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WYBÓR I MODYFIKACJA PARAMETRÓW SKRAWANIA W PROCESACH 
OBRÓBCZYCH Z UŻYCIEM SYSTEMU WSPOMAGANIA PODEJMOWANIA 

DECYZJI WYKORZYSTUJĄCEGO ZBIORY ROZMYTE (FDSS)

Streszczenie. W  pracy przedstawiono ideę im plem entacji systemu wspomagania 
podejm ow ania decyzji wykorzystującego zbiory rozmyte (FDSS), a opartego na 
złożeniowej regule wnioskowania. Biorąc pod uwagę fakt, że procesy obróbcze są 
stochastyczne, nieliniowe i słabo zdefiniowane, zastosowanie takiego systemu do 
wyboru i modyfikacji warunków skrawania wydaje sie celowe. Uzyskane wyniki 
potw ierdzają trafność wyboru zastosowanych m etod do ww. problemów.

THE CHOICE AND MODIFICATION OF CUTTING PARAMETERS 
IN MACHINING PROCESSES USING FUZZY DECISION SUPPORT SYSTEM (FDSS)

Summary. An idea of the im plem entation of a fuzzy decision support system 
(FDSS) based on the compositional rule of inference has been  introduced in this 
paper. Taking into account the fact that metal cutting processes are  stochastic, 
nonlinear and ill-defined, the application of FDSS to the choice and modification 
o f cutting param eters seems to be reasonable. The obtained results are realistic 
and show that the employed m ethods are appropriate for such kinds of decision 
problem s.

AUSWAHL UND MODIFIKATION DER SCHNEIDPARAMETER BEI DEN 
ZERSPANNUNGSVORGÄNGEN, WOZU DAS DIE ENTSCHLUßFASSUNG UNTER 

EINSATZ DER FUZZY-LOGIK-MENGEN (FDSS) UNTERSTÜTZENDE SYSTEM 
ANGEWANDT WIRD

Zusam m enfaßung. In der A rbeit hat m an die Idee zur Im plem entierung des die 
Entschlußfassung un ter E insatz der Fuzzy-Logik-Mengen (FDSS) unterstützenden 
und au f der Zusam m ensetzungsregel für Schlußfolgerung basierten Systems 
dargestellt. U nder Beachtung der Tatsache, daß die Zerspannungsvorgänge 
stochastisch, nichtlinear und schwach definiert sind, scheint die A nwendung eines 
solchen Systems für die Auswahl und Modifikation von Schneidbedinungen 
zweckmäßig zu sein. D ie erreichten Ergebnisse zeugen von der richtingen 
Auswahl der für die obengenannten Problem e angew andten M ethoden.
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1. IN T R O D U C T O R Y  REM A RK S

T he p ro p er choice of cutting param eters is very im portant in m odern  m anufacturing 
because it constitutes the ultim ate goal of planning and num erical control processes. A 
unified adequate  m ethod for such a choice has not yet been developed, although, since 
Taylor’s approach, many scientists and researchers have tried to  find optim al param eters 
o f exploitation of cutting tools. T he obtained formulas are m ore or less similar, however, 
due to  the existence of many uncontrollable factors, the coefficients used in these 
form ulas deliver significant imprecision in the values of the resulting param eters. This 
is mainly caused by:

- various machinability o f identical m aterials,
- differences in tool geometry, tool m aterials, surface roughness, tool clamping,
- different machine tool wear,
- various rigidity and pow er of m achine tools,
- various rigidity of machined parts,
- others.
Several com puter-aided decision support systems for the selection of cutting 

param eters based on bo th  theoretical and experim ental methodologies have already been 
developed (cf. [3]). T hese systems rarely consider such factors as p art configuration, 
condition o f the m achine tools, type of fixturing, etc. Taking into account the fact tha t the 
influence of these factors on tool life is not precisely known, it is difficult to  determ ine 
the optim al machining param eters. However, it is possible to express such practical 
knowledge in the form  o f fuzzy linguistic rules which are well fitted for processing in the 
fuzzy decision support system described below.

