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DAL OF RECEIPT v
" APPARATUS AND METHOD FOR DIAGNOSIE OF

..........

ABNURMALITY IN PROCESSING EQUIPMENT

BACKGROUND OF THE INVENTION
The present invention relates to.an apparatus and a
method for automatically ai_agnosing any abnormality such as
fault or trouble in a pﬁocessing equipment and outputting
.an adequate instruction which cpritributes to a proper
corrective action of a -user. |
| It is obsexved_ of late that automation is in rapid .
- progress with regerd to .prob::essing ‘equipments where |
| produetion.bf 'desired articles is performed by successively
executing a series of sequences which comprise, for. o
example, execution of a predeterm.ned process, carxiage of
the articles to a next process:.ng section, and execution of |
a -;gres_et,s_tep.-therein, whereby the processing steps in
- serial proé.uction and so forth are executed substahtial_ly
in a full automatic mode according to a program prepared in
a controller for cont:relling the processing equipment.
| The controller employed in such pr::cessing
equipment is ¢alled PLC (P_:ograrmable Logie Controller),

where a program for controlling a series of processing:
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.'pﬁdgﬁﬁs%ﬂﬁﬂﬂtﬂw%rd tSQNYpﬁé‘Eeéé%aﬁéy eqw pnents wher e production of desired
articles is performed by successively executing a series of- sequences which
conprise, for exanple, execution of a predeterm ned process, carri-age of
the articles to a next processing section, and execution of a preset step

- therein, whereby the processing steps in serial production and so forth are
executed substantially in a full automatic nobde according to a program’
prepared in a controller for controlling the processing equi prent. The
controller enployed in such processing eqU|pnent is called.PLC
(-Programmabl e Logi ¢ Controller),

steps is incorporated. This program is prepared by a user
in a ladder language which is different from any ordinary
language'used normally in computers. |
| Since this program incorporated in a PLC is
intended to be used for controlling a sequence, the program
can be so pﬁepared that,_when any abnormality such as fault
haé occgrred in a_processing equipment, an alarm is |
generated to indicate the fact of occurrence of such fault
as a poition of the sequence, but it ié difficult to
include, in the proéraﬁ, an abnormality diagnosis which
instructs Ehg.usér ﬁo perform a_requireé-action'against the
faulty portion'or the faﬁlt itself. Further, any fault
'capable of generating an alarm neecds to ‘be pred;ctable 1n
the process;ng_equipmgnt, ‘and no alarm can be generated at
all with regard ﬁo any nonpredittéd_ébnorﬁélity. _
"Therefqré the user himself needs to perform a fault’
~ diagnosis but, since tﬁe latest procesging équipment is
;complicated, it is @ifficult even for a skilled person to
achieve an exact fault d;agnosis. Foxr thls reason, there
1s. currently adopted a method which carrieé out fault -
diagnosis in a processing equipment by the use of a'siand—
alone computer.
In this case, a so-called expeft system is

frequently employed as software for fault diagnosis. This

i
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incorporated. This programis prepared by a user in a |adder |anguage which
is different fromany ordinary | anguage used normally in conputers. Since
this programincorporated in a PLCis intended to be used for controlling a
sequence, the program can be so prepared that, when any abnornality such as
fault has occurred in a processing equi pment, an alarmis-

expert system relates to one of.artifieial'intelligence
~ application fields and, by previously incorporating

.knowledge end know-how of solution in a computer; assists
services ét a.level equivalent to or highe; Ehan that |
attained by a skilled person or a human expért.

In the use of this ~expert system for fault
dlagnosis, knowledge requlred for such diagnosis is
inputted previously in a computer. Aand in practical fault
diagnosis, the computer successively asks the user some

- qQuestions with.regard to the‘fault. Ihenlthe-user ‘
.sucdessi@ely inputs into the computer the answers to. the
'ques;ions._ Subsequently.the_cqmputer-diagnoses the fault
f;am.the information inputted by fhe user and on the basis .
of the knowledge aﬁd know—how;(knowledge data base) stored
in the cdmputer itself, therébyjfinding a means of solution
aﬁd_qutputting the resultant information to the user. |
| As mentionediabove,,the-conventidnal abnormality
 diagposis-system known heretofore is based on the premise
that the knowledge required for the diagnosis needs to be
previously inputted into the computer, ana the user should
answei the'questioné outputted from the computer employing |
. the expert system. Consequently, it is necessary for the
user to be.weli acquainted with the construction of the

 processing equipment and the sequence, hence-raising some
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ged&?@t 2Re88o 18ﬁ&§?‘&ate59¥¥ T{act ﬁof occurrence of such fault as a portion of
the sequence, but it is difficult to include, in the program an -

abnormal ity diagnosis which instructs the user to performa required action
agai nst the faulty portion or the fault itself. Further, any fault capable
of generating an alarmneeds to be predictable in the processing equi pnent,
and no alarmcan be generated at all with regard to any nonpredicted
abnornmality. Therefore the user hinself needs to performa fault diagnosis
but, since the | atest processing eqU|pnent is conplicated, it is difficult
even for a skilled person to

problems that the relevant system is not exactly handleable

by any o;dinary person.and the period of ‘time from

occurrence of a trouble tc a halt of the .processing

equipment is rendered 1ong.

In view of the above clrcumstances, the present
applicant proposed, in Japanese Patent Application'Nb..Hei_
5-219122, an abnormality'diagﬁosis system wherein a
ccmputer is connected,to a PLC for controlling tte
operation of a processlng equipment, then any abnormal
state in the processing equlpment is detected automatically -
by the computer, and the result relatzve to the detected_
abnormal state is displayed.

The computer in such proposed abnormallty diagnos;s
system analyzes a program acquired fram the PLC while |
iacquxring input/output data relatzve to the operat:on
'sequence of the processxng equipment then detects any
abnormality in.the-proce551ng equlpment from the acquired
data and the result of the analyszs in accordance with the
knowledge data base of an expert system and so forth
provided in advance, and supplies to the user the
information indicative of the detected abnormal state.

However, the abnormality diagmosis sﬁstem in the
related art mentioned above is the one eﬁploying an expert

system, and it is based on the premlse that the expert

the expert ——
& heet Has B“ﬁ \Iiﬁﬁ(\:ed
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adopted a nethod which carries out fault dlagn05|s in a processing
equi pnent by the use of a stand- alone conputer. In this case, a so-called:-
expert systemis frequently enpl oyed as software for fault diagnosis. This
3 expert systemrelates to one of artificial intelligence

system needs to be previously informed of the structure. of
the program in the PLC, whereby the general-purpose

usability thereof is insufficient.

SUMMARY OF THE INVENTION |

It is an object of the present invention to provide
an apparatus and a method contrived for diaénosis of
abnormality in a processing equipment without the necessity
of employing any expert system'and handleable with facility
even by a nonprofessional user while being abundant in
general-purpose usabzl;ty.

Accordzng to one aspect of the present invention,
there is provided an abnormalzty dlagnosls apparatus
wherein a.computer is-connected to a programmable logic
controller for c°ntrolling the aperatlon of a proce351ng
equipment which. repeats a predetermined sequence of a
plurality of steps, wvhile monitoring 1n£ozmation from the
processing equipment”chenged~in accordance with the ‘
operation in the processing equipment,.thereb§‘

~ automatically detecting any-aﬁnormal state in the
proceesing ecuipment. |

Tne computer comprises memory means for previoucly
stor:ng changes of the information of at least one sequence

frem the proce531ng equipment in its normal operation; and
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appllg%%tzﬂ%ﬁ'ﬁ f‘@%@ ancio“%y“%rev?%usl y incorporating know edge and know how
of solution in a conputer, assists services at a-level equivalent to or

hi gher than that attained by a skilled person or a human expert. In the use.
of this expert systemfor fault diagnosis, know edge required for such
di agnosi's is inputted previously in a conputer. And in practical fault
di agnosi s, the conputer successively asks the user sone questions with
regard to the fault. Then the user successively inputs into the conputer
the answers to the -questions. Subsequently the conputer -di agnoses t he faul t
autoznatic analysis means for acquiring the information from
the processing équipment during its halt caused upon . |
occurrence of any abnormality in the equipment, then
comparing the acquired information with the information
st;oréd previously in the mémory meané, and executing an
analysis 'of the abnomal -.sta.te on the basis of the result
of such comparison. |
Ac'coi‘ding_ to another aspect of i:he bre#e_nt
invention,. there is provided an abnormality diagnosis
method characterized by: conneg:ting a computer 'to a
programmable logic controller for. controlling the operation
. of a proce_ssing equipment wh-:.c,h_-repe_ats, a predet_emlned
séquen_c-_e of a'plnralit.-'y- of ét_eps ; previo_uly .sto_rinig,': in
memory means of the oomputer,. changes of information of at
least one seqnéncé obtained from'th_e' procésSing equipment
in its normal opera.tion;. and acquiring', by the computer,
the information from the processing équ:i.p_men_t during its
~ halt caused upon occurrence of an abnormal state in the
equipmont, then comparing the acquir'ed information with the
information stored prev_iou'sl& in the memory means, and
. analyzing the abnomlal_st;ate ‘'on the basis of the result of
such comparison.

The information acquired from the processing

- equipment includes at least an identifier of the
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frolr%gﬁgﬂzw Bﬁgﬁon |sr(1)gtYJt7t éd b}yithe user and on the basis of the knova edge
and know how (know edge data base) stored in the conputer itself, thereby

finding a neans of solution and outputting the resultant i nformation to the
-user. As mentioned above, the conventional abnormality diagnosis system
known heretofore is -based on the prem se that the know edge required for
the di agnosi s needs to be previously inputted into the conputer, and the
user shoul d answer the questions outputted fromthe conmputer enploying the
expert system Consequently, it is necessary for the user to be mell
acquainted with the construction of the
information change time, and information of one or more
channels relative to the operation of the processing
equipment. The automatic analysis means detects, frqm the
| 1dent1fier, the information change time at the halt of the
processing equipment, then compares the stored information
of each channel at the detected change time with the
.information of each channel acquired from the controller,
and selectively detects, on the basis of the result of such
cdmparison, the relevant one chamnel concerned with
pccurrence of the abnozmal state |
The processing equlpment executes. the seqpence of
plural steps under control of the programmable logic
controller-(PLC). In the present invention of the
constitutien-mentiened above,_the-computer previously
stores, in the memory means theredf,'changes of the .
infermatien pf one seqpence-(one cycle) obtained frem the
.ptocessing_equipment during its normal pperation.
| The eutomatic analysis means acquires, from the PLC
for example, the information at the time of a halt-of the
' processing equipment caused upon occurrence of an abnormal
state, then compares the acquired information with the
storea info;mation in the norﬁal operation, and diagnoses _

the abnormal state on the basis of the result of such

comparison. ' : ' _,;,_;_—~—f~”‘””"—'f
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. that the relevant systemis not exactly handl eabl e by any ordi nary person

and the period of time fromoccurrence of a trouble to a halt of the
processing equi pnent is rendered long. In view of the above circunstances,
the present applicant proposed, in Japanese Patent Application No. Hei

The infomti§n change ;ime point at the halt of
the-‘processing equipment due to the abnormal state is
discriminated by the identifier, and the same cﬁange time
is found out.from the plural change instants of one -
sequence stored in the mer;ory means. ' In case the
in_formation from the proc_essing quipment 'is COII;@OSéd of a
plurality of channels relative to the operation of the
processing equipment, the data of the individual channels
are compared, and the relevant channel concerned with the
cause of occurrence of the abmnormal state is detected with-
‘reference_ to the data change time..at the halt and the
output data at the bréceding' data change time.

The above and other featuré_s_ and g.dv_anté,geé of the
| present invention will become apparent fr_oni. -thé '.followin§

'.l_des'c'z"iption which will be giv_e_n with reference to the |

illustrative accompanying drawings.

BRTEF DESCRIPTION OF THE DRAWINGS
Fig. 1' is a block _ﬁiag:am of an embodiment
representing an abnoﬁnality diagndsis apparatus of the
present invention for a processing equipment; )
" 'Fig. 2 is a perspective view of the einbodiment

zfepreent;ing the abnormality diaghosis apparatus of the

resent invention for a processing equipment;.
P ’ : P g equipm ’ is Sheet Has Been Replaced
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5- 2%§§E£HZan a@ﬂ@?n&llty di agnosi s system wherein a conputer is connected
to a PLC for controlling the operation of a processing equipnment, then any
-abnormal state in the processing equi pnment i's detected autonmatically by the
conputer, and the result relative to the detected abnormal state is
di spl ayed. The conputer in such proposed abnornality di agnosis system
anal yzes a program acquired fromthe PLC while acquiring input/output data
relative to the operation sequence of the processing equi pnment, then
detects any abnormality in the processing equi pnent fromthe acquired

Fig. 3 illugtrates an exemplary sequemce executed

in, the processing equipment; |
| Fig. 4 is a table showing the exemplary sequence in
thé.prodessing equigment;

Fig. 5 is a table shoming an examéle of allocation
of I/0 ports; |

" Fig. 6 is é flow chaxt showing a process for
storage of information per operétion change pbint in a PLC
in the embodiment of the abnormality diagnosis apparatus of
the present invention for the processing equipment;

Fig. 7 shows an example.of infoimation'changes per
operation change point in the PLC im'the'embodiment.of ;he
abnormality}diangSis apparatus of the inventiom.for the

' processing equipment; | '

Fig. 8 is & flomichart.shoming'an autométic storage
process in a computer employea in the embodimenm.of the
abnormality diagnosis apparatus of-the‘invemtion for the
proce551ng equipment; |

Fig. 9 is a flow chart showing a process of
automatic ahnormality output detection means in the
computer emplo&ed,in the embodiment of the abnormality

' diagnosis apparatus of the invention for the procesging

equipment, _
Fig. 10 is a diagram showing an exemplary program
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base of an expert systemand so forth provided in advance, and supplies to
the user the infornation indicative of the detected abnornal state.

