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Abstract. The use and damage of the cutting tool resultiognfian inappropriate choice may lead to increasestso
and decreased quality of the finished piece. Dejmgnadn the complexity of the profile that makegpap of the insert
and the choice of support makes it a challengeafgr computer system to be developed. A methodelagyleveloped
for selection of cutting tools based on the probifethe parts dimensions, where the dimensionhefvworkpiece
sections could be represented by points in Canesiaordinates. These points can be constructed bgnm of
mathematical functions and compared by the valiefmed by mathematical expressions, also genertitectool
geometry that can be regarded as interference. g figsctions obey almost completely the informatiassed by the
user to register the tool and workpiece. Consedudhtwas necessary to construct databases of inédion code
according to ISO 513 (2004) and the number of togleh as material, mechanical properties and disi@rs. This
database belongs to a system in development plgmmotess called SAPPU (automatic planning macigimirocess),
which aims attributes related to the sectors of ufacturing and materials. Thus this system has seduas main
feature the integration of several subsystems thigir unigue methodologies including the selectiooi that will be
the focus of this work.
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1. INTRODUCTION

Choosing the right tool for a particular operatamd the correct determination of machining condii plays an
important role in working with metals and a facdtodetermining the evolution of machine tools antting tools. This
fact is accentuated in serial production, wheréedéhces in the choice of cutting speed and toolozause remarkable
variations in manufacturing costs, Ferraresi (1989)

Currently they are looking at developments in catapaided systems for the automation of processrhg. The
efficiency and level of automation of machining geeses depend significantly on the existence dfilddt cutting
data, updated and easily accessible and fast. Otbenatic selection of cutting tools and an autochgeduction plan
depends on this context, ie, databases efficient.

A major difficulty in the choice of cutting tooksccording to Jensen et al. (2002), is related ¢opthrt profile.
Interference relevant regions of a given profileyriimit the quality or performance of the tool dugiits cutting path.
These interferences which determine the choiceooff interference are the local and global. Theyuoaghen the
curvature of cut is as small as before the veisatf the toolat the time of cut and there may be clashes between

the tool body withte profile of the part.
2. SELECTION TOOLS

The machining of metals is a complex process, as@p by a variety of operations and materials el In most
cases, the machining is done on machine tools, ncatlg controlled, with multiple tools consistiraf pads, brackets
and fixings. According to Zhou and Wysk (1992), tlexisions for the selection of tools, determinmaixd machining
parameters and tool chang times are made by protassers, programmers and machine operatorsfatatit stages
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of manufacturing. Due to this sharing of respotisiés and lack of interaction with the process dmtome very
difficult to achieve good decisions tooling.

There are many tools available which affect thefgpeance of the operation, it is not surprisingttithe tool
selected by the operator is not optimal. Usualig tools are at hand and are known, are capabterdérming a
particular operation, and are used for convenielaspite its drawbacks. The tool chosen may berdan bptimal and
this fact, together with the increased use of irgeggl manufacturing systems, results in the neethethods for
automatic selection of tools (Chen et al. 1989).

3. METHODOLOGY DEVELOPED

The methodology for a system of selection of tewds developed with a unique vision for a compreiversystem
for planning machining process called computersésgdi system SAPPU. The system was developed iogrgm
called Delfhi® 6.0.

For a given geometric shape of the part of théstaoe selected under the conditions of interfezdmetween tool
and part geometry. The selector tool works with geemetric boundaries of the piece. The versatiftyhe whole
insert and support, along with the tool featurespart of the procedure adopted.

It was then proposed this methodology based opithies of the pieces, where the drawings of ¢heofiles can
be represented in Cartesian coordinates of pofits (). This representation was made possible Byhematical
functions and compared by the values defined byhematical expressions and was also considereatiearence of
the geometry of cutting tools (Fig. 2). Through tiiiscussion ahead can have a vision of how it lendhis
mathematical method.
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Figure 1. Complex piece staggered sections of girgpbmetry

The definitions of critical points of the assembigért are important points for comparison testssegl on studies
of catalogs of manufacturers of cutting tools wated a difficulty in defining these points with thede according to
ISO 513 (2004). This is due to the fact of the getsim complexity and its variety of tools neededvas them defined
the sections by comparative analysis and obtairsddes for the mathematical functions that represeatcritical
points of the set, among them the tool length aimdedsionl, f;. In Figure 2 can be seen almost every possible
dimension.

