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Abstract: Often, surface mechanical treatments (SMT) or heat (quenching, tempering) are used to 

improve the surface condition and mechanical characteristics such as impact resistance and tensile 
strength. Hence the objective of this experimental work, where ball burnishing (BB) as well as 

quenching and tempering were applied on S355 JR steel specimens in order to evaluate the surface 

hardness "Hv", the rupture strength "Rm", the energy absorbed "W" during the impact test and the 

work-hardened thickness "e" after the burnishing operation. Factorial designs were used for the tests 

organization and mathematical models were established for the prediction of "Hv", "Rm", "W" and "e" 

in function on treatment parameters considered: number of tool passes ( i) and the pressure force (Py). 
The results show that the surface hardness increases by 30.46%. The high levels of "Py" and "i" were 

allowed to improve "Rm" by 30.8% as well as an increase in tenacity of only 3.6%.  Increasing the 

force to 20kgf promotes mixed rupture under the effect of impact to shock. The quenching and 

tempering improve the resistance "Rm" by 183% and 119% respectively, while the effect of 
burnishing was limited to a rate of increase of this property of 28% compared to machining. 

Keywords: Tensile resistance, burnishing, heat treatment, superficial hardness, absorbed 

energy, penetration depth, ruptures facies. 
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Introduction 

During their commissioning, the surfaces of the parts are the most exposed to different 

stresses and are therefore the first to deteriorate. Thus subjected to forces (static, cyclic or 

dynamic) excessive, the material breaks after plastic deformations sometimes even elastic. In 

most cases the rupture beginning, on the surface. Friction work causes the loss of operating 

power after wear of the pieces surfaces. Working in an aggressive environment degrades the 

material by corrosion phenomenon that starts on the surface [1, 2]. Therefore, surface 

integrity is generally considered an important aim in manufacturing processes to predict 

service properties and pieces lifetime [3]. Therefore, thorough finishing techniques are needed 

to rectify the surface integrity after machining which is particularly difficult [4- 6]. 

To increase the performance and service life of mechanical pieces, the industrial sector, of 

course, relies on good physical and geometric surface quality by integrating into the pieces 

manufacture several surface finishing techniques by chip removal (grinding, running-in  ... ) 

and by applying thermal surface treatments (quenching, tempering, annealing) [7, 8] or 

thermochemical diffusion processes (nitriding, carburizing) [9]. However, these techniques 

are often slow and expensive, time-consuming and not ecological and can generate significant 

residual tensile stresses as well as changes in the structure of the material which can cause 

certain defects [10]. In addition, these methods are not sufficiently efficient with regard to the 

fatigue behavior of metallic components. This is why they are increasingly combined with 

other SMT methods [11-14]. 

These SMT techniques are increasingly used to modify surface integrity. They differ 

according to their impacts without any alteration in chemical composition. Such treatments 

(SMT) such as shot blasting, roller burnishing, ball burnishing operate by surface plastic 

deformation (SPD) and without removal (carried out without loss of material) of material. 

Due to the simplicity of devices they use and the relatively short time of their operations, 

PSD's processes provide a relatively significant economic benefit for improving the surface 

integrity of the material at a lower cost. 

The BB process [15- 20] which is part of this family is characterized by the rolling contact 

friction of a hydrostatic ball [9] applied to the crest of surface asperities to force them to flow 

as progress the tool rolls and fill in the hollows thereof. This results in a new surface integrity 

characterized by a reduction in the asperities height and a flattening of the roughness profile, a 

fibrous structure with refined grains and a hardening of superficial layers and the introduction 

of residual compressive stresses [21]. 

Ball burnishing is principally realized with mechanical and hydrostatic springs, however new 

tools have been developed to improve the process such as: vibration assisted burnishes and 

multiple ball burnished [22-24]. The effects of burnishing vary from one author to another, 

however, these results are attributable to the different amplitudes of the parameters studied, to 

the mechanical properties of the materials and to type of machine tool used [13][25-29]. 