However, the abnornality diagnosis systemin the related art nentioned
above is the one enploying an expert system and it is based on the prem se
that the expert -5 :

"incorporated in the PLC; and
_Fig'. 11 is a diagram showing another exemplary

' program incorporated in the PLC.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter a _prefgrred embodiment of the
ab’nomality diagnosis apparatus of the -present invention
for a processing equipment will be descr:.bed in detail with
reference to the a.ccompawmg draw:mgs
. Fig. 2 is a perspective v:.ew_illust_rating the whole
systen_m _con'stitu_tion St'_ the -abndrma.l:i:ty diagnosis apparétus
of the invention. A procéssing equipment 1 such as a
production equipm.en,t;' exacutés _ a"plurality of .éteps of .each
sequence sﬁccessively under control of a PLC 2 (not shown
J.n F:.g 2). '. |
" In this ernbodiment, a program in the PLC 2 is more
_t:omplicated, with a_n increase of the cale--of the processing
eq&ipméﬁt‘ 1, and --th_erefbré the processing- equipmenﬁ 1l is
divided into a plurality'of small modules 1A, 1B, ... and’ .
so forth, and further the program in the PLC 2 is also
divided correspondmgly to the small modules in confom:.ty
with the mechan:.cal construction of the prccessmg
~equipment 1. The small modules operate independently of

one another and achieve the intended operation of the
. . \

10 This Sheet Has Been Rep.

T

Received Time. 28 Feb. 17:01 Print Time 28 Feb, 17:24




996& Zﬂzgs 188094 SONY 794 bo¥stvs- No, [f3g L.

entnee to be previously inforned of the structure of the programin

the PLC, whereby.the general - purpose usability thereof is insufficient.
SUMVARY OF THE I NVENTION It is an object of the present invention to
provi de an apparatus and a nmethod contrived for diagnosis of abnormality in
a processing equi pment without the necessity of enploying any expert system
and handl eable with facility even by a nonprofessional user while being
abundant in general -purpose usability. According to one aspect of the
present invention, : : : :

' ' entire equipment while monitoring the mutual states thereof

at predetermined time points.

' And upon occurrence of any abhbrmal gtate where the
processing equipmentll is brought to a hilt due to a |
trouble or the like during the sequence, it is necessary to
'diagnose.such an abnormal state automatically and to give
an adequate instruction to a user for a prope? opexation.

: Fér this purpose, in the present invention, a_compuﬁer 3 is
conhected to the PLC 2 via a communication interface 5 sﬁch
és, e.g., RS=-232C. |

In this case, a display device 4 is connected to

the ccmputer'B for giving information relétive to the
faulty,portzon and instructlng the user to take a necessarf
action against the abnormality. |

Fig. 1 1s a block dlagram show;ng the entzre
constitution of the abnormality diagnosis apparatus in this

' _ embodimént where thé'blocks :eprésent individual processing
fﬁﬁcﬁions.with tbe'éomputar 3 at the céntef.

In cﬁntrolling the.operétion sequehce of the
processing-equipment 1, the PLC 2 gives an operétian
command Cm to the processing equipment 1. In ghis stage;
the PLC 2 perfbrms its control by first receivihg various
information Se as I/0 {input/output) data frqm the

processing equipment 1 inclusive of a sensor output and an

11 © This Sheet Has Been Replaced
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connected to a programmable logic controller for controlling the operation
of a processing equi pment which repeats a predeterm ned sequence of -a
plurality of steps, while nonitoring information fromthe processing
equi pnent changed in accordance with the operation in the processing
_equi pnent, thereby automatically detecting any abnormal state in the
processi ng equi pnent.. The conputer conprises nenory means for previously
storing changes of the information of at |east one sequence
on/off state of a relay_switch (hereinafter referred to
simply as a relay), then eending a next operation sequence
. control command to the processing equipment 1 while
monitoring the 1nformation Se such as the relay state
output, thexeby execut;ng the desired sequence.
The PLC 2 allocates the above-described relay state
"or the like to 1 bit to thereby produce output information
of 1 channel. Accordingly, the channel information
monitored by the PLC 2 and sent to the computer 3 as will
be mentioned later includes a niurality of channels also in |
_v;ew of the fact that the proce351n§ aquipment 1 is lelded
intoc a pluralmty of small modules
Now a concrete example of the sequence executed in
the processlng equlpment 1 will be descr;bed Flgs. 3 and'
4 explain an_exemplary sequence,wh;ch comprlseS'steps 1 to
8 (Fig. 3) of first gresping a desired article, which is to
be processed, by a chuck_ef a transfet machige (shift
means), then,eer:yiﬁg the article up to another position,
and'thereefter returning the same to the former position of
- the chuck. The input data to the I/O port in this
operation are shown in Fig. 5.
| Tﬁe control cperation of the PLC 2 relative to this
sequence will be described below. |

Step 1: For grasping a desired article placed at a

12 . This Sheet Has Been Rep laced
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e processing equipnent in its normal operation; and 6 automatic
anal ysis neans for acquiring the information fromthe processi ng equi pnent
during its halt caused upon occurrence of any abnormality in the equi pnent,
t hen conparing the acquired information with the information stored
previously in the nenory neans, and executing an anal ysis of the abnornal
state on the basis of the result :

predetermined position, a command is Sent-to iower a
transfer head. A relay switch is actuated in response to
this command to thereby drive the transfer head. Then a
detectien is made from a sensor output as to whether the
transfer head has been properly lowered or not down to a
predetermined positiop. The operation proceeds to step 2
after such detection.
| Step 2: A command is sent to grasp the article by
a chuck. .The relay'switch is actueted in resbonse to thise
command to thereby drive the chuck. Then a detection is
made by the sensor thet the artiele_has-been grasped. The
.Operetioﬁ proceede to step 3 efter.sueh detection. | |
. Step 3: h.cemmend is_sent.te raise the transfer
head for transferring the articie. Theirelay EWitch'is'
actuated in response to this command to thereby_dtive.the
transfer head. And a detection.is_made from the eensor'
output. as to whether the transfer head has been properly
raised or not up to a predetermined positien." The
operation proceeds to step 4 after such detection.

Step-4: A command is sent to shift the.trensfer'in
the forward directien for shifting the article to a |
predetermined position. The relay switch is. actuated in
response to this command to thereby drive the transfer in

the forward direction. Then a detection is made from the

13 | This Sheet Has Been Rep
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of Eﬁ@ﬁ %@R%aJ@@QQ. Ac%%%d?ng t% anot her aspect of the present invention,
there is provided an abnornality diagnosis nethod characterized by:

connecting a conputer to a programmble |logic controller for controlling
the operation of a processing equipnment which repeats a predetern ned
sequence of a plurality of steps; previously storing, in nmenory nmeans of -
the conputer, changes of information of at |east .one sequence obtained from
the processing equipnent in its normal operation; and acquiring, by the
conputer, the information fromthe processing equipnment during its.
o sensor output as to whether the transfer has been properly
€hifted or not to the predetenmined position. The
operation proceeds to step 5 after such détection..
Steﬁ 5: A command is sent to lower the transfer
~ head for setting the article at a predetermlned position.
The relay switch is actuated in response to this command to
thereby drive the tran#fer head. Then a detection is made
f£rom the sensor outﬁut aé to whether the transfer head has
been properly lowered or not down to the predetermined -
. position. The operation proceeds to step 6 after such
detection. | |
rs;ep_S:”_A_command'iglsent.to open the chuckIEOr
.réceiving.thg_aftidle.':The reléy switth ié actuated .in |
response to this cbmmand to thereby drivé the chuék, Then
a detection is_madg—by the sensor as to whether the article
has been received. The operation proceeds to step 7 after
'sﬁch detection. |
Step 7: .A'CGmmand is sent.tc raise the transfer
head. .The'reléy-éwitch is actuated in xresponse to this
commaﬁd.to.theréby drive.the. transfer head. Then a
detettion is made'from the sensor output as to whether the
transfer head has been properly raised or not up to the
predetermined positioﬁ. The'operation proceeds to step 8

after such detection.
. \
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hal t upon occurrence of an abnormal state in the equi pnent,-then
conparing the acquired information wi.th the information stored previously
~in the nenory nmeans, and anal yzing the abnormal state on the basis of the

result of such conparison..The information acquired fromthe processi ng
~equi pnent includes at- |l east an identifier of the 7

Step 8: A command is sent to shift the transfer in
'the reverse direction for shifting a next desired article
by lowering the transfer head down to a predetermined' |
position. The relay switch is sctnated in resbonse to this
command to thereby drive the transfer in the reverse
direction. Then s detection is made from the sensor output
‘as to whether the transfer has been properly shifted or not

. to the predetermined bosition, One sequence of the
operation is completed upon such detection and, after
'resetting, execution of a next sequence starts with step 1
again.
| | The PLC 2 receives, in addition to the sensor
output of the I/0 data, the on/off information Se of each .

- relay controlled in accordance w;th the output of each
isensor, and checks if the relay has practically been driven
under control. The sensors and the relays are numbered
1ndiv1dua11y for identification.

In this example, when the state of any one of the
teleys has been changed due te some action performed_in the
nrocessing equipment, the PLC 2 regards the instant of such -
change ss_occurrence of sn event and records data with
regard to'the event. Thus, the PLC 2 reccgnizes which of
the'steps is currently being executed. The ope:ation of

recording the state change is performed per sequence as a

15 ' ;his Shcei Hz-islBeen Repliced
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I nformati on change tinme, and information of one or nore channels relative
to the operation of the processing equi pnent. The automatic anal ysis neans
detects, fromthe identifier, the informati on change tinme at the halt of
t he processing equi pnent, then conpares the stored.information of each
channel at the detected change tine with the information of each channel
acquired fromthe controller, and selectively detects, on the basis of the
result of such conpari son, the rel evant one channel concerned with
occurrence of the abnormal state. The processing equi pment executes t he

sequence Of it and is reset upon completion of each sequence.

During the operation of the processing equipment,
-the state of each relay.monitbred by the PIC 2 is changed
with every change of the stéps for éxample.- The prograﬁ
incorporated in the-PLc 2 stores such change in an internal
memory. The timing of storage in the internal memory
corresponds to a qhange of any §ne of the relays being |
_ monitored. Then the PIC 2 alters the relevant address in
the memory and holds the stored change until the end of one
¢ycle (loop end). and upbn completion of each cycle,'the
memory is reset. |
‘In this exgmplafy'case, the.folléwing three kinds
of info;matibn are-sﬁored} |
| The first is data.changé'ﬁime informatioﬁ CNT whose
value is incremented in response to a change of.any one'of_
the relays corresponding to a plhrAlity of channels
monitored by the PLC 2. This aata.change tiﬁe.information
 CNT is. obtained in accordance with some operation performed
in the processing equipment 1 and serves as an index for
storage of the other two klnds of information while
| regarding the change as an event. This information is
+  reset to 0" at a loop end and serves as an identifier for
each of plural data change time points during each

sequence. A.éounter is used for storing such data change

16 T This Sheet Has Been Replaced
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pl urkﬁ%it@%%a urlliéﬁélrlﬁcontsrocliqlY TOf* t}h}éaprograrrrrabl e logic controller (PLC) I'n
the present invention of -the constitution nentioned above, the conputer .
previously stores, in the nmenory neans thereof, changes of the information
of -one sequence (one cycle) obtained fromthe processing equi pnment during
Its normal operation. The automatic anal ysis neans acquires, fromthe PLC
for exanple, the information at the tine of a halt of the processing
equi pment caused upon occurrence of an abnormal state; then conpares the-
acquired i nfofnation mnth the stored information in the normal operation,
and di agnoses

time lnformatxon CNT.

The second information to be stored is the data

obtained from the processing equipment (hereinafter

referred to as output data OUT). This output data is

composed of 1 bit (1 digit) which represents the relevant

output channel corresponding'to each relay and so forth

individually. 1In this example, the output data'comprises

information of one or more channels related to the |

operation of the processing equipment l. since d;splay

" lamps and various dlsplay devices belonglng to the

pxocessing'equipment 1 are-npt-concerngd wn;h the sequende-

operation of the processing equipment, bits for switching

them on or off are not necessaryjfbr diagnosis of

abhormélity. ‘Therefore, these bits are removed.from the

output data OUT, and merely the neéessa:y bits alone are

included. | |

The third data to be stored is channel change -

frequency information CM. The value of this information

‘signifies the frequency or the number of times of changes

of each output channel and is incremented successively in

accordance with the'outpﬁt data OUT mentioned above. This

information CM is used for édding a weight of changes to

each output channei bit (for indicating the frequency of

changes of the relevant output channel bit).
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the abnormal state on the bagli o{#¥%£ result of such conparig&&758 8 1%

I nformatiron change tine point at the halt of the processing equi pnent due

to the abnormal state is discrimnated by the identifier, and the sane

change time is found out fromthe plural change instants of one sequence:-
stored in the nenory neans. In case the

-During the.operation of the_processing equipment 1

performed under‘controi of the PLC 2, the abdve-described
‘three kinds of information are always stored 1nd1v1dually
in the memory by the PLC 2. Hereinafter an exemplary flow
of the storage process executed by the PLC 2 will be
explained with reference to a flow chart of Fig. 6.

First et.step S1, eacn relay stetus in the
proceesing equipment'l is probed. Suhseqﬁently, a decision
is made at step S2 as to whether the relay etatus indicates..
the end of one sequence (loop end) or mot. If the result
of such aeoision signifies the end of one sequence, the
process proceeds.from_step s2 to step S3, where the valne i
of the chenge_time-informetion_CNT is get to "0", and the
procees_proceeds to steb-S4.' Meanwhile, if the result of

| the decision does not signify the- end of one sequence, the
process proceeds d;rectly from step S2 to step s4.

