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Conceptual Design of Cutting System by Qualitative Reasoning

ABSTRACT

Computer aided conceptual solution of engineering problems can be effectively implemented by qualitative

reasoning based on a physical model. Qualitative reasoning needs modeling paradigm which provides intelligent

control of modeling assumptions and robust inferences without quantitative information about the system. We

developed reasoning method using new algebra of qualitative mathematics. The method is applied to a conceptual

design scheme of an adaptive control system of cutting process. The method identifies differences between

proportional and proportional-integral control scheme of cutting process. It is shown that unfeasible investment

could be prevented in the early conceptual stage by the qualitative reasoning procedures proposed in this paper.
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qval = ( <lj, Ij>,1j, P1 ),if f(t) = 1j, a landmark value

[

=

<gval,qdir>

(<lj.lj+1>, centroid, PL ), if f(t)  [1j,lj+1] and Jeft-centroided

( <Ij,j+1>, centroid, PC ), if f(t) 1 [1,]j+1] and centered-centroid

( <lj,Jj+1>, centroid, PR ), if f(t) I 1j,}lj+1] and right-centroided;
qdir = +L (positive large)

+N (positive normal)

+8 (positive small)

O(near zero)

-S (negative smatll)

-N (negative normal)

-L (negative large)
Possibility Distribution
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Fig.1 Possibility Types of Centroid-oriented Interval
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Iy = (<ab>8.pp € Ig [ =(cd>§,pgy € Ig of Hate] &
} zko] A olgeh

Ity =(<maxx € |[x<8+¢{,mnx € |[x=3+¢> 3+&,p)
Ii-ly =(<maxx € [x<38-f,minx<€ |x28-¢ > 5-¢,p)
[ XIp=(<maxxE |[x<5*{ minx& |[x=28*¢ > 8*L,p)
Iy =(<maxx € |x<8/¢, minxE |x=8/§ > §/&.p)

2 7 (equivalence class)) B =1 =(<ab> 3,pp € Ig,

Iy=(<cd> &, py € Igol Wasta] 4:2ke] AAL 21 7

A X7 w8 AE AFgs
AE Felg wW oed ol BEES & & ok

Al:x+y=y+x

xt+ty=(<maxb<€ |b< ¢+f, minbe |bza+p > a+8.p)
=(<maxb<E |b< f+a,. minbE b= B+a > fB+ea.p)

=y+x

A2 (x+y)+z=x+(y+z)

(x+y)+z

=(<maxb&|b=<(a+g)+y, minbE |bZ(a+f)+y>(a+8)+7.,p)
=(<maxb&|b< ¢+ B +7). minb< b= aHB+y > e+ B+7)p)
=x+(y+tz)

A3: JO0€Igst VXEIgx+0=x

0&1Ig = (<0,0>,0,p1)

X+0=(<maxb& [b< a+0, minbE | b= o+0> «+0, p"
S(<maxb& |b< o, minbE |b=e> a,p)=x

Ad: VxSIgdlwElIgst. x+w=0

W= (<maxb& |b=<-o . minbt |b>-¢ > -2 ,p)
X+w=(<maxb& |b< ¢-a, minbE [b=ce-0 > o -o,p)
=(<0,0>,0,pp)=0

AS:x*y=y*x

Xx*y=(<maxbE [b< z*f minb&E [b=g*g > a*f.p)
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=(<maxb& |bs g*a . mindbE |b=f*a > B*a,p)

=y*x

A6 (x*y)*z=x*(y*z)

x*y*z

=(<maxb&b<(a*B)* 7y, minbE |[b=(a*B)*y >(a*B)*y p)
=(<maxbE b= a*(B*y), minb& [b=a*B*y)>a*(B*r)D)
=xX*(y*z)

A7 J1E€Igst. VxEIgl * 0,x*1=x

1€Ig = (<maxbE |b=1,minbE |bl>1p))

X*¥1=(<maxb& [b< @¢*], minb& [b=a*1> o *1,p)
=(<maxb& |b= e.minbe |b=a > e,p)x

A8 VxElgIlwElgst. x*w=1

wi=(<maxb& |b<l/e¢,minbe {b=Ve > /e ,p)
X¥*w=(<maxb< |b< ¢/e, minbE |b=a/a > ala,p)
=(<maxb€& |b=1, minb& |bl>1pp=1

A x*(y+z)=x*y+x*z

X*(y+z)

=(<maxbE= a*(B+7), minbS b= @ *(f+7)> a*(B+7).p)
=(<maxbE€b< a*f+a*y minbEb= a*f+a*y>p)

:X*y+X*Z
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p (x,y) =pseudo_centroid(x) - pseudo_centroid(y)
pseudo_centroid(x)= x = (<ab>, 8 p,)E1gl Wstyq b} o]
A ol gt}
pseudo_centroid(x) = a + (b-a)/4 if (p, =pr, )
=a+(®-a)2if(p3=pc)
=a+ 3(b-a)/4if (p, = pR)
=aif(py=py)
i) p(xy) = pseudo_centroid(x) - pseudo_centroid(y)
=po(xy) =0
ii)yx=y <
0 (x,y) —pseudo_centroid(x) - pseudo_centroid(y)= 0
iii )pseudo_centroid(x) - pseudo_centroid(y)
= pseudo_centroid(x) - pseudo_centroid(y)
Zoxy)= pyx)
iv) pseudo_centroid(x) - pseudo_centroid(y)
< pseudo_centroid(x) - pseudo_centroid(z) +

pseudo_centroid(z) - pseudo_centroid(y)

2oy < P2+ P2y
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MONO+( Feed_Command, Error )
MONO+( Feed_Rate, Feed_Command )
MONO+( Dummy_X. Feed_Rate )
MONO+( Dummy_Y, Depth )

MULT ( F_real, Dummy_X, Dummy_Y )
MONO+( F_signal, F_rcal )

depth of cut

F_ref

MINUS
(error,F_ref,
F_signal)

MONO+
(X.feed)

MONO+
(Y.depth)

MULT
(F_real,X,Y)

F_signal

T P
+
 N—

Fig.3 Qualitative Modeling of ACC system for CNC machine

with a P-Controller
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force
error
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command

feed

MONO+
(X, feed)

MONO+
(Y,depth)

MULT
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(error,F_ref,
F_signal)

F_signal F_real

MONO+) g
T SN

Fig.4 Qualitative Modeling of ACC system for CNC machine

with a PI-Controller
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MONO+( Dummy_X, Feed Rate )
MONO+( Dummy_Y, Depth )

MULT ( F_real, Dummy_X, Dummy_Y )
MONO+( F_signal, F_real )
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Fig. 5 Qualitative Behavior of Machining Parameters

for ACC system with a P-Controller
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Fig. 6 Qualitative Behaviors of Cutting Parameters

with a Pl-controller (case 1)
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Fig. 8 Qualitative Behavior of Machining Parameters

with a PI-Controller with Fluctuation (case 3)
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with a PI-Controller using QSIM
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