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PREFACE

This final report was prepared by the Research Applications bivision of
Systems Research Laboratories, Inc., 2800 Indian Ripple Road, Dayton, OH
45440, under Contract No. F33615-77-C-5008, Project 2418, Task 02, Work Unit
01, with Mr. Charles Underwood (AFWAL/MLLS) as Government Project Monitor.
The research was conducted by Mr. Allen (i, Jackson, Mr. Ralph E. Omlor,

Mr. Richard .J, Bacon, Mr. M. Brewster Strope, Ms. Pamela F. Lloyd, Mr. Robert
D. Brodecki, Mr. Walter .J. Custer, Mr. Fritz O. Deutscher, Ms. . Cheryl
Conley, and Mr. James (. Paine. This report describes efforts performed
during the period 1 May 1977 - 1 October 1980. The report was submitted in
Februarv 1981,
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SECTION

INTRODUCT TON

Allovs of aluminum and titanium, nickel-base —vneralls

materials, and composites are of major sipniticance .t

Air Forcwe,

Research on high-strength aluminum allovs ha. now oneor s '

the compositions that can be made using standard oo bt oo, oo ! Vot ,

and work processes.  There is considerablo cordeno o vt oo, o .

technology will lead to allovs havingy tmproced omeinat on T

toughness, and stress-corrosion resistan o, s o omper. ' AR A .

and perhaps vven improved tativac properties. hason pat. .

allovs, however, is a class of microstia toaros et o o, "

ventional allovs, and their role oo contec b, 0

established.

One ot the aims ot the resecarch of the AwAlL Marer g, % .

examine mi(‘rus!ru(‘tun-/;\rnp«'rt‘ relattonst o i [ ! )

possible problems with the alaminum bowder te qn o I

examining the role ot the varitoos miorostoo tar g

powder allovs in the light of therr orreit, 0 0 '

properties ot fatiyue-crack-yrowth rate |t e » Al

resistance.

(ontinuing cttorts to improve titanan gl .o, w.'" e

pertormance, reliatilar o, o, an v

intluence of metallurgr. al oy oy o0 - o - : .

o eSSy and compasit o ra t e ! ooy +

to ottt din the desifed propert oo .

[aberator. ettort Is to ol ot aat -

Mmiorostrac tute ot tfitanian Ao Lt e R

ments, and minor allosiny o fank - W' o , R ..

as impruve mean Laluss. Tl e UL v I S TOTEE LTS SR

properties but, hy necessity, 1nbades et 0 e 1 ' e DAt
- IO -




It is not currently possible to prediect the mechanical properties of a

material from its microstructure in a quantitative fashion. The ability

te do so, however, would substantially reduce the amount of mechanical

testing required to evaluate a material. Recognizing the increase in

reliability and the cost savings that would result from the use of quanti- .
tative techniques, the Materials Laboratory has been active in the
mmantitative-metallography area in the past. The theme of the work has

heon tae development of the techniques necessary for the recording of

Ticro=tructural intformation in a form which can be handled by a computer

ant the development ot the means for subsequently relating the micro-

tructaral intormation to the mechanical properties.

v uantitative-metallography effort has been concentrated mainly on
otarlm oallovs since it is considered to be the most challenging area

' S~ ant the ope where the need for quantitative techniques is greatest.
e o, i gquantitative program was one of technique development and

edm 1ot relatet 1o the ettort in microstructure/property relationships

e oart . oot this program.

sat oo o0 wramics in turbine engines offers significant potential
vor s aen and lower cost. Recognizing this, an Interagency
oo 1 o o1 the Application of Ceramics to Turbine Engines was
C . trwo Ay force to Jdevelop an interdependent program as a
- Sac iyt b omplishments, It was agreed that the Air Force
- t.o1% wew oty rials Jdeveloped by other organizations and also
v © . .. v, oAt taracterization for the component programs of
Coovoar e e Materjals lTaboratorv activitv covers the area
U naracterization and that area of mechanical behavior
- v b+ vy aoplication ot ceramics to turbines.
. voo- 0 e i b the Adr Foree on the durabiiity of
) ! e voaase o the rapidly increasing acquisition and
v st oand the hurden to the Air Force in maintaining
trore g~ le costs, One of the most significant results
)
. ..
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| |
of the recognition of these problems was the introduction o the Ooma
Tolerant Design approach to new USAF airframes. Hicher pertoriime, oo
advanced engines has produced a need 1o resort to more it
in engines. These problems have led to Materials faborat.a aon g = \
development of improved techniques tor prodictinge the sev o0 1o,
engine and airframe components and to investivat tons o mean- ' Lo
the corrosion, stress—-corrosion, and corrosion tati, o Heoa : . )
structural materials.
": The program on microstructural characterization (omplemented wore o0 7
; above areas being carried out within the AFWAI Mat.rials a3t atag
g I'nique equipment and specialized investivative tooan . Coa
; laboratorv were used.  The proprar provided the 1oy i .
; required for ettective accomplishment ot of ooty
' the inherently diverse explorators srobany nat ro 0 0y
1 work. To meet these needs ettective! v, the 1,040 was o '
at the AFWAL Materials Laborator..
The overall obijective o this prograr was - oty
Characteristiv of rater gl re i :
rescarch oand Jdevelooraent e 000 oo
intearatod with on=coins rtesorre s s o
materials in the AWAL Mator ol e ! ! "
'
3
{ Techniques emploved were ontical ot il
quantitative metallocraphvy ane war troar
‘ required application of stapdard oo o e ey
at these methods,
Materials on which characterizaty . .
nonmetals such as ceramios, vt a0 .
Allovs included those ot altarinuae ooy i ,
Boron-titanium=-silicon composite s an.
0 J
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Section 3

RESEARCH ACCOMPT I SHED

Peote oAt acomplished during the program was reported in detafl in the

e

Broaayt

e Wy

et

)

e (o,

et NG

sajets publiched or prosented, in quarterly and annual reports, and
D ls im=dons withoappropriate enginecrs and scientists with whom

X owaAs Nt gratedd,

lLications auathored or co-anthored by SRl personnel are listed

e accomplishments ropotted in these papers were related to studies

“oaliose, T altove, superallovs, nonmetall.cs, and ceramics. Coples

Cayet s At araalablo from tne vttt hors.

AL LONT AND PUBRETCATTONS

TPy paration ot single Aluminum Powders tor TEM Observation,"”

santnoet oang Kooomlor, TMCATME Fall Mecting, St. Louis, MO,

S e Initaation in Ti-6Al~4V Castines,” Do Evion and M. B. Strope,

“4.'. P IQ “\‘"".

e

cr b ats i al st ac totization of Titanium Allov Powders,

.

