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PRELIMINARY ANALYSIS OF SURFACE TOPOGRAPHY
IN TANGENTIAL TURNING

Abstract. Among the productivity-increasing high feed turning procedures, the tangential turning is
studied in this paper. Our main focus was a preliminary analysis of the machined surface topography
by the DoE method. To achieve this goal 2 kinds of cutting speed, feed and depth of cut were chosen as
factors which are influence the surface topography, resulting in 8 experimental setups. After the cutting
experiments 2D profile measurements and shape error measurements were done. In this paper the Ra,
Rz parameters of the roughness profile, Wa, Wz parameters of the waviness profile and the straightness
error were analysed in more depth. We determined their alteration as a function of the studied
parameters and designated our further research directions.
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1. INTRODUCTION

Different goals can be achieved by the researchers and development engineers

by studying and adjusting the manufacturing processes and systems. An important
aim in the automotive engineering is to alter the properties the workpieces in that
way which results in the weight reduction and less fuel consumption [1].
Production engineers tend to emphasize the better surface quality and cost
reduction [2]. The productivity can be increased by procedures, where high feeds
can be adjusted while maintaining the good surface quality [3]
In machining of outer cylindrical surfaces, various procedures and variants could
produce surfaces with high feed [4]. Among these we analyse the tangential
turning in this paper [5], where the design of the cutting tool and the machining
kinematic are both differ from the traditional longitudinal turning (Figure 1). The
tool moves on a course which is tangential to the workpiece and the linear cutting
edge is inclined to the feeding motion (usually 30-60°).

Tangential turning is capable to machine rotationally symmetric shaped
surfaces with a proper edge profile, among the production of outer cylindrical
surfaces. In the former case, calculations must be done based on the workpiece
profile to describe the cutting edge. Though, a straight cutting edge is sufficient in
the latter. However, this edge should be inclined to the feed motion to achieve
better cutting conditions and lower loads. Tool life is significantly better than in
traditional turning [7] due to the different geometry and kinematics. Tool wear
occurs on the whole cutting edge, a concentration point can not be observed. Due
to the many differences, machine tools have different requirements like higher
rigidity [8].
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tangential feed tool

Figure 1 — Tangential turning and its kinematic scheme [6]

The main reason of this is the alteration of the ratios and values of the cutting force
components due to the modification of the feed movement and the increased
danger of vibration due to the increased chip width. Machining accuracy depends
on many factors in this procedure as well [9], for example the value of the
inclination angle, the tangential feed, or the depth of cut. Twist-free surfaces can be
produced [6] because the cutting edge touches the coating cylinder of the
workpiece machined surface throughout the machining process, so a very small
groove depth can be achieved. Leichner et al. have promising results in the tool
wear, oil leakage and cost reduction when sealing surfaces are machined by
tangential turning in their study [10]. Developments are being carried out for the
application of this procedure in the machining of hardened surfaces [11], the
EMAG machine tool manufacturing company also has such a solution among
others [12].

Analysis of the surface topography is important describe the tribological
properties of the machined parts [13]. It is usually followed by the study of the
surface layer [14,15] due to the life-time prediction, but the geometric properties of
the machined parts have a higher impact on the working conditions. Therefore, we
carried out a preliminary analysis of the surface topography in tangential turning of
hardened surfaces in this paper. We analysed several parameters of the 2D
roughness and waviness profiles and the straightness error.

2. EXPERIMENTAL CONDITIONS

The study consisted of two parts: cutting experiments and determining the
equations describing the analysed process. The former was completed on a
machine tool capable of producing the tangential feed motion, the letter was
accomplished by Design of Experiments method.

The cutting experiments were carried out on an EMAG VSC 400 DS hard
machining centre. The machined workpieces were 42CrMo4 grade alloyed steels
which were hardened to 60 HRc. The machined diameter was 70 mm. The
tangential turning tool was made by HORN Cutting Tools Ltd. and had an
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inclination angle of 45° (holder code: H117.2530.4132). A S117.0032.00 coded
MG12 type uncoated carbide insert was fixed into the holder.

Our aim was to study the effects of the alteration of the cutting speed (v¢), the feed
per workpiece revolutions (f) and the depth of cut on the tangential turning process.
Therefore (taking into consideration the principles of the Full Factorial DoE
method) 2 kinds of each variable were chosen for the experiments, resulting in 8
experimental setups. In this preliminary study we aimed to analyse the process on
lower and higher cutting speeds, therefore 100 m/min and 200 m/min values were
adjusted. The feed was chosen to 0.3 mm/rev and 0.6 mm/rev and the depth of cut
was adjusted to 0.1 mm and 0.2 mm from a similar consideration. The resulted
setups can be seen in Table 1.