At step s4, a dec1s;on is mede as to whether any
relay status has been changed or not. If the result of
such declsion signifies no change, the process returns éo
step Sl and waits until occurrence of a change. In case
any one relay status has been changed, the process proceeds

~ from step S4 to step S5, where the value i of the data
change t;me_informatlon CNT is incremented by "1'". rhen

the process proceeds to step S6 to store the output data

«
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I nformati on fromthe processing equi pnent is conposed of a plggglﬁgy sza
channel s relative to the operation of the processing equi pnent, the data of
t he individual channels are conpared, and the rel evant channel concerned
with the cause of occurrence of the abnormal state is detected with
reference to the data change tine at the halt and the output data at the
precedi ng data change tine. The above and ot her features and advant ages of

the present invention will becone apparent fromthe foll ow ng description
which will be given with reference to the illustrative acconpanying
dr awi ngs.

ouT of-plural channels corresponding to the relay statuses
and so forth at the incremented value of the data change
time information CNT, Thereaftei ths'protess proceeds to
step s7 to increment the value of.the channel change
frequsscy information (M relative ts the changed bit in the
'outptt data. Subsequently the process returns to step 81,
and repeats the foregoihg storage in the memory.

Fig. 7 is a diagram for explaining exemplary
information obtained from the processing equipment 1 to be.
stored ‘The example of Fig. 7 shows changes of three
actuator on/off outputs SA, SB, SC and one lamp dr1v1ng

output SL-in_one sequence. This example represents a case
where a lotp end of‘one sequence is indicated when all the
outputs Sa, SB, sc and SL are off (at a low level)

| In thls ‘case, the lamp driving output is not -

qoncerned dlrectly w;tt the operatlon of the equipment 1;
so thst.the lamp driviﬁg output is not an objett of the

) informstioh:in the output data OUT, and.therefére the
output channels are three which deliver on/off outputs Sa,
SB and SC of three actuators A, B and C. “Ih Fig.'7, each
‘nu_m_e_ra]’. enclos_e'd in a circle O denotes the value of the
data change time information-CﬁT, and each numeral enclosed -
in a square [J denotes the frequenty of changes in the

relevant channel.
' This g
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block diagram 01N

enbodi ment representing an abnormality diagnosis apparatus of the pr esent

i nvention for a processing equipnment; Fig. 2 is a perspective view of the
enbodi ment representing the abnormality diagnosis apparatus of the present
I nventian for a processing equi pnent; 9

Consequently the data'change time information CNT,
the output data OUT and the channel change frequency
information CM in this exemplary seguence are spch as those

| shown in the lbwer table of Fig. 7. Moxe specifically, the -
ekample of Fig. 7 shows that there are seven change time
points during one sequence, wherein the channels with such
changes are represented by the output data OUT,'and the
digit of the channel change f?equency information CM
relétive'té éachléhanhel signifies, at the change time
point. thereof, the ordinal number of the change céuséd in
the relevant channel durin§ oné QequenCe. |

| In thé'column of the output data OUT, a symbol O of
each'ciig’it d’endtes‘ "6ff", and a symbol @ thereof denétés
"on;. o
Durin§=the.se§pence described above, when any

, abnor;al state has occurred in such a manner that the
.transfer machiﬁe for example is brought to a halt due to |
some trouble or the like, the operation of the processing
equipment 1 is interrupted, and simﬁltaneously the PLC 2
stops the progfam infthat state. Although the stop point
bf the program can be detected from the senéor output, such
detection program is not incoxporated in the PLC2. If the
trouble is one of tﬁose presupposed in the processing

equipment, the arrangement may be so contrived as tb switch
- . . ’ \\
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Fig. 3.illustrates an exenplary sequence executed in the proce55|ég

equ1pnent Fig. 4 is a table show ng the exenplary sequence in the
processing equipnent; Fig. 5is a tabl e showi ng an exanpl e of allocation of
I/O ports; Fig. 6 is a flow chart showi ng a process for storage of
i nformati on per operation change point in a PLCin the enbodi nent of the
abnormal ity di agnosis apparatus of the present invention for the proceSS|ng
equi pment; Fig. 7 shows an exanpl e of information changes. per -
on en alarm buzzer or an alarm lamp as a portion of the
sequence of the PLC 2. However, in case the trouble is an
unpredictable one, no alarm is generated and the whole
system is kept at a halt.

For the purpose of automat;cally diagnosing such
abnormal state and giving an adequate instruction_to the..
user to take a proper action, a compﬁter 3 is connected to
the PLC 2 in this embodiment. |

In the case of this embodtment, the computer 3 is
equipped with, es ehawn in'Fig 1, some functibn means
including an autamatic memory means 31 for storzng a normal
'seqnence state, an automatlc abnormal output detector mearis
.32,'an abnorma11ty analytlc dlagnoezs and instructlonal
1nformatzon generator means 33, and a ‘hard d1sk dev1ce 34
as a mempry'means for storing the aforementioned data
change time-infotmatieﬁ CNT, output data-OUT_and channel
change freéueney infozmation CM of one sequence. |

~ The deta_chenge time-informetion-cnw, the output
data OUT and the channel change frequency_information M of
one sequence stored in the internal memory of the PLC 2 are
stered previously in the automatic memory7ﬁeans 31 during a
normal operation of the precessing equipment 1 under
control of the PIC 2. |

A flow of the storage process in this automatic

R'\;\
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operation change point in the PLCin the enbodlnent of the abnor Ity
di agnosi s apparatus of the invention for the processing equipment; Fig. 8
is a flow chart showing an automatic storage process in a conputer enployed
in the enbodi nent of the abnormality diagnosis apparatus of the invention
for the processing equipnent; Fig. 9 is a flow chart show ng a process of
autonmatic abnormality output detection neans in the conputer enployed in
t he enbodi nent - of the abnormality di agnosis apparatus of the invention for
t he processing
memory means 31 will now be explained below with reference
to a flow chart of Fig. 8. |
First at step S11, the computer 3 sends a request
to the PLC 2 for acquisition of the aforementioned'
information. Then at step s12, a decision is made as to
whether the value of the change time information CNT
included in the acquired'inﬁormation is YOF which denotes a
looé end of one sequence. If the result of such decision
is negative, the process is kept waiting until the loop
end. And upon detection of the loop end, the process
proceeds from step 812,t6 step S13, where the storage
region-for;the three kinds of information is reset
(cleared) | '
Thereafter a deC1slon is made at step 514 as to
, whether the value of the data change time information CNT
from the PLC 2 ‘has been changed or not. If the result of
such decis;on signifies a-change. the precess proceeds to
 step S15, where the change time information CNT, the output |
data OUT, the channel change freqQuency information M and
the statds.info:maticn of the entire_reiays are acquired -
from the PLC 2, and then a file name coriesponding to the
value of the data change time information CNT is given and
stored on the hard disk 34. For example, when the value of

" the data change time information CNT is “0000", the change
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equi pnent; Fig. 10 is a diagram show ng an exenplary program °'E®8 P30
i ncorporated .in the PLC, and Fig. 11 is a di agram showi ng anot her exenpl ary
program incorporated in the PLC. DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Hereinafter a preferred enbodi ment of the .

tiﬁe information CNT, the output data OUT and the channel
change information CM-at that time ﬁoint are stored as a
file having a file name of, é.g., "DATAFILE.000".

And in response to every change of the value bf ﬁhe
change time information CNT, the execution of steps S14 and
815 is répeated.(a; step S16) until the loop end of cne
sequence représented by a value 0" of the change time
information CNT. This routine is completed when a file
néme_for identifying the output data OUT, the channel |
change frequencyland the relay statuses relative to the

~ entire change time poihts in one seqhence has been given
fand stored. | |

The automat;c abnormal output detector means 32 is
actuated in response to- man;pulatxon of ., e.g., a key |
control ccnsole of the computerﬂ3 by the user when the
proceSSing equipment 1l has been brought to a halt due to
occurrence of some abnormality, whereby the program is
started. Then the means 32 detects the relevant output |
chéﬁne; of the 6utput-dﬁta QUT where the abnormal state has
occurred. | _

-The abnormality analytic diagnosis and R
ingtructional information generator means 33 first
diagnosés the abnormality on the basis of the detection

result obtained from the automatic abnormal output detector
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abnormal ity diagnosis apparatus of the present invention for No ﬂg%esg'ﬁg
equi prent will be described in detail with reference to the acconpanylng
drawings. Fig. 2 i's a perspective view illustrating the whole system
constitution of the abnormality diagnosis apparatus of the invention. A
processi ng equi prent 1 such as a production equi pnent executes a plurality
of steps of each sequence successively under control of a PLC 2 (not shown
inFig. 2). In this enmbodinent, a programin the PLC 2 |s nore conplicated
mnth an increase of the scale of the processi ng

means 32, the statuses of the entire relays in the PLC 2 at
‘the occurrence of the abnorma;ity, and the statuses of the
‘relays at that time poinﬁ sto:ed in the hard disk device
34, and ﬁhen genera;eé adéqﬁate instructional information
for the user and disélays such information bn the display
device 4 or outputs an audio message. |
ANext an exemplary flow of the processing operation
in the automatic abnormal output detector meéns 32 will be
. expléined below with refergnce to a flbw_chart of Fig. 9.
_First at step S21, the computer 3 acquires from the
_PLC'zlthe.data change timg.ipfoimation CNT, the output data
.OUT and-thg channel Ehange frequency info;ma;ion.cx at a
- halt pf ﬁhe_equibmen; i, SubseQuently'at step 822, the |
desired file with the fiié héme cbrreépdnding to Ehe'Value_
of the data change time information CNT acquired at step
8§21 is retrieved from the stored files in the.hazd.disk
device 34. |
| Thereafter the process proceeds to step 523, where
" the channel change frequency information CM included in the
data of that file name is cdmparea with the éhannei change
frequency information CM acquired at gtep 21 in response to
a halt of the equipment 1 (upon occurrence of a trouble).
And at the next step 524, a decision is made as to whethexr -

a coincidence is obtained between the compared information.
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equi pnrent 1, and therefore the processing equipnent 1is divia@drwﬁtoha32
plurality of small nodules 1A, 1B, ... and so forth, and further the
programin the PLC 2 is also divided correspondingly to the small nodul es
in conformty with the nmechanical construction of the processing equi pnent
1. The small nodul es operate |ndependently of one another and achieve the
i nt ended operation of the 11 :

If the result of ﬁhe decision at step S24 signifies .
a coincidence betwgen the digits of the compared channel
change frequency infoimation CM, the process pioceeds to
step 525 where the following analysis is pérformed. That
is, whe# a coincidenée,is obtained between the digits of
the compared channel change frequency information, it is so
judged-that'the processing equfpment 1 kept in its normal
operating s;ate-has failéd to advance to the.ﬁext operation
to be Ehereby brougﬁt to a halt. More specifically. it is
considered that the channel change frequency 1nformation ™M
has failed to be changed frqm the value at the halt time-
polnt to the value of . the channel change frequency '

nformatlon CM at the next data change time point.

" Therefore, on the basis of.the difference taken
between.each digit of the qhanhel change frequéncy | |
information CM at the halt timé'point énd.each digit of the
channel'éhange.f:equepdy information CM at the next data
change time pgint,'it'is found that the channaiiwiph the
changéd digit 1s the relevant channel which has failed to
be changed conﬁrary to its eséential change and that the
abnormal state has occurred in this chammel.

Suppose now that, in the seqguence of Fig. 7 for

example, the three kinds of information at a halt of the

equipment 1 are as follows:
| This Sheet Has Been Replaced
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entire equi pnent e monitoring the nutual states thereof at
pr edet er m ned tlne p0|nts And upon occurrence of any abnormal state where
the processing equipnment 1 is brought to a halt due to a trouble or the
|l i ke during the sequence, it is necessary to di agnose such an abnornma
state automatically and to give an adequate instruction to a user for a
proper operation. For this purpose, in-the present invention, a conputer

is connected to the PLC 2 via.a communication interface 5 such as,

RS-232C. In this case, a display device 4 is connected to

'data'change time CNT 0004

_output data OUT 0006
channel change frequency CM = 0112
In this case, the value of the channél change
frequency information CM at the data change time CNT is

coincident with the value stored in the hard disk device

34, and there is calculated the difference between this

value and the channel change frequency information M =
0122 at the next data change time CNT = 0005. Since the -

difference therebetween is A = 0010, it is found that some.

| abnormality has o¢cUr:ed'in the second channel, i.e., in a

portion relative ﬁo_the_actuato;fs in Fig. 7.

Meanwhile, if the result of the decision at steb
s24 signifies npn-coincidencé betwéen the compared digits
of the twb.channél changé frequencies, the process proceeds
to step S26 where the félloﬁing analysis is performed.

