51 % 12 1 HBEERMEIEIE Vol.51, No.12
2022 4 12 A RARE METAL MATERIALS AND ENGINEERING December 2022
— '/\

Sy EESnS s ERMREMTEHE
EEE 1T A FR LG FAEAE I R
Bidl, AL FA&L AL ERHL ARA]

(1. dentRHERE: AMEERNSE S TRE%F, dbat 100083)
(2. LSRR A BE Seit iR A AR E S seae =, kst 100095)

8 E: (] ProCAST MR Ik S A B RO 5% 38, KL SR Udimet720Li ASTE il & AR v BE AR -2 SR 41
B B RO BE LR . FUBRZ MG . R AR AL AEIB DL, BT TC %R o i il & T 4 A A A 5 B 3 )t
AT RMA LRI . AR B ROBER 46 T M Jr i, SR T H DO hi B . AR A X IALBR 0 1.5%~3%, #EE i
TR SR, 3RO IR TR MR X A5 BT b R S 5 AL R BRI 22 A 13 (K s)Yfem, A
TIHEHE LZS BT . B RS B R BOR VIR 1. A BBV RAR IAEAGHIS 0 0, (EAEM B I Al 4 4
BIBAAAEA R IR T 1200 MPa S /R LR o A 4572 b ST h 0.88 mm, 7 2 AEVA LI B KT, (E R
Gyl R R S0, ERNZES R 1Tk, R AR R S

XK#EiF: ProCAST; #mik; AR SM#%; Udimet720Li
hEESES: TG132.3'3 XEEFRIRAD: A

MEHS: 1002-185X(2022)12-4519-08

il st Ml ke g A A I TARM G 5, T
XA AR 2% A R A B A R sh WL A £ oK
Y, BT S e B 7k RO HORAR A R T M RE, (H
o AR AR I 2 AR AR BT S R R R T
4 mm (550, 9255 VEREAS Al T & 8 AR, S
B IE W iR & B P RIR A PR R 4
2 36 TT LUK 2 B e W P AE R AR IR. (<760 °C)
F TR ST A, — R B GRS
PERERFF APERE, WIAEHEIF B A RAF 1A b B A
PN T A RE R B U, BB LI
PERE, 33 20 i 0 35 A ] 38 A A 2 v R
JE S B A 7 SR,

2 it W 1 T R R AR R T R R, A
e E I SR I 2, ROT 0N, RGN - 3 5
B BRI 1AL S B 2K dEikE
Tl A2 S AR PRl FEE ¥4 S R 5 < VR A 5 T Rl P
JE, QRIS BUR A PETE L L , 2 A A AR DL O R
R TGAZE, RS PR SRR, AT 4 ok R
ARAT A /IO A5 A, AR i A T o HL 2 £ I T A L6
i T FERE S A0 s T vk B e
T RV T i FE A, (AR R R I R, A

ks HEA: 2021-12-05
EE&WE: BEXASREESE (51771017

TBhE 2, TR AR R, B PR AR AN R RN b S
Fa, HXP T RBEIREM, AZEfH SR, H*
PEVEERAE AR RS, Huar e R B2 i —
Pl S B3 T2, B0 b 5 8 10 A e R A A P A
T, TR R e ST

E4ME 20 el 70 AR CETF U T miE & &9
F% L2 D7 MEFT, 80 AR T &K K it il S v F 31
2 kML B, 3£ E AiResearch 2 ] S% B #4453,
H14% 1Y IN 713LC 1 Mar-M247 & 4 5k 4t 5 -4, 4
Ll A A% G 3t T 20 2% B AR i A, R K JEE 4
ALY, b AR I R Bt SR i i N 20 °C
BESE IR BE N 900 “C i #hda vk 1 20 4% i EL4% 250 mm,
P14 SRR SE d=0.3~1 mm ] K418B & 4 B4R 41 i ik
¥, M EG SR IS B W e, (KA R 57 A i e 3 A,
AR AR FE A MRt — e R E RSN S E
HNEE R S BE IE BOR BT A, OB
FENRU 2 R BN HL AT APU (A2 T KWL 3 (1) 4l Bh 3
JIRE, 0NN RENHLD  EIRE R K IR
25005 17 P 2 o B G R A SR D e, MR LA
Jo L2 R i 3 W 4% vk 5 1 [ AR,