- M. Kowalik and al., [30] shows that after burnishing under a pressure of the 3 kN roller on 

the C45 steel, the thickness of the plastically deformed superficial layer observed under the 

microscope and verified by microhardness measurements has reaches 0.7 mm in a deformed 

area of 1.2 mm. 

- Hamadache and al. [31] observed following metallographic observation and micro-hardness 

measurements that the penetration depth reinforced by surface plastic deformation (SPD) 

which achieve 100 μm. 
- V. Ferencsik and G. Varga [32] found that among the parameters examined, the effect of 

burnishing force is the most dominant. In addition, on the basis of Taguchi plan, they 

identified the parameters which favor the best improvement in microhardness, by the fact that 

the tool and the piece surface are in contact with more power and a longer implementation 

time. 



By performing the BB operation with a 6 mm ball and 120 N and 7 passes on the AISI 1038 

material this combination is a suitable for the process application in terms of improving the 

service life [33]. In addition, tensile tests on burnished samples were performed, achieving up 

to 49% improvement in material ductility. This improvement could be due to the fact that the 

ball burnishing process improved the surface finish, also mitigating micro-cracks on the 

sample edges and significantly decreasing surface defects where possible cracks could appear. 

Some work has shown that despite the surface hardening that it causes, burnishing does not 

disturb the ductility of the material too much and even keeps the elongation at break by 

traction after treatment and could subsequently improve the impact resistance [19, 21]. 

- Bounouara and al [34] observed a significant change in the energy absorbed as a function of 

temperature by the spiral welded and ball-burnished X70 steel samples. SEM observations of 

the fractured surfaces revealed that the effect of ball burnishing can affect both the surface 

and the core of impact sample. The burnishing force is the most important parameter on the 

fracture surface. 

- Avilés, R. et al. [15] estimated an average hardness of 335 HBN in the external layers 

treated with LPB, and by correlation a tensile strength of the hardened surface area of 1060 

MPa. Furthermore, they have found that the LPB can compress a surface layer 0.45mm thick 

in which occur the residual stresses in the order of -600MPa to a depth of 0.5mm. Therefore 

the fatigue limit increased by 21.25% after this treatment.  

- J.T. Maximov and al. [35] noted that SB caused a fibrous micro structure of superficial 

layers characterized by grain refinement and elongation. The authors noticed an increase in 

fatigue limit of 40% when SB is performed with optimal parameters and n = 6 passes. 

- Jordi Lumà and al, [36] limited the vickers indentation load to 0.05 kg in order to avoid 

indentation in the  material core and better exploit the effects of ball burnishing of S235JR 

steel . The authors have shown that an increase in the burnishing force decreases the ductile 

behavior of material and increases its tensile properties despite reducing the effects of 

vibration assist. 

The BB is most often realized with the following main parameters: the ball radius, the 

burnishing force, feed speed, burnishing speed and the number of passes. However, 

experience has shown that a combination of these factors results in different results from SI. 

Moreover, numerical simulation, mathematical modeling, and statistical analysis have been 

used by many researchers to optimize burnishing parameters and predict the best output 

response.  

Tourab and al. [37] modeled and optimized the input variables for surface roughness and 

microhardness of Steel S355 JR using a central composite design based on RSM. They 

developed mathematical models for the output responses. 

- D. Mahajan [38] used signal-to-noise (S/N) analysis to derive an optimal combination of 

parameters to achieve minimum surface finish  

ss applied to the experimental samples. Increasing the rotation speed and the burnishing ball 

diameter ensure a positive effect on the tensile strength. 

M Bourebia and al. [40] used multifactor planning to predict the surface hardness and tensile 

properties of S355JR steel. They pointed out that Py 20kgf and i = 3 is the optimal 

combination which promotes an increase in Hv of 45%. While a low force combined with a 

large number of passes hinders the ductility of the material by the effect of supersaturation in 

hardening. 

G Basar and F. Kahraman [41] studied the effect of burnishing parameters on surface 

hardness using analysis of variance (ANOVA), fuzzy logic and the Taguchi technique. They 

found that the burnishing force and the number of passes are the most significant factors. 

