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GENERAL

This is a beat treatable alpha + beta ailoy that in many
respects Is.similar to TI-6A1-4V but containing in-
creased content of beta stabilizing elements which
provide higher strength potential at a saerifice in
toughness and weldability, In forged sections and plate
up to one inch thick solution treated and aged material
has 2 guaranteed minimum Fp, = 170 ksi. For forged
sections between 3 and 4 inches the corresponding
Fy=150ksi. The response to heat treatment may vary
from heat to heat and the correct aging temperature is
best determined by tests on the heat in question. As
is characteristic of other titanjum alloys exposure to
stress at elevated temperature produces changes in the
retained mechanical properties. The stress and tem-
perature limits below which these changes will not
occur have not yet been established for this alloy,
Structural applications should be based on a knowledge
of the low toughness characterizing the higher strength
comiitions of this alloy and the limited toughness of
welds. Particular attention should be given to the in-
fluence of aggressive environments in the presence of
eracks, Such envirenments include zqueous solutions
of chlorides and possibly eertain organic solvents such
as methanol,

Commercial Designation
6AL1-6V-28n-Ti alloy.

Alternate Desipnations

None

Specifications
AMBS Specifications, Table 1,031,

Composition
Producers and AMS specified composition, Table 1,041;

Heat Treatment

General, Heat treatment has an {mportant effect on the
mechanical preperties of this alloy through its coantrel
of the microstructure. Details concerning the influence
of heat treatment on microstructure may be found in
(42). The tensile strength increases with solution tem~
perature in the alpha + beta range but the tensile dug-
tility and the sharp notch strength decrease (Figures
3.0215, 3.0216, 3.02122 and 3.02713). At solution
temperatareg above the beta transus, the tensile
strength decreases somewhat and the ductility drops
rapidly (Figure 3.02125). An aging temperature of
about 800F produces a full aged condition of the solu-
tion treated materizl with a tensile strength of about
240 ksi (Figure 3.02128), This fully aged condition is
relatively brittle (Figure 3. 02715) and overaging in the
temperature range between 1000 and 1150F is generally
employed. In this range the tensile strength decreases
relatively slowly with increasing aging temperature and
the tensile ductility and the plane strain fracture tough-
ness increase (Figures 3.92114, 3.02117, 3.02123,
3.02126 and 3.02723). Several so called duplex anneal-
ing treatments have been investigated (Tables 3.02724
and 3.02725). In some cases these appeared to increase
the plane strain fracture toughness as compared with
the mill annealed rmaterial but resulted in some loss in
tensile yield strength. However, a toughness improve-
rment was not neted for all product forms,

AMS specified heat treatments, Table 1,052,

Producers recommended heat treattnents, Table 1.053.

Hardness

Jominy hardenability curve and hardness distribution
after aging, Figure 1.061.

Effect of solution temperature on the hardness, Figure
1.062.

Hardness as a function of aging time and temperature
for two solution temperatures, Figure 1.063.
Hardness as a function of agicy temperature and time,
Figure 1,064,
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NONFERROUS ALLOYS

Forms and Conditions Available

Sheet and plate In annealed, solution treated and solu-
tion treated and aged condition. Bar stock and forging
billet in as-rolled or annealed conditions. Extruded
shapes up to a size that can be cireumscribed by a
5=1/4 inch diameter circle in armealed or heat treated
conditien.,

Melting and Casting Practice
For melting practice see Ti-6Al-4V (Code 3707). The

alloy is not normally used in the cast form, bowever, a
limited amount of information on precision casting can
be found in (31).

Speeial Congiderations

Noteh tensile strength of annealed sheet at roem temper-
ature as influenced by hydrogen content, Figure 1.091.
Hardenability. An attempt has been made to improve
the hardenability of this alloy as compared with Ti-
6A1-4V by (ncreasing the amount of beta stabilizing
alloy additions. These modifications have ingreased
the maximum strength potential, However, the avail-
able evidence indicates that percentagewise the strength
loss produced by increasing the solution treated section
size is about the same for this alloy and for Ti-6Al-4V.
This is illustrated in Figure 1.0911 which shows the
reduction in Fyy a5 the solution treated section size is
increased for forgings, bar and plate. All but one set
of data indicates the hardenability for this alley is
essentially the same as for Ti-5A1-4V. I the amount of
hot working is the same for each heat treated section
gize, then ductility as measured by reduction in area
mzy be essentially unchanged or increase as the heat
treated section size inereases (see Figures 3.02112 and
3.02113). If the beat treated size variation reprezents
a variatien in the degree of working, the duetility may
decrease with increasing section size (see Figures
3.02112 gnd 3,02121),

Hardenability of various forms of alioy, Figure 1,0912.
Stability, Long time exposure to elevated temperature
with or without stress produces the so called ereep in-
stability eharacteristic of the higher aluminum titaninm
alloys. This instability is probably due to & combina=-
tien of structural change and interstitial embrittlement,
It i5 evidenced by an increase in the tensile and yisld
strength and a decrease in the elongation and reduction
in area (Tables 3.02119 and 3.02120 and Figures
3.02130 and 3.02131). Tests on cracked specimens
(55) indicate that the fracture toughness is also reduced
by elevated temperature exposure, However, these
tests did not yield valid (ASTM E-399) K, values. The
magnitude of the instability depends on both time and
temperature of exposure (Figure 3.02130) with shorter
times shifting the effects to higher temperatures. The
data is not sufficient to define the role of stress on the
exposure effect. However, apparently substantial in-
stability can occur in the annealed alloy due to temper-
ature alone (Figure 3.02130). Instabllity may be no-
ticed at temperatures as low as 250F for extended ex-
posure times, however, large effects are not naticed
below about 600F (Figures 3.02130 and 3.02131). The
solution treated and aged condition appears to be some-
what less susceptible to instability perhaps because ex-
posure effects are reduced by concurrent overaging. A
special heat treatment has been suggested to reduce the
ingtability., This treatment appears to increase the un-
exposed tensile and yield strength and to decrease the
exposure effect on these properties but the ductility is
still adversely affected (Figure 3.02130). On the basis
of the data available it is evident that exposure insta-
bility effects should be given careful consideration in
elevated temperatare applications of this alloy.
Segregation. The relatively high beta stabilizing ele-
ment content of this alloy makes it particularly prone
to effects associated with microsepregation of the beta
stabilizing elements jron and copper. These segre-
gatéd regions will have a reduced transus temperature
and may transform to beta on heating during fabrica-
tion processes. After solution quenching these regions
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NONFERROUS ALLOYS

will be softer than the matrix and will consist of stable
beta and martensite with the prior beta grain bourda~
ries being outlined in alpha. Aging will transform the
martensite to acicular alpha and the regions will then
be harder than the matrix. These areas of transformed
beta have been called "'beta flecks* although they some-
times appear as bands. The peossibility of segregation
will inerease as the ingot size increases and beta flecks
are most likely to be eccountered at the center of heavy
sections. Their significance is not understood as yet.
It has been reported (63} that they reduce the tensile
duetility and it is possible that other properties such as
fracture toughness and fatigue strength may be affected.
Interstitials. Reduction in the oxygen level improves
the Charpy impact strength of the annealed and of the
solution treated and aged conditiong (Table 3. 02115).

It should be noted that substantial improvement in these
properties can be obtained with relatively small loss in
smooth tensile or yield strength. The noteh fatigue
atrength s also improved by a reduction in the oxygen
content {Table 3. 0519).

Envircomental Effects. See 2.03 and 3.052,

Fragture toughness, See 3.02721.

Hydrogen embrittlement. This alloy is subject to hydro
gen embrittlement. One investigation (62) indicated
that hot forming of annealed sheet between 1225 and
1425F followed by air cooling resulted in a significant
strength reductien and an inerease in the susceptibility
to hydrogen pickup during chem milling, A stabiliza-
tion treatment, 1100F, 1 hr, AC + 900F, 1 hr, AC,
following hot forming significantly reduced the hydrogen
pick up during chem mitling and gave aceeptable tensile
properties,

PHYSICAL PROPERTIES AND ENVIRONMENTAL
EFFECTS,

Thermal Properties

Melting range.

Phase changes. Beta transus approximately 1700F
varying with the composition,

Thermal conductivity, Figure 2.013,

Thermal expangion, Figure 2,014,

Specific heat, Figure 2.015,

Thermal diffusivity.

Cther Physical Properties

Densgity, 0.164 1b per cu in. 4.58 pr per cu ¢m (1},
Electrical properties,

Electrical resistivity, Figure 2_0221.

Emisaivity

Damping capacity.

Chemical Eaviroaments

See also 3.052.

General. This alloy is susceptible to stress corrosion
in the presence of solid NaCl at elevated temperatures
and exhkibits delayed faflure of eracked specimens in
aqueous solutions of chiorides. Smooth specimens ex-
pesed to stress in solutions simulating human body
fluids show increasingly positive electropetential with
time indicating film repair (see Figure 2Z.038) but crack
ed specimens do exhibit accelerated crack growth under
eyclic lpads when subjected tp these solutions (see Fig-
are 3. 0522).

Delayed failure. A short cut procedure was used (21)
to determine a stress intensity level below which de-
layed failure in 3-1/2 percent salt solution did oot
oceur in some specified time peried. Pre-~cracked
notch bend specimens were immersed in salt water and
subject to stresses below those causing failure when
rapidly spplied in air. Specimens were held under load
until failure occured or until "one to three hours"”
elapsed with no indication of crack propagation after
which the load was increased. The maximum stress
intensity sustained without falure was called "Ksi held™
The lowest sustained stress intensity that produced
failure was also reported. It is doubtful whether such
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types of tests can establish a stress intensity threshold
below which failure would never occur in the corrosion
media, however, they do establish stress ksi levels
above which rapid fajlure can be expected. A large
oumber of heat treatments were investigated for both
extrusions and forgings. The datd' is too limited and
unsystematic to define preferred beat treatments for
maximum resistance to stress corresion, however,
there does appear to be a trend of decreasing suscepti-
bility with decreasing strength level (see Figure 2.034).
The susceptibility of high strength counditions of this alloy
is also indicated by tests on plate run at NRL (20).
For the annealed and the solution treated and aged con-
ditions, crack growth has been observed under sus-
tained load when specimens were subjected to stress
intensities as low as 30 ksi-inl/2 for 100 hours in air
having a relative humidity of 10 percent. Thke same
type of tests in air with 2 100 percent relative humidity
did not give different results. The data available are
net of sufficient duration to establish a threshold below
which ne crack growth would oceur nor was the test
time long engugh to rule out transient phenomena (see
Figure 2.036),

Solid salt corresion. Smooth tensile specimens 1/8
inch thick in either the annealed (1350F. 1/4 hr FC) or
solution treated and aged condition {1550F, 5 minutes
WQ + 1100F, FC) were coated with 0.002 inch of NaCl
and loaded at 550 or 550F, to various fractions of their
vield strength for different lengths of time (16). An
attempt was made to establish the nueleation time for
stress corrosion by examination of the surface for
cracks (after cleaning) at 500X. In addition, cyclic ex-
posure was investigated using a heating time of 10 to 15
minutes, a hold time of 3 hours and a cooling time of
45 to 50 minutes. Preliminary tests showed the trans-
verse direction to be more sensitive than the longitudi-
nal direction and all tests were run In the transverse
direction. The data are too limited to define stress
limits below whick stress ¢orrosion would not oceur or
te accurately establish stress vs. time to eracking
curves, The essential feature of the results are sum-
marized in Table 2,035, As might be expected stress
corrosion occurs at lower fractions of the yield
strength at 650F, than at 550F. At 550F, cracking was
observed at less than 0.6 Fyy for the aged condition and
at less than 0.5 Fyy for the annealed condition. At
650F, cracking was observed at less than 0.3 Fiy for
bath conditions with the aged condition being more sen-
sitive than the annealed condition. There is an indica-
tion that cyclic stressing may be less severe than con-
tinuous loading although more data is needed to defin-
itely establish such an effect.

Tests on smeoth specimens exposed to solid NaCl for
100D hours at elevated temperatures show 2 rapid loss
in retained room temperature tensile strength at expo-
sure temperatures above 500F (see Figure 2.037).
Effect of yield strength level on delayed faflure charac-
teristics in salt water, Figure 2,034,

Results of elevated temperature sclid salt stress corro-
sion test of sheet, Table 2.035.

Sustained load ¢rack extension in air, Figure 2.036.
Residual tensile strength at room temperatare following
elevated temperature stress exposure to solid salt,
Figure 2.037.

Potential time curves for stressed wire in simulated
human body environment, Figure 2,035,

Nuciear Properties

MECHANICAL PROPERTIES

Specified Mechanical Properties

AMS specified minimur mechanical properties for bars
forgings and rings in the solution treated and aged con-
dition, Table 3.011. ’
AMS specified mechanical properties for annealed ex-
trusions and for bars, forgings and rings, Table 3.012.
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3.013

3.014

3.015

3.018

3.017

3.018

3.02
3.021

3.0211

3.0212

3,0213

3.0214

3,0215

3.0216

3.06217

3.0218

3.0218

3.02110

3.02111

3.02112

3.02113

3,02114

3.02115

3.02116

3.02117

3.02118

3.02118

3.02120

3.02121

3.02122

2.02123

3.02124

3.02125

3.02125

3.02227

AMS specified mechanical properties for sheet strip
and plate, Table 3.013.

Producers guaranteed tensile properties of solution
treated and aged bar and forging stock, Table 3.014.
Producers guaranteed tensile properties of annealed
bar, Table 3.015.

Producers guaranteed tensiie properties of annealed
and of solution treated and aged extrusian, Table 3.016.
Producers guaranteed tensile properties of annealed
selution treated and solution treated and aged plate,
Table 3,017,

Producers guaranteed tensile properties of annealed
salution treated and solution treated ard aged sheet,
Table 3.018.

Mechanical Properties at Room Temperature

Tension, Stress strain diagrams and tension proper-
ties.

Stress strain curve in tensjon for forging (specimens
heat treated), Figure 3.0211.

Stress strain curves for plate In several conditions of
beat treatment, Figure 3.0212.

Tensile properties of investment cast specimens given
several heat treatments, Table 3.0213.

Effect of solution temperature on the as quenched ten=-
sile properties of extrusion, Figure 3.0214,

Effect of solution temperature on tensile properties of
L000F ageq extrusion, Figure 3.0215.

Effect of solution temperature on tensile properties of
1100F aged extrugion, Figure 3,0236,

Tensile properties for extruded eylinders frem three
heats aged at two temperatures and tested at various
crossectional locations, Table 3.0217.

Tensile properties of solution treated and aged extruded
bar at various crossectional locations, Table 3.0218.
Tensile properties in various locations in a forged sec-
tion, Table &,0219.

Variation of tensile properties of center section of test
forging with heavy ribs and thin webs, Takle 3.02110.
Effect of solution treated section size and age time on
tenaile properties of forging (forged to solution treated
size), Figure 3.02111.

Effect of heat treated section size on tensile properties
of specimens removed from center of selution treated
and aged bar sections, Figure 3,02112.

Effeet of heat treated section size on tensile properties
of square sections removed from center of 4 inch
square press forging, Figure 3.02113.

Effect of aging temperature on tensile properties of
specimens cut from forging and selution treated at two
temperatures, Figure 3,02114,

Tensile properties of forged bar at two interstitial
levels, Table 3.02115.

Effect of forging and quench temperature on tensile
properties of hammer forged disks, Table 3.02116.
Effect of age temperature on tensile properties of 2
beta forging solution treated at various temperatures,
Figure 3,02117,

Tensile properties of annealed and of solution treated
and aged specimens from forged bar, Table 3,02118.
Effect of elevated temperature exposure on tensile pro-
perties of annealed and solution treated and aged bar,
Table 3.02119.

Effect of 150 hour exposure to stress and elevated tem-—
perature on tensile properties of forged bar, Table
3.02120.

Effect of thiclmess on tensile properties of solutlon
treated and aged plate, Figure 3.02121.

Effect of sclution treating anéd aging temperature on the
tensile properties of plate, Figure 3.02122.

Effect of aging and solution treating temperature on the
tenstle properties of plate, Figure 3.02123,

Effect of exposure to stress and temperature on re-
tained tensile properties of plate, Table 3.02124.
Effect of solution temperature on tensile properties of
aged sheet, Figure 3,02125,

Effect of aging temperature on the tensile properties of

sheet, Figure 3.02126.
Effect of aging time on tersile properties of sheet,

3.02128
3.02128

3.02130

3.02131

3.02132

3.022

3.023
3.0231

3.0232

3.0271
3.02711

3,02712

3.02713

3.02714

3.02715

3. 02716

3.0272
3.02721

3.02722
3.02723
3.02724
3.02725
3.028
3.03
3.031

3.031L
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Figure 3.02127.

Effect of aging temperature oz tensile properties of
sheet, Figure 3.0212%,

Tensile properties of plate, bar and forging annealed or
solution treated and aged, Table 3.02125.

Effect of stressed and unstressed elevated temperature
exposure on the tenaile properties of annealed plate,
Figure 3,02130,

Effect of stressed exposure at elevated temperature on
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tensile properties of solution ireated and aged plate,
Figure 3.02131,

Effect of as quenched section size on tensile properties
of beta forged bars, Table 3, 02132,

Compression ~ stress strain diagrams - compression
properties, (see 3.032}

Impact, (see also 3.033).

Impact strength of investment cast specimens,
3.0231.

Effect of heat treated section size on impaet strength
of specimens removed from center of solution treated
and aged bar sections, Figure 3,0232.

Bending.

Torsion and shear (see 3.0325)

Bearing {see 3.0326)

Stress concentration (see also 3.037)

Notch properties.

Effect of notch diameter on sharp notch properties of
acnealed billet, Figure 3,02711.

Noteh strength of forging at various locations, Table
3.02712. )
Effect of solution treating and aging temperatures on
the sharp notch tensile properties of plate, Figure
3.02713,

Notch strength as a function of root radius for annealed
sheet, Figure 3.02714.

Effect of aging temperature on strength of double edge
crack sheet specimens, Figure 3.02715.

Effect of surface cracks on the strength of solution
treated and aged sheet, Figure 3.02716.

Fracture toughness.

General, The plane strain fracture toughness is
atrongly dependent an the yield strength and can be ex-
pected to decrease with factors that inerease the yield
strepgth such as heat treatment, low temperatures and
elevated temperature exposure. The general effects of
vield strength on toughness are shown in Figure
3.03724 for plate and forging. The substantial differ-
ences in toughness between these two product forms is
probably due to precessing differences which can influ~
ence the microstructure and should not be taker as
typical. On the basis of the limited data available it
appears that the optimum combiration of toughness and
yield strength is asseciated with golution treated and
substantially overaged conditions (Table 3.02722) and
with duplex annealed treatments (Table 3.02724 and
Table 3.02725 Condition B). It should be noted that the
smooth fatigue properties of this latter condition are re-
ported to be poorer than annealed material of about the
same yield strength. Betz annealing does not appear to
benefit the toughness as compared with the above treat-
ments {Table 3.02724). Low interstitial material
appears to have superior toughness to normal intersti=
tial material at the same yield strength level (Figure
3.03724).

Plane strain fracture toughness of extrusions given sev-
eral heat treatments, Table 3,02722.

Effect of aging temperature on the plane strain fragture
toughness of plate, Figure 3.02723.

Plane strain fracture toughness of two heats of plate
given several heat treatments, Table 3.02724.

Plane strain fracture toughness of plate, bar and forg-
ing given several heat treatments, Table 3,02725.
Combined properties.

Table

Mechanical Properties at Various Temperatures,
Tension-stress sirain diagrams-tension properties.
Elevated temperature tension stress-strain curves for
aged bar, Figure 3.0311.

Elevated temperature tension stress strain curves for
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annealed sheet, Figure 3.0312.