Values like: Engagemeiy length, size of "interference" Couplifigare specific cases where the operator needs to
consult the catalog or measure if not defined. Seo@porters may have other dimensions that canohsidered
interference, these values however, may not need tmnsulted measured in catalogs, and its rapegse symbol is
thefys

1 h = high interference

f, o = angle off

e~ b = stem widht
I o~

11: tool length
I3= secundary length

= dimension of coupling

I= dimension of interference

Figure 2. Dimensions needed for the developmeintefference relations
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The dimension symbolized by the letter "h" showrfig. 2 can also be regarded as an interferenkee\at this
type of support and can be determined by eq. (bjclwvalues are obtained from the geometry of tiw itself,
however, as already mentioned, some supporterhaik to be measured by an instrument in hantielizalue of the
interference of support "h " is equal to the ordgpart of the profile of this support it will noelselected.

h = tgpf, 1)
@= 180 - k+0) 7))

Wherek, corresponds to the position anglecorresponds to the tip angle or nose radiuf valley dimension as
interference in the tool anglthe clearance angle.

As mentioned, the method of assessing the intaréar consists of comparing two functions one oftis defined
by the geometry of the coupling of the tool and olieer is defined by the geometry of the partthe, profile of the
part. A complex profile can be considered for asiglyie a part that can display more than one rdiffetype of profile,
known as the three profiles (cylindrical, conicaldaconsistent). Figure 1 above gives the possihisidns of the
complex profiles of the number of profiles for sens simpler. This can facilitate obtaining the heabatical
expression that represents each profile.

The present terms in the equations of profilesasgnted in the drawings of fig. 3 are from theatisions of the
piece, unless the terms x angd Xhese two terms represent the motion of thetmeérd the z-axis machine tool.
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Figure 3. Representation from all parts of theingrprofiles and their expression

Where:
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-y = function of the profile section of the piece;

- f = forward;

- d = d and d = are the dimensions of the diameter of the seafdhe piece;

- r = radius of the profile of the agreement;

- X is the incremental position that allows the lgsia of possible interference between the critipaints of
engagement tool/support and profile of the piece;

- Xo and y are the respective points of origin of the radifisurvature (g, xo) in the machine tool.

The points ¥ and y are calculated from the data section of the pmue the radius of the agreement, fig. 4.
Through this figure we can have a view of the geoynef the concave arc of agreement and to obtadih Source is
used the equations shown in this figure.

(xg,%) w
; d, - d, l
x, =1 +r.sen| aretg] —= +arccos[—’°j —90
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g| il L | ]
9 @=90-y
—l—s-l x, =1, +r.sen@
Geometry for determining the points x; e yg Y, =Tr.cos@

Figure 4. Determination of the values from the seup a concave profile consistent

By looking at profiles of agreement, points may ibterference in the regions of "descent" or "climb the
direction of tool advance. As the tool continuesrtlyour profile will be designed depending on tize &and geometry
of the workpiece and the tool may be ill-chosemmaging thus machined surface or may even leadrtbeiudamage.
With respect to obtaining the coordinate, (o) for convex agreement can repeat the same proeeiduthe
calculations. Thus, by Fig. 5, we also have a nigib geometry developed to obtain the necessamulas for the
calculation of coordinates. These equations aesilewn in this next figure.

x, =—F.Sen @
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Ky o= 5 —r.cos@
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—
a
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(Xg,%) F=90-68
Convex profile of agreement for the y=180-(a+ f)
calculation of the coordinates (x;. ;) @=90-y

