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This Technical Documentary Report covers the work performed. during
Phase I of U.S. Air Force Contract no. AF 04(611)-8177. This phase a-.
eluded the selection of materials for tubing ant tube fittings for ue
in r•cket propulsion flu.d systems, the developmnt of brase sand weld
parameters for joining these materials, the preliminary design of light-
vei4•t brazed and velded fittings, and the deip and. installation of
facilitIes for quLafication testing of brazed and velAed fittings
during the Phase ZZ part of this prog .

This contract is sponsored by the Research and Teehaology Division,
Air Force System Comm•a, U.S. Air Force, E&ards AIr Force aseoO&W-
ornia. It is established under Air Force Program Structure No. 7500
AlSO Project Nlo. 6753, AIC Task No. 675304, with I/it Philip Olekssyk
of the Rocket Propulsion Lasoratory, Liquid, Systems Divisin, Propul•ion
Sub-systems Branch as the liAr Project Eagineer.

This progra is being conducted In the Research Labor%%t or f the
Los Angeles Division, Worth Amerioa Aviation, Inco, nteruational Az'
port, Los Angeles 9j, Oa~.fornis. Mr. 0. A. Fairbairn, Group Leader of
the Metallic Materials L&boratoryp is the Program Manqer, and.Mr. K. s.
Weismmn, Metallic Materials Laboratory, is the Prdject Engineer for the
Octractor. Partialpsting in the program work sad in the preparation of
this reportp in the m&s noted, vere the following persona: Messrs. Dr.
George Martin (Materials), W. D. Padian (Welding), S. Salsassy (Brasixg),
T. Pan (Structural Analysis), G. Sine and J. West (Qualification TestProgram).



mecomindatios are presmnted for lightweight brazed and Weed
fittins for use with moket propulsion fluiA systes. These
reo*mwaMateA am based m & literatue sVrY the CGIVstibility of
candidate materLels vith rocket propellant•, andam the c•sidseatiom of
the effects ot the fitting joint" processes ou the afterials. Other
paramters that could sinificantly affect the fitting classification and
subeeqmst dssgp such as material ost and mailability, *Ad brame alloay
seer str4e t, hvbe been Imestigatet Joining procedures am&
praelainary desmp have ee dearloped fo nduction brazed aend O
welded fittings for tubing of AXE! 347 stalmless steel, AM 350
precipitationa hardiag stainless steel, and ?ne' 43. alloy. Studies hae
alao been ecdueted. an the feasibility of brazed and velded tittinp for
use vith almaiaum tubing. Procedures have been prepared and the zequizid
facilities an. being installed for quaJIfieation testing of the fittings
and joining processes during the Phase 11 part of this progrm. The
fittings vill be tested to rigid reqiarients under the Qualificatio
Testa and other rune efforts of this prom Ma the esults will be

This te.hnical demmntma7 re~orb has been reIiwed and is appwroved
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The system and cmponents of rocket propudaLon Vehilese met
function under severe environental and operational oeoitiem.
Rocket propulsion fl•.d systesa, in particula., awe uibjeee te
wttrmoes of ter~eratuare pressure, vibrations and the eAfects of
radiation encountered in space. The use of new and emeie piepel1ins
and other fluids has prodneed new problems of oheuieal actvAity .d
material ompatibUity,

The oonventional aircraft-type f•lttlng desiawi mwmt0 being
used for tubing connections in rocket propulsion fluid systems have
proven Ina•t&eiate becaue of problwas of oorrosion, leakage• ed
fatigue faLuree. N;ev advanced tube joining acocpts, are eequieed
,which 4LA provide zere leakage and light weiaht with high openiumlAl
zuability.

Teehni.mues for mdrg in-place tubii 4- onnections by brazing and
b7 welEing have been developed -7 the Lou Angeles Division of North
American Aviation, Ince. for use on the X-.j end M-?0 asi vviboios
Theas teeamiques are considered to be feasible for further developueA
for joining tubing for advanoed rocket propulsion fluid ste.

The Tupse of this program is to develop, designs 0fo ,aee
and qualify fanilias cL-db-xLbsdý ml~ l1m
servvoe with rocket psupdzoin-ld sys57bamisTftwqz~wg-bUý
conducted in three phases: Phase Is, Material Selections Process
Development., and Prellx&nz Designj Phase 33, Detail Desipe
Fabrication, and Qualification Testing of the Fittingsj and Phase ZX,
Final Design of Fittings and Joining Toolings Prepawation of Speoift-
cations, and Reporting.

Phase I consisted of a literature survey of the ocmpaibL ty
of typical storable and cryogenic propellmnts and pressurizing lofs
with the candidete tubing and fitting materials and with the brazing
alloys under oonsideration. Fittine materials and brazing aleys
were selected. Brazine and welding process parameters for these
materials were investigated and suitable ýoining procedures won
developed. A stress analysis of the proposed fitting desiV• was
prepared. A detailed plan for the qualification testing of the
fittines during Phase II was prepared and submitted to the UWA?
Projeat Officer for aprmvl. The facilities required for the
yualification tests were designed and fabrication and install aon

of these facilities was initiated.



Phase osl~st of detail~ dm±Ui of the pmUh~nw jg~lft
tGOJ.'1g ,eqT1wed to fabricate the fittings for -ultiebe be&
the detall desip of these fIttinggs &Ad the pefbmmes of the-62 0to telts.

Phase 1Ifl of the piopu consists of the MAmm duedP Ot the
ittings wad P~diat~tln-tn*p JWinbg tOUX& ngwA the piepavfim

of dz'sdngsp sepo~.inationsO and test requirements for the f~i
Uad the jojLning tooling in such a memer that mL~jtaaaeToi~
and stai-dards mar be piabilihae. The fittirg hai'dwa 1w~ese the

?IA'oaIng Agency tdU be fabricated and de2.veied6 A r~ne2. Ispest
onrmthe entive popmm* and contang adetailed stress man&IWW

Ofthe littlnp, UMn be pwepated aid =tted.

50. Muae I past of the pzorrun has bee onqs =mp.tI Mnd t W*
sonbsbed -A rmats chained &uUzg this5 rnue an pme W
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Doohat Propulsion MIAa1 NJu wabin MA MtUms ant 101353 to
JI e MISSwi t=eiat~wur~ SMA pasma.eie~ 2 sdsueh as them Om As

* labTWO Is GAn to be Compatible, With te 9yestm fluids mad operatiail
uwvirommt. An added "PqIrMat whisk MINst be fully seMUMAlded W
this puopeM is the effects which *abee wemeatVld, lo"Iftu pesegeg
=17 hav 031 the tubing and fittjas setertels " tboixm yastd*"
sutitability for uwe in Vwtiinm systm. 2Me pWin2y tfatas Ibsk =A
be 00114i4e16d SA aanatera l. elsAm US:

(1) ahmiel. empatibility with the ssteM fuids UiS"e* S& !mb2 Zt

()A hI& str'agWi/velit zatis at the asubm seivim
for the system a shOM f Ta ble X.

()AbilitY to be astisfateteily Joined by brasing mser vaMng
promises bob@ bve;1apd eft *Uem tisp.

(i) ommnuiel &VaIabiLity of the material in suitable 0t Ma

*Uitioml fte"i whift - ue SUM Nmt% ant,

()Aceelersted fatim 6ISw era iftftla du to avs
comaionp sch a tepen~we bocjo Ibrintie, eta.

S8 ensitivity to redhattisa or spme emWLi8t.

The welAiag and brasing pmupuwtis of the materials will he dinemaen
in the appropriate seetioms later LAm thiLs repor . Mhe other fastues
L.isted above will2 be discussed in the ftolwilng pareunghs.

Mwe mecohaaios, physical, and ehmleml prper lee Imortambt a
selecting materials for rocket flaid systems, in oey ames vary as a
function of tbe operating temperature reaps or the system. %I* lowemr
temperature rasp of the servies envirvmant for the systemts oonsideed.
under this propen is -42 3 Fp the temperrature of liquid hydrogMs, fmr
the propellant systea, MAd -320 FS the tewmpature of liquid zitrmogm
for the pneumatic systems. Testing under this propen will be ocabsted
at tempratures only as low as -320 P for both types of systems. The
upper temperature limit for the propellant system and am type psewMie
system are 200 F, for the second type pnerumatie system 600 7, sal IWO 7
for the third type pseumatlc systak. The fitting classification serisee
en~vironents and the rocelot system fluids to be considered under this
program ame presented In Tables I and 11, respectively.

3
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The primary requirent of a material to be used fow tubing or
fittings in rocket propulsion fluid sstem is that It be olma ly
cmpatible with the fluids to be cmtaineC This matibiity Mest be
mutual. that is, the fluid mst not attack the sopste material m mm
a reduotion In the material strength, nor must the system material itsiwf
cause My chMan In the Composition of the fluid, eitbhe by 612e0 W
catalytic &oatis. Chemical attack by the fluid an the system matera
generally aml•ies a surface corrosion satics which reduces the effective
thickness of the tubing or fitting and thus redue Its strength. Ot
factors to be considered ae stress corrosion attack and the fmmatlaa @
loos corrosion produ ct ow of sludge which m block ackaes ow inter-
fee with the operation of waves.

The brase and weld processes for Joining tublng and fittimps wisk
an being developed under this program Introduce factors *hio -a
considerably complinato the oappatibi3ity problem. The usua
disalmailarty which exsts between a bauin aloy • e• the matUeala bal
Joined cause bIazed jo.its to have em inherent chemical Inhaom elilW
the effect of which mast be evaluated. The problem of material
dUAIssi iaiy In Velded, joints can be ainiMisd 1W pioper selection of
the tubing, f.Lttig, and weld tiller matewialse ame chedeal oaqati-
bility difficulties may still arise in welded J~dats, howeveI due to
such ouses as differences in the metaLlunmgial structre ow bet treat
condition of the sever•L Joint materials.

One of the principal problem in assessing the aomitibility of the
system materials with the fluids contained is the general soarity of
comprehensive and reliable data. Complete Info•matio a the materials
and test conditions am available In only a few cases. Masy compatibility
data which appear In the literature do not specify tOw state of beat
treatemnt of the test material. Paw, it any, tests seem to have besa
conducted on stressed materials exposed in the fluids listed in Table 1-
for consideration under this progem,

A review of the technical literature was coadmcted t gather
Information on the nh-ecal compatibility and other propert.'es of candi-
"date tubing and fitting materials with the rocket propulsion system
fluids considered in this program. The mast valuable literaturSe acace
arc listed in the RENEMCES section at the end of this report and am
also referred to in specific areas below. AdAitlomal data were obtained
from tests which had previously been conducted by the several divisions
of North Amrioan Aviation, Inc. This information on the eba.al
copatibility of a n=uber of tubing and fitting materials with the
propulsion system fluids and pressurizing gases considered In this
program is presented in summay form in Table III. In addition to this
information, the following c€ents are relevant to the various group
of fluids and gaus.

6
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= InI. P0MM2AMONS COERNM CHKaA0 MWAMMUM OF
CANDIDA!1! MATEIAIS WMM! RDOMC P0PXLJUA FIX=.

02 02 C1 I -

maLAA ON OF SDO0L AWD NOT!ZOU:

A Material simtable for unlimited service InvolJvi lon-terto r atn' .
B(10) of propellant.

3 Material suitable for storage of propellant under limited onitiouos,

3 A and for short-term ontact pi•o to storage at propellsn ,
B 6 (0 A C Material suitable only for hort-tam contact prior to use of

Propellant.

SD D D Material not suitable for use ith p'opellDat.

52( )LC3 5) C(5 j3( 10) 2 Service limited to 1.60 7 maxion and with fry propellant.,2) -- - 2L materials must be suitably possivatedi prior to use with propellant.
50/50 blend by weight of UM =A E~I^.

) rU•Ase of a.1 metals is contingent on suitable stabilization. Ut
service of stainless steels In th•se propellants msiy result In heay
3eposits of fluorides. Systems utiliting stainless steel should be

IA flushed after each use at hih temprature to r nve fluorlid
A A(l0) A deposits.

A 5 May be susceptible to chemical attack by propellant.
SMay• be susceptible to stress coroesion by propellant.

A(T V 6) 7 Service limited to 160 P iizlmm. .
8 Attacked by dry fluorine at touperatures above 590 F.

I aluminum alloys are also in contact with propellant because of
ii ) ~~Suitable o€l for short-tim. use in sysrtem wheemetal other than

- [r (I ) I -) resulting preferential chemical attack on aluminum alU S by

10 Suitable for use vwith dry propellant o,,.
3( a 1 Service limited to 222 7 exinJmu.

A(2) AA) A

S - V D A
A)A(11) A(U1) A(l0)

B(2) B()B2)B2 ( -A
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Hydra•ine and Derivatives

Hdane(NK. )s hydrazine derivatives such as MEl(usmrm
4I~et~lhyV~z~_i__ MM (mcometaiyl hydmasine), and mixtuires at t~ses

fluids exhibit only minor differences In their campatibility with eMi-
date tubin. and fitting materials. Ma the dry state and at to s
belov 160 7 these prcpellants are compatible with a variety of xmtsr aj
but when moist, hydrazine tends to attack the stainless steel•s eIeM, mS(I., ( ) an . (6).

