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Abstract Based on an artificial neural network, the training function fitting of the laser-cutted Ni-based alloy
samples is conducted. With the current, pulse width, cutting speed and defocusing amount as the input vectors and
the comprehensive score of the slag width, kerf width, and cutting integrity as the output vector, the hidden layer
node with the minimum error is found. Based on this model, the laser cutting quality is predicted. The maximum
error is 7.66 % and the minimum error is —0.32% . With the comprehensive score as the fitness value of the genetic
algorithm, 50 species within the range of the practical process parameters are randomly selected as the initial
optimal group. The treatments such as crossover, mutation and iteration are then made and the optimal fitness value
and its corresponding process parameters are searched. The optimal fitness value which is predicted theoretically is
98.41, but the actual value is 89.53, and the error is 9.03%. The quality of this verification sample is obviously
higher than those of 25 experimental samples. The average slag width is 81.5 pm and the kerf width is 164 pm.
Key words  laser technique; laser cutting; neural networks; genetic algorithm; nickel-based alloy; process
parameters
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Table 1 Chemical compositions of GH3128 (mass fraction, %)
Composition Ni Cr w Mo Al Ti Fe B Zr Ce
Value Bal. 19.0-22.0 7.5-9.0 7.5-9.0 0.4-0.8 0.4-0.8 1.0 0.005 0.04 0.05
' o AR T T IR R A O R 5 T
P4 — 5 B AT U AT M52 B I ) 4. TE K
e e 4 S b E A A P TR G5 B A M 2
Breflector 5 T LA AL P A R HE R
5: nozzle moving 2.2 ?’:Bﬁﬁflﬁ
direction 9
6: cutsurfaqe *E*Eiﬁ&gég/ﬁwﬂ SRR 4 AN 5 NAKEER
v i 25 24 6 A6 B EL PR 2K L 2
O auxiliary gas SR ST IR ML & T AN S, A AT N
7 6 S.=[(50—S/20) 4+ (60 — K/10)] X /L,
El 1 ot ERE R (1
Fig. 1 Schematic of laser-cutting process b S HHB K NI L NI K,
BOL EEMME 1 PR, SOt L MBEAKE, IR 15 mm., SCRBEA 1 S 13

VAR £E AR /N 19 06 BE L 76 R 5 AL AR 15 i
10" W/mm?® [y 2y 4R 5 B L i 7= A0 1) R o 2 LA R
Ab AR 4 R R R o b R S AR T T
PAFERY RE IR MR R A RO A 305 38 U B T L 1B I i
BVRAL I L & R AL . OB O E LR

S AAIIE L FH O 52 it 4 BT 7 E B % ) 4 5 J
R B L DR TR H 4 A 4 O S B 1 b B
S 2 R 2 4 1 160 ) R S AT 4 R 4
Br. B CORATE, SR G 0 o VIAE 8 N
100 [ =L B 2524 AR5 4 100 45,

111404-2



55, 111404(2018)

ANSHBIZFHRE

www.opticsjournal.net

#2 HEKF
Table 2 Factor levels
Symbol Factor Level 1 Level 2 Level 3 Level 4 Level 0
A Electric current /A 200 210 220 230 215
B Pulse width /ms 1 1.2 1.4 1.1
C Cutting speed /(mm * min ') 150 200 250 300 225
D Defocusing amount /mm —1 —0.5 0.5 1 0

Kl 2 SR LA

Fig. 2 Exp erimental macrograph

Bl 2 iRl 25 D) BIREA I D2 R, 8 R 1ok
HEAR AN ) S 80 22, B/ A L il A ] 5 B
AKEY R 15 mm, Hi 15513 5582k 1)
TF.9 5. 14 5. 22 S YIIF, 17 518 519 5,
20 SREA YIRS 4 YK, H A A AH b R I A A
W) 2 d5e KAE 5 fe /ME RV B8 15 R D) 4% 58 5, i
V) 2 V0 3 i R 5 A /D 9 B () - 3 (B 22 R Ry
H S0 B BAA B AR iC an &l 3 i,

WK 3 i S S M4 E K 5K 2 fr
IRIVIIT 523 5 1/ L ACA (D RAG L AR, W2 3,

®3 OHARZGAEITES

Table 3 Comprehensive scores of samples

Level of Level of
No. S /pm K /pm /L /% S. ] S/pm  K/pm /L /% S.

