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FOREWORD

This report was prepared by the Toronto Technical Labora-
tory, TIMET Division of Titanium Metals Corporation of America,
Toronto, Ohio, under USAF Contract No. F33615-74-C-5063. The
research was performed under Project No. 7351 "Metallic
Materials," Task No. 735105 "High Strength Metallic Materials."
The work was administered by the Metals and Processing Branch,
Metals and Ceramics Division, Air Force Materials Laboratory,
Air Force Systems Command, Wright-Patterson Air Force Base,
Ohio, with Mr. W. R. Kerr, AFML/LLS as Project Engineer.

This report covers the period from 1 March 1974 to 15
December 1975. The project manager was G. Lenning. Ingot
melting was under the direction of Messrs. H. R, Palmer and
R. E. Adams. Analytical determinations were directed by Ms.
D. R. Valent. Material fabrication was directed and monitored
by the project manager. Pole figures and x-ray phase identi-
fication were supervised by Dr. H. W. Rosenberg. Tuckerman
Modulus and crack growth testing was supervised by Dr. Rosen-
berg and Mr. T. L. Wardlaw. The "Room Temperature Formability
Evaluation" was conducted at the Columbus Aircraft Division
of Rockwell International under a sub-contract from TIMET.

At Rockwell the study was supervised by Messrs. D. L. Day and
A. Shames.
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SECTION I

INTRODUCTION

This program was aimed at exploring and selecting opti-
mum mill processing procedures for three promising experimental
alloys on the basis of formability, formageability, and
uniformity and consistency of properties. The alloys selected
were Ti-8V-7Cr-3Al-4Sn-1Z2r, Ti-8V-4Cr-2Mo-2Fe-3Al, and Ti-
15V-3Cr-3A1-3Sn. These alloys were selected from a prior
program as having potential for good fabricability and aging
response to high strength and toughness. Melting and pro-
jected mill process economics were also criteria for the
previous program conducted on Contract No. F33615-72-C-1696 (1),
This prior contract represented a continuation of a program
begun at Battelle under Contract No. F33615-69—C—1890(2?
and continued at Lockheed under Contract No. F33615-71-C-
1682(3) . oOne of the three alloys selected, Ti-15V-3Cr-3Al-
3Sn, was from the Lockheed program. Beyond the alloy criteria
noted above, athermal matrensite compositions were avoided.

i it e s et

Near the conclusion of the program on Contract No.
F33615-72-C-1696 an Air Force-Industry Workshop on Formable
Titanium Sheet was conducted(4). Two of the general conclu-
sions derived from this workshop gave strong support to the
expectations for the cold rolled strip process to be developed
on this program:

1) Improved product uniformity with respect to
dimensional tolerance, surface finish, and
properties over those of existing hand mill
products would provide cost savings in
fabrication of parts.

(l)Wardlaw, T.L., Rosenberg, H.W., Parris, W.M., Titanium Metals
Corp. of America, Technical Report AFML-TR-73-296, Contract
No. F33615-72-C-1696, January 1974.

(2)Wood, R.A., Williams, D.N., Boyd, J.D., Rothman, R.L., and
Bartlett, E.S., Battelle Memorial Institute, Technical Report
AFML-TR-70-257, Contract F33615-69-C-1890, December 1970.

(3)Stemme, H.W., Lockheed-Georgia Co., Technical Report AFML-
TR-73-49, Contract F33615-71-C-1682, April 1973.

(4)Summary Report, Air Force-Industry Formable Titanium Sheet
Workshop, Dayton, Ohio, 5 June 1973.
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2) Cold forming followed by mild restraint or hot
size - aging at low temperatures would be an
acceptable fabrication method which should
decrease costs.

