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Abstract. In this paper a study, based on a factorial expamtimmicroscopy and surface roughness results limgi
steel cylinder front-OL37 is presented.

Variable parameters in the experiment were: cutsipged, feed rate and depth of cut. The levelbesfe variables
and the experimental program are presented. Thenlatics of cutting for milling operation has beendged,
demonstrating that is a rolling motion with glidinge blade point trajectories are modified orttubaiges.

Surface roughness results on two perpendiculactitires: longitudinal and transverse has been medswvodern
equipment used allowed values for Ra, Rz, Rqg oh divections.

Values factorial experiment results were tabulasedi after processing nonlinear relationships vedtained for
the parameter Ra. Microscopic images and diagranteeosurface roughness are presented. Also, aakdtips for
roughness have been established.
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1. Introduction 2. Experimental procedure

Milling of different materials with different Factorial experiment was conducted with 15
mills, including end-milling cutter has been stutlie  samples, by executing end-millings on a piece of
over time in different aspects. OL37 steel. On the four-side piece milling areas

Were studied and Chips and surface roughnesswere delineated (figure 1). One channel on each
resulted after milling have been studied, following area on one side has been milled, and then the
such complex phenomena on the cutting area andpiece has been rotated and has been milled areas
from the contact surface tool-chip-piece. Sections on a new side and so on.
chips are also measures of these phenomena.

In [1] the results on the milling cutting process
are shown, detailing the flaws that may occur.
Similar data are presented more detailed in [2].

In [3] are studied different aspects of milling
with tools based on silicon carbide aiming différen
deposition regimes on the cutting edge, measuring
the forces and temperature.

In [4] is simulated the milling process, step by
step, establishing the forces, roughness and
depositions on the cutting edge.

In [5] is established a mathematical model for
milling process with helical milling n, settling

reference systems mathematically correlated. . o
Take into account the vibration process, Milling cutter passed on the part edge, milling
cutting forces and roughness. being complete. Milling was done on a vertical

In [6] is presented studied a procedure of Milling machine. -
assessing of the quality surface by nanoscale  Although milling was end-milling type, the
topography, establishing new concepts for front surface only interested, like the final sada

microstructure of processed surfaces. because the cylinder area turned into chips.
Other aspects are given in [7, 8, 9]. In some areas that were to be mill network and

squares networks have been plotted and other

" Fgure 1. Experimental procedure
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surfaces were painted in different colors to be abl

to track the formation of chips and splinters, &nd

know the exterior surfaces of resulted chips.
Chip formation and flow was monitored using high-speed steel, with = 20 mm diameter, given

an image acquisition and analysis system — SIMI in figure 2.

Motion, (SIMI Reality Motion Systems GmbH).
The system consists of an ultra-fast camera r’ = 50. Helix angle was 200, normal front rake

Panasonic, and Acer - Aspire 3000 Series. The was 120, and angle of clearance was 60.

software allowed for the separation of each frame
of one second of film.
The tool used was an end-milling cutter from

The angles of adjustment were = 1250,

Figure 2. End-milling cutter used

Levels of variables are given in table 1.
In table 2 the experimental
presented. Details are presented in [10].

program

Table 1. Levels of variables

Parameters Levels
Real Encoded -2 -1 0 1 2
n x. | 200| 315| 400, 500 63
rot/min
Vi X2 10 | 125| 16| 20| 25
mm/min
ap, mm X3 0.25| 0.5 1 1.5 2
Table 2. Experimental program
Cutting | Cutting | Cutting
Speed feed depth speed
n, Vs, ap, V,
Sample| rot/min | mm/min mm m/min
1 315 12.5 0.5 20
2 500 12.5 0.5 31.4
3 315 20 0.5 20
4 500 20 0.5 31.4
5 315 12.5 1.5 20
6 500 12.5 1.5 31.4
7 315 20 1.5 20
8 500 20 1.5 31.4
9 200 16 1 12.5
10 630 16 1 40
11 400 10 1 25
12 400 25 1 25
13 400 16 0.25 25
14 400 16 2 25
15 400 16 1 25

is

For cutting depth quotatioa,, the point at the
maximum distance from the finished surface has

been considered. The cutting feag was in
mm/min, speed in rot/min, cutting deptla, in mm
and cutting speed in m/min.

