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ABSTRACT: The work aims to reveal the influence of the structural characteristics of the casting and the difference of the
solid-liquid ratio of the mold shell on the filling rate, shrinkage rate and internal defect tendency of the casting.
Ti-48 Al-2Cr-2Nb alloy structural element castings were prepared by gravity casting with three different solid-liquid ratio shells.
The casting formability of 8 typical characteristic structures (plate, variable section, sharp corner, reinforcement, transition arc,
hole, ring and curved surface) with different size parameters, such as filling rate, shrinkage rate, number and distribution of
shrinkage / porosity and section shrinkage rate, was studied. The results show that, when the thickness of the plate is =6 mm,
when the thickness change rate of the variable section is =0.075, and when the Sharp corner is =90°, the mold filling is basi-

cally complete. The shrinkage rate of the casting is between 1.8% and 3.3%. Among the different characteristic structures, the
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average section shrinkage porosity of variable section is 0.012%-0.018%, and that of Sharp corner is 0.21%-0.46%. When the
solid-liquid ratio of the mold shell is 1.8 : 1 and 2 : 1, the porosity distribution area of the casting is only 10%-80% of that un-
der 2.4 : 1. The conclusion is that the filling height increases with the increase of casting thickness and angle. The structure and
size of various features have little influence on shrinkage. The factors such as wall thickness, thickness change rate, angle and
pore diameter of the casting will affect the quantity and distribution of shrinkage porosity. When the solid-liquid ratio of the
mold shell is 1.8 : 1 and 2 : 1, the air hole distribution area ratio of the casting is generally lower than that under 2.4 : 1. The
relevant results provide a favorable support for the development of common technology of structural design optimization and
precision casting process optimization of titanium aluminum alloy complex components.

KEY WORDS: TiAl; casting; characteristic structure; solid-liquid ratio; shrinkage; defects
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Fig.1 Schematic diagram of eight characteristic Structural Members
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Tab. 1 Size parameters and design purpose of eight characteristic structures
/mm /mm /mm /mm /mm

P12 / /
P14 40 80 4 / /
Pl6 / /
Va6 6 / /
Va8 20 40 / /
ValO 2 10 / /
Co30 / /
Co60 20 80 4 / /
Co90 / /
Fo2 / /
Fo4 40 80 4 / /
Fo6 / /
Tr2 / /
Tr4 40 80 / / /
Tr6 / /

Ho1005 5 10 /

Hol1505 40 40 5 15 /

Hol510 10 15 /
Ri2 / /
Ri4 / 40 / 80
Ri6 / /
Cu30 / / 30 80
Cu40 / 40 4 / 40 80
Cu50 / / 50 80

P1 mm  Va mm Co
Fo mm Tr
R mm  Ho 2 2 mm  Ri
mm Cu mm

1.1.2 HARMBEH&E
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Fig.3 Schematic anatomical plane of various characteristic structural members
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Tab.2 Filling height and filling rate of plate and

variable section castings

EfzEER

2.2 Y=

1.8%~3.3%

1%
2 Ti—48Al-2Cr—2Nb
Ti—6Al-4V
2Cr—2Nb
P12
mm

1.2%

1.8%~3.3%

Ti—48Al-

®4 AEARBFEEHTHOBEERSER

Tab.4 Casting shrinkage of structural elements with different
typical characteristics

1%

fem /% P12 1.91 14.96 /

P12 35.77 55.29 Pl4 1.93 3.16 /

Pl4 112.90 94.25 Pl6 1.87 3.68 /

Pl6 118.05 98.48 Co30 3.18 1.37 /

Va6 259 90.78 Co60 2.29 2.37 /

Vas 78,58 08,38 C090 3.28 4.60 /

Val0 78.56 98.35 Fo2 2.10 3.19 /

Fo4 2.08 3.54 /

3 Fo6 2.03 3.65 /

Tr2 2.56 3.49 /

Tr4 2.27 3.00 /

Tr6 2.73 3.40 /

Ho1005 2.28 1.72 1.01

Ho1505 2.33 1.92 0.74

= Hol510 2.17 3.56 1.01

90°

£3 LEREE 2.3 EBEEXR.IFMFLEHGHREEEM S

Tab.3 Filling rate of sharp corner

LA

1%

Co30
Co60
Co90

83.66
96.19
99.89
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Fig.5 a) Shrinkage porosity distribution area ratio of plates and section shrinkage porosity ratio of plate
structural members with different thickness
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Fig.16 Shrinkage porosity distribution area ratio and section
shrinkage porosity ratio of reinforcement structural members

with different thickness
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Fig.23 Pore distribution area ratio of castings with different structural parts under different solid-liquid ratio



