ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 97

UDC 621.923.5 doi: 10.20998/2078-7405.2022.97.12
I. Sztankovics, G. Varga, Miskolc, Hungary

FEM ANALYSIS OF THE BURNISHING PROCESS
OF X5CrNi18-10 STAINLESS STEEL

Abstract. The burnishing process can improve the surface roughness of machined parts, while having
an advantageous effect on the properties of the layer below the surface. In this paper the effect of the
surface speed, the feed rate and pressing force are analysed with Finite Element Method. The affected
width and depth were analysed during one pass of the burnishing tool. We also examined the highest
pressure and the stress distribution of the surface layer. The values of the studied parameters were
chosen according to the “Design of Experiments” method. Equations determining the studied
properties were also given.
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1. INTRODUCTION

In the development of different manufacturing processes and systems, many
factors must be considered. An aim of these improvements is the increase the
quality of the machined surface while decreasing the costs of manufacturing [1].
However, production engineers must consider the energy efficiency and
environmental impact of different procedures during the process planning. A
further aim is to improve the properties of workpieces to reduce the weight and
therefor the fuel consumption [2]. The burnishing process can effectively improve
the properties of the surface layer.

Diamond burnishing leads to a favourable combination of the 3D height and
shape parameters for surface texture in the point of view of the wear resistance
enhancement [3]. Raza et al. showed in their review work that the burnishing
parameters such as force, feed, speed, number of tool passes, ball diameter and
lubrication medium have a greater influence on the surface characteristics of the
component [4]. The experimental results of Mohamed et al. indicate that feed,
speed, burnishing force and number of passes are the most important and
significant parameters to improve hardness [5]. Fedorovich et al. showed in their
study that the optimal choice of the technological parameters should consider both
the equivalent stress distribution in the surface layer of the products and the factors
influencing the tool wear observed under a particular processing mode [6]. An
effective way of increasing the depth of the hardened layer is the increase of the
number of passes [7]. Yaman et al. studied the surface integrity alteration and
found that the burnishing force and burnishing speed are critical parameters to
make the burnishing process more effective and increase the wear resistance of
parts [8]. Teimouri et al. proved in their theoretical and experimental work,
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that among the process factors the burnishing depth has the greatest influence on
microhardness alternation [9]. The analysis of Barahate et al. showed that the
burnishing feed rate has the highest impact on the surface roughness (a
contribution of 54.51% in their experiments), followed by load and burnishing
speed [10]. Borysenko et al. studied the burnished surface on reverse engineering
approach, where the models of the workpiece and the tool were created using 3D
scanning [11]. Ferencsik et al. studied the burnishing process by the application of
FEM simulation, and showed that numerical value of roughness is in a good
correlation with the experimental results [12].

The values of the affected depth and width in burnishing of different
materials are essential information in the process planning of the procedure.
Therefore, the alteration effect of the feed, surface speed and pressure force were
studied in diamond burnishing using Finite Element Method simulations in this
paper. The results were evaluated using the Design of Experiment method.

2. EXPERIMENTAL METHODS AND CONDITIONS

In this paper we intended to make a study to better describe and understand
the processes in the surface layer during burnishing. The aim of our study is the
description of the affected depth and width in diamond burnishing by FEM
analysis. The finite element simulations were done with the ThirdWave
Advantedge 7.601 software.

Feed
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Figure 1 — Experimental setup in the FEM software

138



ISSN 2078-7405 Cutting & Tools in Technological System, 2022, Edition 97

The setup of the tool, workpiece, burnishing force, feed and surface speed
were shown in Figure 1. It can be seen that the burnishing of a shaft is simulated on
a plane. The burnishing force were adjusted by the precise adjustment of the depth
of cut parameter, where the chip removal is not occurred, and the desired load
could be measured from the force perpendicular of the workpiece surface.
X5CrNil8-10 grade stainless steel were selected as workpiece material. The tool
material was PCD with medium conductivity. The initial temperature was 20 °C.
Furthermore, minimum element size of 0.0054 mm, refined region radius of 0.026
mm, refining factor of 4, coarsening factor of 3, 6.0 grading near the cutting edge
were set.

