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FOREWORD

This Final Technical Report covers the work performed

under Contract No. F33615-79-C-5033 during the period

May 1, 1979 to May 1, 1981. It is published for informa-

tion and the conclusions herein are those of the contractor

alone.

This contract, with the Welding and Joining Group of

the University of Dayton Research Institute, was initiated under

the title "Development and Evaluation of Wide Clearance Braze

Joints in Gamma Prime Alloys." The work is being administered

under the technical direction of Dr. G. E. Metzger of the Air

Force Materials Laboratory, Metals and Ceramics Division,

Wright-Patterson Air Force Base, Ohio.

The program is being directed by Dr. A. E. Ray, Project

Supervisor, Metals and Ceramics Division. The principal

investigator is Dr. J. W. Chasteen of the Welding and Joining

Group.
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SECTION 1

INTRODUCTION

The high cost of aircraft gas turbine engine components

has resulted in high interest in the repair of such components

which have been damaged in service. Because of the very high

cost and high damage frequency of components from the turbine

section, the interest in repair of these components is espe-

cially pronounced. These high service temperature components

are, however, quite often cast from nickel base superalloys

which contain significant amounts of aluminum and/or titanium.

* These latter two elements, while imparting good hiqh temperature

mechanical properties to the superalloy by causing the precipita-

tion of a coherent gamma prime phase, also cause somewhat

severe problems in the weld or braze repair of service damaged

components that are made from them.

The potential for conventional weld repair of y'-type*

enqine components is compromised because of the necessity,

in conventional welding, to melt the base metal at the

joint. Imposed thermal stresses from welding, along with

the normally uncontrolled dissolution and post-weld re-

precipitation of the y' phase results in post-weld cracking

along the welded joints. The attraction of welding is also

diminished by the fact that some crack defects are not

accessible for weld repair. Furthermore, dirty and porous

welds often result because of the inability to adequately

clean the cracks. The cracks are difficult to clean because,

as they form in service from thermally induced tensile stress

fatigue, their surfaces become covered with oxides (and sulfides)

of the aluminum and titanium used to strengthen the alloys.

These oxides are among the most thermodynamically stable

compounds, and until recently could not be removed from the

*Components which are made from gamma prime hardened alloys

will be referred to as y'-type.
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damaged components in a no:.dstructive way. Recent advances

at UDRI Tith the Fluorocarbon Cleaning Process (the FCP) have

made it possible to clean the surfaces of the service damaged

y'-type components. Because the FCP is a gaseous process,

it also cleans crack surfaces, and this opens a way to

repair the very costly parts.

Since the alloys contain aluminum and titanium, post-

weld cracking still discourages weld repair even though all

surfaces and cracks are rendered oxide and sulfide free. With

the advent of the FCP, however, braze repair is now feasible.

It must be demonstrated however that the reliability of braze

repaired parts is acceptable and that their service life is

sufficient to be cost competitive with new parts. Since the

service damaged parts are marked by thermal fatigue cracks,

their braze repair differs from conventional brazing in three

significant aspects: firstly, in service, the brazed joint

will be loaded in tension rather than shear; secondly, the

welding engineer has little freedom in establishing the braz-

ing design and procedure to meet the service requirements of

the brazed joints; and thirdly, and pointedly for the work

reported here, wider joint clearances, up to 60 mils (1.5 mm),

than are usual in conventional brazing, are often encountered

in gas turbine engine component repair.

The investigation that is reported here was directed at

two specific aspects that are indigenous to braze repair of

service damaged, hot stage, gas turbine engine components. The

investigation was directed to wide clearance brazed joints

followed by a determination of their mechanical properties in

tensile loading. Published information of this type is sparse

and wide of the mark. A similar investigation for solid solution

superalloys was conducted by Chasteen and Metzger I - the results

were published in 1979.
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SECTION 2

GENERAL PROCEDURE AND MATERIALS SELECTION

Because the purpose was to measure tensile properties

of brazed joints, butt joints were made the objective of the

investigation.

2.1 PROCEDURE

The approach selected for the brazing of wide clearance

butt joints was to first sinter a nickel base alloy of high

melting point (called the sinter filler metal) in powder form

in the joint. This sintering is done lightly and results in

a pcrous but not friable metallic mass in the joint. The

sinter step is followed with filling of the powder interstices

by brazing with a nickel base filler metal (called the braze

filler metal) to complete the joint. The joint properties

determined were tensile strength at room and elevated tem-

perature, selected stress rupture life evaluation, and

thermal fatigue life.

Before brazed butt joints could be made however, it was

first necessary to determine which y'-type superalloys could

be brazed with which nickel brazes after FCP cleaning. It

was also necessary to determine (at least amonq a judiciously

chosen selection) which sinter filler metal candidates are

compatible with which braze filler metals.

The sinter filler metal-braze filler metal-base metal

* .compatibilities, the mechanical tensile properties measurements,

and finally butt joint characterizations constitute the first,

second, and final phases of the investigation.

2.2 MATERIALS

It is of course impractical to include all possible

materials in any investigation of this scope or even to

thoroughly evaluate those chosen. In the conduct of this

effort there were three specific groups of materials; they

3



were: (1) the base metals, (2) the braze sinter metals, and

(3) the braze filler metals. Considerable thought was given

to the choice of these materials and every effort was made

to choose materials that were representative of metallurgically

generic groups. Also, the materials when chosen were only

cursorily examined, and the results reported here should be

taken in that sense.

2.2.1 The Base Metals

In choosing the y'-type superalloys to be

considered as base metals, a y'-type alloy which enjoys

broad application, is mildly alloyed, and is often employed

in the wrought condition should be included. A second alloy

which also enjoys broad application but is more highly

alloyed and usually employed in the cast state should also

be chosen. A third alloy which is rather highly alloyed

and currently enjoys only limited application (latest

generation of -'-type alloys) would round out the grouping.

These three alloys, when chosen for their generic qualities

as well as the qualities stated above, would provide sound

information, regarding nickel brazing, across the full

spectrum of y'-type superalloys. In view of the foregoing

then, the base metal alloys that were chosen for compatibility

investigations were Inconel X 750, ALLOY 713C, and Mar M246 alloy.

2.2.2 The Joint Making Materials

As was stated earlier, the joint clearances of

interest in this study began at 10 mils (0.25 mm) and ranged

to 60 mils (1.5 mm). Joints of these widths cannot be brazed

in the conventional manner (a braze filler metal would run

out of the joint). Consequently, a braze sinter metal must

be included in the joint. This situation results in there

being two separate materials in each joint, a braze sinter

metal and a braze filler metal. These must be compatible

with one another, and each must be compatible with the base

.ne tal.

4



2.2.2.1 The Braze Sinter Metals

In choosing the joint making metals

the selection was limited to nickel base powders. The materials

selection was further confined to powders that are commercially

available.

In choosing the braze sinter metals,

three types were desirable. The three types were: (1) a metal

that had y' precipitation capability, (2) a metal that did not

have y' precipitation capability, and (3) a material that was

known to be compatible with at least one of the braze filler

metals. Accordingly, the braze sinter metals that were

considered in this study were Ren6 80, Nicrogap 108, and

Hastelloy Alloy C, respectively. Nominal compositions of

the braze sinter metals are listed in Table 1. The mesh

sizes were -325, -140, and -140 to +325, respectively.

For more information on this topic

see Addendum No. 1.

2.2.2.2 The Braze Filler Metals

Nickel brazing is usually accomplished

somewhere in the range of 19001F (10401C) to 2200'F (1200'C),

and the braze filler metals were chosen so that their brazing

temperatures were representative of this range. The temperature

range lends itself to division into three groups: low melting

brazes (1900-2000'F), intermediate melting brazes (2000-21001F),

and high melting brazes (2100-22001F). A widely used low

melting braze is BNi2 (recommended brazing temperature 19501F).

At the outset of this program, the investiqator was most

experienced with Nicrobraz 2001 (recommended brazing temperature

2065 0 F). A relatively new brazing alloy that enjoys considerable

attention is AMI DF 3 (recommended brazing temperature 2200'F).

These alloys thus were chosen to represent the low, inter-

mediate, and high melting brazes, respectively.

5
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At this juncture it was noted that,

although the braze sinter metals included at least one y'

former, the braze filler metals did not (see Table 1).

Thus alloy D 15 was included as one of the braze filler

metals so that the final group was BNi2, Nicrobraz 200,

AMI DF 3, and Alloy D 15. Their compositions are listed

in Table 1.
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SECTION 3

SELECTION OF BASE METAL AND JOINT MAKING MATERIALS

As has been stated, four braze filler metals and

three braze sinter metals were chosen for screening. The

number of potential sinter-filler combinations then was

twelve. T' a scope of the effort, however, would allow for

only two joint making combinations and thus ten of the

twelve had to be eliminated prior to beginning the prepara-

tion of joined specimens for mechanical properties measure-

ments. Also, there were, at the outset, three potential base

metals. Aqain the project scope demanded that only one of

them be used for the mechanical properties measurements.

The one necessity in wide clearance joint brazing

is that the braze filler metal must wet both the base

metal and the braze sinter metal. Accordingly, Phase I

of the overall effort was devoted to judiciously choosing

the most promisinq base metal and two braze sinter metal-

braze filler metal combinations by eliminating those

bi so metals and sinter-filler combinations that were least

at tractive.

3.1 i ASE METAL- BRAZE FILLER METAL COMPATIBILITIES

The degree to which a braze filler metal wets a base

metal surface is highly dependent upon the base metal surface

preparation* and the manner cf testing. The compatibility

*It is also d(1epndent upon atmosphere, brazino temperature,

a:d brazing time but these parameters were fixed for this
ef fort.

18



.1

tests were conducted by use of T-joint wet and flow experiments

wherein the base metals had various surface preparations.

3.1.1 1're-Conditioning of Lhe T-Joints

The T-joints were fabricated by tack welding

the two members of the joint in such a manner as to have a

zero clearance joint (see Addendum 1). All T-joint members

were made of slices cut with an abrasive saw, except the Inconel

X 750 which was furnished in sheet form. All slices were

roughly dressed by a water cooled abrasive belt prior to

weld tacking.

One T-joint was left in the as-mechanically

buffed condition. Two more joints were oxidized in an air

furnace for 16 hours at 1700'F (925'C) and then grit blasted.

One joint from these latter two was FCP cleaned. Thus the

surface conditions of these T-joints were (1) mechanically

buffed, (2) oxidized and grit blasted, and (3) oxidized, grit

blasted, and FCP cleaned.

There is one other type of surface that is of

particular interest if the data found in this effort are to

be germane to repair of gas turbine engine components. Many

such components, though made of y'-type alloys, are coated

(usually with an aluminide type coating) to improve their

resistance to the hot corrosive gases of the engine. When

such parts suffer service damage, it is necessary to clean them

prior to braze repair. Furthermore, it is an idiosyncrasy of

the FCP that the primary cleaning gas, a fluorocarbon, reacts

unfavorably with the high aluminum containinq coating and often

leaves undesirable soot in the cracks. To avoid such an out-

come, the damaged component must be first stripped of its

protective coating and then FCP cleaned. A question naturally

arises as to whether such surfaces are brazable.

Accordingly, a fourth T-joint was made and its

stArr-aces rrchanical ly buffed. They were then coated with

Alpak coatino. The coating was then thermally set followed by

9



the coating being stripped and the T-joints FCP cleaned. Thus

a fourth surface condition was provided, namely, coated,

stripped, and FCP cleaned.

3.1.2 Brazing the T-Joints

Three brazing parameters were the same for all

joints, i.e., they were all vacuum furnace brazed in a

vacuum of approximately 10- torr, held at the brazing

temperature for 30 min, and had the filler metal powders

secured with Nicrobraz 500 cement. The brazing temperature

used was that recommended by the filler metal powder

supplier and was never varied. BNi2 was brazed at 1950'F

(1065'C), the Nicrobraz 200 at 2065OF (11300C), and AMI DF 3

along with D 15 was brazed at 2200°F (1200'C).

The T-joints were prepared for brazing by mixing

the filler metal powder with sufficient cement to allow molding.

A small pile of filler metal was then placed at one end and on

one side of each T-joint. The criteria for compatibility then

were (l) length of braze run and opposite side filleting.

3.1.3 Results and Discussion of Base Metal-Filler Metal

Brazes

The four surface preparation conditions are

simulations of actual or potential brazing situations.

In many fabrications of hot stage gas turbine engine components,

brazing is used to assemble the component even though all or

some of the materials are y'-type alloys. This is accomplished

by mechanically buffing the faying surfaces prior to brazing.

In the case of service damaged, i.e., cracked parts, the crack

Ls greatly exaggerated by grindinq and then filled by a wide

clearance brazing procedure.* This procedure provides freshly

It should be noted here that mixinq of the sinter metal and
the filler metal followed by a one step brazing cycle is
perhaps a more widely applied technique than the sinter and
braze procedure employed here.

10



ground faying surfaces at least so far as the defect is ground

out. Therefore the as-mechanically buffed condition was meant

to simulate these assembly and repair conditions.

When a gas turbine engine component has suffered

crack damage in service and the crack is not ground out,

some sort of surface cleaning is employed prior to

any attempts to braze repair. The whole surface of such

parts is coated with an oxide type film (perhaps sulfide as

well); there is also often fuel residuals grime. A minimal

surface preparation for such components might be acid picklinq

and/or grit blasting. Such techniques can provide surfaces

similar to mechan ially buffed surfaces but are unlikely to

have affected the Faying (crack) surfaces of narrow (<20 mil)

cracks. The ro-.ized and grit blasted T-bars are meant

to simulate these minimal surface preparations where the zero

clearance joints simulate narrow, service damaqe cracks.

The pre-oxidized, grit blasted, and FCP cleaned

were meant to determine whether any increased wettability of

both surfaces and narrow cracks was achieved through fluoro-

carbon cleaning.

Figures 1, 2, 3, and 4 best summarize the results

of the T-joint braze tests. Figure 1 shows the results for

the mechanically buffed surfaces. Figure lb shows that,

for all alloys, all filler metals wet and ran the full length

of the T-joints. Figure lc shows that, for most alloys, most

filler metals ran through the joint root and made at least a

partial fillet on the opposite side; BNi2 on ALLOY 713C and

Mar M246 as well as D 15 on Mar M246 are notable exceptions.

Figure 2 shows the results for pre-oxidized and grit blasted

surfaces. As expected, the photographs show that few braze

filler metals ran the full length of the T-joint and that

only one of them (DF 3 on Mar M246) ran through the joint root

and made a fillet on the opposite side. Figure 3 shows that

after FCP cleaning all of the braze filler metals ran the

full length of the T-joints, ran through the joint root,
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and made a creditable fillet on the opposite side. It is

also noteworthy that the T-joint member surfaces adjacent

to the joint were strongly wetted by most braze filler metals.

It is further notable that, although not evident in the photo-

graphs, most of the tack welds cracked as might be expected;

these cracks all filled with braze metal after FCP cleaning,

but not in the case of other surface preparations.