ABCD ABCD
1 1111 0 0 0 0 14 4231 170 171.5 84 70.85
2 1222 155 177.5 100 84.5 15 4324 272.5 193 100 77.08
3 1333 260 195 100 77.5 16 4413 417.5 209.5 100 68.18
4 1444 262.5 200 100 76.88 17 0000 242.4 148.875 100 82.99
S 2123 157.5 159.5 100 86.18 18 2222 169.9 178.625 100 83.64
6 2214 250 224 100 75.1 19 3333 213 183.375 100 81.01
7 2341 197.5 171.5 100 82.98 20 4444 310.5 204.75 100 74
8 2432 102.5 262 100 78.68 21 1000 207.5 162 100 83.43
9 3134 132.5 109.5 80 73.94 22 2111 190 161.5 81 68.32
10 3243 172.5 155 100 85.88 23 3222 220 128.5 100 86.15
11 3312 175 219 100 79.35 24 4333 165 183.5 100 83.4
12 3421 235 273.5 100 70.9 25 0444 247.5 195 100 78.13
13 4142 0 0 0 0

3 PEEIES R 5 5L 86.18 4, I MK
Syie 1513 58 0 4y, W YIIF, 17~20 %5
FEARYIIUE 4 W, KX R T ESHC BNl #E ., B
FEMEE LA iR BE, AR — T2 S480%
SEIEAT 4 VIR, 53X 4 ASFEAS A B B t S 77
FEZ 0 X PP 22 0 & A LR SR A BRI R
SR ROULATAE R 25 MR IO B R T
fiff 5 W R 25 FR B L DA TSR AS B8 1 T A L S e
TP AE T AE Y R . A B R SR AN 4 BTR
BRBEN R 4.,

F 4 PR ZEJEFEATE S35 V- Y Y 22 (BB LU

AW E G . 3222 TR FEARIE K T 1
B, 3R 22 WIEARRHEAD /3% TYE ., Wk 4 vA,
WRRERE 17T S8 - RWHEEARNIRZE, N
—6.26 % s Fe /NIR 2 20 5 TR YT EIRE R Y 4R
ZE AN —0.1%. 17 5 R AW IR 2 5% K, 7*
—6.26%0~4.69 % Z ], 5% 25 3 [l 35 3 10.95% 518
SREAR MR ZEAE — 2% ~2.15% Z 1], 1% 2% {5 B K
4.15% ;19 SHEA 1R 25 Fe /- FE — 0.48 %6 ~0.39 %
ZL IR ZE VR 0.87%; 20 5 RE A 1Y iR % 1
—1.47% ~0.84% Z ], iR ZJWH R 2.31%. M
17~20 5 HEMEATLFE N, R 2E —BE2.15% L

111404-3



55, 111404(2018)

ANSHBIZFHRE

www.opticsjournal.net

150 pm
214 pm = d
-

o

€) .
'gzpm 248 um" 7

T SR
T

238 pm

— 3

1565 i

F 3 REARSHEIRARICE . (0 255 3 5;(0) 45;(d) 55:5(e) 655D 75;(g) 85:(h) 95;() 10 5;
(D11 55 12 55D 14 F5(m) 15 F;5(n) 16 F35(0) 17 5 ;5(p) 18 F5(q@ 19 F;5(r) 20 F;(s) 21 F;(1) 22 5