Three process parameters were analysed in our study: surface speed (v), feed
(), burnishing force (F). The values of these parameters were chosen according to
the Full Factorial Design of Experiments method, where a high (+1) and a low (-1)
value is determined for each factor, and the experimental setup is generated
through the combination of these values. Table 1 shows the experimental plan for
the 8 cases. The parameters were chosen according to our real experimental plan of
burnishing a shaft with 50 mm diameter.

We measured 4 parameters in each setup. The first is the stress depth, which
represents the depth where at least 350 MPa Mises stress occurs, which is the 1.5-
fold value of the materials proof strength. The second is the Burnished depth,
which measures the affected depth according to the perpendicular stress (Stress Y -
Y in the program notation). The third is the Burnished width, which measures the
affected width according to the shear stress (Stress Y-Z in the program notation).
The final studied parameter is the maximum value of the Pressure occurring in the
surface layer during burnishing.

Table 1 — Setup values of the studied process parameters

. % f F

v i Fopniuminl brming | mmirev] | [N]

1 1 1| 1 265 4117 0.025 30
2 1 1| 1 375 58.26 0.025 30
3 1 1 1 265 4117 0.05 30
4 1 1 1 375 58.26 0.05 30
5 1 1 1 265 4117 0.025 40
6 1 1 1 375 58.26 0.025 40
7 1 1 1 265 4117 0.05 20
8 1 1 1 375 58.26 0.05 20
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3. EXPERIMENTAL RESULTS

Measurements were made on the results of the FEM simulations according to
the previous conditions. Here an example is given for the better understanding of
the process in case of Setup 8. The results of the measurements were shown in

Table 2.

Figure 2 shows the measurement of the stress depth and burnished depth. In
the former, the highest distance from the surface was taken where the Mises stress
value exceeds 350 MPa, which is crucial for the elastic deformation. In the latter
the highest distance of that FEM element was measured, where the perpendicular

stress is different than 0.

Table 2 — Results of the FEM simulations

Stress Depth Burnished Depth Burnished Width Pressure
[mm] [mm] [mm] [MPa]

1 0.0834 0.2007 0.1145 1367.37
2 0.0907 0.2061 0.1266 1321.92
3 0.1057 0.1843 0.1379 1412.23
4 0.1349 0.2249 0.1604 1372.58
5 0.0913 0.2178 0.1092 1625.49
6 0.1177 0.1835 0.1123 1672.84
7 0.1141 0.2978 0.1810 1652.82
8 0.1412 0.2960 0.2115 1612.35

¢ ¥ 0.141232
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Figure 2 — Measurement of the Stress depth (a) and Burnished depth (b), Setup 8
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Figure 3 — Measurement of the Burnished width (a) and Pressure (b), Setup 8

The measurement of burnished width and pressure can be seen in Figure 3.
To measure the affected width, we measured the distance between the occurring
shear stresses. The highest value of the pressure occurring in the surface layer was
provided by the FEM software.

A further aim of our study was to provide equations for the calculation of the
studied attributes. These were determined in the form of Equation 1, where the k;
are the constant of the different factors.

v, f,F) =ko + kv +kyf +ksF + kyovf + ky3vF + kysfF

+ klzgvfp (1)

The k; constants were determined for the studied parameters. The results can
be seen for the Stress depth (y1) in Equation 2, for the Burnished depth (y2) in
Equation 3, for the Burnished width (ys) in Equation 4 and for the Pressure (ya) in
Equation 5.

v, (v, f,F) = 03641 — 7.912 - 10 3v — 7.369f — 8.933 - 10 3F
+0.2vf + 2.354 - 10~ *vF + 0.205fF @)
—4.948 - 107 3vfF

v, (v, f, F) = 0.2586 —4.772 - 1031 — 16.39f — 1.006 - 1073F
+0.101vf — 2.171 - 10" 4vF + 0.4110fF — 6258  (3)
-10~*vfF

y3(v, f, F) = 0.0609 — 4.644 - 10~y — 0.991f — 8.763 - 107*F
+0.094vf — 1.517 - 10~*vF + 0.031fF
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—3.963 - 107 3vfF

v, (v, f,F) = 1.966 — 35.722v — 2.373 - 10*f — 17.345F
+670.927vf — 1.091vF + 832.037fF ®)
—21.912vfF

4. DISCUSSION

Equation 2-5 were drawn as a function of the surface speed (v) and feed (f)
for the two levels of the burnishing force.

