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ROUGHNESS OF MACHINED SURFACE OF HARDENED STEEL
AFTER MICRO END MILLING

M. PYBILKI

HIOPCTKICTh OBPOBJIEHOI ITOBEPXHI 3ATAPTOBAHOI CTAJII IICJIA KIHIIEBOT'O
OPE3EPYBAHHA

Poboma npucesuena wopcmrocmi 06pobaenoi nogepxui niciia YUNHOPUUHO2O (pe3eposanus 3
PpisHuMu napamempamu 3pizanus f; i ae. Jiticui gucomu MiKpoHepieHOCmi NOpPIGHANU 3 PO3PAXOBAHUMU
meopemuuro. Lle 003601110 eussumu OitiCHI NPUYUHU MAKCUMATILHUX PO3DidcHOCMel OitiCHUX i po3pa-
XOBAHUX NApPAMempis UOoPCMKOCmi.

Paboma noceawena wepoxosamocmu 06pabomaHHol NOSEPXHOCHIU NOCIe YUTUHOPUHECKO2O
ppeseposanusi ¢ pasnvimu napamempamu cpesanus f, u a.. [eticmeumenshuvie 8blcomvl MUKPOHEPOGHO-
MU CPABHUNU C PACCUUMAHHBIMU MeOpemudeck. Imo No3601UN0 GbIACUMb 0elCmEumenbHyle NPUill-
Hbl MAKCUMATILHBIX PACXOACOEHUN OCUCTEUMENbHBIX U PACCYUMAHHBIX NAPAMENMpPOs WepoxXoeamocmil.

Work is devoted to a roughness of the processed surface after cylindrical milling with different
parameters of cutting , and .. The valid heights of microroughness have compared with calculated
theoretically. It has allowed to reveal the valid reasons of the maximal divergences of the valid and
calculated parameters of a roughness.

1. INTRODUCTION

As it is known one of the most important factors influencing the roughness of
the machined surface is feed f, (geometric-kinematic mapping of the tooths in the
work material). The increase in feed per tooth f, leads to increased roughness of
machined surface, which has been confirmed in many publications, both in relation
to milling in conventional terms or in HSM terms [1,5-8]. Feed per tooth f,, cutting
speed v and axial depth of cut a, and the radial depth of cut a., are the most
common factors taken into account when developing forecasting models. However,
theoretical models describing the changes in surface roughness parameters as a
function of the geometric-kinematic parameters often differ significantly from the
actual surface roughness, especially for small values of feed [6,7].
2. RANGE, CONDITIONS AND TECHNIQUE OF RESEARCH

The study was conducted during the up and down dry milling of samples
made of hardened steel 55NiCrMoV (52 HRC) under the conditions presented in
Tab. 1. Milling took place on the milling machine FND32F made of AVIA at
maximum possible speed of the spindle n. Axial depth of cut &, was chosen so as to
be a complete multiple of axial pitch of the mill.

Feedrate f, was changed in the range of 0,01-0,08 mm/tooth with a higher
concentration in the small values of feeds.

Milling width a, was varied smoothly from 0 to 2,5mm. In the range there was
the certainty that the average normal feed force Fg . acting perpendicular to the

241



machined surface (fig. 1) will change the direction during up milling (see Fig. 4), as
in [2] took place at a,~0,25d for A=50°. In studies of the impact of milling width a,
on roughness four-tooth mill with larger grooves for chips and reduced value for a,
were used, due to the high value of the a..

Table 1 — Range of research

Testing of influence of feedrate f, |Testing of impact of milling width

on roughness a, on roughness
mill D15266000 HX made of Fraisa, | U5348391 HX made of Fraisa,
d=6mm, z=6, A;=55° d=8mm, z=4, 1;=55°

0,01 0,015 0,02 0,025 0,03 0,035

f. [mm/tooth]| 4 04'6,045 0,05 0,06 0,07 0,08 0.04
ae [mm] 0,1 0-2,5
a, [mm] 13,2 4,4

n [rev/min] 1400
milling type down milling and up milling

Roughness measurements were done on to the T500 made of Hommelwerke
with the T5E measuring tip and Turbo DATAWIN software. Roughness sampling
length 1r=0,8 mm, traversing length In=5Ir=4,0 mm, wavelength of cut-off filter
Jc(cut-o0ff)=0,8 mm and filter ISO 11562(M1) were used.
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Figure 1 — Decomposition of forces during milling

Machined surface roughness was recorded after each pass parallel to the
vector vs. Three repeatings of measurements were performed on milled surfaces
with any of the feeds f, used and fourteen measurements on surfaces milled with
variable milling width a,.
3. RESULTS AND ANALYSIS OF RESEARCH

For recommended by the manufacturer of the feed mill feedrate f,=0,035
mm/tooth, there is very little discrepancy between real roughness and roughness
calculated with a formula taking into account diameter of the cutter as feed per
revolution f=f,-z (fig. 2). Discrepancies between roughness parameters Rz, and Rz
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are much larger for the conditions assumed in studies of the parameter a, impact on
roughness (fig. 4).

Simultaneously, it can be seen that during up and down milling similar
roughness height are obtained. This is contrary to some literature dates [8],
according to thich the down milling provides about 6,5 times lower roughness
parameter Ra.

Significant differences in the height of roughness for these milling types occur
only at the feed f>0,07mm/tooth (fig. 2,3). For the feed differences in cycloid
tracks of the tooth in up and down milling should be taken into account [7]. These
differences are taken into account by for example formula (1) [4,5], where the plus
sign is inserted for up milling, while minus sign for down milling.
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Figure 2 — Influence of feedrate f, on parameters Rz and RSm
during down and up end milling

At very low feed rates (corresponding to the thickness of cut less than the
minimum one) disturbance of the tooth’s mapping in the work material can be seen,
due to cyclic movement of the tooth (fig. 2 for f,=0.01mm/tooth). This phenomenon
is also observed by other cutting methods such as face milling.

Figure 4 shows that in up milling for a;=2 mm mean value of normal feed
force Fq 4 changing sense. Around the mean value changes value and sense
instantaneous force Fgy [1-3].

In the vicinity of the width for up milling is a sharp increase in the amount of
machined surface roughness, and about two times reduction in the roughness
interval (fig. 4,5). The increase in roughness is probably caused by vibration in a
direction perpendicular to the machined surface.
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Figure 3 — Primary profiles obtained after down and up end milling

with various feedrates f,
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Figure 4 — Influence of milling width a, on mean value of normal feed force Fy ¢
a) and roughness parameter Rz b) during down and up end milling
4. CONCLUSIONS

Calculation of surface roughness in end milling is a very difficult task.
Frequently in the calculation of the theoretical surface roughness is assumed that
the cutter diameter maps per revolution of the mill. Such mapping is the result of
radial run the cutter tooth. Calculation of the theoretical roughness in this way
includes large errors, which further increase when:

o feed f, is very large and it cannot be assumed that in the work material is
mapping diameter of the mill but epicycloids of different shape for up and down
milling;
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o feed f, is very small, and disturbance of theoretical mapping occurs, due to
cyclic movement of the tooth relative to the machined surface;
e up milling with width a, at which the mean normal feed force Fg 4~0, and
there are changes in the value and sense of the instantaneous force Fyy.
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Figure 5 — Roughness R- and waviness W- profiles obtained after up end milling
with various milling widths a,
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