R. F. Omlor,

ceter s, b . Bacon, Daobvbon, and FooHL Froes, ASM-IMS Meeting,

At e it Fatipae Crack in CF 91 Aluminum Powder,

Cp e WL Vo rri i, MO ML Cooky and R, F. Omlor, EMBA-MAS

Ceatin, . Nayast el

e 12}

'
’ ot ot 1 B SN Mo mum Set o Standards,

Acractoan s Mo ke Strope, Mborobeam Analvsis Society,

Antomio, M.t st [IXRALI

oo b

e Smens AP
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"Morphological and Microstructural Evaluation of Various titanium Allos
Powders,” D, Evlon, R. E. omlor, R. 1. Bacon, and F. H. Froes,

AIME Svmposium on i Powder Metallurgy, lLas Vegas, NV, February 1980,

"Microstructure Property in Cold Pressed and Sintered Rlemental Ti-6Al-.\
Powder Compacts,'” Y. Mahajan, D, Eylon, R. Bacon, and F. H. Froes, AIMt

Svmposium on Ti Powder Metallurgy, lLas Vegas, NV, February 1980,

"Thin Foil Preparation of Prealloyed Metal Powders,” L. L. Matson and
R. E. Omlor, Second Annual International Conference on Liquid Soliditi-

cation Processing Principles and Technology, Reston, VA, Miarch 1980,

"Advanced Titanium Alloy Development via Powder Metallurgy,”
A. G. Jackson, .J. Moteff, and F. H. Froes, TMS-AIME Svmposium on I'i PM,

Las Vegas, NV, February 1980.

"NDispersion Hardening of the Ti-5A1-2.55n Allov Using a Powder Metallurg.
Approach,' A. G. .Jackson, J. Moteff, and F. H. Froes, Fourth International
Ti Conference, Kvoto, Japan, May 1980, and published in  The Science

Technology Application of Ti, Metallurgical Society of AIME, 1940.

"Selected-Area Diffraction Ring Patterns in Al-Zn-Mg Powders,"
J. Santner and R. E. Omlor, J. Mat. Sci. 15, 784 (1980).

HIGHLIGHTS OF SPECIFIC MATERIALS-CHARACTERIZATION-FACILITIES ACTIVITIES

Brief descriptions of representative research efforts will now be presented
for electron-optics, optical metallography, quantitative metallography, and

special projects. Only the highlights are presented here since detailed

reports have been submitted separately.




Vit ton-optae s

ransrasston floctron Mictoscopy

fa e A -allos researoh, o technigue tor preparing thin toils tor TEM was
sUtted and moditied, this technique allows preparation of a toil trom
watorial o adiacent tooa tracture sartace; this permits studv of the modes
a0 damave accumulation, During the course ot this studv, a secondary

Cativue vrack dnoa oD 9P aluminum powder product was {solated.

e ractare surtacve ot a tatigue crack-growth specimen was removed using
Votigamond cut-ott saw and ground unt il only traces of the original
torehne s remained.  The opposite side ot the sample was ground until an
S-ral tadcRness was attained. Using a cupped punch, 1/3-in, disks were
rereed trom the samples The disks were caretully ground (on the side
oS ite the tractute sartace only) to a $-mit thickness. The sample was

o cloctropolished ina double-jet polisher until both sides were shiny

hi s, ome side ot the polisher was marked off to protect the fracture

sty tron turther attack, and electropolishing continued on the side
Abpeac the Tracture surtace until pertoration oceurred,

Polistiing solution: 20, HNoOy

Carrtent Density: 60O Vo 2y mA

[emperature: =43¢

Polishing unit: Twin-let Fischione.

samples represent ing dehvdrided and hvdrided Ti-6-4 were examined., The

hvdrided specimens were verv brittle, and the macrosample required a special

masking-polishing technique before electropolishing could be performed

using standard techniques. The specimen was cut at a thickness which

prevented breaking, 10-15 mil, and then tive J-mm discs were marked off using

a TENKI acid-residstant tape and microstop. This bulk sample was then

polished, and fairly uniform J-mm discs were produced--still at a

thickness ot 10-15 mil, These discs were hand polished down to a thickness

we gred o
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4 ™.

of 3-5 mil and then electropolished using standard polishing techniques.
More than 200 microgrvaphs have been taken of this type of specimen. ome

examples are shown in Figs, 1-4.

The Philips 300 electron microscope was used in a series of tests on
Ti 6-4 + H with the hot-stage attachment. The specimen was tested at
several temperatures for fixed periods of time, the final temperature
being 350°C for 20 min. Examples of the work are Fig. 5-6 which show

the same area subjected to various heat treatments.

In a continuing program on AF 115 and AF 2-1DA superalloys, a method was
required for producing high-quality, high-magnification micrographs of the
special features of superalloy fatigue and fracture surfaces, SEM photo-
micrographs were taken on the ETEC of areas of interest (see Fig. 7)

for reference purposes. These areas were then replicated using standard
replicating techniques. A special copper grid was then used for the replica.
This grid (Martiform grid made in England) has the alphabet imprinted on

it (see Fig. 8). Using optical microscopy, the replica was then placed

in the grid and the location of the area of interest marked, according

to the alphabet. 1In this way, the area of interest could be located easily
in the TEM. Figure 9 is an SEM micrograph of a pore and its cracks,

and Fig. 10 is a TEM replica showing the pore and its cracks. Other

examples of TEM replication are shown in Figs. 11~14. As illustrated by
these figures, this method produced goud results for AF 2-1DA and AF 115

superallovs.

Nonmetallic Materials. A program involving blended polymer samples was

initiated. Since this material is very sensitive to the electron beam
(radiat ion damage, heat, etc.), extensive sample-preparation techniques
{including nicrotomy) were required. In the first stage of this program,
blends of PBT and AB-PBI polymers were cast from solutions onto stainless-

steel grids. Figures 15-17 show single crystals isolated using this method
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5 min. 15n°C
Figure ba.  Initial Condition ot Ti-6A1-4V 4+ H Specimen,

20 min. 350°C

Figure bh, Eftect of Heatine at 3,0°C apon Dislocations Present in the Hydride.
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Fieure 7.

Figure 8.

