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Abstract

The use of self-moulding resins in industry makes it necessary to specify minimum values for the surface roughness
parameters in order to avoid fluid leaks between the sealing planes. To meet this requirement, new tool classes,
machining parameters, and methodologies are being used. Thus, this work applies a new methodology for plane
milling, with the objective of increasing the tightness of the union with adhesive. The investigation was based on
experimental planning techniques for the behaviour of the surface roughness in machining of AlSigCuy alloy by frontal
milling with refrigeration, carried out in a transmission union support, in high-speed cutting (HSC) machining centres.
The evaluated parameters were the cutting speed (V,) between 1250 m/min and 2250 m/min, and the feed per tooth
(f,) between 0.050 mm/tooth and 0.100 mm/tooth. Two cutters with ten polycrystalline diamond (PCD) inserts were
used to mill the sealing surface, with one of the cutters having eight cutting inserts and two scratching inserts. The
cutoff considered was 2.5 mm and the statistical technique of design of experiment (DOE) was used to evaluate the
experimental results. The optimum roughness values, achieved with the cutter with scratching inserts, were a V. of
1250 m/min and f; of 0.05 mm/tooth.

Keywords New milling methodology - Scratch insert - Tightness - Aluminium alloy - Design of experiment

1 Introduction

Aluminium alloys are used in a number of industries
due to their mechanical resistance and low density and
also to reduce the release of CO, into the atmosphere
by decreasing the weight of vehicles. The addition of
silicon to aluminium decreases its melting point and
improves the wear resistance of the component and the
mechanical strength/density ratio. Al-Si alloys used in
the manufacture of combustion engine components re-
quire fluidity, a low tendency to contraction and long
life of the die-cast production moulds [1, 2]. In addi-
tion, the surface and machinability characteristics in cast
Al;Si and Al;Si, sCu alloys depend on the shape, size,
and distribution of o'-grains, the eutectic morphology,
and CuAl, particles in the interdendritic region [3].
Aluminium alloys are used in automotive components,
some of which are manufactured by the die-casting pro-
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cess and are subsequently subjected to machining opera-
tions, such as drilling, widening, threading, boring, mill-
ing, and washing. When milling, the material is removed
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Roughness control area

Milled plane

Fig. 1 Union support

by rotating the cutters, and when the process is carried
out on aluminium in high-speed cutting (HSC) machin-
ing centres, the surface finish is satisfactory and there is
no need for grinding or polishing operations, which has a
beneficial impact on the final cost of the components,
such as blocks, supports, and gearboxes.

For greater efficiency and an adequate surface finish,
choosing the correct type of tool for milling is essential.
Three types of cutting tools are used in the machining
of Al-Si alloy: PCD (polycrystalline diamond), PCBN
(polycrystalline cubic boron nitride), and SizN,4 ceramic
tools brazed and coated with CVD diamond [4, 5].
Polycrystalline diamond (PCD) tools have been widely
used in the industry due to their ultra-hardness and high
abrasion resistance. Compared to the PCBN tool, the
PCD tool has a much longer life, especially at higher
cutting speeds [6].

To overcome aluminium adhesions during milling,
ensuring a good finish, approaches are used such as
abundant cooling, due to the severe abrasion and high
cutting temperature, which cause significant tool wear
and reduce the machining efficiency, especially in
HSC machining centres; lubricating fluids; polishing
the cutting tool face; and using positive inclination an-
gles and sharp cutting edges [7-10].

In the face of processes that are sensitive to variations, such
as milling, “experiment planning” is being used for better
productivity and a consequent cost reduction, through optimi-
sation [11]. According to Montgomery [12] and Silva et al.

[13], experiments are part of the scientific process, that is, one
of the ways in which one can learn how systems or processes
work, so experiment planning is a critically important tool in
the scope of science and engineering, with regard to process
optimisation.

Among the existing experimental planning tools, the de-
sign of experiment (DOE) stands out as being useful in deter-
mining the main factors that influence a process and its poten-
tial interactions, and is widely used in process validation stud-
ies [14].

Colak and Sunar [15], in their studies related to milling,
used a PCD tool and analysed the cutting forces on 3D sur-
faces, concluding that the surface roughness values R, in-
creased with the increase in the rate of advance and with
decreasing cutting speed.

