58

2
-
rir

=
(LI

STS 304L°] Nd:YAG d#o]A &5dA &H5xA]
S35 o) 2= 9

Effects of the Welding Parameters on the Weld Shape in Nd:YAG
Laser Welding of STS 304L

Hyoung Keun Lee*, Han Gil Suk**, Hyon Soo Han*** 6 Ul Jae Park*** and Soon Bok Hong***

*Dept. of Welding and Production Engineering, Hanbat National University, Daejeon 305-719, Korea
**Dept. of Materials and Metallurgical Engineering, Samcheok National University, Samcheok 245-080, Korea
***Hanaro Center, Korea Atomic Energy Research Institute, Daejeon 305-353, Korea

Abstract

The control of the weld bead shape is important in laser welding of the small parts. The effects of laser welding
parameters on the weld bead shape in the pulsed Nd:YAG laser welding of STS 304L material were investigated.
Shielding gas type, flow rate, pumping voltage, pulse frequency, pulse width, focal position and overlap distance were
selected as laser welding parameters. Experiments were designed and conducted using the Taguchi method which was a
statistical experimental method. The weld bead width, penetration, area and aspect ratio were measured and analysed as
the weld bead shape properties and the welding parameters were optimized to maximize the weld aspect ratio. Weld
aspect ratio were greatly affected by the pulse width, pumping voltage and pulse frequency, and somewhat by the
overlap distance, and little by the shielding gas type, flow rate and focal position. A confirmation experiment were

conducted using the optimized welding parameters.
* Corresponding author : leehk@hanbat.ac.kr
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Table 1 Nd:YAG laser welding system used in this

work

Characteristics Performance Range
Type Flash lamp pulsed Nd:YAG
Wavelength 1.064 gm
Out power 400 W max.
Pumping voltage 400 V max.
Frequency range single - 100 Hz
Pulse width 80 s - 10 ms
Optical fiber delivery | 600 m SI type
Effective focal length | 75 mm
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Fig. 1 Plots showing the average output power
with the changes of the pumping voltage
and pulse width at the pulse frequency of

