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Abstract — In industry, structural parts generally work under cyclic loading. After a while under these loads,
microcracks usually start on the surface. The microcracks grow into macrocracks and cause fatigue and
fracture of the material even at stresses far below the yield strength. It is possible to increase the fatigue
strength of materials with several surface treatments. One of the most common of these processes is the
roller burnishing process. In this study, the roller burnishing parameters that affect the surface integrity
and fatigue performance of AISI 4340 was optimized. Optimum levels of burnishing depth, feed rate, and
burnishing speed were determined using Bees and Genetic algorithms utilizing the experimental results of
a previously conducted study [1]. Optimization was carried out by limiting the surface roughness -with a
maximum surface roughness value of 1 micron. According to the bees algorithm, the optimum parameter
levels were determined as 0.1 mm/rev for the feed rate, 0.109 mm for the burnishing depth, and 947 rpm
for the burnishing speed. These levels were determined as 0.166 mm/rev for the feed rate, 0.115 mm for
the burnishing depth, and 656 rpm for the burnishing speed for the genetic algorithm.
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I. INTRODUCTION

Finishing and burnishing tool technology always
attracted attention due to the parts' low roughness
levels and high surface strength properties (residual
stress, microhardness, etc.). When surface quality is
important, after the machining process, grinding,
honing, lapping, ultrasonic burnishing, ball
burnishing, superfinishing, and rolling burnishing
(RB), are generally applied on the surface. One of
the most popular finishing processes is the roller
burnishing process. The roller burnishing process is
a cold finishing process that makes good surface
quality using hardened rollers.

The schematic representation of the roller
burnishing process was given in Fig.1. As a result of
the burnishing process, lower surface roughness,
higher hardness, and compressive residual stress
were obtained on the material's surface [1].
Especially, increasing residual stress is the most
important in terms of fatigue performance. Due to

residual stresses, the fatigue behavior of the material
is positively affected [2], [3]. In the literature, many
process parameters were used such as burnishing
depth, burnishing speed, feed rate, roller’s material,
roller coating, roller profile, etc. Surface integrity,
fatigue performance, residual stress, and affected
depth, hardness was used as performance criteria.
Nguyen and Le [4] made optimizations for
minimum surface roughness using an archive-based

Fig. 1 Schematic representation of roller burnishing process
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micro genetic algorithm in their study. The
burnishing process was applied to the inner surface
of the hollow cylindrical specimens. In this context,
surface roughness, hardness, and hardness depth
were measured. First of all, optimum levels were
calculated for each performance criterion. Then, the
surface roughness value was given a 0.1 pum limit
and optimization was made according to the
maximum hardness value. The same researchers [5]
studied the effects of turning parameters on the
surface burnishing process using a sequential
genetic algorithm. Nguyen et al. [6] tried to optimize
the burnishing process using the TOPSIS
(Technique for Order Preference by Similarity to
Ideal Solution) method. Burnishing speed, feed, and
depth parameters were optimized according to
energy consumption, surface roughness and
hardness values. Boozarpor et al. [7] investigated
the effect of the roller burnishing process on the
surface properties and fatigue life of 6061
Aluminum using a multi-roll burnishing tool. After
the parametric optimization, specimens were
burnished at optimum levels and fatigue tests were
applied. As a result, it was determined that the
fatigue life of the turned specimen increased up to
three times when burnished under optimum
conditions. Hua et al. [8] investigated the surface
integrity properties, such as surface topography,
surface roughness, microhardness, phase change,
and residual stresses using low plasticity burnishing.
Zhuang et al. [9] used 7075 Al test specimens with
three different surface properties: laser-coated only,
heat-treated, and burnished after laser-coating.
Thus, the effects of laser coating, heat treatment,
and roller burnishing on fatigue performance were
investigated. The fatigue life of the burnished
speimen increased by 540% compared to the coated
sample. The heat-treated and coated sample (as
coated+T6) had 40% more fatigue life than the only
laser-coated specimen. Here, the effect of heat
treatment on fatigue in aluminium alloys is also
shown. Avilés et al. [10] investigated the fatigue life
and surface integrity of AISI 1045 steel using ball
burnishing. Livatyali et al. [11] investigated the
surface layer and residual stress distribution after
roller burnishing of Ti6Al4V thin sheets. Duncheva
et al. [12] worked with different burnishing tools
compared to other studies. Using more than one
tool, the effects of the burnishing tool on the results
were studied. The fatigue limit of the turned
specimen was measured as 185 MPa. This value

increased to 250 MPa in the burnished specimen
with optimum parameter levels. Mohamed and
Wagne [13] experimentally investigated the effects
of roller burnishing and shot peening on surface
integrity and fatigue performance. Experimental
results showed a 36% improvement in the fatigue
strength of the shot-peened specimen; In the
burnished specimen, the improvement in fatigue
strength was 61%. The burnishing process is
generally applied outer surface of cylinders and
plates. In some studies, the inner of the cylinders
were also burnished and the surface integrity was
investigated [14],[15]. In the literature, different
materials were used in the burnishing process such
as AISI 1040 [17], AISI 1045 [18], [19], AISI 1055
[20], Inconel 718 [21],[22], 210Cr12 [23], Mg-SiC
metal matrix [24] and 41Cr4 [25].