Inoonel In the tubing or fitting material which in nost eotible
for use with hydraanie and its derivatives. Tantalum, Dens' al, mfa1
and sa aluminum alloys are also satisfactory for use with b) asiae ad
hyrasMe derivatives.

Welding has been found to be a satisfactory method of joininA the
above materials for service with hydraune and hydrasie derivatives. Zi
only information available on the compatibility of brased joints fo use
with hydrasine and. Its derivatives Is for silver brued. joints with
brasing alloys such as Esayflow 45. The data Indicate that silver 1-e
joints are compatible for use with hydzsine and its derivatives.

P=.I= Xitric huG.

Mny a few materials as satisfactory for use as tubing and fittiap
with the fuming nitric acids. As shown in Table In. these usterials
include tantalum and several of the stainless steels. Aliilmn .a
several of the aluminum alloys ae suitable for use with the fiming nitric
acids if the said will not also contact other metallic materials. .ysbm
in which other metals as well as aluminum alloys will be In oentact with
fuming nitric acids ane suitable cnly for short time use. Xn much uutom
the aluminum and aluminum alloy components axe subject to prefeetA
galvanic attack by the propellant. See References (14) and. (6).

Titanium and titanium alloys should never be used for systm to
contain fuming nitric acids. Under certain conditions the funing mitrae
acids react with titanium and titancun containing metals to form cemoqWs
which are extremely shock sensitive. Violent reactions may then earu,
particularly when such compounds are in contact with the fuming nitric
acids, References (4) and.(7).

Welding Is indicated to be the preferred method of Joining ate~rials
for service in fuming nitric acid systems. The acapatibility an
corrosion resistance of brazed joints for fuming nitric said serviee
could not be established on the basis of the data available, althoqh
noble metal brazing alloys such as gold-pslladium appear to be promising.

8



The use of stainless steels te Cemponente of fuming nitric a&od
system which are assembled by veld." or which =ky be exposed at times to
temperatures above 700-800 F involves certain problems. Even with the
stainless steel alloys which are listed in Table III as compatible with
f=4n nitric acids, car must be taken to eliminate the effects of any
carbide precipitation reactions which may result or to avoid such reactions
entirely. Such adverse reactions in stainless steels are generally avoided
by use of the stabilized ASZ 321 and. AISZ 3417 alloy Grades. Weldments of
these alloys are,normally satisfactory for use In the as-velded. condition.
Hwever, unless properly heat treated by solution annealing after welding,
the weld areas of even these stabilised stainless steeols are susceptible to
stress corrosion by the fLting nitric acids. Adverse carbide precipitation
effects may be minimized by the use of extra-low carbon stainless steels,
whiah should therefore be specified. for service with fusing nitric acids
for parts whih ar to be welded.

Nitro•en Tetr•oide

The compatibility of tubinl and fitting materials with nitrogen
tetroxide (XlO4) is generally considered to be similar to the compatibility
ot the materials with the fuming nitric aelds. The specific recommendations
shean in Table III were prepared on the basis of the survey of the technical
iterature. in the interpretation of these roendations 1it should be

neted. that nitrogen tetroxide, In the presence of free water, will Ionize In
such a manner that it my behave the smae as a fuing nitric said.. Because
of this possibility the literature recomends that when certain materials,
such "s titanium and its alloys re aconsidered for nitrog• n tetroaide
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 d~uring the anticipated service lifetime. See References (31),
(6 ) (8), (9), (10) and (11).

Fluorine and Fluorine CSMoug

Fluorine and fluorine compounds such as oxygen difluoride (072),
perchloryl fluoride (C010P), chlorine trifluoride (C0F ), 'and nitrogen
fluoride (N2 74•) am considered together. Most metals lnd. allo with a high
oxidation resistance are suitable for use with these propellant fluids.
Monel and the stainless steels, in general, are the preferred materials.
However, the AIBI 347 stainless steel grade has been reported to be
susceptible to stress corrosion by liquid fluorine) References (4) and (1P).
These materials are usually subjected to a passivatirg treatment prior to
use with these fluids. See References (4), (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). 1o
data are available on the effects of fast mov.ng streams of propellants
which might disturb or erode the passivated protective fluoride films and
thus increase the corrosion rate.

9



Striking, repeated bending, flexing, or excessive vibration of fluori4
propellaent piping or tankag should be avoi4ed. Such mechanical actions am
result in flak'n, cracking, or breakIng of the protective fluoride file m
the Internal surfaces of the system. With certain of these propellsmte,
such a chlorine trifluoride, this cam result in a rupture of the metal me
a possibly violent resacton between the metal an the propellent. l2Wdn
of the protective film can produce particles which my Interfere with valwe
operation or block wall tubing lines, Referencas (IF) amdL(%A).

Welded joints are recmnded to eoneot piping and tanka for )a1if
these pzeOlmst, fluids.

So data ame available on the cocpatIbUity of nitrogen fluoi (d
with metals. Tentative reomendations for U2N materials eMiatIbIl2ty
which an given in Table LI were obtained from Flftem (3).

"Thee piellants do not present a material ompatibility problm. All
commercial metals and alloys are suitable for use with the borane cmmois.
It Is very Important that system containing the bozrne coWm ds be seun

.A leaktI•bt becosme of the exteme toxicity of the borae eumpads.

No special crerosion problems are experienced with 4-1 or other hydie-
arbosn propellant fluids, although excessive moisture in the fluid. my mse

corrosion or usting in materials subject to atmospheric corrosion.. uch
corrosion problems may be aggarvated by galvanic couples produced " by the
presence of brazing alloys or combinations of dissimilr metals in a systea

The main problem connected with the selection of materials for fabrica-
ti.o of byrogs peroxide (R202) fluid systems Is not so -- ch the &tta of
the fluid, on the materials but, rather, the effect of many materials on the
deeomposition of the hydrogen peroxide, Before=* (4).

Rigx purity alumina, the 5p001 series of aluminum alloys, and tantalum
appear to be the only materials which are fully satisfacto for extended
storage of hydrogen peroxide. Under short-term contact conditions It be-
comes possible to use a wider variety of alloys including, principally, the
AISI 300 series stainless steels without adverse service compatibility
effects.

Experience with the hydrogen peroxi6e system on the X-15 rocket powered
aircraft has shown that problems arise when alminum tubing andL fittings ar
used in connection with other materials, such as stainless steels. The
electro-chemical problems which resulted were =uch that aluminum =

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 CZt-alumindum structure, unless the snlumi.u materials
can be electrically insulated fro the other materials in the system.

10



Surface finish in a factor in determining compatibility of vatwrals
Vith hydrogen peroxide. The soother the surface, the lose Is the ohmsne
of there being undesirable effects, such as liquid-phase deomnposition of
the hydrogen peroxide. Therefore, it Is necessary to ensure that the JoIsts
present as little discontianity as possible in hydrogen peroxide sytmm.
See meferemeei )

Maerials such as matelloy I and C, and 19-9M stainless ad bet
resisting steel# ma be used only for short-tims contact with bydsuMa
peroxide. These materials may caume oontasmiation of hydrogen prlaids
solutions suffi•ient u to make them unfit for sto rate, U e .1no (C).

The following materials ane considered unsuitable tor an use with
hydrogen peroxide solutions. In general, they my cause rapid descomositiom
of the hydrogen peroxide, ar rapidly attackes&, or fore explosive mixtures
with hydrogen peroxide. Such materials include copper and coppe 1•.1A1s#
leads the A15Z 4W series stainless steels, magnesiump sazea and go2l &M
silver aluloys referencee()

Liugid Oxwn and imuid bhkoj m

Materials selected for tubing system and fittings for mse with lii
oxysn or liquid hydrogen mot hae adequate strength and. toughness at
cryogenic temperatures. The strength of materials linreases as the tmen-
tun decreaseas but, generally, materials lose toughness ald beome brittle
or notch sensitive at cryogenic temperatures. Toughness of the material at
low teperatures, thereforem, becomes the controlling factor. The AUB! 30
series austenitic stainless steels, most al•Lminu alloys, nickel al.lys, MaM
superalloys ar satisfactory.

a0terIals for use with liquid oxygen mast not undergo se*f-propagating
reactions with the liquid oxygen. Such materials most be tested for shook
mensitivity under servioe conditions, pLrticularl.y m• regards reactions on
freshly cut surfaces. Titanium and titanium alloys igntDe with liquid.
oxygen. The reaction vwil propagate mad epletely consuai the tittAmilm
Reference (11). Therefore, titanium mad. titanium alloys cannot be used to
liquid oxygen system.

lot ] _haast "ses

The principal material requirement for hot exhaust ga s stm Use is
good high temperature strength. Any chemical reactions are likely to be
greatly accelerated at high 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 combustion
products and metals has been studied recently, and the the first result. Are
described in Reference (15). It is generally concluded from these initial
studies that the interaction can be predicted frc thermodynamic data,
except where metallurgical diffusion reactions, such as the formation of
carbides, occur.
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Reommendations for Compatibility and Corrosion 20RUNK

The lack of reliable information an the chemical c1atibilt a•of the
eanddate materials for tubing aud fittings with the fluids used. In IOeet
propulsim smytem makes It highly desirble that theme materials be tested
under service enviroment type cnditions prior to general use. At leed m
representative meber of each of the various rocket propulsion system fAad
types should be selected as the corrosive environment me4adu. The fid
types which ane suggested for use in the tests include a hydrsaIne acmeAM
hydrogen peroxide, a fluoride compond, and nitrogen totraxids.

In order to obtain rsults which can be expected to represent thse
which may occur in service, the tests should Include a stressing fater to
dete•mine the susceptibility of the material to stress corrosion, a joti
factor, and a spawe service factor. The joining factor vl]l Indicate the
effects of electro-chamica. action or of changes in te mealliargila
structure of the tubing and fitting materials due to the presage of a
bruin alloy and any heat treatment changes caused by the brse or wald
"cles. Space service factors are those vhich are likely to affect materials
with a high vnaor pressure, such as cadmium or silver, both ecomnly Used A&
brazing alloys. These same factors can affect many other materials whisk
may develop appreciable vapor pressures at hih temperatures. Faedatioa
effects such as may occur In materials subject to space environ•ent& sa
oumplex and depend greatly an the type of radiation ancountered. Tehlles
In space will be exposed to primary cosmic radiatin, which consists prIma-
rily of protons but also includes particles of higher mas. No detrimntal
effects an anticipated from cosmic rays in the metallc materials bei1g
considered under this program. In the Van Allen radiation beltes *Wdole
will be exposed. to minly electrons of energy greater than 13 MYni Md to
pte whose energ ranges to 700 Mv, Reference (26).

The radistion flux In the Van Allen belts can rang fro 10 roantpas
per hour to as high as 1000 roentgens per hour, depending on solar oceditiums

eference (16), The radiation exposure of a satellite orbiting under thes
comditions in the Van Allen belts for a period of two years would ,nge fm
approximately I0C to 109 ergs per gram of carbon equivalent. By my of
comparison, metals used in nuclear reactors are exposed to fluxes 10• to 20
times as peat.

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

12



Studies of corrosion and of vacuum or space environment effects
can be carried out using a number of different types of standardized
specimens. Results which are most representative of service vil be
obtained if the tests are carried out on stressed specimens which
ineorporate welded and/or brazed joints. This type of specimen gll
permit the simultaneous evaluation of both the stress and the
electro-ehemical factors. A number of corrosion and stress corrosion
tests of fairly standardized tpes in general use throughout Iandus
are presented In Reference (177

A novel specimen for stress corrosion testing of sheet materials
is under development by the Contractor. This specimen eonsists at
one or two strips which are restrained in a bent shape by beti e
at the ends to a shorter third strip which acts an a tansionesmber.
The tension strip may contain a brazed joint, and the ends o te1w bent
strips can be joined to the tension strip ends by welding, so that
either or both brazing and welding effects may be observed. By a
choice of suitable dimensions, the stresses in the assembled specimmn
can be msde such that the maximum bending stress in the bent strips
and the tensile stress in the shorter tension strip an equal to each
other and are some particular desired value, such as ertuin
percentage of the yield strength of the material. Details of this
specimen and of the calculations required to select the speoalen slie
and teat stress level will be completed during the Pbase 1 part of
this program.

2.2 STRENTI CON3ZMRAMZO8

enerJ.l Strengnth PareMvtdM1

Following the determination of satisfactory ecmpatibility with
the rocket propulsion system fluids, the selected candidate materials
are then further evaluated against the following strength requirements.
The necessity to minimize the weight of rocket propulsion vehicles
makes It extremely important to consider the strength-to-Weigt
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 offset yield
strength as determined by a short-time test at the maximum service
temperature can be taken as a measure of the usable strength or the
material, although the following factors must be taken into account.

