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322 EBHIERDT

AESDITERTM, RE—FE. HMEIRE
7, EXEBERENBOEERS, BFTEENEMN
. BRIEEOEER, WAKEERSE TR
BEFMMAEEE . B2 HSZiHEILLEO
REHAE, IMEMREALT, FBINKEKIBAIAIN
75

323 RERGZHE

ATFHEEHERIIEBRI K. HENSR, BEE
BIZHEEFEEE TR :

(1) RitEENRRESERELRFORER
EbBIRER, LURIERR OIRE BRI R ;

(2) RFBEENENREERE@, AE5HFE
(E6) EEZRBEATHTRESETEZRESE
ANREmreERE, SERANRRE ., SFHHFRNEBT

A
<o

324 [FEFARIT
ERBEHHIRBEEASTE, MMRILEEERE,
BEERENEHEEELFRTE, mEEENVERGR

E4 fERiaEATNE
Fig. 4 Wax pattern and gauge

®1 IZERIAR

Table 1 Scheme of process simulation

TAZH E S E
DeTEIRE/C 1700 1700
RIGEIRE/C 500 230

B/ (v min™) 180 120
GETERTR]/s 20 20




20214 SE2HA/5E70%

e, RETIZ8H, BUERBERANFES
MR, OB T RREARSR, AIE7FR.

325 ETAEFRAIILERIT

FHHEB S NS RIEN, TESTIR
FhIfEEERE DS EEEp I B IR MR, BN
THHZE. X SFTSEEREHRMEIXEK . B
HERANZHER, &IFE TR AANEEN R
FER, RAMRER/EE B IBAERRRAINEG, 12

- A '- ‘tt
Fé*;%;ﬁ FOUNDRY

SHEHMRE, RtHETERESITE, Ml
REHG NI EPRIZR, EsR <.

3.3 #lEEK

BHIEERERT R, BEE. BREE, TR
BERZKESENTEMEN . RIEREREANRER
kS, IRENENEBRTEAKE. FHlLt,
MABNNEEZRIERERENEE, HEERFIEF
ZINE, HIHREAREBIREEER.

'.‘%S:: 14 s 7 BIfE L

;: :.;e:wf#::&a
F | = 2

Es TITZRUFTEFZELRE
Fig. 5 Simulationsof mold filling and solidification processes



Vol.70 No.2 2021

13 ] Founore KATESEIE

331 HIFERIF

BT RARER TBEIEREEFIHMFIN
IR, REEFTisk, BN TRENKANEI S
MEEE, AR IZREME. AIRITHIET TR
REHRI, REMEMALIRERM .

332 HIFILZMHEIAR

SEEERFITHNEAMEE R —ERRESEHHN
FEHE, BERSREEASRFERRZ—. B
H—LTReRaEHHRE, BEEFEH, XAR
HERFA R (EARAE ) BRERMERFEMR (L2
BRRtENE ) , BIREREIERE, RERERL,
TEREHRSGNHEEREIISR . EXENEE, H45
FEIEHRERIRERLD .

3.4 BUREIZHEAHAR

FHERSEREBETIZ2H, 2FRIEKEMR
FRBEHNXRERT . HTREERELREESE, AR
REBHEN,. 0,. HFESHREERN, HRKEE
BEMNRTIIREAETRETHIT, BHLKRS
1%, XFBLEAEWHN,. 0,. H,E8BEEENK,

TZSHAE -

(1) BE=E. BIHBRIKRENL, BERSHE
=E, BEX=ENFENTF4Pa,

(2) B2 . BTFHHEBRIK. BEEE, E
BRITENGEY, TERSNBEKEREE, WTETH
Ak, ERIEBEABEISNERT, ESREN
XESERERSBERA. B, AMEREBEFD
BTFReRE, EREBGERRNREZ LERT
R ZZE LRSI, RENBEBRSE: Bl
FBIE934~50 V; JA{LERA/928 000 ~32 000 A; 1AM
SkBEHEHSSITE,

(3) BLER. BB 0BRENE. EEHG
FEEROKEE, IRIBIEBICITTEAN:

n=299/GIR (D

N nABOEER (rimin) ; CAENRE; RAB
OEIREFOEFHREEE (ecm) . EEHHE
MRS, 1THEIEBRYE OFE/I200 r/min,

o, REEHIMCEBRIRX, SIETERNE
KPFELURIEELR B BB EERZIRITERER FIEDO
5, WE9FR.