Othman et al. [16] studied the influence of various tribo-
logical machining parameters, such as the cutting speed (V.),
feed per tooth (f,), and machining depth (a,,), on the variation
of R, in the high-speed cutting of hypereutectic alloys. The
authors concluded, using statistical tools, that the machining
depth has little influence on the R, result, while the feed per
tooth is the parameter with the greatest influence, followed by
the cutting speed.

Soares et al. [17] carried out a comparison study
between a cemented carbide insert and a PCD tool in
the machinability of aluminium alloy with high silicon
content AlSigCuz. The authors also concluded that the
feed rate is the most influential parameter, with strong
interactions with the other investigated parameters (cut-
ting force and cutting pressure). The best results for
roughness were given at the highest speeds (690
m/min) and the smallest feeds (0.05-0.14 mm/rev).

Zuperl and Cus [18], in their study, presented a
roughness control of the milling surface, through an
ANFIS simulation, where the force was constant and
the other parameters were changed to achieve the de-
sired roughness. According to the behaviour pattern,
among the data of the study, it is possible to see that
the roughness results indicate that the lowest cutting
speed (spindle speed) of 1000 rot/min and the greatest
feed rate of 850 mm/min yield the greatest roughness.
In addition to these data, the authors conclude that the
simulation proved to be appropriate, presenting values
very close to the real ones.

In milling, the positive effect of the appropriate cutting-
edge geometry on the cutting performance of coated tools

Table 1 Average values of chemical composition and hardness of samples removed from the joint support (%w)
Al Si Cu Fe Zn Mn Ni Mg Ti Pb Sn Hardness
Balance 8.48 3.51 0.90 0.66 0.27 0.06 0.09 0.03 0.04 0.01 98.9 + 1.8 HB
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Fig. 2 Cutters a with geometry A
and b with geometry B

Ten cutting PCD
inserts

has been recorded in several publications. The microgeometry
design of the cutting tool influences the thermomechanical
load profile on the wedge. In addition to the cutting-edge
geometry, tool wedge rounding methods can significantly af-
fect the wear behaviour of a coated tool [19].

The plans in sealing regions require accurate control
of the surface roughness, as variations in these charac-
teristics culminate in leaks, even with the use of indus-
trial adhesive. For these plans, there are specifications
for roughness and, contrary to what is expected for other
components, there is a minimum limit. In these cases, it
is difficult to maintain the surface roughness parameters
R, and R, within the specifications provided for in the
drawing since, with the progression of the parts pro-
duced, the roughness values fall below those specified,
generating considerable costs due to the premature

Two scratching
PCD inserts,
mounted 0.005
mm above the
other inserts

exchange of cutters and inserts and at the machine stop,
thereby leading also to productivity losses.

The literature evaluates the influence of machining param-
eters, such as the feed and cutting speed, on the values of R,
and R,; however, on some occasions, as in the industry, there
is a limit to the variation of these parameters, since productiv-
ity, the available equipment, and wear tools are important
factors, and this variation alone may not be enough to achieve
the desired results.

Based on this information, this work proposes and applies a
new methodology for plane milling, in high-speed cutting
(HSC) machining centres, in which the behaviour of two cut-
ters with ten inserts in PCD was evaluated, with one of the
cutters having two scratching inserts, to obtain the surface
roughness (R, and R,) of the Al-Si alloy. The end-product of
this milling is the transmission union support, which has a

Item Description Degrees °
a  EndCuttingEdge Angle  0.75°
b Main Position Angle 90°
c End Relief Angle 45°
d Back Rake Angle 6°
e Side Relief Angle 6°
@

Fig. 3 Profile of the inserts. a Scratching PCD insert. b Cutting PCD insert

Item

Description
a End Cutting Edge Angle 10°

b  Main Position Angle 90°

c End Relief Angle 45°

d Back Rake Angle 6°

e Side Relief Angle 6°
(®)
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Table 2 Cutting parameters

defined for the experiment Parameter

Minimum value Average value Maximum value

Cutting speed (m/min)
Feed per tooth (mm/tooth)
Cutting depth (mm)

1250 1750 2250
0.050 0.075 0.100
1.5 1.5 1.5

minimum roughness specification, since industrial adhesive is
used, and may leak in the case of low roughness. The DOE
tool was used for the “experimental design” procedure, and

