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Estimation of Hardening Layer Depths in Laser Surface
Hardening Processes Using Neural Networks

Hyun Gu Woo,* Hyung Suck Cho** and You Hie Han***

ABSTRACT

In the laser surface hardening process the geometrical parameters, especially the depth,
of the hardened layer are utilized to assess the integrity of the hardening layer quality.
Monitoring of this geometrical parameter for on-line process control as well as for on-line
quality evaluation, however, is an extremely difficult problem because the hardening
layer is formed beneath a material surface. Moreover, the uncertainties in monitoring
the depth can be raised by the inevitable use of a surface coating to enhance the process-
ing efficiency and the insufficient knowledge on the effects of coating materials and its
thicknesses. The paper describes the extimation results using neural network to estimate
the hardening layer depth from measured surface temperature and process variables
(laser beam power and feeding velocity) under various situations. To evaluate the effec-
tiveness of the measured temperature in estimating the hardening layer depth, estima-
tion was performed with or without temperature informations. Also to investigate the
effects of coating thickness variations in the real industry situations, in which the coat-
ing thickness cannot be controlled uniform with good precision, estimation was done over
only uniformly coated specimen or various thickness—coated specimens. A series of hard-
ening experiments were performed to find the relationships between the hardening layer
depth, temperature and process variables. The estimation results show the temperature
informations greatly improve the estimation accuracy over various thickness-coated speci-
mens.
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Fig. 1 Schematic diagram of a laser surface hard-
ening process
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Fig. 2 Experimental setup for temperature monitor-
ing in laser surface hardening processes
using an infrared sensor
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Fig. 3 Measured surface temperatures for various
hardening conditions
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using neural network

Table 1 Estimation method of the neural network
estimator according to the coating thick-
ness and temperature information
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Fig. 7T Estimation results of the neural network
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