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Fi@ld of tbe Inventio,n. 

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 

corrective action of a user. 

J;)J!.scription of the Belqted art 
It is observed.. of late that automation is in rapid. . 

progress w~th regard to processing equipments wh~re 

production of desired arti~les is perfozmed by succe~si~ely 

executing a series of s~ences which comprise, for 

example,_ execution of a· predetermined process, carriage of 

the articles to a next proce!Ssing section, and execution of 
'• 

a preset.$tep therein, whereby the-processing steps in .. .. . . 

se~ial production and so for.th are executed substantially 

in a full, aut~tic mode accordhig to a program prepared in 

a controller for ~ont:rpJ,lir.i.g t..h.e processing equipment. 

The controller ~mployed in such processing 

equipment is called_ PLC (Programmable Logic Controller), 

where a program. for controlling a series of processing .. 

l 
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steps is incorporated. This program is prepared by a user 

in a ladder language· which is different from a:ny_ 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 abnozmality such as fault 

has occurred in a processing equipment, an ala:cm 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 abnorma.l~ty diagnosis which 

instruct.a the .user to perform a required action against the 

faulty po:rtion or the fau~t itself. Further, any fault 

capable of generating an ala~ neeCls t~ be predictab.J.~ in 

the processing equipment, and no alarm can be generated at 

all with regard to any no:npredicted abnormality. 

Therefore the user himself needs to perfo:rm a fault. 

diagnosis but, since the latest processing equ.ipment is 

·compl~cated1 it is difficult even.for• skilled person to 

achieve an exact fault diagnosis. For this reason, there 

is.currently adopted a method which carries out fault 

diagnosis in a processing equipment by the use of a stand­

alone computer. 

In this-case, a so-called expert system is · 

frequently employed as software far fault diagnosis. This 

2 
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expert system relates to one of artificial intelligence 

application fields and, by previously incorporating 

P. 10 

knowledge and know-how of solution in a computer, assists 

services at a level equivalent to or hig~er than that • 

~ttained by a skilled person or·a human ·expert • 

. In the use of. this e-.xpert system for fault 

diagnos.is, knowledge reqUired for such diagnosis is 

inputted previously in a computer.. And in practical fault 

d~agnosis, the computer succ~ssively asks the user soine 

questions with re.gard to the fault. 'l'hen· the user 
. 

. successively inputs into the computer.the answers to the 

questions. Subsequently the computer diagnoses the fa~lt . . 

from . the information. inputted by the user and on the basis . 

of the knowledge and know-how. (knowledge data base) stored 

in the c~uter itself, thereby. finding a means of solution 

an.d.o~tp~tt!ng the resultant infQnnation to the user. 

As mentioned.above, the-conventional abnormality 

diagnosis ·~Sten known heretofore is base4 on the premise 

that the knowledge reql~ired 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. Consequen~ly, it is.necessary ~or the 

user to be.well acquainted with the constxuction of the 
.. 

processing equipment and the sequence. hence raising some 

3 
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problems that 'the relevant system is not exactly handleable 

by any o~inary 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 propos.ed, in Japanese Patent Application No .. Hef. 

5-219122, an abnozmality d~agnosis system wherein·a 

computer is connected.to a PLC for controlling the 

operation of a processing equipment, then any abnormal 

.state in the processing equipment is qetected automatically· 
. . 

by the computer, and the result relative to the detected 

abnormal state is displayed. 

The computer in such propQsed abno.rma.lity·diagnosis 

system analyzes a program acquired from the pr,,c while 

acquiring input/output data re~ati~e to th~ operati~n 

·sequence of the _pro~essing equipment~ then detects any. 

abnormality in_t~ processing equipment fr01n the acquired 

data and the result of t~e analysis in acc~rdance with the 

knowledge data base.of an expert system and so forth 

provided in advance, .and supplies to the user the 

info~tion indicative of the detected abnormal state. 

However, the abnozmality diagnosis system in the 

related art mentioned above is the one employing an expert 
. . 

system, and it is based on the premi~e that 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. 

It is an object of the present invention to provide 

an apparatus and a method cont~ived for diagnosis of 

abnormality in a processing equipment without the necessity 

of employing any expert system and handl~able with facility 

even by a nonprofessional user while being abundant iri 
. . 

general-purpose usability. 

Accordi~g to one aspect of the present invention, 

there is provided an abnomality diagnosis apparatus 

wherein a computer is connected to a progrmnmable logic 

controller for controlling the operation of a.processing 

equipment which repeats a predetermined sequence of a 

plur~lity of st~s, while monitoring info:nnation from the 

~rocessing equipment .. changed. ·in accordance with the 

operation in the processi~g equipment, thereby 

automatically detecting any.abnormal state in the 

processing equipment. 

The computer comprises memory means for previ~usly 

·storing changes of the infomation of at least one sequence 

from the processing_ equipment in its normal operation; and 
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automatic analysis means for acquiring the information from 

the processing equ~pment 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 abno:cma.l state on the basis of the result 

of such comparison. 

According to ~other aspect of the present 

inv~ntion,. there is provided an aimo:cmality diagnosis 

method characterized by:" conne~ting a computer•to a 

programmable logic controller for. ·controlling· the operation 

of a processing equipment which repeats a predetexmined 

sequence of a plurality of steps; previ~usly storing,·_ in 

m$t\O:ty means of the computer, changes of information of at 

least one sequence obtained from th~ 5>roc:essing equipment 

in its normal· operation;~ acquiring, by the computer, 

the information fro~. the pro~essing equ.ip:nent during its 
. . 

· halt ca~sed upo~ occurrence of an abno%11lal state in the 

equipment, then comparing the acquired info:rmation with the 

information stor"ed previously in the :memory means, and 

analyzing the abno%lnal state·on the basis of the re~ult of 

such coq>arison. 