Table 3 Sequence of experiments

Sequence of experiments V. (m/min)  f, (mm/tooth)  Geometry
1 1750 0.075 A
2 1250 0.075 A
3 1250 0.05 B
4 1250 0.05 B
5 1250 0.05 A
6 2250 0.075 A
7 2250 0.05 A
8 1250 0.1 A
9 2250 0.1 A
10 1750 0.05 A
11 2250 0.1 B
12 1750 0.05 A
13 2250 0.075 B
14 2250 0.05 A
15 2250 0.05 B
16 1750 0.05 B
17 2250 0.075 B
18 1750 0.075 B
19 2250 0.1 A
20 1250 0.05 A
21 2250 0.075 A
22 1250 0.1 B
23 1750 0.1 A
24 1250 0.1 A
25 1250 0.075 A
26 1750 0.1 A
27 1750 0.1 B
28 1750 0.1 B
29 1250 0.075 B
30 1750 0.05 B
31 1750 0.075 A
32 1750 0.075 B
33 2250 0.05 B
34 1250 0.1 B
35 2250 0.1 B
36 1250 0.075 B

@ Springer

the “complete factorial design” technique was applied. In
view of the lack of material in the literature on scratching
inserts, the content of this work is a new methodology for
milling when minimum roughness is required, and it can assist
in the dissemination of this application, which may enable
new uses for the scratching insert in the industry, mainly in
milled regions that will later be joined by semi-solids.

2 Methodology

In the current machining process of the joint support, the pa-
rameters used were cutting speed of 2262 m/min, feed per
tooth of 0.04 mm/tooth, and fixed cutting depth of 1.5 mm.
With these parameters, the production of the cutter currently
used is around 1700 pieces, where the minimum R, of 0.8 um
and a minimum R, of 6 um are reached—well below the
predicted service life objective for the cutter, which is 9000
pieces.

Figure 1 shows the transmission gearbox union sup-
port, where the orange region is the milled plane, the
target of this study, with its respective surface finish
tolerances, with R, ranging from 0.8 to 3.2 pm and R,
from 6.0 to 21.0 um. The mean of the specified R, and
R, values was considered the ideal parameter, being
2.0 um and 13.5 pum, respectively.

The area circled in red was the point chosen for measure-
ments of the surface roughness as it is the most critical area for
oil leakage, because this is the position of the gearbox in the
vehicle, so the gravitational force means that the oil is always
in contact with the circled region.

2.1 Material

The material of the automotive gearbox union support, the
milled component evaluated in this study, is the aluminium
alloy AlSioCus(Fe), whose chemical composition and hard-
ness are shown in Table 1.

In the metallographic analyses carried out on the alloy
samples, the presence of polyhedral crystals of primary
silicon, modified eutectic « + Si, and secondary eutectic
over a matrix of solid solution o was observed. Through
three tensile tests, an average yield stress of 181.14 +
10.6 MPa and an average resistance stress of 265.73 =+
24.88 MPa were found.
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2.2 Tools

In the front milling, two cutter models were used (A
and B), represented in Fig. 2, produced by the same
manufacturer, with an external diameter of 80 mm and
composed of ten interchangeable capsules where the
PCD inserts are mounted.

The cutter of geometry A is represented in Fig. 2a,
and in Fig. 2b, it is possible to view the cutter of geom-
etry B, with 8 cutting inserts and 2 scratching inserts
mounted 0.005 mm above the others. The inserts, de-
pending on their geometry, can be scratchers or straight-
eners. The cutting inserts have a positive 6° radial angle
and a 134.25° attack angle. The scratching inserts, also
made of PCD, have a positive 6° radial angle and 125°
attack angle.

Figure 3 details the preset of the cutters with geom-
etries A and B. Figure 3a represents the image of the
scratching PCD insert, which was mounted 0.005 mm
above the other inserts. Figure 3b shows the PCD cut-
ting insert.

2.3 Equipment

A machining centre of the manufacturer HELLER MC 16K
was used in the milling tests. This equipment has a GE
FANUC SERIES 160 —MB CNC, its maximum rotation is
10,000 rpm, with a maximum advance speed on the z-axis of
70 m/min and on the x- and y-axes of 60 m/min. The acceler-
ation of the z-axis is 10 m/s’. The travel of the z-, x-, and y-
axes is 630 mm each.

