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Report No. 8926-166
Material - Brazing Alloys - Titanium Alloy Joihing

Wetability and Erosion Characteristics

Abstract:

Brazing tests involving titanium honeycomb core (0.002" foil, 3/16"
hexagonal core, 0.500" thick, welded, commercially pure titanium) joined

to various titanium alloy face plates (commercially pure, Ti 5Al-25 8n,

Ti 6AL-4V, nickel plated Ti 5A1-2% Sn, nickel plated Ti 6Al—hV and nickel
plated Ti 8Mn) ranging O. 015" to 0.031" thickness with an eutectlc composition
silver-copper brazing alloy (Handy and Harman Co. , BT alloy, 72% silver -

28% copper). Heating the BT alloy to its flow point (1435°) in contact with
the various titanium alloys and in the presence of an inert atmosphere

showed that lithium additions to the brazing alloy and nickled plating on

the titanium alloys was not necessary to achieve good flows and wetability.
This was attributed to the ability of titanium to absorb its own oxide at
temperatures above 1300°F, a. situation in which titanium alloys appear to
possess a certain "self-cleaning” capability in the presence of inert
atmospheres and moderate oxide coatings. The erosion of titanium, especially
the 0.002" thick honeycomb core material was attributed to its solution in
the brazing alloy, a characteristic which requires use of minimum brazing
time to obtain satisfactory joints.'’

Reference: Girton, L. D., Turner, H. C., Sutherlahd, W. M.,

"Titanium Honeycomb Panel, Silver Brazed,"
General Dynamics/Convair, Report MP 56-254, San
Diego, California, 3 December 1956. (Reference
attached).
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REPORT NO. 56-254
TITANIUM HONEYCOMB PANEL
‘SILVER BRAZED

.INTRDDUCTION'

Previous tests, T N. 9194, 9194—2, 9240, using silver-base brazing ailoys
". to join titanium have indicated short time at brazing temperature is
;necessary, otherwise excegsive alloying and core erosion is the result.
.'This fact precludes furnace brazing. .In this investigation, therefore,
. rapid heating and cooling procedures were employed, Flowing argon gas
provided the necessary ‘protection from atmospheric oxidation.

. OBJECT:

;‘Phase I - To conduct wetabillty and filleting tests of silver brazing
-alloys on titanium core-skin specimens. . ,

Phase ITI - To fabrlcate a 51lver brazed all-tltanium honeycomb panel of
. suitable size for flexural testing.

. CONCLUSIONS'

; Phase I - As evaluated in this investigation the following conelusione
‘may be mane H ‘

~.'.:V.-'IL'. Wetabilitles and 1lows of BT silver brazing alloys were satis—
. factory on all of the titanium core - titanium skin specimens,
=“1Lithium additlons and nickel platings were apparently unnecessary.

e

T N 2;: A satlsfactorily filleted joint was formed with negligible
Z"erosion ‘of the. titanium core by utilizing a short heating cycle,

nii B:T.Stalnless steel core -~ titanium skin specimens evidenced negligible:
.. alloying or erosion of the stainless core for both the short and
j'long heating cycles. Flow and filleting wWere satlsfactory. .

Phase II - A 3".x 8" titanium core ~ titanium skin silver~brazed honey-
- comb. pahel was fabricated and flexurally tested according to Convair
ZM-397. .

) REGOMMENDATIONSz

. At the present time stainless steel sandwich parts are produced by furnace
‘brazing. Extensive fixturlng angd tooling is necessary to maintain the
©  'necessary flatness or contour. -Theoretically it should be possible to
" fabricate all-titanium honeycomb by the same method if a brazing alloy
can be dveloped which wets, i‘orms a‘ductile joint and does not diffuse
;into the titanium excessively. -

" roRM 1812.A
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RECOMMENDATTONS, (Cont'd,)

The foregoing suggests two approaches for future experimentation:

1, Develop a brazing alloy which can be used to fabricate all-
titanium honeycomb components by furnace brazing.

2. Use silver based brazing alloys and investigate the commercial
possibilities of combining fixturing and short brazing time - as
was done to fabricate a test speclmen in this report - for the

: pzoduction of partse

- If this appears to be feasible, determine time-temperature~
diffusion relationships (T-T-D Curve). From these data spec-
ifications can be compiled necessary for the design of the '
heating fixture. It is suggested the type of specimen and
procedures used in Phase I of this s tudy be employed, except - - -
’that heating be accomplished with a salt bath.