Figures 4a, 4b, and 4c show that even when the

alloys have been coated, stripped, and cleaned, the braze

wettability of all alloys with all braze filler metals is

excellent. For more details here see Addendum 2.

3.1.4 Conclusions on Base Metal-Braze Filler Metal
Wettability

1. All of the candidate braze filler metals

sufficiently wet any of the candidate base metals so long as

the faying surfaces of base metal are adequately prepared.

2. When a y'-type alloy component has been

oxidized (or has been in service), grit blasting alone is not

an adequate surface preparation.

3. As expected, mechanically buffing of fayinq

surfaces is an adequate surface preparation technique, but it

is apparently improved upon by fluorocarbon cleaning.

4. Fluorocarbon cleaning, after grit blastina,

renders all surfaces, i.e., both exterior surfaces and the

surfaces of any cracks or tight closures, readily wettable by

all of the candidate braze filler metals and for all of the

candidate base metals.

5. The Base Metal-Braze Filler Metal Wettability

tests failed to eliminate any of the candidate base metals or

braze filler metals.

6. Fluorocarbon cleaning subsequent to reasonable

mechanical preparations is not only sufficient but apparently
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necessary if excellent wetting of all surfaces (cracks and

exterior) is to be relied upon. And this is true even for

coated and stripped components.

3.2 BRAZE SINTER METAL-BRAZE FILLER METAL WETTABILITY

Because all of the candidate braze filler metals readily

wet all candidate base metals after FCP cleanina, no joint

making materials or candidate base metals can be eliminated

by the results of the T-joint tests. Therefore, any

eliminations must occur due to lack of wettability of the

braze sinter metals by some braze filler metals. The next

task was undertaken to ascertain these wettabilities.

3.2.1 The Sintered and Brazed Wafer Technique

In order to properly explain the wafer technique,

it is first necessary to explain the intended eventual use of

the wettability information. The end intent is to produce

butt joints in the center of tensile test bars so that the

mechanical properties of such joints can be ascertained. The

method of producing such joints (which can be reproduced in

gas turbine engine components assembly and repair) s to

firstly cause a butt joint clearance of prescriL ' width to be

filled by a braze sinter metal, secondly partially sinter

that green assembly, and finally complete the joint by placing

a feeder unit filled with a braze filler metal so that, at

the brazing temperature, the filler metal can flow into the

porous, partially sintered joint area, fill the pores and

complete the joint. Thus the critical feature of braze sinter

* *metal-braze filler metal compatibility is whether the filler

metal will flow into and completely fill a volume of partially

sintered braze sinter metal. In order to ascertain the degree

of wetting and flow, the wafer technique was developed.
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3.2.1.1 The Wafer Technique

In order to fill a joint with braze

sinter metal the metal powder is mixed with a binder which

makes the powder moldable. Such mixtures are used to form

molded wafers in a teflon mold (see Figure 5 of Addendum 1).

When the teflon mold is well polished, the dried wafers are

easily stripped from it. Wafers thus produced were partially

sintered by the following cycle: heat in vacuum to 5001F

(260'C), proceed to 700'F (350'C) over the course of 1 hour,

proceed further to 2065'F (1130'C) and hold for 1/2 hour.

This cycle was employed for all pre-sintering during

this effort.

At the beginning of the effort there

was a question about the effects, if any, of different binders.

It is known that water soluble binders are more forgiving

than acetone/alcohol soluble binders insofar as time to

complete the molding is concerned. Therefore and since little

additional effort was required, all wafers in the study were

made in duplicate; one wafer was made with Nicrobraz 500

cement (acetone/alcohol so'uble) and the other was made with

Nicrobraz 'S' cement (water soluble).

As stated earlier, there were three

candidate braze sinter metal powders; all combinations of

these with the two binders and the four candidate braze filler

metals were investigated in the wafer study.

3.2.1.2 Volume,Density, Porosity, and Shrink

At each stage in the production of

brazed wafers, where applicable the volume, density, percent

porosity, and the percent shrink were measured. Because of

contiguous porosity these properties could not be measured

by water immersion and had to be measured by submersion in

mercury. Since the wafers were all less dense than mercury,

18



a tungsten ballasting technique was used (for more detail see

Addendum 1). The results of all such meanaurements are

tabulated in Table 2.

3.2.1.2.1 Percent Shrink

This value is important

for the sintered wafers and for the brazed wafers. It has

a direct bearing on whether in making a ihint (,r fill in:

a crack for repair, the high temperature material will shrink

away from a faying surface or fracture along the center line.

Either of these eventualities will result in a plan,- off raze

etal , witik(ut srazQ sinter metal pa-ti,1 os, in a is-

a:'aPntaqeous orientation. Table 2 shows tha hte slri

from green to sintered wafers in all cases of Nicroaap 108

makes this sinter metal unattractive. Perhai;s the sint( tin.:

temperature was too high and its adjustment would rectify the

situation. Doing so, however, was outside the scope of this

effort and this sinter metal fell back in the overall considera-

tions becouse of the e:cessive shrink.

It may also be noted that

high percentage shrink from green to sintered wafer cause

suspicions that there may be localized compromises of the

contiquous porosity. Such conditions would be expectel

to result in lack of braze metal fill at those locations.

This condition must be avoided in joint making.

3.2.1.2.2 Volume and Density

These values have no direct

consequence. They are used in calculatino the more consequent

values, shrink and porosity.

3.2.1.2.3 Porosity

The characteristic of

porosity has significance at two stage.- of the wafer technique.

It is of course significant for the brazed wafers where,

19

_ ___ _-



-I C ,fl 'f - 1 f r ... ' - .,r

'in

El

-- I 4

4-4

020

z . . - ". . . . . . . . . . .

• H -I: 
# ' ' L . .. . . .. ,

El#

C20

Lc
I I II Ill£I



ideally, it should be nonexistent but is tolerable uI) to about

10 percent of the volume. At the brazed wafer staqe the

porosity is asscssed uualitatively by mrti] u rahy.

Porosity is also important at the sintered wafer staae because

its extent dictates the amount of braze filler metal that is

required to fill all of the pores. At the sintered stage the

percent porosity must be known quantitatively.

The porosity of sintered

wafers is assessed in the following manner:

1. Secure values for the density of mercury ( Hq ), the

densities of the braze sinter metals as 100' dense (theoretical)
Th Th(5s ), and the densities of the braze filler metal (B ), see

Addendum 1.

2. weigh the tungsten ballast in air (,a).

3. Weigh the tungsten ballast as submeroed in mercury
( H )
(We).

4. Weigh the sintered wafer in air (W S).

5. Attach the wafer to the ballast and weiqh the combina-
Wa

tion in air (W aB .

6. Weigh the combination as submerged in mercuryHg

W+B) .

The volume of a sintered

wafer (V s ) is then given by

a Hg aW -WBq

(W a- W H)-_(Wa _ HC
(W+B W+B B B

0Hg

The pore volume (V p) is then given by

V =V - ATb

and the percent porosity is simply

V
porosity V x 100

s



The proper amount of braze

ii] i,tr wIetal to just fill the pores is

Th V
WBr = B p

where Wf is the weight of braze filler metal that should be

appl led to the wafer in order to fill all of the pores while

presorvinq the volume of the wafer.

3.2.1.3 Brazing

When the wafers had been sintered, the

recuisite amount of braze filler metal to be applied to each

was calculated by the above equation. The braze filler metal

was then mixed with the same cement that was used to make the

wafer and applied to the wafer as a small mound on the top

side (reference: earth during brazing). Brazing was then

accomplished in vacuum for 30 minutes at each braze filler

metal's recommended brazinq temperature (see 2.2.2.2). Qual-

itative visual results of the brazing may be seen in Fiaure 5.

Data from the ballasted mercury

irunersion measurements that were taken after brazino may

also be found in Table 2. The high negative shrinks of

soie brazed wafers are, at first glance, alarming. They seem

t,. indicate that the wafer has swollen upon brazinq. Reference

to Figure 5 for those wafers, however, quickly shows that the

effect is usually due to lack of wetting with the result that

the new volume is simply that of the partially unbrazed wafer

plus the braze metal. Such a situation does of course eliminate

that combination of materials from the joint making candidates.

In ,;ome cases, the- brazed wafers showed evidence of sinter metal

meltino, which indicate an excessively higIh brazinq temperature.

Wafers produced by use of lower brazing temperatures, however,

1prov(ed, te be unfilled and thus unacceptable (see Addendum 1).

22



Figure 5. Brazed wafers resulting from all sinter filler
metal combinations.
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3.2.1.4 Metallography

Wafers from those braze sinter metal-

braze filler metal combinations which could not be eliminated

for obvious lack of wetting were sectioned and prepared for

metallographic examination. These examinations resulted in

(1) the Nicrobraz 500 cement being preferred, (2) the Nicrogap

108 braze sinter metal being all but eliminated from candidacy,

but (3) leaving four, and perhaps six, viable joint making

combinations.

3.3 SELECTION OF MATERIALS

At this juncture and with no more than cursory further

investigations it was necessary to choose the base metal and

the two joint making materials combinations that would be

used for investigation of mechanical properties of brazed

butt joints. Choice of base metal could be made but the

choices of joint making materials required some further

experimentation.

3.3.1 The Base Metal

It was not possible to choose among the candidate

base metals on the basis of superior wettability because all

of them could be made to wet excellently by all braze filler

metals by application of FCP cleanina. Therefore, a base

metal was chosen for its ready availability and its familiarity

to the investigators. That alloy was ALLOY 713C. Thus ALLOY

713C became the base metal that was used exclusively in all

further investigations.

3.3.2 Preliminary Test Specimens

The metallography of some of the wafer combina-

tions was fetching even though there was evidence of incomplete
1

fill. It was known from experience that braze sinter metal-

braze filler metal combinations that seemed marginal in wafers

often produced excellent brazed butt joints. Thus six
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candidate combinations were selected for further investigations.

They were:

Braze Sinter Metal Braze Filler Metal

Nicrogap 108 Nicrobraz 200

Nicrogap 108 BNi2

Hastelloy C AMI DF 3

Hastelloy C D 15

Ren6 80 AMI DF 3

Rene 80 D 15

These combinations were then used to produce 15-mil

joint clearance brazed butt joints in ALLOY 713C tensile test

specimen blanks.* After the specimens were made, the joints

were cut out, sectioned along their diameters and examined

metallographically. This procedure completed the data

gathering for choosing the joint making materials.

3.3.3 The Joint Making Materials

Because of what was judged to be less than

optimal microstructures (multiphased matrix), all joints

that contained Nicrogap 108 as a braze sinter metal were

eliminated. The remaining four combinations were all viable

regardless of the binder used. The final decision was made

with an attitude of not duplicating either the braze sinter

metal or the braze filler metal in the final joint makinq

combinations. Accordingly, the joint making combinations that

were used for the mechanical properties evaluations were:

Braze Sinter Metal Braze Filler Metal Quick Code

1. Hastelloy C AMI DF 3 C/DF3

2. Ren6 80 D 15 80/D15

*For complete details and discussion of the brazed butt joint

making procedures and apparatus, see Addendum 2.

25



3.4 SUMMARY OF MATERIALS SELECTION

The foregoing was aimed at choosing joint makinq

materials for mechanical properties determinations on

wide clearance brazed butt joints produced by a two step

method. It was necessary to choose one base metal, one

powder binder, and two combinations of braze sinter metal

and braze filler metal. The final choices were:

Base Metal: ALLOY 713C

Binder: Nicrobraz 500 Cement

Braze Sinter Metals: Hastelloy C and Ren6 80

Braze Filler Metals: AMI DF 3 and D 15

Joint Making Combinations: Hastelloy C with AMI DF 3
and Ren6 80 with D 15.

r.

26L _ _ _



SECTION 4

MECHANICAL PROPERTIES OF WIDE CLEARANCE
BRAZED BUTT JOINTS

The mechanical properties of brazed joints as applied

to component repair are tensile strengths, stress rupture

life, and thermal fatigue life. Consequently these were

the mechanical properties that were evaluated. Some of the

evaluation techniques were necessarily unusual and at least

one was somewhat unique. All were revealing.

4.1 TENSILE PROPERTIES OF THE JOINT

Variation of the ultimate tensile strength with tem-

perature is important in the design of components. Also

important are variations of UTS with joint clearance and

this property may itself vary with temperature. Thus the

UTS - temperature - joint clearance variations were

determined.

Since the test specimens were expected to fail in the

butt joints and the joints are all narrow with respect to an

approximate 1-inch gage length, the yield strengths of such

specimens was adjudged meaningless or at least subject

to nebulous interpretations. Percent elongation as a

property suffers from the same malady, and therefore,

neither yield strength nor elongation were measured.

4.1.1 UTS vs. Temperature (Fixed Joint Clearance)

in order to ascertain the variation of

tensile strength of the brazed butt joints with temperature,

the joint clearance was set at 15 mils. Tensile test specimen

blanks were made, for each joint making combination, in

duplicate for each testing temperature. The testing tem-

perature range was room temperature to 1800'F (985'C) and
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the specimen was in accordance with Figure 8 of ASTM E8-79

with a nominal diameter of 0.350 inches and the butt joint

is in the center of the specimen. The specimens were tested

in the as-brazed condition, and the tests were conducted at

a constant crosshead speed of 0.05 inches per inch per minute.

For more detail, see Addendum 3.

The tensile test data are listed in Tables 3

2
and 4. Also listed are the published tensile strengths of

ALLOY 713C for ease in comparison. The data are most easily

seen graphically and are thus presented in Figure 6. As is

readily seen, the Ren6 80/D 15 joints compare favorably with

the strengths of the base metal; indeed in some cases at

elevated temperatures, the failures occurred in the base

metal (see Addendum 3). The Hastelloy C/AMI DF 3 joint,

however, proved inferior to the base metal and thus to the

other joint making combination. Figure 7 depicts a comparison

of strengths of butt joints where Hastelloy C was the braze

sinter metal but the braze filler metals were AMI DF 3 with

ALLOY 713C base metal and Nicrobraz 200 with Hastelloy X base

metal. These data will be more fully examined in the

Discussion.

4.1.2 UTS vs. Joint Clearance (For Fixed
Temperatures)

It was necessary to ascertain any variations

of tensile properties with joint clearance of the brazed butt

joints. The tensile test results of variation with temper-

ature indicated that the joint making combination Ren6 80/

D 15 is quite attractive while that of Hastelloy C/AMI DF 3

is no longer of interest because of the low tensile strength

of such joints. Accordingly, it was decided that all remain-

ing efforts of the program should be expended in elucidating
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TABLE 3

TENSILE STRENGTH OF ALLOY 713C TEST PARS
WHICH HAD A 15 MIL BRAZED BUTT JOINT
IN THE CENTER OF THE TEST SECTION

(Hastelloy C/AMI DF 3)

Joint Material: -140 Hastelloy C
sinter metal with
AMI DF 3 filler metal

Testing Tensile Tensile Strenqth
Temperature Strength of ALLOY 713C*

(OF) (psi) (psi)

66,300
70 123,000

63,600

60,700
1000 125,600

74,600

81,700
1200 125,700

75,700

66,300
1400 136,000

65,400

65,400
1600 105 ,400

97,300

47,300
1800 68,400

*37,800 +

, *See Reference 3.

