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WATERTOWN ARSENAL LABORATORIES

TITLE

TITANIUM - 6% ALUMINUM - 4% VANADIUM ALLOY:
EFFECTS OF SPONGE PURITY, ALUMINUM CONTENT AND HEAT TREATMENT

ABSTRACT

An investigation was undertaken to determine the heat treating char-
acteristics of the 6%A1-4%V titanium alloy; the solution and aging tempera-
tures for optimum strength properties; and the effect of varying the aluminum
and' the interstitial contents on the heat treatment for optimum strength.

The study involved the 6%Al-4%V titanium alloy made with three hardness
levels: of sponge (140, 160, 180 BHN) and three lievels of aluminum (6%, 7%,
8%) made with the 140 BHN sponge. A fourth alloy of interest, §5%Al-3%FeCr-
3%FeMo (140 BHN sponge) was included in the study.

The data show that the heat treatment for optimum strength-ductility-
toughness should consist of a solution temperacture, high in the alpha-<plus-
beta range, followed by short-time aging at a temperature which will give
the maximum atrength values desired. For the alloys involved in this study,
an aging temperature of 1050°F appears to be appropriate. Increases in
aluminum or interstitial contents result in increased strength values but
with a significant lowering of the toughness values,
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INTRODUCTION

The titenium alloy containing 6% aluminum and 4% vanadium is one which,
during its development, was found to have medium atrength with good ductility
and toughness. This alloy was developed by Armour Research Foundation under
contract to Watertown Arsenal with technical supervision by Watertown Arsenal
Laboratories,

On 24 May 1954, Mallory-Sharon Corporation produced and tested the first
| production-size ingot (1500 lb) of this alloy produced for Watertown Arsenal.

\ During 1954, production of the alloy was initiated by Titanium Metals Corpora-
‘j tion of America.
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In October 1955, at a meeting of the American Society for Metals in
Philadelphia, data on the heat-treating characteristics of this production
. alloy were presented by the Titanium Metals Corporation of America.! These
data were very intereasting and informative but their applicability for
Ordnance use was regarded as limited for the following reasons:

(1) only two solution temperatures were involved,

" ¥ DO

(2) no data were included on the effect of alloy purity on mechanical

I..*,

) . s

X properties after heat treatment,

o~

;§ (3) no data were given on aging at temperatures above 1000°F, and

(4) no data were given on aging for periods of less than 24 hours.

At that time it was thought by Watertown Arsenal personnel that shorter
aging times could be used effectively with higher aging temperatures (1050° -
1150°F) without danger of omega embrittlement., Also, for purposes of saving
time and processing cost, a shorter aging time was desirable., Ordnance
materiel requirements and the need for suitable materials specifications
suggested the desirability of obtaining data on the effect of sponge purity
and heat treatment on properties of the alloy, The ultimate aim was to
determine conditions which would produce the optimum strength-ductility-
toughness combination for Ordnance use at ambient temperatures.
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This study was undertaken to determine the optimum strength-ductility-
toughness combination of the aluminum-vanadium-titanium base alloy obtainable
by: varying sponge purity, varying aluminum content, verying solution tem-
peratare and short-time aging temperature.
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The short-time elevated temperature strength after optimum heat treat-
ment was also determined. Included in the study was an evaluation of a
5%Al - 3%FeCr-3%FeMo titanium base alloy, of interest because of its potential
as a high-strength alloy,
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inum - 0% Tanadius fi{tanium-Base 411 loy, fransaction, vol. 48, 1858, p, 657-874.
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MATERIALS AND PROCEDURE

The materials used in this inveatigation were received from the producer
as forged 4X"-diameter round bars with chemistries as shown by Table I.
Sponge hardnesses are also shown.

TABLE I

Chemical Analyses of Titanium Alloys (% by Wt.)

8
Heat NoJ Al v Fe Nn Sn 0 H N Si S c No Cr Pg"lﬁ‘

LI2IR| 5.99] 4.06| 0.14| 0.02 | .02*| 0.261] 0.0056 | 0.028 | .01*| 0.008 ] 0.04] -- -- | 140
L1122R | 6.22 4.11] 0.18] .014 .0L*| 0.162[ 0.0063 { 0.032 | ,01*{ 0.008| 0.06] -- -- ] 160
L1)J23R) 6.15¢ 4.29] 0.24} 0.05 | .01*| 0.208| 0.0089 0.032 | .01*] 0.008 | 0.04] -- -« | 180
L1124R | 6.87] 4.02] 0.23] 0,05 .01*| 0,179} 0,0078 | 0.028 ] .01*| 0.008) 0.05} -- -- | 140
L1125R| 7.93 4.06{ 0.24| 0.03 | .01*| 0.185] 0.0067 | 0.024 | .01*]| 0.009] 0.03] .- -~ | 140
M168SR| 4.10; .011 160 .01t -~ | 0.207} 0.0048] 0.020} .01* -- 10.03]1.09]1.35} 140

*Less than

Specimens for determining the effect of solution temperatures and aging
temperatures on grain size and mechanical properties were taken from the 44"-
diameter bars as shown in Figure 1. Similar tests were made of drop-forged
3/4"-thick plate as shown in Figure 2. For determining the short-time
elevated temperature strength characteristics, test specimens were taken from
upset-forged plate as shown in Figure 3. In all instances forging was per-
formed with the alloy in the alpha-beta range of temperature. No protective
atmosphere was used in the heat treatment. Standard 0.357"-diameter tensile
specimens and standard Charpy V notch specimens were used in these tests.

In the tension testing, the rate of loading was 30,000 psi/minute to the
yield strength at 0.2% offset and 60,000 psi/minute above that,

DATA_AND DISCUSSION

The results of the tests to determine the effect of sponge purity,
solution temperature and aging temperature on the mechanical properties of
the 6%A1-4%V titanium base alloy are shown in Figure 4 (4%" barstock) and
Figure 5 (drop-forged 3/4" plate). The short-time elevated temperature
properties of this alloy in the press-forged 3/4" plate thickness are shown
in Figure 6. It may be noted that the latter data are for material which
has been heat treated to give optimum strength and toughness as indicated in
Figures 4 and 5.
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Table I shows that the interstitial chemistry of the 140 BHN and 160
BHN melts is essentially the same. It may be noted from Figures 4 and §
that yield and tensile strength of the 180 BHN material shows an increase L
over the 140 BHN and 160 BHN alloys but that ductility shows no appreciable '
change. Toughness is reduced by approximately 4 ft-lb, As the aging temp-
erature increases above 1050°F, the tensile properties are lowered with no
appreciable effect on toughness, The optimum strength-ductility-toughness
combination occurs with a solution temperature of about 1750°F and an eaging
temperature of about 1050°F. The short-time elevated temperature tensile Foo
properties are increased by an increase of interatitials within the limits S
tested (Figure 6, using a reference temperature of 800°F). L

In Figure 7, data are shown on the mechanical properties of Heat 1121R

(140 BHN sponge) of the 6%A1-4%V titanium alloy as affected by varying the S
solution temperature while holding the aging temperature constant at 1050°F. i q
The solution temperature of 1750°F shows best tensile properties as previously e

mentioned, It will be noted that increasing the solution temperature from
1600° to 1750°F results in a substantial increase in both the ultimate tensile
and yield strengths with no significant change in ductility or impact value. ﬁ}IJ
It is of interest to nocte also that solution temperatures in the neighborhood o
of the beta transus (1800° - 1850°F) result in a sharp drop in strength and
ductility with some recovery at higher temperatures. Hardness remained
constant over the entire range of heat treatments despite changes in tensile
strength of approximately 15,000 psi indicating a lack of correlation between
hardness and tensile strength in this titanium alloy.

The effect of increasing aluminum content on the strength characteristics
of this alloy is indicated in Figure 8 (7%Al) and Figure 9 (8%Al). These data
are from heats made with 140 BHN sponge, end the curves are put together for
an easier comparison in Figures 11 and 12, In the 4)4"-diameter barstock an
increase of aluminum content shows a slight increase of tensile strength and
yield strength with no appreciable change in ductility. In the forged 3/4"
plate there is no appreciable change of tensile and yield strength until
8%A]l is reached. The ductility shows a slight decrease with increasing
aluminum. Optimum tensile properties appear to be obtained with a solution
temperature of about 1750°F and an aging temperature of about 1050°F. The
short-time elevated temperature tensile strength (Figure 13) appears to in-
crease slightly with increasing aluminum content without appreciable change
in ductility., As the aluminum content increases, the toughness appears to
be slightly reduced.

