2025 SE5HA/5E74%

s A ﬁ '- ‘i
IS Founorw [T =

RESESESIERERERE T HHR

*» 1T,

BN, RIEFSS, Zhl', JOE, FEK, RER, ER

(1. FEfRRES TWEIRAT), #Eatkii 412002; 2. EBNARAXRFMHEIZSTREFR, £i8201418;
3. MEEMIRERLEIRAT, BEEH 414000; 4. EBRBAFMHEFESTEF R

EEEN:

#B47(1989-), BB, TH2M,
mt, FEMRLEEAAS
BEEREHBERTESH
. E-mail: 821824338@
gg.com

BEEE:

BKE, B, BEfRA,
&1, E-mail: gbtan1981@
sjtu.edu.cn

FEHDZES: TG146.15;
TG244

NEtmRAE: A

W ESHS : 1001-4977 (2025)

05-0595-07

WS HER:
2025-01-14 WEIFFS,
2025-02-20 WEETFS .,

EismiHER R REREERERLRE, £i§ 200240)

RE: XABREREHERATIESEGERFHN, HBRRIREFEIERISEHHEESD
FERTE. RIBERE . RBRUSHEESSH0E, ETEZAMNMERE, HART
BENRURETRENIEIERMVIE . F5RETH, BERESIRETE, ’i ﬁ?ﬁﬁ”ﬁ{*
RAA=THER . FEREFENER, BREE TS RBFERIZEMN, SRR TE;
EEBRFTAME, BAETITEEIRS RSB FMESRIEX, A%MLEDTEE%EUT&F £V
RRIGEIRD #IARILI50%ES, BAZIERED, BNGEDZABARRIENALR, SIiKED
EEFIERDNIE . ZARIT ARHREFES RS SEEESRM THREEHRHEIEICHK
1o

X RESEGD, BRES, nARE, (=I0RE, B

BESEASRSBEMI SN s AR Sz AR —1,
MM RERRECISHEARINBYERENSESESHHEEREN . E3L
MER LA AR, M, ‘=N BBROREESESSNNIUIIRESES
Wﬂé%*@ﬁa’]}%ﬁﬁm‘”o Ban, LHEEEE RN, B ENEAFTEIEENF
e 2~
BE, ‘fleﬂiﬂﬁ%*”%éjjEEA@MM%LEJJ'&%M IEREWIBRE. TES
RENMERE, FIRENHTEEE. E62. KEENEEEEM T KENHRT
e, EI%A@EPKEGEHZ&}JEE%Q%%EE CIRFTIE. SEKRERLAINER RS
. BEHRESEE SRR ) o Pt T AZEAFESRNFFHE
ARG TSt E S 8T NI TR ETKAL6HFE S IES SRR
MiE. AN, LEaePRIIMETEMINER, KA69EGEHIRENESLEFET
B, FNE T HMETERIINTKLL9E S PSS EHMINZE S RMENFIN. E
B, NMFEEM TKUOEERINAEREL (B AMm ) SEEET, (BIC)
ZIBRIKEEER (L=1.824T,-2 4159 ) ¥, AZFESHMR TR TEENHESES
EKATHIRENMERIN, EREE, 1420 CEEBFRIEKATEEINFIRT, THE
MERESRIEE, SENRMMETLIBEIXIEEIRS, Ml 460 CURFRIEESSE
E\-EEX§¥/}ILED|$E’JJ:BE T_ thumr_ ijmumr_ Xj’/\ﬁlﬂbz’_‘ﬂ|I—:EE’J$E_|;J_IREHHEE,\JT%}I—[ZZ]O
EEERENEBSEAREIIBHT KERFMFIES © © 29, @,
RIBGERENARE, aBERNELRINEBEFE—ENES, BEBALER:
MIBHEEIERDINIER iﬁanﬂiﬁgﬁtmmﬂfmﬂ&u.bﬁxmaaﬂi%%%uEPﬁB* TEERES
BIEIEREIB=f", MEESARNER, 523 FNEIERIVIBEE
RI%N, ERENEaEIRFRRIAE, FEERENHRESE FHELERIN
189 B R AOIR RIS ER(S IR AR,
KABEHFERATEENERRES RS SHHN, EEILDBI=EXT
B, RIBEMME. HXSERERRREENM, A KAMEENSHKRBESNSEE




Vol.74 No.5 2025

} ‘i ., >
rounore LIS

RGRAR TKALIREFHE S ESTHIRIELFRE TR,
FTIE T EWER FESBERIRIERTIE, TAS
REESRESRRMEIERINIZEZE, BRASERE
ME<2 mmiBEERM FRYFTALRENEEEIRICEA! .

1 MRS E
K4169 SRS MEMIIESE
K416955 SR ESRa 2 —MMMERT HENER

% (600~700 C ) MIMIEEH SR FESREE,
5=XEGEAAMINTI8EEHEY. Bk (TESREE
F) , KALIREFHFIESSRAENBNMDCEINZE
1. BENIBIE R —HRAIKAL69Z IR S & 1T RED
MrEie, ZHREENHER oI TFRLF.
BRI RISDN R 7 51 A\ ProCastix (4RI 474
B, FeAScheilifEERE, tHIKEK41695 Y
PWIMSHERENXRIL, WELFR.

