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Research of Closed-Loop Control of Deposition Height in Laser Metal Deposition
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Abstract In laser metal deposition (LMD), fixed process parameters are mostly used during the deposition. The
actual deposition height of each layer is generally fixed and uncontrollable. In order to improve forming stability and
accuracy of the forming parts, and compensate the error of deposition height, a real time closed-loop control system
of deposition height with variable process parameters is development. The actual deposition height is controlled by
means of the feedback of the error between actual deposition height and the set desired layer height. Both P-
controller and Pl-controller are designed, and scanning speed and laser power as input variables are implemented
respectively to control the actual deposition height. The experimental results indicate that the variable scanning
speed control is better than variable laser power control. The best fluctuation range of the actual deposition height is
+0.015 mm. The total deposition height can achieve the desired total layer height using Pl-controller. If the
powder feeding rate changes abruptly, the P-control system has a nice robustness. The sectional view of cladding
layer texture shows the variable deposition heights, which are in accord with the step response curve of P-controller.
The system provides a new method to control deposition height and to compensate deposition error.
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Fig. 1 Principle of hollow laser beam internal powder feeding
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Fig. 2 (a) LMD layer height closed-loop automatic control system and (b) straight wall stacking experiment
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Table 1  Composition of Fe313iron-based alloy powder (mass fraction, %)

Composition C Si Cr B Fe

Mass fraction 0.1 2.5-3.5 13-17 0.5-1.5 Bal.
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Fig. 3 Orthogonal experiment results. (a) Change of deposition height with scanning speed;

(b) change of deposition width with scanning speed
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Fig. 4 Orthogonal experiment results. (a) Change of deposition height with laser power;

(b) change of deposition width with laser power
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Table 2 System parameters for variable scanning speed-deposition height control (P-controller)
Initial scanning Initial powder
Laser power /W Kp/s™! K, Ko
speed /(mmes ') feeding rate /(gemin ')
620 6 6.5 —10 0 0
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Fig. 5 (a) Deposition height and (b) scanning speed varied with layer number by variable scanning

speed-deposition height control (P-controller)
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Table 3 System parameters for variable scanning speed-deposition height control (Pl-controller)

Initial scanning Initial powder feeding
Laser power /W Kp/s ! K,/s! Ko
speed /(mmes ') rate /(gemin ')
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Fig. 6 (a) Deposition height and (b) scanning speed varied with layer number by variable scanning

speed-deposition height control (Pl-controller)
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Table 4 System parameters for variable laser power-deposition height control (P-controller)
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power-deposition height control (P-controller)

4.4 FFGBELE

A1 /N R R A 4 A R A (P PR A% OB B BE R TN 8 B R . 2 14 mm Ab AT WL
— AR 2 SR IE L RO 18T 5 R AR 40 JZ BT B2 1 0.3 mm—0.2 mm B4 . U 2R )2 R HEAT HE
T P22 m s I PUAVE BRI R E 2000 12 mm, SITERER) 0.3 mm X 40=12 mm — 2L,

TEE 8 Jr 7R B A LU i Sk O i VDG 4 X R AR B 0 L I Pl SR F AR R DM-TRML 2 4 A 12 73
Bedh . B OSSR IC AR AR AN & 9 o, 9 MR AR SO R 1AL 5 f 34 ~ 54 JRIX L BT 5 b Y
BJZEEH 0.3 mm ZAF] 0.2 mm B, #ZEECHH R TE B SRR EERETE 0.3 mm 4,
it BOZ AL W 2 R R AREAE T 0.2 mm ZE A, X5 E 5 i A S PR AR AL R — B0

Pl 8 A 471 il 2 -3 g 2 ) (P 4 5 68 ) B TR AF

Fig. 8 Formed part deposited with variable scanning speed-deposition height control (P-controller)
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