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ABSTRACT

Laser welding has attracted great attention as a tool used to join electrical steel coils. In this study, laser butt
welding for electrical steel coil joining was conducted using the Taguchi method. It was found that structural
defects such as void sand cracks were not produced in welds. This indicated that the performance of laser
welding in electrical steel was excellent. According to the Taguchi analysis, the total welding quality index
(TWQI) considering the bead height and roughness and tensile strength of the weld joint was almost evenly
affected by laser power, welding speed, and focal position. The optimum welding conditions to maximize the
TWQI were a laser power of 1220W, welding speed of 90 mm/s, and a focal position of 1mm. The regress
model predicting the TWQI was also developed using the surface response method. We found that the model
predicts measured values with an average error of 16.36%.
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Fig. 1 Press(or punching) process of electrical steel
coil (Hy: bead height, H,: punch height)
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Fig. 2 Schematic diagram of laser welding experiment
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Table 1 Factors of laser welding experiments and
their levels

Level
1 2 3 4
Laser power (W) 1100 1160 1220 1280

Factor

Welding speed
(mm/s) 70 80 90 100
Focal position (mm) 0 1 -1 2
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Table 2 Experimental layout based on Taguchi matrix (3 factors and 4 levels)

Exp. N Factor
*p- O Laser power (W) Welding speed (mm/s) Focal position (mm)
1 1100 70 0
2 1100 80 1
3 1100 90 -1
4 1100 100 2
5 1160 70 1
6 1160 80 0
7 1160 90 2
8 1160 100 -1
9 1220 70 -1
10 1220 80 2
11 1220 90 0
12 1220 100 1
13 1280 70 2
14 1280 80 -1
15 1280 90 1
16 1280 100 0

Fig. 3 Cross section of weld
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Fig. 4 SNR analysis for TWQI
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Table 3 SNR analysis for TWQI and rank of effects

Axe) DL T o7} 13% FFEOZ QA wWE
TWQI ¥ AHAZ Aolrt Ix e Aoz EAY
Ak IWQIol ™3I SNR EAlo] waw, 23
A= HE FZolde M E dFS FHoY
AARZoE 71 HE IS v d =,
YolA &8 A HE Holo s Ho A3t

FAHFF dEgS FAEeH, o2 U RE &
H F4 d5S 18% TWQIO M E dAE
dF A= Aot IA U

TWQIo| ™ SNREA AdE vlgo =, TWQI
o g 71& H& SNRE F=3= HZF FAH =

A 2 g =4S TWQIO 3 Fa3 a3}
£ Table 49 YERN AT

gloj# =4

3.2 TWQIof| cist diSEHM 3§
2, &4 |
F9 ARAE o9 w 7 =

A5 Atole] wEAg oA

[€)
WA 4 ook B ATAE td AxEe

TWQI WA= a3& setstr] fls8] tx A
d Ad3dE vgo s TWQIO] tigh wh-gxd 34
REALS ofglel o] F31git
TWHQI = - 975 + 1.321A + 5.14B - 92C -
0.000432A% - 0.006B> - 1.22C* -
0.00353AXB + 0.005IAXC +
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Level Laser power Welding speed Focal position

1 23.66 24.92 24.29

2 24.63 23.66 24.97

3 25.27 25.14 24.36

4 22.89 22.73 22.83
Delta® 2.37 2.42 2.14
Rank® 2 1 3

“Difference between the highest and lowest SNR
°Larger delta has a higher rank
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Table 4 Optimum welding conditions and their main

effect on the TWQI

Factor Optimum level Main effect on the TWQI
Laser power 3 (1220W) Increase of SNR for bead height, roughness and tensile strength
Welding speed 3 (90mmy/s) Increase of SNR for roughness and tensile strength
Focal position 2 (Imm) Increase of SNR for bead height and roughness

Table 5 Measured and predicted value for TWQI

Factor TWQI
Exp. No. A B c .
Laser power Welding speed Focal position Measured  Predicted % Error
W) (mm/s) (mm)
1 1100 70 0 15.46 13.97 9.64
2 1100 80 1 20.35 17.29 15.04
3 1100 90 -1 14.26 17.15 20.27
4 1100 100 -2 12.00 11.98 0.17
5 1160 70 1 16.28 19.31 18.62
6 1160 80 0 18.11 21.28 17.49
7 1160 90 -2 13.54 12.96 431
8 1160 100 -1 21.14 16.94 19.84
9 1220 70 -1 22.77 20.34 10.68
10 1220 80 -2 13.46 13.86 2.97
11 1220 90 0 26.19 20.04 23.49
12 1220 100 1 14.08 18.47 31.20
13 1280 70 -2 16.82 14.69 12.68
14 1280 80 -1 10.87 16.31 50.06
15 1280 90 1 21.11 16.67 21.02
16 1280 100 0 9.83 10.25 4.28
Average 16.36
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