Data on the Al-FeCr-FeMo titanium alloy made with 140 BHN sponge
O (Figure 10) indicates optimum tensile properties with a solution temperature
4 of about 1700°F and an aging temperature of 900°F. Although the tensile
strength is slightly higher than that of the 6%Al-4%V titanium alloy, the
ductility is about the same and the toughness is slightly lower,

The data from which these curves were plotted are given by the tables
in the Appendix.
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vﬁ The effect of solution temperature on microstructure of the 6%Al-4%V %ﬁt
" titanium alloy (140 BHN aponge) in the drop-forged 3/4"-thick plate is shown e
v at 100X by Figures 14 through 19, By Figure 17 it is indicated that: : ;“
# {1) the dynamic beta transus otcuras between 1800° and 1850°F (1825° ;j:
3 (2) grain boundaries do not appear at 1800°F but do appear at 1850°F. .:
i From Figures 14 through 16, no grain boundaries are evident but the direc- tﬁ%
» tional fiber of forging has nearly disappeared at 1750°F, Raising the AN
" solution temperature from 1850° to 2200°F (Figures 18 and 19) reaults in a ﬁft
A ten-fold increase in grain size (0,14 diam. to 1.4 diam.). Following a el
; solution treatment at 1850°F, the microstructure was fully martensitic and, A
4 except for grain growth, there was no significant change of structure up ‘ N
’ to 2200°F. This indicates that the decrease in mechanical properties re- i
. sulting from solution treatments above the beta transus (Figure 7) is due &??f
.@ to grain growth in the single phase field. AR
‘% Figure 20 shows microstructures-at 1000X of the "as-forged" plate and 'fﬁ?
& plate solution-treated at 1750°, 1800°, and 1850°F respectively. These e
» show the progressive stages of dissolution and globularization of the alpha —
g platelets and their final disappearance at the dynamic beta transus temper- ’
N ature,
iﬁ The data of Figure 20 suggest that heat treatment for optimum strength -
& properties should consist of a solution treatment 75° to 100°F below the e
dynamic beta transus followed by an aging treatment at a temperature which o
. will produce yield strength and ductility levels consistent with the desired . EQfY
& values, -
Y .j\.;
f: Figures 21 through 24 show the microstructures of the four alloys, - fﬁ;ﬁ
) (140 BHN sponge) included in this study, after heat treatment for optimum et
' strength properties, The detaila of working and heat-treatment of the 44" b
% barstock as-received are not available. It will be noted that the treatments !ﬁ“ﬂ
oA for the Al-V titanium alloys are identical whereas the solution temperature A
b for the Al-FeCr-FeMo titanium alloy is lower by 50° to 100°F. All of these Nt
s solution temperatures were selected to be approximately 75° to 100°F below i
o the dynamic beta transus of the alloy. ;}“-
o The etching solution used for thease specimens consisted of HF + HNO4 + !%*ﬁ
_é glycerine (25% + 25% + 50% by volume). s
¥ X
- .
n From the results of this study the following conclusions are suggested: %ﬂ*ﬁ
& S
13 .1, Within the limits of interstitial content investigated (BHN 140-180), 2N
N an increase in BHN of the 6%Al-4%V titanium alloy sponge resulted in an in- o
En crease of the ultimate tensile and yield strengths of the alloy with no ap- e
4 preciable change in the ductility, However, the toughness (Charpy V notch t
D -
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value) decreased by approximately 4 ft-lb from an original level of about
. 12 to 15 ft-1b,

2. At the 140 BHN sponge hardness level, an increase of aluminum
content from 6% to 8% resulted in an increase in atrength at the sacrifice
of some ductility and a reduction in impact resistance.

3. The Al-FeCr-FeMo titanium alloy does not compare favorably in im-
pact resiatance with the Al-V titanium alloya at similar strength levels
and offers no advantages at elevated temperatures,

4., Heat treatment for optimum mechanical properties consists of a
solution treatment 75° to 100°F below the beta transus temperature followed
by short-time aging at approximately 1050°F,

. 5. Solution treatment of the 6%Al-4%V titanium alloy at temperatures
in the vicinity of the beta transus result in a sharp drop in tensile
properties with a slight recovery at higher solution temperaturea,

6. Raising the solution temperature from 1850° to 2200°F results in
a ten-fold increase in grain size and a decrease in mechanical properties.



I SRR Bt i ol S 2ol e S AR e e i Ml Ehates
S I S A L T T e R N T R e A

4" APPROX.

}1—-—-—— 1" SLICE

41 /2"=DIAM. BARSTOCK

Y=1/2"

I" SLICE FOR |

HEAT TREAT
MENT T = TENSILE - 8TD. 0,357

C = CHARPY V NOTCH

APPROX. SPECIMEN LAYOUT
4=1/2" DIAMETER BARSTOCK

FIGURE |




..... P I R

Woa i Mmoo bow T R B A Sl . inali TR i A Ml N L NI S I S e BES A I S A SRR A S A AL RGN AR VLA RN Sl AP R A i el
e e L . . AP AR B aalds LML A N AP SR ‘:‘,“. A A LN N PR

3 FORGING
yo APPROX.\
4=1/2" DIAN. BARSTOCK
_[L FORGED PLATE 2" \
N “T \\ J
SPEC IMEN
[ — CENTERLINE
/ \
~ N . ™~
SAME SAME SAME
Y | 1
] chelene
—— LONGITUDINAL ———— |  BAME ” ”
2 s | same SAME )
3 \ = 1 =

\N __//'r/ - TENSILE - 87D..0.367"
— C - CHARPY V NOTCH

APPROX. SPECIMEN LAYOUT
DROP~FORGED 3/4" PLATE

k- . FIGURE 2




- N N L TN TR T L W il ek L R W o e T e e & W R W W TRV AT T e a TN TR TN Ny e e T T
o W RN R A AN R R I AU IR G SR Rt B A P i R A R L L A A AR UL MR P AL R A N R IR

[T e NN

\. '

“ g tFORGING
4
0
. :
e
]
' x
\/ 4
T = TENSILE ~ 8TD. 0.367"
< £ OF sPeCiMENs C - CHARPY V NOTCH _
: APPROX. SPECIMEN LAYOUT L
PRESS-FORGED 3/4" PLATE o

FIGURE 3




NS

-

{1 3nav1)

NICLSAVE YALFVIA-.Z/1~h = AOTIV 1L A%h-1VHQ - SIIL¥IJ0¥d ISYIASNYYL

00El G0ZI 0011 0091 006

(45) WNLVIIMIL SHIBY
0901 00! 0021 0011 000N

00hi

00€% 0071

00i1 0001

006

P Ot —

AJHYH) —

AdHVHY) -~

39N04S NHE OWl
¥Z11 -7 1v3H P

P T —

39NCdS NHE 091
4221 -7 LVIN

3,008 -x
3.0081 ~ v
2,06L1 -G
32,0041 - a

T T T T Y

Ad¥VYHI

‘NO13

‘vu

ION04S NHE 081

g -1 LY3H

—

g

-

oros"37Y CSUH Z BNIOY o
0n T 1 dL 08
T IKGRIVIdL IV
IRRPARRE.  TRARAKEE |  RARIER - SOPIRY. GOLLDNAL ARAITRF|, - AR

T

(87-14 450h-)
AJUYHD HOLON A

S

on

014

oel

0h

0si

(0001 X i8d) °*S°A ONY °$°L

T4

FIGURE Y

.JHJ L)

et Iﬂ ,. *

....-,.a\




DR Tt T A
SR
F

TR
W'

..

~

T TR TV SRV OW D
PR R T [

NS A

AN

SRR

IV
.

N

.

AR A R & S S S

(3

AN

AN

AR SO

B/ i Nkt R AL

TwS YW, W
AR
“«

00S1 OOkl 0Ot!

00Z! 001l 000! 0G6

(n 318v1)
3LVId Lh/€ (30H04-dO¥A - AOTIV 1L A%H-1VE9 - SIILI¥IJO¥d ISYIASHVIL
(4o) FsNiv¥3dnaL SNiDY

00kl 00E!

00Z1 COil 0001 006

00hl

00Ef 00Z1 0011 0001 006

f L [ b i —
T\p\‘

1 o3 1 i {

o 39N04S NHE OD1
Yi2i -7 LvaH

3sA12ves 02 =2
135440 %70 WOW4 0334T QV3IH ‘NIN/, 200

I9N0dS NHE 091
¥yZeit-1 LY3IN

3.,0081-0

L

] 1 i —
<

39N04S NHE 081
Y¥€£21-7 LV3aN

538430 %Z0V AV 'SAOL MIN/NI/NI 2000 . d4,0841-% |
31vy NIVuiS dN31 NOILLNTOS
*3°Y *S¥R 7 ONIBY
-@0‘ o“—— — o& nn—s
1BRIV3E IVIH
4 I3 v .

!

FIGURE 5

" 'u. . - - '. .-. . .
PO S P\

IR SR

»

e Ve

-
e



~ "!'."‘“I N .‘_".'_‘T W8T ."".‘,“" - ""‘
.

W
RO

(111 378VL)

{40) FWNLYY¥IMIL 1S3

YId 4b/€ Q39404 SSI¥d - ACTIV 'L A¥h-1VH9 - SIIL¥IA0¥d FUNLVISANIAL GILVATII IW1L-LNOHS

PRI AN M A M
ALY LAY - . o . . .

00h) 002! 0001 008 009 OOh 00Z O 00Z1 000! 008 O©09-00h 00Z O 00Z1 0001 008 CO09 00k 002 0
] T [ ] 1 f 1 § 1 1 ] 1 f 1 t 1 1 1 1 i ¥ Y
N\ - / 4 g
) 0z 15 = o
= W \.— " =
r 3 ot 1D don
wu. < °
w”. z 02 a——" 4r 1o .
b = e o
_w.. S 08 4 K <08 _
g ' \IA Z
1 4 — 0
u. “ 8- - - — 8— “A
. - »
’ -
£ < 021 S 1F oz
s / g
—— <
: . / 1L ./«n ont =
, . 390045 NHE 099
) = I5M04S NHE 0¥ o wzer o1 v / IINC4S NHE 081 8
: = 09! I WIZN - LY - 4 UST -7 LVIH -4 091 —
“ ® BI=L3-AdYVHI-x :
FVYINVY 30 Q3N-,
. 08t |- F 1 . a0z 3NNLVINOTI 1r - 08!
r. LWL 3A0BY NIN/ 1 S & 000°09 2 g
LIS490%0 -MAINIU LS O131%-0
”. ooz 13$430%2°0 LY SA ohu..o._“.”q...asogon En HIONIULS TuSHIL-® 1L sauomm 0z wm3l 153t vams o ooz
. *2°Y "SEH Z 150501
-. l’l’ lg — &&°mh-
: INGHIVIEL Iv3n
- Z Wrw.p.\.hh}. ORI L ..\....x.m ‘..,..mnx.H«...m..m RN AN, AR R MOS0

