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COMPARISON OF FINISH MACHINING PROCEDURES ON THE BASIS
OF MATERIAL REMOVAL PERFORMANCE

A KVHJPAK, I. AE3IIOT

TMOPIBHAHHA IIPOLJECIB YHCTOBOI OBPOBKH, IIJO BA3YETHCA HA 3HATTI
MATEPIAIY

Ilpononyemuvcs nopiensimu eKOHOMIUHI acnekmu npoyecie — abpasueHy MexaHiuny 06pooKy i me-
XaHiyHy 006poOKy pi3auHAM — HA OCHOSI inmencusHocmi 3uammsa mamepiany. Ilopienuanns pizHux
npoyecie 06pooKu OYI0 BUKOHAHO GIONOBIOHO 00 KPUMEPIi8 OYIHKU SKICHUX 8UMO2 0OPOOKU 3A20MOBOK.
V oaniui pobomi exonomiuna egpexmugnicmo npoyecie Mexaniunoi 06poOKU — WiihyeanHs, cepONiHHsL
1l KOMOIHOBAHI NPOYeCU — NPOAHANIZ08AHA HA OCHOBI YACY MEXAHIYHOI 00POOKU, HOMIHAILHOT NOGEePXHe-
601 nOMYJICHOCMI | ITHMEHCUBHOCTI 3HIMAHHA Mamepiany.

Kunrouosi cnosa: anemepnamusna 00pooOka, inmeHcusHicmos 3suamms mamepianry (MRR),
HOMIHAbHA NOBEPXHe8a nomydicHicms (SR)

Tlpeonazaemcs cpasrums dKOHOMUUECKUE ACNEKMbl NPOYECCO8 — AOPASUBHYIO MEXAHUYECKYIO
obpabomxy u mexanuueckas o0pabomxa pesanuem — HA OCHOGe UHMEHCUBHOCHIU CbeMd Mamepuand.
CpagHenie pasnuiHbIx npoyeccos 06padbomKu ObLIO BbINOIHEHO CONACHO KPUMEPUAM OYeHKU Kadecm-
6eHHbIX mpebosanuil 06pabomKu 3a20mogok. B OanHou pabome sxkoHoMuueckas >¢gpexmusnocmo
npoyeccos Mexanuueckol oopabomxu — wnugosanie, ceéepieHue U KOMOUHUPOBAHHbIE NPOYECChl —
NpOAHATUZUPOBAHA HA OCHOBe BDEMEHU MeXaHuueckol 0Opabomky, HOMUHATLHOU NOBEPXHOCMHOIL
MOWHOCMU U UHMEHCUBHOCMU CbeMa MAmepuad.

Kniouegvie crosa: arvmepramusnas obpabomka, unmencusnocms cvema mamepuaia (MRR),
HOMUHAnbHAs nosepxHocmuas mougnocms (SR)

It is suitable to compare the economy of procedures so much different in material removal — like
abrasive machining and machining with edges — on the basis of material removal rates. The comparison
of different hard cutting procedures was carried out in compliance with the evaluation criteria that were
the quality requirements in producing the workpieces. In this paper the economic efficiency of the ma-
chining procedures — grinding, turning, and combined procedures — is analysed on the basis of the
machining times, the surface rate and the material removal rate.

Keywords: alternative machining, material removal rate (MRR), surface rate (SR)

INTRODUCTION

Nowadays actuality of the machining method selection is underlined by the
comparison of grinding and hard turning when manufacturing hard surfaces.

Many practical applications require components to be hardened in order to
improve their wear behavior.

The enhancement of the durability of parts is associated with the formation of
ever harder surfaces as well as a higher number of hard surfaces. But it is also noti-
ceable that surfaces are increasingly more often hardened to shorten the technologi-
cal chain (to simplify the technological process).

In the manufacturing chain, the hardening process is usually followed by a fi-
nishing operation that generates the component’s final geometry [1], [2].
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The finish machining of hard surfaces can be done first of all by grinding,
hard turning as well as by the combination of the two procedures.

It is production engineering task to compare and optimally select these ma-
chining versions on technical, economic bases. The technological conditions under
which grinding and hard turning can be alternatives to perform a given process had
been examined earlier [3, 4], and they were examined by us too [5, 6, 7, 8, 9]. The
machining procedures by which all the accuracy and quality prescriptions of the
examined component can be met are considered alternatives to each other.

