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GENERAL

This alloy is an age hardenable, metastable beta alloy
developed by Crucible Steel Division of Colt Industries
under partial sponsorship of the Air Foree Materigls
Laboratwory, Wright-Patterson Air Force Base, Ohic
(Air Force Contract No. AF33(615)-2742). It has excep-
tignal werkability and high strength capability., It may be
readily hot or celd worked and is through-hardenable in
sections up to six inches. Actual and potential applica=
tons include fasteners, shee:i metal parts, tubing and
heavy section parts,

Beta phase is retained on queaching from above 1400F.
Cmega phase, which also forms on quenching, is stabie
up to 800F, Yield strengths of up to 220 ksi have been
measured in bets +omegz struetures, the strength level
being dependent on the size and volume fraction of the
omega phase. Plane strain fracture toughness reaches a
minimum value of about 20 ksi\fin when the omega parti~
cle size exceeds 100 A®. Beta + alpha structures show
good combinations of strength {up to Fop = 170 ksi) and
fracture toughness (up to K, = 60-70 ksi\fE). Unfortu-
nately, the best combinations are susceptible 1o stress-
corrosion eracking in aquecus solutions containing halide
ions. The alloy is castabie and weidable.

Commercial Designation
Beta III Titanium Alloy.

Alternate Designation
Ti-11.5Mo~6Zr-4.580.

Specifications

AMS-4977, Bars and Wire (fastener stock)
AMS-4980, Bars and Wire
MIL-T-9047E, Bars and Forging Stock.

Composition
AMS and military specified compositions, Table 1,041,

Heat Treatment
Selution treat. 1275 to 1450F, hold briefly at tempera-
ture (several minutes), cool rapidly. Lower tempera=
tures are used for maximum aging response, higher
temperatures for maximum hardenabijlity and solution
treated formability. Liquid quenching is generally used,
though afr cooling is often adequate when solution treated
properties are not important. The effect of quench rate
from solution temperature en solution treated tensile
properties is shown in Figure 3.02136 and Table 3.02125.
Age. 900 to 1100F, with higher strengths obtainabie at
the lower temperatures within this range.

The selection of aging time will depend on the combina-
tion of properdies desired. At 900F, little additional
strengthening is obtained by aging beyond eight hours

{see Figure 3.02137), but the best combination of
strength and fracture toughness is obtained by aging be-
yond thirty-two hours (see Section 3,0272). No iaforma-
tion is available on the influence of aging time on strength
and toughness at higher aging temperatures.

Section 1.06 discusses the aging kinetics as related to
hardness. The influence of heatup time on heavy section
hardenability is discussed in Section 1.091.

Elevated temperature stability is affected by aging time,
as discussed in Section 1.092, When elevated tempera-
ture stability is required, eighi-hour aging appears ade-
quate in the upper portion of the recommended aging
temperature range; times near thirty-two hours may be
needed at 900 to $50F.

Aging time has a complicated influence on the stress cor-
rosion ¢racking susceptibility of this alloy (see Section
2.03).

Hardness
The transformation kinetics and associated mechanical
behavior of this alloy have been studied by Feeney and
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Blackburn (15). At aging temperatures below 800F,
hardening {or strengthening) is caused by the precipita-
tion of {/ -phase (see TTT diagram, Figure 2.0121).
The variation of hardness with aging time at 400, 550
and 700F is shown in Pigure 1.064. At low aging temp-
eramres, e.g. 400F, the hardness inerease is slight
and occurs after a rather long initial incubation pericd
(about 120 minutes at 400F). In conirast,aging at temp-
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eratures between 500 to 700 F commences with a very
short { < 2 minutes) incubation period, and a large in~
crease in hardness occurs,

At aging temperatures above 800F, o -phase precipita-
tion is respensible for strengthening. The effect of aging
time at 850, 1000 and 1150F on hardness is shown in
Figure 1.066. The curves are classical in shape with
lower peak hardness at shorter times the higher the aging
temperature. Slight overaging is also apparent at each
aging temperature, At 1130F, however, therc is a
marked increase in hardness ai times over 100 hours.
This secondary hardening far exceeds the inilial peak
hardness occurring between 5 and 10 minules.

In the narrow temperature range §00F + 10F, the o, -
phase ard ./ -phase grow simultanecusly. Figure 1.065
shows the 800F aging curve bracketed by the 700F and
850F aging curves. It is seen thal the aging characteri-
stics a1 B00F are an apparent compromise between those
at the twe other aging temperatures.

The influence of prior deformation on the aging response
at 700 and 1000 F is shown in Figures 1.064 and 1.066,
respectively. At the outset of T00F aging the hardness
level of deformed stock far exceeds that of undeformed
material. The hardness of both increases with aging
time and, near peak hardness, the two curves tend to
merge. The aging time to achieve peak hardness at 700F
is slightly reduced by prior deformation.

As shown in Figure 1.066, the hardness of deformed
stock does not increase with aging time at 1000F, but
deereases. This contrasts with the response of deformed
stock aged at 700F. Further, although the hardness
curves for deformed and undeformed stock aged at 1000F
merge at longer aging times, there is stll a difference of
35 DPN at the peak hardness of the undeformed stock.
AMS specified hardness for bars and wire, Table 1.062.
AMS specified hardness for bars and wire for fasiener
application, Table 1.063.

Effect of aging time on hardness of specimens aged below
800F, Figure 1.064.

Effect of aging time on hardness of specimens aged at
800F, Figure 1.065.

Effect of aging time on hardness of specimens aged above
800F, Figure 1.066,

Forms and Conditions Availzble

The alloy is available in all roill product forms, includ-
ing feil, Extrusions and tubing are presently available
only on a pilot production basis {7).

Melting and Casting Practice

Molybdenum is difficult 1o add to large heats of titanium
because of the combined effect of its high melting temp-
erature and density. Zirconium, however, forms a
relatively low-melting, low-density master alioy with
molybdenumn. Atterapts to produce this alloy by master-
ailey techniques have proven cost-prahibitive, The alloy
is now produced using a proprietary vacuum arc melting
technique developed by Crucible. Seme early production
ingots showed evidence of unmelted molybdeaum. Modi-
fications to the proprietary meltung technique have sub-
sequently been made and ingots are now being produced
completely free of unmelied material (4).

Triple vacuum-are melted material smooth streagth
properties are no different than those of double vacuum-
arc melied stock (4).
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Tensile properties of cast-to-size specimens, Table 2.03
1.083. 2.031

Special Considerations
Section size and directionality. Tables 3.0214 thru

3.0216 show the influence of as-quenched section size on
the solution treated {water quenched) and aged smooth
tensile propertes of forged sections up to 6 incles
square. The tin content of the bars tested was higher
than the normal specification in order to enhance uniform
hardenability. The results, however, agree with those
for forgings of specified composition in Tables 3.0212
and 3.0213. While the alloy is through-hardenable in

6 inch se¢tion (Tables 3.0214 thru 3.0216), an anomaly
exists in that higher strengths were obtained in 6 inch
section than in 3 or ¢ inch section. It is believed that
this behavior 15 related to the effect of heatup time to
aging, similar to behavior noted for Ti-13V-11Cr-3Al
(14) - the longer the heamp time for a given section, the
higher the strength level.

2.032

Generally, the reduction in area is chserved to decrease
with increasing section size. In Table 3.02141itis
noticed that the transverse ducdlity for bars aged at 900F
were particularly low compared with the longitudinal dir-
ection. Overaging at 950 or 1000 F did not improve this
situation {see Tables 3.0215 and 3.0216). Cross forgicg
lessens this directionality, as shown in Table 3,04217

{the edge properties reperted should not be weighed
heavily because of the limited amount of cold work im-
paried teo those areas).

Stability. Omega phase forms when solution treated mat=
erial is aged in the 400 to 800F temperature range (see
T-T-T diagram in Figure 2.0121). When well developed,
omegn phase embrittles the alloy. Stability considera-
tions therefore limit the service temperature for solution
treated material to 350 to 400 F maximum, -

Alpha phase precipitates upon aging at temperatures a-
bove BOOF, apparently without prier formation of omega.
When high strength and/or elevated temperature stability
is required, the alloy is aged in the 900 to 1100F range
to a stable alpha-beta dispersion. Cmega then does not
form in subsequent service at lower temperatures.

Eight hour aging time is adequate in the upper portion of
the recormmmended range. Times near thirty-two hours
may be needed for aging at $00 to 950F. Experience has
shown that aging above 1100F leads to instability during
subsequent exposure in the omega formation range, e.g.
T00F. This is due to the large amount of relatively alloy-
lean beta produced at higher aging temperatures (4).
Composition. Increzses in beta stabilizer (Mo and Zr)
content above nominal cause modest strength reductions
for a given heat treatment {see¢ Table 3.02138). De-
creases below nominal may preduce creep instability in
the maximum strength condition {4).
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PHYSICAL AND CHEMICAL PROPERTIES
2.037

Thermal Properties
Melting range. Approximately 3200 to 3300F (7).

Phase changes. Beta transus approximately 1400 F (7).
Time-temperature-transformation diagram, Figure
2.0121.

Thermal conducdvity.

Thermal expansion, Figure 2.014.

Specific heat.

Thermal diffusivity.

2.038
2,039

2.031¢
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Other Physical Properties
Density. 0.183 Ib per eu in. 5.10 gr per cu cm (4).

Electrical properties. 3.
Electrical resistivity. 61.3 microhms-inch at 74F for
Ti=11.4Mo=5.9Zr-4.358=0.110. 3.01
Magnetic properties. 3.011
Emittance.

Damping capacity.
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Chemical Properties

Corresion resistance. General. In common with other
ttanium alloys, Ti-11.5Mo-6Zr-4.55 i3 susceptible to
solid salt stress corrosion at elevated temperatures and
exhibits delayed failure of cracked specimens at room
temperature in 2queocus salt environments. No data are
available on the stress corrosion cracking susceptibility
in organic solvents such as methanol.

Salt water stress corrosion cracking., According to re-
cent studies by Feeney and Blackburn (15)(21)(22), the
as-quenched and omegs-phase-sirengthened structures
{aging between 400 and B00F) appear to be immune to
stress corrosion cracking in agqueous halide solutdons.
This is in contrast to beta + alpha structures (aging above
800F) which show stress corrosion cracking susceptibility
the degree to which i5 dependent upen the aging tempera=
ture, applied stress, strain rate, environment and
applied electric potential. Figure 2.033 shows the de-
layed failure characteristics in 3.5 percent NaCl solutien
of eracked bend specimens aged 100 hours at S00F and
tested under open circuit conditions. The data indicate

a threshold stress intensity factor of 26 ksi/in. The
investigators found no environmental failures under the
same conditions for specimens aged at 1150F. This is
consistent with the results in Figure 2.034 which show
for gpecimens immersed in 0,6 M KCl at an applied elec-l
trie potential of -500 mv that the lower the aging temper-
ature (within the beta + alpha Held), the lower the thresh-
old stress intensiry factor and the higher the subsequent
crack growth velocity. Aging time has a complicated in=
fluence on the threshold stress intensity factor and sub-
sequent crack growth velocity as shown in Figure 2.035
for specimens aged at 300 F and tested in 0, 6M KCI1 at an
applied electric potential of =500 mv.

The influence of applied electric potential on the thresh-
old stress intensity factor for specimens immersed in
0.6M KCl aqueous sclution is shown in Figure 2.036
which indicates the possibility of cathodie protecton for
this alloy around -1.5 volts. The influence of potential
on erack velocity is shown to be linear in Figure 2.037.
This relationship, however, would be expected to vary
as a function of heat treatment and specimen orientation.
For example, grain size can alter both the slope of this
line and its intercept on the potential axis (22).

Stress corrosion cracking threshold stress intensity fac-
tor for failure in 3.5 percent NaCl solution (aguesaus)
urder open circuit conditions (no applied potential),
Figure 2.033.

Effect of aging temperature and stress intensity factor
on stress corrosion crack velocity for cracked specimens
immersed in 0.6M K{1 aqueous solution with -500 mv
applied potential, Figure 2.034.

Effect of aging time and streas intensity factor on stress
corrosion crack velocity for cracked specimens im-
mersed in ¢.6M KC] agueous solution with ~500 mv ap-
plied potential, Figure 2.035.

Effect of applied electric potential on crack initiation
atress intensity factor for cracked specimens immersed
in 0.6M KCl agueous solution, Figure 2.036.

Effect of applied electric potential oa stress corrosim
erack velocity for cracked specimens immersed in 0.6M
KCl aqueous solution, Figure 2.037.

Hot salt stress corrosion characteristics of bar, Table
2.038.

Hot salt siress corrosion characterisdes of plate, Table
2.039.

Corrasion rates of Ti-11.5Mo-6Zr-4.55n and unalloyed
titanjurn in hydrochloric and sulfuric acids, Table 2.0310.

Nuelear Properties

MECHANICAL PROPERTIES

Specified Mechanical Properties
AMS specified meckanical properties for solution treated

bars and wire and bars and wire for fastener applicaticn,
Table 3.011.
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3.012

3.013

3.02110

3.02111
3.02112
3.02113

3.02114
3.02115

3.02118

3,02120

3.02121

3.02127

3.02128
3.02129

3.02130
3.02131
3.02132

3.02133

AMS specified mechanical properties for solution treated
and aged bars aad wire, Table 3.013.

AMS specified mechanical properties for solution treated
and aged bars and wire for fastener application, Table
3.013,

Mechanical Properties at Room Temperature

Tension.

Typical stress-strain curves for aged sheet, Figure
3.0211.

Variation in tensile properties for hot rolled hillet,
Table 3.0212.

Variation in Lensile properties for closed die forging,
Table 3.0213.

Effect of heat treated section size on tensile properties of
unidirectionally forged square bars aged at 900F, Table
3.0214,

Effect of heat treated section size on tensile properties
of unidirectionally forged square bars aged at 950F,
Table 3.0215.

Effect of heat treated section size on tensile properties of
unidirectionally forged square bars aged at 1000 F, Table
3.0216.

Effect of eross forzing on tensile properties of 3 inch
and & inch square forged bars aged at 950F, Table 3,0217
Tensile properties of aged bars variously meited and
solution treated, Figure 3,0218,

Center and mid-radius tensile properties of 1 9/16 inch
solution treated bar, Table 3.0219.

Tensile property uniformity of 1 inch and 0.5 inch bar,
Table 3,02110,

Spread of tensile properties for 1/2 inch and 1 9/16 inch
diamneter bars sclution treated at 1330F to 1450F and
aged, Figure 3.02111. ’

Effect of 100 hour exposure 1o elevated temperature with
load en room temperature lensile properties of bar,
Table 3.02112.

Effect of 500 hour exposure to elevated temperature with
load on room temperature tensile properties of bar,
Table 3.02113.

Effect of solution temperature on tensile properties of
tod, Figure 3.0211%.

Spread of tensile properties for rod variously heat-
treated, Figure 3.02115.

Effect of 100 hour exposure at 700F with load on room
temperature tensile properties of rod, Table 3.02116.
Effect of aging temperature on tensile properties of wire,
Figure 3.02117.

Tensile properties of seamless tubing, Table 3.02118.
Effeect of solution temperature on tensile properties of
solution treated 0.5 inch plate, Figure 3.02115.

Effect of solution temperature on tensile properties of
solution treated and aged 0.5 inch plate, Figure 3.02120.
Effect of aging temperature on tensile properties of 0.5
inch plate, Figure 3.02121.

Eifect of aging temperature on tensile properties of 1
inch plate, Figure 3.02122,

Tensile properties of heavy plate, Table 3.02123.
Tensile properties of double and triple vacuum=~arc
metted plate, Table 3.02124.

Effect of quench rate from solution treatment tempera-
ture on tensile properties of plate, Table 3.02125.
Effect of hot relling temperature on tensile properties of
plate, Figure 3.02125.

Spread of tensile properties for plate vartously hot rolled
solution treated and aged, Fisure 3.02127.

Effect of 100 hour exposure o elevated temperature with
load on room temperature tensile properties of plate,
Table 3.0212§. )
Effect of 500 hour exposure to elevated temperature with
load on room temperature tensile properties of plate,
Table 3.02129,

Tensile properties of hot band, Table 3.02130.

Effect of solution temperature on tensile properties of
sclution treated sheet, Figure 3,02131.

Effect of solution termaperature on tensile properties of
aged sheet, Figure 3.02132.

Effect of quench rate from solution treatment tempera-
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ture on tensile properties of selution mreated sheet, (sce
Figure 3.02136).

Effect of aging temperature on tensile properties of

hand sheet solution treated at 135GF, Figure 3.02134.
Effect of aging temperature on tensile properties of hand
sheet solution treated at 1450F, Figure 3.02135.

Effect of aging temperature on tensile porperties of sheet
solution ireated at 1400 or 1450F, Figure 3.02136.
Effect of aging time on tensile properties of sheei,
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Figure 3.02137._

Effect of composition {variation in beta-phase-stabilizing
element conient) on tensile properties of sheet, Table
3.02138.

Sheet tensile property variation for electron bearn melted
ingot, Figure 3.02139.

Effect of cold reduction o tensile properties of sheet
solution treated at 1350F and water quenched, Figure
3.02140.

Effect of eold reduction on tensile properties of sheet
solution treated at 1450F and air cooled, Figure 3.02141,
Effect of cold reduction on aging response of sheet aged
after cold rolling, Figure 3.02142.

Effect of cold reduction on aging response of sheet re-
solution treated and aged after cold rolling, Figure
3.02143.

Spread of tensile properties for sheet variously ¢old re-
duced, sclution treated and aged, Fimrre 3.02144.

Effect of exposure at 200F with load on room tempera-
ture tensile properties of sheet, Table 3.02145.

Effect of 100 hour exposure 10 elevated temperature with
load on roem temperature tensile properties of sheet
aged to madiurn strength level, Table 3.02146.

Effect of 100 hour exposure 1o elevated temperature with
load on room temperature tensile properties of sheet
aged to high strength levei, Table 3.02147.

Effect of 300 hour exposure to elevated temperature with
toad on room temperature tensile properties of sheet
aged to medium strength level, Table 3.02148.

Effect of 500 hour exposure to elevated temmperature with
load on room temperature tensile properties of sheet
aged to high strength level, Table 3.02149.

Effect of 100 hour exposure to elevated temperature with
load on room temperarmure tensile properties of sheet
variously aged, Figure 3.02159.

Effect of aging temperature on tensile properties of coil
sheet, Figure 3.02151.

Tensile properties of foil, Table 3.02152.

Compression.

‘Typical compressive stress-strain curves for sheet,
Figure 3.0221,

Compressive yield strength of bar, Table 3.0222.
Compressive yield strength of plate, Tahble 3.0223.
Compressive yield strength of sheer, Table 3.0224,
Impact {see 3.033).

Bending.

Torsion and shear.

Double shear streagth of aged bars variously melted and
solution treated, Figure 3.0251,

Effect of solution temperature on shear strength of rod,
Figure 3.0252.

Spread of shear strength for rod aged at different temp-
eratures, Figure 3.0253.

Shear strength of sheet, Table 3.0254.

Bearing.

Stress concentration.

Notch properiies.

Effect of composgition (variation in beta- phase-swbilizing
element content) on mild-natch tensile properdes of
sheet, Table 3_02711.

Effect of yield stremgth level an strength of genter fatigue
crack sheet specimens, Figure 3.02712.

Effect of cald reduction on strength of center fatigue-
crack sheet specimens variously heat treated, Figure
3.02713.

Fracture toughness.

General. The aging response of this alloy is presented ir
Figure 3.02722 in terms of its yield strength and plane
strain fracture toughness. According to a recent study
by Feeney and Blackburn (15)(23), the trends observed
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may be interpreted in light of the alloy's transformation
kinetics {see TTT diagram, Figure 2.0121}.

The as=quenched B ~phase structure containss./ -phasze
particles < 25 A in diameter. Aging below 800 F to pro-
duces/ -phase particles > 100 A° caused tension speci=
mens to fail in a brittle manner without general yielding.
These failures often originated at faint machine markings
extensometer marks, and thread roots. Such brittle
specimens were therefore tested in compression and are
suitably identified in Figure 3.02722.

Only 2 small increase in yield strength is obtained on
a2ging at 550F, even after 500 bours, at which time the
(J-phase particle size is 100 A°. The corresponding
degrease in plane gtrain fracture toughness is marked
{a near-linear decrease from 65.9 kef\fin to 9. 4 ksf\/in)
At TOOF, aging produces a rapjd increase in yield
strength. The maximum value of 220 ksi is associated
with an average particle size of 900A%. The plane strain
fracture toughness is reduced to & limiting value of about
20 kai “\fin early in the aging cycle and is thus apparently
independent of both particle size and yield strength when
the {/-phase particle size exceeds 100 A°.

The effect of & -phase precipitation on yield strength and
plane strain fracture toughness is typified by the S00F
aging curve. It is apparent that the best combination of
strength and toughness is obtained by aging beyond 32
hours at 900F, which results in the precipitation of a
fine dispersion of o -phase, The low fracture toughness
value obtained for specimens aged 0.5 hour at 900F is
reproducible and, according to the investigator{l5), may
be explained by the large mass of the fracture toughness
specimen which is responsible for slow heating and slow
cooling through the () ~phase transformatien reglon
during the aging cycle. Hence the high volume fraction
of,4 -phase may be slightly embrittled by this treatrment.
The fracture toughness minirmum at & hours aging is not
unexpected as it is associated with maximum strengthen-
ing at this aging temperature.

