to debraze and rebraze the nickel pleted and
brazed Rene' Ll tube joint shown in Figure 22. This joint was made
with Premabraze 130 brazing alloy. The Jjoint was successfully debraged
in an argon atmosphere. Examinstion of the debrazed joint showed good
adhesion of the brazing alloy to the base metal, and full flow and
wetting of the joint capillary surfaces. The rebrazing operation wes
not successful. During attempts to prepare the joint for rebrazing
some of the brazing alloy was inadvertently removed from the joint
surfaces. Then, during the rebrazing operstion when the tube end was
moved into the fitting at brazing tempersture, air leaked into the
plenum chamber through a defective end seal. This contaminated the
argon atmosphere and caused the formation of oxide on the Rene' Ll surfaces
and within the Jjoint. Additional debraze-rebraze etudies will be

conducted to determine whether this procedure can be successfully used
with bruzed tube joints.
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5-24-62 2557-95-38B . -
Figuro 23. 4pparatu. for Rebrazing Feasibility Preliminary Tests.
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5. TUEE NELDONG

5.0

e use of fusion welding as a means of joining tubing for reckes
f1uid systems hes inherent sdvantages over msny cther methods of assambly.
Welded connoctions have & minimm weight sddition at the Joint, they have
good strength at elevated temperatures, gocd fatigue properties becsuss of
the minima) change in section at the joint, apd they require small acoess-
ibility space. Another very favorable asset of the welded joint is that
usually only one material is involved. The problems of corrosion amd
inter-reactions between dissimilar materisls are minimized. This is an
extremely important considerstion in the development of joint systems fer
compatibility with exctic fluids having high degrees of chemical activity.

5.1 WELDING TOXLS

T™wo tube welding units were used in the Fhase I part of this yrogram.
One unit was an existing tool which the Laboratory hed been using for
other progrems, and was suitable for joining small dismeter tubing s
up to & maximm of coa-inch &igmeter. The second tube welding unit
designed, built, and has been chacked cut satisfactorily. This
unit wvas designed for joining larger size tubing. It has baen
weld tubing as large as three inches in diameter and as small as 3/b imed
in diemeter. The first welding unit set up for welding 1/8 inch dimmeter
tub:.u;;lhmunm% The: second welding unit is ia
Figure 25.

In general, these t00ls are operated by & Boston ring gear drivea W
s variable speed motor through a flexible cable and a pini

shown in Figure 26, A tungsten electrode is wounted in the ring gear amd
travels around the circumferance of the tube ss the gear rotates. The
tube to be welded is located in the tool by transite inserts which are
sachined to fit the outer dismeter of the tube, as shown in Figure 27
In this manner, any tube vhich has a diameter of three inches or lsss can

be accommodated in the tool by machining an spprogariate set of transite
Mo'

i

-
E,E

A Vickexrs 200 axpers, direct current, rectifier type power supply
was enployed for all welding tests. The controls for weld power, drive
motor speed, and shielding gas flow were all mounted in a portable comtrel
box for convenient remote "in place” welding usage. This control box is
shown in Figures 27 and 28, the latter picture showing a remcte welding
setup. ) )

5.2 WELDING TYPE 321 STATNLESS STEEL TUEING .

Preliminary weld perameters were developed using type 321 stainless
steel tubing. This material is similar to the type 347 stainless steel
tubing vhich is to be used for the qualification test specimens in Phase I¥
of this program. %The type 321 material was availsble in laborstory stock
an? has been used pending procurement of the type 347 stainless steel
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tubing. The major difference between the two materials is in mimer
additions of stabilizing agents to prevent chromium depletion during
walding. It is not anticipated that any new major differences or probtlems
will be encountered in joining type 347 stainless steel tublng. During
this part of the Phase I work, the welding characteristics of 1/8, 1, and
3 inch dismeter type 321 stainless smteel tubing were investigated.

A1l of the welds made in the type 321 stainless steal tubing were
stainless stesl wire brushed and clemned with scetons prior to wldiag.

