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THE Ti-6Al-6V-2Sn-0.5Fe-0.25Cu ALLOY AND OTHER 

ALPfo-BETA TYPE ALLOYS UTILIZED AT VaTEETCWN ARSENAL 

I Introduction 

ABSTRACT 

During the past four or five years,Water"own Arsenal has been actively 

engaged in the development, evaluation and exploitation of medium and high 

strength alpha-beta type titanium alloys. A large portion of the development 

work has been carried out at New York University under the auspices of 

Watertown Arsenal. At the present time several experimental alloys have 

exhibited yield strengths in excess of ?00,000 psi while maintaining good 

ductility and toughness. Figure 1 lists a number of the most promising alloys 

evaluated and their corresponding mechanical property values. 

The development and evaluation of thr alloys were predicated on existing 

and contemplated Ordnance Corps material requirements for weapons systems. 

Several of the alpha-beta alloys studied, including the Ti-6Al-6V-2Sn- 

0.5Fe-0.25Cu alloy developed at New York University, the Ti-Al-FeCr-FeMo 

developed at Titanium Metals Corporation of America, and the Ti-6Al-J*V alloy 

initially studied at Watertown Arsenal are currently being utilised in such 
weapons systems• 

II Mechanical Properties 

Figure 2 shows the versatility of the Ti-6Al-6V-2Sn-0.5Fe-0.25Cu alloy. 

It is useful as a medium (130,000-169,999 psi yield strength) as well as a 

high (170,000-189,999 psi yield strength) strength material requiring toughness 
and ductility. 

III Ordnance Corps Utilisation of Alpha-Beta Type Titanium Alloys - Experimental 
Applications 

1. Current Applications 

a. Oun Components - Ti-6Al-6V-2Sn-0.5Fe-0.25Cu at 170,000 psi yield 
strength. 

Figure 3 - Barrel Extrusion and Machined Barrel 

Figure U - Chamber Expanded Extrusion and Notzle Forging 

figure 5 “ Table II Typical Metallurgical Properties of Above 
Forgings and Estrusions Processed for Alpha-Beta 
Tÿpe Titanium Alloys 

b. Ammunition Component? - Ti-6Al-6V-2Sn-0./r- ?5Cr rt 170,000 psi 
yield strength and ?i-6ll-ljV at 31*0,000 psi yield strenjt’i. 

Figure 6 - Reverse Extrusions 

Figure 7 - Reverse Extrusions 
Figure 8 - Closed Die Forgings 

Figure 9 - Reverse Extrusions 

Figure 10 - Cloeed Die Forgings 



Figure 5 - Table 31 lÿpical Metallurgical Properties of Above 

Foigings and Extrusions Processed for Alpha-Beta 
Type Titanium Alloys 

, c> Vehicular Systems - Ti-7Al-iiV at 3 50,000 psi yield strength and 
Tí-6a1-1jV at 130,000 psi yield strength. 

Figure 11 - Tank Track Components 

d. Rapid Fire Weapons 

Figure 12 - Gatling Gun Indexing and Holding Bracket 

Figure 5 - Table n Typical Metallurgical Properties of Above 

Forgings and Extrusions Processed for Alpha-Beta 
Type Titanium Alloys 

2. Future Applications 

a. Rocket Motor Casings and Missiles 

b• Armor 

IV Processing and Fabrication of Components 

1. Forging 

a. Closed Die 

b. Open Die 

c• Ring Rolling 

2• Extrusion 

a. Forward 

b. Reverse 

3» Cold Forming 

a. Shear Spinning 

b. High Energy Rate Forming 

c. Tube Reducing 

U* Joining 

a« Fusion Welding 
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b. Pressure Welding 
Figure 13 - Pressure Welding ¿quiprient 
Figure II4 - Pressure Welding in Operation 
Figure 15 - Pressure Welded Ammunition Component 
Figure 16 - Mechanical Properties of Pressure Welded Ammunition 

Component - Weld and Base Material 
Figure 17 - Macrostructure of Pressure Welded Joint 
Figure 18 - Microstructure pf Pressure Welded Joint 

1 Design and Testing Considerations for High-Strength Titanium Applications 

1* Notch Sensitivity 
Figure 19 - Effect of Notch Radius on Inpact Values for V-Notch Charpy 
Inpact Specimens Tested at «"liO°F 