SEY Photomicroyraph Taken on the

Lettered Crid Used to loeate Arcas

L

oA Spedimen.
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et a1t trastion patterns,  Various other methods ot sample preparation
arte onplored andg mtotome samples prepared. For example, a 1 PRI
wlraon on MSA bl NagOH was prepared: the tilmwas washed, then
ot e, ane claced an the microscope tor observation., 100 PRT cast
Cole o YSA v was baoat treated at 600°C tor 15 min, in Np.  Low illumination

U B was s toanired, Flgure 18 shows the edges of tvpical po,vmer

et taa e s boanag 20 dillustrate the tvpes ot diftraction patterns

o wlle rained with these polvmers.
Voo S0 e auarer special dispersion techniques in order to separate
T vt bes tor examination.  The [HC powders were ultrasonically
coevan st odon carbon~coated prids. With this method particle
i o~ L. ol o examined. Figure 21a shows TiC No.o 12, and its

oL ittt o~ shown in Fig. 21b.  The purpose of this research

N coore oyt le o size and shape and to obtain electron-dittraction
e oot 0 i lastrates the results of this technique on a TiC
¥ Yoot Yot opy
o v cnarbon was conducted on various Ti powders produced
LR A i 1 an cnrones The purpose of this effort was to identify
. cweastre, and vnnt;minant level present in the powders.
st vt s wie b characterized.,  The procedure used was to
r, Coswoan ot the samples to determine the microstructure and
. Mttty . ., tungsten contaminat ion from the electrodes used
oo U e cowen r, Powders were also examined directly by SEM,
v Tt owdir s, produced by various processes such as HIP'ing
aro bt gy were evaluated tor microstructure.,
. Coen s st i rimar i by consisted of determination ot tracture-
ot it e et itication of anv unusual teatures present at the
R N N artr lesy toreivn clements, and compouid . Materials
- ol e srerrraental allovs ot aluminum (CTODY, nickel=-base allovs
. . cvdte s b Aty e ane nonmetallio s polvmer fractares),
"
—_— -y — > P T

TR

- SRR AN GRS 3Nl o bt o srlar it 3




Figure 19. Diffraction Pattern from Polymer Showing
Good Crystallinity.

Figure 20. DNiffraction Pattern from Polymer Showing
Ring Structure in Pattern, Indicating Low-
Order Crystallinity.
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Figure 21, (a) TEM Micrograph of TiC Powder Particles.
(b) Diffraction Pattern from the Particles
of (a).
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Figure 22, Diftraction Pattern and Brigvht-Field Image
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Electron-Probe Microanalvsis

Significant progress was made in efforts to provide quantitative analyses
routinelv. Farly in the program the ZAF program from NBS was obtained,
debugged, and made operational on the CDC 6600 system. In 1979 a small
computer svstem (Apple [1) was acquired to allow faster turn-around in
completing computations. The ZAF program was translated from FORTRAN to
BASIC, debugged, and put into operation on the Apple Il system. The

use of the Apple Il is now routine for analvses of from two to nine
clements.  Modifications and improvements to the PASIC program have been
made which simplifv its use and facilitate changes in output formats or

increases in scope.

As part of the rescarch effort, a short course was presented on quantitative
analvsis of EPMA data. The goal of the course was to provide sufficient
backpground intormat ion on FPMA calculation methods to enable EPMA users

to assess their results correctly and to familiarize them with the NBS

FRAME IV program being used.  The lectures stressed the physical processes
involved and the equations used to describe these processes. FExamples of

rescarch performed are presented below.

Al Alloys. SsSamples of aluminum powder-metal allov were examined in an
Attempt to determine the cause of low strength, Llarge particles were
observed in each sample, with Specimen #235 having fewer and smaller
particles than #108. A sample ot good material showed no such particles.
Ihe larger and more blocky the particles, the lower the magnesium
content. In the following tables, both weight percent and atomic percent

Are piven.
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Sanple 0233
Test 1 Test 2 Test 3

Llement Ut2 M2 itz (1% vtx At

LT 2.2 2.8 2.0 2.4 0.8 1.1
4l 73.1 92.7 80.6 7.5 68.3 82.3
Cr 0.3 0.2 0.3 0.2 0.1 0.0
Fe 2.3 1.3 1.5 9.8 2.7 1.6
Co 20.9 10.8 13.3 06.6 24.0 13.3
Cv 2.4 1.1 2.3 1.1 1.8 - 0.Y
In 2.4 .t 3.3 1.3 1.4 0.8

Sanple #1089
Test 1 Test 2 Test 3

ng 0.1 0.0 1.3 1.8 0.0 0.0
Al 3.0 82.1 65.5 80.8 65.8 81,8
Cr 0.1 0.0 0.0 0.0 0.0 0.0
Fe 2.4 1.4 3.1 1.8 2.6 1.6
Co 26.1 15.1 24.4 13.8 26.9 15.3
Cu 1.3 0.7 2.0 1.0 1.4 0.7
In 1.0 0.5 1.3 ¢.8 1.1 0.6

Average

e At
1.7 2.1
74.0 8 4.2
40.2 0.1
2.2 1.2
19.4 10.2
2.2 1.0
2.4 1.1

Average
0.5 0.6
635.4 8 1.6
0.9 9.0
2.7 1.7
25.8 1 4,7
1.6 0.8
1.2 0.4

An aluminum powder-metal allov was examined to determine the chemistry of

rod-shaped precipitates in the 0.07Co sample.

Also a 0.47Co alloy was

examined to determine whether rod-shaped precipitates were present. The

particles are too small

for quantitative analvsis.

counts obtained bv EDS are given on the following page.

ppts. are hipgh in iron and copper, possibly A]7Cu2F0.

e s e &
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0.41 Cobalt Saaple

] Al Fe Co Cu In
Round particle 2201 112452 404 4198 644 1312
Round particle 2503 110694 906 5400 346 1401
1.3 x.5 rod 1929 111307 91t 46800 392 1176
Natrix 23% 130023 (] [ 498 216

Ni-Base Allovs., Extensive quantitative analysis was performed on two IN10O

specimens having different grain sizes to determine whether a difference
exists in composition. The difference in chemistry between the matrix
and the pamma prime was compared. The sample identified as IDX has finer
grains than the sample D N Radial. The gamma prime is similar in both,

but the matrix difters. The analysis is as follows:

D ¥ Radial Specimen, Matrix, Spot Asalysis

Elenent 1 2 3 4 Avy.
Al 4,76 4,49 4.65 4.79 4.67
Ti 4.52 4,55 4.5t 4.57 4.54
v 1.20 1.20 1.16 1.19 1.1¢
Cr 14.76 14,80 14,34 14,54 14,61
Co 19.97 20,28 19,55 19.82 19.91
Ni 51.93 91,351 51.80 32,01 J31.81
Mo 3.89 3.80 4,04 4.30 4,01

Total 101.02 100.43 100.06 101.21 100. 74
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Steels,  Fracture surfaces in 4340 steel were examined for fatigue in air
and fatigue in an S0) environment. The air sample had a very rough
surtace with much secondary cracking. Ductile tear was noted even in the
fatigue area whenever a stringer was found, and there were many in the
short-transverse specimen. Several fields of round inclusions were noted.
The SOy sample had a rough surface also, but fewer stringers were observed
and there was much secondarv cracking. This was a very confusing fatigue
area, and no fatigue lines were observed. Much of the surface was covered

with contamination which may have masked the fatigue striations.

Nonmetallics., Quantitative analysis of copper-sulfide films on various
substrates posed several problems which made analysis impractical. The

clectron beam, even at only 5 kV, caused some of the samples to bubble.

This led to the speculation that some of the sulfur was being removed during

analvsis. By using a fast scan at TV rates and 5000% magnification, the
bubbling was greatly reduced although the estimated energy being dissipated
was still about 500,000 W per square meter. It was felt that none of the
samples was infinitelyv thick to the electron beam, which means that the

substrate is contributing to the total yield of X-rays.

