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General

This alloy was developed in the early 1970's by RMI
Company under an Air Force Contract. The goal was
to produce a composition which had higher
hardenability than available o-p titanium alloys (e.g.
Ti-6A1-4V) coupled with improved strength and good
fracture toughness. By appropriate balance of the beta
stabilizer elements Cr and Mo coupled with a small
silicon addition, these goals were largely achieved.
The resulting alloy had 2 modulus somewhat higher
than widely used 6A1-4V. In 1988-1989 there was re-
newed interest in the alloy for applications in ad-
vanced military aircraft. Interest in these applications
led to refinements in the composition and the develop-
ment of thermomechanical processes designed to pro-
duce optimum combinations of strength and
toughness. This Chapter presents both the old data
and that resulting from recent investigations.

Commercial Designations
Ti-6Al-2Zr-2Mo-2Cr, Ti-6-2-2-2-2.

Alternate Designations
Ti-6-22-22, Ti-6-22-225i, Ti-6Q2.

Specifications
[Table] Proposed design mechanical property values
for o-B processed forgings and plate.

Composition
[Table] Chemical composition.

Heat Treatment

General. A range of mechanical properties can be de-
veloped by thermal-mechanical processes (TMP)
which involve the interactive effect of forging condi-
tions and subsequent heat treatment, The TMP deter-
mines the microstructure which in turn influences the
mechanical properties in a complex manner.
Terminology. The following terminology is used when
referring to the various steps in the TMP:

Finish forge temperature: the final soak temperature
used prior to the last forging operation. Depending
on the forging size and process, the part temperature
will usually drop from the soak temperature during
forging,

Beta forging: the finish forge temperature is above the
beta transus (B,) and the majority of the work is per-
formed above f,. This is sometimes referred to as
through transus forging.

Alpha-beta forging: the final soak temperature is below
the beta transus and the finish forge temperature is
below the beta transus.

Beta solution treat: the solution temperature is above
the beta transus.
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Subtransus solution treat: the .
solution temperature is below T
the beta transus. This is some-
times referred to as an -8 heat
treatment.

Conventional processing: finish
forging below the beta transus
followed by a single step
subtransus solution treatment
and aging at 1000F. This was the
original processing schedule.
Mill anneal: 1350 to 1450F.

NN
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Duplex anneal: a two step c r
subtransus solution treatment u Si
applied to o-B finished forging .

and plate used in some early

development work.

Triplex heat treatment: a two step solution heat treatment
where temperature in the first step is above the beta
transus followed by rapid cooling to a subtransus tem-
perature, air cooling and aging, This is presently the
preferred heat treatment.

Effects of the TMP. It is obvious from the above that a
wide range of microstructures and associated mechani-
<al properties can be obtained from variations in the
TMP. The majority of early data corresponded to o-B
finish forging followed by a sub beta transus solution
treatment (see Table 1.5.1.1). This TMP produced high
strengths but relatively low fracture toughness.

A limited amount of the early data was produced

using a duplex anneal of 1740F, AC to 1560F, WQ +
1000F, age.

More recently, studies of the effects of TMP variables
have indicated that improved mechanical properties
are associated with a transformed beta microstructure
of acicular alpha containing little or no grain boundary
alpha (Refs. 4, 6, 20). Data relating to one of these stud-
ies are summarized in Tables 1.5.1.1 and 1.5.1.2. The
best combination of tensile properties and fracture
toughness were produced by beta finish forging fol-
lowed by solution treating somewhat below the beta
transus and aging at 1000F (see Table 1.5.1.1, processes
1 and 2). The resulting microstructure was lamellar
alpha with little or no grain boundary alpha. Alpha-
beta finish forging followed by subtransus solution
treating and aging at 1000F (see Table 1.5.1.1, processes
3 and 4) produced tensile strengths about equal to those
resulting from beta finish forging but substantially re-
duced fracture toughness. The resulting microstruc-
tures consisted primarily of broken lamellar with
equiaxed primary alpha. Processess 5.and 6 combine al-
pha-beta finish forging with a beta solution treatment.
Process 6 employed a two step solution treatment pro-
ducing tensile strengths and fracture toughness vatues
nearly equal to those obtained by finish forging above
the beta transus. This latter heat treatment is sometimes
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referred to as a triplex treatment. It has the

advantage of producing desirable combinations of ten-
sile strengths and fracture toughness without the very
careful control of the forging process required by beta
finish forging. The resulting microstructure was char-
acterized by relatively coarse acicular alpha
(Widmanstaten type). A triplex treatment is presently
recommended (see Table 1.5.1.3) for forgings used in
critical applications.

Hightly acicular transformed microstructures would
be expected to possess superior fatigue crack propaga-
tion resistance due to energy absorption associated
with crack front splitting (Ref. 5). However, fatigue
crack propagation data (see Figures 3.5.3.6 and 3.5.3.7)
obtained for three TMPs did appear to correlate with
the acicularity of the alpha platelets as judged from
the TMP applied.

Cooling rate. The cooling rate from the solution treat-
ment can alter the mechanical properties with the
faster rates providing the higher tensile strengths. This
cooling rate effect may be seen by comparing the ten-
sile strengths and fracture toughness for the pancake
and closed die forgings in Table 1.5.1.2. The fan cooled
material had somewhat lower tensile strengths but
higher fracture toughness than the cil quenched forg-
ing. The acicular alpha platelets increase in size with
decrease in the cooling rate (Ref. 20). Another cooling
rate study (see Figure 1.5.1.4) illustrated the variation
of tensile strength with several quench methods from
a subfransus solution temperature following beta fin-
ish forging (Ref. 20). As might be expected, the tensile
strength falls with decreasing cooling rate which results
in an increasing broadening of the alpha platelets. It
appears that adequate fan cooling from the solution
temperature can produce through hardening in section
sizes up to three inches.

There is no assurance that a single TMP process can be
defined as optimum for all forms of the alloy. However,
based on available information, the triplex heat treat-
ment shown in Table 1.5.1.3 is recommended for
forgings and plates that have been alpha-beta finished
forged.

Conventional Processing. Finish forge 1650 to 1700F +
1600°to 1700F, 0.5 hr, AC+ 900 to 100F.

1.5.1.1 [Table] Effect of thermal mechanical process-
ing on the tensile properties and fracture
toughness of pancake forgings.

[Table] Effect of several thermal mechanical
processes on the tensile properties and frac-
ture toughness of forgings.

[Table] Triplex heat treatments specified for
o-P finished forgings and plate.

[Figure] Effect of cooling rate on the tensile
strength of a forging.
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Hardness

Mill annealed - 39 RC.
a-f forged and triplex heat treated — 41-42 RC.

Forms and Conditions Available
Billets, forgings, plate, sheet and weld wire.