Another conclusion was that the volume of usage expected
in the near future is not high for any one product form.
The greatest inroads will be where elevated temperatures
and/or corrosive environments are anticipated. The low
initial volume for a given product form was not consistent
with the requirement for volume production in cold strip and
indicated that initially some hand mill production may be
necessary. Prior experience with beta type Ti-13V-11Cr-3Al
and Ti-8Mo-8V-2Fe-3Al alloys had shown that cold rolling
gave better aged property uniformity from sheet to sheet than
the hot roll processes. These two factors--1) an initially
restricted market potential, and 2) the beneficial effects
of cold rolling--led to incorporating the somewhat unusual
hot plus cold roll approach.

The other conclusions drawn from the Workshop have
generally been incorporated in the present program such as
evaluation of fracture toughness, fatigue, weldability, etc.
The weldability evaluation of the three alloys is being con-
ducted at Wright Field and will be reported separately.

The results on Contract No. F33615-~72-C~1696 had indica-
ted the three alloys were adaptable to conventional consumable
electrode vacuum melting using commercially available alloy
and master alloy additions for small ingots. No unusual
ingot homogeneity problems were found in ingots up to 40 1lbs.

Mill processing of ingot to flat roll appeared prac-
tical based on similarities established for the three alloys
to Ti-13V-11Cr-3Al and Ti-8Mo-8V-2Fe-3Al alloys which had
been strip produced. These similarities were established
in a series of laboratory experiments at known critical areas
in the processing such as:

Hot Rolling Characteristics

Thermal and Mechanical Beta Phase Stability
Cold Rollability

Property Directionality

In the present investigation the plan was to make 0.050
and 0.100" thick flat roll product by each of the three
methods:

1) Simulated strip
2) Hot plus cold roll
3) Hot roll




SECTION II

PHASE I

INGOT FORMULATION, MELTING AND HOMOGENEITY

The materials used in formulation of the 1800-1b
ingots for the three alloys are shown in Table 1, along
with analyses. These additions were weighed, blended and
pressed to form 4" half octagonal x 12" long compacts.
These compacts were weld joined to form two primary
melting electrodes. After vacuum primary melting the two
14" diameter primary electrodes were joined by welding,
inverted and vacuum melted into an 18" diameter furnace.
These 14" and 18" diameter melting furnaces differ from
conventional production furnaces in the U.S. only by
being cooled by a liquid mixture of sodium and potassium
(NaK) .

Sampling of ingots for analyses was at top, middle,
and bottom positions by trepanning and core drilling.
These results are shown in Table 2, and generally good
homogeneity was obtained for all except that the top ingot
position had chromium higher than the normal formulation
range shown at the right of the table for all three ingots.
For the Ti-8V-7Cr-3Al-4Sn-1Zr alloy chromium was high by
0.2%, for the Ti-8V-4Cr-2Mo-2Fe-3Al alloy chromium was
high by 0.4%, and for the Ti-15V-3Cr-3A1-3Sn by 0.1%.
Additional chemistry samples were obtained from the out-
side of the forged sheet bar for the two Ti-8V-etc. compo-
sitions which come into the formulation range. The
analytical results for these samples are shown in Table 3
and they are believed to be more representative of
material chemistry than the original ingot analyses.

The only reasonable explanation for the high chromium
content of the ingots appears to be spatter of high

chromium metal from the molten pool to the outside of the
crucible during the last portion of melting.

MILL PROCESSING

The forging schedule is shown in Table 4 along with
recovery data. No unusual problems were observed and
drafting pressures and scaling behavior were similar to the
beta alloys, Ti-13V-11lCr-3Al and Ti-8Mo-8V-2Fe-3Al alloys.
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V5029*
V5030*

V5031%*

TABLE 1

MATERIALS USED IN FORMULATION OF INGOT COMPOSITIONS

Ti 85/15 Al Cx Sn Zr Mo-Al Fe
265 A-637 A-1 A-640 A-520 A-631 - -
265 A-604 A-1  A-640 - = A-639 A-518
265 A-637 A-1 A-640 A-520 - - -

