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Abstract: Taking a ZTiSSA titanium alloy large-scale skeleton as the research object, through the method of segmental

casting and welding, investment mould precision casting and posttreatment technology were systematically discussed.

Three-stage split casting and welding processes are used to successfully prepare whole casts, and defects such as cracks are

effectively controlled. The moulding quality of castings can be significantly improved by the reasonable design of wax

mould preparation, shell preparation, melting pouring and subsequent pickling and repair welding processes. The results

show

that complete filling of the whole casting is successfully achieved, and the process parameters suitable for ZTiSSA

titanium alloy are determined. The a-brittle fouling layer is effectively removed during pickling. In addition, the proposed

repair welding process can repair the solder joint crack and ensure the mechanical properties and dimensional accuracy of

the casting.

Key words: ZTi55; high-temperature titanium alloy; investment casting; posttreatment

B B L ZS LR RAT AR AR BT T e A, K B R R B O R 7R AT AR O B
Ty ZHAF A g i ka1 S 2k A AR BEJRE B A9 R AN =S K sh AL R o (R 45 2 1
TF R B S P R AR X R, X SEE S BRI — SR AT — R R A e R %
R FARTE TR EAE R IR, Rl e BORWHD iz, ARMIE G TG S #HEE R
JC e 00 R T A R AR DT RO VERE R OR H AR OSSR D RGO 52 B [ B BOR BB BR %, 52

s,

%5 B H#A:
E&mA:
TEEE e

BAESE:
5 A&

TEULTET 50T 8K G ShG % ¥ s HoR A HL e TEERA SRR T4 K 5 [ e S itk K AF
2024-07-19
[ B B 1R 4F B i £ 5 H (2019-112)

X 1991 A2 AR RE LRI, EEM BB G &5 SIS BRGS0 T 5T kD20 S N AR 5 i )
. Email: 15104605670@126.com

25 56,1976 A4 WL i SRR 32 2 MK K Bk G A 5 i OREAN S B R 75 T Y 1A . Email: sevenholly@163.com
Xz, 250 XN Fa iR RN ZTi55A BG4 KRB BRI A 55 it B Ab 32 T 20T 52 [J]. #5 ik 1 R , 2024, 45(12):
1160-1168.

LIUY C,LIH, LIUZJ,MENG ZY, ZHU X P. Study on the investment casting and posttreatment of a large skeleton in ZTi55A titanium
alloy[J]. Foundry Technology, 2024, 45(12): 1160-1168.

hE40M  https:/www.cnki.net



o [ %01

CHIER A N12/2024

NMN=B, % . ZTiISSA U EE KB BRBEFGEREREIEZEHAR

-1161-

FERE 2R, N T S/ — 2285 IR R E N T
F 5 oK 38 V)T EARAE A B A0, BT R E &
B R RUEE T2 0 %

H AT, E MR ZBHF A 5L IEFE S F 3R
T Ak 4 5 1 G R0 3 AR R 101 i 87 7RO
/N U258 3o AR Ak 8 T AR G T A AR L L
3D FTENERE B 8 A 7 il 48 DI MR be 1 125, i)
il & T HARHE 1100 mm A9 KA TC4 4k & 4 h A
PUEL I BRG S5 18, T2 W22 S5 PR F G BSOS o5 1 R AR
FET P REE KA £ B, R R LT B
SR TIRE RS @ e 5 e AR gL O B R
e O Tk LS S 28 O R R R T
T1 A, PR MR RIS R S B
25 W TR AN S G 00 T2, T v K
1260 mm, HA & 7% =W gk K N 25 ek & &
PTG, 2% S8 5 3 B S R AR
B 728 T 48 it R AR AT A B BV R T4 R T 5
KAVERG &SI B RS RE B, X SemiFoe &
W AR A P T AR S A, v DA R YR
RUAG ZEK A 2 1 AL TP i i 2 H R PR

B AT A 6] TS g T R SR R Wi B T R
FEREE T 32 550 °C LA b il BE i R AL & A 5 1 1 v
RARGS&LREXEE, Bl NS CELET
Ti-Al-Sn-Zr-Mo-Si & i m ik & 4, nse E Y IMI
829 FI IMI 834, k% Hr iy BT25 1 BT36., 3£
Ti-6242S 1 Til100, LA & H [ /% Ti55 . Ti60 F1 Ti65
AEOSIN A X SRR AR G A B U R T S R RE
HIE T EATHRE % 0T LR B0 i
T REZBERG SRS H MBI R T TCA 8RB 4.
TC4 B4 4 1+ B[R] 7 IR B2 24 300~350 °CH&
HEp S 2Gadnd Wtk BEARSFH ., MLk
2T, mikAEh TR, 282,
FE ) e, L, 7R R RS AR B R
LR 7 il P 50 S AR 45 T AP B B S R R
Z, BTN B A R X R KA A I R

