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Abstract Aluminium- lithium alloy is the ideal material in aerospace industry for its lightweight and high
strength. 2 mm aluminium-lithium alloy is used for laser cutting by employing 1 kW fiber laser to improve its
cutting quality. The effect of the process parameters on the quality of laser cutting, such as defocus, gas
pressure, laser power and cutting speed is studied. Cutting qualities under continuous laser mode and pulsed
laser mode are compared. The results reveal that pulsed laser mode can achieve a better cutting quality.
Optimization of technological parameters is performed by using the visual analysis of orthogonal experiment,
the analysis of variance and the analysis of signal to noise ratio. Finally, the good quality with 0.087 mm slag
thickness and 4.81 pm surface roughness can be obtained.

Key words laser technology; fiber laser cutting; process optimization; analysis of variance; aluminium-
lithium alloy
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Table 1 Chemical composition of 2198 aluminium~lithium alloy

Chemical element Si Fe Cu Mn Mg Cr
Mass fraction /% 0.08 0.10 2.9~3.5 0.50 0.25~0.8 0.05
Chemical element Ti Ag Li Zr Zn Al
Mass fraction /% 0.10 0.10~0.50 0.8~1.1 0.04~0.18 0.35 surplus
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Table 2 Process variables of continuous laser cutting

Factor Numerical value
PIW 800, 1000
v /(m/min) 0.6,0.8,1.0,1.2,1.5
Af /mm -2,-1.5,-1,-0.5,0, +1
p /MPa 1.0,1.2,1.4,1.6,1.8,2.0,2.2
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Fig.1 Cutting qualities under different focus positions
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Fig.2 Cutting qualities under different gas pressures
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Table 3 Cutting qualities under different laser powers and cutting speeds (Af==1.5 mm, p=1.6 MPa)
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Sample

Power /

Cutting speed /  Line energy /  Energy density / Slag Kerf Surface
number w (m/min) (J/mm) (10° W/em®)  thickness /mm  width /mm roughness /pm
144# 1000 1.5 40 1.41 Not cutting through
15# 1000 1.2 50 1.41 0.34 0.26 5.75
2# 1000 1.0 60 1.41 0.26 0.27 5.63
16# 1000 0.8 75 1.41 0.40 0.30 5.60
17# 800 0.8 60 1.12 Not cutting through
18# 800 0.6 80 1.12 Not cutting through
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Fig.3 Macro appearance of 2# after laser cutting. (
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Table 4 Technological parameters of orthogonal experiment

Symbol Factor Level 1 Level 2 Level 3 Level 4
A Cutting speed / m/min 0.6 0.8 1.0 1.2
B Pulse frequency /Hz 50 100 150 200
C Duty-cycle /% 80 85 90 95
D Gas pressure /MPa 1.2 1.4 1.6 1.8
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Table 5 Results of orthogonal experiment

Orthogonal Slag thickness /pm Surface roughness /pwm Kerf width /pm
test No. (ABCD)  y Y2 Vs Average ¥i Y2 Vs Average ¥i V2 ¥s Average
1.(1111) 480 500 500 493 5.01 6.93 6.36 6.10 209 214 199 207.3
2.(1222) 200 260 300 253 4.7 5.58 5.39 5.22 204 201 206 203.7
3.(1333) 100 80 120 100 4.72 5.9 5.49 5.37 226 221 216 221.0
4.(1444) 100 140 160 133 6.23 6.2 5.67 6.03 211 228 202 213.7
5.(2123) 340 280 360 327 5.5 6.7 7.36 6.52 214 194 202 203.3
6.(2214) 180 220 260 220 6.21 5.84 6.07 6.04 206 194 197 199.0
7.(2341) 480 560 520 520 5.43 4.82 5.53 5.26 226 238 233 232.3
8.(2432) 320 300 320 313 4.88 6.1 5.93 5.64 211 209 204 208.0
9.(3134) 180 200 280 220 5.68 7.35 7.59 6.87 216 219 221 218.7
10.(3243) 380 300 280 320 5.07 5.97 6.98 6.01 228 231 224 227.7
11.(3312) 180 200 180 187 6.35 7.43 6.11 6.63 211 204 197 204.0
12.(3421) 360 400 420 393 4.77 5.16 5.39 5.11 197 197 206 200.0
13.(4142) 280 360 300 313 6.81 5.75 7.35 6.64 189 204 209 200.7
14.(4231) 500 540 460 500 7.77 6.56 6.94 7.09 219 206 219 214.7
15.(4324) 160 200 180 180 6.56 6.93 7.22 6.90 214 206 199 206.3
16.(4413) 200 200 220 207 4.67 4.96 6.66 5.43 224 214 214 217.3
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Table 6 Visual analysis of the orthogonal experimental results