Figure 4 shows the effect of these parameters on the Stress depth and
Burnished depth. We conclude that the increase of the perpendicular force has an
increasing effect on these parameters, however a larger increase can be seen in the
affected depth than the stress depth. Increasing the surface speed led to an
interesting finding. While the 1.5-fold increase of the speed led to an average of
1.2-fold increase in the stress depth, the affected depth remained the same.
Doubling the feed leads to an average 1.25 increase in the stress depth, while the
affected depth only increases in the higher load setups, and it remains nearly the
same if the burnishing force was adjusted to 30 N.
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Figure 4 — Stress depth and burnished depth as a function of the studied parameters

The alteration of the burnished width and the pressure is presented in Figure
5.. The alteration of the surface speed has a very low effect on these parameters (0-
16% change). However increasing the feed has a significant impact on the affected
width. By the 1.5-fold incrase of the feed, a 1.2-1.8-fold increase can be observed
in the affected width. The effect of burnishing force alteration depends on the feed
value. As expected, the highest pressure value increases by the increase of the
burnishing force: 1.33-fold increase of the latter leads to an 1.2 higher pressure on
avarage. The surface speed and the feed has almost no effect on this studied
parameter.
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Figure 5 — Burnished width and pressure as a function of the studied parameters

SUMMARY

The burnishing process of X5CrNil8-10 grade stainless steel material was
studied in this paper by the application of FEM simulations. The analysed
parameters were selected according to the Design of Experiments method. The
stress depth, the affected depth and width and the pressure were measured and
further analysed. Equations were given for the calculation of these parameters in
the studied range. The effect of the surface speed, feed and burnishing force were
analysed. It is found that the increase of the burnishing force has the highest effect,
followed by the feed.
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IrrBan CrarkoBud, J{proa Bapra, Mimxkomnsi, YropmuHa