Ishfaq and al. [42] from at centered face composite experimental plan performed a multiple 

response from desirability analysis to optimize different contradictory responses. The majority 



of BB studies focus on SI study of, where the main intention, is consented on roughness and 

microhardness. Much less attention is grant at the impact resistance (tenacity) of materials; 

yet this characteristic often characterized by impact testing is an integral part of surface 

integrity. Thus, the objective of this work is initially to estimate the effect of burnishing 

through the measurement of the surface hardness (Hv) as well as breaking strength by traction 

(Rm) of S355 JR steel and secondly, to see the impact behavior by evaluating the energy 

absorbed and also to get an idea (by correlation) on the burnished material tenacity. Thus, this 

study has been statistically and experimentally examined during the BB of S355JR steel. A 

predictive model of the hardened depth layer, hardness, breaking strength and resilience was 

obtained by RSM. All the output responses were evaluated based on the two main burnishing 

parameters namely: the force (Py) and the number of tool passes (i) of ball burnishing. 

2. Materials and Methods 

2.1. Material 

The material used is S355 JR steel (ASTM) supplied in cylindrical bars form. The sample 

destined for the determination of the chemical composition and prepared according to ISO 

14284: 2002. The results of chemical analysis are shown in Table 1. 

Table 1. Chemical composition of S355 JR 

Element content% 

C S  Al Si P V Cr Mn Ni Cu Mo 

0,188 0,003 0,0273 0,2314 0,0051 0 ,00327 0,1571 1,053 0,0548 0,0575 0,0297 

The mechanical characteristics of the material were defined using a tensile test carried out on 

cylindrical specimens (ISO 6892-1) and evaluated by Rm = 523.6 MPa, Re = 365.6 N / mm2, 

A = 30.0%. The Vickers hardness is of order Hv = 237.3. 

2.2. Experimental methodology 

For esteemed the effect of burnishing parameters  on different responses studied such as 

surface hardness (Hv), the rupture strength (Rm), the penetration depth (e) and the impact 

tenacity  (W), a factorial design 22  composed of two factors: the burnishing force (Py) and 

the number of tool passes (i) [43]  was adopted . These parameters are coded according to 

experimental plan 22 and each factor has 02 levels which indicated are shown in table 2 [14].  

In this study the RSM technique which  is an empirical modeling approach were used for 

determination of a relationship between burnishing parameters and studied responses, this 

relation can be expressed by the equation (1).  This will allow analyze the influence of these 

parameters on considered responses evolution.  𝑌 = 𝑎0 + 𝑎1𝑋1 + 𝑎2𝑋2 + 𝑎12𝑋1𝑋2                                       (1) 

 

Where “Y” is the response studied. 
a0: Constant is response value at the central point of study domain; 

a1: Effect of factor X1 (for Py); 

a2: Effect of factor X2 (for i); 

a12: Interaction between X1 and X2; 

 

 

 

 



Table 2 Experiment matrix  

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Burnishing operation 

To conform at factorial design 22, four Charpy V-notch specimens were prepared on a 

universal milling machine according to ISO 6892-1: 2016.  

The surface treatment of impact specimens has been achieved mechanically using a ball 

burnishing tool on a vertical milling machine .The tool used for this was designed and 

manufactured by Bounouara and al. [34]. The burnishing process consists at exercise a 

pressure with a ball on the piece surface as to get a plastic deformation on the whole surface 

to be burnished. The operation was carried out under abundant lubrication by means of an 

SAE20 oil emulsion. Other parameters like brooch rotation frequency (N) and feed rate (f) 

which affect the application of ball burnishing were held constant at 100 rpm and 0.05 mm / 

rev respectively. The choice of these values takes into account the results obtained after 

previous work [31]. The kinematics of BB is the same as those of milling (Fig. 1). After the 

burnishing operation, exploratory superficial hardness (Hv) measurements have been 

conducted on impact specimens using a Vickers model Matsuzawa hardness testing machine 

(MXT70) under an indentation load of 3kgf for 15 s. The rupture strength (Rm) of the 

superficial layers is directly correlated from the measured hardness. The hardness values and 

therefore that of the (Rm) were obtained by averaging the three readings. The thickness of 

hardened layer (e) was measured using a Nikon ECLIPSELV150N type optical microscope. 

