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Abstract 

Diamond burnishing (DB) 18/8 chromium-nickel austenitic stainless steel (CNASS) introduces a two-phase (austenite and 

strain-induced martensite) surface-layer structure. Residual stress measurements using X-ray diffraction separately for the 

two phases result in different outcomes due to the difference in elastic constants. The concept of effective surface residual 

stress (ESRS) was introduced in this study to solve this problem. The ESRS is the sum of the measured residual stresses for 

the two phases, multiplied by the respective weighting factors corresponding to the percentage of content of the two phases. 

Thus, the inhomogeneous surface (under the phase composition criterion) is homogenized, and the ESRS is an integral 

characteristic of this homogenized surface. The primary objective is to establish the influence of the DB governing factors 

on the ESRS in diamond-burnished 18/8 CNASS. This study employs an X-ray technique, planned experiment, regression 

analysis, and analysis of variance. A mathematical model of the ESRS was created. The burnishing velocity has the most 

influence on ESRS, followed by the feed rate and burnishing force. The DB method produces two effects: mechanical and 

thermal. Combinations of various magnitudes of the governing factors change the ratio between these effects, leading to 

different magnitudes of ESRS. The feed rate affects ESRS unidirectionally (increasing the feed rate decreases ESRS) 

because the feed rate does not create a thermal effect. Conversely, the burnishing force and velocity influence the 

mechanical and thermal effects created by DB. The ESRS depends on the percentage of induced martensite to a greater 

extent than surface microhardness. 
 

 Keywords: Chromium-nickel austenitic stainless steel, Diamond burnishing, Effective surface residual stress, Strain-induced 

martensite. 
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1. Introduction 

Increasing the share of stainless steels, 70% of which are austenitic, is a sustainable modern steelmaking trend [1]. 

Although manganese and nitrogen also extend the austenitic region to room temperature, the vast majority of austenitic 

steels are chromium-nickel due to their favorable combination of properties: superior general corrosion resistance, good 

machinability and weldability, and workability in a wide temperature range (up to 450°C). Moreover, 18/8 chromium-

nickel austenitic stainless steels (CNASSs; approximately 18 wt% chromium and 8 wt% nickel) are the most common due 

to their minimal nickel content, making them the least expensive. 

Austenite is the softest phase in iron-carbon alloys. Various approaches can increase the hardness and strength of 

CNASS, among which the least expensive is surface cold working (static or dynamic) based on severe surface plastic 

deformation. Dynamic methods are based on the effect of deforming elements (spheres with a diameter of several tenths of 

millimeters to several millimeters) on the treated surface. The process is stochastic, but the resulting roughness is 

unsatisfactory [2]. Static surface cold working (i.e., burnishing) is realized by employing a hard, smooth, deforming 

element pressed with a constant static force normal to the worked surface, which moves relative to it. Thus, this approach 

decreases roughness, increases microhardness, introduces residual compressive stresses, and changes the grain shape and 

size [3]. 

According to the type of tangential contact between the deforming element and processed surface, burnishing methods 

are classified into two groups. In the first group, the deforming element (sphere or roller) rolls without slipping, and the 

methods are called ball or roller burnishing [4, 5]. In the second group, a spherical- or cylindrical-ended deforming element 

slides along the machined surface; hence, the method is called slide burnishing [6]. 

When the deforming element is a natural or synthetic diamond, the method is called diamond burnishing (DB) [7]. The 

diamond is the hardest mineral according to the 10-degree Mohs scale, allowing DB to process even the hardest alloys. In 

addition, DB is realized using significantly simpler equipment compared to the first group of methods. Thus, DB has been 

established as an inexpensive and effective finishing method for structural [8-12] tools [13-15] stainless [16-19] steels, and 

nonferrous alloys [20, 21]. Furthermore, DB is a preferred method for implementing hybrid [22, 23] and combined 

processes [23-25]. 

