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Discrimination of Grinding Wheel Surface by Means of Neural Network Technique

—Studies on In-process Evaluation of Grinding Wheel Surface—

Akira HOSOKAWA, Masato ODA, Kazufumi MASHIMO,YKunio SAKUMA, Keiji YAMADA and Takashi UEDA

In this study, a new technique of in-process evaluation of the wheel surface is proposed. Five specified wheel surfaces are

prepared as the references via the appropriate dressing procedure, and grinding sounds generated by these wheels are discrimi-

nated by analyzing the dynamic frequency spectrum with a neural network technique. In the case of conventional vitrified-

bonded alumina wheel, grinding sound can be identified under the optimum network configuration in such that learning rate is

0.0029 and number of hidden layer is 420. This system can recognize instantaneously the difference of the wheel surface in a

good degree of accuracy insofar as the dressing conditions are relatively widely changed. In addition, the network perceives the

wheel wear because the grain tips are flattened as grinding proceeds and the grinding sound resembles to that of the wheel

generated with lower dressing feed.

Key words: grinding wheel surface, in-process evaluation, grinding sound, neural network, dressing, vitrified-bonded alu-

mina wheel, grinding force, surface roughness
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Fig.1 Schematic illustration of experimental arrangement
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Table 1 Experimental conditions

Grinding wheel A60K7V (205x20x31.75 mm)
Ve=42.5 %, V=49.0 %, Vp=8.5 %
Workpiece - S55C (400HV20)
Length Ly 50 mm
Width b 10 mm

W

Operating parameters
Wheel speed v 25 m/s
Work speed Vy 10 m/min
Depth of cut a 10 ym
Grinding fluid Water-based solution (1:50 in water)

Table 2 Dressing conditions for formation of reference wheel

Condition No. | Dressing feed Condition No.| Dressing feed
Ny sy pm/rev Ny 5q um/rev
m 10
(¥)] 20

23

® . " 7
5 100 (45) 200
[ 300

Wheel speed: v, =25 m/s

Dressing depth  ag =10 pm x 5 passes

Grinding fluid:  Water-based solution (1:50 in water)

Dresser: Single-point diamond dresser
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Fig.2 Variations of grinding force components and sur-
face rougness with dressing conditions
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Fig.3 3D roughness images of the work surface ground with five
reference wheels which are dressed by different dressing feed
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Fig.4 Frequency spectra of the grinding sounds for
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Fig.5 Neural network structure
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Table 3 Parameters of neural network configuration

Structure Multiple layer network
Architecture Feed forward network
Learning rule Error back propagation (EBP)
Number of hidden layer 1

Neuron model Static analogue model
Transfer function Log-sigmoid

Number of neurons in input layer 201

Number of neurons in hidden layer 50 - 500

Number of neurons in output layer 5

Learning rate 5x107% - 4x1073
Maximum number of epochs 5000

Error goal Sum-square error =0 .1

Fig.6 Learning result of the neural network constructed
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Table 4 Result of grinding sound discrimination

Input sound Result of discrimination

(Number of outputs in 10 experiments)
Ny 54 (um/rev) O @ €) @ 3
[4)) 10 : 8 2 0 0 0
(¥3) 20 10 0 0 0
3) 50 2 0 8 0 0
()] 100 0 0 0 10 0
©) 300 0 2 0 0 8
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Fig.7 Variations of grinding force components and
surface rougness with dressing conditions

Table 5 Result of discrimination for unlearned wheel conditions

Input sound Result of discrimination
(Number of outputs in 10 experiments)
Ny sq(pmirev) @ @ (€)] @ )]
23) 35 0 0 9 1 0
(34 75 0 0 0 8 2
45) 200 ] 0 0 3 7
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Table 6 Result of discrimination for worn wheel

Input sound Result of discrimination
(Number of outputs in 10 experiments)
¥, (mm®) 0] @ 3) @ &)
0 0 1 2 7 0
10 0 0 6 0 4
20 0 1 7 1 1
30 0 1 7 1 1
40 0 0 6 0 4
50 0 0 9 0 1

The initial wheel condition is (4): s4 = 100 pm/rev
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