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Abstract: Wiper edge tool inserts are used to improve theYet, the changes in the geometry of the wiper edges
surface finishing in milling, so that a final grind is  cause significant variations of the specific cugtin
avoided. Wiper edge inserts can also be used ighrout- energy (Rodrigues & Coelho, 2007), a circunstance
ting for improving productivity without compromisinthe a4 should be taken into account when choosing the
final surface quality. Accurate estimations of mgtforce most efficient machine tools and work piece fixaure

and power are important for productivity, sinceythelp . b )
choosing the right machine, tools and fixtures. Seho Broadly speaking, the accurate estimation of the

estimations depend on the specific cutting enesgnych in C%‘tﬂng force§ _iS import_ar_1t for planning and seftup
turn depends on the hardness of the machined miati¢ ~ high productivity machining process.
cutting parameters, and the geometry of the totle T However, the aforesaid estimation critically depend
common computation of specific cutting energy juston the prediction of the specific cutting energhjai
considers the feed per tooth or the unformed chipin turn depends on the hardness of the materibéto
thickness, but the insert shape should also beideresl.  machined, on the cutting parameters, and on the ge-
This paper shows that the specific cutting energyace ometry of the tool and inserts.
milling ‘with zero nose radius wiper edge inserts is), aqgition, the practical formulae currently used
similarly |n.ﬂ_uenced by .the depth of cut and by feed per computing the specific cutting energy in milling-op
tooth. Additionally, cutting speed should not bgleeted. . )

erations only take into account the feed per tauth

Keywords: Specific cutting energy, face milling, alu- 0 thickness of the unformed chip, as for example
minium alloys, wiper edge inserts, productivity. '

0.2 0,29
1. INTRODUCTION =k (L)

Wiper edge technology for tool inserts has beemnl use

for years as a means to improve the surface fimighi whereks is the actual specific cutting energdy s the

in milling operations, in such a manner that alfina specific cutting energy for a reference feed pgo+e
grinding operation can often be avoided. In fagis t lution, andh,, is the mean thickness of the unde-
technology allows attaining values of the meanformed chip (Sandvik-Coromant 1994). However,
roughness (B below 0,4nm in face milling of alu- such formulae, do not take into account the varoéty
minium alloys. Beside to finishing, wiper edge irise insert shapes that are being used nowadays.

are being used regularly for rough cutting with in- The present work is a contribution for lessening th
creasing productivity without compromising the fina lack of information on these kind of processes,cvhi
surface quality, as claimed by some of the most imshows that the specific cutting energy in faceingll
portant tools manufacturers (Kennametal 2010; Mi-of aluminium alloys with zero nose radius wiper edg
tsubishi 2010) and supported by some studiesnserts is similarly influenced by both the deptitiat
(Mourdo 1999). The same manufacturers also clainand the feed per tooth. Additionally, it shows ttree
that wiper edge technology prevents the occurrenceutting speed should not be neglected.

of chatter to some exteritherefore, it seems that it is The motivation of the authors for writing this pape
feasible to increase the productivity of the cuftin was even increased because, as far as they know,
processes by using higher feed rates and/or cuttingpere is no published data about the specific rayitti
depths, while keeping, or even improving, the finalenergy of aluminium alloy work pieces in milling
quality of the machined surfaces. This is whyoperations with zero nose radius wiper edge inserts
nowadays there is a trend for using this kind ofand the major makers of milling tools recommend
inserts in operations with higher cutting energy. this kind of inserts for the purpose.
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2. THE EXPERIMENTAL PROCEDURE The actual values of Table 1 were selected acogrdin
to a rotatable central composite design (CCD) with
2.1 The methodology realistic ranges for all the variables, given tihere

A Design of Experiments (DoE) technique was ad-acteristics of the machining centre and of theanrr
opted to process the experimental data aquirewide range of machinable aluminium alloys. How-
through face milling of aluminium alloy work pieces ever, in practical terms, the theoretical valuestfie

The studied response was the cutting force, as reBrinell hardness could not be used.