SE LTS T2 MG AT 2P0,

AR GERAY A% RE B LS R 75 0K, 2
BHTIHE R BOCHI R R, RGBS %% T2
X ZTi55A KAVE BG4 ol A= 7 o 38 5 B0
P T ARG A T2 i S R M, il A
At IR 4 T RV RE A B T RS R T Al R
IR 78 BT 7 S AR, N R SRt AR R B T
IS HLA

1 ZBWHMBEFIE

1.1 SHEERH R

BTy R SR A5 H e R AN R ST 29 R
1 600 mmx800 mm , & 1 JE [ % - i 25 4 | B J5
/NF 3 mm, A RR ;T AR R, SR
TEFH I ZTi55A Hi kG 2 —Fop B s i ek & 4
HA SOl I (0%, %) :5.5 A1.3.5 Sn 3.0 Zr
0.7 Mo.0.3 Si 0.4 Nb 0.4 Ta, 43 # Ti,
1.2 $HiEIEEIT

L5 7% I8 ZTi55A AR HEZR 85 14 1) OB K Ab 47
T R A T 22 5004 AR o5 AL 455 an i A 20
il 5 Y B A A AE BT S R g 2 G g, el B AR
PSR I R R, DL AT p AL AL 5T T 2%
PERE LA B 12 50 B S BUN B s B, RS T2
T B SR H ar B S AR T AR TR TA
33X — 07 VR LA T AR B A 7R DL SR L
— 25 ¥ AR R I AE A

T2, BT s a7 P A S 8UF AL
) ST, 2 R R R iR A B3 sy, DRI I SR e A 8 7
DI/ R 18, BLAh, R T B RS RE RS IR 7E A
I/ % R 5 g iy O AT R T R R HE A, A
MARIESE R & h, AT HSRA TR HE R E
vt i, BRNEG T A% AL ILA
J5 T o

(DESBIAHI A BRI A8 R FISOG P SO 3%
2%, JO T AL R R PR B WA O FLE T AR AR T

1 RAVE BRAL L5 < (a) 22 AL 1AL 5 (b) A AL
Fig.1 Structural diagram of a large skeleton: (a) left side view; (b) right side view
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Fig.2 Flow chart of the precision casting shell-making process
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Fig.3 Curve of the shell roasting process
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Fig.4 Schematic diagram of a large-scale skeleton segmented test piece: (a) front section; (b) middle section; (c) rear section;
(d~f) pouring system for the front, middle and rear sections
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Fig.5 Large-scale skeleton segmented test pieces: (a) front wax mold; (b) middle wax mold; (c) rear wax mold; (d~f) scan results for
the front, middle and rear sections
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Fig.6 Large-scale skeleton segmented test pieces: (a~c) front, middle and rear sections before pouring; (d~f) front, middle and rear
sections after shell cleaning and sand blowing
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Tab.1 Equipment for the chemical composition test

Alloying element Testing equipment Model number

O,N Oxygen and nitrogen meter ON-5500
H Hydrogen analyzer EMGA-821W
C Carbon sulfur analyzer ELEMENTRAC CS
Other/sum Inductively coupled plasma 5110/ ICAP 6300

emission spectrometer
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Tab.2 Standard composition of ZTi55A alloy and the composition of segmented skeleton casting

(mass fraction/%)

Alloying element Ti Al Sn Zr Mo Si Fe
Standard matrix 52~5.8 3.0~4.0 2.5~35 0.2~1.0 0.1~0.5 <0.25
Measured matrix 5.66 3.61 2.9 0.7 0.29 0.02

Alloying element N H O C Nb Ta Other single/sum
Standard <0.05 <0.012 <0.20 <0.10 0.2~0.7 0.2~0.7 <0.10/<0.30
Measured 0.01 0.002 0.17 0.02 0.38 0.36
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Fig.7 Overall large-scale skeleton investment casting: (a) process plan; (b) corresponding wax mold and tooling combination
RIZTISSAERER T RERSREHR S
Tab.3 Standard composition of ZTi55A alloy and composition of integral skeleton casting

(mass fraction/%)

Alloying element Ti Al Sn Zr Mo Si Fe
Standard matrix 5.2~5.8 3.0~4.0 2.5~3.5 0.2~1.0 0.1~0.5 <0.25
Measured matrix 5.4 3.6 2.9 0.7 0.2 0.03

Alloying element N H (0} C Nb Ta Other single/sum
Standard <0.05 <0.012 <0.20 <0.10 0.2~0.7 0.2~0.7 <0.10/<0.30
Measured 0.01 0.004 0.11 0.01 0.4 0.4
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Fig.8 Overall skeleton: (a) castable shell; (b, ¢) front and back of the integral casting
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Fig.9 OM images of « brittle stain layers in samples with different thicknesses: (a) 5 mm; (b) 10 mm; (¢) 15 mm; (d) 20 mm
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Fig.10 Casting arc cover: (a) before external welding; (b) after external welding; (c) before internal welding; (d) after inner welding
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