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STAINLESS STEE, SANDWICH PANEL BRAZING-

DEVELOtMENT TESTS OF -

INTRODUCTION:

A. SCOPE OF RE-PORT-

The problems encountered during the development and production
applicati4n of the stainless steel sandwich panel bra;ing program
were numerous and varied widely in scope. This report represents
an effort~to 'compile all the data obtained by the Met.llurgical
Laboratorf of? the Engineering Test Laboratories relatIve to
stainless steel sandwich panel brazing. This work was accomplished
under Test Request F-4696 from May 1954 through December 1959.

Since the investigations reported herein wer-c so diversified in
nature, this report cons~stslof several independent aoctions
arranged in systematic order-under the various subject headings.
The subject material rep9rte. in tnese sectinas are the rcsuita
of investigations previously-not forn,.vlly reported. In most
instances this materiaJ had been furnished to interested depart-
ments in 1he form of mno.,'anda or 1oo•• data sheeis.

Section I;of -this report coacerns investigations relating to
the structura-il materials used in brazed, ihone.ycomb.. randwich
panels. Section II contains 1material pqrtair.ng to t~e brazing

' alloy investliations and Lmethods used it brazing the ,truc ural
members oI thi sandwich panels. In instances where sqveral
investigatione were conducted on related items, the items ire
arranged 1nde•r a conmmon head1ng. The discussion sect on of each
individual report is trea-edseparatelyi however, the.introductory

..... emarks ad cpnclusions agre dombined for the group asta whole.

B. HISTORY LF SANDWICH PANEL BRAZING ,

In order Jo provide some claiificatlon 4nd backgroundton tie
material nepokted herein a ýrief ohron logical summapy of. thesandwich •anel brazing p&ogr~m is inclu ad in this se~tion.

sandwic brazing t

The decision to use brazed sandwich panel atructures on the B-58
ws made ,fr March 1953. The major advantage in the use of a
'eandwich type, structure was the possibility of obtain4ng aihigh-
strength1, light-weight part. 4 The panelq proposed for 3use gn the
B-58 also ,req•ired stabllity in the 600iF to 900 F temperature

L I
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range. This requirement elimi ated the use of a bonded structure
and for all practical purposes made the development of brazed
panels the logical method.

A-basic honeycomb sandwich pan 1 consists of the following three
components:

.1. A core section, made from thin gage metal foil strips)(less
than 0.003" thick) whic4 are tack welded togsthe:' in iuch
a manner that round, square or hexagonal cells are formed.
"See 'igu re 1. -

"2. Facing sheets or skins which are fastened to botfi sides of
the honeycomb core so that the open ends of the core are
covered. The core cells then run perpendicularly to the
facing sheets. The cord to skin attachment is performed
by brazing.

3. Edgeimembers are necess ry in moot 3 cases. These are
heav ier petal strip' artund the pa4el ocrimeter .n the fonr
of aLZ o6 U. The elge $cmber3 are'subsequently used to
fasten the sandwich pandl in place on the airplane. The
strips sre brazed in position at the same time t~at tpe
skin3 are brazed to the core.

After the decision to use 1braz d sandwichpanel strlictuires had biien
made, an initiA1 engineerirg s rvey was i•itý-ated and tte first
test panel was brazed at Convair in April•1953. In Novpmberof the

, same year, tesU panel contrac".- were given to various outside
producers. tAlthough almost all of the developmental researchI concerning qand.ich panel Vr;z .ng was accampli~ned by Convair',
a large perqentage of all Rrod ction typelsandwich panels has
been brazed.by butside manufac urers. The major purpose of ýhe
test panel qontFacts was to al ow these pjoduders to de ermipe
their costs vin razing sardwic panels in accordance with Convair
specifications.

Original plans ;alled for •he evelopment 3 of both a low and • high
temperature brqi•ng proced re. The low timperature method specified
a brazing rnge, of 1300 F to 1 50 F. It was to providerpaneas for
use at oper ti I temperatures o 600 F. The high temperaturp
process called lor a brazing t mperature abOve 1750 F atid the panels

* iazed by this process were fo use at temperatures to 900 F.

L
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The low temperature brazin v e relopmnent program was begun ir

April 1954. The high temPeri ure program was started in November
1954. H.E.M. 7IH35.0001 witnl!enclosure A, dated April 28, 1954 ,
oo~ers the proposed low tc•.npaLature panel brazing program. This

was revised and supersedod on July 2c•, 1955 by enclosure B to
include the high temperature development program.

In the interval between the issuing of H.E.M. #H 35.0001 enclosure'
-...,A and enclosure B, considerable research and development work was

accomplished. Brazing alloy investigations, heat treat cycle
developmelt, and general furnace brazing procedures were investi-
gated. Publiphed report,3 covering work done during this period
in the Enjinelring Test Laboratories are abstracted in Section III
of this report. See refarences 2-7 of Section III covering
FGT-1340, MR 54-5, FTDM-1415, FGT-131V7, iGT-1363, and IGT-1362.

It was recognized in July 1P55 tiat the low telu;ýjrature process wac
objectionable for two reason3.

1. Opgrating temperalx.c werc limited to 6u0 F.
2. Paaiels brazed by tnitproce2• ha.• hig. 5uPceptibili~y to

corro:4ioa because of ýrazinL: alley :.'hx . ntrapienat wi-;hin
thi panel.

Consequently,, although some panels brazqd by tais proeesor piere
tested on the engtne tess stanrd, thi:; i thod was gradially dis-

, onnud e maor eort'wa then u rected toward the bIgh
temperatuie process.

17-7PH stg'in)'ess steel was chosen as thq ba.3i0 miteri4l foif use
with both thd low and hiih temperature proce3sss. InitiaJ.iýork
however was accormplished witF, "C" conditicn material tnd later
changed to ýnftiealed with addid heat treatment. It was found that
braze ,A- :, d not produce t~ie C11 oroperties or 17r`I71,
Recul • 3 .§•minary eyaluition tests on the heat treatment of
17-7PH steel were reportcd i1 FGT-l153 published in No-iember 1953.
An abstra t cf this repoz.t a pears as rifercace 1 of ýectlon ITT
.in this r port. Section A a d B lit 1. ' -7PH heat troat re'_ults-
which werq previously resorted only in ats sheet for4. The
heat treat results given'und r B were u eu to determiie the, origi-..
-aal high ýem1:erature brazing cycle.

The brazip.g alloy used ip coPnection wi h the' low terperatpure
cycle was.Ea•y-Flo #3. This:alloy has nominal comppsiticn" of 4ý:

50%'g, 1-1/% Cu, 15-l/25% Zn, 16.6 Cd, and 3,1i.ImJtsa
1170 F anf fiows above 1 70 '. This 1zi•ces was used' only during

I ~ J3 ;" I RP T i . 6
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the test panel development pr ram and so is of historic interest
only.

The brazing alloy first adopte~d for use with the high temperature
brazing program was 85% Ag-15% Mn alloy. This alloy melts at
1745 F. A brazing temperature of 1820 F was used on most of
the panels brazed with the Ag-Mn alloy. This alloy was used on
test and production panels until July 1957. It was replaced be-
cause of its poor corrosion resistance. See Sections IIA, iIB,:
IIC, and lID or this report for further information. r

In developing a brazing process for 17-7PH stainless sieel panels
o f acceptable quality, three major prerequisites were found-to
be necessary:

1. A rigid brazing form of desired contour for use during
the brazing operation.

2. An ipert or reducing aý,mosphere dl4rlng the brazing
cycle.

3. A meansjof providing intimate contact between the
varýiousl detail parts og the panel durlnr.g bra-ing.

, Initial sandwiph panel brazing was cur,'ied out by the use o4
I matched stael brazing forms placed on bV1ýh sides o'f thq panql

being brazed. CThe entire, assembly was placed in a steel r
brazing retort and processed 4nder 4 hydroien atriosphere. kany
test panel' weXe brazed using this procedure. However, the

4 entire prodf du'e was changpd, item by item, a the bra4ing
program prqgressed. 1 -

In Decembr' 1954 a vacuum envelope m-tnod was intL'oduced which
, replaced the top brazing fprm.in July 19•5. This method coqsisted

in placing 'the2 panel to be€ brazed on top of a sinple braze form
and encasing both items in a welded stainless steel envelope.
The cover shee of the bLcr inq env.lope qonsisted of a 0.012"
thick, stc'11 diaphragm shefft. By reducirig h'JE pressure inside
the envelope below atmospheric pressure, the sandwich panel was
forced down against the ,hrazi g form. Thus, contact bq'Lween e
detail parts ot the panel 9ould be maint~ine,1 during bfiazing.
This method(, ib addition tb eliminating the need for mAtched
sets of brsint forms, was' moide effective in equalizind the~pressure
on the various panel partq when slight discrepancies wire piesent

' I C *; I:" t
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in the mating of the panel de~ails.

In April 1955 graphite was substituted for steel as the brazing
form material. This step was advantageous because graphite
has a much lower coefficient of expansion than does steel and
therefore is less subject to dirmensional change upon he~ating.
Section I comments on the effect of graphite on 17-7PH Jsteel.

As previously 6intioned, the first test panels 0w.ere brized 14nder,
'a hydrogen'latmbsphere. Mixtures of hydrogen and air c6ntaiV~ing
from II.% - 74% hydrogen by volume at room temperature are exl~1osive.
In August 1955 good brazel wer'e obtained-using sodium tetraborate
flux in an argon atmosphere. :Because of the safety hazard connected
with the use of hydrogen, argdn 'used in conjunction with this
flux was adopted in October 1955.

In June 1955, a tack brazing m~ethod was first used In asscmbling
panel parts for brazing. It can be readily understood from
Figure 1 that ýhe various panel parts must be in a definite posi-
tion during the brazing operation. By tack brazing, the panel
parts toge ~her, while they we~e clamped ;~n a holding fI~xture, the
panels could bb pre-assembled for brazini.

During the remn inder of 1955 4nd through 'lý56, the bra~ing ýrogram
changed frq'm tle test phase Iqto the prol{kction phase. .In
December 1955 riberfrax insulition was introluct-. '!he prixary
constituenV of~oFiberfrax is alumxinum oxi-4e. The produelt is,

~.manufacturad ipi sheet forii ai'-4 is avalia~le in several ~thiclc.-
nesses. IV prpved an icdedl iqsulating matericl 'or the, pan 1
brazing proce.;-. Us;e was madi of this material to insttlate tth,*
panel brazing packages 3o ,that more even heA~ing cei~ld be obtained
on the san~wicpi panels dur!.ng )brazir.Z7.. .

X-ray radi~ological methods a 1 flasl, tea ~inoj both developed
as test prqcedpres for determ ning over-i~ll panel cqualkty in 19156.
Also, butt~welping standards ~or joining jthin sheet material used
as panel* AIcinf s were set up uring `Vhis .eriodL

Concurrent tith the develop ent of~ the IraziLnl, techn~logy,
the config4ratk.ons of they)ar ous structi al panel parls for the
airplane were determined. Th se configur'tions can 'we roughly
classified intO three typ4q: 1) Flat padels of uniforxi thidkness,

* 2) contourld or' curved paqels~ and 3) wec e panels.

The brazing of flat panei4 of ered no particular prob1lus. This
canno t be 4adfor the colltou ed an wd+ type panels., e~

4ai t bweT
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panels of both these types were brazed during 1955. In both, the
flow characteristics of the brazing alloy presented problems.

The brazing alloy flow in tht contour type panel was caused by
gravitational forces moving the brazing alloy from high to lIow
regions in the panel. The flow problem was evaded in brazing
contoured production panels by reducing the panel sizI and there-
by reduci g the amount of curvature present. Several investi-
gations w re carried out on possible methods of contr61ling
this type 'of Ibrazing alloy flow. Tests regarding braiing #lloy
"modifications1 are reported ii Section II H, II--I, and'IT Jeof
this report. Section II Q dscribes a ione brazing pi-ocedtire
for controlling alloy flow.

In wedge shaped panels the problem was caused by brazini: alloy
flow into the core capillaries or core nodes of the thicker
core regions. This decreased the amount of brazing alloy avail-
able to form the skln-to-core braze fillets. Re.sults of tests
on brazing al-loy flow in,thiok core sections are given in pection
II N and ;1 O of this reporti r r,

Late in 1956 inveztigatiqns were conducted by the 'anufactýiri-•
Research & D4,ielopnient Dqpartment and thie Engincsring.Test
Laboratories regarding the pyrity of the argon atmosphere .n ';hE:

* sandwich panel during brazing. Until this time, the 1razing
package hfd been purged •y f owing argon through the brazing
retort foV a set period prior to brazint. Testing showed 'hat
in the flow type pLrse the a'gon passed -•ound the saidwich
panel andprarely penetrated into the coye re3ion. Itrwas

* further found that alterAately evacuating the brazingfretof-t and
filling it with argon gas would provide purging action on the
entire pafnel. This meth6o of cyclic purgin6 was adopted in
January 1957., 1 AL

At the same time the cyclic method was 4dopted for pu ging,
,panels, the two tube bra4ingjretort was intloductd. The 6pcond
tube servid as the argon inlit and pen,:r1ted passing limited
amount oflargon through thca etort during braz-ing. The flbwing
argon act d as a carrier -gas to remove foreign gases 6volved by
the graph te during brazi-ng. The use of flowing argoq plug the
cycle pur inE technique 'roeCed a notideable •Improvement I

",,the qualily of brazed sa dwi h panels.

LI
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In April 1957 the-use of sta nless steel type 3-10 core was
discontinued. In designatinE core material, the first digit
indicates the diameter of thE core cell in sixteenths of an
"inch. The last two digits irdicate the thickness of steel foil
used in the core in ten-thoudundths of an inch. Both type 3-10
and 3-15 core had been used in panels prior to this time. The.

.use of type 3-10 core was discontinued because it sometimes
collapsed during brazing. lývestigations of factors affecting

* the strength of 17-7PH steel core material are presented in
Sections • F, I 0, and I H of this report.

During the spring of 1957 a Problem of contamination ;n the
corner region',ot brazed sandwiich panels was investigated. -It

* ,~ was conclitded' that the co.ntalinatio- waq caused by the pregence
of oxygen and carbon in the Urazing atmosphere. The method o17
admitting argon into the bra4ing retort was modified to ensure
that a positive pressure was maintained in thid argon lines

,during the entire brazing cydle. Section I J presents the results
of tests performed by the ETL on the causes o.0 corner~cont#mina-
tion. Later in 1957 this priblem was virtnally eliminatediby

'adoption of the vapor bairie or picture frame concept int9 the
brazing package. This modif cation was developed by ýhto
,Manufaotuting Research & 'Devilopment Department.

In July 1q57 P sterling .3ilv r plus 0.2*' lithium alloy was°,
adopted to replace the Ag-Mn brazing alloy. This stev was,
-taken in orde' to providc' in4reased corrosion reslatance in the
brazed padels. Section .;I E presents riults of the 'reliminary
survey onfth Ag-Cu-Li alloy conducted by the ETL. The -

Spreliminary hgat treat data or use witl Ag-Cu-Li are[givep in
Section IYC. ;

azig probl aro e or were 4ccentuated wi~h thi

adoption of Ag-Cu-Li as t-he jrazin•g alloy. The brt7itg alloy
flow problems, mentioned in preceding paragraph, co(tinued
to be troublepome. The prob em of voic in brazed edge member

Joints beqame( increasingly a ute. Sectlon 'I L and II M
discuss t1is problem. Eyent ally, it wts found that 'y ex"r-
cising clisei) control in.thc forming of.the edge membfr detail
parts thi• preblem could'be irtually eliminated.

Until the sunimer of 1958'no .ppreciable~corrosion attack on
''Ag-Cu-Li •ra•p d panels w~s o served. Aj this time, a oxi4lzed

"region wal o~erved in Ag-Cu Li fillets~after' exposurr at .emput1 -'
atu'es abqve 50 F. Investi ation showhd that this c ndit*on

I. U I
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did not seriously affect pa 1 strength after 300 hours at 7O0 F.
See Section II1-E and the abs ract listed under Section III

- -. •.'"'reference 12. There have be n a few indications that Ag-Cu-Li
brazed panels do undergo co osion phenbmena of a electrochemical
nature. These indications h ve not been sufficiently pronounced
to cause serious concern.S.S.

,In .'March' 1959 the standardý heat treat cycle for brazed panels
was simplified by the elimination of the 1400 F conditioning
step. Thp use of a 1650 F brazing temperature for tie Ag-Cu-Li
brazing a3lok made elimination of this step feasible.c Test
results ldsted in Section I D were the basis for thisc change.

.The possijility of eliminating the -20 F transformatibn tmeat-
ment is being investigated at the present time. This-work is
being done under a separate test request and the results will
be reported separately.

This sequence of events completes the development of the stain-
less steel b~azing program u4til the present time. Seemirngly,
the sandw.chrpanels brazed wth the Ag-pu-Li alloy arp adequate

:to perform their intended fuction. Thp effect that •futui•e
increasedT opqrational requi rments will€ have on braze4 panel 1.3
still an "unknown quantity. .

S! L .~
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STAINLESS STEEL SANDWICH PANEL BRAZING -

DEVELOP? LNT TESTS OF -

PURPOSE:

To develop procedures for brazing 17-7PH stainless steel sandwich
panels and to determine the cause of and remedies for difficulties
that arose dnring the fabrication of sandwich panels.

0 TEST PROCZDURES, SPECIMENS AND EQUIPMENT -

This item, is ,intended to explain the procedures follobred in
obtaining ) the'ý test data and Other information presentqd in this
report. .-

TENSILE TESTS:

The standard flat specimen u ed in ETL for tensile tests at room
temperature is shown in 3iute 2. Baldwin universal machines with
capacity of 5000, 60,000, and 120,000 lbs. were used for tensile
testing. The specimens were usually held in position by Templin
grips. In some instances, a clevis and pin arrangement was
employed. The specimen for tensile tests at elevated temperatures
is similal to, that of Figure.2. It is provided with boles• in
the ends. or loading witý a tin.

In tensile testing, the ioad'was usually specified in, pounds per
minute at;a rate which wquld~break the 9pecimen within 2 to 3
minutes. jUn.2lss otherwise stated, the elongation was'measured
on a 2" r~du*d scection. Thl yield strength was calc~latei from
the stresd-iUZrain curve .or • .2% offse. '

I H
'The accuracy of elongati6n m4asurements especially or thih sheet
having relatively low ductil ty, is often questioned, This
subject is dtBcussed bridfly*at the endlof thIs statement on tent
proceduref. .

A orhrlItnil c • i iun 3I
A notched.tersile specimen fir sheet istshown in Figufe 3., This
specimen was ,used in somq teits for whigh the results are ,giver

• in Item IjD q4 this repoqt,

*FATIGUE r,"ST~JZ f1

The stand rd ',lat specimin u ed for fat gue tests in iaxial: tension-
:'tension il sOwn in Figute 4 All the fatigue tests Were parried

out on Soqnt S'8F-l-U un ver al fatiue, testingimachi~es,.

• 11
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TAP SHEAR TEST..

Figure 5 (a and b) shows two -yp'e of lap shear speciuens. The
double lap shear type of Figute 5-a affords even loading but is
troublesome to prepare property. Thi•s specimen was used mainly
in the tests for which data are given in thi3 report. The single
lap shear specimen of Figure ý-b is objectionable because its
geometry results in eccentricloadLng,. The specimenshown in
Figure 6 (AWS) type specimen,:i5. the one presently used for shear

f tests. Al~hou.h the single a'd double lap shear specipens -more
b nearly repfesent the load con itions imposed on edge mimber sections

of sandwich p ýels, it is fel the new specimen given 'morre
accurate vAluD for the shear ttrength of the brazing alloy.-

X-RAY EQUIPMENT:

The X-ray diffraction and flutrescence analyses mentioned in this
roport were made on Norelco e~ulpment. The diffraction patterns
v.ere obtained 7by either film or electronic recording methods.

METALLOGRAJITY-

Ordinarily, thl specimens for pe allolcap~iy were sectioPed in thc
desired nimaner and mounte. ir; bakelite. The surface to be 'exrinined
was ground~flat on an abrasive belt (1 8bocrit). iu.'th(r grinling
was done o• 0 throui O0Or m.talloAr'phif paipers. Finpl finis;,ing

was effecgd qn an 8" lapwvcll usi.r.ng a sisponsion of PiainQnd
dust (1 milrol) in keroseie ap the abrasive agent.

Visual examination was made a d photomlc ographp avere taker:, 01 a
Piauzch andýLoqb Research retallograph. hits apparatV,!3affords
magnificationi of 50X to 2COC.. 1ihotomaceographs were: taken 6:ith
a Bausch apd po4mb macro cainer&.

SPECIMEN FROM ,PANELS: r

Specimens ?ut ~from brazeihonycomb sanduich panels were tested in
accordance~with the procedure set forth• in Convair Specificatlon
FMS-0036.* "

ELONGATIONs a j I

Elongation~as determined .n t4e tensile test is cO•iior y regarded
as a measure of ductility IJR general, the percent el ngat•0n maybe xpeteredcrsseng~
'ba expecte• ti decrease wth Oecreasing trois-scQtiona. area of the

*see But1 renta SheýS.

UtLIIYREFORT SHEET . Depwtment.,
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specimen for a given length f reduced section. This does not
necessarily apply to all thi knesses, areas, and materials.
Templin (Pro*. ASTM, Vol. 26' Part II, 1926, pp 376-398) has
discussed the effect of cross-section on elongation. In
practice, the accuracy and mpaning of the elongation measurement
becomes questionable for shept specimens in alloys of low
ductility and light gages. licat-treated 17-7PH steel'sheet,
in thicknesses of say..025" or less, is an example. -

'The tensike iests carried out in connection with the aevelop-
ment of sandwich panels were. mainly on sheet specimeni..005"
.008", and .010" thick. For numerous specimens the eikongations
obtained were low or marginat. The quebtion arose as• to whether
the low values were due to the composition of the materialý the
heat treatment, or some variable in the testing procedure. In
some cases improper preparation of the specimens was the cause,
e.g., when failure consistently occurred toward one end of the
reduced section. Such tcr3';s,were usually repeated. In otheýr
cases thejreasons for er;atio or low values were not apparent.';
In summary, In investigation1 for determ.ning a reliabýe procedure
for measuting the ductility of thin sheet in 17-7PH skteel
seems to be yarranted. :

J i4

• -
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SECTION I - STUDIES CONCERN tNG MATERIALS USED IN SANDWICH PANELS

17-7PH STAINLESS STEEL

HEAT TREATMENT

ITEM A - INITIAL HEAT TREAT RESPONSE STUDIES ON 17-7PH STEEL

During 1954-1956, sever'al investigations were conducted on the
heat treatment characteristics of 17-7TPH steel. The. results of
this wort were not published or reported by memoranda. They are
summarized Here. These results represent test data '1hich" were
either nbt directly applicable or utilized in the deieloprment of
any part.cutar heat treatment subsequently adopted for production.

The investigations fall into two categories. These are: (1)
Determination of the tensile properties of 17-7PH steel obtained
by heat •reatments corresponding to va ious brazing cycles;
and (2) keasurements of' the- dimenslona- changes in this s-tee.l
caused by heat treatmenp. All tests wVre performed on sheet
stock. All heat treatmrnts, except transformation and some
coolings as indicated in tables or figures, were carried out
in argonp.

The results-of some tenrlle tests, mos4ly on .005", 1.008',, and
.020" thick'material, are listed in Tables -Tk-I through TA-VI.
In each (able, the heat treatment is given. The tenpile .data
are not Pre~ented in graphital form. !

Tables i-Ijand IA-II give tensileE values obtainfd on.
specimene w1ich had rectiveo heat treaýmentv similanto the
Armco PJI l0$0. The timV at the conditioning tempera~ture ,was
varied for specimens of-Tab-le IA-I. As zihov.n, holding for 30
to 90 miputjs at 1750 !' gavp satisfactpry tensile properties.
Table IA II makes evident tiat holding• for 10 minute' or,60
minutes Lt ihe transforfatipn temperatpre, -100 F, gave
satisfac org properties.exckpt for theO.085" thick s*eet, Both
the tenslebyield and u4tim~te strengths ow this shept wqre
below th• minima of Con~ai. specificat on FSZ-4-046. 1 Onq: set
of .085" thick specimenj of1 Table IA-I Just met the1 specifica-
tion as to qtrengths. Perhaps, both sets of specimens had been
taken from one 16t of sheet which was sensitive to the cooling
rate and. d-4 not properjy respond to e heat t'eatmpntsi

The heat tr atment, HT. -3, given in.tables IA-IlIA-I, and
IA-V 00 es onds to the1Arn~o TH 1050 treatment wtIthA certain
variat as.- The data avpeaý to show that the trgnsformatior
tempera re of 454 F ga e r~re consistfnt results t n 4 d thi

UTILI1 iY OR SHIU"
S! , FWP"O "
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*lower temperatures. Also, t e elongations were generally higher
for transformation at +54 F. From the data of Table IA-V, aging

*at 950 F gave higher strengt values and lower elongations than
aging at 1050 F. The elonga ion of the .005" thick sheet aged
at 950 F was exceptionally low.

The heat treatment, H.T. -4, given in Table IA-IV afforded
acceptable tensile properties without a conditioning step. The
reason why this type of ti'catment was not investigated fur.ther
is not apparent. One explanation may be that the primary voncern,
at the tice this work was in process, was high strength rather
than highielQngation. Subsequent experience has proven tI~t
adequate plongation is more difficult to maintain thah high
strength,-especially in thin-sheet. This refers to specif'ication
values.

