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Abstract. The achievable surface quality is an important factor even in roughing procedures; however,
it is most relevant in finishing. Two commonly measured and analysed characteristics of the machined
surface roughness profile are the Arithmetic Mean Height and the Maximum Height of the Roughness
Profile. In this paper these parameters were studied in bore honing. Cutting experiments were carried
out, where the feed rate and the applied honing tool are varied. After the evaluation of the measured 2D
surface profiles, the following conclusions were drawn: the effect of the feed rate is not linear; the lowest
values of the analysed roughness parameters were achieved by the application of 50 mm/rev. feed rate
and a honing tool with 80 grain size and ceramic binder; the difference between the studied roughness
parameters was 6.5-8.0-fold.

Keywords: arithmetic mean height of roughness profile; cutting; experiments; honing; maximum height
of roughness profile.

1. INTRODUCTION

The study of the achievable surface quality is an important task in machining,
most importantly in finish procedures. A part of the evaluation of the machined
surface quality is the analysis of the geometric errors on the surface, which can be
done by the investigation of 2D roughness parameters. It is necessary to specify the
optimal process parameters to optimize surface roughness [1,2]. Though much
research is ongoing in this field [3,4], it is not an easy task to give the optimal setup
parameters. It is also a difficult task in abrasive machining. A part of this is the study
of the cutting tool, where the change in the area and the maximum stress with a
change in the grain concentration are established [5]. Yang et al. found, that
increasing the grain size results in increased surface roughness by more than four
times [6]. The radial and axial speed had little effect on the roughness in their work.
Szabd showed that by changing the grain material it is possible to effectively
influence the amount of material removed from the workpiece in a unit of time [7].
In their work, Sabri et al showed that by changing the material (and especially the
grain size) of the honing tool, the final surface roughness and topography of the

© |. Sztankovics, 2023

94


https://orcid.org/0000-0002-1147-7475
mailto:istvan.sztankovics@uni-miskolc.hu

ISSN 2078-7405 Cutting & Tools in Technological System, 2023, Edition 99

machined workpieces can be favourably influenced [8]. It was found that a higher
elastic modulus of the bond can increase the strength of abrasive material, which
provides an increase in grinding performance and a reduction in the specific
consumption of grains [9]. Goelden et al. proved with their simulation and
experimental work that the prescribed roughness can be achieved with fewer strokes
by increasing the pressure [10]. The abrasive cutting process is also affected by the
selected binder of the tool [11,12].

In this paper, the Arithmetic Mean Height and the Maximum Height of the
Roughness Profile are studied in bore honing by changing the feed rate and the
material of the tool. The values of these parameters were measured and analysed.

2. EXPERIMENTAL CONDITIONS AND METHODS

The aim of the experiments was to study the effect of several parameters
(pressure, feed, grain size) on the surface roughness in bore honing. The values of
the analysed parameters were chosen according to the rules of 23 full factorial design
of experiments.

The machining was done with the different setups on a WMW 270/700 honing
machine, which was provided by Belcord Kft. in Eger, Hungary (their help is greatly
appreciated). The honing experiments were carried out on sleeves with EN-GJL-250
lamellar cast iron alloy material, 192 mm bore length and 88 mm inner diameter.
Three kinds of honing tools were used, which had Al>,Os. The specifications of the
different honing tools can be seen in Table 1.

Among the cutting parameters, the cutting speed (vc) was fixed to 200 m/min
and the applied pressure on the honing stone (p) was adjusted to 10 bar. The feed per
revolutions (vi) was set to 25 mm/rev, 50 mm/rev and 75 mm/rev. The resulted setups
and the set parameters can be seen in Table 2.

Table 1 — Honing tool characteristics

Mark Grain size Binder Structure
| ceramic medium dense
80
I synthetic resin dense
1 240 y

Table 2 — Experimental setups

Setup number 1 2 3 4 5 6 7 8 9
Bor[fn's]'}gth 192 | 192 | 192 | 192 | 192 | 192 | 192 | 192 | 192
Bore diameter | o | g3 | g5 | g3 | 83 | 88 | 88 | 88 | 88
[mm]
Cutting speed | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200
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[m/min]
Pressure
[bar]
Feed rate
[mm/rev.]
Honing tool
no.
Measurements were carried out on the workpieces after the cutting experiments
with a Mitutoyo SJ-301 Surftest roughness measurement device. The roughness
profiles were registered on three generatrix of each bore. The measured profiles were
evaluated with the AltiMap Premium 6.2.7487 surface analysis software. The
analysed parameters of the 2D (linear) profile were (1ISO 21920:2021):

* Ra - Arithmetic Mean Height of the roughness profile [um]
* Rz - Maximum Height of the roughness profile [um]

3. EXPERIMENTAL RESULTS

10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10

25 | 25 | 25 | 50 | 50 | 50 | 75 | 75 | 75

1 2 3 1 2 3 1 2 3

The experiments were carried out and the surface profiles are measured for
each setup. Figure 1 shows the roughness profile of the machined surfaces after the
machining with 25 m/min feed were carried out with the three tools. Figure 2
presents the three different results in case of 50 m/min feed. Lastly, the roughness
profiles corresponding to the 75 m/min feed can be seen in Figure 3.