BRI R B2 R TS MR, LSk

eIy Sabkd, 5, 1999 454, midAE, JbmRHE RS RRIS S TR, Jbi 100083, E-mail: m18810860190@163.com



* 4520 -

Wit @M RS TR

%5 51 45

A RS2 T HE RN, KL SR E L
FERARBEN W1, BRIR B A A0, 4 AR AT 2544
BRI T2k, 168 2 P2 R R PR AR R AR -
T L A e SO o e o AR LR R
JE, A5G RS . IR I T DSBS N HER )
ERBAE, AR TSR ARGRE. TEK,
A B AREMRAEE T2 %4 i aE -
A HH R AR ) 1R 1

ProCAST i {H A5 0l 8 1 75 55 36 Ut T2 B H
KB FZ AT AT BRI 7, SR T 8538 T2,
3k — 2B B6AIE 1 2% B B O e B o ] g 25 )
K ProCAST BAUAF 7T 7 IN792 & 4 48 85 14 1 7 Y
DA BT S 2, BARM T RENHBETLZHE, W
B T A B SR AR . R g i A
ProCAST 44X M- #6453 T 2 ik Rk A7 T BUE B,
SN T R SEAIARIE R BRI IR R R B T8 X 5 1 1
SO, FEHEAT T AHSCI LI IO UE, AT HENE AW
T.%. Szeliga 2R A} ProCAST # {4 %} CMSX-4 44
B IR A A e TR ] 1 R K ok R kAT T A LA
T, GEEr SRS, B T BUZ RO G RLK K R AL
F HIGAIE T B A

H A P A0 E 55 38 BF 5T U822 5 Bl ProCAST
BT B, R R T IF 2R, KT
AR AT SRR T e e, HH AT
S B I R T T A SR IE b, I TR
PRI 25 3o A AU 5 THI BT 72 PR AH DGR T

Udimet720Li &4 (GHA4720LI) — K FL 4556
NS G T2 SRR R AN A A, A AR
I 18] [ 70 25 2 &1 Ni-Cr-Co R UTvE AL s i & 4
Y IRAL A B A 40%~50%, AT B ) T R SR
PO S . DGR UL R KA S ket E&MTms
RBNLIREE B E I s, DL R IR A
Ik 730 C RIS IR RSN BRI, e
. mEem e Bigs S NE YA RN
WA, HonTA R LR R ], PR T &
SR TGS, A AW ) S B il ok T
AR PR S P 5 33 H 2 77 i i 2Rl A g [ 22 18190,

P Udimet720Li &4, IEFERBH KRGS L2210
A8 K, AHHH Lo AL Go i 85 36 B2 T2 H A 8
ZA 4 B ARG B AR B I A OGHRE . AR
i H Udimet720Li & & AF AN S5 IEM B, %
AR I 2 32 A S SRR 1R Sk, A ProCAST A 4
PO ) s v b AT e A gt o B (0 4 0, DL Ak
B BRI R . FLBER AN A . B 40 A R i R AR KA
B, BT iZE y M RS S ST R

Ry [E AT RN SR AE o B AR I B 86 18 T 56 U
— AR SR PRI LT S SRR R . LB
BUIN TR, ARWF7e ReE B iE Ty . WFsi R T
SRt K BN BRI S G SR O T S AR,
FESETF el 5 < e 4 VE BE 7 THDRE A4 E AT A

1 WA E

1.1 =BT g 5

ProCAST At 4 it FUE A WM AR B 1 oo fi
UG B g sr B AR A, i 2 s, Bkt
BAFE 43 MR, BKERAZ 260 mm, BEEY
240 mm, B PFEARIX BN EER S 140 mm & 19345
W 2¢c Fin, % EARX O EARA X8, AR
W9 BV E AR XA E DL . BT [ i A
& BN T E, LA S T ] X3 B 7 AR R 4 FL
B, N PRUERE PR B AR X i i i, BT DA E
HRERE .