Table 1 — Experimental setups

Setup 1 2 3 4 5 6 7 8

Ve

[m/min] 100 200 100 200 100 200 100 200
J 0.3 0.3 0.6 0.6 0.3 0.3 0.6 0.6
[mm/rev]

a

[mm] 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2

The necessary measurements were carried out after the experiments. In this
paper we intended to analyse the roughness and waviness profiles and the
straightness error, because these values describe well the accuracy of a generatrix
of the cylindrical surface.

The analysed parameters were (1SO 4287:1997 and 1SO 4287:1997):
Ra — Arithmetical mean height of the roughness profile [pm]
R, — Maximum height of the roughness profile [um]

Wa — Arithmetical mean height of the waviness profile [pum]
W, — Maximum height of the waviness profile [pum]

STRt — straightness error [pum]

The surface roughness was measured with an AltiSurf 520 three-dimensional
topography measuring instrument using a confocal chromatic probe. The shape
error was measured with a Talyrond 365 accuracy measuring equipment. The
variables of the measurement were chosen according to 1SO 4288:1996 standard.

The gathered results were evaluated by the Design of Experiments method.
By using this we were able to give equations, which are capable to calculate and
present the parameters on the studied parameter intervals. These equations were
determined in a polynomial form as can be seen in Equation 1, where the k; are the
constant of the different factors.
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vy, f,a) =ky + kv + kaof + ksa+ kv f + kizvea + kysfa 1)
+ klzg'l?cfa.

3. EXPERIMENTAL RESULTS

The measurements were carried out on the workpieces after the cutting
experiments as described in Section 2. The roughness and waviness parameters
were measured in 3 profiles on each surface, while the straightness error was
measured on 2 opposite generatrix of the machined cylindrical workpiece. The
average values of the measured values were calculated. The result of the
measurements and the calculations can be seen in Table 2.

Table 2 — Measured results and calculated averages

1 2 3 4 5 6 7 8
1 1413 | 361 | 7.63 | 337 |95 | 260 |15.09 |3.70
Rz 2 1241 | 3.80 |9.02 | 320 |[797 |248 |1575 | 3.59
[pm] 3 1575 | 386 | 737 | 354 [816 | 239 |17.68 | 3.89
Avg. 1410 | 3.75 | 801 |337 [856 |249 |16.17 | 3.73
1 2.38 043 | 122 | 045 |161 | 030 | 264 0.41
Ra 2 2.14 040 | 117 [043 [142 |029 | 283 0.42
[pm] 3 2.31 043 | 110 [ 044 |143 | 029 | 240 0.42
Avg. 2.28 042 | 117 | 044 |148 |0.29 | 2.62 0.42
1 2.75 035 | 015 | 026 |148 | 057 |3.03 0.27
W; 2 2.23 032 | 073 | 034 |117 | 065 |184 0.21
[pm] 3 1.73 041 [ 041 [ 041 |094 |052 |249 0.27
Avg. 2.23 036 | 043 | 034 |120 |058 | 245 0.25
1 0.98 026 | 013 | 009 |060 |042 |0.93 0.10
Wa 2 0.91 025 1024 | 014 |044 | 045 | 0.56 0.06
[pm] 3 0.68 027 | 015 [ 016 | 040 |043 | 0.84 0.08
Avg. 0.85 026 [ 018 |0.13 | 048 | 043 | 0.78 0.08
STRt 1 0.27 056 | 058 [043 |[064 |061 |1.71 0.66
(vl 2 0.54 052 | 036 [061 |054 |071 |1.83 0.56
Avg. 0.41 054 | 047 | 052 | 059 |066 |1.77 0.61

The evaluation of the results continued by the determination of the equations
of the different parameters. Equation 2 presents the calculation of the Arithmetical
mean height of the roughness profile; Equation 3 shows the function of the
Maximum height of the roughness profile. The equation of the Arithmetical mean
height and the Maximum height of the waviness profile can be seen in Equations 4
and 5. Finally, the resulted function of the straightness error is shown in Equation 6.
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R, (v, f,a) = 12.22 — 0.0579v, — 22.10f — 58.45a + 0.109v,f

2

+0.2805v.a + 146.3fa — 0.7136v.fa @

R,(v. f,a) = 71.83 — 0.3240v, — 125.3f — 355.9a + 0593 v,f @)
+ 1.635v.a +859.4fa — 4.027v.fa

