49

Nd:YAG #o|AE M Sl S99
Hygo| S&daed WAe 9% £4 2 I3

o] g &

PR AEATAY PANBIIAT

Analysis and Optimization of the Cladding Parameters for Improving Deposition
Efficiency in Cladding using a Low Power Pulsed Nd:YAG Laser

Hyoung-Keun Lee*
*Dept. of Welding and Production Engineering, Hanbat National University, Daejeon, 305-719, Korea

Abstract

The optimization of the cladding parameters was studied to maximize the deposition efficiency in the
laser cladding using a low power pulsed Nd:YAG laser. STS304 stainless steel plate and Co alloy powder
were used as a substrate and powder for cladding, respectively. The six cladding parameters were selected
through preliminary experiments and their effects on the deposition efficiency were analyzed statistically.
Experiments were designed and carried out using the Taguchi experimental method using a L18 orthogonal
array. It was found from the results of analysis of variance(ANOVA) that the powder feed position and
powder feed angle had the most significant effects on the deposition efficiency, but the powder feed rate
and laser focal position had nearly no effects. The deposition efficiency could be maximized at Omm of
the powder feed position and 500 of the powder feed angle in the experimental range. From this
experimental analysis, a new laser cladding head with 200 of the powder feed angle was designed and
manufactured. With a new laser cladding head, the highest deposition efficiency of 12.2% could be
obtained.
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Fig. 1 Schematic diagram showing the laser cladding parameters used in this study
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1 2 3
A Shielding gas type Ar He
B Laser pulse shape (ms/Hz) 1.2/92 1.7/60 2.4/40
o] Powder feed rate (g/s)(Travel speed (mm/s)) 0.4 (6.7 0.6 (10.0) 0.8 (13.3)
D Powder feed angle (degree) 50 60 70
E Powder feed position (mm) 0 +2 +4
F Focal position (mm) 0 +2 +4

Table 3 Experimental assignments of the cladding parameters to the L18 orthogonal array, and the

results of the deposition efficiency

Cladding parameter Deposition efficiency

No. A B c b . P Raw data (%) S/N ratio
Single Multi Average (dB)
1 Ar 1.2/92 | 0.4 (6.7) 50 0 0 10.20 11.73 10.96 20.73
2 Ar 1.2/92 | 0.6 (10.0) 60 2 2 6.08 8.65 7.36 16.94
3 Ar 1.2/92 | 0.8 (13.3) 70 4 4 2.49 2.96 2.73 8.62
4 Ar 1.7/60 | 0.6 (10.0) 60 4 4 3.23 3.52 3.38 10.54
5 Ar 1.7/60 | 0.8 (13.3) 70 0 0 4.58 6.99 5.78 14.67
6 Ar 1.7/60 | 0.4 (6.7) 50 2 2 6.67 8.22 7.45 17.30
7 Ar 2.4/40 | 0.4 (6.7) 70 2 4 4,05 4.59 4.32 12.66
8 Ar 2.4/40 | 0.6 (10.0) 50 4 0 4.16 4.29 4.23 12.52
9 Ar 2.4/40 | 0.8 (13.3) 60 0 2 6.53 10.54 8.54 17.90
10 | He 1.2/92 | 0.8 (13.3) 60 2 0 4.31 4.76 4.53 13.10
11 | He 1.2/92 | 0.4 (6.7) 70 4 2 3.16 3.29 3.22 10.16
121 He 1.2/92 | 0.6 (10.0) 50 0 4 8.54 12.46 10.50 19.97
13| He 1.7/60 | 0.8 (13.3) 50 4 2 3.31 3.18 3.25 10.22
14 | He 1.7/60 | 0.4 (6.7) 60 0 4 5.94 6.06 6.00 15.56
15| He 1.7/60 | 0.6 (10.0) 70 2 0 4.96 5.33 5.14 14.21
16 | He 2.4/40 10.6 (10.0) 70 0 2 1.36 1.53 1.44 3.15
17| He 2.4/40 | 0.8 (13.3) 50 2 4 6.62 8.21 7.41 17.25
18 | He 2.4/40 | 0.4 (6.7) 60 4 0 2.62 3.00 2.81 8.92
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Table 4 ANOVA for the average deposition efficiency and its S/N ratio

Char Average deposition efficiency S/N Ratio
acter Parameter ol 8S \Y Fo |F,10%, @ SS \Y Fo [F,10%
A Shielding gas type 1 6.04, 6.04 | 1.71 | 3.78 1 20.82(20.82 1 1.56 | 3.78
B Laser pulse shape 2 110321 516 | 1.46 | 3.46 2 2414112.37| 0.93 | 3.46
C Powder feed rate 2 0.77 | 0.38] 0.11 | 3.46 2 537 2.68] 0.20 | 3.46
D Powder feed angle 2 1373111865 | 528 | 3.46 2 99.79149.90 | 3.74 | 3.46
E Powder feed position 2 149.03]24.52| 6.94 | 3.46 2 {104.99| 52.50| 3.93 | 3.46
F Focal position 2 0.84| 042 0.12 | 346 2 844 4221 0.32 | 3.46
e ERROR 6 |21.19| 3.53 6 80.10| 13.35
Total 17 [125.5| 7.38 17 {344.26| 20.25

®: degree of freedom SS: sum of square V: variance Fo: F value F(1, 6: 0.1)=3.78 F(2, 6: 0.1)=3.46.
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Table 5 The laser cladding conditions optimized
from Taguchi experimental analysis

Parameter optimi? ed
condition
Shielding gas type Ar
Laser pulse shape (V/ms/Hz) 260/1.2/92
TERIGT | Lo
Powder feed angle (degree) 20°
Powder feed position (mm) 0
Focal position (mm) 0
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Table 6 Results of the confirmation experiments using the optimized cladding conditions with a new laser

cladding head

Standard
Run 1 2 3 4 5 Average Deviation
Deposition 12.01 12.30 12.28 12.04 12.29 12.18 0.14
efficiency (%)
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