Averages of three scans of copper and sulfur counts were tabulated for
all specimens and compared with conductivity data which were supplied
with the specimens., Three tests per specimen are ordinarily insufficient
for determination of the exact ratio with a high degree of reliability.

However, the other factors mentioned above make this a reasonable number.

SEM photos of the surface of each specimen were also taken at two different
magnifications. Most of the samples have particles which are high in

copper. Sultur from the Aszs substrates contributes to the total count

3
and, therefore, the calculated percentages for As and S are too high. In
general,ratios from similar substrates should be compared. Lower copper
content scems to produce hetter conductivitv., If thicker lavers can be

deposited (about 2 3), this analvsis could be accomplished on the probe.
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Ceramics.  Si N, which had been oxidized tor 36 hroat 13007 was charact r-

374
ized tor concentration protiles ot Ca, My, and W as a tunction ot depth
from the surtace to the interior ot the specimen. Tunesten was touind s |
small particles distributed throughout the specimen. Mp increased toward
the center but seemed to be constant atter the tirst 100 to 150
However, Mg was high in the outside laver. (Ca concentration was very low
in the specimen, but there was a laver of Ca-rich material around the outside
ot the specimen.  Although oxvgen could not be detected, it might bave heen

present in modest concentrations.,

Metallography and Photo lLabs

Rescarch on preparation of specimens tor examination of the microstructure
was accomplished on a wide varietv of materials. These included Al allovs,
P/M allovs, sunerallovs, steels, 1iker-reinforced allovs, and graphite
tibers.  Fach tvpe of material requires the use of a different technique

or extension of a technique to reveal unusual specimen teatures. Prepa-
ration consists of cutting, grinding, polishing, mounting, e¢tching, and

heat treating as well as documenting the macrostructure and microstructure.,

In several cases the influence of etching and polishing techniques upon
the Al allovs and upon the superallovs was systematicallv examined. Such

examination was required because the standard techniques did not produce

a suitable finish. The microstructure was obhscured bv polishing or etching,

Specimen preparation of B-1II1 Ti, Ti powders, Ni-base superallovs, and
various other Ti alloys was accomplished. Also a great deal of time was

spent on developing a color metallographic technique for the identification

s

of phases in hydrogenated Ti allovs. Reports of this work were presented

at the 1978 IMS meeting.

Specimen-Preparation Technique. Metallographic preparation of materials

often requires the use of special etchants and/or techniques to reveal

the microstructure, particularlv when new allovs are involved, as in the

29
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conducted on PM Ti-5A1-2.58n.

in staining that

product was

the

cinre was developed to minimize staining in these alloys:

I swab oteh using 40 ml glveerol, 1

cidloric acid, and

Sy Rinse immediately

5 mickly dry using air blast.

-

1 ml

0 ml nitric acid,

hvdrot luoric acid.

in flowing hot water.

I gt terisation stadices being
I Gt prodoneed tinal polishing and manv polish/etch
ctone s pore desctopment and tor removal ot disturbed
cie o ot e tuanate o past ctehing techniques resalted
et pemoved by vinal polishing. Hence, the final
L. AT tet nuracrous attenpts to correct this condition,

following

2 ml hvdro-

oo Immediately swab specimen with 207 sultfuric acid solution.

Y Rinse in water, neutralize with sodium-carbonate solut ion,

rinse agpain, and
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Figure 23. Specimen FEtched Using the heveloped 1tehing

Procedure. The material is Ti-SAI-2.58n + Ge
heated to 1975°F/15 min and water quenched.

T
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Figure 24 . Same Specimen as Fig.2} , Following Polishing
and Etching Using Standard Kroll's Reagent,
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Calculation of cooling rates from the sizes yielded acceptable times oun

2 to ll’).l sec. (redibility in the measurement, however,

the order of 10~
requires a standard to allow cvstimation ot standard deviations expected

with this tvpe of measurement.

Ring Measurcments. A group of fi-6-4 rings was received for measurement
ot 1res. Phe e uracs was tegutred to he as hivh as (ould be real-

v

1ati alls obtained, 1.0, 0 P20 ot diamet e

Previcuas measurement s using the cpidiascope on the (M 720 svstem had |

St d e sabts W b we e somewhat operat ot dependent s An estensie

Septes 0 tests W amductedd Lsing Teterenn e Ateas N order to fety rmine:
I
e o e Dot 1 the s types of Meedsurement s oon e ',
Cha et o st gt an e utdac 0o b conld e o easile obhtained om
i i P order b ot tait mere e gtdate readine s, corrections to thee
e awe b b reguired, e tarvest o contribator to crror was barre |

Piwtet tbon o thie lenses ot the dmage orthicon.  The larger the- area ot
teo Dioe rame ovcupied, the larger the talse enlargement of the area being
Mot oletarled determination or this distortion was not attempted

T aa=e ot Uime Jimitations., Instead, a4 ditterent procecure was adopted.

Vostanddard area ot L0 - 1,000 in. was machined., Using this, together

with the riny, a4 photograph was taken of cach ring/standard area combination.
Measarement ot the ring area and the standard area was then made using the
divitizer in the area-measurement mode, Accuracies attained in this wav

were © 77 diameter (1,47 area). While this method required that someone
phvaically measure each area as well as photograph the rings, the high

avearacs ot results justitied the use ot this approach,
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“iec Distribution of the Pores in Superalloys.  Intormation on pore size
towderod-metal superallovs was required tor an allov which had beon
S Y I R L TR threc sides were examined in order to determin
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. The operating manual tor the entire svstem was vapue and poorly

written., Development ot procedures divect v applicable to metals

was required,

h. o Roam atmosphere was dirtv; temperature was poorly controlled; the )
air condit ioning wis not usabhle.
1]
The Reichert microscope reguired alicnment on one of the opti. al
axes.  This required a serviceman or access to special toals and
fiws tor alignment, |
N, Rarrel distortion in the epidiascope lenses wias Ssigniticant oy
Acvurac ies hetter than 2 1
", Stage drive in the direction required repair. Fhe stage 5
tennded to stick during motor-controlled movement, i
1o, Stage alignment with the optical axis ot the microscope was poor. :
Most ot these problems conld be dealt with during service calls, The air-

conditionine problems would bhe processed through the building monitor and

Hiasr Dersonnel,

since these svstem ditticnlties could not be cleared up, the potential ot

the ™M in relation to research required was determined to be minimal,

And the unit was turned in.