T™his cleaning procedure was adaquate to produce a clean weld daposit.
1/8 Inch Dismeter

e 1/8 inch Aismeter tubing was welded using the tool snd ses Wp
[ in Pigure 24. This tool had been designed and bBuilt by the NAA
La tory under a previcus program to weld tubing up t0 & mximm
dlspeter of ons inch in size. This tool, being designed for small disme~-
ter tube joining, s easier to use on the 1/8 inch dismeter tuding thaa
is the larger welding tool vhich was built for this program.

Some difficulty was encountered in welding the 1/8 0.D. x .012 iash
wall thickness tubing dua to an inability to "Zire" the mmaller welding
tool at the low current levels vhich hal to be -used. This problem wms
aggravated by the fact that the smaller welding tool 41id not have &
builtein voltege control which would allow touch start. Eventually, Wy
coating ths electrode tip with graphite, it was possible to "fire"
consistently in the 2 to 3 ampsre rangs of welding current settings.

Wald schedules were dsvelcped for the thin wall tudbing. 1In these
schedules the drive motor was started first, then the welding currest
was manually inereased to the level for welding, about 10 mxperes. Te
prevent crater cracking, after the weld was complated around the tube the
welding current level was manually decreased wvhile the trevel syoed of
the welding slectrode was incrsased.

Argon inert gas shielding was used on the torch side and helimm gae
shielding way used on the back-up side of the weld. Filler metal was
added to the weld by melting down the sleeve fitting. This fitting, which
was machined from type 321 stainless steel rod, also served to align the
tube ends for the welding operation. The resulting welds were exsmined
visually. Reproducidble welds of good quality were mada using this methed
in dboth the horizontal and vertical positions.

Welding Ome Inch Dismeter Tubing

One inch diameter, .035 inch wall thickness, type 321 stainless
steel tubing was welded using the tool designed and constructed for this
program. No Aifficulties were encountersd with operation of the tool im

ragard to tube aligmment, shielding gas coverage or mechanical operstiom
of the tool.

(4]




schedules wiiich were developed for the one inch tubing insluded
the manual downsloping (reduction) of the weld current and an increase of '
the travel speed after one rewlution to eliminaiu crater crasking. Upslo
ing (increase) of the magnitude of the weld current was not required, er
netal addition and tube end aligment were ascomplished by use of a slsew
fitting which was made by alightly expanding the dismeter of a section of the
one inch dimeter tubing. Again, argon shielding gas was used on the torch
side and helium gas shielding on ths backup side of the weld, Radi

0, (-}
and metallogrephic inspsction showed that satisfactory welds were nz?:
both the vertical and the horisontal positions.

After developing the final weld parmmeters, reproducible Mhlind® welds
were made with the operator watching only a stopwatch and the weld curremt
smmeter, A weld was made between two tubes separated by a 1/32 inch gap to
determino the effect of poor fit-up on the weld schedule and quality. After
weldiig, the sleeve showod increased concavity but this concavity daid net
etend into the tube wall, The poor fil-up did not impair the weldahility,

Welding Three Inch Riamster Tubing

A linited mumber of welds were mads in thres inch dlmmeter, .065 inoh
wall, type 32] stainless stesl tubing. These welds were made using about
the sane procedure as deseribed for the one inch diamster tubing, The
sleeves wore made from expanded lengths of the same three inch ddmeter

tubing, Both argen zas and "Aircomatic No. 75" shield gas were used om
the torch side of the welds,

Tubing ovality caused some difficulty because of joint offset resulting
from tube end mismatch. In some areas the joint offset was calculated to b
Irom 020 to (O40 inches, This amount of offset resulted in the weld pmne-
tration moving to one side causing lack of fusion across the joint., However,
several other specimens which had as much as 030 inch mimmsteh were welded
satisfactorily. These difficulties were overcome by selectively matohing
the tube ends. No special siging techniques were used, Specific procedures

for sizng and fit-up will be developed in Phase II during mamufacture of
the qualification test spscimens,

longer welding times were required for the large dismmeter tubing.
Because of these long weld times the preheating effsct from weld heat
buildup becomes more noticesble and must be compenssted for. Starting the
weld at the 4 o'clock position caused a heavy drop-through when the wald
reached the 12 otelock position unless the welding current was reduced,
This condiction was alleviated by welding halfwsy around the tubs, stopping
to permit the joint area to cool, andthen completing the weld.