+This failure appears to have initiated at a faying surface.
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TABLE 4

TENSILE STRENGTH OF ALLOY 713C TEST BARS
WHICH HAD A 15 MIL BRAZED BuTT JOINT
IN THE CENTER OF THE TEST SECTION

(Ren6 80/D 15)

Joint Material: -325 Ren6 80 sinter
metal brazed with
D 15 filler metal

Testing Tensile Tensile Strenqth
Temperature Strength of ALLOY 713C*

(OF) (psi) (psi)

113,100
70 123 ,00C

116 ,900

124,100
1000 + 125,600

79 ,900~

126,000
1200 125.700

122,200

122,900
1400 136,000

116,500

110,300
1 ts00 105,400130,500 + +

76, 100
1800 68,400

64,700
+ +

See Reference 3.

+This sample had a single pore defect at the periphery of
the test section.

++These samples failed in the base metal part of the test

section.
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Figure 6. Tensile strength versus temperature for 15-mil
butt brazed joints in ALLOY 713C.
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the properties of the superior joint alone. All following

tests, then, were conducted on Ren6 80/D 15 joints.

Since variations of tensile strengths with

temperature had been determined, a reasonable view of the

UTS - temperature - joint clearance surface could be

mentally constructed with the knowledge of the UTS versus

joint clearance for one high and one low temperature.

Accordingly, room temperature and 1800'F (985°C) were

chosen as test temperatures. Brazed joints were prepared

from R' 80/D 15 with intended clearances of 10 to 60 mils.

After the test bars had been prepared, the joint clearances

were measured and the specimens were tensile tested.

The results of this effort are listed in Tables 5 and 6

and are graphically displayed in Figure 8.

The data show that there is little or no

variation in tensile strength as the joint clearance varies

between 10 and 60 mils. This result is true, evidently,

regardless of the test temperature. Once again, regard-

less of joint clearance, the strengths of the Ren6 80/

D 15 brazed butt joints compare favorably to that of the

base metal.

4.2 STRESS RUPTURE LIVES OF RENE 80/D 15 BRAZED BUTT
JOINTS IN ALLOY 713C BASE METAL

Superalloys are often put into service under conditions

of elevated temperature and sustained load. Consequently

the stress rupture life of any superalloy is an important

mechanical property of that material. Furthermore, any

braze joints in such a material, if they are to be truly
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TABLE 5
ROOM TEMPERATURE TENSILE STRENGTHS OF ALLOY 713C TEST

BARS WHICH HAD A VARIABLE CLEARANCE BRAZED BUTT
JOINT IN THE CENTER OF THE TEST SECTION

Joint Material: -325 Mesh Ren6 80 braze sinter
metal with D 15 alloy as a
braze filler metal

Ultimate

Joint Clearance Tensile Strength
(inches x 103) (ksi)

9 110.9

16 109.2

20 117.9

23 126 .9

25 119.9

32 126.9

33 125.8

38 122.6

40 126.9

44 129.3

48 127.1

54 122.9

The mean UTS is 122.2 ksi

3
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TABLE 6

1800°F TENSILE STRENGTHS OF ALLOY 713C TEST BARS
WHICH HAD A VARIABLE CLEARANCE BRAZED BUTT

JOINT IN THE CENTER OF THE TEST SECTION

Joint Material: -325 Mesh Ren6 80 braze sinter
metal with D 15 alloy as a
braze filler metal

Ultimate
Joint Clearance Tensile Strenqth
(inches x 103) (ksi)

5 41.5

9 48.2

14 43.2

19 41.5

30 41.2

34 44.0

36 41.7

38 31.8

43 37.4

44 38.0

56 50.1

58 41.2

The mean UTS is 42.6 ksi.
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functional, should display stress rupture lives that rival

the base metal. Because of this the stress rupture behavior

of wide clearance Ren6 80/D 15 braze joints in ALLOY 713C

was ascertained.

The scope of the investiqation did not allow for a

comprehensive effort in the stress rupture area. However,

since the tensile tests had indicated very little eff

of yap size on joint mechanical properties, behavioi

taken for a standardized joint clearance was deemed pri ;ably

sufficient to characterize joints of all widths. Therefore,

in keepinq with the tensile tests, the joint clearance was

standardized at 15 mils for the stress rupture life test.

The test bar used for the stress rupture tests was the

same as that used for the tensile tests and a number of them

were prepared that had 15 mil clearance butt joints at the center

of the ueaoe lencth. The oriqinal intent was to test in duplicate

(or tripficat;t as; scatter would dictate under three to five test

conditions. These data would then provide for the construc-

tion of a Larsen-Miller type graph and thereby reveal the

entire stress rupture behavioral spectrum.

For the initial probe tests, the test conditions were

chosen to allow that: if the joint happened to be superior

to the base metal, the base metal itself would rupture in

some reasonable time. It was also necessary to choose test

conditions under which the behavior of the base metal is

,iocumented. The stress rupture life of ALLOY 713C, which

has experienced 2150"'F for 2 hours followed by air coolinq,

uindor conditions of 30,000 psi tensile load at 1700'F is

reported to he 121 hours. 2 Since the brazing cycle for

producino th( joint closely assimilates the heat treat-

i(.rt tnd the, ruptilro time is rouohly one work week, the

t irst test -(u',ditions were chosen to be 30,000 psi at
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The first specimen that was tested failed after 124

hours. This was an astounding result but not totally un-

believable in view of the tensile tests. From this point,

a large number of test specimens were expended in an

attempt to duplicate the initial result. All fell for

short. The data are listed in Table 7 and show the broad

and random scatter that is attendant to the stress rupture

lives of the brazed butt joints.

Two test specimens were remaining. They were tested

under conditions of 55,000 psi stress at 15001F. These tests

were conducted by way of ascertaining whether the rupture

life scatter is attendant at all temperatures. These data

are included in Table 7 and show that the scatter does

remain and that the joint properties are, in general,

inferior to that of the base metal.

4.2.1 Discussion of the Stress Rupture Results

The stress rupture data prompt three questions:

(1) why is there so much scatter?, (2) why did the life of

one joint compare favorably with that expected of the base

metal?, and (3) why is such disconcerting behavior not

apparent in the tensile test results? Probable answers to

the first two questions may be found in Figures 9 through

12. Figures 9 and 10 show a typical tensile test fracture

surface and the fracture surface of the 124 hour life stress

rupture specimen, respectively. Figure 11 shows a more

typical fracture surface of a stress rupture specimen.

The fracture surface of Figure 11 is

comparatively smooth and the fracture has occurred inside

the joint but near the top* faying surface. This fracture

behavior is typical of all stress rupture specimens except

'top' refers to the faying surface provided by the half

specimen that was on top (relative to earth) of the other
during braze fabrication of the test specimen blank.
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TABLE 7

STRSS RUPTURE LTVES OF 15 MIL CLEARANCE

BRAZED BUTT JOINTS IN ALLOY 713C

Joint Combination: Ren4 80/D 15

Test Conditions: 30,000 psi at
1700'F in air

Base Metal Life 2 : 121 hours

Rupture Life Post Braze
in hours Heat Treatment

19.1 21501F, 2 hours, AC

5.0 none

10.0 none

124 +  none

20.0 none

6.2 none

15.8 none

49.7 none

21.3 none

9.3 none

17.2 none

Joint Combination: Ren6 80/D 15

Test Conditions: 55,000 psi at
15001F in air

Base Metal Life: 292 hours

Rupture Life Post Braze
in hours Heat Treatment

73.5 none

9.8 none

+This bar suffered from two furnace outaqes. Actual time to
failure is kuntraceable, but it is known to have exceeded
124 hours
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.!-". JOINT

Figure 9. 'Typical fracture surfaces from tensile failures
of a Ren6 80/D 15 brazed butt joint.
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Figure 10. Fractured stress rupture specimen which
displayed good life. Photograph shows
irregularity of the fracture surface.
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Figure 1 1. Typical1 st-ress rupture fracture surfaces from
J RenC6 80/D 15 15-ilI joint. Conditions:
17000' - 30,000 psi.
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the long lived one. The fracture surface of the lone- lived

specimen (Figure 10) is seen to be the consequence of a non-

planar failure that has occurred at mid-joint. This fracture

surface is akin to that of a specimen broken by ever increasinq

tensile loading, i.e., a tensile test specimen as shown in

Figure 9.

Figures 12a and 12b are a photomicrograph of

a Rene 80/D 15 joint that was produced durino the materials

selection phase. Figure 12a shows an as-brazel joint and

Figure 12b shows a joint after the foliowin(: solution all ace

treatment: 2150°F - 2 hr - AC 4 l700cF - 16 hr - AC.

Figure 12b shows what is apparently a ilant. f ores near

the upper faying surface; such a plan, i! &:.t nt, is much

suppressed at the lower fayinq surtauc(. 1 ;th the observa-

tions from Fioure 12b as a quil, e, thL s.,,:, ' n- na are

readily discerned in Figure 12a, thk is-ri:.: oint. The

plane of pores is probably a cons ,o , , h, , t ro.: inc

technique. Its presence and fce r , ..t s cv, . from'.

specimen to specimen almost sare].' :iv5is ., -

scatter in the stress rupture resiults. Th . . i s:r f-imen

then probably did not co-t air. suclh :ii.

The stIos n , " . . , .. s .S '' : i ho

tensile test resulIts 'f, . . . : .,

light was shown uz-in t i'l . . ". , s.

4.3 THFRMAI, FAT -V , S . "
JOINTS IX A.,!..v -] " : ; .

The Iflet 1i r . , 1 , : ' .11 Y( I- %! 1 7 1

that many ho t st : ,,-t, ii. ,i :2,. , -: - '* s -,i,

thermal fati-,ue fi lirt s t h, it r ies lt firom th(, ;

conditions. Therm.il f~itiTuit failuires surely cc t

positions wi hin the componen: t where such act i(%is, , " -

up and shut-h(wn ,0)f f1, nics as we as pw- sLi Wl I

~epr :;sons cause altyernating1 periods of tensil, i.i,!

com)mpr(tssivo stresse s because of th( ittendant alt cr0 .:
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periods of high and low temperatures. When a component is

prone to such a failure mode, a crack may initiate during

some period of tensile stress and then lengthen and broaden

as it suffers continuing periods of tensile stress caused

by engine operation. Such a crack often falls into the

wide clearance category, and the braze repair of such an

area is required to tolerate the same service conditions

that provoked the initial crack. It was thus necessary to

ascertain the thermal fatigue resistance of the wide

clearance brazed butt joints.

4.3.1 Thermal Fatigue Testing Conditions and Apparatus

The most common method of thermal fatigue test-

ing is well known to metallurgical engineers. In this test,

the middle of the sharp edge of a wedge shaped specimen is

subjected to alternating periods of flame heating followed

by rapid air cooling. The thermal fatigue life of such a

specimen is then the number of cycles that it sustains before

it develops a crack. The technique is sometimes modified by

close control of the flame and air impingement zone as well

as control over the uniformity of heating and cooling through-

out that zone. Further sophistication may be employed through

control of the flame and air temperatures during each cycle.

In spite of these sophistications the common

technique for assessing thermal fatigue life was suspected

of being unable to generate results that would be germane

to the mechanical properties requirements of a braze repaired

engine component. Moreover, it was quite difficult to

construct a reasonably noncontroversial test specimen for

the common technique which would both simulate service require-

ments and at the same time be representative of wide clearance

brazed butt joints. Therefore, a different technique was used

to assess the thermal fatigue lives of brazed butt joints for

the application to engine component repair.
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Nippes has reported the use of a thermal fatigue

testing technique that involves the use of a Duffers "Gleeble".

Although this machine was developed to simulate heat affected

zones in welds, it is readily fitted with a fixture for

conducting a new kind of thermal fatigue test. For the test,

a specially designed test specimen is rigidly clamped in a

rigid, water cooled fixture that fits onto the "Gleeble" machine.

Heatiny is accomplished by passing a controlled electrical

current through the specimen. Cooling is accomplished by

radiation to and convection by the atmosphere as well as

conduction to the water cooled reservoirs of the clamping

fixture. During the heating portion of the cycle, due to

the would be thermal expansion of the specimen's test section

being constrained by the rigidity of the clamping fixture,

the specimen experiences thermally induced compressive stresses.

During the cooling and due to eventual compressive deformation,

the specimen experiences tensile stresses. Eventually, a crack

will form or the specimen will break to conclude the test.

Figure 13 is a photograph of this setup as used

for thermal fatigue testing. The electronic component in the

foreground is an electronic pyrometer used to measure mid test

span temperatures and is part of the feedback loop used foi

controlled heating and cycling. The Duffers "Cleeble" used for

thermal fatigue testing of wide clearance brazed butt joints

in ALLOY 713C was a Model 510. The control panel for this

machine is pictured in Figure 14. In the middle of the left

most control panel may be seen a set of helipots. It is

possible to set each of these 'pots' to tap a percentage of

some prescribed milivoltaqe and feed it to the machine; it

is also possible to set the time over which these milivoltaqes

are output by linear increase from lowest to hiuhest over the

time interval. These milivoltages are cumulative from pot to

pot and the machine then causes, by passinq current through the

specimen, the pyrometer output to match (and follow) that from
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Figure 13. IThe Duffers "Gleeble thermal fatique tostino

a 1)1) 1ra tu s. Specimen is seen in the test fi:xture.
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Fiiur;, 14. (Loi,t rml panels of the Duffers "leebie" ',ndelj 510.
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the Ih 1 i pot , I: . in t hi way, t h il.: 1 , A

midspan of tilit t,'st sIec imen caln be p roe i se I ~' tr)I Id.

It is ossib]i. 1 IS() t sot the tot aI tim( -f -I''] ' I r d

the machin cn be caused to repeat the seluelc, lt rri m, t ical iy

until it is phsical l. int('rrl}<td eith 'r 1'ewi Hv , H.' in

open circuit caused by specimen failure.

The heating cycle that was use(d fr the, fhermal

fatique tests was somewhat arbitrary but did take, into

account the probable exponential nature of heatina ancd

cooling during the start-up and shut-down of a qas turbine

enqine. Such heatinq is thought to be exponential but

cannot be truly exponential because the enuine must eventuall

reach a steady operational state where the heatinq rates are

zero. Consequently, the heating period was assimilated! by a

parabolic curve form where heating beoan at ambient temperature

and reached a pre-set peak temperature at the same time that the

heating rate became zero. To simulate steady operation, the

temperature was held at the peak temperature for a prescribe-d

lenqth of time and then the specimen was allowed to cool.

The cycle that was used for all thermal fatirue

testing was: (1) parabolically heated from room temperature

to 1832'F (1000°C) over a time span of 30 seconds, (2) hold

-t 1832°F for 5 seconds, and finally (3) allow to _oel for

85 seconds. The ccle time was thus 2 minutes. This ccle

was repeated until some form of failu re occurred. Cycles to

failure were then calculated by dividing the total clock timw

by the cycle time.