Table IA-VI gives the tensile properties of .010" thick sheet in
17-7PH steel, processed with,'two sandwich panels during brazing.
The table~shqws the brazing Fycles. Incboth cases, ttle maiterial

* placed ationq end of thelbrating retortacquired acceptable
tensile propqrties, but matelial placedrat thc opposite end
had low 4utiiate strength. PTis indicates the presenpe of• a
temperatupe gradient, prisumpibly reflecting its most adverse
effects during the aging operation.
Figures I•-I, IA-3, and IA-51 show curves indicating the progression

in cooling smaall batchest.of pensile spcime-ns., of 17-74H steel
from thre• different temperatures to 1i40 F. The resplts ,of
tensile t sti on materia;i cooled as depicted in thesi1 figures are
plotted ih Figures IA-2, IA-I, and IA-6) i-espectivclyo. 0Oter
details o[ t1e heat tre4amený are given in the latterlfigures.

As shown in kgures IA-2, - and IA-t, sheet specilens .005",
.008", and .020" thick were heated to 2100, 2000, and 1900 F, and
then cool~d 4nd aged. Poi, e~ch of these teinperatures, thq, tensile
propertien afe plotted against the time helda at the spelving or
condition ng temperaturelof p700 F. C
As may be sean from the bovy figures, there are appr cia. le

variation I the tensili p perties deperiding on sevral factors.
These are th peratur to which heated, the time a, theI condi-
+ioning t mprature, and theý thickness of the rheet. The follow-
ing patte n s apparent as cbncerns the effect of "Increas.ng timer
at the co ditionin6 temperature: For t~e highest heaing .temper-
ature, 21a0 , the stren ths, increase a d the elolcat on tends
to deorea e. For the intermediate temperature, 2000;, both
the stre th-and the elolgat2on tend to, rewain at abcit t4e same

levels a values. For the lwest heati~1g temperature ? 19dOFP.,

- - .... . . L . . . .

PILITY REPOR SEDeTDe tment 6* I FWP 1072"-,4.
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the strengths decrease and ti e elongation increases.

The three figures (IA-2, IA-4, and IA-6) show that the tensile
yield and ultimate strengthsfwere high for all treatments. In
ten of twenty-seven instancej the elongation was below the speci-
fied minimum. Poor elongatiQn was pronouncedly characteristic of
the .008" sheet. Examinatioj of the graphs indicates that two
combinati~ns of heating temp4rature and time of conditionihg
produced fcceptable elongati~n values for all three tkiickrinsses.

Figures I -7,j IA-8, and IA-9:show the effects of the phelvLng
. (conditio inQ) temperature aid cooling timc From this. temperature

on the tensile properties of,17-7PH steel sheet, aged at 1050 F.
The details of the heat treatment are given ii the figures. Three
thicknesses of sheet were tested, viz., .005", .008", and .020".
Except with the .005" sheet no definitive pattern of effects
on all properties was developed. For this thickness the gcneral
trend was toward higher' tensile properties as the conditooning
temperatupe was decrease4 fr'm 1(00 to 1400 F. The effect of
the shelving time was most r.arked and consisLent as concerns
the elongation, the shorter time giving)tne higher values.: As
to the .008" and .020" ti•ick sheet, tiie-ggneral trend'was tcwrrd
higher stipengths with delrea~ing shelvigg teop~rature-. The
elongatioý developed for.the-.008" sheet tended to decrease with
decreasing temperature ot shilving for .he shorter exposure.
For the 1nger exposure,.the~pattern was scrambled. ýhelving
temperatujesiand times had m~nor effect~on the elongation pf the
.•020" aheft. J "

Figures Uh-I, IA-II, and IA4I2 show th? effectz of t4 e shlvIng "
temperature ind cooling imeon the ten4ile Tropertiei of 57-,P71
steel she-t, aged at 10[5 F.t The effec ss are more or less
comparablq tq those resultine from agin6 at 1050 F, bUt obvious

Sdivergenctes .may be notea. •he ultimate strengths fo• the aging
at 1075 F~tended to level of• or decreape a little wifh depreasing
shelving temperature fo.-tthe longer timf of holding. They,
increased for, tLc shorter tire. Th yifld strengths ýncreased
for both 'he short and lng times but mpch r re markegly w~ith
the former'. ,The elongation •ended to i creaze for th• .005"
and .008"-sheec for both.shoft and long,/ imes with depreasing

* shelving •emgerature, bu• thIt of thr. . 20" sht-ci decreasep.
Both . 0 0 5w a d .008" she.t, •ged at 105• and i07T F, tad mprgi-
nal or 1o tqnaile yield-and ultirv.te s rengths witn •cceptable
elongatio . iThe .020" sheetlacquired sitisfactory st7engths with
both agin' t~mperatures ýut fiarginal elongation on ag ng at 1050 F.

Figures I -l1 through IA.-19 Show the efrects of the a~ hg
temperatule, pon the tensile Properties •f 17-7PH steeiL sheet,

TILITY REPORT SHEET "Deportment 6
a * FWP 10724-6-5
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following a variety of heatig and cooling treatments. Three
thicknesses of sheet were trj'ated, viz., .005", .009", and .020".
The aging temperatures were 1050, 1075, and 1100 F. Full
details of the treatments L , given in the figures. The general
pattern of the graphs is this: Both the tensile yield and
ultimate strength decrease ahd the elongation increases with
increasing aging temperature for the three thicknesses.

The effects of the combined !treatments (heating, coo)ing,)and
aging) are r adily apparent from the graphs of Figur&s IA-13
through TA-1•. Irrespectivj of the treatment, all tl~e tensile
yield and ultimate strengthq were above, the specification-.minima
except in four instances. 4ith the treatment given in Figure
IA-16, the ultimate strengths were below the minima for all the
thicknesses of sheet aged al 1100 F. With the treatment of
Figure IA-19• the ultimate strength was below for the .020"
sheet aged at 1100 F. Both ,the strengths rnd the elongation'
were above the specificatior minima for all thic1,nesses, with
tho prior tr~eatmen- of Figu es IA-17 and IA-18, on aging ýt
1100 F. E

T •,L
The effects of the various heat treatments, given in Flgu,'es
IA-13 thoough IA-19, on Lh.- elongation• of the 17-7PH ste'l
sheet specinmns are u,' Interest. Of 63 avera.ge eingatiop values
in totalI 35ý werc below thea.3pec'l'cat~on minima -r 56%. Of
21 average elongation valueý for .005" thick sheet, 10 were
below th4 specifl.cation pin mum. Of 2] averaze valu1 for .009"

sheet, 11 w e below thei mijimum. Finally, of 21 values tor
.020" sheet, 14 we.'e below Ihe minlmýra, 7.

Fwgure as -20 shows an S• c rve for .008" thick sheet in .7-7PH
steel, t~sted in tensioný-te sion fatig8e. An R factor ofi .25
S was used, rie material (was.heat treated with a modified Armco
TH 1050 Vrocedure. The end rance limi; was determined as'- 106

S ksi.
1* . ",

The test,daia from which thl graphs ofFigures IA-I 1hrou h Iv-20
were plotterare no longer 4vailai'le. The values pJpttedtfor the
tensile Arolierties are the 4verages of tests on threo spebimens.

r
* .The meas renents of the~diminsional ch nges, in 17-7TH s'el sheet

or threethcknesses, cuset by differ nt heat treat'ent are

listed in T les IA-ViI' through IA-X. Each table gi~es te heat
treatments ised. Az shwnthe steel 1pecimens grew1 somewhat
during hfat'treatment roh the tranpformation step. Then,

"UTILY .. PORTS $NEUT .eIa on- 6
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they contzacted a little on ging. The final result was growth.

For some tinknown reason, the over-all growth of the .005" thick
sheet was predorminantly greater than that of the .008" or .020"
material. Om'itting those indtance.: wniere the growth of two or
three thicknesses was the sart, the frequency of most growth
for the .005" sheet was 6.5 times that of the .008" and 4.3
times that of the .020" sheet. The amount of contraction
occurring during aging was gdnerally greater with increasing
temperatures. Also, the dati showc(l that the specimens
conditionqd at 1700 F developed about 12% more over-aJ. growth
on the avqrage than those coAditioncd at 1400 F. -

L t

I ~ii
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HEAT TREATMENT

ITEM B - COMPARISON OF BRAZ NG CYCT'.ES FOR HEAT 'TREAT4ENT OF 17-7PH
STEEL SBEEr BRA UTh)fTITT): 15 S)T LVi.,VI-MANG AN5EE ALLOY

An investigation was carrie(c out beginnihg late in 1954 and
extending into early 1956 t( determine a satisfactory brazing
cycle for 17-7PH steel snnd• ich panels using 85:15 silver-
manganese alloy for brazing, The primary object was to develop
data on which the optimum biazing cycle combining he~t treatmentcould be •asrd. ]

Standard~teniile-test specinens were prepared from l-7PH'steel
sheet, cdndiltion A, in the o]lowing nominal thicknesses: .005",
.008", .020", .040", .06T"', 4nd .•"V'. -The testing was mostly
limited to the first three.

Several basic cycles of heat treatment were investigated. Cer-
tain variatipns as concerns cooling and aainj were studied.
The test-date obtained, togethea.er with the neat treatmeats applied,
are given in] Tables IB-1 toIB-VII. -

- IFigure 1B-I is a chart in wvlich the tensile properties of- .005",
.008", and .920" sheet, .*ca treatud aqcordlng to different
cycles, are compared. A1l Jhe specimeas were aged fgr 90;minutes
at 1050 4. The test vaiucs were all above the minimi specified
for 17-7?H steel sheet of tAe three th ckne3ses. These minima
were 150,ksij yield streni-th and 180 ksl ultimate strqngth,.with
elongatiqn of 3.5% for .005" and .008" thick sheet and 5.5% for
.020" shdet.J

With onlq one exceptioa, Figure IB-I ald the pertine4t 'tables
show tha4 the .008" thic.• sqeet had higher yield aud~ultimate

' strengths thpn the .005", and .020" materials Zor all heat treat-
mants. the elongation of the .020" thick sheet was highest for
these tr ttmpnts. Also, tl-1 transformation tempt~ratire of -100 F
conferred higher elongationi for the three thJcknessas thgn did
the -20 1 tetperature. " r

Figure IA-2 .hows the Afec of' aging temperature onlthe tensile
propertils ok the three.sheit material•. All were hiat týeated
accordini to the cycle ive in Table tB-I. The agi r timie was
90 minutJs afd the tempq,-at're was varied in thcý ran(e 10O0 to
1080 F. As Uay be seen, th yield and~ultiziate stre gths decreased.with Increasing aging tempe ature. Thq slopes for tie .05" andit
.008" materials are abo Lt t e same, bul the slope foi the .020"

,..... weheet is coliderably 1,ss teep. The'elongation inloeasd .with

1 _J

"" I , Dpme 6,, , •ILIT R IT SHi U 1 P WP 1072•8.-5•
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increasing aging temperatuire for the .005" and .008" materials

but decreased for the .020" sheet.

In Figure IB-3, the top graph shows the effect of time at the
transformation temperature 100 F, for a given heat treatment,
on the tensile strength of he three thicknesses of sheet.
The middle graph shows the ffect on the elongation. As is
evident, the strength incre ses and the elongation decreases
with increasing time at -l10 F. The slopes for the strengths
are pracjica ly parallel, bit those for the elongations djffer
apprec iaxly .,

The bottom graph in Figure IB-3 shows the effect of the trans-
formation temperature, for i given heat treatment, or: the

" elongation of the three thiaknes-,ses of sheet. For both the
.005" and .020" materials the trend of values was upward with
increasing temperature. For the .008" sheet the trend was
downward. The elongation v~lues for the .006" and .020" sheet
did not fll flie close t? thf straight .ine indicating ther
trend.

The test,data obtained in t141 Investigation werc analyzed to
determint wqether they @ffotded informatlon on which-the. 1
optimum •razing cycle could-bc based. For this purpose maximum
yield an• sýrength v,lues >:thr wit. elongations above the
speci±'ie aminima were s 4ek-cl 1'rom thg! results for each peat
treatment as set forth In ;e I :es, Likewise, the3 max4.mum
elongations .together with 4ceptable yAeld and strength V~lues
were simlla ly chosen. For bothi, bts of maxima, thecorrespond-
Ing heat trdatment was notcI. The data of Table 1B- I were
not incl4ded because thq m;4.rial was ýn the so)utio anr -aled,

A,conditlon'"prior 'o transf rmation aný aging. The data is'
included toshow that annealed maiterial cannot be h'3dened
without •he,;conditioniný stkp. The values selected trom 1Tables
IB-I to 4B-,. and IB-VII wc, rated nuirerically, and the riesults
are scored in Table 3_-VII.

PatternsP of Lsorts are a~par~nt ia both the upper andElowdr
sections:of(Table IB-VI I. First, the thickn,.s of sheet is a
factor affeating the prpperties conferred by a partiular• heat
treatme ;This is tho Ifiht to be ass oiated with th- percentage
of redu oio4 in rol ing~to ýinished th okness after fnnei•q ng. .

I * " j
01

1, -

' •1 ," , FWP 1072-"j4
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Second, treatments entaillrni the 1400 F conditioning step are
not necessary for developini the best or an acceptable combina-
tion of tensile properties. Tnird, the Armco TH 1050 treatment,
or some cycle involving coo ing from 1750 F or a higher temper-
ature followed by transform tion at -100 F and then aging at
1050 F, yields a good combiration of properties. None of this
is to suggest that the optirdum brazing cycle for 17-7PH steel

'sandwich panels has been worked out as a result of the investi-
gation st mmarized here.

14 CC ,I C
•. , *1 .

L ) L T
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7 1
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TABLE IB-VIII - Heat Treatmr nts Rated On The Basis Of

Tensile Propertte Conferred On 17-7PH Steel Sheet

Highest Y e)d & Ultimate Strength

With Elongalion Above Specified Minima

,, ,f•5" Think .008" Thick .. 020"' Thick

*Rank 1 - 3D+4 -VII 1 - 3D44 -VII 1 * 3Dý4 - III
of Heat i
Treat- 2"- 142C43 - IV 2 - 1-2C43 - V 2 3DN4 - VII "
ment

3 - 2 - II 3 - 1+2C03 - IV 3 -1+2C+3 - IV

4 -- I3D+4 - Ill - 3A4.4) - III 4 -2 - ii

51- 142C0 - V 1 5 - - II 5 - i.& - I

6 1- A - I 6 - 14A - I 6 - 142C43 - V

Highest-Flor-atl.on W1t1h Acceptable 4
t r

Yield Ultimarte Strength

Sli- 3A+4 - VII 1 - 1+2J+3 - V 1 1'- I42B+3 - V
TL L

S21- 1+2A+3 - V 2 - I•_3+3 - IV 2r- i-2C+ - IV

3 - 3A+.4 - _II 3-i-' -I 3- 3B+4 - III

4 - 1+2C+3 - ýV 4 - 2 - II 4*- 3A44 - VII

"5- 14A - 5 - 3E4 -III 51-2 -II

6!- 2 - I 6 - 3A+LL - VII 6, 1+ A
.I 1 4

1, highest; 6, lowesý, eatment nd tables of data given
for each thickness. 1a•

+ Substgntihlly above s'pec fled min m

TILITY REPORT SHEET D • i •t

PWP 1072-8-54
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'HEAT TREATMENT

ITEM C - COMPAjISO•LQOF QY.C.T_,`-3 .jPR HEAT TIEAT14ENT OF 17IPIl
ST"EL SHEllLL' 3RAZK!j £.,•,i -PIG 51LVj-;R PL S
ALLOY

Early in 1957, work was carrtled out on the evaluation of the
sterling silver plus 0.2% li hilum alloy ior brazing 17-7111 steel.
As one result,, the lowest o tisIactory brazing temperature for
this alloy was found to be 1 50 F (cl'. Section II, Item G). The
productio4 brpizing temperatu e for the 85:15 silver-manganese
alloy, thqn in use, was 1820 F. An iavestigation wascconducted
to determlne l•hat effects th4 lower brazing temperature might have
on the response to hcat trca ment and oa the tensile properties
of 17-7PH steel. Also, two iIfferent heat-treatment cycles were
examined. This investigatiof is summarized here.

In the heat treatment of 17-7 !-1 steel, th~e three esscntial steps
arc: (1)2ausrtenite condLtio4.tIng; (2) cooli.ng to effect transform-
atton of au.t-enite to r,,.artcn4 irte; aad (3) precipitation hardening
treatment1  T Convair htat treat;,v>nt Gycle for sandwich paneis
brazed with e 85:15 silver manranese @lloy ircluded condition-
ing for 99 mihutes at 2]00 Flir e razinc> As mebticned, the

brazing wIs per'orned above 18.00 '. 3razi.ig with the sterling
silver plys 0.2% lithium al!y "was 'o b1 done at 1650 F. 1n
using thiq alloy, the need f(! ýc condL1ion1rg ,t l4O0 F was

su'~tione•, with the obJrct oi set.1ing this, sets o0 tenpile
specimens werp heat tlcatca i•th the conditioning step at 1400 F
incorpora ed in t!,e procciurj; other sets were heat treate' with-
out it. 'he ormer ar tdentified as Aand the latter as

The heat re,.tments were~basfd on ti:e f]llowing simul ted ýrazing
cycle: .I

1. Heat to 1650 F and old 15 minutes.

2. 0oo1 to 1400 F in 6 minutes and hold 90 minltes.,

3. 9OOl to -20 F withi 8 hours aid hold 30 minptes.i

4."e . net 1050 F f r 9 minutes.

The trans ornation temperatu e (step 3, above) was varied with
some sets of specimens ard t e aging7 te perature wl.t othes.
Most of tae •ensile test4 we c performc on shieet spe imens .005"
and.O10"' thýpk. Small Aumb rs o± specimens .021", . 44",/ and .061"1
were also tefted. In adaiui in, variousitests were male o•,r

i 3 a 'k

UTILITY REPORT SMRIT • 7 D.O tment 6
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samples cut from a few braz d sandwich panels. These were
brazed in the range 1620 to 1700 F and otherwise processed
according to the B cycle.

Table IC-I gives the rcsultt of tensile tests on 17-7PH steel.
specimens .005" thick, and 'able IC-II gives the results on
specimens .010" thick. The transformation temperature was
varied from 0 to -100 F. Otherwise, the heat treatment was
in accordance with the A aL' 13 cycles as designated in the
tables. Table IC-III lists!radditional results on specimehs
.005" and .010" thick and atno some test values for specimlens
.021", ..044", and .061" thitk. Table IC-IV giees the
results bf tensile, edge co pression, flat compression, and
"axial tenfsi6n-tension fitig-e tests on-samples cut flom the
brazed panels.

In Figure IC-1 bar charts slow the effect of' the transforma-
tion temperature on tlhe tendilc strength and elongation of
17-7PH steel sheet. The cnhrts cover test aata cn aeclrcns
.005" ana .910 " thick, heat: treated witl. %nd without, the 1400 F
step. Fqr ýhe .010" ,re-tcrii tiie strength tanded to increase
with decreasing i.mperr4ture of ',x-.isforriatWn when the
1400 F stepwas used; tL.e e4ong;tiotns were rela'ýA.el.ý high.
For the pam4 material w'tho-t the 1400 F itep, thcre'was a
pronouncgd oss of strehj:- wlth i-ransformation temperature
of -100 P; the elongati.ons ctcndcd to bp relatl',ely low.

C
Referring f~rther to Fi•":eý IC-I, fon the .005" sheet with
the 1400,sttp, the strength! followed no pronounced tprendiwith

* decreasifg temperature of tkartsformat*on but wa.; appreciably
lowered Cor.-60 and -10Q F. The elong tions were revlatiyely
high. .Fr jhis thicknels w Lthou, the --1i00 F step thp strength
tended tp djcreasie noticeably with decre--ing tran2.'ormation
temperature with a marked lU)3 for -200 F. Th: elongations
were relatiyely high for tefnperat',•res gown to -60 V..,

Table ICriIt shows that, .00", .044", and .061" shee.t, hea
treated gcc rding to thF silmulated brazing :ycle boto wi h
and withput the 1400 F ptep, had accepTtable tensile ,properties.
The .02•' s~eet,' with apd Without the ateo, and the ).010"
sheet, w.thout the stt4, had elongatio• viA.es below thespeci-.

C I
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The test results on npcc.'.: ;, f'rom the brazed sandwich panels
S...were above the specifieci mi ma with two exceptions. Tensile

specimens from the skin.; ol -'J i 45 had elongation of 2% in 2".
The specified minimuiw 1. 3",.1 T'je tension-tension fatigue speci-
mens failed at 669 x 10) rjdli 316 x io3 cycles. The specified
minimum is 1 x 100 cyclcs wlfLiout I'ailure.
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HEAT TREA"MENT

ITEM D - ELIMINATION OF CONDT TIONNG TR ATM•ENT AT 1400 F FOR
17-7'•} STmEL.

In the Spring of 1957, an iniestigation was undertaken to
determinethe necessity of tic conditioning treatment at 1400
F for brazed sandwich panels in 17-7 PH steel. This investiga-
tion was icc~sioned by the apoption of the sterling stlver_ .2%
lithium bfazcng alloy. As a result of this together yith
subsequenp axnd related inveskigationS, the 1400 F step was-
discontinyedqin March 1959. E 1

The data given here are the 'esults ,-f tensile and fatigue tests
carried out before and afterl the elimination of the conditioning
step. These tests were perfbrmed on 17-7PH steel sheet both
with and without conditionin4 at 1400 F.

Table ID-f t1rough ID-IV giv' the tensile-test values obtained
in'1957 fbr different thicknbsses of sheet. The values in the
first thr~e •abl es are summairized in Table ID-V. The( values
in Table ID-tV were not incliaded in the- summary of Table ZD-V
because of the long cooling times from the conditiontng temper-
atures. Uhe~e long cooling .irmes, 6 and 12 hours, apparently
had relativejy small effects, on the tensile properties. ALl the
specimens.fore which data-,are g1;en in Table ID-I to ID-TV were
"cut With he rolling directipn paralleli to their long axes
(longitudLna). The spepimehs were prepared from 1he t stock
and heat re ted in the kTL.4 In Tablesj ID-II and ID-[ II he
identificti~n "Heats 5,:6, r, and 8" refeers to diff ent-lots.

The speci'enj of the firpt tliree table4 were heat trdated,,
according to'the followipg stimulated brpzing cycles:

1 . ea~ed to 1650 ? in 30 minutes' and held 10 minutes.

2. ,Cooled from 16 F to room. temperature in 3 Ours.

* . Cooled to *00 ? in 60 minites, held 90Inu es, -;
"~ l and then cooled to room temperature in ýhou~s. a*

00 3. to -20F nd eld for 30q mvtes.

4. Age• at 1050 F hor i0 minutes..

Reference ma• again be mide o Table V.. As showventherl, .
"the averaem eof the tensile ropertie e above the I.imum
"required ýy lonvair specific tion n8-s-046 (Ca) exoep for.Ithe

U .... RIPOIT ' "' Wan.



A DIVISION APAGE 76

DIVISION OF GENERA DYN4ICS CORPORATION MODE1 , ]3-r'78

(FORT ,EOR/H) DAT /61

elongations of the .010" an .020" thick sheet.

The values summarized in.Taible ID-V were not regarded as an
adequate basis for discontinuing the conditioning step at
1400 F. This was mainly be,,ause no transverse specimens were
tested. Tensile specimens Dulled transversely to the rolling
directio• of 17-7PH steel stiect usually exhibit notiCeablJy lower
percentages of elongation tian do specimens tested lpngitpudinally. -

Several 4esý programs to determine the necessity forithe 1400 F
step were conducted during 1958. The results were unsatit3factory
for one reason or another. For example, where low tensile proper-
ties were obtained on speciMens heat treated without the condi-
tioning step, specimens treated with it likewise had low proper-
ties. The data obtained in these programs are not included
here.

Table ID-VI and ID-VII give the results of tensile Lests on
specimenf cut from sheets wbich were hfat treated in production
brazing facilities at Convair, Ft. Worth. The sheets were
.010" anf .q25" thick. rTheyr were heat treated withouit the

.1400 F step •in the prodkictign equipmenV, and ared at the ETL.
The test daka given ii ,.he #bove table# were obtaine4, ear'•y.
in 1959. 1 E

In Table4 ID-VI and ID-III khe heat tr atments are r ferrbd to
as furnale and salt-bathi cyeles. The former was car ied but in
a Holcrot AMrnace and the 4atter in a salt bath. These heat
treatments *re as follcws: A

S) - Volcroft Fuinace

1. tHeeted from l0(qO Fto 1400 F In 15 minutes.i

2. Heated from 1400 FIto 1650 F in 75 minutes.

" 3. He* at 1650 F~ior1l0 minutes.

4. !Fux~ace cooled fro'~ 1650 F to 1400 F In 65 inut'vs.

5. Ai cooled froi 140 F to 100 FIn45Lmifes.

"6. -ooed to -20F'andiheld for 31 minutes.
Co. Age at 1050 F for90 minutest

* ILITY REPORT SHEET I .-. ..

2, ,. 107241- 11A
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V1. Salt Bath'

liHeated to 1650 F 60 minutes and held foi-10 minutes#

Cooled from 1650 to 1400 P in 30 minutes,
iiCooled from 1400 to 1000 P'-n 4% milUte. "'I ~

Cooled to -201F arnd held for 30 minutes.

> .1Aged at 1050 F f or' 90 minute'S. .

As Mot kO inj Tables ID-VI arid ID-VII, the tensile yie ld an~d ulti-
.1 ~ ~terstrienglth were cons-ideriably above -the minimum required by

en*vairlspecification FZS-4-046 (C), but the elongations were

%$~e rea on for the low elonigations was not understood at the
~ Ike th4 tests were made. 'Subsequently, informatioli was
weepive 4that the aging teriperature In production warn us%ýally
Loetween !..06P and 1070 I9 (i1 order to obtain adequate elopgation)*I~A ont'asted with 1050 F As used at ihe ETL. The 2.ower aging
#tmperalurec would be ex~ec~ed to result in lower elgngation.