PHASE I T .'
MATERTALS. AND TEST PROCEDURES :

The main prupose of this phase was to ascertaln if thhlum addltlons
to a silver based 'brazing alloy enhanced its’ wetability characterlstlcs
on bare and nlckel plated tltanium alloy sheet,

Brazing Foil, ,_OCB" Thick

Titanium Sheet Specimens . | Plain BTV BT + 0,1% Li ] BT + 0.5% Li

‘ ‘ - Short{ Long | Short| Long] Short| Long

1" x 1" Squares - Run _ | Bun :| Run - Ran | Run . | Run

: 1 No. Noo No, - Noo | No, Nos |
L023" Commercially Pure, MST IIT | 2 3 V4 15 16 "7
L 022" A-110AT g . 9 -110 11 ' p2 13-
$020" 6 AL -~ 4V L4, 15 16 117 o pg. 19
L0311 A-110AT (Ni plated, R, 25 |- |- " RE6. 27

.0015" approx.) NS B N '

LO21" 6 AL - 4V 0w - R8 29 - . Y= PO 31
2 33 - 1= _BA 135

015" 8 Mn "o " " -

- ()Br s eutectic Ag-Cu alloy, 72% Az-28% Cu, melting and flow point 1435°F
‘manufactured by Handy & Harman., The BT w1th Ca l% and 0.5% Lithium additions
- were’ also supplled by Handy & Harman. ;

'Short and long tlme heating runs were made on each combination listed above
using the test method shown in Figure 1. The titanium core utilized was
fabricated with commercislly pure titanium foil, 002" x +500", formed and

. apotwelded by the Convair Fort Worth Division to produce 3/16" hexagonal
cells, Four runs the same as No's, 8, 9, 24 and .25 were also made; using
stainless steel instead of titanium core.

FORM 1812-A
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PHASE I

MATERIALS AND TEST PROCEDURES, (Cont'ds)

The procedures for the short and long heatiog cycles were as follows:
Short Run

l. Heat to v1sual flow point in approx1mately AO seconds.

2. Turn off the current 1mmed1ately.

3. Speeimen cools to below 800°F in apyrox1mately 20 seconds.

4e Turn off the argon and remove spec1men when thermocouule recoris 350°F.

Lo Rﬁn

1. Heat to visual flow p01nt in approy1mately 40 seconas.

2. Continue to apply heat for 1 minute. .. g K

3,  Turn off the current and allow to cool ‘under flow:LnCr ‘argon. The.
spe01mens cool to oelow 8OOF 1n approx1mately 30 seconds. T

A typical tlme—temperature plot of heatlng and coollng cycle is: ulven in ?"i
. Flgure N '

. UAll core-skin spec1mens were sectloned, polished, etchea dnd examlned .
"microscopically. Figures 3 and 4 are photomlcrovraphs of cross sectlons
through run No's, 28 and 29 respectlvel\'“

" RESULTS AND INTmRPRElAlIUh OF PHADE?I 

l. Flows were satisfactory on all’Specimens. thhlum aodltlons and o
nickel plating were asparently unpecessary. Since. tltanlum bedlns T
to absorb its own oxide above. 1300°r, the use of a ilux or ‘reducing
gas is unnecessary. In fact, once the SllVFr ‘braze" oeblns “to flow
excessive diffusion is.the reoult if tlme .abové the ilow Lenperdture
is not kept short, Uf course, an inert zas or "high- vacuum must -be -
used to prevent the iormctlon of 4ad1t10nal tltanlum ox1des dt the
brazing. temperature. - S S

2o Mlcroscoplc examination of sectzoneo core-skin’ Syeclmens showed a_ ;gw AN
satisfactorily filleted bond coulﬂ be Iormed w1th negllclble core Z"}”f':'j ;
erosion using the short hsatlng cycleo - U~~m jw‘,.“,',;:” ;. '..- e

_3; Stalnless steel core evidenced neglig 1ble alloylnu or er051on ‘for »
' both the short and long heatlng cycles. ‘Flow a nd il;letln were SatlS~ R

factory. ‘ . .
PHASE II ’ ‘ -
MATERIALS, . PnUChDURhS AND nESULlS

: D . .@" . L “ )

The main 1ntent of this phase was to ‘develop a rapid heating: and cooling .
fixture suitable for brazing a 4" x 8" titanium sandwich pdnel. - Three :.
principles of approach were employeo ~ high irequency re51st1nce, radlant
and conductance heating. . o

FORM 1812-A
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PHASE II

MATERIALS PROCEDURES “AND RLSULTS (Cont'd )

1.. High Frequency R931stan ce Heatlng - A fixture was, COnstructed in"which
*  high frequency current was passed through the. titanlum skln. ,betalls
of the method are reported in ”N 56—254~1.A_. AU ' .