Il. MATERIALS AND METHOD

In this study optimum levels of burnishing depth,
feed rate, and burnishing speed were determined
using Bees and Genetic algorithms utilizing the
experimental results of a previously conducted
study [1]. In the previously conducted study AISI
4340 steel was used in specimens. The specimens
were machined and burnished in a CNC turning
lathe. The schematic representation of preparing of
the specimens was shown in Fig. 2.
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Fig. 2. Schematic representation of preparing and burnishing
of specimens

Finish Turning

AISI 4340 standard fatigue test specimens were
produced according to ASTM E466-15, as shown in
Figure 3 [1]. The parameters and their levels are
given in Table 1. The full factorial experimental
design was used and the 8 mm diameter and 25 mm
long region was burnished. In the burnishing
process, Yamasa's Multi-roll SX5 model burnishing
tool was used. Surface roughness measurements
were made on burnished and non-burnished
specimens. Surface roughness was measured from
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three different points of the burnished area in each 4 2.14 18 2.77
specimen using the Mitutoyo surface roughness 5 1.85 19 0.51
device. 6 1.98 20 0.62
. 7 1.98 21 0.98

Table 1. Process parameters and their levels 8 202 29 0.79
Parameter Levels 9 2.00 23 0.73
Burnishing Depth 0.05, 0.1 and 0.15 (mm) 10 1.52 24 1.37
Feed Rate 0.1,0.2 and 0.4 (mm) 11 1.52 25 0.85
Burnishing Speed 200, 600 and 1000 (rpm) 12 1.52 26 0.81

13 241 27 0.76

Axial fatigue testing was performed on burnished
and non-burnished specimens using the Instron
8801 high-frequency fatigue machine. The machine
can operate with a frequency of 0.1-100 Hz and a
maximum load of 100 kN. In the fatigue tests, 1100
MPa, which is 90% of the yield stress in the tensile
direction, was applied to the test specimens. The
stress ratio (R) was -0.1 and a load of 110 MPa was
applied in the compression direction [1].

After the surface roughness and axial fatigue life
was obtained from the conducted experiments, in
this study the optimization was made using Genetic
and Bees Algorithm by utilizing experimental
results. In the optimization stage, surface roughness
was limited to 1 micron. The objective functions
were taken from regression analysis. In the objective
function, the interaction of parameters was
included.

I1l. RESULTS

In the study, the results of burnished and non-
burnished specimens were examined in two
different ways. These are fatigue performance and
surface roughness. According to the results, the
mathematical models were made. Genetic and Bees
Algorithm applied to these models. Under the 1-
micron surface roughness value, the optimum
parameter levels were found for maximum fatigue
life. According to the full factorial experiment
design, surface roughness results were given in
Table 2. Surface roughness results of the burnished
specimens changed from 0.51 um to 2.77 um. The
average surface roughness of the non-burnished
specimens was 2.98 pm.

Table 2. Surface roughness results [1]

Surf. Rough.
Exp. | Surf. Rough. (um) | Exp. (um)
NB 2.98 14 1.63
1 1.68 15 2.5
2 1.70 16 2.5
3 1.75 17 2.54

The Minitab program was used for the derivation
of mathematical model. Nonlinear regression
analysis was applied to the results to derive the
mathematical model according to the surface
roughness. In Equation 1, the mathematical model
and boundaries obtained from the surface roughness
results were given. F represents the feed rate, D
represents the burnishing depth and S represents the
burnishing speed.

Surface Roughness =2.272 = 11.81 * D + 2.42 « F —
0.000140 * S—6.5* D * F +0.00429 * D + S — 0.005 * F * S
1)

1.LO.ISF<04

2.005<D<0.15

3.200 <5 <1000

Since the burnishing speed does not significantly
affect the surface roughness [1] the effect of the
burnishing speed on the fatigue life has not been
investigated. Fatigue test results are given in Table

3.
Table 3. Fatigue tests results [1]

EXxp. | Surf. Rough. (um)
35056
49722
49946
39348
59614
59323
50930
59262
49704
36929

LOCO\I(DU'I-bOJI\)I—‘%

Regression analysis was applied to the results to
derive the mathematical model according to the
axial fatigue life. In Equation 2, the mathematical
model and boundaries obtained from the axial
fatigue result were given.