Effect of aging time on the plane strain fracture wough-
ness of plate, Figure 3.02722.

Plane strain fracture toughness of press forgings, Table
3.02723.

Combined properties.

Mechanical Properties at Various Temperatures
Tension.

Typical stress-strain curves at various temperatures for
sheet in longitudinal direction, Figure 3.0311.

Typical stress-strain curves at various temperatures for
sheet in transverse direction, Figure 3.0312.

Effect of test temperature ¢n tensile properties of bar,
Figure 3.0313.

Effect of test temperature on tensilte properties of plate,
Figure 3.0314.

Effect of test temperature on tensile properties of sheet,
Figure 3.0315.

Compression.

Typiecal compressive stress-strain curves at various
temperaruares for sheet in longitedinal direction, Figure
3.0321.

Typical compressive stress-strain curves at wvarious
temperatures for sheet in transverse direction, Figure
3.0322.

£ffect of test temperature on compressive yield strength
of sheet, Figure 3.0323.

Tmpact.

Charpy-V impact energy for bar at room temperature and
-40F, Table 3.0331.

Charpy-V impact energy for bar at -40F, Table 3.0332.
Effect of aging temperature on =40F impact energy of
0.5 inch plate, Figure 3,0333.

Effect of aging temperature on -40F impact energy of

1 inch plate, Figure 3.0334.

Effect of hot relling temperature and cooling rate from
the solution treatment temperature on the TOOm tempera—
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ture apd ~40 F impact energy of 0.5 inch plate, Table
3.0335.

Bending.

Torsion and shear.

Beariop.

Stress concentration.

Notch properties.

Fracture toughness.

Combined properties.

Creep and Cree ture Properties

100 hour creep deformation for bar {see Table 3.02112),
500 hour creep deformation for bar (see Table 3.02113).
100 hour creep deformation for plate, Figure 3,043.

500 hour creep deformation for plate (see Table 3.02123}.
Smooth stress rupture properties for plate at room temp-
erature and 500F, Table 3.045.

5 hour mild=-notch stress rupture strength for plate,
Table 3.046.

100 hour creep deformation for sheet, Figure 3.047.

500 hour creep deformation for sheet, Figure 3.048.
200 F creep deformation for sheet, Table 3,049,

300 hour mild-noteh rupture strength for sheet at room
temperature, Table 3.0410.

Fatigue Properties
Axial load and rutating beam fatigue properties of bar,

Figure 3.05L.

Axial load smooth and mild-notch fatigue properties of
bar, Figure 3.052.

Axial load smeoth fatigae properties of plate, Figure
3.053.

Axial load smooth and mild-notch fatigue properties of
cheet, Figure 3.054.

Elasdc Properties
Poisson's ratlo for sheet, Table 3.061.

Effect of heat treated section size on elastie modulusg of
vnidirectionally forged sguare bars aged at 900F,(see
Table 3.0214).

Effect of test temperature on elastic modulus of bar,
Figure 3.0622.

Compressive elastic modulus of bar, Table 3.0623.
Effect of aging temperature on elastic modulus of plate
and sheet, Figure 3,08624.

Compressive elastic modulus of plate, Table 3.0625.
Effect of solution temperature on elastic modulus of sol-
utivn treated sheei, Figure 3.0626.

Effect of test temperature on elastic modulus of sheet,
Figure 3,0627,

Effect of test temperature on compressive elastic
modulus of sheet, Figure 3,0628.

Effect of aging temperature on elastic medulus of coil
sheet, Figure 3.0629.

Elastic modulus of foil, (see Table 3.02152).

Typical compressive tangent modulus at various temper=
atures for sheet in longitudinal direction, Figure 3.0631.
Typical compressive tangent modulus at various igmper-
atures for sheet in transverse direction, Figure 3.0632.

FABRICATION

Formability.
Cold forming. The cold formability of this alloy is dis~

cussed in reference 20. The alloy is more readily celd
formed than previously available high strength titanium
alleys and is approxdimately equal in cold formability o
half~-hard Type 301 stainless steel and A-70 unalloyed
titanium. This formability should permit cold forming of
many sheet metal parts which would require hot forming
alpha-beta grades. The alloy has also been successfully
cold shear spun to high reductions.

The alloy exhibits high springback like all titanium ailoys.
Warm forming may be required when springback cannat
be corrected by means of stretch forming or overbending.
The alloy can be warm formed at 950-1000F. Inexpen-
sive tooling materials are suitable for forming at such
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4.0111

4,012

4.013

4.0131

4.0132
4,0132

4.0134

4.0135

4.0136
4.0137

4,014

temperatures, in contrast to the high-alloy die materials
required for hot forming afpha-beta grades at 1400F,
Low temperature forming also minimizes contamination
of the surface and subsequent metal removal by pickling,
Formed sheet can be simply aged to very high strength
levels.

The alloy has been successfully precessed o tubing. Ten-
sile properties of tubing are presented in Table 3.02118.
Flattening and flaring performance of seamless tubing,
Table 4.0111,

Forging. Forging can be started at remperatures up
2G00F, and minimum temperature is determined solely
by equipment power limitations. Finish forging at rela-
tively low temperature (e g., 1800F) is generaily recom-
mended for fine grain size and maximum aged ductility,
where equipment limirations permit (7).

Rollability. The good workability of this alloy, both hot
and ¢old, recommends it for continuous atrip processing
At 17T00F, the alloy has flow stresses equivalent to Ti-
6Al~4V and about 60 percent that for Ti-13V-11Cr-3A1
(see Figure 4.0121), It ¢an be processed at reasonable
roll loads at temperatures as low as 1400F (see also
Figure 4.0131). The roll energy requirement for this
alloy is comparable to Type 304 stainleas steel (see
Pigure 4.0132).

The effect of initial and final pass entry temperatmres on
the tensile preperties of sheet is shown in Table 4.0133.
The alloy producer recommends an initial pass entry
temperature of 1850F (4). Higher temperatures offer no
property advantage and would require mere conditioning
than the 1B50F initial entry temperature due to heating
contamination, but would provide a safety factor for the
mill. Lower initial relling temperature might cause mill
coiling problems. Hot rolling of plate at 1560 F appears
to produce the best combination of strength and ductility
for selution treated or solution treated and aged plate
(see Figures 4.0134 and 4.0135).

Figure 4. 0136 illustrates the cold rellability of this alloy
from €¢.195 inch, representing the heaviest practcal hot-
band gage, down to 0.002 inch foil. It is seen to he some
what stiffer than commercially pure titanium, requiring
about 10-20 percent additional roiling passes at normal
roli loads to zchieve gage. In terms of cold rollability
without edge eracking, this alloy surpasses commereially
pure titaniurm and many commercial alloys. Cold reduc-
tions exceeding 90 percent without edge cracking are pos-
sible (see Table 4.0137).

Hot rollability of Ti-11.5Mo-62Zr-4.55n and several other
alloys, Figure 4.0131.

Energy for het strip rolling, Figure 4.0132.

Effect of hot relling temperature on tensile properties of
hot rolled sheet, Table 4.0133.

Effect of hot rolling temperature on tensile properties of
seluticn treated plate, Figure 4.0134.

Effeet of hot rolling temperature on tensile properties of
solution treated and aged plate, Figure 4,0135.

Cold rollabilisy, Flgure 4.0136.

Several cold rolling factors related to reduction limits,
Table 4.0137.

Fasteners. The cold formability of this alloy makes it
particularly suitable for aircraft fastener applications.
Solution treated rivets can be readily installed by gun
driving without fear of cracking due to its low rate of
work hardening. Solution treated rivets are suitable only
for low strength applications and where service tempera-
tures do not exceed 350F (see stability considerations in
Section 1.092).

Where higher strength is required rivets may be readily
driven in the overaged condition (1050=-1100F). Such
rivets can be driven by either squeezing or gun drivirg,
are metallurgically stable up to 800F, and can statistical-
ly meet 85 ksi minimum shear strength.

The effect of bucking tool configuration has beer recently
studied (18). While no effect is observed on the cross

4,0141

4.0142

4,0143

4, 0144

4.0145

4.0146

4.03
4.031

4.0311
4.0312

4.032

4.0321

NONFERROUS ALLOYS

tension or lap shear strempth of rivet joints (see Table
4.0143 and Figure 4.0144), a significant difference in TI
fatigue strength for joints with or without previous ex-
posure 1o elevated temperature is shown in Table 4.0146| 11,5 Mo
for flat versus cavity bucking tool configurations.
Effect of solution temperature on cold headability of rod,| 6 2r

Figure 4.90141.
Cross tension and lap shear strength of rivet joinis with 4.5 Sn
and without expesure to elevated temperature with load,

Table 4,0142.

Effect of bucking tocl configuration on cross tension
strength of rivet joints with and without exposure to ele—
vated temperature, Table 4.0143.

Effect of bucking tool configeration and test temperature
on lap shear strength of rivet joints with and without pre-
vious exposure to elevated temperature, Figure 4.0144.
Fatigue strength of rivesed lap shear joints, Figure
4.0145.

Effect of bucking tool configuration on fatigue strength of
riveted lap shear joinis with and without previous expo-
sure to elevated temperature, Table 4.0146.

BETA N

Machining and Grindin
Contact Air Force Machinability Data Center, 3980

Rosslyn Drive, Cincinnatd, Ohio 45209.

Welding
Fusion welding, Data shown in Table 4. 0311 were ob-

tained on GTA welded sheet prepared for welding by
pickling in 2 percent hydroflueric, 20 percent nitric acid.
After piclkding, the panels were rinsed in warm water

and dried; the sheared panel edges were not dressed in
any manner. Welding was manual, single pass, and with-
out addition of filler. Curreat was 90 ampere at 11 volis.
All joints were t{ransverse to the rolling direstion. Weld
beads were ground flush with the parent metal.

The aged strength of weld joints was about 90 percent
that of the aged parent sheet {compare Table 4.0311 with
Figure 3.02134). Low-high aging cycles {e.g., S80CF,

8 hr + 1050F, 8 hr) produce a fine alpha precipitate and
inereased aged strength compared with single aging (e. g.
1050F, B hr}.

Electron beam welding appears to offer no aged strength
advantzge over GTA welding {compare Tables 4.0311 and
4.0312).

Tensile properties of GTA fusion welded sheet, Table
4.0311.

Tensile properties of electron~beam fusion welded sheet,
Table 4.0312.

Spot welding. As in the preparation of fusion welds above
spot weld specimens for which data are presented in
Table 4.0321 were descaled and pickled in nitrig-hydro-
fluoric acid immediately prior to joining. As is general
praetice for Htanjum, no inert gas shielding was required
during spot welding, This results in only a very super—
ficial oxide film around the weld because the fusion areas
are pressed closely together arnd the weld cycle is shott
due to the relatively high resistivity of the metal.

Since spot welds develop only a limited fusion area, the
spot weld strength may be expected to be influenced by
the pre-weld soluticn temperature. Thus the 1350F pre-
weld solution treatrment produces higher lap shear
strength for unaged, pre-weld aged or post-weld aged
welds with one exception - welds post-weld aged at 1000F.
With the exception of unaged welds, the cross tension
strepgth of welds pre-weld solution treated at 1450 F ex-
ceeds that for welds pre-weld solution ireated at 1350F.
Post-weld high-strength aging treatments at 950 and
1000F are generally unsatisfactory. Omnly afier these ag-
ing treatments are weld bond failures ohserved at the ori-
ginal interface. Only marginal recovery of weld strength
is observed in medium strength post-weld aging at 1050F.
Cross tension and lap shear sirenpths of spot welded
sheet, Table 4.0321,

cope 3722
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. 4.04 Heat Treatent
Ti High strength can be produced in this alloy by aging fol-
lowed by air cooling. Little or no distortion occurs. Re-
11.5 MO soluton treatument prior to aging is recommended for
6 Zr sheet parts where improved ductility and toughness is
desired in heavily worked areas. This can be aceom-
4‘.5 Sﬂ plished by heating 10 1325-1350F, holding 1-2 minutes,
and water quenching or individually air cooling. Some | Ti-ll.SMlo-s Zr-4.55n

2]
(=]
(=]

distortien is likely, but to a lesser degree than in heat 1500F, 1 HR, WQ + AGE ,0.0-0._‘\.
-

BETA 111 treatment of other tiianium alloys. "/D/G/G

4.05 Surface Treating

in common with other titanium alleys, this alloy is sus-
ceptible to the embrittling effect of a high-oxygen surface
layer. Removal of scale and oxygen-rich surface after
heat treatment is recommended. The oxide formed in
aging at 900F ¢an be removed by pickling in 23 percent
nitric-2 percent hydroflueric acid a1 146-150F. Molten
salt descaling prior to pickling is preferred after aging
at higher temperatures or after solution treatment and
aging. Acid pickling to reduce thickness by 0.0005 ineh
is adequate after aging, but 0.001-0.002 inch thickness
reduction is recommended afier solution treatment and
aging. Vacuum or inert atmoesphere heat treatment does

=3
1=

N

L3
L]
<

__aa]

_/‘//‘*_M-‘ -

VICKERS HARDNESS (10 KG LOAD)

o
b=3
<

not necessarily eliminate the need for surface removal. AGE TEMP | PRIOR RT DEFORMATION
480 F PERCENT |

Beta alloys absorb hydrogen quite rapidly, though they S 200 0

are affected less by hydroger pickup than alpha or alpha- A550 ¢

beta alloys. The nitrie-hydroflueric ratio in pickling 200 O 700 10

baths should be maintained a1 10-15 to 1 to minimize & 700 o

hydrogen absorption. - I n

varos P 1] 10 100 1000 10,000 100,000

AGING TIME - MINUTES

FIG. 1.064 EFFECT OF AGING TIME ON HARDNESS OF SPECIMENS

AMS (1)(2)
Source Military (3) AGED BELOW 500F. (15)
Weight Percent
Minipum [ __Maximum |
Molybdenum 10.00 13.00
Zirconium 4,50 7.50
Tin 3.75 5,25
Iron - 0.35
Oygen - 0.18
Hydregen - 0.0200*
Carbon - 0.10
Nitrogen - 0.05
Other Elements
(total) - 0.40 500 : I
(Titanium Balance . -
" Military gives 0.015 max (to be determined :-;;:11-'5?;-: Z%':TGE AGE TEMP - F e —"
on each lot of product as shipped). ! !
_ 450 700 =
TABLE 1.041 AMS AND MILITARY SPECIFIED 2 800,y
COMPOSITIONS. 5400 // )// e ——
v -~ - 850
=] pd /
Source AMS (2 = 350 // /4
Alloy Ti-11.5Mo-6 274550 & o
Form Bars and Wire E /’, /
1300~1450F, 15 min max, |1300-1450F, 15 min max, & 300 == V4
Condition wQ W& + 910-940F, 8 hr, AC = - -
Hardness=Rp 30 max 34-45 2 T
o250
TABLE 1.062 AMS SPECIFIED HARDNESS FOR BARS AND WIRE. g
200 0 10 100 1000 10,000
e AED AGING TIME - MINUTES
pdloy Ti-11.5Mo-6Zr-4.53n FiG. 1.065 EFFECT OF AGING TIME ON HARDNESS OF SPECIMENS
Form Bars and Wire {Fastener Stock) AGED AT 800F. (15}
1275-1350F, 15 min, WQ
Condition 1275-1350F, 15 min, WQ |+ 1050-1200F, 2 hr
minimum, AC
[Hardness- R 30 max 30-38

TABLE 1.083 AMS SPECIFIED HARDNESS FOR BARS AND WIRE
FOR FASTENER APPLICATION.

cope 3722
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T T
Ti=11.5M0o-62Zr-4.55n

?
|

(]
ol
a

(2]
=1
=3

1500F, 1 HR, WQ + AGE

Z

i

VICKERS [IARDNESS (10 KG LOAD)

250 AGE TEMP PRIOR RT DEFORMATION |__
F PERCENT
® 850 0
A 1000 0
200 & 1000 10 -
#1150 0
0 10 100 1000 10,000 100,000

AGING TIME - MINUTES

FIG. 1.066 EFFECT OF AGING TIME ON HARDNESS OF SPECI-
MENS AGED ABOVE 800F.

as)

Source {8)
Alloy Ti-11.5Mo-62r-4.55n
Form Cast-to-Size Tensile Specimens
Fry | Fy | e(d in} RA
Heay Condition ksi kei |percent | percent
Afa)| As Cast 121.911207.7] 18.5 61.1
126.6(115.2] 17.0 52.7
1350F, WQ + 750F, 8 hr 138.1 {d) - -
131.8 {d) - -
1350F, WQ + 900F, 8 hr 191.7( 184.1 2.5 4.4
185,11 180.9 2.5 4.3
1350F, WQ + 1100F, B hr 142.9| 135.8 8.0 28.9
143.21135.7 6.0 23.49
133¢F, WQ + 750F, 8 hr 149.9| (@) - -
+ 800F, § hr 203.3| (d) = -
A{b}| As Cast 124.71114,4} 16.8 33.1
117.1(101.3 19.8 59,8
1158.2|104.4| 18.4 60.6
1400F, 1 hr, WQ + 950F, Shr |187.4| 179.3 2.7 7.9
193.5| 183.7 3.1 7.8
1931.0}1179.3 2.4 3.9
19G.01279.8 2.6 5.4
B{c){1350F, W@ + 926F, & hr 187.0 | 280.0 [ 8
1350 F, W@ + 950F, 8 hr 182,01 164.0 7 15

(a) Cast and tested by investigator No. 1.
(b} Cast and tesied by investigator No. 2.
(c) Cast and tested by investigator No. 3.
(d) Specimen failed with less than 0,2 percent plastic deformation.

L

| l-— 1 1:/;4 ——-l 3/8I-
T ™= T
1

@;

TABLE 1.083 TENSILE PROPERTIES OF CAST-T(-SIZE SPECIMENS.

NONFERROUS ALLOYS

Ti
115 Mo
6 Zr
45 Sn
BETA 1l
T T ﬁ z T T I
i-11.5 .55n-0,17
1400 - Txllao-Gr-QSSnQIO ]
1200 fn .
=
11000 |- -
=1
E £00 |- _
<
<%
=
(ST . L= F v _
E {NOTE: REF 15
SHOWS A SLIGHT
400 = LEFTWARD SHIFT _|
OF THESE CURVES)
MINUTES =~—" == HOURS
200 L] | | | |
H 510 401 10 100 1000
TIME
FIG. 2.0121 TIME-TEMPERATURE-TRANSFORMATION
DIAGRAM, (10}
Ti=11,5Mo-6Zr-4.55n
0.265 INCH DIAMETER ROD
OST L350 F
. @ST 1350F + AGE 8 HR 1000F
& g L MEAN COEF LINEAR
; THERMAL EXPANSION
=
@
=z
o * l 1
= FROM RT TC TEMPERATURE INDICATED
3
0 200 200 600 800 1000
TEMPERATURE - F
FIG. 2.014 THERMAL EXPANSION. (%)
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NONFERROUS ALLOYS

Ti-11.5Mo-8Zr—4. 55n :
0.5 INCH PLATE =
1600 F, 1HR, WQ+900 F, 100 HRS, AC ;

| Fry=150 KSI, K =65 KSI\/IN | ;
e

[ vor [l

I__a_..I 4. i

FATIGUE-CRACKED 4-PT BEND SPECIMEN
CRACK IMMEFRSED IN 3.5 PERCENT NaCl
SOLUTION

N\
N

-

— Isc
T aee

@ N0 FAILURE IN 1500 MIN
I
0 5 10 50 100 500 10060
TIME TO FAILURE IN¥ 3,5 PERCENT NaCl - MIN

FIG, 2.033 STRESS CORROSION CRACKING THRESHOLD STRESS

10

10

STRESS CORROSION CHACK VELOCITY - CM/SEC

10

FIG. 2.034

-2

-3

CODE
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INTENSITY FACTOR FOR FAILURE I¥N 3.5 PERCENT
NaCl SOLUTION (AQUEOQUS) UNDER OPEN CIRCUIT
CONBITIONS (NO APPLIED POTENTIAL). (15){21){23)

Ti-11.5Mo-6Zr~4, 550
| 0.1 INCH SHEET
1600 F, 1 HR, WQ + AGE
|
OPEN 5YMBOLS INDICATE STRESS INTENSITY FACTOR
PROBABLY NOT DESCRIPTIVE OF PLANE STRATN
ELASTIC CRACK STRESS FIELD
|
AGE: 900F, 100 HRS (Kygo=15 KSI)

1000 F, 100 HRS

=t

N —
1250 F, 50 HRS
{Kygee = 59 KSIV/IN)

b

I onI I
|
o

¥

!

(o 0L
I ,’I | i
SINGLE-EDGE-CRACKED TENSION SPECIMEN

{CRACK IMMERSED IN 0.6M KCl AQUEQUS SOLUTION AT
-500 MV APPLIED POTENTML}' I |
1 ! !