In this p ap er we will consider a decision problem  (the choice and modification of 
cutting param eters in machining process) which can be solved using such a fuzzy decision 
support system (FDSS), being a specific kind of software [1],

2. BASICS O F  F U Z Z Y  D ECISION  SU PPO R T SYSTEM  A ND  ITS 
C H A R A C TER ISTIC S

In this section we will recall a rule-based approach to  approxim ate reasoning process 
based on the compositional rule o f inference [10] which forms a basis o f the fuzzy 
decision support system (FD SS) developed by the authors. In this approach  we will 
consider uncertain  (im precise) knowledge as a set o f rules consisting of linguistic 
statem ents tha t link conditions with conclusions respectively [7]. Such knowledge can be 
collected and delivered by a hum an expert (e.g. decision m aker, opera to r of industrial 
com plex processes, m achine operator, physician etc.). This knowledge, expressed by a 
finite num ber ( r=  1,2,..,n) o f the heuristic fuzzy rules o f the type M IM O  (m ultiple input 
multiple output), may be w ritten in the form:

r mimo '■ if x is a P  and y  is B p  and ... and z  is d p  ^

then u is ifp , v is dp , ... , w is \dp

w here A p \  B ^  Cp̂  denote  values of linguistic variables x,y,...,z (conditions) defined
in the following universes o f discourse: X, Y ,..., Z and U k̂ r), V /r),..., Wq(r) stand for values 
of independent linguistic variables u,v,...,w (conclusions) in universes of discourse U, V, 
..., W, respectively. A  M IM O  system rule base is usually expressed in the form:
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Í? - //?d) E>(") I (2)

T he antecedent o f R WMIM0 rule forms a fuzzy set A¡(r) x Bj(r) x...x Cp(r) in the 
C artesian product X x Y x...x Z. The consequent is usually considered as a union of a 
finite set o f the independent actions. This may be w ritten as:

R = u*:MMIMO
(3)

1U ̂M/SO(u)>U  U ̂MISO(w)
r - 1  r - 1

w here R (r)Miso(.) =  R (r) stands for r-th rule of type MISO (multiple input single output) 
for the ou tpu t denoted  as (.). It can be interpreted as a decom position of the rule base 
R  into a set o f sub-rule bases {R(U-,, R ^,...,R (W)} consisting of n rules with multiple 
antecedents and a  single consequent.

Generally, in the case o f a knowledge base of M IM O system, the compositional rule 
of inference can be w ritten symbolically as:

(U\ V ,  ..., W') = (A', B 1, ..., C ' ) o R  (4)

w here R  represen ts a global relation aggregating all rules, (A ’, B ’,... , C ’) denote inputs 
and (U ’, V ’, . . . , W ’) stand for outputs.

If we employ a  knowledge base of MISO system, the compositional rule of inference 
may be w ritten symbolically as:

V  = (A ' , B ' ..C ')°R (s)
T he global relation R  now aggregating MISO system rules will be expressed as:

R  = alsor (Rw ) (6)

w here a sentence connective "also" denotes any t- or .v-norm (e.g. min, max operators) 
or averages. Symbol o stands for the compositional rule of inference operators (e.g. sup- 
min, sup-prod etc.).

T he com positional rule of inference applied to formula (5) may be w ritten in two 
forms i.e.

V  = C ' o...o(B'o(A'oR)) (7)

or
U 1 = (C 1 x . . . x B 'x A ') o R  (8)

For example taking into account sup-min (sup-prod) operations as compositional 
operators, min (prod) for implication, min (prod) for sentence connective ’and’ and max 
(sum) for sentence connective ’also’, we obtain the same inference results from both 
formulas, i.e. (7) and (8).

F our different combinations of the operations m entioned above constitute four 
d ifferent variants of the C RI and constitute the basis of the inference m echanism  used 
in our FDSS. W e will ascribe a specific symbol to each CRI variant in accordance with 
the operations used in each of them. The abbreviation of such symbol corresponds to the 
notation  used in the FDSS menu. F or the sake of simplicity we will use the m em bership 
function representation  of the CRI variants in the formulas w ritten below:
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U\u) = max sup mî minic'b) B'(y),A'(x)),mŵ i,)(x),Bf>(y),...Cf>(z).l/i'>(u))] ^
yer
zeZ

denoted  symbolically as M AX-SUPM IN-M IN-M IN (abbreviated to M A-SM I-M I) 
and

