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” APPARATUS AND METHOD FOR DIAGNOSIS OF
AENORMALITY IN PROCESSING EQUIFMENT

BACKGROUND OF THE INVENTION
The present invention relates to.an apparatus and a
method for automatically aiagnosing an& abnormality such as
fault or trouble in a.piocessing equipment and outputting
.an adequate instruction which cphtributes to a proper
corrective action of a user. |

It is observed of late that automation is'in rapid

- progress with regard to processing 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 |

;-Ereeet.stePJthereinv whereby the processing steps in

- serial production and so forth are executed substahtially

in a full automatic mode according to a program prepared in

a controller for controlling the px oce551ng equipment.
The controller emploved in such processlng

equipment is ¢alled PLC (Programmable Logie Controller),

where a program for controlling a series of processing:
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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 prepared 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 portion of the sequence, but it ié difficult to
include, in the proéraﬁ, an abnormality diagnosis which

instructs Ehe.user to perform a required action against the

faulty portion or the fault itself. Further, any fault

‘capable bf generéting an élarm-neeas :p'be predictable in
the processing equipmgnt,'and no alarm can be geherated at
all with regard to any nonprediétéd abnorﬁality

Therefore the user h;mself needs to perform a fault’

. diagnosis but, since the latest process1ng equ1pment 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 expert system is

frequently employed as software for fault diagnosis. This
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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

| "l
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problems that the relevant syetem is not exactly handleable
by any o;dinar& person and the pericd of ‘time from
occurrence of a trouble t_o a halt of the .processing
equipment is rendered 1on§.

In view of the above c.:i.roumstances, the present
applicant proposed, in Japanese Patent Application'No. Hei .
5-219122, an abnormality dia.guosis system wherein a
computer is connected to a PLC for controlling th.e
operation of a processing equipment, then any abnormal
state in the processing .equipment is ,de'tected automaticall-y .
by the 'co,m'puter, and the result reiative to the detected_ .
abnormal state is displayed.

The computer in such proposed abno::mal:.ty diagnos:.s
system analyzes a program acquired from the PLC while |
'_acqu:.ring input/ output data relat:.ve to the operat:.on
'sequence of the prooess:.ng equipment then detects any
abnormality in .the-prooessmg equ:.pment from the acquired
data and the result of the analys:.s 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 sﬁrstem in the
releted art mentioned above is the one énploying an expert

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

the expert ——
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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 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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autoznatic analysis means for acquiring the information from
the processing oquipment during its halt caused upon . |
occurrence of any abnormality in the equipment, then
comparing the acquired information with the information
stored prev:.ously in the memory means, and executing an
analysis of the abnomal ‘state on the basis of the result
of such comparison.

Ac'coxding_ to another aspect of Ehe bre#e_nt
invention,. there is provided an abnormality diagnosis
method charactenzed by: conneg:t:.ng a computer 'to a
programmable logic controller for. controlling the operation

. of a proce_ss;.ng 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
equipmént, 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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information change time, and information of one or moie
channels relative to the operation of the processing'
equipmgnt. The autqmatie analysis means detects, from the
| identifier, the information change time at the halt.of the
| pfobessing equipment, then compares the stored information
of each channel at the detected change time with the
.information of each channél acquired from the controller,
and selectively detects, on the basis of the result of such
cdmparison, the relevant one chamnel concerned with
bccurrence of the abnormal étate. | :
-'The.processihg eqﬁipment éxécutes.the sequencé of
plurél'stéps under control of the progrémmable logic
cdﬁﬁrbller-fPLC)} In the piesent invention of - the
conétitutién-mgnﬁiﬁned above,_thé-computer previously
stores, in the memory means théredf,'changes of the .
infdrmatién 6f one seqpence-(oné cycle) obtained frdm the
.ﬁ&ocessing_equiﬁment during its normal bperatioﬁ.
| The éutomatic 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

© T
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The'informati§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 meﬁﬁry means. ' In case the
information from the procgssing quipment'is coﬁpoSéd 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
6utput_data at the bréceding data change time.
The above and other featurés and gdvantégeé of the
| present invention will become apparent from“théxfollowiné
'”deScfiption which.ﬁill-bezgivep with reference to the

illustrative accompanying drawings.