20 30 40 50 60 70
STRESS INTENSITY FACTOR, K| - KSI \/I¥

10 80

EFFECT OF AGING TEMPERATURE AND STRESS
INTENSITY FACTOR ON STRESS CORROSION CRACK
VELOCITY FOR CRACKED SPECIMENS IMMERSED IN
0.6M KCl AQUEQUS SOLUTION WITH -500 MV APPLIED
POTENTIAL. (15)(22)

STRESS CORRQSION CRACK VELQCITY - CM/SEC

10

-

STRESS FIELD
AGE TIME: 100 HR
|
107 § HR E
b0 o i
! 40 HR J
L, o ol =k
7 1 -
103 .,,-." {40 1.‘_
”“' 0.1

10¢
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Ti-11.5Mo-6Zr—¢.56n |

0.1 INCH SHEET

1600F, 1 HR, WQ + S00F, AC
| |

AGETME Fpy K Kigeo
HRS  KSI KSIIN K51 /TN
8 185 50 a3
40 150 65 12
100 150 65 15

I | i i i
OPEN SYMBOLS INDICATE STRESS INTENSITY FACTOR
L NOT DESCRIPTIVE OF PLANE STRAIN ELASTIC CRACK _]

SINGLE-EDGE-CRACKED TENSIOK SPECIMEN

(CRACK IMMERSED IN 0.6M KCl AQUEQUS SOLUTION
AT =-5300MV APPLIED POTENTIAL)

I I I | 1

20 30 40 50 1]
STRESS INTENSITY FACTOR, K - KSI VIN

|
]
10 70 50

FI5 2.035 EFFECT OF AGING TIME AND STRESS INTENSITY

FACTOR ON STRESS CORROSION CRACK VELOCITY
FOR CRACKED SPECIMENS IMMERSED IN 0.6M KCl
AQUEOUS SOLUTION WITH -500 MV APPLIED

POTENTIAL., (15)(22)
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Ti-11,5Mo6Zr—4.58n [ | i
0.1 INCH SHEET Ti
1600 F, L HR, Wq + 900 F, 100 HRS, AC
Fry = 150 KSI, K= 65 K51 \/IN | 115 Mo
] | 6§ Zr
{-—1
45 Sn
&
[ BETA i
2]
4]
' 7 -]
2 — Hen0.27
A
E
&£ 60 hy
e
0.1
Q
z pid
o 50 SINGLE-EDGE-CRACKED TENSION SPECIMEN
& (CRACK IMMERSED IN 0.6M KCL
z AQUEOUS SOLUTION) |
Hao
]
2
=
&=
£ 30 y
s /‘ o
=
=] >,
£20
&
e
8]
<10
B & NOT DESCRIPTIVE OF PLANE STRAIN ELASTIC
T T
CRACK STRESS FIELD Ti-11.5Mo-6Zr~4.55n |
0 ] | 0.1 INCH SHEET
1600 F, 1 HR, WQ + 900 F, 100 HRS, AC
-1500  -1000  -500 0 500 1000 q
POTENTIAL - MV L Fry = 150 KSI, K, =65 KSI/IN
I —
FIG, 2.036 EFFECT OF APPLIED ELECTRIC POTENTIAL ON ! :r
CRACK INITIATION STRESS INTENSITY FACTOR FOR i —@-
CRACKED SPECIMENS IMMERSED IN 0. 6M KCL
AQUEOUS SOLUTION. (15)(21)(22}
7 —t
o b ~ 0.17
ol +—
=
P U
o } },, 0.1
D TA
[—3
= SINGLE-EDGE-CRACKED TENSION SPECIMEN |
- (CRACK IMMERSED IN 0.6M KCl AQUEOUS
= SOLUTION) I
] T T
& i
5 E
6 :
- T
- . /
]
Q //
Z4
=
8
g3
=
8
g APPLIED STRESS INFENSITY —
3 FACTOR. Ky = 40 KSI \/IN
E1 | (NOT PLANE STRARN) — |
i | |
-1000 -500 0 500 1000 1500
POTENTIAL - MV
FIG. 2.037 EFFECT OF APPLIED ELECTRIC POTENTIAL ON
STRESS CORROSION CRACK VELOCITY FOR
CRACKED SPECIMENS IMMERSED ™ 0.6M KC1
AQUEOUS SOLUTION. (15)(22)
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. Source 4
Ti Alloy Ti-11.5Mo-6Zr-4, 550
Form 0.5 inch diameter bar
115 Mo Condition 1420F, WQ + 950F, § hr
6 Zr 104 hour exposure Subsequent RT tensile properties
Permanent l Salt Attack|
4.5 Sn Temp | Stress Deformation |Surface Ftu Fiy e(4b) Ra at Break
F ksi perceat Coating | ksi ksi percent | percent | percent*
Unexposed none [193.7 181.0 B.¢ 34.3 [¥]
BETA I 500 125 0.00 none |[200.1 190.0 | 5.0 | 16.4 0
500 110 0.10 salt** |196.2 187.6 9.0 31.9 L]
500 130 0.01 salt** 1199.8 190.8 8.0 25.7 o
500 140 0.36 none  |196.9 192,4 | 11.0 32.5 o
500 140 0.00 salt** |196.4 187.9 8.0 23.8 ¢
500 150 .50 salt** |201.2 185.2 2.0 25,7 0
00 30 0.30 none |202.4 191.3 B.O 25.1 0
00 50 0.02 salt*=* [202.8 191.3 7.0 23.7 ]
700 75 0.24 salt** [199. 4 192.4 | 10.0 23.2 0
700 80 0.48 salt** [160.3 - - - 15
700 85 0.14 salt** {130.8 - - - 20
750 40 0.16 galt** |198. 4 187.9 6.0 27.2 [}
* Percent of eross section.
** Specimens coated with a slurry of powdered NaCl and water,
TABLE 2.038 HOT SALT STRESS CORROSION CHARACTERISTICS OF BAR.
urce {2)
lalloy Ti-11Mo-5.52r-4.55
Form 0.063 inch sheet
Condition ST 1400F + 300F, 8 br
550F, 40 ksi Exposure Subsequent RT Tensile Properties
Fermanent SIf Artack|  [source AME(D) [ AMS(Z)
Time |Deformation(Surface| Fu Py | e(2im) | RA | at Break Alloy Ti-11.5Mo—62Zr-4-58n
hr percent  |Coating| ksi | ksi | percent |percent | percent* Bars and Wire
0 - None [213.6[197.6] 8.0 268.7 0 Form (Fastener Stock) Bars and Wire
500 0.05 None |220.2(204.5( 5.0 8.9 0 1275-1350F, 15 min, | 1300-1450F, 15 min
500 .09 None |222.1|208.1| 6.0 22.1 0 Condition wQ maximum, WQ
500 0.05 Salt {215.5[193.7( 5.0 25.4 o Nominal Diameter or
500 <0.01 Salt [223.9]207.5| 4.5 9.0 1 Distance Between Fry =~ ksi ng - kst |e(2 in or 4D) RA
{* Percent of cross section. Parallel Sides minimum | minimum| percent percent*
inches migimum | minimum
TABLE 2.039 HOT SALT ST'RESS CORROSION CHARACTERISTICS OF 1.825 110 90 15 50
PLATE. 1,625 to 3.000 100 90 15 30
* Round specimens.
|Longitudinal direction.
TABLE 3.011 AMS SPECIFIED MECHANICAL PROPERTIES FOR
SOLUTION TREATED BARS AND WIRE AND BARS
AND WIRE FOR FASTENER APPLICATION.
Source (4}
Corrosive Corrosion Rate - mils per year
Medium RT Boiling
Weight A0 {a) | Beta HI{p) AT0 (a) | Betz LI (b}
Acid _|percent | (500 hr test)}(1000 br testf (48 hr test) | (48 hr test)
HCY 2 0.034 0.082 297.0 4,28
3 0.104 G6.062 568.0 15.5
H 7.45 ¢.078 1383 104.3
10 26.55 0.154 3155 676.5 [Source AMS{z)
15 - - 5205 3093 Alloy Ti+11l.5Mo-6Zr-4.55n
20 72.0 8.69 - - Form Bars and Wire
30 316.5 17.55 - - 1300-1450F, 15 min maximum, WQ +
H2S04 1 - - 456.5 1.80 Condition 910-940F, 8 hr, AC
3 - - 1182 15.05 Neminal Diameter or
5 - - 1830 38.89 Distance Betweep Fyy - ksi Fty - ksi je(2in or 4D)] RA
i - - 2833 135.1 Parallel Sides minimur | minimpum | percent percent*
15 - - 40585 241.0 inches mirimum minirmum
(a) Unalloyed titanium grade A7Q, mill annealed sheet 0.087 inch «1.625 180 175 8 22
thick. >1.625 to §.000 180 170 4 10
(b) Ti-11.5Mo-62r-4.581, ST 1400F, WQ, 0.040 inch thick. * PRound specimens,
Longitudinal direction.
TABLE 2.0310 CORROQSION RATES OF Ti-11.5Mo-62r-4.550 AND
UNALLOYED TITANIUM IN HYDROCHLORIC AND TABLE 3.012 AMS SPECIFIED MECHANICAL PROPERTIES FOR
SULFURIC ACIDS. SOLUTION TREATED AND AGED BARS AND WIRE.
cobE 3722
PAGE 10




RELEASED: SEPTEMBER 1972

[Source AMS(1}
Alloy Ti=11.5Mo=6Zr-4.55n
Fortn Bars and Wire (Fasterer Stock)
1275-1350F, 15 min, WG + 1050-1100F,
Conditien 2 hr minimum, AC
Nomiral Diameter or e(Z ln or 4D) RA
Distance Between Fyy = ksi | Py - ksi percent percent*
Parallel Sides minimum | minimum | minimwm  jminimum
inches
<1,625 133 130 12 [ 40

* Round specimens.

TABLE 2.013 AMS SPECIFIED MECHANICAL FROPERTIES FOR
SOLUTION TREATED AND AGED BARS AND WIRE
FOR FASTENER APPLICATION.

240 ‘ .
Ti-11.5Mo-6Zr—4.53n
0.0683 INCH SHEET
200 | 5T + 950 F. 8 HRS, AC
2 —
-—-—-—- L
1 160 /
[+r]
|77]
=1
=
& 120
80
40
TENSION
1}
0 0.005 0.016 U.005 0.020 0.025 0.030 0.035

STRAIN - IN/IN

FIG. 3.0211 TYPICAL STRESS-STRAIN CURVES FOR AGED SHEET.

NONFERROUS ALLOYS

Source {4)
Alloy Ti-11.6Mo-6.5Z2r~4.28n~-0.120
Form 3 1/4 iteh square billet
Coadition [ Hot rolled+1425F, 15 min, WQ+age, 8 hr*
Age Temp|Test Feu F, e{l in) RA
F Location| ksi ks? percent | percent
Unaged Corner (126.0 | 104.2[ 21.0 T1.4
Center [108.1 | 93.0] 20.0 | 61.%
ELD] Corner |183.9 176.3 6.0 25.6
Center 11868.4 | 173.6 6.0 13.0
1100 Corner |134.9 127.4( 15.0 87.5

Center {134.3 { 126.3( 14.0 449

* Biliet solution treated in full section; aging
performed on individual test coupons.

TABLE 3.0212 VARIATION IN TENSILE PROPERTIES

FOR HOT ROLLED BILLET,

(19}

Source (117}

Alley Ti-11.5Mo-6Zr=4.550-9. 10 O

Form Closed Die Press Forging

Condition 1325F, 1 hr, W@ + 950F, 8 hr, AC*

Loeation Fru - ksi Fry - ksi e - percent {RA - percent

1 - Panel transverse 188.0 176. 4 5.0 17.4
2 ~ Panel longitudinal 193.6 185.2 5.0 12.2
3 - Rib longitudinal 192.4 184.0 4.5 10.0
4 = Center surface longitudinal 1584.0 183.2 2.5 4.7
5 = Center mid-radius longitudinal 185.2 182.4 2.5 6.2
6 = Center longitudinal 190.8 182.0 4.0 10.8
7 = Ceater shert transverse 183.6 174.0 3.0 10.0
§ = Center longitudinal transverse 180.0 170.0 5.0 13.7
9 - Center transverse end 184.8 173.6 5.5 15.2

10 -~ Center transverse end 184.5 174.0 4.5 16.3

11 - Center longitudinal end 184.9 173.2 4.0 10.3

* Heat treated in full section.

TABLE 3.0213 VARIATION IN TENSILE PROPERTIES FOR CLOSED DIE FORGING.

Ti

115 Mo
3] Zr
45 Sn
BETA IlI
cooe 3722
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
. Source (13)(14)
Tl Alloy Ti-11Mo-5Zr-75n-0.070Q
Form Forged Square Barg
1.5 Mo| mams T300F, I BT, W + B00F, & b, AC *
6 2Zr| T
Size Test Ftu Fry e(4D) RA E
4.5 Sn| Lin_{Direction] Location | ksi [ ksi [percent | percent | 103 ks
1 Long Center 191.11 379.8 9.0 29.6 14.2
Long Center 188.8] 171.2] 10.0 25.0 14.4
BETA I z Long |Edge 182.2| 175.4] 7.0 32.0 | 14.0
Long  Cexnter 176.6| 168.9] 7.0 19.0 12.8
Leng  [Edge 187.0) 178.9) 8.0 22.3 | 14.2
Trans |Edge 206.3| 200.8] 4.0 12.5 -
Trans [Center 181.7} 175.0| 8.0 24.9 - R
Trans |Edge 190.9| 186.3| 4.0 11.1 ~
3 Loag Edge 184.1] 171.8] 8.0 19.8 14.
Long Center 177.4) 176.4| 9.0 25.3 12.8
Long Edge 185.5(178.1] 9.0 15.7 13.8
Trans |Edge 192.8] 184.4] 6.0 4.0 14.3
Trans |Center Broke Before Yield
Trans |Edge 191.3] 184.9] 3.0 3.9 13.9
4 Long Edge 188.1} 1B3.4| &6.0 10.9 14. 4
Long  |Mid-Radjus |195.2} 183.2[ 7.0 9.1 14.9
long  [Center 185.7} 173.51 6.0 12.8 3.5
Trans |Edge Broke Before Yiel
Trans |Mid-Radius [188.4] 1891.0] 2.0 6.0 14.6
Trane |Center 192.4| 185.6| 3.0 4.8 13.2
& Long  [Edge 195.9[ 190. 6] 10.9 16.5 | 14.6
Leng id-Radius (194.1] 188.3| 6.0 7.8 15.0
Long  |Center 195.2| 185.8| 6.0 7.8 14.9
Long Mid-Radius |196.5| 191.5| 5.0 11.6 14.7
Long Edge 194.5 188.9) 8.0 12.3 14.1
Trans |Edge 202.81197.20 2.0 4.3 14.6
Trans id-Radiug {201.71} 200.01 3.0 3.8 14.5
Trang |Center Bxoke Bafore Yield
Trans id-Radius |208.4| 208.0] 1.0 2.4 14.3
Trans |Edge 201.1]200.0' 3.0 2.4J 14.6
Bars successivly reduced in size from common starting billet,
* Heat treated in full section size.
*+ Not determined. [Source [EEITFEN
Alloy Ti=11Mo=5Zr=75n-0, 07 Q
TABLE 3.0214 EFFECT OF HEAT TREATED SECTION SIZE ON Form Forged Square Bars
TENSILE PROPERTIES OF UNIDIRECTIONALLY Conditlon 1400F, 1 br, WQ + 950F, 8 hr, AC*
FORGED SQUARE BARS AGED AT 900F. Bar Size Test Fru Fey e(4D) RA
in Direction|Location | ksi ksi | percent | percent
1 long center 183.7 | 172.9 10.0 31.8
2 long edge 182.9 | 174.1 8.0 21.1
long center 187.0 | 160.1 | 17.0 a0.7
long edge 177.2 | 170.3 9.0 18.6
trans edge 181,4 | 186.6 6.0 12.5
trans center 173.1 - 5.0 12.5
3 Tong edge 178.5 | 171.9 | 9.0 16.8
long center 182.7 154.7 12,0 32.7
long edge’ 178.8 | 167.7 8.0 14,7
trans edge 191.6 | 183.9 3.0 2.8
trans center 167.2 160. 4 4.0 3.2
trans edge 179.3 174.9 5.0 7.8
4 leng edge 183.9 | 176.9 | 10.0 2.0
long mid-rad {181,6 | 172.8 | 10.0 16.8
leng cenier 176.1 ] 166.¢ 9.0 17.9
trans edge 185.0 | 179.9% 3.0 3.6
trans mid-rad | 185.6 | 179.0 3.0 4.7
trans center 186.8 | 180.0 3.0 5.1
) long edge 187.1 | 183.1 6.0 12.4
long mid-rad | 182.2 | 176.¢ 7.0 8.6
long ceater |184.3 | 171.2| 10.0 15.7
long mid=-rad ;182.7 | 176.1 7.0 14.8
long edge 182.2 [ 178.5 | 8.0 12.4
trans edge 186.1 - 2.0 2.9
trans mid-rad | 183.3 187.8 3.0 4.0
trans center 191.7 | 188.5 2.0 2.9
trans mid-rad | 139.7% - 3.0 2.0
rTans edge 184.4 | 183.0 2.0 2.
Bars successively redured in size from common starting billet.
* Heat treated in full section size.

TABLE 3.0215 EFFECT OF HEAT TREATED SECTION SIZE
ON TENSILE PROPERTIES OF UNIDIREC-
TIONALLY FORGED SQUARE BARS AGED AT 950F.

cooe 3722
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RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

[Souree {13)}(14)
Allay Ti-11Mo-5 &r-75a-0, 07 O Ti
Form Forged Square Bars
Condition T400F, 1 r, WQ + 1000 F, 8 kr, AC* 115 Mo
Bat Size Test Fru Fiy el4D) RA
in Direction] Location kai ksi |[percent | percent 6 Zr
1 long center 171, 7 161.3 13.0 39.3
z Tong  |edge 1710 | 164.1] 10.0 1.6 45 Sn
long center 159.5 | 154.6] 14.0 31.7
long edge 171.3 | 164.5) 10.0 26.9
trans |edge 172.9 | 167.8 8.0 15.7 BETA '"
trans [ceater 164.1 | 161.1| 10.0 29.8
3 long edge 168.4 ] 161.1 8.0 15.7
long center 155.0 152.8{ 1B8.0 51.9
long edge 170.6 | 163.3 g.0 13.8
trans |edge 170.0 | 164.8 2.0 5.9
trans |center 1534.4 | 147.1 7.0 19.7
trans |edge 176.9 171.8 3.0 2.8
4 Tong edge 174.2 | 167.2 11.0 24.6
long mid-rad | 171.5 164.4{ 11.0 14.4
long center 167.2 | 160.1 9.0 24.9
trans |edge 174.4 | 168.9 4.0 9.4
trans [mid-rad | 178.9 | 171.9 4.0 3.0
trans |center 166.2 | 158.0 5.0 6.3
[ long  |edge 182.4 | 176.9| 1.0 13.3
long mid-rad | 177.2 [ 168.1 g.0 10.9
long center 173.3 | 164.0 9.0 20.8
long mid-rad | 178.8 171.2 T.¢ 10.1
long edge 179.0 174.2 8.0 11.2 .
trans |edge 175.5 - 2.0 3.5
trans |mid-rad | 152.3 - 1.0 2.4
trans |center 178.5 | 174.8 3.0 2.0
trans [mid-rad | 179.9 - 3.0 2.4
trans |[edge 172.7 - 4.0 2.0
Bars successively reduced in gize from common starting billet.
* Heat treated in full section gize,
TABLE 3.021¢ EFFECT OF HEAT TREATED SECTION SIZE
ON TENSILE PROPERTIES OF UNIDIREC-
TIONALLY FORGED SQUARE BARS AGED
AT 10{0QF.
[Source (14)
alloy Ti-11Mo~5 2r=751
Form Forged Square Bars
Condition 1400F, 1 hr, WQ + 950F, 8 hr, AC*
Direction Lowcation Fiy - ksi I Pty - ksi [ e{4D) - percent
{Six inch square forged bar
(8} L] {a) ) [& (b) (a) ()
Longitudinal | Edge 187.1 188.0 183.1 178.7 6.0 2.0 12.4 5.5
Mid-Radius | 182.2 153.0 176.¢ 173.9 7.0 5.0 8.6 9.4
Center 184.3 1721 171, 2 166.9 10.0 5.5 15.7 13.5
Mid-Radius | 182.7 170.7 176.1 160.1 7.0 | 6.5 4.6 17.6
Edge 182.2 172.4 178.5 160.0 9.0 7.0 12.4 16.8
Transverse |Edge 186.1 188.2 - 181.3 2.0 - 2.0 8.5
Mid-Radius | 193.3 176.9 187.8 171.3 3.0 2.0 4.0 5.4
Ceater 191.7 176.9 189.5 169.4 2,0 3.0 2.0 19.5
Mid-Radius | 138.7 187.3 - 180.1 3.0 2.0 2.0 5.5
Edge 134.4 182.2 183.0 175.1 2.0 2.0 2.4 6.3
{Three inch square forged bar)
© | @ [ ) | [C] (€] @ | (e (@ ()
Longitudinal | Edge 178.5]|180.4(266.1(171.9)273.0(162,2] 9.0 - 3.0 5.9 7.1
Center 162.7(170.8(166.2]154.7T|164.1]158.4(312.0 | 7.0 7.0 0.3 | 26.8
Edge 175.3}1165.1{169.6|1687.7]164.2]161.4| 8.0 - 5.0 - 1¢. 4
Transverse [Edge 191,6(189.0)171.0f183,9[182.5(163.7] 3.0 | - - 4.0 5.5
Center 167.2/179.8(|168.3[160.4(173.7|161.9} 4.0 | 8.5 3.0 4.2 | 21.1
Edge 179.3({176.2|170.8|174.9|172.2[162.9 §.0 - 3.0 4.0 | 10.2
(=) 6 inch square bar unidirectionally forged 1650F.
(b) 6 inch square x 10 inch long bar press upset 1600F to 6 inch thick, cress forged to € inch square x
length.
{c} 3 inch square bar unidirectionally forged 1650 F.
{d) 3 ineh square x § inch long bar press upset 1600 F to 3 inch thick, cross forged te 3 inch square x
length.
(e} 2 ineh square x 5 inch long bar press upset 1400F to 3 inch thigk, c¢ress forged to 3 inch square x
length.
* Heat treated in full section size.
TABLE 3.0217 EFFECT OF CROSS FORGING ON TENSILE PROPERTIES OF 3 INCH AND 6 INCH S5QUARE
FORGED BARS AGED AT 950F.
cobe 3722
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NONFERROUS ALLOYS

Frpy ~ K81

RELEASED: SEPTEMBER 1972

[Source] @)
Alley Ti=11.5Mo~6Zr~-4.55n
Fortn Bar
Dia - Fu Fty e(4D) RA
in Cond{tion ksi ksi percent | percent
As hot rolled (a) 117.9 106.2 26,8 8.7
1350 F, WQ (b) 123.0~] 108.2-| 22.0~ 59,9 -
133.1 125.8 23.0 69.7
1.0 ~[1350 F, WQ+300F, 8 hr(b) 181.5 -f 167.9-| 10.0- 26.1-
199.6 191.1 15.0 24,6
As hot rolled (a) 121.1 108.4 26,0 80.1
1425F, WQ () 107.0 ~ 92,8 =] 32.0 - 76.2 -
0.5 116.5 108,2 38.0 80.3
1425 F, WQ+500F, 8 hr{c) 185,9 ~] 175.8 - 9.0 - 23.8 -
205.8 194.4 11.0 35.0

(a) 3 1/4 in square billet rolled at 1750F to nominal bar size, solution
treated, water quenched and centerless ground to final size.

