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In order to make best use of NC machine tools with minimal labor costs, they need to be in operation 24
hours a day without being attended by human operators except for setup and tool changes. Thus,
unattended machining is becoming a dream of every modern machine shop. However, without a proper
mechanism for real-time monitoring of the machining processes, unattended machine could lead to a

disaster. Investigated in this paper are ways to using PC camera as a real-time monitoring system for

unattended NC milling operations. This study defined five machining states

READY, NORMAL

MACHINING, ABNORMAL MACHINING, COLLISION and END-OF-MACHINING and modeled
them with DEVS (discrete event system) formalism. An image change detection algorithm has been
developed to detect the table movements and a flame and smoke detection algorithm to detect unstable
cutting process. Spindle on/off and cutting status could be successfully detected from the sound signals.
Initial experimentation shows that the PC camera could be used as a reliable monitoring system for

unattended NC machining.

Keywords: unattended NC machining, PC camera-based monitoring, image processing, sound processing
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Activities Tasks Task contents
Tool preparation Preset and assemble a tooling set and install it on the tool magazine
Preparation
Setup Setup the work-piece and set reference points using indicators and setting bar
NC- Initial setting & adjusting | Start DNC-file transfer & machining, and adjust coolant position & gain control
Machining Monitoring Watch the machining process for abnormal events (tool breakage, collision, overload, etc)
Completion Unclamping & cleaning Unclamp the work-piece and clean the table




2743 S 98 PCRIE 7] BlE

45

WS, B E AU Aol ETh A AE AUANE W NCARRG) BT 5 Y AFEL U0 <Table 3>
-7 0](internal transition)l] SJei A FE, BQHE 71, 7HE & 2 G 7S FHEL, 4 7MY AjE A RE
= AHE Holee), ol A9AY] A7 Bad AH e 2FS Bt shuhe] 7 tiate] G ARt
Eolt}t. FRA7tES A RUHY A 292 At X8 AHeR 8T & 3, vE 39 A9t 8%
202 ot 35 A% Y AR NE FEAFE AN 4% Uk BH T A5 A} AR AT E AIE 24
o Yol 7S HYRT S}, o}l A5e] A3} WolEd AUA, 3 HEH 02 of
748 A YA S <Table 2>of] YR vho} o] 9715 o]& W 71 el E WEE AJAE ABste 7hs AE B8 f
A4 o1 482 BEsEu, 53 23 Gel JEdT. e A A0 gt BeAT, & AFANE Rk
A TADILER B9 4, T2 92, 4012 49 o 4R AN B3 )19 20
A9 58 BUDS Y AAE FANFIANUE T 2 YAE A 5 ol 49 AT SR W
A, 379 " SeiM Yehte A A 1” Fol & Al 270 A HAAE Bt o & o] ‘BAF S 1% o
WS ] s 55 AT itk 1 0194011 A FEIHolEo] A et Aod o, «qA) A= A
H] 8] ZFolut Bte WA T o4 sl tigk AF= A, 2
Azt gto] =8-0] Hrh Table 3. Hypothesis and machining states
States Abnormal/Col| End of
; Normal .. .
22 BEUEH A 2H Hypothesis lision machining
The machine stops. X X (@)
<Fi >9] 712 A= < >of AolE AT Eo] uF
Flgurel ~/] 7]‘0 (—)EH Table 2 Oﬂ O‘/]L OT:E.' ] = Sparks ﬂy X 0 X
ARl g2} 29 5 Stk 3, /1% AU E BEa) 9
Smoke came out X (@) X
A 7 AR ES] B 63 ZARE, of7lo] ATHE 2 _
2ol OE A3 S0 A3 52 13 1T Ahe] Wy 74 Tool is broken X O X
0] | ,9_3}‘:]'. Noise like thunder X O X
0perator action
[machined surface inzpection & unclamping] Abnaormal
Uperator's —r> gullisiun
ompleted

ICollision symptom
[ex, GOO Collision]

perator action
[initial adjustment]

1Abnormal symptom
[wibration, flame, smoke]

ABMORMAL
MACHIMNING

?0perator action
[machine stop & resume]

END OF
MACHIMING
?perator action

[machine stop, gain control, tool change]

Notations Dlnput port

> Qutput port  —— External transiion  ---—— Internal transition

Figure 1. Definition of machining process states.

Table 2. Monitoring target and methods by NC operator

Stacus Abnormal Collision End of machining
Sense
Flame, ki Interf bet indle and
. Ame, Mo (_3 feerierence be wef:n e e Stop of table movement and spindle
Sight Tool breakage (pieces) work-piece .
. i . revolution
Spindle vibration Result: ex. clamping
. . o . . Sound difference due to spindle
Hearing Noise due to vibration Explosive noise .
revolution
Touch Continuous vibration Instantaneous shock
Smell Burning smell
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Figure 2. Monitoring system architecture.
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Figure 5. Flame and smoke detection algorithm.

Table 4. Time data collected in unattended machining(Ko, 2005)

No Start End Duration Idle Comments

(1) 7:09:43 7:09:50 0:00:07 Tool change

(2) 7:10:45 7:10:51 0:00:06 0:00:55 Length compensation
3) 7:10:56 7:49:20 0:38:24 0:00:05 First file machining
(4) 7:51:38 11:55:11 4:03:33 0:02:18 Second file machining
) 11:57:25 11:57:41 0:00:16 0:02:14 Length compensation
6) 11:57:45 14:29:35 2:31:50 0:00:04 Third file machining
7) 14:31:49 14:32:04 0:00:15 0:02:14 Length compensation
) 14:32:13 17:04:00 2:31:47 0:00:09 Fourth file machining
) 19:31:04 19:31:08 0:00:04 2:27:04 Operator: Light ON
(10) 19:31:12 19:31:18 0:00:06 0:00:04 Table movement
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