Extensive studies of the effects of DB on the surface integrity (SI) and operational behavior (fatigue, wear, and 

corrosion) of CNASS have been conducted [3, 16, 18, 19, 25-28]. In addition, DB causes severe plastic deformation of the 

surface layers of CNASS, causing part of the austenite in this layer to transform into α’-martensite when the nickel content 

in the steel is below 15 wt% [16]. Austenite is stable when the nickel content is above 15 wt%, as nickel reduces the ability 

of austenite to strain-harden. When the CNASS must satisfy a requirement for a high degree of strain-hardening, the nickel 

content is limited to 8 to 9 wt% [16]. 

Moreover, DB can form two phases of strain-induced martensite: ’ and . The second phase is a consequence of the 

smaller plastic deformations and transforms into the ’-phase when the degree of plastic deformation increases [29]. As a 

harder phase, ’-martensite increases the microhardness [16] but worsens the resistance to electrochemical corrosion [3]. 

Additionally, ’-martensite is metastable, and after increasing the temperature, the reverse transformation is observed (

→ ) [16]. 

Very few studies have assessed the effect of surface cold working on the →  phase transformation [16, 30, 31]. 

The percentages of martensite in the surface and subsurface layers are necessary to determine the residual stresses in 

CNASS correctly, using the X-ray method to select elastic constants and measure the residual stress distribution. The 

residual compressive stresses introduced via surface cold working delay the formation of fatigue macrocracks in the metal 

component, increasing the fatigue strength. Thus, knowledge of the residual stress distribution in CNASS components 

enables the prediction of the fatigue life of the respective metal components. 

The residual stresses can be measured via X-ray using the elastic constants of the austenitic or martensitic phases. If 

induced α’-martensite is absent, the measurement for the austenitic phase would be correct and representative of the 

respective component. Conversely, with a high degree of plastic deformation of 18/8 CNASS, if the α’-martensite content 

in the surface layer is 100%, the measurement of residual stresses for the martensitic phase would be correct. The induced 

α’-martensite is most significant in the surface layer, and at a depth of about 0.1 mm, it rapidly decreases to 0 [16]. 

However, the problem is how to proceed if the two phases (austenitic and martensitic) are equivalent in percentage of 

content, which primarily occurs on the surface. 

https://creativecommons.org/licenses/by/4.0/
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The concept of effective surface residual stress (ESRS) is introduced in this study to solve this problem. The ESRS is 

the sum of the measured residual stresses for the two phases, multiplied by the respective weighting factors corresponding 

to the percentage of content of these two phases. Thus, the inhomogeneous surface (according to the phase composition 

criterion) is homogenized, and the ESRS is a characteristic of this homogenized surface. 

The primary objective is to establish the influence of the governing factors of the DB process on the ESRS in diamond-

burnished 18/8 CNASS. The present study is a continuation of previous work [32] dedicated to the influence of the 

governing factors of DB of AISI 304 steel on height and shape roughness parameters. 

 

2. Materials and Methods 
The AISI 304 CNASS was obtained as hot-rolled bars with a diameter of 16 mm and was used in the as-received state. 

The chemical composition was established using an optical emission spectrometer. Tensile tests at room temperature were 

conducted via the Zwick/Roell Vibrophore 100 testing machine. The tensile test specimen geometry is provided by ISO 

6892-1:2019 [33]. The material hardness was measured using a VEB-WPM tester with a spherical-ended indenter with a 

diameter of 2.5 mm, loading of 63 kg, and holding time of 10 s. 

Further, DB was implemented on an Index Traub CNC lathe using conventional flood lubrication. Figure 1 presents 

the kinematic scheme with governing factors and the burnishing devices. The burnishing devices provide elastic normal 

contact between the deforming element and treated surface. 

 

 
Figure 1. 

DB implementation: a. kinematics and governing factors; b. DB device. 

