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THE SURFACE TEXTURE OF HARDENED 18CrMo4
STEEL AFTER TURNING WITH PLUNGE FEED

Bogustaw Pytlak

Summary

A research results of surface texture after finish turning operation with plunge feed of hardened
18CrMo4 steel with use of cubical boron nitride (CBN) inserts having Wiper geometry are presented in
this paper. The research was conducted according to Taguchi methodology, especially for mating of the
machined surface with radial shaft seals. Next, the surface after finish turning with plunge feed was
compared with the surface after plunge grinding, while assessment indicators used to this purpose testify
a substantial similarity of the two surfaces.
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Struktura geometryczna powierzchni stali 18CrMo4
w stanie zahartowanym po toczeniu z posuwem wglebnym
Streszczenie

W pracy przedstawiono wyniki badan struktury geometrycznej powierzchni po operacji toczenia
wykonczeniowego z posuwem wgtebnym stali 18CrMo4 w stanie zahartowanym ptytkami
z regularnego azotku boru (CBN) o geometrii typu Wiper. W badaniach stosowano metodyke
Taguchi’ego. Uwzgledniono wspotprace obrobionej powierzchni z wargowymi pierécieniami
uszczelniajacymi. Poréwnano stan powierzchni po toczeniu wykornczeniowym z posuwem wgtebnym
i powierzchni po szlifowaniu wgtebnym. Wartosci przyjetych wskaznikéw oceny $wiadcza o znacznym
podobienstwie obu powierzchni.

Stowa kluczowe: toczenie na twardo z posuwem wgtebnym, szlifowanie wgtebne, struktura
geometryczna powierzchni, wargowe pierscienie uszczelniajace

1. Introduction

The problem of finishing operations of a surfaceding with radial shaft
seals (Simmerring ring) is known for a long timelavas discussed in the [1-3].
Especially, it concerns the shafts made from 18GrNdloy steel with low
contents of carbon, often used as a material fuhea elements in Poland. The
surfaces mating with the radial shaft seals shaufdl suitable requirements in
relation to dimensional accuracy and propertieswface layer [4-6]. In most
cases, the requirements are as follows: type of lide fit (h), accuracy class —
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IT11, radial run-outdb dependent on rotation speed (e.g.rfer 1500 rpm -4b
< 0.2 mm), hardness — about 55HRC, and surface masghdescribed by the
parameterf,= 0.2+0.8um, R,= 1+4um, R;x< 6.3um [3-6].

In up-to-now industrial practice, as finishing oggon of the surface
mating with the radial shaft seals is the mostrotised the plunge grinding with
suitably long time of sparking out, which is recoemded by most
manufacturers of the radial shaft seals. Owingttaurface texture free from
helical machining marks is generated. Howeverhim tecent years the finish
hard turning has become more and more popular,harimgs many potential
benefits [7]. It allows to reduce set up costs @chine tool, machining time,
capital costs of the machine tool [3], and eliminabolants, what at present
environmental restrictions is very important [8-1The hard turning process has
a certain disadvantages. Apart from very high taplicosts, to the most
important belongs generation of helical machiningrks, which in some
measure results from definition of the turning e itself. In this paper, in
order to eliminate this phenomenon, the hard tgroiperation with plunge feed
was applied. Shortening of machining time belorgsdditional benefits. For
example, time of the turning with longitudinal feefla surface under synchro-
mesh for a normal insert amounts to 2.2 secondsthi® Wiper insert is 0.73
second, while the turning with plunge feed take¥ (s only [12]. The hard
turning with plunge feed has a restriction in foohwidth of the machined
surface, which should be equal to length of cutddge of the insert. In case of
the surfaces mating with the radial shaft sealis ihot an obstacle, because
contact of the rotary seal with surface of the sbe€urs on very small width.

2. Methodology

In the paper an effect of the cutting spegdfeedf being simultaneously
depth of the cuta, and displacemenp on a chosen surface roughness
parameters was investigated: average roughRgsmean roughness depky
and maximum roughness defRh.were taken into account. The displacenment
consists in a small movement of the insert alosgciitting edge, aimed at
elimination of effects of profile roughness of thgtting edge on the machined
surface [12]. It occurs after completion of theféed movement of the cutting
insert. In the next machining step a dwell equalti@ shaft rotations is
performed, aimed at assurance of adequate dimexsi@ccuracy of the
machined surface.