Ti - Lot 265

85/15

85/15

Al

cr

Sn

Zr

Mo-Al

Mo-Al

Fe

A-637

A-604

A-1

A-640
A-520
A-631
A-639

A-630

A-518

ANALYSIS OF MATERIALS

109Bhn - .07102 - .009N - .04Fe - .026C

82.5V - 15.7A1 - .1602 - .057N -~ .52Fe - .018C -

.36S1i - .0019B

85.3V - 13.2A1 - .23702 - .039N - .47Fe - .026C -

.20si - .0025B

99.7A1 - .00502 - .013N - .1lFe - .27Si - .002B

99.3Cr - .05702 - .029N - .29Fe - .03Mn
.13Fe -~ .005N - .003si - ,03Cu - .003Al
99.5Zr - .11402 - .004N - .076Fe

52.9M0 - 42.2A1 - 3.75Ti - .04007 - .013N
.435i

-

.14Fe -

52.6Mo - 42.6A1 - 4.22Ti - .07203 - .010N ~ ,18Fe -

.28S1

99.9Fe - .0028B

* Heat - alloy designations

V5029
V5030
V5031

Ti-8V-7Cr-3Al-4Sn-1Zr
Ti-8V-4Cr-2Mo-2Fe-3Al
Ti-15V~3Cr-3A1-3Sn

SCHS SRR S,



TABLE 2

CHEMISTRIES FOR FORMABLE SHEET INGOTS

Analysis, Weight %
For Position Indicated

£
0
-
o
©
—
3
g
N
(0]
<]

Element

0
:
(24

Avg.

-48n-12Zr

V-5029 Ti-8V-7Cr-3Al

V-5030 Ti-8V-4Cr-2Mo-2Fe-3Al

.
NN O O

e s s s e e
OF~HANNOO

Cr
Mo
Fe
Al
02

V-5031 Ti-15V-3Cr-3Al-3Sn

Cr
Al
Sn
02
Fe
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TABLE 4

FORGING SCHEDULE AND RECOVERY
FOR 1800-LB. INGOTS

1) Forge 18" diameter ingots to 7" x 16" x
length at 2000F and square edges
E 2) Intermediate overall condition
3) Forge to 3-1/2" x 16" x length at 1750F
; and square edges
' 4) Preheat to 80COF
5) Overall grind
F 6) Hand grind to remove defects
)
7) Ultrasonic test
]
3
Conditioned
Uncropped
Ingot Slab Recovery
Alloy Weight,Lbs. Weight,Lbs. %
Ti-8V-7Cr-3Al1-4Sn-1Zr 1800 l672 92.9
Ti-8V-4Cr-2Mo-2Fe-3Al 1839 1650 89.7
|
Ti-15V~-3Cr-3A1-3Sn 1835 1673 91.1




Generally, beta alloys show less tendency to cracking than
alpha and alpha-beta alloys, but metal removal by grinding
is more difficult for the betas.

The minor differences between recoveries for the
three alloys are not believed significant. End losses were
not detectably different after cropplng and no pipe was
found in the three slabs.

The cutting laycut for the forged 3" thick x 16" wide
sheet bars is shown in Figure 1 to approximate scale.

The dashed vertical lines separate the materials according
to the processing intended which is related to bar numbers
as follows.

Code Ga. Aim

Cold Strip Process

-02 0.050 Lab Simulated Strip
-03 0.100 " “ “

-04 0.100 Sheet Simulated Strip
-05 0.050 S o &

Hot plus Cold

-06 0.100
-07 0.050

Hot Roll
-08 0.100 1750F rolled
-09 0.050 L =
=10 0.100 1850F rollea

A summary of the processing applied is given in Table
5. The simulation of strip by two methods was because
sufficient material was not available to go to a Sendzimir
mill where tension could be applied during rolling. The
cold mills available for small lots where the conditions
of high load and front and back tension could be applied
during rolling are restricted in width to 6" and under.
The 36" wide sheets were rolled on a four high cold mill
witnout tension from starting hot band, nominal 0.17",
gage to give sufficient width for all evaluation tests.
The major difference in both these simulations from the
conventional strip process was the necessity to hot cross
roll the 16" wide sheet bar to 36+" wide. In convention-~
al strip processing the non-unidirectional working
applied is in spreading the forged slab from a width
corresponding to ingot diameter to the width necessary to
yield the finished strip width.