(1) Instability of the metallurgical structure. This an
lead to either prowressive softening an4 loss of strength
during high temperature service or to hardening and
possible embrittlement after a period of elevated
temperature service.

(2) Embrittlement effects resulting from stress corrosion
or similar phenomena.



(3) atiSGue failue n instalstaLIns subjeet to reVeatod
stress ejuLiug or vibraticn.

( Fa) P ture toitghess that is, the abillty of a materiel to
eceatai cracks or defecst without suffering a significant
loss of strength. !his factor is considered less Important
then the other factors listed above so tar as the selection
of materials for tubing and fittings Is concerned. This Is
because even small stable (non-progressing) cracks and
slida'r detects which penetrate through the wall of a tube
would disqualify the tiube because of leakage or lose of
systAm PressuMre

(5) Creep strength for anplcatione involving service at
elevated temperature for significant periods of time.

Thae modulus of elasticity of materials Is Important because both
structural stiffness and the strain resulting from bending or from
internal pressure stress are a function of the modulus or elastioiuy.
It Is desirable to use a material with as high a modulus as possible
In order to mnuimize the stiffness of the component and minimlse the
resulting strain.
Strength Properties of Tube and Fittig mateuials

The ohenial compositions of candidate materials for tubing and,
fittings are presented in Tables IV, V, and V1. Tensile ultimate
and yield strengths, tensile modulus of elasticity, and coefficient
of U•ear thermal expansion values versus temperature are presented
in Table VeI for the most applicable candidate materials. Note
must be taken of the heat treatment or condItion of the materials
as listed in Table VIZ. Fully heat treated materials, of course,
have a high strength. However, in the case of welded and/or brazed
fittings It is usually not possible to beat treat the connection
after loining when in-place Joining procedures are used. It is
necessary, therefore, to consider the minimut properties as exhibited
by the material In the annealed or "as welded" condition when
evaluating the strength of materials to be used for systems an which
In-place Joining procedures are to be used. Unfortunately, reliable
datf 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 velded and brazed fittings, the annealed
and "as velded" strength properties of materials are required to
dete=4ine the reduction in strength across the joint which may have
to be accepted. The information presented in Table VI1 are taken
principally from Reference (18), the NM Material Properties Data
Panual, 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 considered. Service at high temperatures
my 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
choice of metals and alloys having a predominantly face-centered
cubic lattice structure. Such materials are the austenitlc stainless
steels, aluminum and its alloys, and some superalloys.

14
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The rock& propulsion fuid systems for it•ch the factor of d
teqprsters creep of materials is considered to presa* a pzoble ane
the peumatio hot gas wsstwa. The mechanical properties of allops
such as may be used for tubing and nttings for these systn an
affected by the metal lurgi oa changes tLoh take plase In Uhese
materials under the Influence of elevated t.aerstuem a& tae. The"
chonps are in many oases subject to definite pftudeal law. These
lea generally follow a rate process eqaaon,, and fa this bails
several types of "parmneterss have been developed vdaob utSWlAse the
p&UnipUe of some Jma of time-temperaturu, rela±omlp to uaahNe
lcMg.~no chans to be pzreaeted from the results of relaties2 abhout-
tlne test.. These parametes describe the rate etoffes, or hmp. SIn
material propernesg as a Amotion of stress. One 8ah widely used
parmeaber is the arsonw-Mller Paraneter, %KLoh 42. be sed for the
presentation of oreep-rupture propertes of materials li.h wq be used
In the fabrication of pneumatic hot gs sst•.i.

The Larbon4fl3er Paramneter g.ws the followAng relimsMdp br
the effects of time nd teMperatuxe an the oweep-ruptuse pinepr
of euas

p a the LeruonM rw Pumete

0 * tress" piy

T = .mperstwe.e degrees Vabeft

t = rupture lite, bom

C = a Onsto

In the relationship shown by the above equation, a e•s•tamt-strss plat

of log t against the quantity should produce a series of

strai~it line oonverg"n to a single point diien i ee

At this point, log t is eqal to C', and thlis value of C is theorLoeaMl
the best Constant to use for the data involved, A value of 20 is frequaat3r
used for the Constant C in the Larson-)dller Pameter equation and has
SLven saisfactory results# Reference (20). W'hen enouw experemntal. data
are available, a derived value for the Constant C is usedo

Creep-ruPture properties for the candidate materials are &Lven Sn
Figure 1 in ten~s of the Larson-iler Parameter in order to per.t
eatrapolation of the data in tems of the effects of both t •ead . amn

t~ae.



100aw

3D 35 4• 45 50
UPSON - M4IUM PAMN3R -~P

Figure 1 - Creep Rupture Properties of 8elected Alloys
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V

Strength Properties of BrasIfS Alloys

cn4idate brasing alloys vere selected for investigation under this
progra on the basis of brazing characteristics such as vettability and f1,
an their compatiblity with the alloys to be joined, their chumical aos -t.
bility vith the system fluids, and their stru•gth hbaraateristlas. The
brazing aharacteristies and their cmatibility with the alloys to be joined
will be discussed later in this report in the section an SPAZZ,. Such data
as vere available from the literature survey on chemical compatibi3ity hs
been discussed in the previous pargrapbs. The strength properties of the
candidate brasing alloys and the determination of shear strength velaes fec
use in the design ot brazed tubing joints will be discussed in the follecra

The strength characteristics of the candidate brasing alloys vere eval.
uated on the basis of their block shear strength. The block shear test
method for evaluation of braze 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 elevated temperatures. A strength relation-
ship has been found to exist letveen brasing &allys of similar base alley
compositions. Therefore, the block shear streneth properties of the candi-
date brazing alloys can -De determined on the basis of only a limited numbe"
Of tests.

Specimen size is reasonably flexible, and a number of block shear test

specimans can be cut from a single larger brazed joint section. Two slue
of test specimens were used for the block shear tests of this investigation.
The room temperature test specimens were made by brasing 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 all•y between them. The specimens tor elevated toer-
ature testing were made by brazing together two pieces of tubing system
material, each 1/8 x 7/16 x 1/ 4 inch in size. The Joint was brazed by Indus-
tiom heating in an argon atmosphere as shown in Figure 2, after which the
brazed joint section was cut into block shear test specimeas of the sises
shown in Figure 3.

A complete screening program to determine the characteristlos of a
variety of braze alloy compositions has been conducted by the NAA/LAD Metallic
Materials Laboratory during the past few -ears. The evaluation has included
block shear tests at temperatures from a=bient to =000 F. The silver-base
braze aloys and several of the gold-base braze alloys being considered for use
under this program were investigated at that time. The results of previous tests
on alloys of interest to this rocket fitting development program have been
aorrelated, and the results are presented in Figures 3 and 4, along with the
test values Which were determined under i'his current USAF program
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Blook shear strength tests were performed at temperatures from -320 F to
150 F. Rene'4l alloy specimens vith Palladium-Nickel braze alloy joints were
evaluated over the entire temperature range. The results of these tests are
presented in Figures 3 and 4, and In Table VIII. This breae &ar exhibited
the highest block shear strength properties of the brazing alloys being o==I-
dered for use In this program.

The gold-base brasing alloys were also evaluated With les'I 141o7 block
shear speclmens. The gold-niokel-obromium alloy Premabraze 10 was tested at
temperatures frco amblent.to 1500 F. Two other gold-base brasing alloys, the
gold-copper-niakel allay Preabraee 129 and the gold-diokel euteotLe ally
Premabrease 130, wer tested only at ambient temerature during the present in-
vestigation. Premabrae alloy 130 bad been tested at elevated temperatrs
dAring the earlier NAA brasinzg alloy screening programs. The results frca all
the block shear tests of the gold-base brazing alloays are shown in Figars 3
and 4. The data from the tests conducted on the gold-base brasing alloys
duri" Phase I of the present program are shun la Table 11.

Slook shear strength tests were not conducted for the lierobrase alloys
because the poor performance of these alloys in the preliminary vetting Ud
flow tests (to be discussed under MVADI) eliminated them fm further ean-
sidertion for brazing Rene'41 tubing. Premabrae alloys 328 and 30 and the
6oPd.Jo•i-o.3Li alloy were selected for further evaluation for braLng1 02e'01 l
tube Joeints.

The block shear strength of Type 347 stainless steel joints braend with
the ST + Lithium alloy, and also of AM 350 stainless steel joints brazed with
BT + Lithium alloy, were not determined under this program. Such joints bad
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 AVAILABILIT' AND WORKABILITY OF TUNE AID FITTXI MATMEIALS

The factor of availability of a material in the form of tubing and the
workability of the material are to a large extent interdependent. Easily
worked materials can be formed into all sizes of tubing; but only limited tub-
ing sizes and wall thicknesses can be made frcm 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 redrawn after welding to produce a uniformly sized pro-
duct with the weld area reworked and smoothed. Tubing which has been welded
and cold redrawn, known as "welded 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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6OMd-14=--O,3Li DIRA7 =XL

U=IME AVMUA
3FCDM JOIN TElT ULTMLAT SHUR BE

No$ ARA T"D. LOAD ST=Z ST4CE
(,q. in.) (lb) (Pei) (psi)

2. .0413 1493 10IL543
22A .0123. -301290 19,63.10

a .0495 Rm4100 82,82
3 .0454 4025 88s656 85,70

1.5 .02.98 ) 1390 72•,20 70

ISA .0220 2382,954

3A .0208 .200 I 1T195 57o451 57s450

23A 1129,. 360 18#324
23A .M0.73 1500 F 375 21.,675 19,900
1" .0192. 362 18,905

Notes Base Materiaal - Ren'e 41

rease ame appeared void free.
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7 ,• 0 oonm 3480 71,3.1. 5 748676
a .052 341.0 65,,451. m 78s540 76,700

16A .01 800 r 676 43,895 0 Opt"95 43 P

16 3.53 1200 7 330 21,700 5 22800 22,800

9 .0193 15001 59 3,056 20 3,8o0 3,820

; .0464 RO 225 9,25 o 4912W5 9
10424 43.... ~2 J1 "042 L~ j 4o5 194 j47 020

Pramabmra 130 A.m

I• 0504 360,912 63s,957

Note a B she oate•lo e - Ron*' 41

*shear trensth values are corrected for void areas.



aluminum and most of the aluminum alloys, and tantalum. Welded, and drawn
tubing can be produced in a wider variety of alloys, including AN 350 stain-
lose steel and Rene' 41 alloy.

The delivery time of tubing made from many of the special alloysj, suab
as ene' 141, depends of course on the, dimensional size and on the amount
ordered. Medium quantity lots can, in general, be supplied more economically
and more quickl.y than very small or very large orders. Non-standard silo
are very difficult to obtain,, and the manufacture of special dies would be
warranted only for very large quantity orders.* The s=all quantities usually
required for experimental purposes frequently can be obtained only by accnept-
Ing overruns or extras left over from prior production& lots. Iowever, In
the case of some materials, such as the, type 300 stainless steelas just
about any asiz and wall thickness is available fram warehouse stock.
9.14 HACHAUj CI OF 1ITTI~q MAWdZA

The fittings which are used to make the connections between the system
tubing are In the form of short sleeves.* The sleeves for the welded joint.
are usually made by exT~mdiw short lengths of tubing an appropriate amounts
The sleeves for the braze& J~oints must be machined to -obtain the required GL&
mansions and precision tolerances required for the bare and the brazing alloy
grooves. The brazing sleeves are usually machined from tube or solid bar..

Machimability in generally a function of strength and the strain harsem-
ability of a material. Some measure of the machinability of a material cam
be obtained from an overall machinability rating. This rating Is derived
experimantaly by the fores and power required to remove a given amount of
material in a given tine by various machining processes.* The ratings are earn-
pared to a value of 100 for a free-machining steel. The following machin-
ability ratings for same candidate alloys are based on data from the teehnical
literature and also from tests conducted in the experimental machine shop. at
florth American Aviation, Inc.

Relative
Candidate Material Machinability ftting

Type 316 stainless steel 50
Type 321 stainless steel 5
Type 3147 stainless steel

Inoonel
Inconel X 2
Waspalloy 20
Rae e 141 15

Titanium & Titanium Alloys 30 - 60
Alumi~num & Aluminum Alloys 100 - 200

2.5 CON~CLUJSIONS ON MAERIALS SKLECrION

Of all, the candidate materials for rocket propulsion fluid system tubing
and fittings, titanium alloys have the best strengtb-to-veight ratio. However,
titanium and its alloys have a very low chemical compatibility with many rocket
propulsion system fluids and due to the many fabrication problems their use is
not recomended.



Staiuless steels of the type 300 series austenitic steels have a low yield
strength, particularly at elevated temperatures. Nevertheless, their strength
at rom temperature is reasonable, and they have quite good strength at low
temperatures. Te general ohemicsl campatibility of these stainless steels with
the rocket propulsion system fluids is good. B addition, they are readily
available In the reiired sizes for use in rocket fluid systems. Of all th
type 300 series stainless steels, type 347 appears to have the best ohemi•oal
eceatibility with all of the rocket system fluids except fluorine. Type 347
stainless steel Is reeoenecded for service from cryogenic temperatures up to
tueperatures in the rane from 200 7 to 600 P.