W, (v, f,a) = 5.78 — 0.0289v, — 11.37f —31.07a + 0.058v,.f 4
+0.1751v,.a +72.78fa — 0.4011v.fa

W,(v,, f,a) = 16.42 — 0.0828v, — 33.38f — 87.22a + 0.171v.f )
+0.4624v.a + 214.2fa — 1.122v.fa

STRt(v,, f,a) = —0.130 — 0.0027v, — 0.5f — 2.5a + 0.0023v,f ®)

+0.005v.a + 7.4-10">fa — 0.0056v.fa

4. DISCUSSION

The experimental results presented in Section 3 are shown in surface
diagrams in Figures 2, 4 and 5. Based on these we drew the following conclusions.
The cutting speed has a significant impact in the studied range on the Arithmetical
mean height of the roughness profile (Figure 2). This proves our initial opinion,
that higher cutting speed is needed to achieve smoother surfaces with tangential
turning, which phenomenon caused by the chip removal mechanism. Two times
higher cutting speed resulted in 2-4-fold lower Ra. The alteration of the feed rate
showed less significant change in the surface roughness. This caused by the change
in the generation method of the tool marks. At 0.6 mm/rev feed the geometry of the
tool can be observed on the profile, while at 0.3 mm/rev the roughness is generated
through different phenomenon (chip formation, vibration, etc.). The surface
roughness is least affected by the difference in the depth of cut.

The measured profiles of Setups 4, 6, 7 and 8 are presented in Figure 3, where
we show the alteration, when one of the studied parameters is halved. The
described observation from Figure 2 can also be seen in Figure 3. We can seg, that
halving the depth of cut does not show any change in the roughness profile. While
halving the cutting speed and feed rate in the studied range results in different
profiles, which means that a different surface generation method must come to the
fore.
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a=0.1mm a=0.2mm

Figure 2 — Visualization of Equation 2 with depth of cut of 0.1 mmand 0.2 mm
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Figure 3 — Alteration from the roughness profile of Setup 8 when halving the studied
technological parameters (a, f, vc)
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Figure 4 shows the alteration of the surface waviness. This parameter can
indicate a vibration in the machining system, which can easily occur in tangential
turning. It can be concluded from the picture that higher feed and cutting speed
results in lower waviness. Increasing the feed is good for the cutting, because it
stretches the cross-sectional area of the chip by increasing the chip width, which
results in higher cutting forces stabilizing the process. Furthermore, it has a
beneficial effect on the average chip thickness, which is crucial to be higher than a
given value (minimal undeformed chip thickness). Higher cutting speed results in
better material removal mechanism, which is discussed earlier. This also lowers the
occurring vibrations. Higher depth of cut mostly results in lower waviness. This is
caused by the stabilization effect of the increased cutting forces and the direct
increasing effect on the chip thickness.

The alteration of the straightness error can be seen in Figure 5. The first
conclusion, which can be drawn from the graphs, is the effect of the depth of cut. A
two-fold increase of this variable results in a 20% increase of STRt. Furthermore,
lower cutting speed and higher feed resulted mostly with lower straightness error.

a=0.1mm a=0.2mm

l\;] [m]

Figure 4 —Visualization of Equation 4 with depth of cut of 0.1 mm and 0.2 mm

The following conclusions can be drawn from the study:

e Higher feed and cutting speed in the analysed range resulted in better
surface roughness while it lowered the machining time.

e The depth of cut affects mostly the shape accuracy.

e  Other shape error parameters (e. g. cylindricity error) should be studied.

e Further experiments are needed on higher cutting speeds and feeds.
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Figure 5 — Visualization of Equation 5 with depth of cut of 0.1 mmand 0.2 mm

SUMMARY

The analysis of the machined surface roughness and shape accuracy is
important in finishing procedures. We studied the surface straightness and
roughness of tangentially turned outer cylindrical hardened surfaces at different
cutting speeds, feeds and depth of cuts. Equations for the calculation of given
roughness, waviness and straightness parameters were determined using the Design
of Experiments method. In our analysis we determined in detail the alteration of R,
W, and STRt parameters. The advantage of the application of high feed and cutting
speed is shown as well as the increasing effect on the shape error of the depth of
cut. In the end of our preliminary study, we determined our further goals in the
analysis of tangential turning
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Imrtean CrankoBud, lirBan ITactop, Mitikosbil, YropiiuHa