Melting and Casting Practice

Special Considerations

Effects of Silicon. The additions of Si increase the creep
resistance of o-f titanium alloys and also increase the
tensile strength. However, silicides of the form
(Ti,Zr)s5i, can precipitate at prior f grain boundaries
and/or o-B platelet interfaces. This precipitation
occurs on slow cooling from the solution temperature.
These precipitates can substantially reduce the tensile
ductility and the fracture toughness.
Recent work (Ref. 24) has systematically explored the
influence of silicon on the tensile properties and frac-
ture toughness of laboratory produced plate given sev-
eral heat treatments. The results of this investigation
are shown in Tables 1.9.1.1 through 1.9.1.3. For the tri-
plex heat treatment (see Table 1.9.1.1) a substantial in-
crease in tensile strength and a corresponding reduction
in fracture toughness results from increasing the silicon
level from 0.03 to 0.30 percent at an Oe of 0.18.
Approximate TTT diagrams at different silicon levels
indicate the maximum precipitation occurs between
1450 to 1500F. The deleterious effect of slow cooling
through this temperature range is illustrated by the
data in Table 1.9.1.2, which represent an intermediate
hold at 1500F prior to aging. The result is low fracture
toughness with the highest silicon level producing
predominately intergranular fracture.
A regression analysis was used in an attempt to sepa-
rate the effects of silicon from that of oxygen equiva-
lent. The effect of silicon from this analysis was
represented by the following expressions:

F,,=137.5 + 36.3 percent 5i

RA =15.5-6.1 percent Si

F,,=158.5 + 49.2 percent Si

K;. = 91.6 — 49.5 percent 5i.
Increasing the aging temperature to.1150F (see_Table
1.9.1.3) produced substantial loss in fracture toughness
at the higher silicon levels. However, microstructure
studies did not connect this loss with the appearance of
silicides and its cause is presently unknown.

The above data are considered to support a specification
maximum of 0.14 percent 5i to avoid silicide
embritlement during fan cooling from the solution tem-
perature for section sizes producing through hardening.
Some earlier work (Ref. 22) on conventionally pro-
cessed Ti-6Al-25n-2Zr-1Mo-0.120 (see Table 1.9.1.4)
showed similar effects of silicon on the tensile strength
and fracture toughness but found no effect of silicon on
the fatigue crack propagation rates.
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1.9.1.1 [Table] Influence of silicon content on the
tensile properties and fracture toughness of
laboratory heats containing somewhat differ-

ent equivalent oxygen contents.

[Table] Influence of silicon content on the
tensile properties and fracture toughness of
laboratory heats containing somewhat differ-
ent equivalent oxygen contents and given an
intermediate 1500F solution treatment.

[Table] Influence of silicon content on the
tensile properties and fracture toughness of
laboratory heats containing somewhat differ-
ent oxygen equivalents and aged at 1150F.

[Table] Effect of silicon content on tensile
properties and fracture toughness of a
Ti-6A1-25n-2Zr-1M0-0.120 alloy.

Solution temperatures in the range of 1500 to 1600F
appears to produce a minimum in the tensile yield
strength of sheet (see Figures 3.2.1.5 through 3.2.1.7).

Cooling rate from the solution temperature is critical
for plate and forgings. Slow rates lead to reduced ten-
sile strengths while very fast rates will increase tensile
strength at the expense of reduced fracture toughness.
Present recommendations follow the schedule given
in Table 1.5.1.3 which specifies fan air cooling, Consid-
ering the possible variation in fan size and locations in
respect to the part it would be wise to use thermocoupled
test pieces to determine the actual cooling rate for a
particular part shape and size.

Welding. Attempts to produce satisfactory welds for
critical applications have been unsuccessful

(see Section 4.3).

19.1.2

1.9.1.3

19.14

Physical Properties and Environmental
Effects

Thermal Properties
Melting Range.
Fhase Changes.

Beta transus - 1735 to 1785F, dependent upon compo-
sition variations given in Table 1.4.1.

2121 Time-temperature-transformation diagrams.

Thermal Conductivity.
4 Btu ft per (hr ft? F) at room temperature (Ref. 16).

Thermal Expansion.
5.1x10¢ in./in./F.

Specific Heat.

Thermal Diffusivity.

Other Physical Properties
Density.

0.156 Ib/cu in. (Refs. 6, 16).
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Electrical Properties.
Emittance.

Damping Capacity.
Chemical Environments
General Corrosion.

Stress Corrosion.

The only data available at the time this Chapter was
prepared related to the determination of the effects of
stress intensity level on failure time in NaCl solutions.
There are presently no published standards for these
types of tests and therefore comparision with similar
data should be approached with caution.

2.3.21 [Figure] Effect of applied K level on the fail-
ure time of conventionally processed billet in
3.5 percent NaCl.
A quantity designated as K, was recently reported
{Ref. 26) for a variety of product forms from four
producers. These forms included plates, forgings and
forged block (up to 13-inch round corner block) from
ingots having 0.23 percent silicon. Bolt-loaded compact
specimens [MCT(W}] were cut from these forms and
subjected to continuous immersion in 3.5 percent NaCl
solution for 1000 hours. The procedures used in these
tests have been described in a proposal for an ASTM
test method (Ref. 25). While the K value based on the
applied load and final crack length is designated as
Ko there is no assurance that further exposure to the
NaCl solution would not have produced a lower value.
The results of 35 tests gave an average value of 47.3 ksi
Vin. with a standard deviation of 4.16. Additional tests
on plate material with a .15 percent silicon content did
not produce significantly different values from mate-
rial containing 0.23 percent silicon (Ref. 27).

Nuclear Environments

‘Mechanical Properties

Specified Mechanical Properties

[Table] Producers typical mechanical properties for
beta forged plate and billet.

Mechanical Properties at Room Temperature
Tensile Stress-strain Diagrams and Tensile Properties.
3211 Tensilestress-strain diagrams (see Section 3.3.1).

3.2.1.2 [Table] Spread of tensile and yield strengths
for a-p finished forgings and plates from sev-
eral producers and different heats.

{Figure] Effect of oxygen content on the ten-
sile properties of pancake forgings.

[Figure] Effect of thickness on the transverse
tensile properties of conventionally processed
sheet and plate.
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32.1.5 [Figure] Effect of solution temperature on
tensile properties of mill annealed unaged
sheet.

[Figure] Effect of solution temperature on the
transverse tensile properties of unaged sheet
and plate.

[Figure] Effect of solution temperature on the
tensile properties of sheet.

[Figure] Effect of aging temperature on tensile
properties of sheet solution treated at 1600F.

[Figure] Effect of aging temperature on the

tensile properties of sheet solution treated at
1700F.
3.2.1.10 [Figure] Effect of aging temperature on the

tensile yield strength of sheet solution treated
at several temperatures.

3.2.1.11 [Figure] Effect of 100-hour exposure tempera-
ture on the tensile properties of mill annealed
sheet.

32.1.6

3217
3218

3219

Compression Stress-strain Diagrams and Compres-

sions Properties.

32.2.1 <Compression stress-strain diagrams (see Sec-
tion 3.3.2).

