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1. GENERAL 1.042 Compositional variations. General. The conventional
Ti-8Mo-8V-2Fe-3Al is an ageable, metastable beta alloy tensile properties and hardness of this alloy are marked- Ti
developed under U. §. Army Contract DA-30-069-ORD- iy affested by certain compositional variations. Studies
3743. It was developed primarily as a high strength, have been condusted with 0.050 inch sheet to define the 8 Mo
formable sheet alloy but also possesses hardenability in individual effect of iron eontent variations above and be—
4 inch sections (possibly 6 fnch sections (9){10}) and po- low the nominal value and extending slighily beyend the 8 v
tential as a fastener alloy. In common with its competi- specified range. The influence of total alloy content
tor, Ti-13V-11Cr-3Al (B 120 VCA), the alloy's body variations has 2lso been determined for the following 2 Fe
centered cubic phase (high temperature allotrope} is re- limiting pases: normal minimum alloy content, normal 3 Al
tained on cooling from solution temperatures to ambient maximum alloy content, composition corresponding to
termperature at relatively slow rates. The atability of lowest alpha-beta ratio, and composition corresponding
the beta phase, however, is such that the alloy can be to highest alpha-beta ratio. The following two sections
subsequently strengthened by reheating above $00F summarize the results of these investigations. Ti - 8Mo-
through the conventional precipitation of alpha phase 1.043 Iren Content. Increasing iron content produces an in-
{close packed hexagonal structure). crease in elastic modulas for both the solution treated  Qy/- 2Fe-3A]

and the solution treated plus aged conditions {see Table
The alloy is superfor to B 120 VCA in aging kinetica, re- 3.0621), The strength and ductility (elongation} rise
quiring less aging time to achieve high strength levels. with increasing iron content for the soluticn treated con=
In addition, the alloy Is claimed {0 surpass B 120 VCAin ditien; strength drops and ductility is unaffected for the
notch fatigue strength, modulus of elastisity, stability at solution treated plus aged condition (see Table &.0212).
600F, and, in the annealed condition, salt water corre- The aging response established by Vickers hardness
sion resistance (8)(9). The major disadvantages of this measurements is greater for lower iron contents at ag-
and other beta atloys compared te alphe-beta alloys are ing temperamres from 800 to 950 F and aging times up to
high density and relatively peor creep properties at ele- 24 hours (see Figure 1.061).
vated temperatures. This alloy does aot appear to 1.044 Total atioy content. The influence of total alloy content
possess smooth fatigue resistance commensurate with its variations on the elastic modulus and on strength and
higher strength when compared to Ti-6Al-4V. ductility are presented in Tables 3, 0622 and 3.0213,

respectively, For the solution treated condition, the
The alloy is a relatively new composition which, in some normal maximum alloy eontént ecorresponds to the highest
respects, is still in a state of development. Data pre- elastic modulus and the normal minimum alloy content
sented in this chapter were obtained using laboratory the lowest. The modulus of compositions carresponding
heats (0.5, 10, and 30 pound ingots) and small commer- to both the lowest and highest alpha-beta ratios lie be—
cial heats (500 and 1800 pound ingots). Current studies tween these extremes. Solution treated strengths vary
are being carried out on full commercial heats (28 inch only slightly with tota! alloy content variations within the
diameter, 6000 w 7000 pound ingots). Since typical prop range investigated. Elongations of solution treated stock
erties for this alloy have not yet been established, actual of normal maximum alloy content and kighest alpha-beta
test values are Teported in this chapter for a broader- ratio composition are equal and exceed those for the nor=
than-usual range of material and test conditions. In all mal minimum alloy content and lowest alpha-beta ratie
cases, the ingot size and processing are idensified. composition, the latter two also equal. In contrast the
Much of the data for sheet were develeped for simulated elongation values for 21l compositions studied are nearly
hand mili product (hot cross rolled) and simulated mill equal and low for the solution treated plus aged condition
strip (rolled unidirectionally 2nd received some cold while the strengths vary somewhat. Thus the strength of
work)., Data are also presented for forgings and fastener normal maximum alley coatent material is least and that
gtock, of the highest alpha-beta ratlc composition greatest.

The strength of normal minimum alley content stock and

stock of lowest alpha-beta ratio compesition are equal

1.0 Commercial Designation and intermediate in value. The inffuence of total alloy
8Mo~8V-2Fe-3 Al Titanium Alloy variations on aging response is seen in Figures 1.062

through 1.065, where Vickers hardness values are pre-
sented as g fupction of aging tixae up to 24 hours at aging

1.02 Alternate Designatioas temiperatures ranging from 800 to 950F, For these aging
Ti-8Mo-8 V-2 Fe-3Al conditions, the highest achievable hardness and most

rapid aging response characterizes the composition cor-
responding to the highest alpha-beta ratio and is followed,

1.03 Specifications in descending order, by compositions of normal minimum
None. alloy content, normal maximum alloy content, and of

lowest alpha-beta ratio.

1,04 Composition

1.0a1 Producer's specified composition, Table 1.041, 1.05 Heat Treatment

{see also 4.04}
1,051 Sheet and plate. Recoramended heat treatment schedules
TABLE 1.041 for sheet and plate have not yet been established. How-
Source (5) ever, some developmental results are available for sim-
Element Weight Pergeat wated hand mill sheet and simulated mill strip 50 per-
Minfroum Maximum cent and 100 percent recrystallized (by selective solution
Molybdenum 7.5 8.5 treatments) and variously aged. A description of simu-
Vanadium 7.5 8.5 lated hand mill sheet and mill strip and a discussion of
Ircn 1.75 2,25 recrystallization studies are given in Section 4.04.
Aluminum 2.5 3.5
Oxygen 0.10 0.18 Smooth tenstle properties corresponding to a wide range
Nitrogen - 0.08 of aging conditions are presented in Figures 3.0215
Carbon - 0.05 through 3.02110. These show that, for simulated hand
Hydrogen - * mill product, 800-300F aged yield strengths range from
Other Elements: Each - 0.10 185 to 200 Ksi with elongations as low as 1 percent.
Total - 0.30 "Stabilized" yleld strengths {1100 F age) are around 140
Titanium Balance ksi with elongations exceeding 8 percent. In general, the
* Bar and billet, 0.015 maximum. strength/ductility combinations of 50 percent recrystal-
L _Sheet and wire, ¢.02 maxiroum. | lized material are superior to those for fully recrystal-
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lized stock, Thus 1475F, 30 min, AC + 900F, 8 hr , AC
is rated the best heat treatment to produce high strength,
and 1475F, 30 min, AC + 1100F, 16 hr, AC i3 judged
best to provide "'stabilized" material (4).

1.0612

1.0813
Results for simulated mill strip show that 25 percent and
50 percent cold reductions have little If any effect on the
strength and ductility of aged material compared with
simulated hand mill product, independent of the degree
of recrystallization. Thkus 1450F, 10 min, AC +900F,
8 hr, AC heat treatment representing 25 percent cold
rolled, 50 percent recrystallized and aged material (see
Figure 3.0217) was selected for additdonal mechanical
property determinations so as to simplify comparisons
with hand mill product.

In broadest terms, the hardness of material aged at 300F
approaches or exceeds 400 Vickers points; aging curves
for material stabilization aged at 1100F show a tendeney
to Hatten out at or above 300 VHN. Aging curves estab-
lisked by Vickers hardness measurements are presented
in Figures 1,066 through 1,0611.

The greater part of mechanical property data presented
in this chapter was developed for material in the three
aforementioned conditions; namely, hand mill product

50 percent recrystallized and aged at 900F or 1100F

and 25 percent cold rolled mill strip 50 percent
recrystallized and aged at 800F.

Bar, billet, and forgings. Sclution treat and age: 147G,
1 hr minimum (for sections greater than 2 inches), WQ
(AC for sections less than 2 inches) + 1000F, 8 hr, AC.
Fastener stock. Solution treat: 1400F, 15 min, AC
(as-received condition for bar or coil). This condition
recommended for applications where severe cold heading
is required and long term thermal ¢xposure does not
exceed 400F, 2000 hours. This is 2 condition of moder-

ate strength.

Solution treat plus age: 1400F, 15 min, AC + 300F, 8 hr
AC. This treatment recommendsd where high streagth
is required. Alloy cannot be cold worked in this condi-
tion.

1.08

1.09
1.091
Solution treat plus stabilization age: 1400F, 15 min, AC

+1200F, B hr, AC. This treatment recommended where

long term thermal exposures exceed 400F but not 600F

and where modest cold heading is required.

Hardness

Effect of aging time and temperature on hardness of
solution treated skeet of two iron contents, Figure
1.081.

Effect of aging time and temperature on hardness of
solution treated sheet of normal minimum alloy coatent,
Figure 1.062.

Effect of aging time and temperature on hardness of
seluticn treated sheet of normal maximum alloy content,
Figure 1.083.

Effect of aging time and temperature on hardness of
solution treated sheet of composition corresponding to
lowest alpha-beta ratio, Figure 1.064,

Effect of aging time and temperature on hardness of
solution treated sheet of composition corresponding to
hightest alpha-beta ratio, Figure 1.065.

Effect of aging time and temperature on hardness of
annealed sheet 50 percent reerystallized, Figure 1.0686.
Effect of aging time and temperature on hardness of
annealed sheet 100 percent recrystallized, Figure 1.067.
Effect of aging time and temperature on hardness of 25
percent cold rolled sheet 50 percent recrystallized,
Figure 1.088.

Effect of aging time and temperature on hardness of 25
percent cold rolled sheet 100 percent recrystallized,
Figure 1.969.

Effect of aging time and temperature on hardness of

50 percent cold rolled sheet 50 percent recrystallized,
Figure 1.0610.

Effect of aging time and temperature on hardness of 50

1.092
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perceat cold rolled sheet 100 percent recrystallized,
Figure 1.0611.

Statisteal relationship between hardness and strength for
sheet, Figure 1.0612,

Singe hardness is, in general, related to alloy strength
characteristics, the variation in strength properties with
heat treated section size provides a useful measure of
alloy hardenability. Figure 3.02113 shows the influence
of heat treated section size on the solution treated and
aged smooth tensile properties of forged sectons up to

4 inches square. As expected, the highest strengihs
were obtained for the edge location, but were generally
no more than about 10 ksi greater than the center logca-
tion over the range of sizes investigated. Some strength
directionality is observed, but this does not exceed the
center-to-edge variation, On the other hand, a sizeable
directionality is noted for the edge location reduction of
area for the largest bar size investigated. It is implied
that higher breakdown temperatures than those used in
this study (see processing schedule in Table 4.012)
would promote macrograin size refinement and lower
Gnishing temperatures than those used (alse shown in
Table 4.012) would preduce improved microstructural
refinement, both of which would improve property uni-
formity (). Tahble 3.02114 suggests that cross forging
would also tend to improve property uniformity.

Unpublished results on 4 inch bar sandwiched between
1 inch plates to simulate the cooling rate expected in

6 inch sections suggest that through-hardening would be
obtained in 6 inch sections (10).

Forms and Conditions Available

Sheet, strip, baxr, billet, forging stock, and [astener
stock.  Alloy is not yet in full commercial production.,
However, the full range of coromercial sizes in any form
¢an be produced on request.

Melting and Casting Practice
Alloy is double consumable electrode vacuwn rclted.

Alloy is not yet considered castable,

Special Considerations
Stability. The effect of exposure in air at 660F for times

up to 500 hours at stresses up to 90 percent of the 00 F
vield strength on subsequent room temperature smooth
tensile properties of sheet and strip is presented in
Tables 302118 through 3.02121. Similar data for 150
hour exposure at temperatures up to 650 F without load
for fastener stock are illustrated in Figure 3.02122. The
data are not consistent but do show that small elevations
in strength and large reductions in elongation can obtain
for hand mill sheet and mill strip aged at $00F and ex-
posed at 500F with load (see Tables J.02120 and
3.02121). Hand mill shect stabilization aged at 1100F
appears insensitive to the exposure conditions investi-
gated (see Tables 3.02129 and 3.02120) while mill strip
similarily aged and exposed can suffer serious losses in
ductility (Table 3.02121).

stabilization aged fastener stock exhibits large inereases
in strength and reductions in elongation for 650F expo-
sure without load (see Figure 3,02122).

600 F exposure with lozd has only a shight effect on the
elastic modulus of hand mill sheet and mill strip (see
Tables 3.06220 and 3, 06221).

No data are available on the influence of exposure on
other mechanical properties but should be determined
for applications where metallurgical stability is an im-=
portant design consideration.

Fatigue. R. R. Moore rotating beam fatigue tests were
performed on smooth specimens from a small, aircraft
type clesed die forging (Fy, = 180 ksi} - resulls axe pre-
sented in Figure 3.051. chough there is considerable
seatter in the data, the 107 cycles fatigue strength ap—
pears to be 70 ksi or only slightly higher. This is
approximately the same level as is observed in normally
processed, annealed Ti=-6Al-4V forgings (2}). Apparently
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the high strength achieved tn Ti-8Mo~8V-2Fe-3 Al is not
accompanied by corresponding high fatigue strength.

Fastener application. For fastener applicaden the alloy
possesses acceptable cold upseitability, double shear
strength and stability to 600F for 150 hours. No data
are available for longer exposure times or the influence
of exposure for any duration on other critical mechanical
properties.

Low temperature embrittiement. Tablez 3.0314 and
3.0315 show serious losses in elongation at —-65PF for
hand mill product and mill strip aged at either 900 F or
1100F.

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Propérties

Meldng range.

Phase change. Alloy tranaforms on cooling from beta
to alpha + beta at 1425 * 25F, but the reaction is so
sluggish that for all but extremsly low cooling rates the
bets phase is retained to room temperature (1){6}.
Time-temperature-transformadon diagrams.
Thermal conductivity.

Thermal expansion.

Specific heat.

Thermal diffusivity.

Cther Physical Properties

Density. 0.175 Ib per cu in, 4.832 gr per cu cm (1)(3).
Hlectric properties.
Magnetic properties.
Emissivity.
Damping capacity.

Alloy is nonmagnetic.