quired for computing the specific cutting energy The coded levels -1 and +1 for the variables of the
through the equation same Table were selected as representative of low
and high values, respectively, taking into account
typical values that can be found both in the e

ks = af,’ (2) and in the real-world practice. For the remainieg- |

els, the corresponding values were computed through

wherek; is the specific cutting energff. the cutting
force,a, the depth of cut, anldthe feed per tooth. X; =exp(x In Xg +In Xy ) (4)
Four variables were considered for building our

experimental model, three of them associated wittwhereX; is the value of the variable for the level x
the control of the milling process (the cuttingesge andX, andXg are computed through Eg. (5) and Eq.
v; the feed per tootH;, and the depth of cus,) and  (6), respectively.

one related to characteristics of the material ¢o b

machined (the material hardness, HB). (In X, +InX_,)

A central composite design (CCD) was used to find a Xim =€Xp 2 (5)
model that represents the effects of the variadhes
of their interactions through a second-degree poly- X =ex (In X, -InX_,) (6)
nomial function (Montgomery, 1991): R P 2
k k 5 k-1 Kk The values labelled as “Practical” in Table 1 ceire
Y=bpt+ BXi+ DX+ by XiXj+e (3)  pond to the commercially available aluminium alloys
i=1 i=1 i=1j>i with the closest values to the theoretically reeglir

hardness, as shown in Table 2, where one can aee th
whereY is the modeled responsg,are the variables, the values for the hardness announced by the makers
bo, b, b; and b; are the regression coefficients of the of the alloys (the “expected” values) were confidne

parameters andis the experimental error. by us experimentally (the “actual” values).
The most important characteristic of the polynomial o
models is their ability for representing non-mono-____Table 2. Hardness of the used aluminium alloys
tonic responses with a high accuracy over a large Alloy Composition HB””e" Brinell

- . . ardness | Hardness
range of their variables. This makes these models type (DIN 1712) (expected) | (effective)
very useful when studying phenomena for which the 5gg3_An Al'Mg 4,5 Mn 68-75 70
monotonic response hypothesis is not plausible. 6082-T6 Al'Mg Si 1 95 98
The second-degree polynomial model fQris ob- 2017 A Al Cu Mg 1 105-115 120
tained by substituting in Eq. (2) the response rhode 702276 | Alzn Mg Cu 05 130-150 148
that represents., which in turn is a function of the [~ 705076 | AIzn 5,5 Mg Cu 165-179 167

form of EqQ. (3). According to the plan of experingn

that was used to obtain the model of Eq. (3),k@l t This approach compromises the accuracy of the

correspond to the coded values -2, -1, 0, 1, 2leTAb  jnd of circumstances (Jain & Bandyopadhyay, 1986;
contains the levels that were used for the coded va Khabeery & Fattouh, 1986).

ables ) and the corresponding values for the actual

variables X). 2.2 The experimental outfit

. A Hermle UWF 1202H CNC machining centre (see

Table 1. The plan of experiments Fig.1) was used (11,5 kW, 4200 r.p.m. maximum

Levels of the Sl al ol 1] 2 spindle spged). _ _

Coded Variablesx) The machine centre was purposely fitted with a four
S v (m/min) 600 | 700| 814| 947| 1100 teeth, 83,6 mm diameter Sandvik-Coromant face

g |f(mm) 0,07|0,10| 0,14| 0,20 0,28 milling cutter body type R265.2-80E-20AL, with ISO
5 |3 (mm) 0,30/ 0,60| 1,17| 2,30| 4,50 1832-1985 SFAN 1203 EFR zero nose radius wiper
S |Hardness |Theoretical | 80 | 98| 120 148 182 edge inserts made of uncoated ISO 513-1975 K10

> |(HB) Practical 70 | 98| 120 148| 167 ceramic material, as shown in Fig. 2.




Fig. 1. TheHermle UWF 1202H CNC
machining centre
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Fig. 2. The cutter body and the inserts

The cutting forces were monitored through a Kistler
9272 piezoelectric load cell and processed by & sui
able data logging system.

Cutter

i

Fig. 3. Detail of the experimental outfit
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As one can see in Fig. 3, the work pieces are thodte
the load cell, which in turn is bolted to the tabfehe
machining centre. The dimensions of the paralellepi
ped work pieces were 96 mm x 62 mm x 20 mm and
two counterbored holes were made for fastening to
the load cell, as shown in Fig. 4.

Load cell

'
'
.
'
.
.