14 11 TiAl 181
2102 BFERILNSHFELEREREHRREN
2
24 1
24
1.8 1 2 1 24
1.8 1 1.8 1
2 1
1.8 1 1.8 1
2 1
24 1 Ri2
1.8 1
0.6 0.35 0.9 ;
I EH (L8 1) 0.8} S5m0 1)
05| SERLC:D) 030+ | B 041
<[ B4 1) 0.7t [ 24:1)
< 04] o 020 < 067
5 W 0201 s 0.5f
% 03} Jﬁ % i
= = 015+ = 04
& 02! ® § 03}
. 0.10 02t
0.1} 0.051 0.1r
0 0 0
Pl4 Pl6 Va6 Vag Valo Co30 Co60 Co90
a R b ZFEE ¢ RFf
0.9 0.50 0.20 = -
E B L (1.8 : 1)
085 %%% gl 5y 0.45 — Bharet’ 018 Swicoin
0.7 | B MhiE 2471) 0.40 - B EwE 240 1) 0.16 | @4:1)
< 06 o 0357 2 8'1‘2"
> & 030+ dl
B 05y ¥ I ¥ o0}
5 27 025 =
=2 04} = 0087
& = 020 .
03t 0.15 - 0.06
02 r 010 F 004 I
0.1 -,—l_l 0.05 0.02 |
0 o 0 V_‘_L 0
Fo2 Fod Fob T Trd Te6 Ho1005 Hol505 Ho1010 Hol510
d i e I f 1L

Fig.24 Section shrinkage porosity of castings with different structural members under different solid-liquid ratios

it
8

3

1

1.8

2 mm

\%

=8 mm

12 1 24 0.075

=90°
2 Ti—48A1-2Cr—2Nb
1.8%~3.3%

=6 mm



182

2022 11

5%~10%

R

0.012%~0.018%
0.21%~0.46%

4
1.8 1 2 1
24 1 10%~80%
2 1
S Rk :

(1]

DIMIDUK D M. Gamma Titanium Aluminide Al-
loys-An Assessment within the Competition of Aero-
space Structural Materials[J]. Materials Science and
Engineering: A, 1999, 263(2): 281-288.

s s , . TiAl

[1]. , 2010, 29(2):
24-30.

LI Fei, WANG Fei, CHEN Guang, et al. Review of the
Investment Casting of TiAl Based Intermetallic Al-

loys[J]. Materials China, 2010, 29(2): 24-30.

YOUNG-WON K. Ordered Intermetallic Alloys, Part III:

Gamma Titanium Aluminides[J]. JOM, 1994, 46(7):
30-39.
SVOBODA J, FISCHER F D. A New Approach to
Modelling of Non-Steady Grain Growth[J]. Acta Mate-
rialia, 2007, 55(13): 4467-4474.
, , . J1.
, 2007, 31(6): 834-839.
SHI Yao-jun, DU Yu-lei, CHEN Guang. Progress in
Research on High Niobium Containing TiAl-Based Al-
loy[J]. Chinese Journal of Rare Metals, 2007, 31(6):
834-839.
. TiAl [D].
,2009: 1-2.
WAN Yuan-bin. Study on Investment Casting Defects

[10]

[16]

[17]

of TiAl Alloy[D]. Harbin: Harbin Institute of Technol-
ogy, 2009: 1-2.

. TiAl
] ,

> > b

2002, 22(5): 11-12.
SU Yan-qing, LIU Chang, BI Wei-sheng, et al. Influ-
ence of Casting Processes on Shrinkage Distribution in
TiAl Based Alloy Shaft Castings[J]. Special Casting
Nonferrous Alloys, 2002, 22(5): 11-12.
- ( )—

[J]. , 1990(1): 61-69.
PAN Yu-hong. Analysis of Common Defects of In-
vestment Casting (VII)—Shrinkage and Porosity[J].
Rock Drilling Machinery & Pneumatic Tools, 1990(1):
61-69.
CHEN Yu-yong, ZHAO Er-tuan, KONG Fan-tao, et al.
Fabrication of Thin-Walled High-Temperature Titanium
Alloy Component by Investment Casting[J]. Materials
and Manufacturing Processes, 2013, 28(6): 605-609.
JOVANOVIC M T, DIMCIC B, BOBIC 1, et al. Micro-
structure and Mechanical Properties of Precision Cast
TiAl Turbocharger Wheel[J]. Journal of Materials
Processing Technology, 2005, 167(1): 14-21.
RISHEL L L, BIERY N E, RABAN R, et al. Cast
Structure and Property Variability in Gamma Titanium
Aluminides[J]. Intermetallics, 1998, 6(7/8): 629-636.

