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Behavior of Electrons and Temperature Field of Bearing Steel with TiN Films
Irradiated by Electron Beam
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ABSTRACT: To research distribution rules on behaviors of electrons and the temperature field in irradiation, bearing steel
9Crl18 with 2 pm thick TiN films on the surface irradiated by high current pulsed electron beam (HCPEB) were investigated by
numerical simulation in the condition of beam diameter of 60 mm, average energy flow density of 12 J/cm? and electron beam
pulse time of 3 us. The average distribution features of incident electron and the temperature field form in different time of radi-
ation were revealed by establishing a Monte-Carlo simulation model. The simulation results have demonstrated that the elec-
trons could penetrate the TiN layer and reach the bearing steel substrate with a large acceleration voltage (>25 keV). There was a
peak for electron energy deposition curve at bearing steel side near the TiN-9Cr18 interface due to the difference of material
density. When the incident electron energy >35 keV, the peak value exceeded the max. energy deposition coefficient in the coat-
ing and formed a special energy deposition form. In combination with analog simulation, the result showed large energy deposi-
tion and high heating efficiency at the steel side of the boundary. The temperature rose more quickly in the interior zone than
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that on the surface. This decreased the temperature gradient between them. Meanwhile, if the deposition energy was suitable, a

small amount of melting happened at bearing steel side while TiN film did not display any melting because of the difference of

material melting point. Control of electron beam energy and temperature field distribution form achieves special modified phe-

nomenon in which the coating will not be melt when the substrate side is melt. This may lead to a new way to improve the adhe-

sion between deposited films and substrates.

KEY WORDS: HCPEB; temperature field; thin films; numerical simulation; 9Cr18
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