U'(u) = m a x s u p  [(C'(z)■...-B‘(y)-A\x))-{a?\x)-B”<y)•...-C,w(z) -(/fOi))]
yer

zeZ

denoted  as M A X -SU PPR O D -PR O D -PR O D  (abbreviated to M A -SPR-PR) 
and

U\u) = £  supinin[ima(C/(z),...g!'(>),A'(x)),nim(A,w(x),fi;')ty)....C,<')b),t;tw(u))] ^
" yer
zeZ

denoted  as SUM -SUPM IN-M IN-M 1N (abbreviated to SU-SM1-MI) 
and

U(U) = ̂  [(c'(d -B’(y) -A 'M) K ’« -Bjr,(y) ■... -C,wfc) • £/[%))] (12)
yeY 
zeZ

denoted  as SU M -SU PPR O D -PR O D -PR O D  (abbreviated to SU -SPR -PR) respectively.
T he use o f the sum  (plus) opera to r for the implicit rule connective "also" needs a 

justification. F or this purpose we shall additionally consider the rule connective "also" as 
an intersection. In this case we have to deal with the following inequality:

i /n  = (A ',B '....C O oO R « c f l = fl tiff  = Un (13)
r - 1  r - 1  r - 1

Next let us take into account the com pensatory operator [5],[12] being a convex linear 
com bination o f the type:

( l~ P )ix *, y ) +P'(x *s y )  (14)

w here *„ *s denote the respective t- and s-norms operators. In o rder to change the final 
conclusion U c’(u), we use the following formulas:

ifc (u ) = ( l - PyU ,r iu )+P-U \u )  (IS)

and
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u'ciii) = (1 -p y V liiO + p -u 'w  (16)
Let us notice that for param eter value p = 0.5 we get an arithm etic average which 

is proportional to  the sum (plus) interpreted as the rule connective "also". O f course, for 
param eter value p =  0 we obtain a maximal com pensation o f m ax opera to r by ntin 
operator.

Based on the considerations presented above, the fuzzy decision support system 
(FDSS) called FU ZZ Y -FL O U  (v.01) was developed at Ecole Polytechnique de M ontreal 
(C anada) and in the Technical University of Silesia in Gliwice (Poland).

T he system runs on IBM A T 286, 386, 486 and com patible com puters with E G A  or 
V G A  graphic card (V G A  recom m ended).

The inference mechanism consists of four variants of the compositional rule of 
inference described by formulas (9)(10)(11) and (12). The knowledge base may contain 
up to 300 linguistic rules. Every rule may contain up to 5 prem ises (conditions) and 2 
independent conclusions. E ach condition or conclusion may use up to 11 values 
(a ttributes) of respective linguistic variables. The identifiers of the variables and the 
identifiers of the attributes may consist of a maximum of 24 letters.

T he interface of the FU ZZ Y -FL O U  system seems to be user friendly and may be 
easily adap ted  to both  decision making and control. The program  can also process a data 
file to help in modelling and tuning a  control surface. The system is also able to 
transform  an originally w ritten knowledge base into a linguistic one for a better 
understanding and developm ent of the rule bases.

In the next section we will show an application o f the fuzzy decision support system 
described above to machining processes.

3. T H E  C H O IC E  A ND  M O DIFICATIO N  O F C UTTIN G  PA RA M ETER S IN 
T U R N IN G

Taking into account the fact that most machining processes are  stochastic, nonlinear 
and ill-defined, they fall into a category of complex processes being attractive to be 
trea ted  by m eans of fuzzy logic m ethods [2], The decision process of finding the optimal 
param eters for cutting operations also belongs to this category.

In o rder to  obtain the optimum perform ance or efficiency in machining processes 
(e.g. according to Machining D ata H andbook [8]), the following factors should be taken 
into account w hen choosing the cutting param eters in a turning operation:

- hardness o f the w orkpiece m aterial,
- depth  o f cut,
- carbon contents,
- usinability,
T hese factors allow to estim ate the standard values for cutting param eters i.e. speeds 

and feeds. However, it should be  pointed out that the optimum perform ance or efficiency 
of any machining operation  includes additional factors which have an influence on the 
values o f speeds and feeds. Variables, such as part configuration, condition of the 
machine, type of fixturing, dimensional tolerance and surface roughness etc. all affect 
perform ance. Because the effects o f these variables on tool life are not always precisely 
known, it becom es difficult to recom m end optimal param eters for the machining 
operation  [8]. T herefore the final estimation of the cutting param eters should be 
considered in two stages. First, the cutting param eters should be chosen using the 
decision support system, e.g. according to the recom m endation of M achining D ata 
H andbook. Next, in o rder to adapt the obtained param eters to a specific machine-tool-
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workpiece system, the chosen param eters should be modified taking into account the 
additional factors, for instance:

- the quality o f the machine,
- the rigidity of the machine-tool-workpiece system,
- the desired p art tolerances, 

and others.