Stress strain curves for mill annealed plate at various
temperatures, Figure 3.0313,

Average and spread of room temperature and 800F ten-
sile properiies of golution treated and aged extrusion.
Table 3.0314,

Effect of test temperature on tensile properties of
annealed extrusions of various shapes (14), Table 17
(39) Table &, Figure 3.0315,

Effect of test temperature on tensiie properties of a
hammer forged disk, Figure 3.0318.

Effect of test temperature and specimen location on
tensile properties of forgings at two interstitial levels,
{specimens heat treated), Figure 3.0317.

Effect of test temperature on the tensile properties of
Forging, Figure 3.0318.

Effect of test temperature on the tensile properties of
low interstitial forgieg (forging, heat treated), Figure
3.0319.

Effect of low test temperatures on tensiie properties of
amnealed and aged bar, Figure 3.03110,

Effert of test temperature on tensile properties of solu-
tion treated and aged plate, Figure 3.03111.

Effect of tesat temperature on tensile properties of
annealed plate from twe heats, Figure 3.03112,

Effect of low test temperatures on tensile properties of
low interstitial plate, Figure 3.03113.

Eifect of thickness on the tensile properties of solution
treated and aged plate at 600F, Figure 3.03114.

Effect of test temperature on tensile properties of sheet,
Figure 3.03115.

Compression.

Efiect of temperature on compressive yield strength of
annealed extrusion, Figure 3,0321.

Effect of test temperature and specimen location on
compressive yield strength of solution treated and aged
forging (specimens heat treated), Figure 3,0322.

Effect of temperature on campressive yield strength of
annealed forgings, Figure 3.0323.

Impact.

Eifect of temperature on impact strength of aged bar,
Fipure 3.0331.

Eifect of test temperature on impact strength of anneal-
ed extrusion, Figure 3.0332.

Effect of low test temperature on impact strength of
annealed and solutien treated and aged low interstitial
plate, Figure 3.0333,

Bending.

Torsien and shear.

Shear ultimate strength at room and elevated tempera=
ture for several forms and conditions of alloy, Table
3.035L,

Effect of test temperature on double shear strength of
annealed extrusion, Figure 3.0352.

Bearing.

Bearing strength at room and elevated temperature for
several forms and conditions of alloy, Table 3.0361,
Effect of test temperature oh bearing strength of
annealed extrusion, Figure 3,0362,

Stress concentration.

Notch properties (see also 3.0271).

Effect of test temperature ob strength of center cracked
specimens of two thicknesses cut from forging (speci-
mens heat treated), Figure 3.03711,

Effect of test temperature on strength of fatigue cracked
notch rounds from annealed forgings (specimens re-
anneaied}, Figure 3.03712,

Effect of test temperature on strength of fatigue cracked
noteh rounds cut from forging, {specimens solution
treated and aged), Figure 3.03713.

Strength of [atigue eracked notch rounds cut from two
locations in a solution treated and aged forging, Table
3.03714.

Effect of fow test temperatures on sharp noteh strength
of z2nnealed and solution treated and of aged bar, Figure
3.03715.

Effect of low test temperatures on sharp notch strength
of low interstitial plate, Figure 3,03716.

Fracture toughness.
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Effect of test temperature on strength of double edge
crack specimens and plane strain fracture toughness of
low interstitial forging (K, by technique of ASTM

E 399-70T), Figare 3.03721.

Eifect of specimen orientation on the -110F plane strain
fracture toughness of low interstitial forging, Figure
3.03722.

Effect of specimen orientation on the -110F plane strain
fracture toughness of plate, Table 3.03723.

Effect of strength level on the plane strain fracture
teughness of various forms and conditions of alloy,
Figure 3.03724.

Plane strain fracture toughness of forged bar ir arnea-
led and in solution treated and aged condition, Figure
3.03725,

Combined properties.

Creep and Creep Rupture Properties

Creep strength for annealed extrusion, Table 3.041,
Stress {for ¢. 2 percent ereep strain at geveral tempera-
tures for aged bar, Figure 3.042.

Total ¢reep strain for aged sheet at several tempera-
tures and stresses, Table 3.043.

Fatipue Propérties
Conventional properties.

Smooth and notched fatigue strength of annealed extru-
sions at room temperature, Table 3.0511.

Smooth and notch {atigue strength of solution treated and
aged extrusion, Tahle 3, 0512,

Stress range diagram at 400F and 600F for smooth and
notched specimens from annealed extrusion, Figure
3.0513.

Stress range diagrams at reom temperature for smooth
and cotched specimens from annealed extrusicn, ¥Figure
3.0514. .

Smooth and aotched fatigue strength at room tempera-
ture for alpha + heta and for beta processed forgings,
Figure 3.0515.

Smooth and notch fatigue strength of solution treated and
aged forging at room and elevated temperature, Table
3.0616.

Smooth and notch fatigue strength of annealed bar,
Table 3.0517.

Strain cycling results for annealed bar at room and
elevated temperature, Figure 3.0518.

Notched fatigue strength at room temperature for plate
at two interstitial levels in annealed and solution treated
and aged conditions, Tzble 3.0519,

Stress range diagram for notched specimens of mill
annealed plate tested at room temperature, Figure
3.05110.

Stress ranpe diagram for specimens of solution treated
and aged plate tested at room temperature, Figure
3.05111,

Stress range diagram for notched specimens of solution
treated and aged plate tested at room temperature,
Figure 3.05112.

Stress range diagram for smooth specimens of solution
treated and aged plate tested at room temperature,
Figure 3.05113.

Smooth and notch fatigue strength of annealed and of
solution treated and aged plate, Table 3,05114.

Smooth and notched fatigue strength of anpealed plate
and solution treated and aged plate and sheet at room
temperature, Table 3,05115.

Smooth 2nd notch fatigue strength of annealed and of
solution treated and aged sheet tested at room tempera-
ture and 450F, Table 3.05116.

S$mooth and notch fatigue streagth of annealed sheet tes-
ted at room temperature, Table 3,05117.

Rotating beam fatigue life curve for three heat treated
conditions of bar tested in simulated human body envi-
ronments. Figure 3.05118.

Fatigue crack growth rates,

General. The lack of standardization in this field of
testing often makes meaningful comparison among the
results from different investigators essentially imposs -~
ible. However, the published fatigue crack growth data
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3.0524

3.,0525

3.05210

3, 05211

3.05212

3.03213

4.01
4,011

for this alloy are derived from reascnably consistent ex-
perimental technigques so that certain general observa-
tions are possible.

Resualts from one investigation on forged bar (30) show
that the fatigue growth rates in air for mill annealed and
for solution treated and aged material are essentially
the same at low and intermediate AK ievels. However,
as might be expected from its lower Ky, the rate is
more rapid for the solution treated and aged condition

at high A K levels {compare Figures 3. 0523 and 3, 0524)
In contrast, data from another investigation (38) do not
clearly reveal substantial differences between a variety
of heat treatments applied to plate, ineluding mill
annealing and soluiion treating and aging (Figure
3.05213).

The available information does not indicate any signifi-
cant effect of relative humidity (Figures 3.90523 and
3,0524) or distilled water (Figures 3.0528 and 3. 03529)
on the erack growth rates for either the mill annealed or
the solution treated and aged conditions. Sedium chlor-
ide solutions including those intended to simulate human
body environments increase the erack propagation rates
for both mill anneaied and solution treated and aged con-
ditions (Figures 3.0523, 3.052% and 3.052Z2). It should
be noted that similar environments have no effect on the
smooth fatigue strength (see Figure 3,05118). Beta
annezled material appears to behave the same in 3.5
NaCl as in air (Figure 3,05210).

The crack propagation rate for annealed material
appears to be essentially the same at -65F, R.T. and
300F (compare Figures 3.0524, 3.0525 and 3.0527).

Om the other hand, the crack propagation rate of the
golution treated and aged condition decreases with in-
creasing temperature in the same range (compare Fig-
ures 3,0523, 3.0525 and 3. 0526).

Effect of simulated human body eénvirenments on fatigue
crack propagation rates for ammealed sheet, Figure
3.0522,

Fatigue crack growth rates in humid air for solution
treated and aged specimens from a forging, Figure
3,0523.

Fatigue crack growth rates in humid air for annealed
forging, Figure 3.0524.

Fatigue crack growth rates at 300F for annealed forging
and solution treated and aged specimens from forging,
Figure 3,0523,

Fatigue crack growth rates at -65F for solution treated
and aged specimens from forging, Figure 3.0526.
Fatigue exack growth rates at -65F for annealed for-
ging, Figure 3.0527.

Fatigue crack growth rates for annealed plate in air and
in salt water, Figure 3.0528.

Fatigue crack growth rates for beta processed solution
treated and aged plate tested in air, distilled water and
salt water, Figure 3.0528.

Fatigue crack growth rates for beta annealed plate in
afr and salt water, Figure 3.05210.

Fatigue crack growth rates at various temperatures for
annealed plate, Figure 3.056211.

Fatigue crack growth rates for specimens cut from plate
and given two annealing {reatments, Figure 3.05212.
Average fatigue erack growth rates for plate given
several heat treatments and tested in laboratory air,
Figure 3.05213,

Fatigue crack growth rates for annealed plate at several
R ratios tested in laboratory air, Figure 3.05214.

Elastic Properties

Poisson's ratioe,

Modulus of elasticity at room and elevated tempera-
tures, Figure 3.062. ’

FABRICATION

Forming
General, Cold working operations z2re difficult because

4.012
4.0121

4.0122

4.0123

4, 0124

4.0125

4,0126

4,03

NONFERROUS ALLOYS

of the high loads required and the large amounts of
springback encountered. However, ¢old forming is
capable of producing satisfactory parts. Hot forming
may be carried out at temperatures up to 1500F, how-
ever, above 1L100F surface oxidatior and interstitial con-
tamination are problems and parts will require suriace
removal by machining or etching. Hot sizing may be
used to creep form parts in metal dies at temperatures
between 1060 and 1300F for times between 5 and 20
minutes. When using this precess attention should be
given to the possibility of interstitial contamination.
Hot sizing of solution treated parts may be combined
with aging which will start at temperatures above about
500F. More detailed information on forming may be
obtained from (42) (57).

Forging.

General. Generally, the alloy is forged in the alpha +
beta field at temperatures between 1550 and 1700F, The
lower limit is set by workability and the vpper limit by
the beta transus which varies somewhat with the com-
pogition. Increasing amounts of work in the alpha +
beta field tend to increase the strength of solution trea-
ted and aged material and consequently reduce fracture
toughness.

Working primarily within the beta field reduces the
energy requirements but results in a transformed beta
structure that is frequently asscciated with reduced
tensile elongation and reduction in area. However, it
has been reported (58) that beta worked material has
improved resistance to hot salt corrosion and improved
fragture toughness, Claims for increased fracture
toughness are based on a small amount of data from a
mixture of {racture toughness tests. None of the avail-
able toughness data conforms to the ASTM E 389 Ky
specification. Results from preeracked Charpy tests,
(Table 4.0122) do not indicate any substantial toughness
improvement except for material solution treated at
1525F and aged at 1100F. If insufficient work in the
beta field is preovided, the tenslie properties may be
relatively low. It is sometimes difficult to provide
sufficient deformation in certain sections of some forg-
ings {e.g. the wall in Table 4.0124) and the design
should provide for removal of such "dead" areas during
finish machining. Excessive dwell in the beta field in
the absence of work will cause rapid grain growth and
avoidance of this effect can complicate the forging oper-
ation. A detailed discussion of beta forging ard pre-
cautions ig given in (58).

If press speeds are sufficiently reduced and heated dies
are employed, advantage may be taken of creep during
the forging process {Figure 4.0125) which greatly re-
duces the press forces and permits better shape defini-
tion and dimensional control. This process is called
isothermal creep forging. It has the disadvantage that
die temperatuares in the prder of 1700F are required and
the dies themselves are subject to creep. To minimize
this creep very expensive high temperature alloy dies
are used (35159}, Insufficient forging experience has
been gzined to assess the life of these dies and the eco-
nomic feasibility of the process (80).

Tensile properties and precracked Charpy values for
alpha + beta and for beta forged disks, Table 4.0122.
Effect of upset deformation for beta forging on room
temperature tensile properties, Table 4,0123.

Effect of forging temperatures on room temperature
tensile properties of landing gear wheel forging, Table
4,0124,

Effect of upset temperature and press speed on flow
stress, Figure 4.0125.

Tensile properties at room temperature of isothermally
forged and heat treated nose wheel, Table 4.0126.

Machining and Grinding
Refer to Machinability Data Center, Metcut Research

Associates, 380 Roaslyn Drive, Cineinnati, Ohio 45209.
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Welding.

General. Welding of this alloy required careful atten-
tion 0 ensure adequate fracture toughness in the weld-
ment. Generelly, an experimental program tailored to
the specific application is desirable as an aid to estab-
lishing the proper welding procedures.

The bets stabilization of this alloy is sufficient that
transformation hardening will oecur during the cooling
of weldments and consequently the ductility and fracture
toughness of the weld metal and beat affected zone may
be below that of the parent metal. Solution treating and
aging of welds leads to brittle behavior and should be
avolded. GTA, GMA, plasma arc, and EB welding pro-
cegses have been investigated and all are capable of
producing 'weld metal having tensile strength somewhat
bigher than annealed parent metal (e.g. Table 4.0312).
Inert gas protection is essential to avoid interstittal con-
tamination. Alpha filler metal will produce weld metal
of higher toughness than matchirg filler {Table 4, 0313}.
A postweld heat treatment of from 1200 to 1400F reduces
the yield strength and appears to improve the fracture
toughnesa of the weld metal (Table 4.0313). The plane
strain fracture toughness data svailable related only to
the fusion zone. Older data on center eracked panels
indicate that the crack strength of the heat affected tone
is low even when alpha filler is used in conjunction with
a postweld heat treatment (Table 4,0314), HResults from
an investigation of electron beam welds indicate lower
toughness in the beat affected zone than in the parent
metal (Table 4.0315), A postweld heat treatment did
not raise the heat affected zone toughness.

Conventional fatigue tests on weld metal produced with
different fillers and by different processes Indicate that
those welding conditions yielding the highest yield
strength {matohing filler and no postweld heat treat-
ment) produce the highest fatigue strength. None of the
postweld best treatments produce fatigue strengths as
high as mill annealed piate (compare Figures 4.0316
and 4.0317 with Figure 3.0511 and Table 3,08115).
Tensile properties at room temperature for welds made
by several processes with matching filler, Table 4. 0312
Tensile properties and plane strain fracture toughness
for GTA weld metal from several fillers, Table 4, 0313.
Crack strength of TIG welded sheet using several filler
wires, Table 4.0314,

Plane atrain fracture toughness of the heat affested
zone of electron beam welds, Table 4,0315.

Charpy impact energy for sheet weldments made with
two fillers and given different heat treatments, Table
4,0316.

Fatigue strength of auto GTA welds with matching filler
given postweld heat treatments, Figure 4.0316.

Fatigue strength for auto GTA welds made with differ-
ent fillers, Figare 4.0317.

Fatigue strength for several different welds made in
annealed plate with matching tilter, Figure 4,0318.

Surface Treatment

General, Resistance to wear and abrasion can be im-
proved by coatings of Ni or Cr. Electropiating is iffi-
cult probably because of the tightly adherent oxide film.
Electroless Ni has been successfully applied to the alloy
using diffusion hardening treatments which substantially
increage the plate depth (Figure 4. 042) and increase the
wear resistance as measured with a modified McMillan
wear tester (Figure 4.043). However, th¢ room tem-
perature tensile strength of solution treated and aged
material decreases rapidly with éiffusion bond tempera-
tute above about 1200F. A recommended best compro-
mise between wear characteristics and loss of tenaile
strength in the solution treated and aged condition is
bonding at 1350F {27), The electroless Ni plate does
appear to reduce the smooth specimen fatigue life of
anneated material (Figure 4.045),

Effect of diffusion bonding temperatute on electroless
Ni plate depth, Figure 4,042,

Effect of diffusion bond temperature applied to eleciro=-
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less Ni plate on the fatlure time in a modified McMillan
wear tester, Figure 4.043.

4,044 Effect of diffusion bonding temperature on room tem-—
perature tensile and impact properties of electroless
pickel plated stock heat treated to two strength levels,
Figure 4.044.

4.043 Effect of various fretting resistant coatings on fatigue
life of annealed bar, Figure 4.045,

AMS Heat Treatment Ref. Form
4971A | Annealed or selution 44 Bars, forgings, wire flash
treat and age welded rings and stock for
forgings or for flash welded
rings.
4978A | Annealed &0 Ags above
4579 Solution treat and age| 51 As above
4936 Annealed 52 Extruded bars, tubes, shapes
’ 2nd stock for flash wetded
rings.
4918C | Annealed 53 Sheet strip and plate.

TABLE 1,031 AMS SPECIFICATIONS

Source

(1) {49 thru 53)

Alley

B8Al-6V-28n

Aluminum
Vanadium
Tin

Iron
Copper
Oxygen
Carbon
Nitrogen
Hydrogen
‘Titanitm

Percent

QF'
=

WS
o

[T =]

&
(=R === -
(-] =0 == T ]
Sr ':_g

o

Balance

TABLE 1.041

PRODUCERS AND AMS SPECIFIED
COMPOSITION
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Source AMS Specifications (49 thru 53) .
Condition Anneal Solation Treat aod Age Ti
Heat Treat | 1275-1323F 2 hr., | 1300-1500¢2) 2 hr., | 1625-1675F, 1 hr., | 1575-1650F (2} 1 hr.,
coel as reguired coel 25 required W@ + 1035-1065F, WQ + > 1000F, 4 hr., 6 AI
4 hr., AC AC 6 v
Specification | AMS 4371A AMS 4878A AMS 439714 AMS 4978
AMS 4936
AMS 4918C (1) 2 Sn
(1) Hold at temperziure 20 min. per inch of thickness bat not less than 10 min.
(2} Hold at 2 temperature within this range to + 25F. Ti-6=6-2
TABLE 1.052 AMS SPECIFIED HEAT TREATMENTS
49 :
Ti-6Al-6V-25n !
0.5 IN CUBES ST 1/2 HR IN AIR, W@
45
Source (1, Table II)
Alloy Ti-8Al-6V -28n A
Form Flat Rolled Flat Relled Bar,Forgings & o
<0.125 in >0.125 in Extrusions =
Stress | 1000 to 1200F, 1000 to 1200F, 1000 to 1200F, -
Relief [ltedhr., A.C. |1lto4br,,AC. liodbr., A.C. 4]
Appeal [1400F, 4 hr, F.C.| 1400F, 4 br, F.C.[ 1400F, 4 hr, A.C, §37
to 1100F, A.C. to 1100F, A.C. =
Solution | 1500 to 1600F, 1550 to 1625F, 1650 to 1650F, =
Treat {5to 15 min W.Q. | 1/2he , W.Q. i hr, W.Q. m ®
Age 1050 to 1150F 1050 to 1150F §50 to 1100F 33
4hr., A.C. 4 hr., A.C. 4012 hr., A.C. v
TABLE 1,053 PRODUCERS RECOMMENDED HEAT TREATMENTS.
29
1200 1400 1600 1800 2000
SOLUTION TEMP - F
FIG. 1.062 EFFECT OF SOLUTION TEMPERATURE
ON HARDNESS. (29, Fig. 1)
A ’ T
Ti-6Al-6V-25n
- T G¢.5 IN CUBES FROM 6 IN DIA BAR
Ti-6Al-6V-28n ST 1 HR IN AIR, WQ + AGE + SURFACE
52 +6 IN DLA FORGING g2 L « GRIND 0.05 IN _
MR POSITION
1600F, 2 HR + END QUENCH
| 56| T 1700 F + 900F AGE
48
o ™ TAGE 900F, 3 HR £
& 150
| \ o L i T, W S P
& N 4
w44 = T —_——
& 3 g a4 T' = T
= I~ '_"—'3--;_‘__-.__- = "-—-.._____‘_‘_-
4@ - AGE 1150, 5 HR B S00F AGE
| ————— 1300F AGE ) §T 1380F
“~—AS QUENCHED syl —===—- 700F AGE] |
26 o'z 10 100 1000 10,000
i ] 16 24 32 AGE TIME - MIN
DISTANCE FROM QUENCHED END - 1/16 IN
FIG. 1.063 HARDNESS AS FUNCTION OF AGING
FIG. 1.061 JOMINY HARDENABILITY CURVE TIME AND TEMPERATURE FOR TWO
AND HARDNESS DISTRIBUTION $OLUTION TEMPERATURES.
AFTER AGING. (54, Fig-1) (28, Fig. 2)
cooe 3715
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58 A :
ilgal-6V-25n | [

0.5 IN CUBES FROM 6 IN DIA BAR
ST 1400 F, 1 HR IN AIR, WQ + AGE

F + SURFACE GRIND 0,05 IN

AGE TIME - MIN

10,000

FIG. 1.064 HARDNESS AS FUNCTION OF AGING

TEMPERATURE AND TIME.