The impact tests were carried out on a pendulum-type machine (Zwick brand and HIT50P 

model) with a maximum capacity of 50 J, at ambient temperature. The energy absorbed (W) 

for breaking each test specimen was recorded. All the measured output responses are reported 

in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Burnishing device mounted on a milling machine 

 

Test 

order 

   Coded factors 

      X1 (Py) X2 (i) 

1  -1 -1 

2  +1 -1 

3  -1 +1 

4  +1 +1 

    

level - 1  10 1 

level +1  20 3 



Table 3. Experiment matrix and output responses measured after burnishing 

Test 

order 

Input   parameters Output responses           

Naturels factors YHv YRm YW Ye 

Py 

 (kgf) 

(i) (passes) Hv Rm 

 (MPa) 

W 

(J) 

e 

(µm) 

1 10 1 215 ,46 687 ,66 197 319,52 

2 20 1 222,43 708,00 180 157,46 

3 10 3 243,06 774,00 193 222,42 

4 20 3 236 ,13 791,66 162 143,33 

2.3. Heat treatments 

The heat treatments were carried out in a model Fumace 40000 oven. Quenching was carried 

out at a temperature of 900 ° C maintained for 60min and cooled in oil. After that, the samples 

were subject at tempering 300 ° C for 10min followed by air cooling. The mean values of 

"Hv" and "Rm", corresponding are recorded in Table 4. 

 

Table 4 Values measured for Hv and Rm after heat treatment 

 Quenching Tempering 

Hv 522.73 410.86 

Rm (MPa) 1712.66 1326 

3. Interpretation and discussion of the results 

3.1. Comparison between the effect of heat treatment and mechanical surface treatment 

 The influence of each treatment process on the superficial hardness Hv and the rupture 

strength Rm illustrated in Fig. 2 shows that the effect of heat treatment is more significant 

than that of burnishing. On one hand, the surface hardness is improved by 182% and 122% 

after quenching and tempering respectively. On the other hand, these same heat treatments 

improve the resistance "Rm" by 183% and 119% respectively, whereas the effect of 

burnishing was limited to a rate of increase of this property of 28% compared to machining. 

This phenomenon is explained by the fact that the heat treatments affect the material at the 

core while the burnishing which is a surface mechanical treatment applies only to superficial 

layers of the material [.]. 
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Figure 2. Effects of heat treatments on the properties of S355JR steel. 



3.2. Overall effect of burnishing on "W", "Hv" and "Rm" 

In view of plastic deformation of the superficial layers that it confers to the material, ball 

burnishing allows an apparent improvement in certain mechanical properties. The beneficial 

effects of the process were noted for all the combinations of parameters (Py and i) considered 

in this study (Fig. 3). In fact, by combining the low level of burnishing force (Py = 10kgf) 

with the high level of the number of tool passes (i = 3), the surface hardness is improved by 

30% compared to the machined state. Furthermore, it is found that the breaking strength 

increases along with the increase in hardness. This can be explained by the fact that the 

passage of ball under pressure piles up the superficial layers giving a structure with elongated 

grains [35]. Initially, this phenomenon improves the hardness at the surface and consequently 

increases the tensile strength of superficial layers. By pushing the force to its high level (Py = 

20kgf), the material appears more ductile and although a slight decrease in hardness has been 

recorded, the superficial layers have consolidated so that their tensile strength has improved 

by 30.8%. Such improvement generally contributes to improving the fatigue and wear 

resistance of materials [15]. It follows in this same condition of burnishing (20kgf and 

3passes), a slight increase in the impact toughness of material which requires approximately 

(3.8%) more energy compared to its machining state to break. Probably the BB introduces the 

residual compressive stresses which tend to close the microcracks and prevent their 

propagation [33]. 

