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An Expert System Using Diagnostic Parameters
for Machine Tool Condition Monitoring
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ABSTRACT

In order to monitor machine tool condition and diagnose alarm states due to electrical and mechanical
faults, an expert system using diagnostic parameters of NC machine tools was developed. A model-based
knowledge base was constructed via searching and comparing procedures of diagnostic parameters and
state parameters of the machine tool. Diagnostic monitoring results generated through a successive type
inference engine were graphically displayed on the screen of the console. The validity and reliability of the
expert system was verified on a vertical machining center equipped with FANUC OMC through a series of
experiments.
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Table 1. Format of state parameters Table 3. Format of wrong diagnostic parameters
NOGOL P O1000100 \ Vol
Thit — ~ 0bit NI0332P 00110100
NIGOZ P10000001L VoL
NID333POOOOO110

NOOI9PLOODOOO0O

N : & nupber of diagnostic ameter
N ! sequence number of stata parameter ‘equence‘ d gn par
. . P : information of 0 to 7 bit
P : information of O to 7 bit N ) )
| ¢ alare inforgation bit

., A D T T E R AdAan|e g 44 Adsta QAT & g DA
Nooos Zi:‘_i‘:;:‘: oot ottaioos :’Z;";?::Eéﬁx: 20005 ¥ 200001+ Fo] 27 Table 4 9 20 2 =oM% Table 4
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let Changer) 259 G 2= #HAd &g 2.5 55 A
o3 FF7A FEAUA L= TG LF8A 31
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.El-h:} .
Rk

0001-2-1 M1 Panel F2) Start Mutiop 0] Z)A%g 7Af®
e q-wg 21%0) A%, mnl -oia
0001-2-0 nm el ] Stast puuun o} 7}A)

Table 4. Error code list (VMC - 430 With FANUC 0MC)

2700 =)a) 7] A)A Start AI¥ 7} & o N
0001-4-1 AFF) 123} .]1?9\ qq 'ym“n} »J;‘.;. c\#:j:? e
0001-4-0 -E3)8] 1)\ foaet & 2HYr Qz}] & Eale Frror code,
No. a
0-1 4| I 5 o g
ggg}-o-o 3;: g 'i.j-'t mmgnls. \'.M- g l“ﬂ; T Type Alarmn Contents Critical
(o] Parameter 4 WAYUfE \_ - = %‘ﬂﬁl-‘l)r error
- APC Manual reference point retum is required
(Absoltte for the X-axis, -, the 6th axs : the| 310~368
199 T 5 % . |case when in the past ihe AFC baviery
ey 954 FARLiwnd ;“;:r‘") [volmge is al the level at which it is
Fig. 1 Parameter list for the specified Machine Tools dla  HeCessA 10 change the baftery, and 80
‘The overload signal is om, Lhe motar or| 400~4n6
Electric Gerve  |ETYO amplifier was overloaded, - .
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systern of the nth axis pulse coder
Aciob2bko (Breken wire alarm), and so on. 8 each
22 ."| I_l‘.\l}-l?.‘- |E‘l Interruption by illegal c¢ommand  is 600~605
ALA o] =& n o] &gl [+) occwred in PMG, o+, ladder contents
e AdnEeee] Feje Table 2 & 22 PMC alarm [20007ed In PG, -, ladder contents
AL =g 3 a] =z el R exceeded, and sc on, 1 each
342 A= 3 300 A4S AdAee|elt 34714 Overteas [Master PGB s overheated and spindle| 700, 704
a7 A o P oo BE (o3 A overheat is detected by  spindle
28 Al A=) it 7 HrE g HE (o) 3 dam (et fs  det o
HU|E) &=7} 72} A n|E B il 8 /X glom Overtravel 1o exceed the (1) stroke limit| _
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g & vt
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Form I'Ight gl’lOSth P meter E;;;Tt«[a‘m memory PC board was disconmected
Etc. (For model C),_gnd so0 o 1 each
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N10333P0O0O0O01011

Bte. ATC .
N i sequence numbor of diagnostic psrameter Normal | operation |V MOB signal