FIGURE 8




Ckai Wil Db i A DA S A YA AL RN R P i R RANCRICIANEE A Y Ml At A i S, S i S Bt A et B A B I e | e
PR IDSA N N PR M "-'-»‘-'w‘o'»\‘ LT et B . s "t R R T A S T T T Y . e et

TEMPERATURE (°C) D
900 1000 1100 e
10 l T l | R
= - s
o 180 joee \c T. s. ’ ,,.,:
"= PR
’:: ” )/ i p
gngO d‘ ‘ W‘P—r ]r-/ \ D S
)l \( Y.8. (0.1%)
[
v T ] | A
2 T
w 38— ﬂi j
4 7 Re
24
T T Y
50—
S Wi R.A,
- 2 ELON. B\
6 ———
g .v""
b loiy' : )_______‘>...--¢
r ] ¥
E - ﬁl&..
EIA Ssho IMPACT -
ééff 1Y " | )____‘_,,~<>
8% L D—-—J
0 .
AS-FORGED 1600 1700 1800 1900 2000 2100 2200

SOLUT 1ON TEMPERATURE (°F)

PHYSICAL PROPERTIES VERSUS SOLUTION TEMPERATURE 6A1-4V Ti ALLOY -
HEAT NO. 112IR - ALL SAMPLES AGED AT 1050°F (TABLE IV)

e ol o B s S i

FIGURE 7

*
e
v e ow @

. . R e e e
[ VAT W S T R U U T T O



(A 378v1)

JINO4S NHE Oh!1 - hTii-T LV3IH
AOTIV 11 A%G=1VEZ - SIIL¥IJ0¥d ISHIASNVYL

{3,) Fnivyan3i owIoy
00S! O0ONf O0OSI 00Zf OOII 0001 006  OOM O0CSI

u

-

00Z1 0011 0001

RO AN
. . N

1 1

st Ol e
AN

R

wTyw
)

ol i )
LN

«

" .n- ﬁ .m.

N\aow I..s.um

.H.Ha +— wnoma |
0}

A AR

L)

bt It i
et Te

23015uve ...!.....mv - =
4,000 = x

v‘
T
[
i

T L R g §

<

~

- " :(ln‘-»
M—
[

.

a H
S

ELOM. (%) = R. A (%) ~ CRARPY (FT-

XY

"3°Y "S¥R T ONIbvY
02 “wn 1 “aEL W08

2

LRy

)

-------------

J9NOdS NHE Ohi -

i1 1Y3H
YW b/ (ID¥04~SSIUd

$311Y¥3d0Y¥d FINLVYIINIL GILVAITI INIL-LUOHS

(000! X 8d) °S°A ONV °S°L

LB)
8 8 g & ~°

(d0) Funiva3amar 1S3t
00Z! 0001 008 009 OOk 0OZ

%%

] 3 ? ] ¥ |

SALNAWMN 02 ¢MIL 1S3L LY 3N

WTLS A8V &
SVIVIO QIR e
% NOUYINGII B
- A - 4 . - . -
- L S i
g‘ﬂ.g arﬂ
LGS TRINIL &

8
(0001 X 184) "S°A ONV °S8°L

2

.w.« “S¥N T 4,008
LI R
1IEMLYIEL 1V

R, Y v

- W axﬂ'.w

FIGURE 8

T N T

Vrv lv . : . e
T
SN MH& R TIIA




Y D ar A mCE b g i Fr—— u o gy i -y » T
. \.n. .NH .-.\..o... PR PR i EEE A O - Tt AN .
" PR .« . L] . N . - at et . z

] S| FR R RARIEAR §F el HIAAARRE IV AREARERE AR
: ;
g | o
5 (1A 378Y1) JONOdS NHE Oh! - ¥SZ(I1-1 LVIH 4 o
B 3I0N04S KHS Ohl - ¥SZ1i-1 lv3H : IVId Jhfe G39404-SSI¥d o [ TS
AOTIY 11 A%E-1VE8 - $311¥340¥d ISYIASNYYL $311¥3408d FYNLVIIINIL QILYAITI INIL-LUOHS w

3 (do) TeNLvE3aM3L oHIOY (1,) IMivezeal 153l x

2 005! 0O0R) OOSI 00ZI O0OII 000! 006  OOhI OOCI 00ZI 0011 0001 T %M 0021 0001 008 009 oow 002 lﬂa s

¥ m 1 T L ' o ! ' "L 9 L T T T T T w

g g v ! F - g aavns OIS £

L x - . o . v P

W NOl3 X

N g—" m ] 23

r.. or x ) = nw oh

w.“ - oIF o s v B =

- e ! i 3"

-. ol r\lIIJ ’ L

= e ' 08-

or : - ot g

i P . Eool

o J01suve wo-3 31v1¢ o1 93%u04-40Na

T - * Joe:2"

w t $AL0%M 02 eM3L 1531 2V INIL

I T4 Adewnd x

. NVIWY 40038 &

T % BOLLYING 3 B

L, -+t |

L f 173340 %20 - Wi0GMIS °

w‘. MISNIULS IWSAIL &

L)

EARK 30841
TNLvVINL 1YW

-
LS

<
LA

-

A A Sva” DAy Yoie A Bty SMCRATIMY ARV

- 3 . -~ * 2 *
IS WRENATN . RXAKNT AT | NENERTRE.  IXXART:  ToNPwen | PRSNG|
YN v Rt I Vs \\.\u .y b b oy e W " 7 ity b2 A0S Ln v f oty



:
g
w
3
¥

A, e e e T R

Y

. % s a

-y

DR SN

« N

NS AR S "L A

-

AR A

o«

.

-

‘I - . . . s - Y Y

Rl bl il e 4
. e e

a

(11A 3787L)
2930dS NHE Ohi ~ ¥S891-d LVIH

AOTTV {1 OMai%E-3)34%€~1V4G = SI11¥3Id0¥d ISUIASNYYL

(do) FUNLY¥3ANIL SNIDY

J0S1 COhI OOEl 00Z! 001t 0001 006 00g| 0021 001! 0001 006
T T T a1 T 3 I ———_ 0
\\.\tu.\\an| AduVHI F " P sauvno ol
=0 . A - ——
= 01 .\ o= m‘\l\m . n013
2
0 B  mm—
o1 a “.. v - \ .
g0 b— .
Soe -
a m v x
C } 3
] Qi
%20L5uv8 .:c_o.~4v 4
S 4
UV .m. 0L G39¥04 - JONO el
- ) otl

31,0681 -x

4,0091 ~v
3,0081 -9 4,0611~a
305488 41.00L1-0
h.Sh—- -0 &.8'—- ]

dW31 NOILA10S st dN3L NOLLNIOS

{1:1]

*3°Y °S¥H zZ omioy
*0°a “Wd 1 “dHIL “70S

INMLIVINL 1Y3IH
OO IR . THHFEENY NI Y HNYI - RRPAIRRT

A

(-]

30N0dS WH8 Ohl - ¥SGB91-H 1V3H

3LV1d b/ @39¥01-SS3Ud

$311¥4340¥d JUALVEIIWHIL QILYAITI I411-LHOKS

(do) FNLYNIGHIL 1STL

90hl 00Z1 0001 008 003 QOh Q02

10

FICGURE

&

A A

(%) = R.A(%) = CHARPY (FT-LB)
2 2

8

ELON

1 1 i 1 1 1)

S3LNNM 02 dN3IL 1S3 LV INIL

14~ AdUVHI - x
TYNY 0 QAN -w

%X NOLIVONOII-g
a T~ . . -y
"= HION3NIS AYIIA - @

W/ R O

8 8 ¢

(0001 X 18d) °*S*A QNV °'S°L

8

8

g

2

3

(0001 X 18d) *S°A ONV °S°i

..o.<.2_:32
bn s z/1-1 bt
TH3AIV3L LV

qqqq

~u!-"~
pa—" T
LT et
et

TP

oy




. (6 % '8 ‘h sounb1J wouy)
3 maz&m NHE Oh1 - XD0LSYVE “WYIQ ,Z/i1~h - SIIL¥I0Ud ISUIASNVYL HO ANNINAIY 40 193443 -
“ {do) FUNLVY3RIL ONIOV -
w. 0051 00ki 00E1 00Z1I 0011 000I 00hi O0S1 00CI 0011 000! 006 00hi O0EI 00ZI 001l 0001 006 - ..n.n._
. 0 £ O
o T T T T r r Y “ ﬁ_ g3
w ¥ - AduvH) [ “MHM -
) 0 55
g =0 | ——7A_—— NO13 3
- ° . - . h
. x x b 7
w. = MMTOI!&.\\M\LJ: T‘w a vu
g ot B |
- - ~4 011
-, Afe-1v%9 ASR-1¥3L A¥R-ivis
, ' wzii-remw |1 ¥p211-1 1v3H ¥S211-1 1vaH 0z1
W :
X ] 31,0681~ x
w. ar 40061~ ¥ -~ o1 _,
Y . 4.0821- 0 w
4,001~ & ohi >
: e~ dW3L NOILAT10S 3
v
%" SA =<
4 0st &
3
v 091 —
u -—
a oLl W
-]
x
- ’ 081
; - *3°V "S¥H Z 9NIDY
: *0°A “ul § “dWil 10S
: INBWIVIUL 1V3H

NBSRRSONT A A AL




LAl Sads
e

-

Yoait. pannil vhand lead
- a - .

B A S Aadf )
DI A

-
"

Ml Asth il

T

4

« T4t

o
«aVae.'a

-

i

IO

.

PACR S

-

—r

2

=
[ -

00St 00kl O00Ei 00Z1 O00(I 0001 008

J/ﬂ\ﬂ -] 4 | —

= ‘8013

282 ¢°

/ $a-1v%9

1 i i { i
b - — () 1L7|||||hM

ADUVHD) =

........