Setup 1 / Tool 1 Setup 2 / TooI 2

Ronglies: o 08000 1332

; PSR LI N Y. Mlmﬁ i n\w-|m A
Bl

H N ‘ \1“ Ty HJ L‘ U WLW) Wm"rw% h!%ﬂ*l nb M ‘JIW‘WJ MN\WL'W’\MV‘”‘

1 s 1 25 ] 55 <o

Setup 3/ Tool 3

Wm*‘“"trMWWW’W*\WWWWWWM

Figure 1 — Roughness profiles measured after machining with 25 m/min feed rate
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Figure 2 — Roughness profiles measured afte
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Figure 3 — Roughness profiles measured afte

Table 2 — Measurement results

4mm

r méchining with 75 m/min feed rate

Setup 1 2 3 4 5 6 7 8 9
1 0.86 | 0.80 | 0.40 | 0.67 | 0.79 | 0.31 | 0.98 | 1.02 | 0.50
Ra 2 0.68 | 0.82 | 0.42 | 0.68 | 0.77 | 0.31 | 0.80 | 0.99 | 0.31
[pm] 3 0.68 | 0.74 | 0.25 | 0.69 | 0.80 | 0.28 | 0.75 | 0.89 | 0.36
Mean | 0.74 | 0.79 | 0.36 | 0.68 | 0.79 | 0.30 | 0.84 | 0.97 | 0.39
1 6.17 | 5.06 | 3.16 | 467 | 5.02 | 216 | 744 | 7.33 | 3.70
R, 2 6.01 | 531 | 297 | 409 | 541 | 213 | 597 | 6.23 | 1.99
[pm] 3 517 | 508 | 191 | 389 | 479 | 210 | 7.23 | 6.70 | 2.48
Mean | 5.78 | 5.15 | 2.68 | 422 | 5.08 | 213 | 6.88 | 6.75 | 2.72

The resulted profiles were evaluated, and the analysed roughness values were
determined for each setup. Then the mean values of the three measurements of R,
and R, were calculated for each setup These values are shown in Table 2.

4,

DISCUSSION

The evaluation of the results follows the assessment of the measurements.
Figure 4 presents the Arithmetic Mean Height of the roughness profile in function
of the feed rate and the used honing tool. As the feed rate increased from 25 mm/rev.
to 50 mm/rev. and lastly 75 mm/rev, an interesting phenomenon could be noticed.
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Among these three setup parameters, the middle value resulted the lowest R, in all
three types of honing tools. The increase of vt from 50 mm/rev. to 75 mm/rev. results
in a 20% increase in Ra, while the decrease of the studied setup parameter resulted
in a 10% increase in this roughness parameter. This suggest that the effect of the
feed rate is not linear contrary to other finish machining procedures as bore turning.
Therefore the choice of feed rate for honing procedure is a complex task and further
considerations must be taken into account in the process planning. The effect of the
proper choice of honing tool material is more significant. If a coarser grain structure
is applied, the roughness will be higher in both type of applied binders. However, if
the finer grains are applied, a nearly two-fold decrease in the R, value can be
expected. This relation is expected since the size of the grains corresponds to the size
of the micro-scratches generated on the machined surface.

Figure 5 shows the alteration of Maximum Height of the roughness profile in
function of the feed rate and the selected honing tools. The trend of the change is
similar to the previously described alteration. However, the application of synthetic
resin instead of a ceramic binder led to higher R, values in feeds of 25 mm/rev. and
75 mm/rev., yet the R, values became lower. This suggest that the selected binder
affects the chip removal, this leading to a different shaped surface profile as it can
be seen in Figure 1-3. In the studied parameter range, the difference between R, and
R, was 6.5-8.0-fold. This differs from the usually applied ratio of 5 in machining
with defined cutting edged tools.

a) b)
: mlm2n3 : m25
0.8 0§ ——
20.6
‘-'30|4
S
0.2
0
25 50 75
ve[mm/rev.] Tool number

Figure 4 — Arithmetic Mean Height of the roughness profile
in function of feed rate (a) and applied tool (b)
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Figure 5 — Maximum Height of the roughness profile
in function of feed rate (a) and applied tool (b)

5. CONCLUSIONS

The study of the expectable machined surface roughness is needed particularly
in finish procedures. Honing is a widely used chip-removal procedure in the
production of good quality bores due to its advantageous characteristics. In this paper,
the Arithmetic Mean Height and the Maximum Height of the roughness profile are
analysed. Cutting experiments were carried out by the application of different kinds
of honing tools and feed rate. The machined surfaces were measured and evaluated.