The experimental study was performed with use @uthi methodology.
This methodology allows a simple, efficient, andtsynatic improvement of
product quality and/or decrease of its machiningtcdy using experimental
research. Traditional designs of the experimentcareplicated and difficult in
use. Additionally, when number of input parameiarseases it is necessary to
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perform large number of experiments [13]. Orthogoaaays designed by
Taguchi allow simultaneous and independent assedsmhénfluence of two or
more input parameters on the output parameter wharimal number of
experiments is performed. In Taguchi methodology ltst function is defined
being the difference between desired value andrawpatal value. In turn, the
lost function can be transformed to signal-to-ndigl ratio, which depending
on characteristic of examined quantity can be:stheller-the better, the bigger-
the better, and the nominal-the better. Valugh®fsignal-to-nois&/Nratio for

the parameterR,, R, andR,xwere calculated assuming criterion the smaller the
better (SB), with use of the equation [14]:

SN, =100 237 @

where:n — number of the measurements for a given layouh@fexperiment’s
designy, — measured value of the investigated parameter.

To the experimental research three setting valfidéseocutting parameters
were takenv, = 100, 150, 200 m/minf = 0.05, 0.075, 0.1 mm/rev argl=
0, 0.05, 0.1 mm, successively referred as level and 3. The experimental
research was conducted according to the experimatdgsign based on the
orthogonal array & (Table 1). For each layout of the experiment'sigtes
3 repetitions were performed.

Table 1. Setting values of the cutting parameterpérticular layouts
of the experiment’s design based on the orthogamay Lg

Layout Cutting parameters

No. v, m/min f, mm/rev p, mm
1 100 0.05 0
2 100 0.075 0.05
3 100 0.1 0.1
4 150 0.05 0.05
5 150 0.075 0.1
6 150 0.1 0
7 200 0.05 0.1
8 200 0.075 0
9 200 0.1 0.05

The research was conducted on the shaft havingndiomrs of@60x300
mm, made from 18CrMo4 steel. On the shaft 27 greowgh dimension of
4x4 mm were cut (Fig. 1), what created 27 cylinglrgurfaces with 6 mm width
(9 layouts of the design x 3 repetitions), usedciurse of the research.
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In the next step the shaft underwent the followimgrmo-chemical treatments:
carburizing to the depth of 2 mm, hardening andpening to the hardness
of 59+2HRC. The machining was carried out on theCdathe of TUG 56-MN
type (AFM-Andrychéw Co.). To finishing hard turnimgonolithic cubical boron
nitride (CBN) inserts of TNGX1103085S-R-WZ type waised with patented
Crosshill™ Wiper geometry [15], which were clampiedthe tool holder of
CTJINR 2525 M11 type (Fig. 2).

258
@39
@30

300

150

25x25

!

Fig. 2. The insert with Wiper geometry (TNGX110388R-WZ) clamped
in the CTFNR 2525M11 tool holder of Seco Co. [15]

Measurements of surface roughness were made vatMthr Pethometer
Concept profile measurement gauge. The surfacehrmgg was measured in
3 places, arranged uniformly on circumference efghaft (every 120°), for each
from three repetitions of the experiment's desigayout. During the
measurement the original profile was recorded, frarhich, using the
Pethometer Concept 7.0-19 software, it was possibtietermine values of any
parameters of surface roughness and waviness. €asurements were carried
out with measuring length &f = 1.25 mm and sampling lengthlpf 0.25 mm,
equal to limiting wavelengti, (cut-off) for the filter described in [16]. In
course of the measurements the stylus with radigsn2moving with speed
Vos= 0.5 mm/s was used. Whereas, measurements affbgraphy were carried
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out with use of the PKT measuring table. The serfatth the dimensions of
1.25x1.25 mm was evaluated, making 626 sectiomgeat/als of 2um.

Evaluation of the results was carried out usingatiStica" software. To
evaluation of the surface roughness the followiagameters were takeR;, R,
andRnax[17].