Digitizer. The HP digitizer available in MLLN was used for some problems not

N

tractable on the QMO In particular, if a photograph of the surface of

interest could be made and an area or distance measurement was desired, then .

the digitizer was the simplest route to accomplishing this work. Intrinsic "

accuracy of measurement on the digitizer is ' 0.0l in. Closed areas,

individual lengths, curve length, and several other geometrical measurements .

can be made using this device. Since a HP 9820 calculator is part of this .

svstem, as well as a plotter, further refinement of the data can be done ;

fmmediatelv or as part of the measurement itself. £
¢




e Corare o, oot i al o ricrodensitometer available in the lab was
. o . et te it was cepde to ase this instrument tor measuring
St e oo sEY et orranhe, The crtert o was onle partially
' L : ont st hetween the dendrite arm and its
[ | . vt g st the amennt ot ettort rrqnirvd as compared
S s it o ot measitement by hand was o so excessive in
o CLor At e et e et rerts werte made to ouse the microdensitometer,

. St ut L tramstertost tooa ditterent branch.

oo« aaets Inoorcer te o accomplish quantitative-metallography tasks--
prt Caen o, v re b sdibstribation amalvsis--a graphics-tablet accessory
te FIUS b e et the APPIE D sestem. This tablet has the
T cooi atioans data entored by oase of an electronie pen and a

Lot bt. ot tware tor oceneral use ot the tablet was
L St o casart L bt o specitic programs tor calealating arcas,

artic e commt o mast b written.s An arca-measurement
Lo wAae written which o prints cach arca hased on an approsimation

| SRR & S T NS I BT R A oscvond program which prints coordinates of a

was aleo written, More complex versions which will store the
Sty conert to oahsolate arca, and calcealate volume tractions are

Tom= i be throasn moditioations to existing programs,

o continuons- curve= slope program allows one to enter reterence lengths
and =cal ractors tor the experimental graph (see Fig. 25a).  The basis

ot the Jdopecalealation is to tirst gencerate an arrav ot (x,v) points

cont inuous v by running the pen smoothly over the curve (Fig. 25b).

Ihis arrav is then divided into equal increments in the x direction.

The v values in each increment are added to tind an average value of v,
fhis value and the value ot x associated with the interval then become

the coordinates o1 a computer-gencrated curve (Fig, 25¢). The larper the
number of increments, the closer the penerated carve approsimates the experi-
mental curve.  However, because of limitations in the plot on the printer,
the practical values tor the number ot increments< should be in the ranye

SR, IThe masimum number o intervals usable s set at 99,

40




(a)
y
EXPERIMENTAL GRAPH
_
X
(b)
y ., MI POINTS
ARRAY OF POINTS COLLECTED FROM TABLET
X
'(xo:yo)
REFERENCE LENGTHS
j (c)
y
Xi X2 X Xm1
AVERAGE VALUES OF y WITHIN INTERVAL x;- Xj-|
Yi7Yi-)
SLOPE IS CALCULATED FROM —;—x——
[ B
Fivure 2oy, traphs lllustrating the Basis for Calculating

Slope trom an Experimental Curve,
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At 4

The procedure is as tollows:

U'se graphics table disk (has slope written on it).
Put disk in drive
Press reset
Tyvpe b, then hold down CTRIL kev and press P
Press return kev
Wait tor APPLE logo to come on screen
Press ESC kev
Press O
Press return

Type RUN CONTINUOUS. CURVE. SLOPE

Enter x tactor
Fnter v tactor

Take pen and locate reference square

Turn on printer.

Press pen down at lower left corner of square

Wait for beep

Press pen down on upper right corner of square

Scale ractors will be printed out

lake pen and locate starting point on curve
Hold it down and move pen until at end of curve
[Litt pen up

Place pen at top of tablet, press down once

The rest of program runs, finishing with plot of
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An explanat {fon ot

tollows:
lo-12
20

30

200~ 280
300
310=-320
330

340

350

360

370

380

390

400

410

415
420
430
440-500

510
515
520

the provram, lione by Tine or section by section, is as

Dimension statements setting upper limits on subsceripted variables

Control statement )
Command to bvpass subroutines

Subroutine to obtain a set ot x,v values trom the tablet

Clears the tablet
Inputs of unit factor (x,v) on graph (number of units/cm)

Command to generate (x,v) points

First set of values for (xqg,v,) for reference scale

Time delav to allow operator time to use the pen

Command to generate (xl,yl) values
Second set of values for (x,v) for reference scale
Calculate difference (x, - x , Vv, = v )

1 o 1 o

Calculate scale factors:

graph reference scale _ scale unit distance
cm ~  factor on the tahlet
) YR -
therefore xs = XD vs = 35 XS, YS scale factor
XR, YR = unit distance on : i
the tablet
XD, YD - graph reference scale

Turn on the printer
Turn off the printer
Routine to generate (x,y) points continuously

470 check to stop collecting data.

Increment MI since it is too large by 1 because of 490
Turn printer on i
Enter the number of increments into which the curve is to be

divided for generating points on the curve. The purpose is to

create a curve that has NX points generated from the MI set of

points obtained in section 440-500.
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-l Ihis scction, through the sort subroutine at 800-1100, finds

the moas i and minimom valoe ol the MDD points in the x array.

(max-min)

et WD interval . S
number ot increments
NN Moy ocalue ot ow
NN Min o value ot
NNo- Narhvr o dintervals
vl herinition ot values needed in plot routine

IV s s tion inds the mas o and min values of the MI points in
[ IR R R
: A - Mav valae ot
Yo Mt calae oo
{ o ) - \
Sty Initsalicsing ~tateronts tor variables
1 Lam Ve increonted calue of X tor the NX increments
i e Calo bttt avvrace valne of voin the x increment LK-1 to LK
4
mooco bt s calies ot v in the M opoints which are
" Coorrent o o0 v, start at LI = 1, compare values in
ot 1trra to e ware that the value is less than the current
) . . L
oo b oKy It it s, ther take the value of v
| Wi et it tooatl o other values of v found so far.
| coo b hate tre averave value of voin the interval increment
i
|
oo Vaties )
A L e . oo = zero value of v
, P ~ summed
{ ’ l
| , . N B . - . vy
> rl L B A N is cuts the loop JTor values - NX
}
(! et vt N 1
4 . N .
b Setetann Dt sttt at last point of previous interval
. [ o
(R | IR A o e -t calae o LKty increment)
o L T L
ot Thet i
froalim by =) caloadate Doty o o yas
1o [ A T B P TN ot -
LIIRER SHEY st oot i
‘o
- . - - R - e - — e -
- ——— e - o SRRRAREER AR L SRR s




1200~1350 Slope calculation subroutine
Since difterences in pofnts are to be found, the numher ot
points to be calenTated will be one less than entercd at
line 520, A second point is lost at the end also hecause }
of taking ditferences., Hence, the total number ot points

is NK-2,

1250 Calculate slope
S(IS) = v difference/x ditference [

2000-3080 Plot routine !
2002 Calculate slope

' 2015 Print values of interval number NX

{on printer) x value

v value

2130 Print number of points to be plotted N
2200 Print coordinates of points
2235  Print arrayv of values

2300 Print values of (x,y) where axes interscct

) Data Analvsis.
zard Aldlysis

; To assist in satisfying the data-analysis objective of the
i scope of the work, a number of computer programs have been prepared for
i . . .
| use with the data-acquisition system. These programs are written in BASIC
i and are readilv transterrable to FORTRAN for use on the CDC 6600 terminals,

it required.