TR

L
S e

5y o
e alla

‘8 ‘g saunblj wouq)

39H04S NH8 Onil - 31VId .h/€ OL GIDY04-dO¥Q - SI1LYIJ0¥d ISHIASNYEL NO WANIWNIY 40 193443
(d5) 3¥NLIVIIANIL OHIDY

00Z1 0olt

Va2’

FIGURE 12

WI211-7 LVIH L

13S440 %2°0 ROUS GI34S OVIN WIN/,20°0
438430 RZO LV SAOL NN/ W/ M 2000 ]

3LVY NIVHIS

YPZil =77 LVIH HSZH -7 LV3IH

diN3IL NOWLLNTOS

|°l‘ ‘¥ ! .&
INMIV3¥L Qiv3H

Lot LN e shd S v



{6 2 ‘8 ‘9 saunb)jy woig)
{"uiw oz oanyeiaduey 3sey 3e amjj)
JONOdS NHE O -~ 31V N)C @IN0I-SSI8d
$311¥3d0¥4d FJUNUYNIAEL FILVAITI IKIL-L¥0HS NO RKANIKNTV 40 193443

(4o) FUNiVEIMIL 1531

FIGURE 13

; OChi O00Z! 0001 003 009 OOR OO O O0Z! 0001 OOB ©00S OOh O0CZ O GOZI O00) O0B 009 O0Oh OOZ 0
0 T T Y T T T T T T 1 T 3 0

g ® -/ l\.\/ "3t 4 1/ 1= I
: 3o Af S——1a o
. - "u
S 1F 1w
w. = - 3
. o = b
“. =08 = I\EX /0 q08 °©
T = "t
A o < 3.
w. ' %0 // PN :!
4 o 4k d
_- » 8—\-" -...
w. “-\ //‘l = ..!....
N - 0ZI -4 - - - RS
W.. a W21~ avaIN / . i e .m,....‘ .
I3 ] - L
W- g— N . JI-J'" m H w

g e~ 1 - ABE-IVEL q oS
w.. = mﬂunm.u._o:hmmun w211 -1 Lvan ~ “J.
w ms_ - 2WT - - u..-- ‘SF fﬁ“@!ﬂn o~{ 091 . ;.
: mowoousaiu: N | L TEas §
W.. 081 —1r - % " . / - 081 i r
" 1WH1 3A08Y NIN/T'S4 000°08 e Tt s S : a
“.. - 135240 %2°0 iV A 01 WA/ 7154 000'0S _| : : . * .
5 Muav0) 40 3ive cney o ‘ A 0oz
: 2:Y_"SUE T 45008 "9 "SH T 10008 .
5 08 " 1 350sL1 A W | 19841 J
», ‘9°Y °sull 2z 40501
. 0°N "M | 35081 _.
M u.'x

P Y Y, T TR ey a e TWY



oy L Tw TR T YA o W Yy W S e g Mgy TRy W TN TR R T TR TR s Yy
A e T T O T e R R T R W

7 7

of A
AT

s
.Q
.
]
“
{
\

21 F@8~9, AS-FORGED, MAG. 100X

6%AT-4AV Ti ALLOY - 140 sHN SPONGE

,’ "

[N

iy

K R

FIGURE 4




21 F@8=2T, 16509F = [«1/2 HRS. = W.Q., 10B0%F = 2 HRS. = A.C., MAG. 100X

6%A1-4%YV Ti ALLOY - |40 BHN SPONGE

wtn. 639~ 14,521 FIGURE 15 o




. el Y 3 B U - B Sk WAL M-AR - e W W LR WL el
I S A LR I A LE I WA I MU A i s N e A S LA

_—
'.4

Y&
a ar s

il

s

PR
BURYS
R4

2% AR,

‘ AEINE “Ay 373 Vo)

21 POO=NT, 1780°F = I=i/2 HRS: = W.Q:y 10B0CF = 2 HRS, = AsC., MAG., 1COX

6%A1=4%Y TI ALLOY = |40 BHN SPONGE

wtn, 639-14,822 FIGURE i6




S O S B e N S A N R PN N

21 FQ8-8T, 1800%F = I=1/2 HRS: = WeQ, I1050°F = 2 HRS: = A.C., MAG. 00X

2) PGS-6T, 1680°F = I=1/2 HRS, = W.Q, 10BOPF = 2 HRS, = A.Ci, NAQ. 100X S

6XA1=U%V Ti ALLOY = 140 BHN SPONGE T

T T
o o -
-—‘-......1
fe Yt
[

Wn, €30-14,617 FIGRE 17 -~




LR D S N A S D A S

21 FO8=7T, 1000°F « 1=1/2 HRS. = Wi Q:, 1080°F « 2 HRS. = AcC., MAG. 100X

21 FQs-8T, 2000°F = 1=1/2 HRS: = W.Q, 10B0°F = 2 HRS. A:C., MAG. 100X

6%A1=4%V TI ALLOY - 140 BHN SPONGE

FIGURE 18




G T ey g e e W TR T T e T TR e e T e R, T T T T [ YA A A T A
. - . 5 v - - . . N 4 - - . LN . .

21 FES=0T, 2100°F = |=1/2 HRS: = W.Q., 10B0°F = 2 HRS: = AuCsy MAQ. 100X

21 F@3-10T, 22009F = I=1/2 HRS: W.Q., 1050°F = 2 HRS: =~ A.C., MAG. 100X

6%AT=4%V TI ALLOY = |40 BHN SPONGE

wen, €30-14,519 FIGURE I8




7

n

K
-y o

P}
ELP LT,

P

i

3 Sl

T

.
e

e

A
()

.

r
Atatatatn

§
Tale

i
[ - T

-

L4

¢ = 1800°F SOL. TEMP. %1000 D - 1850°F SOL. TEWP.
6%A1=U%YV TI ALLOY = 140 BHN SPONGE

"—4
'

& 2 s
e

A

e P He S

80L. TENP. IHR, W.Q.
1730°F 2 HRS. A.C.

LY

Wtn. 839-16,778 FIGURE 20




Vo Vg TR W W T e T e Wt g e T TR TR TR RN A Y

b P A Y sl DA Whallh MAndh Yl jiladil bl Rty
. - \

DROP-FORGED 3/4" PLATE Y=1/2"=DIAM. BAR
GXAI=HAV TI ALLOY - 140 BHN SPONGE

17860°F | HR. W.Q.
1080°F 2 HRS. A.C.

wen, 639-18,419-A FIGURE 21

o ore s g .g-;:yf.,m B
™ g T

gy gy




N A LI i T LN R A A AR A L R D gt B

X100

X1000

DROP-FORQED 8/4* PLATE Y=1/2"=DIAM. BAR
TRAV=H%Y TI ALLOY - 40 BHN SPONGE ’

1780°F | HR. W.Q.
10B0°F 2 4RS. A.C.

Wtn, 630=13,417-A FIGURE 22




e
VAR

St \ Wt
i \\\ LNEY

DROP=FORGED 3/4" PLATE §=1/2"=DIAM. BAR

8%A1-UXY TI ALLOY = 140 BHN SPONGE

1780°F | HR. W.Q.
1080°F 2 HRS. A.C.

Wtn, €639-13,424-A




Wt 3T e, X10
sk ~ SO

g

Red

Xioo

X1000

i

by

Vi

DROP-FORGED 8/4° PLATE U=1/2"=DIAM. BAR

#:

S i

L

5%Al=3%FoCr=3%FeMo Ti ALLOY = 14O BHN SPONGE

AT
DALR TP oo,

A L
(S

,“‘ .7°°°F ' HR. onl
800°F 2 HRS., A.C.

Wtn. 639=14,877-A FIGURE 24

“<




o W N A SR v MO A Bt S A i o S P TR T N i N AL N (A M DR T D
ME N bt Thatt g i~ T A AUt T4 B e R S A e PR LA G A R L AR .

2 !