Figura 5. Determinacéo dos valores da origem parfil poncordante convexo

One of the more complex surfaces in turning ojanas the agreement (arc). The limits of their @pien are also
possible areas of interference. Depending on tlet fadius, the media may be collide, or even poedan undesirable
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finish. In this case, some tools have to be morsatige than others, aiming for a good finish. Teacave and convex
shape is shown in fig.6 respectively

The variables involved in determining the length of the court are:

r - I = cutting length (mm)

- d; = diameter major (mm)

- d; = diameter smaller (mm)

- [ = machining length (mm)

| - - - — - S iON - = advance (mm/volta)

- I" = length of the hypotenuse nscribed
= - r = fillet radins (mm)

Profile agreement concave and its dimensions Profile agreement convex and its dimensions

Figure 6. Representation of profile concave and/egrn

To analyze and detect the existence of interferemas also developed other expressions that neddtéomine
them from expressions (1) and (2) previously denmated that calculate the angpgto determine the height h. This
value is analyzed together with the function of ¥heiable y and, remembering that the function & fsinction of the
profile of the part and is the advance (increment).

The value of "h" is regarded as a maximum valuéntefrference, because as the tool moves in théhdsfpcut
depending on the support can be chosen contaasebefaching the maximum height off the surfacéheftool. This
can be seen through the schematic drawing of fighich depicts the region of interference coupliogl/support and
the resulting equations developed. The advanca tlvision comprises the length. This division provides the

location coordinates of the critical regions ofeifierence. It is estimated then the height incrérherwhich can be
seen in this figure.

where:

-a= advance

- y =function of the profile of section piece

- h = Overall heigth of the tool off critical valaue or maximum
A (n - h* =Heigth in function of advance agreement profile as piece
- 1. = nose radius

(b-y)

h—y=0 interference

Bt W =(f, - a)gg

H-y=0 interference

ISchematic drawing of the critical region of interference present coupling tool/holder

Figure 7. Schematic drawing to obtain the suppbth@ regions of interference

With this, the analysis and location of the inteehce between the support assembly with the tabtlze profile of
the part are simpler to run, it can also predicetbr interference will occur in the previous amdtprior sections of
the section which is located in the cutting edgéheftool in question. As already mentioned if €hey a coincidence
between the mathematical expressions, then thénéeiderence. This represents the physical cortattreen any part
of the overall tool/piece surface and the suppbcomplex profile (Fig. 8).

Each profile consists simply that the piece carrdggstered in the system as a section, part ofpteee to be
machined. The nomenclatukd to L12 of the example below represents the position efgction in relation to the
mounting plate of the lathe (machine tool), whetds located next to the card or the nuts afd located next to the
counter point (Fig. 8). Each section can have ehamaatical expression. The algorithm of the systas ihcrements
and loops in order to assess whether the differbat@een the functiorts h' andy is nonzero.
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Figure 8. Example of how an interference occurs/benh a tool set/support and the part surface optmaprofile

On the other hand, for the finishing operationdéemonstrated by fig. 9, the support assembly/infer this
operation is compatible with the complex profiletloé piece in question.

\
/
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Figure 9. Position Test of a finishing tool

For the choice of a cutting tool, first make sallerecords needed to manufacture the part. Theentthat defines
the machining operation, the system prompts thetifiigation number already registered and all infation regarding
this piece chosen will determine the selectionhef tool. Then we can have an idea of the algoritfithe proposed
system.

1 - With information on the workpiece material clpsthe system will assemble a list of compatilblips from wafer
table listings. If there is no chip compatible systwill report on this deficiency. The system maguire upgrading
the stock.

2 - With the list of pads mounted, defines the ni@aly operation. This operation will delete the fmds unsuitable
for operation.

3 - After screening in block 2, the system will mba second list (table) containing the supportglie tablets from
the list built in block 2.

4 - The system retrieves information about theg@@wsen for manufacturing.

5 - Set up the total length of the route wheretttod will perform. This value can be obtained bg sum of the lengths
of each section or part of the total length ofitw part.