P
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————————————

The processing detail for hot band equivalent is
shown in Table 6. Cross rolling 16" to approximately 39"
was at 1850F. The furnaces used for heating are roller
hearth type with the first two zones gas fired and the
third zone electric. 1Initial heating times varied from
70 to 120 minutes for the 3" thick slab. At 1850F the
three alloys were softer than Ti-6Al1-4V at 1700F. At the
1750F reheat temperature the three alloys were about the
same or a little stiffer than Ti-6Al1-4V at 1700F. This
mill is not load instrumented so no niore detailed infor-
mation can be provided. Hot rolling behavior for the
three alloys was comparable again to Ti-13V-11Cr-3Al and
Ti-8Mo-8V-2Fe-3A1 alloys.

The cold finish processing for laboratory and sheet
simulated strip is shown in Table 7. 1In the laboratory
simulated strip processing for 0.050" gage both the two-
high and four-high configurations were tried. The gage
aim could be met with both but within the load limits
available the four-high rolls gave the best simulation of
Sendzimir mill practice.

Comparison of rolling loads for 0.100" gage aim are
shown in Figure 2 and for 0.050" gage aim in Figure 3.
The Ti-8V-7Cr-3Al-4Sn-1Zr and Ti-8V-4Cr-2Mo-2Fe-3Al alloys
reguired higher rolling loads and more roll passes to
finish gage than the Ti-15V-3Cr-3Al1-3Sn alloy. This
difference would probably not be significant in terms of
processing costs. The loads shown for one screw are half
of the total mill load.

Hot rolling detail for the hot plus cold process is
shown in Table 8. Breakdown and finish rolling were both
at 1750F. Cold roll processing is shown in Table 9 and
rolling data in Table 10. The rolling mill was a four-
high sheet type. The intermediate anneal for the 0.050"
gage aim material was used primarily because of a limita-
tion imposed by the mill. The mill had just been over-
hauled prior to this rolling. The break-in period for
rolling light gage material requires a number of sheets of
the same composition to obtain proper adjustment and
set-up and usually a number of sheets are lost due to
crimping, pinching, etc. 1In this case only one sheet for
each gage and alloy were available and the risk of loss
did not appear justified.

Processing for the hot rolled sheet is shown in Table
11. Gage removal data for the grind and pickle opera-
tions is shown in Table 12 for all hot rolling. Generally ‘
there was little difference between these alloys or ]
between these alloys and Ti-8Mo-8V-2Fe~3Al and Ti-13V-11Cr- '

3Al1l alloys in regard to gage removal required for cleanup.

-11-




TABLE 6

PROCESSING FOR HOT BAND
FOR LABORATORY AND SHEET SIMULATED STRIP

Heat to 1850F

Roll 16" to width on roughing mill

Turn and roll to length at 0.30 to 0.35" gage
Reheat 1750F

Roll to 0.20 to 0.23" gage on finish mill
Reheat 1750F

Roll to 0.19 to 0.20" gage

Cut hydrogen samples and hold for release
Blast

Descale with KOH and pickle

Vacuum anneal 1350F-6hrs

Cut hydrogen samples and hold for release
Continuous anneal and pinch roll flatten *
Wet belt grind overall with hard back-up roll
Spot grind as necessary

