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Investigation experimental and numerical simulation of residual stresses
distribution of rolling mill rolls in ultrasonic peening technology
Alireza Abbasi, Saeid Amini*, Ghanbarali Shikhzade
Department of Mechanical Engineering, University of Kashan, Kashan, Iran
*P.0.B. 8731751167, Kashan, Iran, amini.s@kashanu.ac.ir
ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, a non-distractive method of x-ray diffraction (XRD) was used to determine residual stress
Received 07 April 2017 of rolling mill rolls made of graphite steel (GSH48). This method utilizes the variations of distance
Accepted 07 June 2017 between crystal planes as strain. The determination of residual stress was performed on samples in

Available Online 28 July 2017 different depths before and after conducting ultrasonic peening technology. In UPT process, impacts

were exerted on the workpiece by ball tool, resulting in the improvement of some mechanical properties

Keywords: . N . . . .

Ultrasonic Peening Technology (UPT) such as residual stress by creating work hardening and compression. After the simulation and
Abagus manufacturing of ultrasonic vibratory tool and then the installation of that on lathe machine, UPT
X-ray diffraction operations were conducted on the prepared samples. Measuring residual stress from surface to 0.5 mm

Residual stresses

Grai size depth was performed before and after the UPT process. After the numerical simulation of the UPT, the

distribution of experimental residual stress and numerical simulation was compared, the results
suggested the increase of compressive residual stress about 0.4 mm from the surface after the UPT
process. The rise of compressive residual stress in the rolling mill rolls leads to the increase of their
strength and fatigue life and, as a result, their working efficiency is boosted. After the UPT process, the
grain size of the surface was calculated from the model of the x-ray diffraction using Wiliamson-Hall
relation in which grain size was obtained 60.2 nm. The refinement of surface structure arises because of
displacement arrangement, again due to vibration with high frequency and severe plastic deformation
after the UPT process.
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Table 1 Chemical properties of GSH48 graphite steel (mass %)

C Mg Ni Mo Cr Mn Si s

195 001 202 0345 127 0735 11 ey soys
S w P Cu Y Al Nb U
0029 0038 002 015 0029 0053 0037 oy soyo

Lathe  Penumatic cylinder Penumatic compressor

Ly 2

Transducer
Booster Ultrasonic 'generator

Horn /" Ball tool
Work 'piece
Fig. 1 Components of UPT equipment on the lath machine
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Table 4 Prepared results from residual stresses
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