M~rch 9 decisioný4 wa$ reached td eliminate the con~itioning
Ardiwed a 400F of production nacqlle panels. Awvr

jidAlditoal rests on .02p" ilaterial weee requested.

lee1.t t-VJ II through -ID-)~III give teit results on qpea enjibfroi Ci ler sheets, .045" thick, processed with atan ard'
061epan~ls in producti~n brazing ;acilities. thq

s *teria wat he at tra6e-14hutte l00 P step e oeptothat*
S.1.j tr#h3 tfid~tst values are 4 iv in Ta~le ID-.XI. Th4 values ,..

~ 4 hi abear for filr sheets processed with $he 1et''
O&inelb r Which the 1400 step was included in th4 bra ing

ift ide t from the dat4 In Tables IDX, 1 the 'Al
$tn v uc eeaove the minima require&dby C na

LGA U ni PS-4i-04 (C) The aver e elongation. valu a ¾.
~eRdbelow th m.nimum spec tied, both vihan ,

6 the~ 1400 F~ step. allowing i asummary' of' the, *~l

k44a
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:Average Elongat on Values telow minimum

Hos irra e erfailurea were ase Aofterw Fo'Spa
epe afte hetteteanlftr.sl

AV~rage umbers o cycles , fiuewrespectivelY' and fo

coresondngspecimens-wi aout the step, 191 x l0~and 97 x lo3

Tabe I-XI gies he esqts of tests *on notched tensile

speimns f 025 tici set. The pcmnweetknfo
fillr d~ck rocesed itBandwich ulanels brazed tn prdduotion,
Base or th dati te se~theat treatted without the 11400 F

ste War slhehatnot~f erisitive. HlWever, the te~ts wdre
lnsufiqien tofixtheprdbable oa snivty Tesu s

Ofth esson temfrilprocessed with panel No. 687918
':'ae to IlIgnored as arl tile specimend except~ one wdre oiat
,ko alghmntin the gri~p3.

"'iO abe -XTIgives theF re lults off tedto designed tdl determix~o
speimn ~onetry on thq elongation ol thio

eeXsheet. Rre hentative mqasurements ar~k plotted
ýThe dat hiu -. ow considerable scatterg butcet~

trens eroadly appareri First, qith inoreauing width of

j,, ý.spaa ig th# elongation, In reased. S4conds with deqreas ng
length&e there was les scatter. iThird, with inicreasing,. ......

14Sg* iU*gthi, the measured e ongation I! creedao bo~g h!lfVpor efl4eopsation Is djecr asing,

.. ~~ 4 *
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IHEAT TREATMENT

ITEM E -DETERMINATION OF ETAINED A*TENITE IN 17-7 PH
STAINLESS STrEF.2, !

In certain high carbon and alloy ste~ls, rapid cooling caiAses a
metastable, body-centered-tetragonal phase, martensite, to form.
These steels usually contain residual untransformeq austenite in
additic+ to the martensite phase. The retained au teni~e is
thought to have extensive effects on the mechanica properties -

of theke s3eels. If the amount of retained austenite c6uld be "

determi1hed, this knowledgq should be useful in predictifig the
properties which a particilar steel will possess.

Dilatometric and magnetic methods of analysis can be used to
determine the presence of retained austenite when it is present
in amounts of 15% and above. X-ray diffraction techniques (1, 2,
4, 7) have been used to determine the amount of retained austenite
when this phase is present in lesser amounts. The work reported
in this; section is the result of an attempt to adapt the X-ray

,diffradtiop method to 17-7PH stainleqs steel siieet,

The X-ray method for dIe determination of retained austenite in
steel, first described bytAverbach and Cohen (1), ias used in
this investigation. The njethod may be described aq follows:

If a p 1yc ystalline ýate ial contairing austenite and tartensite
is irradiated with X-rays, each crystal will diffraot ildependently
acoordirig o Bragg's Ljw. ,

wherle I n any integer

t' A - w&velength of X4 rays

/' ifite-laner spaoing in crysta!

10 of incidence of X-rays tith the sample..

The diralfrted energy y Bragg a gle can be sh wn tj be:

whe ' -' inr/tegrated intertcity of . arte• i.A te3(hkl)

- opon:iant for a siven experime. . P

tI
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F2  w struct re factor squared

'm - multip icity of (hkl)

L.P. - Lorent: Polarization factor

m Debye- 1aller temperature factor

A( sanple absorption factor (constant for
diffra tometer)

SuVo< - volumelfraction of martensite -

"- volume of unit cell of martensite

A simllaý equation may be w4itten for each diffraction peak of
austenite ("-). The factor$ V, F, m, (L.P.) and e-2m can be
obtained for each interplan r spacing ;urnishing a diffraction
peak. The values listed in.Table IE-I were taken from Taylor's
book "X-,ay Metallography" 18). These constants can be combined
into the coefficient R, andthe following equations written:

P K- tV,, ý(Eq. A)

P.-KRY_ '(Eq. B)

The volume irradiated iq then the only unknown. If the simple can
be assumed to contain only austenite and martenaite:k

0 .V< 4 V -i.L

Since K depehds only on 'the 'experimentdl conditions ind is Inde-
pendent of the kind and quartity of the diffracting substance:

a d| P--C aid P;-

PI R?.

Using th~se iatios for V,< aid V7., the geroent austenite IA the.
sample msy b6 calculated tfrdm the folldwing: 9 4 4 .

, % austenit.c 1Y-, -x 100 (;q. C)

This investigation was qoncerned wit the amount of .etai ed
i ', austenite present in hedt t~eated 17-7#H stainless sa eel, After

*. heat treitmeht, this stdel is primarill martensitlo; however,.

YTVUtY IPONT ' a ,I. Depwft.it 6
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there are other phases prese t. Delta ~errite (a high temperature
body-cent prea-cubic phase), arbides, intermetallia compounds,
and retalhed~austenite are 1 found in varying amounts. The
delta ferrite can be observ after proper nmetallographic prepar-
ation and can comprise as In h as 20% of the steel. This phase
is indistinguishable in ord i ary X-ray diffraction patterns from
either m* tensite or alpha on. This i9 because the, differences
in interpianer spacing with the crystalline latticis of,.these
phases ar~e e~tremely slight. The carbides can be see~n metallo-
graphica ]~y ¶ut are not pic 1ed up by oridinary X-ray 4iffriction
procedur ,. *This fact arid ~eoretical caloulations laased.on
stoichiometry and carbon coijtent indicate that 17-7PH steel containd
less than 1%.carbide phases ~by weight. The intermetallic compounds,
are present in such low concsentration as to leave doubt as to
their identity. The amount of retained austenite varies with
the heat treatment. However, this phase is usually picked up on
X-ray diffraction patterns and so can be assumed to be in excess
of 5% of the total alloy content.

The prese~nce~of carbides aný intermneta~lic phases was" ign~red
during tt~is Investigatiop. :Their concentration is sq low as to
have no a~pprpciable effept 9,n the analytical results Lof the
determina~tio4. The assujnptiron was madqý that delta ferrite and
austenite were present b4forre heat trea~tment. After I heat.1 treating,,
inartensi 1~, Oelta ferri tF ald austenite were consider"ed to be
present. No'attempt was. macse to distinguish between"'the iiiartensite-
and deltE; ferrite phases' in-the X-ray diffraction patterno.

major prinof the ton thi s con
cerned w;'th purveying the p4rtinent li;terature and dqtermLning a
possible teslt procedure.' It was decided to use an X-rray aiffrac-
tometer (,4)and record tile diffracti~on pattern wi~h a Prown
Recorder.1 Te other ali~ern tive was tq use a canteraifilm,,proce-
dure. No depisitometer vf~s 3vailable fq~r reading fillj intgnsities,
and the 4.iIfFactometer spemqd to provi oe a more stra ~ghtforward
method.

It soon ýec 'ai apparent Itha. 17-7PH sheet is a troub ~esomf material,
for this ~typ~ of analyst~ Previous wqlrkers had avoi ded 6rientated'
textures iin Jhe materlal be ng analyse4 This was olviously

imposibe ii te cse Is eel sheet., Alsoi the me allography
of 17-7P. at 1l posed s*erlproblems Metallographiic procedures
could pr vic* a conveni~i eans o-Z or ss-checking risultJ obtained-
by the X ae Iditfraotmiode hod. In li-MP steel seieral~phases

'TLITY 31901 SHIP " * . Is OspWP&tmn*dj96
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are present, and also the gr in size in bheat treated material is
quite emall.

Throughout the project, atte ts were made to use the delta
ferrite ph~ase as a reference istandard. The amount of this phase
was determined by the lineal analysis o•i point counting method
(6) in several instances. T e results obtained by point counting
did not agree with those obtained by the X-ray diffraction
procedure. The reason for this lack of correlation im discussed
later. f j -

After the firpt few diffractlon patterns were obtainei, it~was
evident that severe grain orientation was present in the 17-7PH
material. This can be seen In the P/R values listed in the tables.
Assuming that the calculatiorts for R are correct, the P/R values
should be equal for all reflqctions in a particular phase and
sample.

A rotating sample holder was introduaed to attempt to compensate
for the prefe~rred orientatiorl in the specimen. This attachment
rotated tý,e specimen around an axis perpendicular to the surface
being irrqdiated. The resul~s of the ritated specimens were
as followq,:

. ' 17-PH 17-7PH ]-.PH .
(h. . Phse Cond.. F. Cond. Cond. ý P/Rt,

110) A 0.2 T 20.9 TH '26.3-( O) , -

(200) A llT 5.o TH 6 4.Oi

(211) ' A 9.,0 T ok'" s. m ioo.oi

(ll.) A 7.0 T 1.3 TH 2.1.

(200) tA 814 T .3TH

(220) j'A 51. 8

Jt Liesapp e4 ýtat the F/'A 4alue. still showed large variations.

VHL" RP SM U Dewen.
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Next an attempt was made to Oancel out 1he orientation effects by
irradiating specimens taken Prom three directions with respect to
the 17-7PH steel sheet. Figqre IE-1 illustrates the manner in
which the 17-7PH sheet was sectioned and the notation used to
identify the sample directlor with respect to the sheet in the
tables. fResults from three heats of material are given in Tables
IE-II and IE-III. Again the 5P/R ratios varied.

Informati ctncerning rolli g textures was obtained Prom Barrett

(3). Ausleni e has a face-centered cubic lattice. T~e primary

rolling t xtute for this phase is (110) Cl-J , This Indicates that
the 110 p0ane,.will tend to bj parallel o the rolling.plang.
The (11) 'planes will tend t, be alined in a [112] direction with
respect to the rolling direction. In the case of delta ferrite
the primary texture shou±d be (100) _011]. The expected orien-
tation of the martensite phase was not determined. Its orientation
would depend on the orientation present in the austenite phase
prior to transformation.

- .-* * rom the preceding paragraph,,, can be ieen that, wheq therfla'
surface o4 trq steel sheet w4s iradlated, the (200) ;efleption
from ferrite rnd the (220) rqflectlon ftom austenite ihould
have been.strpngest. ThL s w4 3 found to be in agreemeit with tni

experimen'al results. Ho~cayr, the degree to which t.is orienta-
tion was present varied from sample to sample.

Further c ncl sions from the 'above information can berlappl~ed to
specimensita4n from othep djrections in the sheet. 'he i .terplaner
angles beiweet reflecting plnes can alio be calculate d. Prom
these angles •nd the expcrimc ntal P/R ratios it was d termined
that the (21l) line of m~rtei site and t~e (200) line of auptenite
were .leas afected by the r lling text re. The aver ge v~lues

4 obtained ;romE these reflecti ns were dejermined by ad ing Phe
integrated intensities for t e flat, edse, and end splcimeps and
dividing by tjree. The 4ver ge P value obtained was then Pivided
by R and subs ituted in equa ion C. These results together
with the de ta ferrite obt ined by po $nt counting are listed
in Table I- I. The tensil results ftom each heat 6f 17L7PH

• ' steel are als• listed. kigu es IE-2, 3 and 4 are ph tomi rographs
of A condttioL 17-7PH steel tched to a ow the delta •erri~e
phase. Te d.fference in or entation I• the flat, ed e, apd end
specimens intvident.

! •

The cialcuiate'd values for the percent delta ferrite in the three
* .heats of o opdition 17-7PH teel do not agree with tle me sured

peroentag s. In heat 47660 ;he amount *f delta ferti e de ermined

in contra t heats 67260 ad 7177 the y vlue is

"y the.... .... o I 
X twice td
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lower tha4 the measured valu This caIh be explained only if the
A conditicn 17-7PH steel fro heat 47660 contained some martensite.
Carwild and Rosenbery (5) sh w photomicrographs of A condition
material Which seemingly con ained martensite. Attempts to show
that A cornditi'on material fr m heat 47660 contained martensite
were inconclusive. The appe rance of a substructure in the aus-
tenite grains was observed aJ ter severe etching. However, the
same type'of structure was o served in the other two beats-of
material 4fter similar metal ographic treatment.

It is app rer4 that, based ol the present experimental results,
the valid ty of the retained austenite 4alues cannot be stated.
The pos ilities of this method of determining retained austenite
have niot been fully exploredý It seems entirely possible, given
sufficient. time, that a workable methodocould be determined.
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ITEM -CONCLUSIONS FOR IT ̀ M3 A THRU E

The conclusions drawn from ;he several investigations relating
to the heat treatment of ]7 "7 P11 steel sheet, summarized in Items
A to E, are given in the fo lowing paragraphs.

" -- ..... ITEM A - INITIAL HEAT TREA RE2,PIONSE STUDIES ON 17-77 PH STEEL.

Tensile tests were made on ýheet after various heat itreatments.
The testf wfre mostly on sp clmens .005", .008"1 and .020" thick.
With theRH-1050 type of tratment, a ponditioning ,time 4f 30
to 90 minutes gave acceptable tensile properties. Times of
10 and 60 minutes at the t nsformation temperature of -100 F
gave satisfactory tensile operties except for sheet .085" thick,
In the TH 1050 type of tre emnv~t with variations of the trans-
formation temperature, tra sformation at '54 F gave more consis-
tent values than did lower temperatures. Aging at 950 F gave
higher strength values and lower elongations than aging at
1050 F. i

A particular heat tr•'e•:',, wltlhout a conditioning step gave
acceptable t-isi-: pcoiAs. This suggested a suitable braz-
Ingl re mhl l, Lt Lc . '• aut for elimination of the 1400 F
step. In some tc3tr., : i Xnie variations in tensile proper-
ties were n 'ted, dOnn•l( kr n several ,l'actors. These inqluded
tihe temllerature to wnIi~ 'Eted, the time at the coiditioning
temperatpreI cooling rat-, and thickneis of the shed't. The
tensilegield and u3ltlr.a'e strenrth were generally fncre'sed
as the c4ndAtioriin& t,;7 ti;i, •ure was decreased frow 1700 o
1400 F. , Both strengt~isý we edecrease and the elongatiorn in-
creased with increaslnf, ag• nf temperature from 1050 to I ý00 F.
Specimeni oC 17-7 N1 steel olieet processed at opposite elds of
a rietorý during tne brat1n• of a sindwich panel showed an
average 1didfCertnce of 1i ki I in yield strength and !1I ksi in
ultimate strength. The, en(urance limit of 17-7PH steel sheet
.008" thick, in the TH .05 conditiont, was determined as8 106

ksi in dxiaj tension-tensi n fatigue.,

The dim nsanal changeý of 17-7PH steel sheet specimens jn heat
treatmet 4w~re measureq. 411 the speqimens grtw soiewha4 dur-
ing heal treatment thrugh the transfirmation step.,' They con-
tracted'a lCittle on aging The final.result was grgwth.2 With
increasing temperature of Iging the arpount of controctioi
increased. •For some r~aso4 the over4l growth of t~e .0b5"

UTILITY REPORT SHEET .Departmn• 6
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thick sheet was predominantl greater than that of the .008"
.or .020"Inaterial. In all nstances, the total growth was

relative1l small.

ITEM B - COMPARISON OF BRAZ NG CYCLES OF HEAT TREATMENT OF 17-7PH
,STEEL SIHEET BRAZED WITH 55:'15 'SILVER MANGANESE ALLOY.

Several basic procedures of' heat treatient with variations were
investigated in connection Ith developing a satisfaotoryjbraz-
ing cycle fo• use wLth the 5:15 silver-manganese alloy. Tensile
tests were mAde on 17-7PPH s eel specimens mostly in three '

j' thicknesses,sviz., .005", .(08", and .020", after thd var"Ous
heat treqtmehts. . " f h

Practically all the treatme ts tried, as simulated brazing
cycles, gave acceptable ten Ile propertien when the specimens
were aged at 1050 or 1060 F Specific treatments gave high
yield and ultimate strength with satisfactory elongation.
Other treatments gave hclh longation with acceptablq strengths.
Thus, a g hofo of procedure was made avallable.

The elongation generally lndreased under the following conditions:
With increase in the t I~ckniss of spec~wen; wi'.h inc$'ease in
trans3formatin temperattire;jand with incrcasing tempjratu'e of
aging. •or% given heat tr atment, tne elongation tended-to
increasewIth decrease In time at the Vransformatlonltempprature
of -100 1•.

a tUsually,,wh the elongatio increasedlthe zield and~ultiliate
strengthq decreased. .

With only one exception; th .008" thick sheet had higher-
yield and ulýtimate strength than the ,005" and .020" matfrials
for all heat treatments. T e elon,•ation of the .020' th~k A
sheet wa4 highest for these treatments; 4

I I,.•

ITEM C

ChangingibrEzing alloys nec ssitated farther work to determine
the effe4t q differenthea treatment* on the tensile prpper-
ties of 17-7 H steel sheet. This was 'or the purposp of com-
paring Ismu ted brazinj cy les for us with the ste lin4silver
plus .2%li Lum alloy 4n b azing sandfich panels. in pas'ticu-
lar, the eff~ects of trapsfo mation andjagingpempera.uresa were
Lnvestigites, ,

Us ii E R ... ." ' Deportent-11S'W 1072-144
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For the .010" thick sheet, when the 1400 F step was incorporated
in the oycle, the tensile trength tended to increase with
lower t ansformation tempe atures. W.thout the 1400 F step there
was a mirked loss of sýren th with tr4nsformation t~mperature
of -100YF. For the .005" heet, withlthe 1400 F step, the
strengtq was appreciably d creased by transforming at -60 and
-100 F. Without the 1400 step the strength tended to decrease
noticeaýly with decreasing temperaturo of transformation, with
a markel lops for -100 F; here was aoonsiderable itcrease for
-20 F. C , r . .

The values for various.tes s on specimens out from brazed sand-
wich panels were mostly ac eptable. However, tensibn-tension
fatigue ,specimens failed c nsiderably below the specified min-
imum, and skin specimens fl om one panel showed low elongation.

ITEM D ,

The investigation surimarizid as Item • led to the followtng
concluslons,:
The 1409 F ponditionin• st p is not n cessary when , braging

temperature of 1650 F Is uled for 17-7PH steel sandirich 1panels.
9 B 9For som4 heats of l7-7jH s eel sheet fn aging temperaturp of

1050 F qan give low el9ngation. An a•ing temperatuje of 1060 -
1070 F ay • better for ptoduction.

The perlentlelongation of jhin 17-7PH-steel sheet i.creabes
wiZh in reaing width of t st specimef. With increising, gage
length jhe Measured el~nga ion increaqes. Also, with decreasing
gage length, the scatte; in value decreaoes. A

ITEM E

As to I1em ,%, the followin conclusiohs were drawn:
The taxu devel oped by r lling 1T-7 H steel sheet- In 1Lght '
gages e hi ts pronounced irectional ty. The degrie of grain

orienta Lo varies fror he t to heat.

The (21 ) refleotion o0 fe rite and m rtensite and he (; 00)
,. refleotlnnf austenit• ar least afftcted by'the ai. prien-

refeot4.~( 3 5 .1 R

in~w f "O?$ af e



-'•--" ... FAG' 100C O N V A I R ,,,oRT NO__________
A DIVISION OP OENERL D*NAMICS COIPOATION MODE'. H-5

(FORTW•RTIH) DATe. 11/1 ....

,.The pero •ntages 'of retained austenite tound in 17-7PH steel
Ssheet by the X-ray diffract on method were in the range to
* .be e'xpec ,ed on the basis of prior woric on martensitic steels.

S No means wa• found to valid te the reslilts.

a ''
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.Three investi~gations on protlems relating to honeycomb core were
carried ouit in 1956-1957. 1e results were reported in memoranda, *

Summaries. of' these investigations are given as Items. P, 0, and H.

ITEM F - EAEV0N RIB CORE,, 4 615:

Early in Ai956, a peculiar a earance of honeycomb co1ee was noticed
in production after picklin for cleaning and bef'ore~1ayup of
panels. Trheveore had been pplied by the John J. Fdster-Mfg.
Company,, Costa Mesa, Califo Ia. Cleaning produced d~ series of -
,bright a~r1 dull bands, al1te ating to dugge~t zebra 6trip4s. The
appearance is shown in the otograph of Figure IF-i. More of
the core was bright than du 1

Tests were made to determine the cause or the banding. These
disclosed that the elevon r2tb core (4Ta6l5,, S/ 1811o IR 33234)
.was not fabricated entirely .in 17-7PH steel but rather largely
in type 321 itainless steel.. The smaller amount of the core
was 17-7P~i speel.

Knoop hardness tests sho~ed .some difference between the dfill and
bright bands. Converted to.Rockwell hdrdn-ss numbitra, th6 values
were: Du211,jRB 98.5; brights RB 90-92. Metallographic examination
,showed a pronounced difiTrerice in structure of the dull and bright
core. -F iure IF-2 is a pho 1omicrograph of a dull seation, This
is typ~ic of~ anncaled 1T-'7W1 steel. FIgure IF-3 ispa photomicro-
graph f~f a bt'ight sectioo ý'This Is an *austealitic etquotur~e
similar V t~ 4at of 18-8 stainless stee ? Chemical arpalysis Of
the briglht cpre gave results correspon4£~ng to tleno inalscomposi-
tion of _V1 ptainless stpel,

This investigation indicated that 321 steel foil had lost identi- V'
fication.An Phe plant of; thq core manufacturer and hid begome mixed,4-
there wi 1h 17 -TPH steel ,~i;'.

When the 'inv stigation %as c~ompleted, recommendation was made that
allhonJc core thntovi-FW lie examined and tested

for composit on. Recomnibnd tion was al'so made that OIrocedures of
quait ~ot 1 b eta'Iisfed for all24oore reoeived~at C~nvair,

to prover t &- recurrence b statl dejribd.
'.

tw 13'oq
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ITEM 0 - VERRO-ALLOY ATTACK N 17-7PH STEEL:

".A prelim~iary investigation as carried out about the middle of
:96to 4e teft'ine the effec of Cerro alloys on the tensile
proertelsof 17-7PH steel il.. The tic-called Cerro alloys

are suppl24ed' in a variety o analyses and are compositions which
melt at r~e latively low temp atures, e.g., 100 to 200 F.

-This preliminary work Indic ted that tile alloy Cerrobend in
ýcontact with the steel diff ses into it when the temperature is
raised fop' brazing or heat eatment. #The diffusion-is quite
detrimental to the steel, c sing a loos in tensile strength
'of up to 175%,and mostly or olly destroying the elon~gation.

In performuing the experilmen 1 work, tensile test spe-cimens Of.17-7PH steel roil, .002" th k, were subjected to a dondition
much more severe than would ormally be encountered in the
producticln br~azing of honey mb sandwich panels. Cerrobend was
cast aroiwid pach specimep b ore heat V~.estment. The speeimens
were then exposed to a swImu ated produation brazing cycle and
subseque rtly~ heat treated i accordancq with the schqdulejof
Table IG~I. tCerrobend m~lt4 at about 4 58 F. When thie tepsile
specimens were heated IN~ thl simulated tbrazing cycle4 the~result-
Ing liquid a loy diffuse~1 into the steqi.1.

Table IG-I gi.ves the resualts' of the ternsile tests an ~the specimens
as heat trea ted. The tepsile propertiq 5 of 17-7PH a ~eel 4Toilf
.0015-.0q12" thick, heat treqted as indicated may be Jaken~as:
Tensile yiel~ tength, upw rds or 150 'ksi; ultimate streggth,
upwards o'fi l308ksi; and minimum elonga1 ion in 2", 3% 0Thq vlues
may be ecompared with thci, te 4tresults tn the Table. ,.igu e,10-1
is a phot~omi~ rograph which thows the Intergranular d ffus ion of
the Cerrc~benp in the stepl. ~ ~

Additionil w~rk was donq~ on 1selec ted s~mples of honeycomb~core re-
presente4 as' typical of y'encjor f abricst ion in which dne o; the
Cerrolow alliys was use~ to aid in the ~jillin opera~ion.2 The
particuler C rrolow cornpsi ion was no~ Identified. ;The corek
samples ere heat treate1 a Convair, ~sing a production qycle.
Me tallogz aphto examinatipn as made to determine whe lher Ihe vendorts
cleaning irokess had resibve all the Cdrrolov. )iumerous samp3tes
were examne, and in tw 8 ctiona ares were found *herelslight ~

inerraiua~diffusion had occurred. 1X3-ray fluores ent Analyesia~
.- indioate th t small amoUnt of bisimut4# extensively orig natiag K
in the Cqrrc ow,, were propse t in core 4a received an in tore..
after healt t eatment at-con a ir. t

'K
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ITEM H - $TIGATION OF LO STRENGTH HONEYCOMB CORE:

An investiiation was complete! early in 1957 on the cause for
low strengith of honeycomb cor s in brazed sandwich panels as
detected by t1e flash test. hese panels were produced in
17-7PH steel and were brazed Ith the 8N/:15 sylver-manganese
alloy. Metallographic examin tion, cheniical analyses for
carbon andi nitrogen, and micr hardness tests were made- on the
core of thr panels. Flatwise compression tests were pprfoimed
on samplesifrdm the panels.* , -

r
The panelsa involved in this. vestigatioa were production garts
from vendors and from Convair as well as experimental items
brazed in production facilities. Type 3-10 core was used in some
panels. These were tested tc determinc the structural integrity
of the type 3-10 core.