15, 20 and 28 Hz
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© HHE A6t A48 HuwEEE ARSE o Penetration
2R ARANES AEHAE. DAL EE 1 A
2 £ WL 7 9 3 £ WAFE FAo Ay Aspect Ratio = Penetration/Width
fl: sed, TL’EZ}%O] 2= el 22 vj"&_:’&ﬂﬂ ?L’ Fig. 2 Schematic diagram explaining the analysis
T8 9%l 7 A2 L18 AuweldEE ARt methods of weld cross section
%t}h. Table 29Me &FRFESR o589 52 B
ozt 8-S 7 AS 2 £ 1 7N, 3 5329 6 Table 2 Laser welding parameters and their levels
NE wixsta, A3 AP Adatr] fstd 3 Chr. | Parameter 1 2 | 3
29 1 7} D(column)ole $4H52 wAaH a | Shiotdins aoe oo T
ﬂlj(frror)?_h ‘TML %}‘}iqﬂ} bele 3‘11/‘1% 1:151 3111} B | Shielding gas flow rate (/min) | 15 | 20 | 25
] WAl 2 dexds Reldd. dddeAde C | Pumping voltage (V) 228 | 240 | 250
ISEE AHgEel PANS ddth SRSEE 7
29ZAN ZolA W Zuie} W AANAS D | Pulse frequency (Hz) 15| 20 | 28
A EE AAIFATHEAEE (mm/min) = Fuk E | Pulse width (msec) 08 1] 1.0 | 1.2
(Hz) X ZAAZA(mm) x 60). z+ AddzAd tat F | Focal position (mm) 0 | -0.7|-14
HEEE Py qux e Gag 8o (1) ¢ G | Overlap distance (mm) 0.12 | 0.20 [0.27
Table 3 Experimental arrangements of the welding parameters on a L18 orthogonal array
Welding | Average | Energy Power
No. A B C D E F G speed power /pulse /pulse
(mm/min) | (W) () | (Wx10°)
1 Ar 15 | 228 15 0.8 0 0.12 108 10.3 0.7 0.9
2 Ar 15 | 240 20 1 -0.7 | 0.2 240 37.9 1.9 1.9
3 Ar 15 | 250 28 1.2 | -1.4 | 0.27 453.6 87.7 3.1 2.6
4 Ar 20 | 228 20 1 -1.4 | 0.27 324 26.8 1.3 1.3
5 Ar 20 | 240 28 1.2 0 0.12 201.6 71.7 2.6 2.1
6 Ar 20 | 250 15 08 | 0.7 | 0.2 180 23.7 1.6 2.0
7 Ar 25 | 228 15 1.2 | -0.7 | 0.27 243 27.8 1.9 1.5
8 Ar 25 | 240 20 08 | -1.4 | 0.12 144 24.7 1.2 1.5
9 Ar 25 | 250 28 1 0 0.2 336 68.2 2.4 2.4
10 He 15 | 228 28 1 -0.7 | 0.12 201.6 38.6 1.4 1.4
11 He 15 | 240 15 1.2 | -14 | 0.2 180 37.3 2.5 2.1
12 He 15 | 250 20 0.8 0 0.27 324 33.5 1.7 2.1
13 He 20 | 228 28 08 | -1.4 | 0.2 336 23.0 0.8 1.0
14 He 20 | 240 15 1 0 0.27 243 27.3 1.8 1.8
15 He 20 | 250 20 1.2 | -0.7 | 0.12 144 62.4 3.1 2.6
16 He 25 | 228 20 1.2 0 0.2 240 38.0 1.9 1.6
17 He 25 | 240 28 0.8 | -0.7 | 0.27 453.6 39.26 14 1.7
18 He 25 | 250 15 1 -1.4 | 0.12 108 35.0 2.3 2.3
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Fig. 3 Weld cross section images for the welding conditions
Table 4 Analysis results for the weld width, penetration, area, aspect ratio and overlap
Weld width (mm) Weld penetration (mm) Weld area (mm®) Aspect ratio Weld
No. overlap
1 2 3 | Aver| 1 2 3 | Aver| 1 2 3 | Aver| 1 2 3 | Aver | SN (%)
1] 040 0.37| 0.38 ] 0.38]0.036 {0.028 |0.030 | 0.03]0.011 {0.011 |0.011 [0.011 |0.090 {0.074 |0.079 | 0.08 |-21.9| 68.8
2 1069 071 0.69| 0.7010.166 [0.157 {0.162 | 0.16 |0.057 [0.057 [0.059 | 0.058 [0.241 {0.220 |0.235 | 0.23 |-12.7 | 71.3
3 1 091] 093] 090 0.91(0.435]0.374 [0.299 | 0.37 [0.155 |0.155 [0.118 | 0.143 [0.480 |0.400 [0.333 | 0.40 | -8.2| 70.4
4 | 056 056 | 0.54| 0.56[0.077 [0.058 |0.053 | 0.06 [0.024 |0.024 10.022 {0.023 {0.138 |0.104 [0.097 | 0.11 |-19.2 | 514
5 1 092] 0.83] 0.88| 0.88 {0.3160.285 [0.286 | 0.30 {0.113 |0.113 [0.1220.116 [0.344 |0.341 [0.323 | 0.34| 9.5| 86.4
6 | 0.61| 0.61] 056 | 0.59]0.121 [0.091 {0.069 | 0.09 |0.035 [0.035 [0.029 |0.033 {0.199 {0.150 | 0.122 | 0.16 |-16.6 | 66.3
7 1 0.63] 0.62] 0.52| 0.59 [0.101 |0.096 [0.063 | 0.09 [0.040 |0.040 {0.025 |0.035 {0.161 [0.155 [0.122 | 0.15|-16.9| 54.1