4. 3.2 Test in Procedure and Results

p licture of the thermal fatiue test bar eae be

seen in F igqure 15; it is a duplicate of thlie ssu ,Cimen usod b

ip es in the aforementioned early7 studies. Blanks for this

spocimen w(er( prepared by butt braze assemble, and the ioint
clearanc,'s ranqd from 17 to 76 .mils (for details o)f these
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Figure 15. Ty p ici I therrmi I fat i quo test bar.



tibrivit!,-I I'~'P Huii' F). I~' wirr tp I( Wor tree toeqt

S i CI W;. [ t h It W'0 1 1i wt I W'd if n 1 s St o I t 11)s tO ( hot h

s:)'('i me I I; wh~n i'I: nib II-'A~ T~ t hrti t 'st spec ans whose

t s spans Wbr< ! st inr; (J those SVCivvns

puuvided Ant. i thn thermal kit i nue life Af Hie base nutal

anrd previ ded ahi sr lint f o -ojjjpa-ir jj on f the t-he la 1

fat i(ue per foi-v.inc- (,f tht bjr'ze- butt joined peimns

The CdtI resLuIlt inqj fr tar these tests are seen in Tab 1( 8.

4 . 3 . 3 Di scussien ef the TIhermral Fat icu(e Tests

Ph e fe vi", (f the the urea I : t i eweu tes t (,m,- I 'ed

t the bjra zcn! b utt in in t s ha s the ef fect of i ripoS j noi the

I oma1l I ince st- a5 52S0roSS and r en,' I.u Iw -, T to the-

Iav;inlj surface planes ot the joint. 'This is surelyc the

majnner in whichi such st esses wow Id be si. used TA'S'.' c 0

- n (Ii jt ions on) aI the F11. I I tit 1 owe erac ik rcaa tit- h ad lbet n

rupai-irod by'wid clearance-? braz i( teohln iques. Per he s

re-asons p1lus thec- faict that boa-t inc raeahave br-en_ e:1

ot ol Ict! ta si-1 w Lato. sero ice conditions, the reoft tliesc

re rr 1tt ewe- test fs are c learly more directly apial

e robab I)Ie so, r-, vicu erO r a ernce than vwow id bc I hose of the (

mc) a 1roiVa cceortu t tie rrna fat iwwe test ino r~i O

'The fac-ts tl-at 'he daita are wirecl Scat t-eer

lr__' 1hit no es"t re'tu wi re-sults t-hit wolil d fave- rabi v cor.pare

'.'Ith this pr o tc fu t ho bist, ret i com.bic t(' fern s,7dilarity

be 'wec'n the reort v and st ross rnQ' etc A~ fe .Knee, irorcoer',i

ai 1 I join t fi a 1 u res .eoitiial breaks wh i o tlihoe of the ,a rent

iectal specimeIS Were cr -kind joint f iiliii-c e,: a ll fayina-

sifcefa i I urI'5, the reason forI tK f~ rI 11 ' ' ii i '- ct Ive

behaviocr is pi %ably the same is fW t h. st ross 'ntnure,

i *e. , a plain' )I pos at or near thc' iiee'f \ it -

'11 he data, as tHey st and, offot no 0' tiwt

rowIardinel wwv no ninl )int hali, tatiowne r'iS o a

rivaleId thiit of- tll.he is s(' nt i
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TABLE 8

THERMAL FATIGUE LIFE* OF VARIABLE CLEARANCE
BRAZED BUTT JOINTS IN ALLOY 713C

Joint Combination: Ren4 80/D 15 Alloy

Base Metal Life: 1366, 2093, 2255 Cycles

Joint Clearance Cycles to Joint Clearance Cycles to

(inches x 103) Failure (inches x 103) Failure

17 87 43 1

18 39 55 18

18 225 58 13

24 67 60 36

32 599 64 41

34 86 76 10

Cycle is parabolic heating from R.T. to 18321F in 30 sec,
hold at 1832°F for 5 sec, cool in test rig for 85 sec.
Repeat.
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Whether good mechanical properties overall

could be achieved by improving the joint making technique

to eliminate the plane of pores is a matter of conjecture

or further investigation, should circumstance justify it.

Regardless, when the joint making techniques used here are

employed to repair thermally induced fatigue damage, great

care should be exercised in producing the joint to ensure

against porosity and strong considerations should be

afforded to the eventual service conditions.

I.I
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SECTION 5

DISCUSSION

The two objectives of this work were to develop

techniques for making sound wide clearance butt brazed

joints in a y' type alloy and to determine, at least

cursorily, the mechanical properties of such joints. The

mechanical properties of butt brazed joints are not commonly

of interest. More commonly, the mechanical properties of

brazed lap joints are tested because (1) brazed joints are

felt to be much better performers under shear load than

under tensile load, (2) it is usually possible to engineer

a brazed assembly design so that the brazed joints will

experience mostly shear stresses while in service, and

(3) besides, sound butt joints of any appreciable area

arc difficult to make. The intended application of the

results of this work lay in the braze repair of service

damaged gas turbine engine components that are from the

hot stages. One type of service damage is cracks; metals

do not typically crack in compression or shear but they do

crack under sufficiently hiqh or repeated cycles of tensile

str>ss. Cracks that form in service occur at points on the

component where there is tensile loadinq; if such a crack is

repdired by brazing thus producing a brazed joint, that joint

i, ust sustain tensile loading while in service. It was there-

fore necessary to ascertain the mechanical tensile properties

of wide clearance joints and this requirement dictated that

suci. joints be butt type.

The fact that hot stage engine components were the

principal interest and that such components are nearly always

made of {'-type alloys caused the requirement that the brazed

butt joints be made in a j'-type alloy. The braze repair of

such components and the production of such joints are usually
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difficult. Both, however, are readily accomplished when the

repair procedure is preceeded by fluorocarbon cleaning of the

y' :pe components involved.

The base metal alloys that were chosen for screening

during this effort were picked from generic qroups because

they were (are are) considered to be representative of their

groups. No further defense of the choices of specific alloys

can be made. The choice of ALLOY 713C as the base metal

to be used in the mechanical testing phase may, however, have

been fortuitous. In other work on component braze repair it

has been found that at least one y'-type alloy, C-1023, cannot

sustain the FCP and brazing cycles without its metallurqical

properties beinq unrestorably compromised. It has been

fortunate tbat ALLOY 713C does not have this malady because

such possible circumstances were not taken into account when

choosing the base metal.

The brazino powders, both the braze sinter metals and

the braze filler metals, were chosen for their representation

of oeneric qroups. Miny other brazini iowriors cnuld have

been chosen without detriment to the pronram. The fact that

any brazinoi alloy was not included in the ioint r'akino

materials screeninq should in no manner be cnnsidered an

indictment (of that alloy. Moreover, brazino alloys that

were not chosen as joint making materials shonil not be

disnoiraqed on the basis of this investiqatinn. It was

necessary to choose alloys based on cursory investiciations

under rigid and narrow brazing procedural limits. The final

choice of brazing powd'Urs then can have no more sio nificance

than is implied with reqard to the foreq,)ini constraints.

The brazing powder screening effort did show that not

all brazing filler metals will readily every brazinc sinter

metal under arbitrary brazinc conditioens. Therefore, when
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wide clearance brazed joints are made, at least by the two

step method, the joint makini1 combination should t- -. T-ect

until proven sound.

With regard to the wide clearance brazini technicue

(which, incidently, is also applicable when materials build-

up is required) there are evidently two procedures, namely,

the one and the two step method. The two step method was

the one used for this investiqation. It is also a matter

of the art to use a one step method. In this method, the

braze sinter metal is mixed with the braze filler metal and

that mixture is placed in and on the cra(ck to be repaired.

The repair then takes place in a sinele brazinu step.

Fvidentl , the drawback to this method is the requirement

that the braze filler metal be 50 percent or ,reater of the
mixtare. In the two step method this is reduced to -57, and

thus when a sound joint is produced it should be metalluraically

superior to that 1-reduced by the one step method. In the joint

makino of this effort braze filler metal feeder rins were

used in an effort to secure complete fills and sound joints.

The effort to secure sound butt joints was somewhat

sc('cessful. However, at least for the joint combination

Rend 30/1) 15 alloy, a plane of pores apparently often forms

at or near the upper fayinq surface durinq the production of

a butt brazed )oint. These pores appear to have been

entrapped by the brazing filler metal as it rose from the

lower to the upper faying surface. There is little reason

to believe that such entrappments would occur durina the

reipiir (,t an Coiline component but this should be established.

The p1 ane of nores was unfortunately overlool:ed du-inq the

materials se I ('tiorl efforts. This situation is accounted for

by referonce to the fact that, at the time, the only scuttline

critenri)n was lack of fill. When superb fillino was seen to

exist, the-- p1 ] e of pores was simply but unfortuantely not

not(d. it,;s I- iqnificance surfaces as the mechanical properties

* poct rin, unfolded.
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The mechanical properties of wide clearance brazed butt

joints have not truly been thorouqhly divulqed by this work

because, on final assessment, it was found that most of th,.

joints evaluated here had the plane of pores defect. T

that extent what are now known are some mechanical properties

of such joints. If such joints could be made without the

plane of pores, the results of the stress rupture tests and the,

thermal fatigue test would likely be quite different. In

particular, the scatter would almost certainly be ameliorated.

Whether these properties of sound joints would compare

favorably with the base metal cannot be ascertained at this

juncture. Neither can the effects of joint clearance or

temperature be conjectured.

The tensile properties of the butt joints tell

different story. Because the tensile fractures wert

surfaced and occurred at mid-joint-span, theyv Teru o1 -;si

not controlled by any plane of pores. The tensile tests

were therefore true tests of the butt joint an'i as such ,li

revealinq. It is shown by the results of thu :(rn6 .90'F , 17

joints that wide clearance brazed butt loints can be

that have tensile strenoths as qood as, ao,] sometimes suprlir

to that of the base metal. The, also show tha t :]o fev, :air<c

is true throughout broad temperature rancles. Thc tesilo

te-st results from the }iastellov C/AMI DF 3 joints show that

not all joints are equal, that_ some joint makinq combinations

result in higher performances than others, and indicate that

the best joints contain some " forminci constituents.

The tensile tests show further that joint clearance

has little if any infl~uence on tensile performance. This is

true for any joint making materials and is encouraciina because

it demonstrates that a ocod joint can he de}pended uon to

portlorm we] re(iardless of its width which is not true when

Lhe brazino is done with filler me(tail alone.
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The only basic difference betwe,(ii the , u. cal

properties tests performed is strain !Ate. !I only

be concluded that in the case of the tensile tests either,

for some reason, the specimens did not contain a plane-of-

pores defect or such defects only become the controllinq

factor when strain rates are low. It does seem probable,

however, that if Rene 80/D 15 joints that do not contain

the plane-of-pores defect can be made, the results of test-

inq their mechanical properties would be uniformly encouracing.

It also seems probable that the same could be said i§or any

number of joint making combinations so long as such joints

contained a forminq constituent.
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SECTION 6

CONCLUSIONS

1. Any y'-type superalloy, regardless of surface condition,

can likely be rendered nickel brazeable by fluorocarbon

cleaning.

2. It is surely possible to repair wide clearance cracks in

service damaged, hot stage components fro> gas turgine

engines by nickel brazing when the component is first

fluorocarbon cleaned followed by filling the crack with

a braze sinter metal and sintering it in plane and

finally completing the repair by placing a compatible

braze filler metal on the repair area and brazing by a

proper cycle.

3. Provided that an adequate braze sinter metal- braze

filler metal combination is chosen and the resultinq

repair is likely to perform as well or better than the

base metal in service.

4. The mechanical properties of wide clearance butt brazed

joints can vary broadly with different choice- of braze

sinter metal- braze filler metal combinations.

5. Although all braze filler metals are compatible with all

('-type alloys, once the alloys have been fluorocarbon

cleaned, not all braze filler metals will wet all braze

sinter metals, i.e., joint combinations are special.

6. When wide clearance brazed joints are made, their

mechanical properties are, in general, not reproducible

(reliable) unless the joints are free of serious defects.

Moreover, securing this condition evidently requires

careful and, at this juncture, unknown procedures.
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This Interim Technical Repor-t covtors the work p+erformed

under Contract No. F-3 ' 1 5-7 9-c- 5033 durin the period May I, 1979
to February 1, 198(]. It i; publ ish(.d fo r in'ormat ion and the

conclusions herei: a rt t h, of thie( c(ntract(r alone,.

This coritr-, , wit ! , , . lin,7 andi ,oinjn,: (;roui of

the Universit, I i.' , '0 SU(-h lnstitute, was initiated

under the tit . "k v1 , . .r . i luiatin of Wide G;ap Braze

Joints in "hamr<, jr 72 Av. h, work is lom--n, administered

under tht, f! .- i,- ,r t i )f !)r. ;., . M(--tzer of the Air

Force %laterl;lls r-lr tr:'' , i s :< T :, ics Division,

Wright-Platterson Air I'-rc, i<):ist-, (Ohio.

The proc;ram is bein,; direct(-d Dr. A. V'. RaY, Pro ect

Supervisor, Metals and Ceramics Division. 'h(, e rinciPal

investiqator is Dr. J. W. Chasteen of th( Weldcin f- and ioininc,

Group.
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UNIVERSITY OF DAYTON

RESEARCH INSTITUTE

DAYTON, OHIO 45469

SECTION 1

INTRODUCTION

The first few turbine stages of advanced gas turbine

engines must operate at temperatures which exceed the safe

operating levels for stainless steels and solid solution super-

alloys. Engine components for these stages are often made from

' hardened nickel base superalloys. Such components have become

rather intricate in the air cooling techniques used and in their

assembly (mechanical and brazed). Until recently, braze assembly

of such components was marginal, and the technology for braze

repair of such parts, upon retirement from service, was limited.

The fluorocarbon cleaning process recently developed at UDRI now

makes possible routine assembly and repair of y' alloy engine

components by standard nickel brazinq techniques.

The physical properties of brazed joints and particularly

wide clearance brazed joints have long been questionable.

Consequently, welding is conventionally employed for assembly

and repair of gas turbine engine components. Welding, however,

has limitations in that it is a piece-by-piece, as opposed to a

batch, operation and also it may not be possible to physically

access the joint with a welding torch. In addition to these

limitations, it is generally not possible to weld (or even braze)

gamma prime type alloys by heretofore known art. As aforementioned,

it has become possible to nickel braze gamma prime type alloys, even

after service, if they are prepared by fluorocarbon cleaninq prior

to brazing. Since brazing is now available for such metalluraical

systems and welding is still not an option, it is advisable to

determine the physical properties of wide clearance nickel brazed

joints in gamma prime alloys.

Such determinations are currently being conducted at UDRI

under the auspices of USAF Contract No. F33615-79-C-5033, titled

(1)

70



"Development and Evaluation of Wide-Gap Braze Joints in y' Alloys."

What follows is an interim report on the first phase of the subject

effort.

(2)
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SECT] ON 2

PHASI7 I BRAZE-JOINT COMPOSIT:

... OER' [1,.1, 0' OF IIASE I

Lt is not within the scope of th,. - rs. t . rr> r a t,.

defilnitivelv delineate between potential brazin mrte- ia.

