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Temperature Gradient

YANG Sen', HUANG Wei-dong”, LIU Wen-jin', SU Yun-peng*, ZHOU Yao-he*
f YDepartment of Mechanical Engineering , Tsinghua University, Beijing 100084

2State Key Lab of Solidification Processing s Northwestern Polytechnical University, Xi’an 710072

Abstract Detailed laser surface remelting experiments of three kinds of Cu-Mn alloys were carried out to study

the effects of technology parameters (scanning velocity, laser output power) on the growth direction of microstruc-

ture in the molten pool. The experimental results show that growth direction of microstructure are strongly affect-

ed by laser technology parameters and alloy composition. Ultra-high temperature gradient directional solidification

can be realized on the surface of samples by laser surface remelting, whose temperature gradient can reach 10° K/

m and growth velocity can reach 24 mm/s, and the solidification microstructure grows along the laser beam scan-

ning direction. In order to obtain ultra-high temperature gradient and rapid directional solidification with laser sur-

face remelting, the key problems are: 1) to ensure temperature gradient in the molten pool parallel to laser beam

scanning direction; 2) to select adequate technology parameters to ensure cellular growth.

Key words laser surface remelting, ultra-high temperature gradient. directional solidification

(1]

:2001-02-15;

(1967—),

tsinghua. edu. cn

’

:2001-04-23
(59771054) , 985

’ s

(081100500)

o

. E-mail:yangsen@mail.



5 : 475

[210 ( ’
[3y , . 1 3.25 kW,
. , 24 mm/s .
Bridgman y s s
) 2 ©
’ [4]0
, ( .
) o
2 1
1 111 _ _0
(Cu > 99.97%) (Mn > Fig.1 Mussy dendritic growth Cu-26. 6 wt.-%Mn
P =3.25kW,V, =24 mm/s
99.9%) Cu-26. 6, 27.3
3].- 4 wt. _%Mn ) [}
Aleg ’ 20 mm X 120

mm X 120 mm R s

3 mm, 6 mm X 6 mm X 30
mm o 800"

5 kW CO, (Rofin- 2
Sinar850), 0.3 mm, s Fig. 2 Regular cellular Cu-26. 6 wt.-%Mn
He , 5 L/ P =2.0kW,V,=66.6 mm/s
min, Vv, 5~100 mm/s .
3.2 Cu-27.3wt.-%Mn
3(a), (b) 4 Cu-27.3 wt.-%Mn
o , (
(SEM) o
)

3
3.1 Cu-26. 6wt.-%Mn s 3(a),

Cu-26. 6wt. - % Mn ’ ’



476 29

Fig. 3 Micrograph of the longitudinal section at the top of the molten pool
(a) Cu-27.3 wt.-%Mn, P =1.5 kW, V, =24 mm/s; (b) Cu-27.3 wt.-%Mn, P =1.5 kW, V, =11.4 mm/s

4 ,Cu-27.3 wt.-%Mn, P =1.5kW, V, =5 mm/s
(a) ;(b)
Fig. 4 Micrographs of the logitudinal section, Cu-27.3 wt.-%Mn, P =1.5 kW, V, =5 mm/s
(a) up-middle; (b) top
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Table 1 Experimental results of the depth of the directional solidification structure
V, /mm/s P /kW W /pm D /pm 0 /pm D/W 8/D
24 2.50 1074. 43 770.52 22.23 0.71 0. 029
19 1.75 977.70 595.47 45.73 0.61 0. 077
10. 4 1.50 1553. 4 1171. 81 72.15 0.75 0. 062
5 0. 80 812. 30 504. 85 171. 80 0.62 0. 340
5 1. 00 957.93 740.78 273. 28 0.77 0. 369
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Fig. 5 Micrographs of the logitudinal section of the
molten pool
Cu-31.4 wt.-%Mn, P =1.0 kW, V, =5 mm/s
(a) bottom; (b) middle; (¢) top
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Table 2 B and ¥ determined from experiments
Alloy ) 4
Cu-26. 6 wt.-%Mn 38. 4 0.43
Cu-27. 3 wt. - % Mn 32.8 0. 30
Cu-31. 4 wt.-%Mn 50.0 0. 40
W. Kurz /
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