Pickle, cleanup

Final inspect

*Anneals were 10 mins. at temperature with
Ti-8V-7Cr-3A1-4Sn-12r at 1400F

Ti-8V-4Cr-2Mo-2Fe-3A1 at 1500F
Ti-15V~-3Cr-3A1-3Sn at 1450F

w]de




TABLE 7

PROCESSING FOR FINISH SIMULATED STRIP

Laboratory Simulated Strip

Shear 0.17" x 36" x length sheet to 5-1/4" wide x length
Attach stainless steel tails
Cold roll to 0.100" gage on 2 high mill with tension
Cold roll 0.050" gage on 4 nigh mill with tension
Remove tails and inspect
Cut strip to mult lengths required for testing
Vacuum anneal in cold wall furnace'
cooling rate to simulate production continuous
vacuum anneal practice

Flash pickle in 15HNO3 - 1.5 HF +'rinse

Submit to machining

Sheet Simulated Strip

Roll 0.17" x 36" wide to gage at 96+" long on 4 high mill

Tail and continuous vacuum anneal 0.050" gage!

Flash pickle 0.050" gage - inspect + cut to tests
Air anneal 0.100" gage

Caustic descale and cut hydrogen test
Overall wet belt grind (120 grit)

15 HNO3 - 1.5 HF pickle

Inspect
Shear to test size and submit to machining

'Anneals used for lab strip and 0.050" gage sheet strip were:
Ti-8V-7Cr-3A1-4Sn-12r 1400F - 5 mins.
Ti-8V-4Cr-2Mo-2Fe-3Al 1500F - 5 mins.
Ti-15V-3Cr-3A1-3Sn 1450F - 5 mins.

2Anneals for 0.100" gage sheet strip were 10 mins.

-13-
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TABLE 8

PROCESSING FOR PLATE FOR
HOT + COLD ROLL MATERIAL

Heat to 1750F

Roll 18-3/4" or 12-1/2" to 42" on roughing mill

Turn and roll 16" to length at 0.39" to 0.44" gage
Reheat 1750F

Roll to length at 0.275" gage on finish mill

Cut hydrogen samples and hold for release

Blast

Descale with KOH and pickle

Cut hydrogen samples and hold for release

Vacuum anneal 1350F-6his as necessary to remove hydrogen
Continuous air anneal and pinch roll flatten* water quench
Descale with KOH and pickle (11HNO3-1.S5HF)

Material for 0.100" gage finish aim -
wet belt grind overall with hard back=-up roll

Material for 0.050" gage finish aim -
pickle to remove 0.008" from gage and cut hydrogen sample

Final inspect

Abrasive saw cut to size and mark

*Anneals were 10 mins. at temperature with
Ti-8V-7Cr-3A1-4Sn-1Zr at 1400F

Ti-8V-4Cr-2Mo-2Fe-3A1 at 1500F
Ti-15V-3Cr-3Al1-3Sn at 1450F

~16-




TABLE 9

PROCESSING FOR FINISH OF
HOT PLUS COLD ROLL SHEET

Roll 0.25" plate to nominal 0.100" gage and set
aside 0.100" gage aim material

Intermediate anneal 0.050" gage aim sheet and
pinch roll flatten¥*

Descale with KOH and pickle
Overall wet belt grind (120 grit), 0.004" off gage
Roll to 0.050" gage

Anneal 0.100 and 0.050" gage, pinch roll flatten
and air cool both sides?*

Wet belt grind overall (120 grit) 0.005" min. off gage
HNO3-HF pickle 0.004" off gage
Shear to square

Inspect

* Intermediate and final anneals were 10 minutes:

Ti-8V-7Cr-3Al1-4Sn-1Z2r at 1400F
Ti-8V-4Cr-2Mo-2Fe-3A1 at 1500F
Ti-15V-3Cr-3A1-3Sn at 1450F

-17=




TABLE 10

COLD ROLLING DATA FOR
FOUR-HIGH SHEET ROLLING FULL SIZE SHEETS

Cold Finish
Starting Rolled Nbr.of % Gage
Alloy No.! Ga.,In. Ga.,In. Passes Reduction Aim,In.
Hot plus Cold Sheet 0.100" Ga. Aim
v5029 .264 .106 29 60 0.100
v5030 .266 .108 37 59 0.100
V5031 .254 .109 27 57 0.100

