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SURFACE QUALITY OF HONED BORES
AS A FUNCTION OF PRESSURE FORCE

Abstract. The effect of the pressure force and tool material structure on the surface roughness and
straightness of honed bores is studied in this paper. We measured the vertical straightness, the
arithmetic average and the maximum height of the roughness profile in our experiments, which
contained 9 setups. We compared the registered profiles from the measuring devices in addition to
the values of the three quality parameters.
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1. INTRODUCTION

During construction design, among the different accuracy and roughness
instructions a specific surface structure can be prescribed on the surfaces of
mechanical parts based on the functional requirements. The prescribed
instructions on the particular workpiece surfaces often require the application
of a specific machining procedure. One example for this is the expectation for
the inner cylinder bores of a combustion engine block, namely, to ensure the
proper bearing ratio among the low surface roughness. The most often used
finishing procedures in the machining of bores are grinding and fine turning, as
shown in Kundrak et al. [1,2], however honing has been shown to be the
optimal solution in the finish machining of these cylinder bores [3].

The main process parameters of multi-stroke bore finishing (honing) are tool
revolutions, pressure force, stroke length and stroke number. We analyse the
alteration effect of the pressure in this paper. Based on their analytical model
and experiments, Gao et al. proved that an increase in the pressure between the
grinding stones and the bore surface leads to a nearly linear increase in the
removed material per unit of time, which increases the material removal rate
[4]. Goelden et al., applying a simulation and experimental work, proved that
the prescribed roughness can be reached with a lower stroke number by
increaseing the pressure force [5]. On the machined surface roughness Szabd
showed [6] that a minimal roughness value can be identified as a function of
the pressure from which point the roughness will become higher by either
increasing or decreasing the pressure force. We can see from the study of Zhou
et al. [7], that the geometrical inhomogeneity of the abrasive stone grain
structure leads to an increase in the machined surface roughness. With the
proper choice of the tool material and the decrease of the pressure force,
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friction loss can be lowered, as shown in the work of Karpuschewski et al. [8].
Burkhard et al. proved in their experimental work that tool life and productivity can
be increased by the proper choice of the grain positions and structure [9].

It can be seen from the above that the alteration of the pressure force and the
material/structure of the abrasive tool effectively affects the machined surface
roughness. Therefore, we present in this paper from our study the effect of machining
with different tool materials and pressure force on the surface roughness and
straightness.

2. EXPERIMENTAL CONDITIONS

For the honing experiments, we chose sleeves with an 88 mm bore diameter and 192
mm length. The workpiece material was EN-GJL-250 lamellar cast iron alloy.
During the experiments, three types of aluminium oxide abrasive cutting tools were
used with different structure, grain sizes and binding material on the WMW 270/700
honing machine. The data of the tools are summarized in Table 1.

Table 1 — Applied abrasive cutting tools

[Abbreviation A B lc
Grain material Al203

Grain size code 80 240
Binding material ceramic synthetic resin

Structure medium dense

During the cutting experiments, the axial speed and the revolutions of the tools were
held constant at 50 m/min and 725 1/min m/min, respectively, based on the information
from automotive companies. The aim of our study is to analyse the pressure force
alteration effect, therefore 3 pressure values (7 bar, 10 bar and 13 bar) were adjusted for
each grinding tool. The parameters for the resulting 9 setups are summarized in Table 2.

Table 2 — Experimental setups

zZ
o

Tool Pressure Axial speed Tool revolutions

7 bar

10 bar 50 m/min 725 1/min

13 bar
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3. EXPERIMENTAL RESULTS

Measurements were carried out on the workpieces after the cutting experiments with a
Mitutoyo SJ-301 Surftest roughness measurement device and Talyrond 365 shape and
position error measurement machine. We measured the vertical straightness (STRt), the
arithmetic average (Ra) and the maximum height (Rz) of the roughness profile on three
generatrix of each bore. For the corresponding parameters the mean values were
calculated (Table 3).

Table 3 — Mean values of the surface quality measurements

1 2 3 4 5 6 7 8 9
R
a 3.06 2.48 0.82 0.93 0.71 0.18 0.87 0.95 | 0.32
[nm]
R
[].Hfl] 16.40 | 1750 | 7.57 5.83 4,78 1.32 7.91 731 | 3.39
STRt
1.72 1.80 1.34 1.45 3.12 3.62 1.68 1.87 1.95
(um]
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Figure 1 — Straightness measurement results for the three tools at 13 bar pressure
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Figure 1 shows the results of the surfaces registered by the shape error
measuring machine filtered according to the standard for Setup 7-9. We can see
the axial position in the bore on the Y axis and the radial deflection on the X
axis. The blue zones show the regions filtered by the program. Analysed R
profiles of the same setups during the roughness measurements are shown in
Figure 2. The X axis represent the axial displacement of the gauge and the
filtered data of the registered surface is shown in the Y axis.
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Figure 2 — Roughness measurement result for the three tools at 13 bar pressure
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4. DISCUSSION

The experimental results presented in Table 3 are shown in diagrams in Figure
3-5. Based on these we drew the following conclusions.