¢hemicat Propertes

Corrosion resistance. Generat. In common with other
titanfum alloys, Ti-8Mo-8V-2Fe-3Al is susceptible to
solid salt stress corrosion at elevated temperatures and
exhibits delayed failure of cracked specimens at room
temperature in aquecus salt environments. Since only
limited data are available, a complete characterization
of this alloy in terms of its corrosion behavier cannot
be made at this time, In general, however, it appears
that this alloy is slightly more susceptible to solid salt
stregs corrosion than Ti-13V-11Cr-3Al but less suscept-
ible thaa Ti-8Al-1Me-1V, Ti-5Al-2,585, and Ti-6Al-4V
(4). Delayed failure characteristics of this alloy in
aqueous salt solutions are not sufficiently developed to

2,032

2,033

2.034

2.035
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permit much of a comparison with other alloys. His
claimed, however, that the salt weter corrosion resist=-
ance of Ti-BMo-8V-2Fe-34l is superior to that of Ti-
13V-11Cr-3 Al for the annealed condition (3 No compari-
sons have been made for other heat treated conditions or
other alloy compositions.

Solid salt stress corrosion. Solid salt stress corrosion
bend tests were performed wsing 3 inch x 1/2 inch speci-
mens of ¢.050 inch sheet solution treated 1500 F, 10 min,
AC. Specimens were bent around a die to produce a
free bend radius of 6t and coated with a saturated NaCl

Ti
Mo
\'
Fe
Al

W Noo o

solution whick was subsequently dried in air to produce 2
deposit of solid salt on 2l surfaces. After 2 hour ex-
posure at B00F in still air, the specimens were washed

Ti - 8Mo-

with water, flattened and examined metallographieally 8v- 2|:e -3A!

for cracking. No cracks were observed (3)(4).

Tension specimens coated with selid salt in the manner
described above were exposed at 600, 800, and 1000F

at various stress levels for 200 hours. Results shown in
Figures 2.033 and 2,034 indicate that the maximum
stress which can be {olerated at 600F is 50 ksi, and at
800F, 25 ksi. No evidence of stress corrosion was
found on specimens exposed at 10-15 ksi at 1000F.
These results appear to be independent of aging treat-
ment.

Tables 2,035 through 2.038 show the influence of hat
salt exposure with load on the subsequent room tempera~
ture tensile propertics. As expected, the effect of ox-
posure inereases with increasing exposure stress and
temperature.

Het salt stress corresion behavior of simulated mill
strip solution treated (50 percent recrystallized) and

aged, Figure?2.033.

Hot salt stress corrosion behavior of simulated mill
strip solution treated (50 percent recrystallized) and
stabilization aged, Fipure 2.034.

Effect of hot salt exposure with load on subsequent room
temperature tensile properties of simulated mill strip
solutien treated (50 percent reerystallized) and aged,
Table 2.035.

TABLE 2.035

4}

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

¢.060 Inch Sheet (a)

Condition

Told Rolled 25 Percent (0,080 Hch to 0. 060 Inch)
{b) + 1450F, 10 Min, AC{c) +900F, § Hr, AC

200 Hr, Hot

t Exposurc Subsequent RT Tensile Properties(d)

)3

TempeTature J Siress Fry Fry

e(l In)
ksi ksi ksi Percent

600
600
£00
600
800
800
a00
800
800
1000
1000
1000

None 204 198 5.5

Nore 201 187 4.0

80 Broke on tensile test loading at 87 ksi(e)

65 115 173 1.0(e)

50 195 185 ]

40 202 185 o

45 {Failed at 31 hours})

35 {Failed at 63.5 hours}

36 Broke on tensile test loading (e

25 215 201 5

25 211 200 1
1
&

& w2

)
0

10 155 151
7.5 182 174
5 168 163 1.0

.5
.0
.0

(e) Stress

(a) Prepared from 500 pound ingot mill proressed as described
in Table 4.011.

{b} Representative of mill strip.

{c} 50 percent recrystallized.

(d} Transverse. Tested in as-exposed condition.

corrosion present.
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2,038

Effect of hot salt exposure with load on room tempera-

ture elastic modulus of simulated mill strip solution
treated (50 percent recrystallized) and stabilization

RELEASED: DECEMBER 1970

2.036 Effect of hot salt exposure with load on subsequent room
Ti lermperature tensile properties of simulated mill strip
solution treated (50 percent recrystallized) and stabiliza=~
8 Mo tion aged, Table 2,036,
8 v
TABLE 2.038
2  Fe | goree @
3 Al Alloy Ti-8Mo~8V-2Fe=3 Al
Form 0.060 Inch Sheer (a)
Condition Cold Relled 25 Percent {0.080 Inch to 0.0G60 Inchj(b)
+ 1350F, .00 Min, AC (¢)+1100F, 24 Hr, AC
Ti - BMo~ [200 Hr, Hot Salt Exposure | Subsequent RT Tensile Properties (d)
Temperature| Stress Fry Fty e(l In)
BY-2Fe~-3Al F ksi kst ksl Percent
Nene 148 137 14,0
None 148 139 18.5
600 85 135 131 5.0(e}
600 5 (Failed at 138 hours)
600 60 131 125 1.0(g)
600 50 144 135 8.0
600 20 145 136 8.0
800 a0 (Failed at 60.75 hours)
300 40 {Failed at 79.5 hours)
500 30 Broke on tensile test loading (e)
500 25 136 - 3]
500 25 162 150 13.0
800 20 162 150 14,9
1000 15 130 125 i3]
1069 10 118 - &
1000 7.5 152 138 15.0
(a) Prepared from 500 pound ingut mill precessed as described
in Table 4.011.
(b} Representative of mill strip.
{¢} 59 percent recrystallized.
{d) Transverse. Tested in as=exposed condition.
{2) Siress corrosion present.
(f) Broke outside gage length.

2.037 Effect of hot salt exposure with load on room tempera-
ture elastic modulus of simulated mili strip solution
treated (50 percent recrysiatlized) and aged, Table
2.037.

TABLE 2.037
Source (4)
Alloy Ti-8Mo-3V-2Fe-34l
Form 0.050 Inch Sheet {a)
Cold Relled 25 Percent (0.080 Inch
Condition te 0.060 Inch)(b) + L450F, 10 Min,
AClc) ¥ 900F, 8 Hr, AC
200 hr, Hot Salt Exposure
Temperature - F | Stress - ksi E - 108 ksi {d)
None 17.2
600 80 Not determined(e)
500 65 14, z(e}
600 50 15.1
600 40 15.5
500 45 (Failed at 31 hours)
§¢0 35 {Failed at 63.5 hours)
500 30 Not determined(e)
500 25 18.2
800 25 15.9
1000 10 15.1
1000 7.5 15.9
1000 5 15.7
{2) Prepared from 300 pound ingot mill processed as
described in Table 4.011.
(b) Representative of mill strip.
(c) 30 percent recrystallized.
(d) Transverse. Tesied in as-exposed condition.
(see Table 2.035 for balance of tensile properties)
{e)} Siress corrosion present.
CODE  372|
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aged, Table 2.038.

TABLE 2.038
Source {4}
Alloy Ti-EMo-8 V=2 Fe-3 Al
Form 0.060 Inch Sheet (a)

Cold Ralled 25 Percent (0.080 Inch
to 0.060 Inch) (b) + 1450F, 10 Min,
AC {c¢) + 1100F, 24 Hr, AC

200 Hr, Hot Salt Exposure
Temperature - F | Stress - ksi
None
None

Condition

E - 103 ksi (d)
15.7
16.2
15.4(e)
600 75 (Fatled at 138 bours)
14.3{e)
14.9
15.5
500 50 (Failed at 60.75 hours)
800 40 (Failed at 78.5 hours)
Not determinedie)
13.3
13.2
15.3
17.3

800 20
1000 15
1000 HH 18.2
1000 7.5 16.4
(a) Prepared from 500 pound ingot mill processed as
deseribed in Table 4.011.
(b) Representative of mill strip.
(¢) 50 percent recrystallized.
(d) Transverse. Tested in as-expesed.condition {see
Table 2.036 for balance of tensiie properties).
{e) Stress corrosion present.

2.039
2.0310

Delayed fallure,
Effect of salt water exposure with lead on failure time of
fatigue-cracked sheet specimens, Table 2.0310.

TABLE 2.031¢

Source {4)
Alloy Ti-3Mo-8V-2Fe=-3 Al
Form 0.060 Inch Sheet **
3.5 Percent NaCl Solution Exposure
Condition {pH=17.5)
[Feét Stress = ksi | Lime to Falure
Furnace Annealed: 105 1 min
1285F, 4 Hr, FC w 1000F, 100 1 min
AC 97.5 1 min
95 3 hours*
Solutior Treated: 110 3 hours*
1450F, 10 Min, AC 103 15 hours, 39 min*
95 3 hours*
Solution Treated and Aged: 95 [
1450 F, 10 Min, AC + 900F, 73 ]
24 Hr, AC 50 0.5 min
40 3 hours*

* Did not fail - test discontinued.
** Prepared {rom 500 pound ingot mill processed as described in
Table 4.011.

3
- Transverse Direction

B

ASTM Center Fatigue Crack Specimen

2.0311 Oxidation. Oxidation results are presented in Table
2.0312. The weight gains reported exeeed those meas-
ured for beta alloy Ti-13V=11Cr-3Al for the same ex-
posure conditions {4). Tables 2.0313 and 2. 0314 show
essentially no effect of superficial aging-treamment oxida-

don on the smooth tensile properties of sheet.
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20312 Oxidation characteristics of sheet, Table 2.0312,

TABLE 2.0312

NONFERROUS ALLOYS

Ti

Source (4)
Alloy Ti-§Mo-8V-2Fe-3Al
Form 0.060 Inchk Sheet {a)(b)
Exposed
Sample
Exposure Unexposed Exposed Exposed Weight
Temp~ |Exposure| Sample Sample Sample Gain
eranire Time Weight Weight Gain |Weight Gain | gm per sq
F hours in gm Percent {cm of surface
1509 2 4.5131 0.0345 0.764 0.0027
1500 4 5.0055 0.1839 3.674 0.0142
1500 8 4.6346 0.5147 11.11 0.0399
1800 2 4.4362 0.5118 11.53 0.0396
1800 4 4.4241 1.0516 23.77 0.0815
1800 8 4,4398 2,7117 61,08 {.2101
1900 2 4. 6497 0,5679 12,20 0.0440
1900 4 4.4410 1.3710 29.30 0.1062
1900 8 4.4628 2.7059 60.63 0.2087
2200 2 4.1004 0.9221 22.49 0.0714
2200 4 4.7734 1.9491 40.83 0.1518
2200 8 4.5793 2.6106 57.01 0.2023
{a) Prepared from 500 pound ingot mill processed as described in
Table 4.011.
(b) Samples 1 inch x 1 inch x 0.060 inch, exposed in air in open
crucibles.
2.0313 Effect of superficial aging-treatment oxidation on room

temperatuze tensile properties of solution treated and
aged sheet, Table 2,0313.

TABLE 2.0313
Source {4)

Alloy Ti~8Mo-8V-2Fe-3 Al
Form 0.050 Inch Sheet*
Condition Fry | Py | o@D
ksi | ksi |Percent

1500F, 10 Min, AC +300F, 24 Hr, AC;
sandhlast and pickle to remove 0,003 inch of
gage, machine specimnen and test. (No sur-
faces of specimen oxidized.)

1500F, 10 Min, AC + Sandblast and pickle to
remove 0.005 inch of gage, age 24 hr at 900F,

199 189 6.5

196 180 5.5
machine specimen and test. (Only sheet sur-
faces of test specimen oxidized.)
1500F, 10 Min, AC, sandblast and pickle o
remove 0.0Q5 inch of gage, machine specimen, 204 188 5.8

age 24 hrs at 300F and test. (Sheet surfaces

and edges of test specimen oxidized.)

* Prepared {rom 30 pound ingot as described in Table 3.0241.
Transverse Direction.

&

.0314 Effect of superficial aging-treatment oxidation on room

temperature tensile elastic modulus of solution treated

and aged sheet, Table 2.0314.
TABLE 2.0314

Source {4)

Alloy Ti-8Mo~8 V-2 Fe-34Al

arm 0,050 Jnch Sheet *

Condition

E - 109 ksi

1509F, 10 Min, AC + $00F, 24 hr, AC;sandblast and
pickle to remove 0.005 inch of gage, machine speci~
men and test. (Mo surfaces of test specimen
oxidized. )

16,2

1500F, 10 Min, AC, sandblast and pickle to remove
0.005 inch of gage, age 24 hr at 900F, machine
specimen and test. {Only sheei surfaces of test
(Specimen oxidized.)

16.4

1500F, 10 Min, AC, sandblast and pickle te remove
0,005 inch of gage, machine specimen, age 24 hr at
900 F and test. (Sheet surfaces and edges of test
specimen oxidized.)