2* Testing of Thin Sections 
Figure 20 - Effect of V-Notch Carpy Specimen Size on Inpact Level 
Tested at -HD°F 

3. Ring «id Cylinder Tests 
Figure 21 - Compression Test on Thin-Walled Pressure Welded Cylinder - 
93% Weld Efficiency 
Figure 22 — Compression Test on Thin«Walled Pressure Welded Cirlinder « 
100* Weld Efficiency 

VI Future Plans at Watertown Arsenal 

1. Fabrication of Pressure Welded Rocket Motor Casings 

, 2* Continued Evaluation of High Strength Alpha-Beta Type Titanium Alloys 
(Extensive data on most phases discussed in this presentation are available upon 
request at Watertown Arsenal,) 
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LET 0? FIGURES 

Figure 1 - Prondsing High Strength Alpha-Beta Type Titanium Alloys 

Figure ? - Aging Tanperature and Section Size Versus Mechanical Properties of 
Ti-6Al-6V-2Sn-0.5Fe-0.25Cu 

Figure 3 - Barrel Extrusion and Machined Barrel 

Figure U - Chamber Expanded Extrusion and Mozzle Forging 

figure 5 - Table H- Typical Metallurgical Properties of Forgings and Extrusions 
Processed for Alpha-Beta T; pe Titanium Alloys 

Figure 6 - Reverse Extrusions 

Figure 7 - Reverse Extrusions 

Figure 8 - Closed Die Forgings 

Figure 9 - Reverse Extrusion 

Figure 10 - Closed Die Forgings 

Figure 11 - Tank Track Components 

Figure 12 - Gatling Gun Barrel Indexing and Holding Bracket 

Figure 13 - Pressure Welding Equipment 

Figure lU - Pressure Welding in Operation 

Figure 15 - Pressure Welded Ammunition Component 

Figure 16 - Mechanical Properties of Pressure-Welded Ammunition Component - Weld 
and Base Material 

Figure 17 - Macrostructure of Pressure Welded Joint 

Figure 18 - Microstructure of Pressure Welded Joint and Base Material 

Finiré 19 - Effect of Notch Radius on Impact Values for V-Notch Charpy Impact 
Specimens Tested at -U0°F 

Figure 20 - Effect of V-Notch Charpy Specimen Size on Impact Level Tested at -U0°F 
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LIST OF FIGURES (Cont) 

Figure 21 - Compression Test on Thin-Walled Pressure Welded Cylinder - 93¾ 
Weld Efficiency 

Figure ?2 - Compression Test on Thin-Walled Pressure Voided Cylinder - 100¾ 
Weld Efficiency 
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AGING TEMPERATURE VERSUS MECHANICAL PROPERTIES OF 

SAI-GV-ESa TITANIUM ALLOT AT VARIOUS CROSS SECTIONAL 
THICKNESSES ( DATA REPORTED BV FACILITY E) 

FIGURE 2 

V
 N

O
T

C
H
 C

H
A

R
P

Y
 



e 3dnoii

0

1
mM

09

o
09



EXPMOEO FORMARO 
EXTRUSION

F0R8IN6

FIGURE U



BLANK PAGE 



<n 
LU 

oc 
LU 
û. 
O 
OC 
Q. 

< 
O 

O 
oc 
3 

< 
»- 

< 
O 

CL 
>- 
I- 

cn 
> 

2 
3 

LU 
CL 
> 

LU 
OQ 

I 
< 

2 
O 
cr 

o 
LU 
en 
en 
LU 
o 
O 
oc 
CL 

en 

en 
3 
cr 
t- 
X 
LU 

O 

< 

en 
o 

o 
oc 
o 



I 

v> 
UJ 

CL 
O 
cr 
CL 

< 
o 

o 
oc 
3 

UJ 

< 
o 

Q. 
>- 
K 

CO 
>- 
O 

3 

< 

CL 
>- 

< 
I— 
UJ 
ffi 
I 
< 
X 
CL 

o 
cr 
u. 