(b) Range for four of sixteen 10-ft lengths randomly sampled.

(c) Range for cight of forty 10~ft lengths randomly sampled.

TABLE 3.02110 TENSILE PROPERTY UNIFORMITY OF 1 INCH AND
0.5 INCH BAR.
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FIG. 3.0218 TENSILE PROPERTIES OF AGED BARS
VARIOUSLY MELTED AND SOLUTION TREATED.
[ ]
Source )
|Alloy Ti-11.5Meo-6Zr-4.58n
Form 1 9/16 inch diameter bar
Condition 1450F, 5 min, WQ
Location Fry~ksi [ Fry~ksi fe(4D)-percent | RA-percent
Center 130.1 | 111.% 20.0 70.86
Mid-radius 132.3 20.0 66.1
TABLE 3.0213 CENTER AND MID-RADIUS TENSILE
PROPERTIES OF 1 9/16 INCH SOLUTION
TREATED BAR.
CODE

PAGE

AGE TEMP - F

FiG. 3.02111 SPREAD OF TENSILE PROPERTIES FOR 1/2
INCH TO 1 9/16 INCH DIAMETER BARS
SOLUTION TREATED AT 1350 F TO 1450 F
AND AGED. 1)



RELEASED: SEPTEMBER 1972

[Source {4)
Alloy Ti-11.5Mo-62r-4.58n
Form 1/2 inch diameter bar
Condition 1425F, WL +ape, 8 hr
100-hr Creep Exposure Subsequent RT Tensile Properties*
Age Permanent .
Temp [Temp Stress |Peformation| Fiy Fty e(l in})] RA
F F ksi percent kai ksi [perceat |percent
unexpaesed 199.6( 187.6 9.6 27.2
500 125 0.11 204.4(192.7 12.0 28.5
200 | 600 105 Q.05** - - - -
800 15 0.26 212.1(199.1 8.0 19.6
unexposed 193.7 [ 181.0 g.0 34.3
RT - 183 0. 174 - - - -
RT 172 0. 11%* - - - -
950 (500 125 0.00 200,11180.0 5.0 16.4
500 140 0.36 196.9192.4( 11.0 32.5
700 60 0,16 191.1|182.7( 10.0 29.5
700 90 0.30 202.4)191.3 8.0 25.1
unexposed 172,0[ 163,91 1L1.0 40.6
500 110 0.43 162.1|159.2] 14.0 54,1
1650 | 600 90 0.18 172.8165.3} 12.0 41.3
800 15 0.02 176.9| 165.3| 12.0 38.9
* Tests made after creep exposure without surface conditioning.
** Not tensile tested after creep exposure.

TABLE 3.02112 EFFECT OF 10¢ HOUR EXPOSURE TO ELEVATED
TEMPERATURE WITH LOAD ON ROOM TEMPERA-
TURE TENSILE PROPERTIES OF BAR.

Source (4)
Alloy Ti-il.5Mo=-6Zr-4.550
Form 1/2 inch diameter bar
Condition 1425F, WQ + age, § hr
500-hr Creep Exposure Subsequent RT Tensile Properties”
Age Permanent
Temp |Temp Stress [Deformation| Fiy Fry e(l in) RA
F F ksi percent ksi ksi |percent | percent
unexposed 199.6| 187.6 9.6 27.2
900 500 125 0.0¢ 210.4| 199.9 6.0 21.2
700 &0 0.61 216.2| 208.7 7.0 16.7
unexpased 171.0( 3163.%| 11.0 4.6
W50 1§ 500 110 .00 162.8( 156.3 11.0 49.7
700 60 0.07 171.5]| 161.0 13.0 _@_3.5

* Tests made after creep exposure without surface conditioning.

TABLE 3,02113 EFFECT OF 500 HOUR EXPOSURE TO ELEVATED
TEMPERATURE WITH LOAD ON ROOM TEMPERA-
TURE TENSILE PROPERTIES OF BAR.

NONFERROUS ALLOYS
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
Ti [Bource (4)
Alloy Ti~11l.5Mo-8Zr-4.55n
Form 0,275 inch diameter rod
11.5 Mo Condition Cold drawn + 1400F, Wg + 1100F, 6 hr
6 Zr 100-bhr Creep Exposure [Gibsequent RT Tensile Properticss
Permanent
45 Sn Temp| Stress | Deformationf Fy, | Fyy e{4D} | RA
F ksi percent ksi | ksi |percent |percent
unexposed 147.3|138.% 20.0 71.4
BETA i _ f1saelu1z6.8] 2104 | 2.4
700 60 .09 150.0|138.7 20.0 68.0
| 0.07 155.6)141.% 20.0 £9.3
* Tests made after creep exposure without surface conditioning.

TABLE 2.02116 EFFECT OF 100 HOUR EXPQSURE AT 00F
WITH LOAD ON ROOM TEMPERATURE TEN-
SILE PROPERTIES OF ROD.

Ti1¥3Mo 527 4. 55 |
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WGQ + AGE, § HRS , E
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FIG. 3.02117 EFFECT OF AGING TEMPERATURE ON TENSILE
PROPERTIES OF WIRE. @
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RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

Source {4) R
Alloy Ti=11.5Mo6Zr—4.550 Ti
Form Seamless Tubing
Tube Size-in Fofdl] Fr, | o ) RA 11.5 Mo
QD (Wallt Condition ks ksi |percent ) percent
1.5 | 0.173]|A5 extruded (b) 1150 99.7| 16.0 | 75.6 6 Zr
123.9 107,.1 18.0 72.0
As extruded + 950F, 8 hr 1200, 4{c) | 184.3 8.0 1B.4 4'5 Sn
193, 6{c) [ 183.4 8.0 22.6
|1.26 | 0,120|Mil} annealed (d) 143, 8 134.1| 13.2 42,90
Mill annealed + pickled 143. 4 135.6] 13.0 47.5 BETA I“
Mill annealed + 1350F, WQ 131.3 114.8| 13.5 50,9
Mill ammealed + 1350F, W@ + 950F, B hr 185.4 176.3 7.5 26,7
Mill annealed + 1350F, WQ + 1000F, 8 he 173.7 164.8 9.2 36.5
0._884[ 0, 050{Mill annealed {d) 154.7 141.0 §.5 16.6
Mill annealed + pickled 151.¢ 138.2 8.5 24,7
Mill anneated + 1350F, W@ 117.4 101.2] 20.8 36,0
Mill annealed +1350F, WQ + 850F, 8 hr 180.4 169.0 5.0 12.3
Mill annealed + 135Q0F, WQ + 1000F, 8 hr 169.8 159.8 7,2 15.6
0.5 | 0.024|As finish cold drawn (e) 162 120 7.0 -
Cold drawn + 1450F, WQ 122 111 18.0 -
Cold drawn+1350 F, rapid AC+350F, 8 hr 189 183 5.5 -
Cold drawn+1350F, rapid AC+1000F, 8 hr 184 173 1.5 -
Cold drawn+1350F, rapid AC+1050F, 8 bhr 168 150 8.5 -
{2) Specimens machined from loagitudinal sections of tubing subtended by 3/4 inch cords.
Specimen uniform section 0.5 inch wide: gage length 2 inches.
() 2.8 inch OD x 1. 260 inch ID kollow billets canned in wild steel, heated to 1500F,
extruded to tube hollow (reduction 7.2:1} and water quenched.
{¢) Machined round specimen: uniform section (.125 insh diameter, gage length 0.5 inch.
(d) Tube hollows cold reduced to finished tublag in 2 single pass with tube reducers, followed
by vacuum annesl: 1330F, 1/2 hr, rapid cool + 1150F, 4 hr, furnace cool to 300F.
(e} 1.02 inch diameter bar gun drilled and cold drawn to finished tubing.
TABLE 3.02118 TENSILE PROPERTIES OF SEAMLESS TUBING.
180 T T
Ti-11.5Mo-6Zr=-4.55n
.5 INCH HOT ROLLED PLATE
o OT ROLLED + ST, 10 MIN, wWQ
5% 140 +
1
=]
=
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2 220 [ Ti-11.5Mo-62r-4.56n ——
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E)\FTY ': ;3200 £ {1
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FIG. 3.02119 EFFECT OF SOLUTION TEMPERATURE ON FIG. 3.02120 EFFECT OF SOLUTION TEMPERATURE ON
TENSILE PROPERTIES OF SOLUTION TREATED TENSILE PROPERTIES OF SOLUTION
0.5 INCH PLATE. {4) TREATED AND AGED 0.5 INCH PLATE. (4)
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
B 220 _,\( T T T Source (]
Ti Ti-11.5Mo-6 Zr-4.55n Alloy Ti=11.5Mo-6Zr-4.550
0.5 INCH PLATE Form Flate
115 Mo} ] — HOT ROLLED AT 1400F + 1400F, ——— Coadiiion 3T, WG
6 Zr 10 MIN, WQ + AGE, § HR Piate [Solution
Thickness| Temp Test Fra Fiy | el in) RA
45 Sn 180 — in P |Direction| ksi ksi |percent | percent
2 1400 L 123°7(106.4| 22.3 | 63.8
: NFTU T _Jus.s|io7] 250 | €56
BETA Il 160 }— 2 1350 T 137.0[128.3] 11.0 | 33.4
lo. 625 1400 L 132.3|118.8| 1i8.8 | 50.1
Fyy T 130.3[113.6/ 16.8 | 55.4
140 — < 0. 625 1350 L 135.7|125.6] 25.3 | 46.7
T 132.8{120.3] 15.8 | 51.7
| / Beta transus — 1375 F.
1 TABLE 3.02128 TENSILE PROPERTIES OF HEAVY PLATE.
128 -
= Ra P'ﬁ/
=z
o 20— —
&
=
= | : e(l Iv)
0
ST 950 1000 1050 1100 1150 1200
[Source [}
AGE TEMPERATURE - F Allay Ti-11.5Mo-b62r-4. 550
Ferm 0.5 inch plate
FIG. 3.02121 EFFECT OF AGING TEMPERATURE ON TENSILE —
Condition Hot rolled at 1400 Frheat treat
PROPERTIES OF 0.5 INCH PLATE. ) S Testl Fru| Fry | SR i0)] FA
Heat Treatment Dir| ksi kst |percent [percent
Double Vacuum—Arc Melted
1400F, 10 min, AC L [140.3]133.8| 14.0 | 37.6
T J137.9{128.8| 8.5 | 29.2
1400F, 10 min, WQ L [127.8]114.3| 18.0 | 51.9
T {133.0|119.1| 12.5 | 45.0
1400F, 10 min, WQ+950F. 8 hr | L |1B9.9 |176.2| 6.5 7.5
T [196.2]187.7| 2.5 | 12.5
A 1400F, 10 min, WQ+1050F,8 hr | L [164.7}160.5] 8.5 16.7
! | Triple Vacuum-aArc Melted
2201.Ti-11.3Mo-6Zr-4. 550 1500F, 10 min, AC L [146.8]137.8] 11.0 | 29.5
L INCH PLATE 1300F, 10 min, WQ L [IS1.7[113-7| 15.€ | &7.7
HOT ROLLED 4 1/4 IN TO 1 IN {190GF START, T |132.6[114.9| 15.0 41.5
2001 1630 F FINISH)+ST,15 MIN,QUENCH DELAY, WQ Ta00F, 10 min, WQ+9s0F, 8 hr | L |193.4 F179.4| 3.5 9.0
AGE,8 HR T [196.2{185.0( 2.0 | 10.5
80— Fpp—| 2% 1200F, 10 min, We+1050F,8hr | L |169.6f157.4| 6.7 B.6
= , T |172.21162.5| 7.0 | 14,5
o eol— ] 180
) 160 - TABLE 3.02124 TENSILE PROPERTIES OF DOUBLE AND TRIPLE
= VACUUM-ARC MELTED PLATE.
= —
100k — 160 3
T 1
120} — T2 140
SOLUTION TEMP| QUENCH B
F DELAY-SEC
00— Fry 0 1450 15 120
@ 1350 15
80— — 1350 30 o4 100
Source {4)
60— Ra Alloy Ti-11.5Mo-62r-4. 550
“ ' Form 0.5 inch plate
z 20— Condition Hot roll + ST, 10 min, Queneh
‘; Hot Roll |Selution Treatment | Fry | Iy, | el in) | Ha
b a0l— RA e Temp-F [Temp-F | Quench | ksi ksi |percent|percent
= Z 1600 1450 AC  |124.7(1i1.4( 11.1 | 20.9
- Cr 3 1450 WQ  f114.11 96.04 27.5 | 25.4
I 20Z 1500 1450 AC I135.3]121.7] 12.0 | 36.5
e(aly} ™ 1450 wWQ 114.51 99.4( 38.0 65.8
! 1400 W  |118.4] 99.1] 31.0 § 61.8
¢a 1500 1400 AC l143.5[135.9] 12.5 | 33.6
AS HOT ST 900 950 1000 1050 1100 1400 wQ |120.8[113.9) 16.5 | a4.9
ROLLED Each value average two tests, longitudinal Specimens,
AGE TEMPERATURE -« F
TABLE 3.02125 EFFECT OF QUENCH RATE FROM SOLU-
FIG. 3.02122 EFFECT OF AGING TEMPERATURE ON TION TREATMENT TEMPERATURE ON
TENSILE PROPERTIES OF 1 INCH PLATE. (4) TENSILE PROPERTIES OF PLATE.
cobE 3722
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RELEASED: SEPTEMBER 1972

A - PERCENT

Fopp - KSE

NONFERROUS ALLOYS

[0,

Ti-11.5Mo-8Zr-4.55n

5 INCH PLATE
! 1

OHOT ROLLED + 1450F,

¢fHOT ROLLED + 1400F,
@ HOT ROLLED + 1450F,
&HOT ROLLED + 1400F,
A HOT ROLLED + 1400F,

+ 950F, 8 HR

|| ®HOT ROLLED + 1450F,

+1050F, 8 HR

O’HOT ROLLED + 1400F,

+1050F, 8 HR

10 MIN,
10 MIN,
10 MIN,
10 MIN,
10 MIN,

10 MIN,

& 5 88883

10 MIN,

180

> o

T

—FU,
——Fry:

140

120

RA
e(l IN}

e S

e

-l

100

r

0,
I

(\

——— ]

P ——— O

80

80

20

VI

14l

=

[T —

E‘
= ==

o
-

180

160

Frpy - KSI

120

100

00 1500

1600

1700

1800

HOT ROLLING TEMPERATURE - F

- B 8
e(l IN) ~ PERCENT

FIG. 3.02126 EFFECT OF HOT ROLLING TEMPERATURE
ON TENSILE PROPERTIES OF PLATE.

4)

—\

220

L Ti-11. 5Mo -6
0.5 INCH PLATE
HOT ROLLED + ST, 10 - 15 MIN, 0 - 30 SEC

QUENCH DELAY, WQ + AGE, 8 HRS

! ]
| HOT ROLLING TEMPS;1400-1800 F
SOLUTION TEMPS;

T
Zr=4,5%n | | t

1350-1450 F

w0 8

23

o)

=(2 FTU

220

Fpy ~ K81

st

[-—-—-_

=64

R

Py

(3) ~~_ T

140
(281 (5)

1

~— 4

]

180

140

100'—

1ODL

eo}-

60

]

LT

=1 (1}

i/ /¥

RANGE OF VALUES

100

80

NO OF TESTS

40

RA

20r

——F T -

'S

RA - PERCENT

I3

—11

]

1A

—_—
e

e |

[
o O O

ST  80C

230

1000 1050 1100 1150 1200
AGE TEMPERATURE - F

FIG. 5.02127 SPREAD OF TENSILE PROPERTIES FOR
PLATE VARIOUSLY HOT ROLLED,
SOLUTION TREATED AND AGED,

(4)

Ti
Mo
Zr
Sn

1.5
6
4.5

BETA IH

Fry - Ksi

¢ - PERCENT
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
] [Fource )
Ti Alloy Ti-11.5Mo-6 Zr-4. 550
Form 0.5 inch plate
115 Mo 100 hr Creep Exposure |Subsequent RT Tensile Properties™
Permanent .
6 Zr Heat Condition . Temp}Stress Deformation| Fry, | Fyy (2 in) Ra
4.5 Sn F ] ksi percent ksi ksi |percent | percent
" unexpased 193.3}179.4] 5.5 9.0
500 | 120 0.11 195.%(185.6 = (a) = {a)
BETA "l 500 | 130 .18 193.3]1980.6| 4.0 6.3
500 | 100 .44 195.8{185.7] 5.0 8.6
A |Hot rolled at 1400F + 1400 F, 500 | 130 0.85 192.4|188.3] 3.0 7.4
15 min, WQ + 950F, 8 hr 700 50 0.04 193.4|180. 4] - {a) - {a)
T00 90 0,14 193.9]183.4 - {b) = (b}
800 14 6.07 185.4|182.8( 4.0 8.4
800 27 0.15 195.91182.2]| 4.0 5.6
unexposed 188.4[175.5] 4.0 9.6
500 | 120 0.08 187.4|176.2| 5.0 7.8
500 | 130 0.05 194.8)185.5] 3.0 7.0
600 {120 0.13 194.4(183.9] 3.0 6.3
B {Hot rolled + 1350F, 15 min, 500 1130 0.13 200.01191.8] 2.0 2.7
15 sec delay, WQ +950F, 8hr [ 700 65 $.13 197.4[184. 23] 3.0 4.0
800 10 0.12 193.4|179.2f 4.0 5.6
800 20 0.17 195.4]182.5] 3.0 7.8
unexpoesed 175.7}163.0] 5.0 11.0
500 | 110 0.04 178.4f168.7] 4.0 7.0
500 | 130 0.08 181.9[174.3] 1.0 4.0
600 | 100 0,10 182.9]170.7] 5.0 7.8
B |Hot rolled + 1350F, 15 min, 600 | 120 0.08 182.8]175.4] 4.0 9.3
15 sec delay, WQ+1000F, 6hr| 700 65 0.11 182.3]|168.5] 4.0 8.7
700 95 0. 20 181.81171.2| 4.0 6.2
800 10 0.12 184.4|168.9] 3.0 7.8
800 20 0.25 183.4|169.8) 4.0 12.4
* Tests made after creep exposure without surface conditioning.
{a) Broke outside gare mark.
{b) Broke at gage mark.

TABLE 3.02128 EFFECT OF 100 HOUR EXPOSURE TO ELEVATED TEMPERATURE WITH LOAD
ON ROOM TEMPERATURE TENSILE PROPERTIES OF PLATE.

{Bource (4}
Alloy Ti-11l,5Mo-6Zr-4.55n
Form 0.5 inch plate
500 hr Creep Exposure | Subsequent RT Tensile Properties*
Permanent
Condition Temp|Stress(Deformation| Fyy | Fy | €(21in) RA
F | ksi percent ksi [ ksi jpercent perceat
Foﬁ Tolled + 1350 F, 15 min, unexpased 186_4[175.5] 4.0 9.6
15 sec delay, WQ + 950F, 8 hr| 500 llos 0.05 194.9(174.0] 4.0 6.3
700 | 50 0.17 193.§(181.3] 2.0 5.6
Hot rolled + 1350 F, 15 min, unexposed 115.7T|163. 0 3.0 11.0
15 sec delay, WQ + 1000F, 500 | 120 l 0.11 183.41174.0{ 4.0 1.4
8 hr 700 35 0.17 183.91170.4] 5.0 10.0
* Tests made after creep exposure without suriace conditioning.

TABLE 3.02125 EFFECT OF 500 HOUR EXPOSURE TO ELEVATED TEMPERATURE WITH
LOAD ON ROOM TEMPERATURE TENSILE PROPERTIES OF PLATE.