3. Kinematics of milling. Development with
or without gliding
In the figure 3 is shown the manner of
generation for an orthocycloide by point E, rolling
circle having AM =r radius.

y

Figure 3. Development with gliding

In circle with r radius rolling without gliding
on x-axis, then EM sector is equal with MN
segment (figure 3) so can be describe coordinates
equations of E point:

Xg =S + a@:os(270° —a) 1)

YE =T +aE'Bin(270° —0() (2)
The resulted curve, the trajectory of E, is an
orthocycloide as in figure 4, resultingrire 30 mm,
for two complete rotations, drawn with the
equations above. Two branches of orthocycloide
resulted.
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- commonly used speeds and feeds in end-
! milling ensures good "sweeping" of generated area;
- there are an infinity of points on each edge

Figure 4. Resulted orthocycloide and more edged, generated curves are very dense,
so the geometric roughness it is very good;
Same orthocycloide is obtained if it is considers - curves generated from this milling it appears

cutting and feed motions as independentmodified orthocycloides because are rolling
movements, but taking the calculated feed so thabearingswith gliding.
for a complete rotation of the circle, the space

covered is equal with the length of the circle: 4. Directions of roughness measur ement

_ a° The figure 7 shows that, geometrically,
x=2nl GSGCO ®3) roughnesses are different values in different aoéas

the machined surface. Cutter chips from the right

Since the two orthocycloids overlap, for figure side to the left.

visualization, the actual displacement is considere
equal to 0.8 theoretical displacements; in thiecas
obtain a curve like orthocycloide modified loop and
for this time there are rolling bearingsth gliding.

In figure 5 a normal and altered states
orthoyicloide is presented.

Figure 5. A normal and altered orthocycloide

It appears that after the direction C in this area,
At milling, in a minute can be executed”* finished surface has edged past both the chip and

rotations, and the feed fsmm, which means that those who were in the passive course and only
for a rotation the movement i§ n mm/rot. If fora  Smooth the surface. On A direction they past only

rotation of 36 degrees the motion f§ n mm, then ~ €dged from the active period, so there was not a

ay/ (n360). circles cut on these directions are different from

For example it was considerac 1,f = 20 mm  those onlines A, C. _
and the resulting curve was an altered state D€ roughness values are given as below:
orthocycloide, with gliding, shown in figure 6, - €nd-wise, namely on C direction; o
which is different than a normal orthocyicloide. - on crosswise direction, namely the D direction.

R 5. Experimental results

Milled surfaces were studied under a
microscope Handheld Digital model # 44300,
B £ L Roughness was measured on each level with a
Figure 6. Curve altered state orthocycloide roughness to touch type Mitutoyo, Japan, model SJ-

_ _ _ 201P. For each sample was measured roughness
Alter several tests with different regimes, the after two directions: one in the feed direction

following can be establishing: (longitudinal line C in figure 7) and the otherths

- with feed increasing the pace betweengjrection perpendicular to the direction of feed
generating circles centers growth; (cross line D in figure 7). Roughnesses after whe t

- with rotative speed increasing is reduced thegjrections are different because the first meathee
pace between of generating circles; radius of the circle direction (parallel to feed

