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Fig.3 Processing maps for sub-transus deformation
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Fig.6 Microstructure of a specimen shown in Fig.5 Cal show-

ing initiation of fracture along localized f ow
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Fig.7 Microstructures at different deformation conditions corresponding to different safe region in the processing map at strain of | .2
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Fig.7 Microstructure mechanisms during sub-transus deforma-

tion of TC11 alloy with martensite microstructure

23 0ODODOOODOOO0OODO
goooooooooobDOoOobobobo TC11 0
oooooooooooboDboOoes0-9800.0.1
-lsiooooooooobbooobocoboooo o
OO0 <o001s o0 0O0O0O0OO0OOODOO

oooooboooooobobob=z1l2g o0

a
goooooooboboboboobodoboooooooao
d
ooooooooooan

3 0 0

1.000 Tci1o0oo0o0ooooOoo0ooobooao
ooooooooooan

2.000 TCi1ooo0oOOocoOoooooonoan
Uoooooob0ob0Dbobiob o d<940 0 M@ oo



60 ot boodbbodTanguubbdooobbiogooo 3

of0bc1s-1000oooooooobooooao
@OODODDO<940 000000001 sI0O00ODO
O>9%0 0 MO0 O0DOODO>Is 10000000

ooooooooooomBooooOoOoooao
M40- 960 DOz 1S I00000C0OO0O0O0O OO

MOO00O0O0>90 DO OOOOOO<I sI1O0000O
oboocoooooooooao

3.0000000D0 TC11O0O0O00O0 00O
OoooO0OO0oOoobODODO0O D00 90-980000.1-1
oOoooooobo0O TCc1100000ooooooao
ooooooooano

gooon

[1] ODODDODOOODODOOO. O0O0O0O0O0O0 [M].OO0OOo0O0
OoDOo0D000019%.

[2] Semiain S L OSeethaaman VOWeiss |.  FHow behajor and
gl obularization kinetics during hot working of Ti-6Al-4V with a
colony alpha microstructure EJI . Materials Science and Engineer-
ing[019990A263[ 257 .

[3] Semiatin SL OBeiler T R. Effect of texture and slip mode on the
anisotropy of plastic fow and f ow softening during hot working of
Ti-6Al-4V [J] . Metalurgical and Materials Transactions120000
DA 01787 .

[4] Semiatin S LOLahoti G D. Deformation and unstable f ow in hot
forging of Ti-6Al-2Sn-42r-2Mo-0 .1 9 [J]. Metallurgical Transac-
tions01981012A 01705 .

[5] Seshacharyulu T OMedeiros S COFrazier W G OPrasad Y V R K.
Microstructurd mechanisms during hot woaking of commercia
Wade Ti-6 Al-4V with lamellar stating sructure [J]. Materials
Sd ence and Engjinesti ng[20020AR50112 .

[6] Seshacharyulu T OMedeiros S COMorgan J T OMaasJ CUOFrazie
W GOPrasad Y V R K. Ha defamation and microstructura
damage mechanisms in extra-low interstitial OELI Ograde Ti-6Al-
4V [J]. Materids Science and Engneering 12000 0A279[1289.

[7] Shell E BO Semiatin S L. Effect of initial microstructure on

plastic f ow and dynamic globularization during hot working of Ti-

6A18V [J] . Metalurgical and Materias Transactions 1999

30A [13219.

[8] Semiatin SL OThomasJ FODadrasP. Processing-microstructure

relation ships for Ti-6Al-2Sn-42r-2Mo-0 . 1Si [J]. Metalurgica

Transatians[0 1983014 A2363.

193 Weiss | OFroes F H OEylon DOWelsch G E. Maodification of Al-
pha Moarphology in Ti-6Al-4V by thermomechnical processing
[JI'. Meallurgical Transadtions[1198 J17A1193% .

“l0] semiatin SL OSeetharaman V OWesis|. Hotworking of titanium

alloys-an overview [A] . Advances in the Science and Technology

of Titanium Alloy Processing [ C] . Edited by Wesis | OSrinivasan

R OBania P JOEylon DOSemiatin S L OThe MineralsMetals &

Materid s Sodety (11997 4

a O
Korshunov A A OEnkeev F UOMazurski M | OSdishchev G A

Dmitriev O V. Grain-structure ref nement in titanium alloy un-

der different | oading schedules [J]. Joun al of Materials Sciencel
DO6 131 7[1H6SD.

[12] Kaybyshev o AOLutfullin RY OSaishchev G A.  Microstructura
changes during heat treatment and hot d eformation of titanium al -
loy VT9 with platelike microstructure [JI. Fiz. Metal. Metall-
oved (1198560 [578.

[13y O O. Ti-I7O0000O0OQ0OOOOOO [D].0OO
0 00 [2005.

[] OO0 . TA10DOO pOOOOOOOOOOOCODO ([J].
gooO0O0onb b2mo oIy,

[I5] DOO0QOOO. TCn1ooooooOooo[J.000
000000 02me0201253.

[] 0 O0O00OOOOCODOOODO. TCULOOOOOOO
joooooooooooooooooo 1y).oooo
00000 019920008018

[7] OOOOOCO0D O oOOOoO. Tcugoooooo
0zDOOOOO [J. 0000 200030171,

[8] O0OO0OOOO0OO0 OOOOO. Tcugoooogo
gooooo [J. 000000 020700011,

[©] O OOODOOOOOOOOOO. TA1OO pOOCOO
0000oooo0o0ooo [J.0o0o00b o000 Oeord
[301128.

[20] Chen H QOLinH ZOGuo L OCao CX. Ha deformati on b ehav-
ior and microgructure evolution of Ti-6.5A1-1.52r-3.5Mo0-0 .3Si
with equiaxed O+ B garting structure [J]. Materials Science Fo-
rum2007 0%46-54911383.

[21] Prasad Y V R KOSeshacharyulu T. Pracesing mgps fa hat
“working of titanium alloys [J]. Material's Science and Engineer-
ing 01998 0A243(182.

[22] Maas J COSeetharaman V. Usdng meteriad behavior mode to

devel op process cortrol grateges [J] . JOMD199200708.

Microstructure Mechanism and Processing Optimization during Sub-T ransus
Deformation of TC11 Alloy with Martensite Microstructure
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Abstract OThe effect of processing parameters on de-
formation behavior and microstructure evolution during
sub-transus deformation of TC11 alloy with martensite
microstructure was studied using isothermal hot com-
pression tests. Testing was conducted on Gleeble 3500
hot simulator at strain rates of 0.1- 10 s-'Otempera-
ture range 920 - 980 ¢C and height reductions of
70% . The processing maps for martensite microstruc-
tures were constructed based on dynamic materials
model OIDMM . In the working regions of temperatures
lower than 940 & or higher than 960 € and strain

rate higher than | s-'f ow instability including surface

cracking and adiabatic shear band CASB [0 were ob-

served. In safe regions of plastic working processing O
deformed microstructures showed lamella kinking and
dynamic globularization. After imposing 70% defor-
mation on the alloy Othe peak strain rate sensitivity in-
dex of about 0.73 at 980 C00. 1 s-' was observed 0
that was corresponding to fully f ned globularized mi -
crostructure [the grain size of globularized a phase was
about 0.7 Um0O. To avoid defects and realize micro-

structure control 0 the appropriate processing parame-
ters were 950 - 980 € 00.1- 1 S-1 for sub-transus

deformation of TC11 alloy with martensite microstruc-

ture.

Key words OTC11 alloy Oisothermal compressi on O micr ostructure mechanism Cprocess optimization