 

Previous turning and DB were conducted in one clamping process to minimize the concentric run-out in DB. This 

experiment employed a VCMT 160404-F3P carbide cutting insert (main back angle 
о

0 7= ; tool-tip radius = 0.4 mm) for 

turning. Moreover, this work employed an SVJCR 2525M-16 holder with main and auxiliary setting angles of 
о

c 93=  

and 
о

c 52= , respectively. In addition, ISCAR Bulgaria manufactured the cutting insert and holder. The average value of 

the Ra roughness parameter after the previous turning was 0.529 m. 

A Bruker D8 ADVANCE diffractometer with a pin-hole collimator, a primary beam measuring 1x1 mm, and the 

specialized software DIFFRAC.Dquant V1.5 [34] were employed to measure the percentage of content on the surface of 

the two phases (austenitic and ’-martensitic) and the residual surface stresses. The 2sin  method with the least-squares 

fitting procedure evaluated the residual stresses. Table 1 presents detailed information on the residual stress measurement. 
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Table 1. 

Characteristics of the residual stress X-ray measurement. 

Measuring device Bruker D8 Advance diffractometer 

X-ray tube Long focus Cr – Kα  

Crystallographic planes Fe(γ) – (220); Fe() – (211) 

Diffraction angle (2θ) 128.78° (124° … 133°) 

Measuring method Offset coupled TwoTheta/Theta ( 2sin  method) 

Scan mode Continuous PSD fast 

X-ray detector SSD160-2 (1D scanning) 

Collimator spot size Standard Φ1.0 mm 

Measurement time for single scan Approx. 35 s 

Elastic constant s1 (austenite) 1TPa352.1 −−  

Elastic constant 1/2s2 (austenite) 1TPa182.6 −
 

Elastic constant s1 (martensite) 1TPa271.1 −−  

Elastic constant 1/2s2 (martensite) 1TPa811.5 −
 

Voltage 30 kV 

Current 40 mA 

Step size 0.5 

Time for step 1 s 

 

The surface axial residual stress values were measured because they have a greater influence on fatigue behavior 

compared to circumferential stress. The ESRS was calculated using the following formula: 
martaust

eff +=                                          (1) 

where  and  are weighting coefficients ( +  = 1), corresponding to the percentage of content of the two phases 

(austenitic and martensitic) in the surface layer, and aust  and mart  are the measured surface residual stresses, for the 

austenitic and martensitic phases, respectively. 

The ZHVµ Zwick/Roell microhardness tester (Ulm, Germany) was employed to establish the surface microhardness. 

The loading and holding times were 0.05 kg and 10 s, respectively. The final surface microhardness value was the center of 

clustering of 10 measurements. 

 

3. Experimental Results 
3.1. AISI 304 Steel in the as-Received State 

The chemical composition in weight percent (wt%) is as follows: iron (Fe): 69.51, carbon (C): 0.023, silicon (Si): 

0.271, manganese (Mn): 1.6, phosphorus (P): 0.047, sulfur (S): 0.034, chromium (Cr): 19.19, nickel (Ni): 7.98, 

molybdenum (Mo): 0.243, copper (Cu): 0.637, cobalt (Co): 0.161, vanadium (V): 0.06, tungsten (W): 0.041. Small amounts 

of titanium (Ti), aluminum (Al), lead (Pb), tin (Sn), niobium (Nb), boron (B), arsenic (As), zinc (Zn), bismuth (Bi), 

zirconium (Zr), and calcium (Ca) with a total of 0.203 wt% were also detected. The mechanical characteristics of the tested 

steel are yield limit = 338 MPa, tensile strength = 733 MPa, elongation = 44.7%, and hardness = 250 HB. 

 

3.2. Design 

The selected governing factors were the burnishing force bF , feed rate f , and burnishing velocity v (Figure 1a). Table 

2 lists the governing factor magnitudes selected based on the results obtained in previous work [16]. The radius of the 

spherical-ended polycrystalline diamond insert was 2 mm. According to a previous study [16] this radius magnitude 

provides the highest degree of surface plastic deformation, with the same values as other governing factors. The upper 

burnishing force level is 500 N because higher values worsen the resulting roughness [16]. The objective function was the 

ESRS Y . 

