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ABSTRACT

This paper describes an expert system on the cylindrical grinding -operations in order to
establish the optimum grinding conditions, which satisfy the maximum removal rates, considering

the several constraints of grinding power,
roughness.
operation database.

workpiece burm,

chatter vibration and surface

Specialized knowledge of the grinding operations are acquired from the actual

Coefficients in the experimental equations are obtained through the fuzzy regression model
based on the fuzzy set theory, and are stored in the actual operation database. The developed
system is capable of determining the optimum grinding conditions taking into account some

problems,
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and practical examples of implementaion are described.

Fuzzy Re-
Optimum Grinding Condition (&
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Fig.1 Architecture of the
Expert System
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Fig.2 Conceptual Structure on the Actual
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Fig.3 Surface Roughness Presented by Fuzzy
Linear Regression Model
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Table 1 An Example of the Production Rules

(RULE 1)

(frame (temporary frame? (grinding method
cylindrical plunge)))

_—

(bind? weight 0.7)

(call (write-figure—data “g-kb/data/grade-dat”
7.5 0.0 2.5 3.0 5.0 10.07 weight)))

(call ruleset grade-1)

(halt)

(RULE 2)

(frame* (select for grade-r? (grade? grade
2)))

—a

call-ruleset wheel-make-if)

call-ruleset grade-1)

(
(
(call-ruleset grade-result)
(halt)
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Fig. 10 Loci of Constant Surface Roughness
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Table 2 Coefficients for the Identified Model
Calculated by the Fuzzy Linear Re-
gression Model

Experimental Conditions :
Wheel=WABQImV:Workpiece=8UJ2

Wheel velocity, Vg=31.6m/s

Dressing lead, fd=0.2mm/rev

Dressing depth, td=0.02mm

Wheel width=38mm:Lubricant=_S5oluble type

Grinding temperature

Fuzzy Dob Dib Dab

Grade (k) |[Center]|Width [Center| Width ICenter|Width
0 0.83 0.07 0.11
0.2 }12.29[1.03(0.3¢4]0.08]10.62 (0.14
0.5 1.65 0.13 0.21

Chatter vibration

Fuzzy Dob Dib Dab

Grade (k) [Center|Width [Cenfer|Width [Center{Width
0 0.23 0.03 0.02
0.2 |1.5410.29]0.4310.04)0.38)0.03
0.5 0.46 0.06 0.04

Grinding power

Fuzzy Aop Alp Agp

Grade (k) [Center|Width [Center|Width Center|Width
0 0.38 0.01 © 1 0.04
0.2 1.74 1 0.48 [ 0.10 {0.013( 0.36 | 0.05
0.5 0.76 0.02 0.08

Surface roughness

Fuzzy Bos Bis Bog

Grade (k) [Center|Width [Center| Width Center|Width
0 0.32 0.01 0.03
0.2 0.78 [ 0.4 |0.14 10.013] 0.34 [ 0.04
0.5 0.64 0.02 0.06

ABHo) o] L= Simplex MethodEoZ T¢ 4 3
on, E 2& ZAAAH olgsE F&RAY A

g Jgd Foloh E 3% Y 138 Simplex
Methods] 23 & 7F2AE Bk 23 i
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Table 3 Object and Constraint Functions at the Establishment of Grinding Conditions

Optimum
" Conditions (or

i
W Rough Grinding _.-"

w

.Sear:lliny Process o m ‘_.. “ ‘

[eme by -

[ ", Simplex Method ~

" * "Constant Materiul
) Removal Rate

Depth of cut balpumdrev)

Feasible Grinding - -
Condition Field ~
Ry

Lurning *

Chatter
Vibration Limit

0.3 1.0
Workpicce velogity, Vw (m/s)

Fig. 13 Searching Process by Simplex Method
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Grinding Wheel=WARImV; Workpiece=5UJ2
Dressing lead=0. lmm/rev;Dressing depth=0. 02mm
Lubricant=Soluble type;Required surface roughness=>5um
Capacity of power=13. 7kW,;Burning temperature=500T
Wheel width=38mm;Fuzzy grade, k=0.5
Objective;Maximize log Z!(Z1=B - Ve - h/B)
Subject to;
Rough grinding Fine grinding
Grinding power 0. 44logh+0. 1logVw<0. 20
Surface roughness 0. 4logh+0. 1610§Vw5-0. 34
Burning 0. 83logh+0. blogVw=0. 43 0. 83logh+0. 5logVw=0. 43
Chatter vibration 0. 42logh+0. 4910gVw<0. 08 0. 421ogh+0. 48logVw<0. 08
Upper depth of cut logh (Upper) €1. 0
Surface roughness logh+1.94logVw<2. 4
e oh S e pesaseny, tokpeeSuiz | [ ey Grae
Dressing lead,fd=02mm/rev Dressing lead,fa=0.2mm/rev
Do e | e et e e
e | TS b S =
Wheel width.$=38nm Wheel "““\"'38"‘"‘
ofF ot ——

Grinding Power

Nonconforming Sio
Surface Roughness

w

Deptl of Cut, h{pw/rey)

-\
Constanrt Mn:;:rj{l L IY\
Removal Rate e \
- Feasible ‘. /
Grinding S A Rmax=10um .
- \ \\ Condition Fields ~ /-
- Py o N
A 0/
- \ e Chaner
E T Vibration Limit
: .
0.1 0.5 1.0

Workpiece Velocity, Vw(uv/s)
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Table 4 Comparision of Material Removal Rates and Grinding Conditions

standard deviations,
0Rmax=1.21~2.39
degree of freedom, n=18~30

k;fuzzy grade, c.i;confidence interval
Z!;material removal rates
per unit grinding width

Fuzzy regression model

Conventional regression model
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Rough grinding
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(h/Vw/%1)

Rough grinding
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