N ) APPENDIX
/
i JABLE 1
¢l JHEAT _TREATMENT SURVEY
:,:
e | itanium Meta - - t
; o s "_ s v
N
SN
N HT - L1121R (140 BHN Sponge)
WY b,
Ny Yield Strength T
I snaile Inpgot Rockwell
- M Heat Treatment °F psi Strength % % -40°F e
N Mark  Solutien Temper 0.1% 0,2% psi Elon. R.A. Ft-lb Range
~] P X 1700-1-WQ 800-2-AC 146, 500 152,000 170,000 4.3 8.7 11.5/13.0 37.5/40,0
R X 1700« 1-%Q 1080-2-AC 148,000 152,500 168,000 8.7 9,3 10.0/12.0 38.0/38.0
ny X 1700+ 1-WQ 1200-2-AC 143,500 147,500 181,000 7.1 13.§ +0/16.8 37.0/38.8
Rt g 4X 1700-1-% 13560-2-AC 132, 500 136,500 149,500 5.7 12.4 15.0/ 35.5/36.5
W 3 4 1700-1- 1500-2.AC 116,000 121,000 133,800 10.0 20.6 17.8/17.0 33.0/35.8
R 86X 1750-1-%Q 900-2-AC 141,000 48,500 168, 500 5.0 13.0 .8/13.0 38.5/40,0
-~ 7X 1750-1-WQ 1050-2-AC 149,000 154,500 170, §.7 11.4 13.0/11.% 38.5/40,0
< 8X 1750~ 1-%Q 1200-2-AC 147,000 152,000 163,800 7.1 18.8 11.0/10.0 38.5/40.0
i 9 1780-1-WQ 1350-2-AC 137, 500 141,800 155,000 8.8 14.5 11.0/12.9 37.0/38.0
oal | 10X 1780-1-WQ 1500-2-AC 124,000 129,500 146,000 7.1 18.1 15.5/18.9 34.0/35.8%
24 11X 1800-1-WQ 800-2-AC 139,000 146,500 164,000 4.3 S.4 11.0/10.8 37.0/38.0
- 12X 1600-1- 1050-2-AC 144,000 50,000 ' 5.0 7.1 10.3/12.8 37.0/38.0
e 13X 1800-1-%Q 1200-2-AC 143,000 148,000 158,800 6.4 16.1 14,5/15.0 37.5/39.,0
W 14X 1800«1-WQ 12350-2-AC 137,000 142,000 152,800 4.3 8.5 10.8/12.0 36.0/37.0
T | 15X 1800-1- 1500-2-AC 126,000 131,500 148,500 8.8 23.1 18.0/13.0 34.5/35.8
! 18X 1850-1- 00-2-AC 148,000 156,000 ' 4.3 7.1 10,0/9.8 368.5/40.0
e 17X 1850-1- 1050-2-AC 155,000 160,500 173,000 4.3 5.5 8,5/10,0 38,0/40.0
ey 18X 1850-1- 1200-2-AC 151,000 156,000 165,000 4.3 7.8 ?.0/9.0 38.5/39.5
il | 19X 1880-1- 1380-2-AC 140, 500 45,000 185,000 4.3 10.9 1.0/10.0 37.0/08.%
s | 20X 1850 1-%Q 1500«2-AC 124,000 134,500 148,500 6.4 6.6 10,9/12.0 35,8/38.8
N As=Received Proverties 120,000 125,000 139,000 1l.4 22,1 13,2 33.0/34.0
o 117,500 122,500 140,000 7.9 14.0 9.0 32,5/33.5
" HT - L1122R (160 BIIN SponEe)
i
’} 1X 1700-1-wQ 900-2-AC 145,000 152,000 168,800 3.6 8.2 11.5/13.0 38.5/39.5
J 2X 1700-1-W) 1050-2-AC 143,000 149,000 162,000 6.4 18.6 15.0/12.0 38.5/39.5
. k) 4 1700-1-WQ 1200-2-48° 144,000 149,000 158,400 6.4 19.1 12.0/11.0 38.0/39.0
' 4X 1700-1-wQ 1350-2-AC 128,000 132,000 144,000 6.4 18.1 12.8/15.0 35.0/36.5
l X 1700-1-wWQ 1500-2-AC 116,000 122,000 135,000 7.1 21.6 17.0/17.0 34,0/35.0
8X 1750+ 1-WQ 300-2-AC 143,000 151,000 185,000 5.7 17.8 13.5/10.0 39,5/41.0
[ 7X 1750+ 1-WQ 105§0-2-AC 151,000 158,000 169,2 5.0 16.6 .0/10.3 39.0/40.0
I 8X 1750-1- 1200-2-AC 148,000 154,000 163,000 8.4 19.1 11.0/10.0 39.5/40.5%
k 1) 4 1750~ 1w 1380-2-AC 138,000 144,000 155,000 8.6 19.6 11.0/10.0 +0/38.0
! 10X 1750-1- 1500-2-AC 124,000 128,000 141,000 7.9 24.1 15.9/15.0 34.5/26.0
| 11X 1600-}- 900-2-AC 143,000 151,000 166,800 7.1 16.8 9,0/8.8 39.0/40.0
12X 1800-1- 1080-2-AC 151,000 157,000 168,200 5.0 9.8 11,5/11.9 30,0740,0
13X 1800-1- 1200-2-AC 151,000 157,000 165,000 5.0 18.1 9.0/12.0 38.5/40.0
- 14X 1800-1- 13%0-2-AC 142,000 147,000 156,400 7.9 20.6 9.5/11.9 36.5738.0
' 18X 1800-1-¥Q 1500-2-AC 126,000 131,000 144,000 8.3 14,0 14,0/15.0 35.5736.5
} 16X 1850-1-%Q 800-2-AC 152,000 158,000 168,400 3.6 7.1 8.8/8.0 39,0/41.0
17X 1850-1-%Q 1050-2-AC 156,000 183,000 169,000 4.9 7.1 8.1/10,0 40.0/41.0
f 18X 1880-1-WQ 1200-2-AC 150,000 155,000 160,800 2.9 7.6 8.879.0 39.0/40.0
C e 19X 1850-1- 1350-2-AC 148,000 152,000 158,000 3.8 7.1 8.0/9.9 38.0/39.0
: 20X 1850~ 1- 1500-2-AC 130,000 135,000 148,000 6.4 11.9 10.0/9.9 36.0/37.0
! As-Received Properties 113,800 120,500 140,000 5.7 11.8 13.5 32.5/33.5
; 114,000 120,000 137,500 8.6 17.1 9.8 33.0/33.5

(Continued over)
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¥ TABLE I (Continued)
‘ HT - L1123R (180 BHN Sponge)
b
! Yield Strength Tensil Inpact
| —eat Treateent OF pad Strength % X -d0°F
R, .m &A“tiﬂ TOIEI’ 0.1” 0.”‘ p.‘ Elon- R-A. Ft-lb
IX 17001 800-2-AC 151,500 156,500 179,000 5.0 13.5  9.8/8,0
2X  1700-1-wQ  1050-2-AC 188,000 161,000 175,000 4.3 12.4  10.0/10.3
3 x 1700-1-33 1200-3-AC 49,000 153,500 66,000 6.4 16.6  10.0/10.0
5 &  1700-1. 1350-2-AC 130,000 134, 147,000 7.9 22.1  12.0/10.3
J 8X  1700-1- 1500-2-AC 15,000 121,000 140,000 8.8 21.6  15.5/13.0
g 6X  1750-1- 00-2-AC 146,000 152,000 170,500 7.1 21.6  8.5/11.3
o 2”X  1750-1- 1080-2-AC 163,000 168,000 180,500 4.3 9,3  8,0/7.9
\ 8X  1750-1-WQ  1200-2-AC 158,500 162,500 177,500 4.3 6.6  10,0/13.3
a 17501 1350-2-AC 147,500 151,500 163,000 5.0 7.6 9.0/9.0
10X 1750-1- 1500-2-AC 118,500 119,000 1.4 4.4 18,0/12,0
11X  1800-1- 800-2-AC 185,500 161,500 178,500 5.0 7.1 8.0/11,0
1 1800-1- 1080-2-AC $9,000 164,000 179,500 4.3 8.2 9.2/8.3
é 13X 18001~ 1200-2-AC 150,000 162,000 . 173.200 6.4 10.3  7.9/12.0
<+ 14X 1800-1- 1350-2-AC 148,000 ,000 2,600 4.3 8.2 8.8/8.3
4 15% 1aoo-1-33 1500-2-AC 131,000 135,000 149,400 9.3 15.0  8.0/9.5
4 1 1850-1- 900-2-AC 156,500 162,500 178,500 4.3 8.2 7.0/7.0
k| 17X 1850-1-WQ  1050-2-AC 158,500 . ,000 5.7 9.8  7.0/8.0
r 18X  1850-1-wQ  1200-2-AC 157,000 160,000 168,800 4.3 4.9  7.0/7.0
" 19X  1850-1-WQ  1350-2-AC 147,000 151,000 165,500 5.0 10.3  7.0/8.0
3 20X 18s0-1-WQ  1500-2-AC 134,000 138,000 154,000 7.8  19.1  8.0/11.0
%) Js-Received Properties 123,500 128,500 148,500 8.4  13.5 9.5
l 124,500 128,500 150,000 7.9 18.1 8.4
g
ny
NOL§: = Nater nched
73 - Air aog'l:d
N