16.1

Transverse Direction.
tensile properties)

* Prepared from 30 pound ingot as described in Table &, 0241,
{see Table 2.0312 for balance of

2.04 Nuclear Properties
Ti
3. MECHANICAL PROPERTIES 8 Mo
3.00 Specified Mechanical Properties 8 v
None.
2 Fe
3.02 Mechanical Properties at Room Temperature
3.021 Tension 3 Al
3.0211 Streas-strain diagrams. .
3.0212 Effect of variation in iron content on tensile properties
of solutdon treated and solution treated plus aged sheet, . -
Tahle 3.0212. Ti - 8Mo
TABLE 3.0212 Bv-2Fe~3Al
[Source {3)
Form 0. 050 Inch Sheet (a}
[Condition 15300F, 15 Min, WQ 1500F, 15 Min, WQ +
900F, 3 Hr, AC
Fry F, e Fru F, e
Allay ksi kg Percent [ ksi k?{ Percent
Ti-8Mo-BV-1Fe-3Al(b) | 123 {116 16 {¢) 197 | 181 5 {e)
Ti-8Mo-8V-2Fe-3Al{d) | 124 (118 17 {e) 195 | 181 ) 5 {e)
Ti-8Mo-BV-3Fe-3Al(b}| 126 }124 26 {c) 174 | 162 6 (c)
{a) Transverse direction tested only.
(b) Prepared from 1/2 pound ingot as described in Figure 1.061.
(c) 1 inch gage length,
(d) Prepared from 30 pound ingot as deseribed in Table 3.0241.
{e) 2 inch gage length.
3.0213 Effect of variation in total alley composition on tensile
properties of solution treated and sclution treated plus
aged sheet, Table 3.0213.
TABLE 3.G213
[Bouree 6]
Form 0.050 Inch Sheet®
[Condition 1500F, 15 Min, WQ +
1500F, 15 Min, WQ 300F, 8 Hr, AC
w | F e(ZIn}| Foy | F e(2 In)
Alloy ki kg"‘ir Percent| ksi kg Percent
[Ti-8.5Mo0-B8.5V-2.25F¢
=3.5Al-0.180
Normal Maximum 134 | 132 25 186 | 170 5
oy Content)
+7.5Mo-7.5V-1.75Fe
~2.5A1-0.200
Normal Minimum 131 { 124 18 198 { 186 7
Alloy Centent)
Ti-8.5Mc-8.5V-2. 25 F6
~2.5A1-0.100
(Composition corres- 126 ) 122 13 134 | 182 8
[ponding to lowest alpha-
beta ratio)
Ti-7.5M0-7.5V-1.75F¢
=3.5A1-0.180
(Comopositon corres- 131 | 126 24 218 | 204 L}
[pording to highest alphad
hetz ratio)
* Prepared from 10 pound ingot in same manner as described in
Table 3.0241 for 30 pound ingot.
Values average of duplicate tests. Transverse direction.,
3.0214 Effect of aging time and temperature on tensile proper-
ties of solution treated sheet, Figure 3.0214,
3.0215 Eiffect of aging time at 900 and 1100 F on tensile proper-
tes of anncaled, simulated hand mill sheet 50 percent
recrystallized, Figure 3.0215.
3.0216 Effect of aging tirme at 800, 900, and 1100F on tensile
properties of annealed, simutated hand mill sheet 100
percent recrysiallized, Figure 3.0216.
3.0217 Effect of aging time at 800, 900, and 1100F on tensile
properties of 25 percent cold rolled, simulated mill
strip 50 percent recrystallized, Figure 3.0217.
3.0218 Effect of aging time at 900, 1000, and 1100F on tensile
properties of 25 percent cold relled, simulated mill
strip 100 percent recrystallized, Figure 3,0218,
coDE 372l
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3.0219 Effect of aging time at §0¢, 500, 1100, and 1200F on 3.02115 Tensile properties of solution treated and aged closed
Ti tensile properties of 50 percent cold rolled, simulated die forging, Table 3,02115.
mill strip 50 percent reerystallized, Figure 3.0219.
8 Mo [3.02110 Effect of aging time at 800, 900, 1100, and I1200F on
tensile properties of 50 percent cold rolled, simulated TABLE 3.02115
8 v mill strip 100 percent recrystallized, Figure 3.02110. Source (2)
2.02111 Tensile propertes of soluticn treated plate, Table Alloy Ti-3Mo-8V-2Fe-34Al
2 Fe 3.02111. [ Torm Closed Die Forging (a)
3 Al TABLE 3.02111 Condition 1475F, 1 Hr, WQ + 1000F, 8 Hr, AC {(b)
Source (4) Room Termperature Tensile
Alloy Ti-8Mo-8 V=2 Fe-3 Al Properties {c)
Form Plate {a) Directicn |Section Size | Tecation] Fy Fty el In) RA
Ti - 8Mo- [Geadition T500F, 10 Min, 4C Inches ksi | ksi | Percent| percent
. Plate Reom Temperature Tensile Properties (b)e) Longitudinall 0.5 Center |187.8| 181.7| 4.2 7.7
BV~ 2Fe~3Al | Thickness Fru Fry RA e(l Iny Transverse 0.5 Center [188.1( 181.0| 4.8 6.2
Inches kesi ksi DPercent Percent Transverse 2.5 Outside [1B3.4| 177.8] 3.0 7.2
1/2 116-1189 114-118 48-53 24-28 Transverse 2.5 Center 184.0{ 177.5 4.5 11.3
2 111-115 108-114 31-42 18-23 | (a) Forged in three steps (rough shaping on flat dies followed by
(a) Prepared from 500 pound ingot mill processed as described in blocker and finishing cycles), each at 1700F working temperature
Table 4.011. - starting secton 4 in x 4 in x 12 in, processed from 1800 pownd
(b) Range of values from three tests for 1/2 inch plate and from ingot as described in Table 4.012.
five tests for 2 inch plate. (b) Heat treated in full section size.
(c) Center properties, Iongitudinal direction. {¢} Each value average of two Lests./\JL\
/\ 0.5 £,
3.02112 Tensile properties of solution treated and aged plate, Wb
Table 3.02112. A
TABLE 3.02112
Source {4) \
Alloy Ti-8Mo-8V-2Fe-3A1
Form Plate (a)
Conditon 1500F, 10 Min, AC +800F, 16 Hr, AC \
Plate Room Temperature Tensile Properties (b)(c} \\
Thickness Fry Fty RA efl In) 2.5 T L
Inches ksi ksi Percent | Percent
17z 209-210 | 195197 | 4.0-8.5 | 48 \/
2 202-212 196-204 2.5-5.5 1-2
{a) Prepared from 300 pound ingot mill processed as described in
Table 4.011. Closed-Die Forging
(b) Range of values from three tests for 1/2 inch plate and from five
tests for 2 inch plate.
(¢) Center properties, longitudinal direction.
3.02113 Effeet of heat treated section size ¢n tensile propertics
of unidirectionally forged bars, Figure 3.02113.
3.02114 Effect of cross forging on tensile properties of 3 inch
and 4 inch sclution treated and aged forged square bars,
Table 3.02114.
TABLE 3.02114
Source (1)
Alloy Ti-8Mo- 8 V-3 Fe—3AL
Form Forged Bar
Conditon, 1475F, 1 Hr, WG + 1000F, § HT, AC 7
Fiy - kai | Fyy - kal | e{4D) - Percent | RA - Percent
(Four inch Square Forgred Bar)**
(a) 3] {c) (@) ®) {c) {a) 5] lc) (a} (b) {e)
Long Edge 170.7 | 179.5}179.4| 159.3| 170.7 | 174.8 | 10.0 5.5 5.0 24.1 9.4 |13.1
Mid-radius 173.7 | 177.6| 173.8| 166.%) 170.53 | 169.9 8.0 5.0 5.0 14.6 11.2 |[14.6
center 171.5 | 173.7] 172.1 168.3| 170.8 | 170.2 ] 9.0 7.0 5.9 16.6 14.2 [18.6
Trans Edge 177.3 181.7| 187.3 168.5) 172.0 | 177.2 5.0 6.0 3.0 5.0 13.4 4.0
Mid~radius 179.9 | 179.8] 181.2 170.6] 175.4 | 177.8 6.5 - 5.0 11.7 10.2 {12.3
Center 179.1 | 174.8]177.2 169.6{ 170.5 | 176.2 7.0 7.0 6.0 10.9 14.7 (20.4
{Three inch Square Forged Bar)**
(d) (e) [G)] (&) [CD) {e) [T)) (e}
Long Edge 173.8 179.9 164.5 168.1 10.9 6.0 16.1 10.9
Mid-radius 188.3 174.6 166.3 171.4 9.5 5.0 15.3 13.1
Center 174.3 181.2 164.5 165.7 9.3 7.5 16.8 9.8
Trans Edge 1580.3 154.6 169.5 174.8 5.0 5.0 10.2 10.9
Mid=-radius 170.8 i76.1 187.9 170.2 7.0 5.0 15.4 13.5
Center 178.6 182.4 169.5 173.0 4.5 5.0 5.5 13.5
{#) 4 inch sguare bar unidirectionally forged 1650F (Beta + 225F).
{b) 4 inch square x 7 inch long upset 1600F to 4 inch thick, cross forged to 4 inch square x length,
(e} 4 irch sguare x 7 inch long upset 1700F to 4 inch thick, cross forged to ¢4 inch square x length.
(d) 3 inch square bar unidirectionally forged 1650F (Beta + 225F),
(e} 3 inch square x § inch long upset 1400F to 3 inch thick, cross forged to 3 inch square x length.
* Heat treated in full section size.
** Starting bars processed from 1300 pound ingot as described in Table 4.012.
coDE 3721
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3.0211¢6 Effect of aging temperature on Toom temperatire tén 3.02118 Effect of exposure to elevated temperature with lead on
gile properties of cold rolled plus solution treated and room temperature tensile properties of solution treated Ti
aged fastener stock, Figure 3.02116. and stabilization aged sheet, Table 3.02119.
3.02117 Tensile properties of solution treated and selution 8 Mo
treated plus stabilization aged fastener stock, Table
3.02117. 8 Vv
2 Fe
TABLE 3.02118
Source @) 3 A
Allay Ti-8Mo-8V-2Fe-3Al
Form 0.050 Inch Sheet (a)
Condition 1500F, 10 Min, AC +1100F, 8 Hr, AC .
Ti - 8Mo-
TABLE 3,02117 Exposure Conditions Subsequent Roorn Tempera-
Source S L)]¢2 ] Perma- ture Tensile Propertes (b) 8v-2Fe-3Al
Alloy Ti-§Mo-8V-2Fe-3Al Temper- nent De-
Form . 256 Inch Diameter Wire (Fastener Stock) ature Stress | Time |formation| Fy, Fty e(l in}
Condition Cold Rolled 9 Percent + Heat Treat F ksi hours { percent ksi ksi perceat
RT Tensile Properties None(c) 149 139 14
Heat Treatment Foy [Fry [ RA 600 93.5 | 150 | ¢.098 | 152 143 18
ksi | kai | Pervent| Percent 600 93.5 150 0.141 150 140 18
1450F, 15 Min, AC 124|117 34.0 58.0 500 93.5 150 0.116 151 142 16
145CGF, 15 Min, AC + 1200F, 8 Hr, AC | 142125 21.0 36.2 600 93.5 500 0.160 157 142 18
600 83.5 500 0.193 156 147 17
- | 600 93.5 500 0.244 156 143 14
[2) Prepared from 30 pound ingot as described in Lable 3.0241.
(b} Transverse divection. Tested in as-exposed condition.
fc) Unexposed values average five tests. Elongation for 2 inch
gage length.
3.0z2120 Effect of 500 hour, B00F exposure at 90 percent of 604F
yield strength on room temperature tensile properties
of annealed, simulated hand mill sheet soluticn treated
3.02118 Effect of exposure to elevated terperature with load on (50 percent recrystallized) and aged, Table 3.02120.
room temperature tensile propertes of solution treated
and aged sheet, Table 3.02118.
TABLE 3.02120
Source (&)
oy Tj=8Mp-8 V-2Fe-3Al
[Form 0. 060 Inch Sheel (a)
Condition | Annealed 12856F, 4 Hr, FC to 1000F, AC (b)+ST+Age
TABLE 3.02118 EOO Hr, GUOF Exposure] Subsequent Room Temperature Tensile
Sourge (3) Permanent Properties{c)
Alloy Ti-8Mo-8V-2Fe-3 Al Stress Deforma-
Form {.050 Inch Sheet (2} ksi tion Direction Fyy - ksi | Fry = ksi e(l In}
Condition Solution Treated and Aged Percent Percent |
Exposure Conditons Subsequent Room Tempera- 1473F, 1/2 Hr, AC (d} + 500F, 8 Hr, aC
Perma- ture Tensile Properties (b) None Longitudinal 200 187 5.5
Temp— Stress | Time nent De- Noune Longitudinal 201 189 8.0
erature ksi bours |formation] Fey Fry | e(1in) None Transverse 195 (e} {n
F percent ksi ksi |percent None ITransverse 204 200 2.5
1500F, 15 Min, W@ + 300F, 8 Hr, AC 138 0.781 Longitudinal 17¢ (e} 0
Nonpe 197 180 5(c) 138 0,710 Transverse 218 213 2.9
600 128 150 0,320 203 196 [ 138 0.676 Transverse 197 (e} Q
£00 128 150 0,264 204 187 [ 1475F, 1/2 Hr, AC (d) +1100F, 16 Hr, AC
500 128 150 0.276 201 194 5 None . Lengitudinal 135 140 14,0
600 128 500 0.429 205 200 4 None Longitudinal 156 142 13.0
600 128 500 0.367 205 200 4 None Transverse 160 149 12.0
600 128 500 0.382 204 198 4 None Transverse 158 147 12.0
1500F, 15 Min, WQ + 800F, 24 Hr, AC 98 0.163 Longitudinal 156 149 11.0
None 204 1591 5(e) 98 .410 Transverse 14% 142 13.0
600 138 150 0.2982 208 202 € 98 9.203 Transverse 153 149 12.0
800 138 150 0.288 208 201 6 (@) Prepared from 500 pound ingot mill processed as described in
800 138 150 0.248 206 200 3 Tahle 4.011.
€00 138 500 0.364 204 201 4 (b) This condition representative of hand mill sheet, Sheet descaled,
600 138 500 0. 407 206 203 5 ground and pickled after annealing.
600 133 500 0.396 204 197 5 {c) Tesied In as-exposed condition.
@) Prepared from 30 pound ingot as described in Table 3.0241. (d} 50 percent recrystallized.
(&) Transverse directfon. Tested in as-exposed condition. () Specimen broke before achieving 0.2 percent strain.
{c) 2 inch gage length. (f} Specimen broke outside gage length.
CODE 3721
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3.02121 Eifect of 500 hour, 600F expasure at 90 percent of G00F 3.026 Bearing.
Ti vield strength on room temperature tensile properties of 3.027 Stress gonpentration.
25 percent cold rolled, simulated mill strip solution 3.027% Notch properties.
8 Mo treated (50 percent recrysiallized) and aged, Table 3.02711 Mild notch tensile properties of solution ireated and aged
8 V 3.02121. closed die forging, Table 3.02711.
2 Fe
YABLE 3.02121 TABLE 3.02711
3 AI Source {4) Source 2)
oy T-8Mo-8V-2Fe-3al Aoy riMo BV-2Fe-sAl
.Form 0.060 Inch Sheet-(a) Forim Closec Lie Forging (a) :
s - Condition 1475F, 1 Hr, WQ + 1000F, 8 Hr, AC (b
Ti - 8Mo- Condition Cold Rolled 25 Percent (0.080 Inch to Tection Size ) RTa@)
0.060 Inch)(b) + ST + Age Direction Inches Location Kt Kksi
BV-2Fe-~3A]|| 00 Hr, 600F Expo- Subsequent Room Temperature Tongitudinal | 0.5 Center T61.7 27,7
sure Ternsile Properties (¢} Transverae 0.5 Center 181.0 208.6
pe:m'f“‘e“‘ , Longitudinal | 2.5 Outside 177.8 131. 8(e)
Stl::.iss De tci»or:lna- Direction |Fyy - ksi | Fyy - kst p:g;:t) Longitudinal 2.5 Ouiside 177.8 226.9
{a) See Table 3.02115 for forging configuration and produciion details.
percent (b) Heat treated in full section size.
1450F, 10 Min, AC (d) + 900F, 8 Hr, AC (¢) Each value average two tests. See Table 3.02115 for balance of
None Longitudinall 198 - 7.0 smooth tensile properties.
None Longitudinal 194 183 8.5 (d) Individua! resuits.
Noene Transverse 204 188 5.5 (&) Considered by the investigator to be invalid in view of the other
None Transverse 201 187 4.0 values obtained. However, visual and metallographic examina-
125 1.654 |Lengitudinal] 201 (2) ¢ tion of broken specimen furnished no reason far this low value.
125 1.192 | Transverse 218 203 { 800
123 1.189 |Transverse 178 [5)] 0 J_}_\ A
_ Li50F, 10 Win, AC (@ - 1I00F, 24 r, AC P 0.178 m 0.250 fg Ky =3.6
None Longitudinal] 142 135 16.0 5 — Y.
None Longitudinal} 141 135 15.9 L r=0.005
None Transverse 148 137 14.0
None Transverse 149 139 18.5
93 0.318 Longitudinal 148 138 17.0
43 0.360 |Transverse 146 145 16.0
93 0.105 | Transverse 164 158 4.0