The following conclusions can be highlighted after the evaluation of the
experimental results:

o The effect of the feed rate on the studied roughness parameters is not linear.

e Minimal values of the analysed roughness parameters were got using 50
mm/rev. feed rate and a honing tool with 80 grain size and ceramic binder.

e The difference between R, and R, was 6.5-8.0-fold.
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IrrBan CrarkoBUY, MinikoisI, YTopiimHa

CEPEJHbBO APUOMETHUYHE I MAKCUMAJIBHE 3HAYEHHSA
BUCOTH IMPOPLIIO IIOPCTKOCTI ITPU XOHIHI'YBAHHI 3
PIBHUMU NIOJAYAMU

AHoTanis. [Jocaxcha AKiCmb NOBEPXHI € BANCIUBUM (DAKMOPOM HABIMb NPU YOPHOBUX
npoyedypax, 0OHAK HAUOiIbUL AKMYAIbHA BOHA Npu 00podYi. [16i 3a2a1bHONPUIIHAMI MA NPOAHANI3068AHT
Xapakmepucmuku npo@gino wopcmkocmi 06poodneanoi NoBepxHi — ye cepedHs apugpmemuina eucoma
ma makcumanvHa eucoma npo@imo wopcmkocmi. Mexaniyna obpobka npogoounacs 3a 00NOMo20i0
PI3HUX YCIMAHOBOK HA XOHIHZYBATbHOMY eepcmami. Excnepumenmu 3 XOHIHSY8AHHA NPOGOOUNUC HA
2inb3ax 3 naacmunuacmozo yagynozo cniagy EN-GJIL-250, dosorcunoro omeopy 192 mm i enympiwnin
oiamempom 88 mm. Bukopucmosysanucs mpu 6uou XoHingyeanoHux iHcmpymenmis, Ha ocnogi AlOs.
Cepeo napamempig pizanns, weuokicms pizanna (ve) 6yaa 3agpixcosana ma pieni 200 m/xe, a
NPUKIA0eHUll MUCK HA XOHIH2Y8abHULl OpYcoK (p) Ove sidpezyivosanuti 0o 10 6ap. Ilooaya na obepm
(Vo) 6yna ecmanosnena na 25 mm/06, 50 mm/06 i 75 mm/06. Bumiprosanns nposoounucs na 3a20moekax
RICHA NPO6EOEeHUX eKCNEePUMEHINIE 3 PI3aHHs NPUIadom 0 gumiplosans wopcmrocmi Mitutoyo SJ-301
Surftest. IIpogini wopcmxocmi 6y 3apeccmposani Ha MpboOX MEIPHUKAX KONHCHO20 0meopy. Bumipsni
npogini 6y oyineni 3a J0nOMo2010 NPOSPAMHO20 3abe3neyuents 05 ananizy nosepxmi AltiMap Premium
6.2.7487. Ilpoananizosani napamempu 2D (ninitinoco) npoghinio 6yau (ISO 21920:2021): Ra — cepedns
apugpmemuuna eucoma npoginio wopcmrocmi [Mkm], R, — makcumansna eucoma npodinio wiopcmxocmi
[mrm]. YV Oaniti pobomi yi napamempu 6yiu eusyeni npu XoHineysanHi omeopie. bymu nposedeHi
eKcnepuMenmu 3 pi3auHsIM, Oe 8apiloemvcs WEUOKICbL Nooadi i 3acmoco8y6aHull XOHIH2Y8a b Hull
incmpymenm. Ilicns oyinku sumipanux 2D npoginie nogepxui 6yau 3po6aeni HACMynHi 6UCHOGKU: 6NIUE
WBUOKOCME NOOayi He € JIHIUHUM, HAUHUNCYI 3HAYEHHS AHANI308AHUX napamempis wiopcmkocmi Oyiu
00csIeHymi 3aCMOCy8anHAM WeUOKocmi nodayi 50 Mm/06 ma XoHiHey8aIbHO20 IHCMPYMEHMY 3 PO3MIPOM
sepra 80 ma xepamiunozo 6'sicyuoeo, Pisnuys mixc 0ocnioxcyeanumu napamempamu wiopcmrocni
cmanosuna 6,5-8,0 pasis.

KarouoBi cinoBa: cepedne apugpmemuune 3umauenns eucomu npoginio WOPCMKOCHI,  pi3anHs;
eKcnepuMenmu; XOHiH2Y8aHHs; MAKCUMATbHA 8UCOMA NPOQINIO WOPCMKOCHI.
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