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Fuzzy Control of C.utting Ability in Superfinishing
Satoshi SAKAMOTO and Takashi UEDA

Fuzzy control is applied to the superfinishing in order to optimize the cutting ability of the stone. The
finishing performance of vitrified bonded WA stone is regarded as the fuzzy goal. At the beginning of cutting,
the stone is in the stage of cutting to get high stock removal rate. But the cutting ability is decreasing as the
finishing proceeds and is lost at the end of finishing, resulting in getting the smooth surface. A cutting resistance
is used to monitor the cutting condition of stone. The cutting ability of stone is controlled by both the stone
pressure and the amount of electricity for electrolytic in-process dressing. A water-solution type coolant and
metal bonded diamond stone are used. The main results obtained are as follows. Fuzzy control makes it possible
to give the optimized cutting ability to the diamond stone. In the first case, it is possible to get the large stock
removal following the smooth surface in a limited time. In second case, it is possible to minimize the finishing
time in which the finishing performance intended in stock removal and surface roughness is obtained. In third
case, it is possible to keep the cutting ability of stone constant for a long time.
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Fig. 1 Flowchart of fuzzy program
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Table 1 Fuzzy rules

Fuzzy production rules

Rule 1. if Fn is "SMALL” then MSP is "BIG”
Rule 2. if Fn is "MEDIUM” then MSP is "MEDIUM”
Rute 3. if Fn is "BIG” then MSP is "SMALL”
Rule 4. if Ft is "SMALL” then MED is "BIG”
Rule 5. if Ft is "MEDIUM” then MED is "MEDIUM”
Rule 6. if Ft is "BIG” then MED is "SMALL”
Rule 7. if Fn is "SMALL” and Time is "SMALL” then MSP is "BIG”
8

Rule 8. if Fn is "SMALL” and Time is "MEDIUM” then MSP is "BIG”
Rule 9. if Fn is "SMALL” and Time is "BIG” then MSP is "MEDIUM
Rule 10. if Fn is "MEDIUM” and Time is "SMALL” then MSP is "BIG”
Rule 11. if Fn is "MEDIUM” and Time is "MEDIUM” then MSP is "MEDIN”
Rule 12. if Fn is "MEDIUM” and Time is "BIG” then MSP is "SMALL”
Rule 13. if Fn is "BIG” and Time is "SMALL” then MSP is "MEDIUN"
Rule 14. if Fn is "BIG” and Time is "MEDIUM” then MSP is "SMALL”
Rule 15. if Fn is "BIG” and Time is "BIG” then MSP is "SMALL”
Rule 16. if Ft is "SMALL” and Time is "SMALL” then MED is "BIG”
Rule 17. if Ft is "SMALL” and Time is "MEDIUM” then MED is "BIG”
Rule 18. if Ft is "SMALL” and Time is "BIG” then MED is “MEDIUM"
Rule 19. if Ft is "MEDIUN” and Time is "SMALL” then MED is "MEDIUM”
Rule 20. if Ft is "MEDIUM” and Time is "MEDIUN" then MED is "MEDIUM”
Rule 21. if Ft is "MEDIUM” and Time is "BIG” then MED is "SMALL”
Rule 22. if Ft is "BIG” and Time is "SMALL” then MED is "MEDIUN"
Rule 23. if Ft is "BIG” and Time is "MEDIUM” then MED is "SMALL”
Rule 24. if Ft is "BIG” and Time is "BIG” then MED is "SMALL”
Rule 25. if Time is "SMALL” then MSP is "BIG”
Rule 26. if Time is "SMALL” then MED is "BIG”
Rule 27. if Time is "MEDIUM”
Rule 28. if Time is "MEDIUM"
Rule 29. if Time is "BIG”
Rule 30. if Time is "BIG”

then MSP is "MEDIUM”
then MED is "MEDIUM”
then MSP is "SMALL”
then MED is "SMALL"
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Fig. 7 Schematic illustration of superfinishing machine

Table 2 Main experimental conditions
Stone SD4000M (o, = 400MPa)

Workpiece S45C (HV168)
Coolant TC-800 X 50 (298K)
Frequency 900 cpm
Amplitude 1.6 mm
Revolution of work 272 rpm
Revolution of sone 3.14 rpm
Initial stone pressure 54 N

Table 3 Characteristics of coolant

Coolant TC-800
Coolant type (JIS) w2-1
Fatty acid / its derivative mass % 11
Alkanolamine mass % 13
Surface active agent  mass % 30
Rust inhibitor mass % 15
Others mass % 0.5
Water mass % 31.5
pH (X30) 8.7
Surface tension (X30, 10°3N/m) 35.5

IEffect of normal force I + I Effect of electrolysis I

W

Finishing conditions C

Fig. 8 Relation between finishing conditions
and some effects
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Table 4 Finishing aim

Stock removal Surface roughness

A 1 mm?3 0.076um and over
B 1 mm?3 0.060-0.064pum
c| 2mms3 0.060-0.064pm




A:AD=1mm3 Ra 0.076um
B:AD=1mm® Ra =0.060-0.064um
C:AD =2 mm® Ra =0.060-0.064um

mE

Fig. 12 Results of finishing performance
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