 

 

3.3. Evolution of the penetration depth after burnishing 

FIG. 4 illustrates the evolution in the penetration depth on burnished samples under different 

burnishing conditions, where it is observed that the process affects a more or less significant 

deformed layer depending on the parameters applied. Thus, the optimal combination which 

affects the material more in depth (e = 319.52 µm) is characterized by low levels of "Py" and 

"i" which interact with each other. However, by pushing these parameters to their maximum 

levels, the depth of penetration achieve a value (e = 143.33 .mum) due to the supersaturating 

in hardening of the superficial layers. 

On the other hand, the evolution of the energy absorbed (W) as a function of  penetration 

depth (Fig 5) shows an increase in energy with the depth affected by burnishing until reaching 

157.46 µm beyond this depth the energy undergoes a quasi-stationary evolution, where 

rupture energy records a maximum value of 197 j for a depth of 319.52 µm. We are therefore 

led to conclude that the more thickness (depth) of the hardened layer is important; the more 

the material tends to regain its ductility and thus absorbs more energy to break by impact. 
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Figure 3. Burnishing effects on the properties of S355JR steel. 



 

 

 

 

 

 

 

 

 

 

 

 

The penetration depth "e" was measured using an optical microscope of the NIKON LV150N 

type. Indeed, the passage of the burnishing ball modifies the phenomenological appearance of 

the surface to a depth of up to 319.52 μm for "Py" and "i" taken at their low levels. Hence, the 

micrograph shows microcracks that infiltrate the surface (Fig. 6a); this is probably due to 

present the defects on the initial surface. By pushing "Py" to its high level (20 kgf), the 

surface of the material is less affected (e = 157.46 µm) on which spalling forms (Fig. 6b). So, 

the surface layers are more hardened under the load effect and therefore, consume less energy 

to break by impact. On the other hand, when increasing the number of tool passes (i = 3), we 

observe a clear interaction of this parameter with the burnishing force (Py) from the point of 

view of the penetration depth (e) which increases when applies low force. The surface 

presents a disturbed relief with the formation of crevices and bulges of material and the 

sample consumes more energy to rupture (Fig. 6c). Moreover, for high levels of the 

burnishing parameters, the affected surface layers are the least deep (e = 143.35J) and 

therefore less tenacious to impact. The surface micrograph shows traces of the readable 

burnishing ball (Fig. 6d). 
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Figure 6.   Micrograph of hardened  superficial layer   by burnishing 

      
 

Figure 4. Effects of burnishing parameters on      Figure 5. Evolution of the energy absorbed    
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3.4. Modeling of output responses 

The relationship between the factors and the performance measures was modeled by linear 

regression. The regression equations obtained are given below by Eqs (2, 3, 4, 5). These 

equations have been validated by acceptable correlation coefficients (R2) as shown in the 

figures below (Fig. 7). The regression models are allow predicting the responses output with 

respect to the input parameters.  𝐻𝑣 =  187,7 +  1,392 Py +  20,75 i −  0,6950 Py ∗ i                    (2) 𝑅𝑚 = 622,8 +  2,168 Py +  44,51 i −  0,1340 Py ∗ i                      (3) 𝑊 = 209,0 − 1,000 Py +  5,000 i −  0,7000 Py ∗ i                           (4)      𝑒 =   571,6 −  20,35 Py −  90,04 i +  4,149 Py ∗ i                              (5)         
The above models can be used to predict the responses (Rm, Hv, W and e) at any point of the 

study domain covered by the factors X1 (for Py) and X2  (for i). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5. Interactions effect on responses (3Dplots and contours) 

The response surfaces illustrating the variation of the responses studied (Hv, Rm, W, e) as a 

function of  burnishing parameters (Py, i) (Fig 8).The graphics show that the effect of the 

number of tool passes "i"on the surface hardness "Hv"  and  rupture strength "Rm"  are more 

significant compared to burnishing force "py", where it clearly appears that "Hv" is all  more 

improved, as the number of tool passes increases (i = 3) in particular for low loads [40]; 

which reaches a value of 243.06 Hv (Fig 8a). Likewise, the rupture strength "Rm" increases 

considerably with the increase in the number of tool passes (Fig. 8b). This can be explained 

by the fact that applying several passes further strengthens the material by increasing the 

tensile strength of its superficial layers. 