MONEPEHUI AHAJII3 TOIIOI'PA®II IIOBEPXHI
IIPU TAHTEHIIIMHOMY TOYIHHI

AHoTauis. Pizui yini modcymov Oymu O00CASHYMi OOCHOHUKAMU MA  [HICEHEPaAMU-PO3POOHUKAMU
WTIAXOM BUBHUEHHA MaA KOPUSYBAHHA 6UPOOHUuUX npoyecie ma cucmem. IIpu 06pobyi 306HiuHIX
YUNTHOPUYHUX NOBEPXOHb PISHUMU Memooamu ma 6apianmamu MONCHA OMpUMAmu NO6epxXHi 3
sukopucmannam eeauxux nooay. Ceped HUX y yiti cmammi aHai3yeMbCA MAH2EHYIATbHE MOYIHHA, Oe
KOHCMPYKYIsL pIdCYy4020 THCMPYMEHmy ma KiHeMamuka 06poOKu GiOpi3HAIOMbCs 610 mpaouyitiHo2o
Nn030082#CHLO20 MOYIHHA. [HCMpYyMeHm pyxaemvbca no OOmMuuHill 00 3a20MIiGKU, a JNiHIUHA pixcyua
KpomKka Haxunena 00 pyxy nooaui (3azeuuati 30-60 °). Taneenyianvne mouinus 0036011€ 0opobsmu
06epmanbHo-cumempuuni Paconni NOGEPXHi 3 NPAGUTLHUM NPOGIieM KpaiKu, y momy uucii nio uac
BUCOMOBIIEHHS 308HIUHIX YUNTHOPUYHUX NOBePXOHb. CMIUKICIb IHCIMPYMEHNY 3HAYHO 8UWd, HINC NpU
mpaouyitiniti mokapHiu obpobyi 3a80sKu iHwill 2eomempii ma Kinemamuyi. 3HOULY8anHs IHCMPYMEHMY
8100ysacmuvcs no el pigxcyuitl Kpaiyi. JJocaiodcents ckiadaniocs 3 080X YACMUH. eKCNepUMEHMI 3
PI3aHHA Ma BUSHAYEHHS PIGHAHb, WO ONUCYIOMb aHanizoéanuil npoyec. Poboma euxonyeanacs na
sepcmami, 30amHOMY 8UPOOIAMU MAH2EHYIATbHUI PYX NOOAYI, 3 BUKOPUCAHHAM MeMOOi8 NIAHY8AHHA
excnepumenmig. Iicis excnepumenmie 0yn0 npogedeno neobxioui eumipu. Y yiti pobomi agmopu manu
Hamip npoananizygamu npo@hini wiopcmkocmi i XUNACMOCH, | HABIMb NOMUTKY NPAMONIHIUHOCMI,
OCKINbKU Yi 6eIUYUHU O0OPe ONUCYIOMb MOYHICMb YUMTHOPUYHOL nogepxni. Jlociiodcents nokazanu, uwo
3MeHwents 606iUl 2nUOUHY PI3aHHA He NOKA3YE JHCOOHUX 3MIH Y Npodini wiopcmxocmi. 3menuents
80614l WEUOKOCMI PI3AHHSA MA NOOayi y 00CTIONCYBAHOMY OlanazoHi npu3eo0ums 00 pisHuUx npoginie, a
ye 03Hayae, Wo HA NePuUil NAaH MAE UM MWL MemoO (hpopMy6aHHs nosepxHi. SMiHa weuokocmi
nooaui noxasana Memwl 3HauMy 3MIHY wopcmxocmi nogepxui. Lle cnpuuuneno 3minoio memooy
eenepayii cnidie incmpymenmy. Buwa nooaua ma weuokicme pizamHs npu3eoosmes 00 MeHuoi
xeunacmocmi. 3a pesynomamamu OOCHIOHCEHHS ABMOPU 3pOOUNU MAKI BUCHOBKU: Oilbll BUCOKA
WeUOKicmb nooa4i ma WeuoKicmv pi3anHs 8 aHANI306aHOMY Oianas3oni npuseenu 00 NOJINUEHHs
WOPCMKOCMI NOBEPXHI MA CKOPOYeHHs dacy 06pobku. ubuxa pisanHs Nnepeeax3*cHo 6nIUAE HA
mounicmo  opmu.  Cnio  euguumu  inwii napamempu NOMUIKU Gopmu  (Hanpukiad, noxuobKa
yuninopuunocmi). Heobxioni nooanvuii excnepumenmu 3 GUWUMU WSUOKOCMAMU PI3AHHS A NOOAYEIO.
KJ11040Bi cl10Ba: nianysanHs ekxchepumenmia,; wopcmyicms NOBEPXHi; NPAMONIHIHICMb, MaHeeHYiliHe
MOYIHHA, XGUASACMICMb.
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