32.2.2 [Table] Spread of compressive yield strengths
for o-B finished forgings and plates from sev-
eral producers and different heats.

Impact.

32.3.1 [Table] Impact energy of a conventionally
processed plate and a billet given a duplex
anneal heat treatment.

Bending. Mill annealed material L and T limit:

3 x thickness at 105 degrees.

Torsion and Shear.

3.2.5.1 [Table] Spread of shear ultimate strengths for
o-f finished forgings and plates from several
producers and different heats.

32.5.2 [Table] Shear strength of a conventionally
processed plate and a forged billet given a
duplex anneal heat treatment.

Bearing.

32.6.1 [Table] Spread of bearing ultimate and yield
strengths for a-f finished forgings and plates
from several producers and different heats.

Stress Concentration.

32.7.1 'Notch properties.

32.72 Fracture toughness.

(See Tables 1.3.1, 1.5.1.1, and 1.5.1.2.)

32721 [Figure] Effect of oxygen content on
the fracture toughness of pancake

forgings.
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32.7.22 [Figure] Effect of aging temperature
on plane strain fracture toughness
of hot rolled plate given a triplex
heat treatment.

Combined Loading,.

Mechanical Properties at Various Temperatures
Tension Stress-strain Diagrams and Tensile Properties.

3.3.1.1 [Figure] Effect of temperature on longitudinal
tensile stress-strain curves for conventionally
processed plate.

3.3.1.2 [Figure] Effect of temperature on the trans-
verse tensile stress-strain curves for conven-

tionally processed plate.

[Figure] Effect of temperature on the longitu-
dinal tensile stress-strain curves for o-f fin-
ished forged and duplex annealed billet.

[Figure] Effect of temperature on the trans-
verse tensile stress-strain curves for o-p fin-
ished forged and duplex annealed billet.

[Figure] Effect of elevated temperature on
tensile properties of specimens cut from a
conventionally processed large billet.
[Figure] Effect of temperature on the tensile
properties of conventionally processed plate.
[Figure] Effect of temperature on the tensile

yield strength of a forging after 100-hour
exposure at the test temperature.

3313

3.3.1.4

3315

33.1.6

3317

3.3.1.8 [Figure] Effect of temperature on tensile
strength of large forgings from three heats
representing two producers (bars and /or
points indicate 95 percent confidence inter-

vals).

[Figure] Effect of temperature and elevated
temperature exposure on tensile strength of
a large wing strut die forging from one pro-
ducer (bars indicate one sigma deviation
from means).

33.19

Compression Stress-strain Diagrams and Compres-

sion Properties.

3.3.2.1 [Figure] Effect of temperature on the longitu-
dinal compression stress-stain curves for con-
ventionally processed plate.

{Figure] Effect of temperature on the trans-
verse compression stress-strain curves for
conventionally processed plate.

[Figure] Effect of temperature on the longitu-
dinal compression stress-strain curves for
duplex annealed billet.

[Figure] Effect of temperature on the trans-
verse compression stress-strain curves for
duplex annealed billet.
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3324
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33.2.5 [Figure] Effect of temperature on the compres-
sion yield strength of conventionally processed
plate.

Impact.

Bending.

Torsion and Shear.

Bearing.

Stress Concentration.

Notch Properties.

3.3.7.1 Fracture toughness.

Combined Loading.

Creep and Creep Rupture Properties

[Figure] Plastic creep and rupture data for convention-
ally processed plate and duplex annealed billet.

Fatigue Properties
Conventional High-cycle Fatigue.

3.5.1.1 [Figure] Effect of test temperature on the
smooth fatigue strength of conventionally pro-
cessed billet.

[Figure] Effect of test temperature on the
notched fatigue strength of conventionally
processed plate.

[Figure] Effect of test temperature on smooth
fatigue strength of conventionally processed
plate.

[Figure] Notch fatigue strength for conven-
tionally processed solution treated unaged
plate.

[Figure] Notch fatigue strength for conven-
tionally processed piate.

3.5.1.6 {Figure] Notch fatigue strength of a conven-
tionally processed forging.

[Figure] Smooth fatigue strength produced by
two thermomechanical processes applied to
Ti-6-2-2-2-2 forgings compared with fatigue
strength of annealed Ti-6Al-4V forgings.
{Figure] Notch fatigue strength produced by
two thermomechanical processes applied to
Ti-6-2-2-2-2 forgings compared with fatigue
strength of annealed Ti-6Al-4V forgings.
Low-cycle Fatigue,

3.52.1 [Figure] Effect of thermomechanical process-
ing on low cycle fatigue crack initiation of
forgings.

Fatigue Crack Propagation.

35.3.1 [Figure] Fatigue crack growth rates at 1 Hz for

conventionally processed plate in humid air
and in 3.5 percent NaCl.

3512

3513

3514

3.5.1.5

3.5.1.7

3.5.1.8
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3.5.3.2 [Figure] Fatigue crack growth rates at 20 Hz
for conventionally processed plate in humid

air and in 3.5 percent NaCl.

35.3.3 [Figure] Fatigue crack growth rates at 1 Hz
for conventionally processed solution treated
unaged plate in humid air and in 3.5 percent
NaCl.

{Figure] Fatigue crack growth rates at 20 Hz
for conventionally processed solution treated
unaged plate in humid air and in 3.5 percent
NaCl

[Figure] Fatigue crack growth rates for con-
ventionally processed forging in dry air and in
3.5 percent NaCl.

[Figure] Fatigue crack growth rates for
Ti-6-2-2-2-2 forgings subjected to several
thermomechanical processes compared with
beta mill annealed Ti-6A1-4V forgings.

{Figure] Fatigue crack growth rates in 3.5
percent NaCl for hand forgings made from
8000-Ib ingot and subjected to several
thermomechanical processes.

[Figure] Fatigue crack growth rates for forgings
subjected to several thermomechanical pro-
cesses.

3.5.3.4

3.5.3.5

3.5.3.6

3.5.3.7

3538

Elastic Properties

Poisson's Ratio.

Modulus of Elasticity.

For o-f finish forge + triplex heat treat = 17,200 ksi; for

B finish forge + triplex heat treat = 16,000 ksi

(Ref. 6).

36.2.1 [Figure] Effect of temperature on the tension
and compression elastic modulus of conven-
tionally processed plate.

3.6.2.2 ([Figure] Effect of temperature on the tension

and compression elastic modulus of conven-
tionally processed forged billet.

Modulus of Rigidity.
Tangent Modulus.
Secant Modulus.

Fabrication

Forming

Superplastic Forming. Recent studies have shown that

sheet can be superplastically formed using the same

procedures as employed for Ti-6Al-4V and with no

greater difficulties (Ref. 19).

41.2  [Figure] Effect of superplastic forming tem-'
perature on the tensile properties of sheet.
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42 Machining and Grinding

43 Joining

43.1 Welding. There has been very little information pub-
lished on the weldability of this alloy. Recent aircraft
applications have not involved welding. Attempts to
electron beam weld plate were reported as unsuccess-
ful (Ref, 23). Weld tensile properties were essentially
equal to the parent metal but the fracture toughness
of the welds was low as evidenced by specimens
fracturing during fatigue cracking. At the time of this
Chapter preparation welding can not be recommended.

