R NESIC |
2013 4F 11 H

Hi Mo
CHINESE JOURNAL OF LASERS

Vol. 40, No. 11

November, 2013
BRI 2L 52

Ot & 8 B2 K E Ti6Al4V-CoCrMo £
B OREE EML K R BE#
HE

(V0 2 22 R A MBI i AR 48 LA R T s g e, BRVPY P9 % 710049)

N1
KA

TG665

WOt 4 I8 1 H U il # 7 CoCrMo MBS 8043 2 106,204 .30 4 A2 fL i) Ti6 Al4 V-CoCrMo 4 BE b4} 5
R T o A6 R A P L

! )

BOLHOAR s B Ti6AI4V-CoCrMos HOL& R HEME s T3

A, CoCrMo 1R8N 10 AL 43 AR FF 2L L1 20% .30 % I 4H 23 P24 7 F . KT T HE 500 VAL SURI AR 4 0 11 =
X FF R AT TIRATSE . 458 FE W CoCrMo TR B EA 20 %6 .30 Yo 443 W TF S 2 v4 24, IR 11 2 B0 of i P4
IE Mgy R, JFRNEREZEE Ti6AI4V 5 CoCrMo /L T A PR [ 7 7 . B 2 4 17 3% Jin s Bl & CoCrMo & &
o 4k <
B S 4 T8 R B0 T BT R I Y S BOR TGRS 3 R T .
FESES

WA T 3 AR AL AT i Y CoCrMo 2 PR 4% Ti6 AldV-CoCrMo VA 4, AU 5 i
MERARIRES A

doi: 10.3788/CJL201340.1103003

Research on the Cracking of Ti6Al4V-CoCrMo Gradient Material
Fabricated by Laser Metal Direct Forming

Xie Hang Zhang Anfeng Li Dichen He Bin Yang Hongtao

(State Key Laboratory for Manufacturing Systems Engineering . Xi'an Jiaotong University ,
Xi'an , Shaanxi 710049, China)

Abstract Ti6Al4V-CoCrMo gradient multi-pass wall is fabricated by laser metal direct forming. with the CoCrMo

volume fraction of 10%, 20% , 30% , respectively. The part of 10% CoCrMo volume fraction is crackles, while

20% , 30% parts crack seriously. Advanced investigations are made on the cracking of 20% , 30% CoCrMo volume

fraction parts from three aspects: fracture morphology, microstructure and residual stress. The results show that the

— .

cracking of gradient material is a kind of cold cracking. The fracture displays the features of quasi-cleavage and

=]

transgranular. Reasons of the cracking mainly include of Ti6Al4V and CoCrMo form limited solid solution, increasing
Key words
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the brittle of the material. With the content of CoCrMo increasing, the microstructure of the Ti6Al4V-CoCrMo
OCIS codes

gradient material changes. Around the Ti6Al4V-CoCrMo limited solid solution network CoCrMo precipitated. not only
due to the differences of thermal physcial parameters of two materials increases.
1

the possibility of stress concentration improves. leading to crack source appearing in some cases, but also the stress

laser technique; gradient material; Ti6Al4V-CoCrMo; laser metal direct forming; cracking
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Table 1 Main elements of Ti6Al4V powder (mass fraction, %)
Al A% O Fe C N H Ti
6. 00 4.00 0.08 0. 04 0.02 0.01 0.002 residual
# 2 CoCrMo MR ML 2# sy (Bt 7r %L, 70)
Table 2 Main elements of CoCrMo powder (mass fraction, %)
Cr Mo Si Fe C N Ni Mn Ti Co
28.09 5.79 0.59 0. 33 0.29 0. 20 <0. 10 <0. 10 <0. 10 residual
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R ECH 200 443« f ) BB 30 2 CoCrMo
PRFUT R 300 4l 4y OB T 3 2l 270 W, HoAth
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AR B2 B SR AR 1 () BT
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10 % Y EE M (D) CoCrMo (R38N 10 % By HERE {4 CT &5 () Ti6Al4V HEEE(f:; (D Ti6Al4V WHiBE(: CT A
Fig. 1 (a) Ti6Al4V-CoCrMo gradient multi-pass wall; (b) CT image of Ti6Al4V-CoCrMo gradient multi-pass wall; (¢)

CoCrMo with 10% volume fraction single pass wall; (d) CT image of CoCrMo with 10% volume fraction single pass
wall; (e) Ti6Al4V single pass wall; ({) CT image of Ti6Al4V single pass wall
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Fig. 2 Cracking number per unit length line graph
of Ti6 Al4V-CoCrMo gradient multi-pass wall
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K3 g SEM &, (a) Y\l ST 5 (b) 1 1) 24 W i
Fig. 3 SEM images of cracking section. (a) Vertical cracking section; (b) transverse cracking section

a3 © e (O

B 4 (a) CoCrMo fRBUM $ N 1076 .20 6 4 2r R ALY JE SR AE BAMBEIE s (b) CoCrMo KRS #2056 .30 041
SrREY I RAE R (o REP RHW SEM K ; (b 2Ly BSE [
Fig.4 (a) Confocal microscope image of CoCrMo with 10%, 20% volume fraction cracking growth; (b) confocal
microscope image of CoCrMo with 20% , 30% volume fraction cracking growth; (¢) SEM image of cracking growth;

(d) BSE image of cracking growth
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Fig.5 SEM image of gradient material composition variation
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Fig. 6 Horizontal residual stress variation line graph of CoCrMo with 10% volume fraction and Ti6Al4V single pass wall
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Fig. 7 SEM images of various composition in gradient material. (a) Microstructure of CoCrMo with 10% volume fraction;

(b) microstructure of CoCrMo with 20% volume fraction; (¢) microstructure of CoCrMo with 30% volume fraction;

(d) local enlargement microstructure of CoCrMo with 20% , 30% volume fractions
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CoCrMo LAFREUAHIE A7 76 F Ti6 A4V i, 24
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Table 3 Ti6Al4V, CoCrMo thermalphysicial parameters

Coefficient of Specific heat Coefficient of

Density / Elastic Melting )
Material ] ) heat transfer / capacity / thermal expansion /
(g/cm?) modulus /GPa point /C ) o
[W/(m+ C)] [J/(kg+ C)] (10°°/C)
Ti6Al4V 4.5 100 1604~1660 5. 44 678 7.89
CoCrMo 8.5 210 1260~1265 12. 66 473 13.18

3) W1 CoCrMo & 1y i | ik 2 21 25 44 114

AR AT RN 1. B CoCrMo & it 1) 3 i,
CoCrMo TR Bl 202,30 % AU LLEIMT Y T 1% 42
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SAETET Ti6AIAV 1Y & A 25 i JE B E) CoCrMo
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U8 CoCrMo 5 H B R Ti6Al4V J& B AH % i
), CoCrMo £ H o AH 4 T 2% JT, (& 3 19 & 2
Ti6 ALAV [ B BEPE T, BT LLAE 40 )2 2Z )5 P9 3 19 B
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1 T AT A9 S CoCrMo k. 3 H 52 PR B AR %
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