As described,'thetprocéésing equipment 1 in this
example is divided into a plurality of small modules since
th;'scale théreofbiﬁ'gfeat, and the individual émall
modules operate independehtly of one another and moﬁitor
the states mutually at'predeterﬁined points to therebf
achieve the intended object of the whole equipment.
Cbnsequently, a time lag (delay) is génerated.until ény

trouble caused in one portion actually affects the whole
. _ —_— T

26 ‘ This Sheet Has Been R,

A

33

e.g.,

Received Time 28 Feb 17:01 ‘Print Timé 28, Feb. 17:22

3



IQQ%ZﬁZSB ms% SONY. 798 bodabuy- A No. 1756 P 34

t he co iving information relative to the faulty portion and
I nstructing the user to take a necessary action against the abnormality.
Fig. 1 is a block diagram showi ng.the entire constitution of the _
abnormal ity diagnosis apparatus in this enbodi ment where the bl ocks
represent individual processing functions with the conputer 3 at the
center. In controlling the operation sequence of the processing equi pment
1, the PLC 2 gives an operation comand Cmto the proceSS|ng eqU|pnent 1.
In this stage, the PLC 2 performs its control by first receiving various
equipment. Non-coincidence between the compared channel
change frequency informaticn CM is so considered that, when
- the operation of one module is brcught to a halt, the other
_modules still perform the operations thereof and then
become unable to continue the operations finally due to the
. interrupted operation of the module at a halt. . |
In view of the above, the two-channel change
frequency 1nformat10n CM at the halted data change time are
compared with the channel change frequency 1nformat10n (o
at the preced;ng change time earl;er than the halted change
time, and the changed channel, where the operatlon was
executed, is ignored while the digit of the unchanged
- channel, which needéd to be changed essentially but.was.nct
changed actually, is detected as an abnormality.
Suppose now that, in the sequence of Fig. 7 for
example, the three kinds of information at a halt of'the.

equipnent_l are as follows:

‘data change time CNT 0004

. output data OUT 0005

..;.-QQMchannel chagge frequency CM =:0121
In thie.cese, the channel change freguency
information CM is 0112 at the data change-time CNT which is
the same as the ecuipment halt_time stored in the hard disk

device 34, so that the two values are not coincident with
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/O (input/output) data fromthe processing equi pnment 1

|ncIu5|ve of a sensor output and an 12 on/off state of a relay switch
(hereinafter referred. to sinply as a relay), then sending a next.operation

sequence contro

command to the processing equipnment 1 while nonitoring the

I nformati on Se such as the relay state output t her eby executing the

desired sequence.

each other. 2and it is found that, since the channel change

frequency information CM is 0111 at the ohahge-time CNT =

0003 ‘immediately preceding the halt time, the fourth digit

relative to the actuator C in Fig; 7 needed to be changed

from "1" to "2", but the aotuetor C had already been halted

at the preceding change time CNT = 0003 and therefore the

equipment was brought to a halt,

In the manner described hereinabove, the automatic

abnormal output detector means 32 is capable of detecting

the relevant output channel with the abnormality caused

thereln

The 1nformation of the abnormal output channel thus

-'detected by the automatzc abnormal output deteotor means 32

is_supplied to the abnormallty analytlc d1agnos;s and

'inetructional information generator means 33. In this

means

33, the statuses of the entlre relays concerned wuth

Jthe relevant output ohannel and stored in. the hard d;sk

dev1oe 34 are read out therefrom, and the status

information of the entlre relays are acquired from the PLC

2,~whereby the cause of the trouble is found out and then

is supplied to the display device 4 to notify the user.

| Assume here ‘that the ladder program in the PLC 2 is

such as shown in Fig. 10 for example and the state of the

detected channel output "00001" is an AND of the control

—_— T
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| ocates the above- descrlbed relay state or the like to 1 bit to
t hereby produce output information of 1 channel. Accordingly, the channel
i nformation monitored by the PLC 2 and sent to the computer 3 as will be
mentioned later includes a plurality of channels al so in view of the fact
that- the processing equipnment 1 is divided into a plurality of small
nodul es. Now a concrete exanple of the sequence executed in the processing
equipnent 1 will be described. Figs. 3 and 4 explain an exenplary seguence
whi ch.conprises steps 1 to 8 (Fig. 3) of first grasping a desired article,

which is to -
relay "14002" (normally-open_relay) and the control relay

"14005' (normally-closed relay). In this diagram, "/"
denotes "actual state/stored normal state". As obvious
from the above, the state in this example signifies that,
since the control relay "14005" is actually "off" instead
of being correct "on", the output "00001" is turned to
vont, .

The above can be detected by probing the staﬁuses_
of the control relays by the means 33. If the control
‘relay "14005" is driven by an AND of.the.conﬁrol relay
."14004" and the sensor *2001" as shown in Fig. 11,
occurresce of'ahy_abnormality oan be'ascertained:by probing
the.ssatus of the'sensor-"zacl“ as this,sensor "2001" is
kept *off" instead of beiﬂg sWitched on} |

Thus, 1t becomes possible to analyze any
 abnormality by compar;ng the statuses of the relays and the
sensors at a halt with those in the normal operatlon, hence
-notlfyzng the user of the abnormality

As described hereinabove. according to the present
invention where the computer connected to the PLC executes
a diagnosis of any abnormality by itself and gives an
adequate-instructioﬁ to e user, so that any ordinary '
nonprofessional user is enabled to perform proper trouble—.

shootxng that has been heretofore achieved merely by
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chuc

be processed, by a of a transfer machine (shift neans) t hen carrying
the article up to anot her position, and thereafter returning the sane to
the former position of the chuck. The input data to the I/O port in this
operation are shown in Fig. 5. The control operation of the PLC 2 relative
to this sequence will be described below. Step 1: For. grasping a desired
article placed at a : : : _

experts having sufficient knowledge. C6nsequent1y, the
halt time derived from occurrence of any abnormality can be
curtailed to eveﬁtually enhance Ehe operation efficiency of
the processing equipment, whereby an increase of the-
production can be expected. |

Furthermore, the computer is capable éf analyzing'
the abnormaiity regardless of ‘the control program in the
PLC, g0 that it is-rende;ed possible to ensure remarkable
enhancement in the abnormality diagnosis apparatus and

method w1th hlgh general-purpose usablllty.

.30
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13 edeterm ned position, a command is sent to |lower a transfer head. A
relay swtchis actuated in response to this command to thereby drive the
transfer head. Then a détection is nade.froma sensor output as to whether
the transfer head has ‘been properly |owered or not down to a predeterm ned
position. The operation proceeds to step 2 after such detection. Step 2: A
command is sent to grasp the article by a chuck. The relay switch is
actuated in response to this connand to thereby drive the chuck. Then a
detection is

WHAT IS cmnm‘_ IS:
1. An zbnormality diagnosis apparatus wherein a
'ccmputer is conhected to e programmable logic contreller
for controlling the operation of a processing equipmene
which fepeats a predeterminea seqﬁence of a plurality of
steps, while monitoring information cbtained from said
proceesing equipment and changed in accordance with the
-operation in said prdcessing equipment; thereby ”
automatically detecting any abnormal state induced in said
.prqeessing equipment;
| where:n sald computer comprlses memory means for
prevzously storing changes of the Lnformatlon of at 1east
one sequence from sazd processing equipment in a normal
operation thereof; apd-auﬁomatie:analysis means fofl
acquiring.the info;mation from saidfproceseing eqﬁiﬁment
‘ during its halt caused upen occurrence of any ebho:mality
in“eaid equipmeﬁt,-then comparing the acquired infefmatibn
with the 1nformation stored prev;ously in sa1d memory |
means, and executzng an analy51s of the abnormal state on
the basis of the result of such comparison.
2. An ebnormality diagnoéis method chafaeterized by:
connecting a computer to a pregrammable logic c¢controller

for controlling the operation of a processing equipment

which repeats a predetermined sequence of a plurality of

T , Sheet Has Been Replaced
i
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made by the sensor that ‘the article has been grasped ‘The operatron
proceeds to step 3 after such detection. Step 3: A-command is sent to raise
the transfer head for transferring the article. The relay switch is
actuated in response to this command to thereby drive the transfer head.
And a detection is nade fromthe sensor output as to whether .t.he transfer
head has been properly raised or not up to a predeterm ned position. The
operation proceeds to step 4 after.such detection. Step 4: A conmand is
sent to shift the transfer in the forward direction for shifting the
article to a :
steps;
- previously storing, in memory means of said
* computer, changes of information of at least one sequence
obtained from said processing equipment in 'a normal
operation thereof; and
acquzrlng, by said computer, the 1nformatzon from
sald processing equlpment during its halt caused upon
occurrence of an abnormal state in said equxpment, then
comparing the acquired information with the information
stored previously in said memory means, and
executing an analysis of the abnormal state on the basis of
_the result of such comparison.
.'3._'- - The abnormality diagnosis apparatus according to
élaim 1,'wherein;the information from Said processing
. equipment includes“at least an identifier bf'the
. glnformatzon change tzme, and 1nformation of one or more
channels relative to the operat;on of said proce551ng
equipment; and said automatic analysis means detects, from
said identifier, the information change time at the halt of
- sald processing equipment, then compares the stored
information of each channel at the detected change time
with the information of each channel acquired from said

controller, and selectively detects, on the basis of the

regult of éuch comparison, the relevant one channel
-

ect Has Been Replaced
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command to thereby drive the transfer in the forward direction.. Then a
detection is nade fromthe 14 sensor output as to whether the transfer
has been properly shifted or not to the predeternined position. The
operation proceeds to step 5 after such detection. Step 5: A conmand is
sent to lower the transfer

concerned with occurrence of thelabnonmal state.

43 The abnormality diagnosis apparatus according to
claim 1, wherein the information acquired from said
processing quipment to be stored includes it least én |
identifier of the information change time, and information
of one or more channels relative to the.operation of said-
processing equipment and indicating the frequency of
changes of each of said channels; and sgié automatic
analysis.means detects, from said identifier, the
information change time at the halt of said'processing
equipment, then compares the stored change frequency
information of each channel aE tbe;deﬁected change time
with the change frequénby infqima;ion of éach'éhannel
acquired. from said controller..and;selectivelf detects, on
the basis of the result of éuch,éompﬁrison, the relevant
one channel éoncerned with occurrence of the abnormal

- state.

* c L M s *
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healégﬁ%?ﬁ@&t\s%w{ he aSPN glﬁe at} 3a predeterm ned position. The relay switch

is actuated in response to this command to thereby drivve the transfer head.
Then a detection is made fromthe sensor output as to whether the transfer
head has been properly |owered or not down to the predeterm ned position.
The operation proceeds to step 6 after such detection. Step 6:-A command. is
sent to open the chuck for receiving the article. The relay switch is
actuated in response to this command to thereby drive the chuck. Thén a
detection is nmade by the sensor as to whether the article

ABSTRACT OF THE DISCLOSURE

An apparatus and a methed for diagnosing_aﬁy
abnormalitf in a processing equipment without the necessity
of professional knowledge of a user while ensuring enhanced
.general-purpose usability. -In the apperetus, a computer is
connected to a programmable ioqic controller_fo;_
controilipg-the operation of a processing equipment which
repeats a predetermined eeqnenee of a plurality of steps,
while monitering‘information from;the processing equipment
changed in accotdance witﬁ the operation in the equipmeﬁt,
| Ehereby automaticelly'detecting any.abnormal_state in ehe
equipment' Theicomputer-cempriees'memory means for
prev1ously storlng changes of the 1nfo:matlon of at least
one sequence frem the processing equipment in its normal
operatlon, and autematic analys;s means fox acqu:rlng the |
ihformation_frdm the.precessing equipment.during its hait
caused'upon oceurrence of any abnormality in the equipment, .
then comparihg the acquired inforﬁetion‘with the
information stored previeuely in the memory means, and
executing an analysis of the abnormal state on the basis of

‘the result of such comparison.
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haéggﬁ%%ﬂ¥@c8ﬁ59§) Thgog%gratlé: proceeds to step 7 after such detection.

Step 7. A command is sent to raise the transfer head. The relay switch is
actuated in response to this command to thereby drive the transfer head.
Then a detection is made. fromthe sensor output as to whether the transfer
head has been properly raised or not up to the predeterm ned position. The
operatlon proceeds to step 8 after such detection.
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15 §t93%¢§52§5 C%Sm%  Sout 7 “#?:Ufyt the transfer in the re\?erse di rection

dis sent to s
for shifting a next desired article by lowering the transfer head down to a

predeterm ned position. The relay switch is-actuated in response to this
command to thereby drive the transfer in the reverse direction. Then a
detection is made fromthe sensor output as to whether the transfer has
“been properly shifted or not to the predeterm ned position. One sequence of’

t he -operation is conpleted upon such detecti-on and, after

een Replaced
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r e4 8866 w,aﬂeﬂéﬁmﬁi on B?NYaTﬁext}ﬁsequence starts with step 1 again. The PLC 2
receives, in addition to the sensor "out put of the 1/0O data, the on/off

information Se of each relay controlled in accordance with the output of
each sensor, and checks if the relay has practically been driven under
control . The sensors and the relays are nunbered individually for
identification. In this exanple, when the state of any one of the relays

- has been changed due to sone actlfi' rfGBnEdESn t he processing equi pnent, -
the PLC 2 regards the instant of ch

@
ol® 09 |@
- —@ = = ®

This Sheet Has Bee

Fro.a I i

STEP NO. coNTéNTé oF STEPS | PR_QGRAM NO.

- ® | -TRANSFER HEAD DOWN 15001
® | -CHUCK CLOSE | 15002
@ | TRANSFER HEAD UP 15005
@ | TRANSFER FORWARD | 15006 .
® TRANSFER HEAD DOWN | - 15008
® .CHUCK OPEN 1580089
@ "TRANSFER HEAD UP 15010
TRANSFER REVERSE | 15011
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. ' 9 bobats)- |
chdﬁé@gggzg%ch$ﬁg%ce JPNEJ event and records data with regard to the event.
Thus, the PLC 2 recogni zes which of the steps is currently being executed.

The operation of recording the state change is perfornmed per sequence as a
16 unit and is reset upon conpletion of each sequence. During the operation
of the processing equipnent, the state of each relay nmonitored by the PLC 2
I s changed :

F16.5

1/0 ADDRESS|  CONTENTS.