8 | 0.58| 0.60| 0.60| 0.5910.082 [0.073 {0.066 | 0.07 |0.029 [0.029 [0.026 |0.028 {0.141 {0.123 |0.111 | 0.12 |-18.2 | 79.7
9 | 0.87| 0.88] 0.77| 0.84 {0.28810.262 [0.224 | 0.26 {0.105|0.105 [0.092 | 0.101 {0.333 |0.297 [0.289 | 0.31 |-10.3 | 76.2
10| 0.65| 0.64| 0.64| 0.64]0.159 [0.120 {0.119| 0.13 [0.044 [0.044 | 0.042 | 0.044 [0.244 |0.188 10.186 | 0.21 |-13.9| 81.3
111 072 0.77 ] 0.73 | 0.74 10.183 |0.169 {0.152 | 0.17 [0.069 |0.069 |0.061 |0.067 {0.254 {0.218 [0.208 | 0.23 |-13.0 | 73.0
12| 0.63| 0.63] 0.52| 0.590.116 [0.119 {0.060 | 0.10 [0.046 [0.046 | 0.025 |0.039 [0.184 |0.188 |0.116 | 0.16 |-16.4 | 54.4
13| 052 044 ] 0.30 | 0.42]0.062 0.044 {0.036 | 0.05{0.018 |0.018 {0.008 |0.015{0.118 {0.099 {0.120 | 0.11 |-19.1 | 52.5
14 | 055 0.54] 0.46| 0.520.116 [0.082 {0.063 | 0.09 [0.036 [0.036 |0.024 |0.032 [0.211 |0.151 |0.137 | 0.17 |-16.0 | 47.8
151 0.82] 0.86| 0.85| 0.84]0.347 |0.359 {0.323 | 0.34 0.145 |0.145 [0.134 |0.141 {0.421 {0.416 |0.382 | 0.41| -7.8 | 85.8
16| 0.63| 0.61] 051 | 0.580.174 {0.136 {0.089 | 0.13 [0.052 [0.052 {0.032 |0.046 [0.275 |0.221 |0.175 | 0.22 |-13.4| 65.8
17 | 056 0.51] 0.48 | 0.520.099 [0.064 {0.053 | 0.07 {0.024 |0.024 {0.021 |0.023 {0.175 {0.126 |0.110 | 0.14 |-17.7 | 47.6
18 | 0.70 | 0.59| 0.70 | 0.66|0.154 [0.126 {0.146 | 0.14 [0.048 [0.048 {0.059 |0.051 [0.219 |0.215]0.209 | 0.21 |-13.4| 81.9
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Fig. 4 Effects of the laser welding parameters on the weld width, penetration and area
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Fig. 5 Effects of the laser welding parameters on the weld aspect ratio and S/N ratio
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F Focal position (mm)  (2) 241 120 - - Fig. 6 Correlation between weld width and weld
o Overlap distance 9 1007 503 767 320 penetration
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Fig. 7 Effects of the energy/pulse on the weld
aspect ratio
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Table 6 Optimized laser welding condition
Welding parameters Analysis results
Shielding | Shielding gas Pumping Pulse Pulse Focal Overlap Weld Weld Aspect
gas type flow rate voltage frequency width position | distance width penetration ratio
(1/min) (V) (Hz) (msec) (mm) (mm) (mm) (mm) (mm)
He 15 250 28 1.2 -1.4 0.12 0.90 0.41 0.45
o] 7lugks EaHEA AYERE Y3 Table 1) &4 HE F &4%lo], &4 dwA g ofxd
69 #Holx &Rz A 95% AFHTFrA o]~ E Hld P Zzk @3y AHto] w9 2 JEFS nHo
AE BE 249 A% 042 £ 0052 FHHAG. W, FALE 4P 2 9FS nAd gANAL o
Mg 82 stlA] 1 39 ERlAFAS FAstde k] I wFTh v BIUkao FRF, Hovbs
o, &5 dHARRLE Fig. 844 Hogr, &8¢ f% AT A 9= nAA &t
el $473 £4 WE Z& 090 mm, §9A0lE  2) o~AE Hlg} Bag ojdx) oA A a4
0.41 mm, o]~ E Hl= 0.458 AUTh Aojxl of  AFHEEA Jem, HxaT AquAZE SUHESESE o~
ZAE e 2T U] Solenz A¥AdE 8 AE m: Zkadc $7 s 23 g9qole A
Fek Flow AdHEn. &7 e oA A o AP AHHAE JHT
7] BHRE Qlet] G dio] th=7] wiidl|, & 3) =%, &5izlo], oj~dE n|9] 3/N H|E T4
Ag AHE ARHoR 43 e FHRACE A BN ATEYE @4 AeF 432D 89 oA
48 = gloy, UM FHgHoR wAdE & HAHY HolA &S EEsIh T3 Eeldd
59 9= Ae 84 E&sturt st < Fstgien, O A= 2N Azke] g e
% AXse,
5 & 2
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Fig. 8 Optical micrograph showing the cross section
of the weld bead welded with the optimized
welding condition
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