Alumims alloys have same prm••se for low temperature service# bl* the
difficulties encountered in ioining them by the welding and brazing teokniques of
this progrum, an veil as their generally low standard of chemical comatibility
have caused them to be virtually eliminated as candidate materials for consider-
atioc In this progam.

The potential candidate materials for elevated temperature service are
tantalum and a Group of hest-resisting superalloys consisting of the lastellogs,
Waspalloy, Inconal 718, and Rene' 41. Rere' 41 has been selected from the
latter group for several reasons. It has a greater potential chemical ceapati-
bility with the rocket system fluids than do the other materials in the wpo,
notably the hastelloys. Rene* 4. is also more readily available in the form of
tubing than are same of the other materials at the present time. Finally, RPne'
41 In 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. Ineonel 718 was found to
have extremely low strength in the annealed and the "as velded" conditions.
Inconel 718 Is reported to be very sluggish in Its aginc response, and thus
would take a long time to recover the strength lost during the joining process.
Tantalus would be a very suitable iaterial from the point of view of ahomios
cempatibility, but its cost is so high as to preclude widespread use except In
cases where no other material would be suitable.

One other material has been selected for testing at elevated temperatures
under this proCram alons with the Type 347 stainless steel and the superMlloy
Rene' 41. This is the precipitation hardening stainless steel AM 350. AN 350
has been selected because of its Generally good chemical compatibility and Its
excellent strength-to-weiGht ratio. This material is, therefore, recommended
for inclusion in this procran. The fittings, or sleeves, for the velded joints
in AM 350 tubing systems are made by expanding short lengths of the tubing to
be joined. The brazing fittings are machined frem AN 355 stainless steel bar
stock.

It Is believed that the materials selected for development and testing as
fittings under this program, while not in common usage for rocket propulsion
flui4 systems at the present time, all show premise for such application In
the near future. Results obtained with these materials should be capable of
being extrapolated to other service conditions to a useful extent.
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3. MIMCTLtAL hJ5M

3.o0 GERAL lRMqUDN1M

The eao ;mente of rocet tfluid systems foer wiob a 0"2es eml S
is to be condueted under this prlou are the tubing Linea sad Nhe
fitting., or joining sleoveo. Joining teehniques to be coa•6ainmr anm
the biosing adn the wde3Ang processes. Tb. environmmnt to bs ea-ut with
consist# of high internlu pressure., and also intensive bustt"g an
ooollng vhiob eauses a sharp thermal pdient acrous the tube w fitt•ig

For eangieorin purposes the une•lis io mde In seMounsewVith
the following bofsldhstional

(1) The tube orse treated as thiok heolls subject to oeft
high radial temperature va•i•tion and Interml poses.

(2) The leads are rotation•oly symmetriel about the axis
of rOtAti=.

(3)The principle of superposition operates witin the
elastic renea; that Is, the elastic end tboema leoooO
can be combined a elgeraically.

3.1 TUDZI ARN4SIB

The folloving equation governing the diatrIbutlos of steoses if
a tube are used for tubing stress analyses. The deivtion at thene
equations ore shown In Referoene (21).

The mnxinum cirounmferential, or hoop, stress Is:

wherst

a a Instde diamter of tubing

b t outsid diambor of tubn
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9semma Atre"e" are anproduced in the tubIlg 1w the tImeaam,
Giffer neo . but; the Tna and outer msrface. of the *RUN uli.
Me"e thelrvl stresses coo be calculated 17 the following eaatiea

wdine: OL lineer ooeffeiem ef thuemi eqanulea of tu•WM

uteSa•l

T7 - teqerature aine r aimtme ota m t Ma

. teMIpusate onPA suter uzfe of tooe wu1

JAa ?aoiso's ratio of tabifg wtsvlal

sa vow ao of the + alpa In atiom.1J qpplies to the twnL
stress at the outer aurface of the tube , Md the o wsilp to Ue
therml stress at the nn surface. 1hen the tempesature or the tubm
¶549e4 a suface is less than that of the tube wall ofter surface

c T he, u outer surface thermal induced stress to eompreaslve r9
she Inner u.fae thermal stress Is tenslef Refoerenoos (A)and (U).

Ike princple of superpositioen am be used t oembine the t
Indued stresses on the tubing all vwith the stressees produced b the
Internal pressure In the tube in order to deter•ine the eriticl stnee
in the tubing and Its location. In the cane noted eove, eN the Ut4w
vai outer surface is hetter than the iuner sufa-ee, the eAitmlA
combined stress Is a tenaion stress on the n suerfa&". Wher'e tus
theral gadient is large, the critical combined stress = reac te
yield strength of the material ans a liting value. the redistarIbtlea
of local stresses should be consideared, epeoeally during equ•tlivua
beating conditions, Refereoneo (23) and (%aw.

If the va3.l thickness at the tubing is defined by kh/a S 3--5
and the mxiam crcfe antial stress, (C@ ) on, Is defined ans th
material yield strengthp d, for the proof loadin condition er the
tensile uWlte strength, As&, for the burst oonditionj by Refereince W45)
3kaation L13 can be used to calculate the tube vamll thickess repquied
for a given interual pressure and temperature enviromgte4 cmaditiom.
te following equation, whlch Is derived from Equation LIJ, can be led
"to calculate the vall thickness:

Dw nominal tube diameter

Fit W materiel yield (proof) or ultimate (burst) strength



an Material strentwW ,& an-F we tupeate avanbt.3
2berefars., the vatewia3. streWgb Talues for the =dm srias
tagerskur, as 1 F In Mbb3s IZX, shoulf be used in the mimlavtles. at
the vaU •tickmesa. Mw wue ot the ho-tSms bs temeatwe
strong& vaY es satisfactory for rokeet hysts d= Us tins at
tepature MA " la Is rel ±ve*r Shhrt. 7W Oil se t•
flbig Say be - • load at hbl teezsture for v one or u
ham tow time, the eseep strength vah lubs esho is I•M

goe Vwpetl@o1 valvs for tWe w3LU thickness easlaated Ir we st
Iutift 31 sbOelA be ftoresed Wy ton vaeraut to suensfte ta

t L mins u. teril Imperfections ad other fastaes ddl
ul~t h efus the tabing strength o• edLveU affect ts uruise Ufe.
naw, the aeotilu &m thiameb s Specified sOehm be a Staa b Mn
for the Paricular tubing intouSiml. It the calcoulated Size IS %st
two stundard sisse, the hebaoer, or tbletk, aim should be spseeuld.

3.2 HMO (BMW~ ME=

be va=l thioe s Spe•ified for the flttings, eSi levees, fare th
imlie0 tube coonectlo is nornl2 the eves as the U UOdma at
the tIdes being Joined. In ant oases, the veld jolft alaee fitting
winl be mle by expudimn, the diamte of a aheot .enh o the mene
tubing just , nor so tha It aem be slipped over the t•uid . So
procedures and tole•manes for this i= be further 'h a.mmmad In Ow
section on the d Joinin* p•soss.

fbe v=l.. thib•msa of Vhe brnie joint fittings., or seeves, wnt be
greater than that ot the weld fittings in order to Irovide orw the Interh.
na i uroiferential groome required to hold the brazing &allo. 2a.
order to provide for the stre ceoncentratiom dus to the bIaing &U@W
grooem And fo other inperectic, the uptersa struent auvesbe
used asx in Diustion L3i shoul be 2/3 of the waveas gLaIvn tSYs .

AN PC e~
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Ma lengh of the veld fitting sleeve is mb too eritiemi. Me
sloee shoulA be euffioleatly long that it aem give u• ! to ** MM
affect•& sowo that is, the lesmh of the tubing tO we ld JeW
uhiob ham bees softened by the weding bheat. 2he wi fittbng @lmve
ensuh vill be furkher dlimussned In the motim m th uA Jolns

INSom.

Mie lmSS of the brase fitting sleev Is ozitimal to tsIhe etren
at the brazed Joint. -Me pzir7 concer Is that it vithstathe lis.
along Uhe tube axis j that is, the load u•hih tands to poll the tuso a
out at the sleove. Thi load I.e the result of the stress Vefueed IV
the Internal pressure In the tubes the stresses &ue to tewampub

offeats on lifferent mectiou• of the piping systm p n and me• malm:,
effocts de to warping of the straotuee vhieh supow•s the pding qWua
lwaver, the •mil load maot exceede the tensile strent, eiofthw .
or 1%7, of the tubing Itself or the tubing wuld fail before 0te Jeis.
2we tmense strengh of te tubin is givn Wit

Mie mxia strengt• of the brased Joint to im • w t

Aheret a tensile Pb~j or 7bty of tum bexpu'al

7x. she strengt of beasima amAll
D . naia• 4A~mte•r Of tubin
3m "004" Umm eC •Ia mlAeu

C * hlf lengt of fitting sleev

1 g wid of bes al r 4 M ,ovm in leseve

I anvmor of bras elloy povsm In laws*h 0

since th•e o•Je ici ee, only equal the strengh of the tmbla,
Equations L41aJA en.j be combined to give the half Isngth at tMe
brazed sleev &as:t 70% t6

sm the total length of the brazed fitting sleee Is t

Lml .h-%,~ [7)
in order to distribute the abeex streus nore evenly along the length of
the brazed joint, the ends of the fitting sleeve should be tape*•d in
thickness as shma oan the sketch an the preceding pe. See Refresios (26),



3.3 MTEMMAIoN OF TUB sMB

Based on the foregoing stress analysis procede es, data were prepared
in the form of curves showng the relationship between tubing diawnsten d

wall thicknesses for various sMsM pressures and tez;eratures. The data

ae presented for 606W al•inum alloy, AISI Type 347 and AM 350 stainless
steels, and Rea' 41 nickel-base alloy tubing. These dasta m - hmn m

7icares 5 through 9.

The imnividual tubing szses which were to be used Ia the Phase ZZ
4ualifiastion Test Program were selected to represent both the uiai an
maxium tube sizes omallY used in each particular fluid system, The 3
inch diameter sise for the AXSI Typ 347 stainless steel tubing was tJhe
larcest size propellant tubing for which testing was contractually required,
even though fitting connection designs were W be Prepared later for larger
tubing sizes, as determined to be feasible, up to a MadIMJ of 16 inches
disanter.
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Ii. TUD UAZU

The concept of using brased joints for connecting fluid system lines
is not new, but the use of such joints in eircarft nsd roc•kt system
bea not occurred until very recently. Zt is only in the last few yeers
that the brazing technology and equipment required for =king brazed
Joints "in plaee" and under field eonditions hbve become suffieiently
well developed. The techniques for making fluid system bresed &dits
by induction heating at a distance from the power supply were tirst
developed by the Loa Anples Division of North American Avition# Ine.j
for use in the construction of the X-15 rocket research vehicle. Sweie
techniques and equipment were further developed and improved for uan in
assembly of the B-70 aireraft. The work reported In this esttion uti•ized
the previous technology to establish new improved brazing techniques
and fittings for use In fluid systems on rocket propulsivu vehicles.

4.1 SELECTION Of 3MIZ3q ALlOT

Prior to seleetion of brainig lleys for .velitiopoa, zeeatv we
m•de of the literature and of previous work conducted by the Contnmote.
Based upon this review, the following breaing alloys were selected for
use with each of the tubing materials:

TUM )ATSRL4L CANDIAT EPZ330 AlLOT

Type 317 a•einless Steel T + Lithium
Premsbrase U28
Presibrase 130

AN 350 stainless Sfteel MIT Litbium

Nicrobnas 150
Nicrabres IM

Rene' 41 Premlbrese 128
Preambrese 129
Premabrase 130
60% Palladum + 40$1 Nickel + Lithium

The chemical composition of each of these brazing alloy@
are listed in Table X.
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The eriterie used for selection of candidete bsstng allmus are
listed below and are discussed in detail in the following paiepahst:

(1) Wettabiuty

(2) rim

(3) C atibility with the be& material

(o) Corrosion ressetonee

()Strength
Uettability snd Plae

The vetting and flow characteristics of candidate brazing &UMe
were determined by beating mall samples of each of the raterials to
progressively higher temperatures io an atmosphere controlled tad
furnace. Temperature we* monitored through thermocouples attached to
the back side of the test specimens. After the esisted temperature
had been reached, and the specimen had stabilized it tmmpiretum far
a few minutes, it van withbdrwn from the hot aims of the tonce end
allowed to cool In an inert argon stmoselre.

The wetting and flow choaecterlatics of tU braze ull0p wmas
evaluated visually. Three typical test specimens which exhibit wvtloss
degrees of wetting and flow are shown In Figure 10. Th vettabillty
and flow characteristios of the selected candidate brssing alloys with
the tubing system materiels are presented in Tbble XZ. It sbou2d be
noted that the results of this type of test, although qumlitatve is
nature, do establish the wetting compatibility of the @elected materiels
and also the approxinste brazing temperature for the braze alloy-tube
material combination.