E§ource {4)
Alloy Ti-1t.5Mo-6Zr-4.558n
Form G.140 inch hot band
Location* |Dir | Fpy Fty e{2 in) RA
Cordition ksi |ksi jpercent |percent
A5 hot rolled Tail L [137.8(|122.4] 4.5 | 57.6
Tail T ]146.4]138.0 6.0 37.0
Box annealed 1260 F, Head L |125.6[118.3 10.0 3.5
8 hr Head T |125.58]115.8 10.0 31.8
Tail L |123.6]115.4 15.0 58.7
Tail T |132.8]126.6 9.5 30.2
Box annealed 1200F, Head L |137.5|126.0 12.0 31.2
& hr + ST 1350F, Head T |144.9(136.6 9.5 24.3
5 min, AC Tail T {143.58}135.7 9.0 46.3
* Test location in ¢oil.

TABLE 3.02130 TENSILE PROPERTIES OF HOT BAND.

coce 3722
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Ti
RELEASED: SEPTEMBER 1972 NONFERROUS ALLOYS

¥ T1-11.5Mo-62-4.55a Ti

80—  ¢.063 INCH SHEET
. 40 PERCENT C RED + ST, 5 MIN, AC 115 Mo
EACH POINT AVERAGE 2 TESTS

I 6 Zr

Fry 45 Sn

160 +—

K81

40— N

i

120€

™
B
r
g
o]

(=3
<

PERCENT

0 e(2 IN}

AS COLD 1300 1400 1500 1600
ED

ROLL SOLUTION TEMPERATURE - F

L) 1 v ‘ I
Ti-11.5Mo-6Zr-4.55n

FIG. 3.02131 EFFECT OF SOLUTION TEMPERATURE ON TENSILE 0.067 IN HAND SHEET

PROPERTIES OF SOLUTION TREATED SHEET. (4} 50 PERCENT ¢ RED + 1350 F, 3 MIN, QUENCH
+ AGE, 8 HRS
20— L T QUENCH — ]
ce AC
200 — on wg

Fry - KSI

Ti-11.5Mo-62r-4.55n I
0.083 INCH SHEET

[—40 PERCENT C RED + ST, 5 MIN, AC + 900F, 8 HR
EACH POINT AV’(JE;RAGE 2 TESTS

22

o

P

PERCENT

210

ST 200
FTU AGE TEMPERATURE - F

950 1000 1050 1100

FIG, 3.02134 EFFECT OF AGING TEMPERATURE ON

/ u
P/GDN TENSILE PROPERTIES OF HAND SHEET

& 200
Y]

SOLUTION TREATED AT 1350 F. (4}

190

Fry
80
49

20

PERCENT

0
1300 1400 1500 1600
SOLUTION TEMPERATURE - F

FIG. 3.02132 EFFECT OF SOLUTION TEMPERATURE ON TENSILE
PROPERTIES OF AGED SHEET. (4)
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972

T T
Ti=11.5Mo-6Zr-4.55n

0.063 IN SHEET
1.5 Mo 220 [40 PERCENT C RED + ST, 5 MIN, AC+AGE, 8 HR/

Ti P ]

6 Zr ST TEMP QUENCH
45 Sn 200 j}— r AC  WQ
\ 1406 oo d §
- 1450 on o
BETA Il Y0 | - | 200
1
= \E\
& "\\F‘r
160 |— \\ _ 150
F. ™~ —
S
220 . r TN ~ . g
Ti-11.5Mo~62r-4.58n 140 FTY - Ery. >~ 160 },
0.067 IN HAND SHEET S = £
50 PERCENT C RED + 1450F, 3 MIN, ~ e
200 f~———  QUERCH + AGE, 8 HR 120 Fry - 140
Fru Fry
50 120
180 ! 200 w0e- L
“‘““‘7!‘ RA
&
_ ﬁ 20 -~ r_/‘ﬁ>/
175 [
= - "’TW”-‘
180 E 20
5 Pry \ e 10 e —
& s ot
0
140 160 & ST 950 1000 1050 1100 1150
\g: g AGE TEMPERATURE - P
f“ FIG. 3.02136 EFFECT OF AGING TEMPERATURE ON TEN-
1205 140 SILE PROPERTIES OF SHEET SOLUTION
TREATED AT 1400 OR 1450F. @
Fru
L T QUENCH
o ® AC
100 —/ T 0 = wg 120
Fry 100
100
80,
Ra
£ 604
=
g o RA {&/ ,
& W | 250[Ti-11.5Mo-62r-4. 551 : ]
“ozpdpezvy B .067 INCH SHEET I
ez IV} . 22550 PERCENT C RED + 1350F, WQ+AGE { O900F
o g Q950 F
ST 900 950 1000 1050 L 200 — T 259
AGE TEMPERATURE - F [ TU
£1715 ——0 e X
FIG. 3.02135 EFFECT OF AGING TEMPERATURE ON TENSILE ;
PROPERTIES OF HAND SHEET SOLUTION 150 200 =
TREATED AT 1450F. 4 e o 3
” =3 L Fry 175
; —_—r O-
] &=
50 O——1{150
£ =T "Ra ? ‘E
E 25 ) ey il O =
1] . E
<=
= 0 e(z DY 251
] z
-G o— S— | o5
5 10 20 50 100 200 9

AGE TIME - HOURS

FIG. 3.02137 EFFECT OF AGING TIME ON TENSILE PROP-
ERTIES OF SHEET. (1)
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RELEASED: SEPTEMBER 1972

A - PERCENT

NONFERROUS ALLOYS

Bource {4) .
Alloy See Compositions Below Ti
Form 0.083 inck sheet 5
Condition 40 percent ¢ red + 1400F, 5 min, AC + age, § br 1n MO
Composition - weight percent Age Temp Fra Fty e(2 in) RA 6 z
Ti Mo Zr Sn Fe [+ [s] N F ksi ksi |percent | percent r
As ST (1) |155.3 |146.2| 9.0 443 45 Sn
Bal 10.8) 5.8 | 4.4 0.08[0.06 [0.15 [0.01C| 950 (L) 205.2 {193.7| 8.0 26.0 *
1050 (1) 175,2 {167.3 9.8 35.2
As ST (2] [|144.1 [138.3[ 11.5 ZYI] BETA It
145.2 1138.9] 12.5 37.9
Bal 12.2| 6.7 | 4.1 0.03|0.04 {0.14 |0.013]| 950 (2) 193.9 [1580.8 9.5 31.0
195.2 | 185.5f 8.5 30.0
1056 (2) 167.2 |158.7f 8.0 34.8
166.4 J157.0f 8.0 35.5
{1) Specimen orientation not given.
{2) longitudinal specimen direction.
TABLE 3.02138 EFFECT OF COMPOSITION (VARIATION IN BETA-PHASE-STABILIZING ELEMENT
CONTENT) ON TENSILE PROPERTIES OF SHEET.
180 1 1 T 1 3 Kl 1
Ti-11.5Mo—-62r-4.55n
SHEET
160[— 40 PERCENT C RED + 1350F, 5 MIN, WQ + C RED —
AS INDICATED L_'_ }
Fry ————
— 140
7}
g /T/TT
Fry :
120} <] /J)/U,,.-rr‘"
100D
Y T v a0
260 j— = Ti=11.5Mo-62r-4.55n
0.040 INCH SHEET
1350F, W@ + AGE, § HR 60—
ELECTRON BEAM 9 \"’\ﬂ_\m i
& —
& 40
3]
&=
=
Ao200
e(2
( \]-N) | I‘-f
0 |
1] 2 4 6 -] 10 12 14 16
COLD REDUCTION - PERCENT
Fry | FIG. 3.02140 EFFECT OF COLD REDUCTION ON TENSILE
PROPERTIES OF SHEET SQLUTION TREATED
/L T 100 AT 1350 F AND WATER QUENCHED. 4
& & INGOT TOP
D =B INGOT BOTTOM
60
40
20 30 E
[+] 1 20 8
ez
¢ } il 10 g:-
| -
0o
ST 900 9350 1000 1050 1100 1150
AGE TEMPERATURE - F
PIG. 3.02139 SHEET TENSILE PROPERTY VARIATION FOR
ELECTRON BEAM MELTED INGOT, ()]
cope 3722
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NONFERROUS ALLOYS

Ti 189
115 Mo
6 Zr
45 sn| *

BETA Ill 2.}

120

100
80

40

PERCENT

26

[

Ti-11.5Mo-62r-4.58n
SHEET

AS INDICATED

40 PERCENT C RED + 1450F, 5 MIN, AC +C RED

hmy/—

GOJ—(.L
s

[+]

e(2 IN)

0 20

COLD REDUCTION - PERCENT

40

60

FIG. 3.02141 EFFECT OF COLD RERUCTION ON TENSILE PROP-
ERTIES OF SHEET SOLUTION TREATED AT 1450F
AND AIR COOLED.

RA - PERCENT
13
o

Ti-11.5Mo-62r-4.58n
? FSHEET

40 PERCENT C RED + 1450F, 5 MIN, AC +CRED
AS INDICATED+ AGE, B HR o

[+]

Fru

=

AGE TEMPERATURE - F

950 1000 —_——
Q [
F =] | |
<
RA 3
hd L
Q
!lbd—&s?_k 22 1Y) )
l
0 20 40 60

COLD REDUCTION - PERCENT

@

140

()
=]
e(2 IN) - PERCENT

=

FIG. 3.02142 EFFECT OF COLD REDUCTION ON AGING
RESPONSE OF SHEET AGED AFTER COLD

cobE 3722
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ROLLING.

(4)

240

160

30

20

RA - PERCENT

10

=

T
T1—11-5M€1r-6 Zr=4,55n
SHEET
C RED TO ¢.063 INCH THICKNESS » 1350 F, 3 MIN,
|— FAN AC + C RED AS INDICATED + 5T, 3 MIN,
FAN AC + AGE, 6§ HR [

SOLUTION TEMP - F_| AGE TEMF - F
© NONE 550
O NONE 1000
® 1325 950
m 1325 1000
T
Fry

% s ¢
- Fry
——__ D
Ra

S N

el2 IN}

19 20 30 50

COLD REDUCTION - PERCENT

40

FIG. 3.62143 EFFECT OF COLD REDUCTION ON AGING RE-

SPONSE OF SHEET RESOLUTION TREATED
AND AGED AFTER COLD ROLLING. i4)

RELEASED: SEPTEMBER 1972
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RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

260 Al T T
TH11.§Mo-62Zr-4.55 | | Ti
SHEET i
220 | CRED+ST, 3-5 MIN, WQ + AGE 8 HR 11.5 Mo
= wl@ (5’"{‘5’\% Fru ’ 6 Zr
o o] ———
L 180 t— e (5) ;;)\ 220 45 Sn
= e —— \ 5 \
IR RN O
l N 1¥ @{® BETA iil
140 —— \\ ] 180
@
ER ] FEY) LT \ | Fry P hf
L \ b
100 '—-—- ey 140 E
| RANGE OF VALUES ——1—
100 |— () NO. OF TESTS 100
£ a0 - SHEET THICKNESSES: 0.020 IN TO 0.070 IN |
o COLD REDUCTIONS: 28 TO 77 PERCENT
2 60 |~ SOLUTION TEMPS: 1350 TO 1450F —1 60
=] S
o 40 — = —__ \ L
] <+ .-_—'-""/RA ] —_— E
< 20 |— 204
4 ) R
1] i r— 10 s
pi——— S [
e — 0!
(]
ST a0 950 1000 1050 110¢ 1150
AGE TEMPERATURE -~ F
FIG. 3.02144 SPREAD OF TENSILE PROPERTIES FOR SHEET
VARIOUSLY COLD REDUCED, SOLUTION
TREATED AND AGED. (4}
Source (4)
Alloy Ti-11.5Mo-6Zr-4.550
Form 0,063 inch sheet
200F Creep Exposure  [Subsequent RT Tensile Properties
fstress|Time | Permanent | Fy | Fpy | e(2 in) BRa
Conditfon ksi | hr |Deformation| ksi | ksi | percent | percent
percent
B0 percent ¢ red + 1350F, unexposed 144.5{135.0] 8.0 43.1
AC unexposed 145.5(136.% 8.0 43.0
108 762 ¢.08 144.01138.4| 7.5 42.7
__ 108 (| 1000 0,03 147.5[143.2] 8.0 37.4
50 percent ¢ red + 1350F, unexposed 143.8[137.8] 8.5 S5B.1
AC +1100F, 8 hr unexposed 144.5|138.6| 8.5 42,2
111 | 1000 0.09 143.3[140.0] 9.5 54.8
111 | ro000 0.78 147.3|144.8] 5.5 £2.7
Test made after ereep exposure without surface eonditioning.
TABLE 3.02145 EFFECT OF EXPOSURE AT 200F WITH LOAD ON ROOM TEMPERA-
TURE TENSILE PROPERTIES OF SHEET,
cove 3722
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
Ti
11.5 Mo
6 Zr
4.5 Sn
BETA I
|source 6]
Alloy Ti-11.5Mo-§Zr-4.55n
Form Sheat
100 hr Creep Exposure [Subsequent RT Tensile Properties (a}
Sheet Permanent
Heat ]Thickness Condition TempStress |Deformation| Fyy | Fiy e(2 in} RA
n F kai percent ksi ksl |percent percent
unexposed (b) 175.2|167.3| 9.7 35.2
500 | 115 0.08 181.0 | 175.5| B.5 55.1
500 130 0.16 182.1|1786.6| 8.5 56.2
600 100 0.11 173.8|166.2] 7.5 47,0
A 0.063 40 percent ¢ red + 1400F, 5 min, ‘| 800 115 0.19 179.9|176.0} 9.0 52.6
AC +1050F, 8 br 100 55 0.10 183.1|176.2| 7.5 44.8
T00 75 0.15 181.2)175.2] 7.5 35.5
700 85 0.17 186.6 | 179.4] 8.5 47,4
800 13 0.10 184.7 [177.3]| 9.0 42.4
860 23 .16 183.6 [171.7] 7.5 37.8
unexposed 167.2{158.7] 8.0 4.8
‘unexposed 166.4]157.0] 9.0 35.5
500 115 0.18 174.9|171.3| 5.5 0.2
500 130 0.12 174.8 {170.6| 5.0 48.6
B 0,063 40 percent c red + 1400F, 3 min, | 600 100 0.11 172,5|165.0| 5.5 43.0
AC + 1050F, B hr §00 115 0.21 180.2|175.0| 5.5 45.6
700 55 0.12 179.9§ (o) 4.3 5.4
700 75 0.15 175.9]168.8] 5.0 39.7
800 13 0.04 178.6|169.0| 5.5 40.2
800 23 0.16 175.4]163.6] 5.5 41.3
unexposed 178.0 | 164.5{ 4.5 34.9
unexposed . 170.6 | 159.7] 7.5 39.4
500 a0 0.13 172,9|163.8| 6.0 40.8
500 110 0.15 172.9]168.3) 4.¢ 35.2
< 0.067 |50 percent ¢ red + 1350F, AC 600 70 0.12 174.1]164.2| 8.0 435
+1000F, 8 hr 600 80 0.19 173.01164.1} 9.0 50.9
700 45 0.09 178.1(166.6| 3.5 39.5
800 12 .00 176.5 [ 163.7| &.4 33.5
300 22 0.10 181.1|168.4]| 7.0 23.2
unexposed 162.1|158.5| 5.5 50.9
C 0.067 50 percent ¢ red + 1450F, AC unexposed 163.1]150.3| 8.0 47.6
+1000F, 8 hr 500 | 120 | 0.21 169.7[167.3]| 6.5 40.4
706 | 75 | 0.11 176.6|187.2]| 4.0 36.8
(a} Tests made afier creep exposure without surface conditioning.
(b) Unexpesed values average two tests.
(¢) Not determined.
TABLE 3.02146 EFFECT OF 100 HOUR EXPOSURE TO ELEVATED TEMPERATURE WITH LOAD ON ROOM
TEMPERATURE TENSILE PROPERTIES OF SHEET AGED TO MEDIUM STRENGTH LEVEL.
cope 3722
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RELEASED: SEPTEMBER 1972 NONFERROUS ALLOYS
Ti
115 Mo
6 Zr
45 Sn
BETA Il
[souree (4)
Alloy Ti-11.5Mo-6 Zr-4.58n
Torm ) “Sheet
100 he Creep Exposure | Subsequent RT Tensile Properties(a)
Sheet Permanent
Heat |[Thickness, Condition Temp [Stress{Deformation | Fy, Fty e(2 in} RA
in F ksi percent kai ksi ercent | percent
unexposed(d} 213.6] 197.8 8.0 26.7
500 | 130 0.07 214.6( 206.4 4,0 19.1
500 1140 0.14 219.31212.3 7.0 22.9
800 a0 0.07 214.6| 202.2 4.5 21.9
A 0.083 40 percent ¢ red + 1400F, 5 min, | 600 |115 0.14 219,2) 210.2 6.5 26.0
AC +900F, S hr 600 130 0.16 217.6(208.7 6.0 27.5
700 60 0.11 219.8| 206.0 5.0 21.9
700 75 0.16 217.4| 207.7 3.5 4.9
700 | 90 .32 222.2 | 2091 5.0 (2}
unexposed 193.9] 150.8 8.5 31.0
unexposed 195.2 1 185.5 8.5 30.0
500 |130 0.07 199.2[ 191.8 5.3 42.8
500 |150 0.35 202.4| 200.0 4.0 38.0
B 0.063 40 percent ¢ red + 1400F, 5 min,| 400 a0 0.05 201.0| 190.8 5.0 27.8
AC +950F, 8 hr 600 (115 0.18 202.1| 195.4 5.5 33.3
700 35 0.05 202.3 | 186.2 5.0 22.5
700 | 75 0.17 206.4| 157.5 5.5 30.2
800 | ID 0.04 205.2]192.4 7.0 25.3
800 23 {. 20 204.4] 192.6 5.5 30.7
unexpased 200.9 | 196.8 4.5 25.9
unexpoged 204.5] 194.9 3.0 21.1
§00 |110 0.06 200.9|181.5 3.5 17.0
500 ] 140 0,31 203.6] 203.6 3.5 14.7
o] 0,067 50 percent c red + 1350F, AC 600 90 0.05 200.4(192.7 3.5 18.9
+900F, 8 hr 600 1115 .13 202.7]1198.4 2.5 15.6
T00 60 0.05 214.7f 203.2 2.5 16.0
100 75 0.02 219.7} 217.9 {c) (c)
800 [ 10 0.11 205.8 | 193.8 4.5 10.2
800 20 9.37 204.5[ 195.4 2.5 14.9
unexposed 188.9(172.8 7.0 30.9
o] 0.087 50 percent ¢ red + 1350F, AC unexposed 181.4| 177.8 7.5 35.6
+950F, 8 hr 700 1 75 | 0.24 203.7]192.5 4.5 19.4
C 0.087 30 percent ¢ red + 135GF, WQ unexposed(b} 181.4 184.0 6.0 30.¢
+900F, 8 hr 700 J 70 1 o0.33 216.3] 213.% 5.0 7.2
C G, 087 50 perecent ¢ red + 1350F, WQ unexpesedd) 192.5] 179.9 7.0 31.1
+950F, 8 hr 00 [ 10 [ o.04 196.5[185.8 | 6.5 27.9
] unexposed 186.6 185.8 4.0 36.6
c 0.067 50 percent ¢ red + 1450F, AC unexpased 188.3 ] 183.3 5.0 {c)
+900F, 8 br 500 i1z0 | 0.27 199.3]187.3 [ 3.0 9.0
unexposed 184.6] 169.8 5.5 33.5
c 0.087 50 percent ¢ red + 1430F, AC unexposed 188.2] 172.% 4.0 25.2
+950F, 8 hr 500|120 0.08 193.0( 157.9 | 18.5 33.3
700 ] 75 I 0.24 199.51 189.2 4.0 24.6
(1) Tests made after creep exposure without surface conditioning.
(t) Unexposed values average two tests,
{c) Not determined.
TABLE 3.02147 EFFECT OF 100 HOUR EXPOSURE TQO ELEVATED TEMPERATURE WITH LOAD ON ROOM
TEMPERATURE TENSILE PROPERTIES OF SHEET AGED TO HIGH STRENGTH LEVEL.
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
Ti Source {4)
| Alloy T‘i-llﬁMo—szr—4.5&1
Form Sheet
115 Mo 500 hr Creep Exposure | Subsequent RT Tensile Properties(a)
6 zr Sheet Permanent
Heat |Thickness Condition Temp | StresgDeformation| Fyy -Fty e(2 in} Ra
45 Sn in F | kst percent ksi | ksl | percent percent
unexpoged(b) 175.2]167.3 9.7 35.2
500 110 0.08 181.2[176,0 8.0 41.8
BETA 1li 500 | 125 0.19 | 1s7.2[183.9] 4.0 6.7
A 0.083 40 percent ¢ red + 1400F, 5 min | 600 g0 0.09 184, 4[179.7 7.5 33.8
AC + 1050F, & br 600 100 0.16 183.61177.0 5.0 49,2
700 a0 0,09 185.5(175.0 8.0 49.4
700 S50 0.15 190,4{179.6 6.9 46.7
800 10 0.14 185.1{175.0 5.0 8.2
800 15 0.21 183.7]177.3 8.5 32.0
unexpased 178.0]164.5 4.8 34.9
B 0.087 |50 percent ¢ red+12350F, AC + unexposed 170.6§159.7| 7.5 39.4
1000F, 8 hr 500 [ 110 | 0.27 159.3[155.3] 9.0 5.4
700 | 50 | 0.75 | 185.3/165.8] 4.0 25.9
{a) Tests made after creep expasure without surface conditioning.
(b) Unexposed values average two tests.