6 - This block is intended to enumerate and coumtchips on the list and highlight, one by one, &sd all the media
chosen valid in block 3.

7 - For each wafer selected counter block 6, blbbighlight, one by one, each bracket.

8 - With the support of time, the system retrieattsnformation about the geometry and criticalnsi

9 - This block is a counter step performed everjimméter, the tool in question. It is the displacamhof the tool on the
Z axis parallel to the main axis of the lathe.

10 - The tip of the tool in position counter whiteis the contact test. This test consists of deieing the critical
points of contact support with the local sectiom®gvious and posterior. It just exists a coincigenonsidering the
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value equation section profile with the criticalu@of the support. These tests are conducted @iatbmedia selected
for each chip.

11 - The results of screening tests will be recdridea database relating to existing contacts.

12 - With the new list of contact information oktkelected tools, is emitted reports on the workimgditions of each
tool selected

It is shown, therefore, by means of fig. (10) atipo of the algorithm that the system uses to reitee whether
there is interference, a contact between the atitiegion of interference located on support as$giobl and the
workpiece surface to be fabricated. The profiléagk milling is also an important profile, giveratlsome tools are not
accessible to this type of profile. In this case value of W' can be calculated when the surfacing is in regieithin
the design of the piece.

The tool is positioned at the beginning of the section

*

From the position of the cutting edge

i
d= 4D Eabg
b= fylgg

T

H

—= a=iefy slepi,ns

I
| P-t00, o
| B = gry arig

-y

< g | there
interefer

Move the cutting 4 _ There is interference
edge, a forward for all support / tool

Figure 10. Excerpt from the algorithm that usesstymtem to check for interference

4. RESULTS AND DISCUSSION

The system was modeled before the concerns of Jens#n(2002), and Oral and Cakir (2003), in whilcl piece
is a profile of the issues that must also be ceameidl

As discussed in the methodology, information fridwe tool and workpiece must all be passed to teeesy SAPPU
fig. 11 and fig. 12. The registered data throughbet system is used to doing the calculations werg original and
proposed system. In addition, information is logbgdhe database and other subsystems may be ysbdtiprogram
and that it is not here to be discussed.
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Besides the characteristics of mechanical cuttiods, the database calls in their fields, georoetinformation of
the profile of the tools, highlighting that somel®have regions of interference is necessary &thle user measures
these values for calculations.

These requirements may seem a complex form oftexgibut can lead to a more effective tools ang Hwey
behave in relation to the cutting. The informatiegistered mostly follow the 1SO code. This was ohthe modeling
features of the display of registration informatuafrthe cutting tools.

Besides the information of the characteristictheftool linked to the subsystem selection of ogttbols, the screen
of fig. 13 shows fields that can be used for siat$ analysis for management tools. Inventory oanthe amount of
tools, among other values and can be of great itapoe for any planning system process. The submistesponse
selection of cutting tools, is automatically definey the values registered at this screen.

Although this presentation, when selected the itemplete tool, insert the fields and support ateased, as shown
in Fig.13.

g;f SAPPU - Sistema Auto

| Cadastros  Movimento

r P

6rios

(S.A.P.P.U.

Isistema Automatico de Planejamento de Processo de Usinagem

Figure 11. Opening screen of the system SAPPU
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Figure 12. Screen registration number of the praifl piece
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As the user goes registering tools, code and inpgister is constructed, the information through tlode of the
tools can be linked to other files to register.

The code generated for the register follows arioad digits, as shown by fig. 13. The order comgghe choice,
for example, code 01 from left to right represemtsellent vibration chosen by the user, then theligit refers to the
hard metal and so on.

The cutting tool has other components called amress, so if the user wants to register this imi@tion also,
through the screen registration tool can be fitesl $creen. The result of the register can be \detiweough the screen
of fig. 14 below.