All the candidate braze alloys selected for use with Typs 317
stainless steel have exhibited satisfactory watting and flow. The N +
lithium alloy appears slightly superior to the Prembraze alloys 128 and
130. This is to be expected sines the lithium addition greatly Improves
wetting and fluidity of the brazing alloy. As noted in a previous

-section of this report, the block shear strength of the N + lithium
braze -alloy was found to be satisfactory for the requirements of the
Type 347 stainless steel tubing system. Both the silver-bsse T +
lithium alloy and the gold-beae Premabrase 130 alloy were selected for
further evaluation for brazing joints In Type 347 stainless steel
tubing.

The PT + lithium alloy was the only candidate brazing alloy son.
sidered for use with AM 350 stainless steel. This alloy be plcved
very satisfactory in use for the B-70 hydraulic system line joints, *ad
has esatisfactory wetting, flow, and strength properties for the AN 350
stainless steel tubing system pressure and temperature requirements.
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FAIR EXCELLENT

'~ CoMPARISON OF WETING AND FLOW OF
,BRAZING ALLOY ON PARENT METAL BASE.

Figure It Wettabtilty Test-of Brazing Alloys
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premabraze alloys 128, 329 and 130, and the 60Pd-)ONi-O.3Li alloy shuw@l
the best vatting end flow properties with Rone' 41 base metal. These braze
alluys wore then tested for block shear strength as described in a preceding
sucioun of this report. Information about the brazing characteristics of the
candidate brazing alloys can also be determined during the block shear teats.
The extent of melting, wettability and flow of the brazing alloys can be
u marved from examination of the sheared surfaces of the specimens after test-
in(;. The effectiveness of various cleaning procedures can also be evaluated
in this marner. Finally, metallurgical examination of the specimens can be
performed to datermine the extent and type of diffusion or other reaction of
the braze alloy with the basis material. The braze allays used to make the
block shear specimens were in the form of foil; the gold-base alloys were .002
inch thick foil, and the palldiUm-nickel alloy vas .005 inch thick foil. The
composition, melting temperaturep and brazing temperature of these and other
candidate brazing alloys considered for this progr are given in Table X.

The palladium-nickel brazing alloy exhibited the best consistent wettinig
and flow characteristics of the braze alloys 'which were used to make Reno' 41
block shear test specimens for this program. This was Judged by the appear-
tuico and absence of voids in the failed braze surfaces of the block shear
npecimens, such as those shorn in Figures 3.1 and 32. The gold-base alloys
irornbraze 128, 1329 and 130 exhibited a less consistent flow and vetting of
tU he Rene' 14 block shear specimens, as evidenced. W the prsence of up to 20
purcent voids in the failed braze surfaces of some of the tested specimens.
'eho degree of void area for the gold-base alloy specimens Is listed in Table
Xi, and the appearance of the failed surfaces of the specimens tested at room
temperature are shown In Figures 13, 14 and 15.

The two Niorobraz alloys MA1 not show satisfactory vetting and flow
characteristics with Rene' I1. P .. ainat•0n of the braze alloy flow specImens
indicated that the binder used in these powder alloys adversely affected the
wet,ting and flow of the alloys. As previously noted, block shear strength Lests
were not conducted for the Nicrobraz alloys.

On the basis of the wetting, flow, and block shear strength tests, Pre-
:,•braze alloys 128 and 130, and the 6OPd-4ONi-0.3Li alloy were selected for
turther evaluation for Rena' 41 tube joint brazing.

11.2 BRAZING PARAM-T1ERS

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

Atmosphere control
3 Fitting (sleeve) design
4 induction heating coil design

Hfeating rate and uniformity of heating

'eilree other 'L(u!LorL also considered important were the form of the brazing alloy,
the dimentricl :,,saecing uetween the fitting (sleeve) and the tube, and the power
requ1.rmetr.C1Vn f.ru" 1ý:jaZl,,
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Severa. of these parameters were relatiwely ISnpeadmeat tb& te a
being braend. Thoee independent parmeter,.wre the aelnIng, s a'ogbs
control, induction beating coil design, heating rate, and the pomsr repre..
mentae. There ms little difference in these pamietnis ethsr te mtera•

being brazed viasa une' 14, AN 350, or tTe 347 stainless atbel. nose
Independent pmrameters wi be discussed In tUe tollng qujarepoe.

Tb. other pormeter. were dependent qp the hisMs al&eW md//W t
material being ,o.ned. Theae dependent paraeters are the fittngw edam
desitgn, brazn.g alloy fram, and the joint elearanee or dismetri"ee Ospint.
The dependent par•meters are also discussed below.

14.-3 ==?DIM MUM PARAHJJ

Cl.eaning procedures for each of the tubing end fitting materials to be
used In this program bad been previously established by the Clotractor. !eaeW
procedures were found to be entirely satisfactory for use n ntube biasng.

The same procedure for pre-braze cleaning wo used for all three of the
tubine syatem materials, Rene' 41, Type 347 and AN 350 stainless ste• l. 2US
cleaning procedure vas as folloos

(1) Alkaline clean by Immersion in Vitro-lOMen (Tome peenete), with
Turco No. 4215 additive, for 15 to 20 inuates at a bath temperature
of 1•0-200 I.

(2) Rinse in demineralimed water.

(3) Pickle in inhibited nitric acid (7 to 9 percent U plus 6 to 8
percent Turco 4104) at rowc temperature for 10 a lmus.

(14) Rinse in deminerclimed water.

Atuollheire Control

All joints were brazed in dried arson gas. A pyrex glass tube, closed at
each end by stainless steel fittinre, was used as a plenum heamber to retain
the argon gas around the joint and also to aid in positioning the tube and
sleeve assembly within the Induction coil. Typical assemblies set up for bras-
ing are shown in Figures 16 and 17. Disassembled fittings, pgre. plenim
chambers, and various sizes of induction coil, are shown in pigures 17 end 18.

Dried argon gas was introduced into the plaen chamber throush oe or the
end fittings and flowed between the netal tube and the pyriu tube, as indicated
on Figure 19. Dried argon gas was also flowed through the inside of the aetal
tube. In this way all surfaces of the Joint assembly to be brazed were in an
argon atmosphere. Ineoming eas flows were balanced so the pressure was &proi.
stately equal on the inside and outside of the tube joint asombly. If the gs
floaw pressures were not maintained equal, there was a tendency for the argo
gas to pass through the molten brazing alloy, causing voids in the brased joifts
or expelling the molten brazing alloy from the joint capillary.
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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 was passed through the brazing apparatus. In addition, low flou
rates of the dried argon gas were used during brazing to further minimise
the possibility of introducing traces of moisture with the argon. Te
argon gas flow rates were controlled to prevent air from entering the
plenum chamber and contaminating the enclosed joint assembly during the
brazing cycle, and particularly when the argon atmosphere in the pleawm
chamber contracted in volume during rapid cooling of the system after
brazing.

Call Desuiw

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

1 collength
2 Coil diameter
3) Wumber of turns in coil
4) Size and shape of the tubinc used to form the coil

The relationship of the above variables, the plenum chamber, and
the joint assembly to be brazed, are shown in Figure 19. The length
of the coil is determined by the length of the area to be heated, in
the case of this program, the length of the fitting. Satisfactory
joint brazing was achieved for the joints made in the Phase I part of
this program when the coil length was equal to the fitting length.
Variations of 1/16 to 1/8 inch in the coil length did not appear to have
any detrimental effects on the brazing process or the quality of the
joint. The coil length may be increased or decreased if more or leas
heat is required at the ends of the fitting in order to accomplish
satisfactory brazing.

The inside diameter of the induction coil is normally made as small
as possible consistent with the size of the plentu chamber. The spacing
between the inside diameter of the induction coil and the outside of the
work piece is called the "coupling" of the coil to the work. In general,
the efficiency of induction heating is greatest when the coupling or
space between the coil and the work is as close as is possible without
causing the electric current to arc from the coil to the work piece.
However, there are times when the coil diameter is increased in order
to decrease the flux intensity and produce a 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 be
varied according to the requirements established by the ferromagnetic
characteristics of the tubing and fitting materials.
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The power output, or heating efficiency, of the induction heating
system is determined in great measure by the match between the electrical
characteristics of the induction generator, the power transmission sable
and the coil. It is particularly important that the impedance of the
transmission cable together with that of the coil-varkpleee combinatian
be properly matched to the impedance of the Induction generator ireuAt.
The impedance of the Induction coil can be changed somewhat by Increasing
or decreasing the number of turns of copper tubing which make up the
coil. The length of the area of the workpieoe which Is to be heated is
a consideration in determining the number of turns of the coil, but te
matching of the electrical characteristics of the circuit Is by for the
most important consideration. The coil length can be Increased by
spreading the turns farther apart, if necessary, without Increasing the
number of turns.

The number of coil turns required to satisfactorily braze a glven
tube joint and fitting combination will not be the same when different
induction generator. are used. This was demonstrated during the
development of brazing parameters for 3/4 inch 0. D. K 0.030 onch V.2
Rene' 41 tubing. A three-turn coil produced uniform heating of the
Joints on the 30 KW Ther-Monic Induction Heating Unit, but a four-tum
coil vas required to obtain uniform heating and good quality brased
Joints when 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,, an the
induction generator which is to be used. The work coil which was used
to braze the Joints in the 1/4 inch diameter AM 350 stainless steel
tubing was made from 1/8 Inch diameter round copper tube. Round copper
tubing 3/16 inch in diameter was used for the work coils with which
the Joints in tubing 1/2 inch and larger in diameter were brazed.

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 brazed 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 also be used at the end of a coaxial power
transmission cable for "in place" brazing at locations remote from the
induction unit. The plenum chamber can be made in tvo pieces for ease
of removal from the joint after brazing. The hand-wound copper-coil
is inexpensive and can be discarded after use.
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where many Joints of the same esie and materials am to be
brazed, the work coil can be made as a reusable split-type GMO-
figuration, such as is shown in Figure 20. This is a pwro:uet~lm-
type tool using an air cooled coil. It is desined for 066e CC
use in am area of limited accessibility at a distance fr the
inldution generator. This tool is provided vith semiatctmtle
ecotrols and does not require a high level of skill in the unlif
personnel. Such a unit is satisfactory for precision acwbeed
fittings where the wall thickness and fitting diaseters ae he3. to
close tolerances, and where the nature of the mterials and the
smie of the joint do not require particularI7 lage monuts ot
heat or long heating times. Should the use of al&W-, or" •k-
type tools for brazing of rocket fluid system tubing Joints a&jee
desirable, information on the design of this type of toolng wl
be prepared in Phase MZ.

Power eVuiremox and Hating lte

Three Induction heating units were available and were umed
in the Phase I part of the program. They are a 30 Mp, 250 172-
Nonic unit; a 2-1/2 Mr, 4o50 K Lapel unit; and a 1-1/2 at, 430 m0
Lapel unit. The 30 W Ther-Monie unit was used to braze the law
and intermediate size tube joints, and is expected to be require
for all tubing joints two inches in diameter and larger. Tbe I-
1/2 Mr lmpel unit and the 30 W Ther-Monic unit were both usd for
brazing the 1/2 inch and 3/4 inch diameter tube joints. The 1-1/i
Mw lIpel unit was used for brazing the small Joints, such as the
1/8 inch and 1/4 inch diameter Type 321 azd AM 350 stela"ss steI
tube joints. All three of the induction heating units vew found to
be satisfactory heating sources for the tube Joints bram.e.

The power settings of the induction machines were inital14
kept sufficiently low to insure uniform heating of the tube fitti
assembly during brazing. Slow heating rates were used during the
development work In Phase I so that more time was available to
observe the wetting and flow action of the brazing aLoys. Heating
times for all joints was between one and two minutes. The heating
times used for braring AM 350 tube joipts in zonmal productlo
operations frequently ame of shorter duration, of the order of 90
to 45 seconds. Shorter heating times on the order of the produation
brazing cycles will be used where applicable in the manufacture of'
the Phase II qualification test specimens.
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36 4 DEEENW BRAZ33I PAP43

tortain brasing paramete were prewicus7y classified me beiag
dependent VOAp the brazing alloy &*orc the msaterial being JoWM3.
Those Were the fitting or sleevW desi, the brazing alloy ton the
joint clearence or diametroal spacing, ard also the bsaig .alq
plao•eint. The genral requirements for fitting or sleee dal4p
waer discussed 12 Seotica 3, Structural Aalysus. The other d1peM-
at paramtrs an discussed In the following paragrapbs u r em&

tua of tubing mterial. mad tube shiagl spoosee s a sosw1bed.