 
Table 2. 

Governing factors and levels. 

Governing factors 
Levels 

Natural, ix~  Coded, ix  

Burnishing force ]N[Fb  1x~  100 300 500 1x  -1 0 1 

Feed rate ]rev/mm[f  2x~  0.02 0.05 0.08 2x  -1 0 1 

Burnishing velocity v [m/min] 3x~  50 85 120 3x  -1 0 1 
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A planned experiment and a second-order optimal composition design were employed. The approximating polynomial 

cannot be higher than the second-order because the governing factors vary at three levels. The experimental points (14 

total) are at the vertices of the cubic factor space and the centers of the six faces of the cube. Box and Wilson [35] proposed 

the optimal composition plans, which are widely used because they allow for the description of the studied phenomenon in 

a wide range of input variables. Table 3 presents the experimental plan. 

 
Table 3. 

Experimental plan. 

Experimental point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Burnishing force 1x  -1 1 -1 1 -1 1 -1 1 -1 1 0 0 0 0 

Feed rate 2x  -1 -1 1 1 -1 -1 1 1 0 0 -1 1 0 0 

Burnishing speed 3x  -1 -1 -1 -1 1 1 1 1 0 0 0 0 -1 1 

 

3.3. Experimental Results 

The average values of the Ra roughness parameter and surface microhardness after turning were 529.0Rinit
a =  μm and 

421 HV, respectively. Table 4 presents the results for the percentage of content of the two phases and the residual surface 

axial stresses, measurement errors, and ESRS, calculated using Equation 1. 

The regression analysis of the ESRS results was conducted using QStatLab software [36]. Given the experimental 

design, the regression model takes the following form: 

 ( )   
== = −=

 +++=
3

1i

2
iii

3

1i

2

1i

3

1ij

jiijii0 xbxxbxbbXY ,        (2) 

where  X  denotes the vector of the governing factors ix , 3,2,1i = . 

 
Table 4. 

Phase distribution and residual stresses. 

Experim. 

point 

Phase distribution, % Measured residual stresses and errors, MPa Effective 

stress 

MPa 
Austenite Martensite 

Austenite Martensite 

Stress Error Stress Error 

1 30.35 69.65 -1124.4 146.1 -1393.1 74.4 -1311.55 

2 11.80 88.20 -1089 148.2 -1348.2 82.8 -1317.61 

3 91.30 8.70 -900.6 114.6 -1457.7 118.8 -1077.57 

4 36.40 63.60 -862 160.3 -1316.2 110.2 -1150.87 

5 50.40 49.60 -691.9 146 -1375.6 90.8 -1344.78 

6 49.10 50.90 -789.4 236.7 -1261.8 60.7 -1029.85 

7 100 0 -968.6 74.8 N.A. N.A. -968.60 

8 84.70 15.30 -849.3 118.4 -1614.4 186.5 -966.36 

9 72.60 27.40 -794.9 91.7 -1413.4 83.1 -964.37 

10 64.60 35.40 -473.5 116.7 -1221.2 79.7 -738.18 

11 24.00 76.00 -737.9 82.2 -1192.6 82.2 -1083.47 

12 74.00 26.00 -392.7 165.6 -1246.6 91.9 -614.71 

13 30.30 69.70 -819.4 142.6 -1411.1 90 -1231.81 

14 88.10 11.90 -874.5 76.3 -1378.9 113.9 -934.52 

 

Table 5 lists the polynomial coefficients of the Y  model. The probability of a coefficient being insignificant is 

p=0.05. However, all coefficients (excluding 23b , which is 0) are included in the models to minimize the residual. The 

statistical analysis of the Y  model was performed using QstatLab. The critical values of the Student statistics (T), Fisher 

statistics (F), residual standard deviation (Res. sd), determination coefficient ( 2R ), and adjusted determination coefficient 

(adj. 2R ) [36] are as follows: T=2.57058, F=4.81832, Res. sd=105.72, 2R =0.98582, and adj. 2R =0.95514. The results 

confirm the adequacy of the Y  model. 