(28,

Fig. 2)

-
Ti-6Al~6V=-25n

0.050 IN SHEET
MILL ANNEAL + CATHODICALLY CHAR

!
RT Fpy = 172 KSI

WITH HYDROGEN

GED

LOAD RATE FOR
NOTCH TESTS

\ = 1000 LBS/MIN

ROOT RADIUS = 0.007 IN

Ky =5.5

N

200 400 600
HYDROGEN CONTENT - ppm

800

1060

FIG. 1,091 ¥OTCH TENSILE STRENGTH OF ANNEALED

Ti
6 Al
6 v L
2  Sn| g
15}
4
. a
Ti-6=-6-2 =
280
240
%
o
! 200
g
=z
5]
=
& 1s0
g
=]
=
120
4]
40
cope 3715
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SHEET AT ROOM TEMPERATURE AS INFLUENCED

BY HYDROGEXN CONTENT.

{41, Fig. 3}
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1.1 T
Ti-6Al-6V-25n
1.0 —
S
N T~
& e
[ It
< '“\
g 0.0
- Z —
[ T——
1G]
&~
e | 0.8 ! ; .
< |« Ti-6Al-4V BAR 1650F, 1 HR WQ +?
ks 900F, 6 HR, QODE 3707, FIG. 1.063
S O STEP FORGE 1600F, 1 HR WQ + 1050F, 4 HR,
< 07— FIGURE 3.02111 -
=] ¥ PLATE 1600F, 1 HR W@ + 1100F, 4 HR, FIG. 3,02121
= T FORGING 1650F, 1 HR WQ + 1050F, ¢ HR, FIG, 3.02113
= A BAR 1600F, 2 HR WQ + 1150F, 2 HR, FIG, 3.02112
0.6
0.5
0 i 2 3 4 5 ]

FIG. 1.0912 HARDENABILITY OF VARIOUS FORMS OF ALLOY,

BTV FT PER (HR SQ FT F)

-2

HEAT TREATED SECTION SIZE - IN

T 1
Ti-6Al-6V-28n
BAR
I300F, 2 HOUR AC

//
/ THERMAL CONDUCTIVITY
A
200 400 600 800 1000
TEMP-F
FIG. 2.013

THERMAL CONDUCTIVITY (1)

1200
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7 110 "
Ti-6Al-6V~28n Ti-6Al-6V-25n | | | ] Ti
ANNEAL FPORGINGS, EXTRUSION, PLATE !
1578 TO 1625F, WQ OR AC + 1100 TO 1400F, AC AND 6 Al
8|~ MEAN COEF LINEAR 100 | ANNEAL 1300F, 2 HR, AC | I
% | THERMAL EXPANSION ' | ! 6 v
é & 0.875 DIA EXTRUSION
P Q ¢.62 x 1.62 IN FORGING (L} 2 Sn
¢ 5 50 ® 2x 2.5 IN FORGING (T}
s 1 ® 1 IN PLATE (REF 20)
FROM RT TO Kisce Ti-6-6-2
TEMP INDICATED | i
4 L ; y 80 CRACKED NOTCH BEND ~
0 200 40
A 800 1000 - '!i SPECIMENS EXPOSED TO
g 3 1/2 PERCENT NaCl
FIG. 2.014 THERMAL EXPANSION (1) - \ SEE TEXT SECTION 2,032
g0
1
=)
-
&
0.20 = g o}
Ti-BAl-6V-25n F O
A
= g
E 0.15 * e
~. ! I Val
: ° o
a SPECIFIC HEAT A
40
N
0.10 ] |
[ 400 800 1200
TEMP-F 20 o
FIG. 2.015 SPECIFIC HEAT (1)
®
20 i
100 120 140 150 180 200 220
2 ‘ Pry - KSL
Ti-6al-6V-250 FIG. 2.03¢ EFFECT OF YIELD STRENGTH LEVEL ON DELAYED
‘ FAILURE CHARACTERISTICS IN SALT WATER.
E, 68 ELECTRICAL (@0
= RESISTIVITY
3 | I
S ——
£ 64 Lcantl
/,/ 1650F, 1 HR WR +
Ve 1050F, 4 HR AC
/ —————1300F, 2 HR AC
60 1 h| L
0 200 400 800 800 1000
TEMP - F
FIG. 2.0221 ELECTRICAL RESISTIVITY. 1)
Saurce {18)
Alloy Ti-6A1-6V -28n
Form 0.120 inch sheet
Expose Cracks Observed No Cracks Observed
Condition” Temp-F 1) Time at Time at
4 /FfY Load-hr. a;/Ft.y Load-hr.
1350F, 1/4 br FC - Fyy = 122 Kai 650 0.30 50 0.30 18
1550F, 5 min W@ + 1100F, 4 Hr AC
Fyy = 13¢ Ksi 650 0.22 10 0.16 10
1350F, 1/4 hr FC - Fyy = 125 Ksi 550 0.47 18 0.32 65
1550F, 5 min WQ + 1100F, 4 Hr AC (0.4B)(2} | (330
Fiy = 137 Ksi 550 0.58 180 £0.58 180
(1} 0.120 Smooth specimen exposed at stress U
(2} Cyclic exposure: heat in 10 to 15 min; hold 3 hrs: cool in 45 to 60 min,
TABLE 2.035 RESULTS OF ELEVATED TEMPERATURE SOLID SALT STRESS CORROSION
TEST OF SHEET
cooe 3715
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Ti-AL-6V-2Sn |

| ASTM E399-72 CT

100 HR TI‘XPOSUREf

3.8 IN 59 FORGED BAR

SPECIMENS B=1IN A=1.31IV

© @10 PERCENT RELATIVE HUMIDITY __ |
~ A &100 PERCENT RELATIVE HUMIDITY

|

CRACK EXTENSICN - mils

A
O AANNEALED
® A 1600F, 1/2 HR, WQ
| + 1000F, 6 HR, AC
0 2 4 [ 8 10

FIG. 2.036 SUSTAINED LOAD CRACK EXTENSION IN

AlR.

—~— T
Ti-6A1-6V-25n
0.25 IN DIA SPECIMENS
1300F, 2 HR, AC
n EXPOSURE
1000 HR AT
40 KSI TO
SOLID NaCl
X - PAILED
[~ ~— DURING
EXPOSURE
e
vy :
400 500 00

EXPOSURE TEMP - F

700

FIG, 2.037 RESIDUAL TENSILE STRENGTH AT

ROOM TEMPERATURE FOLLOWING
ELEVATED TEMPERATURE STRESS
EXPOSURE TQ SOLID SALT.

Ti
6 Al
6 V'
2 Sn
Ti=6-6-2
175
150
= 125
".-?100
[ ]
g
=]
&[-J 75
50
25
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(45, Fig. 5)

{30, Tables 7,8}

i
Ti-6Al-6V-28n
0.025 IN DIA WIRE
’ | o—— %
6 DAYS NF
-0.1
@ 0.2 STRESS = .75 Fpy IN
g HANKS SOLUTION
2
% -0.3"
=2
o
> -0.4 =
-0.5
0 1.0 2.0 3.0
TIME - HR

FiG. 2.038 POTENTIAL TIME CURVES FOR STRESSED
WIRE IN SIMULATED HUMAN BODY
ENVIRONMENT. . (26, Fig. 3)
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Alloy Ti-6Al-6V-28n
Form Bars, forgings and rings
Caondition Solution treated and zaged
AME 4979 and 4971A
As Received Size - in.(1) | Heat Treated Size - in_(2)[Fy, - ksi Fiy ~ kai { e-percent(4) | RA-percent
. L] T{3 L T{3)
) <1 us 160 88 20 [25
>lthru 2 1o 155 g|s |
>2thru 3 “ 170 18¢ 816 20 15
>1 thru 2 165 155 g |6 20 15
>2 thra 3 18 15 8 ls 20 | 18
<1 165 155 8186 20 | 15
>3 thru 4 >1thru2 180 150 8|86 20 | 15
»2thru 3 155 145 8|6 20 15
>3 thru 4 150 140 gls 20 |15
(1) Nominal diameter or distance between paralle! sides.
(2) AMS 4979 gives As Received Size same as Heat Treated Size. Values underlined apply to both AMS
4979 and 49714, Other values apply only to AMS 49714,
(3) Transverse requirements do not apply if a specimen 2 2-1/2 in long cannot be abstracted.
(4} In 4D or 2 inches.

TABLE 3.011 AMS SPECIFIED MINIMUM MECHANICAL PROPERTIES FOR BARS, FORGINGS AND
RINGS IN SOLUTION TREATED AND AGED CONDITION

Alloy Ti=-6A1=-6V -25n

Condition Annealed

Form Extrusions AMS 4936 Bars, Forgings and Ringa (AMS 4978A)
Size - in (1) <l.5 >1.5 thru 3 [>>3 thru 4 <2 > 2 thru 4
Fgy {min) - ksi 1590 145 140 150 145
Fty - ksi 140 to 165 135 to 160 (130 to X35 140 to 165 135 to 160
e - L (min)-percent (2) 10 10 10 10 19

& - T (min)-percent 8 ] 8 8 8
RA - L (min)-percent 20 20 20 20 13
RA - T {min)-percent 15 15 15 15 15
(1} Nominal diameter or distance between paraliel sides.

(2} In 4D or 2 inches

TABLE 3.012 AMS SPECIFIED MECHANICAL PROPERTIES FOR ANNEALED EXTRUSIONS AND BARS,
FORGINGS AND RINGS

Alloy Ti-6A1 6V -25n
Condition Annealed
Form AMS 4918C Sheet, strip and plate
Size - in. <0.025 |2 0.025 but «0.1875 _20.1875 thru 2. 000 2> 2.000 thru 4.000
Fiy (min) - ksi 155 150 150 145
Fty = ksai 145-170 145-170 140~ 165 135-160
e {4D) ~ percent
L (min) 8§ 10 10 8
T (min) 6 8 ] 6

TABLE 3.013 AMS SPECIFIED MECHANICAL PROPERTIES FOR ANNEALED SHEET, STRIP

AND PLATE

Source U
Alloy Ti-6Al-6V-28n
Form Bar and Forging Stogk (STA)
Condition 1550F, to 1650F, 1 Hr. W@ + 950 to 1100F, AC
Oripinal Thickness - Inch <1 >l to 2 >2t0d >ato 4
Heat Treated Thickness -In [ <2 1 €1 [>lto2[€1 [S1to2]>2t03| <1 [>ito2]>2t03][>31014
Fyy (min) - ksi 175 [175 170 170 168 160 165 160 155 130
Fty {min) - ksi 160 | 160 155 180 155 _150 155 150 145 140
2 (4D - percent '
L 8 8 8 8 B 8 8 8 8 B
T [2) [ ] [ 8 6 ] ] 6 ]
RA - percent
i 20 20 20 20 20 20 29 20 20 20
T 15 15 13 15 15 15 15 15 15 15

TABLE 3.014 PRODUCERS GUARANTEED TENSILE PROPERTIES OF SOLUTION TREATED AND AGED
BAR AND FORGING STOCK

Ti
6 Al
6 v
2 Sn
Ti-6=6-2
cooe 3715
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. Source {1) Source {1)
Ti Alloy Ti-6Al Bv-2n Alloy Ti-6Al5V-25a
6 Al Form Bar Ferm 0.187 inch Sheet
Condition Annealed (see Table 1,0563) Condition (1) Anneal { Sclution Treated | Sol Treat+ Age
6 Vv Thickness < 2 inch > 2 to 4 >4 to6 Fyy (min) - ksi 155 - 170
Fiy (min} = ksi 50 140 135 Fty (min}) - ksi 145 130 {max) 160
2 Sn Fry (min) - ksi 149 130 125 e (2 in} min percent
€ (4D) min pereent <0.015 inch 6 3 -
L 10 8 8 0.015 to 0.020 in ) B -
Ti-6-6-2 T 8 6 1 >0.020 inch 19 10 -
RA - mir percent >0.020 inch - - 3
L 20 15 15 0.020 to 0.032 in - - 4
T 15 12 12 >0.032 to 0.049 in - - 5
>0. 049 inch - - b
TABLE 3.015 PRODUCERS GUARANTEED TENSILE PROPERTIES (1) For recommended heat treatments, see Table 1,052
OF ANNEALED BAR
TABLE 3.015 PRODUCERS GUARANTEED TENSILE PROPERTIES
OF ANNEALED SOLUTION TREATED AND SQOLUTION
TREATED AND AGED SHEET
Source {1}
Alloy Ti1-6AT-6V -25n
Form Extrusions
Conditien (1) Annealed Selutjor Treat + Age
Size (2) All <i/2 >1/2 thru 3/4
Fyy {(min} - ksi 145 170 165
Fey {mit) - kai 135 160 155
€ (4D) mib percent & 6 6
RA = min percent 12 12 12
(1) See Table 1,053
(2) Maximum jnscribed ¢ircle diameter
TABLE 3.016 PRODUCERS GUARANTEED TENSILE PROPERTIES
OF SOLUTION TREATED AND AGED EXTRUSION
240 T ]
Ti-6Al-6V-2Sn
5 x 6 IN FORGED SECTION
1600F, 1 HR, WQ + 1100F, 4 HR
200
L]
180 /
Z
Source i} 1120
Alloy Ti=6Al =5V =28n
Form Plate E
Solution| E
Condition (2} Annealed Treated[ Solution Treat + Age w
Thickness >0,187| >2 20,187 [>1.5 > 2.5 80
to2in|<ain{ Any |15 |w25inltodin /
Fiy (min) - ksi 150 135 | 150 170 160 150
Frg (mm) -ksi | 150 | 15| 130|160 160 140 /
e (2 inj-percent 40
L 10 8 10 8 [ 5]
T 8 5 10 g 6 6
RA - percent
L 20 20 20 15 15 15
T 15 13 15 15 15 15 ]
(1) Guaraateed Maximum {(2) See Table 1.053 0 004 .008 012 .016 020
STRAIN - IN PER IN
TABLE 3,017 PRODUCERS GUARANTEED TENSILE PROPERTIES
OF ANNEALED SOLUTION TREATED AND SOLUTION FIG. 3.0211 STRESS-STRAIN CURVE IN TENSIOX FOR FORGING
TREATED AND AGED PLATE (SPECIMENS HEAT TREATED). )
cooe 3715
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REVISED: DECEMBER 1975

NONFERROUS ALLOYS

200, : .
Ti-68Al-6V-28n
PLATE
18 T s RS
! M
N T B e ™
160}—f ——u——
e ™~_RD
l P e A &z ~
1 /
f/ FOR CODE SEE TABLE 3.02724
12
&
=
1
2 104
25}
[+
% /
80, ]
[~
40 /
::0;,L
0
0 .02 .04 06 08 0,10 0.12  D.14

STRAIN - IN PER IN

FIG. 3.0212 STRESS STRAIN CURVES FOR PLATE IN SEVERAL
CONDITIONS OF HEAT TREATMENT.

(36, p. 83)

Source {31, Table IiI)
Alloy Ti-6Al-6V-28n
Form Investment Cast Specimens
As Cast 1600F, 1 hr W@ 1800F, 1 hr WQ
Condition + 1100F, ! hr AC f+ 1200F, 1 hr AC |+ 1100F, 4 hr AC
Fyg - ksi 134 167 183
Fpy = ksi 141 158 (1)
e - percent 8 4 1.2
RA - percent 18 16 3
(1} Broke before 0.2 percent yield

TABLE 3.0213 TENSILE PROPERTIES OF INVESTMENT CAST
SPECIMENS GIVEN SEVERAL HEAT TREATMENTS

STRESS - KSI

PERCENT

Ti
6 Al
6 Vv
2 Sn
Ti=6-6-2
200 T
Ti-6A1-6V-260 I L
22 IN WIDE EXTRUDED PANEL
ST + W@ D/
| o]
160 =
TU
/ P
120 <
B0 /(
40 Fry
0
30
1
.85
2 i —
e EXTRUDED
RA SECTION
[
10 . — ._3
Le00 1450 1500 11550 1600 1650
SOLUTION TEMP - F
FIG. 3.0214 EFFECT OF SOLUTION TEMPERATURE ON AS
QUENCHED TENSILE PROPERTIES OF EXTRUSION,
(46, Fig. 22)
coce 3715
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NONFERROUS - ALLOYS REVISED: DECEMBER 1975
200 .
Ti Ti~8Al-6V=-25n I
22 IN WIDE EXTRUDED PANEL
SEE FIG. 3.0214
6 Al 150 |57 ¥R + 1000F, 4 HR
6 v
2 Sn
F.
. 180 Ty
Ti=6-6-2 B » 4
1
7
170
A (
F
160 J )/J TY
150d
20
& Ra
T —
:E 10 | T ——
e
<3
a 9 190 — r
€ ‘ ‘T-6Al-6V-25n
0 22 N WIDE EXTRUDED PANEL 4
1400 1450 1500 1550 1600 1650 SEE FIG. 3.0214
SOLUTION TEMP - F ST, WQ + 1100F, 4 HR
180
FIG, 3,0215 EFFECT OF SOLUTION TEMPERATURE ON TENSILE Y
PROPERTIES OF 1000F AGED EXTRUSION.
{46, Fig. 23)
5170 Fry
: * /
(7]
[%]
= /
B1e0
F
o TY
150 / T
140
30
20
RA
E ¢ b
5 ®
[43
&
D 10—
G e
o .
1400 1450 1500 1550 1600 1650
SOLUTION TEMP - F
FIG. 3.0216 EFFECT OF SOLUTION TEMPERATURE ON
TENSILE PROPERTIES OF 1100F AGED
EXTRUSION. (46, p. 24)
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REVISED: DECEMBER 1975

NONFERROUS ALLOYS

Source (25, Table I11)

Alloy Ti-6Al-6V-25n

Form Extrusion at 1675F to §-3/4 in OD x 11-3/4 in ID

Cylinders

Condition St. 1600F, 3 hr WQ

Age 1300F, 6 hr 1000F, 4 hr
| Heat {1} A B c
Pogzition (2} OD [MWI|ID |eD [MW |ID {CD | MW |ID
Fru ~ ksi (L) 154 | 152 | 155 (209 | 186 (200 [ 176 { 162 | 177
Fyy - ksi (T) - |153 | 154 | 198 192 |20z 179 {171 [277
Fty - ksi (L) 143 {143 {145 £202 | 181 | 195 | 166 | 149 § 165
Fty - ksi (T) 143 [ 144 | 344 [ 193 | 187 | 198 [ 161 | 158 | 163
e - percent(L) . 15 15 17 2 4 4 6 10 8
e - percent(T) 17| 17 | 18 3 2 1] 04 8 7
RA - percent{l) 34 37 44 B b] 8 13 21 15
RA = percent({T) 30 36 42 a 4 4 8 15 12
(1) For compositions see Takle 3.02722