Fatigue Life = 16931 + 837258 x D + 24500 * F — 3654867
* D% D—69533 %« F %« F—357236 « D * F (2)
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1.01<F<04
2.005<D<0.15

IV. THE BEES AND GENETIC ALGORITHM

After the mathematical model was derived for
both performance criteria, the optimization process
was performed. Since there are more than one
performance criterion to be optimized, a limited
optimization process has been made. The
optimization problem is defined as:

F(x) =[S, D, F]

Objective: Maximum axial fatigue life

Limits: Ra < Ium

The ranges which are used in optimization were
given in Table 4.

Table 4. Ranges of parameters used in optimization

F D S
Minimum 0.1 0.05 200
Maximum 0.4 0.15 1000

In the study, optimization was performed with two
different algorithms. These are Genetics and Bees
algorithm. Thus, the differences in results between
the two algorithms were also compared. The values
used for the bee and genetic algorithm are given in
Table 5 and Table 6, respectively. The same
iteration number was used for both algorithms.

Table 5. The parameters for Bees Algorithm

itr n m e | nep | nsp | ngh
50 | 10 | 8 5 8 7 101

Table 6. The parameters for Genetic Algorithm

Generation number 50
Population size 12
Elite count 10
Crossover fraction 0.4

Optimization results for both algorithms are given
in Table 7. According to the genetic algorithm, the
feed rate was 0.166 mm/rev, the burnishing depth
was 0.115 mm, and the burnishing speed was 656
rev/min. According to these results, the surface
roughness was 0.869 um and the axial fatigue life
was 60125 cycles. The Bees algorithm gave better
results than the genetic algorithm. According to the
Bees algorithm, feed rate 0.1 mm/rev, 0.109 mm
burnishing depth and 947 rpm burnishing speed
were determined as optimum levels. With these
levels, the surface roughness increased to 0.986 pum,
while the fatigue life increased by 4% compared to
the genetic algorithm, resulting in 62632 cycles.

Fatigue life graphs for both algorithms, depending
on the number of iterations, are shown in Figure 3.
From here, it has been found that the bees algorithm
gives results both in a shorter number of iterations
and in accordance with the desired purpose.

Table 7 Results of optimization with The Bees and Genetic

algorithms
Genetic Alg. | The Bees Alg.
F 0.166 0.100
D 0.115 0.109
S 656 947
Surface 0.8692 0.9867
Roughness
Fatigue Life 60125 62632
6.3 x10t
6.2
£ 61
—
2 6
.20
= 59
5.8 —AA
—GA
5.7
10 20 30 40 50

Number of iteration
Fig. 3 Fatigue life results with respect to number of iterations

V. CONCLUSION

In this study, the ability of roller burnishing to
increase the fatigue life of AISI 4340 steel was
investigated. The experimental results of a
previously conducted study [1] were used and in this
study the prameters of RB process were optimized
by Bees and Genetic algorithms. A mathematical
model has been created and optimization has been
made for two performance criteria. The purpose of
optimization; The aim is to determine the parameter
levels that give the maximum fatigue life with a
certain surface roughness limit.  The results
obtained as a result of the study are listed below:

(1) When optimization is made according to the
constraint, The Bees algorithm has found
62632 cycles in the same iteration, increasing
the fatigue life by 4% compared to the genetic
algorithm.

(2) According to the results of the bees algorithm,
the feed rate of 0.1 mm/rev, the burnishing
depth of 0.109 and the burnishing speed of 947
rev/min were calculated as optimum levels.

653



Aydn et al., Optimization of Roller Burnishing Process Using Bees and Genetic Algorithm, ICAENS 2022, Konya, Turkey

REFERENCES

(1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[0l

[10]

[11]

[12]

[13]

M. Aydmn and M. Tiirkéz, "A study on the effect of the
roller burnishing process on the axial fatigue
performance and surface integrity of AISI 4340 steel."
Journal of the Brazilian Society of Mechanical Sciences
and Engineering 44.6 (2022): 1-16.

M. Boozarpoor and R. Teimouri, Parametric study of
multiroller rotary burnishing process. Int J Light Mater
Manuf 4:179-194, 2021.

Zhang, Ping, and Janny Lindemann. "Effect of roller
burnishing on the high cycle fatigue performance of the
high-strength wrought magnesium alloy AZ80." Scripta
materialia 52.10 1011-1015, 2005.

Boozarpoor, Mehrzad, Majid Elyasi, and Morteza
Hosseinzadeh. "An investigation of the surface quality of
burnished AISI 4340 steel." Proceedings of the
Institution of Mechanical Engineers, Part E: Journal of
Process Mechanical Engineering 232.3 (2018): 299-
313.R. E. Sorace, V. S. Reinhardt, and S. A. Vaughn,
“High-speed digital-to-RF converter,” U.S. Patent 5 668
842, Sept. 16, 1997.