X Currently the following are available:

i GAUSS - calculates and plots on CRT various Gaussian distributions.

FRAME EDS - ZAF correction program using EDS data.

FRAME. WDS MOD - ZAF correction program using WDS data,

FRAME ANGLFE, - ZA¥ correction program using WDS or EDS data as
function of angle.

LEAST SQUARES - calculates least-squares fit to set of data.

45

T e AR SYTGY At AP Wy s AR N




P ————
SECOND ORDER FIT - calculates a fit to a specific second-order equation,
INT VS (F-FK) N - calculates least-squares fit to equation
[l
In {; = nln (¥-F.)
IND VS INF - caleulates least-squares fit to Inl vs InE
RATToS - calculates ratios ot peak data for given elements. All combinations
arc included.
THiOR COUNT - caleulates cquivalent K~line counts using curve-fit parameters.
RATEO TEAST SOUARES - same as above but fits calculated data to a curve bv
least-squares method,
' MOD RATTO [Lso - moditication to above.
NTH O ORDER RECRFSSTON - caleulates least-squares curve for nth order equation.
MUT L LING RECRESSTON - calceulates Tinear fit for multiple variable set

ot data.
FTA - caleanlates backseatter coetticients for use with allov data.

TRIUNC = v 4 output ot calceulated quantity to desired length.

In widition to these mathemat ical routines, the svstem will process
character arravs.  Several programs have been written for tracking hours
1

charscd, titles of papers on tile, sorting of data, or lists bv size or

alphabetical order.

Special Projects

RKesearcn on 1 Powders and P Products, Detailed characterization was
pertormed on o nasher ot Tioallovy powders,  The thrust ot the effort was
to chuaracterize the powders in terms ot morphology, phase, impurity
Uiy, chomistre, dislocation structure, and thermal stabilitv,  Because
Ot the maenitiude of the ertort, it was divided into two parts. The
Pivst deale witho conventional allov powders and the sccond specificallv
witho li=oAl-l s with additions or Sioand Ge. The tirst part is
discussed in the TEM and the SEM subscctions, and the second part is

cxplained in this subsection,

hé
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It is necessarv to characterize Ti P/M alloys with dispersions and second
phases present because of the changes induced in the mechanical properties
by such inclusions.  Since this is a complex problem, a simple ~allov was
chosen tor detailed characterization in order to obtain a better under-
standing ot the role of dispersions such as Si and Ce.  Si is a potent ’
strengthener in Ti allovs when used in verv small amounts, while very

little is known about Ge in Ti allovs. Also Ge has a higher solubility

than Si and is expected to be less mobile which would lead to more desirable

properties than those vielded by Si in Ti allovs.
The initial tocus of this ettort was to characterize a specitic Ti alloy
as an example ot the influence of partially soluble dispersoids upon Ti

P/M allovs.

Literaturce=-based data on Ti-Si allovs were pathercd; and button melts of Ti,

Ti-si, and Ti-Ge allovs were prepared.

Six tvpes o specimens produced by the Could clemental-hlend method were
received.  These were cold compacted at 15 tons and sintered at 2300°F

for 4 hr. Sections trom cach were made. Specimens of evach tvpe were

sent to Kelsey-Haves for HIP'ing at 15 KST and 1700°F tor 2 hr. Extrusions

of conventional allovs were made and sections were cut trom one extrusion.
The P/M allovs prepared were as tollows:

. Base (Ti-5% Al-2.5 Sn)

. Base + 0.1 Si

1
2
3. Base
4

+
. Base + 0.1 Ge
5.  Base +

+

6. Base




Pl resalts were partially reported in two papers prepared for presenta-

tion (wee list or publications). Details of these papers not included

Sovanse ot snace Limitations are presented below,  Fttorts inceluded ‘
b~ i o0t noroasity, thermal ctehing, aying experiments, and analvsis

ctoone oxtraded allov,

Porosity in cach ot the allovs was measured using optical micrographs.
Sinco the Ouantimet 720 svstem was not functioning, the Zeiss particle
analser was ased with 80 10 enlargements of the original micrographs,
Viree sets ool photos were used. The first set (original: 50-) proved to
Seousytnl tor testing the technique, but did not provide sutticient resolu-
tion of the vdores to be ot value.  The next two sets of micrographs were
taren at 2 which, when enlarged to 8 - 10 prints, allowed reliable

malosis of mach more detail.

Cotrections tor mapnitication were made which translate the measured
Hatcters to oactual diameters in the specimen. The lower limit ot mea-
direent was aboat 4,0 which was determined by the resolution ot the Zeiss

analvzer.

Sased upon these counts, plots of count vs. diameter were made to determine
the tvpe ot distribution for the pores. The curves suggest that the
distributions are exponential.  To e¢valuate this observation, techniques
desoribed by Fn(h-rwnnnll were used in which the experimental distribution

is set o equal to a product ot two functions., The first is a probability
tunct ion which takes into account the randomness of the slice through

the specimen.  The second is the theoretical distribution function for

the pores.  The data were analvzed using Caussian, constant, and exponent ial
tor log-normal) tvpe distributions. The best tit ia terms ot general

shape was produced nsing the exponential-type distribution tunction,

Usinyg the trequency data, area tractions tor the pores were calculated
and plotted.  Comparison of as-received to HIP'd specimens clearly shows

the reduction in area fraction and mean pore diameter achicved with the

HIP'ing conditions used.
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Microstructures of the as-received and HIP'd material were determined,
Comparison ot as-received allovs (CCS) with BIP'd materials (COSH) s
shown in Fips. 2b=-31. The as-received material generally exhibited
i—laths with some indication of a second phase at the lath boundaries. '
I'he HIP'd material shows a grain structure together with the original
-laths.,  This grain structure has sharp boundaries, and the grains
tend to surronnd several (-laths., Definition of the laths is reduced
with a broadening ot boundaries. The large pores tend to situate them-
sclwve s at lath boundaries. Small pores exhibit no preference for location

: in the laths or the large grains. Boundaries pass through pores for both .
tvpes ot pores.  Thermal-etch experiments (T = 540°C for 4 hr in vacuum) ‘

‘ did not clearly reveal the microstructure, although some changes were
evidentdy related o loss of detinition of lath boundaries. |

‘ i
PN its ot several samples were made by mechanically thinning a slice to

T Aboat 0,010 in, and then jet thinning to perforation. Results were
“atcinal. Porosity ot the material caused thinning to occur unevenly,

! e in,e DEMOGhservation of the structures difficult. The tendency was to

t St owat the material in the pore area, leaving very small thin edges
ateoont toee poves,  These could be penetrated by the TEM electron beam.