3. Results and their analysis

Mean values of surface roughness parameRysR, and R,.,, and
correspondingS/Nsg ratio after turning with plunge feed obtained frahe
measurements are given in the Table 2. The suttened with the plunge feed
can be characterized by the surface roughness ptamrR, R, and Ry
smaller than those recommended by radial shaft seahufacturers. Moreover,
differences within accomplished design of the expent, between maximal and
minimal average value of the parameter are minianad, amount tdz, — 0.016
pum, R, — 0.084 um andR,.x — 0.103 um respectively. This shows about very
little effect of particular cutting parameters @sulting surface roughness, what
in turn can be confirmed by close to each otheuealof theS/Nsg ratio. The
values of surface roughness parameRgrsR, andR, are slightly smaller than
the parameters of the surface roughness after @lgngding [18].

Table 2. The mean values from the measurementsfaice roughness parameters
R., R, andR,,,and corresponding/Nsg ratio after turning with plunge feed

Layout S/Nsg, dB S/Nsg, dB S/Nsg, dB

I\BI/o. Ra, UM f’(\)l?BRa R m f’:)lSrBRZ Rmax HM forSI%max
1 0.060 24.228 0.357 8.800 0.526 5.269
2 0.059 24.559 0.364 8.723 0.493 5.795
3 0.057 24.844 0.341 9.318 0.478 6.247
4 0.060 24.305 0.356 8.932 0.477 6.207
5 0.052 25.546 0.328 9.642 0.464 6.365)
6 0.056 24.949 0.350 8.997 0.474 6.223
7 0.068 23.362 0.412 7.688 0.568 4.892
8 0.060 24.410 0.378 8.437 0.531 5.427
9 0.062 24.052 0.399 7.942 0.560 4.985

In the Tables 3, 4 and 5 mean values ofSHé; ratio for particular set-up
levels of cutting parameters for the surface roegkrparametefR,, R, andR.«
are presented. In addition, these tables compiiféerahce between maximal
and minimal value of th&/Nsg max— S/Nig min ratio and total mean value of the
S/Nsgratio calculated for each cutting parameter.

Analysis of the tables 3-5 shows, that optimalisgttevels of the cutting
parameters (the highest value of tB8\;p) are as followsy, = 150 m/min,
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f=0.075 mm/rev ang = 0.1 mm. This corresponds to the experiment’sgiesi

layout No. 5 (Tab. 1). Repeatability of the optinparameters for particular

surface roughness parameters results from thardependence, and from the
fact that they describe, in a slightly differentywéhe same surface. It should be
noted another very important feature manifestedlight differences between

maximal and minimal value of tH&/Nsg max— S/Ns minratio, what points at very

small significance of influence of particular cogi parameters on a chosen
surface roughness parameters.

Table 3. The mean values of B8\ ratio for particular setting levels of cutting pareters for
arithmetic mean of the roughneRs

Cutting Mean value S/Ngg, dB
parameter level 1 level 2 level 3 S/Mes ma= S/Nse mi
Ve, mM/min 24.544 24.933 23.942 0.991
f, mm/rev 23.965 24.838 24.615 0.873
p, mm 24.529 24.306 24.584 0.278
Total mean rati®/Nsg = 24.473 dB; — optimal level

Table 4. The mean values of B8\ ratio for particular setting levels of cutting pareters for
mean roughness defd&

Cutting Mean value S/Ngg, dB
parameter level 1 level 2 level 3 S/Mee ma S/Nse min
Ve, mM/min 8.947 9.190 8.022 1.168
f, mm/rev 8.473 8.934 8.752 0.461
p, mm 8.745 8.532 8.883 0.351
Total mean rati®®/N;;=8.720 dB; — optimal level

Table 5. The mean values of B8\ for particular setting levels of cutting paramster
for maximal roughness depRy, .

Cutting Mean value S/Ngg, dB
parameter level 1 level 2 level 3 S/Mee ma S/Nse min
Ve, mM/min 5.770 6.265 5.101 1.164
f, mm/rev 5.456 5.862 5.818 0.406
p, mm 5.640 5.662 5.835 0.195
Total mean rati®®/N;;=5.712 dB; — optimal level

Summarizing the above experimental results, théingutspeedv, (the
biggest difference between the rati®Nsgmax— S/Ngmi), has the most
significant effect on a chosen surface roughnesanpeters. In general, its
increase results in a minimal increase of the sarfeoughness. The fedd
is virtually without any effect, because it doestake part in shaping of the
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surface texture. In turn, the displacempishould theoretically have such effect,
but the smallest differences &/Nsg max— S/Nig min ratio for these parameters
testify for a different situation, what could bep&ained by excellent finishing
quality of the cutting edge and lacking need of tigplacemenp, at least
during initial time period of wear of the inserts.