5.3 MELDING REIE' &) TUEING

The Rene! L1 tubing which was welded during the Phase I part of the
progran was 3/4 inch diameter, ,030 inch wall. The initial sttempts to
weld the Ronet 41 tubing were made with the one inch maximm diameter
welding tocl, but they were unsuccessful becauss of insufficient shielding
gas coverage of the weld area, The shielding gas inlet in this ‘ool does
not rotate with the tungsten electrede. A rotating gas inlet could not
be built into this unit because of the limiting size., The welding unit
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electrods rotating around the tube as a unit, and the ]
direct the flovw of the shielding gas directly on the wld surfese. This
oup is removed vhen this unit is used to wld larger dimmetor tubing. Te
podifioation solved the shislding gas coverage roblem and permitted the
joining of Reme' L) tubing with sstisfactory wlds.

Good quality weld joimte 1o 3/% imch Rene' 41 tubing were made in
both the vertical and horizontel positions. It was necessary, &uwe te the
preheating effect, to reduce the welding curremt after about two-thirds
of the weld length arcund the tude had Deen completed. This condition wms
moTe apperent in the horisomtal then in the vertical position, aad 1s the
result of the axcess heat vhich increases the puddle fluidity and csvees
sxcessive drop-through. This condition also ia aggravated Yy the
gravitationsl effect Suring welding in the horisontal positism.

A nuzber of the welds were inspected metallogrsphiselly end W
radiography and vere found to be satisfactory. One jJoint was foumd te
have lack of penetration vhen inspected with a berescope. This joint was
subsequently repaired by rewelding using s slightly ™otter"” weld scheodnle
with a current increase ¢f 2 amperes. Re-inspection of the joint afber
this repair showed a good weld and indicated excelleat penstrutisn.

An cxsdized surface was observed on the Rene! 41 welds. This exide
indicated that the cleaning by wire brushing and acetons wiping was aet
ranoving all of the scale from the tubs. To insure removal of the scale
anl other contsminants which might have remained after the ncrmsl clasning,

ths surfaces to be welded were aleso clesned with sandpsper. This clesning
treatment resulted in welds with cleaner surfaces.

5.4 6061 ALUMINUM ALLOY TUEDNG

Many approaches were tried but no satisfactory msthod could be
developed for "in place” fusion welding of alumimm tubing by use ¢f the
tachniques to be investigated under this program. The high thermal
conductivity, extreme fluidity of the weld pudlle, and the oxide

on the surface of the weld make it virtually impossidble to jein
tubing using these technigues.

L i

Small varistions in fit-up, either between the sleeve fitt
the tube, or between the tube ands, cause serious heat shorts

ing. A gap in the butting ends of the tubes results in lack of
one side of the Joint.

i
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A gup between the slesve fitting and the tube can also result in lask
In scre cases sufficient heat was transferred

asross the gap between the sldeve fitting and the tudbs to cause melting in
Yoth the aleeve and tubs, but the two wild puidles remained separute and
44 not wet due to the ox!ds on the upper surface of the tube wld. In an

to cause the two judlles te wet, the surface of ths tube wes ocested
with Solar 202 weld flux. This resulted in better wetting but also caused
exoessive porosity in the wald.