4.3.1.1 [Table] Tensile properties and fracture tough-
ness of electron beam welds in conventionally
processed plate.

44 Surface Treating

Code 3717
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Table 1.3.1 Proposed design mechanical property values for a-B processed forgings and plate (Ref. 16)

Alloy Ti-g-2-2-2:2
Condition Triplex Heat Treatment (see Table 1.5.1.3)

Form Die Forgings Farged Block Plate
Direction L LT&ST L&LT
Size (in.) £3-in. 13-in.2 _ < 3in.

Basis ] B ]

Fru (ksi) 1500 156 150 150
Fty (ksi) 135 138 135 135
Foy (ksi) 146 150 146 146
Fgy (ksi} 96 100 86 96
o (5630 =15 239 248 239 239
eD=2 297 309 237 237
Fbry (kse]J)'D =15 217 222 217 217
eD=2 260 268 260 260
& (percent) L - 5 5
K)g (ksi Vi) 70 - 70 70
E (1000 ksi) 17.2 172 172 17.2
G (1000 ksi) 6.5 65 6.5 6.5
H 0.33 0.33 0.33 0.33

2 Heat treated size < 3 inches.
b Fyy A value = 152 ksi.

Code 3717
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Table 1.4.1 Chemical composition (Refs. 1, 28)
Alloy Ti-6-2-2-2-2
Composition Conventionat {Ref. 1) Modified for Higher Toughness (Ref. 28)
Element Min Max Min Max
Al 525 6.25 5.25 6.25
Sn 1.75 225 1.75 2.25
i 1.75 225 1.75 2.25
Mo 1.75 225 1.75 2.25
Cr 1.75 2.25 175 2.25
Si 0.20 0.27 0.12 0.20
c - 0.04 - 0.04
N - 0.03 - 0.03
Fe - 0.25 - 0.15
02 - 0.14 - 0.13
Ho? - - - 125 ppm

@ Determined on finished parts.

Code 3717
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Table 1.5.1.1 Effect of thermal mechanical processing on the tensile properties and fracture toughness of pancake forgings
(Refs. 4,7)
Altoy Ti-6-2-2-2-2
Composition 6Al - 2.28n - 1.8Zr - 2.1Cr - 1.9Mo - 0.165i - 0.07602 - 0.01N - 0.02C - 0.06Fe
Form 6-in. dia x 1.7-in. Thick Pancake Forgings
Specimen Orientation Tangentiat
Pracess | Preform Finish Heat / Heat Fu Fiy £ RA Kig
Forge Forge Forge® Treatment? {ksi) (ksi) {percent) (parcent) {hesi Vi)
1 1
o-B By + 82F 16 144 1 21 82
2 Bt + 122F By - 72F. 1 hr, FAC + 162 145 12 21 80
3 8 a- B 25 percent 10007, 8 br, AC 163 150 12 23 62
4 o~ 50 percent 162 149 12 25 53
i 5 . ﬂt + 82F. 0.5 hr, FAC + 161 139 10 15 68
- B30 percent | ™ 000F, 8 hr, AC
o-B Bt + B2F, 0.5 hr, FAC
6 o- P50 percent | Py - 122F, 1 hr, AC + 159 141 10 17 77
100_0F, 8 hr, AC
& Bt=PB transus temperature. Percentages = forge reduction.
b Bt= B transus temperature. FAG = fan air cool.
Code 3717
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Table 1.5.1.2 Effect of several thermal mechanical processes on the tensile properties and fracture toughness of forgings

(Refs. 6, 7)
Alloy Ti-6-2-2-2-2
Form Forgings
Section
Forging Forge Heat . Fiu F e RA K
Thickness | Directfon ty I
Type Process? | Treatment (in) (ksi) (ksi) (percent) | (percent) | (i)
ab
L A I - o | 14 o |
Pancake
0.076 Oxygen .
o-B Triplexd 05 L 159 141 10 16 78TL
FAC T 155 137 9 15
a-B L 154 138 12 17
>B FAC - T 152 137 13 18 [t
Pancake
0.13 Oxygen Triplex 5 L 176 154 8 12 6311
a-p Oil Quench ' T 169 152 7 1
3 L 163 146 12 21
a-p 1 L 161 144 1 19
> FAC 1 T 160 148 13 24 78t
Closed Die 05 T 165 147 17 96
013 Oxygen 3 L 154 138 10 17
Triplex 1 L 159 141 19 24
a-B FAC 1 T 154 137 9 16 74 8L
0.05 T 158 144 14 18

a ., Bt = finish forge above the B transus. a-p = tﬁrough transus forge.
b st Pt - 75F, 0.5 hour, FAG + 1000F, 8 hours, AC (conventional heat treat).

€ FAC = fan air cool > 35 degrees per minute.

o

Table 1.5.1.3 Triplex heat treatments specified for «-B finished forgings and plate (Ref. 16)

ST Pt + B2F, 0.5 hour, FAC + By - 122F, 1 hour, AC + $000F, 8 hours, AC.

toliowing B Solution Treatment

Alloy Ti-6-2-2-2-2
Fo Forgings and Plaie
m (with maximum thickness or diameter up to 3-in.)
B Solution Heat Treatment o.-  Solution Treatment Aging

B transus? + 25F to B transus +
100F, 0.5 hr min, Fan Air Cool 36 to
120F/min to 900F max

Range:

P transus - 25F to P transus - 115F,
1 hr min, Fan Air Cool 36 to 120F/min

Range:

925 to 1025F & to 10 br, AC

2 B transus to be determined to within +/- 25F.

1Code 3717
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[Ti-6-2-2-2-2, Forging ‘ 1 ’
Beta finished
3-in. thick test blogks thermocoupied at mid-plane and
subtransus ST, quench as indicated + 1000F, 8 hr
© Qit quench
® Fan aircogl
A Air coal
% 80| & siow fumace coof
=
=
(1 o\
o=
'g'n 160 =
g
& \
-]
£ o ™
=
=
[
E
5 120
i} 10 20 30 40 50

Time to Half Temperature (min.)