The tool preset used the ZOLLER equipment, model
REDOMATIC 600, with a 4-axis CNC control unit and
35 times image magnification camera with a centralisation
LED and automatic recognition of the cutting edges.

To measure the surface roughness indicated in the experi-
ments matrix, a TAYLOR HOBSON FORM TALYSURF
Series 2 rugosimeter was used. This is a bench equipment that
has an inductive coil reading of the parameters established by

Fig. 4 Roughness behaviour of a
R, and b R, throughout the
experiments |

ROUGHNESS (Ra)

4 L] 2 » 20

SEQUENCE OF EXPERIMENT

(a)

24

3215
Table 4  General factorial regression R,
Analysis of variance
Source DF SeqSS  Contribution
V. (m/min) 2 0.2507  2.02%
f, (mm/tooth) 2 7.9234  63.76%
Geometry 1 23256  18.72%
V. (m/min) * f, (mm/tooth) 4 02047  1.65%
V. (m/min) * geometry 2 0.0009  0.01%
f, (mm/tooth) * geometry 2 1.0181  8.19%
V. (m/min) * f, (mm/tooth) * geometry 4 0.1719  1.38%
Error 18 05312 427%
Total 35 12.4264 100.00%

the ABNT NBR ISO 4287: 2002 standard and has the follow-
ing technical characteristics:

a)
b)
¢)
d)

maximum probed length 120 mm;

induction coil 1040 pum:;

maximum resolution of 0.0001 pwm:;

shape filters: LS arc, LS absolute arc, dado, hyperbola
ellipse, LS line, MZ line;

e) data filters: 2CR-PC, Gaussian and ISO 2CR;

f) cutoff: 0.08-0.25-0.8-2.5-8.0-25 mm;

g) cutoff Ls: 0.0025-0.008-0.025-0.08-0.25 mm;

h) bandwidth: 10:1-30:1-100:1-300:1 (ISO)-1000:1

In this work, a 2.5-mm cutoff was used to allow a
greater surface control area, in view of the lack of knowl-
edge in the literature of the behaviour of a scratching
insert.

2.4 Definition of cutting parameters

The variables were manipulated through the following
guidelines:

¥ w oM H N

ROUGHNESS (Rz)
]

|
/ﬂ\{ W

/

’.’ / W

2 2 3% 3 B z = 2 P 3 2 %
SEQUENCE OF EXPERIMENT
(b)
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Table 5 General factorial regression R,

Analysis of variance

Source DF SeqSS  Contribution
V. (m/min) 2 7454 1.52%

f, (mm/tooth) 2 128.783 26.24%
Geometry 1 297.735 60.66%

V. (m/min) * £, (mm/tooth) 4 6.530 1.33%

V. (m/min) * geometry 2 2.165 0.44%

f, (mm/tooth) * geometry 2 18971 3.87%

V. (m/min) * £, (mm/tooth) * geometry 4 5.126 1.04%

Error 18 24.071  4.90%

Total 35 490.834 100.00%

a) Geometric limits of the tool and machining centre
operation;

b) Indications by the manufacturer of the cutters contained in
this experiment;

¢) Machined material;

d) Technical conditions provided for in the design of the
product in use;

e) Operation regime: cycle time currently practised and in-
formation discussed in the introduction of this work.

Table 2 shows the minimum, average and maximum values
for each parameter defined for milling.

2.5 Definition of the experimental matrix

Through the variation of the cutting speed (V,) and the feed
per tooth (f,), the behaviour of the cutters of geometries A and
B was analysed, evaluating the influence of the variation of
the parameters and of the scratching insert in the values of R,
and R,. A DOE model of a complete factorial design was used,
with 3 factors, 18 combinations, and 2 replicates, totalling 36
experiments.

Fig. 5 Graph of the effects of

. V¢ (mymin) fz (mmytooth)
factors and their levels on the " ¢ .
response variable. a R,. b R,
2 * '
5 25 - .
=
g
w 20
g .
2
15
w
e e 2% 0.0% 0078 %0
(a)
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3 Results and discussion

3.1 Experiment results: cutters A and B with varying
parameters and surface finish

Table 3 shows the 36 tests performed, and Fig. 4 shows the
evolution of R, and R,.