(2) OD - outside, MW - midwall, ID - inside

TABLE 3.0217 TENSILE PROPERTIES FOR EXTRUDED CYLINDERS
FROM THREE HEATS AGED AT TWO TEMPERATURES

AND TESTED AT VARIOUS CROSSECTIONAL
LOCATIONS

Source {24, Table 4)

Alloy Ti-6Al-6V~-25n

Form (2) Extrugion at 1735F 85 percent red. to
3 in diameter bar

Condition ST 1600F, 1-1/2 hr WQ + age

Direction (1) L,D L, MR T

Fig - k81 166 166 158

Fty - kai 152 142 143

¢ - percent 26 20 19

RA - percent 45 35 38

{1} L,O - lorg cutside, L, MR - long mid radius, T - trans.
(2) For composition see Table 3.02722

TABLE 3.0218 TENSILE PROPERTIES OF SCLUTION TREATED AND
AGED EXTRUDED BAR AT VARIOUS CROSSECTIONAL

LOCATIONS

Sourge {2y
Alloy Ti-6Al-6V-25n
Form 5 % 6 inch forged section
Condition 1800F, 1 hr W& + 1100F, 4 hr

(specimens beat treated)
Direction Edge Mid Radius Center
Direction L LT | ST L LT | ST L LT | ST
Fyy - ksi 175 §179 ) 178 1168 (174 |174 [159 |162 |164
Ft_v - ksi 167 (170 [ 170 [160 | 165 |186 [150 {150 [135
¢ (L in) percent 9 10 10 i2 i9 Hu i3 i3 11
RA - percent 24 28 25 | 32 27 34 | 43 ) 42 | 40
TABLE 2,0219 TENSILE PROPERTIES DN VARIOUS LOCATIONS

I¥ A FORGED SECTION

Ti
6 Al
6 v
2 Sn
Ti-6-6-2
Source (3)
Alley Ti-6A1-6V-28n
Form 2-3/4 % 4 inch center section of test
forging with heavy ribs and thin webs
Condition 1650F, 2 hr, WQ + 11L00F, 4 hr. AC
Direction L T ST
Ftu ~kai 166=-185 174 =194 175=182
Fty - ksi 153-175 161-181 161-181
e (4D} - percent 10-12 6-8 6-10
RA - percent 20-29 17-25 14-320
TABLE 3.0211¢ VARIATION OF TENSILE PROPERTIES
OF CENTER SECTION OF TEST FORG-
ING WITH HEAVY RIBS AND THIN WEBS
240 - r
Ti-6al-6V-250 | |
STEP SECTION FORGING
1600F, 1 HR, W@ +1050F, AGE
& 200 [ ! 240
% F
! Frp
=]
h&-
160 200
=
2
!
120 160 E>-:
AGE TIME - HR
60 ] * 1 120
A 4
0O 48
40
Y
5]
g / a?
g 20 1
®
o™ ]
o ;
] 1 2 3 4
SOLUTION TREATED THICKNESS - IN
FIG, 3.0211r EFFECT QF SQLUTION TREATED
SECTION SIZE AND AGE TIME ON
TENSILE PROPERTIES OF FORGING
(FORGED TO SOLUTION TREATED
SIZE). {4)
cooe 3715
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NONFERROUS ALLOYS REVISED: DECEMBER 1975

240 . | 280
Ti Ti=6Al-6V-25n |
& IN DIA BAR
GO0F, 2 HR, 1150F, 3 HR
6 Al R che + ) o0
& v 2 | S :
2 Sn ¥ Frol L
EIGO ‘ "‘—.ZODFE_
=
Ti-6-6-2 |
120 i Fry h‘#\ 160

@ CUT FROM CENTER OF 6 IN DIA
AND HEAT TREATED

&0 AFORGED TO SIZE FROM 6 IN DIA AND

HEAT TREATED (1800F, FORGE)

] 120

L |
& -z RA
(%3
[&]
g 20 I '
& — .
= Y ————t——4
-~ i THR o2
0 |
0 1 2 3 P 5 5

HEAT TREATED SECTION SIZE - IN

FIG, 3.02112 EFFECT OF HEAT TREATED SECTION SIZE ON
TENSILE PROPERTIES OF SPECIMENS REMOVED
FROM CENTER OF SOLUTION TREATED AXD AGED

BAR SECTIONS. ()
280 T
240 — — Ti-8AI-6V-28n |
Ti-6Al-6V-28n 5 x 6 IN FORGED SECTION
4 IN PRESS FORGE SQUARE 5T, 1 HR WQ + AGE 4 HR
1650F, 1 HR, WQ + 1050F, 4 HR, AC 240 | | 280
200 ! 240 SOLUTION TEMPERATURE
L A ®1550F
QO1850F
F. ~ —
2 Leo A U e 4 200 240
% 60— — = 200 1
S % 2
£ T rﬁ "
- 160
120 Fry 5= 160~
P e B
L T 120
oper—— @ SURFACE ——] 120
——=—0 A CENTER
&0 ?/ / 80 120
L /:/<
// w -
mfiffffffﬂf ——
A !-. m
5 g
8 S w e(l IN)
g S
[
e(4 D}
&
o 1000 1100 1200 1300
4 a 2 1 AGE TEMP - F
HEAT TREATED SQUARE S[ZE - IN .
FIG. 3.02114 EFFECT OF AGING TEMPERATURE
FIG. 3.02113 EFFECT OF HEAT TREATED SECTION ON TENSILE PROPERTIES OF
SIZE ON TENSILE PROPERTIES OF SQUARE SPECIMENS CUT FROM FORGING
SECTIONS REMOVED FROM CENTER OF AND SOLUTION TREATED AT TWO
4 INCH SQUARE PRESS FORGING. 03] TEMPERATURES. (2)
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REVISED: DECEMBER 1975

NONFERROUS ALLOYS

Saurce (4) .
Alloy Ti6Al6V 252 Ti
Form 4 Inch Square Forged Bar (Specimens Heat Treated)
Coamposition 0.11 Do, 0.025C, 0.75 Fe 0,16 Q2, 0.023C, 0.73Fe 6 AI
1600F, 1 hr AC 1800F, 1 hr WQ 1600F, 1 hr AC 1650F, 1 hr W@ 6 v
Heat Treatment |1450F, 2 hr FC H1100F, 8 hr AC | + 1350F, 2 hr AC | 1450F, 2 hr FC [+1100F, & br AC | +1350F, 2 hr AC
DHrection (1} 1 T L T L T L T L T L T 2 sn
Fiy = kst 147 147 143 141 142 151 150 150 150 150 152 153
Fty - ksi 137 136 135 133 130 138 140 142 13% 141 141 142
e (1 in} 20 20 20 14 18 14 20 16 1% 14 17 17 - -
RA percent 34 33 41 36 29 23 a8 32 34 24 33 26 Tl 6 6 2
1E Charpy V 18 12 22 15 29 18 12 10 14 ] 15 11
ft-lbs
{1) Specimens removed from center of forging
TABLE 3.02115 TENSILE PROPERTIES OF FORGED BAR AT TWOQ INTERSTITIAL LEVELS
220 T 240
Ti-8A1-6V-23n
BETA FORGE AT 2000F + ST, 1 HR W@ + AGE
4 HR, AC
200 I 220
o]
Fry
= 2
g 130 200 7
[ Fad
= =
<7}
Ln[-
160
Fry 180
Source {47, Table 4)
Allay Ti-6Al-6V-28n 40
Ferm 13 in dia. x 1.25 in thick hammer forged disk 160
Ferging temp-F 1665 1725
Solution temp-F
1hr, WQ+ SOLUTION TREAT
1100F, 4 hr 1525 [1650 | Forge-»wQ {1525 {1650 (1725 |Forge »wgQ 30 ;15751‘
Fra - k51 (1) 75 | 193 158 T76 § 195 | 200 FE Y 1600F
Fry - ksi 170 | 184 180 166 {183 | 190 190 1625F
e - percent 13 8 10 14 ] 5 7
RA - percent 39 20 27 36 b 8 25 20
(1} Specimens iaken in tangential direction. [y
TABLE 3,02115 EFFECT QF FORGING AND QUENCH TEMPERATURE
ON TENSILE PROPERTIES OF HAMMER FORGED 10 —{—— RA
DISKS
i
g ]
10 4
g o
a
0
900 950 1000 1050 1100
AGE TEMP - F
FIG. 3.02117 EFFECT OF AGE TEMPERATURE ON TENSILE
PROPERTIES OF BETA FORGING SQLUTION
TREATED AT VARIOUS TEMPERATURES,
{23, Table 2)
cooe 3715
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NONFERROUS ALLOYS REVISED: DECEMBER 1975
T. Source {30, Table 3}
1 Alloy TI8A1-6V-250
6 Al Form Forged bar 3.8 in sq.
Condition Anneaied 1600F, 1/2 hr WQ + 1000F.
6 v {as received) 6 hr AC (1)
Fyy - ksi (2) 155 192
2 Sn Fiy - kai 149 184
e - percent 16 16
RA - percent 43 18
Ti~6=6-2 (%) Specimens heat treated
(2) Longitudinal tests
TABLE 3.02118 TENSILE PROPERTIES OF ANNEALED AND OF
SOLUTION TREATED AND AGED SPECIMENS
FROM FORGED BAR
Scurce {1)
Alloy Ti-6Al-6V-28a
Form Bar
Condition Anneated 3850F, 1/2 hr W@ + 1050F, 1 hr AC
140 to 150 hour 600F TGOF S00F 800F T00F | 800F
exposure Wone 88 ksi 40 ksi 15 ksi | None 125 ksi | 65 ksi | 45 ksi
Tatal ¢reep )
deformation percent - 0,45 0.32 0.30 - 0.75 0.48 0.76
Fyy - ksi 161 193 193 183 187 194 200 194
Fty - koi 153 161 188 175 152 192 184 181
e (1 in) percent 17 14 11 12 1 9 8 [
RA - percent §1 32 23 30 J1 24 15 10
TABLE 3,02118 EFFECT OF ELEVATED TEMPERATURE EXPOSURE ON TENSILE PROPERTIES
OF ANNEALED AND SOLUTION TREATED AND AGED BAR
260 T
Ti-6Al-6V-28n ‘ |
PLATE
o 1550F TO 1650F WQ + 1100 F, 4 HR AC
& 220 260
1
_‘?- 0“"‘6\9 Fry
130 \&.< 220
o —
)
1
— F. -
140 %\TYQ\ 1805
oT M
QL
Source {1)
Alloy Ti6Al-6V 257 L 140
Form 1 inch forged bar Z
Condition 1650F, 172 hr, Wa + L050F, 1 br g T RA-—_-S: \
150 hour creep 750F 800F 850F = 1=
exposure None 65 ksi 55 ksi 55 ksi = 20 o
Plastic creep
deformation percent - 0.72 1.0 3.63 Q.—-—H“'e—-s—‘-a
Fyy - ksi 194 196 205 202 el IN)
Fty - ksi 183 185 185 191 0 L
e (4D) - percent 9 8.5 ? 8 0 0.4 0.8 1.2 1.6
RA - percent 39 ki 21 24 THICKNESS - IN
TABLE 2,02120 EFFECT OF 150 HOUR EXPOSURE TO STRESS FI1G. 3.02121 EFFECT OF THICKNESS ON THE TENSILE
AND ELEVATED TEMPERATURE QN TENSILE PROPERTIES OF SOLUTION TREATED AND
PROPERTIES OF FORGED BAR AGED PLATE. 1}
cooe 3715
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REVISED: DECEMBER 1975

NONFERROUS ALLOYS

260 ;
Ti-6Al-6V =250
1IN PLATE
ST, 1 HR, WQ + 4 HR, AGE
7 220 ! ! 260
H F
1
s Tv
£
180
= 220
7
£
1
140 180 3,
B
Fry
20 L T AGE 140
® O 1000F
) A A 1100F
=] F 3
2 1 4 |
=
g
= e{l IN)
. |
1500 1550 1600 1650 1700

SQLUTION TEMP - F

FIG. 3.02122 EFFECT OF SOLUTION TREATING AND

AGING TEMPERATURES ON THE TENSILE

PROPERTIES OF PLATE. 6)
260 : |
Ti-6Al-6V-28n
1IN PLATE
SOLUTION TREAT, 1 HR
g 220 | WQ*AGESHR_ 260
1
54
= Fry
150 220
! g
i 4
1
140 Fry 180 &
. -9
i
L T ST >
® O 1575F
wla o 1gsr 140
] , Ra
20 i
=
el IN}
0 H
950 1600 1050 1100 1150

AGE TEMP - F

FIG. 8.02123 EFFECT OF AGING AND SOLUTION
TREATING TEMPERATURE ON THE
TENSILE PROPERTIES OF PLATE.

&)

Al

Sn

32 Ti~-6-6-2

Sourge (42 , Table 1-5:7)
Alloy 6AI-6V-25n
Form 3/4 in plate
Exposure coaditions Retained properties (T)
at 23 ksi
Heat treat Anneal 1300F, 2 hr
Temp -F Time - hr |Fy, - ke [Fyy - ksi [e (in} percent [RA percent 2
No exposure 158 152 14 32
250 5000 180 154 17 32
350 5000 162 155 16
450 2300 166 159 14 35
850 1000 190 163 11 22
Heat treat -1800F, 1/2 hr AC + 1625F, 4 hr WQ + 1200F, AC
No exposure 166 153 9 18
250 5000 178 168 i 7
350 2500 169 160 o 14
350 5000 17¢ 161 7 ]
450 2500 171 162 9 18
650 1000 185 165 7 11
TABLE 3.02124 EFFECT OF EXPOSURE TO STRESS AND
TEMPERATURE ON RETAINED TENSILE
PROPERTIES OF PLATE
240 T T
Ti-6Al-6V-25n ’
DIE FORGING
ST, 1 HR WQ + 1085F, 3 HR A
2201— " Q + 1085F, : c 200
|
= F.
] / | TU
! 200 f ——’220
2 |
. /./ F g
[ ] ~ d 5! TY '
180 — p200 -
| L IS
160 — E 180
I csUs —
2 | - £ TRANSUS — 160
—
£ RA
% L\J\ |
20
g - |
) |
10 oM i
0 I\i
AS 1500 1600 1700 1500 1800 2000
FORGED SOLUTION TEMP - F

FIG. 3.02125 EFFECT OF SOLUTION TEMPERATURE ON
TENSILE PROPERTIES OF AGED SHEET.
(42, Fig. 1-3:15)
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NONFERROUS ALLOYS REVISED: DECEMBER 1975
260 = : r
Ti [TI-GA}~6V~2SH | [ Ti-6Al-6V-285n
0.1 N SHEET 280{- 0.125 IN SHEET
6 AI [1625F, 30|MI.N. W@ + AGE, AC 1550 F, WQ + 4 HR AGE IN ARGON
6 v @ 220 : 260
= 240 = T
2 Sn| : Fru g g i
= [
180 220 ° 200
. " > 2
Ti-6-6-2 ok 2
. 5 1500’_.’;-1?\ ot
1 180
40 ~=] \r‘i\‘
oL 120 Lﬁ
oT
. 10 | 140
z ! 80
5] 2(2 IN)
3
0 20
1000 1050 1100 1150 1200 £ /
ZHR  4HR 2 HR a2
AGING TEMP - F g 1
5 2(2 IN)
FIG, 3.02126 EFFECT OF AGING TEMPERATURE ON
THE TENSILE PROPERTIES OF SHEET,
0
& 700 800 800 1000 1100 1200 1300
AGE TEMP - F
FIG, 3.02128 EFFECT OF AGING TEMPERATURE ON
TENSILE PROPERTIES OF SHEET.
&
260 ,
Ti-6Al-6V-250 |
0.060 IN SHEET
1625F, 1/4 HR, WQ + 1050F
2 220 : { 260
:__' Q‘——WTU
£ 2
= N ™ _
0 2208
< !
-
—-—QWL . :En
_—
140 oL o 180
CcT
£ 10 140
'{‘; 2 IN)
= e( ..-—g-
g .
0
0.1 0.5 1.0 5.0 10.0
AGE TIME - HR
FIG. 3.02127 EFFECT OF AGING TIME ON TENSILE PROPERTIES
OF SHEET. it
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REVISED: DECEMBER 1875

NONFERROUS ALLOYS

Source (37, p. 3-10 and 3-8)
Alloy Ti-6A1-6V-25n
Form 2 in Plate 1-1/2 in dia. bar | Large die forging
Condition (1)(2) A B [+] A A B
Ty - ksi | 161 158 [149 157 - 151 145
Fty - ksi 157 J150 {139 153 - 144 138
e (1 in) percent 10 13 15 14 - 13 18
RA - percent 22 | 26 28 44 - 44 45
(1) A - mill anneal; B - 1675, 2 hr, AC, + 1600F, 1 hr. FC

C - 1700F, 4 hr. AC + 1400F, 1 hr AC
{2) Specimen blanks heat treated

TABLE 3,02129 TENSILE PROPERTIES OF PLATE, BAR AND

FORGINGS ANNEALED OR S30LUTION TREATED

AND AGED

240 T
Ti-6 Al-§V~250
3/4 IN PLATE
1300F, 2 HR, AC
220 EXPOSURE
X 81000 HR
. ® 2500 HR | 95 g1
g A 5000 HR
| 200 |— =+ 1000 HR 0 KSI 220
2 X-1300F FC AT 80F/HR
& TO 800F, AC /4.
180 200
F. % 7
X TU 4
]
160 - 180
+
o
+
FTY ,'/
140 |—; Ebj/ - 160
+_,4ﬁ= ~—
60 140
e
0
g a0
o
—gy—
+______,_._-ﬁ: Ra
x \ x
20 —8
0 200 400 600 800

EXPOSURE TEMP - F

FIG. 3.0213¢ EFFECT OF STRESSED AND
UNSTRESSED ELEVATED TEMPERATURE
EXPOSURE ON TENSILE PROPERTIES

OF ANNEALED PLATE,

(55, Table 4)

240 T
Ti-6Al-6V-28n I Ti
3/4 IN PLATE
1800F, 1/2 HR AC + 1625F, 1 HR WQ + 6 Al
220 |—— 1200F, 4 HR AC 240
| | 6 V
EXPOSURE
W 1000 HR 2 Sn
200]_ @2500 HR } 25 KSI 220
4 5000 HR .
+ NONE Ti-6~6-2
1 /
]
1 180 200
o -1 Fry
TN
[ -~ -
+ g
1
180 180 4.,
&
//\ /(
v ———
140 — ‘::'54 Fry 160
/s n
+
A s 140
] .,
g o ¥ e
] A
B
L]
0 200 400 600 800
EXPOSURE TEMFP - F
FIG, 3.02131 EFFECT OF STRESSED EXPOSURE
AT ELEVATED TEMPERATURE ON
TENSILE PROPERTIES OF SOLUTION
TREATED AND AGED PLATE,
{55, Table 4)
Source {47, Table 15)
Alloy Ti-6Al-8V-28n
Form Beta forged at 1725F
Condition 1525F L hr WQ + 1000F, 4 hr AC
Quenched section size —in 1.25 2 4
Fyy - ksi 187 184 163
Fty - ksi 178 171 149
e ( 2 in) - percent 11 10 11
R4 - percent 25 26 33
TABLE 3,02132 EFFECT OF AS QUENCHED SECTION SIZE ON
TENSILE PROPERTIES OF BETA FORGED BARS
cooe 3715
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NONFERROUS ALLOYS

REVISED: DECEMBER 1975

[+

Ti
Al
v
Sn

Source

{31, Table M)

Alloy

Ti-6Al-6V-28n

Form

Investment cast specimens

Condition

1600F, 1 hr WQ
+ 1200F, I hr AC

As cast
+ 1100F, 1 hr AC

150CF, 1 hr WQ
+ 1100F, 4 hr AC

141 158

13.3 12.5

(L

6.25

Ti-6-6-2

(1) Broke bef

ore 0.2 percent yield, Fip = 189 ksi

SPECIMENS

TABLE 38,0231 JMPACT STRENGTH OF INVESTMENT CAST

L]
[~
(=3

180~

140

Ti-GAL -6V -25n
6 INCH DIAMETER BAR
1600F,

I I i

1HR WQ + 1150F, 3 HR

STRESS - KS1

100

-

@ CUT FROM CENTER OF 6 INCH
DIAMETER AND HEAT TREATED

FT - LB

10

O FORGED TO 5IZE FROM 6 INCH
DIA AND HT (1600F, FORGE)

1 1 E CHARPY V
1 "l

o
®
1

2 3 L
HEAT TREATED SECTION SIZE

FIG. 3.0232 EFFECT OF HEAT TREATED SECTION SIZE ON
IMPACT STRENGTH OF SPECIMENS REMOVED
FROM CENTER QOF SOLUTION TREATED AND

AGED BAR SECTIONS
{5

300

41/2 IN

Ti-6Al-6V-250

ANNEALED Fyy =140 KSI
i

DIA BILLET '

260

220

180

\so"/‘!