See Figure U
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o JABLE II ‘
\ .
j HEAT TREATME '
oy |
N Titanium Metals 6%Al-4%V Alloy (100-lb Ingot)
‘B 44" -Dian, Barstock Drop-Forged to ¥" Plate %
|
:_4;? : HT - L1121R (140 BHN Sponge) »
b | ° Yield Strength Tonsile Impgot Rockwell X
{ —tiegt Txeqtpent F pai St:enqth % ] _““88?. o b
Mark Solution Tenper 0.1% 0,2% psi Elen. R.A. Ft-Lb Range :.:
‘sﬁ | FX1 1780-1-WQ 900-2-AC 158,000 162,000 173,000 15.0 54,1 18.2/15.5 38.0/39.5 .
SR FX2 1750-1-¥ 1050-2-AC 160,000 163,000 172,50¢ 14.3 50,2 15. 8/14.2 37,5/39.5
e o | FX3 175001-28 1200-2-AC 149,000 151,000 159,500 18.6 45.3 13.6/13.6 37.5/38.5
d S FXd 1750-1« 1350-2-AC 136,000 137,000 .000 17.1 40,7 15.2/14.9 34.5/35.8
= FX8 1750-1-WQ 1500-2-AC 131,000 133, 500 144,000 14.3 4.0 18.8/18.4 3.8/34.8
| 1800-1-W0) 00-2-AC 141,000 145, 500 161,000 i6.4 49,8 14.9/14.2 38.8/39,5
. FX9 1800-1. 1050-2-AC 148,000 151,500 163,500 13.6 42.8 13.0/15.5 39,0/40.0
S FX10 1800-1-WQ 1200-2-AC 148,000 148,000 158,000 14.3 40.2 14.2/14.2 47.5/38.5
ire ! FX11  1800-1-W 1350-2-AC 134,000 36,000 148,000 15.0 41.0 15.5/14.9 34.5/38.0
::! FX13  1800-1-W 1500-2-AC 132,500 134,500 148,000 15.7 41.5 15.5/16.5 34.5/35.5
1:4 i As-Forged Properties 131,500 134,000 148,000 12,9 36.7 19.0 34,0/35.0
M !
g | HT - L1122R (160 BHN Sponge)
(.
S FX2 1780- l-WQ 900-2-AC 157,000 161,000 171,800 14.3 47.0 13.0/14.5 39,8/41.5
S FX3 1780-1-wQ 1050-2-AC 149,000 152,000 161,600 15.0 44.9 11.8/11.§ 39.5/40.5
o FX4 1750-1-¥Q 1200-2-AC 147,000 150,000 158,200 15.0 43,86 12.4/12.4 38.5/39.5
L FX5 175C-1-%Q 1350-2-AC 138,000 140,000 157,000 15.0 38,5 14,9/13.9 36.0/37.5
;11 FX8 1780-1-WQ 1500-2~AC 129,000 132,000 142,200 14,3 34.0 16.5/17.8 34.5/35.5
i FX? 1800-1~ 900-2-AC 143,000 148,000 162,800 14.3 38.9 11.5/11.8 39.8/40.5
| FX8 180014V 1050.2-AC 145,000 150,000 163,200 12.1 34.9 10.9/10.6 38,5/40.0
|- FX9 1800-1-W 1200-2-AC 144,000 148,000 158,400 15.0 40.2 11.2/10.3 38.5/40,5
ag ! FX10  1800-1-WQ 1350-2-4C 185,000 138,000 150,000 18.4 41,1 14.2/183.0 35.5/37.8
-4 : FX13 1800-1-WQ 1500-2-4C 129,000 133,000 146,000 15.7 37.1 17.8/18.2 34.5/35.5
S As-Forged Properties 135,000 137,500 150,000 12.9  34.5  18.0 35.5/38.5
-8 HT - L1123R (180 BIN Sponge)
Y.! FX1 1750-1-wQ 900-2-AC 181,000 167,000 182,000 12.9 46.5 11.5/11.3 40.0/41.5
XN FX2 1750-1-wQ 1080.2-AC 167,000 172,000 183,000 12.9 42.4 11.0/12.2 40.0/41.5
o FX3 175041-%Q 1200-2-AC 158,500 160,000 169,000 16.7 43.8 10,2/9.9 39.0/40.5
b ® FX4 1750-1-WQ 1350-2-AC 145,500 147,500 157,500 16.4 40.7 12.0/11.2 37.0/38.0
LY ! FX8 1750-1-WQ 1500-2-AC 140,500 143,000 153,000 14.3 - 35.8 13.9/13.9 36.0/37.5
Ag) FX7 1800-1-WQ 900-2-AC 147,000 153,000 172,000 14.3 37.6 7.9/10.0 40.0/41.5
-1 FX9 1800-1-WQ 1050-2-AC 152,000 157,000 171,000 15.0 39.8 9,9/9,9 40.5/41.0
! FX10 1800-1-WQ 1200-2-AC 152,000 156,000 167,000 13.6 33.5 10,0/11.0 39.5/41.0
' FX11  1800-1-¥Q 1350+2«AC 139,600 142,400 158,000 13.0 47.0 11,3/11.8 37.0/38.0
S FY13  1800-1.wQ 1500-2-AC 140,000 143,000 157,000 16.4 42,8 12.3/13.0 37.0/38.0
.{j ! As-Forged Properties ’ 145,000 147,500 159,500 14.3 49.4 16.0 36.0/37.0
- |
N
b | NOTE: WO - Water Quenched
f“ AC = Alr Cooled ‘ -
N See Figure 5 R
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: TABLE 11
itanium Metals 6%Al-4%V Alloy (100-1b Ingo
b! 4%"-Diam. Barstock Press-Forged to %" Plate
' HT - L1121R (140 BHN Sponge)
V Notech
Yield Sltungth Tensile Charp¥ Rockwell
y Tomperature  =e—-Bi% e, Strength % X Impac Lol Nodulys
' lbtk °F 0.1% 0.“ El Elon. R-Ac Ft'w [ ] x 10
21FET- 8 Room 153 000 156,000 168,600 12.1 46.1 11.6 38.0/39.0
2 300 17.500 121,000 138,800 17.1 56,3 14.2 38.0/38.5 15.8
3 500 103,000 105,000 122,500 17.1 56.3 21.1 35.0/38.5 15.4
B 4 700 88,000 83,000 116,000 16.4 56.7 27.7 37.5/38.5 13.8
$ 800 85,000 90, 200 110, 500 16.4 60,3 28.3 37.5/38.5 13.1
¢ 900 76,500 82,200 105,000 19.3 69.2 36.1 37.5/38.5 13.2
£ 1000 61,800 68,500 98,000 21.4 72.0 21.1 37.5/38.0 11.1
8 10 1100 44,500 51,750 86,000 28.6 77.4 39.4 37.5/38.5 9.3
. i1 1200 19,500 25,000 50,800 87.1 78.6 4.4 38.0/39.0 10.3
N 12 1350 8,850 11,450 29, 500 89.3 76.5 47.4 37.5/38.5 4.8
T HT - L1121R (160 BHN Sponge)
d 22FET-11 Room 133,000 136,000 147,500 12.9 32.2 . 35.0/36.0
\ 300 125,000 128,500 144,500 17.9 §8.9 15.5/16.0 95.5/39.0 14,8
3 2 500 106, 500 108,500 127,000 19.3 63.0 18.5/20.5 38.0/39.5 13.0
\ 3 700 . 100,000 119,500 17.9 63.7 26.0/30.0 38.0/40.0 12.8
4 4 800 89,30 94,800 117,500 18.6 68.0 33. 38.5/39.8 14,0
d ] 900 . 90,000 113,000 21.4 75.4 35.0 38.5/39.0 13,2
7 1000 71,700 78,500 102,000 21.4 80.86 44.0/43.0 38.5/40.0 12.5
8 1100 56,30 61,300 81,500 17.9 85.6 46.0/45.8% 38.0/39.0 9.0
8 1200 21,100 26,800 60,000 35.0 85.7 50.0/51.0 37.5/38.0 «
4 10 1350 13,250 16,100 31,400 160.7 84.9 80.5/48.0 38.0/38.5
)
' HT - L1123R (180 BHN Sponge)
i 23FET-11 Room 142,500 146,000 156,000 14.3 38.3 13.8 36.0/38.5
. 1 300 128,500 132, 500 147,000 17.1 §3.7 14.0 40.0742.0 15.9
2 $00 112,500 115,000 133,000 18.6 61.3 17.5/14.5 40.,0/41.0 16.2
3 700 99,000 103,000 124,000 16.4 59.9 23.5/25.5 38.5/42.0 12,56
4 800 85,700 100,300 121,400 18.6 63.4 27.5/28,0 40.0/41.0 11.2
5 900 87,600 94, 500 117,000 28. 77.3 29,5 40.8/41.§ 12.5
) 7 1000 75,600 82,000 103,000 29,3 0.1 33.0/30.5 40.8/41.0 12.2
) 1160 52.700 $8,500 . 17.9 85.4 34,5/35.0 40 §/41.0 9.5
9 1200 27,300 34,400 §2,000 42.1 85.0 38,5/42.5 39.5/40.5
} 10 1350 10,250 13,100 30,600 80.7 92.4 45.0 43.0/43.5

; Jeat freatment - 17503’ -1hr b'g
; - 50°F - 2 hrs-A

[ Time at festing fesgmtufa -« 20 min.
b Rochuell 0" Readings faken at Roow Pemperature Prior to festing

See FPigure 6
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TABLE IV
EFFECT OF SOLUTION TEMPERATURE ON MECHANICAL

P E 6%A1-4%V T

140 Brinell Hardness Sponge HT 1121R (100-1b Ingot)
44" -Diam. Barstock Drop-Forged to 7/8" Plate

All Samples Held 1 Hrs. at Sol. Temp., W.Q., Tempered at 1050°F, and A.C,

V Notch
Yield St?nqth Tensile Charpy Rockwall
Sal. Temp. s Strength % X Inpact wew