3.5 HHELGERTES
35.1 HEHHGMEBERHT T 2581t

BIIX L AERERIEFHER I LI, HHER
FHEVNEBEEFE—ENEEE. SKIBHEGHTER

Ee tERASTIZE~=E
Fig. 6 Diagram showingwax pattern assembly process

E7 wEhERIZsERE
Fig. 7 Process reinforced bar for wax pattern deformation prevention

E8 TRHEaTE
Fig. 8 Special combination tooling



20214 SE2HA/5E70%

- A '- ‘tt
*’é*;%ﬁ FOUNDRY

B9 EiE. Bhhr=E
Fig. 9 Schematic diagram of packing and furnace loading

FHELEFIEFSIN, NBEREGZTER, 8
T ELOFRAIRAERF LR Tk . B A®EN
IAHER, BEFETEZRSHERR, NBRE
IEHIETERET —EMR, AEREEFHEL
L EMEREESIELS mmAa.

35.2 HHETETRGT T ZMHHAR

AT REBFEHZEEHIRITRNUERE, 8
IHHETRRIRE, FRTTRRZIZXN. &
B U T M RARRE TR B, B
AR TS 2R1F02.

MBI D R2RIFARS R ITHIC G, 54
ZYEREN=2FUGNER, HEAORTRERE
1EHITELS mmAf o

R2 HEBHRIEZAELL
Table 2 Comparison of thermal orthopedic procedures

E10 #bRpATER T %
Fig. 10 Deformation prevention tooling for heat treatment

e I 7% 4 et ]
AR 1 1
FRHEIAS . X e e
ISR i FHBH—EN e AR
AR s
PP TINE 5 AR PF bR L
AL %L BRI 4 (T fITAR T AL
TR 7% WX, FERHIEE  gRRERRE SR, BHEER
IR SRS REREARAT SR L Al
AT A ARk ASTAR A IE
o TEALTF, TS
BT mQ%@’ﬁ%ﬁg 2%, HIE HE PR
EEFNER, RIFL :
Eib551A INVIPN

g B AR IE




=
{EL% Founory JRIR IS Vol.70 No.2 2021

3.6 ERESESHEEHRHIER

(1) WHE. BE. FE. Bt AFTEHSIERIIRARERE. TJiE.

(2) HFHREFECIB28IAZ IZEBRIGIW ER . RIREFEHB6103—2004/CT7, L&, #HEFEH
g*o

4 HERIE

RESMAEEBFHEENNKEIBRFEENRFEES, REBAXRARSEIMELLREERAEE. B
ORERE . BSHEHRE, UTHEXBIREHITIES:

(1) HESEFIESH RIS T ERE A ER NS S HTBEEHFER ITBERHNXRE, RERG
EHRTH TR RN AR ER S S B BRHERTRINEETE;

(2) HXRBERREHH, NMESBNBOEE. RETNEE, EBOFERNEMINERIBAIIK
EO#ME, BEBEMIRSRE;

(3) REHENRIUANRIRRRIT, IEERESIAESHHATIEE, RERARESE.

SE L

[1]1 BB, WIRR. REEZLERRERSSEHERIMAT [J]. FEHSESE SR, 2001 (2) : 12-14,

[21 SN REEEEEHENHELDMERERE [J]. 518, 2012 (4) : 347-356.

[3] WEI Yameng, HU Kehui, LU Zhigang. Effect of SiO, concentration in silica sol on interface reaction during titanium alloy investment
casting [J]. China Foundry, 2018 (1) : 23-30.

[4] GUO Xin, WEI Yameng, LU Zhigang. Reaction of titanium investment castings made by Zr ( CH,COO ) 2-Y,0; shell [J]. Rare Metals,
2017 (6) : 465-471.

[6] Tk&, BEF, B, £ SXRREERANFETZHER [J]. $i&, 2018 (12) : 1110-1114.

Investment Casting Technologies for Large Complex Titanium Alloy Parts

RAN Xing"?, LU Zhi-gang'®, CAO Jian®, LI Pei-jie'
(1. Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China; 2.AVIC Heavy Machinery Co., Ltd.,
Guiyang 550005, Guizhou, China; 3. State key Laboratory of of Tribology, Beijing 100084, China; 4.Guizhou Anji Aviation
Investment Casting Co., Ltd., Anshun 561003, Guizhou, China)

Abstract:

The investment casting process of titanium alloys is complicated, and there are many factors affecting casting
quality. The investment casting technology of large complex titanium alloys is the frontier technology in the
casting industry. In this paper, the domestic development of large complex titanium alloy investment casting
technologiesis introduced, and the technical difficulties and countermeasures of casting dimensional precision
and metallurgical quality control are discussed in detail. Combined with the practice of centrifugal casting of
large complex castings, the factors affecting the quality of key processes are analyzed comprehensively, and
the methods of improving the dimensional accuracy and metallurgical quality of large complex castings are
expounded from the aspects of pattern making, shell building, metal melting and pouring, providing reference
for the technological design of investment casting of large complex titanium alloys.
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titanium alloy; investment casting; centrifugal casting; dimensional accuracy; casting quality
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