Nor is it within the present scope to characterize the er-; ertics

of such joints in a large number of :ia-mm3 prime alos. t ,as

however necessary to cursorily invest iqate joint makin<i maJterials

in order to judiciously choose materials for the physical

properties evaluations. Althouch the exnerience of RIl r-rsn-cl

made ALloy 713C the best candidate as the parent al t was

possibl] to i-ncluide two other ' alloys in the scree!ir": in.estilna-

t I n. In order that the results of this investnicatior. ' t . '.,

a mar i.um impact, the ' alloys and the brazinq material I tnis

effe: wec - limited to only those that are commerciaIl': a, ailal Ie.

Per what follows it is necessary to define "v: i c -Cearance"

1 11 1 t. A wide clearance gaiap is understood to be an t< :tia i."
rzble cap that is so wide that a braze filler mi t1, I: reaso

i t-s flidJi tv or surface tension, but net wetta hi it , -il not

hi I(: 1,, anl remain in the qap. Such a gap, df leled K: anv

o:,raz ,tec hic{oe, is here termed a "wide-clearance leint ' .

br,:,c j()i:it kt the type described is typically co:is1- ituteni of two

materials: (1) a braze sinter metal and (2) a Iraze

-i . Th(e b-aze sinter metal is, for the purpc-ccse here, a

w. ,h bill: composition corresponds to a melt inc: .vt that

is sl !i,it icani V hiqher than --hat of the braze filler mr ta] wth

vv I: 'i to be mated. The braze sinter metal is nz]aced in the

w ce gaCp . r(, ;"ip and 1iq;htly sintered in p lace--the rehv present1nc:

. i h, : e which can.... be filled b,, a later app icat J,,n -t th-

1 r , met l. 'fni s latter applI]ication copl)Ietes t ie i rt

%,Two mit esr] that make u p a wide clearanc, ( i It must

W+we :o mnimal c haracter ist ies The braze sinter metal

,2



must be lightly sinterable at reasonable temperatures (below

the heat treating temperature of the parent alloy) and it must

be fillable (wettable) by the braze filler metal. The braze

filler metal must melt and flow at a reasonably low temperature

and wet the parent alloy. It must also, of course, wet and fill

a sintered compact of the braze sinter metal.

2.2 TASK 1. COMPATIBILITY OF' THE BRAZE FILLER METAL AND THE
PARENT ALLOYS

2.2.1 The Parent Alloys

Three specific ' alloys have been screened as

potential parent alloys. The properties evaluation ,irogram

will center e0" Alloy 113C which is considered to be a medium

alloyed gamma prime. The screening included also a modestly

alloyed gamma prime in the form of Inconel X-750 and a stronalv

alloyed ganma prime in the form of Mar M 246. Wide clearance

brazed joints ire likely to be advantageous on surfaces of

three types. The; are: newly cast and buffed, surfaces havinc

Sttmospheric corrosion product, and surfaces that emerqe upon

stripping of a chrome-aluminide type protectixe coatina. The

wettability of such surfaces has been investigated; tests of

the stripped surfaces are incomplete at this time and will be

re~ported later.

2.2.2 The Braze Filler Metals

The braze filler metals also divide into three

ger erjc 71roups which are characterized by their brazina temperatures.

The groups (all nickel base) are (1) low meltina--brazina temperature

1900°F, (2) medium melting--brazing temperature 2]_00'F, and (3)

hi:!h melting--brazina temperature 2200'F. The brazina alloys

that were chosen to represent these qroups were BNi-2, Nicrobraze

200), and AMI DF-3 respecti vely. Metallurgical consi(ierations

would iIdicate tha' a brazed joint would be stronger if it contained
0 r_ 'L q'arnma prime formers such as Al or Ti. In view of this, a

fourth braze, I illcr meta' wais includod in the set(rhina investi-a-

ion. It. is _ nw, proprfi ta ry brazing alley which contains a modest

i unt 1+ ,P] a: is Lanfwn ) D-15 (see ' ',],, 1).

(4
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2.2.3 The Compatibility Studies

The braze filler metal-parent alloy compatibility

studies were conducted by use of T-bars. T-bars were made

from pieces of the parent alloys by placing the edge of one

piece upon the flat of another to form a T-joint of near zero

clearance (never exceeding 0.001-inches) . The assembly was

comr Let ,d by weld tacking the ends of the T-bar with a TIG torch.

Sufficient T-bars of each parent alloy were prepared so that each

surface condition could be evaluated for each parent alloy and

each braze filler metal.

The compatibility was assessed by first placing

a small pile of braze filler metal on one side and at one end

of each T-bar. This assembly was then placed in a vacuum

furnace and heated to the recommended brazing temperature where

it was held for 1/2-hour. After this brazing cycle, the

compatibility was assessed as follows: if the braze filler

metal melted and formed a ball but did not run along the joint

the compatibility is nil. Perfect compatibility was construed

to be that circumstance where the filler metal melted, ran the

full length of the T-bar joint, ran under the near zero clearance

junction, and made a braze fillet on the opposite side from where

the braze was pliced.

2.2.3.1 Sources of the Parent Alloy T-bar
Materials

The T-bars were assembled from readily

available materials. The Mar M 246 T-bars were assembled by

usc of slicings from a casting gate that was courteously furnished

to UDRI by Detroit Diesel All ison Division, GMIC, Indianapolis, IN.

Th( rnconel X-750 T-bars were made from sheared and dressed pieces

of 1.8-inch thick sheets of that material which were on hand. The

Alloy 713C T-bars were fabricated from sections of extrusions as

furnished to UDRI by the Joining and Processina Croup at AFML. These

Sa ter were heat treated to simulate cast con(litions bv first solution

tre:atn i at 2150T for 2 hours followeO by a stabilizinl treatment

C f ours ait 1]70 I)

(5)
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2.2.3.2 The lParent-BLraze Compatibility Tests

2.2.3.2.1 Freshly Cut and Buf fed >wrfaces

Fiqures la-ic show th r -ii'

of T-bar run tests where the surfaces are freshl,': cut :,d h , j
ground. The materials and brazinp cycles ar(t ind cct,-i. F1 S

la shows the placement of the braze, Fiqure lb shows the brzu

side of the T-bars after brazing, and Figure Ic shows the fi,

sides of the T-bars. All alloys demonstrate compl(t(. compatiL:

with all braze filler metals when the surfaces are in the frs

cut and buffed condition.

2.2.3.2.2 )re-oxidized and Grit Blast(,.
Surfaces

In order to simulate "returned

from service conditions" for uncoated parts, two full sets of

T-bars were oxidized in air furnace for 16 hours at 1700'F. These

conditions, in all cases, resulted in a moderately heavy but

adherent film. Insofar as was possible, the film was removed

by grit blasting. The fact that the T-bar junctions could not be

reached by the blasting operation was construed to be a cood

simulation of a crack that had formed in service.

One set of the resultinc T-bars

were then brazed by the aforementioned cycles. The results are

shown in Figures 2a and 2b. Figure 2a clearly shows that all braze

runs were incomplete on the Alloy 713C T-bars; BNi-2 and DF-3 are

incomplete on the Inconel X-750 T-bars; but all runs are complete

on the Mar M 246 T-bars. Figure 2b shows that none of the fillet

sides of the T-bars are wetted except for DF-3 braze filler metal

on the oxidized Mar M 246 T-bar. Although it is not apparent,

however, even in this case, the weld tacks were not wetted.

2.2.3.2.3 Pre-oxidized, Grit Blasted, and
Fluorocarbon Cleaned

The second full set of alloy

T-bars were fluorocarbon cleaned prior to brazinq. The results

(6)
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i, , i t . i , shown in Figures 3a, 3b, and 3c. Figure 3a

, s10w, ; t, I L,.Im.t of the braze. Fiqures 3b and 3c show the braze

. ii I :t- i I 1t side respectively. Obviously, after fluoro-

,i i :re-oxidized al roys hav demonstrated complete

u,,:.;; ,, I'.,te illets have been made on all sides opposite the

b , . *c 1 [ompatibility between all I' alloys and all braze

Si >1 >wVI . s rt sults after the alloys have been subjected to

t,,i ) rm),t r hlot c I laning.

2.2.3.2.4 Discussion: Parent-Braze
Compat ,biI ity

The metallurqical integrit' an

, i it L t: ri 2 , brazed joints in T-bars have not been investioated

Lit. S i! c. )!:.ts of note have emerged from the standpoint of braze

t I i_'11 ; Lo . They are.

I ieii tt rces of the parent ' alloys are freshly cut and

L,i, -d , th' e; .re readily brazable by nickel brazinq in standard

c.. (,les.

2. W hcn the surtaces have been exposed to a high temperature,

ox,/idizing atmosphere and then only grit blasted, Mar M 246

ocu:,, es raiiijally brazable by braze filler metal DF-3.

.r > 24, it.h the other braze filler metals and Alloy 713C

< . ,i L:; ; X-750 with all braze filler metals are unacceptaibly

-. .i , t.n Alloys become readily nickel brazable by all

f i ier tetals when such alloys are fluorocarbon cleaned

i( 1 to ,r tzl.qg.

4. f thij ;ix of this work involves nickel braze joints in

i-ter fluorocarbon cleaninc, the T-bar compatibility

- w< btai.led to eliminate any candidate braze filler metal

,i, , ate between them.

i9)
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...') 1TIH I Ii vY OF ' 'HIE RAZI: F1.,1,!:R -TALS NITIH

li' i<A/l: M_.NI METALS

T. 1 .r,uiroments of a braze sinter rowder are

>'Y s inter at- a reasonable tomperature and

tILis :' it i : ,s infrastructure to be filled by the braze

filli ,t inn .,.1 that the partially sintered structure have

contig.;;:',o,..nit,,v ,ind be wetted and filled by at least one

braz, 1 1 t ii.

_1 i, P,irze Sintor Metals and Their Wafers

L-aze sinter metals chosen for evaluation were

size: -140), Hastelloy Alloy C (mesh size: -140,

,, (mesh size: -325). As a matter of documentation,

i , i-. i. .0 ]00X electron photomicrographs ot the raw powders

i mt, : Metals. It may be noted that although the

I 's ind the Hastelloy C powders are spherical, the

I s .)t. Also as indicated by the mesh sizes, the

i'-r, smaller than those of the Hastelloy C. ..0

, .:i frcance is attached to these observations but

Icr:,. I h Rt;e 80 :article size is too small. The chemical

,s -iI metal powders for this study are listed in

111e technique of evaluating sinter-filler metal

c'mjdt iL; i ,! bv brazing a pre-sintered wafer has been previously

rep(. I: ' , and that technique has been used here. For Iurioses

o -i _ ti te'hn iCue will be cursorily described. A wafer is

md, . ,In 2 cc of braze sinter metal with an appropriate

flud ,_, t and casting it into a wafer mold. The mold is made

i )i dr,' style fr-m two sheets of teflon (see Figure 5)

A w., Ii t!eflon impregnated fiberglass is placed between the

co[u I ,d the dirat in order to facilitate removal of the dried wafers.

When th. wfers are dried (green wafers) their densities are measured

by .: l. a.Sted mercury submersion technique and then they are

si11t (..I. A1] sinterinq was accomplished by the same cycle,

11l)
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Figure 4a. Nicrogap 108 braze sinter metal. iGOox
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Figure 4b. Hastelloy C braze sinter metal. iQOox

(13)*
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Figure 4c. Reri6 80 braze sinter metal. l0OCX

(14)
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Figure 5. Assembled teflon mrld for rrokinc, pro-sintored wafers.
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I,

i.e. , heat in vacuum to 5000 F, Iproceedl tO 700°1F over a course

of l-hr, proceed further to 2065°F and hold for l,/2-hr, 'rho

slow heatino in the 500 to 700 0 F range allows for the slow

outgJassing of the cements and thus provides unbroken wafers.

After sinteriog, critical properties such s density and '<-shrink

were either measured or calculated. These results may be found

in Table 2.

During the course of this study, it represented

little additional effort to evaluate two specific types of cement.

One type of cement, here chosen as Nicrobraz Cement Grade No. 5CC,

is soluable in acetone and ,1cohol. As such it is relatively fast

<irvin2 and a' lows little time for m( ldinc, a braze sinter metal

application. The secord type of binder, here chosen as Nicrobraz

'S' Binder, is water soluable, relatively slow to dry, and allows

time for molding, pushing sinter metal into a crack, etc. In all

sinter-filler metal combinations both the 500 and tne S cement

wre used. When the braze filler metal was applied to the sintered

wafer, tlhe binder used was always the same as that used to make the

sintered wafer.

In order to record the effects of n)artial sinterinc

and the cements, a sintered wafer of Hastelloy C that had been

bou:,by the S cement was broken. A 100CX photocrash of the

ractcured surf-ice may be seen in Ficure 6. It may be noted

i ttle if any evidence of residual cement can be so'. urth-

mrCe, the points of sinterin-; as we'll as those t l, o.,rreb en

in the f-acture arc apparent.

2. 3. 2 Brazing of the Sinter Metal wafers

All ot the braze sinter metals, by usc (- ,ci"

cements, were made into sufficient sintered wafers fr ,,-:

AlI possible sintor metal-cement-filler metal <ml :ra ms

investigated. The brazing cycles were as .hewn in< al] ,

When the braze filler m(,tal was U> t, , ,

it w:;s nece-ssary to a.ceta n how much to 11''. '' s 'is

i, cr Icul at i h-, amoint o- f i I1cr m tal o Ii,-o tI ,__ *

'1 7)
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Figure 6. Fracture surface of a sintered Hastelloy C
wafer. 1000X

(18)
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TABLE 3

BRAZING CYCLES

Braze Filler Metal Time Temperature

Nicrobraz 200 1/2 hr 2065OF (11300C)

BNi-2 1/2 hr 1950°F (10650C)

AMI DF-3 1/2 hr 2200°F (12000C)

D-15 1/2 hr 2200OF (12000C)

(20)
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the pores of a wafer. In order to do this it was necessary to

know the theoretical (zero porosity) density of the braze filler

metal and the volume of the pores in a sintered wafer. In order

to assess the latter, it was necessary to know the theoretical

density of the braze sinter metal. Thus a 10 gm amount of each

sinter metal and each filler metal was consolidated into a fully

dense mass by melting in an inert gas arc button furnace. The

densities of the resulting buttons were measured by the tungsten

ballasted mercury submersion technique. The results of the

measurements are listed in Table 4. The pore volume of a sintered

wafer is readily calculated as

S S 0Th
S

where VP = pore volume in cc

W S  = wt. of the sintered wafer in gms

PS = the density of the sintered wafer in g/cc

Th = the theoretical density of the braze sinterS metal

The proper amount of braze filler metal to apply is then calculated

by

W = Th
B =B VP

where WB  = wt. of braze filler metal applied in gms

Th = the theoretical density of the braze filler
B metal

Figure 7 is a photograph of the resulting wafers which were brazed

as described. The densities and other physical data may be found

in Table 1.