It is possible to observe a significant dispersion through-
out the tests, demonstrating that there is a strong relation-
ship between the combination of parameters and the results
of R, and R,

Through the DOE technique, analyses of the complete
factorial design of this case study were carried out. The
analysis of variance performed took into account the lin-
ear effects of each factor separately and the effects of the
interactions that occurred with the combination of two
and three factors.

Tables 4 and 5 give the linear model with the analysis of the
effects of each factor separately: V., f,, and geometry; the
interactions between two factors: V. * f,, V. * geometry, and
f2 * geometry; and between three factors, V. * f, * geometry.

Based on the results, it is possible to conclude the
following:

a) The significant influence of linear effects on the response
variable for R, and R,, being 84.5% and 88.42%,
respectively;

b) R, is strongly influenced by the parameter f, =
63.76%, followed by the geometry, which has an
influence of 18.72%. This goes against what was
reported by Othman et al. (2018), who state that
the advance per tooth is the parameter of greatest
influence on the result of R,;

¢) R, isheavily influenced by the geometry = 60.66%. The f,,
has an influence of 26.24%;

d) The interaction of three factors is low, being 1.38% for R,
and 1.04% for R,;

e) The random error was 4.27% and 4.90% for R, and R,,

respectively.
GEOMETRY ~ V¢ (m/min) z (mm/tooth) GEOMETRY
- »
%
2 »
z .
.
§ "
. - - L
] .
§ 2
< ¢ ‘
L]
L]
A s s e 2% 0050 007s 0.0 A s
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Fig. 6 Interaction between the

input variables and the response

variable for parameter R,

&6;
32
281
24

201
361

32

281

Average of Roughness (Ra)

24

201

Vc (m/min) * fz (mm/tooth

1250

Figure 5 represents the effects of the factors and their levels
on the R, and R, roughness response. It can be concluded that:

a) The lowest values of R, and R, were characterised by a
cutting speed of 1250 m/min, feed per tooth £, of 0.05

fz (mm/tooth

—— 0.0500
- 0.0750
P sl R - -- 0.1000
A ' GEOMETRY
- s -- — A
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& 151
“

@
Qo
£
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L
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.»"*_N-.
P ~-e
- —— . -
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-
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————— e

_— - Bt -a
° —e
1250 1750 2250
Vc (m/min)

mm/tooth, and cutter A, which does not have scratching

inserts.

The highest values of R, and R, were characterised by a
cutting speed of 1750 m/min, feed per tooth £, of 0.100
mm/tooth, and cutter B, which has scratching inserts.

+
—n
—«.——

——
—n

fz (mm/tooth)

0.0500
0.0750
0.1000

GEOMETRY

A

B

fz (mm/tooth * GEOMETRY

0.050

0.075 0.100

fz (mm/tooth

Fig. 7 Interaction between the input variables and the response variable for parameter R,
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Fig. 8 Graph of the contour

region with the cutter geometry gau
A.aR,and bR, 200
2000
1900
z
&
e
>
1600
1500
1400
1300
0.05 0.06 007 0.08
1z (mm/tooth)
(a)

¢) R, and R, suffer the greatest dispersion with the factors f,
and geometry.

Figures 6 and 7 represent the interaction between the input
variables and the response variable. It is observed that the
behaviour of R, and R, is very similar, corroborating the anal-
ysis performed in Fig. 6, where the interactions of two factors
for R, and R, obtained percentages of 9.85% and 5.64%, re-
spectively. Some of the findings for the two figures are as
follows:

a) In the first interaction, the increase in the cutting speed
and the decrease of the feed per tooth result in the reduc-
tion of the R, roughness, since the lowest R, values occur
in the combination V, = 2250 m/min and f, = 0.050 mm/
tooth, going against the study by Soares et al. (2017). The
maximum values of R, and R, are found with £, = 0.100
mm/tooth and with V., = 1750 m/min, which is not the
highest in the experiment (V. = 2250 m/min).

b) Inthe second interaction, the geometry of cutter A proved
to be the most suitable for minimum R, and R, values,
without much interaction with the cutting speed. The ge-
ometry of cutter B delivers a better surface roughness, but
also with a low influence of the cutting speed.