In this paper examinations are outlined that focus on with what economic effi-
ciency the chosen alternative procedures can perform the quality requirements pre-
scribed for the part. The effectiveness of the machining processes was analysed on
the bases of the surface rate, the operation times, and the material removal rate.

2. EXPERIMENTS
The experiments were made for bore-holes of 1T5-IT6 accuracy when surface
roughness Rz=5 pm was to be provided.
1.1. The examined procedures
The examined procedures by which it was possible to provide the prescribed
surface quality and accuracy were as follows:
a) internal traverse grinding (symbol: G)
b) hard turning: roughing and smoothing with standard insert (symbol: HT_S)
¢) hard turning: roughing with wiper insert, smoothing with standard insert
(symbol: HT_W+S)
d) combined procedure: roughing with standard insert, smoothing with co-
rundum wheel (symbol: C_S+Cor)
e) combined procedure: roughing with wiper insert, smoothing with corun-
dum wheel (symbol: C_W+Cor)
f) combined procedure: roughing with standard insert, smoothing with CBN
wheel (symbol: C_S+CBN)
g) combined procedure: roughing with wiper insert, smoothing with CBN
wheel (symbol: C_S+Cor)

1.2. The technological characteristics of the examined workpieces and machining
Two bore-holes with different diameters, and identical lengths were ma-
chined. The data of the workpiece were as follows:

material  16MnCr5; length of bore:  27.35;

hardness: 61+63 HRC; ¢/d relationship: 0.41+0.57;

diameters: d=48 (sign A), d=66 (sign B); allowance: 0.3 mm (in diameter);
accuracy: IT 5-6; sequence size:  n=200.

From 0.15 mm allowance 0.1 mm-s were removed by roughing, 0.05 mm-s by
smoothing. The characteristic technological data are summarized in Table 1.
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Table 1 — Technological data of cutting bore-holes

. Condition data
Process Machine tool / Tool Roughing Smoothing
SI-4/A V=25...29 m/s V=25...29 m/s
Grinding 40X40x16-9A80-K7V/22 Vy=14...19 m/min Vy=14...19 m/min
Vi =2.2 m/min Vi =2 m/min
PITTLER PVSL-2 V=180 m/min v.=180 m/min
Hard turning [CNGA 120408S-LO CBN| =0.08...0.15 mm/rev. | £=0.12...0.24 mm/rev.
CNGA 120408 7020 3,=0.10 mm 3,=0.05 mm
. EMAG VSC 400 DS ve=180 m/min Ve=25...29 m/s
oo, |CNGA 120d08s-Lo CBN| 20T | v, 214,19 mimin
40x40x16-9A80-K7V22 o . V;zr=0.0016 m/min
V¢r=0.0033 m/min '

Table 2 — Formulas of material Removal Rate and Surface Rate

Internal grinding Plunge grinding Hard turning

Processes

- E apT<‘><f_
J a8 | EQ G
o | T 7 %

VL -

oscillation ViR

Theoretical value
0:;2%32?52?:' Qu =2, -f Vi Qw,elm,N =L, “Vir -d;-m Qu = ap -f Ve
Qu [mm®ss]
Prractical value
of the Material Q, = d-m-L;-Z

removal rate wp top .60
Qu [mm®ss]
Theoretical value
of the Surface
rate w
A, [mm?is]
Practical value of d -z
the Surface rate Ay = ozl
A, [mm?s] Ly, - 60

where: VvV, — cutting speed (mm/s);
a.— depth of cut (mm); (grinding); f —feed rate (mm/workpiece rev.);
a,— depth of cut (mm); (turning), d; — diameter of the workpiece (mm);
v,y — surface speed of the workpiece L; — length of the workpiece (mm);

(mm/s); ty, — operating time (min).
Vir — plunge speed (mm/s);
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2.3. Measurement numbers of comparison

In calculating of different theoretical values, the value of the surface and/or
the volume to be removed regarding to a time unit has been used for a long time —
mainly using the different, possible cutting data of a process.

These measurement numbers are as follows (Table 2):

material removal rate (MRR)
- Qu (mm?/s)
surface rate (SR)
- A, (mm?s).

These measurement numbers had been examined by us before [7, 8] and also
outlined that a corrected (“practical”) interpretation was introduced for the process
examination to make the comparison more accurate.

