Machining Technology for Difficult-to-Cut Material Xﬁi]ﬂIﬂﬂlﬂlIﬁ*

HL b i v -TiALR
A 2Rk S PEREDE %

K’?‘ E‘I’Z’*ﬁ

=S U 5y |

&3

(1. P BEACE F AT A A B A AFZER, LT 1000245

2.

[fAE]

kA THEAREE LT, LT 100024;
3. P BAF RS PT, YL 110016 )

RS T T R ik K ISALIG A6 & Ti-48A1-2Cr-2Nb 6209 B2 5 oA b dt . Al 22 69 0 0 1 3 2/

MR EIARHY G, RREMHABERKY v R o, BTG RS v B4R, v 8.5 3% 89% #91k
BARFH AR THRARLEM,; @ o, MEFH 141 BRAAE (0001) BH), E c 4 5 0ARF @-F47, WREMHH
FIRFALIRE A F) 503MPa, mBIEA 0, RFHELHALSEHMARBEMA TR (2EMERFRRKE, AT
800°C, A A28 42 TiAl-4822 #H# 64 #455% A% £ 460MPa VA b | i A ) 28 2 A # ) 454 £ 400MPa vA b,

K B F RIG AR 2 ; Ti-48A1-2Cr-2Nb; B ALA LR 5 24H) ; Ffh 4k
DOI:10.16080/j.issn1671-833x.2017.1/2.037

B

TEARIN LK F L, R E R
KWEELE, BRTREN, KEMER
BEMHZESEMEIERARTR, £5#
973 IR R ETMEESFMHE, £ SCI
X 20 & IBES A SCETIERA.

v -TiAl @k EA S
Y Hb iR 5 i e, TAETR R Tk
650~800 °C. , T H: 2% B (A B 25 = T
B e —A R s K sh LA

T BRAR A S5 R AR 1 2006 4T,
2% [ GE 2\ 7] # Ti-48A1-2Cr-2Nb
(TiA1-4822) T GE90 R % shill
FIR IR FE I B, SEBLE 5 & sk
i 100k, B J2E v -TiAl HAMH K
FEAERI o BEJS . %€ Rolls-Royce
NFEITFR T TiAl-45XD MR, I
FHF it 35 XWB & sl AL A A% 5 iR 48
MR Ty —TiAL AR 5 IR
SAVEAR, A 0 B0 5 T 5 AR
I, R A 0 T R S
HARTEE MTU 2 7] 8 2 M B v
TiAl M FIf 52 i T i 525 ik 4
{H e 2 AR 3 15 1717 A il S5 B
v

AR, B R i 3 VR S — B
e R B AR AR A R R AR T
12 I SR FH B A ) i vk
v =TiAl FAFRR T2 —, %
] il 5 T A 2 o fL - A X AL
(EBSM ) Ti-48A1-2Cr-2Nb (J5i+/4%
%) H4Em B MAS RIEHS

8 R B HEAT T RAE B KR
REARR A HBERAIIZS Tl EEHT
Fit B8 Arcam A 7] S E, R HF R
TE DI AT 15 45 T TiA1-4822 if
AU SR B B WA WA
LU R = IR B A B/ Y 2 3
480MPa/1.1% ,700°Chifiiam & / ¥k
iK% 440MPa/1.6% .,
v -TiAl G4 A JERL 4 PP i

TR 2. 2 40 US4 4
REHA MR EAR Y, ik
B, HAEXGSA L e 24804 B
A XA A PERE . WS
W BA R E IR bR RE , (H W
2 HIG AR R ek 2
HAE P S m R b R
iK™, ASCHEEHFIE T EBSM TiAl-
4822 BRI L AZH 2 1 4K J HOR

AP P A R 3 S TR A B
PAG TREEME R Z WA AL, 51
INETA T E RO R NS W = E 1
FHPERE R

2017 AR50 172 W) - pisshisi AR 37



PR .
—— ¥ oru

MRS AE

i 00 R AR % ARk ) &
Ti-48A1-2Cr-2Nb (J5 1 7 %%) #
KA TR R 1), Hokr B 36 Bl oA
45~150pm , S Ak 27 Bl o an 3% 1
No ELA KBRS TiAL MR,
EATCM )T L10 2580 y-TiAl 48
(25 [ REN P4/mmm ) 5757 DO, 45
F 1) 0,~Ti3A1 #H (=5 [B] #F P6y/mme )
[ AEAE o

