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A study on the thermal effect of the interference and diffraction
fringes of laser beam in the process of laser heat treatment

Li Junchang

(Laser Application Laboratory, Kunming Institute of Technology)

Abstract: To obtain desirable beam energy repartition and enhance the quality of
laser beat treatment, many optical systems have been developed in different parts of the
world by means of splitting an initial beam and/Fecambining the resulted sub-beams in
the interaction plane. Because of the high colérence nature of laser, the energy
repartitions of the recombined beams are made much more complicated by the inter-
ference and diffraction fringe structures. A detailed analysis of the thermal interaction
between laser beam and the target materials is thus becoming more diffcult. In ref.
[1], a theoretical calculation based on a simple optical system showed that the influence
of the interference and diffraction fringes on the result of laser heat treatment can be
neglected and provided that the intervals between these fringes are small relative to the
size of the incident beam, and under such circumstances temperature field can be calcu-
lated using the energy repartition predicted by geometricaloptics. To genernalize this

conclusion, the present paper gives mathematical expressions which can be conveniently
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used to determine whether or not the interference and diffraction fringes can be safely
neglected. The results of experimental verifications are also presented.
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Fig.1 A comparison between experimental measurement and theoretical calculation of the opti-

cal transformation for the square source modification device described in ref. [6]
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Fig. 2 A comparison of the beam profiles calculated by
(a) geometrical optics and (b) Fourier optics
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Fig. 3 A comparison of experimental results (a1, az,
as) with the theoretical predictions of geomet-

rical optical treatment(b,, bz, bs)



334 ¥ X # R 1994 512 A

DF o ¥ — 25 WU B Y215 T8 9 » X B M BERY “ AR 80743 A X R 1F B B9 oM ks F R B4R /N
BUE. P, FNT58 2 TR BRSO T 3 4514 %3 1008 R 89 &2 » B A R LRSS E ROoR 4032
HRINIERH M.

REJLADEF IS, RATE MBI PEF RE T ¥ R5EE G ORI R EE A,
[ TROE SR EVE R RER FEMAU AC, AR AW S AR ER, BF 582 B 46
WAL SR AR, HtHE R LR BARENE 10%EG"™, A bET
ZREETRKHITE . MERHEHE 3 G T = AMEEAHIE R HIEFR 5 L8R Ae
B FRE,

oo . it 113
TEFROERE Y TR, BrLEFE A T REm R A & i e B0E i & (Blim L
PLET ™= HI-3 BT I CO, #E48) ik Wl W R R E R R EHTRAE ., B TFAFEEN
R BN R EIFE, S8 T8 R AR DB EE S AR AR R, B2, RIEXNROE
Ty 3 3 BE A A0 R WU T BT, FEDE TR PR ER T AR B A 40 A AL BE RO OB S et
HHEHERAE. ARAFXHARER, E—ERXGTRIVDERENREE IR/ EE—LH
A B 233 T AL B 0 A R BEAT IR R TTREH R I B T EM AT AR T .
£ F X B

Li J, Merlin J. Jouranl de physique ¥, 1991;1:331~ 3458
Kawamura Y, Itagaki Y, Toyoda K et al. Opt Commun, 1983:48:44
Dagenais D M, Woodroffe J] A, Ttzkan 1. Appl Opt, 1985;24:671
FHRE. PEWYN,1989,16(10):598~602
FERA.HFFEIR,1992:12(6),540~544
Li J, Merlin J, Renard C. J Opt, 1993;24(2):55~64
LiJ, Yuan L. Chinese Journal of Lasers, 1992;1(3):277~282
Li J, Merlin J, Renard C. Journal de physique ¥, 1993:3;1479~1508
Renard C, Li J. Revue de Metallurgie, Juin, 1991;341~ 354

10 FRE. PEHMOE.1993;A20(2):93~97

11 [BIEHETSE HEASEE HHEERAEEAR. R ARIFE K DL . 1988

fHERmM FRE B M FHEFRRAEFE.184F 10 AFT 185 F 10 A EERLANNFEREI BR
KO REAIBEEAN AN REFR. e LRUEAASHER "N T EFBHINEHERG IR E RSB
KRRIIRESFEETE. KGF 1988 44,1991 £ R 1992 FHE B KB THAF AR S EWFHATENRATE. Sk
FEEMARLAELEFRESHIFRE ARIRYIERSEEERNAHEEREERRAIHREHNSN. — &
KESHARLEHEMAEFTHRBEATFR. EAAIARAN RERUEHABEHEAZAS YEAGERTLE
AFAUREFRNZRAFTERUTEREZAEBMNEAERWRRE. EEANEEZRTIDELARL IOREREL.FEH
XEHEEECTERIDWPEE A SR FEXMIURREEXR »SEIEERRAMERZREZ.

O O NN ®» N b W N e

Y5 B #7.1994-01-20 OB (2 200 H 1. 1994-04-06