¢) In the third interaction, there is a different analysis for R,
and R,. Analysing the R, in Fig. 8, we have for f, = 0.050
mm/tooth a low interaction of the cutter geometries A and

Fig. 9 Graph of the contour
region with the cutter geometry B.
aR,.bR,

REERE

Ve (m/min)

1z (mm/tooth)

)
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18 - 20
20 - 22
122 - 24
24 - 26
26 - 28

> 28

mEn
Ve (m/min)

010 ; 007 008
fz (mm/tooth)

(b)

B. The geometry of cutter A does not show much inter-
action between f, = 0.075 mm/tooth and f, = 0.100 mm/
tooth, unlike the geometry of cutter B, which increases R,
proportionally to the increase in feed. Analysing the R, in
Fig. 9, there is a tendency for the roughness to increase
proportionally to the increase in £, in the geometry of
cutter B. The geometry of cutter A, on the other hand,
has the same behaviour as the geometry of cutter B, but
with a more attenuated influence between f, = 0.075 and
0.100 mm/tooth.

Figures 8 and 9 represent the graphical analysis of the cut-
ters with geometries A and B, using the contour region
resulting from the experiments with two variables, in which
case the parameters f, and V, were selected, represented in the
x- and y-axes. The values for the response variable, surface
roughness R, and R,, are represented by outlines (shaded
regions).

The results in Fig. 8 show that the cutter with geometry A,
which does not have inserts of PCD scratchers, presents:

a) Higher values of R, and R, with greater tooth advance,
close to £, = 0.100 mm/tooth;

b) The low influence of the cutting speed on R,, mainly on
the extremity values: V., = 1250 m/min and V, = 2250
m/min;

ROUGHNESS
o

W20 -24
W2 -28
W -2
BRI
-

1z (mm/tooth)

(b)
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Fig. 10 Comparison of surface
roughness (R,) of cutters with

40
geometries A and B

35

3,0

2,5

ROUGHNESS (Ra)

2,0

¢) The low influence of the cutting speed on R, with a slight

tendency to increase this parameter in values above V, =
1750 m/min.

Despite the graphic similarity between the cutters with ge-
ometries A and B, it can be seen in Fig. 9 that the cutter with
geometry B, which has scratch-cut PCD inserts, presented
greater variations during the evolution of the tests and in the
roughness values.

Figures 10 and 11 show that the cutter with geometry B
delivers higher values of surface roughness with the same
cutting parameters. Table 6 shows the sequence of
experiments.

Fig. 11 Comparison of surface
roughness (R,) of cutters with
geometries A and B 22

20

,8 /!
u{iﬁl

ROUGHNESS (Rz)

=

2 4 6

GEOMETRY
—— A
] —m B

| !
l {

8 12 Ié 20 24 28 32 36
SEQUENCE OF EXPERIMENTS

In both Figs. 10 and 11, a dotted line with the average R,
and R, was inserted, based on the average roughness value
required in the technical drawing, that is, the ideal value, as
stipulated during the methodology.

3.2 Prediction of optimal values through numerical
evaluation

Based on the technical specification, optimal values for the cut-
ting speed and feed were defined based on the average values of
the specification of R, and R, as shown in Figure 1, so the values
considered ideal for the output variables were:

—&— Rz Geometry A
—— Rz Geometry B

8 0 » “ ¥ B

SEQUENCE OF EXPERIMENTS
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Table 6 Sequence of experiments

Sequence of experiments V. (m/min) 1, (mm/tooth) Geometry Geometry
1 1250 0.05 A B
2 1250 0.075 A B
3 1250 0.1 A B
4 1750 0.05 A B
5 1750 0.075 A B
6 1750 0.1 A B
7 2250 0.05 A B
8 2250 0.075 A B
9 2250 0.1 A B
10 1250 0.05 A B
11 1250 0.075 A B
12 1250 0.1 A B
13 1750 0.05 A B
14 1750 0.075 A B
15 1750 0.1 A B
16 2250 0.05 A B
17 2250 0.075 A B
18 2250 0.1 A B
a) R,=2.0pum b) f,=0.05 mm/tooth;
b) R,=13.5um ¢) Geometry: cutter B.