F H ArcamTM A2X 3% £5 ik B4
TiA1-4822 i # , HAK T TR 1]
(z 1), & TAERTFE R . Alikrdndl
T 90 w m JEFERY TiA1-4822 ¥k,
TP AR B, 58
Jii BB 5T B A 25 SRR —

m\m K

Bl TiAl-48225 (K Z L MR 57

ERA XABZER - S
8 HEAT 3 TiA1-4822 i i 7
SEEE AN SR P R PN L R
FEFE 1050°C . BifiJ5 X3 il e A 7
HEEF (1200 °C /100M Pa/4h ), Jf:
A3 W HEFT 1260 °C /2h 5 1360 °C /2h
PALE i HIE S 54 )2 Bk
N, GRS T AT .
SRR R G0 il e, OF
KD 45 ( Leica DMI 5000M )
WEE W AL B B AR . R
H] Hitachi S=3400N H, 7 & i 55 5
Oxford EBSD REKIMLUA(E A, 5L
BB R AR R R AR 700, 49
KR 0.2~0.5um, iR/ miRhr
AR R M10, ¢ 5 ARAERIERRE
KN Timm, BEFCIR S 2005 3

i

HRELERS5HH

1 MREHREMAR

UL ZS TiA1-4822 X HE (N )
50 AR SRR A2 B4y i 1
N, R R B s AT, AL
JCERA 2.7% WKL, T O, N, H 4
[ BRIC R A AR, XRD 26
PR B RVIURESHMEH vy 5 o,

TR 1M ol T %) 22 00 2
HAME 3 (a) e WAL R,
LIRS “contour (38R T
e AR S L R 12mA,
28 B 400mm/s. Bt )5 % “hatch
(Wb ) T2l s, g
Jit 12mA , 263 1600mm/s, FTHL
T AR AR I 0 g i AR [A], A
ARSI X SIE B T 1.5mm 58 19 5%
Wo WER 3 (a) iyt i X (4
55 3k ) #E 4T EDS HA &,
Al il N EIINE T TR, E—2
(RE BT /R, Zone—1 1Y Al 55
M 31.62%, H Zone-2 T T 1.41%.
XEH T Zone-2 & T 2 IRk
SRR AT AL SRR
Zone—1 FEFE v S5 4l 5ok 4 AN, A

Fig.1 Morphology of gas—atomized TiAl-
4822 powder AHA (A 2 ),
R1 TIA-4822 KR SR BRI ZR S ([ REHE) %
=3 s 3 Al Cr Nb 0 G N H Ti
WA 34.2 2.4 4.7 0.11 | 001 | 001 | 0001 £
AR | 315 23 5.0 0.10 | 0.01 | 001 | 0002 | #&&H
vy (111 Ve, (311)
1.E+05 }
190
(=W
o
=
ES.E+O4 - R
5 - S
— —n A
( )gv(zo()/ooz)y(m/m)g;2
Y y(110 vn-l - SRS
3 3
0.E+00 I S L k J\kl (¢)Zone-2 b iZHa
10 20 30 40 50 60 70 80 90

E3 EBSMiLFRATIAI-4822iX#E BiAR
Fig.3 Microstructure of an as-build TiAl-
4822 rod

260/ (°)
E2 EBSMiRFRZSTIAI-4822 XRD 2 6 134
Fig.2 XRD 26 scan of EBSM as-build TiAl-4822

38 WiZhE A - 2017 4555 1/2 14



Machining Technology for Difficult-to-Cut Material mi]ﬂIﬂﬂf]ﬂIﬁ*

v PR IEAEAE D BN o, B
Hio, EBSM ZZHER L, Zhi
L [ 1M B2 7 2 A B, Rk
AR = TR EE(1150°C) 19
o+ v PIAHRKIE AR 2 TR T 46
T y HE T v HEUE T A,
BRI v SR AR o, MRIETHL
PIEEAR AN /N v SRR, R i 7R
Hp ) e B 7 1 Je 2 AR AR R T X
PR SE(E 3 (b)),

T 35 4 AH T DU A LA A
BCTiAL e 2 MR SEFT 2 VI #), A B
8mm, 7F 1260~1380°C i A L) 10°C
Sy 6] B X B BERE a4 Sl AT A Ak
B, AR Th J5 W 8 A 2, A5 3
TR T £=1350°C , AMEIA L T 8=
1290°C., Al & o AHEEETLE ", W
BEAR 7 B ARG B0 A1 ] DX 3k
B o B8 M RRAG, [RIA, 3K Al
P 5 T A ) T R
AN KL CE 3 (e ) He R ks (&
3 (b)) B ngn/ NG A

Zone-1 H1 TiAl (v ) # 5
Ti;Al ( o, ) A EBSD ffokz B[] 43
a4 (a) 54 (bh) o, W
Iy MG T 89% 1) 1A AR 43 %L,
HIE R o B 0 B A g, L
B K GUN 58 B A 3.1 4% BE AL (EL(&
4 (c))o SR, 404 7E v AH & KL
N FXIREI AT o, HFT S H AR
N 4 (b)), 5 8 oR T 58 B Gk
#1141 FEREHLE RS 0001 ) Z1H4y, H
c S UUR T 1) (z 1)) 4T, A
B I F " TiA1-4822 1Y [ AH 54 A8
HEN o = a+y = oty M
Blackburn 522 M.