BRTEF DESCRIPTION OF THE DRAWINGS
Fig._llis'a block_ﬁiag:am of an embodiment
representing an abnorﬁality diagndsis apparatus of the
present invention for a processing equipment; )
" 'Fig. 2 is a perspective view of the eﬁbodiment

represen:ing the abnormality diaghosis apparatus of the

resent invention for a processing equipment;.
P ’ : P g equipm ’ This Sheet Has Been Replaced
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Fig. 3 iliugtrates 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
processing equipment; |
| Fig. 9 is a flow chart showing a process of
automatic ahnommality output detection meéns 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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"incorporated in the PLC; and
_FigL 11 is a diagram showing another exemplary

' program incorporated in the PLC.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter a_preferred embodiment of the
abnormality diagnosis apparatus of the-present invention
for a processing equipment will be described in detail with
reference to the accompanying draW1ngs
Fig. 2 is a perspective v1ew_i11us:rating the whole
system_eonStitu;ion of_the-abnormality diagnosis apparatus
of the inveption.' A proceseing equipment 1 such as a
production eqnipmen;'executee_a”pluralityiofIéteps of.each
sequence-sﬁccessively under control of a PLC 2-(not shown
1n Fig 2). : |
" In this embodiment, a program in the PLC 2 is more
_complicated with an increase of the lcale of the processing
equipment i, and therefore the processing eguipment 1 is
divided into a plurality of small 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 processxng
~equipment 1. The small modules operate independently of

one another and achieve the intended operation of the
. . \
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entire equipment while monitoring the mutual states thereof
at predetermined time points. _

' And upon occurrence of any abnormal gtate where the
processing equlpment 1l is brought to a halt 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 computer 3 fo:_giving information relétive to the
faulty.porﬁion and.instructing.the us9r to take a necessarf
action against the abnormality. B |

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 Rep laced
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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
into 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
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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 laced
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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. | | | |
| lrstep_S:” A command 15 sent to open the chuck for
receiving. the article. The relay switch is actuated in
responsé'to this cbmmand to thereby dr;ve the chuck. 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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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 sctﬁated 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
'resettlng, execut1on of a next sequence starts with step 1
aga;n.
| The PILC 2 rece;ves, in addition to the sensor
output of the 1/0 data, the on/off information Se of each .

relay controlled in accordance w;th the output of each
 sensor, and checks if the relay has pract;cally been drzven
under control. The sensors and the relays are numbered
1nd1v1dua11y for ident;flcatzon.

In this example,_when the state of any one of the
seleys has been changed due te some actlon performed_in the
ﬁrocessing equipment, the PLC 2 regards the instant of such -
change es_occurrence of an 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-islBeer-l Repliceci
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unit 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 change 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 o£ one
¢ycle (loop end). and upbn completion of each cycle,'the
memory is resétg | ' |
| ‘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_
thé'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.indei for
storage of the other two kinds 6f information thle- |
regarding the change as an event. This information is
L reset to "0" at a loop end and serves as an identifier for
| each of plural data change time points during each

sequence. A counter is used for storing such data change

16 T This Sheet Has Been Replaced
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time inforﬁation CNT.

The second information to be storgd is the data
obtained from the processing equipment (hereinafter
referréd‘to as output dﬁta OUT). This output data is
éomposed of 1 bit (1 digit) which represents the relevant
output.éhannel corresponding'to each relay and so forth
individually. In this example, the output data comprises
information of one or more channels related to the |
operétion of the processing equipmént 1. Since d;splay

" lamps and various dlsplay devices belonglng to the
pxocessing'equipment 1 are-npt-concerngd wn;h the sequende-
-opexation of the processing equipment, bits for switching
them §n or oﬁflare not necessaryjfbr diagposis_of
abhormélity. ‘Therefore, these bité are removed.frém the
output data OUT, and merely the neéessa:y bits alqne are
included. ' | | '. _

The third data to be stéred-is-channel change -
frequency,information CM. The-vaiue_of this infoimatibn
‘signifies the frequency or the number of times of changes
of each output channel and is incrémented succegsively in
accordance with the'outpﬁt data OUT mentioned abbve. 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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-During the.operation of the_processing equipment 1

performed under‘cottroi of the PLC 2, the above-described
‘three'kinde of information are always stored indiviéually
in the memory by the PLC 2. Hereinafter an exemplary floﬁ
of the storage process executed hy'the PLC 2 will be
explained with reference to a flow chart of Fig. 6.

First et.step S1, each 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 valﬁe 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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| OUT of- pl_ural channels corresponding to the relay statuses
and so forth at the incremented value of the data change
time information CNT, There_aftei the 'protess proceeds to
step S'f to increment the value of. the channel change
frequ_eﬁcy 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 dr:.vmg

output SL in on_e_ 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 -
concerned dlrectly w:.th the operat:.on of the equ:.pment 1,
so that .the lamp driving output_ is not an object of the

) -infomstioh _in the output data OUT, and therefore the
output channels are three which deliver on/off outputs SA,
SB and SC of three actuators A, B and C. In Fi'g.' 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 fr.equenty of changes in the

relevant channel.