{a} Prepared from 500 pound ingot mill processed as described i 3.0272 Fracture toughness. (see Appendix C)

Table 4.011. 3.02721 Room temperature plane strain fracture toughness values

(b) Representative of mill strip. of 59. 4 and 54.7 ksiin were obtained using 3 point

(c} Tested in as-cxposed condition. bend specirnens from 3 inch square forged bars heat

(d) 30 percent recrvstallized. treated in full section to Fy, = 165 ksi (1475F, 1 hr, WQ

(¢) Specimen broke before achieving 0.2 percent strain. +1000F, 8 hr, AC)1). Specimen orientation was RT

{[) Specimen broke outside gage length. (or RW, equivalent for symmetrical forgings} with the

erack tips located at "mid-radius. Using the same
specimen type, values ranging from 38.3 to 41_6 ksi"é;
were obtained for 6.5 inch and 2.5 inch sections from a
small, aircraft type forging heat ireated in full section
W Fry = 177.5 to 181,90 ksi (same heat treatment as
above). Specimen orientation was transverse to the long
axis of the part (see drawing in Table 3.0211). These
3.02122 Effect of ‘150 hour exposure to elevated temperatures on latter Tesults are presented in Table 3.02722, For
room lemperature tensile properties of cold rolled plus both studies the specimen, instrumentation and method
solution treated and aged fastener stock, Figure 3,0212%. of data analysis conformed in all respects to ASTM
3.922 Compression, Tentative Method of Test E 389-70 T (5){B)(7).
3.0221 Stress-strain diagrams. 3.02722 Room temperature plane strain fracture toughness of
3.023 Impact. solution treated and aged closed die forging, Table
3.024 Beading. 3.02722.
3.025 Torsion and shear.
3.0251 Shear strength of solution treated and solution treated
plus stabilization aged fastener stock, Table 3.0251. TABLE 3.02722
Source {2)
Alloy Ti-8Mo-8V~2Fe-3Al
Form Closed Die Forping (a)
Condition 1475F, 1 Hr, WQ + 1000F, 3 Hr, AC (b}
Section Size Fiy () KIe (d)(e)
Direction Inches Location ksi ksi~/in
TABLE 3.0251 Transverse | 0.5 Center 181.0 35.3

Source {8)(11) ‘Transverse 0.5 Center 1§1.0 n.8

Alloy Ti-3Mo-8V-2Fe-3Al Transverse | 2.5 Center 177.5 41.1

Form 9.256 Inch Diameter Wire (Fastener Siock) {a) See Table 3.02115 for forging configuration and production

Condition Cold Rolled § Pereeat + Heat Treat details.

Heat Trearment Fry-ksi (2) | Fgy-ksi (b) (b} Hear treated in full section size.

1450F, 15 Min, AC 117 90. 8 {¢) Each value average two iests(see Table 3.02115 for balance of

1450F, 15 Min, AC +1200F, 8 Hr, AC 125 99.4 smooth tensile properties).

(2} See Table 3,02117 for balance of tensile properties. ) Individual results.

(b} 0.200 inch diameter double shear specimen. Shear planes {2) Specimens (three point bend), instrumentation and method of
separated two diameters minimum. $hear tesung clevis data anatysis conformed in zli respects 1o the ASTM Tenlalive
bushed to produce near zero clearance between specimen Method of Test for Plane Strain Fracture Toughness of Metailic
and holes and between adjacent surfaces of shear clevis. Materials {5)(6}.
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3.028 Combined properties. 3.0315 Tensile propertes at ~653F, Toom temperature and 600F
for 25 percent cold rolled, simulated mill strip solution Ti
3.03 Mechanical Properties at Various Temperatmwes treated (50 percent recrystallized) and aged, Table
3.031 Tension. 3.0315. 8 Mo
3.0311 Stress-strain diagrams.
3.0312 Tensile properties of solution treated and aged sheet at 8 V
room temperature and 600F, Table 3.0312.
TABLE 3.0315 2 Fe
[Source 4}
TABLE 3.0312 Aoy TS 3 Al
Source 3 Form 0.060 Inch Sheet {a){b}
Alloy Ti-8Mo-BV-2Fe-3 Al Condition Cold Fiolled 25 Porcent (0. 080 Laeh 1B
Form 0,050 Inch Sheet (a) 0.060 Inch)(c) + ST + Age Ti - 8Mo-
1500F, 15 Min, W + | 1500F, 15 Min, WQ + T450F, 10 Min, AC(S) |L450F, 10 Min, AC(d}
Condition 900F, & Hr, AC 900F, 24 Hr, AC , ' : :
L 2 = L Test Temperature +900F, 8 Hr, AC +1100F, 24 Hr, AC BV_ 2Fe ~3A1
Test Temperamre=F | L | L8 ¢ Fru | Fiy N F Fau | Fry | e@21n) | Fru | Fry | o2 In)
ksi | ksl j percent | ksi ksi | percent ksi | ksi Percent| kesi | ksi Percent
RT 198 18t 4.5(®) | 204 191 5. 2(b) ~%5 214 | (&) © 172 | 164 8.0
600 168 142 4. 2(c) 170 154 3. 8{c) -85 198 | 184 1.0 169 | 163 13.0
(a) Prepared from 30 pound ingot as described in Table 3.0241. RT 204 | 198 5.5 148 | 137 14.0
Transverse direction tested only. Each value average two RT 201 | 187 4.0 149 | 139 18.5
tests minimum. 500 162|137 | 6.0 | 122|103 9,0
(5) 2 inch gage length. 600 164 1140 { 3.5 | 124 103 14.5
fe) 1 inch gage length. () Prepared from 500 pound ingat mill processed as described in
Table 4,011.
Kb} Transverse direction.
i} Representative of mill strip.
(d) 50 percent recrystallized.
(e) Specimen broke befere achieving 0.2 percent strain.
3.0313 Tensile properties of solution treated and stabilization () Specimen broke outside gage length,
aged sheet at room temperature and 600F, Table 3.0313.
TABLE 3.0313
Source (3)
Alloy Ti-8Mo-8V-2Fe-3A1 3.0318 Room temperature and 600 F tensile properties of solu-
form 0.050 Inch Sheet {a) tion treated and aged plate, Table 3.0316
Condition 1500F, 10 Min, AC + 1100F, B Hr, AC ’ : °
Tensile Properties (b)
Test Temperature-F | Fy, - ksi FW' ksi {e(2 In) - Percent
RT 145 139 14 TABLE 3.0316
640 122 104 ] Scurce (4}
{a) Prepared from 30 pound ingot as described in Table 3.0241. Alloy Ti-8Mo-8 V-2 Fe=3 Al
{ Each value average of five tests. Transverse direction. Form Plate (a)
Condition 1500 F, 10 Min, AC +800F, 16 Hr, AC
Plate Test Tensile Prcperties (bj(c)
Thickness {Temperature| Fy, Fry RA e(l In)
Inches F ksi ksi Percent | Percent
1/2 RT 209-210 | 195-197 | 4.0-9.5| 48
3.0314 Tensile properties at -65F, room temperature, and 600F 1/2 500 161.181 | 143=159 18-54 | 4-T
for annealed, simulated hand mill sheet solution treated 2 AT 202-212 | 196-204 | 2.5-5.5 | I-2
(50 percent recrystallized) and aged. Table 3.0314. 2 600 176-183 | 161-167 | 4.0-8.0| 1-4
(@) Prepared from 500 pound ingot mil processed as described
in Table 4,011. A
TABLE 3.0314 (b) Range of values from three tests for 1/2 inch plate and from
Fource () five tests for 2 inch plate.
plloy Ti-8Mo-8V-2Fe-3Al (¢) Center properties, longitudinal direction.
Form 0.060 Inch Sheet (a)(b)
[Conditicn Annealed 1285F, 4 Hr, FC to 1G00F, AC (c)
+ ST + Age
1475F, 1/2 Hr, AC{d} |1475F, 172 Hr, AC(d)
Ll'est Temperature +300F, 8 Hr, AC +1100F, 16 Hr, AC
F Fru | Ft e(zIn) | Fry | Fiy | (2 I
ksi ks%r Percent] ksi ksi |Percent :
3.0317 Tensile properties at room temperature and 600F for
-65 204 1 (e} ] 63 | 148 5.0 solution treated and aged 1 inch square forged bar,
-65 196 {e} {0 188 - 4.5 Table 3.0317.
RT 135 | (e) ) 150 149 12.0
RT 204 | 200 2.5 158 147 12.0
500 180 | 159 3.0 131 110 | 10.¢
600 176 | 153 2.5 126 108 10.0 TABLE 3,0317
606 174 | 147 4.5 - - - Source {1)
(2} Prepared from 500 pound ingot mill processed as described in Alloy Ti-§Mo-8V-2Fe-3Al
Table 4.011. Form 1 Inch Square Forged Bar*
(b) Transverse direction. Condition 1475F, 1 Hr, WQ +1000F, 8 Hr, AC
(c) This condition representative of hand mill sheet. Sheet descaled, Test
ground and pickled after annealing. ITemperature - F | Fp, - ksi Fpy - kai |e{4¢D)-percent|RA - percent
(d) 50 percen: vecrystallized. RT 1532. 6 i66.6 8.2 13.6
(e) Specimen broke before achieving 0.2 percent strain. G500 156.9 133.0 15.0 41,2
() Specimen broke outside page length. * Processed irom 1800 pound ingot as deseribed in Table 4.012.
CODE 372l
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3.032 Compression. 3.03713 Mild notch tensile properties at -65F, room temperzture
Ti |3.0822 Stress-strain diagrams. and 600 F for annealed, simulated hand mill sheet solu-
3.033 Impact. Hon treated (50 percent recrystallized) and aged, Table
8 Mo 13.034 Bending. 3.03713.
3.035 Torsicn and shear.
B V sz Bearing.
3.057 Stress concentration. TABLE 3,03713
2 Fe [3.03m Noteh properties. Source (4)
3 Al 3.03711 Mild notch temsile properties at room temperature and Alloy Ti-8Mo-8V-2Fe-3Al
600 F for solution treated and aged sheet, Table 3.03711, Form 0.060 Inch Sheet (a)
Condition Annealed 1285F, 4 Hr, FC to 1000F, AC(b}+ST+Age
Test 1475F, 1/2 Hr, AC(c)[1473F, 1/2 Hr, AC(c)
Ti - 8Mo- Temperature| Direction +900F, 8 Hr, AC +1100F, 16 Hr, AC
F ng - ksi | NTS ~ ksi Fry - ksi |[NTS - ksi
8v-2Fe-34Al -65 Transverse @ 137 148 175
TABLE 3.03711 -&5 ’I‘ra.:}sveix'se {d) 144 148 165
[Source [} RT Longitudinal 188 110 141 162
oy T SMoEV-3Te-3 Al RT Longitudinal 188 135 141 168
Form G050 Inch Sheet (a) gT Transverse 200 1?4 148 199
: TEG0F, 10t 15 Min (), |1500F, 10 to 15 Mz (), T Transverse | 200 121 148 170
Condition WQ + 900F, & hr, AC | wQ + 500F, 24 hr, AC 600 Transversc 153 172 108 135
Tost 600 Transverse 153 172 109 134
Temperature-F | Fry - ksi NTS - ksi Fey - ksi NTS - kst (a) irairi\:r:doﬁom 500 pound ingot mill processed as described in
RT 181 172 19 164 (b) This condition representative of hand mill sheet, Sheet descaied,
600 142 184 154 188 ground and pickled after annealing.
{a) Prepared from 39 pound inget as deseribed in Table 3.0241. {¢) 50 percent recrystallized.
Transverse direction tested only, Mild noteh strength values (d) Specimen broke before achieving 0.2 percent strain.
average five tests. Yield streagth values averzge two tests AB0A
minimum. = G.080
(b) Shest from which smooth specimens extracted solution treated 0.250 0 1500 K =
15 minutes. Sheet from which mild noteh specimens extracted " . 1=
solution treated 10 minutes.
0
NOCA —Z 9.050 r = 0.0023
1 G rd
0.500 +0.005 | 0.250 + 0.005
T A K=8
— r-o0.002 +0.0005
3.03714 Mild notch tensile properties at -65F, room tempera-
ture and 60CF for 25 percent cold relled, simulated mill
strip solution treated (50 percent recrystallized) and
aged, Table 3.03714.
3.03712 Mild notch tensile properties at room temperature and
600 F for solution {reated and stabilization aged sheet,
Tabie 3.03712.
TABLE 3.03714
Source (4)
Alloy Ti~8Mo-8 V-2 Fo-3 Al
Form 0. 060 Inch sheet (a)
Condition  |Cold Rolled 25 Percent (0.080 Inch to 0. 060 Inch){(b}
+ 5T + Age
Test 1450 F, 10 Min, AC{c){1450F, 10 Min, AC (¢}
TABLE 3.03712 Temperature[Direction +900F, § Hr, AC | +1100F, 24 He, AC
i']’lurce 3} F Fiy - ksi [ NTS - ksi|Fry - ksi | NTS - ksi
o ?‘g:g";ni:';‘i :3(‘:: <85 fTransverse| 184 Td5 164 1ea
Condizion 1500F, 10 Min, AC « 1300F, & Hr, AC =65 fransverse | 164 153 164 166
Test Termperamre RT Longitudinal| 183 162 135 164
. . RT Longitudinal 153 140 135 165
F Fry - ksi (B){d) NTS - kst ehtd) RT romnsveroe 1§2 124 138 1?3
RT 139 74 RT Mransverse| 192 153 135 170
600 104 136 500 Mransverse | 136 175 103 13
(2} Prepared from 30 pound ingot as described in Table 600 Meransverse 138 169 103 133
3.6241. (a) Prepared irom 300 pound ingot mill processed as described in
(b) Balance of smooth tensile properties reported in Table 4.011.
Table 3.0313. (b} Representative of mill strip.
(c) Each value average of five tests. (¢} 50 percent recrystllized.
(d) Transverse direction ,\GD%
Ki=$
950
]
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3.03715 Mild noteh tensile properties at room temperature and
600 F for solution treated and aged plate, Table 3.03715.

