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Study of Laser-Guided Discharge to Discrete Surface Processing
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Abstract The mechanism and method of laser-guided discharge (LGD) to discrete surface processing are studied. In
the study of LGD mechanism, it is found that laser guiding controlles the randomicity of processing by common arc
discharge in two sides, including a big scale (spacing of discharge areas) and a small scale (inside of discharge area) .

The position of discharge areas are controlled by the laser focus according to the design. The deepness of discharge

areas are increased. The consistency of discharge areas is improved. In the study of surface texturing by LGD, the
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highness of rim of textured crater and the SRa of textured surface are increased with the augment of peak current.
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1

The hardness of rim of textured craters is about 1000 HV. In the study of surface strengthening by LGD, the cross-
section shapes of strengthened areas are controlled with the peak current and pulse width. In long pulse-width of

discharge, the ratios of diameter to deepness of strengthened areas are similar. The diameters of strengthened areas
than those with low peak current.
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with high peak current are bigger than those with low peak current. The deepness of strengthened areas with high
laser-guided discharge;
strengthening

peak current are deeper than those with low peak current. In short pulse-width of discharge, the deepness of

strengthened areas are similar. The ratios of diameter to deepness of strengthened areas with high current are bigger

discrete surface processing; surface texturing; surface
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Fig. 1 Block diagram of discrete surface processing by LGD
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Fig. 3 Three-dimensional microscope photos of common arc discharge pit (a) and LGD areas (b)
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Fig. 4 Schematic of control of laser guiding in the position of discharge area. (a) common arc discharge; (b) LGD
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Fig. 5 Optical microscope cross-section photos between common arc discharge area (a) and LGD area (b)
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Fig. 6 Cross section shape between common arc discharge areas and LGD areas. (a) diameter;

(b) strengthened deepness; (b) ratio of diameter to deepness
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Table 1 Experimental parameters and results

Peak current /A 132
Pulse width /pus 124
Discharge energy /] 0. 445
Diameter of textured crater /mm 0.555
Height of rim of textured crater /pm 38.9
Deepness of pit of textured crater /pm —21.6
Ssra/ pm 6.03

150 166 185
127 135 138
0.524 0.608 0.698
0. 587 0.621 0.65
44.8 42.6 51.9
—23.8 —17.6 —16.8
6.26 7.53 8. 46
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Fig. 9 Surface morphology of textured crater with peak current of 185 A. (a) three-dimensional microscope photo of

textured surface; (b) 3D scanning map of textured crater
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Fig. 10 Cross-section photo of textured crater with

a peak current of 185 A
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Fig. 11 Hardness of microstructures of textured crater

BB R A L A R P2 ) B0 AR b3
18] 75 AR b 2% DR BUA R T EE 4 PE R 19 MTBT L R UL B
AR BT A 1 R R R o R Y S ) e Ak TR R
BT OCHTE AR . A LGD k138 £
b B R E T 38,9 pm U b R A A
1000 HV 19 5 fohs B . o™ IV 350 19 5 b TR B 3k %)
20 pm ZE A7 REAE PRIE B 10 2 18 A i ) 75 A

4 LGD it
4.1 KBRBEMFZE

IR EWE 2 Pron. PG A MR 457
B TEARPE R IR LI S IR AR R OB
G EAEARGRRE . WO 5B L — 2 e M
TS SEC S ML AR B A AR R . 7EAE LAY
Jok o B BE R L HO BT 4 R AR R R (50,100, 150
F1 200 AD b s Al TR TR 30 09 A2 Ak L AL AL B
IR TR R AR TR L . i H R R F F A P
W 8 iR .
1.2 XWHERDW

Bl 12 25 T SR LU T 0 5 Ak S i A TR 5
R IR A VA FL AL 1) T o s R R AR Y 1 ) B
KECHA ] o P R OG AR L T i Ak 23 TR BE 18 384 i
J3E B PR U T AR R . SR 50,100 Fi 150 A 3 4%
Mk . AR ko S B s r B B 0 B 8 ~10 ms Z
(] AN T) LA A 0P s AR IR L B3 — B, DU
FL IR 14 58 A 5 EL A K AR R ) 3 Ak R R A
Wi F SR AL S W B A /N B FR ISR AGTR BE . A
ik b B B R B B 9 A0/ T 3 ms s AN [ EL IR R
FL S 5 A TR B AR AR TR) o s LU T A P e LA
KB RAR G B2 AR R s s B A /D
HARMKMERZ L., 200 A T BRI H il £ #1575 41
3 ML mE A AR, Bl Wk w58 BE 3 KL i &R



8 1

FZMAE: WOLTE SR AR T R B B AT 5T

2137

Wi BEAR 18 . AE K i SEBE R T 4 ms A0 B B K

HLR AR IR L R T 938k 3 Sk . X 2 R Bl 1

DAL WAL 14 T 5 R o A R ) AL B R S ] L &

HRER AR T, X FECT 200 A f9FR TR
25 HA 3 AR Z AN

B13 gt 1 — 4> i Al SR T . A

24

AR WORAE R 14 R, NAHLIES FKE.
SRALJZ AT 3 = AN S AR SRR o fESRTE T
260 pm LN N & BE)Z . W G4 LAY SF- B 6 R 4 0
1000 HV, 7E 260~400 pm 2 [8] Ay [# 25 40 428 X, Bl
A BB 3G A B2 A 800 HIV PRt T [ ) & 14 s 32
260 HV,

o @ g 500f ®
i TS INEES T
S 20p o104 - 2 400l = 100A o
% 2 100A + - 2 A BOA .
fousp WA - = P
RS 1.6 /"'"/ ’’’’’ PR % 300+ /}e/!/ SR
814} /"/’// A T I gfi/s/é/
Q : P o—° = -
g€ 12f o " £ 200} e
A 1w} /7 - 81 A
0:81 e./A/.”; e g 100"% n .
0 2 4 6 8 10 a0 2 4 6 8 10
Pulse width /ms Pulse width /ms
80Ff. ©
. L \ %200 A
g Lo\ ~o- 150 A
B -0 o -=-100 A
g “450 A
< g 60 AN W\
e ..f AW
}g -8 5.0 —e °\e\g\r\ﬁ
& e
4.0 e
0 2 4 6 8 10
Pulse width /ms

PR 12 A [ e ) R 9 90 R R TAT B 1o () AR s (DD BRAB TR 5 (O R TR I

Fig. 12 Cross-section shape of strengthened areas with different peak currents. (a) diameter; (b) strengthened

deepness; (c) ratio of diameter to deepness
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