Reference to Figure 7 will show that the Nicroqap 108

and the Ren6 80 wafers when brazed with either AMI DF-3 or D-15

show evidence of melting. This prompted the investigator to suspect

(21)
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TABLE 4

THEORETICAL DENSITIES OF PERTINENT BRAZE
AND SINTER METALS

Metal Density (g/cc)

Nicrogap 108 8.57

Hastelloy C 8.32

Rene 80 8.26

Nicrobraz 200 8.27

BNi-2 7.97

AMI DF-3 8.21

D-15 8.05

(22)
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Figure 7. Brazed wafers resulting from all sinter-filler
metal combinations.
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that the brazing temperature for these gap filler combinations may

be too high. Consequently, sufficient sintered wafers of Nicrogap

108 and Ren6 80 were made to test brazing temperatures of 1150*C,

1175 0 C, and 1200 0C for brazing 1/2-hr with AMI DF-3 and D-15.

Figure 8 is a photograph of the results. The brazed wafers

indicated that although 12001C may be a bit high for brazing

these combinations, 1175*C or below is too low. Thus the brazing

cycles as listed in Table 3 remain in practice.

2.3.3 Metallography of the Brazed Filler-Sinter Metal
Combinations

Reference to Figure 7 shows that the braze filler

metal did not wet the braze sinter wafer when Nicrobraz 200 was

applied to wafers made of either Hastelloy C or Ren4 80. Neither

were these wafers wetted by BNi-2 (AMI 4777) except, marginally,

in the case where the Hastelloy C wafer was made with the water

soluble 'S' binder. These sinter-filler combinations can thus

be eliminated as potential combinations for making wide
clearance butt joints.

The remaining wafers were halved and their cross

sections were prepared for metallographic examination. Figures

9a through 9p are 10OX magnifications of the microstructures.

Each specimen was electroetched in a saturated K2Cr20 7 solution

at 4V for 10 sec. Alongside each figure a legend lists the

wafer shrinkage upon sintering, the shrinkage upon brazing, and

the brazed density. These values are significant in the final

analysis and will be returned to in the discussion. The %-shrink

is calculated by

%-shrink = (V x 100

where V I and VII are the volumes of the wafer before and

after the operation of interest respectively.

2.4 ANALYSES OF PHASE I RESULTS

The objective of Phase I was to determine the two braze filler

metal-braze sinter metal combinations which were best suited for

making wide clearance brazed butt joints in y' alloys.

(24)
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Figure 8. Brazed wafers showing various effects of brazing
temperature.
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Lshrink on sintering 2
S* '" " % shrink on brazing 3.96

brazed density 8.32

9a*. Brazed wafer of 108-S-200. 100X

- .-:- := . 3 . ; . % shrink on brazing 0. 54
f , , ,,r; " , "braze d density 6.31

9b*. Brazed wafer of 108-500-200. 100X

*Combinations codes read: braze sinter metal-cement-braze filler
metal where 108 = Nicrogap 108, C z= Hastelloy C, R80 = Ren6 80,
S = Nicrobraz 'Sq' binder, 500 = Nicrobraz Cement No. 500,
200 =Nicrobraz 200, 4777 = AMI 4777 MBNI-2), and DF-3 = AMI DF~3.
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4 d,

" ' % shrink on sintering 22
% shrink on brazing -8.22
brazed density 7.28

9c*. Brazed wafer of 108-S-4777. 10OX

4 I % shrink on sintering 19
. % shrink on brazing -5.23

4t brazed density 7.72

, " *" X~

9d*. Brazed wafer of 108-500-4777. 10OX
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2.4.1 Analysis of Task 1

The filler metal-parent alloy compatibility study

failed to delineate between the braze filler metal candidates

in that they all wetted and filleted well for all y' alloys tested

when such alloys had been fluorocarbon cleaned. When these alloys

had been pre-oxidized and grit blasted but not fluorocarbon

cleaned, the brazing was, in general, unsuccessful. These data

only corroborate the necessity of fluorocarbon cleaning which is

planned for the test specimens anyway.

2.4.2 Analysis of Task 2

The sinter metal-filler metal compatibility study

proved to be more delineating but still not clearly decisive.

2.4.2.1 The Cement and Binder

Comparison of Figures 9a through 9p by

pairs generates a mild suspicion that brazed wafers made from

the water soluble binder ('S') tend to have slightly higher

porosity than those made from the alcohol soluble cement (500).

This tendency, however, is neither all pervading nor profound.

At ioutjh a strong tendency for %-shrink at the sintered stage

woi,7J bode poorly for a cement or binder, reference to such

dafa in Table 2 reveals no such tendency. Thus the evidence

of th:s study, from a metallurgical point of view, shows the

water soluble binder and the alcohol soluble cement to be eauivalent.

In the making of wide clearance butt joints,

it is ":( nvcrient if the joint dries (sets-up) rapidly in order that

th, asser.ibly can be moved. It is for this reason and this reason

a< )nr tiLat the alcohol soluble cement will be used exclusively

cl ir l.,,: the remaining course of this investigation.

2.4.2.2 The Sinter-Filler Combinations

Before proceeding with the-analysis a

i::,1 iiq word about the microstructures cf Figures 9a-9p is

i or ler. The microstructures of several of the brazed wafers

wtr- riot uni term. The photomicrographs of Figures 9a-9p are chosen

(34)
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from that area of the wafer which the investigatcr felt was

representive of a uniform microstructure that could be achieved

with a slight technique development effort. It also needs be

reported that past experience with the wafcr compatibility

evaluations dictates the following observations: (1) if the

braze filler metal will not wet and fill the wafer, that

combination will not make a brazed joint, (2) if the braze

filler metal does wet and fill the wafer, that combination

will make a brazed joint, but (3) when the braze filler metal

marqina--y wets and fills the wafer, that combination is

adequately tested only by making joints. With these observations

in mind, only those combinations whose microstructures are not

shown may be eliminated at this point in the study.

A high degree of shrink upon sintering

is an undesirable characteristic for a braze sinter metal. This

characteristic is displayed by Nicrogap 108 (see Table 2).

However, it is desirable to have a high temperature and a moderate

or low temperature braze filler metal in the final two sinter-

filler combinations. Therefore, although combinations involving

Ni~rogap 108 with AMI DF-3 or with D-15 may be eliminated, those

with Nicrobraz 200 and BNi-2 (AMF 4777) cannot.

Figures 9a-9p show that combinations of

Hastelloy C and Ren6 80 with both AMI DF-3 and D-15 result in

brazed riicrostructures where the matrix phase is solid solution

(and probably high melting) with the original sinter metal

particles in suspension while dissolving. This is not the case

for the combination of Nicrogap 108 with the high temperature

brazes. This fact alone would have eliminated the Nicrogap 108

for these brazes if the shrink criterion had not.

2.4.2.3 Conclusion

The butt joint making combinations that

remain viable are:

(35)
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Cement Sinter Metal Filler Metal

Nicrobraz 500 Nicrogap 108 Nicrobraz 200

Nicrobraz 500 Nicroqap 108 BNi-2

Nicrobraz A00 Hlastelloy C AMi DF-3

Nicrobraz 500 lastelloy C D-15

Nicrobraz 500 Ren6 80 AMI DF-3

Nicrobraz 500 Ren6 80 D-15

One combination will be chosen from the first two and one from

the last four.

The next most obvious way to delineate

between the remaining candidate combinations is to make and

evaluate butt joints. Such joints are currently being made

and ,ill Lje evaluated on the basis of their integrity. If

thi. fails to delineate best combinations, a decision will be

made on the basis of which joint, from a metallurgical point

of view, is likely to display the best combination of mechanical

propert ies.

(36)
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SECTION 3

ADDITIONAL EFFORT: BRAZE REPAIR OF TWO
AUXILIARY POWER UNIT TURBINE NOZZLES

As an added effort AFML personnel requested the UDRI

Fluorocarbon Cleaning process be employed in the braze repair

of two APU nozzles. A third nozzle was supplied and sacrificed

in order to determine the necessary process parameters. Figure 10

is a photograph of an as-received nozzle; it also shows the manner

in which the sacrificed nozzle was sectioned. The two remaining

nozzles were of parts types GTC 85-71A and GTCP 85-397. The

nozzles were each about 12-inches in diameter and 8-inches high.

Since their size precluded preparation in the UDRI laboratory

facility, the parts were ultimately fluorocarbon cleaned in the

19-inch diameter pilot retort.

The nozzles were grit blasted and then suspended on a

fixture tree before placing in the cleaning retort. Figure 11

shows the fixturing assembly; the three nozzle segments at the

top were included to simulate a full pilot load and have no other

significance in this effort. The nozzles were thus fluorocarbon

cleaned.

The cleaned nozzles were then braze repaired and braze built-

up where required. The nozzles were quite similar and behaved

identically. Thus only one of them will be fully documented here.

Some general comments on the braze repair are in order. APU

nozzles are typically withdrawn from service beacuse hair line

cracks develop at both the leading and trailing edges of the air-

foils where the airfoils join both the upper and lower bands.

Such cracks are repaired by area brazes which are applied without

regard to whether there is a crack at the point. In some cases

leading edge erosion is prevalent on most of the airfoils. Such

areas must be built-up prior to final brazing. This condition

existed in the GTC 85-71A nozzles; the erosion was mid, and

its extent may be seen in Figure 12. Because of the leading

edge build-up requirement it is this part that will be documented.

(37)
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Figure 10. An APU nozzle as-received from service.

(30)
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Figure 11. Fixture tree assembly of parts as they were
placed in the fluorocarbon cleaning retort.

(39)
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Figure 12. An APUJ nozzle showing leadinq edge erosion.

(40)
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The leading edges were built-up by applying a 2:1 mixture

of Nicrogap 108 and Nicrobraz 200 suspended in Nicrobraz Cement

No. 500. The mixture was applied by layers dropped on with an

eyedropper. The dried green deposits were then dressed with an

abrasive cloth and made to conform to the blade contour. This

assembly was then brazed in vacuum at 2065*F for 1/2 hr. The result

of this operation is shown in Figure 13. The edges were then

mechanically dressed (see Figure 14) and the area brazes were

applied. These were brushed on from a suspension of Nicrobraz 200

in Nicrobraz Cement No. 500 thinned with acetone. Area braze was

applied to the other nozzle as well. Photographs of the nozzles

at this stage of repair are presented in Figures 15 and 16.

Figures 17 and 18 show the leading edges of the nozzles

after brazing in vacuum at 2065'F for 1/2 hr. Figure 17 shows

that the leading edges have been restored and that the braze has

quite successfully wet the casting. Figure 18 shows similar results

for the GTCP 85-397 part; it also shows some area braze touch up

on the throat of the nozzle. This was necessary because casting

dross which had been entrapped was removed by the fluorocarbon

cleaning leaving areas of small pits. As a matter of documentation,

Figures 19 and 20 show the trailing edges of the brazed airfoils.

What appear to be cracks in the GTC 85-71A airfoils are actually

casting laps; the cracks have been healed.

Both the GTC 85-71A and the GTCP 85-397 nozzles have been

returned to AFML personnel for their dispensation.

If

(41)
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GTC 85-71A

Figure 13. The nozzle of Figure 12 after initial build-up.
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GT..8-71A

Figure 14. The nozzle of Figure 12 after dressing of the built-
up areas.

(43)
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Figure 15. The nozzle of Fiqure 14 after application of
the area brazes.
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GTC 8 397

Figure 16. Same as Figure 15 but a different nozzle.
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Figure 18. Leading edqcs and throat area after braze repair
of the GTCP 85-397 nozzle.
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Figure 19. Tril Iw in Aq11cs of the nozz( nr of F i-w-r 17.
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Figure 20. Trai inrq edqcos of the nozzle1 of Fiqare 18.
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UNIVERSIT' OF DAYTON
RESEARCH INSTITUTE

DAYTON, OHIO 45469

SECTION 1

INTRODUCTION

The first few turbine stages of advanced gas turbine

engines must operate at temperatures which exceed the safe

operating levels for stainless steels and solid solution super

alloys. Engine components for these stages are often made from

y' hardened nickel base superalloys. Such components have become

rather intricate in the air coolinq techniques used and in their

assembly (mechanical and brazed). Until recently, braze assembly

of such components was marginal, and the technology for bW-azu

repair of such parts, upon retirement from service, was limited.

The fluorocarbon cleaning process recently developed at UDRI now

makes possible routine assembly and repair of ,'' alloy enuine

components by standard nickel brazing techniques.

The physical properties of brazed joints and particularly

wide clearance brazed joints have long been questionable.

Consequently, welding is conventionally employed for assembly

and repair of gas turbine engine components. Weldino, however,

has limitations in that it is a piece-by-piece, as opposed to a

batch, operation and also it may not be possible to physically

access the joint with a welding torch. In addition to these

limitations, it is generally not possible to weld (or even braze)

gamma prime type alloys by heretofore known art. As aforementioned,

it has become possible to nickel braze qamma prime type alloys, even

after service, if they are prepared by fluorocarbon cleanino prior

to bra7ing. Since brazing is now available for such netalluroical

systems and welding is still not an option, it is advisable to

determine the physical properties of wide clearance nickel brazed

joints in qamma prime alloys.

Such determinations are currently bein(i conducted at UDRI

under the auspices of USAF Contract No. F11615-79-C-50D, titled

(1)

126

iA



"Development and Evaluation of Wide-Gap Braze Joints in Alloys."

What follows is an interim report on the first phase of the subject

effort.

(2)
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SECTION 2

PHASE I: BRAZE-JOINT COMPOSITE

At the conclusion of the first interim report Phase 1

had been left incomplete. Task 1 of Phase 1 which demonstrates

the compatibility of nickel brazes with fluorocarbon cleaned

y' alloys was lacking such demonstration for coated alloys

that had been stripped and then cleaned. Task 3 was lackinq

a clear choice of the two braze sinter-braze filler natal

combinations to use for the testing phases of the program.

These tasks are now complete.

2.1 TASK 1. COMPATIBILITY OF BRAZE FILLER METALS WITH THE
PARENT ALLOYS

Many gas turbine engine components that are made of

)'-type alloys are subjected to an oxidation-sulfidation

protective coating prior to service. Wide clearance cracks

which form in such components during service are subject to

nickel braze repair after fluorocarbon cleaninq. It was

therefore a part of this effort to evaluate the compatibility

of braze filler metals with the subject parent alloys after

such alloys had been coated, stripped, and fluorocarbon cleaned.

Five T-bars each of Mar M 246, Inconel X-750, and Alloy

713C were coated with Alpak. The coating was accomplished by

Wall Colmonoy Corp. according to standard procedures specified

by the process owner. The coatings were thermally diffused

at UDRI at 2100°F for 4 hrs. followed by air cool and crit

blasting. Figures la-lc are photographs of the coated T-bars.

The coating was stripped from all T-bars by use of a

stripping agent designated ASC 2-N according to procedures

specified by the vendor (Alloy Surfaces Co., Inc.). Fiqures

2a-2c are representative photographs of the stripped T-Lars.