.707D

- 5 ]

STRESS - K81

140

KOTCH RADIUS = 0,001 IN

NOTCH

\.\
| \\-\.

100

0.1 0.2 0.3
DIAMETER (D) - IN

0.4

Source 2}
Alloy Ti-6A1-6V-25n
Form 5 X 6 inch forged section .
Condition 1600F, 1 hr wQ + 1100F, 4 hr
{Specimens heat treated)
Location Edge Mid radjus Center
Direction L LT ST LT ST L
- ksi 183 180 190 176 178 185

N.S./Fm {1} 0.96 10.85 c.97 0.99 0.96 1.97
1) Notch strength
{1) gt \Goo /

L —

0.176 0.25 Ky =3.9

i

f v
Notch Radius = 0,005 in

FIG. 3.02711 EFFECT OF NOTCH DIAMETER ON THE SHARP
NOTCH PROPERTIES OF ANNEALED BILLET,

CODE

3715

FAGE

22

(13)

TABLE 3.02712 NOTCH STRENGTH OF FORGING AT VARIOUS
LOCATIONS

STRESS - KSI

SHARP NOTCH
VIELD STRENGTH

RATIO :

240

1
Ti-6Al6V-28n '
1IN PLATE

SOLUTION TREAT 1 HR, WQ + AGE

NOTCH

a0

0.8
T <0 001 N
HEAT 'I‘REAT BEI’-‘ORE NOTCHING

0.4 \_5
9.2

1500 1550 1600 1630 1700

SOLUTION TEMP ~ F

FIG, 3.02713 EFFECT OF SQLUTION TREATING AND

AGING TEMPERATURE ON THE SHARP
NOTCH TENSILE PROPERTIES OF PLATE.
(8



REVISED: DECEMBER 1975 NONFERROUS ALLOYS

=
&
=]

Ti~6Al-6V~-250 ]
0.125 IN SHEET T

anx /" —r 6 Al
y 6 Vv

/ \§0®/ 2 Sn
— Ti-6-6-2

130
J o

o)
B

[
(4]
a

[
(=Y
o

NOTCH STRENGTH - KSI

120
0 .1 .2 .3 .4 5 .6 .7 .8
VP -2
FIG. 3.02714 NOTCH STRENGTH AS FUNCTION OF ROOT RADIUS 220
. I
FOR ANNEALED SHEET, 2 Table o Ti-8Al-6V~28n l
(32, Table 5) 0.100 IN SHEET
1625F, 1/4 HR, WQ + 1150F, 4 HR
180
140
&
= CRACK STRENGTH
1100 ;
2]
. |
F KSI Q
E_. ’
@ oL 185 c
00T 175 I ‘ PQ_
a2,
20 /{ // - ]
280 - !
Ti-6A1-6V-25n , SURF.[ACE CRACK SPEC]:MIEN
0.125 IN SHEET
{0.1605, 0.025Ny, 0,007H, 0.026C, 0.072Fe) 0 002 004 I
240 |_1550F, 1/2 HR, WQ + AGE 4 HR
FIG. 3.02716 EFFECT OF SURFACE CRACKS ON STRENGTH OF
/,_q L SOLUTION TREATED AND AGED SHEET. an
Y
200 \\
160 \600/ \\
g
¢ 120 f——o
a
=
&
80 |—— DOUBLE EDGE CRACK
40
_’/ CRACK
p——
0
700 500 500 1000 1100 1200 1300
AGE TEMP - F
FIG. 3.02715 EFFECT OF AGING TEMPERATURE ON STRENGTH OF
DOUBLE EDGE CRACK SHEET SPECIMENS. @
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NONFERROUS ALLOYS REVISED: DECEMBER 1975
T- Source {25, Table 324) {(24)
l alloy Ti-6A1-GV-25n
6 Al Form Extrusion at 1675F to Extrusion at 1735F, BS percent reduc-
B=3/4 in O,D. x 11-3/4in 1.D. tion to 3 inch diameter bar
6 Vv Condition (3} ST, 1600F, 3 hr WQ + age St. 1600F, 1-1/2 hr WQ + age
Age 1300F. 6 hr 1000F, 4 hr 1250F, 6 br
2 Sn Heat (4) A B C [¢]
Frg - ksi (1) 153 192 171 158
Fty - ksi 144 187 156 143
Ti=6=-6=-2 Ko - ksiVin (2) 69 32 39 54
{1} Transverse tensile: midwall of tube or center of bar
(2) ASTM E-389-72 orientation CR with crack tip at midwall or at bar ¢enter
(3) Extrusions heat treated
(4} 4 -0.020C, 0,16 O2, 0,005 Hy and ¢.015 Np; B - 0.12C, 0.07 Oz, 0.00¢ Hp, 0.010 N2 and
2.0 Zr; C-0,022C, 0.13 Og, 0,010 Hy and 0.017 Np.
TABLE 3.02722 PLANE STRAIN FRACTURE TOUGHNESS OF EXTRUSIONS GIVEN SEVERAL
HEAT TREATMENTS
240 .
Ti-BAl-6V-28n
1 IN PLATE
{0.160y5, 0.025N,, 0.007H2. 0.026C,
20l 0.72Fe) —]
1550F, 1/2 HR W@ + AGE 4 HR
Fry
160 ‘ \
2 RW DIRECTION
|
#aeo | —— —
w
= 1 ’ i
E 2
“ ‘ !
80 — 1 IN THICK FATIGUE CRACK —f
BEND, ASTM KIc E383-7T0T
40 ! ! i 4
T
S
PLANE STRAIN
g FRACTURE TOUGHNESS, Ko
00 1000 1100 1200 1300
AGE TEMP-F
FIG. 3.92723 EFFECT OF AGE TEMPERATURE ON
PLANE STRAIN FRACTURE TOUGHNESS
OF PLATE. 11)
Sgurce (36 . Tables € and T)
Alloy Ti-6Al-6V-25n
Form 1/2 in plate 1-1/4 in plate
Processing Alpha + beta Beta
Heat T-1 R-2 R-2 R-2 R-1
Code TM RM RB RD RS
Condition Mill ann. [ Mill ann, | Beta ann, Duplex ann, STA
1850F, 1 hrin 1700F, 1 hr in vac. 1675F, 1/4 hr
vae. Argon cool | Argon cool + 1400F, | wWQ + 11L00F
1 hr, Argon cool 4 hr
Ft}’ - ksi (T) 158 163 140 151 173
Ky, = ksiVin - 32 T 85 34
W/B - 2 2 4 4
ASTM E399-70T €.T. specimens B=1/2 in '
TABLE 3.02724 PLANE STRAIN FRACTURE TOUGHNESS OF TWO HEATS OF PLATE GIVEN
SEVERAL HEAT TREATMENTS
cope 3715
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NONFERROUS ALLOYS

REVISED: DECEMBER 1975

Ti

Source {37, p. 3-8 and 3-10y .
Alloy Ti-6AI6V 280 Ti
Form 2 in plate 1-1/2 in dia bar } Large die forging
Condition {(102) | A | B | C | & B | A B ] Al
Fry - ks _ 157 1150 |139 | 138 M KT 138 6 v
Kpe - ksiVin 42 | 54 | 8¢ | 42 60 | 56 56
(1} 4 - mill anneal; B - 1675F, 2 hr AC + 1600F, 1 br, FC 2 Sn
C - 1700F, 4 hr AC + 1400F, 1 hr AC
{2) Specimen blanks heat treated .
Ti-6-6-2
TABLE 3.02725 PLANE STRAIN FRACTURE TOUGHNESS OF PLATE,
BAR AND FORGING GIVEN SEVERAL HEAT TREAT-
MENTS
200
Ti-6A1-6V-28g
SHEET
ANNEAL, 1400F, 4 HR
160 T RT
/ e
L 400
120 4 e F
| 600F
& 800F
i /
]
w
280 <
Z /)
g /
0 /
0
0 0.002 0.004 0.008 0.008
STRAIN - IN PER IN
200 . FIG. 3,0312 ELEVATED TEMPERATURE TENSION STRESS-STRAIN
Ti-6A1-6V-25n CURVES FOR ANNEALED SHEET. )
BAR
1600F, 1 HR W@ + 1050F, 4 HR | RT
160 = Z00F |
|
L ———400F
L~ 500F
2120 /
-
77}
=
[
B
80
10
9
o 0.002 0.004 0. 008 0.008
STRAIN - IN PER IN
FIG. 3.0311 ELEVATED TEMPERATURE TENSION STRESS-STRAIN
CURVES FOR AGED BAR. @
cooe 3715

PAGE 25




NONFERROUS ALLOYS

T
200 L T4-§A1-6V-25n I
1/2 IN PLATE
MILL ANNEALED
180 }—{ -80F o
OF T :\
"-_______._.—--———— \
RT N
150
<
180F
140
CODE RM
& 120 (SEE TABLE 3.02724)
o
1
# 100
=
Bk
80
50
0
20
]
0 .02 .04 .06 .08 .10 .12

STRAIN - BN PER IN

FIG, 3.0313 STRESS STRAIN CURVES FOR MILL ANNEALED
PLATE AT VARIOUS TEMPERATURES.

(36, Fig. 18)

REVISED: DECEMBER 1975

| Scurce (46, Appendix §)
Alloy Ti-6Al-6V-28n
Form 16 in wide extrusion (see Figure 3.0214)
Condition 1625F, 1 hr, W@ + 1100F, 4 hr AC
Test Temp. -F R.T. 800
Locsgtion (1) Skin Riser Skin Riser
1 2 1 2 3 2
Fpy (avg) - ksi 167 170 165 168 124 121
Spread 156-17% 157-180 151-175 152-180 116-130 112-128
Fiy (avg) - ksi 157 157 151 154 98 85
Spread 1453-166 146-185 138-161 138-161 94-103 92-39
e (2 ih) avg. percent ] 10 10 10 13 13
Spread 5-12 7-13 5-13 7-12 11-17 11-16

(1) Logations 1 and 2 are at opposite end of extrusion designated bottom and top respectively

Ti
6 Al
6 v
2 Sn
Ti=6-6-2
cooe 3715
PAGE 26

TABLE 3.0314 AVERAGE AND SPREAD OF R.T. AND 800F TENSILE PROPERTIES IN

LARGE SQLUTION TREATED AND AGED EXTRUSION



REVISED: DECEMBER 1975

NONFERROUS ALLOYS

Ti-641-6V-250 !
EXTRUSIONS
1300F, 40 TO 60 MIN, AC
200 240
8 \
% 180 L Fry 200
=
= —
1
120 160
\\?\ j
80 Fry 120
50
LT
® G
0 A A@Y
af
o 20 et I
=
F |
0
~200 0 200 400 600 800
TEMP - F

FIG, 3.0315 EFFECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF ANNEALED EXTRUSIONS OF

VARIOUS SHAPES.

(14, Table 17)(39, Table §)

Ti

Ti
] Al
6 Vv
2 Sn
Ti=-6=6=-2
i Ev T e I 2o
13 IV DIA x 1,25 IN THICK HAMMER
FORGED DISK
W
200| L790F FORGE, WQ I+ 1100F, 4 HR 230
TANGENTIAL
\ DIRECTION
|
180 < | 200
Fry
EISO 180
' 7
2 ]
'
<%
Fal
140 > 160 &
“\-...,0 [
U]
120 Fry 140
LA 120
0 7 100
- [
.
£ 40
m
5]
o
5]
<%
% T,
o(2 IN)
o-———-——-—g”’"s
¢
0 200 400 500 800
TEMP - F
FIG. 3.0316 EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES OF HAMMER
FORGED DISK. (47, Table 14)
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NONFERROUS ALLOYS REVISED: DECEMBER 1975
240 r T 280
Ti Ti-6A1-6V=-25n |
5 x 6 FORGED SECTION
6 Al 1600F, 1 HR WQ + 1100F, ¢ HR
200}——5 ! 240
U
2 Sn
1600 \ 200
Ti-6-6-2 N g
= Fry g
2 190 160 %
)
= 1
& >
= [
CENTER EDGE ~
80— LT - —_— 120
5T e} agd
® O A 0.160,, 0.66Fe
40— U0.100,, 1.0Fe 80
60
o /ﬁ’
Fou
2 A
=]
20
. e{l IN)
[ Y
M*‘%” 240 T T T ]
[ J Ti-6A1-8V-2Sn
0 3 x 9 IN FORGING SPECIMENS HEAT TREATED
-200 0 200 400 800 {0.0150, 0.0043Ny, 0.0059Hz, 0.08C, 0.89Fe)
TEMP - F 200 240
FIG. 3.0317 EFFECT OF TEST TEMPERATURE AND ~
SPECIMEN LOCATION ON TENSILE o
PROPERTIES OF PORGINGS AT TWO = 160 ~a40 206
INTERSTITIAL LEVELS { SPECEMENS <] Friy
HEAT TREATED), 2 ) !\ Il \
= \ s -
R‘H \& ~ \““'hﬂ‘ g
120 NN — 160,
N F e~
~J.lfry o
\\
80 I 120
A
k -
L ST | ¥
80t——@ O ANNEAL 1300F, 2 HR, AC 80
——& A 1575F, 1 HR, WQ + 1200F,
4 HR, AC
¥ /,,IFT—‘
RA
o« {)’f’c
L e}
@ 2 L L AND ST
2 ~ A L
= Jl7
& 20 i
a5 7
&7 el ST
0
-200 [ 200 100 600 800
TEMP - F
FIG. 3.0318 EFFECT OF TEST TEMPERATURE ON THE
TENSILE PROPERTIES OF FORGING. an
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REVISED: DECEMBER 1975 NONFERROUS ALLOYS

240 ; i
Ti-6Al-6V-25n l ‘ Ti
41/2 x 4 1/2 IN FORGING

(0120, 0.012Ny, 0.005H,, 0.035C, 0.65F¢) Al
!

z40

s )

200 T T T
F FORGING HEAT TREATED

N
DN 2 sn
E 'ﬁ\\ FTUY 200
C % \3\}\_ Y Ti~6-6-2

3
—190 \g\\ \Q_-i 160%
2 w5
S | £
\Q F
™ TY
B~
80 120
Sy
LT I .

60 |~ —===— O ®1350F, § HR, FC TO 1100F, AC —— 50
——-— L A450F, 1 HR, WQ +1050F, 4 HR

L J
0 RA ’ /%
=
= e
3 ”i?""',f”’
= V Ar/‘
B2 ®— el IN) ———
AT M — =%
I e
0
-200 0 200 400 600 800 30— T
TEMP - F Ti-6Al-6V-25n
4 1/2 IN DIA BAR
FIG. 3.0319 EFFECT OF TEST TEMPERATURE ON THE 340 | (01702, 0.007N;, 0.45Fe 380
TENSILE PROPERTIES OF LOW INTER~-
STITIAL FORGING, (FORGING HEAT TREATED).
(15) @ MILL ANNEALED
300 A1B50F, 1 HR, WQ + —_] 340
1050F, 4 HR, AC
]
“
260 300
~
71
220 | @ {\ \ 260 =
~ \ '
-
= ™ \A\ i
=
| 180 LS AN b, 220
E \ \ 3
= \R * J?TU
140 < = = 180
e 4 1
~
~L F 3
100 2w TY 140
60 9
0 160
/ |
.. 40 ‘t’r"‘/
= o L% [
=] — RA
i
= .-"/. —_—
g ',_,,.,!,—-—7
LH.--J‘ —"__‘_,.’-‘
[ ] ‘“‘-__L_% efl
0 ——— ] I( )
-400 ~200 0 200 400
TEMP - F

FIG. 3.03110 EFFECT OF LOW TEST TEMPERATURES ON TENSILE
PROPERTIES OF ANNEALED AND AGED BAR,
(10
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Ti

NONFERROUS ALLOYS REVISED: DECEMBER 1975
260 r T
Ti Ti-6Al-6V~28n | l
11/4 IN PLATE
BETA ROLLED (1825F) + 1675F, WQ + 1100F, ¢ HR|
6 Al 240 {1825F) e 260
6 v
7
'
2 Snj ¥ =] Frg 240
o —
[ ! 7]
. - T ———
Ti-6-6-2 * -] ¥
16¢ E 200 5,
T TY &
T ——
120 0= 1160
oL
o7
20 120
=
} =" RA e
S 0
£ 20
&
10 [ TJe(l IN)
—o___cnﬁg__o-—-—-—-—"“o‘
0
-100 -50 0 50 100 150 200
TEMP - F
FIG. 3.03111 EFPECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF SOLUTION TREATED AND AGED
PLATE. {36, Table 2)
240 - r I
Ti—6 Al-6V~250 1 '
1/2 IN PLATE ANNEALED
{0.15-0.160,, 0.11-0.12Np AND 0.56-0.67Fe)
200 | 240
ha
A
= 1y
160 200
Q:E _
- ko E
@ = |
%130 = %________ 160 >
= TY — v I3
£ v % »
80— 1 T HEAT 120
© @ T.1 MILL ANN
A R-2 MILL ANN
§0fm—— @ R-2 1700F, 1 HR AC +1400F, 1 HR _{ 3¢
¥ R-2 1800F, 1 HR AC
0 _,%A‘
A 1
A—ﬁi————ﬂ'—&—//
dm 1w
20 RA g
E
& o .
[+8
L —
) *) i BTy A
10
e IN)
0
=100 -50 0 50 100 150 200
TEMP - F
FIG. 3.03112 EFFECT OF TEST TEMPERATURE ON TENSILE
PROPERTIES OF ANNEALED PLATE FROM
TWO HEATS. (36, Table 8)
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REVISED: DECEMBER 1975

320

280

200

~ KSI

e i

60

120

8¢

80

PERCENT
o
=1

™
=3

20

NONFERROUS ALLOYS

T -
Ti-6AI-6V=-25n
1IN PLATE

(0.680y, 0.018Ny, 0.59Fe

az20

280

® MILL ANNEALED

A 1630F, 1 HR, WQ + 1050F, 4 HR —{ 80

Y e
| 9
-— J—
rlremal S e m
-200 ) 200 400
TEMP - F

FIG. 3.03113 EFFECT OF LOW TEST TEMPERATURES ON

TENSILE FROPERTIES OF LOW INTERSTITIAL
PLATE,

10)

220 .
Ti-6Al-6V-28a .
PLATE Ti
1625F, WQ + 1050F, 4 HR, WQ
180 220 6 Al
~ . 6 v
TU
) \5\& 2 Sn
Z14 180 %
t 1 .
2 e Ti—B6=6=2
Fr N ;;?
100 NS 140
Fry
e
0 100
eL
oT
® o]
20 -8 8
RA
=
z
=
[
= 20
: s P2
e(l IN) l
. |
0 0.4 0.8 Lz 1.6
THICKNESS - IN
FIG. 3.0311¢ EFFECT OF THICKNESS ON THE
TENSILE PROPERTIES OF SOLUTION
TREATED AND AGED PLATE AT 600F.
(7}
240 ‘
Ti-6AI-6V-287
0.120 IN SHEET
200 240
%160 —®. Fru 200
]
2 o
1
120 i 160 %,
- Fry i
.
-
i
80 == 120
@ 1550F, 5 MIN WQ + 1100F, 2 HR
- Q1350F, 1/4 HR, AC
g 20 80
(4]
=
5]
& [o)
s | Or——g .
{1 IV}
10
0
P 500 600 760 800
TEMP~ F
FIG. 3.03115 EFFECT OF TEST TEMPERATURE ON
TENSILE PROPERTIES OF SHEET,
(18)
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180 ;
Ti Ti~6A1-6V-25n
EXTRUSION
6 Al L
160
6 v
2 Sn| - =0 ® HEAT A
¥ 940 [, QHEAT B
1
Ti-6-6-2 2 \
253
£
¥ 120 =
cY
100
0 100 200 300 400 500
TEMP - F
FIG. 3.0321 EFFECT OF TEMPERATURES ON COMPRESSIVE
YIELD STRENGTH OF ANNEALED EXTRUSION.
(39, Table g}
Ti-6Al-6V-25n |
5 x 6 FORGED SECTION
240 [1600F, 1 HR W@ + 1100F, 4 HR
200
g .
' fox \
0
Wl
=]
&
0 159 \br
@ EDGE
O CENTER
50 !
=200 0 200 200 600
TEMP - F
FIG. 3.0322 EFFECT OF TEST TEMPERATURE
AND SPECIMEN LOCATION ON
COMPRESSIVE YIELD STRENGTH OF
SOLUTICN TREATED AND AGED
FORGING (SPECIMENS HEAT TREATED).
@
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ALLOYS

240

200

STRESS - KSI
-
a
=

[
[
Q

80

=200 Q

REVISED: DECEMBER 1875

1
Ti-GAl-6V=-25n l

EXTRUSION (SEE FIGURE 3.0514)
1300F, 40 TO §0 MIN,

|

AL

N

SL
QT

F

S

CcY

200

400

TEMP - F

600 8O0

FIG, 3.0323 EFFECT OF TEMPERATURE ON COMPRESSIVE"
YIELD STRENGTH OF ANNEALED FORGINGS.