The form In which esa brazing alloy vas used was goem4d fint
by availability and secondly by ease of hadling or aplieastim
Premabrase 130 alloy was used as a preformed rift, ma was prqeaams
within the grooved. fitting or sleeve. Piumb~rase US ally Is wt.
available as a preformed ring. This alloy was used in the tfoim of a
wire loop placed between the two tube eands Inside the fittlg. go
60?d-AOO*-O3, alloy vws available cely in the ft of %Win tofl.
This alloy was pre-vreaped around the outside of to tube eis, ed
then a striaight-through (unp'ooved) fitting was pressed oer tgo
brane alloy wrapped. tube ends.

The joint clearance for the ane' 41 joints, or the ditgunml
gap between the tube 0.. and the fitting LD, was 0.003 ifnh ftr theP alloys 118 and 130; and vwa 0,003 to 0.004 inc for Via
6OPd-hoNi -0.3L1 alloy, depending ca the thiehess of the brosift aLloy
foils

T 321 and 347 Stainless Steel

Type 321 stainless steel was used to delzp the brazing peaji
meters for the system Lu which Type 347 stain•ess steel tubing will
be used. The two stoeels ase Wr7 simlsr in their basing properftles.
Promabrase alloy 130 again was used s a wire preform In u nctim
with a grooved fitting. The joint clearance was 0.003 Inb. 3 +.
lithium brazing allay was also used as a preformed wire ring preplmad
Inside a grooved fitting. Because of the fluidity of the IT + lithium
alloy, a slightly closer joint clearance of 0.005 inch was used.

AN 350 Stainless Steel

BT + lithium was the only brzaing alloy used with the AN 350 staein-
less steel tubing. This alloy was used in the sam wire preformed. rif
and vith the sme desig of fitting as with the Type 321 tubing Ues-
oribed in the preceding paragraph.
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Tube 8&"in

Tube sizing generally is necessary in order to produce hio
quality production-type brazed joints. Szing of tubing my be
required to correct for the effects of the outside dLinMmer awA
ovality tolerances of commercial tubing, and also for mct-of.
tolerance conditions vhich may result from any tube foamla

Tube sizing can be accceplished. satisfactorily in the bydm-
lie punch press; hosver, this method cannot be used to sise tWbe
in place on systems during final assembly and in field r•1 p
maintenance. To accomplish tube sizing in all stages of assmbly
and field maintenance rep•ar, a portable, high energy tube siaim
tool may be used. A tool of this type, an sown in Figure 11, be
been developed by %he Contractor and is being used in the asstb•y
of tubing systems for the X-70. This high energy tube sIsiLg
tool can be used In the field under normal safety precautions.
Righ energy to size the tube is obtained by the expansion of gSee
of a .22 caliber charge. The tool has split dies to cor•et t'be
OD and wall thickness, and when used sines the tubing %t 0.010

S)inches above the nominal OD. This sizing tool sm be used
diameters up to approximately two Inches.

Tube sizing operations were not performd during the binin
investigation of the Phase I part of this program. Instead, the
experimental sleeve fittings were selectively fitted to the tubing.

14.5 EVALUMI0N OF BRAZED JOINS

Rene' 41 Tube joints

Of the three brazing alloys selected for evaluation with Tns'
41 tubing, only Premabraze alloys 128 and 130 produced satisfactory
brazed tube Zoints. Both of these b.aaLng alloys produced JoLnta
that were 90 to 95 percent void free. On the basis of the shear
strength data shown in Figures 3 and 4, both brazing alloys awe m-
pected to produce joints that will puas the burst test requirements
at 1500 F. Premabraze alloy 128 is expected to develop a slightly
higher shear strength at 1500 F than is Premabraze alloy 130. Sw-
ever, Premabraze alloy 130 is readily available as a preform ring
vhile Premabraze alloy 128 is not. Preform rings of brzing allaoy
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 alloY 130 has been selected as the reema-
mended alloy for brazing Rene' 41 tube joints. Should it pro
possible to procure Premabraze alloy 128 as preformed rings at soosi
later date, then this alloy vould be reccmnmended because of the
higher shear strength vhich it is expected to develop at 1500 1.
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At the start of the brasing parameter developmeat veok, dirieulty
vas encountered In obtaSning satisfactory flo of the gold-base beasift
alloys along the JiRm' k4l tube joint capillazy. This difficulty is bo.
lieved to result from the Presence in powe I i alloy of %he elements
alumina and titmnlm. Thes elenmts ar thought to form aides an
the tube and fitting-surfaces, the oxides Inhibit vatting and aim at
the brasing alloy. This problem was overcome by nickel plating the You'
41 ally tube &M fitting surfaces to be brised. The golde4base bias"
alloys Vero able to vet the nAicel plating. an fow easily t~ th
joint @Spill.y. IeelMlt Joints, such "s the eMs shm is P Mw no
veMY obtaine, by this tkliMol

The GMAM-0,~-O.3L brazing alloy had shaim peat promis during
the Initial evaluation work with the vetting and block sheow specimens.
Excellent block shear strength vas attained at all temperatures froI
sub-sero to 1500 P. Then, difficulties were encountered during the pre-
liminarA attempts to brass POne 41 tub joint$. The high mlting
temperature of this alloy (9100 1) required a brasing temperature at
2150 F. Currentl.y, the 601d-IOX-0.3Li alloy is available commrcially
only In the powder tor&. The alloy used for the tests under this pro-

ram vas prepared In the BM Laboratory by vacuum Induction meltift, aid
then rolled to 0.003 Inch thiok foil. The first melt of this alloyWas
used for the preliminary tests and produced the excellem results. TWo
successive attempts to reproduoe this alloy were unsuccessful. lFr rea-
sons hoich vere not readily apparent, both lots of alloy had melting
points above 2150 1. When these lots of alloy vere used. to brae tube
joints, brasing temperatures of 2200 7 or higher were required UA
these Gcoditions incipient melting ad deformtion of the tube joint
ocaurred.

Znemich as the shear strength of the gold-base alloys were deter-
mined to be adequate for the Plane' 41 tube system requirements uander
this program, the 6OPd-WNI.0. 311 alloy was dropped as a candidate brass
alloy for this program. However, It is believed that develoment of
this alloy should be pursued further. The problems encountered ars
thought to have been caused by variations In the lithium content, Vhich
has a great effect on the maelting point of the alloy.

.The 6o~d-ImoNi-0.3Li alloy lot first Made had good wetting and flow
characteristics vith Re.e'41. It was not necessary to nickel plate the
Ruew' 141 surfaces in order to obtain satisfactory vatting, as vas the
case vith the gold-base alloys. The strength characteristics of the
block shear specimens at 1500 F vere excellen . This alloy should pro
satisfactory for use vith other high-strength high-temperature tubing
materials, such as Haynes alloy HS-25. Further development of this bras--
Ing alloys is, therefore, recaminded under a separate dieveloyment propee.
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Type 321 Stainless Steel Tube Joints

The most satisfactory brazed Joints with Type 321 stainless steel
tubing were made with the B' + lithium brazing alloy. Joints "e
produced with this alloy vhich were 95 percent void free.

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

Premabraze alloys 128 and 130 produced brazed Type 321 stainless
steel tube Joints which were approximately 80 percent void 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 Ren' 1 4 Joints.
However, since the BT + lithium alloy produced very satisfactory quality
brazed joints in the Type 321 stainless steel, further work on develoament
of brazing parameters for the gold-based alloys Vith the Type 321 stainless
steel tubing was discontinued.

AM 350 Stainless Steel Tube Joints

The 3T + lithium braze alloy wetted and flowed very vell In the
AM 350 stainless steel tube Joints. The experimental AM 35D0 tube Joints
made with this braze alloy were approximately 70 percent void free. TM49
is well below the quality level which is normally obtained in production
brazing of Am 350 tube Joints with these materials. Examination of the
test Joints showed that the joint clearance had increased during the
brazing operation. The dimensional tolerances of the joint have been
established with the expectation that the sleeve vould contract slipjat1
during the braze cycle. It is believed that the AM 355 stainless steel
sleeves used for the test Joints were not in the required heat treat
condition. and that as a result the sleeve undervwent dimensional growth
rather thtm the expected shrinkage. This problem Is not expected to
occur again since a close inspection will be made of tubing and fitting
materials intended for use in this program. As shown in Figure 9, ET
+ 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 7,
Reference (18).
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4.6 JOINT RENMAZING FEASIBILITy STU=

A feasibility study has been initiated on the problems associated
with debrazing and rebrazing of joints made with the material. used in
this program. The preliminary rebrazing study was conducted with a
simple butt joint specimen made from Rene' 41 rectangular bar. The
brazing alloys in:aestlgated with Premabraze 130 and 601d-4011i-O.3Li
alloy. The brazing, debrazing, and rebrazing operations were performed
with the apparatus shown in F1•ure 23.

The Rene' 41 butt joint made with Premabraze 130 alloy was debrawed
and rebrazed a total of five times.. These operations were conducted at
temperatures both above and also somewhat below the nominal 1742 7 matWiaU
temperature of this brazing alloy. It was possible to pull the joint
apart at temperatures of the order of 1600 F to 1650 F, and then cause the
alloy to rebond at temperatures of 1650 F to 1700 F. TrAs was done in an
argon atmosphere. The debonding and rebonding below 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 welding or
pressure bonding characteristics, Reference (20). The Joints vera
examined after each braze operation and were found to be of sound quality
with no apparent voids or discontinuities.

The joints made with the 60Pd-_40Ni-0...3A alloy were brazed-and
debrazed twice and then rebrazed a third time. Exwr.ination of this Joint
showed a poor quality braze after the third braze operation. It appeared
that the lithium in this brazing alloy had dissipated during the first
two brazing and debrazing operations. Since the lithium in this alley
served as a volatile flux and also improved wettability and flow
characteristics, when it was gone the brazing alloy was no longer
capable of proper wetting and. flow to reform a sound joint. In this
connection, it can be expected that the silver-base brazing alloys ibeh
contain lithium as a fluxing agent will react in a similar manner. That
it, they will be capable of only a very limited number of debrazi~e and
rebrazing operations because of lithium volatilization and depletion
from the alloy.

An attempt was made to debraze and rebraze the nickel plated and
brazed Rene' 41 tube joint shown in Figure 22. This joint was made
with Premabraze 130 brazing alloy. The joint was successfully debrazed
in an argon atmosphere. Examination of the debrazed joint showed good
adhesion of the brazing alloy to the base metal, and full flaw and
wetting of the joint capillary surfaces. The rebrazing operation was
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 operation when the tube end as"
moved into the fitting at brazing temperature, 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* 41 surfaces
and within the joint, Additional debraze-rebraze studies will be
conducted to determine whether this procedure can be successfully used
with brazed tube joints.
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fe use Of fuaion WeLin an a means at Joining: tubing f raostb
fuini system bas Iheret advantages over m other wint ut asssme.
Wele connectiem have & minimu vmigt adlition at th Joint, Vh heb
good strength at elevated temperatures, good fatlasg pqeties becamse at
the ainia. ehange in section at the joint, "a they require smml assesm-
ibility ase. htbor very favorable asset of the welded joint is *b
usually on We material is Involved. 2he ppobles of corseiog M&
inter-reaewtic between diss+n•ilr materials e mninimized. i is an
extremely Important consideration :.n the developit of joint systm feo
comptibi2.ity vwit exotic fluids having high eGeess of ebmieal Aetleity.

14a tube welding units vere used in the Phase I pert oa this popou.
One unit vu an ewisting tool uhich the Laboratory bhd been uin fm
other propem, and was suitable for joining smil d£imeter tabing eilm
up to a iextmi of ms-inch dimeter. the second tube welding =it vu
designed, built, and baa been checked out satisfactorly. 5is seeea
unit was designed for joining larger size tubing. It has been used te
weid tubing as large as three inches in diameter and as small as 3/4 lSO
in dameter. Ze first welding unit set up for welding 1/8 Inch dimber
tubi.g is shom in Fig'.e 24* The second welding unit Is shen la
FIoars 2S.

na gemeral, these tools are operated by a Pastos ring gear driveos 1W
a variable speed motor through a flexible cable and a pinion gear, as
shown in FICge 26. A tungsten electrode Is sounted in the rim gemar d
tra=e around the ci-rcumerence of the tube &a the gear rotates. SO
tube to be welded is located in the tool by trasite inserts which wm
machined to fit the outer disaeter of the tube, a shohn In Figuae 2£7
In this manmer, any tube which has a diameter of three Inches or Ies cem
be accommoated In the tool by machining an apprpiate set of tremite
Inserts.*

A Vickers O ampere, direct current, rectifier type power supply
was employed for all velding tests. The controls for weld power, f• e
motor speed, and shielding gas flow were all mounted in a portable central
box for convenient remote "in place" welding usage. This control bw Is
shown in Figures 27 and 28, the latter picture showing a remote welding

Preliminary wld parameters were developed using te 321 stainless
steel tubing. Tis material is s1ilar to the type 347 stainless steal
tubing vhich Is to be used for the qualification test specimens in Phase II
of this program. 2he type 321 material was available in laboratory stock
and has been used pending procurement of the type 347 stainless steel
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tubing. 2he major difference betwen the two terIeal is In ulser
additions of stabilizing agents to prevent arowum dLepletiem brSh
wvaAing. It is not anticipated that any new jor dAifferenoes eror
vill be encountered In joining type 31T sta enlss steel. t•i•ing. AM-.
this part of the Pha.,e I vo, tbe wlding characteristics Ot 1/8, 1, =4
3 inch diaeter type 321 stainless steel tubifn --- Investistd.