         

         

Figure 7. Predicted values and experimental values for a) Hv, b) Rm, c) W and d) e  

a) b) 

c) d) 



Furthermore, it is observed (Fig 7c) that whatever the number of passes associated with a low 

load, the energy absorbed "W" during the impact test increases to its maximum to reach a 

value of 197J. This is probably due to ductility of the material which requires more energy to 

break [19]. While, the use of burnishing parameters at their maximum levels causes a 

decrease in energy because the material is more fragile due to over-hardening of superficial  

layers. 

In addition, it is found according to the graphic of figure 7d that penetration depth "e" 

increases as the load and the number of tool passes are reduced simultaneously which further 

affects the material. While by maintaining, the load at its minimum level, the penetration 

depth "e" decreases with the increase in the number of tool passes. In the same manner, by 

increasing load and regardless of the number of passes applied, the superficial layers are 

crushed under the effect of the load resulting in a decrease in the penetration depth "e". 

The other hand, contour graphs are shown in Fig 9. They visualize the response surface and 

also allow establishing the response values. The diagram shows the relationship between a 

response value (in our case Hv, Rm, W and e) and two factors of an equation model. The 

points having the same response are joined to generate the contour lines consistent responses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 8. Influence of burnishing parameters on "Hv","Rm","W" and "e" 
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The curve with a higher slope indicates that the factor has a greater influence on the response.  

From where we can deduce that the number of passes "i" considerably affects the surface 

hardness "Hv", and the breaking strength "Rm" while the load "Py" a very moderate effect on 

"Rm" (fig 10a , 10b). Plots of fitted means for energy "W" (Fig 10c) and work hardened 

thickness "e" (Fig0) show a big difference in the amplitude of the effects where the burnishing 

force "Py" is distinguished more significantly, compared to the number of tool passes "i". In 

addition, the interaction graphs (Fig 11) clearly indicate that the evolution of hardness "Hv" as 

a function of Py is governed by the number of tool passes (Fig. 11a), while for the rupture 

resistance "Rm" there is no visible interaction between the two input parameters (Py, i) (Fig. 

11b).  Moreover, there seems to be a visible interaction of the  two parameters (Py, i) for the 

energy "W" and the hardened thickness "e" (Fig 11c, 11d) where the burnishing force "Py" 

being the factor the most dominant compared at number of tool passes "i". 

 

 

 

 

 

          

           

    

Figure 9. "Hv", "Rm", "W" and "e" contours in burnishing force and number of tool passes 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Main effects plot for : Hv, Rm, W and e 

   

   

Figure 11  Interaction plot for : Hv, Rm, W and e 



3.6. SEM observation and Fractographic analysis (Visual inspection) 

FIG. 12 shows different images acquired by means of an SEM microscope of the fracture 

facies of the impact test specimens which have undergone a superficial plastic deformation 

under different conditions. In the cases observed, it was confirmed that all samples broke at 

the sections where the stress concentration occurred due to the V-notch along which the 

section have decreased. 

In any case, the rupture of the specimens was not manifested by a distinct separation into two 

or more parts. This means that burnishing cannot prevent stress concentration and has not 

altered the overall ductility of the material. Also for all ball burnishing conditions, 

examination of the ruptured surface reveals shattering of the matter in under layers and a clear 

surface. 

Applying the burnishing parameters to their low levels (Py = 10, i = 1N) (fig. 12a), the rupture 

facies shows the initiation of more than one crack and that the main crack s 'is propagated in a 

zigzag, probably of the way an intergranular, following the grain joints. The cracked length is 

more or less important. By increasing the number of passes to 3 (fig. 12b), the material 

cracked in several places, especially at the beginning of the notch. However, the rupture was 

characterized by almost flat surfaces testifying to an almost fragile rupture. 