(W 23 %5;(v) 24 %5 (w) 25 %
Fig. 3 Mark graph of metallographic data of samples. (a) No. 2; (b) No. 3; (c¢) No. 4; (d) No. 5; (e) No. 6;
(f) No. 7; (g) No. 8; (h) No. 9; (i) No. 10; (j) No. 11; (k) No. 12; (1) No. 14; (m) No. 15; (n) No. 16;
(o) No. 17; (p) No. 18; (q) No. 19; (r) No. 20; (s) No. 21; (t) No. 22; (u) No. 23; (v) No. 24; (w) No. 25
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Fig. 4 Four-time sampling figures of samples from No. 17 to No. 20. (a) No. 17, first sampling; (b) No. 17, second
sampling; (c¢) No. 17, third sampling; (d) No. 17, fourth sampling; (e) No. 18, first sampling; (f) No. 18,
second sampling; (g) No. 18, third sampling; (h) No. 18, fourth sampling; (i) No. 19, first sampling;
(j) No. 19, second ¢ sampling; (k) No. 19, third sampling; (1) No. 19, fourth sampling; (m) No. 20, first
sampling; (n) No. 20, second sampling; (o) No. 20, third sampling; (p) No. 20, fourth sampling
*4 OHARE
Table 4 Sample errors

No. Sample S /pm K /pm S. Error /% Average
1 328 155 78.1 —6.26
2 211.5 162 83.225 0.28

17 82.99
3 192.5 133 87.075 4.69
4 237.5 145.5 83.575 0.69
1 179 181 82.95 —0.83
2 188 186 82 —2

18 83.64
3 157.5 166.5 85.475 2.15
4 155 181 84.15 0.61
1 221.5 176 81.325 0.39
2 221.5 176.5 81.275 0.33

19 81.01
3 221.5 181 80.825 —0.23
4 187.5 200 80.625 —0.48
1 326.5 190.5 74.625 0.84
2 283.5 219 73.925 —0.1

20 74
3 322.5 209.5 72.925 —1.47
4 309.5 200 74.525 0.7
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Table 5 Hidden layer node errors

Number of nodes 2 3 4 5

7 8 9 10 11 12

Error 31.89 15.62 19.95 16.53

18.86 17.66 25.12 19.47 11.26 37.33 57.09

e 5 rh DN A Y a5 22 AT AT, B2 90 A 4
10 BFiRZE /N . BRI 4 N E A L 10 A R
25 1 A AR A Matlab 3144 B9 R 28 4%
THAF ] newll pRECAIH BP # 2 M 45 1F
oL AL A, G 2 B 2 T R eR Bk
logsig pRI%L, i th JZ= 9 5 52 7% pR Bt H purelin B8
B AUE N 25 R BCE H trainlm B2 % trainlm 2R
¥Rl Levenberg-Marquardt {58 ¥, i FHiZ

DRI XS 3R 3 Rl 19 MHEAR RS 22 SRR ST
R B A, YU s 31 A, B 2k 8.94 X
1070 NTBE RS (1X10 ) T 458 1 DI 25 5 30515 0
AREF, [T 2% R=0.99999, ¥ 22 SHREA 57T 19 4
FEANE R UNGAEA B 20 5 .21 45 .23 5 .24 5 K& 25
SREARAE AR FEAR, 22 SRR AR R g 2 VP AR
A% B AR g G A W] 2 o ek SR AU ORE B B
TR 2% . A AR 09 T 45 SR ANl 6 PR .

()

861(2)

Error

.- predicted
- expected

Error percentage /%

72 L L i
20 21 23 24 25 20 21
No.

23 24 25 20 21 23 24 25
No. No.

K 6 BP #2246 m BN 45258 . G BN MBS 00 BB B0 LE 5 (b iR 22 5 (O IR ZE T 2 I

Fig. 6 Resutls predicted by BP neural network. (a) Comparison between predicted value and expected value;

(b) error; (c) percentage of error
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