TABLE 3.03715

Source {4)
Alloy Ti-8Mo=8V-2Fe-3Al
Form Plate*
Condition 1500F, 10 Min, AC + Age
Test Temperature - F RT &1
Flate
Thickness| K Age Treamment Fry—-ksijNTS-ksi Fiy-kai[NT5-ksi
Inches
2 2.8 | 900F, 16 Hr, AC 200 216 162 230
1/2 2.8 | 900F, 16 Hr, AC 194 263 153 241
1/2 | 8.0/ 900F, § Hr, AC - 226 - 230
1/2 | 5.0] 900F, 16 Hr, AC| 196 229 153 235

* Prepared from 500 pound ingot mill processed as
Table 4,011,

described in

All values average three tests minimum. Center properties,

longitudinal direction.

L PEA
0.1785 0.250 3

§
Lo

3.0372 Fracture toughness. (see Appendix C)

3.038 Combined properties,

3.04 Creep and Creep Rupmre Propertes

3.041 500 hour, 600F creep behavier of annealed, simulated
hand mill sheet solution treated (50 percent recrystal-

lized) and aged, Table 3.041.

TABLE 3.041
Source {4)
Alloy Ti-8Mo-3V-2Fe-3Al
Form 0.060 Inch Sheet (a)
Condition Annealed 12685F, 4 Hr, FC to 1000F, AC (b) +
ST + Age
500 Hr Deformation at 600F
Stress (c) Initial Creep Total
ksi Deformation Deformation | Deformation
Percent Percent Percent
1475F, 30 Min, AC (d} + 900F, 8 Hr, AC
138 1.033 0,662 1.695
133 .964 0,531 1.495
138 1.068 0,645 1.713
1478F, 30 Min, AC (d) + 1100F, 1§ Hr, AC
98 0.670 0.135 0.805
88 0,954 0.221 1.175
98 0,797 0.122 4,919
(a2} Prepared from 500 pound ingot miil processed as deseribed
ir Table 4.011.
() This condition represertative of hand mill sheet. Sheet
descaled, ground and pickled after annealing,
(c) 90 percent of 600F yield strength.
(d) 50 percent recrystallized.

3.042 500 hour, 600F ereep behavior of 25 percent eold relled,
simulated mill strip solution treated (50 percent recry- Ti
stallized) and aged, Table 3.042,
Mo
v
Fe
Al

WN oo e

TABLE 3. 042
Source 4)
Aoy Ti-BMo-8 V- S Fe~3 AL
Form 0.060 Inch Sheet (a} Ti- 8Mo- -~
Condition Cold Rolled 25 Percent (0. 080 Inch to 0.060 Inch)
{b) + 5T + Age 8V-2Fe-3Al
500 hr Deformation at 600F
Initial Creep Total
Stress (c) Deformation Deformation Deformation
ksi Percent Percent Percent
1450F, 10 Min, AC (d} * 900F, 8 LT, AC
123 1,234 1.301 2,536
125 1.041 1.012 2,853
125 1.496 0.942 2438
1450F, 10 Min, AC {d) +1100F, 24 Hr, AC
23 0.646 0.128. 0.77
93 0.743 0.342 1.08
93 0,878 0.238 1,116
(a) Prepared from 500 pound ingot mill precessed as desgribed
in Table 4.011.
(b) Representative of mill strip.
()} 90 percent of 600F yield strength.
(d) 50 percent recrystallized.

oo

3.043 Reom temperature mild notch stress rupture properties
of solution treated and aged clesed die forging, Table
3.043.

TABLE 3.043
[Source (2)
(Alloy Ti-5Mo-8V-2Fe-3Al
Fortn Closed Die Forging (a}

[Condition 1475F, 1 Hr, W@ + 10G0F, 8§ Hr, AC (b)
RT Mild Notch Stress Rup=
ture Properties (c)
Section Siress at Time to
Direction Size Location Failure Failure
Inches kst min
Longitudinal 2.5 Ontside 220 0
[Longitudinal 2.5 Qutside 200 10

(a) See Table 3.02115 for forging configuration and production de~
tails and corresponding smooth tensile properues.

(b) Heat treated in full section size.

(c) Stress inereased from 150 ksi in 10 ksi increments every 5 hours.

3.05 Fatigue Properties
3.051 Room temperature rotating beam fatigue strength of

solution treated and aged closed die forging, Figure
3.051.

3.052 Room temperature mild notch fatigue swrength of 25
percent cold rolled, simulated mill strip solution
treated {50 percent recrystallized) and aged, Figure
3.052.

cope 3721
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3.06 Flastic Properties 3.0627 Effect of heat treated section size on room temperature
Ti |3-082 Poissen's ratio. tensile elastic modulus of forged bars, Figure 3.0627.
3.062 Modulus of elasticity.
8 Mo [3-0521 Effect of variation in iron content on room temperature
tensile elastic modulus of solution treated and solution
8 V treated plus aged sheet, Table 3.0621.
TABLE 3, 0621 3.0628 Tensile elastic modulus at =63 F, room iemperature and
2 Fe | Foums &) 600F for annealed, simulated hand mill sheet solutien
3 Al Form 0.050 Inch Sheet (a} treated {50 percent recrystallized) and aged, Table
1500F, 15 Min, WQ J1500F, 15 Min, WQ 3.0628.
Condition + 900F, 8 Hr, AC
Alloy E - 103 ksi E - 103 ksi
Tl - BMU' Ti-3Mo-3V-1Fe-3Al (b) 9.43 14.35
Ti-3Mo-3V-2Fe-3Al (¢) 10.15 15.0
8vV-2Fe-3Al |Ti-$Mo-8V-3Fe-3.4l (b} 11.05 15.0
(2) Transverse Direction. TABLE 3.0628
(b) Prepared frore 1/2 pound ingot as deseribed {n Figure 1.061. [Source {1
) Prepared from 30 pound ingot a5 described in Table 3.0241. Alloy Ti-8Mo-8V-2Fe-3Al
(see Table 3.0212 for balance of tensile properties) Form 0.060 Inch Sheet (a)(b)
Condition Annealed 1285F, 4 Hr, FC to 1000F, AC (e) +
. 5T +
3.0622 Effect of variation in total alloy composition on room Teat I4I5F, 1/2 Ar, AC {d) | 1475F, 1/2 Hr, AC (d)
temperature tensile elastic medulus of solution treated Temperature=F | +900F, 8 Hr, AC +1100F, 16 Hr, AC
and sclution treated plus aged sheet, Table 3.0622. E - 103 ksi (e)
TABLE 3. 0622 -65 16.3 14.8
Source @ =65 15.2 15.1
Form 0.050 Inch Sheet* g’; 16;9 igg
o 1500 F, 15Min|1500F, 15 Min, 500 5.6 14:1
Condition wQ wQﬁ:gF, 8 Hr, 603 5.1 15.6
- ——— —— 80 16.5 -
Ti-S.s;\In-S.sA\.l’i?. 35Fe-3.5A1-0.180 £ 1110 :@ E 11.; :m (a) Prepared from 500 pound ingot mill processed as deseribed in
(Nermal maximum ailoy content) Table 4.011. . .
Ti-7.5Mo-7.5V-1.75Fe-2. 5A1-0. 100 9.4 15.4 () Transverse direction. )
(Normal minimum alloy content) (¢} This condluo.n representative of hand mill sheet. Sheet descaled,
Ti-8.5Mo-8.5V-2. 25 Fe~2. 5A1-0. 100 10,7 15.3 @ g'g"::fc:::’ :;:‘f;‘:aﬁz:dmemg'
glc:;-pﬁ:i:xir;;gfrespondmg to lowest () See Table 3.0314 for balance of tensile properties.
Ti-7.5Mo-7,5V-1,75Fe-3,5A1-0, 180 9.8 15.7
(Compesition corresponding to highest
alpha-beta ratio)
* Prepared from 20 pound ingot in same manner as described in
Table 3.0241 for 30 pound ingot.
Values average of duplicate tests. Transverse Direction.
{see Table 3,0213 for balance of tensile properties.
3.0623 Effect of aging time and temperature on room tempera- 3.0629 Tensile elastic modulus at ~85F, room temperature and
ture tensile elastic modulus of solution treated sheet, B00F for 25 percent cold rolled, simulated mill strip
Figure 3.0623. golntion treated {50 percent recrystallized) and aged,
3.0624 Effect of aging tirme at 300 and 1100 F on room tempera- Table 3.0629,
ture tensile elastic modulus of annealed, simulated
hand mill sheet 50 percent recrystallized, Figure
3.0624.
3.0623 Effect of aging time at 800, 900, and 1100 F on room
temperature tensile elastic modulus of 25 percent cold
reolled, simulated mill strip 50 percent recrystallized,
Figure 3.0625. TABLE 3.0629
3.0626 Room temperature tensile elastic modulus of solution ourcs @
treated and solution treated plus aged plate, Table Aoy Ti-8Mo-8V-2Fe 3 Al
3.0626. Form 0.060 Inch Sheet (a)(b}
TABLE 3.0626 Condition Ceold Rolled 25 l::&e:;{?g;;heh to 0.060 Inch)
S&““"’" ) 1450F, 10 Min, AC (@) | 1250F, 10 Min, AC (d)
Alloy Ti-8Mo-BV-2Fe 3 Al Test +S00F, § Hr, AC |+ 1100F, 22 Hr, AC
Forrma Plate (a)
Tondidon T500F, 10 Min, AC ] 1500F, 10 MR, AC+ Temperature- F E - 103 ksi (e)
] 300F, 16 Hr, AC -85 15.0 15.9
Plate Thickness =65 15.6 15.8
Inches E - 103 ksi {){c)(d) RT 17.2 15.7
172 12.2-14.1 16.0-16.3 RT - 18.2
2 12,2-13.2 15,6-16.1 609 14.7 13.0
(a) Prepared from 500 pound ingot mill processed as described in 600 13.6 14.6
Tabie 4.01%. {2) Prepared from 500 pound ingot mill processed as described in
v) Range of values from three iests for 1/2 inch plate and from five Tabie 4.011.
tests for 2 inch plate, (b) Transverse direction.
(¢) Center location, longitudinal direction. (c) Representative of mill strip.
(d) For balance of tensile properties, see Tables 3.02111 and (d) 50 percent recrystallized.
3.02112. (e} See Table 3.0315 for balance of tensile properties.
CODE 372
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3.06210 Effect of 500 hour, 600F exposure at 90 percent of 600F 3.083 Modulus of rigidity.
vicld strength on room temperature tensile elastic mod- Ti
wlus of annealed, sirmulated hand mill sheet solution
treated (S0 percent recrystallized) and aged, Table 8 Mo
3.06210.
8 Vv
TABLE 3.06210 2 Fe
Source (4)
Alloy Ti-8Mo-§V-2Fe-3A] 3 Al
Form 0.060 Inch Sheet (a)
Condition Annealed 1285F, 4 Hr, FC 1w 1600F, AC (b} +
ST + Age 4. FABRICATION .
500 Hr, 600F Exposure | Subsequent RT Elastic Modulus Ti - 8Mo-
Stress Deformation Direction E (¢}
ksi Percent 108 ksi 8V-2Fe-3Al
1475F, 1/2 Hr, AC (d) + 900F, & Hr, AC
None Longitudinal 16.3
None Longltudinal 16.0
None Transverse 18.8
138 0.781 Longitudinal 16.0
138 0.710 Transverse 16.0 42,01 Formability
138 0.676 Transverse 18.9 General. As a class of alloys, the metastable beta
1475F, 1/2 Hr, AC (d) + 1100F, 16 Hr, AC cermpositons are considerably more formable than alpha
None Longitudinal 18.3 + beta types, primarily because of the very high duetility
None Longitudinak 18.0 of the body centered cubic beta phase {8). The data re-
None Transverse 15.7 ported in this chapter were obtained on product forms
None Transverse 16.8 processed from Ingots ranging from 1/2 pound laborat-
98 0.163 Longitudinal 15.3 ory size to small commereial ingots of 500 pound and
o8 0.410 Transverse 15.¢ 1800 pound. No difficulties were encountered in scaling
98 0,203 Transverse 15.6 up from the smallest to largest fngot sizes. Forging and
(a) Prepared from 500 pound ingot mill processed as described hot rolling characteristics of this alloy are judged sirni-
in Table 4.011. lar to those of Ti-13V-11Cr-3Al; these inelude ease of
(b) This condition representative of hand mill sheet. Sheet deformation and surface condition after processing {4).
descaled, ground and pickled after annealing. Commercial processing schedules are owtlined for the
(e} Tested in as-exposed condition. production of plate and sheet in Table 4.011, for forged
(d) 50 percent recrystallized. bars jn Table 4,012, and for a typical, small clesed die
(see Table 3.02120 for corresponding tensile properties) aireraft type forging in Table 3.02115.
4.011 Processing of plate and sheet from 500 pound ingoez,
Table 4,011.
3.06211 Effect of 500 hour, 600F exposure at 90 percent of 600F
yield strength on room temperature tensile elastic mo- TABLE 4.011
dulus of 25 percent cold rolled, simulated mill strip 500 Pound Ingot, Double Consumable-Electrode Vacuum Melted
solution treated (50 percent reerystallized) and aged,
Table 3.06211.
Preheat 30 Minutes at 1750F
TABLE 3.06211
Source {1 Soak 60 Minutes at 1950 F
Alloy Ti—SMo—BV—?_._Ee—aAI
Form 0.060 Inch Sheet (a)
Condition Cold Rolled 25 Percent (0.080 inch to 0. 060 Press- Forge to 3 1/4 Inch Thick Slab
Inch){b) +ST + Age
500 Hr, 600F Exposure | Subsequent RT Elastic Modulus
Stress I Deformation E (¢} Cool and Remove Surface Scale
ksi Percent Direction 103 ksi
1430F, 10 Min, AC (d) + 900F, § Hr, AC
None Lenginudinal 16.7 Ultrasonically Inspect for Internal Defects and Crop
None Transverse 17.2 Ofif Rournded Ends
125 1.651 Longitudinal 15.3
125 1,192 Transgverse 15.2
125 1_1R9 Transverse 15.1 Roll From 1860F in Five Passes to 2 Inch Thick Plate
1450F, 10 Min, AC (d) + 1100F, 24 Hr, AC
None Longitudinal 16.0
None Longitudinal 5.9 Surface Grind
None Transverse 15.7 1
None Transverse 16.2
a3 0.316 Lengitudinal 14.5 Roll From 1860F to
93 0.360 Transverse 15.1 0.55 Inch Thick Flate Roll From 1850F t0
53 0.105 Transverse 14.6 0.265 Inch Thick Piate and
(2) Prepared from 500 pound ingot mill processed as described Cross Rell to 0.060 Inch Thick
in Table 4.011, Descale, Grind, Pickle and Sheet From Same Temperature
(b) Representative of raill strip. Het Roll to 0,080 Inch Thick Sheet
(¢} Tested in as-exposed condition.
(d}) 50 percent recrystallized. i
(see Table 3.02121 for corresponding tensile properties) Descale, Grind, and Pickle
copE 3721
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Processing of forged bar from 1800 pound ingot, Table
4,012,