X100 | TRANSFER HEAD UP
xtot | -'TRA_NSFEI-;{"HEAD.DOWN
X102 | CHUCK OPEN
X103 |  CHUCK CLOSE

X104 | - CHUCK MISS
X105 | TRANSFER REVERSE
X106 | TRANSFER FORWARD
X107 | UNLOAD READY
X108 | LOAD READY
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Wi tlﬂgﬁléﬂ%ﬂﬂchk%@ of tSRI(an gt)?apsh?aorgexarrpl e. The programincorporated in the
PLC 2 stores such change in an internal nenory. The timng of storage in
‘the internal nenory corresponds to a change of any one of the relays being
noni tored. Then the PLC 2 alters the relevant address in the nenory and
hol ds the stored change until the end of one cycle (loop end). And upon .
conpl etion of each cycle, the nmenory is reset. In this exenpltary case, the

fol | owi ng three kinds of infornati re Stor The first is data change
time informati on CNT whose Fn1 G

C START j
T

PROBE RELAY STATUS ~Si

_ END OF
| SEQUENCE

DATA CHANGE TIME
INFoRMA_\Tl.ogn- CNT = |S3
) )= -
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-S4
INCREMENT S
!NFORMATIOI\Il CNT .|~s5
_ 1= 1+
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STORE iTH CHANNEL |
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]
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value is incremented in response to a change of any one of the rel ays
corresponding to a plurality of channels nonitored by the PLC 2. This data

change tine information CNT is obtained in accordance with sone operation
performed in the processing equipnment 1 and serves as an index for storage
of the other two kinds of information whil'e regarding the change as an-

event. This information is respt to "Q" at a |oop end anGmeskrwes.a
identifier for eac ral pata chcnge ting poi nt§ duti ea Eaguence.
A counter is used %ﬁ-‘@ﬁﬂf-g SUTHT datta—eharge-———~=——teeme gg Og ?
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17 1996 2A%EE H}g@%n Cl&‘? ‘Fhe second information to be stored is the dat a

obt ai ned fromthe processing equi pnent (hereinafter referred to as out put
data QUT). This output data is conposed of 1 bit (1 digit) which represents
t-he rel evant output channel corresponding to each relay and.so forth :
individually. I'n this exanple, the output data conprises i nformation of one

_or nmore channel s related to the F l G 8
C'START—)

ACQUIRE DATA FROM PLC (~SI|

INITIALIZE (RESET) -
__MEMORY _ S

ANY CHANGE™
IN CHANGE TIME
~JINFORMATION CNT

STORE CHANGE TIME
INFORMATION CNT,
OUTPUT DATA OUT,
|CHANNEL CHANGE
FREQUENCY INFORMATION [>-SIS
CM AND ALL RELAY

STATUSES AT CHANGED

TIME POlNTON HARD DlSK ThlsSheetHasl.;‘eenR
' HlllllHlllﬂMlHllIlll
N CHANGE TIME
INFORMATION CNT "0" |
? S16

C _ENYD )
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op,-e.lrggﬁ 3&2% mﬁén%rocég}sﬁ{ r?g;#ecidf%rrent 1. Since display |anps and vari ous
di spl ay devi-ces belonging to the processing equipnent 1 are not concerned
wi th the sequence operation of the processing equipnment, bits for switching .
themon or off are not necessary for diagnosis of abnormality. Therefore,
these bits are renoved fromthe output data OUT, and nerely the necessary
bits alone are included. The third data to be stored is channel change
frequency information CM  The value of this information signifies the
frequency or the nunber of tines chk‘an |

( START D

ACQUIRE CHANGE TIME =
INFORMATION CNT, OUTPUT
DATA OUT AND CHANNEL __S2|
-CHANGE FREQUENCY .
| INFORMATION CM FROM PLC
- AT HALT OF EQUIPMENT

RETRIEVE, FROM STORED.
| FILES IN HAF\’D DISK : '
DEVICE, ONE FILE HAVING . |~S22
VALUE OF ACQUIRED CHANGE
| TIME INFORMATION CNT

| COMPARE CHANNEL CHANGE - 323 This Sheet Has Been Replaceq
TR i
COINCIDENT 7 r—
| L S249
DETECT HALTED OUTPUT DETECT HALTED .
1CHANNEL FROM DIFFERENCE | |OUTPUT CHANNEL
BETWEEN CHANNEL CHANGE WHILE IGNORING
FREQUENCY INFORMATION AT OPERATION-EXECUTED
HALT CHANGE TIME AND OUTPUT CHANNEL
INFORMATION AT NEXT : : NS
CHANGE TIME . ' : S26
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t he out put data OUT nentioned above.

™ out-put

A

- No. 1758 P 50

and is inerenented successively in accordance with
This information CMis used for adding

a wei ght of changes to each output channel bit (for indicating the

- frequency of changes of the rel evant output channel bit).

18 Durlng- the

operation of the processing eqw prent 1 perforrred under control of the PLC

28 Feb, 17:01

2, the above-descri bed
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three kinds of information are always stored i di vidEal et e meron

the PLC 2. r an exenplary flow of thE Kt x %é;gjéxébutédfgy
t hef &EEWQﬂQYQ§ﬂ§§B ained with reference to ; jﬂ;q g g RER

at $ ceetrTE| ay status in the processing #qui pnEns, | obedses 42
Sub;e|uentk%# gﬁ% slon is made at step S2 asi ty whef her ﬁﬁ eFay rsged

i ndi{cat 37t ne sequence (Il oop end) qr not *TF t NEEEsaric gresdich
decilsilon signifie hé end of one sequence, t e .process pr oceeds ?n1step
S2 tjo STep S3, where tlhe value i of the change.t'ime:inf ofifaEirgh. O j 5. set
to "0", _and the— - :

APPARATUS AND METHOD FOR DIAGNOSIS OF

ABNORMALITY IN PROCESSING EQUIPMENT

BACKGROUND OF THE INVENTION -
Field of the Invention
The present invention relates to an apparatus and a
method for automatically diagnosing any abnormality such.as
fault or trouble in a processing equipment and outputting
an adequate instruction which contributes to a proper

L)

corrective action of a user.
Description of the Reiated Art

It is observed of late that automation is in rapid
progress with regard to processing equipments where
production of desired articles is performed by successively
executing a series of sequences which comprise, for
example, execution of a predetermined process, carriage of
the articles to a next processing section, and execution of
a preset step therein, whereby the processing Steps in
serial production and-éo forth are executed substantially
in a full automatic mode according to a program-prepared in
a controller for controlling the processing equipment.

The controller employed in such processing
eéuipment is called PLC (Programmable Logic Coﬁtroller),

where a program for controlling a series of processing



B

process pr T QUEES S4. Meanwhile, if the result of the decision does
not sigft KCEH§<|1 j ne sequence, the process proceeds directly from
step : . Al 4tep S4, a decision is nade as to whether any relay
st at us} has bﬁg@gqqahg d jor not. If the result of such decision signifies no
change h® bf'oCess ref uyns to step S1 &nd waits until occurrence of a
change n one felay status has been changed, the process proceeds
fromstiep S4 to ste where the.value i of the data change tine

i nf or mgt S incremented by "1". Then the process proceeds to step S6
to sﬁore thesggﬁguisdfﬁgbrporated. This program is prepared by a user

in a ladder language which is different from any ordinary
language used normally in computers.

Since this program incorporated in a PLC is
intended to be used for controlling a sequence, the program
cén be so prepared that, when any abnormality such as fault
has occurred in a processing equipment, an alarm is
generated to indicate the fact of occurrence of such fault
as a portion of the sequence, but it is difficult to |
include, in the program, an abnormality'diagnosis which
instructs the user to perform a required action against the
faulty portion or the fault itself. Further, any fault
capable of generating an alarm needs to be predictable in
the processing equipment, and no alarm can be generated at
all with regard to any nonpredicted abnormality.

Therefore the user himself needs to perform a fault
diagnosis but, since the latest procéssing equipment is
complicated, it is difficult even for a skilled person to
achieve an exact féuléhdiagnosis. For this reason, thefe
is currently adopted a method which carries qut.fault
diagnosis in a processing equipment by the usé.of a stand-
alone computer.

In this case, a so-called expert system is

frequently employed as software for fault diagnosis. This



19 oUT of | nupluSENe -
-at the ingrement ed valge.of the data change tine infornmation CNT.
Thereafte hq)?@ﬁ@§§§ prpceeds to step S7 to increment the value of the

channel change nformation CMrel ative to the changed bit in the

expert system relates to one of artificial intelligence
application fields and, by previously incorporating
knowledge and know-how of solution in a computer, assists
services at a level equivalent to or higher than that
attained by a skilled person or a human expert.

In the use of this expert system for fault
diagnosis, knowledge required for such diagnosis is
inputted previously in a computer. And in practical fault
diagnosis, the computer successively asks the user some
questions with regard to the fault. Then the user
successively inputs into the computef the answers to the
questions. Subsequently the computer diagnoseé the fault
from the information inputted by the user and on the basis
of the knowledge and know-how (knowledge data base) stored
in the computer itself, thereby finding a means of solution
and outputting the resultant information to the user.

As mentioned above, the conventional abnormality
diagnosis system known heretofore is based on the premise
that the knowledge redﬁired for the diagnosis needs to be
previously inputted into the computer, and the user should
answer the Questions outputted from the computer employing
the expert system. Consequently, it is necessary for the
uséf to be well acquainted with the construction of the

processing equipment and the sequence, hence raising some



Fig. 7 is a diagramfor expl

i ng exenpl ary information obtained ffon1the

proceSS|ng eqly 1Y pﬂ)%ﬁﬁﬁf red. The exanple of Fig. 7 shows changes of
three actuato o+ tputsy A, SB, SC and one lanp driving output SL in
one sequence. | Thi s eﬁi%ﬁéﬁére riesents case where a | oop end of one

sequence is ipd|c he outfuts SA, SB, SC and SL are off  (at a
| ow | evel ). | hIS case, .t np driving output is not concerned directly

with the operftion of the eqU|p nt 1, so that the lanp driving output is
not an obj ect Laofthe—rferrat+on in the output data OUT, and therefore the

problems that the relevant system is not exactly handleable

by any ordinary person and the period of time from
occurrence of a trouble to a halt of the processing
equipment is rendered long.

In view of the above circumstances, the present
applicant proposed, in Japanese Patent Application No. Hei
' 5-219122, an abnormality diagnosis system wherein a
computer is connected to a PLC for controlling the
operation of a processiﬁg equipment, then any abnormal
state in the processing equipﬁent is detected automatically
by the computer, and tﬁe result relative to the detected
abnormal state is displayed.

The computer in such proposed abnormality'diagnosis
system analyzes a program acquired from the PLC while
acquiring input/output data relative to the operation
sequence of the processing equipment, then detects any
abnormality in the processing equipment from the acquired
data and the resulr of the analysis in accordance with the
knowledge data base of-an expert system and so forth
provided in advance, and supplies to the user the
information indicative of the detected abnormal state.

However, the abnormality diagnosis system in the
related art mentioned above.is the one employing an expert

system, and it is based on the premise that the expert
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Fig. 7, each nuneral enclosed in a circle O
change tine informati on CNT, and each nuneral
net es tkmegrequency of changes in the rel evant
he data change tine |nfornat|on CNT,
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system needs to be previously informed of the structure of
the program in the PLC, whereby the general-purpose

usability thereof is insufficient.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an apparatus and a method contrived for diégnoéis of
abnormality in a processing equipment without the necessity
of employing any expert system and handleable with. facility
even by a nonprofessional user while being abundant in
general—pu?pose usabiiity.

According to one aspect of the present invention,
there is provided an abnormality diagnosis apparatus
wherein a computer is connected to a programmable logic
controller for controlling the operation of a processing
equipment which repeats a predetermined sequence of a
plurality of steps, while monitoring information from the
processing equipment'changed in accordancg.with the
operation in the procéésing equipment, thereby
automatically détecting any abnormal state in the
processing equipment.

The computer comprises memory means for previously
storing changes of the information of at least one sequence

from the processing equipment in its normal operation; and



the output glhannel change frequency information CMin this

exenplary oY : t hose shown in the lower table of Fig. 7.
More speci ff cb . £ of Fig. 7 shows that there are seven change
time pointsjd rkﬁgﬁéﬁé enge, wherein the channels with such changes are
representedlib ) - QuT, an& the digit of the channel ‘change
frequency iR ~on CNIreIa Ive to each channel signifies, at the change
ti me point tihereof al nunber of the change caused in the rel evant

channel duri
O of

one sequence In‘the colum of the output data OUT, a synbol

automatic analysis means for acquiring the information from
the processing equipment during its halt caused upon
occurrence of any abnormality in the equipment, then
comparing the acquired information with the information
stored previously in the memory means, and executing an
analysis of the abnormal state on the besis of the result
of such comparison.
According to another.aspect_of the present
invention,.there is provided an abnormality diagnosis
®

method characterized by: connecting a computer to a
programmable logic controller for controlling the operation
of.a processiﬁg equipment which repeats a predetermined
sequence of a plurality of steps; previously storing, in
memory means of the computer, changes of informatibn of at
least one sequence obtained from the processing equipment
in its normal operation; and acquiring, by the computer,
the information from the processing equipment during its
halt caused upon occurrence of an abnormal state in the
equipment, then compafing the acquired information with the
information stored previbusly in the memory means, and
analyzing the abnormal state on the basis of-the result of
such comparison.

The information acquired from the processing

equipment includes at least an identifier of the



REPLACEMENIL onbfil)
each digit denotes "off", and a synbol [err] thereof |ddiotes "on". Dyriing
t he sequence descri bed above, when any abnornal stat asporguRreds i quch
a manner that the transfer machine for exanple is brought to a halt d
sonme trouble or the like, the operation, of the proceski '
I nterrupted, and simultaneously the PLg'Z stops the pfogramin that stdte.
Al t hough the stop point of the program can be detectet—fToOmMmTNe sensor
out put, such detection programis not incorporated in the PLC2. If the
trouble is one of those presupposed in the processing '

information change time, and information of one or more
channels relative to the operation of the processing
equipment. The automatic analysis means deteéts, from the
identifier, the information change time at the halt of the
prqcesSing equipment, then compares the stored information
of each channel at the detected change time with the
information of each channel acquired from the controller,
and selectively detects, on the basis of the result of such
comparisén, the relﬁyant one channel concerned with
occurrence of the abﬁormal state.

The procéssing equipment executes the sequence of
plural steps under control of the programmable logic
controller (PLC). In the present invention of the
constitution mentioned above, the computer previously
stores, in the memory means thereof, changes of the
information of one sequence (one cycie) obtained from the
processing.equipment during its normal operation.

The automatic analysis means acquires, from the PLC
for example, the-infofﬁation at the time of a halt of the
processing equipment caused upon occurrence of an abnormal
state, then compares the acquired information with the
stored information iﬁ the normal operation, and diagnoses

the abnormal state on the basis of the result of such

comparison.



equipnent the arrangenent may be so contrived as to smntch 21 on an
‘al arm buzzer or an alarmlanp as a portion of the s = Te—PL
However, in case the trouble is an unpredictable on EB AR y)
and the whole systemis kept at a halt. For the purpoge—uf autonatlza\ly
di agnosi ng such abnornal state and givifig an adequale iQﬁ?@ﬂ&éﬁﬂB tb {he

The information change time point at the halt of
the processing equipment due to the abnormal state is
discriminated by the identifier, and the same change time
is found out from the plural change instants of one
sequence stored in the memory means. In case the
information from the processing equipment is composed of a
plurality of channels relative to the operation of the
processing equipment, the data of the individual channels
are compared, and tEg relevant channel concerned with the
cause of occurrence of the abnormal state is detected with
reference to the déta change time at the halt and the.
output data at the preceding data change time.