{14)

80 T
Ti-5Al-6V-25n
BAR
1830F, 1 1/2 HR, WQ + AGE
60 AGE, ¢ HR
A1030F
O1200F
®1250F /.
2 40
o [ 3
&
20
IE CHARPY V
I
0
0 400 800 1200
TEMF - F

FIG. 3.0331 EFFECT OF TEMPERATURE ON
IMPACT STRENGTH OF AGED

BAR.

L



REVISED: DECEMBER 1975

200 T
Ti-6Al-6V-252 |
EXTRUSION (SEE FIGURE 3,0514)
1300F, 40 TO 60 MINUTES AC
=y 160
(%}
-4
1
2 F
=m0
7 o
; .t
oT
20
a IE CHARPY Vv D______,_,_.._--—-‘"‘"“{
g |
E 10 ] ——
. I
1
0 -
=200 -100 0 200 200 300 400
TEMP - F

FIG, 3.0332 EFFECT OF TEST TEMPERATURE ON IMPACT

STRENGTH OF ANNEALED EXTRUSION, {14}

300 :
Ti-6Al-6V-250 |
\ 1IN PLATE
{¢.08109, 0.018Nz, 0.006H,, 0.015¢,
260 0.39Fe)
220 <
FTY \
7
% 180 B
)
>< \
:i- \ c \
110 ™

100 L . ¢ A 1830F, 1 HR WQ + 1125F, 4 HR

A

A @ MILL ANNEAL
B O 1650F, 1 HR W@ ~ 1050F, 4 HR

< ;

/’/ﬂ/é/o

FT-LB

o

g e
el

-400 =200 o 200 400
TEMP~-F

FIG. 3.0333 EFFECT OF LOW TEST TEMPERATURES ON IMPACT

STRENGTH OF ANNEALED AND SOLUTION TREATED
AND AGED LOW INTERSTITIAL PLATE, {10}

NONFERROUS ALLOYS

Ti
6 Al
6 v
2 Sn
Ti~6=6-2
Alloy Ti-6Al-6V-23n
Source (2) (1)
Form 5Xx6in
forging Dlate Sheat
Condition 1600F, 1 kr, | Anneal | 1600F, 1 hr,| Anneal [Solution]
WQ + 1100F | 1350F | W@ + 1100F Treat
4 hr (1} 4 hr + Age
Temperature | RT 550F RT RT RT RT
Fsu 105 () 97 il 103 110
(1} Specimens heat treated
TABLE 23,0351 SHEAR ULTIMATE STRENGTH AT ROOM AND
ELEVATED TEMPERATURE FOR SEVERAL
FORMSE AND CONDITIONS OF ALLOY
200 .
Ti-6Al-6V-280 | |
EXTRUSION (SEE FIGURE 3,0514)
1300F, 40 TO 60 MIN AC
150
120 AR
E \“\
1
% 80 FST.T
=
B DOUBLE SEEAR
40
Q
=200 1] 209 400 600 800
TEMP - F
FIG. 3.0352 EFFECT OF TEST TEMPERATURE ON
DOUBLE SHEAR STRENGTH OF ANNEALED
EXTRUSION. 149
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NONFERROUS ALLOYS REVISED: DECEMBER 1975
240 0
Ti Ti~641-6V-25n ' ]
3 x 9 FORGING
6 Al {¢.1504, 0.0043N;, 0.0059H,, 0.08C, 0.69Fe)
] l 1
200 +
6 v 1300F, 2 HR, AC |
——1575F, 1 HR, W@ + 1200F, 4HR
2 Sn N
160 \\\‘ F.
TY L
Ti-6-6-2 ™
S
e
120 A e
B e Y N
¥ ,>-\"‘--
1 —
2 1 b
Allay Ti-5Al-§V-25n 2 o =
Source @) ) = o
Form 5x6m i ~T
Forging Plate Sheet {_‘/ w B 2a
Condition 1600F, 1 hr Selution Solution 40 ®O9IN 1IN 1.5 ¥
WQ + 1100F, Treat Treat AAIIN 015N 0.5IN
4 hr Anneal | + Age | Anneal | + Age ) B
Temperature | RT -| 550F RT RT RT RT - t -
Fhyyaq1)- ksl | 370 | 300 287 326 299 326 [ 1~
Fpry - ksi 338 | 243 | 229 262 239 262 e § w ) 28 .
(1) e/D=2 i !
TABLE 3.0361 BEARING STRENGTH AT ROOM AND ELEVATED CENTER FATIGUE CRACK,
TEMPERATURE FOR SEVERAL FORMS AND -200 0 200 200 600 800
CONDITIONS OF ALLOY TEMP - F
FIG. 3.03711 EFFECT OF TEST TEMPERATURE ON
STRENGTH OF CENTER CRACKED SPECIMENS
OF TWO THICKNESSES CUT FROM FORGING
(SPECIMENS SOLUTION TREATED AND AGED).
a2y
240 T
Ti-6Al-6V~28n ‘ | l
400 T 2 x 9 IN FORGING
Ti-6Al-6V-250 | [ {0.150, 0,0043N,, 0,0059H,, 0.05C, 0.69Fe)
EXTRUSION (SEE FIGURE 3,0514) 200 [1300F, 2 HR, AC A ;
1300F, 40 TO 60 MIN AC ; ! |
380 = 400 CRACK STRENGTH
\R L T oD 160 \ ? =
® 02 ™ ,/ é B
320 AN \\ A LS 360 g
1 "\
@ 120 Fry
& \ Y o / *
2 N
< 280 320 & \
F — iy
=3 BRU o
4 \\2_ ) = &0 \600/ T
= AN N > I ——
240 ®0 = oL 11/8 0.85
N & o [o-
R 40 |-2s5T L
|
200 \ 240 FATIGUE CRACKED NOTCH ROUND
kc-if BRY N I | | I
¢
l -200 0 200 400 600 800
200 TEMP - F
-200 0 200 400 600 800
TEMP = F FIG. 3.03712 EFFECT OF TEST TEMPERATURE ON
STRENGTH OF FATIGUE CRACKED NOTCH
FIG. 3.0362 EFFECT OF TEST TEMPERATURE ON BEARING ROUNDS FROM ANNEALED FORGINGS.
STRENGTH OF ANNEALED EXTRUSION. 14 (SPECIMENS REANNEALED). a2
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REVISED: DECEMBER 1975

240 1
Ti-6Al-6V-25g | ‘
3 x 9 IN FORGING
{0.1503, 0.0043K,, 0,0058H,, 0.08C, 0.68Fe)
200 [1575F, 1 HR, WQ +1200%, 4 HR !
CRACK STRENGTH
160 AN gr‘
g
1 .L
o« oT
w 120 -
& AST
£ Fry T
o
9
80
A
9/ Py \BO‘V
A I M
40 11/s \Jo.ss —
R FATIGUE CRACKED NOTCH ROUND
-200 0 200 400 600 800

TEMP - F

FIG. 3.93712 EFFECT OF TEST TEMPERATURE ON STRENGTH

OF FATIGUE

CRACKED NQTCH ROUNDS CUT

FROM FORGING (SPECIMENS SOLUTION
TREATED AND AGED), (12)

NONFERROUS

Scurce (2}
Alloy Ti-6A1-8V-28n
Form 5 % 6 inch Forged Section
Condition 1600F, 1 hr W@ + 1100F, 4 hr (3)
Forging Forging A {1) Forging B (1) Forging C (2
Location Edge Center | Edpe Center Edge
Temp - F -1190 RT RT RT -110 RT
Fty - ksi 194 175 170 155 200 1680
N.S./Fty 0.51 0.71 0.47 0,41 .53 0,46
(1} 0.16 Os, 0,66 Fe
(2) 0.10 O3, 1.0 Fe VDC‘
(3} Specimens heat treated ‘ 4
0.75 0.6
{ [
T
Fatigue Cracked Notch Round

TABLE 3.03714 STRENGTH OF FATIGUE CRACKED NOTCH
ROUNDS CUT FROM TWO LOCATIONS IN A
SOLUTION TREATED AND AGED FORGING

ALLOYS

1
Ti-8Al-6V-28n

200 | 4 1/2 IN DIA BAR
(©.1720,, 0.007Ny, 0.45Fe)

\ f

260 AN

AN

®MILL ANNEAL
N — -~ (Q1650F, I HR, WQ +

1050F, 4 HR

~
~

FTY ™~

7

N ~~

-
o
=

-
'S
=4

STRESS - KSI
e

100 U‘i___OL______‘.-

8¢ f—

20

NOTCH RADIUS = 0.001 IN

-400 =200 0

200 400

TEMP - ¥

FIG. 3.03715 EFFECT QF LOW TEST TEMPERATURES ON
SHARP NOTCH STRENGTH OF ANNEALED AND

SOLUTION TREATED AND AGED BAR,

Ti

(10

300 ,
Ti-6Al-6V-28a
1IN PLATE

{0.0810,, 0.018Ny, C.59Fe)

® MILL ANNEAL

1050F, 4 HR
£1650F, 1HR, wWQ +
1125F, 4 HR ——

220

.
TY SN
"

~

P

260 [N —_—
\ — ———O1650F, 1 HR, WQ +
NS
N
\F

[
o
o

g

ANNEAL —1

STRESS - KSI

—
'S
(=Y

-

T~

100

60

NOTCH RADIUS =
! F

0.001 IN

20
-400

-200 0
TEMP

FIG, 3,03714 EFFECT OF LOW TEST TEMPERATURES ON

200 200
-F

SHARP NOTCH STRENGTH OF LOW INTER-

STITIAL PLATE,

{10)

Ti-6-6-2

CODE

3715
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_ Ti-6Al-$V-250 | I Ti-6A1-6V-250
Ti 41/2 x 4 1/2 IN FORGING (0.1205, 0.012N3, 0.005H,, 0.025C, 0.65Fe)
6 al (0.120, 0.012N,, 0.003H,, 0.625C, 0.65Fe)
246 |- FORGING HEAT TREATED ® 1350F, § HR, FC TO 1100F, AC
6 v - | | O 1650F, 1 HR, WQ + 1050F, 4 HR
Ky, NOTCH
2 Sn STRENGTH RT Fry FORGINGS
200 e A 1330F, § HR, FC_| 9140 KSI HEAT TREATED
i - TO 1100F, AC ©155 KSL
Ti-6=-6-2 \ {———0 & IB50F, 1HR, AC
N + 1050F, 4 HR T
L I ac R
160 N
— . —
g W
I \ ~
W T
‘(lw S P ED T
] / ~~ F ————
g A . TY RT RW  WR WT TW TW-45
80 - // 3 BO l | l F
A e E;}. THICKNESS 80 : f
1O 1/2 I¥
=7 [ e 2|} !
10 40 7 ﬁ 8
i Z T 1, 1
DOUBLE EDGE CRACK SPECIMEN ' ) t
W =
0 MD RADIUS ® | o X * b To3 THICKNESS
-200 0 200 200 600 800 0 - 1 f oI
TEMP - F
EDGE CRACK TENSION CENTER
FIG. 3.03721 EFFECT OF TEST TEMPERATURE ON STRENGTH LOCATION
OF DOUBLE EDGE CRACK SPECIMENS AND K}, BY TECHNIQUE OF ASTM E389-70T
PLANE STRAIN FRACTURE TOUGHNESS OF LOW . ! ! i
INTERSTITIAL PORGING {K;. BY TECHNIQUE OF
ASTM E 395-70T), 13 FiG. 8.03722 EFFECT OF SPECIMEN QRIENTATION ON THE -110F
PLANE STRAIN FRACTURE TOUGHNESS OF LOW
INTERSTITIAL FORGING. (15)
Source {15)
| Altoy Ti-6AL-6V-25n
Form 1/2 inch Plate 1-1/2 in Plate
Condition (3) | 1350F, 8 br, FC | 1650F, 1 hr, WQ | 1350F, 8 hr, FC
0 1100F, AC + 1050F, 4 hr to 1100F, AC
Fey - ka3 166 208 71
Direction (2) RW WR RW WR | RW WE.
Ky, 8% <110F
Kai y/in (1) 33 EY] 34 27 39 38
{1) FOT Specimen see Figure 8. 03721
{2) Fer directions see Figure 3.03722
{3) Plate heat treated
TABLE 3.03723 EFFECT OF SPECIMEN ORIENTATION ON THE
-110F PLANE STRAIN FRACTURE TOUGHNESS
OF PLATE
cooe 3715
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0.30 T T T
Ti~6A1-6V-25n Ti
PRODUCT SOLUTION TREATED !
RW DIRE CTION | 6 Al
0.25 O ANNEALED FORGING (FIG. 3.03722) ] 6 Vv
LOW @57 + AGE FORGING (FIG. 3.03722)
INTERSTITIAL |4 ANNEALED PLATE (TABLE 3,03723) 2 Sn
3 A ST + AGE PLATE {TABLE 3.03723
0.29 . OST + AGE PLATE (FIG. 3.02723) =
Ti-6-6-2
(=]
=
0,15
&
- FORGING
2 )
0.10 5
D\‘"‘\\_ )\Apm}
0.05 \ﬁ
EW;‘:‘\-—A
0
1406 150 160 170 180 180 200 210
Fry - KSI
FIG. 3.0372¢ INFLUENCE OF YIELD STRENGTH ON PLANE STRAIN
CRACK PROPAGATION RESISTANCE OF SEVERAL
FORMS AND CONDITIONS.
Source . (14}
Alloy Ti-6A1-6V -z5n
Form Extrusion (see Figure 3.0514)
Condition 1300F, 40 to 60 minute AC
Temp - T BOOF {Fry = 95 ksl B00F (Fiy = 90 ke1)
Total creep
169 - T strain percent 0.5 1 2 2
Ti~6Al-§V-25n Time-hours 100 ] 500 | 100 | 500 | 100 | 500
3.8 IN 5Q FORGED BAR Stress - ksi 116 | 112 ] 126 | 116 | 12z | 119 | 98
[
120 | PLANE STRAIN I TABLE 3.041 CREEP STRENGTH FOR ANNEALED EXTRUSION
FRACTURE TOUGHNESS :
BY ASTM E399-72 ] !
|
x_ﬁo
100 }. COMPACT TENSION TESTS, LT
$TD SPECIMEN
Z B=1IN |
a=1,3IN ANNEALED
7] 80 V!
f 200 ,
3 Ti-6Al-6V-26u | |
> BAR
o 1625F 1 HR, WQ + L125F, 4 HR, AC
80 & 150 ]
/ﬁ n 0.2 PERCENT
@ (] @ $STRAIN CURVES
] & 100 Mi— A
40 75 1600F, 1/2 HR —] = o
W@ + 1000F, § HR AC ~A 6UOF
_'____/f' (SPEC BLANKS. HT) 0 [~
2
20 | \Q\ \\_______ T00F
-100 0 100 200 300 400 (S ‘“‘-"‘O s00F
TEMP ~ F 0
1 0 100 1000
FIG. 3.03725 PLANE STRAIN FRACTURE TOUGHNESS OF TIME - HR
FORGED EAR IN ANNEALED AND IN SOLUTION
TREATED AND AGED CONDITION. FIG. 3.042 STRESS FOR 0.2 PERCENT CREEP STRAIN AT
(30, Tables 4,5) SEVERAL TEMPERATURES FOR AGED BAR. (42)
cope 3715
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120

Source {42, Table 1-5:6)
Ti Alloy TI-6Al-6V-Zn
6 Form i 0.060 in sheet
Al Condition 1625F 1/4 hr. WQ 1675F 1/4 hr. WQ 1550F 1/4 hr, W@
6 v + 1050F, 4 hr AC + 1100F, 4 hr AC + 1100F, 4 hr AC
Temp. - F 600 850 | 550 600 650 | 550 | 650 830
2 Sn Time - hr 150 47 | 150 150 150 | 150 | 307 22 24
Stress - kst 60 70 100 25 1 120 50 80 35 | 110 35 30 32
Total creep-percent .07 .08 .21 | .44 12| .08 ,08] ,10) .13] .11 |.55 .54
Ti 6 5 2 TABLE 3.043 TOTAL CREEP STRAIN FOR AGED SHEET AT SEVERAL TEMPERATURES
AND STRESSES
Source (39, Figure 16)
Alloy Ti-GAL-6V -25n
Form Extrusions (lewest of three heats) R.T. Fry = 153 ksi
Condition Mill annealed ng =137tz 144 at R.T.
Method Stress Conc. Fatigue strength at cycles - ksi
108 109 a8 207
Axial toad Smooth
K= 1 140 120 106 100
t
R.T. Notched
R=0.1 K= 70 12 32 32
TABLE 3.0511 SMOOTH AND NOTCHED FATIGUE STRENGTH OF
ANNEALED EXTRUSIQONS AT ROOM TEMPERATURE
100 T |
Ti-6Al-6V-25n I
EXTRUSION (SEE FIGURE 3,0514)
1300F, 40 TO 60 MIN AC
80 ¥ I £ L
- CYCLES TO FAIL
& ® 107 400F AND 600F
5 0108 (RESULTS IDENTICAL)
2 e &10° / | |
< 0104 A=l
e {=1800 ¢pm
<]
S w ﬁ\ p
]
=
i) A=0.43
< 20 \\"“—/‘\
4]
o 20 40 60 80 100
MEAN STRESS - KS1
FIG. 3.0513 STRESS RANGE DIAGRAM AT 400 AND 600F FOR
NOTCHED SPECIMENS FROM ANNEALED EXTRUSION.
(14)
Source (1)
Alloy Ti-BAl-6V-25n
Form T Extrusion
Condition 15530F, W@ + 10540F, 4 hr. AC
Direc- Fatigue Strength
Method Stress Ratio | tion Stress Cone. ksi at Cycles
A R 10% | 105 107
Axial 0.82 | 0.1 L Kt = 1 Smooth|[ 105 95 90
Load Kt = 3.3 as| 30 | 29
TABLE 3.0512 SMOOTH AND KOTCH FATIGUE STRENGTH OF
SOLUTION TREATED AND AGED EXTRUSION
cooe 3715
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120 T ]
Ti-6Al-6V-250 ’ L / | Ti
EXTRUSION l

