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Introduction 

Ti-lOV- 2Fe - 3Al i s a ~ Titanium alloy invented by TIMET with a 
~ transus temperature o f aoaGe. The alloy is being considered 
fo r many <lircraft applications requi ring excellent s trength­
toughness combinations (1. 2). The superior hot workabi l i t y o f 
the alloy has been d iscussed, but until now that factor alone 
(without cons idering t he property advantages) has not provided 
sufficient justi fi cation to substitu te this alloy for t he (J+II 
alloys, such as Ti - 6Al -4V since Ti - l OV- 2Fe - 3Al is a more ex ­
pensive alloy to produce. The purpos e of this study was t o in­
vestiga te i f the reduced forging temperatures and l oads would 
make it fe asable to replace the isothermal forging techniques 
whe n forging Ti - lOV- 2Fe- 3Al and Ti-6Al - 4V with a Hot-Die forg ­
ing tec hnique using steel dies. In isothermal f orging the di e 
mate ri a l s are Mo- based or Ni-based and a switch would have a 
la rge impact on the cost structure . 

Experi mental Setup and Process - mode l 

The Hot- Die upsetting tests were done in a 400 kN comput er­
controlled press ( 3) using steel dies with an initial tempe ­
rature of 550°C (Fig. 1). The billets, diameter 100 rom height 
16 nun, were heated to 750, 825 and 900"C, r espectively and 
upset with 4 mm/s and 16 mm/s. 

The forces necessary t o forge t he material to a given height 
were calculated with a process mode l (Fig. 2) and compared 
with the experimental data. The model calculat es the forces 
using t he slab-method and a l so takes into account the heat 
transfer between billet and die as well as heat losses to the 
surrounding and a diabatic heating of the bil l et . The final die 
and billet temperatures were also calculated. The process ­
model has been desc ribed elswhere (4 , 5 ). 

The model was used t o simulate isothermal a nd hot- die forging 
conditions o f Ti - 6Al - 4V and Ti- IOV- 2Fe - 3Al to compare die 
l oads (die str esses) for di fferent die materials. 

Resul t s and Discussion 

The agreement between model and experiment was very good (Fig. 
3 ) . The limitation used in the calcu l ati ons was the fina l bil ­
let height. When using the l ow velocit y (4 mm/s ) the cooling 
of the billet was larger during t he deformation giving rise to 
almos t identical forces i ndepende nt of initial billet tempera ­
ture. The model was used to simulate i sotherma l and hot- die 
fo r gi ng conditi o ns o f Ti - 6Al - 4V a nd Ti- lOV- 2Fe - 3Al respective­
ly to compa re die l o ads (die stresses ) for different die mate ­
ria l s. The better forgabi lity (lower fl ow stresses) o f the 
P- Ti c l ass alloys makes it feasibl e in isothe rmal forging to 
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Fig. 1 : Schematic layout of the computer­
controlled press . 

use other die materials in dies used for complicated parts : 
for instance exchanging Me - base alloys with Ni - base alloys 
(6) . In the calculations isothermal forging of Ti - 6Al-4V be ­
tween TZM and IN 100 d i es and Hot- Die forging of Ti - lOV- 2Fe -
3Al between St 2344 Steel dies was compared . The yield stress 
of the die material over the average forging pressure 

K = 

was judged to be t he relevant parameter. The K- factor is three 
times larger when isothermally forging Ti - 6Al-4V at 90QOC than 
when Hot- Die forging Ti - lOV-2Fe - 3Al between St 2344 steel 
dies. The dies had an initial temperature of 550°C and the 
initial billet temperature was 850°C . The results indicate 
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Fig. 2, Hot- Die Forging System . The system 
consists of three main parts, the die, 
t he b illet and the lubricant (or t hermal 
layer). Schematically are s e e n ; die llow­
stress (00 2) as function of die tempera­
ture (T ), """billet flow stress ( O' ) as a 
funct ioR of deformation speed (i) 9hd tem ­
perature (ThL ma ximum die stress ( 0 ) 
and t he force {F) - displacement curve. max 

fairly simple 
this method . 

