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ABSTRACT

This paper proposed that the eddy-current measurement
wethod can be used a means of in-process measuring
the hardening depth in Laser surface treatwent process.
Also, this paper deal with the numerical analysis of
magnetic flux distribution and experimental result of
measurement,

In Laser heat treatment process of steels, a thin
layer of the substrate is rapidly heated to austeni-
tizing temperature and subsequently cooled at a very
fast rate due to the self-quenching by heat conduction
into the bulk body, to produce a martensite structure
which have low magnetic permeability., The eddy-current
measurement method depends on the properties of material
to be measured such as electric conductivity, magnetic
permeability and geometry.

depth

In this paper, the hardening
wags measured by detecting relevant magnetic

perseability changes caused by heat treatment of steels.
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Fig. 2. The concept of transformation hardening of

ferrous materials by laser beam
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Fig. 3. Hardness distributions in laser hardening and
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Fig. 6. Geometry of sensor probe and hardening layer in

analized fields.
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Fig. 7. Result of FEM analysis - Equi-potential line
diagram in analized fields.
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Fig. 8. Schematic diagram of experimental setup
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Sensor output (V), Voltage

12. 15.

3 6. 9

Width (W), mm
(el
Yo | IS RS | B e
a 3.8 1.50 13.68 0.425 | 0.1401
b 2.0 0.50 21.60 0,523 | 0.2534
3.0 0.75 21.60 0.639 | 0.2289
d 3.8 1.00 20.52 0.733 | 0.2319
e 3.0 0.50 | 32,40 | 1,057 | 0.2722
(Spot size : 10 x 10 mm)

34 9 AY A - ANB Zolsh Y WMAUB el UA
Fig. 9. Experimental result - Relation between hardening
depth and gap sensor output across the laser beam

traveling direction

AE3E 7Y MM Ao slojde AR Al
Hite] ARA HER WS U] HEA 2% €
She AW 49 Wl Y dAvdae] HEg A3
ZANc ot Aele] ol o uA tgle] oA
AEE EA YAE 220], =Y 4AFY EEUFUol



VA7 A=® F3t47t 23 7] diEe] $27 &7
Bhe Z3Ezeld F97tAlel thsl TRt e Bollle
oigch  weld shARYe] AME A3t P ol
# AR Y37 HiAEe ArEHe FusE 23Y
T AR Az AMelofM AL FgHl Y 3
d20 Wg P FYA Ueld & ¢ USSR AN
2§ AFgAIFk grt ol ALY Ak B Ro}
YUY &Y FAE ¥& F d& Helth

[1] KS : DO215, “Methods of Measuring Case Depth for
Steels”, 1985

[2] "Nondestructive Inspection and Quality Control”,
Metals Handbook, ASM, Vol.11, 8th ed. 1976

[3] Ernest 0. Doebelin, "Measurement Systems : Applica-
tion and Design”, McGraw Hill International Edition
4th ed., 1990

[4] J.F. Bussiere, "On-Line Measurement of the Micro-
structure and Mechanical Properties of Steel”,
Material Evaluation, Vol, 44, pp560-567, April 1986

[5] V. Rubruck, E., Geissler, H.W. Bergmann, "Case Depth
Cotrol for Laser Treated Materials™, 3rd European
Conference on Laser Treatment of Materials, Vol 1,
pp207-216, 1990

[6] H.W, Bieler, A. Gasser, G. Herziger, E.¥W. Kreutz,
J. Seelhorst, W. Sokolowski and K. Wissenbach,
"Methods of Adaptive Control in Surface Processing
with Laser Radiation”, 2nd ECLAT, pp46-53, 1988

[7) H.¥W. Bergmann, E. Gaissler and Erlargen, "On-Line
Computer Controlled Laser Hardening”, 2nd ECLAT,
ppl09-113, 1988

[8) C.H. Stephan and H.L. Chesney, "Computer - Aided
Measurement of Case Depth and Surface Hardness
in Automobile Axle Shafts”, Materials Evaluation,
Vol. 42, ppl612-1618, Dec. 1984

[9] J. Mazumder, “Laser Heat Treatment : The State of
Art”, Journal of Metals, ppl8-26., May 1983

(10] 4 34, “¥R REY", FPl, ppl03-105, 155-176
1982

[11] "Electromagnetic Testing”, Nondestructive Testing
Handbook, 2nd ed., Vol.4

{12] N, Ida, R. Palanisamy, and ¥. Lord, "Eddy Current
Probe Design Using Finite Element Analysis”, Mater-
ial Evaluation, Vol.41, ppl1389-1394, Nov. 1983

[13]) o €2, "7 A Fvasy", FIAL 1987

[14] 3 =¥, 1990, “dolN 738", Z &AL pp235-255

257