3.1. The choice o f cutting parameters
Now let us consider the problem  of choosing the cutting param eters in turning. The 

knowledge base, used in FDSS, was build using the data recom m ended in M achining D ata 
H andbook (Turning, Single Point and Box Tools, U ncoated  Indexable Inserts and Carbon 
and Alloy Steels). However, it should be pointed out that in practice we may use any 
available data  coming from  experience (m achine shop) and/or research. F o r each factor 
(prem ise) and conclusion used for the choice of cutting param eters, the linguistic values 
(term s) are  defined. Fig. 1 shows the screen produced by FDSS, with all linguistic values 
for variables (m aterial hardness, depth of cut, carbon contents, usinability) and two 
conclusions (speed and feed).

hard

lOO 147.5 195 242.5 290 337.S 38S 432.5 480
H a rd n e ss  <8bn>
firii s h l  r>a " " &H ' " " " '" '''r'Qugh'ino'"... ;’■■■■■■■■..........      .; p o u a r  'V o u  gh~

0.05 0.135 0.22 0.305 Ü.3UCarbon content <*>__________
t  n p r o v e d rto rnaT

rer rTTTTiBfi h ioh

Fig. 1. G raphical screen representation  of linguistic values of conditions and 
conclusions for the choice of cutting param eters 

Rys. 1. G raficzne przedstaw ienie na ekranie wartości lingwistycznych w arunków oraz 
wniosków celem wyboru param etrów  skrawania
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T he constructed rule base for the choice of cutting param eters, consists of 60 rules 

instead of 120 (theoretical num ber o f all rules). Fig. 2 presents an example of the input 

data.

T he form  of the trapezoidal m em bership function used here is defined as quintuple 

(m l, m2, am , bm, hm), where:

- m l: the beginning o f the m em bership function maximum,

- m2: the end of the mem bership function maximum,

- am: the left positive distance betw een the starting point of the fuzzy set and m l,

- bm: the right positive distance betw een m2 and the ending point of the fuzzy set,

- hm: the height o f the fuzzy set.

T he input fuzzy set (m l =  4, m2 =  4, am =  0.5, bm =  0.5 and hm = 1) representing 

the dep th  of cut is shown in Fig. 2.

Menbership function

Input o b s a r u a t i o n
H i :  4
an= 0 . 5  bn« O.S t»M ■

ylrti Ü \ _
§ Lf- \  bn : . "iT.X,

bn

Rys. 2
Fig. 2. R epresentation  of the input fuzzy set of the depth of cut 
Przedstaw ienie rozmytego zbioru wejściowego dla głębokości skrawani;

Fig. 3 illustrates a  com plete evaluation of cutting param eters according to  form ula (9). 

The following input fuzzy sets were used:
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- m aterial hardness (300, 300, 10, 10, 1)

- dep th  of cut (4, 4, 0.5, 0.5, 1)

- carbon content (0.35, 0.4, 0, 0, 1)

- usinability (80, 80, 5, 10, 1)

Fig. 3. R epresentation  of fuzzy results for cutting param eters 
Rys. 3. Przedstaw ienie wyników rozmytych dla param etrów  skrawania

T he last two graphs in Fig. 3 represen t cutting param eters as fuzzy sets. A fter the 

defuzzification procedure (center of gravity) the following crisp values w ere obtained: 

speed =  106.8 [m/min] and feed =  0.51 [mm/rev]

As it was stated  above, the obtained param eters should be considered only as good 

starting points because they can estim ate the cutting param eters for the average operating 

conditions.

3.2. The modification of cutting parameters

Now we will modify the obtained param eters using the factors stated above as it is 

shown in Fig. 4.
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Fig. 4. G raphical screen representation of linguistic values of prem ises and conclusions 
for the modification of cutting param eters 

Rys. 4. G raficzne przedstawienie na ekranie wartości lingwistycznych obszaru oraz 
wniosków celem modyfikacji param etrów  skrawania

T he m achine quality and the system rigidity are defined by means of an evaluation 

scale from  0 to  100. T he machine quality range includes the following linguistic values: 

poor, m edium  and good. T he system rigidity is described using such linguistic values as: 

flexible, m edium  and rigid. The part precision is defined using a numerical scale in 

millimeters, by quality classes: class 7, class 9 and class 11. Both conclusions include the 

sam e five linguistic values: large decreasing, decreasing, ok, increasing and large 

increasing, defined in different ranges.