AHAJII3 ITPOLIECY BUIJIAI)KYBAHHS HEPXKABIFOUYOI CTAJII
X5CrNi18-10 METOAOM KIHIEBUX EJIEMEHTIB

AHoTalisA. AnmasHe uUIAONCYBAHMA NPU3BOOUMb 00 CHPUAMIUBO20 NOEOHAHHA MPUBUMIDHUX
napamempie ucomu ma Gopmu mexcmypu NOBepxXHi 3 MOUKU 30pY NIOBUUWEHHS 3HOCOCMIUKOCHIL.
3nauenns nopywienoi enubUHU Ma WUPUHU NPU SUTAOICYBAHHI DISHUX MAMepianie € BadicIuB00
ingopmayiero nio uac niamyeanns npoyecy. Memotw oOanoco docnidsicenns € onuc memooom MKE
2NUOUHY, WO NOPYULYEMBCA, | WUPUHU NPU BUSTIAONCYSBAHHI AIMASHUM [HOeHmopom. MoodentosanHs
WIAXOM KIHYeBUX eiemMenmié Gy10 6UKOHAHO 3a 00NOMO2010 npozpamiozo 3abesnewenns ThirdWave
Advantedge 7.601. Buenaodoicyeanns eany modemosanocs Ha niowuni. Cuna 6u2nadxicyeaHHs
Pe2yno8anacs MOYHUM pe2yo8aHHAM Napamempa iubuHu PisanHsA, npu AKOMY 6UOANIEHHs CINPYIHCKU
He 6100y6anocs, a Gasicane HABAHMANCEHHA MO210 Oymu BUMIDAHE 34 CUNON, WO NePReHOUKYIAPHA
nosepxui 3azomosxu. fIx mamepian sacomisku Oyna obpana mepacasiroua cmane mapku XSXHI18-10. V
YbOMy OOCHIONCEHHI NPOAHANI306aHO mpu napamempu npoyecy. wesuokicmo (V), nodaua (f), cuna
suenaodvicysanns (F). 3uauenns yux napamempis 6yn0 06pano GiOnogioHO 00 Memody NOBHO20
haxmopro2o naanysanns ekcnepumeHmis. Y ybomy oocuiodxcenHi eumiprosanu 4 napamempu y KOJCHill
yemanosyi. Tlepwuii — ye enubuHa HANPystceHHs, wo € 2UOUHOIO, HA AKIU BUHUKAE HANPYHCEHHS NO
Miszecy ne menwe 350 MIla, wo 6 1,5 pasu nepesuwgye mesicy miynocmi mamepiany. [Apyauii — enubuna
BUSTIAONHCYBAHHS, AKA GUMIPIOE NOPYULEHY 2IUOUHY BION0BIOHO 00 NEPNEeHOUKVISAPHO2O0 HANPYIHCEHHS
(nanpyowcennsa Y-Y 6 nosnavennsix npozpamu). Tpeme 3HaueHHs — WUPUHA NONIPYBAHHA, KA SUMIPIOE
3a0isHy wupuny 6iON06IOHO 00 Hanpyscenus 3cygy (nanpyscenns Y-Z 6 nosHayenni npozpami).
OcmanHim napamempom, wo 6UB4ABCS, € MAKCUMANbHE SHAYEHHs MUCKY, WO BUHUKAE 8 NOBEPXHEGOMY
wapi npu 6uenaoHcy8anHi. Aemopu Oitiuiiu 6UCHOBKY, WO 30LNbUEHHS NEPREeHOUKVIAPHOI CUlu 0ae
3pocmaiouy Oilo Ha yi napamempu, nPome ModHCHA nobavumu Oitbuie 30iTbWEHHS 2AIUOUNHY 6NAUBY, HIJIC
2NUOUHU HanpydceHH:. 30INbUeHHs NO8ePXHE8OT WEUOKOCHI npu3seno 00 Yikago2o giokpumms. Y moil
uac Ak 30inbuenHs weuokocmi 6 1,5 pasa npusgeno 00 30inbUleHHs 2IUOUHU HANPYHCEHb 8 CEPEOHbOMY
6 1,2 pasa, enubuna énaugy sanuwnacs nesminnoio. I1odeocnnsn nooaui npuzgooums 00 30inbuienHs
2NUOUHU HANPYIHCEHb 8 cepedHbomy 6 1,25 pasu, y moil uac sk enubuHa enaugy 30i1bulyemoscs miibKu
npu OinbUt BUCOKUX HANAUMYBAHHAX HABAHMANCEHHS | 3ANUUAEMbCS MAUXHCE HESMIHHOI0, SIKUO 3YCUILIA
suenadoicysanns Oyno giopezynvogano oo 30 H. 3mina nosepxnesoi wisuokocmi oysice ciabko enausac
na yi napamempu (3mina 0—16%). Oonax 30inbutenns nooayi 3HAYHO 6NAUBAE HA NOPYUIEHY WIUPUHY.
Ipu 36invuenni nodaui 1,5 pasy cnocmepicacmocs 30inbuienns ypasxcenoi wupunu ¢ 1,2—1,8 pasu.
Egpexm 3minu cunu 6uenaoxicysanns sanedxicums 6io eeauuunu nooaui. Sk i ouikyeaniocs, makcumanvie
3HAYEHHS. MUCKY 30LIbUYEMbCA 3i 30IIbUEHHAM CUTU BUSTAONCYBAHHA: 30iN1bULeHHs. ocmaHHboi 6 1,33
pasu npu3600ums 00 30i1bUeH s cepeOHbo20 MUCKy 6 1,2 pasu.

Karouosi cnoBa: guenadocysanns; nian excnepumenmy, MKE-modentosanns.
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