100 F1300F, 40 TO 60 MIN AC 6 Al

2 f | 0.2 / ’ 6 V

2 safls 4 4- Ky=1 K =2.76 CYCLES 2 s

= v L) 10 n

g T}— g —d T / A 0 108

S g0 a=1]_ = &b 10‘; ]

2 P = 10 Ti=6~6=2

: \

= 10 A= 0.43

& "

-

20 { \\\\\
ou 20 40 60 80 100 120 140 160
MEAN STRESS - K5I
FIG. 3.0514 STRESS RANGE DIAGRAM AT ROOM TEMPERATURE FOR o o
$MOOTH AND NOTCHED SPECIMENS FROM ANNEALED - AL S
EXTRUSION. aq oy — L
Form 9 x 6 inch Forged Section
Condition 1600F, 1 hr, W@ + 1100F, 4 hr.
{Specimens heat treated)
Method Stress  |Stress Temp [ Fatigue Strength
Ratic [Conc. |[Forging| F ksi at Cycles
A |R 10% | 105 [ 106 | 107
Axial 0.82[0.1
Load Smooth RT 155 [ 130 | 108
Ki=1
Ay
550 D120 [105{ 93 | 80
B (2) | BT [156 | 180 | 105 | 80
Fotched | & RT | 78 | a2 ] 30 | 25
Ke=3.9|B RT |78 | 45| 35 | 25
(1) 0.16Q3, 0.66Fe
(2) 0.100z, 1.0 Fe
Ti6Al-6V-25n TABLE 3.0516 SMOOTH AND NOTCH FATIGUE STRENGTH OF
6o FUSELAGE FORGING SOLUTION TREATED AND AGED FORGING AT
oAl 10AD ROOM AND ELEVATED TEMPERATURE
R=0.1 A=0.82
\ﬁ\ RT
140
\\\\\
An  STA
SMOOQTH
120
A
ANN. .Y Yay
! A -t Source (18)
00— pORGE  HEAT ———O—— Alloy Ti-6AL 5V -25n

= PROCESS TREAT K&l M Form 1 inch dizmeter bar

¥ - - ANN 152 Condition Specimen vacuum annealed 1300F, 2 hr. FC

' [ ] ANN 143 4 PROCESS - # BLOCK Stress Stress | Fatigue Strength

g BO—A &'+ 8 STA 177 +(eX + &) FINISH N Ratio Temp ~ F Cone. ksi at Cycles

oE A 7 STA 173 { r AlR K, 105 | 108 | 107

| | Axial e (-2 RT
FORGING HEAT TREATED Load Fpy = 160 ksi 3.4 | 27| 21| 20
60 ANN 1300 TO 1400F, 2 HR, AC - Piy = 153 ksi 57| w] 12|
A o STA 1575F, 1 HR WQ = 1050F, 4 HR AC RA = 35 percent | 10.0 | 20| 10 | -
L 500
© b . Fp, = 127 kaf 3.4 | 21| 20 10
NOTCH N N Fiy = 104 ksi 5,7 | 16| 11 10
K; = 4.0 RA = 50 percent 1.0 | - |10 9
20 I Notch radius 0.001, 0.005 ané 0.015 inch \eo°
10% 10% 108 107 1
CYCLES TO FAILURE ﬂl .48
7 ]
FIG. 3.0515 SMOOTH AND NOTCHED FATIGUE STRENGTH AT
ROOM TEMPERATURE FOR ALPHA + BETA AND TABLE $.0517 SMOOTH AND NOTCH FATIGUE STRENGTH OF
FOR BETA PROCESSED FORGING. (56) ANNEAL BAR
cope . 3715
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T 4.0 233 1.5 A=1 0.67 0.43 0.25 0.11 ¢
Ti fﬁ;‘:a‘? { T 200p0:6. 0.4 0.7 R=0 0.2 04 06 0.8 1.0
| E sol-BPECIMENS VACUUM ANNEAL
6 A “ 1300F, 2 HR, FC MEAN BTRAIN - S
e v| & TEMP - ¢ PERCENT 180 107 CYCLES TO FM';“ .
& L ] RT 0 b
2 8nl « 10 Q RT 1.0 —
. _b.* A s0OF o ___ ] o120 i
= A BOOF 1.0 -
1
TI-8-6-2 g |
e '
g ! - r-** Ti-6Al-6V-25n
30.5 - = ok PLATE i
§ | TENsION - TENSION T - AL
3] 18 TO 120 epm _
0.1 Lol ] o (BT, FTU = 156 KT ., SMOOTH K¢=1-
0.1 0.5 1 § 10 50 100 500 1000 5000 -120 80 -0 o % 80 120 160 200
CYCLES Fgyy - KSI
FIG. 3,0518 STRAIN CYCLING RESULTS FOR ANNEALED BAR FIG. 3.0511 STRESS RANGE DIAGRAM FOR SMOOTH SPECIMENS OF
‘AT ROOM AND ELEVATED TEMPERATURE. ) MILL ANNEALED PLATE TESTED AT ROOM ngnn.;;limz.
' P-
Bource (48, p..41.and 42)
Alloy Ti-6AI -6V -tEn
[Form Ito 1-1/4 In plate .
[Fatigue Axla] Icad {A = 0,82, R = 0.1) Notobod Kg = 3.5
Haat A - 0.18 parcent OF . i B - 0.1]1 percent (O
ICondition Annealed L550F, 1 hr WQ Annaaled 1550F, 1 hr. WQ
- 1350F B hr. AC | + 1180F, 4 hr. AC | 1350F, 8 hr AC | + 1150F, 4 hr. AC
Fatigue strength -
kat at eycles
5 x 10t 40 36 40 -
108 a7 as a7 50
106 28 28 28 24
107 27 27 27 40

TABLE 3,051% NOTCHED FATIGUE STRENGTH AT ROOM TEMPERATURE FOR PLATE AT
TWO INTERSTTTIAL LEVELS IN THE ANNEALED AND SOLUTION TREATED
AND AGED CONDITIONS

40 2,33 L& A=1 0.67 0.43 0,26 0.1 0 4.0 233 1.5 A=1 067 043 0.25 011 ©
0.6 0.4 0.2 R=0 0.2 0.4 0.6 0.8 1 2.6 0.4 0.2 R=0 0.2 0.4 0.6 0.8 1.0
200 200 _ :
., N ™,
\ ~ s ", ~
L 104 CYCLES TO PA J L .
160 . cye 0 FAIL e 180 \ . A3
s 3x10t 120l <20 cYCLES TO PAIL
- . i
axm W, ook {9 E < 3x104 , \‘P
! & : 106
' ] g S - 10°
sof & & " g 1 3%l 3.9 S 1
; KNS Fe TI-6AL-6V-28n | Y . «&'n-em-ev-mn
- | EX MILL ANNEAL % Go¢ PLATE.
o v (3 AXIAL LOAD | “r L 4 STA 1
RT 07 NOTCH K = 3 0 AXIAL LOAD
o m FTU ..158 m‘ " n L . - y Er FTU l- m K.S! i L Nole & - 3
-120 80 -0 0 40 80 1206 160 200 -120 -80 -0 0 44 80 120 180 200
Py - B Fypy - KR
FIG. 3.05110 STRESS RANGE DIAGRAM FOR NOTCHED SPECIMENS FIG. 3.05113 STRESS RANGE DIAGRAM FOR NOTCHED SPECIMENS
OF MILL ANNEALED PLATE TESTED AT ROOK OF SOLUTHON TREATED AND AGED PLATE TESTED AT
TEMPERATURE, (43, p. 211 ROOM TEMPERATURE, (43, p. 233)
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200

160
W
o
120
b
5
I
= go @.@-
+ Ti-6Al-6V-28n
% PLATE
w0} ar STA 1
AXIAL LOAD
RT Fryy = 186 KSI SMOOTH Ky=1
o . I : L . I
-120 =80 -40 0 4 80 120 180
Faypy - KST

200

FIG. 3.05113 STRESS RANGE DIAGRAM FOR SMOOTH SPECIMENS
OF SOLUTION TREATED AND AGED PLATE TESTED
AT ROOM TEMPERATURE,

{43, p. 232)

Source {19
Alloy Ti-6AI-6V -28n
Form Plate {center)
Stress | Fatigue Strength
Methed | Thickness | Condition | Direction;Cone. ksi at Cycles
Ke  [20% | 108 |107
Axial 1-1/4 in. |1350F, L&T |1, = [110 | 88
Load 0.18 02 8 hr, AC 3.5 35 28 26
A =0.82}1inch L&T 1 - 115 a0
0.11 0p 3.5 40 ) a5 | 30
L 1 - 133 | 105
R=0.1 [1-1/¢in |1550F, T 1 - 120 95
0.18 02 1 hr, WQ L 3.5 40 32 28
+ 1200F, T 3.5 30 28 25
1 inch 4 hr. 1 - - 115
0.110p L&T 3.5 50 43 | 40
2 inch 1625F,
G.18 Qg 1hr. WQ L&T 1 - - 95
+1050F, 3.5 30 | 28 | 25
4 hr.

TABLE 3.05114 SMCOTH AND NOTCH FATIGUE STRENGTH OF
ANNEALED AND QF SOLUTION TREATED AND

AGED PLATE
Source L]
Alloy Ti-6Al-6V-28n
Methkod Condition Form Stress Ratio | Stress Fatfgue Strength
A R Cone, ksi at Cycles
108 | 105 | 106 | 107
Axial 1600F, WQ + 1050 0.020, 0,100 { 0,82 0.1 | Smooth
Load |to 1100F, 4 hr AC and 0.125 in Ke=1 - 120 114 114
Fiy = 177 ksi sheet Notched
Kt=4,2| 46 32 30 ae
1600F, W@ + 1050 | 1 in plate 6.82 | 0.1 |Smooth (1)
te 1100F, 4 hr AC Ke=1 {155): 138 120 108
Fty =171 ksi ow -1 128 80 80 56
Mill anneal 0.82 0.1 [ Smooth
Fty =153 ksi Kt=1 (150} 122 100 88
@ -1 (11| 76 68 65

(1) Values in { ) extrapolated

TABLE 3.05115 3MOOQTH AND NOTCHED FATIGUE STRENGTH OF ANNEALED PLATE AND
SOLUTION TREATED AND AGED SHEET AND PLATE AT ROOM TEMPERATURE

Ti
6 Al
8 Vv
2 Sn
Ti=-6-6-2
cope 3715
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T. Source {34, Figures 11, 12 and 13)
! Alloy Ti-6AL-6V -25n
6 Al Method Axial Load R = 0,1
Form and Candition Stress Test Temp. Fatigue Strength
6 v Cone. F ksi at Cycles
104 105 106 107
2 Sn 0.1 in sheet apnealed [ Smooth RT 160 125 110 102
Fyy = 164 ksi =1 450 180 112 100 95
Fyy = 155 ksi Notch RT 50 30 28 28
Ti~-8-6-2 Ke=4.2] 450 53 28 24 24
0.125 in sheet solu- | Smooth RT - 120 114 114
tion treated and aged | Kt =1
Fry = 181 ksi Notch RT 45 31 30 30
Fiy = 177 kai Ky =4.2
U 3/8
3/4
i R =.031
R=12in ”/-
SMOOTH SPECIMEN NOT CHED SPECIMEN
TABLE 3.05116 SMOOTH AND NOTCH FATIGUE STRENGTH OF
ANNEALED AND SOLUTION TREATED AND AGED
SHEET TESTED AT ROOM TEMPERATURE AND 450F
T T
Ti-BAI-6V-25n
130-BAR
P— w0 MILL ANNEAL + 1850F, 2 HR WQ + 1220 F,
alloy Ti-6Al-6V-25n 4 HR OR 1330F, 4 HR
Torm 0,020, 0.100 and C. 125 inch sheet 120 }
Condition | Mill anrealed (1300 to 1400F), R.T. Fty = 158 ksi
- _ 110 SCATTERBAND FOR ALL HEAT
) Fatigue Strength, ksl TREATMENTS AND ENVIRONMENTS
Method Stress Ratio)Temp.| Stress At Cycles = 'Y
A R | (7) | cone. [10% 10% [105 | 107 %100
Axial Load| 0.82 | 0.1 | RT Smooth [{(155)a)[125 [110 [103 - %
Kt =1 =]
= o
Notched | 52 32 | 28 | 28 = 90
Ky =4 5 = -1 w@%v—’—
0.6 {0.25] RT Smooth | - 125 | 115 | ti0 80} f=50HZ FOR ENVIRONMENTS
Ky =1 | SEE FIG. 3.0522
0.82 ]0.1 | 450 | Smooth | 128 114 [103 | 97 70 1 |
Ke=1 104 105 108 107 108
Notehed | 54 28 | 24 | 24 CYCLES TO FAILURE
Ki =4
(a) Values in () Are exirapotated. FIG. 3.05118 ROTATING BEAM FATIGUE LIFE CURVE
FOR THREE HEAT TREATED CONDITIONS
TABLE 3.05117 SMOOTH AND NOTCHED FATIGUE STRENGTH OF BAR TESTED IN SIMULATED HUMAN
OF ANNEALED SHEET TESTED AT R.T. EODY ENVIRONMENTS. (26, Fig. 46)
cooe 3715
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10-2 .
| Ti-6Al-6V-280
0.125 IN SHEET
ANNEALED
Frr = 143 KSI
1250 nz /
R=90.1
1073 77
7
5]
-t
5]
ol
Q
=
= 10~4 AlR =
: 77
Z — HANKS v/ -
e SOLUTION
= _>/ 0.17 M Nacd
Vi
/ RT
10-6
10 20 40 60 100

LK - KSI - /TN

FIG. 3.0522 EFFECT OF SIMULATED HUMAN BODY
ENVIRONMENTS ON FATIGUE CRACK
PROPAGATION RATES OF ANNEALED SHEET,

(26, Fig. 5)

500 .
Ti-6A1-6V-28a | |
3.8 IN 59 FORGED BAR
SPECIMENS: 1600F, 1/2 HR WQ + 1000F, 6 HR
9 |
“ BAND FOR 10 PERCENT RH
(<>} BAND FOR 100 e
100} [ X% PERCENT RE ¢
L ASTM E398-72CT
BETA=1IN \
a=1.3IN
= LT
(5]
-
[®]
]
A 10 AJ
Zz
3
1
S5 Q R=0.05 7]
RT
1
0 10 0 40

20 3
LK - KSIN/BY

FIG. 3.0523 FATIGUE CRACK GROWTH RATES IN HUMID
AIR FOR SOLUTION TREATED AND AGED
SPECIMENS FROM FORGING,

(30, Tables B-1,2,3,4 and C-1,2,3,4)

NONFERROUS ALLOYS

5000 :
Ti-6Al-8V-250 I Ti
5.5 IN 5Q FORGED BAR
ANNEALED | 6 Al
{
10004 A5TM f:—saa-ncr_ DALY 6 v
BETA=1IN a=13 I
| AN |2 s
500 | TESTS IN 10 PERCENT AND
100 PERCENT RH AIR )
u R =0,03 9)/ Ti=-6-6-2
3 1T
&)
o
= A
= 100
: AW
& 50
X
r
S
10 AA
5
g RT
1
1} 10 20 30 40 50 60
A K - KSTV/IN
FIG, 3,032¢ PATIGUE CRACK GROWTH RATES EN HUMID AIR
FOR ANNEALED FORGING.
(30, Tables B-1,2,3,4 and C-1,2,3,4)
1
Ti-8AI-6V~25n
3.8 IN 59 FORGED BAR
1000
I ’J
SPECIMENS: 1600F,
1/2 HR, W@ + 1000F,
6 HR N
w0 yop] ASTM E399-72CT g//(é
o W00raprs -1 :
A N\
b I LT A(@ %\
2 - y _ ANNEALED
&
z
= R=0.05
]
8 1 |
‘(W 300F
1
10 20 30 40 50 1] 70
AK - KSIN/IN
FIG. 3.0525 PATIGUE CRACK GROWTH RATES AT 30¢F FOR
ANNEALED FORGING AND SOLUTION TREATED
AND AGED SPECIMENS FROM FORGING.
(30, Tables E-1 thru E-11}
cooe 3715
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1000 ’
Ti Ti-6Al-6V-25n
3.8 IN 5@ FORGED BAR
6 Al - ANNEALED
6 v
ASTM E398-72CT
2 Sn BETA=1IN a=L3IN
LT
W
Ti~6=6-2 100 é’/
[ ]
B w
- 4
& ls
&
b
S
R=0.05
1 £
E? —45F
0.1
0 10 20 30 40 50
AK - KSIVIN
500 Ti-6AL-§V—bSn | | FIG. $.0527 FATIGUE CRACK GROWTH RATES AT -85F FOR
3.8 IN SQ FORGED BAR ANNEALED FORGING. (30, Tahles D-1,2,3,4,5)
SPECIMENS: 1600F, 1/2 HR WQ + 1000F, 6 HR
ASTM E299-72CT
BETA=1IN a=1.3
) ) @
50
=
°v)
B
& 10
3 / -
' R=0.05
LEN 1
~65F
ol N
8.5 h
¢ 10 20 30 40
AK - ESIVIN

FIG. 3.0526 FATIGUE CRACK GROWTH RATES AT -65F FOR
SOLUTION TREATED AND AGED SPECIMENS
FROM FORGING.
(30, Tables D=6,7,8,9,10)
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1
Ti-6Al6V-250 | Ti
1/2 IN PLATE
MILL ANNEALED CODE TM G Al
(SEE TABLE 3.027 FOR
103} FURTHER INFO) KA 6 V

N

ll Sn

— ATR AND DISTILLED m
WATER
g Ti-6~-6-2

0 -~ 3.5 PERCENT
Nacl

102
o/

O
5 s —
5]
& 10! —
= R=0.1 //
g 10 HZ
z —— RT 51/2 ™
X / J
i
=

10 ,r,d; THICKNESS = 0.5 IN -

SIDE GROOVE DEPTH
o =30 TO 40 PERCENT —|

CONSTANT K SPECIMEN

. I

100 10t 102 103 10
AK - KSIVIN Ti-6Al=-6V-25a
11/4 IN PLATE
FIG. 3.0528 FATIGUE CRACK GROWTH RATES FOR ANNEALED STA (SEE TABLE 3.02724 CODE RS,
PLATE IN AIR AND SALT WATER. (36, Fig. 86) FOR SPEC SEE FIG. 3,0528)

10

10?