Factor
Statistical
Target Cutting speed / Pulse Gas
magnitude Duty-cycle /%
(m/min) frequency /Hz pressure /MPa
K, 242.5 337.5 275 4717.5
K 345 322.5 290 265
Slag
Ks 282.5 247.5 282.5 237.5
thickness /pm
K, 297.5 260 320 187.5
R 102.5 90 45 290
K, 22.72 26.13 242 23.56
K, 23.46 24.36 23.75 24.13
Surface
Ks 24.62 24.16 24.97 23.33
roughness /pm
K 26.06 22.21 23.94 25.84
R 3.34 3.92 1.22 2.51
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Table 7 Analysis of variance of target slag thickness

Soruce of variance S f v F F.
Cutting speed /(m/min) 21518.75 3 7172.92 3.077
Pulse frequency /Hz 24018.75 3 8006.25 3.434
Duty—cycle /% 4668.75 3 1556.25 Fo.10(3,6)=3.29
Gas pressure /MPa 196118.75 3 65372.92 28.042
Errore’ (C.e) 13987.5 6 2331.25

F 8 FR bR R MRS 1975 200 B R

Table 8 Analysis of variance of target surface roughness

Soruce of variance S f |4 F F.
Cutting speed /(m/min) 1.593 3 0.531 1.553
Pulse frequency /Hz 1.928 3 0.643 1.880
F0.25(3,9)=1 .63
Duty-cycle /% 0.216 3 0.072
Gas pressure /MPa 0.965 3 0.322
Errore’ (C.D.e) 3.077 9 0.342
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Table 9 Results of statistical magnitude in signal to noise ratio analysis

Experimental run L Tau TixoL Tsni
S, R. S, R,
1 243466.7 37.86 0.90 0.75 0.838 0.77
2 65866.67 27.43 0.24 0.54 0.363 4.40
3 10266.67 29.08 0.04 0.58 0.253 5.97
4 18400 36.47 0.07 0.72 0.329 4.82
5 107866.7 43.10 0.40 0.85 0.580 2.37
6 49466.67 36.50 0.18 0.72 0.398 4.00
7 271466.7 27.77 1.00 0.55 0.820 0.86
8 98266.67 32.06 0.36 0.63 0.471 3.27
9 50266.67 47.96 0.19 0.95 0.491 3.09
10 104266.7 36.69 0.38 0.73 0.521 2.83
11 34933.33 44.29 0.13 0.88 0.428 3.69
12 155333.3 26.14 0.57 0.52 0.550 2.59
13 99333.33 44.49 0.37 0.88 0.572 243
14 251066.7 50.52 0.92 1.00 0.955 0.20
15 32666.67 47.73 0.12 0.94 0.450 3.47
16 42800 30.26 0.16 0.60 0.334 4.76

B850 DLER Tyonn VE N B S50 10 B 225 R Y, 41 2 007 25 B0 AT 5 72, T3 45 A T R AE AN TR KSR 1)
R 4E Rz L, 582 10,
F10 R Z AR KE T Y (5 0 L

Table 10 Effect of input process parameter levels on Tysyr

SNR
Factor
Level 1 Level 2 Level 3 Level 4
Cutting speed 3.992° 2.624 3.051 2.714
Pulse frequency 2.164 2.859 3.497 3.862
Duty-cycle 3.303 3.208 3.133 2.736
Gas pressure 1.106 3.447 3.983" 3.845

J RV R8BS S, B R /IN BT | 35 AN [ K P Hh 43 DUAE e R 0 o e I K 7 (B 26 vp iy B2 5 1 K7,
L T2 25800 ABCiD; o 161X T2 48 (V) %) 3 B 0.6 m/min, 51 %8 150 Hz, (f 25 Lt 80% , % B AR R
1.6 MPa ) T 73 2] () U] #1038 A 22 WJE 85 an & 5 /s, I 73 $,=0.087 mm, R,=4.81 pm, ¥J fIt F 1F 22 ik 46
S =0.1mm , FKIHEE R e /IME R, =511 wm 38 B 285 W Lk A0 5 19 T 25 A8 W 28 s D) 1) i &
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Fig.5 Macro apperance of sample after parameter optimization. (a) Front; (b) back
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