From the viewpoint of the surface straightness, the better results were achieved
with the rougher tool with higher porosity. This can be seen in Figure 1, where
waviness of lower amplitude and periodicity can be observed on the surface
machined by tool A (7), than on the surface machined by tool C (9). The worst
case from the perspective of STRt was that with 10 bar pressure and smaller
abrasive grain size. For the setups machined with 7 and 13 bar pressure, the
measured straightness was almost half of the value from the worst setup (6).
Analysing the roughness measurement results, we can see from Figure 2 that a
smoother surface can be achieved with the tool with lower grain size and
denser structure. From the setups shown in Figure 2, Setup 7 shows a deeper
profile than Setup 9. Based on the values and Figures 4-5 we conclude that the
most favourable roughness is achieved by the tool with smaller grain size at all
pressures. Values of Rz and Ra can be lowered 3-4-fold by the proper choice of
the cutting tool.
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Figure 4 — Results of the arithmetic mean of the roughness profiles (Ra)
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Figure 5 — Results of the maximum height of the roughness profiles (Rz)

The pressure effect results demonstrate that the local minimum in the
roughness values described in the literature also appeared in our experiments,
because the lowest surface roughness was measured at 10 bar pressure. From
the results of Setup 4-6, a 20% increase can be seen in the roughness values
with 13 bar pressure. The roughness values achieved at 7 bar pressure are 3-4-
fold worse than the measurements at 10 bar pressure.

SUMMARY

The analysis of the machined surface quality and awareness of the effect of
each process parameter are important in finishing procedures. We studied the
surface straightness and roughness of honed inner cylindrical bores at different
pressure forces and with tool structure of different abrasiveness. We showed in
our analysis of 9 setups that for surface straightness, bigger grain size and
lower density is favourable; furthermore, the lowest roughness error is
measured at 10 bar pressure from the chosen values. Both studied parameters
have a significant effect on the surface roughness. Surface roughness can be
effectively decreased by the increase of the pressure between the tool and
workpiece and by the decrease of the grain size when the other process
parameters remain unchanged.
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IirBan CrankoBuy, ['eprens Hagpnan,
Miukosbl, YropiinHa

AKICTb IOBEPXHI OTBOPIB ITICJISA XOHIHI'YBAHHSA
AK @YHKIIA CUJIA IPUTUCKY

AHoOTaNiA. ¥V cmammi eusuaembca 6naUe Cunyu NPUMUCKY i CIpyKmypu mamepiany iHCmpyMeHmy
Ha WOPCMKICMb NOBEPXHI | NPAMONIHINHICIbG XOHIHZO8AHUX 2i1b3 A8MOMOOIILHUX ONIOKIE YUNIHODIS.
Jlna excnepumenmis no XouiHzyeauHio Oyau eubpawi 2inesu 3 Odiamempom omeopy 88 mm i
dosoicunoro 192 mm, Mamepian 3a2omoeéxku - niacmunvacmuii  cniaé 4agywy. YV xo0i
excnepumenmie Ha XoHiH2yganbHomy eepcmami WMW 270/700 euxopucmosyeanucs mpu munu
abpasuBHUX PIdCYHUX THCMPYMEHMI6 3 OKCUOY ANIOMIHII0 3 PISHOI CIMPYKNMYPOIO, pO3MIpamu 3epHa
i 363yiouum mamepianom. Ilpamoninivunicme eumipsinu no eepmuxani (STRt), cepedne
apupmemuune (Ra) i maxcumanvny eucomy (Rz) npoginio wopcmkocmi umipiosanu Ha mpbox
MBIPHUX KOXHCHO20 omeopy. /s i0nogiOHux napamempie 6yau po3paxoéami cepeoHi 3HAYeHHS.
Bynu  npogedeni  00Cmiodicents NpAMONIHIUHOCIT  NOGEPXHI I  WOPCMKICIb  XOHIH2OBAHUX
BHYMPIWHIX YULTHOPUYHUX OMBOPI8 NpU PISHUX CUNAX NPUMUCKY [ Npu PIsHIUL cmpyKmypi
abpasusnozo incmpymenmy. Auanizylouu pesyrbmamu GUMIpIOGANHs UWOPCMKOCIMI CIMAN0 BUOHO,
wo Oimbuw 2nadka nogepxms Mmodce Oymu 00CAeHYMA 3a OONOMOZ20I0 THCIPYMEHMY 3 MEHWUM
posmipom 3epua i Oinvi winbholo cmpykmypolo. Ha niocmasi ompumanux 3Hauenb MOCHA
3pobumu  BUCHOBOK, WO HAUOLIbUL CHPUAMIUBA WOPCMKICHb 00CA2ACMbCA IHCMPYMEHMOM 3
MeHWUM POZMIPOM 3epHa npu 6cix muckax. Mema 0anozo 00cniodicenHs - nPOananizyeamu egexm
SMIHU CUNU NPUMUCKY, MOMY OJiAd KOJCHO20 XOHIHZY8ANIbHO20 IHCMpYMeHmy OYyiu ckopueogaHi 3
sHauennst mucky (7 oap, 10 6ap i 13 bap). Illapamempu 0na ompumanux 9 ycmano8ox 6yiu 36e0eHi
6 mabauyi. 3 ananizy 9 ycmanogox 6uono, wjo O NPAMOMIHIUHOCMI NOGepxHi Kpawje OGinbuiull
posmip 3epna i menwa winbnicmo. Kpim moeo, camuil HU3bKuil pigeHb NOMUIKYU WIOPCMKOCHI
sumiproemocs npu mucky 10 6ap 3 eubpanux 3navens. Obudsa 6USUeHUX napamempu iCIHOMmMHO
6NIUBAIONb HA WOPCMKicmb nogepxui. Lllopcmkicmb nosepxni modice bymu egpexmugno smenuena
WAAXOM 30LMbUEHHS MUCKY MIXHC IHCMPYMEHMOM | 06poO08AHO0 0eMALI0 | UISIXOM 3MEHUEeHHS
PO3MIpY 3epHa, KO iHui napamempu npoyecy 3aaumaromscs He3aMiHHUMU.

KarouoBi cioBa: xouincyeamms; abpazusu OKcudy —amlOMIHIIO,  WOPCMKICMb  NOBEPXHI;
NPAMONTHIUHICMY.
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