Early in tbis'work, two conditions which affect the strength of
core were pbsirved. One was tthe degree pf response to heat
treatment and-the other wan intergranulat penetration of the
core stee]-. ]

The data 4ta ned in tcpt4ng samples from a number of ýpaneis
are given ;In fable IH-I. 2 1 -;

A comparaLvetmeastire of -he response to heat treatment of.
various ccre ,ainples was pbtlined froim _•noop'hardness8dete'mina-
tions on cross-sections or t1je core foil. Tle values "converted
to Rockwekl Cinumbers are lidted in Table IH-I. ThesE values
are considere to be compara1le as amor.i core samples!but are
not convertib e to tensilf s1rength. I4 addition, core h Tdness
is not in4calive of pancl s1rength. L L

The initi. w4rk on panels biazed with 3-10 core developed"the
following observations:

1. Thj hardness of COrosivaries amo' panels.o

2. Ne arly all carbon dutdrminations were higher than the
.0; m1ximum speo*ied in Mil-8-2503. All nitrogen.
dee rminations wer9 a ove the .0: maximum spedifie.
by othe|Armco Steelt Co poratlon, groducer' of'4147PH

*8ee Su '1eiental SheetS- 8 .
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3. Core hardness was sig ificantly lower than skin hardness
on all panels tested.

4. The lowest core hardness corresponded to exceptionally
high contents of bo.th carbon and nitrogen.

5. Core material contain ng high carbon and nitrogen was
heat treated in the 1 boratory to hardness higher than
th t of many core sam les from panels.

I
6. Valiance in core hard ess among panel samples qid not

corre1te consistentl with flatwise compressign values.

Referring to the chemical an• lyses noted in item 2 above, the
results of a study on the eflfects of carbon and nitrogen on the
response of 17-7PH steel foil to heat treatment has been reported
in FGT-2452. Correlation wat not established.

Intergranularn penetration hai been ment oned. This cgndltlon was
found in the core of panelis -here the flash test and mechanical
tests indicated low strength•, The penetration appeared to be an
oxidation.or corrosion eýfect associate4 with the brafing atmosphere.
Figure IHpI ip a photomiqrogtaph which shows tnis type of penetra-
tion. ItA occurrence is not~related to the presence of the braz-
ing alloy. Grain-boundary penetration by oxidation or corrosion
diminishe; thf section og th¶ core and seduces the panel s~rength.
"A microst uctiire regarded asinorinal forilT-7IM steel *ore in a
brazed patel is shown in Figlre 1H-2.

IC
During brazing, the condltio s which ca4se the type o• penetration
just desc#iberd are not I.nownt However, a penetration of similar
appearance can be producqd bk heat trea ing in an atmbsphere of
argon having p high cintqnt *f water. in examining titerg anular
penetratiqn, -the object was ,o determini whether it ref lected a
susceptibility of some cqre lo oxidatio# or other attack under
certain brazing conditions.
Testing w s 4scontinuedibecause the ty e 3-10 core p~oved1 inade-

S _quate undqr ,#rginal 1xroqess:,ng condititns. Although variations' .., t h e a t t r e a t

In Chemistry, microstructure and resposse of core to heat.treat-
ment did 9xis, the perf~rma ce of the4ore in a a was- not

definitel re;ated to thdse tems. Ratfer, control t4 the• brazing
process aqd tiae quality of t e resultin; brazement appearep to Se

Viiore important. In general, the response of the coreito h at
treatmentqwa inferior tq th t of the amin materlal. ýStil2, the -ore
" d'id resp°d 11 enough to part adequte strength to the panel.

' i ' .I . .: ~...• '
t -
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CONCLUSIONS: ITIMS -T F , MS

ITEM F - EILEVON RIB CORE

"The investigation of a banded appearance of honeycomb core supplied
by a vendor showed that the re had been fabricated partly from
17-7PH stebl foil and partly rom 321 stainless steel foil, The
conclusion•'was drawn that th two steels had become mixed in
the fabric~tor's plant. Ale the conclusion was reaqhed that
a recurrente If this situati should be prevented by (establishing
suitable ppocqdures of quali control. '

ITEM G - ARA ALLOY A7TTACK q4 17-7PH STEEL

The investigation of the effect of Cerro alloys on the tensile
properties of 17-7rH steel fall showed that diffusion of the
alloys caused large loss in strent;th and mostly or wholly destroyed
the elongation of the steel. Examination of honeycomb core from
vendors who used Cerro a~loy3 in their milling operations showcd
that small! amounts of bisinutý derived from these alloys might be
present. This contamination.sas ascribed to inadequate cleaning
of the core. -

r FT

ITM ]i - Ih,"V•ETTGATTON OFL LC JSTR1TNG'i I1PNEYCONB CORE,

The investlgaiion of low strength honeycomb core developedisome
..- seful inf rmftion. At I asa three factprs which affect the

a trength oI core and pane s i. re observed. Zie ftrst was ýhe
degree of es onse to hca trIatment, an1 '-he second vias Intergran-
ular penet'at on of the core steel. Lastly, the thiclness of the
core foil Wastfound to be(qui te signific.ant.

Core hardnesO varied among p ieIs, and 4t was consistqntly lower
* than skin hardnesv. Core har dness did n.pt co-relate Satisactorily

with the fiatwise compressiv4 strength qf specimens f4om p~ntlI.
Both the carbon and nitrogen contents of cores differld ma"kedly
among varipus samp1es and foj the most part substantially 'xceeded
the specifica ion limits4 1,N rthermore,,the chemistry;as c ncerns
'carbon ancd ni rogen in thOe cres did no4 correlate with coi~e hard-
ness or pael:strengtb.

' The tests 1n Wype 3-10 core id not solV any metallui'gical
problems. Th~y did indicte that the tWicknegss of .0010" brovided .•,
soant or rb m~rgin for sl imperfections due to maftfacture or

. , ' 1 '4 " . , .
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,The resul s Of tests pointed to the possibility that departures
from optitkum heat-treating p ocedure may have significant effect
on core rispdnse without inf uence on panel skin response. Factors
in heat-treating procedure i elude time and temperature of
solution, atmosphere, and de ails of cooling and of aging.

Factors which appeared to af ect the flatwise compressive strength
of panels include the fillet dimensions# core thickness, inter-
granular penetration of the !ore, and the extent of foll buckling
developed in'fabrication of ;he core.
Intergranklar penetration du to oxidation or s "

evidently as ociated with a ontaminant in the brazino atmosphere.
At the sale ime, microstruc ural differences in core mate~rial
examined in this investigati n indicated the possibility of
varying susceptibility to Intergranular penetration.

I K
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Figure 10-i: Intergranular diffusion of Cerrobend
In 17-7PH isteel foil; excess Cerroberid
on edges of sltcml; etctaant electro-
lytic oxalic acid; X250.
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EFFECT OF CERROB1 D ON THE T1ENSILE PROPERTIES

OF 17*-71{ FOIL~.O.02" THICK

I Yield Ultimate-
Stegtýi, S trnt, Percent

* Specimen, ki, kStrng -Elongation

* 1 None 73.5 None
2 None 47. 0 - None
3 None 79.0 None
4 None I139.6 0.5
5 None 4~4.1 None
6 None 143.4 Noe5;

* 7158.9 .162.8 None
8 None ~ 114.9 0.5

9 - None -95.7 -None

~' Heat treatment cycle: 1

1. Heldla 615~' F for 15 minutes

2 F urndcs tooled to 1~400 0 in 90 minI~tes

S 3, Held at 11400 F for 90 minutes

4. Furnace pooled to room temperature in J4-/2,houri
5.' Quenahed to -20 F

'6, AgedabOOfo nnutes .. * ..

a .. 05 . fo 90 ml.
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T1EST DATA ON PA L XME kTmPH__STEEL

*BRAZED WITH--85: 5 SILVER-MANGANESE ALLOY"

Fla ýIe Core Core, Qgm~psition
Panel Core Compr salve Hirdnesep Carbq-n Nitrogen

Identifio~tiot 'a eStreng h, pst Rogkwell C %%
s/V 40,OOj* 3410 15 .272

12-53-10 355-444 -'24-29 .13-~ .26
sA1N4911

1 2T5-8 3-10 157444 31 .iq,' .24
SNA21O001

1295-43-2 .1 3-10 125-$05 , 31 .23C .0
S/W 5.1002* .

4IP 1326-59 3-10 121444 36 .09 409
S/N 119 IF

4FLI 1326-60 * 3-10 .25, .10"- .,13
SI S 3o6-38 £

4LT 14004I , 3-10 i72-pi99 P27 .12' '407
S/N. 24091

~ ~ 17-1Q1 $ 3-10 ~3-07 29 . 09.4

4p. 1'271 ;1f3.90

4P 1661-1 ý3-15 v6.6.414 1 2

4T015-2 3M3
d_ 50004

-4 10,11

.3274 1
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'EF'FECT OP CARBON:

Two inves~tigations conoernir the effect of oarbon in the brazing
operation ,on 17-7PH steel were carried out. The results of one of
these were reported in a menorandum. The results of the other
were communicated verbally. Summaries of these investigations,
are given in the following Iems I and J.

ITMI- fFFCT OF GRAPHITE ON 17-7PH STEEL DURING BRAZING AT 1850?.~

An investigation was made tc determine the amount of ccarben absorboe4I
by the steelifrom the graph te block or from the atmdsphere in
brazing J1T-7PH steel panels. Also, the' effect of the absorbed
carbon on some mechanical pr~perties was determined.

According; to the specificat1~on of the Armco Steel Corporation
the maximum carbon allowed Ifr 17-7PH steel is .09%.

Specimens frpm 17-7PH sheet which had been put through the
standard brazing cycle, uset at the time (1955) with the 85:15
silver-ma~ngapese alloy, werq analyzed for carbon. T~ie arrangement.
in the brazing was as sh'own in Figure f-II. Here, T; and,Bl
were top.,and~bottom shim she~ ts in contaot with the skins of
'the paneJro aed B2 and B2a w ~e sheets iý-contact witq thetgraphite
form. T1~ese lettered shoetý were all 17,-7PH steel.

Table I-I,,X gives the resultis of the chemical analysqa f04 carbon.,
The samplbe identified as V-~ x 6" x 0d6" were assoclýated -with a

d small test p nel. It wap n*~ brazed but was laid upand gut
through t~etandard bra in. cycle in the laboratory, Thq other
-samples idenj ified as 04 t. were associated with ,pane~s

* brazed in, pr duction. As m' be noted'~ the carbon pickc-up by
the sheets in contact with t'e graphite was considerable.. The
carbon pick-up by the top ar~ bottom sk~mu sheets of t~he p oduction
:panels brjzef in argon w I light. These shims were shielded from

61 the graphite. The muchwlar r increase in carbon of the B2 and'
B2a sheetis of the small p~es panel, as c6mpared with the 1;ncrease
,of the produ4 tion panels, i~ attribute4,to the hydrogen a Imosphere.

Spec imand fot the mecharj.ca tests were cut from the top and
bottom ~ ~ ~ ý, skmSet n lso Crom the s~ets In conta~ ihte~

graphite, us d in the brpzir of produc~ion panels., Lenso
4nd axia to ttsion-tensiop f tigue testawere made. I ha altuail"
test datehave been reporte~ as no longer-available. *-In the

H followin tw paragraphs are statement_% concerning- tase sets,
-as' given .n he coveringmeu randums term 'shie ad'.sans
TI and. Lask sheets, ad term 'wj shielde.A'I me B2 andB~a,.

4 4_e
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sheets. The term I'skin' me a sh im *shee.

"The minlinum ultimate and yt eld strength design allowables were
met by bqth the shielded an unshielded 17..7PH stainless steel
with. 'I3 to 14.9% elongation for the 0149-837- 1 4 l top~~h 14.* 8*41 4 *Ins had higher ultinate and yield stre h '5!h'2. t

3.elongation. The uhiel d skin from 0)49-8141-T muVtr th' minimum
design allowables with 14.5% elongation..

"The reatl ts from the tensi fatigue tests for the shiielded
* and unshit lded 17-7PH stain so steel appeared to shdW only a
slight effeep due to carbon ick-up fo~q the skins frau 0149-83T-T14.
The enduz~ancp limit for the nshielded 117-7PH were (sic)
'approximately 5000 psi lowe than those. (sic) f or th~r shielded
l7-7PH."

t 4

*1~ow int* .
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ITEM J JINVESTIGATION OF E RITT 1.EL1INTECORNERRE.ION$
OF 17- STEEIJ SAN ICH PANELS,

An inves~tigaltion was under ken as a result of the rejectioný of 4
several 'braied 17-7PH stee sandwich panels because of a so-called.
corner condi.tion. The te "corner condition" was meant to
Indicate, that the panel th ed evidence of contamination at the
corners.t Testing'usualJly owed that such contaminated pane
regions !f'ailed In a britti manner.

The contamination was firs attributed to air leaks* 4n thie
incoming; argon gas lines. moce several structural tiemb*rs of'
asandwich panel join at t corners,,these regions Xont~in gaps

that serve ~s openings for circulationi of the purginlg gaqes Into
and out p1 the core dur.ing brazing. Air leaking into the argon
line was eliminated by mintiaining the pressure In the incoming
gas line' above atmospheric pressure. 4

Althughexpudig 'ir rol the argon-U~ndoubtedly afforded better
panels, 'the-corner cond* ti wssill- found in some". An~other
possible, cause of the cbnt ination was thought to be carbon
pick-up.?roi the graphipe azing form,. Test data wpre qbtained '

to determini the validi ~y this ideA,.

Mine panels exhibiting con inated corners were exqmined during
this investtgation. The d a presented for panels 1,3,)7., and 4
9 are reprejentative ofithe results obtained. Metallographic
sections were taken from c o~tamimated areas in each panel., and
chemioal~~anpfyses for carboh and nitroigen were run qn ad4acent tl
regions.:.

Figures kJ- through IJA are diagrams, showing th'e rAgioqs sampled r':
and list ng the carbonind aitrogen contents found4 aiu
panel setti ns. Fgr IJ 5 through IJ-9 are vhtpirgaiios
of specimenl removed from roslocations in the panels.

The chem~caj analyses shows that the parbon content, in oje Z
members -in I lmost every-!in ance exceetled the maximtn amqunt,
.09%, speci~ied for 17-tPH teel. Thi4 excess carbciO in the Z
members was Iconcentrate~ at the outer ýdge and more ,#xpos~ed upper
surfaoej~as ~shown in Fi ue IJ-2. In bne panel,. a hilgh odontent of.
carbon was sound on the ou r side of bottom sicin." The nitro-
gen conttnt , lhough oigh in severalý!analyses, dij notisuggest*
any' defi~it4 pattern of~location. .

Temetailoiraphic ex~amtna oscniied the results of,1;he hm
Lal analysq s for car 0~ xcessive amlounts of car ~des were
peetin the former auste its grain boundaries of ¶he Zmember

IA~ Al' 1. IV
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specimensý *is carbide con entration. was heaviest toward the''
-surfaces 6f these parts. Fi ure IJ-5 shows the difference in

carb de cnte~nt of a Z membe and a panel skin. Figure .ij-6
shows thetdifference in carb de content of a Z member and a
.panel doubler. Figures IJ-`7 IJ-81 andIJ-9 show the presence
-of interg *anqlar oxidation ol the more Oxposed surfaces of Z
members aid d~oublers. This *ondition ip definitely indicated
in the ph6toriicrographs In 41 ich the grAin boundaries are
evident wh~en no etchant was *sed. The oxidation can be inferredp
from the pho~omiarographs oft the same sections after #tohing,.

* by the extent of the attack nthe surfice layers.

CONCUSI0S: 4ITEMS I, J T,

The investigation on the'effect of graphite on 17-7PH steel
during brazing at 1850 F shuled that carbon is absorbed in
cons idera~le amount when the jsteel is ini contact with the
ýgraphite.1 The test results $ndicated that graphite forms can
be used succelssfully in braz ~ng BandwicIo panels provioed that
a protection ,sheet is laid b4 tween the 4raphite and t~e panel
skin. 4r

The studyton corner embr~ttl ment disclosed that this cond~tion
is'due torcar~bon absorpti~on 4y the steel.. Carbon contamination
was found,,4n the Z member~s ol nine paneia examined. %be
contamination1 wsmstsvr in region of maximum exkposure to

thecicu~tiw asemst duvreingbrazing. ~uperficial intergrtnular
oxidation .was, observed orq th4 more expoled surfaces,

L r
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table I-I-I Indioated Carbcn pxq"~
*in Brazind 17-7iH Steel

..Sample Location Beazing Carbon exoe~s o'Armco
*Atmosphere Siierdf eation

,As receiL(ed 0 062 4

6 x 6 x q-0085 Ti $.Iydrogen * .128 ,038

B2 .4.241 .334

B2a .570 .48o

o49-841-1 Ti W C4

.049-837-T4I ~ Argon .7

* B2 ~.084
B2 .126 '036~

049-843-i7T1

B2 j 136 1046' .........

44 xi
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- Is pre3erlt.

Brazing Alloy

Top of edge member

Panel I# 3ection 1-1.0
VfA5 VU291a's etcohant; X250

V4 ~ * ** The top surf ace of thi1s
r. P% .4 A edge member Whifte "vere
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w ktrnt. Note large
tes and lack of d.elta

IVI ýr.rapiý is typical l'or'
.T'i~siainle~ss

steel after ai braze
cycle. Note areas
of leita I'errite

.~.' A >, ~(wr~ite ar az; a

-arbideai (wr'Ite
out11ined In black).
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EFFECT OF ELEVATED TEMPERAT RES:

Two inveAtigrations on the e fects of elevated temperatures on
17-7PH stainless steel were recently carried out, the results of
which were not published. They were made available by memoranda.
In addition, dome information on these Offects has appeared in
two published reports (refetence FTDM-1415 and FGT-1362-1).
The first gives some values ,as to the effect of repe~ted exposures
to 1000 F and subsequent cooling to room temperature.on t e
tensile strength and dimens4ons of 17-7PH steel and two other
stainlesd st'eels. The second contains some data on •he shear
strengths ofI brazements of 17-7PH steel. The result of the
two unpublished investigatidns are given below.

ITEM K - ELEVATED TEMPERATURE PROPERTIES OF 17-7PH STEEL

When the sterling silver lithium alloy was adopted, the brazing
temperature was lowered frox 1825 to 1650 F. With these changes,
the numbqr of edge-member viids increased in 17-7PH steel sand-
wich panels.- One possilile Eause for this condition was suggested,
viz., thq higher mechan;,caltpropertiestof the steel qt the reduced
brazing lemperature.
Late in %957, as conneced with the problem of voids,, tesps

were performtd to deternine~the tensilq properties aid short-
time creep a rength of 17-7PH steel at~elevated tempqratutes.
The data werp obtained for •se as a malufacturing aid in Peciding
the amouit o• mismatch and 4anning, ofithe edge-memb r components
of panel4, tat could be co rected by the pressure a plieý during
brazing. t ., L I

The tests wele made on dheei with nomiAal thicknesses of .040"
and .063". The followiqg ploperties wqre determinedt Modulus of
elasticity in tension and short-time ci'eep strength at 1600, 1650, s
1700, and 18?5 F; tensi)e yield and ultimate strength, ano elong-
ation in 2",1at 1650, 1700,21750, 18001 and 1850 F. •Most~of the
data are 'the,, results of •sni le tests.

The valu's optained are givqn in Tables 1K-I to IK-I I. •e data
of Table!IK-X and IK-II 'are plotted in Lthe graphs oftFigures IK-I
and IK-2; respectively. 1 In Figures IK43 to IK-6 the .data' of F
Table IK1 III• are plotted,. •igure IK-7lis a oompositd whi h shows
the stre s r quired to +efo:i 17-7PH s eel sheet, ei her lasticall,or plast oal y, at temperat•ires from 1600 to 1825F rn th• basis
of modults O elasticity' yield strengih, and areep..

IPWP 028q
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ITEM L - FFECP OF EXPOSURE T 700 F ON BUTT-WELDED 17-7PH STEEL

In the early oionths of 1959, an investipation was carried out to
determine .whether prolonged xposure in air at 700 F would adversely
affect th9 tensile propertie of 17-7PH steel sheet as butt-welded
and unwelded..

Two lots of sheet stock were tested. One was .005" thick, and the
other was .010" thick. Partlof the specimens for test were
butt-weld~d b the Heliarc m~ thod. The weld seam ranctransversely
across thl mipdle of the gag, section. The rest werecnot welded.
Conjecturq h'd been made tha the weld zones might be',affeoted
differently than the parent etal as a result of prolonged-
exposure at 700 F.

The material for test was he; t treated in simulation of a produc-
tion brazing cycle (1650, 14$0, -20, 1050 F). Tensile specimens
were heated in air at 700 F or 100 and 300 hours. The tests
were perf rme(d at room tjmpe ature after the exposures at the
elevated temperature. a

"The results df the tensile tfsts are given in Tables L-I .to
IL-VI.. Tae pecimens referrfd to as Control had not •een wielded.
Figure ILr 1 shows the effectjof the exposures nn the tensile
.strength and elongation of the welded specimens. As is evident,
the strength of both the .00V" and .010 sheet, plainand welded,

increase substantia ly by the expooures. The procise• effect
of the he tirt on the elonga ion was inaeterminate.

Ii C
As shown n e tables, more weld-zone Preaks occurre in pecimens
which had be; heated to 700 F than in those not so h ated. Howeveri
the tensi e 4trength of nearly all the 1elded-and-heated specimens
was substantially in excess if 200 ksi. Also, as a rule, specimens
which fai.ed in the weld zont exhibitediappreciably lewer ýIongatýon:
than thos? which broke elsew ere in the-:parent metal. Wel•-area
breakd hepe are not to bk co strued as having occurreý in the
weld but iatker occurred'in •he heat-afFected zone olpse to it.

In genera., the values for tie tensile ield and ultimate strength
of the un*iel4ed specimen were in rathej good agreemenit with the

'values of. thq corresponding velded specimens. Figure4 for, the
elongatioi o, some unwelged 'pecimens, 010" thick, are doubtful

4 due to danage caused by §1atnping them io contact withwelded
specimens fo machining. The elongatioh values for the un.elded
specimens . 05" thick, jre ýn reasonable agreement •tth those

..',of the we de specimens.;I I I'
r

. ,TILITYRFORTSI4U? 3 6
FW0 167%t- I
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CONCLUSI•NS:' ITEMS K, L

Tests on 17-7PH steel at el vated temperatures have shown that the
modulus cf elasticity in tersion decreases from about 14 million
psi at iqO0 F to 7.6 millilor psi at 18U5 F. The tensile yield
strength fe*l from about 10,9 ksi at 1150 F to 6.1 ksi at 1850 F;
the ultirate strengths at ttese temper tures were 17.1 and 10.5
ksi, respectively; and the longations.were 76 and 4 percent.
The extensions under loadin in short-time creep are well
shown by the graphs of Figu es IK-3 to-IK-6.

Tests haye demonstrated tha the tensile yield and ultimate
strength~of ýl7-7PH steel in the TH 1050 condition are increased
substant~ally by heating fo 100 and 300 hours in air at 700 F.
This applies- to both unweld d and butt-welded specimens, *005"
and .010' thick. The resul s for the Inwelded specimens agreed
fairly well with those for he correspOnding welded specimens.
The values for the elongati n were not sufficiently consistent
to warra~t drawing any qefi ite conclusions.

t L

U' TILITY IREPORT SMELT " , . .. ' : *IWDep Z 6a• I_
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WELDING

ITEM M - WELDED EDGE MEMBERS OF PANELS IN 17-7PH STEEL

Two investigations were carried out to determine the effect of
welding on the strength of 1T-7PH steel, in the TH 1050 condition.
This work was done in the 1 ter part of 1958 and in the spring
of 1959. The investigation f 1958 comprised the evaluation
of butt-welded Joints on the basis of tensile and fatigue tests.
In the wo k of 1959, the purpose was to appraise the feasibility
of welding as a method of sehling the corner joints of sard-
wich panels.

Referringfist to the ituves igation of. 1958, flat poxtioris of
edge-member assemblies were butt welded as shown in the inset
sketch of Figure IM-I. The 7esults of tensile and axial tension-
tension fatigue tests on spe,.imens of such welds are given in
Table IM-I. These results siow that the welds have tensile
strength equivalent to 17-7Pw steel in the annealed condition.
The elongation of the welded specimens was slightly higher than
that of toe steel in the1 TH 11050 condition. Figure IM-1 shows
a typical- stiess-strain turvb for the butt-welded spevimens.
The number o; fatigue spFcimens tested eeretoo few in, number
to establishan S-N curvp, b~t did indicate a relativply 4igh
strength whei compared tp the yield strength of the Joint,•

For the ip ve tigation of 195§, four wel ed Z members were supplied
by the So.ar•Alrcraft Company. The vertical sections'of these
members hpd Veen welded ýy t e tungsten inert gas me Vod.' As filler-
materials-the commercial allays 6832, I•-7PH, L-605, Ind 132E
were used& The nominal composition of the first is not knowa.
Following'ar4 the compositions of the other three allys: -

IMPH 16-18 Cr,' 6.5-7.5 Ni, .'45-1 ,5 Al,t I.17-7•H i • ] .09 C rax. '

L-64~ 50 Co, 20,*Cr, 15 Wo 10 !di, Jý51. Fe, j

________________ 68 Mn, 16 Co, 6Ni,
'3 E a '

For the pparpqse of evaluatin• the welddf Joints, the -Knoop
hardness aeasmeasured inn theiwelds and butward for a 1istance
Sinto the Parint metal. fabl s I1-II ano IM-III list ,he values
obtained. T~e data are lot*ed in Figue' IM-2. Phot miczcographs
"of the foiAr Samples are showti in Figurel IM-3. Figure IM-,
indicates' th~t the samplp w4lded with the L-605 fill r alloy was

, ..UTILITY REPORT SH . ..
h. .' II
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the had�est, i.e., had the ighest strength. This was true as
to the weild, and the parent aterial was affected for the
shortest distance away from the weld. Joints made with the
132E and II7-7PH alloys had quivalent strength in the welds.In the sample where 17-7PH }teel was used as the filler metal,
the heat affected zone exte ded a greater distance from the
weld. The 6832 alloy as £i ler material gave still lower
'strengthq both in and adjac nt to the Welded Joint.
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MISCELLANEOUS:

Investigations were carried ut to determine the tensile properties
of two steels of the stainless, precipitation hardening type. These'
were: AM 350, produced by t e Allegheny Ludlum Steel Corporation,
and Stainless W, produced by the United States Steel Corporation.
The results of these investi ations are given below, under Items
N and 0.