Fig. 4. Fixing the work piece

2.1 The experimental results
The results of the 36 runs required for carrying ou
the CCD plan that was implemented are included in

Table 3.
Table 3. The experimental results
Variables Response

Run
no. Vv . f, HB Qp Fc (N) Ks

(m/min)| (mm) (mm) |measured (N/mn¥)
1 700 0,10{ 98| 0,6 49 819
2 947 0,10{ 98| 0,6 51 848
3 700 0,20{ 98| 0,6 88 732
4 947 0,20{ 98| 0,6 82 685
5 700 0,10; 148§ 0,60 54 906
6 947 0,10; 148 0,60 54 906
7 700 0,20| 148 0,60 92 763
8 947 0,20| 148 0,60 95 794
9 700 0,10 98| 2,3 163 709
10 947 0,10, 98 2,30 168 732
11 700 0,20, 98 2,3(]) 290 630
12 947 0,20 98 2,30 286 622
13 700 0,10, 148 2,30 181 789
14 947 0,10, 148 2,30 180 782
15 700 0,20, 148 2,30 341 742
16 947 0,20, 148 2,30 323 703
17 602 0,14 120 1,17 138 840
18 1100 | 0,24 1201,17 126 768
19 814 0,07 120 1,17 76 932
20 814 0,28 120 1,17 247 753
21 814 0,14 70 1,17 113 691
22 814 0,14 167 1,17 141 862
23 814 0,14 120 0,30 44 1039
24 814 0,14) 120 4,50 480 762
25 814 0,14 120 1,17 139 851
26 814 0,14 120 1,17 136 829
27 814 0,14 120 1,17 139 851
28 814 0,14 120 1,17 140 857
29 814 0,14 120 1,17 132 807
30 814 0,14 120 1,17 132 807
31 814 0,14 120 1,17 138 840
32 814 0,14 120 1,17 138 840
33 814 0,14 120 1,17 136 829
34 814 0,14 120 1,17 138 840
35 814 0,14 120 1,17 136 829
36 814 0,14 120 1,17 137 834




74

From Fig.s 5, 6 and 7 one can conclude that it i®vant items are shown in bold face in both tables a
likely that all the relevant variables were taketoi the corresponding second-degree polynomial function
account and that no bias occurs (Montgomery, 1991)is expressed by

g k =834- 19V2- 49 f,+
g (7)
3 +40 HB +26 HE - 54 a,,
LL
with a confidence interval of 95%.
Table 4. The ANOVA table
R?=0,8512; Ragus= 0,752
Factors: 4; Blocks: 1; Runs: 36
SS [d.off MS F
v 1086,7 1 | 1086,71 0,62620
Residual v 12003,3 1 | 12003,27 6,91664
. . . f, 58047,7 1 | 58047,6533,4490
Fig. 5. Histogram of residuals 2 30704 1 | 307018 176917
HB 37739,3 1 | 37739,2521,74663
2 HB? 22092,9 1 | 22092,9812,7306
% a, 70383, 1 | 70383,8840,5575]
< ay’ 7124 1 712,39 0,4105(
& vi, 7129 1 712,90 0,4108(
vHB 95 1 9,57 0,00544
va, 1274 1 127,33 0,07337
f,HB 2054 1 205,40 0,11834§
f,a 21983 1 | 2198,33 1,26674
HB a, 823 1 82,34 0,04745
Err. 36443,6 21 | 173541
SS Total 244915635
Residual F (14; 21, 0,057 2,59
Fig 6. Normal probability plot of residuals
_ Table 5. The regression coefficients kor
‘é R’= 0,8512; Ragus= 0,752
D Factors: 4; Blocks: 1; Runs: 36
& Coeficient Std. Err. 1)
Constant 834,485 12,02569 69,3918]
v -6,729 8,50345 -0,79133
V2 -19,368 7,36420 -2,62996
f, -49,18( 8,50345 -5,7835]
2 -9,795 7,36420 -1,33009
HB 39,654 8,50345 4,66333
HB? -26,276 7,3642Q -3,56801
a, -54,154 8,50345 -6,36849
Fitted values a’ 4,718 7,3642Q  0,64071
vi, 6,675 10,41456¢ -0,64093
Fig. 7. Plot of residuals vs. fitted values VHB 0,774 10,41456 -0,0740€
va, -2,821 10,41456¢ -0,27088
E f,HB 3,583 10,41456¢ 0,34403
S f,a, 11,722 10,41456¢ 1,1255(
é HB a, 2,269 10,4145¢ 0,21783
t(21; 0105): 2,080

Observed values

Fig. 8. Plot of residuals vs. observed values

The values of. in Table 3 were obtained through the
tests carried out with the described experimental
outfit and were used to compwghrough Eq. (2).