(0001) aw//{111}y , <11-20>ax,
/I<1-10>y

vy B BT B A 6 B AR R (E
de ), At LU I A B — A B4
Bera); oo, dkR T BEE B o AHTY
DUBLTT ) AR R, L ¢ Bl 4%
SR m(z ) P47 (E 4 (d))s
T o, PTG IR EAR D, i
AR UL, H B SUR B I 5

50pum

(a) vy AHSRIR T

0 - {110}

(100}

(b) o, ARSI

(112)

(e) vy HtRIE

{0001}

{11-20)

X0

(d) o, HItRIA

El4 EBSMiFRATIAI-48224& %) H H /0 P HIEBSDIAH
Fig.4 EBSD texture of EBSM as-build TiAl-4822 rod center

45 1) S
2 PAMIEHIEX BB RN
DRSS AR M 2 IS 5 R I o0
WITE 1260 °C 5 1360 °C #E47 Pk 3,
T OB R AR AR 55 T, =1350°C,,
RS & T HEHTIR B Y 1260 °C 40 #E
G T SHL 20% o,/ v FEH
W LHLUE S (a), 5 (b)) #
BALL y SRR E 7 S A AL
DAE o, 1, HEI S PERA TR
BABKYE. BT o HA v 4
TEPAE B R AR AT L, DRI kL
KRB B AR5 v Sk
B #4 RSFoh 20pum, 2 HE o,
M4 Ta BE 2ok 0.3um, vy ML 4% T B
294 1pm,

TE o AR DL EA T AL B AT
Pt o/ y EREHL., FEBFR
i AR ORI A Bl PR TR s
2 e R KK, FE 1360°C
PRIE 20 S5 A3 2 R I H AR R
200pum, o, HFET v MR
43 4 02um 5 1um (5 (¢),5
(d))s
3 hrfhiERELLE:

DURRZS 5 79 F 204 B2 1A R 1Y
FIRPLPTERE AR 2 iR, DIRAS
KAy SEERZL Y, BRI
e BN, — 7T, IR
AT B 2 T AR B o A Y. T
EBSM Ti-6A1-4V JUBUSHRIEIIFZE
R I, LS ARG A B S 20

2017 4E5E 172 W) - it hiEEAR 39



—— i FORUM

(a)1260%C /2h

200pm

(¢)1360%C /2h

E5 EBSM TiAl-4822# b B2 BiZA LR

4822 HHEHEY .

WA H 2 TiAl-4822 & 4 1Y
Prhnom BT R BE A R e A
R R, 73 800 °CAT) 8K 4 3% 15
460MPa L) I, 1 4iE {1 & A 500 °C 2
Bt 2% (K16 (a))e M7k
(R T 4 AH T, 45 TR 1) W A5
KA, SR /NG v AR
TE A R - W (7 (a )

KM, 4 FE S TiA1-4822
B 42 1Y 800 °CHL 5 B AH L 2= IR AX
FFET 20MPa, ZEMHZE T 1.39%(&]
6 (b))o FERIH AR, Sl T
FAT S RIZMEAEY R(E 7 (b)),
FH EE A 271 i e, il i 24
LUy AR R R 2 A 8L W 4T
T T LGN v SRR RS A

(b)1260°C /2h

500um

(d)1360°C /2h

Fig.5 Microstructure of EBSM TiAl-4822 after heat treatment
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Microstructure Control and Tensile Properties of EBM y-TiAl

CHEN Wei'”, YANG Yang’, LIU Liangliang’, CHEN Zheyuan®, LIU Dong’
(1. Materials Application Department, AVIC Manufacturing Technology Research Institute, Beijing 100024, China;
2. Power Beam Processing Laboratory, Beijing 100024, China;
3. Institute of Metal Research, Chineses Academy of Sciences, Shenyang 110016, China)

[ABSTRACT] The microstructure evolution and tensile properties of electron beam selective melted Ti-48Al-2Cr-2Nb al-
loy were studied. The Al loss caused an inhomogeneous microstructure. The as-build material is composed of large y grains
and small y grains pinned by a chain-like a, grains. The y phase occupies 89% of the material volume and exhibits a weak
texture, but the a, phase exhibits a 14.1 times random (0001) texture with its ¢ axis parallel to the build direction. The room
temperature tensile strength of the as-build material is 503MPa but the ductility is 0. HIP and heat treatment lowered the
tensile strength but improved ductility by a large extent. Up until 800°C , the TiAl-4822 with a duplex microstructure ex-
hibits tensile strength higher than 460MPa; while the TiAl-4822 with a fully lamella microstructure exhibits tensile strength
higher than 400MPa.
Keywords: EBM; Ti-48Al-2Cr-2Nb; Microstructure; Texture; Tensile properties
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