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Fuzzy estimation of minor flank wear in face milling

Tae Jo Ko,* Dong Woo Cho**

ABSTRACT

The flank wear at the minor cutting edge significantly affects the geometric accuracy and

surface roughness in finish machining. A fuzzy estimator based on a fuzzy inference algo-
rithm with a max-min composition rule is introduced to evaluate the minor flank wear
length. The features sensitive to minor flank wear are extracted from the dispersion analysis
of a time series AR model of the feed directional acceleration signal. These features, disper-
sions, are used for constructing linguistic rules, and then the fuzzy inferences are carried out
with test data sets collected under various cutting conditions. The proposed system turns out
to be effective for estimating minor flank wear length.

Key Words : Tool wear(277H%), Minor cutting edge(®A4Hd), Minor flank wear (&9 v}
®), Fuzzy estimator (AAIM7F71), Fuzzy inference (HA58), Feature($3)
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Fig. 1 Burface obtained by plane-chamfered milling
cutter inserts and tool geometry
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Fig. 2 Preprocessor and fuzzy estimator structure
for the evaluation of tool wear length
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Fig. 3 BSeven possible fuzzy subsets and membership function shape of input and output linguistic variables in

the universe of discourse
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Fig, 4 Fuzzification, the max-min composition of inference and the defuzzification procedure
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Table 1 Cutting conditions for estimation experi-

ments
Group C“”?,‘gg)p ced (ﬁ.ﬁ?ﬁﬁﬁ) Dep(tll:n(')nf)Cut Cutting Fluid

1 350 20 0.5

2 650 20 0.5

3 1100 2 05 |

4 1100 20 0.3 Dry

5 1100 20 0.8

6 1100 40 05

7 630 40 05

8 650 40 0.3
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Table 2 Fuzzy rule for estimating tool wear length (cut-
ting group 4)
2nd dispersion

NB | NM | NS ZO | PS | PM | PB
NB | NB | NM | NM
NM NS NS NS
g
3 | NS NS | Ns | ZO
&
2
= | ZO ZO | ZO | ZO0
-
PS PS | ZO | PS
PM PS PS PS
PB PS PM | PB
L
B
H
3
3
-~y
8§
4
-
“h

Fig. 11 Output wear length vs. all the combinations
of values of the two input state variables
(Table 2)
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Fig. 12 The comparison between estimated and mea-

sured values(cutting group 4

Table 3 Fuzzy rule for estimating tool wear length (cut-
ting group 1-8)
2nd dispersion

NB |NM | NS | ZO | PS | PM | PB
NB| NB | NB | NB | NB | NM
NM| NB | NS | NS | N§'| NS | N§ | NB
g
% | NS|PB|PB|ZO | PM| ZO | PS | PS
g
S |zo| ps|PB | PB | PB| PB|PB|PS
-
PS | NB | NS | ZO | PB | PB | PB | PS
PM NM | NS | NS | PS | PB | PB
PB NB | NS | ZO | PS | BM
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Fig. 13 Output wear length vs. all the combina-
tions of values of the two input state
variables(Table 3)
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Fig. 16 The performance of the fuzzy estimator
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