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Manufacturing Process of a Forged TiAl Turbine Rotor Containing B2 Phase
Toshimitsu Terur and Shoichi Takanasi
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Manufacturing process of a forged TiAl alloy with a commercial size is investigated in order to realize practical
application of TiAl as a turbine rotor material in a high performance and high efficiency turbine engine. Accomplish-
ment of apparently contradicting properties such as good hot deformability and high temperature strength is pursued
in a alloy of Ti-45A1-8Nb-2Cr (at%) which contain B2 phase. The phase transformation behavior of this alloy is first
investigated during quenching from temperatures between 1473K~1673K and the basic scheme for the manufacturing
process, e.g. casting—heat treatment in the (y +B2) phase field—isothermal forging—heat treatment in the phase field
which contains a» (@) phase, is defined. Then various factors such as the heat treatment and forging conditions for the
stages up to the isothermal forging are examined by compression tests. Finally, it is shown that manufacturing of a
210mm in diameter 40mm in thickness forged piece can be successfully done using a industrial 6000ton press without
causing any plastic deformation of the IN100, die material.
titanium aluminide ; B2 phase ; turbine rotors; heat treatment;
test ; die material.
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Table 1. Chemical composition of the alloys used in

this study.
. Analytical composition
. |Nominal
Desig- L.
N composition at (%) wt (ppm)
nation (a[%)
Ti | Al {INb|Cr|Mn|Ca|Fe | C| Si|O|N|H
Ti-44Al-
44Al1 8Nb-2Cr Bal {43.83(7.82{2.06| <10 | <30 | 570 | 110 | 400 | 330| 90
451 [TE45AL gy 145241778 2.08) <10 | <30 600 | 60 | 390| 360 130 | 1
8Nb-2Cr
Ti-46Al-
46A1 8Nb-2Cr Bal {46.09/7.80/2.02| <10 | <30 | 630 | 70 | 380 320 | 190 | 2
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Fig. 1. Optical micrographs of the as cast 45Al
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Fig. 4. Back scattered electron images of quenched specimens of 45Al.
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Table 2. Composition of each phases in quenched
specimen of 45A1 determined by EPMA.

(at%)

Quenching 7 22 B2
temperature
(X) Ti Al { Nb | Cr Ti Al Nb | Cr | T Al | Nb { Cr
1473 4431 46.6) 7.8 | 1.3 - - - - 495379 87| 3.8

1523 4421470} 7.6 | 1.2 | 44.8{458( 76 | 1.9 |48.5(39.6| 8.6 | 3.3
1573 432|481 7.7 | 1.0 {44.7)1459| 7.7 | 1.7 }47.6{41.0( 8.6 | 2.8

1593 - - - - 4411463 8.0 | 1.7 |46.2]425] 8.7 | 2.6
1613 - - - - 4441 463 7.8 1 1.5 |459|429| 86| 2.5
1633 - - - - 4391466 79 | 1.6 |454|43.4| 88 | 2.4
1673 - - - - 43.8| 4681 8.0 | 1.4 [45.1]|442] 85| 2.2

(TUBERXEDIZD, AIRE L BT OEFH#RT),  12Al
BEELOE S ANIBEKFEIIB2HEY & D K& { i’
Bb/Dh3 e,

D bo#sE, REERY 2 Lo/ER L IcAREEDHEE
28, K OFER #Fig. 5 0RT, I8E ER v, y+B2
—y+a,(a) +B2—a, (a) +B2 L MZEALT 5 2 £ Ti-Al-Nb
3TCRIM L RFROEEF LR LT, ,

%35, Fig. 5 TOZRMOERBRFEID0TTH 5%, al
DTS AN OMIZaTIEE L e, TH- 2R E AN
FMEOHIMEET I a— o, BT RBIIIHITE L2 D7
Ao LTI h e KAET b Ti-Al 2 £RY7, T-Al-Nb
3RO LEFRCERISTaD AR TRINLZ LY
bCay () EEH LT, 272B2MIZ > TIXTi-Al-Nb 3 T
ROTREIBTLATIRL(B2HEVLELINT LI E
»LB2 LKL I,

Fig.5 & b, Fig. 3, 4 T#&® 6 1 58 3 ANRRD AliR
FEARTEME, RO S ANBERFERIRDO L 5 CHHTS
%, Fig. 3 23 TANRE ORI - TBZHORA, W
1y, a HOBMH D 6 555, 2 (LUIXB2ZA O fEIR S’
BAVICH Y, v, a (@) HOBERPEHAUN-H 5 2 £ »°
R LE2 N5, 0Fig 4 it THmS ANBED LR

1700 y

1650 |

1600

1550

Temperature, T/K

1500

T

1450

35 40 45 50

Al content (at%)

Fig. 5. Phase transformation behavior and phase
boundaries of Ti-44~46A1-8Nb-2Cr (at%).
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Fig. 6. Optical micrographs of the ingot of 45Al
heat treated at 1473K.
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Table 3. Results of compression test.

Compression stress (MPa)

Test .
temperature :art:e(j::;m 7 max 11 7 max 911
X 1473K X 10.8ks * 1473K X 360ks *
2% 104 101 66 108 68
1298
5% 104 104 72 143 91
2% 10% 74 52 81 55
1323
5x10% 88 61 118 78

* Heat treatment condition
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Fig. 8. Cross section of the isothermally forged
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Fig. 9. Opc‘lnial rlmcrographs of the isothermally for-
ed 45A
%a) Low mag., (b) High mag.
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