Mark °F 0.1% 0.2% psi Elon, R.,A. _Fe-tb =~ _Range

21FGS-T1 1600 147,000 14§, 000 156,000 158.7 44.5 13.0 37.0/38.0

-T2 1850 181,000 152,500 160,000 14.3 43.2 12.3 38.0/39.0

T3 1700 154,500 156,000 165,000 13.8 47.0 11.8 38.0/39.0

~T4 1780 158,500 161,000 172,300 12.9 50.8 il.0 38.0/39.0

TS5 1800 141,000 145,000 160,000 13.9 47.4 11.0 38.0/41.5

- 1850 144,000 147,500 165,000 10.7 24.1 9.0 8.5/40.5

~T7 1900 148,500 182,000 169,500 7.1 14.5 8.5 38.5/39.5

-8 2000 149,500 152,500 168,500 8.6 20.1 6.8 38.5/39.5

-T9 2100 148,500 152,000 169,000 10.0 14,5 7.8 39.5/40.0

-T10 2200 150,000 155,000 168,000 5.7 7.6 10.0 38.0/39.0
Au-Forged -

21FGS-1BF 135,000 137,500 147,000 10.9 38.0 17.1 34.5/35.5

-6BF 141,700 143,800 149,200 7.8 36.8 16.2 34.5/35.%

See Pigure 7
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TABLE Y o

HEAT TREATVENT SURVEY -
- I%ALl-4%V Titanium Alloy (140 BHN Sponge) .
K. Titanium Metals HT - L1124R (100-1b Ingot)
5 (As-Baceived - 45"~ Diam, garatockz
a (Hea -Treated in 1" -Thick Discs
NS :
N Heat Treatment °F “ddﬂslt rength ST:“u:h % % I:}aggt Rockyell N
W ren - )
00 Mk Solwtlon  Temer 0.1% 0.2 _ pai . _Elon. R.A. _Ft-lb Range )
M 1X 1700-1-wQ 900-2-AC 152,000 158,000 175,000 4.3 8.3 7.3/9.0 40,0/41.0 -
) b3 4 1700- 1-%Q 1050-2-AC 152,000 156,000 168,000 5.7 14.5 8.0/9.0 40.0/41.0
- 33X 1700-1-wQ 1200-2-AC 149,000 153, 500 169,000 7.1 15.0 8.4/10.2 38.0/40.0
" 4X 1700-1-wQ 1350-2-AC 137,500 141,000 158,000 9.3 16.6 10,0/10,0 6.0/40.0
~d SX 1700-1-wQ 1500-2-AC 116,500 122,500 143,500 8.6 21.8 13,0/13.8 §.0/37.5
M 1750-1-WQ 900-2-AC 145,500 148,000 179,000 8.7 8.2 .0/9.8 34.0/41.0 - .
08 7X 1750-1-WQ 1050-2-AC 154, 500 158,000 176,500 3.6 6.0 9.0/8.8 41.0/42.0
o 8X 1750-1-wQ 1200-2-AC 153,000 156, 500 175,000 5.7 10.9 9.0/8,2 39.5/41.5
an X 1750- 1-% 1350-2-AC 142,500 146,000 162,500 6.4 13.0 10.0/11.0 37.0/38.5 R
P 10X 1750-1. 1500-2-AC 124,500 129,000 146,500 10.0 22.1 12.2/14.5 34.0/36.0 e
3y 11X 1800-1-wQ 900-2-AC 151,500 156, 500 180,000 5.7 10.9 11.8/9.0 40.0/41.0 L
- 1 1800-1-WQ 1050-2-AC 157,500 162,000 179,500 5.0 8.3 8.0/10.0 40.0/42.0 o
S 13X 1800-1-wQ 1200-2-AC 158, 500 163,000 179,000 5.0 9.8 9.8/8.8 40,0/41.5 L Mts
N 14X 1800-1-WQ 1350-2-AC 150, 500 158,000 168,000 5.7 9.8 7.3/9.7 38.0741.5 ce
M 15X 1800-1-WQ 1500+2-AC 130,000 138,000 151,000 8.6 18.1 12,2/11.0 34.0/36.0 e
N 16X 1850-1-WQ 900-2+AC 159,000 165, 500 181,000 2.9 5.5 6.7/6.5 40.0/41.5 e
X 17X 1850-1-WQ 1050-2-AC 160,000 165,000 186,500 2.9 7.1 6.8/6.9 40.5/41.5 e
B 168X 1850-1-wQ 1200-2-AC 163,000 167,500 177,500 2.9 4.9 7.3/7.8 40,0/41.5 O
: " 19X 1850-1-WQ 1350-2-AC 157,000 161,000 173,500 3.6 6.6 6.7/7.5 38,5/40.8 TN
N 20X 1850-1-WQ 1500-2-AC 139,500 143,500 160,000 5.7 10.9 7.3/7.0 37.5/38.% YA
‘ As-Received Properties < ke
& 24-ARA 117,500 123,500 144,500 7.9  18.1  1l1.2 33,5/34.5 SR
% ARB 121,000 127,000 145,500 8.6 17.8  10.0 33.5/34.5 S
33 LT
. (Drop-Forged to ¥%* Plate)
[AEY
; FX2 1750-1-wQ 900-3-AC 150, 500 155,000 171,000 13.8 42.8 9.8/11.58 40.5/42.0 >
e FX3 750-1-%Q 1050-2-AC 154,500 158,000 171,000 12.1 38.0 9,2/10.2 40,0/41.5
. FX4 1750-1-WQ 1200-2-AC 155,000 157,500 169,000 15.0 38.9 10.8 40.0/41.0
- FX3 1750-1-WQ 1350-2-AC 138,400 141,800 154,000 16.0 39.8 13.2/11.5 368,5/37.5
N FX6 1750-1-% 1500-2-AC 136,000 138,500 152,000 13.8 .7 14.2/14.5 368.0/37.0
. FX7 1800-1- 900-2-AC 145,500 151,000 170,500 13.6 34.0 11.0/10.3 41.0/741.0
“R rxs 1800-1-wQ 1080-2-AC 147,800 153,400 170,000 15.0 34.8 9.8/9,9 40.5/42.0
N EX8 1800’1-% 1200-2-AC 151,500 156,000 168,000 12,9 38,9 9.9/11.9 40,0/41.0
FX10 1800-]1- 1350-2-AC 142,500 146,000 156,000 14.3 36.3 11.5/12.2 37.5/39.0
FX1ll  1800-1-WQ 1800-2-AC 132,400 136,000 150,000 14.0 41.0 13,9/13.8 36.0/37.0 -
A--rorg.d Properties 146,500 150,000 161,000 12.1  38.9  16.9 36.0/37.0 e
W ‘ LI
QN i/g Vater Quenched 3
% 4C = Air Cooled -]

(Continued over)
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TABLE V (Continued)

SHORT-TIME ELEVATED TEMPERATURE TEST
(44"-Diam. Barstock Press-Forged to %" Plate)

RS N S il R R N ,'.‘“‘,,rv.-..‘.:-:'\.:‘-';—-il ;—:.;-:,,:-Lv':\ - \“ AN T:W‘vav{vwv‘- v--—s—-“—w-v—w —'v-y‘—-q

Lime al fTesting fewperatures - 20 win,

Rochuell "C" Readings PaMan at Room femperature Prior to festing
See Figure 8

V Netch
Yioldpfgrongth Tensile Charpy Rockwell
Tbmposatnro Strength % % Inpact "ce
Mark F 0.1% 0,2% psi Elon. R.A. Ft-Ib Range
24FET- 2 Room 156,000 160,000 170,000 12.1 33.5 8.0 36.5/41.5
3 300 129,000 ' 132,000 147,000 16.4 46.1 11.4 42.5/43.5
4 500 102,500 106, 500 127,500 6.4 49.0 16,0 42.5/43,0
5 700 100,500 105,700 127,000 18.7 58,1 18.2 44.5/45.5
6 800 95,000 100, 200 121,000 16.4 59,9 25.5 43.0/ 6.0
7 900 86,700 93,300 116,000 17.9 63.7 23.7 3.0
8 1000 76,400 84,900 107,700 23.6 70.2 25.0 43 0/43.5
9 1100 $2,500 §9, 200 83,000 42.9 75.9 29.7 41.5/42.0
10 1200 20,000 26,200 66, 500 §51.4 79.8 36.6 46.0/47.0
11 13580 8,675 11,600 35, 500 84.7 83.9 36.8 42.5/43.5
Heat freatsgnt - 175008 = 1 br -
1050R = 2 hrs - AG
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TABLE VI . FaLL
ol
HEAT TREATMENT SURVEY ?::.:fnj
8%Al-4%V Titanium Alloy (140 EHN Sponge) ' ' ::
Titapium Metals HT - L1125R (100-lb Ingotz Seed
(As-Received - 444"-Diam, Barstock) R
(Heat-Treated in 1™ -Thick Discs) i ;
& Yield Strength \ PREN
o o Tensile Impgot Rockwell RCER
Heat Treatment —th Strength % % - 488}‘ ce W
2 Mark  Selution Temper 0.1% 0,2% psi Elon, _R.A. Fe-lb Range o
X 1700-1-WQ J00-2-AC 150,500 158,000 182,500 5.0 §.6 7.8/9.0 42.0/43,5 - RSEH 5
X 1700-1-¥Q 1050-2«AC 157,000 182,500 179,000 5.0 8.2 9.3/8.5 41.0/42,0 ot
X 1700-1-WQ 1200-2-AC 149,500 154,000 167,000 5.7 14.0 8.7/9.0 - 40,0/41.0 .W»J
4X 1700~ 1-%Q 1350-2-AC 136, 500 140,000 153,000 8.6 20.1 12.3/10.9 36.5/38.0 bbb
5X 1700« 1-WQ 1500-2-AC 122,500 128,000 145,500 9.9 21.1 12.0/13.0 35.0/35.0 . RS
6X 1780«1-W0 900-2-AC 167,000 164,000 184,000 §.7 10.3 9.0/8,5 41.5/42.5 BRI
X 1750-1.W) 1050-2-AC 160,000 165,000 181,000 2.9 7.1 9.0/6.5 41.0/42.5
BX 1750« 1-%Q 1200-2-AC 159,000 164,000 179,000 5.0 9.3 7.5/1.0 41.0/42.5
9X 1750-1-WQ 1350-2-AC 142,500 147,000 161,000 6.4 13.5 9.3/9.0 39.0/41.0
10X 1750-1-%WQ 1500-2-AC 122,500 127,000 144,500 10.0 26.5 13.0/12.0 35.0/37.0
11X 1800« 1-WQ 900-2-AC 156,500 166,500 184,000 3.6 6.8 9.8 41.0/43,0
12X 1800~ 1-%Q 1050-2-AC 163,000 168,500 184,000 2.9 6.0 8.0/5.2 41.0/42.5
13X 1800-1-¥Q 1200-2-AC 160,500 166,500 181,000 3.6 8.2 7.2/5.0 42.0/42.5
14X 1800-1-WQ 1350-2-AC 144,000 148,500 165,000 6.4 16.1 8.0/9.0 39,5/40.5
15X 1800- 1-%Q 1500-2-AC 124,000 129,500 146, 500 10,0 19.6 - 12.5/11.5 35,5/37.0
16X 18580-1-WQ 9800-2-AC 165,000 172,500 ‘186,000 2.9 5.5 11,0/7, 42.0/43.0
17X 1850-1-%Q 1050-2-AC 168, 500 175,000 182,000 1.4 3.8 7.5/5.8 43.5/44.58
18X 16850-1-WQ 1200-2-AC 167,500 172,500 181,000 1.4 4.4 $.2/6.0 43.0/46.0
19X 1850-1-WQ 1350-2.AC 153,500 157,500 171,800 2.9 7.6 7.0/7.0 41.0/42.0
20X 185C-1-¥Q 1500-2-AC 140,000 144,500 160,000 6.4 11.9 9.G/8.0 38.0/40,
As-Received Propertiea
15-ARA 112,000 125,000 144,500 10.0 18,6 10.0 34.5/35.5
ARB 118.500‘ 125,000 145,000 10,0 17.6 6.5 34,5/35.5
(Drop~Forged to %" Plate)
FX1 1750=1-%Q 900~ 2-AC 165,000 169,000 192,500 11.4 36.3 10.0 41.5/42.0
FX3 1750-1.%Q 1050-2-AC 176,000 179,000 191,000 10.7 34.9 6.5 41.5/42.5
X4 1750-1-wWQ 1200-2-AC 171,500 174,000 184,000 10.7 33.1 9.2 41,5/42.0
FX6 1750-1- 1350-2-AC 153,500 185,500 167,500 14.3 40,7 11.5 39.0/40.C
FX? 1750« 1-¢ 1500-2-AC 141,500 144,000 154,000 15.0 38.5 13.0 37.0/39,0
FX9 1800-1-%Q 900-2-AC 158,500 163,500 184,000 6.4 9.3 7.5 42,5/43.5
FX10 1800-1-%Q 1050-2-AC 183,000 167,000 183,500 5.7 e.8 6.0 42.5/43.5
FX12 1800-1-WQ 1200-2-AC 163,000 187,000 183,000 5.0 10.3 6.5 42,5/43.5
FX13  1800-1-WQ 1350-2-AC 153,500 158,500 173,000 7.1 13.0 7.5 40.0/41.5
PX1l4  1800-1-WQ 1500-2-AC 150,500 153, 500 170,000 8.6 13.5 10.0 39.5/40.5
As-Forged Properties 144,000 150,000 161,000 13.8 41.1 16.0 36.5/37.0
NOrE: W - Water Quenched
== AC - Air Cooled
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¢ TABLE VI (Continued)
SHORT-TIME ELEVATED TEMPERATURE TEST.
, (44"-Diam. Barstock Preas-Forged to X" Plate)