 
Table 5. 

Regression coefficients of the Y  model. 

ijb  0b  1b  
2b  

3b  11b  22b  33b  12b  13b  

Y  -818.816 46.4 130.915 84.53 -32.459 -30.274 -264.35 -47.491 49.566 

 

Figure 2 graphically presents the dependencies of the objective function Y  on each pair of variables, with the third 

variable fixed at an average level. A visual inspection indicates the following results: 1) the feed rate (Figure 2a) and 
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burnishing velocities (Figure 2b) have a greater influence on Y  than the burnishing force, and 2) the burnishing velocity 

has a greater influence on Y  than the feed rate (Figure 2c). Table 6 presents the measured values of the surface 

microhardness at the experimental points. 

 

 
Figure 2. 

A graphical representation of the dependencies of the objective function Y  on each pair of variables: a. effects of burnishing force and feed rate; b. 

effects of burnishing force and burnishing velocity; c. effects of feed rate and burnishing velocity. 

 

4. Discussion 
The DB method is thermomechanical, which is a consequence of the sliding friction contact between the deforming 

element and treated surface. The work from the friction and surface plastic deformation dissipates into heat. Over 70% of 

the internal (input) work is spent on friction in the DB process, whereas the friction dissipation work in ball or roller 

burnishing is negligible [8]. In addition, the plastic deformation work in the DB process is greater than that for ball and 

roller burnishing. 

The generated heat (i.e., thermal effect in the DB process) leads to a so-called softening effect [37] which increases 

with an increasing burnishing velocity. The softening effect causes a decrease in microhardness and a reduction in surface 

residual compressive stresses. In addition, as the generated heat increases, the temperature in the diamond–treated surface 

contact area also increases. Thus, the phase transformation →  is suppressed, and α’-martensite is a metastable phase. 

With increasing temperature, the formed α’-martensite transforms into austenite [16]. The most significant contribution to 

the thermal effect in DB is the burnishing velocity [37]. 

The strain-hardening effect is a consequence of the large surface-equivalent plastic deformation in the DB process. 

Thus, the surface microhardness increases, and useful residual compressive stresses are generated at a significant depth 

from the surface layer. Then, the phase transformation →  occurs. The burnishing force and feed rate contribute most 

to this mechanical effect. As the burnishing force increases, the equivalent plastic deformation in the surface and near-

subsurface layers increases. However, above a certain burnishing force value, the maximum compressive residual stress 

shifts below the surface layer [16]. A decreased feed rate increases the cyclic loading coefficient (CLC) [38] which is a 

measure of the accumulated plastic deformation in the surface layer due to DB. A larger CLC yields a greater equivalent 

plastic deformation of the surface layer and a higher percentage of induced α’-martensite. Combinations of various 

magnitudes of the DB governing factors change the ratio between the two effects (thermal and mechanical), leading to 

different SI characteristics, including surface residual stresses and α’-martensite.  

In the regression model (2), the absolute values of the dimensionless coefficients ib  and iib  (Table 5) measure the 

degree of influence of the respective variable ix  on the objective function Y . Of the three variables ( ix ), the burnishing 

force is assumed to have the weakest influence on Y  because the coefficients 1x  and 11x  have relatively small absolute 

values. The absolute values of the coefficients ji,bij   in front of the mixed products jixx  of the variables quantitatively 

measure the degree of significance of interactions between these variables.  