All of the welds made in the type 321 stainlesm steel tubIngva
stainless steel wire brushed ad cleaned vith acetone prim to welnA.
Mlis cleaning procedre was adequate to produce a clawn wold .apet.

WeldiAn 1./8 ;oh Dmeter WubS

Me 1/8 Inch diameter tubing WS welded using the tool a= set I
ahpm in Figure 24. lisi tool had been designed and built by the Us
Laotory ade a previous proga to volA tubing up to a. umion
diameter of one inch In size. tis tool, being designed for U ill .no
ter tube Joining, is easier to use on the 1/8 Inch •Luter t •u•big ta
is the larger velding tool vhich vas built for this prep .

Som difficulty vas encountered In velding the 1/8 0.D. a .0MR A
all thickness tubing due to an inability to "fire" the smalle VOUig

tool sa the low current levels whieh bad to be used. this problem us
aggravated by the fact that the smaller velding tool did not bse a
built-in voltage control which would allow touch start. Dventuel27 IW
cating the electrode tip with graphite, It was possible to *tn'L
eonsistently in the 2 to 3 aupere range of welding eursat settiap.

Weld schedules were developed for the thin wll tubing. In Uses
schedules the drive motor was started first, then the welAiAg ouwemb
was manually increased to the level for welding, about 10 iages. b
prevent crater cracking, after the veald was eagleted aud the tube U
welding current level vas ziually decreused htile the travel speeod e
the welding electrode was Ie Lsel.

Argon inert gas shielding was used on the torch side ad hellaw
shielding vas used on the back-up side of the weld. Filler metal va
added to the weld by melting down the sleeve fitting. This fittings, *ah
wan machined from tnpe 321 stainless steel rod, also served to LUO the
tube enad for the welding oyeration. the resulting welds were exasi
visually. Reproducible welds of good quality were made using this MANA
in both the horizontal and vertical positions.

Weldi•g One Inch Diam•ter Tubin

One inch diameter, .035 inch wUl thickness, type 321 sthNless
steel tubing vas velded using the tool designed and constructed for ftlh
progra• . No difficultles vere encountered vith operation of the tool Im
regard to tube ali nt, shielding gas coverage or mechanical operatio
of the tool.



W eldg sehedules iich mee developed for the one inch tubig incuded
the ~amuAl cisuloping (reduction) of the weld current and am Imcease ofI
the travel speed •fter one rewlution to eliane citter eaddng. U90.p-
Ing (increae) of the magnitude of the weld current was not reqd d Fl4lWe
meta adMtAon and tube and al Uvmt were aoom*plUshed by use of a teeow
Utittng which was made by 410*4 exqan&ing the dianetr of a soeta of tW
one inch diameter tubing. Aain, argon shielding gas was used an the tonh
side and hdei=s go shielding on the haoup aside of the weld. Red~oi*d.@&
and metallopephic inspecticn showed that satisfaftoz7 welds me mae In
both the vertical and the horan~tal positipe.

Aftei developing the 1inal weld paraneters, reprodu•ible Mhll mel
were made with the operator watching onar a stopwatch and the weld ervock
ameter. A weld was made between to tubes separated by a /32 Inch P to
determine the effect of poor fit-up on the weld schedule and quality. After
weld:L, the sleeve showad increased concavity but this Concavity did nb
esotend into the tube wall. The poor fi•-•p did not Upair the weldabhlita.

Weldina Three Inch mastoer Min&

A Uiited n'umIr of welds were made in three inch diameter, .065 In*
wall, type 321 stainless steel tubing. These welds were made using aboet
the sane procedure as described for the one inch diameter tubliag The
sleeves were made from expanded lengths of the smes three inch disetw
tubing. Both argon sas and mAirccmatic No* 75" shield gas wer used o-
the torch side of the welds.

Tubing evlity caused some difficulty because of Joi1nt offset resuting
from tube end isimnatch. In some areas the joint offset was oalcumlt•d to be
f .00 to .040 inches. This sount of offset resulted in the weld pme-
trt•ion moving to one side causing lack of fusion across the ointe. Howeve
several other specimens which had as much ao ,030 Inch mismatch were welded
satisfactorAly. These ditficulties were overcame b7 selectively matching
the tube ends. No special sising techniques were used. Specific procedures
for usisng and fit-up will be developed in Phase 11 during manufacture of
the qualification test specimens.

Longer welding times were required for the large dimeter tubing.
Because of these long weld times the preheating effect from weld hoe
buildup becomes more noticeable and muat be compensated for. Starting the
weld at the 4 o'clock position caused a heavy drop-throut when the weld
reached the 12 o'clock position unless the welding current was reduced.
This condiction was alleviated by welding halfwmn aroumd the tube, stopping
to permit the joint area to cool, and then completing the weld.

5.3 MZ331Q MM 4,1 TUIG

The Reno' 41 tubing which was welded during the Phase I part of the
program was 3/4 inch diameter, .030 inch wall. The initial attinpits to
weld the Renee' 4 tubing were made with the one inch inmdn diaetmer
welding tool, but they were unsuccessful because of insufficient shielding
gas coverage of the weld area. The shielding gas inlet in this tool does
not rotate with the tungten electrode. A rotating gas inlet could not
be built into this unit because of the limiting size. The welding unit
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whIch was designed anA built onde this "Wo fw VUWe2in tm I=&
isante tubing was si••clenty lao me that a r•,tting so• a Sa emid

be i•.eoporatiel. this inlet Al•s With the olearo ,- aMn ao w-I I m
v Inerb PSa Ohioe] CeoveU gA -the MAL aMe. bnour, Va

he 3/J inh hamster tubing fte weld" vwith t toot, tbhe goa 4le va
loctea abmout erinebh from •e e1• r fnfoe. A eanoe tuo was WM
around the Sam inlet am the elafitroh, am ahown In Jigures 25 ee" M to
provida still further imromo• n the 1Wdireetion cc the dh go
towa the wald ususe. Ibis dmage r•u.el Sa tbe os I"lt a&
electrod rtating e w• un the tube as a omut, sam the su a m Ke to
direct the flow of the shielding so directly outhe wLa awfaee. ib.
aup is mmoveA ibex this vit to used to wad larger dimtbw *•ft . No
mod.lcation saeved the ahielding aa .vage probtem and Peselti Us
Joining at Ren' 41 tubing with satisfootM wVlla.

Good iiaalit, weld Joint@ in 3/14 indshSeem' 1 tubing wore seo a
both the vertical ad. borismaoe. josittlem. It w nweaesmas, Oe to On
preheatlng effect, to reduce the walling surrest after about ftoftlif
of the Vold lwenth a"W the tube baa been completed. hia olAIMiV Via
noe appemeft in the heriztaal than in the vwerta positien, =M Is g
result of the vacas hebat hieh Inca•maes the puddle AuUIIW and OAeM
excessive drop-•throui. hbi eoonditie also Is agpevate IW to

ravitational effect dunrig Velding in the hetsontal PsiLtMm.

A number of the ulMs mere Inspected mtl fI tl o k a I
raiopapty and wase foua to be stiafactory. One joint m fema I*
have lack of penetration whe nAppected with a boreacope. Mn Joint vas
subsequently repaindelby revolding using a slightly "hotter' weld odmeb*
vith a curreat, Inressae of 2 aperes. e-inspection of the joint ~iu
this repair shoved a good weld end indicated excellent penetratio.

An ezidized surface vu observed on the lnne' 4 wela. Obi eat
indicated that the cleaning by wir kushing andacetne v1wpig as • t
rumovins all of the scae from the tube. To insure reoal at the aoWl
=an other contaminants which night haye remained after the noirol osemltnL,
the surfaces to be welded wr alsoeo clened vith sandpaper. thi• eanin
treatment resulted in welds with cleaner suracese.

, .4 6061 ALUWD( Ar.m

Many approadhea were tried but no satisfactory nmthed emli be
developed for "in place" fu ion welding of• aluminm tubing by we of ts
techniques to be investigated under thin piopen. bte hi&h thinl
conductivity, extreme fluidity of the weld puddle, and the omSf 20w
on the surface of the veld make it virt'al2y inopomible to Sjlo e2.ot
tubing using these technieqes.

B-l1 variations in fit-up, either between the sloe"v fitting ad
the tube, or between the tube ends, cause serious beat shorts &ng w*-
ing. A gap In the butting ends of the tubes results in lack of fisen an
one aide of the j.int.



A gop botý the sleev fitting sal the tube an also result in look
oC fsion In the tube• In scoum Cases sufficient bhat was tranfewM
amcres the g; between the sleeve fittnag a th. tube to ous. moinlios In
both the aseeve sAl tube, but the tw v3, 7uAll.e remined seplmtae rti
did not vt du to the ozAl aon the upper mwfuae ot the tube wolM. 2a m
attemt to souse the two ]mNM* to e tp the surfaoe of the tube u• • oaed
with o0•ar 102 wol t•Am. his rensulted In better wetting t 4 go meelJe
exessive PeaosIty Iz s "I wL.

A Iwo Vp betee thes tube:M tan e Usleese fitting siusae amooevise
meltifgin the sleove sand mests In fouling of Us tungsten e•strefe.

ftmIlUy poo fit-up beme the slemev fitting and Mum tubs mane a
great variation in the preheating offset en the tube. this variatlan
mms it extremly Lif•icult to prediot Aor the wel puddle uil. ft"
through the tube Initiall, an eals to ooute•l the penetration ewe the
puddle does &0p through.* Without control of puddle drop-through sa&
penetrations, autasle or PblirAl weldifg of alusnlmm tubing Jointe esanot
be aesomp~lishel.

Zn order to deteruine whether sufficient heat control us aveLtsle
for "in puluae" joining of alumlz tubingp several, Joints ware •O•lde In
which the tube ends vee butted together but the sleeve wes eolinzabt.
Puddle control was much better using this teohlque, but It Vas not
possible to make aW Joints without producing about 5D peroent ocowvity
in the welA area. This concavity indicated a requirmnent for filler
material.

other methos of adding filler materiel are being conidered in
addition to the use of a sleeve. kJints were prepared In IhIoh rings
having a tee"-shaped cross-section were eployed In plsee of a fll
cylindrical sleeve. 2he use of these "tee"-sbaped croessseetiou rings
caused. ac4dlional problems in fIt-up of the tube eds and also requtrel
tack welding for location pposes. During the subsequent welding of
the tube joint.heat shorts occurred at each of the tack vL14* with a
resulting lack of fusion. However, the use of the "tee"-uhael ereas-
section rings did show sees premise. Sone further work s be performed
during Phase If to investigate aa imroved design for such rings. he
anticipated effort would be small en woulA involve only the procuremt
or fabrication of the improved design ring and evaluation of Its use in
welded tube Joints.

The use of filler wire appears to be the only method of filler
materal addition which has promise of remslting in an aut•atio Productslea
type process for weld joining ali•rnum tubing. his can be accosme iskd
by the addition of a null vIre feeder to the welding tool. 2h.s
procedure was not evaluated ding the Phase I work. Rowever, a ew t•ue
welder is being designed for use with a separate vzogram, Reerience (27).
Tiis w•lder will be adaptable for use with a vire feeder, and is expected
to be available vithia the next eevrlS. months. Tiis tool will thn be
used to determine the feasibilitY of weld joining aluminum tubing usin
watoatic techniques with fil.l ire addition.
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It aboucl be noted that although the major p•oleu encountered me
that of obtainin a controllable best Input to the Joint, other lees
important problem. mee also evident. The weld aross sections exhibited
oush poroity ens ocucalomn snacke, further emphasising the requ•irmnt
for filler vim eaition. Noral Practice for welding this 601 aluamim
alloy Includes the &Mitio= of either 4043 or 5356 alumn alelo filler
wire.,Dn o mm
5.5 ADDTPIWAL WPM~D Yn loMM ' V= USI1

Final weld paraweters will be deeloped for the actual tube disamters,
well thielmesses, sad mterisle to be utilized for the Phase 11 qualifies.
tion test speeimans•, Furtezr Investiption of filler vire additions fc
aluminui welding, as noted above, will be counucted. The Phase n work
Vill inolude AN 350 stainless steel. AM 350 wea not included in fhase I
because sufficient developeut parameters had alreeay been developed by
priar UA work.
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6. MW II QALlCCIOII TJ=

6.0 -
The objectives of the qualfloatien tests an to deteunne INA

insure that the Attings are oapable of operation vw the perfozmme
anu enviramuetaL conditions specified. The testing pmpm %d. ev2auate
the brazed and welded fittings to demonatrate the qualAeastic of %9
fittings to withstand the imposed design loads for the speciMed service
lives,, or to be as st iratuanr sound as the tubing which the ftttings

6.1 ZELSM

The folloing fluid media will be used daring the tests spepstfed
In the fllowidng par4Va sA6

(a) aseous he•om

(b) Osseous nitrome

(a) Air
(d) *draulio Fluid., Petzolubel Base, Kilitwz Speo~aiUon.a

(e) Oronite 8200 Disibaome Base ltfrsulio Fnlid, HM 9peciflea•m

(f) Arodlor 1248 orinated Bipheuzl Redt Trmfer Fnid,
manufactured by Mnsanto Chemioal Opmy

6.2

The instrwmentation to be used will consist of Instrw tatiom
ammnih7 used ibr this type of testing. The data obtained WI2. be

verified, 4herever possible, by obtaining readings with more then me
type of instrument; e.g., both standard gages and also transduoers MI
be used to measure fluid press.-e.