Taking into account the num ber of linguistic values in all conditions, the rule base for 

the modification of param eters contains 27 rules.



34 M. Balazinski, M. Bellerose, E. Czogała

W hen form ula (9) is applied, Fig. 5 presents a com plete case, with the following 

input fuzzy sets for the modification of cutting param eters:

- m achine quality (68, 71, 10, 10, 1),

- system rigidity (65, 70, 15, 5, 1),

- p art precision (0.06, 0.07, 0.01, 0.01, 1).

p o o r  h e d i u n  good

O 10 20 30 40 50 60 70 80 90 100
Machin« Quality
fl e x i b l e  ' n e d i un rig id

O lO 20 30 40 50 60 70 80 90 lOO
System Rigidity
c l a w " 7 ' " " ....... cl«**» 3 "class 11

O 0.018 0.032 0.048 0.064 0.08 0.088 0.112 0.128 0.144 0.16
Part Tolerance <n«>
larg« detodac. *“ ok I n c . large inc.

0.3 0.44 0.58 0.72 0 86 1 1.14 1.28 1.42 1.56 1.7
Speed Factor
'Xarg*,,i3ec,.‘d e c ’!'"'   ok'" inic".'"   larga Inc”."

0.55 0.84 0.73 0.82 0.91 1 1.08 1.18 1.27 1.36 1,45Feedrate Factor

Fig. 5. R epresen ta tion  of the fuzzy results for the modification of cutting param eters 
Rys. 5. Przedstaw ienie wyników rozmytych dla modyfikacji param etrów  skrawania

T he last two graphs in Fig. 5 represent the fuzzy results for speed and feedrate 

factors. A fter defuzzification, the modified outputs are  the cutting speed and the feedrate 

corrective factors, 1.228 and 1.193 respectively. If we multiply the previously obtained 

param eters by the corrective factors, the final results for the speed and feed are  131.1 

[m/min] and 0.6 [mm/rev].
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4. C O N C LU D IN G  REM ARK S

T he results obtained in this paper show that the application of the fuzzy set theory 

to  m achining processes seem s to  be quite appropriate and may lead to valuable results. 

These results a re  mainly obtained using data compression.

T he following should be taken into consideration as objectives for future research:

- the input data  should also be taken from other sources, e.g. m achine shop, research 

etc.,

- the num ber of linguistic values obtained by means of a fuzzy partition of input 

ranges should be examined deeper,

- the m em bership functions of the linguistic values m entioned above should be 

m odelled m ore carefully.
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Streszczenie

W ybór właściwych param etrów  skrawania stanowi bardzo istotny elem ent 

współczesnych procesów  obróbczych z uwagi na optymalizację warunków  eksploatacji 

narzędzi skrawających. Z e względu na znaczny stopień złożoności problem u jak  dotąd  nie 

został on w sposób zadowalający rozwiązany. W  niniejszej pracy zaproponow ano wybór 

param etrów  skrawania oraz ich modyfikację oparte  na systemie w spom agania 

podejm ow ania decyzji wykorzystującym zbiory rozmyte (FDSS), bazującym na złożeniowej 

regule wnioskowania. Baza wiedzy tego systemu może zawierać do 300 linwistycznych 

reguł, z których każda może się składać z 5 przesłanek oraz 2 niezależnych konkluzji. 

Reguły takie m ogą ujmować wiedzę operatora i jego doświadczenie w zakresie doboru i 

modyfikacji param etrów  skrawania rozważanego procesu obróbczego (np. toczenia).

B iorąc pod  uwagę fakt, że uzyskanie dokładnych modeli matematycznych wyżej 

wymienionych procesów  obróbczych nie jest możliwe (są one bowiem z natury 

stochastyczne, nieliniowe i słabo zdefiniowane), zastosowanie systemu opartego na teorii 

zbiorów rozmytych do wyboru i modyfikacji warunków skrawania wydaje sie celowe. 

Uzyskane wyniki są obiecujące i potwierdzają trafność wyboru zastosowanych m etod.