Fig. 1.5.1.4 Effect of cooling rate on the tensile strength

of a forging (Ref. 20)

Titanium Alloys = Ti-3700
Ti-6-2-2-2-2

Table 1.9.1.1 Influence of silicon content on the tensile properties and fracture toughness of laboratory heats containing

somewhat different equivalent oxygen contents (Ref. 24)

Alloy Ti-6-2-2-2-2
Form 65-Ib Ingots Converted to 1.75-in. Thick Plate
Heat Treatment Triplex {see Table 1.5.1.3)
s, s s suy
Fry (ksi) 163 164 174 176
Fty (ksi) 145 143 152 155
¢ {percent) 8 9 9 8
RA (percent) 16 15 14 14
Kig (ksi Vin.)C 79 88 73 63
4 Oe = Oxygen equivalent = percent Oxygen + 1.5 percent Nitrogen.
b Average L and T.
C LT C(T) specimens.
Code 37117
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Table 1.9.1.2 Influence of silicon content on the tensile properties and fracture toughness of laboratory heats containing
somewhat different equivalent oxygen contents and given an intermediate 1500F solution treatment (Ref. 24)

Alloy ﬁ-6-2-2;2-2
Form 65-Ib Ingots Converted to 1.75-in. Thick Plate
Heat Treatment B + 50F 1 tr, FAC? + B - 50F 1 hr, FAC + 1500F 2 hr, FAC + 1000F 8 hr, AC
B Transus (F) 1805 1785 1810 1820
o, o o S
Fry (ksi)© 162 161 166 169
Fry (ksi) 144 141 148 152
e (percent) 8 6 4 7
RA (percent) 15 L] 7 13
Kie (ksi ¥in.)d 62 51 48 46

2 FAG = fan air cool.

b ge- Oxygen equivalent = percent Oxygen + 1.5 percent Nitrogen.
€ Average L and LT.

LT C(T} specimens.

[=1
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Ti-6-2-2-2-2

Table 1.9.1.3 Influence of silicon content on the tensile properties and fracture toughness of laboratory heats containing
somewhat different oxygen equivalents and aged at 1150F (Ref. 24)

Alloy Ti6-2-2-2-2
Form B5-1b Ingots Converted to 1.75-in. Thick Plate
Heat Treatment B + 50F 1 hr, FAC2 + B - 50F 1 hr, FAC + 1150F 8 hr, AC
B Transus (F) 1895 1785 1810 1820
a, i o s
Fy (isi) © 156 157 166 168
Pty (ksi) 145 145 155 157
e (percent) 13 8 8 7
RA (percent) 19 12 10 8
Kje {ksi ¥in)d 78 68 49 43

FAC = fan air cool.

Oe = Oxygen equivalent = percent Oxygen + 1.5 percent Nitrogen.
Average L and LT.

LT C(T) specimens.

a o o o™

Table 1.9.1.4 Effect of silicon content on tensile properties and fracture toughness of a Ti-6A1-25n-2Zr-1M0-0.120 alloy
(Ref. 22)

Alloy Ti-6AI-25n-2Zr-1M0-0.120 + Si
Form 1.26 x 5-in. Sheet Bar Rolled at 1950F
Condition ST 1950F, 15 min., AC + 1300F, 2 hr, AC
Silicon (percent) 1 0.25 0.5
Test Temperature (F) ke iunn mn 1000 T7 1000
Fru (ksi) 127 78 141 86 143 94
Fry (ksi) 107 654 119 66 119 71
e (percent) 78 1.9 7 10 35 7
Kg (kst Vin.) 112 103 g6d 89 718 87
2 K|c. values.

Code 3717
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Ti-6-2-2-2-2

Ti-8-2-2-2-2, 6-in. Square Biltet

1650F, 4 kr, WQ + 1000F, 8 hr {mid radius)
Cantilever beam

100 13.5% NaCl

LS

Kiege estimata = 47 ksi +in.

y K'IC

60

Ky Appliad {ks| Vi)

40

20

1 5 10 50 100
Expesure Time {hr)

Fig. 2.3.2.1 Effect of applied K level on the failure
time of conventionally processed billet in 3.5 percent
NaCl (Ref. 3)

Table 3.1.1 Producers typical mechanical properties for beta forged plate and billet (Ref. 1)

February 1995

Alloy Ti-6-2-2-2-2
Condition Beta Forged + Sebtransus ST + 1000F Age
Form 2-in. Plate 4-in. Plate 6-in. Rectangular Billet
Fru (ksi) 168 160 164
Fty (ksi} 148 142 147
e (percent) 10 10 9
RA (percent) 16 14 13
Kig (kst Vin.) 77 81 89

Code 3717
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Ti-6-2-2-2-2

Table 3.2.1.2 Spread of tensile and yield strengths for - finished forgings and plates from several producers and

different heats (Ref. 16}

Alloy Ti6-2-2-2-2
Producer Wyman Gordon ALCOA RM! TIMET RMI TIMET
Form2 Die Forging 2-in. Plate B-in. Plate
No. LotsP 3 1 2 3 1
Heat ¢ NS 882794 G659 873180 882890 GesT
Direction L (LT |ST|L LT |ST|L |LY|L|LT|L|LY|L|LY|ST| L(LT|ST! L |LT|ST
Tests / Lot 5 7 7|7 7 7114|1414 |14 |10(10 | 22,2020 (20:20 | 20| 22| 19 20‘
Frg (ki) max | 167 | 170 | 168 | 164 | 163 | 160 | 165 | 168 | 167 [ 170 | 170|174 | 164 | 165 | 163 | 164 | 165 | 184 172 | 168 | 166
min | 162 [ 160 | 161 [ 156 | 157 | 153 | 161 | 163 ( 161 | 162 [ 162 165 | 169 | 160 | 159 | 159 | 160 | 169 | 155 | 159 | 157
Fty(ksi) max| 146 | 146 | 146 143 | 143 | 141 146 | 147 | 148 | 151 | 148 ] 151 | 145] 145 | 144 | 1441 145 | 143 | 144 | 147 | 145
min | 140, 138 | 141 138 | 137 [ 134 | 140 | 143 | 142 [ 145 | 142 | 144 | 142 140 | 141 ; 140 | 140 | 139|138 | 138 | 140
2 Triplex heat treatment for all forms (see Table 1.5.1.3).
b Aot is an individual forging or plate.
C NS = not specitied.
£
2 Ti-6-2-2-2-2, Pancake Forging
B Processes 3,4and 5
2 . 180 |Ses Table 1.5.1.1 for details
B | —
bell-: /
3
E "
S 160
180
=
=n
s
&=
= £ 150 _——
[
=5
[~}
- v
-
140 :
0.04 0.06 0.08 0.10 0.12 0.14
Oxygen (percent)

Fig. 32.1.3 Effect of oxygen content on the tensile properties

of panicake forgings (Ref. 4)
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Ti-6-2-2-2-2

Ti-6-2-2-2-2, Sheet (0.13-in. thickness}) and Plate Ti-6-2-2-2-2, Sheet
ST, AC + 1000F, 8 hr 0.082-in. thickness
R Mill Annealed + ST 30 min.
- ST _1740F £ a0l .
= 4 05hr g Mill Annealed
E 20F e b 2 Fyy = 163 ksi
= w Fp, = 158 ksi o
[ -] f==—y
EE % 2 180 |— n; =10%
TR 200 |— 2= /
= - ‘,, - r—
o 2 ~ (™
m - £ w0 A
‘g 180 — s E S
= 35
2 10 . 140
£ W E 180
2 =
2 a =
= - »=
28 -~ =22 1 .
=% 160 e ="
= E 2
= - N\
—_E:- 40 8
=8 /,—J-J**— o ST / \
= @
= gs , X
sE =
T8 1 *—— =" L 2
=3 adee"
S2 L
s 0 0
w 0.0 02 04 o6 0.8 1.0 1.2 1400 1500 1800 1700 1800
Thickness (in.) Solution Temperature (F)

