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Abstract:

In order to control the design of product/proce® manufacturing companies are directed more angem
towards the installation of tools of simulation aird particular simulation of machining. The simudat of
machining aims to simulate the operations of manokify taking into account the dispersions of maity in
order to determine the intervals of tolerances &mchinimize the manufacturing costs.

In this article we propose a model of simulation di§persions in turning based on the geometrical
specifications. Our study is articulated around twends of development: the first trend relatesthe
geometrical model. The geometrical model suggestest allow a follow-up of the geometry of the ghrting

the simulation of machining. It is thus a questioh carrying out a systematic treatment of the whole
dimensioning and tolerancing process while beingdobon the principles of tiid. method. One of the limits of
the traditional AL method resides in the one axis exclusive study dimension of a part. For the turned
workpieces for example the specification of co@yialften specified by the tolerancing activitynis taken into
account by this method. We also planned to integthis type of specification in the model of siiata of
machining suggested. It is more generally a questibextending the traditional model for betteritakinto
account the multi axis specification of coaxialityd perpendicularity on the turned workpieces.

The second trend of our study relates to the witgwif the field of application of the model. Wepose to
extend the field of application of the model byirtgknto account the modifications of several paetens of the
manufacturing process plans, likely to involve atidns of dispersions. The use of the design ofraxents
method makes it possible to quantify the influesfcthese modifications on dispersions. Integratidgth the
initial model of parameters relating to cutting atitions or the nature of the material — parametengariants in
the initial model - allows on the one hand, to ext¢he field of application of the model and allowvsthe other
hand to enrich considerably the model by simulatibdispersions of machining. This experimentadgtoased
on the model of design of experiments made it plest confirm the assumptions of invariants regairfor the
construction of the initial model. Moreover, théluilence of several cutting parameters on particespersions
of machining could be revealed and quantified.

Keywords: dispersions of machining, geometrical spifications, machining simulation,
design of experiments
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The stage of simulation of machining allows to daiithe behaviour of the operations of
the process plan considering the dispersions tthéxntervals of tolerances and to produce at
lower cost.

The first part of this article is devoted to modwjlthe dispersions in turning. We propose
to extend the traditional model &L by taking into account defects of coaxiality and
perpendicularity on a turned part.

Experimental models resulting from design of expernts make it possible to quantify
the influence of several parameters on dispersidhg detailed analysis of a model of
dispersions of machining on Z axis in the second phthis article allows to quantify the
variations of dispersions according to the evolutibthe cutting speed and the insert type.

1 Modelling of dispersions

We call dispersions of machining the geometrical dimensional variations obtained on
a set of real parts for a manufacturing process plad a given machine-tool. The supposed
sources of dispersions have several origins inquéat related to controls with the inflexion
of the tools, the cutting efforts and the geomatritefects of the machine tool. The rules
which characterise each origin of dispersions aamfovarious nature (normal, bimodal...);
nevertheless we make the assumption that the aes@ttlows a normal distribution.

1.1 Extended model suggested

Considering a shouldered part the modelling of iebaviour of a machine-to¢8] is
classically approached according to a study of paeameters oAmachinedispersions as
shown in the figure 1. These dispersions are d¢ladsin two categories: the first category
relates to dispersions of setting in position sashO, Aa, AZ,. The second category includes
dispersions of machining likAR, (dispersion of machining according to X axis) akd,
(dispersion of machining according to the Z d4ik)

T spindle

by

figure 1 : Modelling of the 5 dispersions in turgin
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We use the traditional method AL on X and Z axes to take into account the axial
dimensions and the dispersions obtained during mich The parameters are then indicated
by AZ,, AR,, AZ,. We must use new parameters to take into accdwmtgeometrical
specifications of tolerancing (coaxiality, perpendarity...): Aa andAO [7].

- Ao represents the angular defect of remachiningeptat in the jaws in turning,

- AO is the defect of concentricity (between the axithe reference surface and the
spindle axis) located at the bottom of the softgaw

- AZ, corresponds to the axial remachining error ofpthe in the part holder along the Z
axis.

The objective of the modelling of this study of rexng is to determine relationships
characterising the behaviour of the machine-todkenms of dispersions. These relations are
of the type: A, chine= Ti (P, Where Amachine iS one of the five dispersions ampd a set of

discrete or continuous product/process parameters.

1.21S0 tolerancing

ISO Standards of tolerancing gathered under the @ GPS (Geometrical Products
Specifications) provide a complete language to riechanical engineerR]. They are
adopted today by the manufacturing industry. Thenggrical model of dispersions in
simulation of machining which we propo®# takes into account the ISO specifications.

For example in the case of the coaxiality we defitlee methods of calculatiofY]
necessary in order to connect the parameters ahodel to ISO specifications.