TABLE 4.012

v 1500 Pound Ingot, Double Consumable- Electrods Vacuum Melted

Fe
Al

Ti - BMo-~
8V-2Fe-3Al

Press- Forge From 1650F
to ¢ 1/2 Inches Round

Press-Upset 30 Percent From 1900F
Press-Forge From 1900F o 12 Inches Square
Press-Forge From 1650F to 8 1/2 Inches Square
Press-Forge From 1650F to 6 1/2 Inches Square

Press- Forge From IGE;OF to 4 1/2 Inches Square

Press- Forge From 1650F
to 3 Inches Square

Drop Hammer- Forge From
1650F to 2 1/4 Inches Square

Drop Hammer- Forge From
1850F to 1 1/2 Inches Square

Drop Hammer- Forge From
1650 F to 1 Inch Square

(Intermediate and final grinding, cutting and thermal treatments
involved purposely not irctuded. )

4.013

4.014

CODE
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Forging. The processing of bar from an 1600 pound in-
got deseribed in Table 4,012 involved initial pressing
and forging at bets + 475 F and finish forging at beta +
225F. The investigaters were apparently dissatisfied
with the ductility of these forged bars and suggested
that beta grain size refinement be sought by using higher
breakdown temperatures and lower finishing tempera-
tures (1), Cross forging may not raise the level of
ductlity but can lessen directionality of elongation and
reduction of area values as shown in Table 3.02114.
Surprisingly this beneficial effect does not appear to
depend on whether the cross forging temperature was
elther 1700F or 1400F.

The Wyman- Gordos Company produced a small, air-
frame-type closed die forging as a vehicle for evaluating
the tensile (see Table 3.02115), fatigue (see Figure 3.051),
notch stress rupture {see Table 3.043) and actch tough-
ness (see Tables 3.02711 and 3.02722) of a typical
forged part. Al forging was done at 1700F as described
in Table 3.02115. The part was given the same heat
treatment as the bars produced in the foregoing study.
Similar to the bara, the closed die forging pessessed
relatively low ductility (see Table 3.02115) even though
the fracture toughness (see Table 3.02722) was quite
high. The investigators state that additional evaluation
of the alloy will undoubtedly suggest modifying process-
ing cycles or heat treatments to produce improved
strength ductility combinations.

Hot rolling. The production of hot rulled plate from a
500 pound inget is described in Table 4.011, The fHrat
half of processing part of a 2 inch slab to 0, 265 inch
gage was performed at 1850F, or 40F lower than that

RELEASED: DECEMBER 1970

normally used for reduction of Ti-13¥-11Cr-34l em-
ploying similar rolling pressures. Ti-§Mo-8V-2Fe-3Al
may thus be slightly easier to roll than Ti-13V-11Cr-3AL

4.015 Cold upsettability, To be suitable for rivet stock, an
alloy must be cold upsettable, Some comsider a D¢/D,
of 1.7 when driven an acceptable minimum (3}, This
alloy meets this eriterion in the solution treated condi-
ton.

4.016 Room temperature campressibility of solution treated
and solution treated plus stabilization aged fastener
stock, Table 4.018.

TABLE 4.016

Source {8)(11)

[Alloy Ti-8Mo-8 Fe-2 Fe-3Al

Form 0.258 Inch Diameter Wire

(Fastener Stock)
Cendition Cold Rolled 9 Percent + Heat Treat
Cold Upsettability
D/ Dy
Heat Treatrment Fry-ksi(a) Passed | Failed
1450F, 15 Min, AC 117 1.96 2.13
1450 F, 15 Min, AC + 1200F, 8 Hr, Al 125 1.41 1.70

[£3)
3]

See Table 3.02117 for balance ol tensile proeperties.
After compression, puck inspected for cracks at 10x magnifica-
tion: "Passed” - no ¢cracks, "Failed” - cracked.

i___.t__no =0.225

¢.450

4

Compression Puck

Machining and Grindin;

Welding
This alloy is more weldable than Ti-13V~11Cr-3A1(10).

1 Room temperature tensile properties of welded sheet,
Table 4.031.

TABLE 4.031

[Source 3)

Alloy

Ti-8Mo-8Fe-2Fe-3 Al

Form

Welded 0. 060 Inch Sheet

RT

Condition

Properties

1500F, 10 Min, AC + 900F, 16 Hr, AC + Weld (a} |
e(1/2in) | e{2in}
Percent(c} | Percent{c)

Teasile
Fpy = ksi{c)] Fiy - ksi(c)

Ran,|
Ave:

ge {b) 121-128 121-127 2-18 0.4-4.5
rage (b) 126 124 14.5 3.5

(a)

&)
e}

Machine weld, without filler, using 3/32 inch diameter 2 percent
thoriated tungsten electrode. Welded at 20 in/min in argon
atmosphere. Welding current was 100-15¢ amps at 9 volis.
Eight 1ests.

Weld bead approximately 0.2 inch wide, perpendieular 10 speci-
men axis and ground flush with specimen surface. Gage length
symmetrigal zbout weld bead centerline.
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4.032 Room temperature tensile elastic modulus of welded 4,034 Room tersperature tensile elastic modulus of welded
sheet, Table 4.032, gimulated hand mill sheet, Table 4.034. Ti
8 Mo
8 v
2 Fe
TABLE 4.034 3 Al
TABLE 4.032 Source 8
Source (3) Alloy Ti=8Mo-8V-2Fe-3Al
Alloy — Ti-8Mo-BV-2Fe-3Al Form ___0.060 Inch Sheet (al(b) .
Form Welded 5 080 Tah Sheat Condifion | Annealed 1285F, 4 H:; FC to 1000F, AC () + Heat Tt - BMo-
Condition | 1500F, 10 Min, AC + 500F, 16 Hr, AC+ Wi Treat/Weld
T - 103 kot 8, ACH Vel @ Number | E (d) {Range) B8V-2Fe-3Al
Tenge B10) ] Average BIE) Heat Treat/Weld Sequence | of 10% ke
14.2-15,7 | 15.0
(2} Machine weld, without filler, using 3/32 irch diameter 2 ;:;:? gg ﬁ ig : ::;2[; 8 Hr, AC 3 13.1-13.5
percent thoriated tungsten electrode, Welded at 20 in/min in + Welld ' ' ' 3 14.5-15.4
argon atmosphere. Welding current was 100-150 amps at 1475F, 30 Min, AC + Weld + $00F, 8 Hr,
§ wolts, 15.4 and 16.0
(b) Eight tests. 137(5:1-‘ 30 Min, AC + 1100F, 16 Hr, AC 2 e .
{c) Weld bead approximately 0.2 inch wide, perpendicular to + Weld ! i 7 3 15.3-15.9
specimen axis and ground flush with specimen surface. ’ '
Gage length symmetrical about weld bead centerline, 1475F, 30 Min, AC + Weld + 1100F, 16 Hx
(zee Table 4.031 for balance of tensile properties) AC 8 14.8-15.3
4 1473F, 30 Min, AC +9004F, 8 Hr, AC+
Weld + 800F, 3 Hr, AC 6 14,7+15.5
1475F, 30 Min, AC + 900F, 8 Hr, AC +
Weld {f) + 900F, Hr, AC 10 13.2-15.7
(a) Prepared from 500 pound ingot mill processed as described in
Table 4, 011.
() GTA welded, without filler, using automatic welding machine
(except where noted) with 3/32 inch diameter, 2 perceat
thoriated mangsten electrode and argon shielding, at 20 inches
per minute with 100-150 amp current at 9 volts. Weld bead
ground flush with base metal surfaces.
(c) Simulated hand mill produet. Sheet desealed, ground and pickled
after annealing.,
{d) 2 inch gage length. Weld bead width, 0.2 inch; width of weld
bead plus heat affected zone, 0.5 inch.
(e} One specimen, the result for which is aot included, broke before
ylelding and had an elastic modulus of 13.9 x 103 kai.
{f) Hand welded.
4,033 Roem temperature tensile properties of welded simulated {see Table 4.033 for balance of tensile properties)
hand mill sheet, Table 4,033,
TABLE 4.033
Source (4)
Alloy Ti-8Mo-B8V-2Fe-3Al
Form 0.080 Inch Sheet {a}{b}
Condition Annealed 1285F, 4 Hr, FC to 1000F, AC {¢) ~ Heat Treat/Weld
Room Temperatire Tensile Properties (d)
No, {Range of Values)
Heat Treat/Weld Sequence of P Fry (e) | e(2 inME) [ e(1/2 inkE)
Tests] ksi ksi percent | percent
1475F, 30 Min, AC + Weld 3 |124-126 | 123-124 |2,0-5.0 {8.0-18.0
1475F, 30 Min, AC + 900F, 8Hr, AC + Weld 3 J118-124 ] 116-122 |3,0-3.5 |10.0-14.0
1473 F, 30 Min, AC + Weld + 300F, 8 Hr, AC 2(g} 201 191and195/0.5and 15| 2.0and 4.0
1475F, 30 Min, AC +1100F, 16 Hr, AC + Weld 3 126-129( 122-127 |2.0-3.0 8.0
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC 3 152-156| 145-149 1.25 5.0
1475F, 30 Min, AC + 900F, § Hr, AC + Weld +900F, 3 Hr, AC 6 |185-183| 180-188 {2.0-3.0 [2.0-4.0
1475F, 30 Min, AC + 500F, 8 Hr, AC + Weld!!_\! +900F, 2 Hr, AC{ 10 |126-353} 125-151 |1.0-2.0 | 4.0-6.0

(2}
(®}

(<)
@
(e)
(H
(8
)

Prepared from 50¢ ppund ingot mill processed as described fn Table 4.011.

GTA welded, witheut filler, using auwtematic welding machine (except where noted} with 3/32 inch diameter,

2 pereent thoriated tungsten electrode and argon shielding, at 20 inches per minute with 100-150 amp current
at 9 volts. Weld bead ground flush with base metal surfaces.

Sirmulated hand mill product. Sheet descaled, ground and pickled after annealing.

All specimens broke in weld.

2 inch gage length.
Weld bead width, 0.2 inch; width of weld bead plus heat affected zone, 0.5 inch.