TABLE 2.02148 EFFECT OF 500 HOUR EXPOSURE TQ ELEVATED TEMPERATURE WITH LOAD ON ROOM
TEMPERATURE TENSILE PROPERTIES OF SHEET AGED TO MEDIUM STRENGTH LEVEL,

Source {4)
Aoy Ti-11.5Mo-6Zr-4. 580
Form Sheet :
500 hr Creep Exposure |Subsequent RT Tensile Propertles(a)
Sheet Permanent
Heat | Thickness Condition Temp|StresgDeformation| Fry | Fry e(2 in) RA
in F ksi percent ksi ksi |perceat | percent
unexposed(b) 213.6| 179.6| 8.0 26.7
500 | 110 0.08 21911 204.8 8.3 23.7
500 | 115 0.07 2158.5| 207.4 £.0 24.8
500 | 125 0.10 217.3| 208.% 4.5 20,2
5060 90 0,12 218.2) 205. 4 5.5 20.0
A 0.063 |40 percent ¢ red +1400F, § min, | 660 | 100 0.11 220.3] 18,8 $.0 19.8
AC +900F, 8 hr 600 | 110 0.20 219.3] 215.1 4.0 18.7
700 30 0.08 221.0] 216.5 5.5 11.8§
700 40 0.14 225.2| 207.4 6.0 21.7
700 50 $.16 214.2| 200.9 6.0 18.3
800 5 ¢.13 732.6|209.1| 6.0 12.2
goo T ¢.13 222.2( 209.2 6.0 159.6
300 15 0.22 210.4| 206.8 5.0 18.9
B 0.067 |50 percent ¢ red +1350F, AC unexpased 200.9| 196.8 4.5 25.8
+ 300F, 8 br unexposed 204.5| 194.9 3.0 11.1
500 | 1g0 | 0.18 199.1] 188.5 | 6.0 20.8
(a} Tests made ajter creep exposure without surface corditioning.
b} Unexposed values average two tests.

TABLE 3.02149 EFFECT OF 500 HOUR EXPOSURE TCQ ELEVATED TEMPERATURE WITH LOAD ON ROOM
TEMPERATURE TENSILE PROPERTIES OF SHEET AGED TO HIGH STRENGTH LEVEL.
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RELEASED: SEPTEMBER 1972

=T T
Ti-11. 5Mo-6Zr-4.55n ’ |
0.067 INCH SHEET ‘
50 PERCENT C RED + 1350F, WQ + AGE

AGE TEMP - F
900 850
o u]
- a

UNEXPOSED
EXPOSED: 700F, 70 KSI, 100 HR

| TESTS MADE AFTER CREEP EXPOSURE WITHOUT)
SURFACE QONDITIONING.
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FIG. 3.02150 EFFECT OF 100 HR EXPOSURE TO ELEVATED
TEMPERATURE WITH LOAD ON ROOM TEMP-
ERATURE TENSILE PROPERTIES OF SHEET
VARIOUSLY AGED. (@)

PERCENT

ST 900

NONFERROUS ALLOYS

Ti-11.5Mo-6Zr~4.55n

COIL SHEET
FC RED + 5T, 5 MIN + AGE, § HRS

-==0 ® (063
Cc | 0.020

——040 A 0.020

L T THICKNESS
INCH

€ RED
PERCENT
28 1350 F. STEAM
 QUENCH
7 1425 F, STEAM
QUENCH
1350 F. WATER

QUENCH-

950

1000

1050 110¢

AGE TEMPERATURE - F

FIG. 3.02161 EFFECT OF AGING TEMPERATURE ON TENSILE
PROPERTIES OF COQIL SHEET. 4)

220

Ti
115 Mo
6 Zr
4.5 Sn
BETA 11l
g
£
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
. Source (4)
Ti ioy Ti-11.5M0-6 Zr-4.55n
Form Foil
115 Mo Condition 1450F in Argon, AC + Age, 8 hr in Vacuum (2 x 10~ mm Hg)
Tensile Properties (b)
6 Zr Foil Gage |Age Temp Test Fu Fq,. e(2 in) RA E Static
45 Sn in F Deskin{z); Dir ksi ksi ergent | pereent {1000 ksi
d 0.010(c) unaged No L 143.7 134.2 10.8 28.6 11.5
s L 144.8 135.8 .8 30.0 11.8
BETA il o T | 143.7 | 130.8| 7.5 27.5 1.2
S T 141.3 137.1 8.0 37.2 12.6
930 No L 201.2 191.5 3.2 10.0 15.6
S L 174.7 162.0 4.3 22.0 15.8%
A L 173.0 164.0 5.5 22.8 16.1
1000 No L 158.0 156.0 4.5 24.0 15.8
5 L 168.4 161.0 4.0 22.4 15.7
| A L] 157.0 149.7 | 5.5 25.5 16.8
0.005(c) unaged Ne L 152,1 137.0 10.0 - 11.2
5 L 151.5 141.0 8.0 - 12.8
No T 153.7 148.6 5.7 - 12.8
5 T 151.7 139.5 9,2 - 12.6
950 No L 203.3 150,56 2,5 - 15.9
s L 185,90 177.6 3.3 - 15.1
A L 187.8 178.1 3.5 - 15.8
1000 Ne L | 170.8 167.0 4.0 - 15.4
s L 170.8 163.3 3.0 - 16.2
A L 175.5 165.0 5.0 - 16.2
[0-0035(q) 530 No L} 194.1 180.3 4.2 - 16.1
5 L 162.6 153.6 4,0 = 14,5
A L 17%.1 165.1 3.0 - 15.6
1000 No L 16%,1 151.7 3.5 - 15.1
3 L 166.9 161.2 8.0 - 16.1
A L 166.9 156.9 4.5 - 16.8
0.002(e) unaged No L 141.6 133.2 8.5 - 10.2
5 L 145.6 144.3 6.0 - 10.8
No T 145.0 138.4 g.2 - 11.5
5 T 144.4 140.7 8.2 - 11.0
950 No L 227.3 213.3 2.0 - 18.4
3 L 242.8 232.9 1.7 - 17.8
A L 178.8 163.0 1.9 - 15.0
1000 o L | 170.0 | 168.0 © p 17.2
A L 188. 7 177.0 3.9 - 17.9
(a) Deskin acid pickle:..8 = 0,0005 in after ST, A = 0,0005 in after aging.
{b) Averagc of duplicate tests.
{c) Cold reduced {rom 0.020 in strip.
{d) Produced by ccld reducing solution treated ¢.010 in foil.
{e) Produced by cold reducing solution treated ¢,005 in foil.
{f) Failed at gage mark.
TABLE 3.02152 TENSILE PROPERTIES OF FOIL.
Ti-11.5Mo-6Zr=4,35n |
sagl_ 0.063 DICH SHEET
ST + 850 F, 8 HRS, AC i
| | ] T
|
200 I /" L
; F Source (4)
; o[ o
= | ! Condition T420F, WQ + age, § hr
e : ! Age Temp-F Fyy - ksi Foy — K8i¥
o 120 - : As ST 589 8.2
“ 112.2
= H 800 1B7.6 203.2
a ; ; 194.3
50 : T COMPRESSION 1000 155.6 162.9
' : I * Specimens 0.5 inch diameter x 1.250 inch
height.
40 H 1
: i TABLE 3.0222 COMPRESSIVE YIELD
! ‘ STRENGTH OF BAR.
; i |
0 9.003 0,010 0,015 0.020 0.025 0.030 0.035
STRAIN - IN/IN
FIG. 3.0221 TYPICAL COMPRESSIVE STRESS-STRAIN CURVES
FOR SHEET. [EL)]
cove 3722

PAGE 30




RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

Saurce {2 [ Ti-11.5Mo-6.52Zr-4. 250,120 ! .
Alloy Ti-11.5Mo-6Zr-4.58n 0.244 INCH DIAMETER ROD Ti
Form 9.5 inch plate COLD DRAWN + ST, 10 MIN, WQ + AGE, 8 HR
Condition | Hot roled 1.1 in t6 0.5 in = 1350F, 15 min, 120 | ! BETA TRANSUS < 1875F 11.5 Mo
15 sec delay, WQ + Age, B hr
lAge Temp 6 Zr
— ksi . o AGE TEMP: 900F
F Fiy -k51 Foy* - ks B100 A ] 45 Sn
Unaged 105.8 igif ) UNAGED
: = ey Y. S
550 1i5.5 18%.2 @ g0 BETA Hi
184.2
1000 163.0 159.0
170.5 60
= Compression specimens 0.5 inch diameter by 1275 1300 1325 1330 1373 1400 1425
1.250 inch height. SOLUTION TEMPERATURE - F
TABLE 3.0223 COMPRESSIVE YIELD STRENGTH OF FIG. 3.0252 EFFECT OF S0LUTION TEMPERATURE ON SHEAR
PLATE. STRENGTH OF ROD. (&)
Source 19) .
Allay Ii-11.5Mo-62r-2. 35 Ti-11,5Mo-62r 4. 55n ' ‘
Form U063 inch sheet 20D |
Conditlon ___| ST+ 950F, S hr, AC COLD DRAWN + ST, 5-15 MIN, 0-18 SEC DELAY, WQ
Test Direction | Fiy - ksi Fcy - ksi 120 |- + AGE, 3 HES
L 175 195 |
T 185 211 ROD DIAMETERS: 0.170 IN TO 0.316 I¥
SOLUTION TEMPS: 1275 T TG 1450 F
3.000 —-‘ 190 —_—
f— 2.000 —ay - Tk
177}
) ¥ Fsy
1.000 B B S
100 — — = =
RANGE OF VALUES  —————al™
Lrour 90 degree V-notches, ( y NO.OF TESTS I
¢.010¢-inch deep
5 '—/\f
) soo 1000 1100
Sheet Compression Specimen AGE TEMPERATURE - F
TABLE 3.022¢ COMPRESSIVE YIELD FIG. 3.0253 SPREAD OF SHEAR STRENGTH FOR ROD AGED AT
STRENGTH OF SHEET. DIFFERENT TEMPERATURES. 4
—"/\r T T
150 — —lTi~11.5Mo-6Zr-4.55n i
BAR !
ST, WQ + AGE, 8 HR P )
- /55; o na Alloy Ti=11.5Mo=6Zr-4.58n
3] Q St - Form 0.063 inch sheet
%100 L — === Condition ST + 950F, 5 hr, AC
= ‘& Test Direction Fey, = ksi
i ] ! 1
= MELT PRACTICE: VAC ARC- ELEMENTAL ADDITIONS L 137
HEAT | BAR DIA - IN | 50L TEMP - F T 118"
Oa | 1/2 1420
50 {MELT PRACTICE. ELEC BEAM-ELEMENTAL ADDITIONS| | 41/2
——— @B 1 1300 0,060
——— B B /4 1500 ”L.[ﬂ}\/ls D ream7/ a.040
MELT PRACTICE; ELEC BEAM - B ALLOC
- a ¢ 13/2 i 1300 gl (L Symmeteie
- A D 1 . 1150 1 1/4} 1 f
A I 1 I I
$T 800 950 1000 1050 1100 1150 [2 - 5 i::
AGE TEMPERATURE - F | ¢ Symmetric
FIG. 3.0251 DOUBLE SHEAR STRENGTH OF AGED BARS VARIOUSLY
MELTED AND SOLUTION TREATED. @ TABLE 3.0254 SHEAR STRENGTH OF SHEET.
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
Tl Source {4)
Aoy - See Compositions Below
Form 0.063 inch Sheet
115 Mo Condition 40 percent ¢ red + 1400F, 5 min, AC +age, 8 hr
6 z r Composition - weight percent
Ti Mo Zr Sn Fe C [+] N |Age Temp- F Fry - ksi NTS* - ksi
45 Sn 00 pLT IS aIT
. 195.4
Bal 10.8]5.8 4,4 | 0.08)0.06 | 0.15 {0.010 1050 167.3 197.8
BETA Il 196.4
950 183.1 201.4
214.0
Bal 12,216.7 4.1 0.0310.04(0.14 J0.013 1050 157.8 185.1
183.3
\(5007(
-
0.350 0.500 Ki=6.1
A |
r=10.004
* No load crosshead speed 0.05 in/min

TABLE 3.02711 EFFECT OF COMPOSITION {VARIATION Y BETA-PHASE-STABILIZING ELEMENT
CONTENT) ON MILD-NQT CH TENSILE PROPERTIES OF SHEET.

Ti-11.5Mo=6 Zr-4, 550 r ]

SHEET

C RED TO 0.063 INCH THICKNESS + 1350F, 3 MIN,
FAN AC + C RED AS INDICATED + 5T, 3 MIN,

Ti-11.5Mo-62r-4.55n ’ FAN AC + AGE, § HR
1/16 INCH SHEET [ | | |
1.2 | C RED + ST, 5 MIN, QUENCH + AGE, 8 HR SOLUTION TEMP - F | AGE TEMP- F
~ 250 | © NONE 950
N O 'NONE 1000
1.0 ‘\\ & 1325 . 850
[ N W 1325 1000
;
Q
0.8 \ 200 I
7 \
£ °© = .
0.6 f— 2 E
g FEATIGUE ' 1 i
z CRACK TIP - .
<"
oal —
02—
o CENTER FATIGUE- CRACK SPECIMEN
| I
CRED |SOL TEMP
HEAT|PERCENT F |QUENCH| AGE TEMP- F
o A 0 1400 AC  [RT, 950, 1050 [
P 40 1450 AC  |RT, 900, 1000 _
O B &0 1325 AC 950 z I
e & 50 1400 acC 930 H & ;
& B 40 1325 AC 250 3 |
a4 B 40 1400 AC 950, 1000 z Q@ ,
& B 40 1400 AC 8004950, 800+1000 H 0.2 ' T i
2 g ;g i";gg @g gg'ggg'ggg’igzg SEE FIG. 3.02712 FOR CENTER FATIGUE- CRACK
Lo C 50 1450 Ac  |RT,s00,950,3000 [ SPECIMEN CONFIGURATION.
v C 50 1430 WQ  |RT, 500,950, 1000 0 | | | |
f 1 : I 0 10 20 30 40 50
50 100 150 200 COLD REDUCTION - PERCENT
Fry - KSI
FIG. 3.02713 EFFECT OF COLD REDUCTION ON STRENGTH
FIG. 3.02712 EFFECT OF YIELL STRENGTH LEVEL ON STRENGTH OF CENTER FATIGUE-CRACK SHEET SPECI-
OF CENTER FATIGUE- CRACK SHEET SPECIMENS. (4} MENS VARIOUSLY HEAT TREATED. ()
cope 3722
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RELEASED: SEPTEMBER 1972 NONFERROUS ALLOYS

240 r r
Ti-11.5Mo-6Zr=1. 550 Ti
0,063 INCH SHEET
_ 200 |-ST + 950F, 8 HRS, AC TESTTEMP -F | | 445 Mo
7 | RT
' AT 6 zr
] i 400 |
i 160 7 — 45 Sn
—T T T = "] *
Ti-11.5Mo-6Zr—4.58n [ /"'—-—-—-— 500
wa
0.640 INCH PLATE //"'.____—- 250
1600 F, WQ + AGE 120 ///" BETA I
AGETEMP -F Fo, Foy K //
550 = o [ ) 80
700 D o [ |
900 a a
240 /] TENSION
40 LONGITUDINAL
220
e 200 ey 1
¥ 130 Fry OR Foy Y
| . J 0 0.005 0.010 0.015 0.020 0,025 0.030 0,035
160 L e STRAIN - IN/IN
140 4
| T FIG. 3.0311 TYPICAL STRESS-STRAIN CURVES AT VARIOUS
100 TEMPERATURES FOR SHEET IN LONGITUDINAL
80 DIRECTION, (19)
@ 60 j:}- - — 4
~ 40 =t — KL
g |
E T ‘h-*— i = Ng%-_
0 - n M 240 T -
—_— Ti-11,5Mo-6Zr~4, 550 [ |
o625 | o) 0.063 INCH SHEET
8 ‘ 200 | 5T + 950F, 8 HRS, AC TESTTEMP -F |
FATIGUE PRECRACKED 3-POINT BEND SPECIMEN — RT
NOTE : Ky, DATA DEVELOPED .IN ACCORDANCE / 400
WITH ASTM PROPOSED RECOMMENDED PRACTICE, 180 L —
[ N N S NN SR T M £ - - £00
.2 8 1 2 § 10 20 80 100 200 500 & //__._-—-— 850
AGE TIME - HOURS ‘ / /
2120 4
FIG. 3.02722 EFFECT OF AGING TIME ON THE PLANE o
STRAIN FRACTURE TOUGHNESS OF PLATE. &
{15) 80
40 TENSION
TRANSVERSE
o
0 0.005 0,010 ©0.015 0.026 0.025 0.030 0,035
STRAIN - IN/IN
FIG. 3.0312 TYPICAL STRESS-STRAIN CURVES AT VARIOUS
TEMPERATURES FOR SHEET IN TRANSVERSE
DIRECTION. (19)
Souree {11) (12}14)
Alloy Ti-11.5Mo-6Zr- 1,550
Form Closed Die Press Formng* Press Forged 3 inch Square
Condition 1325F, 1 br, Wi + 950F, 8 hr, AC** |1400F, 1 hr, W@ + 950F, 8 hr, AC™
Ty - Ksi T8z 163
K - ksiYin 57.2, 5.8 5.9, 63.4
t-—s —1 0.5 0.5,
Fatigue- Cracked -:I r ‘ 4 r
Bend Specimens | 0.3 II_LSD l Lo I 1 D
L
= 6 ! - ! 6 - ! T
* See Table 3.0213 for forging configuration and specimen locations (specimens Kje -A and Ky, -B).
** Heat treated in full section.
TABLE 3.02723 PLANE STHAIN FRACTURE TOUGHNESS OF PRESS PORGINGS.
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NONFERROUS ALLOYS

Ti Ti-11.5Mo-82r-4.58n '
0.5 INCH DIAMETER BAR
11.5 Mo 220 [~ 1420F, 5 MIN, W@ + AGE, B HR
6 ZIr 0 ©  AGETEMR-F
=0 o Do
w
'4.5 Sn = » ® W50
40 fr ——y Fru 220
BETA III £
1002 b 180
- -
)
Fry bl
— \‘\JA“_ e
S 60
£ 300 20
% 80 f—m k4
i —
B . 0
) 40_'_0
2 wf— g
ob— 809
[~
— o ) ~1 ¥
- #__T_#——==‘F,-% 20
. 1
_N 0 -]
RT ¥ 400 600 800 1000
TEST TEMPERATURE - F
FIG. 3.0313 EFFECT OF TEST TEMPERATURE ON TEN-
SILE PROPERTIES OF BAR. @)
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220

200

180

1 T
Ti-11.5Mo=62r=-4,55n
¢.5=- INCH PLATE

L

L T HEAT CONDITION
o A HOT ROLLED AT 1400F + 1400F,
15 MIN, WQ + 950F, & HRS

C 1350 F,

wQ + 35

S ¢ B HOT ROLLED :.1INTO 0.5 N +__|
1850F, 15 MIN, 13 SEC DELAY,
WQ + 1000 F, 8 HRS

a B HOQT ROLLED 1.1 INTO 0.5 IN +

15 MIN, i5 SEC DELAY,
OF, 8 HRS

146

Fory - KSI

——
—

—— >

_—

100
80

50
40

29

RA - PERCENT

L —=

e (1IN

}

RT 400 600

800 1000

TEST TEMPERATURE - F

FIG. 3.0314 EFFECT OF TEST TEMPERATURE ON TENSILE

PROPERTIES OF PLATE.
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RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