The coaxiality relates to the relative positionttud real axis of the toleranced surface and
the reference axis. It never relates to surfacesllays to axes. The definition resulting from
the standard and its interpretation is definedriégi

Tolerance zone Interpretation

The zone of tolerance is The axis of the surface whose
- limited by a cylinder of dimension is connected to the
[ diameter 0,2 - coaxial to framework of tolerance must be

the datum axis (A) included in the zone of tolerance

figure 2 : GPS standards- coaxiality according 80 1101

This definition must be interpreted and calculatedst precisely possible to make
correspond the measurement obtained on three-diomahscoordinate measuring machine
(CMM) with the specifications of the drawing.

1.3Experimental protocol

1.3.1 Design of experiments (DOE) parameters

We defined five product/process parameters allowithg evaluation of various
dispersions. The table 1 gives the list of the metars and their associated levels.
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Parameters Type Values
Insert type N discrete P15 P35
(finish) (rough)
Nose radius (mm) Re discrete 0.40 0.80
Cutting speed (m/min) Ve continuous| 150 280
Material of the machined part M discrete A60 XC38
Feed rate (mm/turn) F continuous| 0.10 0.30

table 1: Factors and associated values

Particular interactions are taken into accounuggpgement the study (table 2).

Interactions
Insert type - cutting speed N.V.
Material — feed rate M.f
Cutting speed - material V.M
Insert type — feed rate N.f

table 2: Interactions retained between parameters

1.3.2 DOE Choice

We use the Taguchi’'s meth@][5][6] to limit the number of tests to be realisedeTh
table Lis (2") table was selected according to the criterioartfogonality and number of
degrees of freedom of the model. For each respairstedied dispersion, the order of the
experiments as well as the combinations of therpatars are given in table 3.

N° Insert type Nose radius| Cutting speed| Material Feed rate
Re Ve M f
1 P15 0.4 150 AB0 0.1
2 P15 0.4 150 XC38 0.3
3 P15 0.4 280 A60 0.3
16 P35 0.8 280 XC38 0.1

table 3: Table of the experiments (extract)

1.4Experimental results

1.4.1 Evaluation of the answers

The responses of the experiments are obtained kasumeg. The measures allow to
calculate the dispersion parametef®, Aa, AR,, AZ, andAZ, (millimetres). A reduced

sample of five workpieces is enough. The used Taitgienethod is a standardid_(2"°)
experiments 5 times repeated.

We observe two cases. The response is calculadgngt from the standard deviation
obtained by the measurements of one or severahndimes:

» Case of the response obtained by the measuremamntlypione dimension. That

relates to dispersiom80, Aa, AR,. For example, the relation relating MR, is
written:

6x (Jdiametral)sample:| /2

4

AR, :{ 1)

where G is the weighting taken in the statistical tablehef reduced samples.
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» Case of the response obtained by the measuremeseweiral dimensionsl
(standard deviation noteal). The variance of required dispersion is relatechto t
sum of the variances of dimensions concerned diimess That relates té&Z,
dispersions (0AZ,). The relations used are as follows:

2
N IEX o,
o = Z_ and thusAZ, = ()—m"'x 6 2)
V2
The necessary values to calculate the parametatismérsions (part diameters, points of

intersection...) are measured directly on the 80spastng a coordinate measuring machine.
Some of these values are only intermediates paeasiet

4

Each batch of 5 parts allows to calculate the stethdeviation of each answAE,, AO,
Aa, AR, andAZ, using CMM measurements. The design of experimamatgides in this way
16 values for each studied response.

1.4.2 Analyse and summary of the results

We carried out the analysis of the measuremengiraat on the 80 parts of thgsl(2"9)
plan definite previously to determine the paransetdrmanufacture process plan influencing
machining dispersions.

The analysis of the variance indicates that a patamis statistically significant on the
response as soon pparameter is higher than 0.05 (Level of confidemghler than 95%).

The R-squared (t makes it possible to evaluate the percentageaf eixplained by the
model. The higher the “Ris, the more the model is usable in a predictiveden A R
coefficient between ~70 and ~ 90% corresponds tacaaptable model.

2 Analysis of dispersions models

The table 4 presents the summary of the result®bdhined dispersions. Only are
presented in the table the answers for which paes\@ppear statistically significant. It is
thUS the case Of dISperSI(mRu, AZu_dressagandAZu_en_remontaﬂt

Note: One of the characteristics of the model ssggkis due to the distinction made on
the level of the dispersion W7, gressag@NAAZy en remontark/]- TWO distinct answers will then
be evaluated.

Dispersions responses Statistically significant pameters

AR, Material — Cutting speed (M Vc)
Nose radius (B

Material — Feed rate (M f)

AZ,_gressage Cutting speed (Vc), Insert type (N)

AZ, en remontant Material — Feed rate (M f)

table 4 : Statistically significant parameters
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2.1Responses modelling

For each response of the table 4, the machinimedigon can be represented in the form
of a regression function.

