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Jevelopment of Diagnostic Expert System for Machining Process
Failure Detection

Song-Min Yoo*, Young-Jin Kim**

ABSTRACT

Fault diagnosis technique in machining system which is one of engineering techniques absolutely neces-
sery to automation of manufacturing system has been proposed. As a whole, diagnosis process is explained
b two steps: sensor data acquisition and reasoning current state of system with the given sensor data.

Flexible disk grinding process implemented in milling machine was employed in order to obtain empirical
manufacturing process information.

Resistance force data during machining were acquired using tool dynamometer known as sensor which is
ccmparably accurate and reliable in operation. Tool status during the process was analyzed using influence
diagram assigning probability from the statistical analysis procedure.

Kzy Words: Expert system (A&7} Al28), Fault diagnosis(e]’g3d),
Flexible disk grinding process(+A4tl 23 A4743), Tool status(FT3E)
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Table 1 Warning limits calculation

Stdev Curve fitting ed.

Ustdev : y= —0.0289%°+0.8784x+181.19
Mean : y= -0.0317x*+1.174x+161.3
Lstdev : y=-0.0345x"+1.4696x+141.41
Ustdev : y=-0.0646x"+1.1242x+392.07
Mean @ y=-0.0252x%+0.2238x+304.73
Lstdev : y=0.0142x>-0.6767x+217.39
Ustdev : y=-0.0079x"+0.1664x+78.096
Mean : y=-0.0041x%+0,1104x+69.07
Lstdev : y=-0.0004x"+0.0645x+60.043
Ustdev : y=0.0251x"-0.7328+140.04
y=0.032x%-0.834x+113.27
Lstdev : y=0.039x°-0.9352x+86.497
Ustdev @ y=-0.0229x%+0.7747x+80.47
Mean : y=-0.0242x>+0.8866x+61.553
Lstdev : y=-0.0255x°+0.9985x+42.636
Ustdev @ y=-0.0264x°+0.7308+161.92
Mean : y=-0.0302x%+0.9103x+130.25
Lstdev : y=-0.034x%+1.0898x+98.568
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Fig. 1 Mutually exclusive and collectively exhaustive events
space in a universal sample space

Fig. 2 Influence Diagram for Fig. 1

149

Absorb 1 into S
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Fig.3 (a) Topological transformation of sensor-based infer-

ence with Goal:Pr(F |S)
(b) Functional evaluation of sensor-based inference with

goal:Pr(F|S)
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Table 2 Process conditions

£ ) E3 4
444 A% #36, #50, #100
2¥E9 YE&x 600(rpm) 5. Zn ol &
olG&E 185(min/min)
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Table 3 Experimental output using Influence Diagram

PriM | Fy)
Fx M
A9 1,49 2| 493
Low True 0.0001 | 0.0004 | 0.0031
Normal | True 0.0001 | 0.0110 | 0.0039
High True 0.3055 | 0.8014 | 0.8110
Low False | 09999 | 09996 | 0.9969
Normal | False | 09999 | 09890 [ 0.9961
High False | 06845 | 0.1986 | 0.1850
PriM | Fy)
Fy M
49 1| d¥g 2| 493
Low True | 00001 | 0.0004 | 0.0004
Normal | True 0.0001 | 0.0110 | 0.0001
High True 0.3068 | 0.8014 | 0.8161
Low False | 0.9999 | 09996 | 0.9996
Normal | False | 09999 | 09890 | 0.9999
High False | 06932 | 0.1986 | 0.1839
PriM | Fy)
F, M
Ag 1|48 2| d¥3
Low True 0.0001 | 0.0004 | 0.0004
Normal True 0.0001 | 0.0004 | 0.0006
High True 0.3070 | 0.8160 | 0.8156
Low False | 09999 | 09996 | 0.9996
Normal | False | 09999 | 0.9996 | 0.9994
High False | 0.6930 | 0.1840 | 0.1844
Table 4. Final output for sample data
ol ¥ 441 442 Y2
P(M) 067 0.86 0.84

A81: depth of cut 3mm, grit size 36
2142 depth of cut 3mm, grit size 50
4 ¥3: depth of cut 3mm, grit size 100
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Fig. 11 The flow chart of tool wear monitoring and diagnosis
algorithm
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