220 ’\/ . r r - T
Ti-11.5Mo—6Zr—4.55 glo;;'&hé(;;esg;f&‘ l Ti
0.067 INCH SHEET :
180 46 PERCENT C RED + 5T, 5 MIN, AC + 240 ST + 950 F, § HRS, AC TEST TEMP -11;1"-— 115 Mo
AGE, 8 HR L
/ 400 6 Zr
2 - Fru 200
X940 220 / L 600 4.5 Sn
1 - — — --..____\. I
g = / /"‘ I 850
& g _ 160 }/"' BETA 1l
100 i 180 g /
1
2]
5 2 120
60 140 % o
- [ =
i, _‘ETY b t
" r: 80
100
AGE TEMP N\ COMPRESSION
F SOLUTION TEMP N 40 TRANSVERSE
300 [1000 F
Mo e 1350 60
o| = |10 6
0 0,005 0,010 0,015 0.020 0.025  0.030 0.035
100 20 STRAIN - IN/IN
=
Z 80 // K FIG. 3.0322 TYPICAL COMPRESSIVE STRESS-STRAIN CURVES AT
e . A &7, VARIOUS TEMPERATURES FOR SHEET IN TRANSVERSE
& 60 — = DIREQTION, (19}
140 -
=
20 30g
20G
0 — A I
4 =
e{2 IV /ga/ =]
(2 IN) I 108
— e ]
’\13 F 0
RT 80C 700 800 300 1000
TEST TEMPERATURE - F 240 r r [
Ti=11.5Mo~62r-4.55n
FIG. 3,0315 EFFECT OF TEST TEMPERATURE ON TENSILE 0.63 INCH SHEET ,
PROPERTIES OF SHEET. {4) 200 ST +B50F, B HR, AC 211-
. N
i .
'_—_——A‘_
5160 =
o
= EACH POINT AVERAGE THREE TESTS o~
I N A I
T T RT 400 500 600 700 800 800
240 L Ti-11,5Mo-6Zr~4, 55n TEST TEMPERATURE - F
0.063 INCH SHEET
ST +-030 F, 8HRS, AC TEST TEMP - F FIG. 3.0323 EFFECT OF TEST TEMPERATURE ON COMPRESSIVE
200 I— RT YIELD STRENCGTH OF SHEET. {19)
= %
6
S
— 160 o — 850
i
hrrd
# 120 /
B
o
80
[Source {2}
COMPRESSION Alloy TirE1.5Mo-62r-4.55n
40 LONGITUDINAL Form 1 8/16 inch dia bar
Test Temp Fty IE, Charpy-V
Condition F k51 it-1b
1350F, WQ + 900F, 6 or | KT 176.3 14.5
0 -40 13.0
0 ©0.005 0.010 0.015 0.026 0.025 0.030 0.035 1350F, WQ + 1050F, 8hr] RT 159.3 13.5
STRAIN - IN/IN -40 10.5
[Fid-T=dus properties
FIG. 3.0321 TYPICAL COMPRESSIVE STRESS-STRAIN CURVES
AT VARIOUS TEMPERATURES FOR SHEET IN TABLE 3.0331 CHARPY-V IMPACT ENERGY FOR BAR AT
LONGITUDINAL DIRECTION, 19 ROOM TEMPERATURE AND -40F.
cope 3722
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NONFERROUS ALLOYS RELEASED: SEPTEMBER 1972
Ti T Y 5o 620%, 55 T i I
1 INCH PLATE .
115 Mo HOT ROLLED 4 1/4 IN TO 1 IN (1900F START, 1630F
FINISH) + AT, 15 MIN, QUENCH DELAY, WQ+ AGE,
6 Zr 2004— 8 HRS — . . L
45 Sn o
o b— TY AT RT
BETA Il SOLUTION QUENCH DELAY~
160 L TEMP - F SEC
- 0 1450 15
g W 1350 15
140 | © 1350 30 X
Source {4) o l
Alloy Ti-11.5Mo-6Z1-4.58 120 —
Form Bar
Dia Fty at RT| IE Charpy-V at -40F 100
Heat | inch Condition ksi fi-1b 2o N\, 4Y;
A [19/16]1450F, W@ 111.1% 25% i
1450F, WQ + 950F, 8 hr | 184.8 6
1450F, WQ + 1050F, 8 hr| 158.0 10 B 20— wtf— —1plE, CHARPY VAT —0F
B | 1 |1350F, WQ +900F, 6 hr | 176.8 13 i l % —,—Jr
1350F, WQ + 1050F, § hr| 159.3 10.5 £
- - . R .0
[°. Center; all othes values mid-radiug. as HO‘TI\I ST v 900 850 1000 1050 1100
ROLLED
TABLE 3.0332 CHARPY-V IMPACT ENERGY FOR BAR AT -40F. AGE TEMPERATURE - F
FIG, 3.0334 EFFECT OF AGING TEMPERATURE ON —40F IMPACT
ENERGY OF 1 INCH PLATE, (4}
Source {4)
Alloy Ti-11.5Mo-62r—4, 58
Form 0.5 inch plate
A Condition Hot rolled + heat treated
Ti—11.5M8-62’>’-4.5s$ | I l Hot
¢.5 INCH PLATE Rolling Heat Treatement Test | Fy, |IE,Charpy-V
| EOT ROLLED 1.1 IN TO 9.5 IN (1700 F START, 1640 F _| Temp Temp| kal ft-1b
FINISH) + ST, 15 MIN,QUENCH DELAY, WQ + AGE, F F
8 HRS | 1800 | 1450F, 10 min, AC RT [111.4 3
200 —- : -40 5
Foy AT RT 1450F, 10 min, WQ RT | 9.0 7
-40 6
mwo b 1 k& ™~ 1500 |1450F, 10 min, AC RT [121.7 11
! N ) 9
\‘ 1450F, 10 min, WQ RT | 99.4 23
w160 — I, -40 17
x 1400F, 10 min, WQ RT { 99.1 16
-40 16
140 f—— 1400 |1400F, 10 min, AC RT [135.9 12
.,J[, L T SOLUTION QUENCH DELAY -40 10
TEMP - F - 8EC 1400F, 10 min, WQ RT [113.9 21
120 e Q 1450 15 1 -40 20
# w1350 15 1200 |1400F, 10 min, WQ + 950F, 8 hr RT [176.3 9
: o 1350 30 -40 7
123 ; L | ¥ 1800 |1450F, 10 min, WQ + 1050F, 8 hr | BT |166.8 5
-40 3
| I | 1500 |1450F, 10 min, WQ + 1050F, Sbr | RT [164.7 10
2 20 }— IE, CHARPY V AT 40 F 40 8
= 1400 |1400F, 10 min, WQ + 1050F, 8hr | RT |167.2 10
= ¢ Ny Al values average duplicate 1ests.
AS HOT 5T 900 950 1000 1050 1100
ROLLED AGE TEMPERATURE - F TABLE 2.0235 EFFECT OF HOT ROLLING TEMPERATURE AND
COOLING RATE FROM THE S50LUTION TREATMENT
FIG. 3.0233 EFFECT OF AGING TEMPERATURE ON —40 F TEMPERATURE ON THE ROOM TEMPERATURE
IMPACT ENERGY OF 0.5 INCH PLATE. () AND ~40F IMPACT ENERGY OF 0.5 INCH PLATE.
cove 3722
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RELEASED: SEPTEMBER 1972

Ti=11.5Mo=6 Zr =4.58a [ |
0.5 INCH PLATE
HEAT CONDITION

500|0 0 ¢ & A HOT ROLLED AT 1400F + 1400F, 15 MIN, _|
WQ + 950F, 8 HR

dd¢ & B HOT ROLLED + 1350F, 15 MIN, 15 SEC
DELAY, WQ + 950F, 8 HR

@ B¢ A B HOT ROLLED + 1350F, 15 MIN, 15 SEC

200 DELAY, W@ + 1000F, 8 HR
TEST TEMP
S00F —t
@100 600 F =5 >
; J
&2 &>
2 5 ]
& 700F ~
&
2] &
= /
G A a
a /
10 // r
800 F
5 !
OPEN SYMBOLS, Fry~175 KSI AT RT
CLOSED SYMBOL?, Fry~1£0 KSI AT RT
] ]

2
.01 .02 .05 0.1 0.2 6.5 1.0
PERMANENT CREEP DEFOREMATION - PERCENT

FIG. 3.043 100 HOUR CREEP DEFORMATION FOR PLATE. (4)

NONFERROUS ALLOYS

Source {4)

Alloy Ti-11.5Mo-6 Zr-4.58n

Form 0.5 inch plate

Condition Hot rolled + 1350F, 15 mir,
15 sec delay, WQ + Age, 8 hr

Age Temp |Test Temp Fty 5 hr mild cotch stress rupture

F F ksi strength* - ksi

950 RT 175.5 150.¢
500 140.0 210.0

1000 RT 163.0 215.0
500 129. 4 204, 4

A

i
0.178 |[|0.250 K=6.1
- i

Ti
11.5 Mo
6 Zr
45 Sn

[Bource [
Alloy Ti-11.5Mo-62r-4.55n
Form 0.5 ingh plate
Coandition Hot rolied + 1350 F, 15 min, 15 sec delay,
WQ +age, 8 hr
Smooth Stress Rupture Properties
lAge Temp Test Temp Fy Stress Time to Failure
F F ksi kai hours
950 RT 175.5 186 9.6
RT 183 >1604
500 140.0 160 >1250
1000 RT 163.0 168 4.1,
RT 165 21416
500 129.4 145 >1251

TABLE 3.045 SMOOTH STRESS RUPTURE PROPERTIES FOR PLATE
AT ROOM TEMPERATURE AND 500F.

—r=0, 002

TABLE 3.046 5 HOUR MILD-NOTCH STRESS RUPTURE STRENGTH
FOR PLATE.

500 | ] I |

\ |
4 l ;
200 OPEN SYMBOLS, Fry~190 KSI AT RT .
CLOSED SYMBOLS, FTY~160 KSI AT RT i

500
100} TEST TEMP

= P
T e ||
s0f /J(/‘ - :

T00F
f soe]
/

A
s

Ti-11.5Mo-62r-4.58n

L4
(=]

N 800
e
ﬁ
0.063 IN SHEET 40 PERCENT C RED + ST + AGE
HEAT | SYMBOL ST + AGF
O 0<¢ A |1400F, 5 MIN, AC + 800F, 8 HR H
& B¥ 4 |1400F, 5 MIN, AC + 1050F, 8 HR
Q O & | 1400F, 5 MIN, AC + 950F, 8 HR
& B4 & |1400F, 5 MIN, AC + 1050F, 8 HR

7 IV SHEET &0 PERCENT C RED + ST + AGE
|G G & | 1350F, AC + S00F, 8 HR

& 1350F, AC + 950F, 8 HR
¥

&

CREEF STRESS - KSI
=
(=3

o
I
IS

Q

©
=l

0008000008{”&’:"

1350F, AC + 1000F, 8 HR
1350F, WQ + 900F, § HR B
<& 1350F, W@ + 950F, § HR
IN SHEET 50 PERCENT ¢ RED + ST + AGE
=3 1450F, AC + 900F, B HR
Q % 1450F, AC + 950F, 8 HR
[ 4
I
.01 .02 .05 (WY 0.2 0.5 1.0

1450F, AC + 1000F, 8 HR
I A I
PERMANENT CREEP DEFORMATION - PERCENT

=]
=2

FIG. 3.047 100 HR CREEP DEFORMATION FOR SHEET. (4)

BETA 1l

CODE

3722
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NONFERROUS ALLOYS

Ti Ti-11.5Mo~6Zr-4.58n |
I
© O¢ AQ.063 IN SHEET (HEAT A) 40 PERCENT C RED
11.5 Mo +1400F, 5 MIN, AC + 900F, 8 HR
500le m@ 40.063 IN SHEET (HEAT A) 40 PERCENT C RED ]
6 ar +1400F, 5 MIN, AC + 1050F, § HR
d 0.067 IN SHEET (HEAT B) 50 PERCENT C RED
4.5 Sn + 1350F, AC+ 900F, § HR
200|& & 0.067 IN SHEET (HEAT B) 50 PERCENT C RED
+1350F, AC + 1000F, 8 HR
BETA NI TEST TEMP
100 500F O] «
soor M|
7]
% 50 & !
<
5 T00F A
o 20 ’{
° 1 o/
3 FaX
800F
OPEN S5YMBOLS, Fry~190 KSI AT RT
z CLOSED SYMBOLS, Fry=~160 KSI AT RT —
i
.01 .02 .05 0.1 0.2 0.5 1.9
PERMANENT CREEP DEFORMATION - PERCENT
FIG. 3.048 500 HOUR CREEP DEFORMATION FOR SHEET.{4)
Source {4}
Alloy Ti-11.5Mo-62r-4. 580
Form 0.063 inch sheet
Condition 40 percent C Red + 1400F, 5 min, AC
+ age, 8 hr
Age Temp Fiy 5090 hr, RT Milé Notch*
F ksi Rupture Strengih = ksi
900 196.3 180.0
1050 167.3 182.0
* See Table 3.02711 for specimen configuration.
TABLE 3.0410 500 HOUR MILD-NOTCH RUPTURE
STRENGTH FOR SHEET AT ROOM
TEMPERATURE.
cobE 3722
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RELEASED: SEPTEMBER 1972

Source 4)
Alloy Ti-11.5Mo—-62r- 4.55n
Form 0.0863 inch sheet
200F Creep Permarnent Creep
Exposure Deformation -
Condition Stress Time percent
ksi hours
50 percent C Red+1350F, AC| 109 762 0.08
109 1000 0.03
30 percent C Red + 1350F,
AC +1100F, 8 hr 111 1000 0.09
111 2000 0.78

TABLE 3.049 200F CREEP DEFORMATION FOR SHEET.

Ti-11.5Mo~6Zr-4.55n |
0.5 INCH DIAMETER BAR
150 | -HOT ROLLED + 1420F, WQ + 900F, § HR(Fpp=200 KSI)
160 k\;-
2 | o~
| 140
3 AXIAL LOAD, TENSION (SINUSOIDAL)
o0l B=1.0 FREQUENCY = 1300 CPM
100
\‘
8¢ .
ROTATING BEAM 1
sol_R=-1:0 FREQUENCY = 10,000 CPM
0.05 0.1 0.5 1.0 s 10 50

CYCLES TO FAILURE x 10°©

FIG. 3.081 AXJAL LOAD AND ROTATING BEAM FATIGUE

FROPERTIES OF BAR.

)

Ti-11.5Mo-6Zr—4.55n |
0.5 INCH DIA BAR
HOT ROLLED + 1420 F, WQ + AGE, B HES
L 1 _1_ 1
K¢ AGE TEMP | Frg
1.0 3.3 6.1 F K5I
200} —4 © C o 900 Z00
] * 1050 164
16¢ D\ ¥l :
\~c_ Ly
\.I\
.
F120 e
- AXIAL FATIGUE, TENSION (SINUSOWAL) | |
5 gobBe0.1 FREQUENCY = 1800 CPM
A N
el |l _ -
40 20 =
W-h.._‘____'o___
¢
0.003 0.05 0.10 0.5 1.0 5 10 50

CYCLES TO FAILURE x 1075

FIG. 3.052 AXIAL LOAD SMOOTH AND MILD NOTCH FATIGUE

PROPERTIES OF BAR.

“)N7)



RELEASED: SEPTEMBER 1972 NONFERROUS ALLOYS

Ti-11.5Mo~62r-4. 550

0.5 INCH PLATE : Ti
| HOT ROLLED + 1350F, 15 MIN, 15 SEC DELAY, WQ
+ AGE, 8 HR I L 115 Mo
AGE TEMP-F  Fpp Kal 6
160 o 950 185. 4 Source ] Zr
® 1000 175.6 Alloy TI-11. 5Mo-62r—4. 55
O — T T T Form 0063 inch aheet 45 Sn
140 ——— . - Condition Poisson's Ratio, 47
g K = 1.0 T T———— 1450 F, W 0.352 BETA 1l
, - 1350F, WQ 0.368, 0.359
x 12¢ T — 1350 F, WQ + 900F, 8 hr, AC 0.312, 0.313
3 R=0.1, A=0.62 1350F, WQ + 1100F, 8 hr,AC 0.335, 0.325
& o0 | FBDQUENCY = 1500 GPM ALl specimens lonpfadinal.
AXIAL FATIGUE, TENSION (SINUSOIDAL) ~ ]
0.01 0.1. 1.0 10 50 TABLE 3.061 POISSON'S RATIO FOR SHEET.

CYCLES TO FAILURE X 1076

FIG. 3.053 AXIAL LOAD SMOOTH FATIGUE PROPERTIES OF
PLATE. (4}

20 J\/

i
Ti-11.5Mo—6Zr-4.58
0.5 INCH DIAMETER BAR
" 1420F, 5 MIN, WQ) + AGE, 3 HR
=
E
10
z X
o AGE TEMP-~ F
S o 900
5 ® 1050
RT 1’ 100 600 800 1000
— TEST TEMPERATURE - F
Ti-11.5Mc-62Zr-4.58n
120L 0" oer DvOH SHEET FIG. 3.0622 EFFECT OF TEST TEMPERATURE ON ELASTIC
- g MOGDULUS OF BAR. ()
100 — SMOOTH, Ky=1.0 —
% s0 i
: R=0.1, A=0.82
E 60| —.FREQUENCY = 1800 CPM
o AXIAL FATIGUE, TENSION {SINUSOIDAL)
© o SPECIMEN FACES IN ACID-PICKLED CONDITION'
—
N NOTCHED, K; = 6.1
[ .
20 Ty |
b3 yij
ol— HEAT CONDITION kst | K ]
70 PERCENT C RED + .
© A | 1400F,AC+ 900F, 8HR| 214 | 1.0 [Soarce ' @
10 PERCENT C RED + alloy Ti-11.5Mo-62r-4.55n
D A | 1400F, AC+1050F, 8 HR | 175 1.0 Form 0.5 inch plate
5 |50 PERCENT C RED + Condition ot rolled 1.1 in to 0.5 m + 1350F, 15 min,
& 1350F, AC+900F, 8HR [ 203 | 1.0 15 sec delay, WQ +age, § br
50 PERCENT C RED + Age Temp - F E - 103 ksi Eo ™ - 103 ksi
A B | 1350F, AC-900F, 6 HR § 203 6.1 Teaged 1.5 2.0
50 PERCENT C RED+ 11.8
® B | 1350F, ACH1000F, 6HR | 174 | 6.1 950 15.6 16.7
] ] ] i ] 1%.0
0.01 0.1 1.0 10 50 000 15.9 5.5
CYCLES TO FAILURE X 1075 15.8
* Compression specimens 0.5 ineh diameter by 1. 250 inch height.

FIG. 3.054 AXIAL LOAD SMOOTH AND MILD-NOTCH FATIGUE
PROPERTIES OF SHEET. (4} TABLE 2.0625 COMPRESSIVE ELASTIC MODULUS OF PLATE.

cobe 3722
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NONFERROUS ALLOYS

RELEASED: SEPTEMBER 1972

80 T T T
Ti-11.5Mo-6Zr-4.55n
COIL SHEET
20 C RED + ST, 5 MIN, WQ + AGE, 6 HR
= E
=
2
210 L T THICKNESS C RED ST
O ® 0.062IN 28 PERCENT 1350F
D W 0.0201¥ 77 PERCENT 1425F
A & 0.020IN 77 PERCENT 1350F
0 1 . H 1 L
ST 900 950 1000 1050 1100 1150

AGE TEMPERATURE - F

FIG. 3.062%9 EFFECT OF AGING TEMPERATURE ON ELASTIC
MODULUS OF COIL SHEET,

(4)

Ti Ti-11.5 Mo-62r-4.550
20}0.063 INCH SHEET
115 Mo 40 PERCENT C RED + ST, 5 MIN, AC
'EACH POINT AVERAGE 2 TESTS
6 Zr| g
T B ;
45 Sn g E STATIC
BETA i )
1300 1400 1500 1600
SOLUTION TEMPERATURE - F
FIG. 3.0626 EFFECT OF SOLUTION TEMPERATURE ON ELASTIC
MODULUS OF SOLUTION TREATED SHEET. (4}
20 T T
Ti-11.5Mo-6Zr-4.55n
0.067 INCH SHEET
46 PERCENT C RED + 8T, 5 MIN, AC + AGE,
i & HR |
|
=
- E
=10 .,
3 \\
g AGE TEMP- F =
800 1000  SOLUTION TEMP - F N
o ® 1350
a | | 1450
0
RT )\’ 600 700 800 200 1000
TEST TEMPERATURE - F
FIG, 3.0627 EFFECT OF TEST TEMPERATURE ON ELASTIC
MODULUS OF SHEET. {4)
7 4
Ti-11.5Mo~6 Zr-4.58n
0.063 INCH SHEET
13}ST + 930F, 8 HR, AC
= T
ﬁ 15 —~—]
- L \\
14
Eg
12 /L
RT 4040 S00 600 T00 800 900
TEST TEMPERATURE ~ F
FIG. 3,0628 EFFECT OF TEST TEMPERATURE ON COMPRESSIVE
ELASTIC MODULUS OF SHEET. 09
cooe 3722
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240 ;
Ti-11.5Mo-B2Zr-4.55n
TEST TEMP ~ F 0.063 INCH SHEET
ST +950F, § HR, AC
RT
200 \\
M
160 ~
. 600 "“‘—-—-—-Q\
850 _\‘“\\\
120 ™~
@
e
L]
o
g
£ 8
COMPRESSION
LONGITUDINAL
10
0
0 4 8 12 16 20

TANGENT MODULUS - 103 KSI

F1G. 3.0631 TYPICAL COMPRESSIVE TANGENT MODULUS AT
VARIOUS TEMPERATURES FOR SHEET IN LONGI-
TUDINAL DIRECTION. {19)-



RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

2AI’\
T T T
TEST TEMP-F Ti-11.5Mo-6Zr~4,58n
AT 0.063 INCH SHEET
ST +950F, 8 HR, AC
200 e
—]
400 ~
\\_
600 [
160 \\“—-—_____________-_-—-_\\‘.‘
850 [ ™
\‘\
E120
w
(7]
43
=
“ g0
40
COM PRESSION
TRANSVERSE
0
0 4 12 16 20

g
TANGENT MODULUS -

103 K51

FIG. 3.0632 TYPICAL COMPRESSIVE TANGENT MCDULUS AT
VARIOUS TEMPERATURES FOR SHEET IN TRANS-

failure/w:

(b)
at tke loe

()

(d)

afl thickness.

ation of failure.

VERSE DIRECTION. {19)
(Source [
alloy Ti~11.5Mo—6Zr~4, 550
Form Seamieas Tubing
[Tube Size Flattening Flaring
in Condition Test (a} Test (b)
0D |[Wallt QDy/! percent
1,5 [0.173]As extruded (c) 3.7 -
1,26 [0.120 {Mill annealed (d) 9.0 13.5
Mill annealed + pickled 8.1 12.0
Mill annealed+135¢F, WQ 7.0 32.3
0.884]0.050 [Mill annealed {d) 11.8 18.3
Mill annealed + pickied 12.2 15.7
Mill acneated + 1350F, W@ 6.6 27.8
(a) attening performance - ratio; height (outside diameter) at

Flaring performance - percentage increase in cutside diarmeter

2.8 inch O D x 1.260 inch I D hollow billets canned (n mild steel,
heated to 1500F, extruded to tube hollow (reduction 7.2:1) and
water guenched.
Tube hollows cold reduced to finished tubing ih a single pass
with tabe reducers, followed by vacuum anneal: 1350F, 1/2 hr,
rapid ¢ool + 1150F, 4 hr, furnace cool to SOF.