By carrying out the burnishing with the high levels parameters (Py=20 and i=3), there seems 

to be a large grain distortion due to the plastic deformation accompanying the burnishing 

process. In addition, we notice strong sliding of the material and the main crack has 

propagated in a direction inclined at about 45 ° (Fig. 12c). The fissure is deeper and the length 

of the ruptured ligament is intense. 

By maintaining the burnishing force at its highest level (Py = 20Kgf) with a single pass of 

tool, rupture occurs in a mixed mode. First a surface shear marked by the inclination of the 

main crack which then straightens out in a straight line by the effect of plane deformation 

where a cleavage of the material occurs (fig.12d). The ligament ruptured in this condition 

appears to be the shortest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

The ball burnishing process has been successfully performed on S355JR steel surfaces to 

improve mechanical properties (Hv, Rm) and energy absorbed during impact test as well as 

work hardened thickness. The response surface methodology allowed establishes a correlation 

between the treatment parameters in this case (burnishing force and number of passes) and the 

responses studied. Founded on the analysis of experimental results, the following conclusions 

can be outlined: 

 The low levels favor the best impact tenacity which gains 26.28% although under 

these conditions the layer affected by the BB is the more deep (e = 319.52 µm). The 

combination of 10 Kgf force at 3 passes best allowed to increase the surface hardness 

by 30.46%. 

• The high levels of "Py" and "i" harden the superficial layers by increasing their "Rm" 

by 30.8% without altering the material ductility and favor an increase in tenacity of 

only 3.6%. The hardened area is the shallowest (143.35J). The best resilience results 

were obtained with the lowest force and number of tool passes. 

• On the other hand, quenching and tempering improve the strength "Rm" by 183% and 

119% respectively, while the burnishing effect was limited to a rate of increase of this 

property of 28% compared to machining. 

 

a) BB (Py=10Kgf, i=1)                                                    b)    BB (Py =10Kgf,  i=3) 

 

 

 

 

 

 

 

c)  BB (Py =20Kgf, i=3)                                                      d) BB (Py =20Kgf i=1) 

 

 

 

 

 

 

 

Figure12. Fracture facies by impact test of S355JR steel under various burnishing conditions. 

 



• The applied force "Py" and the number of tool passes "i" are statistically influential in 

the evolution of output responses considered in this study with a confidence level of 

95%. There is an interaction between them for all output responses. The number of 

tool passes is the most significant on the hardness "Hv" and the rupture strength "Rm" 

of superficial layers. The force is more significant for resilience and penetration depth. 

• The impact fracture facies reveal that under all conditions, burnishing causes bursts in 

the material sub-layers. By conducting the BB with the parameters at high levels, the 

material is exposed great grain distortion and strong slip. The increased number of tool 

passes "i" causes additional cracking when combined with low force. By increasing 

the force to 20kgf we promote a mixed rupture under the impact effect. 
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Figures

Figure 1

Burnishing device mounted on a milling machine



Figure 2

Effects of heat treatments on the properties of S355JR steel.

Figure 3



Burnishing effects on the properties of S355JR steel.

Figure 4

Effects of burnishing parameters on the penetration depth (e).

Figure 5



Evolution of the energy absorbed (W) as a function of penetration depth

Figure 6

Micrograph of hardened super�cial layer by burnishing



Figure 7

Predicted values and experimental values for a) Hv, b) Rm, c) W and d) e



Figure 8

In�uence of burnishing parameters on "Hv","Rm","W" and "e"



Figure 9

"Hv", "Rm", "W" and "e" contours in burnishing force and number of tool passes



Figure 10

Main effects plot for : Hv, Rm, W and e



Figure 11

Interaction plot for : Hv, Rm, W and e



Figure 12

please see the manuscript �le for the full caption