Hot

plus Cold Sheet 0.050" Ga. Aim

First Reduction

V5029 .265 .104 17 62
V5030 .266 .099 17 63
V5031 .264 .098 17 63

Second Reduction after intermediate anneal,
descale, pickle, & grind

V5029 .100 .061 39 39 0.050
V5030 .092 .060 47 35 0.050
V5031 .093 .061 43 34 0.050

1y5029 - Ti-8V-7Cr-3Al-4Sn-1Zr
V5030 - Ti-8V-4Cr-2Mo-2Fe-3Al
V5031 - Ti-15V-3Cr-3Al1-3Sn

’Cracked 8" from one end because of crimp

-18-




TABLE 11

PROCESSING DETAIL FOR HOT ROLL

Heat two bars each alloy to 1750F
Heat one bar each alloy to 1850F

Roll length of sheet bar to 39"

Turn and roll 16" width of sheet bar
Roughing of 1850F rolled bar complete at 0.31" gage

Reheat two bars each alloy to 1750F

Roll on finish mill

Cut hydrogen samples and hold for release
Flatten and solution anneal all 1450F-10min AC
Shear to size for weld pack

Weld in steel pack

Roll to length for 0.115" gage at 1750F for
0.100" finish gage

Roll to length for 0.070" gage at 1750F for
0.050" finish gage

Continuous anneal 1450F-10min. and air cool both sides
Caustic descale

Sample for hydrogen

Shear to square

Overall wet belt grind (120 grit)

15 HNO3-1.5HF pickle

Shear to size

Final Inspect

-]19=
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Hydrogen and oxygen analyses were obtained for finished

as shown below:

products

Alloy

Laboratory Simulated Strip

1-8V-7Cr~-3A1-4Sn-12r

1-8V-4Cr-2Mo-2Fe-3Al
"
3Cr-3A1-35n

i

I'1-15V-

Sheet Simulated Strip

’'1-8V-7Cr-3A1-4Sn-12r
'i-8V-4Cr-2Mo-2Fe-3Al

P1~-15V=-3Cr-3A1-3Sn

"

Hot + Cold Rolled Sheet

Ti-8V-7Cr-3Al-4Sn-1%r

Ti-8V-4Cr-2Mo-2Fe-3Al

Ti-15V~3Cr-3A1-3Sn

"

G, LD

.050
.100
.050
.100
<050
- 100

.050
.100
.050
.100
.050
.100

.050
.100
« 050
.100
.050
- LU0

Analyses

02%

H2%

10 .0044
«09 .0044
ik .0062
L2 .0067
i 255 .0047
« E2 .0070

10N

10

AR 1]
+ 1.0 .004 1

.0094
.0030
«12 0121

4 .0]4-/
: 10 0L26
« 10 .0143
s L3 010 3 1 5
.0165
SOLL3

« 10
o k2




TABLE 13

GAGE RANGE AND SHAPE FOR
AS PRODUCED MATERIALS 36" x 96" SIZE

Alloy No. Gage Range' Shape
Sheet Simulated Strip (-04 & -05 tracers)
vV5029-05 .063 - .067 crown
v5030-05 .060 - .067 crown
vV5031-05 .060 - .066 crown
V5029-04 .094 - ,101 crown
Vv5030-04 .094 - ,101 crown
Vv5031-04 .097 - .101 crown

Hot plus Cold (-06 & -07 tracers)

Vv5029-06 .099 - .104 crown
V5030-06 .094 - .099 crown
V5031-06 .096 - .105 crown

Hot Rolled 1750F (-08 & -09 tracers)

Vv5029-09 .057 - .059 crown
Vv5030-09 .052 - .055 crown
Vv5031-09 .058 - .060 crown
V5029-08 .088 - .091 crown
v5030-08 .093 - .097 crown
v5031-08 .092 - .096 crown