These practical parameters express how many mm?®s of surface can be made
ready and also how many mm®-s of material can be removed in 1 s by the given
machining procedure under the conditions of the prescribed accuracy and surface
quality.

We can calculate the practical value of the material removal rate Q,, by divid-
ing the material volume of the allowance by the time required for its removal.

d,-m-L,-03 3
Q== gg (M) (1)

We calculate the practical surface rate (A,,) by dividing the size measure of

the surface to be machined by the time required for its production:
d-m-Ly 2
Awp .60 (mm©/s). 2)

The earlier analysis of practical parameters proved [7, 8] that with them we
can express the efficiency of material removal and they are in accordance with the
real machining times and expenditure.

That is why our examinations focused on defining the practical values, and
Quwp.op. (mm?/s), Aup,op. (mm?/s) values comparison referring to the operation times
are given.

3. RESULTS

The two bore-holes were machined by seven possible versions. The operation
times, the practical values of surface rate and material removal rate were defined.

Grinding takes longest operation time. In hard turning the operation time of a
48 mm bore reduces to its quarter, which reduces even lower by application of
wiper inserts (Figure 1). By increasing the diameter, the difference between the
operation times reduces; however, in machining the 68 mm bore (Figure 2) the op-
eration time of hard tuning is still only the third of that of grinding.

The difference in operation times can be that big because the surface rate and
the material removal performance is significantly higher in hard turning.
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Figure 1 — Operation times in different procedures in piece signed A
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Figure 2 — Operation times in different procedures in piece signed B

Having a smaller diameter, the surface rate is four times higher, which can be
over five times higher if applying a wiper insert (Figure 3). Increasing the diameter,
the difference in the surface rate decreases 3.3 times, which can be increased to 4.6
times if applying a wiper insert. The proportions are similar in the material removal
performance as well (Figures 5, 6).
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Surface rate, A, o, [mm?/s]
0 20 40 60 80 100 120

Figure 3 — Surface rate on the basis of operation time (Ayp, op) in piece signed A

Surface rate, A, o, [mm?/s]
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Figure 4 — Surface rate on the basis of operation time (A, op) in piece signed B

Material removal rate, Q,, o, [MM/s]
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Figure 5 — Material removal rate on the basis of operation time (Q, op) in piece signed A
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Material removal rate, Qu, o, [MM¥/s]
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Figure 6 — Material removal rate on the basis of operation time (Q.., op) in piece signed B

This unambiguously proves the advantage of hard turning.

First of all because its productivity is multiple compared to grinding, how-
ever, its process cost is much smaller, and it is an environmentally friendly tech-
nology. Apart from those it ensures the accuracy, roughness and surface quality
parameters on the same level as grinding.

However, in finish machining not always the proceeding carried out by tools
with geometrically defined cutting edges is the most beneficial.

If the functional requirements for the part need ground topography it is suit-
able to choose a finish procedure with which the economic efficiency can be en-
sured as well.

The condition for that is that the bigger possible portion of the allowance
should be removed by turning and only the allowance minimally needed for creat-
ing the topography should be ground. If it is done in a traditional way, because of
the higher number of machine tools and clampings, the economic efficiency will
not be remarkably better than if applying only grinding.

This, time the hybrid machining come to the front, which typically does not
require another machine-tool, but together with hard turning it is done on the same
machine-tool.

From Figure 1-6 it can be seen that with the applied procedures in creating
ground topography, economic efficiency can be reached similar to that of hard turn-
ing carried out by a standard insert.

CONCLUSION

Such a comparison of hard turning and grinding for internal cylindrical sur-
faces shows an important advantage of the economic efficiency of hard turning as
compared to grinding.

The practical values of the material removal rate (MRR) and surface rate (SR)
reveal the existing differences, therefore they are suitable for comparing alternative
machining procedures.
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In most cases there are the technical and technological conditions of the subs-
titution of grinding with hard turning in most cases at present.

There are cases when the functional conditions require ground topography.
The most important motive is to avoid the periodic topography being disadvanta-
geous on sealing surfaces, at bearing areas and synchronous cones as well.

In a case like that, the application of the so called combined (hybrid) machin-
ing is suggested.

It means the application of a hybrid machine on which the workpieces are
machined with one clamping on one machine altering automatically either the turn-
ing tools or the grinding tools as needed.

Our investigations proved that by combined procedures, economic efficiency
can be reached similar to that of hard turning.
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