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Variable width scanning of variable wall thickness twisted blade

with laser inside—beam powder feeding
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Abstract: The conventional laser cladding forming process generally uses equal line-width scanning,
which can difficultly realize a continuously variable width deposition. A blade model with variable wall
thickness was designed. The inside-beam powder feeding nozzle was applied for the variable laser spot
deposition. A deposition height control system was used to measure the actual height of each segment.
PI —controllers with scanning speed as the control input were designed to guarantee equal deposition
heights in different widths. A segmented deposition height control strategy was developed to realize
continuous variable width deposition of the variable wall thickness twisted blade. The structure was
formed based on methods of continuously varying focus distance and closed-loop control. The test results
indicate that the wall thickness varied uniformly from 2.52 mm to 6.18 mm, and the largest error was
—0.58 mm. The heights of the segments were in accordance with the largest error of —0.22 mm. The
micro-structure in different wall thickness positions were compact and uniform.
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Fig.1 Inside-beam powder feeding nozzle
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Fig.2 Design model of the variable wall thickness twisted blade
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Tab.1 Laser spot diameter in different defocus

distances

Defocus distance/mm Measured laser spot diameter/mm

-8 5.50
7 4.80
-6 4.10
-5 3.40
-4 2.80
-3 2.20
-2 1.80
-1 1.30

0 1.00
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Fig.3 Closed-loop control system for variable width deposition
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Fig.4 Laser spots in different defocus distances
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Fig.5 Route in XOY plane for the variable wall thickness blade
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Fig.6 Route variation in XOY plane for the blade
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Tab.2 Initial parameter of each segment

Defocus Scanning Desired wall
Segment . Laser .
distance speed v thickness W,
number N power P/W -
Z/mm /mm-s™! /mm
1 -5 950 4 3.6
2 -6 1100 4 4.5
3 -7 1250 4 5.0
4 -8 1400 4 6.0
5 -7 1250 4 5.5
6 -6 1100 4 4.5
7 -5 1000 4 4.0
8 -4 900 4 3.5
9 -3 800 4 3.0
10 -2 700 4 2.5

(a) OB i
(a) Deposition process
Pl 7 5 B A gy A
Fig.7 Variable thickness twisted blade
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(b) Formed part
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Tab.3 Wall thicknesses and errors of each segment

Desired
Measured Actual wall
Segment wall . Error AW
laser spot . thickness
number N | thickness /mm
diameter/mm W,/mm
W./mm
1 3.40 3.6 3.74 -0.14
2 4.10 4.5 4.28 0.22
3 4.80 5.0 4.8 0.20
4 5.50 6.0 6.18 -0.18
5 4.80 5.5 5.68 -0.18
6 4.10 4.5 5.08 -0.58
7 3.40 4.0 4.12 -0.12
8 2.80 3.5 3.6 -0.10
9 2.20 3.0 3.04 -0.04
10 1.80 2.5 2.52 -0.02
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Fig.8 Deposition height curves of the segments of the twisted blade
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Fig.9 Microstructures at different width positions
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Tab.6 Microhardness

Segment number N Microhardness/HV
4 591.88
5 623.48
6 652.35
7 677.23
3 689.67
9 701.65
10 734.33
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