A large gap between the tube and the slseve fitting causes «xoessi
melting in the sleeve and results in fouling of the tungsten »

Finally, poor fiteup betwesn the sleeve fitting and tha tube sxuses &
grest variation in the preheating affset on the tube. This variation
maltes it extremaly 4ifficult to predict vhere the weld puidle will drop
through the tube initially, and also to control the penetration owce the
puddle does Arop through. Without somtrol of puddle drop-through sad

ponstration, sutomatic or "dlind" wlding of aluminmum tubing joints cannet
be acoouplished,

In order to determine whather sufficient heat control was availabls
for "in place” joining of alumirnm tubing, seversl joints were walded in
which the tube ends were Dutted together But the sleeve vas eliminated.
Puddle control was much better using this technigue, but it was not .
possible to make any joints without producing about 50 percent comcavisy

in the weld ares. This concarity indicated a requirement for fillex
saterial. .

Other methods of adding filler material are boing econsidered in
addition to the use of a sleeve. Joints were Jrepared in which rings
having & "“tee"-shaped cross-section vere amployed in place of a full
cylindricel sleeve. The use of these "tee"-shaped cross-section rings
caused cdditional problems in £it-up of the tube ends and also requived
tack welding for loocation purposes. During the subsequent wallding of
the tube joint, heat shorts occurred at each of the tack welds with a
resulting lack of fusion. Howevey, the use of the "tee"-shaped cross-
section rings did show scme promise. Some further work may be performed
during Phase II to investigate an improved design for such rings. The
anticipated effort would be small and would involve only the Irocurement

or fabrication of the improved design ring and evaluation of its use in
weldsd tube Joints. '

The use of filler wire appears to be the only method of filler
material addition vhich has promise of resulting in an autamatic productien
type process for weld joining aluminum tubing. This can be accomplisied
by the addition of a small wire feedsr to the welding teol. This
rocedure was not evaluated &during the Fhase I work. However, a new tube
velder 18 being designed for use with a separate program, Reference (27),
This welder will be adaptable for use with a wire feeder, and i3 expected
to be avallable withi:n the next several months. This tool will than de
used to determine the feasibility of weld joining aluminmm tubing using
automatic techniques with riller vire additiom.
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It should be moted thet althcough the mejor problem encountered wms
that of obtaining & controllable heat input to the joint, other less
irportant problems were sleo evident. The weld cross sections exhibdited
such porosity sod occasioml cracks, furtber empasizing the requirement
for filler vire sddition. Nermsl practice for welding this 6061 sluminum

slloy includes the sdditicn of either LOM3 or 5356 sluminum alloy filler
vive,

5.5 ADDTTIONAL VELDING DEVELOPNENT WORK BABQUIRED

Finel weld mrameters vill be developed for the sctml tube dismeters,
wsll thicknesees, and materials to be utilized for the Fhase II qualifices
tion test specimens, Further investigation of filler wire addition for
aluminum welding, as noted above, vill be conducted., The Fhase IT werk
will include AM 350 stainless steel, AM 350 ves pot included 4in Fhase I

becsuse sufficient development parsmeters hed slresdy deen developed by
prior NAA verk,
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6s PHASE II QUALIFICATION TEST PROGRAM

6,0 GEUERAL

The objectives of the qualification tests are to determine and
insure that the fittings are capable of operstion under the performmnoe
and envirormental conditions specified, The testing progrem will evaluste
the brazed and welded fittings to demonstrate the qualification of the
fttings to withstand the imposed design loads for the specified sexvioe

lives, or to be as structurally sound as the tubing which the fittings
Join.

61 IAS FUIES

The following fluid media will be used during the tests speacified
in the following paragraphs:

(s) Gasecus heliwum

(b) Gasecus nitrogen

(¢) Mr

() ws& Fluid, Petroleun Base, Military Specification

{e) Oronite 8200 Disiloxane Base Hydraulie nud; NAA Specifioation
1B0OL,S =100

(£) Aroclor 1248 Chlorinated Biphenyl Heat Transfer Fiuid,
manufactured by Monsanto Chemical Company

6.2 DUTRMENIQIN

The instrmentation to be used will conaist of instrumentation
commoiily used for this type of testing. The data obtained wlll be
verified, whersver possible, by obtaining readings with more than ome
type of instrument; e.g., both standard gages and also transducers may
be used to measure fluid pressure,

6.3 SYSTEM SCHEMKIIC

The basic system schematic for the hydraulio-pneunatic fluid system
is shown in Figure 29,

6ol DATA PRESENTATION

Test results will be presented in the form of tables, graphs,
photographs of test set-ups and test components. Theoretical calculations
and reproductions of the origindl data shects will be included where
applicahle.
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6.5 IEN PROCEIURES
Senopel.

