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Laser Direct Forming Process of Thin-Walled Blade Using Variable
Spot by Inside-Beam Powder Feeding

Lu Bin Zhu Gangxian Wu Jizhuo Shi Shihong Fu Geyan

College of Mechanical and Electrical Engineering, Soochow University, Suzhou, Jiangsu 215021, China

Abstract With unequal width structure characteristics of thin—walled blades, single track by variable laser spot
based on coaxial inside-laser powder feeding rather than multi—track overlapping is adopted, and the thin-walled
blade can be fabricated layer by layer directly. The forming quality of thin—-walled blades is investigated by variable
laser spot based uniform height and stepped single track. The experimental results show that a uniform height
cladding layer with different widths can be got by controlling scanning speed and laser power under the condition
with sufficient powder mass flow rate. The growth rate of cladding layers isn’t consistent based on uniform height
single—trace cladding layer, and the large ratio of width to height position increases quickly. The theoretical model
among layer thickness of Z axis, height of single—trace cladding layer and the section curve order of cladding layer
is established, and the stepped single track method is put forward to solve the problem of inconsistent growing
height. The thin—walled blade with good forming quality can be achieved. This new method can be provided for
forming unequal width blade by laser direct forming with coaxial inside-laser powder feeding.

Key words laser technique; laser direct forming; inside—beam powder feeding; variable laser spot; thin—-walled
blade
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Fig.2 (a) Schematic diagram of inside—beam powder feeding; (b) nozzle focused state
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Table 1 Section sizes of cladding layers with different process parameters
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Defocus distance /mm Power /W Scanning speed /(mm/s) Layer width /mm Layer height /mm

0.5 400 10 1.18 0.47

1 600 14 1.36 0.47

2 800 15 1.46 0.49
2.5 1000 14 1.55 0.49

-3 1000 15 1.53 0.46

-4 900 11 1.90 0.47

-5 1000 10 2.43 0.49
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Fig.3 Scanning path
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Table 2 Process parameters with different regions

Region Defocus distance /mm Power /W Scanning speed /(mm/s)
A—B 0.5 400 10
B—C 0.5—1 400—600 10—14
C—D 1—2 600—800 14—15
D—FE 2—2.5 800— 1000 15—14
E—F 2.5—~-3 1000 14—15
F—G -3—-4 1000—900 15—11
G—H -4—-5 900— 1000 11—10
H—1 -5—-4 1000—900 10—11
=] -4—-3 900— 1000 11—15
J K -3 1000 15
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Fig.4 Variation trend of laser beam diameter
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Table 3 Section sizes of cladding layers and AZ with different process parameters

Defocus distance /mm Power /W Scanning speed /(mm/s) Layer width /mm  Layer height /mm AZ /mm

0.5 400 10 1.18 0.47 0.35

1 600 14 1.36 0.47 0.34

2 800 15 1.46 0.49 0.35
2.5 1000 14 1.55 0.49 0.35
-3 1000 15 1.53 0.46 0.33
-4 900 11 1.90 0.47 0.32
-5 1000 10 2.43 0.49 0.34
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Fig.5 Formed part of thin-walled blade based on cladding layer with gradually varied widths in same height. (a) Front view; (b) top view
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Fig.6 Laser intensity distribution with different focusing states
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Fig.7 Section geometry morphology of cladding layers under variable laser spot
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Fig.8 Section geometry morphology of cladding layer
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Fig.9 Accumulation section morphology under ideal state
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Fig.10 Transverse section geometry morphology of cladding layer. (a) Actual forming transverse section;

(b) designed transverse section; (c) ideal transverse section
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Table 4 Section sizes of cladding layers with different process parameters

Defocus distance /mm Power /W Scanning speed /(mm/s) Layer width /mm Order Layer height /mm

0.5 300 10 1.176 2.5 0.474

1 600 15 1.356 2.5 0.470

2 1000 15 1.708 2.5 0.460
2.5 800 15 2.252 5.5 0.400

-3 1000 15 1.532 2.5 0.464

-4 600 10 1.78 3.5 0.436

-5 600 5 2.58 7 0.388
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Fig.11 Formed part of thin-walled blade based on step single layer. (a) Front view; (b) top view
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