geometl: ies can be forged near-net 

The microstructure of the hot- die fo rged samples were examined 
bot h in t he as forged condition, and after solution treatment 
at 745°C. Large diffe rences in defo l"rnation through the cross 
section were found : de f ormations were much higher at the cen­
ter of the billet than at the surfaces ( Fig. 4). This is an 
e xpected result since the billet i:o not isothermal. but in­
stead has lower temperatures at the sur faces. Higher forging 
velocities resu lted in more equiaxed and larger grained micro­
structures. This is while higher forgi ng velocities lead to 
higher b illet t emperature s. 

Ti- 10- 2- 3 is normally i.sothermally fil1ish forged some 25 de­
grees below the II transus temperature. The 0' t hat is produced 
during this process i s termed primary a, and its s hape, size, 
distribution and volume fraction are critical to t he final 
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Fig. 3: Comparison between experimental 
and calculated values when Hot- Die forg­
ing Ti - 10V- 2Fe - 3Al. 

properties of the material. No primary a was found in pancakes 
forged above 800°C (Fig. 5). This resul t was not necessarily 
expected since the billet temperatures are decreased during 
forg ing, a nd the forg ing operation is finished i n the a+j3 
phase field. Such microstr uctures are undesirab l e since sub­
sequent heat treatment introduces a continuous grain boundary 
a layer, having a detrimenta l effect upon both frac t ure t ough­
ness and ductili t y. The pancakes forged with initial billet 
temperatures of 750°C did contain primary a (Fig. 6). The vo­
lume fraction of (I was r oughly commensurate with what one 
would expect after i sothermal l y for gi ng at t hat temperature; 
the a volume fraction was somewhat higher after thelower speed 
forging, however. The shape of the primary a was not constant 
through the cross section: the surface regions (lower tempera­
tures) both at the higher and the lower strain rate contained 
primary (I that was far more elongated than that of the center. 
Both higher temperatures anQ higher strain rates are known to 



Fig. 4: Hot- Die forged Ti - 10V- 2Fe- 3A1 samples forged at 
4 nun/so Billet geometry: Diameter 10 nun, height Hi mm. The 
preheating temperature was 900°C. The right picture shows the 
surface and the l eft the center of the billet in the as-forged 
condition. 225 x 
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Fig. 5: Preheating temperature 825°C, deformation velocity 
4 mm/s, as - forged condition. The right picture shows the sur­
face and the left the center. 22Sx. Geometry and material as 
in Fiq. 4. 



Fig. 6; Preheating temperature 
16 mm/s, as - forged condi t ion. The 
face, the left the center . 22 5x . 
Fig. 4, . 

750 Q C, deformation velocity 
right. picture shows the sur­
Ceomet~ - y and materi al as in 

l ead to more equi axed primary (I . This res ul t would seem to 
ind ic a t e tha t morphology is controlled mere by strain rate 
t han by temper ature, since the surface i s deformed at a lower 
t emperature as wel l as a t lower strain rates , but t he center 
:' s deformed at a highe r t emperature when forging wi th 16 mm/s . 

The primary (I mor phology found at t he billet sur face wou ld be 
e xpected to b e a h i gh toughness/low ductility morphology ( c om­
paratively speaking), and that ne ar t he center would be ex­
pected to give be tt_er ducti :i.it i es at t he e xpense o f toughness. 
The properties wou l d, t herefor e, be non-uniform : hi gh tough­
ness a t the surface, high ductility a t the core. Thi s non-uni ­
f ormity could be interpr e t ed as an advantage. If one were con ­
cerned about fracture from surface defect s, a higher surface 
toughness whi l e maintaining a ductile core wou ld be very de ­
sireable. 
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