! Hows o, the area between the pores which was the bulk of the foil was

* too - Lodtron dense to permit observation of the details of the material. .

|

i 't thaese areas which could be observed, pores which had not been etched,

; ive., whith were in the interior, were observed to contain material ;

‘ fittvrent rom the bulw.  STEM analvsis of these pores, carried out at

A Hitac' i and 1801 Instrument Laboratories, showed the presence of Fe and ’
1. e beowas detected on the edge of opened pores as well as in the :
REEY SR | particles, :

4

Protee analesis or the specimens established the values ot the concentrations :

| O e ment s present Revanl e cuppested that the specimens are homogencous

I! Aot o e b mioro,

[
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pProblems due to porosity of the specimens mav arise since the possibility
exists of analvzing on a spot where a large pore is just beneath the
surtace. Care was taken to avoid this situation by cxamining regions where
no larger pores were evident and bv examining several spots, All data were
taken using a reduced scanning mode at a magnification of 2000, This

approach redaced contamination in the area scanned.

Sevond phases present in several specimens were examined to determine
qualitatively any ditterences in composition as compared to the interior
ot the =laths, Difterences in counts were found for Al and Sn. Ti, Ge,
or St ocounts were essentially unchanged. The table below shows raw WDS
count data obtained trom the base plus 1.0 Ge allov. The ditferences

boetween the interior and the lath boundary are small but definitelv real

tor the as-reccived specimen. For the HIP'd material, the difference in

Al is suspect, but the diftference in the Sn count is significant,

BASE PLUS 1.0 w/o Ge, AS RECEIVED

Interior Lath Boundary
Al 3700 3100
Sn 1325 1698
Ti 298704 297455
Go 815 849

(Counts Time = 50 sec)

BASE PLUS 1.0 w/o CGe, HIP'd

Al 770 780

$n 3510 3820

Go 2100 2100

Ti 298704 297455
56
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Homogeneity studies were performed using the microprobe on three of the

t Ql..z at

el

as-received allovs, As a result of work reported by Bover,
the 1980 lLas Vegas AIME Mecting, a detailed probe examination of three of
the as-received alloys was made,  The problem in conducting such analyses

is the possibilitv of instrumental errors which could be interpreted as

real variations in concentration. Consequently, most of the effort in
collecting data was expended in identifving possible instrumental errors
which could significantly contribute to spread in the measured concentration

of an element.

The approach taken was to scan the beam in a reduced mode at high magnifi-
cation (5000x), taking data at fixed spots along the ¥ direction. The
counts were converted to concentrations, and plots for each element were

made-

Variations in concentration for the base + 0.5 Si allov are shown in the
plots in Figs. 32-33. One oxpects some variation in the concentrations
because of the statistical nature of the counting process and the approxi-
mat ions used in calculating the concentrations. Ordinarily these are on
the order of 3 to 10%Z relative error. Thus, it is not surprising to
observe that the concentrations vary across the specimen., The question to
be answered is whether there is a pattern to the variation or whether the

range of variation is unusual.

The Al concentration appears to be relatively flat across the specimen.
There is no obvious trend. Si exhibits a possible trend to lower values
across the specimen, but the results are not clear cut in this case.

Sn, on the other hand, shows a distinctive oscillation in concentration
and a trend to higher values at one end of the specimen. There appears
to be a cyclic variation. The Ti plot, while showing what appears to be
large fluctuations, is generally flat. The spread in values is within

the 5 to 10% range, as expected.
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Vicure 34 is a plot of the total concentrations for Specimen Nos. 3 and 6
(81 and ce attovs).  The data indicate that overall, the sum of all the

concentrations is relativelv constant to a few weight percent, as expected,

e results tor the base + 1.0 Ge are illustrated in Figs. 34-36. Variation
in Al across the specimen is within expected values, and the general curve
is rlat. similar conclusions apply to the Ge and the Ti concentrations.

As with Snecimen Noo 3, the Sn ovalues exhibit a trend to higher values at

one cnd ot the specinen.

e ddata were normalized to the caleulated total in each case and for
cachospot oon the specimen in an effort to reduce the effects of fluctuations
dae to o calvalational approximations, which result in the total concentrations
~urrines te o values other than 1000, For the data this is an acceptable
Srocednre since it is certain that contributions from other clements are

v owmall. e results of the normalization are shown in Figs, 37-38.
conclousions trom the mnormalized data still hold.  the only ¢lement to
curdis it strone variations s osn. The plot accentuates the cvelic nature
ot cariation, the rather smooth sinusoidal variation mav indicate

taat the instroment is varving—-not the concentration,

These results have helped to detine the variations in concentration
which are present, but the results are still open to question. [t seems
clear that Al is relatively anitorm across the specimen and that Ce and
Yioare also within expectations.  Si mav be inhomogencously in solution
since thero is a possible trend to linear variation across the specimen,
The case of Spois unasual in that the variations appear to be sinusoidal
or cvelic in nature. Tt is possible that the probe beam was placed on
sn~rich phases when the data were taken at one point and not on Sn-rich
Didses at o other points. This could explain the seatter in the data from
tie other clements and Sne The ditticoalty with this interpretation is
that the smeoth cvelic variation as one moves across the specimen surface
oot what is cxpected it the beam is randomly placed on Sn-rich and then
o~ e lont phases, One would cxpect a wide range ot values randomivy

e o toe plot o concentration versus distance,

60

e g e~




b
*s3Insau ~ “
Wwicprun agow conpord SUeIs wuljenyjrusew-mors 1eyl s3sa83ns ssaulepj oyl t¢ "ON 203 I ;
AALIND L 0C AU 3ION TSAOTTV AY) Ul $IUANITISUO) JO SUOTIBJIJUADUL) JO WNG JO 313014 *H¢ 2In31Jg ; *
ﬁ ('NI) X il
. ﬁ
o) 0 €0 20 I'0 0 M |
“
-+ 16 |
|
|
|
€ g “
86 N :
o ]
66 )
IS 6" + 35vd __
NOILYHLIN3ONOD TV.iOL
X00S ‘E# Vv 00|
X000G ‘E# D
X000S ‘O#% ©
It —_ | A 1 — 1 " )| i y
,.
!
w e
r‘ - - - - . - - . - —— -
L e—— IR TS ¢




VITNAV U POOR STIGIHND 2n tug puB TV Ul SUOTIBIJBA BUIMOUS AOTTV A9 (3°T 10} a[T1j0ld

‘usuwrdads Al ssoade

('Nl) X
G0 0 0 20 1’0 (0]
] |
ug
IA
10 7]
nlg x 7g .
0. @32nAQ3Y v
NVIS X000G
300°| + 3SVE 9%
| | 1 ] |