ITEM N - EVALUATION STUDY OF AM 350 STEEL

Tensile 4 sts and measuremen s of changes in dimensiohs were made 7
on specimensvof AM 350 sjeel, heat treated according )to diifferent
procedures. rThe specimens Are in the form of sheet 1.005" thick.

This work was performed in 1)56. The object was to provide data
for the preliminary evaluati)n of the steel with regard to its
possible use as an alternate structural material for brazed
sandwich pangls.

The test results are givfn i Tables INj-I and3N-II togethqr with
the heat •re tments empl~yed. In Table1 IN-I, three bpsic .heat-
treating prosedures are phow with certain variations for ,each.
The temperat re of 1850 in all three borrespondsto p brqzing
temperature Por some fil.er llloys. Table IN-II showp thq effects
of three treatments on the t.iisile properties. Referring to
the material in the as-received condition, designated as 0, the

.tensile properties suggeot that the stepl had been annealed
at about -L606 F. Table -IN-- includes -igures for the dimiensional
changes a us d by the variou3 treatmentp, as measurediafter hold-
ing at -10 and after pubs quent aging. )

Table IN- shtows that the va iation of iensile proper-ties-was
slight with Veat treatme ts I and III. ILikewise, the, effqct
of the ho~di-g time at 1 50 was small, (H.T. - III)." Thqse
two similr treatments gpve esirable tensile propert es., Heat
treatment II gave values for the tensile yield and ultimate
strength Ihiah were marginal with respect to Convair Specification
FZS-4 0o46r

Figure INl hows a grap ic comparisoh of the tensile yield and •"

ultimate tr ngths toget er, ith the el ngations resuIting from
.the variols reatments., Th values for1 the type II Oat reatment 4
of Table XN- were omitt§d plotting ,the figure be4 use the
strengths- were low. In Phi treatment ,the aging templerat e was

850 F as o nrasted with 75 F for type1 I and III. ,n F gure
IN-I, it a and 5 are I.nd ated as a .rages. Becai e ogthe.t
small di erLnces in valesby varation tvafis affectes1  aitln•n•a

ITlLIYRfNOWf $SH•ET " D1i 6
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treatments I and III, averag a of the average results were plotted,

The dimensional measurements showed that the AM 350 steel speci-
mens exhibited growth after reatment through the -100 F step follow-
ed by a slight contraction oa subsequent aging. The over-all change
was growth. This may be not •d by comparing the figures in the
last and pecond-to-last coluinB of Table IN-II. For the twelve
specimensilisted, there were two exceptions. Specimen 10 did not
change size Qfl aging, and sp cimen 11 grew a little. )The over-
all average growth for the 350 steel was 49% that of I7--7PH
steel. Tlis-refers to a-comr arison of results for .005" thick
sheet with a variety of heat treatments for both steels.
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ITEM 0 - EVALUATION STUDY OF STAINLESS W STEEL

In the spring of 1958 a prel minary investigatibn was carried
out on Stainless W steel., Pirt of the resulting test data
was reported by memorandum. The object of the work was to
determine whether this steel might be used in place of 17-7 PH
steel for the fabrication of brazed sandwich panels.

Tensile t4sts were performed on specimens of Stainlescp W steel
sheet afttr various heat tre tments. Three thicknessps were
tested, viz., .005", .008", rnd .014". All the mater.al was
from Heat'-No. 7X2117. The cpmposition pf this heat ap shoywn
by certified analysis supplibd by the producer was as follows:
C .08%, Mn .79, P..025, S .0p14, Si .64, Ni 6.72, Cr 16.82,
Ti .72, and Al .20%.

The variations in heat treatnent for the material tested are
given below:

Simtdated Brazing S6ep0J Heated to 1650 F in 30 minutes
j and held J0 minutes.

Con*tinling Step: 2

a. Cooled to 14b0 P in 60 min tes, held 90 mninutes,
fnd cooled to room temperature in 3 hours.

4 rnace cooled Pirom 1650 F to room tempe ,aturi in

o. Air cooled 'om1650 F to +on temperatuee .nr
•pproximatelr 43 minutes. t--ui '

Transformation or Chil)) Step:
a. o F for 30 mA nu s,' '. *;t.

4. •50 F for 30imirlutes -

. L50 F for 30 minutes
, L.

d4. 4.0 F for 30 minutes
e. '100 F for mjnutes

£ 4 ..

. P900 for 96 mitutes

,ITI,. YR R E t.' • .' • . D. *p tm. *#mF t 6
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1- I

b. 90 F for 90 min tee

C.j I100 F for 90,mirutes

d.1 1650 F for 90 ml utes

e. 1100 F for 90 ml tes
I iE -.

The particulai heat treatmentle used are shown in the tkablea
of test d~ta., ) -

Table IO-I-gives the resuits pf tensile "tests on .005'L and-.008"
thick sheet with and without 'the 1400 F step, stabilized at three
different temperatures, and a'ed at 1050 F. Table 10-II gives
the same information for .014" sheet. This table also gives
the results of tensile tests 'on sheet in the three thicknesses,
without the 1400 F step, stabilized at -20 F, and aged at 950 F.

On the whcole,:the transformation temperature gave no invariable
pattern of effects on the tenislle properties. However, for the
.005" shee~t wfth the 14oq F 4tep, the tensile yield and ultimate
strengths inc eased noticeabW as this temperature was' lowered
from 0 to -50.F. Also, for #he .014" sheet, with the same treat-
ment, the elongation decreased appreciably. On the other hand,
the use of thi 1400 F step it~reased both strengths to some extent
in nearly p 11 instances and reduced the elongation.

The specimens aged at 950 F wtere previousily furnace cooled from
1650 F to 'ooi temperature and then transformed at -20F. As compared:
with specipien4 aged at 1050 F which otherwise had the Lame .treat-
ment, those ajed at 950 F~had' somewhat h~gher tensile .yield and
ultimate strepgths but loyer elongation.,'

Table I0-IJI ives the reul of tensi tests on 0'4 sre o tns]u tst o .0½ s~~eet,

transformei1 at three subztro emperatures and aged at 900,•1000,
and 1100 F. All the specimen were air cooled from 165S0 F to
room temperature before transorming. Figure 10-1 is a bait
chart showing the test value for the tehasile strengtN and elonga-
tion plotted n graphical for.

As may be not d from the ýate both the ptrengths decreased with
increasing, ag ng temperature. The elongation decrease•p as 1the of

aging tempera ure was inc easl d from 900 to 1000 F and then
increased' itl further in reie to 1100 . With one exception,
the averag• elongation values1 were above the specified minimum
of 4.5%. eheeffect of the t1ansformation temperatureon the
properties wa indetbrminate.j Maximum tpnsile properties v(ere

UTILITY REPORT SHEET , PWP 107 ,,
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obtained by aging at 900 F. For the three aging temperatures,
transverse specimens, with ce exception, had higher strength$ and
lower elongation than longitudinal specimens.
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CONCLUSIONS: ITEMS N, 0

The concliasions drawn from t e evaluation studies of the AM 350Oý
and Stainless W steels are g yven below:

Two similar heat treatment~s mparted desirable properties to AMI
35.0 steel sheet. For exampl , this steel conditioned at 1750 Po,
transformed at -100 F, and a ed at 750 F had tensile yield and
,ultimate strengths comparabl to those Of l7-7PH steel in the 1

With corrdspdnding strength, the elongation of AM 350, steel was ,

appreciably diigher than that usual ly found for, 17-7PHr material
in thickniss of .005". P
The growth of AM 350 steel o~ heat treatment was about half tha t *

of 17-7PH steel.

With suit~ble heat treatment4 Stainless W steel gave satisfactory> 1ý-ý.e
tensile properties. For-equ valent acceptable strength its
elongatioý tqpnded to be gons derably hi;her than thattof 3j1-7PA Wý
steel. 114

For certal.n 4,eat treatmeqts, Stainless W steel gave apceptpble
tensile properties with ýran fomation temperatures In the-irange
of 0to -100'F.1

Fragiven priOr treatmdnt, ma~ximum teisile rpti w-e
obtained $'y adging at 900 F. Aging at 1100 F gave lowcatrength. j

2 ~t

rl
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SECTION II

CORROSION AND OXIDATION:

Several investigations re.la Ing to the corrosion or oxidation of
brazed sandwich pane~ls in 17 -7PH stainless steel have been carried
out. Two reports (FTDM-2279 and FTDM-2355) on,,oxidation have •
been published. Abstracts *f these are given in the Biblio-
graphy. The unpublished re *ults of investigations ia thin
general field have been reported either by memorandaEor vJrbally.
Summarieq of• theseare preseated here.

ITEM A -- IDFITIFICATION.OF ýORROSION PRODUCT ON PANELS BRZED
WITH SILVER-MANGANeSE ATLLY -.

Some time after 17-7PH stee panels brazed with the 85115
silver-manganese alloy had teen placed in service on the B-58
airplane, routine inspectio revealed isolated localities in thd
panels w ere corrosion had ccurred. These localities were
subject to failure during f ash testing at 600 -_650'F.*

An investigation was made e nrly in 1957 with the object of
identify ng the corrosion p oducts in the panels. Tpis
compr~ize mqtallographio ex mination aTd the use of ý-ray1 methods,
As a reslt,. regions of.hig manganese;were found onithe pteel
sur'acest ! , ,

Figure I;A-i shows a dark e ching constituent at the• coreý-alloy
and stee -alloy interfaces., The constituent was ideptified
as mangaes4 or a manganesekcompound by X-ray fluorepcence. This
technique altso showed that the manganese indication fn the exterior"
side of the panel skin Xias juch lower than that on the brazed
side. The aignificance-of this is emphasized by the fact that
all the brazing alloy w~s d ssolved off the skin spe imer before
the X-raj fquorescence 3un. Conjointly, the metallographjIc and
X-ray fluorqscence examinat on showed that manganese from the
brazing fllqy had diffuqed into the stlel during bra ing..

X-ray di ifr~ction patterns fbtaine rm the corrosion product
found intth" panels ind4cated the presence of Ag, Mn8Oi, ,and Cr203.,

*So Supplemental - 8-1tS.1

S i, ,, iif,....
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ITEM B FAXLURE ANALYSXS INBOARD EIEVON WEDGE, RO-93 V h

Metallodraphic analysis wa made in Jupe 1957 of specimens f roun Jt

an elevon wedge that faile in flash test. This wedge was one s,
of the original panels bn 58 airplane No. 1. It was one of
the first acceptable wedge anels brazed by the Rohr Aircraft
Corporation; The panel ma rial was 17-7PH steel, and the '

brazing alloy was 85:15 si) er-manganese.
s( -:

Specimenb were removed from various areas of the faikled Ranel
for metallographic analysis. The examination discloped that
crevice Foryosion had occurred at intetfaees of the Prazing
alloy and the steel. This was severe in some locatipns and
slight in others.

Photomicrographs were taken to show typical conditions in
different areas. Figure It.-I is a photomicrograph at a region
that failed in flash testin. Figure IIB-2 was taken at an area
that was. noý flash tested. J As may be noted in both figures,
the core is-entirely separated from the fillet of brazing alloy.
Crevice corr~osion had penetl'ated along,, the interface, betw.een

the stee. c qre and the brazing alloy cýusing completp separation..
Figure IZB-4 shows an area ýhere the fp1let is intact although
free from bqth the skinand-core.
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ITEM C -! CREVICE CORROSION N STAINLES8 STEEL SANDWICH PANEIS
* BRAZED WI SIEVE MANGANESE ALLOY.

Early in, 1959, metallograp c examination was made of plug
specimenb taken from eight n flat sandwich panels which had
been brazed-with 851,15 ail r-manganese alloy. The panel mater-
ial was a7-7PH stainless s ael. These panels had been removed from
B-58 airplane No. 4. Altbgether, nineteen specimens were
examined. The object was W determine the presence ,of crevice
corrosion, if any.

A I,
All the spevimens showed a nanganese-rich layer at Yhe brazing
alloy-steel.interfaces.. T is indicated that the parels were .
susceptible to crevice cor osion of the type previotisly 6bserved
when the 85:15 silver-mang nese alloy was used for brazing.

Of the nineteen sections eamined, three exhibited orevice
corrosion. The others weri classified as not correded.

The results• of this inlestigation indicated that preliminary
evidence of- crevice corroslon can sometimes be found, by
metallograpbic examinaýion' prior to failure of panils brazed
with thq silver-manganese 41loy. The ,fact that crevice corrosion
may not ,be detected by suc examinatlqn does not rule ouLt the
possibility1 of its prejenc .

1 1 i "'
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ITEM D - METALLOGRAPHIC DE RMINATION OF CREVICE CORROSION
IN SILVER-MANGANES BRAZED PANELS FROM iP W74.

A memorandum issued in Apri 1959 gave a summary concerning the
background of the crevice c Irrosion problem in 17-7PH steel
panels brazed with the 85:15 silver-manganese alloy. The results
of metallographic examinatibn of 86 specimens representing 85
panels from B-58 airplane #4 were also reported.

The 85:15 silver-manganese Alloy was adopted before Lnfor~nation
on its resistance to corros.on was available. On teot, ]j7-7PH
steel paqel brazed with thts alloy were found to fa.l in less
than 50 houis in standard salt spray. Failures were, also
observed.On.exposure of.sucb panels to. air atmospherps of. high
humidity.' All the failures.occurred by separation of the
brazing alloy from the steel at the interface.

The sterling silver 0.2% lithium alloy was adopted to replace
the silver-manganese composi. tion. how ver, some of •he ~antils
brazed with -the latter lloý before th4 change were jept-in
service. A-metallographiciest prograiI was started 4ith the
object of pqoviding addXtiopal information as to the, serv~ice-
ability of Vhese panels, together with 'lash testing., Metallo-
graphic Fxamination wasrmadb of plug specimens removed from
panels t ken from airplane I4. Each specimen was clpssified
in accor ance with the degrpe of corrosion. Of 86 specimrcns,
five showed definite indica ions of crevice corrosion. Nine
were found vith less eviden e of crevipe corrosion, and •7 showed
no evide ce; Five specimen• had no fi let, and thesr we-•e not

classified.,

Attention A invited to'the fact that the metallograhic-examina- -

tion of i srall sample Joes. not insure&that a panel s gdod even
though corrgsion is not~fouhd. Also, ýhe location of where
corrosion may occur can not'be predicted. Crevice corrosion
can causf f£ilure on ont skin of a panel and not be presqnt on
the oppopit4 skin.

*See Suj, - she e-I. I
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ITEM E - OXIDATION OF SILVT , -C_• R-LITHIUM ALLOY FILLETS IN AIR
, AT ELEVADTEMP

In the summer of 1958, oxid tion of fillets of the standard silver-,
copper-lithium alloy in bra ed 17-7PH steel panels was observed
after the parts had been ex osed in air at temperatures above
550 F. The presence of cup ic oxide was determined by X-ray
diffraction patterns of fil et material.

'In 1959, specimens cut fromja brazed sandwich panel were exposed
in air for different times p to 300 hours at 700 F.E Edge
compression &nd shear beam iests were performed on these ppecimens..
These tests showed that, gilen adequate fillets, thejoxidation
does not-significantly decrjase the strength for exposures up
to 300 hours at 700 F. The results of this investigation have
been published (Reference F!DM-2355).

Metallographic examination was made of' fillets oxidized in air
for various times at te1perltures up t? 800 F after •ging in
air for 90 minutes at 1 50 . This examination indiaated-that
the extent ot oxidation-Inc eased with both time and temperature
of exposire., Also, porgsit* in the fillet caused th? depth of
attack t? beI uneven in many,specimens. 5  3

Figure I1~E - 1 is a photomicrograph of a~sample which ýad bpen
exposed For j00 hours in ai• at 700 F ffter aging.

) •r.
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.TE.M F -CONCLUSIONS FOR I MS A, B, Cg D, E

The conclusions drawn from he investigations on corrosion and
oxidation of brazed sandwic panels are given below.

The 85:15 silver-manganese illoy is not suitable for brazing
17-7PH steel panels., Crevi4e corrosion occurs at the brazing
alloy-steel interface and c uses separation. The corrosion
product is a mixture of man anese oxide, Mn3 04 , and chromium
oxide, C420. On test, 17- PH steel panels brazed with this
alloy were ?ound to fail iniless than 50 hours in sthndard salt
spray. fail]res also occurred on exposure of such pinels-to
air atmosphe~res of high humidity. A

Metallographic examination f numerous specimens removed from
17-7PH steel panels brazed iith the 85115 silver-manganese
alloy has disclosed the pre4ence of crevice corrosion. The ex-
tent ranged from slight to 4evere. Metallographic examination
does not Inspre that a Ranel is free from corrosion even though
no evidence is found. !Pie location of twhere corrosion may
occur cai not be predicted.1

The sterling silver 0.2 lithium alloy'was adopted for brazing
in place-of the silver-mang4nese alloyt Brazements with the
former ailoy have not beien ,bserved todevelop crevije corrosion.
However, ,they undergo oylida ion in air at temperaturfs above
550 F. tests have shown th t the oxid4tion does not appreclably
impair the strength in edge compressioq or shear beaz loaging
after exr•osu~res in air qt 7 0 F up to 300 hours (Ref renct
FTDM-235ý)..,

On the bqsis~of tests, Qandvfich panels.brazed with the siiver-
copper-lithium alloy inqorpdrated in iron sponge have unsftis-
factory resistance to salt 4pray and t9 elevated tem~eratýare
in air (Neference FTDM4270. 1

L C A

I " I I

I-l : I I . +

I t H I

i. . ... Dopa~tm 6
,FWP 1072-8-54



PAGE 86

C O0N VAI R REPORT NO_. Ll7'~

A DIVISION Of ENfRAL DNAMIC o RPRAHION MODEL_

(FORT WORTH) DATE

Dopo~trle.et 6
F#P 1072-8-54



PAGE-

(O0N V A I R REPORT N---kt""2
A DIVISION Of ' RN AL VNAMI( , UWK. RA HON MODEL-

(FORT WORTH) DATE-,-.---

7--

Ik b

Dep.rtment 6
FWP 1072-8-54



PAGE-

CO0NV AI R REPORT N O.GTL 7.
A DIVISON Of GENERAL DYNAMICS COIPORIATION DEL FIT "

(FORT WORTH)

Mae. ?Ox tc1,ed

Figure IIB-2: Crevice corrosion at core-fillet
and fi'llet-skin interfaces.
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',ru' [. -: Intact brazed ' 111ets separated
from both core and skin; arrows
indicate t.ie free and original
positions of' fillets.
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BRAZING ALLOYS:

A number of investigations n the evaluation of alloys for braz-
ing 17-7PH steel sandwich nels has bpen carried out. Most of
the resuttsihave been publ hed in a spries of reports. These
are listed in the Bibliogra hy (references PFT-1153, MR 54-5,o
FGT-1363, FGT-1362-1., FGT-2 88, FTDM-2270, and FTDM-2355).

The results of several othe studies on brazing alloys have not
been published but havy been reported in memoranda ot' otherwise..
Summaries of these are giveý here. .1

ITEM 0 - EVALUATION OF SILWR-COPPER-LITHIUM ALLOY: ), .

In the Spring of 1957, the "act was recognized that the 85:15
silver-manganese alloy was nsuttable for use in brazing 17-7PH
steel sandwich panels becau e of its poor resistance to
corrosion. Preliminary tes s were made with a silver-copper alloy
(sterling sýlver) containi a small amount of lithium. The
results were promising. Engineering Metallurgical Laboratory
was then asked to condupt investig•tion for the purpoqe of .
evaluatipg qilver-copper-li hium brazipg alloys. Tebts vqere
carried •ut to determint t followingi Resistance ,to salt
spray, erfelt of lithiu• c tent, strepgth of lap-shear 4oints,
and optimum brazing temper ure. Also, general metaalogqaphic
examination of brazements s made. The results of this work
are presented here.

The nomip'al~composition.of terling silver is 92.5:71.5 sitver-
copper. Brazing and other ests were performed witN this alloy
to which 0.1, 0.2, and 9.5 lithium had been added. ,,Brazements

of 17-7P1i sfeel with thise ;hree compositions were satisafactory
and had pim~lar charactjris ics. The plloy containing OA2% lithiumJ
was reco ended in placq of the 85:15 pilver-manganese alloy for
use in braz ng productign pinels. Thee sterling silver composition.
containipg 0.2% lithium'see ed a littlp more likely Po give
consiste t letting thanjthe 0.1% alloy A content or 0.5%
lithium 1ppared to be unne .essarily h4gh. I.

Figures IIGII and IIG-2 are photomicro raphs at fillets 'de by
brazing 7-TPH steel with e sterling silver 0.2% Althi * alloy.

I. The firs a ows an as-b aze Joint, ano the second siowsa a Joint
after ex osiqre of 69 ho rs o salt sproy. As may bednot d, theret
is no evidedce of corro ion by the Salp spray. By opntrist,
similar joints brazed w th he 85:15 silver-manganese alloy fell f
apart after50 hours exposu'e.,

I * I4 • "
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A few exp riqents were m4de n the use Of borax as a Jtiux
with ster ing silver as the razing alloy. This combination
wet 17-7P1 steel poorly 4nd ormed uneven fillets. Figure II0-3
is a photogroh of a cord-to skin joint in this steel brazed
with sterling silver fluted ith borax.

Figure 110-4 shows double 'a -shear strengths of brazements as
affected by ýemperature. Fo. the test Specimens, 17-7PH steel
sheet stock Was brazed with hree different alloys. These.
were sterling silver plus 0. J% lithium,'fluxed with borax;,
85:15 silter-manganese alloy fluxed with borax; and P5:15'
silver-manganese alloy plus .5% lithiuri. The sterlig silver
base allot h ad higher shear trength at room temperatpre than the
other two, 1-owever, it had ower strength than the silver-manganese
compositions at temperatures in the range of about 300 to 900 F.

Tests were made to determine whether copper in the sterling
silver 0.2% lithium hlloy wolld diffuse into 17-TPH steel at the
recommended 4razing temp rat re. Figure II-5 may beinoted
in this cinnection. It &s a photomicrograph which shpws a;
area of a- Te4 Joint in 11-7p steel braced with the s erling

silver alloy! Knoop har nes determinations were made in ,the
joint are#. ;These valuel we e converted to Rockwell numbers.
The hardness'in the steel se tions of the Tee was 38.3 RC. It
was 47.5 ?B in the brazitig ailoy not close to a steel(interface,
and near 4n tnterface it was165.5 RB. In the steel close •
to an intorface with the Lbrating alloy,,the hardness Was 43.7
RC.. This]showed a small 3 increase over the value 38.34RC.
No defini e eAvidence indtcat d that copper had diffus d from.
the brazilg Elloy into tie s eel. The ponverted hardoess -walues
are giveniat'the right o0 Fi ure IIG-5.

Figure 11#-6 shows the m~oroltructure of the sterling silv~er 0.2%
* lithium alloy as brazed in a small panel. This structure is
* the resulý o4 slow cooliyg wiere the si ver-rich phasps fipezefirst Jj

followed Dy qopper-rich phas s, with the latter surrounding the
silver arlas, J

Voids can-be iformed by t e s rinkage of.-the brazing a loy .pn
freezlng.ý A4 example of shr nkage cavities is shown In Figure II-7i.
The relat vely long solil ifi ation rangp of the alloyr contributes
to the mottldd appearano rsh wn in Figure IIG-8. Work on the 85:15 -

. silver-ma ganese alloy sqowe that lith um additions pre lie
major cause of these voids w en slow co ling rates art encountered, 7'

The amoun• o contaminat on resent ins de the panel ackage
"apparentl irfluenoes th• de ree of the mottled condition.

*.. ..... _ _.. . . i ....__ _ _ _ _ _ *i
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"Incident~ally, sterling sill r alloys containing 0.1, 0.2, and.
0.5% lilhium all gave mottled brazes aimilar to the appearance
in Figurie 110-8.

"The opt4mum brazing temper ture for tkle sterling silver 0.2%
lithium alloy was determin d by brazing 1" x 1" 17-TPH core-

* to-skin sections at' variou temperatures. These temperatures
were 1600, 1620, 1630, 164 , 1650, and 1785 F. The optimum
temperature was chosen as 1650 F because this was the lowest
showing rvidence of good nt de flow.
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ITEM H *OPTIMAUM BRAZING MPERATUPE OF NICKEL SPONGE ALLOYt

The material referred to a nickel sponge alloy La a special c0M-
positiot) d~veloped by ¶he andy and Harman Corporati~on to reduce.ý
excessive brazing alloy ýl. w in ourveft sandwich panels in
17-7PH steel during brazin .A composition supplied for test

*contained approximately 5 nickel sponge and 50% sterling
silver plus 0.2% lithium. Other ratios may be prepared.