The obtained model by linear regression conceraRgdispersions is:

ARu=0.00876824+ 0.0182206¢< N + 0.031871% Rs + 0.000080<Vc+ 0.011876% M
+0.01941% f —0.0000424 N xVc

-0.0287376< N x f

—0.0001095<Vcx M + 0.061597K M x f

®3)

The obtained model fakZ,_gressagdlispersions is:

AZu_dressages 0.0214865- 0.00477308& N —0.005125¢< Re — 0.0000430&Vc "
+0.0015125<M +0.007x f +0.00001365% N xVc “

And the model obtained f&Z, en remontarS:

AZu _en_remontant = -0.00899519- 0.0151385< N + 0.0171875< Re — 0.0000196xVc
+0.0122423% M +0.108x f +0.0000494X N xVc+ 0.069375< N x f +0.0000153&Vcx M (5)
-0.128xM x f

These mathematical models have to be used in acpvedmode to evaluate machining
dispersions for the various combinations of proffwotess parameters defined in the table 1

[8].

2.2Representation ofAZ,, gressagemodel

2.2.1 Graphical chart

Contrary to the mathematical model resulting frdra tesign of experiments (se2. ),
the representation of thAZ, gressagedispersions model is limited. Indeed, we propose a
representation which deals with statistically sigant parameters (see table 4).

In the case o\Z, gressage the 2 statistically significant parameters are titting speed
(Vc) and the insert type (N). Thé&Z, gressage f( VC, N)

The represented surface on figure 3 shows the wamanges of variation of dispersions
according to the 2 parameters.
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\

m 0,014 -
m 0,012 -
o 0,010 -
o 0,008 -
0 0,006 -
0 0,004 -

figure 3 : 47, dressage f( VC, N)

2.2.2  Analyse of dispersions variations
The following graph in figure 4 represents the atioh of AZy gressage dispersion

according to the cutting speed (Vc) for each of 2hemodal values of the insert type (P15,
P35).

a )
0,016
0,014
0,012
0010 |
0008 \
0006 |

0,004 =O==P15

0,002

100 150 200 250 300 350
. S

figure 4 : Cutting speed influence on dispersions

a) We can see on figure 4 a considerable influeficke cutting speed (Y on the values
of dispersions obtained by the predictive modelekd the values obtained for the P15 insert
type vary from 16 to 8 um in the range of variatadrthe cutting speed. We also observe the
same trend for the P35 insert type.

The values of dispersions are lower for the P3&rintype than for the P15 insert type.
This is explained by the choice of the ranges efdhtting speed. The chosen cutting speeds
for the experimental protocol must follow 3 useerul

» The cutting speed range (Vc) must be compatiblke thi¢ manufacturers insert
types database.



IDMME 2006 Grenoble, France, May 17-19, 2006

* The limits of the machine-tool (maximum spindle efemust be taken into
account.

» The construction of a design of experiments reguinebe able to use the same
ranges of variation speed (Vc) whichever the offaameters values are (material,
nose radius, feedrate...).

In the case of the P15 insert type which is a linrssert type the used range is located
partly low (minimum speed) of the possible rangeegi by the manufacturer. Preconnized
optimal speed is higher than 400 m/min. For the iR8&rt type the totality of the range of the
preconnized cutting speed was used. The maximuoopnized speed is close to 250 m/min.

b) We observe a convergence of these dispersionthéo2 modal values P15 and P35
when it reaches the maximum values of the chosegeréor \..

For the P15 insert type this is explained by tlet faat at the convergence point the used
speed (280 m/min) approaches the optimal speed.

In the next future, we will simulate the procesampiing of a turned part using the
predictive models according to the different cgtiparameters. We will then validate this
predictive models by using a set of machined fagt parts).

Conclusion

The simulation of machining and the characterisatip the machine-tools in terms of
dispersions of machining are a necessary stageeicdntrol of the costs. In the first part of
this article we presented an extended model ofedsspns in turning based on multiaxes
defects of coaxiality or perpendicularity. It allehus to take into account a more complete
definition of the geometrical model - as well oe timensional level and on the geometrical
level. Moreover, for the five types of selectedpéisions, angular dispersions, remachining
dispersions, an experimental model was elaboratddjave us the possibility to quantify the
influence of several parameters like the type ofemal or the cutting speed.

In the second part of the article, we clarify amample of dispersions model. We showed
in experiments the influence of the cutting spegdvall as the insert type. The model which
is graphically represented allows to quantify thelues of dispersions according to the
statistically significant parameters. These reslltsv on the one hand to enrich considerably
the initial model of dispersions in which the presglan parameters were fixed. In addition
to the aspect of formalisation of a know-how, tla#pw to better characterise the machine-
tool and thus to improve the quality of the macHiparts.
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