( )r— [J].

, 1989(3): 53-61.

PAN Yu-hong. Analysis of Common Defects of In-
vestment Casting (V)—Pore[J]. Rock Drilling Machin-
ery & Pneumatic Tools, 1989(3): 53-61.
SUNG S Y, KIM Y J. Modeling of Titanium Aluminides
Turbo-Charger Casting[J]. Intermetallics, 2007, 15(4):
468-474.

=%
>ad

K s . TiAl
[11. , 2013, 49(11):

b

1281-1285.
CHEN Yu-yong, JIA Yi, XIAO Shu-long, et al. Review
of the Investment Casting of Tial-Based Intermetallic
Alloys[J]. Acta Metallurgica Sinica, 2013, 49(11):
1281-1285.

. Ti-48A1-2Cr-2Nb
[D]. : , 2014: 49-50.
LI Lu-yao. Study on Investment Casting Property and
Microstructure of Ti-48Al1-2Cr-2Nb[D]. Harbin: Harbin
Institute of Technology, 2014: 49-50.

. ZTC4

[31. , 2012,

b E >

32(2): 133-136.

CHU Yu-dong, CHANG Hui, HUANG Dong, et al.
Numerical Simulation of Centrifugal Casting Process of
ZTC4 Ti Alloy Case[J]. Special Casting
Alloys, 2012, 32(2): 133-136.

FU P X, KANG X H, MA Y C, et al. Centrifugal Cast-
ing of TiAl Exhaust Valves[J]. Intermetallics, 2008,

Nonferrous



14

11 TiAl

183

[18]

[19]

16(2): 130-138.
[J1.

, 2011, 40(S2): 417-420.
LI Chang-yun, WANG Kuang-fei, XU Lei, et al. Rota-
tional Velocity Determination for Titanium Alloy Melts
during Filling and Solidification Process in the Cen-
trifugal Casting[J]. Rare Metal Materials and Engineer-
ing, 2011, 40(S2): 417-420.
YANG L, CHAI L H, LIANG Y F, et al. Numerical
Simulation and Experimental Verification of Gravity
and Centrifugal Investment Casting Low Pressure Tur-
bine Blades for High Nb-TiAl Alloy[J]. Intermetallics,
2015, 66: 149-155.

. TiAl
[D]. ,2007: 5.
ZHOU Hao. Shellmould Fabrication for the Investment
Casting of Titanium Aluminides[D]. Harbin: Harbin In-
stitute of Technology, 2007: 5.
YANG K, YANG Z J, DENG P, et al. Microstructure
and Mechanical Properties of As-Cast p-TiAl Alloys
with Different Cooling Rates[J]. Journal of Materials
Engineering and Performance, 2019, 28(4): 2271-2280.

[22]

(23]

[24]

[25]

JIA Yi, LIU Zhi-dong, LI Sha, et al. Effect of Cooling
Rate on Solidification Microstructure and Mechanical
Properties of TiB,-Containing TiAl Alloy[J]. Transac-
tions of Nonferrous Metals Society of China, 2021,
31(2): 391-403.

[J1. ,
2015, 42(9): 135-141.
ZHANG Kai, LIU Ting-ting, ZHANG Chang-dong, et al.
Study on Deformation Behavior in Selective Laser
Melting Based on the Analysis of the Melt Pool Data[J].
Chinese Journal of Lasers, 2015, 42(9): 135-141.

[D]. ,2017: 18.
LI Dong-fang. Optimization of Support Structure and
Technology Research Based on Selective Laser Melt-

ing[D]. Beijing: Beijing University of Technology,
2017: 18.

. TiAl
[D]. ,2018: 1-2.

ZHANG Shuang-qi. Study on Investment Casting Shell
Deformability of TiAl Alloy[D]. Shenyang: Shenyang
University of Technology, 2018: 1-2.