Hot Rolled 1850F (-10 tracer)

V5029-10 «103 - .108 one heavy edge to crown
Vv5030-10 «101 = <105 crown
Vv5031-10 wiLU5 = 5107 crown

!Nine readings taken at edge, center, edge, end,
mid length, & end




SECTION III

PHASE II

MECHANICAL PROPERTY EVALUATION

The as produced material was evaluated for tensile,
bend and microstructure since these were the first
materials made of the three alloys using conventional pro-
duction equipment. Aging studies were then made on all
products of the three alloys using 950, 1050, and 1150F
temperatures and times of 2, 4, 8, and 16 hours. One
aging treatment was selected for each alloy and condition
for more extensive evaluation using the following tests:

Fracture toughness
Notched fatigue

Fatigue crack propagation
Compression

Precision modulus

Pole figure determinations
Phase identification

1. Evaluation of As Produced Material

Tensile and bend results for all conditions o1
the three alloys are shown in Table 14. Tensile and
yield strengths were lower for V5031, the Ti-15V-3Cr-
3A1-3Sn alloy, in all conditions than the V5029,
Ti-8V-7Cr-3A1l-4Sn-1%2r, or the V5030, Ti-8V-4Cr-2Mo-
2Fe-3Al1l alloys. Bend R/t values for all alloys and
conditions were larger for all materials than for the
best values obtained on the laboratory material from
the prior contract (1) indicating lower ductility for
the present materials. The bend failures for the
laboratory simulated strip were continuous across the
width of the sample but the hot rolled material had
the appearance of short cracks originating at the
grain boundaries and revealed by the heavy "orange
peel" pattern. This "orange peel" surface pattern was
of the type associated with large grains. All hot
rolled material was considered to fail bend test at
radii shown because grain boundary sliding could not
be differentiated from grain separation.

-25~
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Surface contamination and/or incomplete anneal
were suspect factors and were checked for the strip
and hot rolled conditions with the results shown
in Table 15. The laboratory simulated strip showed
incomplete anneal as did the sheet simulated strip
for the V5029, Ti-8V-7Cr-3Al-4Sn-1Zr at 0.050 and
0.100" gage. The bend ductility for the hot rolled
conditions did not change appreciably with either
surface removal or a higher temperature anneal
because of the orange peel effect.

Tensile strengths determined for the higher
temperature annealed conditions did not vary
appreciably for those for the as produced condition.
Ideally, the annealing conditions would have been
determined separately for each alloy, gage, and
condition but this procedure would have been too
time consuming for the scope of the present investi-
gation. More attention should be given this factor
to obtain optimization for formability in future
work. 1In the present study annealing temperatures
and times were based on results of the prior study(1
with a judgement allowance for heating rates in
various production furnaces.

Microstructures for the as received materials
are shown in Figures 4 through 12. The annealing
treatments shown are the same as for the tensile and
bend properties in Table 14. The 0.050" gage strip
photomicrographs in Figure 4 show essentially com-
plete recrystallization. The 0.100" gage photomicro-
graphs in Figure 5 show less complete recrystallization
than at 0.050" gage particularly for the Ti-8V-7Cr-
3A1-4Sn-1Zr and Ti-15V-3Cr-3A1-3Sn alloys. The dark
grains in the Ti-15V-3Cr-3A1-3Sn photomicrograph
may indicate incomplete solution of alpha phase, but
the low strengths and high elongation values in
Table 14 suggest other possibilities. Repeated
polishing and etching have had little effect on this
staining which indicates the possibility of an
unresolved defect type structure in unrecrystallized
material.

The m.crostructures for the 0.050" gage simu-
lated strip sheet rolled, Figure 6, are comparable to
Figure 4. The semicontinuous dark lines which appear
superimposed on the recrystallized structure for the
Ti-8V-7Cr-3Al1-4Sn-12r alloy in Figure 6 were present
to some degree for most conditi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>