- different combinations of n and f provide gjrection) and the other on a subtense of the
different steps between the circles centersounding of the considered circle. Microscope

generating. ~ images obtained appear identical, but they are
From the above results the following gifferent due to plastic deformation variables used
conclusions: cutting regimes. All surfaces are clear traces
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processed cutter teeth, so it can be clearly obderv
that traces in the form of semicircles face in the
speed of feed. It should be noted that there amewh
circles just half circles, which is mainly explaihiey

the fact that cut edge only in the area in frortere
they are chip, and after covered the arch 0f°180
reached in the back where it already arcs are fibrme
and the main cutting edge is no longer the chip. In
this area, the main cutting edge is pushed andd¢é t
(the cutter teeth being inclined, there is a corapon
of cutting force to the bottom), so there is a $mal s 8
elastic deformation of the tool which is pressed an Flgure 8. ReSUlted surface for Sample 1

pushed out in front of the back, namely is incrdase ‘
by degree fraction given part surface. From the flgure 8 can be observed arcs on feed

Therefore there are no circles mainly whichdirection, and, also, some deeper channels and
means that on the rear area the main cutting edggcales on the final surface. _
cut not. Side Cutting edge meets some small In figures 9 and 10 resulted micro-unevenness
irregularities that chips away, but this resultedyo are shown (in figure 9 longitudinal roughness and i

at measuring of the roughness. figure 10 the crosswise roughness).
For sample 1 the image from figure 8 has been
obtained.
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Figure 9. Longitudinal roughness for sample
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Figure 10. Crosswise roughness for sample 1

Next will be presented only the longitudinal next samples.
roughness. For sample 2, the profile appears in figure 11.

It can be noted that the prominences and holes Surface microscopy shows a good consistency,
in crosswise direction are higher than those of thehe scales are rare, but there are deposits on the
longitudinal direction, a trend that occurs ovee th edge, stuck on the track.
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Cutting speed isv = m20800/1000 =

31.4 steel. They worked without cooling fluid. Compared

m/min, a speed that is still occurring depositgt@n  with a sample 1, here protrusions and holes are
cutting edge at chip removing process of OL37smaller.
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Figure 11. The profile of sample 2

For sample 3, compared with sample 1 only theshow that small feeds are not provide always a

feed has been increased, so that the resultingcgurf better surface roughness,

interfering with plastic

has larger steps between the arcs of circles andeformations.

more fractures. Micro-unevenness'’s shown in figure

In figure 13 the micro-asperities for sample 4

12, being smaller than those of sample 1, whictare presented.
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Figure 12. Micro-unevenness’s of sample 3

R Profile

0,0

s of space is still only give some o]

2,0 40 6,0 8,0 100 120
[mm]
Figure 13. Micro-unevenness’s of sample 4

figures 14 and 15 for sample 5;
o figures 16 and 17 for sample 7.
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Figure 15. Micro-unevenness’s of sample 5
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Flgure 16 Resulted surface for sample 6 Figure 17. Micro-unevenness’s of sample 6

6. Diagrams and relationships in table 3. These values have been processed,
The obtained values of final roughnessresulting in relationships and data tables below.
parameters for each of 15 samples are summarized

Table 3. The obtained values of final roughnesaipaters

Sample| Ralongitudinal | Rzcrosswise| Rqlongitudinal | Racrosswise| Rzcrosswise| Rqcrosswise
1 4.99 30.13 6.2 6.36 35.73 8.45
2 5.08 29.33 6.38 4.29 24.07 5.23
3 4.13 23.33 5.14 4.17 25.47 5.26
4 5 28.17 6.18 4.76 23.68 5.76
5 5.04 28.37 6.12 5.53 30 6.78
6 5.19 29.62 6.34 6.07 35.03 7.65
7 5.28 29.7 6.55 4.83 27.07 6.1
8 4.86 28.51 6.14 4.04 23.8 5.19
9 4.8 28.34 5.82 4.19 27.13 5.5
10 5.73 29.61 6.85 8.73 45.76 11.41
11 6.12 36.47 8.08 8.4 44.3 10.94
12 3.46 21.54 4.31 3.94 23.22 4.95
13 8.33 50.32 10.84 7.18 39.08 9.54
14 5.41 31.27 6.59 5.04 29.24 6.22
15 4.77 30.26 6.05 4.52 23.32 5.43