The Kistler 9272 load cell was used to measureethre
orthogonal components of the cutting force alorey th
spindle direction (z), the feed direction (x), atie
normal direction (y), as shown in Fig. 9. Notingth
the component Fcan be neglected due to the specific
The analysis of variance fé&g can be seen in Table 4, geometry of the tool, it follows that the cuttingrde
and Table 5 shows the regression coefficients ef thbelongs to the plane xy and is the vectorial surfof
empirical model that we were looking for. The rel- and F, wich is denoted bydzsin Fig. 9.
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Fig. 9. The forces exerted over the tool

Fig. 9 also allows for concluding that we haye=F~

As one can see in Fig. 10, the tangencial component

and k = Rrfor f = p/2. In our case, the sampling rate of the cutting force at = p/2 is more than five times
of the data loging system was sufficiently high tohigher that the radial one. For our experiments, in

acquire k and F atf = p/2 with a maximum error
that ranges from 2,75° (for the lowest rotationeex!

addition, the tangential speed of the tool was#lby
10° times higher than the feed speed, which means

of the spindle that was used in our experiments) tdéhat the contribution of the radial force for the

5,0° (for the highest rotational speed).

Fig. 10. Mean values offland I for eight consecutive
circular passes of the cutting edge (Mourdo 1999)

specific cutting energy can be neglected.

In other words, one can say that the tangenciakfor
Fr is a good approximation of the cutting fof€gin
Eq. (2) and in Table 3. This simplification was ad-
opted in the present work.

3. DISCUSSION

As it was shown, there are some factors that con-
siderably affect the specific cutting energy inefac
milling of aluminium alloys with wiper edge inserts

In fact, from Eq. (7) one can see that:

1) The specific cutting energy decreases with the
increasing of the squared cutting speed of the
mill, which means that the sensivity to this
variation increases with the cutting speed.

2) The specific cutting energy decreases with the
increase of both the feed per tooth,and the
depth of cutay,.

3) The influence of the variation of the depth of
cut in the specific cutting energy is marginally
stronger than the variation of the feed per
tooth.

4) The higher is the hardness of the work piece the
higher is the specific cutting energy, and the
sensivity to the variation of the hardness is
higher for higher hardness values.
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4. CONCLUSIONS speed, which means that the contribution of thétad
force for the specific cutting energy can be negléc

The accurate estimation of the cutting forces iti-mi In other words, one can say that the tangenciakfor

ing operations is important for planning and settin iS @ good approximation of the cutting force. This

up high productivity machining processes. Howeverallowed us for using the tangencial force instefd o

the aforesaid estimation critically depends on thehe cutting force without significant lack of acaay.

prediction of the specific cutting energy, which in Therefore, in spite of the limited cutting speedga

turn depends on the hardness of the material to bdsat was used in our study, one can conclude that

machined, on the cutting parameters, and on the geero-nose radius wiper edge inserts allow improving

ometry of the tool and inserts. the productivity of face milling operations in

In spite of this, the traditional formulae usecctom- ~ aluminium alloys. In fact, Eq. (7) shows that the

pute the specific cutting energy just take intocact  higher are the values of the cutting speed, ofeke

either the feed per tooth or the thickness of the u per tooth and of the depth of cut, the lower is the

formed chip. Yet, the variety of the insert shafieg  Specific cutting energy.

are being used nowadays should also be considered At last, taking into account the current variety of

Beside to finishing operations, wiper edge insares ~ cutting tool geometries, it is likely that therelivde

used more and more for rough cutting with incregsin good prospects for developing research work in the

productivity without compromising the final surface area of specific cutting energy, as a means tanatta

quality. Some manufacturers also claim that wipethe maximum productivity of machining operations

edge technology prevents the occurrence of chaitter for different tool geometries.

some extent.
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