All T-bars were then fluorocarbon cleaned and subjected to run

tests as previously described (Interim Technical Report No. 1).

(3)
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Figure 2c. Alloy 713C T-bar after strippinq of Alpak coating.



The set-up, description, and results of the run tests

may be seen in the photographs of Figures 3a-3c. For all

alloys, the braze run was complete on the braze side. The

fillet sides of the T-bars (Figure 3c) show a complete

success rate in the case of Alloy 713C for all braze filler

metals. The fillet sides of the X-750 and Mar M 246 T-bars

are somewhat marginal. In the opinion of the investigator,

lack of abundant fillets, where they occur, are probably

explained by either extremely tight clearances or residual

Alpak coating in the T-bar joints. It is likely that any of

the four braze filler metals is readily compatib any

of the three parent alloys which have themselves

coated, stripped, and fluorocarbon cleaned.

2.2 TASK 2. COMPATIBILITY OF BRAZE FILLER METALS WITH THE
BRAZE SINTER METALS

This task is completed and was reported in the first

interim report.

2.3 TASK 3. SELECTION OF BRAZE SINTER AND BRAZE FILLER METAL
COMBINATIONS

The wafer studies failed to clearly delineate the best

braze sinter-braze filler metal combinations. As a consequence,

six combinations remained viable candidates, and it was decided

to make and evaluate butt joints of alloy 713C bars by use of

each of the candidate combinations. The candidate combinations

were:

Sinter Metal Filler Metal Quick Code

Nicrogap 108 Nicrobraz 200 108/200

Nicrogap 108 BNi-2 108/4777

Hastelloy C AMI DF-3 C/DF-3

Hastelloy C D-15 C/D-15
1

Ren4 80 AMI DF-3 80/DF-3

Ren6 80 D-15 80/D-15

(8)
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Figure 3c. Fillet side of the T-bars after brazing.

(10)
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2.3.1 Making of Butt Joints

The bars which were used for this study were
cut from extruded stock of Alloy 713C which had been provided

by the Processing Group of AFML. The bars were cut to

2 1/2-inch lengths so that, when joined by butt joining,

two of them constituted a tensile test specimen blank.

In order to simulate a brazed joint in a cracked

engine component, the tensile blank bars were pre-oxidized

in air at 1700OF for 16 hrs. The oxidized bars were then grit

blasted and fluorocarbon cleaned. Butt joints were formed

by a Nicrobraz 500 cement slurry with the braze sinter

metal. Joint thicknesses were controlled and measured

by use of a grooved fixture with a depth micrometer (see

Figure 4). When a green joint was completed, it was slid

into a grooved fixture (see also Figure 4) and allowed to

dry. When drying was complete and the total bar had some green

strength, it was transferred to a vertical holding fixture for

sintering (see Figure 5). Also seen in Figure 5 are small

pieces of nickel foil which were spot welded to the lower half

of the bar after sintering. These pieces become holding rests

for the braze filler metal feeding ring. The feeding rings

are made of stainless steel and are, geometrically, the solid

remaining when a short right cylinder is intersected by a right

circular cone (see Figure 6). When the ring is placed upon the

nickel stops, it provides a feeder well for the sintered butt

joint which is fed by the molten filler metal at all points

on its periphery. Figure 6 shows two completed brazed bars

as they are placed in the vertical fixture and with their

feeder rings still on.

This then is the method by which the butt joints

have been and will be made. The technique was first developed
(1)

and reported by G. E. Metzger. All joints of this study were

of a 15-mil clearance.

(11)
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Figure 4. Brazed butt joint making fixture.
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Figure 5. Jig for sintering butt joints lor eventual
brazinq. Photo shows placement of oined bars
and Nj rab stops for holdinqi ller rind-.
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Figure 6. Same jig as in Figure 4 but showing brazed joint
including filler ring.
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2.3.2 Evaluation of the Butt Joints

2.3.2.1 ProcessinJ of the Butt Joints

One butt joint was made by use of each

of the candidate sinter-filler combinations. The joints were

then cut out of the bars and sectioned in two along a diameter.

One half section was then prepared metallographically and the

other was heat treated.

The heat treatment for improvin; stress

rupture properties in Alloy 713C is: 21500 F 2 hrs. AC, 1700'F

16 hrs. AC. (2) The remaining half section of the subject joint

were subjected to his treatment and then prepared metalloqraph-

ically. The metalographic results of the joint preparations

may be seen in Figures 7 through 12.

2.3.2.2 Butt Joints: Discussion and Conclusions

2.3.2.2.1 Discussion

The butt joints which were

made with the relatively low melting braze filler metdls,

namely, Nicrobraz 200 and BNi-2 (see Figures 7 and 8) display

a multiphase matrix. Such a condition is characteristic of

brittleness and should be avoided. These combinations also

show a rather high porosity and, more alarmingly, the pores

tend to concentrate at the joint-parent metal interface. The

latter is likely to indicate a weak joint. When the heat treat-

ment was applied to these joints (see Figures 7b and 8b) no

appreciable homogeni-ation was obs rve( in the 108,'200 ioint.

In the case of the 108/4777 joint the matrix actually melted

and ran out, Figure 8b. The 108/4777 joiizc cannot withstand the

solution and age heat treatment. Therefore neither of these

sinter-filler combinations is a good choice for the physical

properties measurements portion of this effort.

The other four combinations,

namely C/DF-3, C/D-15, 80/DF-3, and 80/D-15, all show good

(15)
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Figure 7a. 15-mil butt joint. 108/200/as brazed.
(Kalling's etch, iOOX.)*

tf

Figure 7b. 15-mil butt joint. 108/200/solution and aged.
(Kalling's etch, 10OX.)*

Joint composition and condition code: Braze Sinter Metal/Braze
Filler Metal/Metallurqical History

(16)
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microstructural quality, Figures 9 throu(h 12. All combi nat ions

are able to withstand the heat treatment without obvious

deterious effects but also without appreciable homogenization.

The joints which were made with Ren6 80 as a sinLer metal

have a tendency to form layers ot intermetallic Jarti'1,, at

the joint interface. This condition is not significantly

ameliorated by the heat treatment and seems to be least

pronounced in the case of the as brazed 80/D-15 joint (see

Figure 12a).

2.3.2.2.2 Conclusions

In view of the foregoinq and a

preference for not duplicating either the sinter metal or the

filler metal in the two joint combinations, the fo]]owin,; combina-

tions are best:

1) Hastelloy C sinter metal with AMI 1)F- 3 (rdz, i]-r

metal (Figure 9a) , and

2) Ren6 80 sinter metal with D-15 braze- 1 ii llm mt ,]

(Figure 12a).

These two types of joints will be evaluated for th< i vhsical

properties and further characterized metallurqically in accord

with the program plan.

2.3.2.3 Butt Joints from Coated Bars

In order to evaluate joint makinq with

surfaces that had been coated, four tensile bar halves were

Alpak coated. The coating was thermally diffused and grit

blasted. The bars were then oxidized for 48 hrs. at 21001F

in air. Following oxidation, the coating was stripped from the

bars, and the bars were fluorocarbon cleaned. Fiqure 13 shows a

typical bar history.

After fluorocarbon cleaning, one 15-mul

joint was made from each of the chosen sinter-filler metal

(]8)
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Figure 10a. 15-mul butt joint. C/D-15/as brazed.
(Kalling's etch, 10OX.)

Figure l~b. 1 F-mi 1 butt )oint. C/D-15/sol ut ion ind aqc~l.
(KalLirnu's etch, IOOX.)

(20)
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Fiq-ure Ila. 15-mil butt joint. 80!L)J--3/as brazed.
(Kalhinq's etch, bOOX.)

I-iurc Ilb. 1 5-m i bu t-t JO int. 80,/DW-3/solution and aqed.

(KabI I inq ' s etch, I OOX.

(21'
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Figure 12a. 15-mil butt joint. 80/D-15/as brazed.
(Kalling's etch, 100X.)

I . I

Figure 12b. 15-mil butt joint. 80/D-15/solution and aged.
(Kalling's etch, 100X.)

(22)
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Figure 13. Bacs for o(akiilN of Lonsilc bar joints. From
lof to, t, h bars are, Al pa k coated, bar
str i'pped tof coat. i n~ aiid st r ipped and fluoro-
carb-on C c(.ned rtos pcectivolv.
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combinations. The joints were sectioned, heat treated, and

metallographically prepared as before. The results of this

effort may be seen in Figures 14 and 15; these should be

compared to Figures 9 and 12 respectively. No significant

difference is apparent.

It may thus be concluded that coated

and stripped '' alloys are as readily nickel brazed as are
those which were never coated if both have been fluorocarbon

cleaned. No further effort is planned with regard to brazing

coated y' alloys.

124)

149



Figure 14a. Butt joint from stripped and fluorocarbon
cleaned bars. Joint is C,'DF- /as brazed.
(Kallinq's etch, IOOX.)

Figure 14b. Same as .14a but in the solutlo: and aqled
cond t t i on.

(25)
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Figure 15a. Hutt 3(,W oI st r Ipt<s' any, uorcmarbcn
c , a <,L baI ( 1 1)i is 30,'D-15'as brazed.
,Ka It I-,I's etc , 00X.

4
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FOREWARD

This Interim Technical Report covers the work performed

under Contract No. F33615-79-C-5033 during the period

June 1, 1980 to January 1, 1981. It is published for

information and the conclusions herein are those of the

contractor alone.

This contract, with the Welding and Joining Group of

the University of Dayton Research Institute, was initiated

under the title "Development and Evaluation of Wide Gap Braze

Joints in Gamma Prime Alloys." The work is being administered

under the technical direction of Dr. G. E. Metzger of the Air

Force Materials Laboratory, Metals and Ceramics Division,

Wright-Patterson Air Force Base, Ohio.

The program is being directed by Dr. A. E. Ray, Project

Supervisor, Metals and Ceramics Division. The principal

investigator is Dr. J. W. Chasteen of the Welding and Joining

Group.
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"Development and Evaluation of Wide-Gap Braze Joi!Is if,

Alloys." What follows is an interim report on the first

phase of the subject effort.

r

(2)
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SECTION 2

SYNOPSIS

In the making of wide clearance braze ]oints, it is not

possible to use a braze filler metal alone; it will simply

run out of the qap. The wide clearance joints of interest

in this study are butt joints of 0.010 to 0.070 inches clearance

and, in order to make them, a two step procedure is employed.

The butt gap is first filled with the powder of a metal which

has a high melting temperature relative to the braze filler

metal with which it is to be combined. The joint is then

partially sintered, i.e., the joint is heated until the joined

bars can be handled, but the joint itself is porous. The

powder that is used to form the porous joint is termed the

"braze sinter metal." After the braze sinter metal has been

s tMert-d into place, it is brazed, i.e., the pores filled, ith

a. braze: filler metal which is compatible with both the brazt

sintr, metal and the faying surfaces of the base imetal.

The first phase of this program was devoted to the choice

of sLnter,/ fiIIl.r combinations for makinq btt joi nts to

e'111aluate. Three gamma prime type superal loys were cor-s idred

as base metals. They were Alloy 713C, Incorl, - an-d

Mar M 246. Four commercially available braz, ti I r tals

wer(e screened for their compatibility with th(, : £.

The braze filler metals were BNi2, Nicrobri.' 200, 01 1F-, and

D-15 alloy. All of the braze filler metals i- adilv t and

run on all of the base metals when the base metals ijvt, Lec-n

preoxidized and then cleaned by the Fluorocarbon ('lanin:
1~

Process (FCP) . Three commercially available hrazec .si:tr

metal powders were chosen for evaluation by the sintered wafer
1

t-chni(ue Not all of the braze filler alloys were j i tible

with all of the braze sinter metals; this fact made it unnecessary

to further evaluate some of the candidate sinter'fi I ler

combi na tions.

(3)
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It was necessary to choose no more than two sinter/filler

combinations for butt joint properties evaluations and the wafer

evaluation technique is not totally conclusive, i.e., some

combinations which result in a marginally brazed wafer will

in turn produce a sound butt joint. Con, 4uently, Alloy 713C

bars were used to make brazed butt joints by use of the remain-

ing sinter/filler combinations. The joints were subsequently

sacrificed for metallographic investigations. At this point

in the program, due to its wide use and in-house experience

at UDRI, Alloy 713C was selected as the base metal material

for all joints and tests to be made for the remainder of the

program.
2

For various reasons (see Report No. 2) the two sinter/

filler combinations that were chosen for evaluations of

physical properties of brazed, wide clearance butt joints

were: (1) 140xD Hastelloy alloy C powder for braze sinter

metal with the joint completed by brazing with AMI DF-3 braze

filler metal and (2) -325 mesh Ren6 80 powder braze sinter

metal filled by D-15 alloy as a braze filler metal.

At this juncture, the base metal lad been fixed as

Alloy 713C and two sinter/filler combinations had been selected

for making brazed, wide clearance butt joints. The proaram has

now continued into the physical properties evaluations phases

of the effort.

(4
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SECTION 3

TENSILE STRENGTHS OF WIDE CLEARANCE BRAZED
BUTT JOINTS IN ALLOY 713C

Tensile strengths of all materials vary with temperature.

In the case of brazed butt joints, one might also expect the

tensile strength to be somehow dependent upon the width of the

joint. The tensile test program of this effort has been

designed to explore both dependencies and has the purpose

of gaining a maximum amount of design information from

relatively few tests.

3.1 THE TENSILE TEST BARS

The means and procedures for making tensile tezt specimen
2blanks has been previously reported 2
. The blanks are produced

in such a manner that the brazed butt joint will appear in the

middle of the tensile test span and have its fayed su'faces

perpendicular to the direction of tension. The tensile test

specimens and the stress rupture specimens (to be discussed

later) were machined to ASTM standard blueprint E8 61T. A

photograph of a typical specimen is shown in Figure 1. The

butt joint is vaguely visible and is indicated by the arrow.

3.2 TENSILE STRENGTH VERSUS TEMPERATURE FOR A FIXED 15-MIL
GAP

0.015-inch butt joints were made in twelve (12) tensile

specimen blanks for each of the sinter/filler combinations

(Hast. C/AMI DF-3 and Rene 80/D-15). The resulting tensile

specimens were tested in duplicate at room temperature, 1000,

1200, 1400, 1600, and 1800'F. The tests were standard tensile

tests that were conducted at a fixed crosshead speed of 0.05

in./min. The numeric results of these tests are listed in

Tables 1 and 2; the results are listed in comparison to

3
published base metal (alloy 713C) data 3

. Figure 2 graphically

(5)
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ASTM E8 61T

Figure 1. Typical Tensile or Stress Rupture Test
Specimen. Arrow indicates brazed butt
joint.

(6)
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F
TABLE 1

TENSILE STRENGTH OF ALLOY 713C TEST BARS
WHICH HAD A 15 MIL BRAZED BUTT JOINT
IN THE CENTER OF THE TEST SECTION

Joint Material: -140 Hastelloy C sinter
filler metal brazed with
AMI DF-3

Sample* Testing Tensile Tensile Strength

No. Temperature Strength of Alloy 713C**
(OF) psi (psi)

1 66,300
70 123,000

3 62,600

4 60,700
1000 125,600

5 74,600

6 81,700
1200 125,700

7 75,700

8 66,300
1400 136,000

10 65,400

11 65,400
1600 105,400

12 97,300

14 47,300
1800 68,400

15 37,800+

*Sample No. 2 was held for backup but was not needed; Sample

No. 9 did not braze.

