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Study on the Investment Casting Process, Microstructure and Mechanical
Properties of Large—sized Structural Components in ZTi60 Titanium Alloy
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Abstract: To address the problems of a long development period, high risk and high cost, the investment casting process
and microstructure properties of large component reduction parts of ZTi60 titanium alloy were studied to provide technical
support and test verification for the process design and optimization of large components. On the basis of the characteristics
of the ZTi60 alloy, the casting process parameters of the reduced parts were designed, and the pouring system was designed
and simulated via computer software. In addition, a hot isostatic pressing test with different parameters was carried out on a
single casting test rod to determine the best hot isostatic pressing process for ZTi60 castings. The weldability of ZTi60 was
tested after further increasing the difficulty of welding in the difficult position of the complex structure, and the
microstructure, chemical composition and mechanical properties at different positions were tested. The results show that the
casting is complete, and no obvious defects are observed on the surface of the casting. After hot isostatic pressing, the
dense porosity is effectively improved, and the casting has good weldability. The chemical composition and structure of
each part of the casting are uniform, whereas the grain size varies significantly. The mechanical properties are greater than
the performance indices.
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Fig.1 Schematic diagram of the casting structure of the fuel tank skeleton: (a) left side view; (b) right side view
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Tab.1 Chemical composition of ZTi60

(mass fraction/%)

Element Al Sn Zr Mo Si

Nb Ta N H O C

Content/% 5.5~6.6 3.5~4.5 3.2~3.7 0.3~0.7

0.3~0.5

0.3~0.7 0.1~0.5 <0.05 <0.012 <0.2 <0.1
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Fig.2 Shape and contour size of the scaled test piece
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Tab.2 Parameters for the shell-making process

Serial number Name of parameter Parameter values Serial number Name of parameter Parameter values
1 Top layer 2 3 Reinforcement layer 6
2 Transition layer 1 4 Sealing paste layer 1

RIFBLRBHBEEREITIZSH

Tab.3 Melting and pouring process parameters of the scaled test pieces

Serial number Equipment Name of parameter Parameter values
1 Trolley type resistance furnace Shell preheating temperature (400+25) C
2 Trolley type resistance furnace Shell holding time =2h
3 Vacuum consumable condenser furnace Degree of melting vacuum <1.0Pa
4 Vacuum consumable condenser furnace Melting current 18 000~22 000 A
5 Vacuum consumable condenser furnace Melting voltage 35~45V
6 Vacuum consumable condenser furnace Cooling time =40 min
7 Vacuum consumable condenser furnace Metal cast 120 kg
x4 RGP RN H E
Tab.4 Method of hot isostatic pressure test
Scheme Specification/mm  Temperature/C Holding time/h Holding pressure/MPa Cooling mode Oven temperature/ C
I $20 920 2 120 Furnace cooling <300
I $20 960 3 135 Furnace cooling <300
111 $20 1060 2.2 135 Furnace cooling <300
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Fig.3 Design of the casting wax pattern and gating system: (a) sprue and pouring system; (b) combined system; (c) stiffener and
auxiliary pouring; (d) sprue and core
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Fig.4 Distribution of casting defect simulation results: (a) risk of underpouring; (b) isolated liquid phase area; (c) shrinkage porosity;
(d) oxidation inclusions
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Fig.5 Rapid prototyping wax model and its size: (a) segmented wax model; (b) wax model combination; (¢, d) wax model dimensional
accuracy
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Fig.6 Preparation of the wax mould tool and mould shell: (a) wax mould tool; (b) mould shell
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Fig.7 Castings after pouring: (a) after pouring; (b) after cleaning the shell and blowing sand
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Fig.8 Appearance and X-ray test results of the sample in Scheme I: (a) appearance of the sample; (b) X-ray test results
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Tab.5 Optimal HIP process

Temperature/ ‘C Holding time/h Holding pressure/MPa Cooling mode Oven temperature/ C

960+10 2.5~3.0 130~140 Furnace cooling <300

Pl 9 75 % TIL i RE A L
Fig.9 Appearance of the sample in Scheme III
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Fig.10 X-ray test results of the sample in Scheme II: (a) appearance of the sample; (b) X-ray test results
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Fig.11 X-ray test results of the HIP system samples in Scheme II: (a~f) different batches
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Fig.12 Typical defects of castings are fluorescent after welding: (a) web penetration; (b) inner arc fillet; (c) thick area penetration
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Tab.6 Tabulation of the chemical composition analysis
results at different sampling locations
(mass fraction/%)

Sample
No.1
No.2
No.3
No.4
No.5
No.6
No.7

Si
0.38
0.38
0.38
0.37
0.38
0.40
0.40

Zr

33
3.31
3.28
3.30
3.29
3.32
3.42

Al
5.84
5.78
5.77
5.74
5.58
5.78
5.92

Nb
0.36
0.36
0.36
0.36
0.32
0.36
0.37

Mo
0.98
0.96
0.96
0.96
0.90
0.96
0.98

Se
3.57
3.58
3.56
3.56
3.47
3.56
3.65

Ta
0.20
0.19
0.19

0.2
0.18
0.19
0.20
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Fig.13 Schematic diagram of the sampling for the chemical
composition tests, metallographic observations and mechanical
property tests of the casting
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Fig.14 Chemical composition analysis results at different
sampling locations

RARHEAEHIE T 2R, A7 2 WA P 0
B 52 L0 11 PR,
AR 8 A A PEAE 4 GRS BV RS B R
TSR - R 5 5 T RERE AR
3 it

(LY 57 B KR 45 L 0 6 9% 2
R RO TE (L LI | 8 6 0 AU 52
e TR G §6 R T8 G, 01
(L Yo W RIS e

[l 15 5 4 A [a) HURE A7 8 1) 4 #H ] 2 (a~g) samples No.1~7
Fig.15 OM images of the casting at different sampling locations: (a~g) samples No.1~7
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Tab.7 Average grain sizes of the casting at different
sampling locations

Sample number Mean diameter/pm Grain size
No.1 553 M-11.5
No.2 1159 M-9.5
No.3 565 M-11.5
No.4 1224 M-9.5
No.5 968 M-10.0
No.6 1238 M-9.5
No.7 434 M-12.5

RS HHMBERNENERNS RN NF K

Tab.8 Room-temperature and high—-temperature tensile

properties of the attached test bars on the casting

Test temperature  Date type R,/MPa R /MPa  A/%  ZI%
Measured 1069 959 6.5 8
Room temperature  value 1078 968 6.0 8
Index =980 =880 =6 -

Measured 669 517 8 12

600 'C value 675 500 8.5 26
Index =600 =470 =8 -

Measured 618 482 13.0 31

650 C value 613 475 12.0 28
Index =580 =450 =10 -

Measured 521 388 34 46

700 C value 552 419 16.0 39
Index =460 =380 =12 -

Measured 452 334 37.0 58
750 C value 466 329 36.0 -
Index =380 =300 =15 -
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5 2R e R E A S T 300 C,

RLJEE 22 5 BK 22 kg

(3)ZTi60 F 1 BA R4 iy ol 4544
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