"¢g 2and1g

o'l

0'e

G0

o'l

S|

G'e

o't

oe

o/M

62

. "
——— e ma —

bt 4




m
)
ruow] ands a3 ssouaowe . :
A1rurojrun poud SITQIUND 1L ‘u§ puE Ty Ul SUOT3IBTIAER) BUIMOUS AOTTV 1L 071 201 2113044  uy ~4nalg _ W
v
.
1
(NI X
S0 0 €0 20 'O 0 C
T T T T T T T LA 1 * .
)
&
-
{
{016 B
< :
2 ‘|
~ :
o {
(B 8 )
e x e -10¢6 |
01 035003y m
NVJ2S XO000S .
99 0°l + 3SVE 94 L L _— L !
y
!
=
— d— —— P ——e et - — - f »iu




R

TPy ! RS S .V/ B P . HEFI I SO y
CARINOIEN D el PO IPRLL \ \ b Vo ) a0
('N1) X
GO 0 €0 c0 I'0 0
ﬁ T 7 T rm 1 v 7T 7
o 0o
-10°¢6
o o
o
o
- - Ov6
o o 3 (o] <
o ° o
o z
o
us o ° loz o
o
-10G0
(" o o
°© o o ° o ° Jooi
a9 { ©
h o oG’
. o
o -{o'b
v 3 o
. o o ° o 0o
vivad Q3ZINVYWHON '£4# ﬁ \ i A 1 | o oG
-k A A A 4 “

- g e




us

vivad Q3ZITVWYHON 9%

ol

ol

ol

ov6

o'l

2%}

o/Mm

ov

oS’
o't

o¢

. . g

S SS e e —— - e e e ]




—— e —— e ——
e e ——— .

[ oy P s dren s Pl ted somvwhiat o with o respect to

e o, i tations in beam o anvdle ot incidence conld nroduace

P Savtrome ot o tiracts also conld produce annsaal

et B TR T U B I T T T A T R L R R
oot o e s heall rotaty the specinen THO derrees and

tiat ion, in o oparticalar, reverses, Sensitivity to

e o ld s wtadicd by ovarvine the anyle uscd in the PRAME

Ao cneentrat jons,  Also other specimens shoald be examined to

trvr e o resolts appear in these specimens as well,  Use

o bromete Ty ar Lwo soectrometers simoltancousicy o to collect

ootttk in order Lo removes Artiracts associated with the

S cctroroter ervstal, e veneral conclusion at this point

At o cariations in concentrations mav he present. Further

iaterenta were initiated on the HIP'd material as part ot
crorsine tae conditions ander which precipitation o Sioand

oo o thad emploved was to o encapsulate the specinen,

atere s Cold ror Ty ming and then watey guench.,

St at o o b seadied was the base material, Pigure 39 shows the

Clerostractures obtained between 1825 and 200071, I'he

soat sl and 18507 are essentially the same tvpe as those

Coon the allow atter HIP ing and atter aging at 1000°F. A major

gt 15707 ) where transtormed beta is present. The develop-

t transtormed beta continues at 190071 and 1973°F, where the

'

e owl

ot

conont s essentially o complete. At 19%07F a4 multi-phase microstructure

et mav bhe the resalt ot oxidation of the specimen.  The

observed at 197570 is Widmanstatten-like in appearance.

microstracture displavs martensitic structures and is primarily

hé6




Figure

349.

Beta-lransus-hetermination Resulty

for HIP'd Base Allov,

(a=h) 1R875°F to 2000°F in 25-Dep. Tnerements,  Alpha-

beta transus at 1850°F,
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From these data, one concludes that the beta transus occurs at 1850°F.
These values for transus temperatures are those expected for Ti-5 Al-2.53Sn

according to the literature values (beta at 1875°F). '

Aging experiments were conducted to obtain data on changes in microstructure
induced by heating. Figures 40-45 show microstructures after heating at
540°C for 29 hr in vacuum, air cooled. These figures are comparisons of

CCS and CCSH allovs after aping at 29 hr at 1000°F, air cooled. Generally
the new grain structure observed in the HIP'd specimens developed more
tullv, and the lath boundaries faded. A second-phase was evident on

several samples.

Heat Treatment. The three furnaces in Bldg. 32, Room 17, required updating
and improvement in the flexibility in control of the temperature profiles
attainable. To accomplish this process-controller additions were designed.
The Micricon Process Controllers were integrated into the existing control
svstems on cach furnace. The controllers are programmable to allow

control of one or two process variables on each furnace.

The Centorr hot press is designed to apply hvdraulic uniaxial loads of up
to 100,000 1b on a specimen in vacuum at temperatures up to about 1900°F.
Fipure 46 is a block diagram of the system showing control loops, inputs,

and outputs to be attached to and controlled by the controller,

Figures 47 and 48 are block diagrams of the middle Brew and quench Brew
turnaces. These were generated in order to identify precisely the control
variables required by the programmer controllers. The actual values of

the variables (ranges) are listed for each furnace on pages 79 and 80.
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Onee the svstems were detailed, a Micricon Programmer Controller was
obtained and set up to control the hot press. A representative temperature
protile was drawa ap, and a program to obtain this protfile was written and
entered into the programmer.  The controller tunctioned accuratelv in
tollowing the desived protile in terms ot turning on/off relays and
proportional power outpat, thereby demonstrating the feasibility o

ohtainine control ot the hot-press svstem and the others as well,

An cxamp s o a contrel protile is shown in Fig. 49, The temperature
tewvimes are divided into o a set ot time segments during which events arc
Keved to ocear or the temperature ramps are activated. The programmer
controller is programmed to control power to the furnace in a time-
sroportional control mode tor maintaining o setpoint to predetermined high
and Tow deviations,  The cvents (onfoff) are actuated by switching
desienated solid=state relavs douring the sewment.  Details of the programming

teasired will not b presented here since these are available in the Micricon

Interation ot the controllers into the turnace svstems has been accomplished
in s a wav that the tall manual control has been retained., Fither pro-
Srammed protiles can be run or manual heat treatment can be accomplished.

.

nis tlesibility is required because of the rescarch/development nature

ot the work to be accomplished using the furnaces.
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LIST OF VARIABLES USFD FOR EACH FURNACE

Hot Press:

Sensors
TC-tyvpe K
Pressure (vac) 0-10 mV
Stress 0-10 mV LOAD

Water interlock 120V relay

Switches

Mech pump
Diff pump
Heaters

Control-Heaters

Thvratron 0-5.4mA
into 0-3K.:load

Brew Vacuum:

Sensors

TC- Type K
Pressure (vac) 0-10 mV
Water interlock 120 VAC Relay

Switches

Mech Pump
Diff Pump 120 VAC RElays
Heaters

Control-Heaters

Phaser power controller Model 646
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Brew Otend e ’
Sensors

TC Ivpe K

Pressure (VAC) 0-10 m\

Water interlocks 120 VAC Relaw

Furn, b py pp?

Ouench readv, Cuench power
'
. Switchies
t
1' Mech Pump 1
; Dift pump |1
? Farnace start

Cuench start
1
1
!
l Controllers
‘ Varistat -motor driven
| (relavs)
]
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