-moo

An experiment was made to etermine the optimum temperatuare
for brag ing 17-7PH steel w th the nickel sponge materiaJ.. A
sandwich pqnel 1/2"1 x 3" x 12" was used for this puirposeL. It
was brazed.in a stainless teel retort without fixtuires.~ The
retort was used to maintai an even temperature between the
top and bottom skins of th panel during brazing. Six thermo-
couples were spaced at .2" ntervals along the long axis of the
panel. By leaving the Lu ace door partly open, a temperature
gradient of 1640 F to 18414F was obtained along the axis of
the panel.)(

Exdminap ioq of the brafed )anel showeg1 that poor brpizes were
*obtainep bglow 1700 F' wh e temperatpres above 1800 F spemed

'to proc4ce small top f lie s. Based ýn the size of(*the topA
* fillets ob ained, the ~pt urn brazing~ range appeareg to&b

172 to 17~ .Fg I -I shows tpp fillets for~ned on
* brazing at 1725 F. Filure IIH-2 shown the diatribupion~of

nickel in a joint brazed athe same temperature. ILcontinuous
nickel-pteql interface is armed. Thp effect of niiikel.~diffusion
on hetrgho the~stel1 is given) in Section I ItemNFigure [Il. 16t

a~4.
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ITEM I OPTIMUM BRAZING TMPERATURES OF TRI-METAL ALLOYS:

The so-called tri-metal brizing alloys consist of a pure silver
',, ,-yqr sandwiched be ;ween layers of -

silver 0.2% lithium alloy. Perhaps, tri-layer is a more
appropriate term. The tri-metal brazing materials were devised
wifh the object of decreasLng alloy flow in contoured panels.

About mid-1958, tests were made on three tri-metal alloys t~b deter-
mine their minimum brazing temperatures. The specific designa-
tions of the alloys tested were 1-3-1, 1-4-1, and i:.6'-l , These
designations indicate the elative thicknesses of toe three
layers In 9•ach foil sandwi h.

or to determine the razing temperatures, thrqe palnels
1 .12" were braze , each with one of the tri-metal
materials. The temperatur was varied over the panel length
by leaving the furnace dool partly open, as described in Item H.

The temperxture range in blazing with-the 1- 1'1-w

1630 to,1l830 F. Smalltfil eta were fprmed at 1650 F. These
..... * -- increased ;n size with inc easing temperature to 1EPO F.,

Temperaturvs above 1699 F jroduced nolapparent change in size.
The min.mum suitable brazi g temperature was 1680 F,

e ) •.

The temperature range in b 'azing with'the 1-4-1 foil was from
1590 to 1 1800 F. Figur s I -I-I and If-I-2 are photpgraphs
of the panel. Figure TI-I I shows th# top skin after it4 was
peeled •rol the core. •As Ian be seen from this photograph,
the fil etq formed at J700jF and abov4 retained pie es c4
core. 1he minimum suiablf brazing temperature wast1700-F.

The temperqture range tn b azing with the 1-6-1 foi4 was- from
1640 to 185O F. Good Iiii ts were o4ained at 1760iF azi&higher.,
The minimum suitable bqazi g temperature was 1760 Fj

e
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ITEM J - METALLOGRAPHIC EV UATION OF ENVIRONMENTAL COND.TON018-
ON SPONGE-TYPE BR ING ALLOYS.

*A metallographic study was ade during the first half of 1959 of
Joints in 17-7PH steel braz d with various so-called sponge alloys.tt
A commercial brazing alloy zalled T-50 was included., The T-50
alloy is basically 72:28 si ver-copper (the eutectic of the system),,•
plus 5% nickel. It was of 'nterest because of alleged resistance
to oxid ion at elevated te peratures. -SP I,*

The sponge-type alloys were developed to control brazing-Lalloy
flow in ponjoured sandwich )anels. Such alloys consist of a
sponge or skeleton of metal having a melting point arove-the
brazing temperature to be used. This sponge is impregnated with
the actual brazing alloy. Phe opinion has been expressed that
by capillary action the epoige inhibits gravity flow of the braz-
ing alloy to low regions of the sandwich-panel package during
brazing. Nickel, iron, 430 stainless steel, and cobalt have
been testedlas sponge metals impregnat d with the stprliqg
silver 0.2%]lithiumn brazing alloy. Vatiations in thi amount of
sponge metal ranged from 251 to 50% by weight.

(3

For the knv~stigation samma ized here, small Tee sec'tion; in 17-7PH
steel were Irazed with •he arious spopge-alloy materiala by the
Manufacturirig Research De elopment Dept. Environmental tests
and metailographlo examfinat ons were c9nducted by th Engineering
Metallur ical Laboratories. The environmental testiog comprised
exposure for 50 hours to sa t spray and also in air pt temperaturest

of 700 o0 1i00 F for variou periods of time.

Figures iIJiL, IIJ-2, agd I J-3 show 4e microstruct 'res of the [
50:50 niqke), iron, "and430 stainless fteel sponges,(respectively,
in the at-re~ceivled cond Itioik They exhibit differin$ fitjous
structures The fibers are developed Vy deformation. on rolling
to the rjqu'ed thicknels.

Figure I;J-1 shows the ricr structure 9f a Joint in 7
steel brazei at 1725 F jith 25:75 nick;l sponge. Th 7 niel
diffusioq' lrer along tqe s eel sectioqs may be noted. The
dispersed particles in the razing alloy (light) are nickel from
the sponde. 3Metallogralhic examination of Joints brazed pt
"1675o 17 0, 725, and 150 showed that the .depth o•' the diffusion" '
increasei a reciably w th igher temptrature. The •iffusion of

, REP O'R .'.+IL1 EPRMI - I + "m + "+ +' '( ' D per'tmf
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nickel in 17-7PH steel imp irs the response to heat treatment
and measurably reduces the trength. Joints brazed with the
nickel sponge compositions ad good resistance to salt spray
but were susceptible to ox: ation at elevated temperatures.

Iron-sponge brazements wer found to etch in air, that is, they
were quickly attacked by t moisture present in air. Figure
IIJ-5 shows a Joint in 17- PH steel, brazed with 40:60 iron
sponge, after 50 hours in lt spray. The corrosioq along
the iron of the aSloy-depl ted sponge, between the filleý above
and the skin below, is mar d. Figure IIJ-6 illustrates the
appearance Sf a Joint after oxidation in air at 700F for 100
hours. nthe advance of the liron oxide formed is indicated by
the unsound borders at the •right and left of the photomicrograph.
These unsound areas are darker in coloration than the unoxidized
brazing alloy. Brazements nade with iron sponge are unsatis-
factory as concerns resistaice to both salt spray and oxidation.
Data on the edge compressica and shear strengths of specimens
from a sand ich panel brazeil with irorl sponge and exposel to
the condlti ns Just mentiored are given in FTDM-2270.

Joints brazed with 50:56 4V0 stainless steel sponge .wereout-
standingly good as compared with those brazed with the other
sponge cpmpositions. T~e f<ormer exhibited neither qorrosion
nor diffusign, but they, did not resist- oxidation at ,elevated
temperatureT. However,,brapements ma e with the other sponge
materials of with sterling ilver 0.25 lithium alloy, are also
subject to oxidation at,elevated temperatures.

Figure shows the ture at a Tee Joint in 'T-TPi steel
as brazed with 50:50 430 st inless steel sponge. FikureIIIJ-8
shows thp structure afttr 5 hours in 7alt spray. 9;he small
fillets qay~be noted. Thee ý,re more ,or less typictk of.•thefilletsibsyved noted. ThenI

fillets pbs rved when spon compositions are used for biazing.
Since the sterling silver .2% lithiun' alloy is oxiq~zed,.in
air-at elevated temperapure fillet size is important 14 relation
to the service life of # b zed panel. In the use of stAinless
Bsteel sptng , fillet si e ght be increased by several means.
These intclude varying the s onge metal4-brazing alloy ratio,
varying ;the size of the'sp ge fibers or particles, and Utilizing ,
the optimum~brazing temper ure.

p3Joints i 1 -PH steel tra ,hd with 501$0 cobalt sponge h d
*good resr sti-noe to salt'sp y. Slight diffusion of 'oba t in

the steel w s apparent.j Th oxidatiori of the brazed fillet in

, I.
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air at 700 F was evidently accelerated by the presence of cobalt.
As-to this, comparison may be made of the photomicrograpis of
Figures IIJ-9 and IIJ-l0. The former shows the extent of
oxidation at a honeycomb c re-skin joint of .qpariel after
exposure in air for 300 hoirs at 700 F. This ý6n' Owa=
with the sterling silver 0,2% lithium alloy. The latter phot6~
micrograph shows the oxida ion at a Tee joint after the same
exposure. This joint was )razed with 40:60 cobalt sponge.

Joints brazed with the T-5 alloy appeared to be about equal to
those brazed with the ster ing silver 0.2% lithium alloyF as
concerna si~sceptibility to1 oxidation at elevated temperatures.
Nickel dif~used from the aploy into 17-7PH steel to~oan appreciable..
extent on brazing.-
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ITEM K - CONCLUSIONS FOR ITMS g0, H, I, J

The conclusions drawn from ;he studies on brazing alloys are
given below.

Tests carried out to evaluate silver-copper-lithium alloys for
brazing 17-7PH steel showed, that satisfactory results could
be obtained with several compositions. The alloy consisting
of sterling silver plus 0.2% lithium was recommended for
replacing the 85:15 silver- anganese alloy. The former has
since bern used as the stanPard for brazing sandwich(pane.ls
in productidr%. -

I T

Brazements in the sterling ilver 0.2%. lithlum alloy- exhlbit
good resistance to corrosiot in salt spray and have moderate
strength in lap shear at temperatures up to about 600 F. Tests
indicated that copper does pot diffuse from this alloy into
17-7PH steel at the recommehded brazing temperature. This temper-
ature was d~termined as,165P F. This alloy apparently has a
tendency to-form shrink-cavities under the slow cooling condi-
tions of 1 brazing. -

]
For bonding ]7-7TPH steel with a nickel-sponge alloy, the optimum
brazing ran e was deter~nine4 by test tp be 1725 to lj775 F. This
alloy coptatned about 5p% nickel sponge and 50% ster ingtsilver
plus 0.2$ lithium. - r

The min jmumtemperature, s C table for brazing 17-7P4 steyl with
three tr -m~tal alloys Mere, determlned. These alloy~s were made
up as foi 1 yith pure silve T as the center layer and (sterling
silver prlus 0 0.2% lithium a two outer layers. In tq$e composite
foil, te r lative th1c4ne I es of the layers corresponded to 1-3-1,-
1-4-1, and 1-6-1. Tests with small lr,7FH steel parnels Indicated
that suitab e brazing t~mperatures we . 1680, l7OO, ,and 1760 F,
respect1vely.

Metallog~'ap ic study of joonts In 17-'rPH steel brazed with various
sponge allots showed thA efffects of certain environmental condi-
tions. The 3 sponge metals lere nickel, iron, 430 stainless steel,
and cobalt. These were impregnated with sterling silver 0.2%
lithium. The amount of- spdnge metal in the composites ranged
from 25 to ý0%. The e v'irnmental colditions were oxposgre for
50 hour to 1 salt spray ndialso in aii' at 700 or 1000 F for
various erjods of time. - 1

S• €• " I.
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Metallographic examination of the brazements, exposhd as indicated
Just above, disclosed the followingi All the sponge alloys were
susceptible to oxidation im air at elevated temperatures. All
"except the iron-sponge alley had good resistance to salt spray.
Cobalt and nickel diffused from the corresponding sponges into

teel, the diffusion o nickel being greater. The sponge
""light fillets. A sponge material based: on stainless

steel appeared to be promiiing.
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Ma.,. 5Unetched

Fi,•-urf. II-- illet t•s brazed; sterling silver .2%
'Atihlum alloy.
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Figure TiG-2: Pillet after 69 Ihours Li salt spra>
sterling silver, .2% lithirum al.lo.

UTILITY REPORT S'IEET Doeprtment 6

FWP 1072-8-54



C 0 N V A mom !5 .,5..
A DIOCW OF OIWRtA DYMAMICS CORPORATION OA/ .

ffORT WORTH)

- Une Lchel

FI:vuL•' I ! - 1rTe ,en 1 1 le t at core - to-skif

Joint; i7-7H-l steel brazed witi
sterling s8ilver and borax -lux.
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BRAZING Uo FLOW, 4

,Several inve tigations were arried ou_ý, mostly in 1958, on the
flow or ZýIquid braz Ing allo ouritng t1qe operation of bra~ingp but *!
the results were not publis d. Memordnda were issued on three of
-the investigations. Summar slof all are given here.

,One method advocated-to con ol brazing alloy flow consists in
plating ohs or both surface of the comiponents to be join~d. Another
is to plaite t~he brazing rol If 17-TPH steel were plated with
silver anti br~azed with the terling silver 0.2% lithikum alloy,
additional silver would be de available to the brafing &,loy.

* Thus,, tit meting point wou be raised and its rate kor e, tent 0S %'.flow red~pedl Howiver, tes have shown that this expedient is L
largely 4Bel~ as except for creasing node flow In tMiock ore
sections ;or andwich pan~is

In one published repiort ý(re rence F0T*'2510) a description Is given
of the sandw~ch type test f measurin brazing alloy C loW under
oontroll~d c~nditions. Thi gives-repz'iduoible values.
ITEM L - `bD4-?4E?'¶ERvoibS:'

* Increasing rnubera of vo.d reas were 4bserVed In the' edge-member ~
joints o±' br azd sandwi h p ael after 'the adoption 6f the sterling l
silver 0.,2% ý.ithiuiu alloy.

Prior to the inveatigatý'n arized here, the MR&DDepa~tmen.t
care + 'sud n ffect of joint gap or spcigoth [

occurren a oF voids In b!azrents. Su jsequantly, th' Met 1 urgi-
cal Sect~onELivtit the effe t of nicke)~ tn h
brazing 4I f ces of edgoet me ers. The results of this la ter work
are summqrizt d in Item K~ of this seatif . In the' pris'ent Item L,
general obsei'vations corqcer ing the catises of edge-memberlvoids Oarest

4 given togethbr with photogrgphe of typI~al void areas.
Voids hai~e 1, en aylrbed. to a variety 4f cause's inaldigblyath
parts orh'wid) joint gaps,, 1 brazing 4emperatur'esp ;or'eign inolude4matter, gas 1volution, oXid films or qxidized areas-on t e brazingh
surf aoes.,ol al Loy. shrinka o freezing, ýand stop-of f. Of these,
'.;there seems Littlo doubt' bu. that wide ~'aps and oxidIzed traxin~g
surfaces jare the most Iimpor ant. in p seing,, note m~y be made that
*inadequal fe Low of the -W'as alloy IL closely re.lajed t oxidized!
'surfaces 'rhi 1h cause poor. w ttability d to low brag Ing emperatur

.44
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Figure IIL-i is a radiograp of panel 5N6255C. This panel was'
reece bcas o eg-me ber voids dnd laok or vertical ties.

The light areas at the top nd'lett Indicate voids which are
typical of t~iose observed 1. the joints of edge meombers.

..The spaci~ngs,, oearanoep o ap between .the detail pairts in sand-.
wich panels lo be brazed~ de ends upon the d~.mensional quality of
the parts ano upon the qual ty maintained in the comRonents of
the fixtiirest The fixtures transmit contact pressurl to the panelI
tdetails during brazing.

Figure ItL-2ý is a radiograp showing the size of voi4 areis in
brazed joints or definite a acing. The light areas are void and
.the dark are brazed. Obvio sly, the percentage of v~id area in-
creases with increasing jpi t spacing. Additional Information on
thi subject is available I ME&D Brazing Memorandum No. 18,
dtdAugust T, 1957.

In brazin'gs, some foreiga ma ter is lIk~ly to be present ip a joint.i,>
The foreign Aubstances.*ay e solids or gases. Successf4 proce-
dures for brjizing sandwicoh anels ar uIte complic~i ed, gtnd the
presence of jroeign matter n the .1oeintse can be trouplesome. 1:0ow-

* eerfor~eign solids and ga es evidently have littl~et'efeot on
the over-all quality of the-joints provided'that proper brazing

procedur+ *ae followedt '.
-Foreign tlubstances in baejoints mat be lasfeas trollows:

s~z~gL5LL.~(a)t O,&4e and other n n-metallic films on the burfacie of t:.o
Sparts to be braze;

*' x) I~'-metallic t.nal aions In tj~ brazing al*Y; '
(aGases dissolvfd ,or meohapically held by, t4~ brazing

_FIgures ;IL "3 to I1IL 6 re hotographa at low magni4catI n shwig
Interior' 10~ations at braze Joints 0fedge members ~ftey4 the
panel, a n i4ad been pe~ead ff. The:. into were br aed .17-7PH

steui h trli lver 0.2% ithlum alloy., Al show,

1W 16
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Referring to Figure IIL~-3p the small black spots were identified as
silicates by X-ray diffrac. ion. The Interrnitteniy dark regions.,
associated with lighter on *p inside the larger voids of Figures 7
IIL-3 and MI-14 are thoughl to be non-metallic films on the 17-7PH
steel Z member. These fills* presumably oxide, would produce voids

* becausef ýo he poor wettini oharacteristiom of the contaminated
surfaces. The ciroularvdeiression at~the center of,'the large
void of Figure IIL-1 was c used by taolc welding during the lay-up
or the panel. The dark ri bons or channels of Figure IIL-5 may
indicatq non-metallic ithoi dod matter'in the brazin$ alloy. Figure

*IIL-6 shows irregularly *sh ped voids. These may prisent'an opti-
cal illyiopi, appearing as depressions or eievationq on -successive
views by an1 observer.

No voids have been found ich could definitely be ittributed to
gas entrapment In an edge- ember joint. Figure IIL-7 illustrates j
gas entrapment between a p nel skin arnd a nickel-plated brazing
alloy. The imprint of a hineycomb core cell can be seen surround-,
ing the bubble. Of coi+rse gas bubblqs could be trapped~ in edge- .
member ýoin ts. Figure 111L 8 shows the void channely for~ied by the

4sterlin$ a i~Ver 0.2% litthi alloy as~the result ofishrinkage on
freezin$ . Unless addit~ion 1 conditioi~s are present~to promote the,
occurrence fI voids in ,the brazing ailoy, the indic~ tions are that,
alloy sliri~age of itseaif Ill not cause objectiona~le voids.

Finally' t4 evidence ;as t at the pre~ence of only relatively
large a9d numerous void arI as will seriously decrease thF over-
all str~ngtll of an edge -me ber joint. Close joint tpaoing is the
most erptioal factor in, el Iftating voidso assuming proper control4-
of the ileaing and brazi operationfl.

41
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ITEM M -'EFFECT OF NICKEL. TING STAINLESS STEEL BaAzING SURIFACES

An investigation was carri out with the object of eliminating
oxidized'areas on 17-7PH a el by-applying a nickel-plated surface*.
The ide a~was held that thi surface would afftord more uniform
wetting~y the brazing hll . TensilO specimens,ý double-lap 'shear
specimens, and Z member su aces or sandwich panels were nickel
plated. -After plating, th latter two were brazed.' All-the samples
were tested to determine t effect of niakel plating the 17-TPH1
steel surfaces.

Samples X'orithe tensile to a were prepared from thlin sheet~ Material
of 17-7PJ1 stee-l in nominal hicknessed of -005"A .008"1, and .010". -

Nickel e-lectroplates de-sig ted as flash, .0001, .0002"1 and .0005"
thick were applied to the naile speci1mens.- Afterplating, they
were subjected to a typica production' brazing cycle. Tito unplated
samples were included for ch thickness of nickel plate..

The tensilejyield and 4ti te strenglti together willh thq elongation
were determined for the-va ous specinmns, For brev~ity, -the actual
tensile datý are not'in lu d here. Figure 1114-1 shows ýhe decreast.
in strength~plotted aga ns the thickness of nickel~platq. The
unplated no~ inal thickneso as used 1ri calculating the t nsile

ta trengti' ?igure Ifl4-ln in ates decr~eases In tens1~le st¶rength
In the tlire thickness of eet as th. initial diffusion of nickel
lowers th a trength of the 7-TPH steqli. The loss in strm gth 'is
grea~test. in the thinnest x erial. As is apparent, the 4trength
of the tpire# materials 'inc ases as the thickness oi~ the'nickel

~~ plate becomds appreciable. 1

The dou e .ap-shear sn ci na were prepred o o8 me measurc
of he n ikelplate a reeto tle baig,

surface xofhe steel. Tic 1 was applied by both d~ppint and
electroRplat ng.- Nickel p1 e applied by dipping is ,refevred to as ~
electro lpse Specimens' w h plates in both electrq and eleotro-

Vless niclel, were prepa~ed a flash, .0001", .0002",. and'.0005" thick.

The plat~pd ap-shear opbci no were t~ted at room ýevipeh~ture, 406d1
60o 0, 0 a d 900 F. FZIP evity, the actual shear 1test data are-omit~ted ,or. Figure 14-shows the hear strength plotted against
pltedprý elfor -the fla h d .0001" iclcnesses 1n~both electro-

plated leotroless tic 1. The f re 'shows -th 't coisiderably
j higher ai~ were obt no by electr lating than 1ydi ping.,

41-
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.For either method of applic tion, the effect of-the plate thicknes'eo
was seemingly unimportant. The shear-strength values obtained in
these tests are within the ange usually given by specimens brazed

* with the $sterling silver, 0. ltimq~y

Ten test sandwich panels in l7-TPH steel were brazed to evaluate
the effect of nickel platin and other treatments on-the quality
of joints. These panels, we e 1/2" x 6" x 6."wt demmes
The brazing bperation was c nditioned more or less to simulate
production pr'actice. Most f the work on test panels was~directed
toward t~yinS to obtain imp oved brazes of edge members with a

lessened num~ber of voids. ickel was applied to Z members by -

elecropltingin-flash,-, .0 01",s 0002%! and .0005" thicknesses.
On two panels, the skins as well as the edge members were nickel
plated. Tests were also ma e in which'the sterling 'silv'er 0.2%
lithium alloy was nickel or silver plated. A few experiments
were carried out to examine the effect of borax flux and of posi-j
tioning the brazing alloy al as to direct flow. Panels were
.brazed wbereE the surfacq of each edge member was giv~n the same
:treatment aV~ also wherq different tre~tments were appliejI.

The brazed toat panels jere X-rayed toidetermine the ef fec't of
plating 6r ot~her treatmdnt in the quality of the joints. Mt~eallo-

grahicexa~intio wa~md: of a few telected seations. ~The
re suits are pummarized. ýelo r.

Nickel p ati4~g the Z men~berl had the ef'fect of' produf'ing brazeca
with equ 1. better qus~lit than those obtained by other. treatment4
As statel, e other treatm rte includtd using borax~fluxj silver
plating ýheirazing alloy, Md positio9 ing the alloy, Ingui~ficientl

tests wereý nde with the Ia ýter two methods to deflnt the~ir effects.tTheadd lio of borax flux eemed to afd somewhat.

I Comparis ns ,of various 'eth ýds of trea'm"ent can be from d
t the radi ggrarphs in Figu~es IM-3 to I~I-5. The mostnotl~eabrlem

improvement'from nickel~pla ing appear9d along the egges ~nd In
the corn r joints Of Z pemb r brazemenps. Here, the-b ba.ng ally '

complete ~y ftilled the a eas that wouldihave only-partial lrfilled V4'
if the nRckkJ plate werf no, present. !The thickness' of tie plate ~
had no~etred on-the qu'lit or the br zements.

rýe',none pSno~ where the 1i ' as well a 'the-edge '0m era were nickej`

w~ a.
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*and Figure XIM-7 is a radio raph Illustrating the core area.
An attempt to reproduce the large riiiet size by nickel plating
*the skin$ of' another tent p rial was uniuoc'essful, 'The conditions
-necessary tot the formation of-.unusually. Uarge filleto were not
determined.

'* * 4 , I
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A few expierimnents Were 'carr ad out to determine th. reasons f or the
'difficulty in retaining suf bl~ent bratizig alloy 5.n.the top skin
of deep sandwich panels to orm* lre fillets.,~-

Four te st -panel1 s, 3" x 6" x 6", werea prepared of lT-rPH steel. The
standard sterling silver 0. % l0ithiwu alloy was used for brazing.
Figure IW-1. shows the arra gement of the brazing foil at- the core
junctions with the top and ottom skins. The timie aftd temp~erature of

* ~brazing werej as follows:

Panel 1- - l0-minutes a 1600 F *

Panel 2 -'10 minutes a 1650 F

Panel 3 -20 minutes a 1650 F

Panel 4;-20 minut~s a17'25 F

Figure I JN-2 shows sectloris of top andibottom skins peeled from the.
* core. Ta Vpnel was brazedfat 1600 F.i The photograph Indicates

the amou t qCbrazing alloy which V10owfid up or down the 3' core
.section ~nd ~as deposited oz the opposite skin.

Obser'vationarlof'the pariqls 4howed that'the flow of blazing' alloy
into the core node regi qn p oceeds fro4 both top andibottom skins
simultan ougly. It is Ijhe ajor mecha4 Ism causing iqsuIf~c lent

*alloy to be present to form adequate fillets In deep'sandwich-
* panl seticis The Ifoz'e f gravity augments the a pi~llry flow

of brazilqg kIloy to thebbot om skin. Thus, larger ft 3leti; are formed
at the bdttom than at the t p skin. Flow from the bpttomrtto the.
top is t1qe r~esult of capill ry action 4t the node.