One epecimen, result for which not included, broke without ylelding.
Hand welded,
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4,035 B00F tensile properties of welded simulated hand mill
Ti gheet, Table 4.035.
8 Mo
8 Vv
TABLE 4.035
2 Fe Source (4)
3 Al Alloy Ti-8Mo-8V-2Fe-3Al
Form 0.080 Inch Sheet (a}(b)
Conditicn Annealed 1285F, 4 Hr, FCto 1000F, AC (c) + Heat Treat/Weld
600F Tensile Properties (d)
Ti - 8Mo- Heat Treat/Weld Sequence No.ofl Fy, Fty(e’ e(2 In}{f) | e(1/2 in){f)
Tests| ksi ksl percent percent
BV- 2Fe _3A| 1475F, 30 Min, AC +900F, § Hr, AC + weld 3 86-88 84-87 1.5-5.0 12.0-18.0
1475F, 30 Min, AC+ Weld + 900F, 8 Hr, AC 3 (igz-18% 173{g} 1.0-2.0 2.0-6.0
1475F, 30 Min, AC +1100F, 16 Hr, AC+ Weld 3 86-89 84-87 4,0-5.5 10.0-18.0
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC 3 pis-123 88-118 3.5~4.5 2.5-8.5
1475 F, 30 Min, AC + 500F, § Hr, AC + Weld + 900F, 3 Hr, AC¢| 6 [159-167 147-157 2.0-3.0 2.5=4,0
{a) Prepared {rom 500 pound ingot mill processed as described in Table 4. 011,
(b) GTA welded, without filler, using automaric welding machine with 3/32 inch diameter, 2 percent thoriated
tungsten elecirode and argon shielding, at 20 inches per minute with 100-150 amp current at 9 volts, Weld
bead ground flush with base metal surfaces.
(¢) Simulated hand mill preduct. Sheet desealed, ground and pickled after annealing.
(d) All specimens broke in weld,
(e) 2 inch gage length.
{f) Weld bead width, 0.2 inch; width of weld bead plus heat affected zene, 0.5 iach.
(g} Two specimens, the results for which are not included, broke without yielding.
(s¢e Table 4,033 for corresponding room temperature properties)
4,037 Eifect of exposure to elevated temperature without load
on rgom temperature tensile properdes of welded simmy-
lated kand mill sheet, Table 4.037.
4.038 600F tensile elastic modulus of welded simulated hand
mill sheet, Table 4.036. TABLE 4. 037
Source {4)
Alloy Ti-§Mo-8 V-2 Fe-3Al
Form 0.060 Inch Sheet (a)(b}
TABLE 4.036 Condition Annesled 1285F, 4 Hr, FC1e 1000F, AC(c) +
Source {4)
Alloy T EMo-8V-2Fo-3A1 Heat Trear/weld
i“orm 0.060 Tnch Sheet (0] TEbcposure Cong\iir:ns gubsecuml; RT 'l‘ensiz;le;xl Properﬁeilgdin
e e
Condition | Annealed 1255, 4 Hr, FCio T000F AC (o) ~ Geat P e;“mel pours | 12 Tyt el:(,mifl? “gemm""
Treat/Weld 1475F, 30 Min, AC + Weld + SG0F, § Hr, AC
Elastic Modulus None (4] ¢4 [} 2.0
Number| at600F None 201 191 1.5 4.0
Heat Treat/Weld Sequence of | E(d) {(Range) None 201 198 0.5 2.0
Tests | 107 ksi 50 500 189 180 2.0 2.0
1473F, 30 Min, AC +900F, § Hr, AC 630 500 193 187 2.0 2.0
+ Weld 3 14.7-15.4 1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC
1475F, 30 Min, AC + Weld + 900F, 8 Hr, None 156 149 2,0 5.0
AC 3 15.2-17.0 Noae 153 146 2.0 5.0
1475F, 30 Min, AC +1100F, 16 Hr, AC None 152 145 3.5 5.0
+ Weld 3 10,0-15.1 650 300 146 139 2.0 4.0
14753 F, 30 Min, AC + Weld + 1100F, 16 Hr | 650 500 151 145 2. 4.0
AC 3 13.1-14.8 {a) Prepared from 500 peund ingot mill processed as deseribed in
1475F, 30 Min, AC +900F, 8 Hr, AC Table 4.011.
+ Weld + $00F, 3 Hr, AC 6 13.7-15.9 (b) GTA welded, without filler, using automatic welding machine
{a2) Prepared from 500 pound ingot mill progessed as described in with 3/32 inch diameter, 2 percent thorizted tungsten electrode
Table 4.011. and argon shielding, at 20 inches per minute with ¥00-150 amp
(b) GTA welded, without filler, using automatic welding machine current at 9 velts, Weld bead ground flush with base metal
with 3/32 inch diameter, 2 percent thoriated ungsten electrode surfaces.
and argen shielding, at 20 inches per minute with 2100-150 amp {c) Simulated hand mill product. Sheet descaled, ground ard pickled)
current at 9 volts. Weld bead ground flush with base metal after annealing.
surfaces. {d) All specimens broke in weld. Specimens tested in as-exposed
{c} Simutated hard mill product. Sheet descaled, ground and condition.
picklied after annealing. {2) 2 inch gage length. .
{d} 2 inch gage length. Weld bead width, 0.2 inch; weld begd plus {1} Weld bead width, 0.2 inch: weld bead plus heat affected zone
heat affected zone width, 0.5 inch. width, 0.5 inch.
{see Table 4.035 for balance of tensile properties) g} _Specimen broke before yielding.
CODE 372l
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4.038 Effect of exposure to elevated temperature without load
on room temperature tensile elastic modulus of welded Ti
simulated hand mill sheet, Table 4.038.
TABLE 4.038 8 Mo
Source (4) 8 v
Alloy Ti-8Mo-E8V-2Fe-3A1
Form 0.060 Inch Sheet (a)(b) 2 Fe
Condition Annealed 1285F, ¢4 Hr, FCto 1000F,
AC {¢} + Heat Treat/Weld 3 Al
Exposure Conditions [Subsequent RT Elastic Modulus(d)
Temperature | Time E
F Hours 103 ksi ]
_1475F, 30 Min, AC + Weld + 800F, § Hr, AC Ti - 8Mo-
None 13. 9(e}
None 15.4 BV- ZFe -3A|
None 16,0
650 500 14.4
650 500 15.2
1475F, 30 Min, AC + Weld +1100F, 168 Hr, AC
None 15.2
None 14.9
None 15.3
650 500 15.5
650 500 15.8
(a) Prepared from 500 pound ingot mill processed as
described in Table 4.011.
(v) GTA welded without filler, using automatic welding
magchine with 3/32 inch diameter, 2 percent theriated
tungaten electrode and argon shielding, at 20 inches
per minute with 100-150 amp current at 9 volts. Weld
bead ground flush with base metal surfaces.
(c) Simulated hand mill product. Sheet descaled, ground
and pickled after annealing.
{d) Specimens tested in as-exposed condition. 2 ineh gage
length. Weld bead width, 0.2 inch; width of weld bead 4.03% Effect of termperature on bend properties of welded simu-
plus heat aifected zone, 0.5 inch. lated hand mill sheat, Table 4,039,
{e) Specimen breke before yielding.
(see Table 4.037 f[or balance of teusile properties.
TABLE 4.039
Source {4}
Alloy Ti-SMo-8V-2Fe-3 4l
Form 0.060 Inch Sheet (a)(b)
Condikion Antealed 1285F, 4 Hy, FC to 1000F, AC (¢) + Heat Treat/Weld
Test Orientation ol .
Heat Treat/Weld Sequence Temperature Weld Bead Bend Radius
F to Bend Axis Passed Failed
1475F, 30 Min, AC + Weld RT No weld 2.2t 1.5t
1475F, 30 Min, AC + Weld RT Transverse 2.1t 1.8t
1475F, 30 Min, AC + Weld RT Paratlel 3.0t 2.4t
1475F, 30 Min, AC +900F, 8 Hr, AC + weld RT No weld 7.4 6.6t |
1475F, 30 Min, AC +800F, 8 Hr, AC + Weld RT Transverse 2.4 2.1t
1495 F, 30 Min, AC +900F, 8 Hr, AC + Weld RT Parallel 2.5t 2.4t
1475F, 30 Min, AC + Weld + 900F, 8 Hr, AC RT No weld 9.1t B.0t
1475F, 30 Min, AC + Weld + 900F, 8 Hr, AC RT Transverse - = 9.5t
1475F, 30 Min, AC + Weld + 300F, B Hr, AC RT Parallel - = 8.3t
1475F, 30 Min, AC +1100F, 16 Hr, AC + Weld RT Ne weld 4.2t 3.6t
1475F, 30 Min, AC +1100F, 16 Hr, AC + Weld RT Transverse 2.3t 2.0t
1475 F, 30 Min, AC +1100F, 16 Hr, AC + Weld RT Parallel 1.6t 1.0t
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC RT Na weld .1t 3.6t
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC RT Transverse 4,3t 3.7
1475 F, 30 Min, AC + Weld +1100F, 16 Hr, AC RT Parallel 11.95t 11.0t
1475 F, 30 Min, AC +900F, 8 Hr, AC + Weld 400 Transverse 0.8t -
1475F, 30 Min, AC + 900F, 8 Hr, AC + Wald 400 Parallel 2.0t 1,5t
1475 F, 30 Min, AC + Weld + 300F, 8 Hr, AC 400 Transverse - = 5. 5%
1475F, 30 Min, AC + 1100F, 16 Hr, AC+ Weld 400 Transverse 2.6t 1.6t
1475F, 30 Min, AC + 1X00F, 16 Hr, AC + Weld 400 Parallel 3.0t 2.5t
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC 400 Transverse 3.0t 2,58
1475F, 30 Min, AQC + Weld + 1100F, 16 Hr, AC 400 Parallel 7.5t 7.3t
1475F, 30 Min, AC + Weld + 1100F, 18 Hr, AC 1100 Transverse =2.0t
1475F, 30 Min, AC + Weld + 1100F, 16 Hr, AC 1100 Paraile} - =8.0t
{a) Prepared from 500 pound ingot mill processed as described in Table 4, 011.
(o) GTA welded, without Sller, using automatic welding machine with 3/32 inch diameter, 2 percent thoriated
tungsten electrode and argon shielding, at 20 inches per minute with 100-150 amp current at 9 volts, Weld
bead ground flush with base metal surfaces.
(¢} Simulated hand mill product. Sheet descaled, ground and pickled after annealing.
cobE 3721
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4,041

4.042

4.04

NONFERROUS ALLOYS

Heat Treatment

Recrystallization. Regrystallization parameters were
determined for sheet in three corditions: 0, 060 Iach
gage annezled 1285F, 4 hr, FC to 1000F {simulated

hand mill product), hot rolled sheet cold rolled 25 per-
eent from 0.080 inch to 0.060 inch gage (simulates mill
strip), and hot rolied sheet cold rolled 50 percent from
0.080 inch to 0.040 inch gage (also simulated mill strip).
Samples from each condition were salution treated at
temperatures ranging from 1350F to 1525F in 25F inere-
meats for 15, 30 and 60 minutes. Ten minute solution
times were also used where required. After solution
treatment, all samples were partially aged for 4 hours
at 900 F to permit metallographic distinction between re-
crystallized and uncrystallized material (when partially
aged, recrystallized grains are darker etching}. Follow-
ing this, aging response was determined for both 50 per-
cent and 100 percent recrystallized material. Aging
temperatures ranged frem 800F to 1200F in 100F incre-
ments for times ranging from 2 to 24 hours. Aging was
most pronounced at 900F for 8 hours or more and parti-
ally reerystallized material aged faster than fully re-
crystallized material. The aging curves established by

RELEASED

: DECEMBER 1970

Vickers hardness measurements are presented in
Figures 1, 066 through 1.0611.

Recrystallization characteristics of annealed sheet

{simulated hand mill product), Table 4.04E.

TABLE 4.041

Source

O]

Alloy

Ti-8§Mo-8 V-2 Fe-3 4l

Form

0.060 Inch Sheet (a)

Condition

Annealed 12853F, 4 Hr, FC io 1000F, AC({)

Solution

Solution Time

Temperature

15 Minutes

30 Minutes

1 Hour

F

Percent

Percent

Percent

1350
1373
1400
1425
1450
1475
1500
1525

0

1]

0
T(e)
50
50
BY

100(d}

0
0
0
Tic)
75
90
100
100(d)

(2) Prepared from 500 pound ingot mill processed as
described in Tabie 4.01%.

(b) This condition representative of hand mill sheet.
Sheet descaled, ground and pickled after annealing.

{c} Traces of recrystallization.

{d) Few small scattered areas of unrecrystallized material.

Recrystallization characteristics of 25 percent cold

rolled sheer (simulated mill strip), Table 4,042,

TABLE ¢.042

Source

{9)

Abloy

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

Form and
Condition

Hot Relled ¢.080 Inch Sheet{a) Cold
Rolled 25 Percent to 0,950 Inch Sheet {b)

Solution
Temperature
F

Solutien Time

15 Minutes

30 Minutes

1 Hour

Percent

Percent

Percent

1350
1373
1400
1425
1450
1475
1500

1525

100

0
20
95
100
190
100
100 with grain
growth
100 with grain
growth

{a) Prepared

m 500 pound inget mill processed as
described in Table 4.011.
(b} Representative of miH strip. Sheet descaled, ground
and pickled after cold rolling.

cobE 3721
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4.043 Recrystallization charaeteristics of 50 percent cold
rolled sheet (simulated mill strip), Table 4, 043.
TABLE 4.043
Source (4)
Alloy Ti-8Mo=8V=2Fe-3Al
Form and Hot Rolled 0. 050 Inch Shect {a) Cold Roiled
Condition 50 Percent to 0.040 Inch Sheet (b)
Solution Solution Time
Temperature |15 Minutes | 30 Minutes 1 Hour
F Percent Percent Percent
1350 [+] 0 0
1375 T(e) 20 80
1400 &s a0 100
1425 100 100 100
1450 100 100 100
1475 100 100 100 with grain
growth
1500 100 100 l00 with grain
growth
1525 100 100 with
grain growth 100 with grain
prowth
{a} Prepared from 500 pound ingot mill processed as
described in Table 4.011.
(b} Representative of mill strip. Sheet descaled, ground
and pickied after cold rolling.
{c) Traces of recrystallization.

4,044 Oxidation {see 2.0313 and 2.0314),

4,045 Cooling rate. Cooling rate from the solutien lemperature
ranging from water guenching to plate cooling has no
measurable influence on the room tempersture smooth
tensile properties of thig alioy.

4.046 Effect of cooling rate from the solution temperature on
Toom temperature tensile properties of solution treated
and aged sheet, Table 4.044.

TABLE 4.046

Source {4)

Alloy Ti-8Mo-8 V-2Fe-3Al

[Form 0.050 Inen Sheet (a)

Ty | Fgy | =@ )
Condition ksi ksl Pereent

1500F, 10 Min, W@ + 900F, 16 Hr, AC 204 192 5.0

1500F, 10 Min, AC +$00F, 16 Hr, AC 202 183 G.2

1500F, 10 Min, Plate Cool (b)+300F, 16 Hr,

AC 203 193 5.2

(2) Prepared from 20 pound ingot as described in Table 3.0241.
Transverse direction.

(b) Specimen blanks held between two 1 inch thick titanium plates;
assemblage removed from furnace and allowed to cool in still
air. Specimen blanks cooled to 700 F in about 20 minutes,
simulating the cooling rate expected in the preduction of 2 inch

plate.
4.047 Effect of cooling rate from the solution temperature on
rocm temperature tensile elastic modulus of solution
treated and aged sheet, Table 4,047,
TABLE 4.047
Source (4)
Alloy Ti-§Mo-8§V-2Fe-34Al
Form 0. 050 Inch Sheet (a)
Condition E - 103 ksi
1500F, 10 Min, WQ + 900F, 16 Hr, AC 15.1
1500F, 10 Min, AC + 900F, 18 Hr, AC 15.3
1500F, 10 Min, Plate Cool (b}, + SO0F,
16 Hr, AC 15.7

(s} Prepared from 30 pound ingot as described in Table
3.0241. Transverse direction.

