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Abstract The specimens with straight channels and the product with complex channels were manufactured by laser
powder bed fusion. The results showed that when the diameter of the channel was less than 2 mm, the remaining powder
inside the channels could not be removed completely due to the shrinkage of the flow channels after fabricated. In addition,
the forming quality of the top surface of the circular channels became worse, with the increase of the diameter while the
forming quality and dimensional accuracy for ridge shape channels still kept better with the increase of the size of the
section, since the inclination angle of the inner surface was a fixed value. Meanwhile, the semi-melted powder particles
adhered to the upper region of the flow channels caused by the deep penetration of the laser into the powder in the non-
forming region could be removed by abrasive flow machining, high pressure airflow or water. The test results of the laser
powder bed melting product with complex flow channels indicated that there were no defects such as crack or remaining
powder by X-ray and computed tomography test. And the pressure test suggested that the product with complex flow
channels was not damaged or leaked when the pressure reached 2 MPa for 5 min. Finally, the processes “design-form-
test” were successfully established for the products with complex flow channels.
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Fig. 1 SEM images of AISil0Mg alloy powder. (a) 400<; (b) 2000 X
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Table 1 Chemical composition of AISi10Mg alloy powder

Element Al Si Mg Fe N O

Ti 7n Mn Ni Cu Pb Sn

Mass fraction /%  Bal. 9.94 0.27 0.15

0.004 0.12 0.009 0.004 0.002 0.003

0.004 <C0.002  <<0.02
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Fig. 2 Circular channel samples of different diameters. (a) Three-dimensional model of specimens; (b) circular channel formed by LPBF
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Fig. 3 Ridge shape channel samples with different section sizes. (a) Three-dimensional model of specimens; (b) schematic of section

size dimensions when B=6 mm; (c) ridge shape channel formed by LPBF
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Fig. 4 Schematic of test size of channel sample. (a) Circular channel; (b) ridge shape channel
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Fig. 5 Three-dimensional model of complex channel cooling element. (a) Front view of model; (b) bottom view of model; (¢) position

of ridge shape channel; (d) partial section view of side channel
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Fig. 6 Schematic of inclination angle. (a) Circular channel; (b) ridge shape channel
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Fig. 7 Schematic of mechanism of powder particles adhering to inner surface of channel. (a) Circular channel; (b) ridge shape channel
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Fig. 8 Circular channel samples formed by LPBF with different diameters. (a) Front view and (b) top view of specimens; (c) circular
channel sample formed by LPBF with axial section of channel; (d) circular channel sample formed by LPBF; (e) @2 mm,

(D) @2.5 mm, (g) @3 mm, (h) @4 mm, (i) @5 mm, and (j) @6 mm of inner surface of channel
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Fig. 9 Ridge shape channel samples formed by LPBF with different section sizes. (a) Front view and (b) top view of specimens;
(c) ridge shape channel samples formed by LPBF with axial section of channel; (d) ridge shape channel samples formed by
LPBF; (e) B=2 mm, (f) B=2.5 mm, (g) B=3 mm, (h) B=4 mm, (i) B=5 mm, and (j) B=6 mm of inner surface of channel
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Table 2 Measured diameter of circular channel size Table 3 Measured diameter of ridge shape channel size
Parameter Value Parameter Value
Design diameter Size /
2 2.5 3 4 5 6 2X2 2.5X2.5 3X3 4X4 S5X5 6X6
d /mm (mm>Xmm)
. 1.788 2.014 2.757 3.818 4.728 5.730 . 1.971  2.531 3.016 3.920 5.062 6.139
Lateral diameter Width
4/ 1.756 2.197 2.768 3.673 4.760 5.708 B/ 1.971  2.386 2.908 4.039 4.987 6.085
v/ 1.777 2.057 2.585 3.780 4.663 5.848 i 1.928 2.499 2.886 3.910 4.987 6.123
Longitudinal ~ 1.616 2.111 2.574 3.721 4.502 5.751 Highness 1.928 2.574 3.026 4.179 5.127 6.117
diameter 1.680 2.100 2.671 3.721 4.534 5.773 Hg/mm 2.014 2.402  2.736 3.974 5.008 6.134
d, /mm 1.723 2.036 2.606 3.565 4.491 5.794 1.949 2.526 2.926 4.006 4.976 6.090
® \

B 10 LPBF P 2 2% L 18 BIEATT AT L 18 % 25 A AT 7 58 o () ELAR 0 2 mm B iR B T2 AL
(b) 38 3 ALK BRET FHRBOBR RS Hoby T 2 AL E
Fig. 10 Powder cleaning scheme for complex channel cooling element formed by LPBF at the turning part of flow channel. (a) Process

hole for powder discharge with a diameter of 2 mm; (b) process hole is blocked by set screw and thread glue
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Fig. 11 Complex channel cooling element formed by LPBF.(a)LPBF forming process of channel 1;(b)L.PBF forming process

of channel 2; (c) top view; (d) bottom image; (e) side view; () partial section view
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Fig. 12 X-ray test of complex channel cooling element. (a) Location diagram; detection images of (b) 1# area, (c) 2# area, (d) 3# area,
(e) 4# area, and (f) 5# area
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Fig. 13 CT test of channel cooling element formed by LPBF
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Fig. 14 Pressure test of complex channel cooling element. (a) Filling channels with water; (b) pressure gauge; (c) process of pressure test
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