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Table 1  Chemical composition of GH4096 alloy (ω/%) 

Cr Co W Mo Nb Al Ti C Zr B Fe Ni 

16 13 4 4 0.7 2.2 3.8 0.05 0.05 0.015 Å0.50 Bal. 

 

 

 

 

 

 

 

 

 

Æ 1  GH4096GHK7LABÇÈÉÊÆ 

Fig.1  Sketch diagram of preparation process of GH4096 alloy 
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Fig.2  Sketch diagrams of three kinds of remelting smelting pro- 

cess: (a) vacuum arc remelting, (b) electroslag remelting, 

and (c) electroslag remelting continuous directional solidi- 

fication
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Æ 3  GH4096GHÖ& 3D5678?@ÉÊÆ 

Fig.3  Sketch diagram of multiple integral forging process of 

GH4096 alloy billet
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Æ 4  4MRP+����; GH4096GHIJK7L;¦×XYQHfXY 

Fig.4  Macrostructure and OM microstructures of forced air cooled solution+aging treated GH4096 alloy labyrinth disk forging 
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Æ 5  ØÙÚ��A¢; GH4096GHIJK7L;#×HfÛÜQjk�iÛÜ 

Fig.5  High magnification OM (a, c) and SEM (b, d) images of GH4096 alloy labyrinth disk forging under oil cooled solution+aging 

treatment (a, b) and forced air cooled solution+aging treatment (c, d) 
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Table 2  Characteristics of precipitated phases of GH4096 alloy disk subjected to different solution cooling regimes 

Primary γ'  Secondary γ'  Tertiary γ' 

Cooling process 

Size range/um Volume fraction/%  Mean size/nm Volume fraction/%  Mean size/nm Volume fraction/% 

Oil cooled 0.3~4.5 10  50 27  12 3 

Forced air cooled 0.3~4.5 11  75 25  18 3.5 
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Table 3  Typical mechanical properties of GH4096 alloy labyrinth disk forging 

Room temperature tensile property  750 Ý tensile property 

Cooling process 

σ

b

/MPa σ

0.2

/MPa δ

5

/% Ψ/%  σ

b

/MPa σ

0.2

/MPa δ

5

/% Ψ/% 

Oil cooled 1562 1190 22 23  1175 1030 16 20 

Forced air cooled 1528 1101 24 25  1160 1006 16 21 

Creep property  Low cycle fatigue 

Cooling process 

T/Ý σ/MPa τ/h ε

p

/%  T/Ý R

ε

 ε

t

/% N/cycle 

Oil cooled 704 690 68 0.07  650 0.05 0.8 Þ5010 

Forced air cooled 704 690 68 0.129  650 0.05 0.8 Þ5010 
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Æ 6  ØÙÚ��A¢;qßµ 700 Ý/690 MPa·£¤à 0.2%NáâXã;lm�iÛÜ 

Fig.6  TEM images of post creep dislocation substructure interrupted after 0.2% strain at 690 MPa and 700 Ý for the samples under oil 

cooled solution treatment (a~c) and forced air cooled solution treatment (d~f) 
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Fig.7  C-scan of clutter distribution of GH4096 alloy labyrinth 

disk 
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Fig.8  Residual stress of the oil cooled (a) and forced air cooled (b) 

GH4096 alloy labyrinth disk 
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Fig.9  Deformation of oil cooled and forced air cooled solution 

treated GH4096 alloy labyrinth disk forgings during 

machining 

0.9

0.3

0.34

0.75

0.2

0.1 0.1

0.05

Rough finishing

profiles

Semi finishing

profiles

Finish turning 

profiles

Finish  turning 

labyrinth

0.0

0.2

0.4

0.6

0.8

1.0

D
e
f
o
r
m
a
t
i
o
n
/
m
m

 Oil cooled

 Forced air cooled

Forced air cooled 

Oil cooled 

a 

b 



Ë1332Ë                                           ÌÍHÎ%&Ï?È                                          � 50� 

� ���GH4096 �����	
�� 115%
������ 

���� 

Table 4  Deformation rate of full-size GH4096 alloy labyrinth 

disk after 115% over-running test 

Measuring position Deformation rate/% 

1# (maximum diameter) 0.011 

2# (medium diameter) 0.008 

3# (minimum diameter) 0.011 
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Development and Testing of Novel Casted & Wrought GH4096 Alloy Labyrinth Disk 
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Abstract: The GH4096 alloy aero-engine labyrinth disk forging was prepared by a novel casting & wrought method which included 

electroslag remelting continuous directional solidification, multiple integral forging, die forging and other process. The effect of different 

cooling rate after solid solution treatment on the microstructure and properties of forgings was analyzed. Microstructure of forgings were 

analyzed by optical microscope (OM), scanning electron microscope (SEM) and transmission electron microscope (TEM). Mechanical 

properties of forgings were tested. Multi-zoned ultrasonic focused inspection was used to detect the quality of GH4096 alloy forgings. In 

addition, full-size labyrinth disks were manufactured and tested. The results show that two kinds of heat treated forgings possess the 

comparable grain size of 5~20 µm and primary γ' size of 0.3~4.5 µm. Compared with oil cooling of solution treated forgings, the forced air 

cooling of solution treated forgings possess coarser secondary and thirdly γ' phase, less secondary γ' phase content, lower yield strength, 

lower creep property, but lower residual stress and machining deformation. There is no single reflected signal higher than that of Φ0.4 

mm-15 dB, and the clutter signals are lower than Φ0.4 mm-21 dB. The forced air cooled solution + aging treated full-size GH4096 alloy 

labyrinth disk passes the over-running test and burst speed test. 

Key words: GH4096 alloy; novel casting & wrought method; microstructure; mechanical property; residual stress; ultrasonic inspection 
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