Node flo~ ta es place 39 to 50 F below~the temperatute necessary
to fr Atisfactory flilleots The variation in tempirature at whi hkl
node V loi ocý3urs is pro1~abl due to ditferences in t~e oxide film
present ~n th~e core. Adothir factor affecting node r1ow may be
.the time during which a pan 1 Is held *t th rzn~emp, rature.
However,;~no, feot was ote for the tims, 10 and 20 minu es at. 4
1650 F,' 8 1, eprimens. h Interval eisr

.,to meass~ e time off ct 4 prObabif -much shorter, tham, that-
used in tho work, - *. ,;
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ITEM 0 -LIMITING NODE PFLOW INTIKC ADIC AE SCIN
BY SITUER xMUMN~

A preliminary investigation was carried out with *the object of'
trying to control node L'lo -in brazing deep core* sections of.
sandwich. panels,, by silver lating. The plating was intended to
make additional silver ava able to the'~sterling silver 0.2%

I lithium allay during the b zing operation; With additional
si.lver pr'ovided for soluti by the brazing alloy,, the melting
-range shbuld be raised and low restricted. InitiaJ', braving
experiments'.incorporating ating were promising., c

*Five 2-1;/2 ;X.5" x 5"1 sand ch panels mere brazed. -These were
identified as A-1 to A-5. ihe material was l7-7P1* steel. Figure
*110-1 shows the variations n positionIng and amount of brazing
alloys together with the, 1 cation of the silver plating.. A flash
silver electroplat% was ap lied wherever plating'is indicated.
The flash plates were abou .0005" thick. On panels which had
silver plate d on the ceye aces, the ýength ofth leaon
the cell walls varied iwom 1/811 to 3/8tei"a ln

In addition.,to the usuall cleaning proqedure, a hot sulfuric
acid pic~kle" was used orl th4 core sect;.one of panels A-1 ýnd A-2,
prior to pipting, to ot~tair. good adheqence of- the silver, to the'
steel. 'Yor panels A_3,, A-i , and A-59, the pickle was omi ted on
the corq tions to bý.p14 ted. Thex'o was no'evide~ce toiat this

*omissior ch~jnged any o ' thi brazing cljaraoteristics~

L a r g e f l l s w e e fo r d
Lag q~wr oned It both the 'top and bottoi4 joiPhts of

panels A-li' A-2, and A-3. The illusttations in Figures'110-2 and
110-3 aile typical of these joints. The use of' extra layers of

*the bra~ine; alloy or a ~sil er plate oA one-half or Poth ti-e top
and bot~om skins, as w~th anel A-1, resulted in no. appat~ent

diffreIce 4tn the type ~of raze obtained. Node fl' b in these three
panels ixtefeded from 0 'to /10 up or Oown the core trom the
brazed 4oin~ts.

O'Tests-pu t e pcmjtlken from p ~el A-3 gave verage strengtfih
of 15V~sin flatwise coje compress Lon.. This is considerably

.above the niinimiqm 5 trepth Of 875 P41 specified for', the type 3-15 ~
coemaiertal. used In 0 Anels bra44 in thisj invstiaration.

Cr
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An attempt wats made with par 1l A-4 to freeze the brazing alloy in
the top fillets restrictedl and prevent its flow down the core
nodes by silver plating onli the top edge of the core. The bottom
edge of the core was not p1 ted. Thuso the brazing alloy on the
bottom wjs eipected to deve op some node flow upwards. The desired
results were not attained. Node flow extended 1/4" or less down-
wards from the top braze Joints but was completely absent above

,the bottom Joints in the ha f section having the silver plate
on the top edge of the core This condition was not caused by the
brazing qtmosphere inasmuch as the panel half which vas not silver
plated or any surface showec definite node flow from ,both top and
bottom Jdintp. The reason is not known for the lack of n~de flow.
from the ,'o tým in the pane: section having the silvqr plate on
only the .top. core edge. Thi foregoing observations lonce ning
panel A-4 were confirmed by repeating the test brazing with another'
panel prepared in the same ay.

The 1-3-1 tri-metal alloy w s used at the top of panel A-5. As
explained in. Item I under B azing Alloys, this section abqve, the
designation L-3-1 indicastes the relatiye thicknesses~of the three
layers in tho foil sandwoich In the piesent alloy, the outer 1
layers were pterling silver 0.2% lithium and the center 3 layer
was pure si1ger. This tU i- etal alloyidid not flow 4t the brazing
temperataure used, viz., 661 F. 1 5

) c i .a
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ITEM P O ONCLUSIONS FOR ITE? 3 L, M, N, 'AND 0

A study ot thg causes frtz an mthdod o4 eliminating JO'Ids'ý,In edge
members of brazed sandwich. pnmsln Oled td the following conclusions:

Edge mL-%ber voids are or luoro frequent Occurrence when the sterling
silver 0. lithium alloy Is used for brazing as contr'asted with the
8 5:15 ailrer-manganese alloy,

The obserled ýauses of voids are large joint gaps, fo eign-matter in
the joint& anjil brazing alloy shrinkage. Foreign mattir irialudes
oxide films on the surfaces o be joined, non-metallii inclusions
in the brazing alloy, and gal evolved from the metal 'crazed or from
t.~"he brazing alloy.

Close joint spacing is the mist critical factor in eliminating or
minimizing voids in brazed eigo members. Foreign matter and shrink-
age may be difficult or Impolsible to control.

Only relative4l large vokld a eas are'thought to impair seriously
the over-all ptrength of.a j , it.

An investigation to determin the effect of nickel plating J.7-7PH
steel sur~'acep before braizin gave usefip informationi' This inves-
tigation las carried out.)pri arily withqthe object of~decr~asing

*the obcur enco of edge-membe: voids by tAickel iplatingý

Nickel pl tin was found ~to rovide a sltrface moreire ~ponsive to
brazing or we~ti:; by thq br zing aloy, Brazement ~f eq~al or ..

better qu~lit-7 were prodiced by nickel Ilating than b~ oth r
metodst~id for rdui'" ti nuber oXvoids.

The tenslie pk'operties of'17 TPH steel In light sheet were not
appreciabl4y changed by n icke pliting 'Also, th ou 10 i-shear
strength fi specimens wa ulittle afkcted by.niokl ting.
The effee of':various th ~ckn sees pf ni$Icel on the pr pert es was

re3atiel~unimportant.

* The least podpibld thick4ess of nickel ltisapparintli,,1as help-

*ful as ldgerg thiccniessee i on the result obtained in briazing.,
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.,A few experiments made to o serve the node flow of brazing alloy on
thick ooze sections in sand ioh panels afforded interesting facts.
This wor1; showed that brazi g alloy flows into the core nodes from
both the top and bottom ski 9. The flow from the top skin is
accentuated by gravity. .Th se observations serve to explain why
insuffioent alloy is retail ed at the Vop skin to form large fillets.
They also explain why large fillets are formed at the bottom skin.

- Another investigation carri d out with the object ofeInhibiting nodq
4 flow by liver plating show d that this was feasible,4 In this work,

the plat ng iqas applied var ously to s1ins and core qdges~of thick
test pan Is. The results a owed that A flash electr plate of sil-
ver, on the 'dge and extendr ng along the core about t/8 prom the
edge, eliminated node flow t 1660 F. The effect was brought about
by the additional silver fr m the plate, this dissolving in the
sterling silver 0.2% lithi alloy on brazing and thus raising
its flow temperature.

In connectiop with the qbovJ investigation on silverrplat ng,
face comgresfion tests vlere made on samples from a t pica
panel br~zed in the labQrat ry. The r~sults showed that ihe column
strength of 'the core withou node flowwas consideravly a ove the
specifieq miniimum strength Ith flow. •

L

L ,,L 3 1
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Fl ,¶ ure I - p - 1n I bottori ,k ri in f te(,I ; " 'i;t e L .,razed

The t;op '.wo .ectloti- Snow !*low from brazluig, allo,,'
place.-A 0•/ t~ottOm •Kin of' ; core ar&. ! 1 -sectlon to
top skin wiere no alloy wa6 origji.liy present.

The bottom cwo sectloiis si,,w i'low from urazing aiioý,
placed on top skin of a "3' core pafiel section to bottom
skin where no alloy was orig.nally present.
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Kag. IOOX Unetched

Figuf 110-2: Top briaxing fillet; panel A-2.
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INDUCTION BRAZING OF EPAINLESS STEEL SANDWICH PANELS

INTRODUCTION

In September 1955 a detail d manufacturing research proposal was
approved which included Be eral research programs on problems
associated with the fabr~c tion of stainless steel sandwich panels.
The purpose of these progr s was to investigate various methods
of sandwich panel Joining, such as resistance brazing and welding,
ultrasonic welding, and in uction brazing. The problems were
studied simultaneously at onvair and by certain other companies -
under cdntract agreements. The preliminary results Pof the inves- -
tigations ipdicated that t e induction brazing approach showedconside~ablf promise. .

Battelle Memorial Institute conducted research on induction braz- I
_- ing [rom March 1956 throug August 1958. Summary reports covering'

their work ýiere issued!Iin iebruary 1957 and August 198. Convair
Report MR 55-14 summarizesitheir work from March 1956 to January
1957.

Induction brazing studies ionducted at Convair, Ft. Worth were
similar to 1those pursued b• Battelle auring the early stages
of the Jnvestigation, 'ut were more limited in scopf. F[rom
March l158•to February,195f an effort~was made at Cpnvaif to
adapt iiduction heating to contoured pandwich panel brazing.

Inductign ýrazing of s wndwch panel structures offe s two
advantages 1over the convent ional furnace brazing me hods,. The
time duMin& which the 1razlng alloy i molten can be matoerially
reduced by the inductin method. Diffusion of a brazin4 alloy
into thp bse metal Is a fUnction of time at temperature. Thus,
inductign lirazing could afrord a meanp of control over the
diffusion problem in sandw4ch panel brazing. Induation (brazing
also afrords a means ot co, trolling brazing alloy f4ow in

.. curved *an4wich panelsa thr ugh its Application to aj zone brazing
techniq e T [

This mepiorandum is issued o summarize the basic conclusions
regardikig ýrazing by ap I uction hea~ing process. Addktionally,
it describes the work pna ntoured sapdwich panel braziqg done

"athelte.at Con lr~in the laterrs gee of thelprogram.

I ,A
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A method of Induction brazi g'flat or contoured stainless steel
honeycomb sandwich panels hs been proven to be feasible on
an experimental basis. The larger portion of work on brazing
flat panels. was accomplishel at Batte.lle Memorial Institute.
The contoured sandwich panel brazing was done in the Engineering
Metallurgical Laboratory aq Convair, Fort Worth, fl t t test
panels 1Y2" x 10" x 20" an 1800 contoured panels l/1 X)10" x 15"
were brazed satisfactorily y induction heating.

The fol]2owi~ig'statementis w i~ll serve to- 'summarize the, basic
requirements and limitations determined during this investiga-
tion for the use of induction heating In sandwich panel brazing.

1. It is not ,ecomoni ily feasible to heatt an-entire
honeycomb sandwic pae by induction because of
the excess~ive IV.)weir requirements. This limitation
necessitated the adoption of controlled movement

,of a narrow brazing zone..

2. It, was found that 'to maintainý a specified p'anel'contour
*a reference form was necessary. ITils need was q4ccentu-
ated by the use of, the zone brazing technique idciicated
abpve. A pane package'simiilar to that used at^Convair

*fop furnace b zing proved sa~tisfactory fo thea
induction-heating nethod. ~

3 L' It.'was necessar'y tio maintain 'the over-all ýanel-temper-
at re within 2PO 3010 F of ,the braze zon# ternperature.
Ottierwise, the th a xanklon forces c axse d ~arpage*
SBy1 inclosing 4e tIre brazn operation u.nsid~ a
resistance-type e ectric furnace this requirement was
fulfilled.

4.wrinkling prob~lem were solv~.d by the use qf-oah pn~ 9.060"
wrnkle barrier s eet. The wirinkle barrieg was~inserted

be ween the tcjp p nel skin arid the vacuum cover sheet
_aelp'ack e,* It protected the panel skin

frcm wrinkles ýtha sometimes 'developed in Vhe vA~cuum
jer sheet.,

J ,A
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5. There was a slight tendency for the panel core to
bridge away from te bottom panel skin in the lower
section of 1800 c tour panels. This condition ex-
tended less than 1" into the panel from the panel
edge on each side. It was thought that this was
caused by poor mat ing of the detail parts of the
panel package rath r than by the brazing method
itself.

6. A two to four tur flattened, loop-type induction
Scoil seemed to pr ide the best configuratin for
transforming the lectrical power into heae in the
paiel package. T use of induction heatirg -

w friquencies in th 14 t 1 0 Kc range proved 'satisfactory
-for this applicat n. These Trequencies give greater

depth of heating, ad less tendency to arc, and made
the coil-to-work acing less critical as compared
with much higher equencles.

7. Liptle or noth4ng as gained •by attempting,'to hqat from
both sides of ithe panel package when a brazing form
waj included. Thq brazing form shielded the bottom
pagel skin from any induction heating effect an4 thus
mage attempts to *eat the panel from this 4ide of
the panel packlige ).seless. Sandwich panels up to
0. 5" thick have been brazed by heating from only
one side of the package with a temperature gradient
oftless than 59 F between the top and bottqm skins.

A lhough all ipipo tant variations of the above ?actors
hale not been exa. ined, these, tests are su~ficient
totprovide a souni background for adapting iinduqtion

-hepting to thee production brazing of honeyqomb
san dwich panelp.

1 I

PROCEDURE: t

This sectio describes the ethod used by Convair t6 bra'e contoured
sandwich pa els by inducti heating." The procedur# use4 by
Battelle in-brazing flat p els is no4 *overed here- Ittis
mentioned bliefly in t*e d scussion s~ction. Details of their
method are riven in Convai Report MRm55-14.

, ,WP IIt ,
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Figure I1Q-1 illustrates t experimental brazing setup. The
equipment shown is a two 1 p, induction-heating coil inside
a Temperitej resistance-he ed furnace. A device for rotating
the packaged, sandwich pane assembly is mounted inside the re-
sistance furnace. This apfratus was rotatable from the rear
of the furnace by means of i hand crank, not shown in the
picture. The panel assemblr is attached to the rotative device
by slotted steel tabs weldes to each corner of the panel.package.
These ta s were bent around the 1/2" stainless steel4 prorigs of
the rotative device. The pnel assembly was centered in the
inductiok cpil by means of lock nuts on the prongs crf the rota-
tive devj.ce, .

The cavity of the resistano; furnace served for both preheating
and po3theating. An inert htmosphere was obtained inside the
panel package by alternatel4 pumping out air and admitting argon
gas through a stainless steel tube welded into the upper left
end of the panel package.

After the p nel had beer prpperly purged, the resistance fur-
nace was set at 1000 F for heating overnight while lhe interior
of the pjanej package wap he*ld at less than 200 micrqns pressure.
The following morning the 'urnace temperature was r~ised to
1550 F, fndithe differentia? pressure bn the panel reduced to
12" of mercury. As soop as. the panel temperature reached
1500 to .55Q F, the indpction heating pnit was turned on and the
panel asemply was rotated !through the hot zone under the
inducticoil. The papkalge was then cooled, and th4 panel was
cut out foriexamination.

Inductioh h~ating frequenciles of 450 and 4.2 Kc were" used for
the testing-as :"isted i• Ts le IIQ-I. The 450 Kc fr~equeqcy
was obtapneo from, a Westinghouse 10 KVý vacuum tube pscillator
type unip. •The 4.2 Kc f'reo.ency was Optained from 4 30 IVA
motor geper&tor unit.

Panels fpr xperimental braking were packaged according to the
types ofi as embly illus ra.d in FigUl IIQ-2.

Twelve 17-7 H 1800 cont ured sandwich panels were p~eparod for
brazing tiur ng this inv st ation. Tt~se panels arq listed
in Table II -I. Panelsrl 5 were hepted by passizig an~induc-
tion heainl coil complpteJ around thi assembly as .show4 in

*I I , R l l l
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Position 1 of Figure IIQ- . Panels 6 to 12 were heated by
placing the induction col on top of the package as shown in
Position 2 of Figure IIQ-.

Two methods of temperature measurement were used in the testing.
Either thermocouples or ar optical pyrometer was used. NQ
dependable method of placing a thermocouple under the induction
heating coil was found.

The experimental procedure of brazing is described pin more
detail undqr the discussioln following. .

DISrUSS-IONi - -

This section is divided into two parts. Part I is a summary of
the basic problems encoun red during the induction brazing
program and of the methodsl used to solve these problems. Part
II describes the method deiveloped to apply induction heating to
brazingl of contoured sandlich panels.,

PART I:;

In order t produce satisIactory stalnless steel sqndwich panels
three condjt tionz must Pe qatisfied. First, at brajing temperatures
of silver-ease brazing alloys a nono.idizing atmosphere is
necessary. 1 Second, some sort of brazing form is needed to
produce' panels having the shape required and quali y desired in
aircraft sýructures. Thir:d, some method of mainta ning'contact
of the yarjous panel part. during the brazing cyclq is necessary.
In furrqace brazing these oonditions dre satisfied ýy endasing
the sartdwiih panel in a welded braze box containing a graphite

Sbrazing form, purging witi argon gas, and brazing under a partial
vacuum. M eting these1 requirements in induction brazing is
complicate by the relptie position .of the brazin• forl and
panel ]Rack ge to the ipduq~tion heatiqg coil. Considerable exper-
imentation was necessary to determine a satisfactoqy br4zing
procedure.

One of -the~first decislon was that it would be imlractfcable to
heat m6ýe than a narrow zdne of the packaged sandwich panel to
brazin te ,perature at• one time because of power cqnsiderations.
Such a'•on lusion neceSiTated movemdnt of either the p~nel
past thp I duction coil oz movement of the 'coil pa~t the panel
package,. 11 work thrpugjout this investigation wds acdomplished
by movement of the panel l~ast the induction coil. :This 3 in-volveda m .nimum of probl@ems, at leakt for relativily small panele.

UTIL ed ofR at la for
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The adaption of a narrow b azing zone necessitated preheating
and postheating the work It reduce th~rmal gradients in the
panel pickaige. In the Bat elle investigation, preheating' and
postheating zones were two ~separate furnace regions with the
induction coil placed b 'etw4 en them. In the contoured panel
brazing at Convair, the s ae furnace space served for both
preheating and postheatingias well as brazing. Attempts to
braze oqe portion of the p nel while the remainder was n~t
heated Were completely uns ccessful. It was found that preheat-
Ing to 1504- 200 F below t e brazing temperature produced panels
which s4tisfied the flatne s specifications for Convair produc-
tion panels... It was possi le to maintain the. postheat temrper-
ature as much as 300 F bel w the brazing temperature without
causing permanent warpage f the panel. This subject Is
discussed at some length il the Battelle Progress Reports.

Attempts to eliminate the graphite reference block or substitute
a ceramic material were likewise unsuccessful. An example was
the use)of ~ycor platet by..Battelle in brazing 6"1 x-.61 flat
test panels.. Tests wi h Vjrcor were abandoned becauie p1~tes were
unavailfbll in larger sizes. The panel package adopted was &ssen-
tially the same as that use'd by Convajr in furnace braziyig.
Three v3"ri~tions of th~s package are phown in Figure 114-2.

rI
The coij. configuration-found to be satisfactory was~a hellically

wound 1~, 1ofu unci. This con. was passed ýomp31etely
around ~he package in the J'la t panel brazing prograj as In

I Ir 
in uPositiop 1 of Figure 1TQ-37  An induc ion heating f~~ of

450 Kc ~as 'used during~all~of the afla-panel and py~t of the
contour~ d-ýanel brazing p 'gramns. Th~s frequency wjas se~lected
in an e C oýt to obtain ma mum eff icli~ncy for trans~ormqtion of
electrical.,energy Into heac This se~ection proved- to be
unsuitable because of Phe Igeometry of, the sandwich pane1., in the
package. Afficiency was approximately equal and ease ofý opera'-
tion muph Vetter when fre ajencies in the 4 to 10 Kc, ranF~e
were employfed. This was d4ie to the ilcreased deptkk of Ileating

*obtained at the lower rrea4.encies. it can be seen in Figures IIQ-29
and 11*-3 that the bot~om andwich pa el skin must ýe ft~rther
away f rm Jhe coil win;1in~ than the ~op panel skin in package
of this ty e.

Using the ~bove proced~reJ Battelle Lvas able to br~aze 4atisfactory
1/211 x 2" X 2~4 sandwich ~anels. T1~ir final arrangement
consis d af a Globar rehieat and po theat furnace ýJwith a two
turn I. uction work co I c+erated at VL 0 Ka. The p~heai zone
of the urnace was hea ed to 1575 F d h anel ha bz~azed
using arigsle ua .%L 725F'T tae was *t

UTILITY REPORT $MEET D.mo 6ivr .%~F
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drawn through the heating coil at a rate of 3" per minute at.
a power setting of 4 KVA. The temperature was read with an
optical pyrometer. The po theat zone was operated at 1100 F
to coincide with the condi ioning step temperature in the heat
treatment of 17-7PH stainl so steel.

PART II:

The use of the zone technicue in induction brazing flat sandwich
panels led to the attempt 1o adapt this procedure to controlling
brazing alloy flow in seve ely contoured panels. Brazing alloy
flow occtrs under the inflhance of gravity while thq all9y.is
molten ýnd pauses a builduo of the brazing alloy in-low portions
of the sand ich panel at týle expense of the higher iegions.
If the brazing alloy were jolten only.in the lowest~portlon of
the panel, no flow could odcur. This can be accomplished by
the use of a narrow brazind zone.

In ordeý to try zone brazir1g a contouqed panel, a saalnlvss
steel rota4ng device or hanger was m9unted inside a resistance
furnace, as, shown in Figurq IIQ-1. Hooks were weldqd onto
each corner of a 1800 8imply contoure4 panel brazint retort so
that it cou~d be fastened qnto the hanger. The induction heat-
ing coil was mounted so that it encircled the panel package.

A vacuum line was welded into one end of the package to permit
control of Phe atmosphere qnd pressurq. During brazing,,the
panel was rptated 900 from the position shown in Fiture ýIQ-l,
and the induaction power, wa4 turned on; The panel was then
slowly .gassed through the eating ooiJ until the enlire Panel
area haq ben brazed. j 1 uni

The fir~t five panels were test brazel using a 10 KiA'Welting-
house vacuuý tube osciflat r unit. Tile frequency ot thi• unit
was 450 Kc per second. Th se panels were packaged as shown
in Type 1, Figure IIQ-ý he results as given in Table IIQ-1
were quIte unsatisfactQry. To obtain ,the required brazisg

a the inductZn f oil-to-pan9 l spacing was held'at
tempera~ureý the1a
0.25" or lehs. This made he alineme4t of the panel on the
rotativa de6ice quite c•it cal. Also the heat on the inner
panel sktin •as inadequate, although tje best measurqmentp obtained
showed jhe Iemperature gra ient from top to bottom skin Was
less than 50 F. The tempe ature difference between top and
bottom jane,. skins is a fur otion of the speed at wh ch tte
panel is pa sed throughý. th( heating cqil. A speed ff 1 0 2"1
per minqte •as used foij al: the sont.aired panel braling.1

' "' I " r
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After the first five panels had been brazed, it was decided to
try lowering the induction eating frequency. A 30 KVA motor
gencrator was available; th s operated at 4.2 Kc. It was also
decided to heat from only t e top side of the sandwich panel
package. Because of the pr sence of the 1" graphite braze
form, it was obvious that f om distance considerations alone
very little heat could be t ansferred to the inner panel skin
from the 'bottom section of he work coil. Tests showed that
the same coil configuration was still satisfactory when placed
in Posit on 2 of' Figure IIQ 3.

I i C

It was tiought that the gra hite form might be sappihg heat from
the bottom panel skin. Con equently, a layer of Fibdrfrax insula-
tion was intt'oduced as show in Type 2"of Figure IIQ:2. After
the Fiberfrax was added, no further trouble was experienced in
heating lower panel skins. ,On panels 8 to 17 the barrier sheets
were placed as shown in the Type 3 package of Figure IIQ-2.
The bottom 0.032" barrier ppotected the bottom of the panel
from imparfections in t)e F~berf*rax. The top 0.060".sheet
protected the panel frorf wrInkles form d in the vacuium digphragm
sheet of-the' brazing retortiduring brad.ing. t

A problem which caused aome;trouble wal that of insulating the
water cooled induction qoilifrom the biazing package. Thf
methods showp as Types 6, b' c and d i4 Figure IIQ-4'were,
successi~ely. tried. It wastfound thatType d was beqt frpm
the standpoint of thermally iinsulating 3the coil froin-the sand-
wich pan1 Itself.