**See Reference 3.

+This failure appears to have initiated at a faying surface.

(7)
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TABLE 2

TENSILE STRENGTH OF ALLOY 713C TEST BARS WHICH
HAD A 15 MIL BRAZED BUTT JOINT IN

THE CENTER OF THE TEST SECTION

Joint Material: -325 Ren6 80 sinter filler
metal brazed with braze alloy
D-15

Sample* Testing Tensile Tensile Strength
No. Temperature Strength of Alloy 713C**

(OF) (psi) (psi)

19 113,100
70 123,000

20 116,900

22 124,100
1000 125,600

23 79,900 +

24 126,000
1200 125,700

25 122,200

26 122,900
1400 136,000

27 116,500

28 110,300
1600 105,400

29 130, 500 + '

31 76,100
1800 68,40032 64, 700 + +

*Samples numbered 21 and 30 were used for stress rupture probe

tests.

P **See Reference 3.

+ This sample had a single pore defect at the periphery of the
test section.
++These samples failed in the base metal part of the test

section.

(8)
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Figure 2. Tensile Strength Versus Temperature for
15-mil Butt Brazed Joints in Alloy 713C.
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depicts th( resul ts and cuna )ares twliTI to Ii Ushed propert ies

of the base metal.

3.2.1 The ila.s' tell' I IV- A ' - .' ifits

Ther-_> is nothir, iit ncila ], noteworthy of the

Hasteloy CAMI DF-3 joi. t th.ait howy oerformed

surprisingly reproducibly. I , ii, t st -en;ths are-, on the

order of 60" of that of the 1,as i etal. Although the joint

strengths more favorably compete with the base metal at

high temperatures, they never achieve hih efficiencies.

Figure 3 shows the strengths of the llast. C/DF-3 joints in

Alloy 713C compared to published 4 strenoths for !last. C/

Nicrobraz 200 joints in 1astelloy X. Since the brazed gaps

are so wide, one would expect the influence of the base metal

to be minimal. If this is the case, Figure 3 is an indica-

tion that, for a fixed braze sinter metal, uhysical i)rCo)erties

of composite braze joints can be sicinificantlv affected by

the choice of braze filler metal.

3.2.2 The Ren6 80,'D-15 Joints

P lthouqh the Vast. C/)[-3 oints suffe-r frop

comparative lack of strengjth, th( R,ni 80D-15 2 c(ints have no

such malady. Review of Tabl, 2 an Ii i oe 2 wi1.1 sunp crt

that, in all cases, the joint strei:ths were ,isonabia-

reproducible (except where there- was.< a:. i,. P-f at , a

that those strengths indicate ,i near ]( , : -c, c. ,

what remarkable behavior is ofto n oli ery at I ,n: , ,;r-ca is.

excess of 1500SF', namel.y, t-hc test Pars )e t.,n ft]iil . tito

joint at center span but i.ra ess ;i)1 iL e *'ct iqn a: t ,n

test section in the base metal. Tliis 1 O cat(:, that, at

elevated temperatures, the Re1n(' 801,D-3 p wide .]ear a nvs Lra::

joint is actually stronget than the AIlo 71 1 Paso metal.

Photographs (of the tensile Pars that t ai led in the ha se

metal , along with their dul icat, specimens, are shown as

Fiqures 4 and 5.

(10)1 '7
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Figurc 3. Comparison of Tensile Strengths Resulting:
from Different Braze Filler Metals for
Varying Temperature.
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in . cons ti tuen ts S10 LIC I iSI1('1% 11:I- I niaco by B , Si,

and/or P . These obs(, a ~t i t-( the obvious

promise of thut- Renu bOt 7) oi~l, -( (At dcC 310 to
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SECTION 4

STRESS RUPTURE LIVES OF WIDE CLEARANCE BRAZED
BUTT JOINTS IN ALLOY 713C

The stress rupture iehavior of wide clearance brazed

joints is a necessary part of any design or repair criteria.

Thus several bars have been subjected to such testing. Due

to the encouraging results of the tensile tests the program

has been limited to Ren6 80/D-15 type joints of constant

0.015-inch clearances. Since the bars are brazed at 2200'F

and furnace cooled, the base metal was adjudged likely to

perform as though it had been solution treated. Published

data for the base metal 3 indicates that the base metal rupture

life at 17001F and 30,000 psi stress should be approximately

121 hours. Eleven braze butt joined bars have been tested

under these conditions; the results are listed in Table 3.

The reviewer will quickly note the broad scatter in the

rupture life data and that at least one test bar exceeded

expectations.

The actual sequence of this test program has significance

in the explanation of the results. Sample No. 30 was the

first tested and its results prompted some excitement. Sample

No. 21 was then tested with the intent of corroborating the

results. The surprisingly short life of No. 21 caused the

question of which result is typical. Sample No. 18 revealed

a very short life and No. 16 was tested to ascertain whether

a postbraze solution treatment was consequential. The results

of these latter tests indicated that (1) postbraze heat treat-

ment is not ameliorating and (2) some physical phenomenon was

clouding the stress rupture results of the brazed butt joints.

At this point it became obvious that all of the joints

except the long life joint had failed (to varying extents) at

(15)
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TABLE 3

STRESS RUPTURE LIVES OF 15-P! I. GAP BRAZD-1)

BUTT JOINTS IN ALLOY 713C

Joint Combination: Ren6 80/D-15

Test Conditions: 30,000 psi at 1700OF in air

Base Metal Life 3 : 121 hours

Sample Rupture Life Post Braze Chronological

No. in hours Heat Treatment Sequence

16 19.1 21500F, 2 hrs., AC 3

18 5.0 none 4

21 10.0 none 2

30 124 +  none 1

41 20.0 none 5

42 6.2 none 6

43 15.8 none 7

44 49.7 none 8

45 21.3 none 9

46 9 .3 none 10

48 17.2 none 11

*Specimen No. 17 was solutioned and aged but not tested

**There aro no specimens numbered 33 through 40

+This bar suffered from two furnace outages. Actual time
to failure is untraceable, but it is known to have exceeded
124 hours.

(16
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one of the faying surfaces (see Section 5). Since samples 16

through 21 were from a single joint making batch, samples 19

and 20 were used in the tensile testing program (see Table 2),

no further testing could be done on this group and the entire

group was suspect. In order to resolve this dilemma another

group of bars were very carefully made; all known procedural

precautions were taken. The resulting specimens were numbered

41 through 50. Sample No. 49 was sacrificed for metallographic

examinations and the remainder were subjected to stress rupture

testing. The results to date are in Table 3. The remaining

two bars (47 and 50) will be stress rupture tested at 1350OF

and 90,000 psi.

The short life and wide scatter of these data are traceable

to a varying density plane of pores at or near the upper faying

surface.

(17)
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SECTION 5

SOME CHARACTERISTICS OF THE BRAZED JOINTS
AND THEIR FAILURES

Nominal microscopic and macroscopic investigations of

the wide clearance brazed joints have been performed. The

joint qualities are good by metallographic standards but the

fracture sulface morphologies are singular.

5.1 CHARACTERISTICS OF THE HAST. C/DF-3 JOINTS

5.1.1 Microscopic Observations

Figure 6 is a 10OX photomicrograph of the Hast C/

DF-3 15-mil joint (Sample No. 13). These joints are somewhat

porous but not underly. The Hastelloy C particles show evidence

of dissolving and the matrix metal seems to be nearly solid

solution. The metallography of this joint is quite similar
4to that of the Hast. C/Nicrobraz 200 joint 4
. This joint has

good metallurgical appearances but it cannot compete with the

s-zrength of the base metal (see Figure 2). Also despite the

apparent similarities between this joint and that made with

Nicrobraz 200 they display significantly different physical

property behavior.

5.1.2 Macroscopic Observations

Figure 7 is a photograph of the matching halves of

a tensile test failure of a Hast. C/DF-3 joint. The tensile

failures were all similar; the one shown is from a room temperature

test. It was selected on the basis of its brightness and detail

clarity. Although it is not apparent from the photograph of

Figure 7, the failure occurred through the middle of the joint

and did not tend to favor or fail at a faying surface. The

fracture is also irregular, i.e., there are no signs of pure

planar failure. The physical properties of this joint would

appear to represent the best possible performance of this sinter/

filler combination, notwithstanding the possible effects of

(19) PH1oLujI4 P&G1 BLANK-1401' F1 UJn
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Figure 6. Typical Hast. C/DF-3 Joint. lOOX Electra-
etched at 4V for 10 sec. in sat. K2 Cr20 7'

(20)
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Figure 7. Typical Fracture Surfaces from Tensile
Failures of a Hast. C/DF-3 Brazed Butt
Joint.

(2])
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postbraze heat treatments. The lack of evidence of necking or

fracture surface ductility though disconcerting is not unexpected.

The Hast. C/DF-3 joint is reliably reproducible

but suffers from a serious strength deficiency. There is also

no evidence of ductile behavior.

5.2 CHARACTERISTICS OF THE RENE 80/D-15 JOINTS

5.2.1 Microscopic Observations

Figure 8 is a 120X photomicrograph of a typical

15-mil Ren4 80/D-15 brazed butt joint. The joint has an

attractive metallurgical appearance in that it is nearly

equiaxed and the filler metal seems to have bonded quite

well with the faying surfaces. There is evidence of a brittle

second phase (see light particles) but it is nearly homogeneously

dispersed. This is quite unlike a simple braze joint where such

particles tend to concentrate on the center plane of the joint

and thus make it brittle. The joint of Figure 8, a first

glance, appears good. The joint, however, has a serious

deficiency in its porosity. The extent of the porosity is

acceptable, but the reviewer may note that many of the pores

tend to occupy a plane just inside the joint near the upper

faying surface. The term "upper faying surface" not only

refers to that orientation in Figure 8 but also to that

orientation during the brazing cycle (see Figure 14). This

plane of pores is apparently quite deleterious to long term,

high temperature physical properties (see Section 4).

5.2.2 Macroscopic Observations

5.2.2.1 Tensile Failures

Figure 9 is a photograph of a typical

tensile failure of a Ren6 80/D-15, 15-mil brazed butt joint.

The fracture surface displays some planar nature but is other-

wise quite irregular. Since this behavior is typical one may

(22)
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Figure 8. qypical Rend 80/D-153 Joint of 15-mil
Clearance. 120X, Kal-lings etch.

(2 1)
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assort that the porou pilano, is cunsiibrably less inf lientidi

in tensile testinq Lhan in stress runt)ire testinq. The onI',

accounting fo. such behavior is tht2 short times, which would

not allow for diffusion and a 1omoration, and the hiqh str,-1

rates of the tensile tests. The auith(or s not prepared to

speculate on the outcome of tonsi] - strengths, such as those

in Table 2, if the tests were conducted at say 0.010-inches/

min. rather than the 0.050-inches/min. that was used.

5.2.2.2 Stress Rupture Failures

Figure 10 is a photograph of the failed

stress rupture specimen, Sample No. 30. This was the only one

of eleven specimens that displayed a life that rivals the Lase

metal (see Table 3). It is included in order to show the

irregularity, i.e., nonplanar quality, of the fracture surface.

It also demonstrates the kind of quality that such joints

capable of.

Figure 11 is a photouraph of a more

typical stress rupture failure surface (Sample No. 45). T1c

fracture surface shown here is quite planar in natu e and has

the appearance of having been porous. That this f lIure tended

to favor a faying surface may be noted in Figure 1" F ure 12

is a side view of the specimen of Fiu ire 11 and showx s

most of the joint material has clunci to the ri iht hctte7) half

of the specimen. The brilht ring on th. left haIi v-;as =>rocucec

as wrench marks when the specimen was removed Irom toe esi;s.

It seems clear, it this ;oint that the

Ren6 8/D-15 joint is prone to the formation of a plne a: rores

near the faying surfaces which is last to heI . _-

more, that plane of pors is j source prP_ , 5 1 itr (f

the joint. and , when such a p)lane A .. :. t exi , tho st ross

rupture strength of a Rend 80,r-] oint is corn e i':': w.

that of the Alloy 71 C base metal.
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Figure 10. Fractured Stress Rupture Specimen Which
Displayed Good Life. Photoqraph shows
irregularity of the fracture surface.
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Figure 11. Typical Stress Rupture Practure Surfaces
from a Rend 80/D-15 15-mil Joint.
Conditions: 1700" - 30,000 psi.
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Figure 12. Side View of Fiqure 11 Specimen Showing
Faying Surface Bias of the Fracture.
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SECTION 6

THERMAL FATIGUE PROPERTIES OF WIDE
CLEARANCE BRAZED BUTT JOINTS

A series of thermal fatigue tests is currently being

conducted on the Duffer's "Gleeble" Model 510. The tests

differ from the traditional alternate flame and air exposures

of the edge of a wedge sample. This test is conducted by

clamping a test specimen (Figure 13) in a rigid testing rig

and then heating it by passage of electrical current in a

temperature prescribed manner. The specimen is alternately

allowed to cool. The test specimen was first used by Nippes
5

and is shown photographically in Figure 13. The test specimen

blanks are presintered and brazed in a fixture (see Figures 14

and 15). This technique has been previously described (see
2

Report No. 2) and thus will not be further discussed.

Specimens having gap clearances from 10- to 70-mils

will be tested in thermal fatigue and compared to the cycle

life of base metal. The results of this effort along with

a full elaboration of the procedure will be included in the

final report.

(29)
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THERMAL FATIGUE TEST BAR
w/BRAZED BUTT JOINT

Figure 13. Typical Thermal Fatigue Test Bar.

1 (30)
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Figure 14. Fixture Assembly for Presintering the

Thermal Fatigue Test Specimen Blanks.
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Figure 15. Fixture Assembly for Brazing the Thermal
Fatigue Test Specimen Blanks.
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SECTION 7

SUMMARY

The first portion of the physical properties testing

phase of this program is complete. Tensile tests of bars

which have a fixed 15-mil gap brazed butt joint at center

span have shown the Reng 80/D-15 joint to have higher strength

than the base metal, Alloy 713C, for temperatures in excess of

1500*F. Lower temperature strengths are comparable to the

base metal. The Hast. C/DF-3 joint, though less prone to the

formation of faying surface voids, has only about 60% of the

base metal strength across the temperature spectrum.

Stress rupture tests were concentrated on the strong

joint, i.e, Rene 80/D-15. These tests show wide scatter with

some specimens being quite short lived. One bar, however,

did perform much like what is expected of the base metal thus

indicating the potential of the joint. The broad scatter and

short lives have been tentatively traced to a plane of voids

near the faying surface.

Tensile tests at fixed temperatures and varying gap

widths as well as thermal fatigue tests are in progress.

Fmi~JJm maG BLAmK-MOT FIU
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