L SAPPU - Sis_iema Autom3tico de Plangjamento de Processzo de Usinanem

LCadastios Movimento  Consultaz  Relatonos

I"Cadastio de Feiramentas de Corle

54 [l 3

I Incluir  Alterar Excluir  Gravar Sair

01

Sandvik

 Cadastro de Fer de Qnric -
Cadigo Descrigéo da Ferramenta Tipo
|n1n1nznzn1 01 |Ferramema Padréo ISO - FIXACAO POR PARAFUSO IFerramema Completa ﬂ
Cadigo Nome do Fornecedor Cadigo Inserto SO Cddigo Suporte I1SO

‘ [vcex110204

[svJBR2020K11

. Caracteristica da Ferramenta

Huamero de arestas disponivels (2

Angulo de posigao "kr™" [a30

vibragio Quehra Cavaco
|Ex|:elenle L‘ ISim j
Material Aplicagio
!Malal Duro j IDl'u:tEis j
Resisténcia Mecadnica
Acessibilidade Geométrica B'-

Versatil ¥ @ ﬂi
Classe "150" P-M-K-H-S N odssatis.

Angulo de ponta "Ee°” W

Raio de ponta do inserto "re"tmmj 'Uf-“_
Comprimento da ferramenta “I11"tmmj} [125,0 Ii
Comprimento do secundario “I13"{mm) W
Dimenséo do acoplamento “f1"(mm} lﬁ
Dimensio de interferéncia “f2""(mm} IIJ.IJ_

o S
Largura da haste "b"(mm} [20,00 b
—Custos ~Estogue
Preco do Suporte {US$). 133,00 Quantidade de insertos 20,00 Entrada no estoque i1,l]
Preco do Inserto {US$) 4,00 Quantidade de suporte  |1,0 Posigéo no estogue i1,l]

Figure 13. Screen record of cutting tools for tngiihe system SAPPU
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Figure 14. Screens violations result of registrafar the selection of tools
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5. CONCLUSION

The methodology proposed and developed is somewhigjue, since it is not found in review an idea of
transformation profiles in mathematical analysis.

This system offers a low difficulty compared t@ thser when it comes to data storage, since itdheern was of
an illustrative and informative system, and a wagrof attention to the importance of data as phtti@ profile.

The program also brings the relationship with psystems such as inventory control, managerbetit,related
to the database of the proposed system.

In other work there will be shown to the asseniid the relationship with other subsystems SAPPiichwis still
under construction.

The information registration is still under wapae this methodology depends on the applicatiosysibm overall
system SAPPU.

6. ACKNOWLEDGEMENTS

| thank the foundation for the research suppoth@state of Sao Paulo FAPESP and UniFOA
7. REFERENCES

Chen, S. J., Hinduja, S., Barrow, G., Automatid ®election for Rough Turning Operations, Interoaél Journal of
Machine-Tools & Manufacture, v.29, n.4, p.535-588ril 1989.

Edalew, K. O., Abdalla, H. S., Nash, R. J., A Cotepdased Intelligent System for Automatic Tool €gibn,

Materials & Design 22, p. 337-351, 2001.
Ferraresi, D., Fundamentos da Usinagem dos Mdfaesl.; S0 Paulo: Editora Edgard Bliicher, 751 p7197

International Organization for Standardization, SSlfication and application of hard cutting matksrifor metal
removal with defined cutting edges - Designatiorthef main groups and groups of application. Nor®@ b13,
2004.

Jensen, C. G., Red, W, E., Pi, J., Tool Selectiorfite-axis Curvature Matched MachininQpomputed Aided Design
v. 37, p. 251-266, 2002.

Oral, A. and Cakir, M. C., Automatic Cutting Toot¢l8ction and Cutting Tool Sequénce OptimisationRotational
Parts,Robotics and Computer Integrated Manufacturin11, December 2003. p.1-15.

Zhou, C., Wysk, R. A. An Integrated System for $gigy Optimum Cutting Speeds and Tool Replaceménts,
International Journal of Machine Tools & Manufaatg, v.32, n.5, p.695-707, may 1992.

8. RESPONSIBILITY NOTICE

The authors are solely responsible for the cortétite printed material included in their work