Cobanoglu, Tamer, and Sabri Ozturk. "Effect of
burnishing parameters on the surface quality and
hardness." Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture
229.2 (2015): 286-294. (2002)

Saldana-Robles, A., Plascencia-Mora, H., Aguilera-
Gomez, E., Saldafia-Robles, A., Marquez-Herrera, A., &
Diosdado-De la Peifia, J. A. Influence of ball-burnishing
on roughness, hardness and corrosion resistance of AlSI
1045 steel. Surface and Coatings Technology, 339, 191-
198., 2018.

Boozarpoor M, Teimouri R, Parametric study of
multiroller rotary burnishing process. Int J Light Mater
Manuf 4:179-194, 2021.

Hua Y, Liu Z, Wang B, Hou X., Surface modification
through combination of fnish turning with low plasticity
burnishing and its efect on fatigue performance for
Inconel 718. Surf Coatings Technol 375:508-517, 2019.
Zhuang, W., Liu, Q., Djugum, R., Sharp, P. K., &
Paradowska, A. Deep surface rolling for fatigue life
enhancement of laser clad aircraft aluminium alloy.
Applied surface science, 320, 558-562, 2014.

Avilés, R., Albizuri, J., Rodriguez, A., & De Lacalle, L.
L., Influence of low-plasticity ball burnishing on the
high-cycle fatigue strength of medium carbon AISI 1045
steel. International journal of fatigue, 55, 230-244, 2013.
Livatyali H, Has E, Tiirkoz M (2020) Prediction of
residual stresses in ball burnishing TIBAL4V thin sheets.
Int J Adv Manuf Technol 110:1083-1093 Fatigue Fract
Eng Mater Struct 30(4):342-350, 2007.

Duncheva GV, Maximov JT, Dunchev VP, Anchev AP,
Atanasov TP, Capek J., Single toroidal roller burnishing
of 2024-T3 Al alloy implemented as mixed burnishing
process. Int J Adv Manuf Technol 111:3559-3570, 2020.
Gardin C, Courtin S, Bertheau D, Bezine G, Ben Hadj
Hamouda H., The infuence of roller burnishing on the
fatigue crack propagation in notched round bars—
experimental observations under three-point bending.
Fatigue Fract Eng Mater Struct 30(4):342-350, 2007.

[14] Babu PR, Prasad TS, Raju AVS, Babu AJ., Efect of
internal roller burnishing on surface roughness and
surface hardness of mild steel. J Sci Ind Res
68(2009):29-31, 20009.

[15] John MRS, Vinayagam BBBK., Optimisation of internal
roller burnishing process in CNC machining center using
response surface methodology. J Braz Soc Mech Sci Eng
39:4045-4057, 2017.

[16] Cobanoglu T, Ozturk S., Proceedings of the institution of
mechanical engineers. Part B J Eng Manuf., 2014.

[17] Saldafia-robles A, Plascencia-mora H, Aguilera-gomez

E, Saldafia-robles A, Marquez-herrera A, Angel J, Pefia

D., Surface & coatings technology infuence of ball-

burnishing on roughness, hardness and corrosion

resistance of AISI 1045 steel. Surf Coat Technol

339:191-198, 2018.

Rodriguez A, De Lacalle LNL, Celaya A, Lamikiz A,

Albizuri J., Surface & coatings technology surface

improvement of shafts by the deep ball-burnishing

technique. Surf Coat Technol 206:2817-2824, 2012.

Okada M, Suenobu S, Watanabe K, Yamashita Y,

Asakawa N., Mechatronics development and burnishing

characteristics of roller burnishing method with rolling

and sliding efects. Mechatronics 29:110-118, 2015.

[20] . Lopez de Lacalle LN, Lamikiz A, Sanchez JA, Arana
JL., The efect of ball burnishing on heat-treated steel and
mconel 718 milled surfaces. Inter J Adv Manuf Techn
32(9-10):958-968, 2007.

[21] Sequera A, Fu CH, Guo YB, Wei XT., surface integrity
of inconel 718 by ball burnishing. J Mat Eng Perform
23(9):3347-3353, 2014.

[22] Qiao Y, Chen H, Qi K, Guo P., Research on mechanical

properties of 210crl2 shaft surface processed with

rolling. Coatings 10(7):611, 2020.

Prasad KA, John MRS Optimization of external roller

burnishing process on magnesium silicon carbide metal

matrix composite using response surface methodology. J

Braz Soc Mech Sci Eng 43:1-12, 2021.

Maximov JT, Duncheva GV, Anchev AP, Dunchev VP,

Ichkova MD., Improvement in fatigue strength of 41Cr4

steel through slide diamond burnishing. J Braz Soc Mech

Sci Eng 42:1-20, 2020.

[18]

[19]

[23]

[24]

654