Fig.3.2.1.4 Effect of thickness on the transverse tensile Fig.3.2.1.5 Effect of solution temperature on tensile

properties of conventicnally processed sheet and plate properties of mill annealed unaged sheet (Refs. 3, 19)

{Ref. 14)
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Ullimata Tenstla

Tensle Yield
{percent) (percent) Strenpih, Fyy (ksl) Strength, Fy, (ksl)

RA

Elongation

Aerospace Structural Metals Handbook

ST.AC
Transverse

Ti-6-2-2-2-2, 0.125-in. Sheet and 0.55-in. Plate

s20 | ST(N) t(in}

® 05
a 1

0125
0.55

[
=3
o

g8

160

—
oo
(=]

160

A\\'—’/'

0
1200 1300

1400 1500 1600
Solution Temperature (F)

1700

1800

Fig. 3.2.1.6 Effect of solution temperature on the
transverse tensile properties of unaged sheet and -

plate (Ref. 14)

Titanium Alloys » Ti-3700

Ti-6-2-2-2-2

20 T-6-2-2-2-2, Sheet

0.050-m. thickness
ST 30 min., AC

200 | g Transus = 1742F /

160 =

Ullimate Tenslle Strength,
Fyy (ksl)

140

L]
2
(=]

180 r

Fyy (ks))

Tenslla Yisld Strength,

\\

140 M

—
n

pury
mn

Elenpation
{percent)

™,

/

4

1400 1500 1600 1700
Solution Temperature (F)

1800

Fig.3.2.1.7 Effect of solution temperature on the

tensile properties of sheet (Ref. 21)
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Ti-6-2-2-2-2

20 52222, Sheat

0.062-in, thickness
ST 1600F, 0.5 hr, AC + age 8 hr

2

Ultimate Tenslie Strength,
Fyy (ksl)
g B
).

.
=8

"',_H‘\\\

Tensile Yiald Strength,
Fiy (ksl)
8

180
12
SE ‘—5'—"!
=2 4
0
800 00 1000 1100 1200
Aging Temperature (F)

Fig. 3.2.1.8 Effect of aging temperature on tensile
properties of sheet solution treated at 1600F

(Refs. 3,19)

Ti-6-2-2-2-2, Sheet

0.050-in. thickness

ST+ age, 8 hr

m 5T 1600F
O ST1652F
— O ST1697F
2 20
Wz o o
g "_-_!
g 200 {_’,\"‘N
£
o
3 180 O \\
= [e] \0
. 0
2 N,
= 160 \
140
BOO 900 1000 1100 1200 1300 1400
Aging Temperature (F)

Fig. 32.1.10 Effect of aging temperature on the tensile
yield strength of sheet solution treated at several
temperatures (Ref. 21)
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Tenslia Yiold

Elongation

240 R76-2-2-2-2, Sheet
= 0.062-in. thickness
= ST1700F, 0.5 hr, AC +age & hr
=
[
=
=n
g 20 N
E ‘\.

180 |
z 200
= / ’_\
* 180 ~
=
'g’ «h/ \
@ 160
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=
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g

Fig. 32.1.9 Effect of aging temperature on the tensile
properties of sheet solution treated at 1700F (Refs. 3, 19)
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Ti-6-2-2-2-2

Tig-2-2-2-2, Sheet
0.083-in. thickness
Mill 2nnealed
o Ti-BAl-2-2-2-2
A Ti-BAI-4V
180
ﬁ L] —— |
@B 160
2% oo
£ ——t
=
£ 140
E
]
120
180
=
g 160 B e = Wy .
E 3 - -
==
[~}
=5 A - " A
2 140 A m———
= T
o
-
120
15 J
g~ T
= e
=2 10
eE
2 ,E-, ".\\.
[T¥)
5
440 60D 800 1000 1200

Exposure Temperature (F)

Fig. 32.1.11 Effect of 100-hour exposure temperature
on the tensile properties of mill annealed sheet (Ref. 19)
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Table 3.2.22 Spread of compressive yield strengths for a-f finished forgings and plates from several producers and
different heats (Ref. 16)

Alloy Ti-6-2-2-2-2
Producer Wyman Gordon ALCOA RMI TIMET RMI TIMET
Form? Die Forging 2-In. Plate 6-in. Plate
No. Lotsb 3 1 2 3 1
Heat Ns© NS 882794 GE581 873190 832890 G659
Diraction E|LT | ST|L (LT |ST| L (LT} L (LT|L|LT|L|LT|ST|L|LT|ST| L |LT|ST
Tests / Lot 2|2 |22 1 (1|2 |2|3 ;3 |2|2 |33 |3 |3 |3 |3 /3|33
Fey (ksi) max| 160 156 | 160 | 153 | 153 | 152/ 159 | 159 | 169 | 169 | 157 { 160 | 157 | 154 ; 156 | 155 | 157 | 157 | 163 | 155 { 158
min | 154 ( 150 | 155|150 | 153 | 150 | 149 | 159 | 161 | 159 | 157 | 159 | 154 | 152 | 153 | 151 | 154 | 154 { 147 | 149 | 153

2 Triplex heat treatment for all forms (see Table 1.5.1.3).

b Alotisan individual forging or plate.

€ NS = not specified.

Table 3.2.3.1 Impact energy of a conventionally processed
plate and a billet given a duplex anneal heat treatment

(Refs. 8, 15}
Alioy Ti5-2-2-0-2
Table 32 Table 34
Source (Ref. 8) (Ret. 15)
Form 1-1/2-in.’ Plate 4 x 6-in. Billet
ATAF 1 4. AC 1745F, 1 fir, AC to
Condition VAL AL+ 1860F, WQ +
1000F, 8 hr 1000F, 8 hr
Directlon L T L T
Impact Energy _
(f4b) 14 16 15
Code 3717
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Titanium Alloys Ti-3700

Ti-6-2-2-2-2

Table 3.2.2.2 Spread of compressive yield strengths for a-f finished forgings and plates from several producers and
different heats (Ref. 16)