The interaction between the feed rate and burnishing velocity is negligible because the coefficient 23b  in the 

regression model (2) is ignored as a minimal quantity. However, the burnishing force interactions with the feed rate and the 

burnishing velocity cannot be ignored because they are commensurate with the degree of influence of the burnishing force 

on Y . The physical interaction 21xx  is expressed in the synergy between the burnishing force and feed rate in terms of 

the mechanical effect (e.g., with increasing burnishing force and decreasing feed rate, the CLC increases, that is, the 

amount of accumulated plastic deformation in the surface layer increases) [38]. Thus, the mechanical effect prevails over 

the thermal one.  

Similarly, the interaction 31xx  is expressed in the synergy between the burnishing force and burnishing velocity in 

terms of the thermal effect. The simultaneous increase in the burnishing force and burnishing velocity increases the power 

of the frictional forces, generating a greater amount of heat. The more heat generated in the DB process, the more induced 
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martensite content, decreasing the absolute values of the surface residual stresses measured for both phases (austenitic and 

martensitic). Thus, the thermal effect prevails over the mechanical one. 

Assessing which of the three governing factors dominates is difficult using the method of comparing coefficients. An 

analysis of variance (ANOVA) was conducted to answer this question. Figure 3 illustrates the significance (degree of 

influence) of the three driving factors on ESRS. The most significant governing factor is the burnishing velocity, and the 

burnishing force has the least influence on ESRS. When the three factors are maintained at a lower level (i.e., –1), the 

ESRS has a maximum absolute value. The reason that the thermal effect is minimal is because the heat generated is 

minimal; when the burnishing velocity and force are minimal, the power from the frictional forces and the generated heat 

are minimal. When the feed rate is maintained at a lower level, the CLC [38] is maximal (i.e., more equivalent plastic 

deformation accumulates in the surface layer, which is a prerequisite for increasing residual surface stresses). 

 

 
Figure 3. 

ANOVA main effects. 

 

The following formula presents the correlation between the dimensionless ix  and physical ix~  variables: 

( )
( )0,imax,i

0,ii
i

x~x~
x~x~

x
−

−
= ,           (3) 

where 0,ix~  and max,ix~  denote the average and maximum values of the physical variable, respectively. 

Substituting (3) into (2) yields the dependence of the hypersurface Y  on the physical variables (the three governing 

factors). Figures 4, 5, and 6 illustrate the dependence of Y  on the burnishing force, feed rate, and burnishing velocity, 

respectively. 

 

 
Figure 4. 

Dependence of the effective stress on the burnishing force. 
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Figure 5. 

Dependence of the effective stress on the feed rate. 

 

 
Figure 6. 

Dependence of the effective stress on the burnishing velocity. 

 

Figure 4 confirms the conclusion above that the burnishing force has the weakest influence on the effective residual 

stress. When the feed rate and burnishing velocity are constant, the change in the burnishing force affects strain-hardening 

(i.e., the mechanical effect) and the thermal effect. Increasing the burnishing force increases the degree of strain-hardening, 

increasing residual surface stresses (for both phases). However, further increases in the burnishing force increase the depth 

of the compression zone and shift the maximum compressive stress below the surface layer [16] (i.e., decreasing the 

surface residual stress). With an increasing burnishing force, the friction forces increase, the power of these forces 

increases, and the amount of heat generated increases. Increased heat leads to a softening effect and suppresses the →  

transformation, leading to the reverse transformation →  of the formed martensite. Thus, the absolute values of the 

residual compressive stresses in the surface layer decrease. Therefore, the two effects (mechanical and thermal) act in 

opposite directions, and the change in ESRS is minimal. 

At a constant burnishing force and velocity, the feed rate affects the ESRS unidirectionally (Figure 5); increasing the 

feed rate decreases the absolute value of the ESRS. This steady trend is a direct consequence of the fact that the feed rate 

(by itself) does not create a thermal effect. A lower feed rate results in a greater overlapping effect and greater CLC [38]. 

Thus, equivalent plastic deformation in the surface layer accumulates, and the amount of strain-induced martensite (i.e., 

→  transformation is accelerated) increases. Moreover, the absolute value of ESRS increases. 