P : information of 0 to 7 bit

2 each
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Fig. 2 Inference engine in the developed system

while ( forever ) (
do (
One block Parsing:
H{ Check End File ) Gown finial;
] while { Check the Character m One Block);
Imtislize of Block Position ;
while( Forever) {
Capitalize One Charucter Selected the File for Comparison;
switch (Case of Cupital Character) {

cAse "N't Bave Nurnber of Parumeter
casa ‘P't Save Bivery or Demmal value of Parameter
case 0’ End of Switch (Cleck the Charucter);
casn \n'
defaalt

}

Go ta CHECK_LINE
¢ End of Switch (Check the Character);

)
Comparison of Decimil Typea(Sucesave Type Model based Inference Engme):
finad ¢ End of while ( forever ) ;
}

contintegd

Fig. 3 A part of comparison algorithm
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Struct ParaNum {

int *parameter_numberl:
int *parameter_number2:
char parameter_Nflag:
char parameter_Pflag:
int information bit(9);
int model flag( );

int net number:
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IF ( Constraint conditions of Model flag == OK )
THEN

{event A}

ELSE ( " Model flag )

{event B : } €)
ENDIF
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)

IF ( Model Based Knowledge (Ki) ==

Successive Type Inference

( Netl A Net2 V Net3 - - ) )

{ Search Ki:

Beep function:

update model_flag;

Screen display function: }
ELSEIF ((Kk) == Successive Type Inference

(Net))

THEN
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Fig. 7 Architecture of the developed expert system
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Fig. 9 Receiving procedure of diagnostic parameters
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Fig. 10 Alarm tackle and alarm signal for open circuit in z-axis

« & FiezE

N -
KR ALY
v % FEALY
L] * ,}‘IE‘.
x & )=
* 3 Bl
R R S

NASTER P B (tvmrfion vick eg A !
o &ﬂ*ﬁf;ﬁng:‘ ioatd 2 RaLich PR Bef o4l

Fig. 11 Alarm tackle and alarm signal for overheat. of master PCB
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Fig. 12 Alarm tackle and alarm signal for overtravel in z-axis
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Fig, 13 Alarm tackle and alarm signal for Hard QT in z-axis
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Appendix 1

Mechanical Alarms of Overtravel in x, y and z axis & Diagnostic Parameters of Normal State

No. of Parameter| Overtravel in x| Overtravel in y| Overtravel in z | Normal state
N10332 11100010 11100010 00110100 10011110
N10333 00101011 00101011 00000110 00001011
N10337 01101011 01101011 00011100 00011100
N10338 00011011 00011011 01110100 01110100
N10342 11100010 11100010 10111110 11001010
N10357 10110001 10110001 00001111 00011000
N10358 11111101 11111101 00000110 00001100
N10332 01011000 01011000 00110100 01000000
N10383 00001001 00001001 00000101 00001011
N10387 01101011 01101011 01000111 01010100 |
N10388 00001001 00001001 00000101 00001011
N10392 10000010 10000010 01011111 (1100010
N10393 (0001001 00001001 00000101 00001011 |

| N10397 10001110 10001110 01101011 01110110
N10398 00001001 00001001 00000101 00001011
N10402 10100001 10100001 01111110 10001001
N10403 00001001 00001001 00000101 00001001
N10407 10111011 10111011 10011001 10100100
N10408 00001001 00001001 00000101 00001011
N10412 11001101 11001101 10101100 10110110
N10413 00001001 00001001 00000101 00001011
N10417 11011010 11011010 10111001 11000010
N10418 00001001 00001001 00000101 00001011
N10422 11011010 11011010 10111001 11000010 |
N10423 00001001 00001001 Q0000101 00001011
N10427 11100101 11100101 11000100 11001101
N10428 00001001 00001001 00000101 00001011
N10432 00001110 00001110 11101101 11110111
N10433 (0001010 00001010 00000101 00001011
N10487 01010111 01010111 00100010 00100010
N10488 00001010 00001010 00000000 00000000 !
N10592 00000000 00000000 11111111 11111111
N10593 00000000 00000000 11111111 11111111
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