The flow chart shown in Figure 30 presents the relationship betwem
the several qualification tests and the sequence in which fittings wvill
be subjected to the tests., Bach individual type of test is described in
the following paragraphs.

Initdal Bowinatdcn of Preduck

A1l test specimens will be inspected before test for conformance to
the drawings and specifications which are applicable. Examination will
be especially directed toward detecting posaible defectas in assamhly or
worikmanship. Vhere required, test specimens will also be examined for
defects after ome or more of the qualification tests haws bem performed.
This examination will asseas the amount of damage, if any, incurred by -
the specimen during test. Results of this examination will be ocmpared
with the findings of the initial exmxingtiom,

Proof Preamuce and Leaicags

Proof pressure for the Joints to be tested is apecified as 150 percemt
of maximm system operating pressure, The joint assembly is required to "
withstand this condition for five (5) mimites with no leakage or permanent
distortion resulting, Leakage will be determined at the maximm design
operating temperature, and also @ =320 F. Gasecus helium will be used as
the fluid medium, and a mass spectromoter will be used to detect &y
leakage. ALl test specimens will be subjected to this test prier to cther
qualification testing, Tests will be performed at the pressures and
tamperatures shown in Table XILI.

Buzst Prespure

Burst pressure for the joints to be tested is specified as 200 peromt
of maximm system operating pressure. The joint assembly is required to
withstand this pressure for a period of five (5) minutes at the maximm
design operating temperature with no joint rupture resulting. Burst tests
will be perfommed at the pressures and temperatures shown in Table ITIT.

Repeated jssemily

This test is described heredn, but may not be conducted if the joining
processes are not found to be smeanable to the repeated assembly procedure.

Repeated assembly specimens will be fabricated, inspected, subjected
to the proof pressure and leskage test described above, and then reinspected.:
The specimens will then be disassambled, inspected, and if found satiefactory,
reassambled by the same joining procedure as initially used. The defimition
of this test as set forth in the Contract for this program, Reference (1),
requires the brazed specimens to be reassembled without addition of new
brazing alloy.
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Following each reassemhly of the specimens, sach specimen will again
be put through the sequence of inspection, proof pressure and lealtage test,
and reinspection. The specimens will be required to go the :
assembly, test, disassembly, ard reassembly procedure five (5) times.

Stress Reverssl Bending

These teste will consist of bending the test assemblies so s te -
irpose a bending stress at the union centerline equivalemt to 75 pereemt,
oadmm, of the yleld strength of the joined tubdng at the test tempersture.
A cantilever type conflguration will be used and uniaxial bending will be
imposed on the test specimen by means of an eccentric type drive whioh will
procduce a predetermined deflection at the cantilever end of the spscimen.
Calculated stresses will be corroborated by use of strain gages under statioe

oonditions at room temperature, The stressss under the dynamic and cpersting
temperature conditions will ve caloulsted,

Tests will be conducted st a bending cycle rate of approximately
2800 cmm for a maximm of 200,000 cycles, under the sonditions showm in
Table XIIZ, During these tosts the specimens will be pressurised with
gaseous nitrogen to 30 psig. A pressure drop of 10 psig will be used o

indicate failure, Pressuriged hydralic fluid may then be used to
determine the loocation of the failure,

Torstien

The vibration specimens will be of an indetorminate beam configuration
(end fixity at both ends) rather.than a cantilever configuration, A vibre=
tory input amplitude will be utilized in the test sufficient to produce in
the specimen at the union centerline a dynamic stress equivalent to 75 per-
cent, maximm, of the yield strengh of the joined tubing st the test tempere
ature. A discrete frequency rather than frequency sweeping will be utilised
for testing, Optical displacement indicating instrumentaticn will be used,

A thooretical calculation vdll be made for each materdinl, each tube
sige, and each test temperature to determine the length of an indetermingte
beam specimen which will resonate within the frequency limdtations of
existing opticel instrmmentation (150 to 180 ops).