o 
UJ 
co 
co 
UJ 
o 
o 
o: 
CL 

co 

co 
3 
CL 
»- 
X 
UJ 

o 
z 
< 

<0 
o 

o 
CL 
o 

N 

V) 
UJ 

g 

< 

Uj < 
z 
UJ tn 
ac. 
< 

* 
o 
t- 
ir 
UJ 

< 
* 

* 

Q 
§ 
Cl 
Cl 

>- ^ 
«r 

-5 

i 

¡ 





(/) 

CL 
O 
cr 
CL 

< 
o 

o 
cr 
ZD 

LU 

< 
O 

Q. 
>- 

LU 
û_ 
>- 

CD 
I 
< 
X 
CL 

O 
CE 

a 
LU 
ifi 
en 
LU 
o 
o 
CE 
CL 

en 

en 
3 
CE 

O 

< 

en 
e> 

o 
cr 
o 

O 

3: 
L. 

Uj 

Q 

CD 

Vi 



BLANK PAGE 



0 3dn9IJ

>9
m
m3D

m

fjt-

I -

fi.- 

_ “2 ^
5 \r^
99
C
iA

o
<AC Ji ^---

^ —' W)
^----

O ^

.m

-‘f -;x,^ki/r ^

A,:':\

V

^

i



FIGURE 7 

RE
VE
RS
E 

EX
TR
US
IO
NS
 



FIGURE 8 

CL
O

SE
D 

D
IE
 F

OR
OI

NO
S 



REVERSE EXTRUSION 

FIGURE 8 
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OATLING GUN BARREL INDEXING AND HOLDING BRACKET 
Ti-6AI-4V ( Ti.4AU4V

FIGURE 12
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MECHANICAL PROPERTIES OF PRESSURE WELDED 

AND INTEQRAL ADAPTER TYPE Af JílTirro^OtWPP^ ”T 

Location 

Cylinder-Adapter 

Cap End 

"Welded Area (Min. Prop.) 

Yield Str. 
•l£ Offset Elon 

1*** j-oop-I JÍI 

172,750 8.6 

17^,000 7.2 

145,000 9.0 

V-Notch Charpy 
R.A. Impact at -40°F 
(i) (ft - lbs) 

21.2 6.7 

27.2 6.1 

20.0 9.0 

•increased wall thickness at welded area to allow for slight degradation in 
mechanical properties resulting from welding operation. 

Figure 16 



L\ adfioii
8

o
3
c/>

o

o
•yy

m«/>
ID
m

3
o
m
o

1

o
ID
O
CO

idc
r>

IDm
o
-n

ID
m
CO
c/>
c
ID
m
«m
f“
om
o

s
c/3
m

rr
X



s 
M 

FIGURE 18 

H
IC

RO
ST

RU
CT

U
RE
 O

F 
PR

ES
SU

R
E 

W
EL

DE
D 

JO
IR

T
 A

ND
 B

A
SE
 M

A
TE

RI
A

L 



( ¿#Ofr-) sa>ld iDVdWI AddVHO 3SH3ASNVdJL 

FIGURE 19 
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SUB-SIZE CHARPY CORRELATION AS APPLIED 

TO 6 AI - 6 V- 2 Sn TITANIUM ALLOY 

(0-10 FT. — LB ONLY ) 

-/ 

■Vit J. 
1 * 

. J * *Y¿ REFERENCE 

IMPACT VALUES 

SIZE ( A) ( B ) FT-LBS 
1/4 .098 .079 2.0 

1/3 .131 .105 2.4 

1/2 .197 .157 3.3 

FULL .394 .315 6.0 

Y= FULL SIZE IMPACT VALUE (CONVERTED) 

Ys= SUB-SIZE IMPACT VALUE (ACTUAL) 

*Y^= REFERENCE SUB-SIZE IMPACT VALUES 

* MINIMUM CHARPY IMPACT RCOUIRMENT FOR 
TITANIUM ALLOY (170,000 VS ) 

SEE [MIL —T-4S09S (ORD)J 

1_J_L_ 
1/4 1/3 1/2 FULL SIZE 

SPEC IHEM SIZE 

EFFECT OF V-NOTCH CHARPY SPECIMEN SIZE ON IMPACT LEVEL 

FIGURE 20 
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COMPRESSION TEST ON TMIN NALLED PRESSURE NELOED CYLINDER 
lOOj WELD EFFICIENCY LOAD - 212,000 LBS

FIGURE 22