2e Radiant Heatlng - A flxture was constructed ut111z1n& seven guartz
heatlng lnmps. It was attempted to control . warpage -by: mqlntalnlna a
. gas pressure dlfferentlal between the outside surface. and the Core-skin -
. -interface.  Heating rdte was. satlsfactory ‘but’ warpage WaS excessive,
'~even though apparently a 5° p31;presqure d1fferent1al was obtalned° At

Narpage‘
}thermal conductlvity

fire, brlck; See Flgure 5"

in- Flgure 6

:,Consecquedtly,

>

t the. Llllbr netal ‘aid’not Llow reund’ b b'3,¢*l Soy el
¥ However, when 1/2" was tanmed from the. 51des it was y
jfound “the’ flller had flowed well .on both the}top ang” bottom:faces.'f 3
‘wEroslon of the core,«; 'evaluated b, 1sual':xam1nat10n, was sllght.gf

ﬂ‘fThls speclmen was tested flexurally as snown ianﬁgure 7, as rccommended 1ql*f e
t.Convair-'ZM-397,: The. resultsiare. graphed 1n-Figure 8. ‘Results from TN, 8231' Ty
-,,of a’ stainless steel sandwich panel are’ 1ncluded for comparlson. .

FORM 181R-A

> S

e R




ANALYSIS

PAGE 5

CONYAIR

A DIVISION OF SKNERAL DYNAMICS CORPORATION

REPORT NO.

56-25/,

PREPARED BY
CHECKED BY
REVISED BY

MODEL

SAN DIEGO

ALL RS 56-150

12-3-56

DATE

; 4 T A,M - - " - - l%‘ln‘l‘l = & = -

Z\xﬁlw
1ovINGy o/ \

ALInGYLSY,  FLYNTVAY O

, wWmemwQ Qz<}\ x@ 2\¥m .h k.mwz\(m_\ \m\r\.‘.&
‘g3avIGNg msu.aou otmmﬁ TIRNTY ~TINOAHD

w©

wzhvtommm \Erm MQOU S0’

: .Q.mmb ..“.&Du,.m.mm.. LsT | MB . Eo\kumm meQU < N m:uow\..\

T mevg serug 3y

wEAA wamt\ummw me, : k \ / m,,zn.v.w.i.uom\i. .‘:..L.\Z a51vo>

4
>\.04..\T\ .h;&m J\Onn\ Q)QNTMK@

B CCORUR

LY

‘

HowGL. Duvrisy and gy oy

YLz,
.. VLTI,

|

z

{%u ON

D SIS WILVIY LS LS 2107

FORM 1812-A



ey S

PTG ——

RS e it;.m...uhdzﬁ .
;urt.x-.:...q........ ‘mniaumw Qmw GNN%&

lllr.ll.:ll.lllw RO i
'

6

o T T
et
[N : :

Reporb No. 56-254

af

RS . & ININVESY -
Ty tmedia FOD MUGRI ¥ 17 ]
DY 1-L6GE ~ WD AHLOL oL X oL




v

* ANALYSIS CONVYAIR PAGE 7

PREPARED BY A DIVISION OF SENERAL DYNAKICS CORPORATION REPORT NO. 56—254
CHECKED BY SAN DIEGO MODEL ALL
DATE 12-3-56

REVISED BY

e 1, i
'™ y

w3
SR Vo AN, S

PM 1962 L Figure 3 C - 50X
- Photomicrograph showing typical filleting obtained :
" with.a short heating cycle. Note small amount of

‘diffusion and alloying of the brazing material (BT)

with the core. Specimen No. 28, : ,

PM1963“*"" = Fimre/. Lo " s0x
. Photomicrograph showing typical Joint obtained with

. ."a long heating cycle. Note considerable amount of

" diffusion and alloying of the brazing mat.erial with
~ the core, Specimen No. 29. ,

I <
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