K1 KAIOAEEHILERS

Tab. 1 Chemical compositions of K4169 nickel-based superalloy Wg /%
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i H Ta Fe B Zr Mn Si Cu
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Fig. 1 Thermo-physical parameters of K4169 superalloy
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Fig. 2 The single spiral model of fluidity-testing and pouring system
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Fig. 4 Test and simulation results of fluidity for K4169 superalloy

s A ﬁ '- ‘i
IS Founorw [T =

H,O&HEEHX/E 5 s, FMAOLYMPUS BX53MALS
FEBFRHME, R MBS HTIE,

1.4 FREIEENIFZENL

BEZE RN VIEEL S N EIProCASTIR
HHIMeshCASTHHITMIER 7, WEBFR. MIgH
PUERME, SHEEREEDAIMNER T AL mm, ®E
FiREORMIER T 810 mm, 2DMIR S E 946
4777, 3DMIRDEIE 582 4350, HHEEEIREN
10 mm, FEEIUFTRBRRTEE. BRIREE.
FETRESIIRFTTEEE, BEEMEHEmHER
#1600 W/ (m®-K)

E3  SZfERaNENER AR W& 75
Fig. 3 The grid division of single spiral fluidity-testing model

2 FER5E
21 BnoitE

B4R AKALIE EREKERBIELIER
RIRSEE o4« FEMEEIRE T &M N REIENIL IS
HIT TR, NE4 (a) FATLIES, 3 RaiEN
HENRERKEEAREL, HEBEREKENNEND
39.1 mm = 0.7 mm, EHULHAIREIELI/38.7 mm,
WEA4 (b) . AR SEINEREAR—EL,

w0
+++ 4
++ B,

4

30 20

(b) Bz



F

Vol.74 No.5 2025

‘!t S —t—
{EE rounory LG EHFS

2.2 ZREHMAR

E59KA1695 R RIEZman E it A A R ST
RIZRMAELR , IBRRENTS RIS E RO LR,
AL RRANCRRE, NES (a) P, i
R MAR B ERNEFEANBARAR (B+s
BEELFR, EELA1 mm) FIPEPHERAR (EF
EESSLETR, EELR8 mm) HA . HEEMEE
LNEMEBHTEFTHCIFASIREN . PEBFNR
WAR, WES (b) SRIEVERNAELRENL, Bih
SHEMRALNEREZEIEM, FERERSNE
D> B RN EEML . wmE AR MAB RN =5
BB AENRER, WES (¢) .

(c) IR

E5 mantEistit e E A B B R R AA LI 5R
Fig. 5 Macroscopic morphologies sampled from different locations of
fluidity-testing casting

EleZath 7 ez iman AR AR . FrEBR0IR
BPEEERIPRAERZER . NEIGRTLIE L, AREBENFAD
ML ST RIS, PEfEEER
MONBLZR SREEAFEAMN, BERRIES
ThE, MAEIREREE MMV R 2T R A &
s XMRNR T BRBEIHHNESMHUESS
TRNBEINEREER—3L

2.3 FRREEE

B 748 T IR R sh tE MDA S BL R BT 72
FIREDMEES HOTHNE. SEaBARFHRH
NEBEETN, ATAESRAREREZEARANEE
Z, AEBKREERIR T, FeEATE)AZI8.67 sAT,
BEIAMREE NE, BUHINSHREETAST13%6 C,
WET (al) Firx, BEBIREEEFIRAFTE2 mmiE
W, WEAT, B RILEENTE, SE7 (bl) Pk,
BEERENEEBAUSIN, IMREEH—S TEEL 346.2 C
(1=1330s, 2NE7 (a2) Fix, WAYBREENS TR
BERRE, BAPRLEENTE, WE7 (b2) Firk,
BIARRIMERE TR (BERFIRTIEERES S ) « B
KRN TREZEEHTIEE NESEEABERE
ENMmSEA, WEL (¢) . EEFREIIEAM
17 (1=15.26 s ) , AFE=FTRSAEMELFTERRSIE
B, BIKEEH—STHRERBLILT, WE7 (a3)
B, HCETIBRBTAER D B ILI10% AT 2 HAVEHE
WE7 (b3) Frx, JAKRTREIMRIE T, 2H7sBnTa)
1XF15.76 sHY, REAWNET (ad) FinERA0AARE]
BERIRELT1 249.4 C, BIAKENELERSEHE
KFI50%LA L, GNE7 (b4) Fim. REBAFHEFHR

(a) HLHBHURE

(c) s

E6 maptEitii AR BRI HIAELR
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Fig. 7 The filling and solidification process of fluidity-testing casting
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Fig. 8 The variation of solid phase fraction with filling time
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Thin-Walled Filling and Solidification Behaviors of Nickel-Based
Superalloys
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liang*, TAN Qing-biao*
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Abstract:

Premature cessation of melt flow can lead to defects such as misruns and cold shuts in thin-walled sections
using investment casting technology to produce high-temperature alloy castings. The filling as well as
solidification process and cessation mechanism of K4169 superalloy melt were investigated through numerical
simulations and experimental observations. The results indicated that the melt filling process could be divided
into three stages: rapid filling, slow filling, and flow cessation. During the rapid filling stage, a drop in melt
temperature results in a gradual increased viscosity, leading to a decline of alloy fluidity. In the slow filling
stage, the precipitation of solid phases in the melt caused a sharp increase in viscosity, in turn a rapid decline
for alloy fluidity. When the solid fraction at the melt front reached approximately 50%, the melt ceased to
flow, and an ultrafine-grained macrostructure forms at the front, exhibiting an end-blocking flow cessation
mechanism. The research results provided insights into strategies for improving the filling capability of nickel-
based superalloys under thin-walled conditions.

Key words:
nickel-based superalloy; investment casting; filling and solidification; cessation; thin wall
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