V Notoh
thdpﬂronqth Tensile Charp Rockwell
: Toms:_turo Strength % X Impac ' lbdulgl
Mark 0.1% 0, &8 psi Eloa. R.A. Ft-lb Range X110
ASFET-1l4  Room 181,000 169,000 191,500 10.0 35.5 12.0 41.5/43.0 17.5
56 300 133,000 138,500 162,000 14.3 40,7 8.7 42.5/43,5 16.8
4 500 102, 500 111,500 145,000 14.3 38.4 14.2 42.5'43.0 15.9
. 5 700 95,300 104, 500 135,500 11.4 28.4 16.1 44.8/45.5 15.8
6 800 89,700 88,700 130,000 18,7 82.0 18.1 43.0/48.0 4.1
9 900 81,300 91,000 128,500 12.9 80.6 18.4 43.0 13.2
10 1000 89,6800 77,500 113,500 30.0 87.3 20.5 43.0/43.5 12.5
11 1100 48,000 53,500 69,000 38.4 78.8 22.9 41.5/42.0 9.6
. 12 1200 24,000 30,6800 §8,750 37.9 53.7 28.3 0/47.0 8.8
57  13% 13,700 18,500 42,800 $2.9 70.4 28.3 +5743.8 8.5

Reat freatment - 170050 + 1 br - ¥
800%P - 8 s ~4

fine ot festing femperatures - 20 sin.
Rochusll "C" Readings faken at Room femperature Prior to fasting
Jea Figure §
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Yield Strength O
Heat Treatment °F pad v gt‘x::t.h % % 54 ?.t nogév:oll RN
Solution Temper 0.1% 0,2% psi Elop, RA. _Ft-lh _Range oot
17004-%8 900- 2-AC 160,000 167,000 188,600 4.3 7.6 6.3 42.0743.5 ;
1700-1- 1050-2-AC 163,000 169,000 186,000 5.0 8.2 8.0 41,5/42,5
1700-1-WQ 1200-2-AC 145,000 151,000 188,200 5.7 4.5 8.6 38.5/38.% .
1700-1- 1350-2-AC 134,000 138,000 152,400 7.1 14,5 10,1 38.5/97.5
1700-1-WQ 1500-2-AC 124,000 130,000 151,000 10.7 22.1 10.3 35.0/38.0
1750-1-wQ 900-2-AC 160,500 170,000 200,800 2.1 5.8 4.7 43,5/45.5
1750-1-% 1050-2-AC 146,000 155,000 180,200 3.8 $.5 6.1 39.5/42.0
1750-1-~ 1200.2-AC 142,000 147,000 167,100 5.7 6.6 8.7 36.5/38.0
1750-1-%Q 1380-2-AC 123,900 . ' 7.1 27.4 10,3 34.5/35.
1780-1-%Q 1500-2-AC 128,500 134,000 151,200 10.0 25.8 14.5 33.5/38.0
1800-1-Wq 900-2-AC 168, 500 175,000 193,800 2.9 3.3 4.0 43.0/44.,0
1000-1-% 1050+ 2-AC 167,000 173,000 188,000 2.9 §.5 ¢.0 42,0/43.0
1800-1- 1200-2-AC 156,000 161,000 172,200 2.1 8.0 4.7 40,5/41.0
1800-1- 1350-2-AC 000 148,000 ' 7.9 12.4 8.2 36.5/37.5
1800-1- 1500-2-AC 132,500 136,100 152,600 9.3 14.0 7.7 36.5/37.5
1850-1- 900-2-AC ,000 176,000 198,8C0 3.6 10.8 4.4 43.5/44.5
1850-1-WQ 1050-2-AC 159,000 166,000 180,000 3.6 10.3 4.9 41,0/42.8 -
1850-1-wQ 1200-2-AC 154,000 160,000 177,800 5.0 7.1 7.3 39,5/40.,0 :
1050-1-% 1350-2-AC 134,500 138,000 151,800 6.4 17.6 7.1 36.0/37.5 et
1850« 1500-2-AC 130,000 135,000 . 10.7 27.0 10.% 36.0/38.0 . s
P 130,500 133,800 145,000 14,3 29.4 6.8 34.5/36.0 o }:-
121,500 125,000 136, 500 §.7 15.6 7.1 33.0/35.0 e
. P.-.'\i_.
(Drop-Forged to %" Plate) N
1650-1-%Q 900-2~AC 173,000 178,000 199,000 7.8 20.8 7.3 43.5/44.0 SIS
1650-1- 1050-2-AC 165,000 168,000 177,000 15.0 41.5 10.0 40. .0 L
1650-1- 1200-2-AC 149,000 149,000 150,000 15.7 46.5 10.0 34.5/35.5 e
1650-1- 1350-2-AC 147,000 148,000 151,500 15.0 43,2 37.0/37.5 M.
1700-1- 800~-2-AC 177,000 184, 197,000 2.9 6.8 6.8 48,5/49.5 S
1700-1-wQ 1050-2-AC . 000 173,000 185,000 2.9 8.0 8.5 44.5/46.0 o
1700-1-% 1200-2-AC 151,000 158,500 184,000 7.1 16.8 8.8 27.5/38.5 ¥_
1700-1- 1350-2-AC 142,500 146,000 154,500 10.0 20,1 9,.§ 37.5/38, o
1760-1- 900-2-AC .000 190,000 200,200 2.1 3.3 5.9 43.0/44.0 ;
1750-1« 1050-2-AC 189,000 178,000 5,200 2.9 4.4 4.7 42.5 ;
17501+ 1200-2-AC 147,000 152,000 158,200 6.4 16.4 8.2 38.5/38,0
1750-1-wQ 1350-2-AC 136,000 140,000 148,400 10.7 19,1 8.5 37.5
1860-1-Wq 900-2-AC 174,000 183,000 195,800 3.6 4.9 7.5 47.5/49,5
1800-1-WQ 1050-2-AC 168,000 175,000 185,800 7.9 22,1 5.9 41.5/42.5
1800-]- 1200-2-AC 152,000 $6,000 160,600 13.6 8.7 10.§ 38.0/39.0
5 1600-}1~ 1350-2-AC 141,000 145,000 181,600 16.4 43.6 10.0 36.5/37.5 .
“d
' XNOrE: - Nater Quenched
ﬂ l'g = Air Cooled

(Continued over)
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: . TABLE VII (Continued) i
; -
N SHORT-TIME_ELEVATED TEMPERATURE TEST i
& (44" -Dian, Barstock Preas-Forged to ate) R
b ! - ' .~:‘;‘Q~
N V Notch S
35 Yield Strength Tensile Churp¥ s
" Texperature e P Strength X X Impac °C* Modulu- R
‘ Mark F_ 0.X 0.2% psi . Elon. RA. _Ft.lb _Range X 10
. * S8FET- 8 Koom 172,600 178,000 188,000 12.3 42.0 9.8 39,5/40.8 17.8 .
5 1 300 132,000 137,000 59,000 18.4 55.2 14.0 5/41.0 16.3
2 113,000 117,000 50 17.1 83.4 21,0 42.0/42.3 16.1
B S 700 98,000 103,000 131,900 17.9 68.0 43.0 41.0/741.5 14.8
B 4 800 81,300 100,700 29,000 18.8 73.1 45.5 41.3/42.0 13.8
b . 5 80 72,500 61,000 113,000 24.3 82.8 §53.0 41.0/42.0 12.§
») ] 1000 48,000 56,800 84,000 29,3 93.0 * 73.0 41.0/42.0 .‘.0.8
- 7 1100 25,100 30,000 57,250 29.3 83.7 758.0 40,0/41.0 9.
] 1200 13.350 16,600 34,300 87.9 96,1 83.0 40,0/41.0 5.9
10 1350 5,75 6,850 18,400 127.1 88.3 94,5 41.0/42.0

oot rreatmant - 175002 - 1 br - W0
1050°F = 2 hrs - AC

Line ot festing fempgratures - 20 win.
Rochuell "0" Readings Taken at Hoom femperature Prior to Testing
Jee Pigure 10
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