WS N ProCAST # A4 i) Mesh Bk, %43
O A% S ST A AR 1 BT T AR S DA A . AR
M AR R %, MRS R4 9 0.9 mm, 854 FLAR
Gy RS B KON 3 mme A% I 23 58 BE S5 8 A 22 467
Ji, BFEEE. B LR AMIFIFE 3 ANy,
3.
1.2 SEREREN

F Cast 5 H 52 B A S b k) DL H A AR A 2 50
Udimet720Li & 4 8L 4k 25 i in % 120w, iR &

| The casting model |

1. Geometric model checking

A 2. Casting meshing
Mesh module: divides 3. Mold shell generation and
the mesh meshing

4. Box set up and grid division

1. Direction of gravity

2. Alloys and shell materials

/ 3. Interfacial heat trans fer
Cast module: coefficient

parameter setting . Casting conditions

. Thermal boundary condition|

. Nucleation parameters

. Simulation calculation
condition

~No o~

| Simulation

. Temperature field

. Flow field

. Stress field

Grain

. Defect condition, etc.

Viewer module:
result viewing

ghwWN e

Bl 1 ProCAST ##556 i $(E L i e
Fig.1  Numerical simulation process of ProCAST investment

casting



2

12

g

ShaE: AR RS S RN R A R R AT O AT VR AR ST 7

= 4521 -

c

Primar
area

Bl2 Bk
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Fig.3 Mesh division of investment casting: (a) castings,

(b) mold shells, and (c) enclosure
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Fig.4 Casting conditions: (a) gravity direction and (b) pouring area
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Fig.5 Solidification process of the blisk: (a) 264 s, (b) 344 s,
(c) 584 s, (d) 794 s, (e) 910 s, and (f) 1124 s
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Fig.6  Overall porosity of the blisk: (a) porosity>3% and
(b) porosity<1.5%
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Fig.7 Porosity distributions of the blisk: (a) main view of

longitudinal section and (b) vertical view
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Fig.11 Maximum shear stress (a), effective plastic strain (b), and hot tearing indicator (c) of the blisk
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Fig.12 Grain simulation results of the blisk: (a) main view,

(b) main view of longitudinal section, (c) vertical view,

and (d) upward view
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Fig.13 Grain size simulation of different parts of the blisk:

(a) regions of different grain types, (b) blade section,

(c) casting head, and (d) wheel bottom
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Simulation of Casting Solidification Behavior and Microstructure Characteristics
of High y" Content Superalloy Fine Grain Blisk

Ma Yiwei', Yao Zhihao!, Li Dayu?, Liu Mengfei', Dong Jianxin', Gai Qidong?
(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Key Laboratory of Advanced High Temperature Structural Materials, Beijing Institute of Aeronautical Materials,

Beijing 100095, China)

Abstract: ProCAST software was used to simulate the casting of fine grain blisk by thermal controlled. Traditional Udimet720Li
deformed superalloy was used as the casting material of blisk to simulate the solidification process, porosity distribution, stress
distribution and grain growth of blisk. The solidification behavior and microstructure characteristics of the high y' superalloy used in fine
grain blisk casting were studied. The results show that the solidification of the blisk begins at the blade tip and ends at the center of riser.
The porosity of the main area of the blisk is 1.5%~3%. In the solidification process, due to the shrinkage and segregation, some areas will
form relatively large porosity areas. A safety threshold of 13 (K s)*2/cm was established to evaluate the feasibility of casting process
parameters. The maximum shear stress, effective plastic strain and hot crack index at each position of the blisk are 0, but the effective
stress is more than 1200 MPa in the blade tip and edge corner area. The average grain diameter of the blisk is 0.88 mm, which meets the
requirement of thermal control method. However, thermal control method is not easy to control the uniformity of grain size, so it should be
combined with kinetic method to improve the uniformity of grain size.

Key words: ProCAST; thermal control method; fine grain blisk; Udimet720Li
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