. //ll/l///ll///////////7/7°“‘
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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 durzng one sequence.

| In the column of the output data OUT, a symbol O of
each'd:.g:.t denotes "off", and a symbol @ thereof denotes
"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 ie one of those presupposed in the processing

equipment, the arrangement may be so contrived as tb switch
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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
systenm 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

H'\;\
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memory means 31 will now 5e explained below with reference
co a flow chart of Fig. 8. | |
First at step S11, the computer 3 sends a request
to the PLC 2 for acquisition of the aforementicned'
inforﬁation. 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
1oo§ ena 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
prqceeds frcm.step 812,tc step 513, 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
frcm the PLC 2 ‘has been changed or not. If the result of
_such decis;on signifies a-change. the prccess proceeds to

 step S15, wheré;;he change time information'CNT, the output -
data GUT, the channel change frequency information CM and
the statds.info:meticn_of the entire_reiays are acquired -
from the PLé 2, and then a file'name coriesponding to the
value of the data change time information CNT is given and
stofed 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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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
'.and stored. | |

.The.aﬁtqmatiq,Abno:mal output detector means 32 is
actuated in respdnse tb7mahipuiatioh of., e.g., a key |
control qcnsole'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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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 2 the data change time.infofmation CNT, the output data
.OUT and the channel change frequency 1nformat1on CM at a
- halt of the equzpment 1. Subsequently at step 822, the
desired file with the flié 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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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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0004

'data'change time CNT

.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 thé next data chapge time'CNT‘= 0005. Since the-
difference therebetween is A = obib, it is_foﬁnd that some.

| abnormalit& has o¢§u£:ed'in thé second channel, i.e., in a
portion relative ﬁo_ﬁhe_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 td 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
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equipment. Non-coincidence between the ccmparcd channel
change frequency informaticn CM is so considhred thaﬁ, when
- the operation of one module is brcught to c halt, the other
_modules still perform the operations thereof and then
becomc unable to continue the opcraticns 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 cM
at the preced;ng change time earl;er than the halted change
“time, and the changed channel, where the operatlon was
éxecuted. is ignored%while_the-digit,of'the unchanged
- channel, thch needéd to be chanced cssentially butcwas.hct
changed actually, is deteched as an abnormality. |
Suppose now that, in the sequence of Fig. 7 for
.example,'che three kinds of information at a halt of'the'
equlpment 1 are as follows-

data change time CNT

0004
- output data OUT | : ~= 0005
..;.-;thhannel chahge frequency CM =:0121
In thic.ccse, 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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each other. Aand it.is found that, since.the channel change‘
frequency information CM is 0111 at the chahge-time CNT =
0003 ‘immediately preceding the halt time, the fourth digit
relative to the actuator C.in Fig; 7 ueeded to be changed
from "1" to ;2", but the actuator 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 detector 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 channel and stored in the hard d;sk
dev1ce 34 are. read out therefrom, and the status
information of the entire relays are acquired from the PLC
2,~wﬁereby the cause.of the trouble is found out and theh
is suppiied 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
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reiay ©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,
occurrence of any abnormal;ty can be ascerta;ned by probing
the.s:atus of the sensor *2001" as th;s,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 abnormaiity 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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experts having sufficient knowledge. C6nsequent1y, the
halt time derived from occurrence of any abnormality can be
curtailed to evéﬁtually 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.
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WHAT IS c:.anm‘_ IS:
1. An zbnormality diagnosis apparatus wherein a
'compute'zf ie conhecte'd to e programmable logic contreller
for controlling the operation of a processing equipmene
which mepeats a predetermined seqﬁence of a plurality of
steps, while monitoring information cbtained from said
proceesing equipment and changed in accordance with the
-operetion in said precessing equipment; thereby ”
automatically detecting any abnormal state induced in said
.preeessing 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 thefebf; amd-aufamatié:analysis means fof.
.acquiring.the info;mation from saidfproceseing eqﬁiﬁment
| during'its halt caused upen occurrence of any ebmo:mality
in“eaid equipmemt,-then comparing the acquired infefmatien
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
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steps;
' previoﬁsly storing, in memory means of said

' computer, changes of information of at least one sequence
obtained from said processing equipment in 'a normal
operation théreof- 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 informatiog.with the ihformation
stored previously in said memory means, and
executing an analysis of the abnormal state on the basis of
_the result of such qqﬁéarison. | | |

_'3._'- | The_ébnormality diagndsis apﬁaratﬁs according to
élaim 1,'wherein;the infdrmation'frém Said procéssing |

. equipment includes“at least an ideﬁtifier bf'the

. ;1nformat10n change tzme, and 1nformation of one or more
channels relative to the operat;on of said proce551ng
equipment; and-sald automatic analysis means detects, from
said ideﬁtifier, the information change time at the ha1£ of

' said'p;ocessing equipment, then.compares the stored
.informatibn 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
-
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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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