Unlike the feed rate, the influence of the burnishing velocity is not unidirectional (Figure 6). At a constant burnishing 

velocity and feed rate, changing the burnishing velocity creates mechanical and thermal effects. With an increasing 

burnishing velocity, the strain velocity (mechanical effect) increases, and with an increased strain velocity, the yield 

strength of the metal increases, approaching the ultimate tensile stress (i.e., the relative strength of the surface layer 

increases at the expense of reduced plasticity). Moreover, with an increasing burnishing velocity, the amount of generated 
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heat increases, causing a softening effect [37] including a decrease in strain-induced ’-martensite. The ratio between the 

two effects (mechanical and thermal) determines the magnitude of the ESRS (at a constant burnishing force and feed rate). 

The physical characteristics of SI (surface microhardness, percentage of induced martensite, and ESRS) have a 

common physical basis: the interaction between mechanical and thermal effects. Based on the numerical values of the three 

SI characteristics in Table 4 and 6, this work obtains the following linear model of the dependence of the ESRS on the 

microhardness and the percentage of induced ’-martensite in the surface layer: 

M2385356.7HV0098444.23397.1887ES −+−= ,        (4) 

where ES denotes the effective residual stress, HV represents the microhardness, and M indicates the percentage of 

content of ’-martensite. 

 
Table 6. 

Surface microhardness. 

Experimental point 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Microhardness HV 595 658 523 590 554 590 488 554 534 590 585 539 598 551 

 

Figure 7 presents the graphical visualization of the model (4). The ESRS depends on the percentage of content of the 

induced martensite to a greater extent than the surface microhardness. 

 

 
Figure 7. 

Dependence of the effective residual stress on the microhardness and the percentage content of induced martensite. 

 

5. Conclusions 

The DB method induces ’-martensite in the surface layers of AISI 304 steel specimens in different proportions with 

austenite, depending on the magnitudes of the governing factors. The presence of two phases in the surface layer creates a 

problem when measuring the surface residual stresses using the X-ray diffraction technique regarding the phase in which 

the elastic constants should be chosen. This study introduces the concept of ESRS to solve this problem. The ESRS is the 

sum of the measured residual stresses for these two phases, multiplied by the respective weighting factors corresponding to 

the percentage of content of the two phases. Thus, the inhomogeneous surface (according to the phase composition 

criterion) is homogenized, and the ESRS is a characteristic of this homogenized surface. The significant new findings 

concerning the nature of the DB process are as follows: 

• This work presents a mathematical model of the ЕСРС depending on the burnishing force, feed rate, and burnishing 

velocity. 
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• Of the three governing factors, the most significant is the burnishing velocity, and the least important is the 

burnishing force. 

• The DB method produces two effects: mechanical and thermal. Combinations of various magnitudes of the DB 

governing factors change the ratio between the two effects, leading to different SI characteristics, including surface 

residual stresses and α’-martensite. 

• The feed rate effect on ESRS is unidirectional: The absolute value of ESRS decreases as the feed rate increases. This 

sustainable trend is a direct consequence of the fact that the feed rate does not create a thermal effect. Conversely, 

the burnishing force and velocity influence the mechanical and thermal effects created by DB. 

• The ESRS depends on the percentage of induced martensite to a greater extent than the surface microhardness. 

 

6. Limitations and Future Research 
The validity of the results, discussion, and conclusions is limited by the selected governing factors and their variation 

intervals. The results provide grounds for continuing this research with the inclusion of two more governing factors (the 

radius of the diamond insert and number of passes) and under various burnishing conditions (lubrication, cooling, etc.). 

 

Abbreviations: 
ANOVA Analysis of variance 

CNASS  Chromium-nickel austenitic stainless steel 

CLC  Cyclic loading coefficient 

DB  Diamond burnishing 

ESRS  Effective surface residual stress 

SI  Surface integrity 
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