The above and other features and advantages of the
present invention will become apparent from the following

description which will be given with reference to the

illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a biéck diagram of an embodiment
representing an abnormality diagnosis appara;us_of the
present invention for a processing.equipment;
Fig. 2 is a perspective view of the embodiment
representing the abnormality diagnosis apparatus of the

present invention for a processing equipment;



user to take a proper action, a conputer 3 is connected
this enbodiment. In the case of this enbodinent, thb
with, as shown in Fig. 1, sone function nmeans incl ud

i pped
Tenory

means 31 for storing a normal sequence state, an aution Ut put

detector means 32, an abnornality anal y®i c di agnosi 4
I nformati on generator neans 33, and a hard di sk deviicd

for storing the aforenenti oned data change tine inf
data OUT and channel change frequency information C

Fig. 3 illustrates an exemplary sequence executed
in the processing equipment;

Fig. 4 is a table showing the exemplary sequence in
the processing equipment;

Fig. 5 is a table showing an example of allocation

of I/0 ports; |

Fig. 6 is a fiow chart showing a process for
storage of information per qperation change point in a PLC
in the embodiment of the abnormality diagnosis apparatus of
the present inventién for the processing equipment;

fig. 7 shows an example of information changes per
operationlchange point in thé PLC in the embodiment of the
abnormality diagnosis apparatus of the invention for the
processing equipment;

Fig. 8 is a flow chart showing an automatic storage
process in a computer employéd in the embodiment of the
abnormality diagnosis apparatus of the invention for the
processing equipment;

Fig. 9 is a-fibw chart showing a process of
automatic abnormality output detection meansfin the
computer employed in the embodiment of the abnormality
diagnosis apparatus of the invention for the processing
equipment;

Fig. 10 is a diagram showing an exemplary program

nmeans



The data change tine information CNT, the output data ouT and t he channel
‘change frequency information CM of one sequence stor b“ s
menory of the PLC 2 are stored previously in the aut EA £ q 31
during a normal operation of the processing equi pnent under controlj d
the PLC 2. A flow of the storage proces®in this autdmgti@7MARIS

—h

incorporated in the PLC; and

Fig. 11 is a diagram showing another exemplary

program incorporated in the PLC.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter a preferrea embodiment of the
abnormality diagnosis apparatus of the present invention
for a processing equipment will be described in detail with
reference to the accompanying drawings.

Fig. 2 is a perspective view illustrating the whole
system constitution of the abnormelity diagnosis apparatus
of the invention. A processing equipment 1 such as a
production equipment executes a plurality of steps of each
sequence successively under control of a PLC 2 (not shown
in Fig. 2).

In this embodiment, a program in the PLC 2 is more

- complicated with an increase of the scale of the processing
equipment 1, and therefore the processing equipment 1 is
divided into a pluralrry of snall modules 1A, 1B, ... and
so forth, and further the program in the PLC 2 is also
divided correspondingly to the small modules in conformity
with the mechanical construction of the processing
.equipment 1. The small mbdnles operate independently of

one another and achieve theé intended operation of the



menmory means 31 will now be explained below with ref erlen@d t‘#%‘?;ﬁ% o]

of Fig. 8. First at step S11, the conputer 3 sends & rlequest to i PLUC 2
for acquisition of the aforenmentioned infornmation. )
decision is nade as to whether the val ¢ of the chan
included in the acquired information ig "0" which denotes a | oop end of one
sequence. |f the result of such decision is negative, the process is kept

waiting until the |loop end. And upon detection of the | oop end, the process
proceeds fromstep S12 to step S13, where the storage :

entire equipment while monitoring the mutual states thereof

at predetermined time points.

And upon occurrence of any abnormal state where the
processing equipment 1 is brought to a halt due to a
trouble or the like during the sequenée, it is necessary to
diagnose such an abnormal state automatically and to give
an adequate instruction to a user for a proper operation.
For this purpose, in the present invention, a computer 3 is
connected to the PLC 2 via a communication interface 5 such
as, e.g., RS-232C.

In this case, a display device 4 is connected to

' the computer 3 for giving information relative to the
faulty portion and instructing the user to take a necessary
action against the abnormality.

Fig. 1 is a block diagram showing the entire
constitution of the abnormality diagnosis apparatus in this
embodiment where the blocks fepresent individual processing
functions with the computer 3 at the center.

In gontrolliné the operation sequence of the
processing equipment 1, the PLC 2 gives an operation
command Cm to the processing equipment 1. In this stage,
the PLC 2 performs its control by first receiving various
information Se as I/O (input/output) data from the

processing equipment 1 inclusive of a sensor output and an



%egion for thedthree kinds of information is reset (cleared). Thergafl,
ecision is nmade at step S14 as to whether the val uegf {1 : BR'

time information CNT fromthe PLC 2 has been changed ﬁi&ﬁjﬁﬁﬁ&naaﬁgg
of such decision signifies a change, the process prodedds to step S1%,
where the change tine informati on CNT, 12he out put datla |OUT;7 MA@ 1 FHandel
change frequency information CM and the status infornpaty on of the entli e
relays are acquired fromthe PLC 2, and then a file npne—torrespondinglito
the value of the data change tinme information CNT is piven and

w0 (D

=1
—

on/off state of a relay switch (hereinafter referred to
simply as a relay), then sending a next operation sequence
control command to the processing equipment 1 while
monitoring the information Se such as the relay state
output, thereby executing the desired seqﬁence.

The PLC 2 allocates the above-described relay state
or the like to 1 bit to thereby produce output information
of 1 channel. Accordingly, the channel information
monitored by the PLE 2 and sent to the computer 3 as will
be mentioned later includes a plurality of channels also in
view of the fact that the processing equipment 1 is divided
inﬁo a plurality of small modules.

Now a concrete example of the sequence executed in
the processing equipment i will be described. Figs. 3 and
4 explain an exemplary sequence which comprises steps 1 to
8 (Fig. 3) of first grasping a desired article, which is to
be processed, by a chuck of a transfer machine (shift
means), then carrying the article up to another position,
and thereafter returniﬁg the same to the former positidn of
the chuck. The input data to the I/O port in this
_operaﬁion are shown in Fig. 5.
| The control operation of the PLC 2 relative to this
sequence will be described below.

Step 1: For grasping a desired article placed at a



stored on the hard disk 34. For exanple, when the

t he execution of steps S14 and

"predetermined position, a command is sent to lower a
transfer head. A relay switch is actuated in response to
this command to thereby driﬁe the transfer head. Then a
detection is made from a sensor output as to whether the
transfer head has been properly lowered or not down to a
predetermined position. The operation proceeds'to step 2
after such detection.

Step 2: A command is sent to grasp the articie by
a chuck. The relayqsnitch is actuated in response to this
command to thereby drive the chuck. Then a detection is
made by the sensor that the article has been grasped. .The
operation proceeds to step 3 after such detection.

Step 3: A command is sent to raise the transfer
head for transferring the article. lThe relay switch is
actuated in response to this command to thereby drive the
transfer head. And a detection is made from the sensor
output as to whether the transfer head has been properly
raised-or not up to a predetermined position. The
operation proceeds to-etep 4 after such detection.

Step 4: A command is sent to shift the_transfer in
the forward direction for shifting the article to a
predetermined position. The relay switch is actuated in
response to this command to thereby drive the transfer in

the forward direction. Then a detection is made from the

time information CNT is "0000", the change 23 t|‘- t he
out put .data OQUT and the channel change information |C at that t point
are stored as a file having a file nane of, e.g., "lATABFlEﬁGd@égE in
response to every change of the val ue of the change] t [ Lon ICNT



S15 is repeated (at step S16) until the |oop end of one sequence :
represented by a value "0" of the change tine inforgattorh [ outi ne
is conpleted when a file name for identifying the o (HﬁlﬁwEﬁﬁﬂﬁime
channel change frequency and the relay statuses rel ve to the entlirle
change tine points in one sequence has been given ahd| sior @AR Thé aptonatic
abnormal output detector neans 32 is acthiated in refppnse to mani pu] ation
of , e.g., a key control console of the conputer 3 byl+he—user—whien the
processi ng equi pnent 1 has been brought to a halt die to

sensor output as to whether the transfer has been properly
shifted 6r not to the predetermined position. The |
operation proceeds to step 5 after such detection.

Step 5: A command is sent to lower the transfer
head for setting the article at a predetermined positidn.
The relay switch is actuated in response to this command to
theréby drive-fhe transfer head. Then a detection is madé
from the sensor output as to whether the transfer head has
been broperly lowered sr not down to the predetermined
position. The operétion proceeds to step 6 after such
detection.

Step 6: A command is sent to open the chuck for
receiving the article. The relay switch is actuated in
response to this command to thereby drive the chuck. Then
a detection is made by thé sensor as to whether the article
has been received. The operation proceeds to step 7 after
such detection. |

| Step 7: A commana is sent to raise the transfer
head. The relay switéh is actuated in response to this
command to thereby drive the transfer head. lThen a
detection is made from the sensor output as to whether-the
transfer head has been properly raised or not up to the

predetermined position. The operation proceeds to step 8.

after such detection.



occurrence of some abnornality whereby the programis s

. +artert—] ;
means 32 detects the rel evant output channel of the outBﬁPLEhEyﬂﬁﬁgg
t he abnor nal [

state has occurred. The abnormality anal yt di agnosi s an

instructional information generator means 33 first di agndseg 7t#aR 1996
abnormality on the basis of the detect&gn result obtairnedq fromthe

automati ¢ abnormal output detector

Step 8: A command is sent to shift the transfer in
the reverse direction for shifting a néxt desired article
by lowering the transfer head down to a predetermined
position. The relay switch is actuated in response to this
command to thereby drive the transfer in the reverse
direction. Then a detection is made from the sensor output
as to whether the transfer has been properly shifted or not
to the predetermined position{ One sequence of the
opération is completed upon such detection and, after

.
resetting, execution of a next sequence starts with step 1
again. |

The PLC 2 receives, in addition to the sensor
output of the I/0 data, the on/off information Se of each
relay controlled in accordance with the output of each
sensor, and checks if the relay has practically been driven
under control. The sensors and the relays are numbered
indiVidually for identification. | |

In this example, when the state of any one of the
relays has been changéa due to some action performed in the
processing equipment, the PLC 2 regards the ipstant of such
change as occurrence of an event and records data with
regard to the event. Thﬁs, the PLC 2 recognizes which of
the steps is currently being executed. The operation of

recording the state change is performed per sequence as a



24 means 32, &t
occurrence of the abnormality, and the statuses of théRﬁ?LA@ENEE{kSHEEH|ne
point stored in the hard di sk device 34, and then gendragtes—adequat e
i nstructional information for the user and displays sych i gi-onrRleE d
di spl ay device 4 or outputs an audio gsage. Next an lexte ng

processi ng operation in the automati c abnornmal out put detector—rears—S
will be explained belowwth reference to a flow chart}jof Fig. 9. First fat
step S21, the conputer 3 acquires fromthe '

the statuses of the entire relays in the

n{t he
I‘ary flow df |t he
2

uﬁit and is reéet upon completion of each sequence.

During the operation of the processing equipment,
the state of each relay monitored by the PLC 2 is changed
with every change of the steps for example. The program
incorporated in the PLC 2 stores such change in an internal
ﬁemory. The timing of storage in the internal memory
corresponds to a change of any one of the relays being
monitored. Then the PLC 2 alters the relevant address in
the memory and holds the stored change until the end of one
cycle (loop end). And upon completion of each cycle, the
memory is reset.}m

In this exemplary case, the following three kinds
of information are stored.. |

The first is data change time information CNT whose
value is incremented in response to a change of any one of
the relays éorresponding to a plurality of channels
monitored by the PLC 2. This data change time informationl
CNT is obtained in accordance with some operation performed

in the processing equipment 1 and serves as an index for

-storage of the other two kinds of information while

regarding the change as an event. This information is -
reset to "0" at a loop end and serves as an identifier for
each of'plurél data change time points during each

sequence. A counter is used for storing such data change



PLC 2 the data change tine informati on CNT, the ougum

channel change frequency information CMat a halt e~ Equi p

Subsequently at step S22, the desired file with thé 1ii 1@ﬁgpﬁ$érr’ pondi ng
to the value of the data change tine information C aéguiFed at S21
is retrieved fromthe stored files in the hard di sk device—~347" Theregfter
the process proceeds to step S23, where the channel)change frequeney
information CMincluded in the data of that file name—4s—conpared with the

channel

time information CNT.

The second information to be stored is the data
obtained from the processing equipment (hereinafter
referred to as output data OUT). - This output data is
composed of 1 bit (1 digit) which represents the relevant
output channel correspénding to each relay and so forth
individually. In this example, the output data comprises
informétion of one or more channels related to the
operation of the processing equipment 1. Since display
lamps and various display devices belonging to the
processing equipméntll are not concerned with the sequence
operation of the processing equipment, bits for swipching
them on or off are not necessary. for diagnosis of
abnormality. Therefore, these bits are removed from the
output data OUT, and merely the necessary bits alone are
iﬁcluded.

The third data to be stored is channel change
frequency information CM. The value of this infofmation
signifies the frequené& or the number of times of changes
of each output channel and is incremented suqcessively in
accordance with the outpﬁt data OUT mentibned above. This
information CM is used for adding a weight of changes to
each output channel bit (for indicating the frequency of

changes of the relevant output channel bit).

change frequency information CM acquired at step 21 in response to



a halt of the equipnent 1 (upon-occurrence of a trouble). And at the next
step S24, a decision is made as to whether a coinci dence—s o BT
bet ween the conpared i nformation. 25 If the result o?ﬁﬁﬂbﬁd@&@ﬁgs p
step S24 signifies a coincidence between the digits of tlhg conpared charnng

change frequency information CM the ppgcess proceeds to t e 792ERWHR e |t I
follow ng analysis is perfornmed. That

|

B nmas

During the 6peration of the processing equipment 1
performed under control of the PLC 2, the above-described
three kinds of information are always stored individually
in the memory by the PLC 2. Hereinafter an exemplary flow
of the storage process executed by the PLC 2 will be
explained with reference to a flow chart of Fig. 6.