Each specimen will be munted in the test fixturing, heated to the
testing temperaturs and stabilized at this temperature., Then, utilixzing a
low input vibratory forcing functlon, a frequency search from 10 to 2000
¢ps will bs performed to determine acceptance and response modes, and
transmiesibilities at resonant conditions,

Each specimen will next be excited at the test tamperature using
sufficient input amplitude at the fundamental reasponse frequency of the
specimen to produce a stress at the union centerline equivalent to 75 per-
cant, maxitmom, of the ;J.eld strength of the joined tubing at the test
temperature for 2 x 10% cycles. If the response mode of the specimean

changes with test duration, the frequency and/or inmet. forcing fimectiem
will be changed to maintain the stipulated stress.
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Temperature Shock and Pressurs Impulse

The temperature shock will be imposed by alternately on the
surface of the specimen assembly a flame (or a blast of heated alr) and &
strean of liquid nitrogen, The flame will be produced by propmne urners.
The strem of liguid nitrogen (-320 F) will be released from spray nossles.
A total of twenty-five (25) thermal shock cysles will be imposed in fiftemn
(15) mirmtes. During each temperature cycle the test assembly will also be
subjected to internal pressure cycles of zero to 150 percent of maximm

system operating pressure. Tests will be oconducted according to the test
conditions shown in Table XIII.

Pressure impulse tests will also be performed without the tauperature
shock. These tests will consist of pressure cycles ranging from serc to
150 percent of maximm system operating pressure, and will be conducted
according to the test conditions shown in Table XIII,

The pressure impulse will be obtained by a pressure surge through a
licuid medium utiliging a quick opening valwve technique whers applicahle,
The 1500 F and =320 F temperature pressure impulse testing will be conducted
by cycling the test pressure from zero to 150 percent of maximm system
operating pressurs in & squars wave pattem. A dwell at maximm pressure
shall be incorporsted, The rate for pressure impulse cycling will be
35 5 aqu

Enal Inspecticon

A fSpdl inspection wdll be performed on all ‘test specimens and the
results compared with those from previous inspections of the same specimmn,
After final inspection all test parts will be identified by a label and

will be held for disposition according to the instructions of the USAP
Project Officer.

6.6 TEST RQUIPMINT -
fenerel

The qualification test equiment will be constructed and installed in
accordance with the NAA drawings listed below. Coples of the listed drew
ings have been furnished to the USAF Froject Office.

X-4539 Heater and Specimen Holder for 1" Tube Flex Test

X-45i0 Heater and Specimen Support for 1/8 and 1/4 Tube Flex Test
I-454), Tube Flexing Fixture

X=4,547 Tubo Flexing Specimens

X-4548 Tube Specimens

I-4550 Purmnace and Leak Trap for 1" Dismeter Tube Specimen

X=4,55]. Furnace and Leak Trap for 3" Diameter Tube Specimen

X-4552 Furnace and Leak Trap for 1/8 and 1/4 Diameter Tube Speciman
X-4559 Thermal Shock Fixture for Tube Fittings

Y4561 Blast Shield for Tube Burst Test

X456l Holder and Load Arm for 3% Tube Specimen

X~4568  Vibration Fixture Devolomment Braged and Welded Pittings
X-4569 Test Specimens for %-4568 Vibration Fixture

X-4574 Tempurature Shock Fixture ~320° to 600°F

)



Fyessurisaticn Rqulomert

The followding equipment and procedures will be used to producs the
internal pressures in the test specimens. ’