R =0.1 5

10 HzZ ©

o}

[

=
=1

)
-ty

AIR AND
DISTILLED | ]

WATER—"] é -

/

A{IN PER CYCLE
(8]

da _
dn

k=1

=
L=]

0 - 3.5 PERCENT Nadl

1071
100 10! 10
AK = KSI\IN

2

FIG. 3.0520 FATIGUE CRACK GROWTH RATES
FOR BETA PROCESSED, SOLUTION
TREATED AND AGED PLATE
TESTED IN AIR, DISTILLED WATER
AND SALT WATER, (36, Fig. 87)
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Ti-6=-6-2

108

Ti-6Al-6V-25n

1/2 IV PLATE
BETA ANNEALED
{SEE FIG. 3.02724 CODE XB,
FOR SPECIMEN SEE FIG. 3.0528)

]

10

ATR AND
3.5 PERCENT N,

10

AfIN PER CYCLE
—

do
dn

o

%
.
—r.

/

10

107t

100

10! 102

AK - KSIn IN
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Ti-6A1-6V-25n | I

1/2 IN PLATE

MILL ANNEALED (SEE TABLE
3.02724 CODE RAM, FOR
SPECIMEN SEE FIC. 3.0528)

10

R=0.1
TEST TEM
o] -80TO 180
W07 10 HZ

"3

5
g
7

-1
10
100 102 102

&K - KSI4/IN

\ N

42 . 4N PER CYCLE

10

FIG. 3.05211 FATIGUE CRACK GROWTH RATES
AT VARIOUS TEMPERATURES FOR
ANNEALED PLATE.
(96, Fig. 93)

FIG. 3.05210 FATIGUE CRACK GROWTH RATES

CODE

3715

PAGE
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FOR BETA ANNEALED FLATE IN
AIR AND SALT WATER.
(36, Fig. 99)
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Ti-8Al-6V-25a l l l .
2 IN PLATE Ti
MILL ANNEAL +1675F 1/2 HR 6 Al
AC +1600F, 1 HR FC
-3 6 v
Wk oy = 150 k8T
1 2 Sn
Ti-6-6-2
ASTM E395
CT SPECIMEN
14| B=11/4 W/B=2 A
r’
Z R=.1 /é
E 19-5 RT -
& f
& A
g
: P
) gi
i=la-]
10-6 F 3
]
Ti-8A1-6V-25n | |
0~ PLATE
1 20 & 100 {SEE TABLE 3.02724 FOR IDENTIFICATION CODE,]
AK - KSININ FOR SPECIMEN SEE FIG, 3.0528)
3
FIG, 3.05212 FATIGUE CRACK GROWTH RATES 19
FOR SPECIMENS CUT FROM PLATE
AND GIVEN TWO ANNEALING
TREATMENTS, (37, Fig. A-3)
RM
I RB
102 / /‘
5] f
=
-l
5]
& .1 /
z 10
3]
: /A
3
N
q: R=0.1
i 10 HZ
RT
100 RD T
/ LAB AIR
H— 50 TO 70 PERCENT —
BRS| RELATIVE HUMIDITY
1071
10° 1! 102
AK - KSI\/IN
FIG. 3.05213 AVERAGE FATIGUE CRACK GROWTH RATES
FOR PLATE GIVEN SEVERAL HEAT TREATMENTS
AND TESTED IN LABORATORY AIR,
(36, Fig. 92)
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203 - 17 i
Ti Ti-6Al-6V-25n | Ti-6Al-6V-28n
| 1/2 IN PLATE A1300F, 50 MIN AC
6 Al MILL ANNEALED o\ © 1300F, 2 HR, AC
6 Vv (FOR SPECUIHEN ‘-TEE FIG. 3.0528) 1622 * @ 1650F, 1 HR, W@ + 1050F, 4 HR __{
=0.1 AND 0.3
2 Sn 2 ‘kT\\ ﬁ \D\ \\
10 W 5 N ™.
TI-6-6-2 | N\
g
R=0.5- - E STATIC
% gl ™~
x| =1
Bt | AR
= [TEeTOTO A EXTRUSION N
@ PERCENT /7 13}~ O @ L IN DIA BAR
& | RELHUM
: 7
¥ RT /
]
ﬂlé 12
- i 200 400 600 800 1000 1200
EMP- F
10° TEM
[/~ /] CODE TM AND RM FIG. 3,062 MODULUS OF ELASTICITY AT ROOM AND ELEVATED
— CODE TM —I——— TEMPERATURES. (ML)
I |
SEE TABLE 3,02724 FOR CODE
| |
109 10t 102
AK - KSIy/IN
FIG. 3.05214 FATIGUE CRACK GROWTH RATES
FOR ANNEALED PLATE AT
SEVERAL R RATIOS TESTED IN
LABORATOQRY AIR. (38)
Source {47, Table 4)
Alloy Ti=6A1 6V -zon
Form Start as 6 in dia. billet reduced in three steps to 1-1/4 in thick disk
Forge Temp. r725F (Beta forge) {1) 1665F (Alpha + beta forge)
Solution temp. F | Direct quench 1525 1650 Direct quench 1525 1650
AZC temp - F 1000 1100|1000 1100 | 1000 110C 41000 100 ]1000 1100 |1000 1100
Fp - ksi 200 195 | 190 176 | 207 135 [ 200 187 {192 17§ | 203 103
Fiy - ksi 188 188 | 178 166§ 193 183 | 192 180 | 181 170 | 194 164
e - percent 7 8 | 10 14 7 9 5 10 g 13 8 8
RA - percent 20 25 | 23 36 16 24 11 27 25 s | 20 20
W/A fn-lb/1n2 74 g8 | 108 285 | 72 88 88 92 80 106 49 102
{1} 1875F = Beta transus
TABLE 4.0122 TENSILE PROPERTIES AND PRECRACKED CHARPY VALUES FOR ALPHA + BETA AND
FOR BETA FORGED DISKS
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Ti

Source (23, Table 3)
Alloy Ti-6AL-6V-28n Ti
Form 9 in dia. billets press upset at 2000F to
reductions shown to 1 in thick pancakes 6 Al
Condition Pancakes: 5. T. 1800F WQ + 1000F,
4hr, 6 Vv
2 Stage upset red. percent | 50 + 0 S0+10 | 50+ 25 | 50+ 40 2 s
Fy - kai 181 185 184 188 n
Fiy - kai 167 166 166 170
e = percent 3.2 4.5 4.2 5.5
RA - percent 7.4 10.4 9.6 9.6 Ti-6-6-2
TABLE 4.0123 EFFECT OF UPSET DEFORMATION FOR BETA
FQRGING ON ROOM TEMPERATURE TENSILE
PROPERTIES
Source {23, Table 13) Source (35, Table 14)
Alloy Ti-6Al-6V-25n Alloy Ti-6Al-6V-25n
Form Landing gear wheel forging Form Full Scale Nose Wheel Isothermal Creep Forged.
Condition Finish forging: 1600F, 1 hr W@ + 1000F, 4 hr AC - Ie-100 Alloy Die and Work Piece at 1650F,
Forge Pot 1875F + extrude 2000F + block and finisk as Candition Forge + WQ Forge + WQ + 1850F, 1/2 hr. WQ
Indicated + 1050F, 4 hr. + 1650F, 24 hr
Block - F 1700 1700 1950 Location 3 1 F 3 4
Finish - F 1700 1850 1700 Fry - ksi 185 200 187 180 130
Location Wall Rim Wall Rim Wall Rim Fry - ksl 172 192 180 185 180
Fyy - ksi 196 188 178 178 184 164 € - percent 10 4.5 8.5 7.0 5.9
F;y - ksi 179 173 156 161 1685 164 RA - percent 27 8 15 21 20
e = percent 8 ] § 7 4 6
RA-percent 15 21, 10 15 8 14
Section of Nose Wheel
TABLE 4,0324 EFFECT OF FORGING TEMPERATURES ON ROOM Forging showing specimen
TEMPERATURE TENSILE PROPERTIES OF LAND- locations and thicknesses
ING GEAR WHEEL FORGING
Ti-6Al-6V-25n | | TABLE 4.0126 TENSILE PROPERTIES AT ROOM TEMPERATURE
25| 1 IN DIA x 2 IN LONG CYLINDERS OF ISOTHERMALLY FORGED AND HEAT TREATED
NOSE WHEEL.
“ ™ \
20 \ 50 ips PRESS
\ : SPEED
g \'\ L \I\ ! Source (44, Table 9}
16 - + Alloy Ti-6Al-6V-25n
@ ™ | N Form 035 inch Plate Mill Annealed
= \ Condition Az Welded
[ N | Wald Type Manual GTA Plazma jAuto. GTA Electron
312 ~ i Matching Filler | Are |Matehing Filler | Beam
S | Fpy - kst 172 173 175 173
& \ I Fry - ksl 153 156 158 156
d o5 ! e (2 in) percent 2 4 4 5
8 ’ = T | :
‘\-{-\\- | : Fusicn zone I_g_ 25 __1 _L
\ bl B A LI e
¥ |
BETA TRANSUS = L— ! 4.3 3 !T
o l l | Weld Test Specimen
1500 1660 1700 1800
UPSET TEMP - F
TABLE 4.0312 TENSILE PROPERTIES AT ROOM TEMPERATURE
FIG. 4.0125 EFFECT OF UPSET TEMPERATURE AND PRESS FOR WELDS MADE BY SEVERAL PROCESSES WITH
SPEED ON FLOW STRESS. {35, Fig. 80} MATCHING FILLER
cooe 3715
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. Source {24)
Ti Alloy Ti-6Al-6V-250
6 Al Form ) 0.3% in Plate. Annealed
Condition Auto, GTA Weld
6 v Filler Ti 75A +
Ti 754 |Ti-8-6-2 |Ti-66-2|Ti-$~6-2] Ti-6-6-2
2 Sn Past Weld 1400F, | 14007, 4 br
Treatment None None - None 4 hrs. | +500F, 1009 hr
Fry - ksi (1) 168 172 175 159 162
Ti_6_6_2 Fty = kat 146 156 138 147 147
e (2 in} percent 4 4 4 12 ]
Ky, -ksiafin(2) | (68) (62) 44 (57) 54
(1) For specimen see Table 4.0312.
(2) ASTM E-399, values in { ) not valid because of insufficient
specimen thickness, Crack at weld center.
TABLE 4.0313 TENSILE PROPERTIES AND PLANE STRAIN
FRACTURE TOCUGHNESS FOR GTA WELD METAL
FROM SEVERAL FILLERS
Source (8)
Alloy Ti-6A1-6V-25n
Form 0.1 inch Sheet (0.14 Oz, 0.014 N, 0,004 Hg, 0.02C, 0.51 Fe)
1625F, 1/2 hr + 1625F, 1/2 hr. WQ + 1625F, 1/2 hr, WQ + Weld +
Condition 1200F, 2 hr AC 1200F, 2 hr, AC + Weld 1200F, 2 hr, AC
Filler Wire (3) Not Welded EAl-6V-28n | 6A14V SAL-8V-285n [ 6Al-4V | Ti-55A
| Weld Location (1). c E[CTE s E|CJELICIE
Fty - kai {2) 172 192 191 | 174 (185 192 191 | 189182 [ 159 |188
Notch (4)
Strength - kai 63 30 28 38 35 27 28 241 36 80| 43
(1) Location C - weld center, E - weld edge
(2) Weld yield strength estimated from Hardness tests
{3) Filler 6A1-6V-25n eut from parent sheet
Filler Ti-55A {0.11 Gg, 0.009 N2, 0.007 Hp, 0.03C, 9.11 Fe)
{4) Center crack specimen W - 3 Inch, 2a5 = 1 in
TABLE 4.0314 CRACK STRENGTH OF T1G WELDED SHEET USING SEVERAL FILLER WIRES
Source {65, p.17-8)
Alloy 6A1-6V ~25n-Ti
| Form-- -} - - -~ 0,125-mn-Sheet” - -+ - — -
Condition GTA Weld Single Pags
Filler Metal 6AL-6V-25n BAl=4V
Location Base Metal HAZ (¢) FZ (b) FZ
Postweld(d)
Heat Treat AlB jCclalBlclaln lela
Sonroe a9 Fry - (ksi) | 161] 1a4f25¢f - [ - [ - Ji27| r08{150] - | - | -
Alloy Ti-BAl -6V 250 Charpy Via)
Torm 1.5 o Plate (ft-lbs) 229{1215}340]116 |889(214) 961020} 242 [181}810|198
Location Parent Meral B Weld HAZ (@) Sub _t.h.iclmess 6.125 in.) Charpy,
Direction TL LT TL LT () Fusion Zone
Condition (1) Al B | A BIA [BlA[E te) Heat Affected Zone
Kl ksl 40 [33 |19 [96 {36 | 95 | 40 | 34 (4 A - As welded
B - 1350F, 6 hr, F.C. + 1700F, § hr. F.C. + 1350F, 3 hr, F.C.
{1} A - as received, mill annealed C - 1500F, 1 br + eool 250F/hbr to 1200F, 2 hr. A.C. + 1000F,
B - Stress relieved 1350F, 4 ar 2hr., A,C.
TABLE 4.0315 PLANE STRAIN FRACTURE TQUGHNESS OF THE TABLE 4.0316 CHARPY IMPACT ENERGY FOR SHEET WELDMENTS
HEAT AFFECTED ZONE OF ELECTRON BEAM MADE WITH TWOQ FILLERS AND GIVEN DIFFERENT
WELDS HEAT TREATMENTS,
cone  3I715
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T
Ti~6Al-6V-28n T-
140 [-0.35 IV PLATE !
MILL ARNEAL + AUTO GTA WELD WITH MATCHING 6 Al
FILLER + HEAT TREAT I |
120
] [ (3 v
REVERSED BENDING
100 fR=«1 2 Sn
J RT
- 8o > \. Ti~6=-6=-2
b -
160 \ﬁ\\ -.*
E \ 0 e
-9 40 1
® A5 WELDED
20| © 1400F, 4aHRAC —__ FOR SPECIMEN SEE
A 1400F, ¢ HR AC FIG. 4.0318
0 + 500F, 1000 HR |
10t 105 10% 107
CYCLES TO FAILURE
FIG. 4.0317 FATIGUE STRENGTH OF AUTO GTA WELDS WITH
MATCHING FILLER GIVEN POST WELD HEAT TREATMENTS,
(44, Fig. 80)
140 T
Ti~6Al-6V-28n , [
0.35 IN PLATE
120 Aoy ANNEAL + AUTOQ GTA WELD
|
100 REVERSED BENDING
R=-l
} RT
E BO
- \ &
% 60 e 010
= Pavay
<A} wl— P
FILLER METAL
® Ti-6-6-2
200 {so PERCENT Ti=6-6-2 _____|  FOR SPECIMEN
50 PERCENT Ti-75A SEE FIG, 4.0318
A Ti-T5A
| 1
104 10 . 108 107
CYCLES$ TO FAILURE
FIG. 4.0318 FATIGUE STRENGTH FOR AUTO GTA WELDS MADE WITH
DIFFERENT FILLERS, {44, Fig. 76)
140 T
Ti-6Al-6V-25n 2.0 .
0.35 IN PLATE ’—N Ti-6Al-6V-280 | J
1201 M1 L ANNEAL + WELD " STA TO Fpy = 160, 170, AND 180 KSI
S + ELECTROLESS Ni PLATE
100 REVERSED BENDING =< 1.6 —— (SEE FIG. 4.044) + DIFFUSION
RT =' BOND IN VACUUM)
=
- 80 B0 ke B
2 N e e o B2k ]
1 P —t—
\-_ L E
3 FUSION ZONE 2.5 ). =4 a
= 40~ @ AUTO GTA — T 7%
© PLASMA ARC — A= e 0.8
e A ol W g B s
A ELECTRON BEAM | . —a 8
0 | | PATIGUE SPECIMEN R=-1 0.4
10t 108 108 107 RT 600 00 1000 1200 1400 1600
CY¥CLES TO FAILURE DIFFUSION BOND TEMP (4 HR) - F
FIG, 4.0319 FATIGUE STRENGTH FOR SEVERAL DIFFERENT WELDS FIG. 4,042 EFFECT OF DIFFUSION BONDING TEMPERATURE
MADE IN ANNEALED PLATE WITH MATCHING FILLER, ON ELECTROLESS Ni PLATE DEPTH.
(44, Fig. 62) (27, Table 3)
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240 A, -
Ti Ti-6Al-6V-25a
STA PLATE
6 Al SPECIMENS ELECTROLESS Ni PLATED,
6 v 220\~ <— BRENNER-RIDDELL BATH (64). _ | g4p
0.5 TO 6 MILS + DIFFUSION BOND
I¥ VACUUM
2 Sn
2004 220
Ti=-6-6-2
.
180 . T~ 200
v TU e
i
2 N 3
™16 8. A 180 "
Fal
Fry ?9“-———9-. E
140 A T, 160
O A NOT PLATED a
® A PLATED
80f 4 — A A Fpy=160KSI 140
© @ Fpy = 175 KSI
™
A
a0 2
& ﬁ ol
Z A
@ Ja /8/ o
& N
20—
[ \_‘// T
(87 3
o o
20
A
CRT, N VAN d—t
£ %
1E CHARPY V
oLA, ! 1
RT 600 800 1000 1200 1400
DIFFUSION TEMP (4 HR) - F
Ti-8 Al V~-25n i i
400 ~STA TO Py = 160 KSI BEFORE FIG. 4.044 EFFECT OF DIFFUSION BONDING TEMPER-
ATURE ON ROOM TEMPERATURE TENSILE
mrwsmz;r BONDING IN VACUUM AND IMPACT PROPERTIES OF ELECTROLESS
& 52100 K. B0 Ni PLATED STOCK HEAT TREATED TO TWO
® 1o Ni c /o STRENGTH LEVELS. (27, p. 12}
300 O Ni PLATED
z e
=
' ©
{5x]
E o1
=
wg 200 /
=
=
=
R /
100 —
0 ﬁ.l\,
0 100 800 800 1000 1200 1400
DIFFUSION BOND TEMF - F
FIG. 4.043 EFFECT OF DIFFUSION BOND TEMPERATURE
APPLIED TO ELECTROLESS NICKEL PLATE
ON THE FAILURE TIME IN A MODIFIED McMILLAN
WEAR TESTER. (22, Table 4)
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1967,

AFML TR-65-206 {July 1963).

N.Y. (March 7, 1963).

New Jersey (1966).

(March 1966, page 69).

N.Y. (August 1963).

(Janwary 1962},

1963).

Center, Cleveiand, Ohio (1967).

Ti=6Al=6V=-28n
3/4 IN DIA BAR Ti
ANNEALED
Fpyax = 120 KST AXIAL LOAD 6 Al
k=0,1 6 v
:] SHOT PEENED + Ni PLATE 2 $n
||sHOT PEENED + METALLIZED TUNGSTEN GARBIDE
| Ti-6-6-2
jSHOT PEENED + GRIT BLAST + IVD Al CIOAT + HARD ANQODIZED
SHOT PEENED + GRIT BLAST +
METALLIZED cu—Ni-ll'n
SHOT PEENED + GRIT BLAST +
- ELECTROLESS Ni PII..ATE
SHOT PEENED + GRIT BLAST +
y METALIJZEEID ALUMINUM BRONZE
UNCOATED . SHOT PEENED + GRIT BLAST [
i
SHOT PEENEDH+GRIT BLAST+PHOSPHATE CONV] ERBION]
1 L
UNCOATED AS_MACHINED CONTROLS |
L 1
SHOT PEENED + GRIT BLAST + ANODIZED |
| . 2 PR 1 L L] 1 n 1
104 105 108 107
AVERAGE CYCLES TO FAILURE
FIG. 4.045 EFFECT QF VARIOUS FRETTING RESISTANT COATINGS ON
FATIGUE LIFE OF ANNEALED BAR. (33, ‘Fig. 18)
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