In table 4 the values obtained fdRa at Ralong =5.901917 (5274778102)v+
longitudinal measuring with cutting regimes used

are presented. Also, thea value, calculated with ~ + (1346358 +(-375622fa, +

relation resulted after factorial experiment, are_'_(17045]:LO 3)\/@ +(-395822810 2)v& + @
presented. f pt (4)

The obtained relationship is following [11]: + (736605510’2)vf (&, +(-304043810° )v +
+(~.04885M10 %)vf + (L4547 45
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Table 4.The values obtained fétaat longitudinal measuring

Sample v V2 3 Racalculated] Rameasured

1 19.79202 12.5 5 5.84686 4.99
2 31.4159 12.5 0.5 6.29663 5.08
3 19.79202 20 0.5 4.8293 4.13
4 31.4159 20 0.5 5.427667 5
5 19.79202 12.5 1.5 5.137462 5.04
6 31.4159 12.5 1.5 5.127133 5.19
7 19.79202 20 1.5 4.672356 5.28
8 31.4159 20 1.5 4.810624 4.86
9 12.56636 16 1 4.70826 4.8
10 39.58404 16 1 5.372398 5.73
11 25.13272 10 1 5.201771 6.12
12 25.13272 25 1 3.462335 3.46
13 25.13272 16 0.25 6.387905 8.33
14 25.13272 16 2 5.864136 5.41
15 25.13272 16 1 5.072376 4.77

For Ra after crosswise direction measuring, STCC, Vol. 50, No. 1, p. 25-43, ISSN: 0007-8506

followina relationships are obtained: 6. Jiang, X., Scott, D., Whitehouse, M., (200F)eeform
9 P Surface Characterisation - A Fresh Strate@YRP Annals,

Ratransv= 2364966 (55511 + STC S, Vol. 56, No. 1, p. 553-547, ISSN: 0007-8506
_ - 7. Bouzakis, K.D., Aichouh, P., Efstathuou, K., (2P0
+ + +
( '11963ﬁlf ( 333880&10 Determination of the chip geometry, cutting forceda
=3 roughness in free form surfaces finishing millingth ball
+(6.88401610 “)viyy +(.06244§i/@p+ ) end tools International Journal of Machine Tools &

Manufacture, Vol. 43, p. 499-514, ISSN 0890-6955

—2 =3\, ,2
+(_5'51909810 )Vf ®P+(8'90433&0 )V + 8. Davies, M.A., Burns, T.J., Evans, C.J., (19900 the

o, 2 2 dinamics of chip formation in machining hard metals
+(231827510 “)vf + (19087758, Annals of the CIRP, Vol. 46, No. 1, p. 25-30, ISSKOD-
8506

: 9. Wang, M.Y., Chang, H.Y., (2004 xperimental study of
7 ConCIL,js,lonS . . . surface roughness in slot end milling AL2014-T6
At milling, between cutting tool and piece is  |ntemational Journal of Machine Tools & Manufaetur
produced a development with gliding. Vol. 44, p. 51-57, ISSN 0890-6955
Longitudinal roughness is smaller than thel10. Popescu, I., (1987pptimizarea procesului desehiere
crosswise roughness. (Optl_ml_zatlon of Cuttl_ng Proce)ss_,,SqusuI Romanesc"
. Publishing House, Craiova, Romania (in Romanian)
MICI‘QSCOpy of measured surfa_ces ShOWSll. Pascu, I.C., Popescu, |., (201Pjecizie si rugozitate.
symmetrical flaws and for some cutting regimes  Aplicaii pentru procesul de frezare(Precision and

crushed deposits on the cutting edge of bit are Roughness. Aplications at Milling ProcgssSitech
observed. Publishing House, ISBN 978-606-11-0745-2, Craiova,

Nonlinear relationships were determined for the ~ °mania (in Romanian)
roughness resulted after end-milling of OL37 steel.
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