First at step S1, each relay status in the
processing equipment 1 is probed. Subsequeﬁtly, a decision
is made at step S2 as to whether the rglay status iﬁdicateé
the end of éne sequence (loop end) or not. If the result
of such decision signifies the end of one sequence, the

- process proceeds from step S2 to step S3, where the value i
of the change time information CNT is set to "0", and the
process proceeds to step S4. Meanwhile, if the result of
the decision does not signify the end of one sequence, the
process proceeds directly from step S2 to step S4.

At step S4, a decision is made as to whether any
relay status has been changed or not. If the result of
such decision signifiéé no change, the process returns to
step S1 and waits until occurrence of a change. 1In case
any one relay status has been changed, the process proceeds:
from step S4 to step S5, where the value 1 of the data
change time information CNT is incremented by "1". Then

the process proceeds to step S6 to store the output data



i's, when a coincidence is obtained between the digits o gﬁ%ﬂé@ﬂﬁﬁr
channel change frequency information, it is so judged t -ﬁcengﬂg
equi pnent 1 kept in its nornal operating state has failddlto adv aq é()tre
next operation to be thereby brought to a halt. Mre spegi iaéﬁﬁgi ?? I S
consi dered that the channel change freggency infornmation has fai

be changed fromthe value at the halt tine point to the yalue of the
channel change frequency information CM at the next datajchange.ti+e—pormr.
Therefore, on the basis of the difference taken between each digit of the
channel change frequency

OUT of plural channels corresponding to the relay statuses

o

and so forth at the incremented value of the data change
time information CNT. Thereafter the process proceeds to
step S7 to increment the value of the channel change
frequency information CM relative to the changed bit in the
output data. Subsequently the process returns to step s1,
and reéeats the foregoing storage in the memory.

Fig. 7 is a diagram for explaining exemplary
information obtained from the processing eqﬁipment 1 to be
stored. The examplg of Fig. 7 shows changes of three
actuator on/off outputs SA, SB, SC and one lamp driving
output SL in one sequence. This example represents a case
where a loop end of one sequence is indicated when all the
outputs SA, SB, SC and SL are off_(at a low level).

In this case, the lamp driving output is not
concerned directly with the operation of the equipment 1,
so that the lamp driving output is not an object of the
information in the output data OUT, and thérefore the
output channels are tﬂfee which deliver on/off outputs SA,
SB and SC of three actuators A, B and C. In Fig. 7, each
numeral enclosed in a circle O denotes the vaiﬁe of the
datalchange time information CNT, and each numeral enclosed
in é square [] denotes the frequeﬁcy of changes in the

" relevant channel.



information CM at the halt tinme point and each digit of hewE%F T
frequency information CM at the next data change tine o@ﬁﬁLAi f

that the channel with the changed digit is the rel evant qnﬁﬁﬁéThmhi %
failed to be changed contrary to its essential change ahd t@ptw@ﬁ& no
state has occurred in this channel. Supgpgse now that, i he sequence g
Fig. 7 for exanple, the three kinds of information at alh S e
equi pnent 1 are as foll ows:

‘Consequently the data change time informatioh'CNT,
the output data OUT and the channel change frequency
information CM in this exemplary sequence are such as those
shown in the lower table of Fig. 7. More specifically, the
example of Fig. 7 shows that there are seven change time
points during one sequence, wherein the channels with such
changes are represented by the output data OUT, and the
digit of the channel change frequency information CM
relative to each channel signifies, at the change time
point thereof, the ;rdinal number of the change caused in
the relevant channel during one sequence.

In the column of the output data OUT, a symbol O of
each digit denotes "off", and a symbol @ thereof denotes
"on". |

During the sequence described above, when any
abnor;al state has occurred in such a manner that the
transfer machiné for example is brought to a halt due to

_ some trouble or the iike, the operation of the procéssing
equipment 1 is interrﬁbted, and simultaneously the PLC 2
stops the program in that state. Although the stop point -
of the program can be deteéted from the sensor éutput, such
detection program is not incorporated in the PLC2. If the

trouble is one of those presupposed in the processing

equipment, the arrangement may be so contrived as to switch



26 data change time CNT = 0004 output data OUL 'i?*; 3006
channel change frequency CM = 0112 In this case, th : chahne
change frequency information CM at the data change 1 i dent
with the value stored in the hard disk device 34, and\th r]eﬂﬁg'\%c | 4t ed
the difference between this value and 2phe channel chg '

I nformati on CM = 0122 at the next data change tine C\

on an alarm buzzer or an alarm lamp as a portion of the
sequence of the PLC 2. However, in case the trouble is an
unpredictable one, no alarm is generated and the whole
system is kept at a halt.

For the purpbse of automatically diagnosing such
abnormal state and giving an adequate instruction to the
user to take a proper action, a computer 3 is connected to
the PLC 2 in this embodiment.

In the case of this'embodiment, the computer 3 is
equipped with, as sﬁown in Fig. 1, some function means
including an automatic memory means 31 for storing a normal
éequehce state, an automatic abnormal output detector means
32, an abnormality analytic diagnosis and instructional
information generator means 33, and a hard disk device 34
as a memory means for storing the aforementioned data
change time information CNT, output data OUT and channel
change frequency information CM of one sequence.

The data change time inférmation CNT, the output
data OUT and the chanﬁél change frequency information CM of
one sequence stored in the internal memory o£ the PLC 2 are
stored previously in the automatic memory meané-31 during a
normal operation of the processing equipment 1 under
control of the PLC 2.

A flow of the storage process in- this automatic



di fference therebetween is [err] = 0010, it is found that sone ahne+tre

has occurred in the second channel, i.e., in a portion
actuator Bin Fig. 7. Meanwhile, if the result of t %AQ“L

signifies non-coincidence between the conpared digitk
change frequencies, the process proceega to step S26 qu7mma
analysis is perforned. As described, the processing aqyi pnent 1

exanple is divided into a plurality of small nodul es Isi
is great, and the individual small nodul es op
one anot her

and noni tor
memory means 31 will now be explained below with reference

to a flow chart of Fig. 8.

First at step S11, the computer 3 sends a request
to the PLC 2 for acquisition of the aforementioned
information. Then at step S12, a decision is,made as to
whether the value of the change time information CNT
included in the acquired information is "0" which denotes a
loop end of one séquence. If the result of such decision
is negative, the process is kept waiting until the loop
end. And upon dete;tion of the loop end, the process
proceeds from step S12 to step S13, where the storage
region for the.three kinds of information is reset
(cleared) .

Thereafter a decision is made at step S14 as to
whether the value of the data change time information CNT
from the PLC 2 has been changedlor not. If the result of
such decision signifies a change, the process proceeds to
step S15, where the change time information CNT, the output
data OUT, the channeliéhange frequency information CM and
" the status information of the entire relays are acquired
from the PLC 2, and then a file hame corresponding to the
value of the data change time information CNT is given and
stored on the hard disk 34. For example, when the value of

the data change time information CNT is "0000", the change



generated until any trouble caused in one portion aciug
whol e 27 equi prrent. Non-coi nci dence between the cd
frequency information CMis so considehpgd that, when
nodul e is brought to a halt, the other

time information CNT, the output data OUT and the channel
change information CM at that time point are stored as a
file having a file name of, e.g., "DATAFILE.000".

And in response to every change of the value of the
change time information CNT, the execution of steps S14 and
815 is repeated (at step S16) until the loop end of one
sequence represented by a vélue "0" of the change time
information CNT. This routine is completed when a file
name for identifying the output data OUT, the channel
change freéuency and the relay statuses relative to the
entire change time points in one sequence has been given
and stored.

The automatic abnormal output detector means 32 ié
actuated in response to manipulation of , e.g., a key
control console of the computer 3 by the user when the
processing equipment 1 has been brought to a halt due to
occurrence of some abnormality, whereby the program is
started. Then the means 32 detects the relevant output
channel of the output-data OUT where the abnormal state has
occurred.

The ébnormality analytic diagnosis and
instructional information generator means 33 first
diagnoses the abnormality on the basis of the detection

result obtained from the automatic abnormal output detector



nodul es stiII'perforn1the operations thereof and the%@fgggﬂg_unahLe—%o
continue the operations finally due to the interrup ' HETihe
nodule at a halt. In view of the above, the two-cha _jggﬁgﬁgquﬁﬂi ency

information CM at the halted data change tine are c ared mﬁp@ hannel
change frequency information CM at the Qrecedi ng chan e Q7 Hde 7 han
the halted change tine, and the change& channel , wheré the opera S
executed, is ignored while the digit of the unchangdd _ [ eeded
to be changed essentially but was not changed actually, | S an
abnormality.

means 32, the statuses of the entire. relays in the PLC 2 at’

the occurrence of the abnormality, and the statuses of the
relays at that time point stored in the hard disk device
34, and then generates adequate instructional information
for the user_and displays such information on the display
device 4 or outputs an audio message.

Next an exemplary flow of the processing operation
in the automatic abnormal output detector means 32 will be
explained below with reference to a flow chart of Fig. 9.

First at stép S21, the computer 3 acquires from the_
PLC 2 the data change time information CNT, the output data
OoUT and the'channel change frequencf infdrmation CM at a
halt of the equipment i. Subsequently at step S22, the
desired file with the file name corresponding to the value
of ﬁhe data change time information CNT acquired at step
S21 is retrieved from the stored files in the hard disk -
device 34.

Thereafter the process proceeds to step S23, where
the channel change fréﬁuency information CM included in the
data of that file name is compared with the qhannel change
frequeﬁcy information CM acquired at step 21 iﬁ.response to
a halt of the equipment 1 (upon occurrence of a trouble).
And at the next step S24, a decision is made as to whether

a coincidence is obtained between the compared information.



Suppose now that, in t he sequence of Fig. 7 for exanple, the three kinds of

information at a halt of the equipnent 1 are as foll 0E
CNT = 0004 out put data OUT ©* = 0005 |t é

n§HEET

[ ne

frequency CM = 0121 In this case, the;xhannel change|fy§equency Inforpati on

CMis 0112 at the data change time CNT yhich is the pafre O3 Makesogu
halt tine stored in the hard di sk deviceé”34, so thatfjthe two val ues far

coincident with

bnent

e not

!
If the result of the decision at step S24 signifies

a coincidence between the digits of the compared channel
change frequency information CM! the process proceeds to
step S25 where the following analysis is performed. That
is, when a coincidence is obtained between the digits of
the compared channel change frequency information, it is so
judged that the processing equipment 1 kept in its normal
operating state has failed to advance to the next operation
to be thereby brought to a halt. More specifically, it is
considered that theqchannel change frequency information CM
has failed to be changed from the value at the halt time
point to the value of the channel change frequency
information CM at the next data change time point.

Therefore, on the basis of the difference taken
between each digit of the channel change frequency
information ﬁM at the hait time point and each digit of the
channel change frequency information CM at the next data
change time point, it is found that the channél with the
changed digit is the felevant'channel which has‘failed to
be changed contrary to its essential change ;nd that the
abnormal state has occurred in this channel. |

Suppose now that, in the sequence of Fig. 7 for
example, the three kinds of information at a halt of the

equipment 1 are as follows:



i AR T T

28 each other. And it is found that, since the channell ¢h ®genty
Information CMis 0111 at the change tinme CNT = 0003 i dg?gdfﬂyg prece |y g'
the halt tinme, the fourth digit relative to the actuatq ' ' sefled

to be changed from"1" to "2", but the actuator C had
at the preceding change tinme CNT = 0003 gnd t her ef ore tthe—equipnent was
brought to a halt. In the manner descriB d herei nabove, the automatic

data change time CNT 0004

output data OUT 0006

channel change frequency CM = 0112

In this case, the value of the channel change
‘frequency information CM at the data change time CNT is
coincident with the value stored in the hard disk device
34, and there is calculated the difference between this
value and the channel change frequency.information_CM =
0122 at the next data change_time CNT = 0005. Since the
difference therebet;een is A =_0010, it is found that some
abnormality has occurred in tﬁe second channel, i.e., in a
portion relative to the actuator B in Fig. 7.

Meanwhile, if the result of the decisibn at step
S24 signifies non-coinciden¢e between the compared digits
of the two channel change fredﬁéncies, the process proceeds
to step S26 where the following analysis is performed.

As described, the processing equipment 1 in this
example is divided into a plurality of small modules since
the scale thereof is éreat, and the individual small
modules operate independently of one another and monitor
the states mutually at predetermined points to”thereby
achieve.the intended object of the whole equipment.
Consequently; a time lag (deiay) is generated until, any

trouble caused in one portion actually affects the whole



abnormal output detector neans 32 is capable of detecting the relevant

out put channel with the abnormality caused therein. The [
abnor mal out put channel thus detected by the automatic a
detector nmeans 32 is supplied to the abnormality anal yti
instructional information generator neans 33. In this negan
statuses of the entire relays concerned 2fth the rel evan
and stored in the hard disk device 34 are read out therelr
status information of the entire relays are acquired frov

CJ
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equipment. Non-coincidence between the compared channel

change frequency information CM is so considered that, when

the operation of one module is brought to a halt, the other

modules still perform the operations thereof and then

become unable to continue the operations finally due to the

interrubted operation of the module at a halt.

In view of the above, the two-channel changé

frequency information CM at the halted data change time are

compafed with the channel change frequency information CM

L)

at the preceding change time earlier than the halted change

.time, and the changed channel, where the operation was

executed, is ignored while the digit of the unchanged

channel, which needed to be changed essentially but was not

changed actually, is, detected as an abnormality.