TABLE 4.0111 FLATTENING AND FLARING PERFORMANCE OF

SEAMLESS TUBING.

6

115

4.5

Ti
Mo
Zr
Sn

BETA 1

80

=]
=1

Ti-11.5Mo-6Zr-4.58n
(& -1

Ti-13V-11Cr-3al
(B120VCA)

'y
=3

ROLLING FLOW STRESS - KSI
ra
E=

[}

| COMMERCIALLY
PURE TITANIUM p

™~

TYPE 31§ S.8.

!

Ti-6Al-4V

ROLLING FLOW STRESS COMPUTED ACCORDING TO FORD
AND ALEXANDER. (5} |

1200

1400 1600

1800 2000

ROLLING TEMPERATURE - F

OTHER ALLOYS.

0.40

< =]
£l o
< (=1

ROLLING ENERGY (KW MIN/INY}
=]
V
o

FIG. 4.0132 ENERGY FOR HOT STRIP ROLLING.

[Ti~11.5Mo-6 Zr-4.55n
TYPE 304 5.5.

ROLLING TEMPERATURES - F

MILL ENTRY MILL EXIT]
1570 1580 — |
1961 1758

NS

N
N

N

TYPE 304
N

Ti-11.5Mo~6Zr-45

N
K

-1 9.2

¢,

3 0.5 1.0

EXIT GAGE (IN)

(4

2200

FIG. 4.0131 HOT ROLLABILITY OF Ti-11.5Mo-62r=4.551 AND SEVERAL
(4)

CODE

3722
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NONFERROUS ALLOYS

RELEASED: SEPTEMBER 1972

_ Source {4)
Ti Alioy Ti-11.5Mo=62r-4.551

Form 0.195 inch hot rolled sheet

115 Mo Hot Rolling

6 Zr Temp = F {a) Ftu Fty e(2 tn) RA
Start {Finish(b} Heat Treatment ksi | ksi | percent |percent

4.5 Sn 1925 1550 . 133.:]121.9 10.0 29.7
1850 1475 | As-hot rolled, AC 145.5(134.6 7.0 38.2
1775 1400 152.4]143.4 £.0 27.1

BETA Il 1925 | 1550 125.6[111.6{ 11.0 42,1
1850 1475 |[1250F, 5 min, AC 131.8018.7 12.0 5¢.0
1775 1400 131.6[121.0 10.0 45.0
1925 1550 112.7| 93.4] 27.0 54.9
1850 1475 |1450F, § min, WQ 117.3( 99.0] 26.5 61.2
1775 1400 116.3| 97.8{ 27.0 $2.3
1925 1550 193.8{187.5 5.0 19.9
1850 1475 |[1450F, 5 min, WQ + 1000F, B hr 189, 6(182.1 3.5 20.6
1775 1400 178.5(170. 0 6.0 26.5
(a) initdal slab thickness: 2.5 inches. Reduction per pass: 22,5 percent.
&) Temperature at final pass entry.
Results for 0.135 inch gheet tially the same.

TABLE 4.0133 EFFECT OF HOT ROLLING TEMPERATURE OK TENSILE PROP-

ERTIES OF HOT ROLLED SHEET.

Source (4)
Alloy Ti=11.5Mo-62r-4.58n
Formo 1/2 inck dia bar
Condition 1420F, WQ + age, 8 hr
Age Temp - F E; - 1000 ksi | E, - 1000 ksi*
Unaged 9.9 11.1
11.7
16.2
16. ¢
1050 15.7 15.4
* Specimens 0.5 inch dia x 1.250 inch height.

900 14.8

TABLE 3.0623 COMPRESSIVE ELASTIC MODULUS
OF BAR.

Ti-11Y5Mo-6Zr-4.56n
00.5 INCH PLATE: HOT ROLLED AT 1400 F + 1400 F, —
10 MIN, WQ + AGE, 8 HR
©0.063 INCH SHEET: 40 PERCENT C RED + 1400F,
5 MIN, AC + AGE, 8 HR —
@0.053 INCE SHEET: 40 PERCENT C RED + 1450F,
5 _n:g AC + AGE, § HR

E STATIC

I

1000 1050 1100
AGE TEMPERATURE - F

1000 KSt
=
(=3

5T 930 1150 1200

FiG. 3.0624 EFFECT OF AGING TEMPERATURE ON ELASTIC
MODULUS OF PLATE AND SHEET. 4}

CODE

3722
42

PAGE

T1~11.5Mo-(lizr-4‘55n
0.5 INCH HOT RCLLED PLATE

L T
o HOT ROLLED +1450F, 10 MIN, AC
140 & @ HOT ROLLED +1430F, 10 MIN, WQ
Fry —< \4

nE D
“120 | 140
2 0
&

100 120
/\ m

E4

F 1
Fal
TY >
100 ™

80 80
:
2 60
& Ra
v 40 [
-
m -'-\
20 wE
oy
7 6
N el IN}=( N 20 E
f I ﬂ 0®
1400 1500 1600 1700 1800

HOT ROLLING TEMPERATURE - F

FIG. 4.0134 EFFECT OF HOT ROLLING TEMPERATURE ON
TENSILE PROPERTIES OF SOLUTION TREATED
PLATE. @



RELEASED: SEPTEMBER 1972

NONFERROUS ALLOYS

Ti-11.5Mo-62r-4.580 |
0.5 INCH HOT ROLLED PLATE
L T

+10060F, 8 HR

200 +1050F, 8 HR

© @ HOT ROLLED + 1450F, 10 MIN, WQ

O ® HOT ROLLED +1450F, 10 MIN, WQ

I

(-
1]
=)

=

TU

Fry - K81

T

"
o
i :o

]

=

%]

L

% 20 Y
£ R4,
@ 1
1
<
= 0
?73: .
! |
1400 1500 1600 1700 1800

HOT ROLLING TEMPERATURE - F

CI'D-—OL‘
2]
=1
=4

._.
o0
(=1

Frpy - KSI

1g0

-
o =
e - PERCENT

FIG. 4.0135 EFFECT OF HOT ROLLING TEMPERATURE ON
TENSILE PROPERTIES OF SOLUTION TREATED
AND AGED 0.5 INCH PLATE.

(4}

100 150

200
D/h - ROLL DIAMETER/ENTRY THICKNESS

o

177

a

=

P

=

£

z

[: i o T

E 1500 <Ti=11,5Mo-62r-4.35n

ety

£

a

™

2 21000 I |

= 900 ;. Ti COMM PURE —
WE 800 4_
a2z / ‘/ (DATA ANALYZED

= 5 700 USING HILL- LONGMAN __|
2o EQUATION)E)

© = 600

g2

=

< 500

= STARTING THICKNESS: 0.185 IN

@ 4o | FINISH GAGES: 0.125-0.002 IV

o —————— —

—_

|

=

FIG. 4.0136 COLD ROLLABILITY.

300

(4)

FINAL HAMETER AT FRACTURE

Ti
115 Mo
6 2Zr
45 Sn
BETA )il
1Snurce (4}
Deformatien| Cold Work [ Ratio: Roll
Banding [Without Edge| Diameter to
Alloy Limit Cracking | Min Practical
percent percent Thickness
[Ti-11.5Mo~62r-4.55n none >90 250
Ti Commercially Pure none 50 300
Ti~13V=11Cr-3Al none 40 250
Ti-6Al-4V 20 20 250
Ti-8Al-1Mo-1V <20 10 -
TABLE 4.0137 SEVERAL COLD ROLLING FACTORS RELATED
TO REDUCTION LIMITS.
=
= T T T T
fz § Ti-11.6Mo-6.52r-4.280~0.120
= [0.244 INCH DIAMETER ROD
= | COLD DRAWN + ST, 10 MIN, WQ + AGE, 8 HR
] BETA TRANSUS = 1375F
<& 4
= I !
g AGE TEMP - F
= OUNAGED COLD
4 O 800 | HEADABILITY
1100
o2
2
=
;é SPECIMEN OI‘“GINAL LENG’E‘H TWICE DRICf[NAL DII.A.
. ol L
1275 1300 1325 1350 1375 1400 1425
SOLUTICN TEMPERATURE - F
FIG. 4.0141 EFFECT OF SOLUTION TEMPERATURE ON COLD
HEADABILITY OF ROD. {4)
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RELEASED: SEFTEMBER 1972.

. Source {4)
Ti | [Aoy TT 11,50 6 24,550
Form Rivet Joints {a)
15 Mo Rado (e | Cold | Hivet Joint
6 Zr Type (b} Rivet Tail Hea.d Exposure Ultdmate | Type(d)
of Protrusion | Ratio | Temp| Stress| Time{ Strength of
45 Sn Test to Dia Di/D; | F ksi '] hr kesi Failure
Lap 1 1.45 - - - 107.0 s
Shear 1 1.45 - - - 101.0 ]
BETA Il 1 1.45 [s00 | 50 100 | 110.0 s
1 1.45 |760 25 100 112.0 S
Cross 1/2 1.30 - - - 73.0 H
Tension /2 130 | - - 96.0 T
/2 |r.80 |300 - 100 73.0 H
/2 1,30 |T00 - 100 56.0 H
1 1.45 - - - 62.2 H
1 1.45 - - - 78.0 H
1 1.45 |so0 | - 100 73.5 H
1 J_lh 45 | 700 - 100 67.0 H
{a}) Ti=GAI-4V sheet (0.067 inch thick} joined with a Ti-11.5Mo-BZr-
48n rivet 0.124 inch diameter.
(b} Specimen configurations same as those for spot weld tests shown
in Table 4.0321.
(¢} Ti-11.5Mo-62r-4.58n mill golution treated rod aged 1100F, 6 hr
and machined to rivet. Rivet head countersunk with 82° included
angle. Rivet head protrusion about 0.003 inch.
{d) Type of failure: $ = ghear, H = countersunk head, T = bucktail.
TABLE 4,0142 CROSS TENSION AND LAP SHEAR STRENGTH OF
RIVET JOINTS WITH AND WITHOUT EXPOSURE
TQ ELEVATED TEMPERATURE WITH LOAD.
Source {18}
Alloy Ti=11.5Mo-6Zr-4.55n
Form Rivet Joint (a)
ST +head forged + 12Y5F, 10 min, WQ +
Condition I950F, 8 hr, AC + press cold bucked
(1.35 Bucktail Expansion)
Bucking Tool Rivel Joint Expansion | Cross 1lension strength
Configuration (b) [Temp- F | Time-hr ksi
Flat Unexposed 65.92
Cavity Unexposed 57.2
Flat 550 500 67.8
Cavil 550 500 66.9
{a) Ti-6Al-4V sheet (0,090 inch thick) joined with a Ti-11.5Mo-
B8Zr-4.552 rivet 0.250 inch diameter. See Figure 4.0144
_for rivet configuration.
() See Figure 4.0144 for cavity bucking tool configuration.
Section B-B
P L VY T T i r iy L Wil
RN BN ATV AR UUUUL BT RN
+.005
-750 o0
4 places :
+.005 s S
375 _ 000 /"“ T -:\\ 4.25
4 places /"I, . pativel
\ T ' :
B % T p  100°
1.375+ .010 ol -
Radius N .’ ! 4 i L
Wbl = A
& I
~ 7
N ra
: .150 -~
15° 4.25
\/ Section A-A
A
1/1 inch diameter rivet £10Ss tensicn coupon
TABLE 4.0143 EFFECT OF BUCKING TOOL CONFIGURATION ON CROSS
TENSION STRENGTH OF RIVET JOINTS WITH AND WITH-
OUT EXPOSURE TO ELEVATED TEMPERATURE.
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P LAP SHEAR ULTIMATE STRENGTH -~ KSI

L

H

1290

100

-]
(=1

o
(=]

1/4 INCH DIA Ti-11.5Mo-52r—4.551 RIVETS ASSEMBLED
IN 0.090 INCH Ti-6Al=4V SHEET LAP SHEAR JOINTS
$T + HEAD FORGED + 1275 F, 10 MIN, W@ + 1050 F,
8 HRS, AC + PRESS COLD BUCKED (1.35 TO 1.45
BUCKTAIL EXPANSION), ‘

-
B
\
\\\k___

—O——

UNEXPOSED EXPOSED
500 HR AT 550F
a a FLAT BUCKING TOOL
] A CAVITY BUCKING TOOL ~{
(ALL SHEAR FAILURES EXCEPT ONE BUCKTAIL
FAILURE IDENTIFIED BY TAIL ON SYMBOL)

05|-—10-—|05
—-— N !
—

1D 7

7
s

0

T | -
1/4 INCH DIA RIVET LAP SHEAR TEST COUPON
0.030 R
- 1000 ° 096 0.363
0394 0.224
Go.as 0.060 == 0.120
DR
1 A SECTIONT A-A
+ 1a°
0,437 | 0.015 R
f 70,3318 .
0.249
| J — _L
0.065 R f-—-l—- 1.25
1/4 INCH DiA RIVET CAVITY BUCKING TOOL
100 200 300 400 500 600

TEST TEMPERATURE -~ F

FIG. 4.0144 EFFECT OF BUCKING TOOL CONFIGURATION AND

TEST TEMPERATURE ON LAP SHEAR STRENGTH
OF RIVET JOINTS WITH AND WITHOUT PREVIOUS
EXPOSURE TO ELEVATED TEMPERATURE. (18)

40

30

- ro
= =

MAXIMUM STRESS - KSI
)

103

NONFERROUS ALLOYS

Ti-11.5Mo-6Zr—4. 550 RIVETS ASSEMBLED IN 0,090 INCH
Ti-6Al-4V SHEET LAP SHEAR FATIGUE JOINTS

ST + HEAD FORGED + 1275 F (1/4 INCH DIA RIVETS) OR
1350 F (5/32 INCE DIA RIVETS), 10 MIN, WQ + 1030 F.
8 HRS, AC + PRESS COLD BUCKED WITH FLAT
BUCKING TOOL (1,35 BUCKTAIL EXPANSION)

|
i

R=10,06

P

i
\
L 1
© 1/¢ IN DIA RIVETS \]\\.

® 5/32 IN DIA RIVETS

[ STRESS CALCULATED ON CROSS SECTIONAL AREA OF —
SHEET {0, 030 IN%) J |

0.328

I‘ s _

i— 0.656
7

-—f

s HER

L :: H ‘ i ~ §

5/32 INCH DIA RIVET FATIGUE COUPON

(1/4 INCH DIA RIVET FATIGUE COUPON SAME AS LAP
SHEAR COUPON SHOWN DN FIG 4, 0144 EXCEPT

1 INCH WIDE)
\<’0 ossy l_i_*

~
0.010R 10.037
0.2027

Lo oz
0.352 ! 0.0243

0,163 —0.004
_i___;z

| Ly 043 R |
| /32 pecH p1a River i

Ti
Mo
Zr
Sn

1.5
6
4.5

BETA Il

{1/4 INCH D1A RIVET SHOWN I¥ FIG 4.0144)

10t 10°
CYCLES TO FAILURE

FIG. 4.0145 FATIGUE STRENGTH OF RIVETED LAP SHEAR

JOINTS. {18
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Ti
11.5 Mo
6 2Zr
45 Sn
BETA Ui
Source {18)
Alloy Ti=11,5Mo=6Zr=4.55n
Form Rivet Joint(a)
ST + Lead lorged + 1278F, 10 min, W& +
Condition 1050F, B hr, AC +press cold bucked
(1.35 bucktail expansion}
Bucking Tool Rivet Joint Exposure [ Cycles to Fatlure at
Configuration (&) |Temp - F [ Time - hr | Fpnay = 35 ksi, R= .06
Flat unexpased 19, 800
Flat unexposed 14, 609
Flat unexpoesed 19, 200
Fla: 550 500 18, 500
Flat 550 500 22, 900
Flat S50 500 18, 700
Cavity unexposed 135, 400
Cavity unexposed 345, 800
Cavity unexposed 309, 900
Cavity 550 | 5004 251, 200
{a} Ti-bAl-4V sheet {0,090 inch thick) joined with Ti-11.5Mo-6%r-
4.58n rivets 0.250 inch diameter. See Figure 4.0144 for rivet
configuration.
(b} See Figure 4.0144 for cavity bucking tool configuration.
(e} Rivet fatigue coupon same as lap shear coupon shown in
Figure 4.0144 except 1 inch wide.
All failures through rivet holes in sheet material,
TABLE 4.0146 EFFECT OF BUCEING TOOL CONFIGURATION ON
FATIGUE STRENGTH OF RIVETED LAP SHEAR
JOINTS WITH AND WITHOUT PREVIOUS EXPO-
SURE TO ELEVATED TEMPERATURE.
cope 3722
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[Source ()3
Alloy Ti-11.5Mo=6Zr-4.58n
Form GTA fusion welded 0. 067 inch sheet*,
50 percent CRed + 1350F, 5 min, AC + weld with or
Condition without 8 hr pre-weld or post-weld aging
Pre-Weld | Post-Weld Location
Test | Aging Aging Fiu Fty (2 in) RA of
Dir | Temp~TF | Temp-F [ ksi ksi |percent |percent | Break**
L - - 106.5| 89.3 12.0 49,4 -
950 - 112.1| 88.8 20.0 48.0 -
1100 - 113.3] 100.4 17.0 56.1 -
T - - 109.2| 95.3 2.5 20.6 w
950 - 116.5] 106.6 5.8 54.0 w
1100 - 111.21 100.0 6.3 53.2 w
T - 850 167.6] 164.9 1.0 9.1 w
- 950 190.0{ 160.1 4.0 24.7 P
- 1000 150.2| 144.0 3.0 26.9 w
- 800 + 1000 | 157.4{151.3 2.0 15.9 w
- 1050 139.3§ 131.1 3.0 25.4 w
- 900 + 1050 { 155.4(147.7 3.0 21.% HAZ
- 1100 128.3]121.5 3.0 25.¢0 w
- 500 + 1100 | 123.6] 116.8 4,3 25.7 W
* GTA welded in argon—filled tank without filler metal additions.
** Location of break: W = weld fusion zone, P = parent metal,
HAZ = heat affected zone.
Note: See Figure 3.02134 for parent sheet properties.
1/16 1/2 R 1/2 R
—i r..._l 14 1/ N --1 |-—— 1/16
-11/16 I ] 11/16
Lo | ¥ 21/4| T
7 i
Longitudinal Weld Specimen Transverse Weld Specimen

TABLE 4.0311 TENSILE PROPERTIES OF GTA FUSION WELDED SHEET.

{Source (25}
Alloy Ti-11.5Mo-6Zr-4.55n
Form Electrom-beam fusion welded 0.02 inch sheet
Fry |Fty | (2 in) Logation
Condition ksi | ksi | percent | of Break
Parent metal: ST + 950F age| 196 | 181 4.2 Parent metal
ST + weld + 950F age 174 | 162 4.9 Parent metal
ST + 950 F age + weld 137 [1368| 1.7 [Weld fusion zone
ST +weld + ST + 950F age 174 [183| 4.0 Two in parent metal
Three in weld fusion
zane

TABLE 4.0312 TENSILE PROPERTIES OF ELECTRON-BEAM
FUSION WELDED SHEET.
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[Fource 4
Alloy Ti-11,5Mo-62r-4. 680
Form Spot Welded 0.067 inch Sheet
46 percent C Red + ST, 5 min, AC + spot weld with or
Condition without § hr pre=weld or post-weld aging
Pre-Weld | Pre-Weld | Post-Weld
Solution Aging Aging Cross Tenslon Lap Shear
Temp Temp Temp Maxdmum Load | Maximum Load
F F F 1b 1n
1350 - - 3190 NP 5540 N
2550NP 5360 NP
1450 - - . 2540 N 4750 PN
2950 N 4825 N
1350 900 - 2260 P 8075 HP
2470 P 6075 N
1450 300 - 2580 HP §T650 N
2640 P 5700 N
1350 950 - 2270 P 6175 N
2450 P 5100 HP
1450 950" - 2620 HP 8050 N
2570 N 8050 N
1350 1000 - 2720 P €125 HP
2540 P 5925 HP
1450 1000 - 2720 NP 5700 N
2605 HP 5700 N
1350 - 950 850 W 2800 WN
675 N 2BTS N
1450 - 950 730 WN 2650 WN
700 WN 3050 N
1350 - 1000 810 W 3650 NP
970 N 3475 N
1450 - 1000 830 W 3875 N
260 N 3050 W
1350 - 1050 1100 N 4220 N
1450 - 1050 1143 N 4200 N

[Sheet descaled before spot welding.
Post-weld aged specimens tested without removal of surface
oxidation.
Spot weld faflure code:
P = Failure-through parent metal
HP = Failure through heat affentad zone asd parent metal
NP = Failure through weld mugget and parent metal
N = Pulled weld nugget
WN = Failure partially through pulled weld nugget and partially
through prior spot weld interface.
W = Failure through prior spot weld interface

Cross Tension Specimen
2, 229

Lap Shear Specimen

Weld Penetration: 80 percent

Weld Nug;ret Diameter: 0.300 inch

TABLE 4.0321 CROSS TENSION AND LAP SHEAR STRENGTHS
OF SPOT WELDED SHEET.
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