The Figure 3 shows an example of surface roughpesge and material
portion curve for a surface machined with optimalues of cutting parameters:
Ve= 150 m/minf = 0.075 mm/revp = 0.1 mm.

Core roughness; Profile: R [LC ISO 13565 0,25 mm)]

Ri=0.22 pm

0,50 -
Rpi=0.07 pm

Ru=0.07 pm
b
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Fig. 3. The roughness profile and material portiarve for a surface turned with plunge feed
for optimal values of cutting parametevs= 150 m/minf=0.075 mm/revp = 0.1 mm

In order to compare 3D geometrical surface textfter turning with
plunge feed and the surface texture after the glgraqnding described in work
[18], it have been made isometric images of thd Isotrfaces (Fig. 4). In turn,
the Fig. 5 shows the charts of the surface matealion curve of the both
above mentioned surfaces. The surface materiabpoctrve after turning with
plunge feed can be characterized by a slightlyelargclination (parameteg;
higher by 0.14 um) and slightly deeper valleys gpaaterS, higher by 0.02
pm) in comparison to the surface after plunge gnmmdHowever, height of the
peaks on the both surfaces is the same and amoufffs 0.01 pm.

To better identify the 3D surface texture afterfatiént kinds of finish
machining presented in work [18], the following @@aueters were assumed for
assessment of the surfaces mating with the ratait seals: ratio of maximal
peak height to maximal height of roughness &¢8& (emptiness coefficient)
and ratio of core height to maximum height of theghness area/S. Value of
the §/S ratio for the surface after turning with plungedsds slightly higher and
amounts td5/S = 0.50, and after grindin§/S = 0.47, which means that turned
surface is characterized by a higher relative heifipeaks area. Analysis of the
parametelS/S looks similarly, in case of the turning with plnfeed thes/S



www.czasopisma.pan.pl P N www.journals.pan.pl

N

60 B. Pytlak

amounts to 0.48, while for grinding ¢S = 0.44. This means that relative core
height of the roughness is greater than the rowgghokthe turned surface.

§,~0.13 um, 5,=0.56 um, 5,=0.63 um, S=1.19 um
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Fig. 4. The isometric image of the shaft's surfafter: a) turning with the plunge feed with
optimal values of cutting parameters, b) plungedjrig [18]

On the surface after turning with plunge feed alsirdeeper scratch is
seen, which according to assumptions was genefategsult of damage
of the cutting edge or formation of a built-up, eétninated by the displacement

p = 0.1 mm. In turn, the surface after plunge grigdifeatures more
homogeneous structure.
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a) Topography R §=0.58um D) Topography R 5,-0.45um
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Fig. 5. The chart of the surface material portiarnve: a) after turning with plunge feed, b) after
plunge grinding [18]

3D surface texture obtained after finish turninghwplunge feed requires
further assessments, regarding mating with thalatiaft seals. Only after such
investigations it would be possible to make a demison replacement of
grinding operation, using a grinding wheel and nafstasive cloth, with the
finish hard turning with plunge feed.

4. Conclusions

The experimental research results presented hdieate that after finish
hard turning with plunge feed it is possible toadbtthe surface texture similar
to the surface texture after plunge grinding.

Experimental research performed according to Tagoethodology has
enabled considerable reduction of quantity of edrrout experiments and
determination of optimal set-up of cutting parameteith respect to reduced
surface roughness. Obtained results indicate,dhitihg parameters have little
effect on surface roughness, which is mainly shdpedutting edge profile of
cutting insert, while introduction of additionalnigitudinal displacemen does
not eliminate the deeper scratches formed prewousl

Measured values of the surface roughness paraniteRs, Ry for the
surface after turning with plunge feed are consiolgr smaller than those
recommended by manufacturers of the radial shal.sdowever, they are close to
surface roughness parameters after plunge gringiitiguse of a grinding wheel
and abrasive cloth.

Usage of thes/S andS/S ratios for assessment of the surface can enable
more detailed assessment of surface texture afish fturning with plunge feed
and after plunge grinding, where values of thedic#tors are similar.
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