Suppose now that, in the seqﬁence of Fig. 7 for

example, the three kinds of information at a halt of the

equipment 1 are as follows:

0004

data change time CNT

0005

output data OUT

channel change frequency CM = 0121

In this case, the channel change frequency

information CM is 0112 at the data change time

CNT which_is

the same as the equipment halt time stored in the hard disk

device 34, so that the two values are not coincident with




2, whereby the cause of the trouble is found out and then is supplied to

t he di splay device 4-to notify the user. Assume here tha 0 o
programin the PLC 2 is such as shown in Fig. 10 for eanﬂBgJ 5 r%
of the detected channel output "00001" is an AND of the fohtrol 29 rel 3

"14002" (normally-open relay) and the control relay "140D5] Q7 MAR 1996
(normally-closed relay). In this diagr&ﬁ] "

each other. And it is found that, since the channel change
frequency information CM is 0111 at the change time CNT =
0003 imﬁediately preceding the halt time, the fourth digit
relative to the actuator C in Fig.‘7 needed.to be’ changed
from "1" to "2", but the actuatof C had alreédy been halted
at the preceding change time-CNT = 0003 and therefore the
equipment was broﬁght to a halt.

In the manﬁer described hereinabove, the automatic
ébnormal output detector means 32 is capable of detecting
_the relevant output channel with the abnormality caused
therein. |

" 'The information of the aﬁnormal output channel thus
detected by the automatic abnormal output detector means 32
is supplied to the abnormality analytic diagnosis and
instructional information generator means 33. In this
means 33, the statuses of the 'entire relays concerned with
ﬁhe relevant output channel and stored in the haid disk
device 34 are read out therefrom, and the status
information of the enéire relays are'acquired from the PLC
2, whereby the cause of the trouble is found'out and then
is supplied to the display device 4 to notify the user.

Assume here that the ladder program in thé PLC 2 is

such as shown in Fig. 10 for example and the state of the

detected channel output "00001" is an AND of the control



denotes "actual state/stored normal state". As obvio

( : _ ﬂﬁp] EWE%T t he
state in this exanple signifies that, since the contrfo —ngLymuéEgﬁzgnzs

actually "off" instead of being correct "on", the outjpu
to "on". The above can be detected by probing the statu

o0 DRI o foi

driven by aniAND of

relays by the neans 33. If the control relay "14005"

the control relay "14004" and the sensoR9"2001" as sHown in Fig. 11,

occurrence of any abnornality can be ascertai ned by
t he sensor "2001" as this sensor "2001" is

of

relay "14002" (normally-open relay) and thé control relay
"14005" (normally-closed relay). In this diagram, "/"
denotes "actual state/stored normal state”. As.obvious
from the above, the state in this examplé signifies that,
since the control relay "14005" is actually "off" instead
of being cofrect "on", the output "00001" is turned to
"on".

The above can be detected by probing the statuses.
of the control relays b& the means 33. If the control

relay "14005" is driven by an AND of the control relay

"14004" and the sensor "2001" as shown in Fig. 11,

occurrence of any abnormality can be ascertained by probing

the status of the sensor “2001" as this sensor 52001" is
kept "off" instead of being switched on.
Thus, it becomes possible to analyze any

abnormality by compéring the statuses of the relays and the

sensors at a halt with those in the normal operation, hence

notifying the user of the abnormality.

As described ﬁereinabove, according to the present
invention where the computer éonnected to thg PLC executes
a diagnosis of any abnormality by itself and gives an
adequate instruction to a user, so that any ordinary
nonproﬁessional user is enabled to perform proper trouble-

shooting that has been heretofore achieved merely by



kept "off" instead of being switched on. Thus, it becomes possible to
anal yze any abnormality by conparlng the statuses of the relays and the
sensors at a halt with those in the normal operation, hence notifying the

user of the abnormality. As described herei nabove, acceFﬁFﬁg?ra:rhe1Q+ee$
I nventi on where the conputer connected éﬁ t he PLC executes a dlagn05|s'5
any abnormality by itself and gives an equate instruction to a user,

t hat. any ordi nary nonprofessional user is enabled to perform proper
troubl e- shooting that has been heretofore achieved nerely by

experts having eufficient knowledge. Consequently, the
halt time derived from occurrence of any abnormality can be
curtailed to eventgally eﬁhance the operation efficiency of
the processing eqeipment; whereby an increase of the
production can be expected.

Fhrthermore, the computer is capable of analyzing-
the abnormality regardless of the.control program in the
PLC, soO that'it is rendered possible to ensure remarkable
enhancement in the abnormality diagnosis apparatus and

-4

method with high general-purpose usability.
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30 experts having sufficient know edge. Consequently, the halt tine
derived from occurr abnormality can be curtailed to eventual

. enhance the op ‘ K of the processing equ
i ncrease of th @m M“ ﬁm e expect ed. Furthermremacmmﬁz
capabl e of anal g therabhor’mality regardl ess of thefc (ntrollfro ramyi
t he 31

WHAT IS CLAIMED IS:
1. An abnormality diagnosis apparatus wherein a
computer is connected to a programmable logic controller
for controlling the operation of a processing equipment
which repeats a predeterﬁined sequence of a plurality of
steps, while monitoring information obtained from said
processing equipment and changed iniaccordance with the
operation in said processing'equipment, thereby
automatically detecting any abnormal state induced in said
processing équipmenz;

wherein said computer comprises memory means for
previously storing changes of the information of at least
one sequence from said processing equipment in a normal
operation thereof; and automatic analysis means for °
acquiring the information from said processing equipmént
during its halt caused upon occurrencé of any abnormality
in said eqﬁipment, then comparing the acquired information
with the information stored previously in said memory
means, and executing én analysis of the abnbrmal state on
the basis of the result of such comparison. |
2. An abnormality_diagnosis method chéracéerized by:
coﬁnecting a éomputer to a programmablé logic controllex
for controlling the operation of a proceséing equipment

which repeats a predetermined sequence of a plurality of




_ .
PLC, so that it is rendered possible to ensure remarkabl e enhancenent in
t he abnornality di agnosi s apparatus and nethod wth hi % - '
usability. IMED I'S: 1. An abnor < EE

TB@T‘C"‘"""T

appar at us vvhe %ﬂ"ﬁlm, connected to a progr
controller fo m Mﬂfoperat [ ogzof a proces

steps;
previously storiflg, in memory means of said

computer, changes of information of at least one sequence
obtained from said processing equipment in a normal |
operation thereof; and

" acquiring, by said computer, the iﬁformation from
said processing equipment during its halt caused upon
occurrence of an abnormal state in said equipment, then
comparing ﬁhe acquiEed informatibn with the information
stored previously in said memory means, and
executing an anélysis of the abnormal state on the basis of
the result of such comparison.
3. The abnormality diagnogis apparatus according to
claim 1, wherein the information from said processing
equipment includes at least an identifier of the
information change time, and information of one or more
channels relative to theloperation of said processing
equipment; and said automatic analysis means detects, from
said identifier, the information change time at the halt of
said processing equipment, then compares the's;ored
information of each channel at the detected change time
with the information of each channel acquired from said
controllér, and selectively detects, on the basis of the

result of such comparison, the relevant one channel



Wwhich repeats a predeterm ned sequence. of a plurality of steps, while
noni toring information obtained fromsaid processing equi prent and changed

i n accordance MLLD_LDQ_QpELaLLen—+n sai d processing equi nt thereby
automatical |y de state induced in sdi
equi pnent ; wher eL "mm m m“\corrprl ses nenory neans :
storing changes of et *on of at33 east one sequénge from Sai

processi ng equ pment in a nornal operation thereof; and 6H3Mw?gmgly i |
means for acquiring-the information fromsaid pr ocessi ui preent .

concerned with occurrence of the abnormal stéﬁé?~—-_“_;h;;‘;
4. The abnormality diagnosis apparatus according to
claim 1,iwherein the information acquired from said
processing equipment to be stored includes at least an
" identifier of the informatiqn change time, and information
of one or more channels.rélative to the operation of said
processing equipment and indicating the frequency of
changes of each of said channels; and said automatic
analysis means detects, from.said identifier, the
information change éime at the halt of said proceésing
equipment, then compares the stored change frequency
informatioﬁ of each channel at the detected change time
with the change frequency information of each channel
acquired from said controller, and selectively detects, on
the basis of the result of such comparison, the felevant

one channel concerned with occurrence of the abnormal

state.
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storkdfpreviously int sfaid nmenory means, and executing an anglysis of .t he
basis of the result of such conparisor. |2.07 M M06
et hod characterized by: connecting ajcqnputer to a
confroller for contr@d4ing the operation lof & processi ng
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equi prent whi ch repeatbk a predeterm ned sequence of a pluraljity of.

APPARATUS AND METHOD FOR DIAGNOSIS OF ABNORMALITY
IN PROCESSING EQUIPMENT

ABSTRACT OF THE DISCLOSURE

An apparatus and a method for diagnosing any

abnormality in a processing equipment without the necessity_

of pfofessional knowledge of a user while ensuring enhanced
-general-purpose usability. In the apparatus, a computer is
connected to a programmable logic controller for
controlling the operation of a processing equipment which
'repeats a predetermined sequence of a plurality of steps,
while monitoring information from the processing equipment
chahged in accofdance with the operation in the equipment,
thereby automatically detecting any abnormal state in the
equipment. The computer combrises memory means for
previously s;oring changes of the information of at least
oﬁe sequence from the processing equipment in its normal
operation; and automatic analysis means for acquiring'the
information from the processing equipment auring its halt .
caused upon occurrehcg of any abnormality in the equipment,
then comparing the acquired information with the
information stored preﬁiouély in the memory ‘means, and
executing an analysis of the abnormal state on thg basis of

the result of such comparison.

FIGURE 1




32 steps; previously storing, in nmenory nmeans of said conputer, changes of *
informati on of at | east one sequence obtained from'said processing _
equi pnrent in a nornmal operation thereof; and acquiring, by said computer,
the information from said processing equi pnent during i I N@?ff NTaTe
occurrence of an abnormal state in said equipnment, then { na1EE]

acquired information with the infornmati . §
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stored previously in said nenory nmeans, and executing an analysis of the
abnormal state on the basis of the result of such conparison. 3. The
abnormal ity diagnosis apparatus according to claim 1, wherein the

i nformati on.from sai d -processi-ng equi pnent includes at |east an identifier
of the information change tinme, and information of one or nore channels
relative to the operation of said proceﬁ?éng.equipnent; and sai d automatic

anal ysis nmeans detects, fromsaid identitier, the infor
at the halt of said processing equipnent, then conpares ééﬂgﬂﬁ §H§ﬁ
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~information of each channel at the detected change tinme with the
I nformati on of each channel acquired fromsaid controller, and selectively
detects, on the basis of the result of such conparison, the rel evant one

channel concerned with occurrence of the abnormal state
abnormal ity diagnosi s apparatus according to claim1, wher
I nformation acquired fromsaid processi@ggequipnent to be

at least an F' l G 3

- FI1G. 4

4. . The

Lnthao

REPEACEMENE SHEET
07 MAR 1996

STEP NO. |- CONTENTS OF STEPS PROGRAM NO.
® 'TRANSFER HEAD DOWN 1500 |
@ | cHUCK CLOSE 15002
® | TRANSFER HEAD UP 15005

- @ - TRANSFER FORWARD 15006
® “TRANSFER HEAD DOWN 15008
® _CHUCK OPEN 150009
@ ‘TRANSFER HEAD UP 15010
‘TRANSFER REVERSE . 1501 1.




|dent|f|er of the information. change tine, and information of one or nore
channels relative to the operation of said processing equi pment and

‘indicating the frequency of changes of each of said channels; and said

automati c anal ysis neans detects, fromsaid identifier, the |nfornat|on
change tine at the halt of said processing equipnent, then.ce
stored change frequency information of h channel at. Rﬁg“ eING

time with the change frequency information of each chapner—acgurTed™TTpm
said controller, and selectively - detects, on the basisjof t o]
such conpari-son, the rel evant 617 Hﬁf’i‘j‘%

F1G.5

1/0 ADDRESS CONTENTS
X100 . TRANSFER HEAD UP
X10I TRANSFER HEAD DOWN
X102 CHUCK OPEN |
X103 CHUCK CLOSE
X104 'CHUCK MISS
X105 TRANSFER REVERSE
X106 TRANSFER FORWARD
X107 | UNLOAD READY
X | _d 8 . LOAD READY




one channel concerned with occurrence of the abnornal state.
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C START )

ACQUIRE DATA FROM PLC ~Si|

CHANGE TIME™
lNFORMATlgN CNT "O"

AUNITIALIZE (RESET) | o
MEMORY - [SI3

e

ANY CHANGE

IN CHANGE TIME

INFORMATION CNT
?

STORE CHANGE TIME
INFORMATION "CNT,
OUTPUT DATA OUT,
CHANNEL CHANGE |
FREQUENCY INFORMATION [-SI5
|CM AND ALL RELAY
STATUSES AT CHANGED
TIME POINT ON HARD DISK

CHANGE TIME
INFORMATION CNT "O"
?

S16
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| (" starT ) |

ACQUIRE CHANGE TIME '
INFORMATION CNT, OUTPUT
DATA OUT AND CHANNEL
CHANGE FREQUENCY -
INFORMATION CM FROM PLC

*(REPLACEMENT SHEET

—~—S21

AT HALT OF EQUIPMENT

RETRIEVE, FROM STORED
FILES IN HARD DISK
DEVICE, ONE FILE HAVING
VALUE OF ACQUIRED CHANGE
TIME INFORMATION CNT

S22

COMPARE CHANNEL CHANGE

FREQUENCY INFORMATION CM [—S23
N
COINCIDENT 7

S24

DETECT HALTED OUTPUT
CHANNEL FROM DIFFERENCE
BETWEEN CHANNEL CHANGE
FREQUENCY INFORMATION AT
HALT CHANGE TIME AND
INFORMATION AT NEXT
CHANGE TIME .

DETECT HALTED
OUTPUT CHANNEL
WHILE IGNORING
OPERATION-EXECUTED
OUTPUT CHANNEL

\

S26

N t—
C END'J
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