Altoy Ti-G-2-2-2-2
Producer Wyman Gorden ALCOA RMI TIMET amt TIMET
Formd Die Forging 2-in. Plate 6-in, Plate
No. Lots? 3 1 2 3 1
Heat NSC NS 882794 66591 873190 882890 66531
Direction L|LT|ST| L |LT|ST|L|LT|L|LY|L|LT|L|[LT|ST/L LT |ST!LILT|Sr
Tests / Lot 2|12 2211|223 |3 2|2 |38 ;3 (|s3|3|[3|[s3|3]|s
Fey (ksi) max| 160 | 156 | 160 153 [ 153 | 152 | 159 | 159 | 169 | 169 | 157 | 160 | #57 | 154 [ 156 | 155 | 157 | 157 | 163 | 155 [ 158
min | 154 { 150 | 155 | 150 | 153 | 150 | 149 { 159 161 | 159 | 157 | 159 [ 154 | 152 { 153 | 151 [ 154 | 154 [ 147 | 149 [ 153
& Triplex heat treatment for all forms {see Table 1.5.1.3).
b Aot is an individual forging or plate.
€ NS = not specified.
Table 3.2.5.2 Shear strength of a conventionally processed
plate and a forged billet given a duplex anneal heat
treah:r_lmt (Refs. 8, 15)
Alloy Ti-6-2-2-2-2
e[ T e
Form 1-1/2-in. Plate 4 x B-in. Biflet
Condition 174‘:1:6JF h;' I?rc * 17:2:0:'1{\!0“ E .
' 1000F, 8 hr
Direction L T L T
Fsy (ksi) 108 180 103 105
Code 3717
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Ti-6-2-2-2-2

Table 3.2.6.1 Spread of bearing ultimate and yield strengths for -8 finished forgings and plates from several producers
and different heats (Ref. 16)

Alloy Ti6-2-2-2-2
Producer wman | acoa AMI TIMET RMI TIMET
Form@ Die Forging 2-in. Plate 6-in. Plate
No. Lots? 3 1 2
Hea NSE NS 382794 66591 873190 862890 66591
Direction L ' LT L
Tesls / Lol 2 1 . 3 2 |1 3
o/ 5] 2 15| 2 |15 2 (15| 2 {15 2 [15| 2 |15]| 2 | 15| 2
Py (ki) max | 270 | 334 | 250 | 322 | 277 | 323 | 259 | 331 | 260 | 308 | 270 | 340 | 266 | 345 | 273 | 334
mn | 259 | 329 | 255 | 313 | 258 | - | 253 | 320 | 244 | 307 | 266 | - | 260 | 328 | 250 | 319
Foy (ks) max | 241 | 286 | 232 | 275 | 238 { 268 | 243 | 278 | 225 | 260 | 239 | 290 | 237 | 286 | 243 | 288
min | 229 | 285 | 226 | 274 | 222 | - | 223 | 256 | 214 { 252 | 239 | - | 230 | 278 | 220 | 273

2 Triplex heat treatment for all forms (see Table 1.5.1.3).
b Aot is an individual forging or plate,
€ NS = not specified.

80

8

Ti-6-2-2-2-2, Pancake Forgings

Th6-2-2-2:2, Rolled Plate f [
Processes 3,4 and 5

2-in. thickness
5T B, + 80F, 0.5 hr, FAC + B - 102F, 1 hr, AC + age 8 hr, AC _|

w
Q

75 | See Table 1.5.1.1 for details

g

= 2
= &
5 =
< g @
2 \ _E. ﬂ\. T|,_
B8 65 g 7o
£ N 2
S \ " ]
= 60 . - g & N
E [
= E
S [ \
2 55 s O
fre E \

E) & 40

0.04 0.06 0.08 010 0.12 0.14 700 800 900 1000 1100 1200

Oxygen Comtent {percent) Aging Temperature (F)
Fig.3.2.7.2.1 Effect of oxygen content on the fracture Fig. 32.7.22 Effect of aging temperature on plane
toughness of pancake forgings (Ref. 4) strain fracture toughness of hot rolled plate given a
triplex heat treatment (Ref. 5)
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Ti-6-2-2-2-2, Plate
1-1/2-in. thickness
175 } 1740F, 1 hr, AC + 1000F, 8 hr

200 J

RT
150 P
] e
T 1% / 400F
= / | —T"00F |
§ 100 / /§¢'—_’.
@ / V/ BOOF
50 /
25
0

0 0002 0004 0006 0.008 90.0t0 0012
Strain (in.fin.}

Fig.3.3.1.1 Effect of temperature on longi-
tudinal tensile stress-strain curves for con-
ventionally processed plate (Ref. 8)

160

Ti-6-2:2-2-2, Billet | ’
4 x 6-in, !
a0 1745F, 1 hr, AC + 1650F, WQ + 1000F, Bhr | "]

120 /) - 400r ]
L / L1 s00¢

= 100 e 800F ]
g vz
i /é
g /

g

20

0

0 0002 0004 0006 0.008 0.010 0012
Strain (in.fin.)

Fig. 3.3.1.3 Effect of temperature on the longi-
tudinal tensile stress-strain curves for - finished
forged and duplex annealed billet (Ref. 15)

Agrospace Structural Metals Handbook

Titanium Alloys * Ti-3700

Ti-6-2-2-2-2

2
00 Ti-6-2-2-2-2, Plate l
1-1/2-in, thickness
175 | 1740F, 1 hr, AC + 1000F, 8 hr
RT
150 //
T
= / / - 400F
= 600F
] N
2 100 Vi % B800F
& / 7=
=
g 5 /
2 V
50 é
25
o

0 0002 0004 D006 0008 0010 0012
Strain (in./in.)

Fig. 3.3.1.2 Effect of temperature on the
fransverse tensile stress-strain curves for
conventionally processed plate (Ref. 8)

160 =6-2-2-2-2, Billet | RT
X B-in,
1745F, 1 hr, A + 16507, WQ + 1000F. 8 hr, AG//

140
/ 400
120 /
L
T / B00F
|
A

100 5

y di
//

/4

Tensile Stress (ksl)
8
.

60

40

0
0 0.002 0004 0006 0008 0010 00712
Strain (in.fin.)

Fig. 3.3.14 Effect of temperature on the trans-
verse tensile stress-strain curves for ¢-p finished
forged and duplex annealed billet (Ref. 15)
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Ti-6-2-2-2-2

Ti-6-2-2-2-2, Biflet Tj-6-2-2-2-2, Plate
10-in. square 1-1/2-in. thickness
1650F, AC + 1000F, 8 hr ST 1740F, 1 hr, AC Specimens aged 1000F, 8 hr
Mid-radius specimens ol
g 180 =g 80— oT
£ E: '
=3 % 5 1
= w5
& = E £
[.-]
g o T\" o
> 160 }gg
=
2 40 = 140
oy g2 ) \
. & [--}
=2 120 =
8 o o -~ 120 T
2 5
= 100 e EE 100 .
5 -
(=
80 30
0 200 400 600 800 1000 30
Test Temperature (F)

Fig. 3.3.1.5 Effect of elevated temperature on
tensile properties of specimens cut from a conven-

Reduction in Area
(percent)
?
&

tionally processed large billet (Ref. 3) 50 I
S= 40 2
180 52222 Forging E& /9/3
Closed die w~ a0 —
- Triplex heat treatment process &
£ 160 {Ses Table 1,5.1.1 for detalls Qf/
= 20
w ] 200 400 600 800 1000
£ 1a0 |\
E \ Test Temperature (F)
% \ Exposed 100-hr at test temperature
IRk <3 Fig.33.1.6 Effect of temperature on the tensile pro-
o \ perties of conventionally processed plate (Ref. 8)
£ <
[
I\.
80
[t} 200 400 600 800 1060
Test Temperature {F)