I ~C
Accurate •temperature measurnent of thq brazing zone was
difficult. ;everal methods of introdu ing thermocouples yere
tried. All 4he tcmperature showrn in Table IIQ-I represeqt
surface temperatures on the Ivacuum diaphragm sheet o; therbraz-
ing retoqt. ]The only usabld thermocuuple measurements were
obtained .by ýirlng the couples underne4th the center loop~of
the indu tion heating cQil ao that the :thermocouple was between
the Fiberfra* and the brazijg retort. iThis method was no.
dependabje bVcause the vire, sometimes burned off or .the
thermocouple arced out dn tije brazing ijetort. Readings taken
with an 0ptiCal pyrometgr wcre satisfactory although the
temperature iead was us all 30 to 50 I• higher than that 9btained
by thermc'coukles. The her •ocouple reqdings were coqside ed
more accqra. t j ,

3
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Test panels 9 to 12, listed in Table IIQ-l,were regarded as
satisfactory from an experi ental standpoiat. Items such as
cleaning, atmosphere condit ons, and fit of detail parts were
not as ciosqly controlled i this Investigation as they would
be in production brazing.' anels 9 and 10 consisted of 1800
panels 1/2" x 10" x 15". A photographof panel 9 is shown in
Figure IIQ-5. The uneven f llets were caused by poor wetting
of the 92.3% Ag 7.5% Cu plu 0.2% Li brazing alloy on the 17-7PH
stainless steel surfaces. ,his was caused by inadequate cleaning -

of the pinel parts. ( -

The bridginM or separation f the core and skins in the center
section of the edges of-panel 10 was the result of pbor fit of
the braze block in the brazing retort. Panel 11 was brazed with
0.125" stiffeners around tht edges of three sides of the panel.
This arrangement was for th• purpose of checking the heat
transfer through the greatei mass. The braze on this panel was
exccllent although the mismttch of the panel parts caused
inferior: over-all panelqua'ity.

t
Panel 12 wal brazed witi O. 5" thick hpneycomb core., When heat
is applied to only one side of a sandw.ch panel ther•e must be a
maximum thickness over whic the inner.' panel skin can noý be
brazed. /This panel sho'ed that 0.75" is within the limiting
thicknest wlich can be brazod by such a micthod. No*e of the
1800 contoured panels listep in Table JIQ-I exhibiteld any
brazing alloy flow. ,

CONC LUSI INS •+,2J ,

1. Induction heating s a feasibjle method of btazirg

,honeycomb sand.ich panels. ,,
t A C I

2. E A ajor asset pf is method As the speed at which
thi brazing caqi b accomplishpd.

3. Induction heating ffers a method of qe'iTminlatinrf"-
alloy flow in bontured sandwich panel braiing.

t
4. '4In~uction heat'ng -requencies in the 4 - lQ Kc range

are suitable f r ndwich panl application,.
5. 'Sadwich panel~str Ictures up ito 0.75" thicl can'be

Sbrized by heating from only one side of thO panel.

h I,'~3

ii i i i i i
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SECTIONII- BIBLIOGRAPIu

The res~iats of' some in~ies gations on brazing 17-7PH steel and ~
related~ subjects, carried ut by members of the Engineering
Metallurgical Laboratory, ave been dtaor'ibed in published
Convair'reports. These a listed bowtogether wtanabstraOt"I
of each'. The abstracts-a mostly verbatim statements, from
the ind~vidual reports, g ing the pur'pose and a summary of
the various investigation.

The results of the experj. ntal work not previously, published!
by Convair are given ih t present report. Practilcally all of
the unp4.blished data hpve een made available fromAtime-to time
as memoranda) tables o~t t values, graphap photozkicrographs,
and othier information jto limited number of interested-indivi-ý;
duals.

1.. Z R Wolansk4 'M~aterial - HIigh Temperature Honeycomb ,-ýf
MIthods of Bohdi g - Determination of -,FGT-1153,

1Npvember 5, ],953 26 pp. (F-4182)6

ABSTRAOT: r

One purpo! ofthsple igation was to develop m~thodh of
bonding i t~kinless steel s ins to honoycomb core us ~ng h .gh
temperatur'p brazing al~oy .Another~purpose was to dettrmine
the optimuln heat treatmen for 17-7PH steel in the annealed and
cold wqrkepI conditions4 . oyweetI

Six couimerp ial brazing al. oswr sted. These 'ad fl.ow
pointsin Ithe range o4 11 5 to 2100? Type 3218 sainlpss steel

* ws s~ 4rskn atria , and 17- 7 H steel Was uled fbr core. ~

Microsdopic examination o brazed panels showed that good fillets!
*betweeiA the core and skin and good ]bond between thle core ribbons.,,ý
at the spot welds were es ential for~satisfactory resu2~s.

Furnaci brzing was found to be feasible for both flat' 3 nd curved1
*panels; Zter applic~tio of the brazing alloy, th~e panels were
assembi.ed~n a holdind fi ture and sialed in an atkosphere
envelopi Ott chamber. Resi tance blan~et brazing prisentled possibiil'
ities of d~raotical ap, lie tion.

For aniea d ("A" condiiti n) 17-7FH It.*2.g the m amum tensile
yield ond ultimate sty',en h., togethe' with relatively igh
elongaio, was obtaiped y the foll wing heat tre.ýtmen i Condi-
tion 4atV00 V# queifiohe in water ~t 60 F or s1irhtly* be low#

uyir MONT it'..,
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and aged at 900 F for 2 hou a. High values were also obtained
by aging at 950 F for 1/2 h ur to 1-1A/ hours.

For cold-rolled ("C" condit on) 17-7PH steel, the maximum
.tensile-yield and ultimate trength, together with very low
elongation, was obtained by aging at 900 F for 1-1/2 hours.
High values were also obtai ed by aging for 1 hour and 2 hours.

2. Z. R. Wolanski, "Empirical Data - StainlessASteb-l
Sandwich Panels - ýow Temperature Brazed - Gener1al

kResearch Tests of .", FGT-1340, April 7, 195,5o
22 •pp. (F-4696, Su p1. 1). ",

ABSTRACT:

The purpose of this investi ation was to determine the effects
of various cooling rates, diring brazing and conditioning treat-
ments, on the tensile prope ties of 17-7PH stainless steel.
Sheet .005", .010", and .02)" thick, u timately aged€ to the'
TH 1050 condition, was Pest d. The information obtained'was
required in cstablishing pr)cedures for brazing and heat treat-
ing stainleqs steel sandwic panels.

This inv stfgatioa showed tiat in the peat treatment'of 17-7PH
sandwich,panels, the coolin rate for •he conditionipg treatment
in the temperature interval 1400 to 6D F and 1400 th 0 'Y was
not critical. The test resilts indicated that coolipg times as
long as 20 qours in bot§ te perature iptervals had littlq or no
effect on tqe tensile prope ties.

For brazing.operations 6n 1 -7PH sandw;tch panels, th-e coQlling
rate in ýhe temperature int rvals 1700 to 1400 F and 1700 to
1100 F was not critical as oncerns tensile properties. The
test res lts showed little r no effecp on tensile pIoperties
for cool~ng,times as lopg a3 50 minutep. For the interval 1700 "'
to 0 F t e tensile yielp ani ultimate strength showed little or
no chang , but the elongati n decreased by about 33% for cooling
times be wein 16 and 50)minites.

The results of this inv sti ation indibate that in býazing 17-7PH
sheet at 17,0 F the conliti)ning treatment at 1400 Flmaylbe omitted,"'
and the req~ired tensilt pr perties a 11 be. obtained.

.,] L | , f,
A

' i I'l~i:
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S 3/ S., D. Tannenbaum it al., "Manufacturing Reqearch -
Materials - High 'emperature Brazing Alloy - Metal
to Metal Sandwich Panel Construction - Preliminary
Evaluation of -", MR 54-5, April 20, 1955, 14 pp.
(F-4743).

ABSTRACT:

The purpose of this invest gation was to evaluate several commer-
cial brazing alloys for po sible use in the manufacture of honey-
comb sandwich panels in 17 7PH steel. I I

Each alloy)was evaluated b brazing lap shear speditiens and test
sandwich panels in a hydro en atmosphere. The lap shear- speci-
mens were tested in tensio at room temperature and at 1000 F.
Acceptable test panels wer loaded as simple beams to failure
at room temperature.

Of five alloys tested,lonlf one, a sijver-base comppsition,
appeared to give satisfact )ry results. The others showeo penetra-:
tion and dtsintegratiop of the steel pr quite deficjient •bond.

4. P'& F. Ghena, "Materials - 17ý-7PH, 302-3/4 Hard, and
321 Annealed - St ength and Size Effect on Repeated

! Exposure to 1000 - Determination of -", FTDM - 1415,
- May 3, 1955, 21'p. (F-4696, Suppl. 4)

ABSTRACg2:

The purposq of this invest lgation was to determine ,the effect
of repe teo exposure tp 1 Q0 F and subsequent coolnjig to room
temperaluri on the tenpil strength ýd dimensions •of tdree
stainless 6teel alloysý i luding 17- PH. I

The repeatqd exposures we made on specimens of heat tPeated
17-7 steel aged at 1050 . This material was in the form of
sheet, .01" thick. The ets showed that exposures for 30
seconds at) 1000 F had o fect on the tensile strxgth~or
dimensions~of the 17- H ecimens. -_-

5, P'6 F. Ghena, ,"Emlirical Datq - Armco 17-7P•H Stainless
Skeel - Heat .Treatment - Transformation and Procipi-
t tion Harderning - Effect o4 Time and Temnerature

.F$T-1347, MayF-9 19551 77 pp. (F-4-696).

1 . . . . , 1'

, !, i i
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,ABSTRACT:

The purpose of this investi ation was to examine various methods
for the heat treatment of A mco 17-7PH steel and to determine
the feasibility of combinin the conditioning treatment with a
low temperature brazing cyrc e for the production of sandwich panels,.
In addition, the effects of a conditioning treatment after a
low temperature brazing cyc e were studied.

"Tensile and bend specimens ere prepared from I7-7PH~stee-I sheet
in thicknesses of .008", .0 4", and .040". For the btudy of
conditioiin, treatments, th effects of various temperatures

Sfor times of from 5 to 60 m nutes were investigated., After
the heating; some speciuimens were immedtately quenched in Water
at 60 F. Others were coole in air to room temperature in 15
or 60 minutes and then cool d at once to 0 or 60 F. Precipita-
tion hardening was effected at several temperatures from 850
to 1050 F for periods of 10 minutes to 24 hours.

eI

The .0084' and .014" thick s eets were found to be relatively
insensitive ,to conditiooing variables pf time and teliperatture.oth .040" matetiallrequired longer times at• the flower
temperatpres to produce str ngths compprable to thosp obtained
at higher temperatures. Th quench at,O F was quite beneficial
to the 4rength of specjmen slowly cobled from the ýondi~tioning
temperature.,

The prec pitation hardezin temperatures of 950 F and below gave
incr-c-c1 nrength with'inc easing timn at temperature up to
21; 1o1•; , I•; contrast,'the temperatures 1000 and i0•0 F gave
decr'-;vje• strength as tbe t me was increaned. A conriitioping
treatme4 oi 90 minutes-at 400 F gavel more uniform ptrength
values, when the precipitat on hardening was Carried, out at .
1050 F, thai the conditlon g treatments for 30 or 60 minutes.

A correl~tiln between Rpckw ll "C" and "D" hardness ýalueýs and
tensile strength was estab shed for the .040" thick sheet. No
correlatton~could be. estab shed for tpe .008" and .o14" ,paterials.1"

6. Z'.'R. Wolanski? pir.cal D a - Stainle-ja Stehl
'Saqdwich Panell - ow Temper ure Brazed - PeneeallRetearch - Tests -"", PT-i 63, June 1, 1955, ,!41 pP. "

Stt
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ABSTRACT:

The purpose of this investi, ation was to determine whether the
remelting temperature of se eral commercial brazing alloys, having
relatively low melting p6in a, would increase substantially due
to loss of constituents on razing. If the remelting temperature,
increased sufficiently, a cjnditioning treatment at 1200 F
for 17-7PH steel might be c rried out.

Four brazin alloys were te ted by several methods teablish
their relkel ing temperatureS. The results showed t1at tne
remelting t~mperatures of ree alloys increased apprecia-bly
from the original melting temperatures. However, the inoreases
were not sufficient so that sandwich panels brazed with the
alloys could be heat treat after the brazing operation. Heat
treating of sandwich panels brazed with this alloy might be
accomplished provided that the heat treating procedures are
suitably combined with the razing to produce the required
properties in sandwich pan s.

Sandwich panels brazed with the fourth alloy could be heat treated.*
after brazigg provided ýhat the conditlioning tempera~ture .did
not exce d P200 F. LI

7. oZ.;R. Wolanski, "Empirical Data - Stainless Steel Sand-
lwiqh Panels - bow Temperature Brazed - General Research
1 Teits of", FGT-13 July 15, 1955, 39 pp. ' 1(F-496).

ABSTRACg:

The purpiseiof this invest ation was -to determine iheth~r the
conditioning treatmentfor sandwich psnels in 17-7P1steel,
brazed ast hjgh temperatpre , could be accomplished 1-y controlling
the rate of cooling fro'n t e brazing temperature. •f comiplete 4
transformation could be1 obmined in tl'e brazing pro'ess -
controlling the cooling1 rat , the usual conditionin4 treltment
could be, elminated.

The resultsrof this invst ation showed that when J7-7PY steel
sandwicI' panels are bra ed at approxidately 1800 F, 1comp ete
transforation will occir •f the time 2of cooling from 1800 to
1100 F 1s 1 hour or mori. -Thus, the 4onditioning týeatment at

p,., approximnfateiy 1400 F, coul be elimin ted provided Vhat -he
cooling •tim# between 180 nd 1100 F is 1 hour or m re a d the ,
panels are pubsequently.co led to -20 F. Increasedcool ng
time beyond 1 hour slightl decreased the ductilityotf I -7PH
"sheet. L

I, 'I £

I' J I II Il• . Dowr.Of.4 5
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Panels brazed at 1900 F to 2 0 F did not completely transform
unless the cooling time to 1 0 F was increased to approximately
10 hours and the panels were subsequently cooled to -20 F. Again,
the ductility was reduced wi increasing cooling times.

A precipitation hardening tr atment at 1050 F for 90 minutes
should be used in processing 17-7PH atedl sandwich panels when
strength is a critical desigr factor. A treatment at 1075 F
for 90 minutes should be usec when ductility is critical.

8. (.A Nordquist, "Sandwich Panels - Stainles Steel -
Prodtction Brazed - Structural Evaluation - ests-of -"
1.TDM•.1826, January .3, 1958, 5 PP. (F-7051). 7

ABSTRACT:

The purpose of this investig tion was to determine the cause of
the service failure of two w ng trailing edge panels, 4T012-2
and 4T013.2, in 17-7PH steel brazed wito 85:15 silver'-mang~anese
alloy. C

Examination showed that oela ination of the skin from; the core had,
occurred on both panels. Thr delamination was caused'by crevice
corrosion; at (the braze alloy steel interface.

9. W.' Pratt, "Mate r als - Braz ng Alloy - Evluation
Of .~,FaT-13624l,iarch 3, 19 8, 70 pp. (F-4696).

ABSTRACT:" _ _ _ 2
The purpope of this inveptigition was to find a brazig alloy
that would hive all the ehar cteristics desired for the bz'azing
of sandwich panels in 17-7PH steel.
Twenty-onp c9mmercial brpzi alloys, thought to posEes a ceptable '

0ncharacterltstLcs for brazing andwich pyels, were selected and
"tested. Lhe most promisling f these a 3roys were nicKel p~ated,
S with the *object of eliminat g the und sirable features of each,
and again tebted. I .

Tests werC eprried out tod termlneow wetting, and
wer ~~ ~ ~ Th corrosid ouri emn

filleting of the alloy o 1 -7PH seel. The corrosion reilstance r
of the brazeients was al'so termined. Lap shear and compressive
shear te ta n brazed s' ci no were for the tem4erattre ,:

range - t g.900 F. -

C I ~. _ _ _ _ _ _ _ _ _ __.. . _ i_ _ _, _ _ _ _ _

6TILrTY REPORT SHEET IL I *. ., j OPWIMn?



CONVAIR ' PAG3 __

CREPORT NO, N ATI2727
A DIVISION Of GENERAL DYNAMICS CORPORATION MODE', . ]-•'8

"(FORT WORTH) DA1YS /Z1/61

The results of these tests howed that the nickel-base brazing

alloys had the highest shea strengths .at room temperature
and elevated temperature,. owever, the elements added to
reduce the melting points o the alloys had detrimental effects
on the l?-7PH steel.

Most of the silver-base bra ing alloys were suscepti&* t.* corrosion
.in salt spray. An exceptlor was sterling silver co~tainihg
lithium, which held up very well. This composition exhibited
the best iombination of bra2ing qualities, on 17-7PH,ýsteel, of
all the alloys tested. !

Nickel pl~atipg on the silver-base alloys improved their wetting
on the steel-and also their resistance-to corrosion.- However,

,the plating caused a slight eduction in the shear strength
of the brazements at room t perature.

No alloy was found that woufd fulfill all the requirements of an
ideal brazing composition f r 17-TPH steel sandwich Ranelq.

10. W. M. Pratt, "Con rol Surfacqs -,Low Temperature
lBrpze Material - Ivaluation f -,FGT-2088,
Depember 18, 1958, 36 pp. (F-7545).

ABSTRACT.

The purpose pf this investi ation was io select a br4zinglalloy
for use in t e repair brazi of 17-7PH steel sandwiqh pajels.
The exter~t o damage to the strength of the heat treated panels,
caused b'. thl localized tem rature of the repair br'zing; was
also to iOe dptermined.,

To evaluate brazing al oy for panel repair, a methgd foj' making
brazed r~pai a on panels, ha to be firdt developed. Briefly,
the adopted Lethod consiste of brazin4 circular patches of
17-7PH steel, condition ;i'H 050, so as to cover a hole orstear
in the pqnel• skin. ,

The 97:3ksil~er-lithium lil y, nickel Rlated, was found to give
the most ksatJsfactory braze repairs. 'A suitable brIzing
temperatfre ?as about 1950 . The use !of this braziiqg alloy,
with the repair method deve oped, enabled reproducibWe repairs
to be made on 17-7PH honeyo, b sandwioe pane~s. Thi, bra$ing
proceduri shbuld be readily daptable 4or field repars. a.

St i
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The tensile yield strength o heat treated 17-7PH steel in
the area of the braze was revuced to approximately 40 to 45%
of the original TH 1050 valul, and the ultimate strength was
decreased to•-65 to 75%. The elongationi was almost doubled.

The largest repair, attemptei during thls investigation, comprised
a hole 2-1/2" in diameter in one skin of a panel.

11. H. B. Farner, "Mat rials - Iron Sponge Brazilng .
iAlloy - Environmental Evaluation of -", FTDM-227.0,
,May 22, 1959, 3 ppý (F-8619). 1I -

A 1 r -

ABSTRACT:.- -

The purpose of this investigation was to determine the effects
of exposure to salt spray anp to 700 F in air on an iron-sponge
brazement in a 17-7PH steel Oandwich panel.

A small tfst~panel was bfazep with 92.-87:0.2 Ag-Cu-TI4 alloy
incorporated.in iron sporge.1 Edge comppession and shear beam
specimensiwe 'e cut from 'the panel. Tests were made these
specimens wi h and without environmental exposure. Tc rwsults
showed that exposure for 50 hours to salt spray and for 300
hours at 7O0,F in air haj q te adverseeeffects on thp edGe
compressipn and shear stren h. The irpn-sponge alloy is
unsatisfactory for brazement to withstand the conditions given.

12. 1hH.rB. Farner, ';'Ma rials - SiLver-Copper-Lithium
Br1zing Alloy • I 7PH Sandwibh Panels Bragpd With -

Ef ects of EleVate Temperature On - Struc1ural
.Ev luation of -", TDM-2355, Pctober 12, l959, 6 pp.

"(F-8'125). "

ABSTRACT:I ' y

The purpose of this investi tion was to determine the effect of
.oxidatio in air at 700 o brazements made with 92.8:7:0.2

Ag-Cu-LiVllby in a 17-74H steel sandw h panel.

Specimens fot edge comprss on and shedr beam tests re 'ut
from the panel. Tests were nade on th6 specimens wit aný without
the expoaure'indicated. z Th time perids of exposurx were from
100 to 3CP hjurs. *
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The test results, showed 'tha after exposure, specimens with" adequate fillets had streng he equal to or greater than specimens
in the uraexposed, as-brazed condition.

A new type qf corrosion of Irazed 17-7PH steel was observed
during this investigation. The mechanism of the attack was not
determined.

13. W. M. Pratt, "Mat rials - Brazed Stainless Steel
Sandwich Panels - Butt-Welded Facings - Evaluation
Test of -", FTDM- 433, December 20, 1959, "
12 pp. (F-8213).

ABSTRACT: I -

The purpose of this investitation was to evaluate butt-welded
facing matetial in 17-7PH steel for sandwich panels, as supplied
by the Airline Welding Compiny, Solar Aircraft Company, and
Rohr Aircragt Corporation. Convair requirements ford thls 1
material are set forth in saecification FPS-0038, pairagraphs
3.4 throygh,3.5.2.

Tlie welded qheet material wks suppliedl in various thickne.sses.
Test specimens were hea; treated in si ulation of a production
brazing Cycle. Tension and axial tensTon-tension fatigue. tests
were run' the welds in the ppeCimens being at the ceoqter-of the
reduced section.

"All the wel~ed specimen4 pa sed the Co vair tensile epecification.
None met thq fatigue requirments. E

14.1 W M. Pratt, "Mat rials - Honeycomb Core RAbbo - .
- Relationship Betwpen Flow Characteristics of Brazing

Alloy and Oxioe :lm Formatipn of - Deterw4nation
o- FGT-25vO, rebruary 2, r1960, 21 pp., (F-4225).

ABSTRACT,: L I t 11
"Mottledbraze" conditions nd variabl•e fillet formaltiontand

node I'loiv diring the brhziln of honeycomb sandwich panels in
17-7PH steei have been Phe ause of p nel scrappage at both
Convair *nd~sub-contracorq. Tests h11e establishe4 that the
difficu' iei are due toltheapresence oxide filmshion the
honeycomb, c re. These pxi• films are attributed tc variations
in the q~ial ty of the hydrden atmospkfere in the an ealiig

* ... 4
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furnaces of the foil producera.

The purpose of this investi ation was to determine (1) the
relationship between the fl w characteristics of a brazing alloy
and the oxide films found of 17-7PH foil, (2) the characteris-
tics and identity of the fi ms, and (3) methods by which the
formation of films can be c ntrolled during the rolling and
annealing of 17-7PH foil.

Convair-lt W and the Armco St4 el Corporation collabora ed iN
carrying out the program of investigation.

L U -

17-TPH fdil, .0015" thick, epresenting two heats, wAs annealed
by the Armco Research Laboritories by heating in hydfogen'gas
of different dew points. T e presence of water vapor in the
hydrogen of high dew points caused the formation of a uniform
oxide coating on the surfacl of the foil. Specimens of 17-7PH
foil, .0015" thick, representative of the inventory of John J.
Foster Mfg. company, hoqeyc mb core manufacturer, Costa Mesa,
Calif., were obtained. Thr e heats were included, and speci-
mens froqi eaIch were forward d to Armco.

I4
Sandwich)tyle, brazing flowtests were run on sample# frozn all
the above heiats, using the 2.8:7:0.2 g-Cu-Li brazi.g aLoy.
The results of the flow,tes s were comrared with the res ts
of other,.tests, as listed below, in an attempt to find a correla-
tion. The object of this was to find a reliable test by which
acceptabje ýrazing flowresponse of l7r-7PH foil coulp be determined.-
before manuracture into relatively exp'nsive honeycomb core.
The tests for comparison with brazing alloy flow were: -

. r1. Dqterminatlonlof lolor and reflectance valpes of
surface films as [btained from spectrophotpetrip
measurements., Thfse values were determinep- by

3 Te Derby Company& Inc. Lawrnce, Massachusetts-.

t 12. E )ectron diff action of surface films, per ormiep by
A tke Armco SteTl Cprporation,EResearch Dep@'tmertt,
SMddletown, Opio.

3. Fq rrio chloride etching. ThIs was also ca'rie cbut
b the. Amco u teseroh DIpar ent.
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As originally planned, foilcwing completion of the brazing flow
tests, honeycomb core was t( be made from the stock, at the
John J. osWter Mfg. Co.,A ha ing the beqt and worst flow
characteristics. The core as to be processed into honeycomb
sandwich panels by Convair nd tested. The purpose was to
correlate brazing alloy flo characteristics with the properties
of production sandwich pane s. However, when the flow tests
had been finished, foil corr esponding to the specimens tested
was no lqnger available at 1he Foster Company.

With the Ldevpelopment of a p4actical brazing flow tesý, experi-
ments were ulqdertaken to dejermine the effect of cleaning-
methods on T.7-7PH foil haviig poor wetting qualities, The object
was to determine whether th4 flow on foil unsatisfactory for
core production could be im roved by cleaning.

Some tests of specimens cleined' by the Convair production method
were inconclusive as concert s the effect on brazing alloy flow.
However,ilimited testing of' specimens Paving poor flow iridicated
n pronouyce4 improvement In flow after.ultrasonic cleanin of the
base metgl 4t Convair. 'On ;he other h'nd, some specimens
ultrasonically cleaned 4t BPndix Aviatlon Corporation dic not
yield good f4low.

No correlation has been fou4 d between Saboratory brezing •low
tests ana the color, re'lec ance, electron diffracti n ofý.
surface ýilms, ferric chlor de etching7 or the chemical composi-
tion of 17-IPH foil.
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SUP LEMENTAL INFORMATION

This report is suppi mented with the following informStion:

A. Specifficatioi FMS-0036 is referenced for
I specimens ant test procedure for brazed

honeycomb sa dwich panels. The only sand-
wich panel t st specimens tested and reported
in this repo t are flatwise compression. This
type specime Is prepared and tested as follows:

1. Specimen size is 2.00" x 2.00" x 'ane"
thicknes P. Ra e

* 2. All edge of specimens are filed lhnd
" sanded s ooth to rethove nicks and saw 'cuts

which might induce premature failure.

3. The spec men is placed in a 60,000 pound
Baldwin jniversal testing machine, and
the load ng head anp platen checked for
parallel sm.

S4. A coTprcsive load applied to the test
spec imen at a rate of 8,000 poundp per
minute until failure.

B. Flash tezti. as referrpd to in this Fepo~t is
a nondestrucive test procedure for brazed steel
sandwich,panels. It copsists of flaep heating
4.0" dias, circular areas of the panelb to a
temperature up to 800OF within four second•s.

SThis is pcco plished wiyh a radiant hpatin g
- apparatup± izing heating elements s-milar to

the Genei'al lectric Type T-3 quartz fnvelope.
The apparatu. is equippbd with an automatic
timing and cbntrol devi e. U. S. Patent no.
3,0o8,02P dated 7 Novemer 1961 has been Assued

overing s
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