6.3

The basic system schematic for the kIvdrmzlioa-•esoatio I&4 systoM
is shown in 7niVie 29.
6.4. DATA F'JI=UTaT=

Test results will be presented in the form of tables, grphbs•
photographs of test set-ups and test components. Theoretical calculations
and reproductions of the original data sheets will be included whers
appicable.
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6.5

The flow habt shown in Fig"u 30 presents the relationstp betimm
the several qualification tests and the sequence in which fittiAp d.
be subjected to the tests. Sach individaa type of test is described In
the follO pM PaWru -.

All toest specimens will be inspected before test for ocunfonmwo to
the drawings and speciAfi.atols which are applicable. Etoaatim will
be especiallv directed toward detecting possible defects In asemb• or
wo*rwnanhip. 'Were required, test speciens also be eammind for
defects after one or more of the qualification tests haw been perfoznad
This ewmdition -All assess the anot of dmaa Ie ai , Inmured b
the specimen during teot. Results of this eoxmination will be ecamer
with the findings of the initial e4.n0.io.,

pioo PmMaUr and Leakaa

Proof preasise for the joints to be tested is specified an 150 perwA
of moximn system operating pressure. The joint as•sab• is zeqAird to
withstand this condition for five (5) nm1ntes with no leaka&e or permanu
distortion resultng. Leakage Will be deternned at the ma~d-m desig
operating teperature, and also t -320 F. sseous helAua wM be wsed as
the fluid media m, and a mass spectrometer w= be used to detect sW
leakage. All test speolmen 411, be subjected to this test prior to other
qualfication testing. Tests will be performed t the pressures a
temperstures sham in Table X.

Buret pressure for the joints to be tested is specified asMO peormt
of m-ag system operating pressue. The joint assenmbl is required to
widthstand this pressure for a period of rive (5) minutes at the wmun
design operating temperature with no joint rupture resulting. Burst tests
will be perforned at the pressures and temperatures shown in Table XIfl,

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

Repeated assembly specimns will be fabricated, inspected, subjected
to the proof presmure and leakage test described above, and then reinspected.
The apecimens will then be disassembled, inspected, and if found satiefactorys
reassaebled by the same joining procedure as initially used. The definition

.of this test as set forth in the Comtract for this proram, Reference (1)a
requires the brazed specimens to be reassembled without addition of new
brazing alloy.
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Following each roessembly of the specimens each specimen wS dA
be put through the sequence of inspection, proof pressure and leakag tes,,
awd rainspection. The specimens, ill be required to go tbhrof tUs
asss=Mb, test, 4imasosam , and reassmemlv procedure five (5) time.

Thes tests vd consist of bondi the test asnswiNiso Me to
impose a bending stress at the union aenter-Lne equi••.lnt to 75 paeisLt
=A = of the yield straemh of the joined tubing at the test te "a's.
A 0 iever tp configuration vill be used A wiiaaiel bending id i be
imposed an the test specimen by meaos of an eccentric type drive -4dih t
produce a predetermined do.ection at the cantilever end of the specime
Calculated stresses x4l be corroborated by use of strain gage under statec
conditions at romn tenpperat~ure. The stresses under the 6ynaz.c anid operating
temperature conditions vd,1. be ceiola~ted.

Tests will be conducted at a bending cycle rate of apprcxoiNmteg
180 pm for a maxdm of 200000 cycloes under the ccnditicns shom in
Table Xnf. During these tests the specimens will be pressurized idth
gaseous nitrogen to 30 psi&. A pressure drop of 30 psig; be used to
indicate failure. Pressurmsed lWadrlie fluid ma then be used to
deterndne the location of the failure.

The vibration specimens a411 e of an indeterminate beom eonflwatiom
(end flaity at both ends) rather" han a cantilever configuration. A vibra-
tory input amplitude will be utilized in the test sufficient to profsee in
the specimen at the union centerline a d•mic stress eqUivaent to 75 par-
cents maxximun, of the yield strubh of the joined tubing at the test temer-
ature. A discrete frequency rather than frequency swooping winl be utilse
for testing. Optical displacement indicating instrumentaticn will be used.

A theoretical al6culation wvd-l be made for each material, ea&h tube
site, and each test temperature to determine the length of an indete ate
bean specimen which will resonate within the frequency lim.tations of
existing optical instrumentation (150 to 180 ape).

Each specimen v4dll be mounted in the test flxturing, heated to the
testing temperature and stabilized at this temperature. Then, utilizing a,
low input vibratory forcing function, a frequency search fron 10 to 2000
cps will be performed to determine acceptance and response modee, and
transmiesibillties at resonant conditions.

Each specimen will next be excited at the test te*erature using
sufficient input amplitude at the fundamental response frequency of the
specimen to produce a stress at the union centerline equivalent to 75 per-
cent, ma =, of the 1 ield strength of the joined tubing at the teat
temperature for 2 x 10 cycles. If the respolAse mode of the specimen
changes Ath test duration, the frequency anor input forcing function
will be changed to maintain the stipulated stress.
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JgaMeratore Shock and Pressure Ipwls

The temperature shock will be imposed by alternated' 4-mAim anc the
surface of the specimen assemably a flame (or a blast of heated air) and a
stream of liquid rittrogen. The flame will be produced by propame burners,
The strewm of liquid nitrogen (-320 F) will be released from sprig nossles.
A total of twenty-five (25) thermal shock cycles will be imposed in ZA~
(15) wd as. During each temperature cycle the test assembly wil also be
subjected to internal pressure oycles of zero to 150 percaft of amdmus
system operating pressure. Tests wi.ll be conducted according to the test
conditions shamu in Table rZ

Pressure impulse tests will also be performed without the twpez'ature
shook. These tests ixdl consist of pressure cycles rmAnGng from seon to
150 percent of max:Umn system operating pressure, and will be oondiated
according to the test conditions showni in Table CII.

The pressure impulse wdil1be obtadned by a pressure surge tbrouoi a
liquid nedlim utilising a quick opening valve technique vihere app2isable.
The 1500 7 and -32D F temperature pressure Impul e testing will be eandueted
by cycling the teat pressure from zero to 150 percent of mdinam system
operating pressure in a square wave pattern. A dwell at maxima pressure
shall be incorporeted. The rate for pressure impulse cycling %Mi be
35 5 q.

A fii*l inspection idi) be performed on all -test specimens and +An
results compared with those from previouas inspections of the ewe. speedume,
After Anail inspection all test pauts mill be identified by a label am
mill be held for disposition according to the instructions of the tUi
Project Officer.

6.6 T

The qualification test equipment will be constructed and instaLled lIn
accordance with the NAA dramings listed below. Copies of the listed drop-.
ings, have been furnished to the USAF Project Office.,

X-4539 Heater and Specimen Holder for lK Tube Plax Test
X-4540 Heater and Specimen Support for 1/8 and 1/4 Tubenec Test
1-444 Tube Flexding Fixt~ure
1-4547 Tube Flexi~ng Speci~mens
X-4548 Tube Specimens
X-4550 Furnace and Leak Trap for 10 Diameter Tube Specimen
X-4551. Furnace and Leak Trap for 3P Diameter Tube Specimen
X-4552 Furnace and Leak Trap for 1/8 and 1/4 Diameter Tube Speclma
X-4559 Therma~l Shock Fixture for Tube Fittings
-~4;41 Blast Shield for Tube Burst Test
X-4564 Hol.der and Load Anm for 3" Tube specimen
X-4568 Vibrattion Fixt~ure t'evelopmcnt Brazed and Welded Fittings
X-4569 Test Specimens for X-4568 Vibration Fixture
Z-4574 Tempvral~ure Shock FIxture -3200 to 600OF
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The following equipint and piveediuve vin be used to prwee the
ntjemal pressures in the test speds.

The liquid Intensifer idU be used to preesunrise the 1i4pd4 Cd
test modia to the very high pressures. A Pressure Booster made t the
Mfez Fluid Power DMvision, Fck-Reedy oarporatiori BenennY=le, fl2Jmias

has been deeAgoed and built to NAA speoifloeatns. This eqdmet - be
used to boost 2000 psi hydraulic pressure to 20,000 psi pressure fm bb
burst test requiwment. The Booster can supp4 v to 4 &a liquid Ce
(with a 50 S input) for the pnoof pressure and eI*,*" test requiramu.

The Pressure Booster wi operate in the fb•ovdng n maenn. The 20 pa
pressure wi~ll be supplied by conventional, pumips. The flo of liqu~id to tbe
chamber or cavities of the Booster will be controlled by a directional
emtral valve. The difference in area of the input piston and the .Apub
plunger produces a pressure boost of appro toly 10 to 1. The Mti
will be set up with check valves arranged to maintain almost oetimmm
am frtm the double-acting Booster. The Oas ntensifier Aesiulor igMl
serve to reduce the pressure fluctuations &uing Booster piston rerveril.

A two-nuid Acee lator wl be used in the as Zntensifler yst.
The Aeemalator was designed and buit by Autoclave Raneers Imanm. to
NAA specifeations. This Accunlator will be used to store heo n po md
to servo a a barrier between the high pressure liquWA and the heall Sm
when the high pressure liquid discharged from the Pressure Booster is big
used to pressurise the heliutm has. Prepressurised gas and/or a oaseMa
technique can be used if the flow rate or volume requires. This systam
will be used for the proof pressure and lea1age tests. Burst tests %=
be perfomed utilizing gas as the pressurizng medium only i the ucZn

temperatures encountered daring certain tests precludes the use of ltydiu
as the prossurieing medium.

Pressure i2DAlsins wi be accomplished In the following anner.
Removal of tne Aactulator from the liq•uid pressure system and si4
cracking of the pressure by-pass valve wl produce a square wave torn
of pressure impulse sufficent to mest the impulse ate pressure reqqire-
ments. The Booster will be cycled by means of a timer.

An alternate approach m*teh may be used for the pressure m=ulse tests,
should the square wave form of impulse prove undesirable, wil use a quidi-
opening 7Amnoo Valve, Model Ito. 44-5912, mAch will be driven by an sleetrie
motor through a gear box. This valve will serve to direct the high pyezsare
fuid to the test specimen. A bleed or pnuatie-operated high preemie
valve will reduce presure to zere aftor closing of the quick-opening valve.
The Acocmulator wl be installed upstream of the quick-opening valve to
supply the short-time high flow rate required for a pressure surge.
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The MZUbr.1.d. W ft tA be used to attain the taverustur
eqa.zed ftr the t.est omd•tions shovn Lu Tabse Z .

NYi-ft7 IMctrio Os, eposed lemAt raftdiM tTpe heste or +A
SNo-aUdrtI type VIll be used to produe 150•0 tost tsqWSbtUr.
Them•ovuple mi the test apewmen *-dU be used to neasure the taesb
teq•eabure ad for heater ttrmo..

An andromtinsa* ohwber with air ciraulAton oonveotim host,
thnucoup• e controlled, w= be used for the 200 p and 600 p tests,

The -320 7 tmperature for the stress reversal bon1ing tests xd be
atalied by nowng licpqud nitrogen througu the test specimen. A thoen-
oVIle on the teit specin %dI. be used to verif the test temperatiu.

Ior the pressuw impu.se tepting at -320 re the test specim v.
be •mn•zsed in a containor of Utlaid nitrogen. Themoouple control of
the tampewtauez of the pressur zg luid udl be used to isure that the
flJUd flow is sufficient to prevent the fluid from freezing. The tent
spalmon temperature wd also be checked by means of tW'raoouples.

P.r the -320 7 to 1500 F thebal shook tests, the specimen xl be
alternate3j subjected to a flmno from propane brners and to a strem of

.-licud nit•.•en from appropriately arranged spraq nozzles. The teat
specimen toperature wLU be determined by means of themocuples.

The thenmul shook teuts at. -320 7 to 200 F, and also -320 F to 600 P,
vU utlisse a hot air blast impingng on the test specimen altematim
with a 3iqud nmitraen str-em Theromuples wil be used to detenawne
tus specimen te9esturms.
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