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Modelling of Thermal Field Induced by Laser on the Surface of Cylinder
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Abstract The finite difference method was used to calculate the thermal field induced by laser beam with different power
repartitions on the surface of cylindrical body with different radius. It shows that the induced thermal field is related to the
laser repartition as well as radius of cylinders. It is important to note that there is a critical radium for a cylinder to be
self-quenched by a laser beam. Otherwise, the assisted cooling will be inevitable. For the tubes, the same scene happens
when a critical radium and thickness is reached.
The experiments were performed to verify the validity of the modelling. Comparison between experiments and
theoretical calculation confirms the validity of the finite difference calculations. It is evident that the absorption at the
surface is also an important factor in the laser heat treatment. Therefore the appropriate method of modelling as well as
the stable absorption is the key to predict the laser induced thermal effects.
Key words laser heat treatment, thermal modelling, finite difference method, absorption
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Fig. 1 Differential elemental volume
in the cylindrical coordinates
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Fig.2 Finite differences mesh applied to deal
with the cylindrical body probelm
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Fig.3 (a) Maximum temperature repartition simulated in the cross section perpendicular to the axe of the cylinder

and at the center of the laser spot; (b) maximum temperature repartition simulated at the cross section

at ¢ =280"; (c) photo of quenched zone at the cross section at ¢ =280°

KB BEHDE 3L, an ROk #9538 BE7E 30 ~ 100
W/em® i, ATBOGTR K i 50bF AL A i s 57 B2
2979 10 mm, [ #EE0R 9961 9 il 57 2 2 4 BE R
JE , BT AFE XS S [ 2 2 60 B A A AT AU K75

[e i) 7 BE 4 HH KR, LA b LSS SRR R A L
FEREHOCR PR TR RE 19, I HLBUE WA 8 i 1
AR B R _E RG89 , b A —Fh R
SE WSO RHRIE 24 9 3 B A R B

4 %

©

BEELA ISR, RATAT LATE H DL — 24538 .

1) FI¥45) WA 25 43 3 T LAFS M B A A i P 1Y
25 A, B A R ALEUE T B A 7 B AT LUK
WGBS B AT 99 Bk e i IR 5 0 A, e —
SE S IR R T LASSE o Yl St A0 R M T R kiR 1Y
Pk DX A /DN (FE A b B0 wh U 4 Y B8 G 1
IR BE Acl ~ 800 C, I LA SR & 8 44 A4 ¥ k X i1
)

2) MBI SR 45 SRAR W] LATEBA , X B F— 5
MIBOCTh R EE , #A —E 19— 57 B A2
SO R TR A A — 1 572 720 il S I

3) WRELIERRIZ R ML RV E , &
5t 24 e PR ARE BB UZ FA X4 B B )

R

4) A ASE0L T B AT LA A o e R ok DX
R FIEK  B ¥ 3 2R 2 5 B4, DT AT AR
HETf st 5 T P AL RS R

& % X W

1 H. E. Miller, J. A. Wineman. Metal Progress, 1977,
(5)

2 M. Lax. Temperature rise induced by a laser beam. J.
Appl. Phys., 1977, 48(9):3919~3924

3 D. J. Sanders. Temperature distribution produced by
scanning gaussian laser beam. Appl. Opt., 1984, 23(1):
3035

4 J.C. Li, Q. H. Chen, ]J. Merlin. Rapid evaluation of the
temperture field and the geometry of the hardened zone
induced by a high power laser beam on the surface of
metallic materials. J. Phys. I, 1996, 6:1293~1306 (in
Franch)

5 S. D. Gnanamuthu. Laser surface treatment. in
Application of Laser in Materials Processing , 1979

6 S. Kou, D. K. Sun, Y. P. Le. A fundamental study of
laser transformation hardening. Metall. Trans. A.,
1983, 14A:643~653

7 FERE. AL RHREWNFL. L HE T HER
#t,1995

8 BREKHE. WootHuAb 3 X (Y JL AT 45 4 40 4 4 AE ) 48
M. xBEZHERAMFFREFER I 1995
95ISAL0082





