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Development of a Multiple Monitoring System for Intelligence of a Machine Tool
- Application to Drilling Process —

H Y.Kim*, ] H Ahn**

ABSTRACT

An intelfigent multiple monitoring system to monitor tool/machining states synthetically was
proposed and developed., It comsists of 2 fundamental subsystems : the multiple sensor detection
unit and the intelligent integrated diagnosis unit.

Three signals, that is, spindle motor current, Z-axis motor current, and machining sound
were adopted to detect tool/machining states more reliably. Based on the multiple sensor
information, the diagnosis unit judges either tool breakage or degree of tool wear state using
fuzzy reasoning, Tool breakage is diagnosed by the level of spindle/z-axis motor current,
Tool wear is diagnosed by both the result of fuzzy pattern recogmnition for motor currents
and the result of pattern matching for machining sound. Fuzzy c-means algorithm was used
for fuzzy pattern recognition.

Experimenis carried out for drill operation in the machining center have shown that the
developed system monitors abnormal drill/states drilling very reliably,

Key Words : Intelligent Multiple Monitoring (5% tH57}Al), Motor Current (2E|AH), Machining
Sound (7141}, Fuzzy Reasoning (¥ Z8), Fuzzy Pattern Recognition (82 g ¢
A), Pattern Matching (38 ul3), Tool Wear (Z T uh8), Tool Breakage (T &)
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Table 1. Fuzzy Reasoning Rule for Tool Breakage Diagnosis

Condition States Treatment
spindle>0.8 and servo>0.8 Tool - Breakage Emergency Stop
0.5<spindle< (0.8 and servo>(.§ maybe Tool Breakage Feed Hold
0.5< servo<(.8 and spindle>>(.8 maybe Tool Breakage Feed Hold
spindle< (.8 and servo<{.8 Normal

Table 2. Fuzzy Reasoning Rule for Tool

Wear Diagnosis

Condition States Treatment
motor>0.8 and sound>>(.8 Tool Wear Tool Change
0.5<motor<{(.8 and sound>0.5 Overload Alarm
<motor< 0.8 and sound<{.5 Normal

144



LR EEL

3.3 &g AEf ZAl

APFY AL HH HEE ol&sld RHAR
AAREE Bgele ARAFZE PASETE 7AS 72
A 7IAE EFE T 24% 2¥EH Hed o
sl el PgE o) dete Aol ARHoln) 1o}
74 NC7FZ e NCEZOYe 71&8 £Md=E &
Fol] AYHEZ G EYE FAYe] AHPFA opdA| gl
ZAsE Brh 2 dFME B¢ 498 FEAM 1)
gl EEAHE s FArt 430 HaHe] Asg
A4sld o AFFE ek d2FAE o4l
®, X5y BFAGRAAE 7AES BAFOA A4t
= HeAD AR FERE oM 42 FE~
B Augs olfsla HAFES T AY HHE
gl Table 32 ZAG4H AFE d4T HAFE
TEelth, A A Agld olide] HZEER|, AW
Eridln d9Ed vAEA) 99 S W1, a9 48
g Y AYgRlA AEE 8Fdty AYL A&
By B A7eld AT Far #4E H8) 590
9] DSP (Digital Signal Processor) M &2 A4 iz
g 9t s~ He](BPF : Band Pass Filter) ¥a3&
ol gatAth. Fig. 32 WEWPAE o83 VAL vA
AAE Jepdt®,

Sound

YM3608(8) b=f 5 ¥?

LPF
15kHz

A/D
33075Hz
16 bit

=l YM3608(2) =l > Y2

|
1
L
I
|
!
|
I
!
|
l
~el YM3608(1) S v2 (=
1

I-——___*‘_-___-———————_I
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Table 3. Fuzzy Reasoning Rule for Operation
States Diagnosis

Condition States |Treatment
sound<0.5 Normal
sound >>0. 5 and motor<_{. 5 ? Alarm
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Table 4. Drill Cuiting Condition

Drill Diameter|Cutting Speed| Feedrate |Depth of Cut
(mm) (rpm) {mm/min) (mm)
4 2800 280 8
6 1900 285 11
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Table 5. Cluster Center

Cluster Spindle Z-axis

Motor Motor

Center Current Current

initial 0. 0803 0.1889

Drill small 0. 0820 0. 1861
¢dmm normal 0. 0868 0. 1858
severe 0.1073 0. 1694

initial 0. 1568 0.1129

Drill small 0. 1607 0. 1092
¢6mm normal 0. 1660 0.1086
severe 0.1765 0.1052
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