Figure 12 shows the optimal response values with the re-  Equations (1) and (2) show the reduced factorial regressions
sponse parameters, where the ideal combination of the optimal ~ obtained based on the overall result of the experiments. They
cutting parameters is visualised: are equivalent to the behaviour of the ideal roughness response,

for which the combination of the established parameters is ap-
a) V. =1250 m/min; plied: V. = 1250 m/min, f, = 0.05 mm/tooth, and B = 1.
;lg 1;1 Optimal values for V. and Okt Ve (m/mi £ (mmt GEOMETRY
", in the process High 2250 01 B
D: 09835 C?r 1250 005 B
Predict Low 1250 0.05 A
o 5 > >
Composite ®
Desirability ® °
D: 09835
©
®
Roughnes °
Targ1350 9 —— — — — — — Q1 s e (o e e el e e S ) e o -
®
y = 134350 o
d = 098881
o
®
o
Roughnes
Targ: 20
y = 2040
d=os7es |4 _ . _ 4 ____ Ll ______ -
® ®
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Table 7 Confirmation test results
Parameter Test 1 Test 2 Test 3 Test 4 Test 5 Average
Ve 1z Cutter
1250 0.05 B R, (um) 2.12 2.05 2.18 1.78 1.71 1.97
R, (um) 14.91 15.40 15.96 13.39 13.12 14.56

R, (um) = 2.5369-0.00007152*V,~12.756%f, + 0.2542*8 (1)
40.0020048 ¥V, *£,~0.00000536 *V . *B—4.034 *f , *B
+0.0009472 %V */, *B

R, (um) = 12.831-0.0004136%V,~47.88*f, + 2.876*B (2)
+0.012688+V*£,~0.0001328 %V, *B~12.22%f , *B
+0.009968 %V, *f,*B

3.2.1 Practical tests for checking the response

In order to prove the assertiveness of the parameters found,
five sequential tests were performed with the optimal param-
eters, as shown in Table 7. The average roughness values were
R, =197 um and R, = 14.56 um.

In Figs. 13 and 14, it is possible to verify, by plotting the
points in the graphs that the values of R, and R, were well
within the prediction range (IP), that is, within the range
1.598 um < R, < 2.482 um for the R, and IP of 10.459 pm
<R,<16.411 um for R,.

In Figs. 13 and 14, it can be seen too that the mean of R,,
whose value is 1.97 um, was within the confidence interval
(CI) of 1.785 um < R, < 2.295 um. Also, the R, average of

Fig. 13 Graphic of optimal
parameters for required R,

14.56 um met the expectation of the experiment, since the
predicted confidence interval (CI) was 11.717 um < R, <
15.153 pm.

4 Conclusions

The results obtained in this work clearly support the resolution
of the current and real problem, which is the low roughness in
the sealing plane between the union support and gearbox and
consequently the low cutter life.

Milling cutter A, without the cutter inserts, showed
excellent values of the R, response in the midline, but
low values of R,. Cutter B, with the cutter inserts,
showed response values of R, and R, close to the mid-
line, that is, close to the ideal condition specified in the
technical documentation.

The scratching inserts proved to be essential to obtain the
desired results, since, with the same cutting parameters, cutter
B met the specified values for R, and R, while cutter A did not.
The cutter geometry soon proved to be a factor of great influ-
ence on the roughness.

2.50 2.482 ym
T 2.295 um
522 38
o
2 2.‘2
9 2.35 I.P.
w 1.C.
Z 2.00
R e RG e E LR PR PP
&5 1968
3
1.78
&
1.75 - 1.71 L5
1.598 ym
1.50
1 2 3 4 5
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Fig. 14 Graphic of optimal
parameters for required R,

16.411
15.96 e
.

14

—
w

ROUGHNESS Rz (um)
o

15.153 pm

-
—

1.717 pm

10

The f, parameter proved to be the most influential in the
response of the R, and R, roughness in all the tests performed.
The number of cutter inserts directly influences the surface
roughness finish. The cutting speed parameter V. has a low
influence on the response of R, and R, in the experiments.

The reduced factorial regressions obtained based on the
overall result of the experiments considering the ideal values
of R,=2.0 um and R, = 3.5 um, proved to be efficient for the
optimal values found, V., = 1250 m/min, f, = 0.05 mm/tooth,
and cutter geometry B, with scratch inserts, since the experi-
mental results returned very close values, with an average
within the confidence interval.

In view of the results, a new methodology is proposed that
considerably solves the tightness problems in the union of
faces milled by sealing resins. This is valid where the param-
eters remain within an acceptable range, since their variation,
as suggested in the literature, is not sufficient to achieve the
desired results.
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