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Combined grinding-ball burnishing is a newly developed technique that permits performing grinding and 
burnishing simultaneously instead of grinding followed by burnishing. The reason behind this original process 
further from time and energy efficiency is to profit from the thermo-mechanical history occurring when 
grinding. Results have shown drastic improvement in the residual stress results obtained at the surface and 
beneath it reaching an important depth of the workpiece if compared to burnishing acting separately. In this 
paper, the impact of this newly developed process on the surface and subsurface behaviour is studied through 
3D FEM Simulations and experiments. 
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1. Introduction 

A great interest is being held to developing new 
manufacturing techniques capable of improving surface 
integrity while reducing energy and time. The aim of this 
study is to see the effect of the thermo-mechanical 
process combining simultaneously grinding with ball 
burnishing on residual stress results. 

2. Methods 

In order to get the numerical residual stresses results, 
experiments and numerical simulations are fulfilled. The 
3D model of the combined grinding-ball burnishing 
process (REGAL) is developed and launched using 
ABAQUSTM software. The grinding process is modelled 
by a triangular heat flux [1]and the burnishing process is 
modelled using a rigid ball where a burnishing force is 
applied at its center. The combined grinding-ball 
burnishing process model consists in placing the 
burnishing ball next to the triangular heat flux. The 
burnishing ball and the heat flux move forwards and 
backwards along a predefined path and at the same speed 
equal to the workpiece speed of 250 mm.s-1 and with a 
cross feed equal to1 mm. 

2.1. Numerical Scheme and material behavior 
Implicit method was adopted to simulate material spring 
back. The workpiece made of AISI 4140 follows a 
Johnson-cook elasto-plastic behavior. 

2.2. Boundary conditions and loads 

The workpiece is fixed at its bottom with an initial 
temperature of 20°C. The convective heat exchange 
coefficient considered is equal to 105W.m-².K-1

. The 
13 mm diameter burnishing ball is free to rotate. The 
triangular heat flux density is given by Equation (1) and 
is equal to 42.74.Y W.mm-2 and the burnishing force is 
equal to 2986 N. 

qw(Y)= 2.Pw
b.lc

2 .Y; Y∈[0,lc] ; lc contact legnth      (1) 

2.3. Results  
Tensile residual stresses results obtained after grinding 
became compressive after burnishing and REGAL 
(Figure 1). The residual stress results obtained after 
REGAL are more compressive at the surface and beneath 

it if compared to burnishing acting separately (Figure 1). 

 
Figure 1: Numerical residual stress results for grinding, 

burnishing and REGAL for a cross feed f=1mm. 

The affected depth by compressive residual stress  results 

is more important for REGAL than for burnishing 

(Figure 1) and it reaches a depth up to 2.7 mm (Figure 2). 

 
Figure 2: REGAL Experimental residual stress results.  

3. Discussion 

In REGAL process, it seems that the association of the 
high thermo-mechanical history induced by grinding 
with burnishing pressure leads to more mechanical 
working, which enhances compressive residual stress 
results at a more affected depth if compared to burnishing 
acting separately. 
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