Fig.3.3.1.7 Effect of temperature on the tensile
yield strength of a forging after 100-hour exposure
at the test temperature (Ref. 6)
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Ti-6-2-2-2-2, o-B Forged Block
€-in. thickness
Triplex heat treated in 3-in. sections
— See Table 1,5.1.3 for details
2 200
2
(V=
= 180 |-
® [N
& 160
=
]
=
- 140 \\‘--.
= ™~
E
= 120
= 180
g 160
Z N
g 140
s
L 1= \,,
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= \
-]
= 100
] T
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80
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Fig.3.3.1.8 Effect of temperature on tensile strength
of large forgings from three heats representing two
producers (bars and/or points indicate 95 percent
confidence intervals) (Ref. 16)

Ti-6-2-2-2-2, Plate
1-1/2-in. thickness
175 [ 1740F, 1 hr, AG + 1000F, & hr

200 |

150

400F

125 600F -

AN
\\ \\ A

g 800F

Comprasslon Stress (kst)

\\\ -

S
N

x4
th

0
0 0002 0004 0006 0006 0010 0.012
Strain (in.fin.)

Fig. 3.3.2.1 Effect of temperature on the
longitudinal compression stress-strain curves
for conventionally processed plate (Ref. 8) .

Ti-6-2-2-2-2

Ti-6-2-2-2-2, Die Forging ‘
Wing landing gear strut
See Table 1.5.1.3 for heat treatment details

Exposure

® O None

B 0O 1000 h/500F
& & 1000 hr/500F
| * & 500 he/7G0F

BN

ol
N

200
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o
(=1
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Fig. 3.3.1.9 Effect of temperature and elevated tem-
perature exposure on tensile strength of a large wing
strut die forging from one producer (bars indicate
one sigma deviation from means) (Ref. 16)

200
Ti-6-2-2-2-2, Plate ’
1-172-in. thickness AT
175 F1740F, 1 ht, AG + 1000F, 8 hr - =
150 /
. / 400F
"1
125 1 _600F |
/ ‘//""-_‘
/
100 / A/ BOOF

. /4

4

50 /4

Compressian Strass (ksi)

25

0

0 0002 0004 0006 0008 DO 0.012
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Fig.3.3.2.2 Effect of temperature on the
transverse compression stress-strain curves
for conventionally processed plate (Refs. 8, 15)
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Ti-6-2-2-2-2

180

Comprasslen Stress (ksl)
g

140 [ 1745F, 1 br, AG + 1650F, WQ,—<
+ 1000F, 8 hr, AC /

Fy
8

120 £ |
|~ B0
100 § 7// sisf
y

/

&0 A

Y.

40 7
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(]
0 0002 0.004 0006 D.ODE 0010 0.012
Straln (in.fin.)

Fig. 3.3.2.3 Effect of temperature on the
longitudinal compression stress-strain
curves for duplex annealed billet (Ref. 15)

TisG-2-2-2-2, Plate
1-1/2-in. thickness
1740F, 1 hr, AC

Specimens aged 1000F, 8 hr

oL
oT

160

\

140

N

AN

120

AN

Compression Yleld Strength, Fey (ksi)
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Fig. 332.5 Effect of temperature on the compres-
sien yield strength of conventionally processed plate

Test Temperature (F)

(Ref. 8)
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Fig.3.3.2.4 Effect of temperature on the
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for duplex annealed billet (Ref. 15)
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Fig. 34.1 Plastic creep and rupture data for conventionally
processed plate and duplex annealed billet (Refs. 8, 15)
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Fig.3.5.1.1 Effect of test temperature on the smooth
fatigue strength of conventionally processed billet

(Ref. 15)
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Fig.3.5.1.2 Effect of test temperature on the notched fatigue
strength of conventionaily processed plate (Ref. 8)
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Fig.3.5.1.3 Effect of test temperature on smooth fatigue
strength of conventionally processed plate (Ref. 8)
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Fig.3.51.5 Notch fatigue strength for conventionally processed
plate (Ref. 11)
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Fig. 3.5.1.7 Smooth fatigue strength produced by two
thermomechanical processes applied to Ti-6-2-2-2-2 fargings
compared with fatigue strength of annealed Ti-6Al-4V forgings
(Ref. 6)
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Fig. 3.5.2.1 Effect of thermomechanical processing
on low cycle fatigue crack initiation of forgings

(Refs. 4,7)
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Fig. 3.5.1.8 Notch fatigue strength produced by two
thermomechanical processes applied to Ti-6-2-2-2-2

forgings compared with fatigue strength of annealed
Ti-6Al-4V forgings (Ref. 6)
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Fig. 3.5.3.1 Fatigue crack growth rates at 1 Hz
for conventionally processed plate in humid air
and in 3.5 percent NaCl (Refs. 10, 11)
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Fig.3.5.3.6 Fatigue crack growth rates for
Ti-6-2-2-2-2 forgings subjected to several thermo-
mechanical processes compared with beta mill

annealed Ti-6Al-4V forgings (Refs. 4, 7)
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Fig. 3.5.3.8 Fatigue crack growth rates for forgings sub-

jected to several thermomechanical processes (Ref. 4)
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Fig. 3.5.3.7 Fatigue crack growth rates in 3.5 percent
Na(l] for hand forgings made from 8000-1b ingot and
subjected to several thermomechanical processes

(Ref. 20)
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Fig.3.6.2.1 Effect of ternperature on the tension and
compression elastic modulus of conventionally
processed plate (Ref. 8)
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Fig. 3.6.22 Effect of temperature on the tension and
compression elastic modulus of conventionally
processed forged billet (Ref. 15)
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Fig.4.1.2 Effect of superplastic forming temperature
on the tensile properties of sheet (Ref. 19)

Table 4.3.1.1 Tensile properties and fracture toughness of electron beam welds in conventionally processed plate (Ref. 22)

Alloy Ti-6Al-2-2-2-2 0.258i, 0.12 Oxygen
Form 0.625-tn. Hot-Rolled Plate
Condition ST 1725F, 1 hz, AC 8T 1750F, 1 hr, AC
Welding? No Weld + AgeD Weld + Age No Weld + Age Welid + Age

Fry (ksi} 182 180 180 178
Fty (ksi) 156 166 165 164
e (percent) 13 17 17 17
RA (percent) 35 35 34 30
Kie (ksi ¥in)© 44 -d a7 d

Electron beam welding parameters: beam current 300 ma, voitage 45 kV, energy input 20.4 kJjinch, gun to work B-inches. No filler metal.

a
b oAy specimens aged 1000F, 8 hours.

[ =S+ ]
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CT specimens with crack at weld cemnteriine.
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