() Specimen blanks held between two 1 inch thick titanium
plates; assemblage removed from furnace and allowed
1o cool in stll zir. Spegimen blanks coocled to 700F

in about 20 minutes, simulating the cooling rate expected

in the production of 2 inck plate.
{see Tahle 4.046 for balance of tensile properties)




RELEASED: DECEMBER 1970

NONFERROUS ALLOYS

Ti

4.05 Burface Treaument
Ti
8 Mo
8 v
450
2 Fe
3 Al
a0 Ti ~ 8Mo-
4
= 8v-2Fe-34|
@
%]
<3}
=
[=]
E 360 1500F, 15 MIN, WQ + AGE, AC
7} //
= i v l AGING TEMPERATURE
Y F
E / /// } 800 850 900 950
/ A" T-8Mosv-iFeaMl—— © O 8 O
300 Ti-8Mo-8V-3Fe-3Al — — e B A &
y 0.050 INCH SHEET PREPARED FROM 1/2 POUND INGOTS A5
» FOLLOWS: HOT ROLLED AT 1750F TO 0.080 INCH SHEET;
d 0.080 INCH SHEET COLD ROLLED TO #.050 INCH SHEET.
250
1] 4 8 12 16 20 24
AGING TIME - HOURS
FIG. 1.061 EFFECT OF AGING TIME AND TEMPERATURE ON HARDNESS OF
SOLUTION TREATED SHEET OF TWO IRON CONTENTS. 3
Ti-8.5Mo-8.5V-2, 25 Fe-3, 5A1-0. 180
(NORMAL MAXIMUM ALLOY CONTENT)
& 45010.050 INCH SHEET PREPARED FROM 10 POUND —
§ INGOT IN SAME MANNER AS DESCRIBED IN
TABLE 3.0241 FOR 30 POUND INGOT
2 150GF, 15 MIN, WQ + AGE, AC
n T T T T - S
~7.5Mo-7.5V-1, 75 Fe-2. 5A1-0.100 g 400 fAGE TEMPERATYRE- F D
(NORMAL MINDMUM ALLOY CONTENT) > e
0,050 INCH SHEET PREPARED FROM 10 POUND & 950
INGOT IN SAME MANNER AS DESCRIBED IN z v .
450 | TABLE 3.0241 FOR 30 POUND INGOT. % 550 900 [
1500F, 15 MIN, W@ + AGE, AC = /’
| = 850 | -
g AGE TEMPERATURE - F & P
= 400 500 E 300 —] 200
1
3 < / B ey
53’ 900 )/
# 350 850 250
Z 500 0 8 12 16 20 24
5 AGING TIME - HOURS
é 300 FIG. 1.063 EFFECT OF AGING TIME AND TEMPERATURE ON
& HARDNESS OF SOLUTION TREATED SHEET OF
& NORMAL MAXIMUM ALLOY CONTENT. “@
=~
250
] 4 8 12 16 20 24
AGING TIME - HOURS
FIG. 1,062 EFFECT OF AGING TIME AND TEMPERATURE ON
HARDNESS OF SOLUTION TREATED SHEET OF
NORMAL MINIMUM ALLOY CONTENT. (%)
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| Ti-$.5Mo-8.5V-2.25 Fe-2,5Al-0. 100 (COMPOSE- |
TION CORRESPONDING TO LOWEST ALPHA-
BETA RATIO)

9,050 INCH SHEET PREPARED FROM 10 POUND
INGOT I¥ SAME MANNER AS DESCRIBED IN

|~ TABLE 3.0241 FOR 30 POUND INGOT ]

1500F, 15 MIN, WQ + AGE, AC

AGE TEMPERA;I‘URE -F
!

RS {IARDNESS (30 KG LOAD)
£
&
=3

VICKE
]
=1
=1

250

1z 16 20 24
AGING TIME = HOURS

FIG. 1.064 EFFECT OF AGING TIME AND TEMPERATURE ON
HARDNESS OF SOLUTION TREATED SHEET OF
COMPOSITION CORRESPONDING TO LOWEST
ALPHA-BETA RATIO. %)

Ti-7.3Mo~7.5V-1.75Fe-3. 5Al=0. 130 (COMPOSITION

| CORRESPONDING TO HIGHEST ALPHA-BETA RATIO)
0.050 INCH SHEET PREPARED FROM 10 POUND
INGOT IN SAME MAKNER AS DESCRIBED IN TABLE
3.0241 FOR 30 POUND INGOT.
_ISDUF, 15 MIN, WQ + AGE, AC

AGE TEMPERATURE- F

(=)

N
=3
L=

&
s
=3

VICKERS ITARDNESS (30 KG LOAD)

0 4 § 12 16 20 24
AGING TIME - HOURS

FIG. 1,065 EFFECT OF AGING TIME AND TEMPERATURE
ON HARDNESS OF SOLUTION TREATED SHEEYT
OF COMPOSITION CORRESPONDING TO HIGH-
EST ALPHA-BETA RATIO. (4}
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430 =

[— STALLIZED) AND AGED,

Ti-§Mo-§ V-2 Fe-341

0.060 INCH SHEET (PREPARED FROM 500 POUND INGOT __
MILL PROCESSED AS DESCRIBED IN TABLE 4.011)
ANNEALED 1285F, 4 HR, FC TO 1000F, AC,* SOLUTION
TREATED 1475F, 1/2 HR, AC (50 PERCENT RECRY-

AC.
AGE TEMPERATURE - F ,’-—l-—__—”

Pt

S

900

VICKERS ITARDNESS (30 KG LOAD)

850 1000 |
/‘ | _
v 1100 —
/ﬁ 800
300 e
= 1200
[ ] (
4

278

* THIS ANNEALED CONDITION REPRESENTATIVE OF
HAND MILL SHEET. ] !

4 8 12 16 20 24
AGING TIME - HOURS

FIG. 1.066 EFFECT OF AGING TIME AND TEMPERATURE ON

45

e
<
= <

VICKERS HARDNESS (30 KG LOAD)
w
&
=

300

FIG. 1

HARDNESS OF ANNEALED SHEET 50 PERCENT
RECRYSTALLIZED. (4

Ti-5Mo-5V-2Fe-3A1 ' )

0.050 INCH SHEET (PREPARED FROM 500 POUND INGOT ]
MILL PROCESSED AS DESCRIBED IN TABLE 4.011)
ANNEALED 1285F, 4 HR, FC TO 1000F, AC,*SOLUTION

| TREATED 1525F, 1/2 HR, AC (100 PERCENT RE-  —of
CRYSTALLIZED) AND AGED, AC
AGE TEMPERATURE ————L—_———"
| | /.—"" »
i
200
r —
1000
sl /4
/ 1100
p—" 500
y /1
b4 — 1200
o
* THIS CONDITION REPRESENTATIVE OF HAND MILL
SHEET 1 | 1 !
¢ 4 8 12 16 20 24
AGING TIME - HOURS
.067 EFFECT OF AGING TIME AND TEMPERATURE ON

HARDNESS OF ANNEALED SHEET 100 PERCENT
RECRYSTALLIZED. )
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450 |Ti-5Mo-sV-2Fe-3a1 ' ' ' i Ti
HOT ROLLED SHEET (PREPARED FROM 500 POUND NGOT !
MILL PROCESSED AS DESCRIBED IN TABLE 4.011) COLD 8 Mo
ROLLED 25 PERCENT (0.080 INCH TO 0.060 INCH)¥
™ SOLUTION TREATED 1450F, 10 MIN, AC (50 PERCENT g8 v
RECRYSTALLIZED) AND AGED, AC
Ecmo | AGE TEMPERATURE .| [ 2 Fe
3 F ! 3 Al
o
= 900 /
- 1
a .
- / Ti - 8Mo-
=]
ésso " 8V-2Fe-3Al
= 1000 ——t
2
é 1100 |
300 4 J%o
/ ' - 1200 e |
; |
* REPiRESENTAiI']V‘E OF MILL srmi’
[

«250
0 4 8 12 16 20 .24

AGING TIME - HOURS

FIG. 1.068 EFFECT OF AGING TIME AND TEMPERATURE ON HARD-
NESS OF 25 PERCENT COLD ROLLED SHEET 50 PERCENT
RECRYSTALLIZED. {4)

Ti-8Mo-8V-2Fe-3A1 ' ) "
[HOT ROLLED SHEET (PREPARED FROM 500 POUND INGOT]|
MILL PROCESSED AS DESCRIBED IN TABLE 4.021) COLD}
ROLLED 25 PERCENT (0.080 INCH TO 0.060 INCH }*,
SOLUTION TREATED 1500F, 10 MIN, AC (100 PERCENT
-~ RECRYSTALLIZED) AND AGED, AC
AGE TEMPERA-
TURE - ¥

i

900

&

L]
o
<

1000 /._.4.-————7&

// 1100 w0 VV’
/ :/ 1200_“__4

_ VICKERS HARDNESS (30 KG LOAD)
w
a
o

* REPRESENTATIVE OF MILL STRIP

250
0 8 12 16 .20 24
AGING TIME - HOURS

FIG. 1,069 EFFECT OF AGING TIME AND TEMPERATURE ON
HARDNESS OF 25 PERCENT COLD ROLLED SHEET
100 PERCENT RECRYSTALLIZED. 4
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&

] Ti-8Mo-5 V-2Fe-34l AL\ | I
Ti HOT ROLLED SHEET (PREPARED FROM 500 POUND INGOT
450 | MILL PROCESSED AS DESCRIBED IN TABLE 4.011) COLD-
8 Mo ROLLED 30 PERCENT (0. 080 INCH T 0.040 INCH)*,
8 Y, SOLUTION TREATED 1400F, 10 MIN, AC (50 PERCENT
RECRYSTALLIZED} AND AGED, AC |
T t
2 Fe 5 AGE TEMPERATURE - F_ g% —3
400 800
o
a2
. =
Ti- 8Mo- &
E 4
8Y- 2Fe-3a14 Yy
[=]
S 150
@
g | 1000
o
=
300 1100
220 T
Ti=-8Mo-BV-2Fe-3Al
1200 h 4 0.050 INCH SHEET PREPARED FROM SINGLE /
— 30 POUND INGOT AS DESCRIBED IN TABLE
Y 210 I
p——"""| * REPRESENTATIVE OF MILL STRIP 3.0241,
! I l STRENGTH AND HARDNESS VARIA-
250 200 |TIONS ACRIEVED SOLELY BY HEAT
o < 8 12 16 20 24 TREATMENT
AGING TIME - HOURS . /- /
190 FTRANSVERSE DIRECTION 7 L
FIG. 1.06810 EFFECT OF AGING TIME AND TEMPERATURE ON HARDNESS o
OF 50 PERCENT COLD ROLLED SHEET 50 PERCENT Y y,
RECRYSTALLIZED. {a) 180 /’ 7
Lo/
_ 1m0 7 7
4] // Py, KSI=
06 T T ' 150 k! (VICKERS HARDNESS_]
| £ / X 0.613) - 48.5
Ti-8Mo=8V=2Fe=3 Al [ /
HOT ROLLED SHEET (PREPARED FROM 500 POUND INGOT 150 / £ 85 PERCENT CONFIDENCE
MILL PROCESSED AS DESCRIBED IN TABLE 4.011) COLD / / LIMITS
| ROLLED 50 PERCENT {0.080 INCH TO 0,040 INCH}*, _ l
SOLUTION TREATED 1500F, 10 MIN, AC {100 PERCENT 140 /] ’/
RECRYSTALLIZED) AND AGED, AC /’ / /
- AGE TEMPERATURE - F "’* V4
5 /. 130
3 950 900 / . //
o 800 / 120
= /
o,
&
P / 110
E 250 300 350 400 430
g VICKERS HARDNESS {10 KG LOAD)
2 1000 4  FIG. 1.0612 STATISTICAL RELATIONSHIP BETWEEN HARDNESS
@ / AND STRENGTH FOR SHEET.
2 A
Z a00
E 1100
—d
/A'// 1200
r
'/ /_‘,___._————-—-———i
* REPRESENTATIVE OF MILL
’ sme ||
B0, 4 s 12 16 20 24
AGING TIME - HOURS
FIG. 1.0611 EFFECT OF AGING TIME AND TEMPERATURE ON
HARDNESS OF 50 PERCENT COLD ROLLER SHEET
100 PERCENT RECRYSTALLIZED. {4)
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Ti-8Mo-5 V-2Fe-3AL [ 1 .
HOT ROLLED SHEET {PREPARED FROM 500 POUND INGOT Ti
MILL PROCESSED AS DESCRIBED IN TABLE 4.011)COLD
%0 = ROLLED 25 PERCENT {0.080 INCH TO 0.060 INCH)* ] 8 Mo
+1450F, 10 MIN, AC (50 PERCENT RECRYSTALLIZED) 8 v
a0 |t 200F, 8 HR, AC
NaCl COATED SUSTAINED- LOAD 2 Fe
TENSILE SPECIMENS
70 l 3 Al
| ® FAILED DURING 200 HR
¢ EXPOSURE
_ 60 O PASSED 200 HR EXPOSURE .
8 BUT STRES5 CORRODED Ti - 8Mo-
) STRESS © NO STRESS CORROSION
1 50 CORROSION —}  DURING 200 KR 8v-2Fe-3Al
= ’ EXPOSURE
=
G 40 <
= I
g \
% NO STRESS K
20 CORROSION
. \
* REPREl:SENTATIVE OF MILL STRIP ?
0 |
690 800 1000
EXPOSURE TEMPERATURE - F
FIG. 2.033 HOT SALT STRESS CORROSION BEHAVIOR OF SIMULATED
MILL STRIP SOLUTION TREATED (50 PERCENT
AECRYSTALLIZED) AND AGED, (4)
Ti-8Mo-B V-2 Fe-3 Al [ |
HOT ROLLED SHEET {PREPARED FROM 500 POUND INGOT
— MILL PROCESSED AS DESCRIBED IN TABLE 4.011) COLD
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FIG. 2.034 HOT SALT STRESS CORROSION BEHAVIOR OF SIMULATED
MILL STRIP SOLUTION TREATED (50 PERCENT RECRY-
STALLIZED) AND STABILIZATION AGED. ™
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RECRYISTAI.LIZED) AND AGED, AC
1
AGE TEMPERATURE - F
900 1000 1100
o o o L
- A * T
—* 250
i
200
&
x
1
Fd
Fry £
\ 150
* REPRESENTATIVE OF MILL STRIP
! 4 100

e(2 IN)

T

8 16
AGING TIME - HOURS

24
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SIMULATED MILL STRIP 100 PERCENT RECRYSTALLIZED. (4)
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Ti-8Mo-8 V-2 Fe-3al I i .
LHOT ROLLED SHEET (PREPARED FROM $00 POUND INGOTA Ti
MILL PROCESSED AS DESCRIBED IN TABLE 4.011) COLD
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MATERIAL 100 PERCENT RECRYSTALLIZED (SOLUTION
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FIG, 3.0624 EFFECT OF AGING TIME AT %00 AND 1i00F ON
ROOM TEMPERATURE TENSILE ELASTIC MODULUS
OF ANNEALED, SIMULATED HAND MILL SHEET
50 PERCENT RECRYSTALLIZED, 4
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