The liquid intensifier will be used to pressurize the liquid fixid
test medla to the very high pressures. A Pressure Booster made Yy the :
Miller Fluid Power Division, Flick-Reedy Corporation, Bemsenville, Illinois,
has been designed and built to NAA specifications., This equipment will be
used to boost 2000 pal hydraulic pressure to 20,000 psi pressure for the
burst test requirement, The Booster can supply wp to 4 gm liquid flow
(vith a 50 gm input) for the proof pressure and leskege test requirement,

The Pressure Booster will operate in the following manner, The 2000 pai
pressure will be supplied by conventional pumps. The flow of ligquid to the
chambey or cavities of the Booster will be controlled by a directional
control valve., The difference in area of the input piston and the atput
plungsr produces a pressure boost of approximgtely 10 to 1. The systaa

will be set up with check valves arranged ¢o maintain almost contimwous

fow frem the double-acting Booster. The Qas Intensifier Acoumlator will
serve {0 reduco the preesure fluctuations during Booster piston revereal,

A two=fluid Accumlator will be used in the Gas Intensifier gystem.
The Accumuilator was designed and built by Autoclave Ingineers, Ing,., to
NAA specifications, This Accumilator will be used to stors helium gas wnd
to serve as a barrisr betwsen ths high prossure liquid and the haliwm gas
vhen the high presswe liquid discharged from the Pressure Booster is being
used to pressurige the helium has, Prepressurised ges and/or a cascading
teohnique can be used if the flow rate or vwlume requires. This system
vill be used for the proof pressure and leskage tests. Burst tests wdll
be performed utiliging gas as the pressurizing modium enly if the axtreme

tamporatures encountared during certain tests presludes the use of liguids
as the prossurizing medium.

Pressure impulsing will bs accomplished in the following manner.
Removal of the Accumilator from the ligquid pressure system and alight
craciking of the pressure by-pass valve will producs & square wave form
of pressure impulse sufficient to meet the impulse test pressure require-
nents. The Booster will be cycled by means of a timer. )

AN

i 2lternate approach which may be used for the pressure impulse tests,
should the sgquare wave form of impulse prove undesirable, will use a quiok-
opening Aninco Valve, Model No. 44-5912, which will be driven by an slectrie
motor through a gear box. This valve will serve to direct the high pressure
fluid to the test specimen. A bleed or rnowmatic-operated high pressure
valve will reduce pressure to zero aftor closing of the quick-opening valve.
The Accumlator will be installed upstream of the quick-opaning valwe to
supply the short-time high flow rate required for a pressure surge.



The Lollowing
equized Lor tho test conditions shown in Table XIIX.

oquimenyt i1l be used to sttain the temperstures

Hovi-Dity Electric 0o. aposed element radiation typs hesters of the

ol type will be used to produce 1500 F test temperstures.
Thumocouples on the test specimen will be used to measurs the test
teaperstures and for hester cmtrel.

in emvirommental chamber with alr cireulstion convection heat,
thermocouple controlled, will be used for the 200 F and 600 P tests.

The =320 T temperature for the stress reversal bending tests will be
attalned by flowding liquid nitrogen through the test specimen. 4 thermo-
ooyple on the test specimen 1dll be used to vorify the test tempersture,

Yor the pressure impulss testing at =320 F, the test specimen vill
be immersed in o contadner of liquid nitrogen. Thermocouple contrel of
the tazpersture of the presswizing fluid will be used to insure that the
fuld Oowis sufficient to prevent the fluid from freezing. The test
specdmon taperaturs will als be checked by means of tharmocouples,

For the ~320 F to 1500 F themal shock tests, the specimen will be

alternately subjected to a flme from propane burnmers and to a stream of
~Lcudd ndtrogen Lfron appropristely arranged spray nostles. The test
specimen tenperature will be determined by means of thermooouples,

The thermal shock tests st =320 F 4o 200 F, and also =320 F to 600 ¥,
will utilise a hot air tlast oen the test specimen alt

ernating
with a 18quid nitrogen strem. Tharmocouples will be used to determine
test. specinm tamperstures,
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