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Fig.1 Turbine blank (a) and profile morphology (b) of cast TiAl

alloy turbine
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Table 1 Chemical compositions of TiAl alloy turbine (at%)
Ti Al Cr \Y%
49.0 475 10 25
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Fig.2 Microstructures of TiAl alloy turbine journal area: (a) columnar crystal area and (b) final solidification area
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Fig.3 Compression (a) and tensile (b) specimens of TiAl alloy turbine
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Fig.4 Turbine journal (a) and its profile (b) (1-surface at the

transition fillet; 2-surface at the fine journal; 3-inner near the

shaft center of the fine journal)
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Fig.5 Variations of tensile strength and tensile strength loss rate of

turbine journal with pre-compression pressure
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Fig.6 Surface morphology and slip line formed at fillet transition

after stress compression of 610 MPa
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Fig.7 Surface morphologies of TiAl alloy turbine journal after stress compression of 610 MPa: (a) slip bands and (b) crack
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Fig.8 BSE images (a-c) and SE image (d) of internal cracks of TiAl alloy turbine fine journal after stress pre-compression of 610 MPa

before (a-c) and after (d) corrosion
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Fig.9 Macromorphologies of tensile fracture of TiAl alloy turbine
after 610 MPa stress compression: (a) turbine side fracture and

(b) corresponding shaft side fracture
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Fig.10 Tensile fracture morphologies of TiAl alloy turbine after stress compression of 610 MPa
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Compression Damage and Tensile Fracture Behavior of TiAl Alloy Turbine

Du Suigeng, Wang Songlin, Gao Man
(Engineering Research Center of Advanced Manufacturing Technology for Aero Engine, Ministry of Education, Key Laboratory of High

Performance Manufacturing for Aero Engine, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To study the mechanism of structure damage and the law of performance weakening of TiAl alloy turbine under pressure, an
experimental method was designed in which the TiAl alloy turbine was compressed and then stretched. The slips and microcracks on the surface
and inside of the compressed turbine journal were analyzed by SEM, and the tensile fracture morphology was observed. The results show that the
residual tensile strength of the compressed TiAl turbines gradually decreases as the pressure increases on the turbine. When the pressure reaches
610 MPa, the residual tensile strength is only 86 MPa, and the strength loss rate is as high as 70%. During the compression process of TiAl alloy,
the deformation damage characteristics are mainly interlamellar cracks supplemented by translamellar cracks formed. Lamellar cracks in the
direction of maximum shear stress at 45<to the compression axis are the main form of compression damage found in the TiAl alloy. The tensile
fracture of TiAl alloy turbine after compression damage occurs at the thin journal near the casting riser side of turbine. The microcracks in the
lamellar structure after compression deformation continue to expand under the subsequent tensile stress until the ligament bridge is penetrated, and
the small cracks merge into large cracks, resulting in a mixed fracture morphology along the layer and through the layer on the fracture surface.
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