The inf o.nnation acquired from the processing 

equipment includes at least an identifier of the 

6 
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information change time, and information of one or more 

channels relative to the operation of the processing 

equipment. The a.utomatie analysis means detects, from the 

identifier, the information change time at the halt of the 
processing equipment, then compares the stored info:rmation 

of each channel at the detected ehange t"ime with the 

info:cma.tio~ o~ each chann~l acquired from the controller, 

and selectively detects, on the basis of the result of such 

comparison, the relevant one channel concerned with 

occurrence of the abnormal state. 

'I'he processing equipment executes the sequence of 

plural steps under control of the progrmtimable logic 

controller (PLC) • In the present invention of . the 

constitµtionmeJ;ltioned above, _the-computer previously 

stores,· in the memory means thereof, ·changes of the 

info~tion of one sequence (one cycle) ol>tained from the 

processing equipment during its normal operation. 

The automatic analysis means acquires, fr~ the PLC 

for example, the information at the time.of a halt of the 

processing equipment caused upon occurrence of Ill?- abnormal 

state, then compares the acquired infoxmation with the 

stored information in the normal operation, and diagnoses 

the abnormal state on the basis of the result of such 

comparison. 
Replaced·· 
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• 

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 eQ':lipxnent is composed of a 

plurality of channels relative to the operation of the 

processing equipment, the data of the individual channels 

are compared, ~d the relevant channel concerned with the 

cause of.occurrence of the·al:mo:rmal state is detected with· 

·reference to the data change time at the halt and the 

output data at the preceding data change time. 

The above and other features and advantages of th~ 

present invention. will bec~me_apparent from.the following 

description which.will· be· given with reference to the 

illustrative acc~D\PanYing.cb:awings. 

Fig._ 1 is· a block diagram of an embodiment 

representing an abnoxmality diagnosis apparatus of the 

present invention for_ a pro~essing equipment; 

· , "Fig. 2 is a perspective view of the embodiment 

re~resenting the abiloxmality diagnosis apparatus of the 
:____~~~~~~~~ 

present invention for a processing equipment;. 

8 
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Fig. 3 illustrates an exemplary sequence executed 

in.the processing equipment; 

Fig. 4 is a table showing the exemplary sequence in 
. . 

the proce$sing equipment; 

Fig. 5 is a table showing an example of allocation 

of I/O ports; 

Fig. 6 is a flow chart showing a process ·for 

storage of information per operation change point in a PLC 

in tbe embodiment of the abnormality diagnosis apparatus of 

the present invention tor the processin~ equipment; 

Pig. 7 she>Ws an example of information change&! per 

operation change_ point in the.PLC in.the.embodiment of the 

abnormalitydiagnosis apparatus of the invention.for the 

·processing equipment; 

Fig. 8 is a flow chart showing an automatic storage 

process in a COJ11i>Uter mrple>yed in the embodiment of the 

abnormality diagnosis apparatus of ·the invention for the 

processing equipment; 

Fig. 9 is ~ flow chart showing a process of 

auto~tic abnormality output detection means in 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 

9 This Sheet Has Been Replaced 
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·· inco;rporated in the PLC; and 

Fig~ 11 is a.diagram showing another exemplary 

program inco;rporated in the PLC. 

Hereinafter a preferred embodiment of the 

abnoZlJlality diagnosis apparatus of the present invention . . 

for a processing equipment will be described in detail with 

reference to the acconv;>anying .drawings. 

F~g~ 2 is a perspective view illustrating the whole 

system constitution of the abnOrmality 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 ~.PLC 2. (not shown 

_in Fig. 2). 

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

co:mplicated.with an increase of the ·scale of the processing 

equipment l, and therefore thE;l processing·equ~pment 1 is 

divided into a plurality· of small modules lA, lB·,· •• ·. and 

so forth, and further. the program in the PLC 2 is also 

divided correspondingly to the s•ll modules in confo:cmity 

with· the mechanical construction of the processing 

. equipment l. The small modules operate independently of 

one another and achieve the intended operation of the 

10 
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entire equipment whi~e monitoring the mutual states thereof 

at predete:cmined time points. 

And upon occurrence of any abno:cmal state where the 

processing equipment 1 is brought to a halt due to a 

trouble or the like during the se~ence, it is necessa:r:y.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 S such 

a$, e.g., RS-232C. 

In this case, a display device 4 is connected to 

the caripUt~r· 3 f.or giving infonnation relative to the 

faultypprtion and.instructing the user to take·~ necessary 

action ag~inst th~ abnormality. 

Fig. 1 is a block diagram·sliowing the entire 

cc:>nstit~tion of the abnormality diagnosis apparatus in ·this 

embodiment where the.blockr;i represent individual proc::essing 
. 

tunctions.with the computer 3 at the center. 

In controlling the operation sequence of the 

processing equipment l, the PLC 2 gives an operation 
. 

command On to the processing equipment l. In this stage, 
. . 

the PLC 2 p_erforms its control ·by first receiving various 

information· Se as I/O {input/output) data from the 

processing equipment l inclusive of a sensor output and an 

ll 
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on/off state of a relay switch (hereinafter referred to 

sirrply as a relay), then sending a next operation sequence 

control command to the processing equipment l while 

monitoring the info::i:mation Se such as the relay state 

output, thereby executi~g the.desired sequence. 

The PLC 2 allocates the above-described. relay state 

or the· like to l 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 plurality of channels also in 
. . . 

view of the fact that th~· processing .equipment 1 is divided 

into a plurality of smal.l modul.es . 

Now a concrete example of the sequence executed. in 

the. processing equipment 1 will be described. Figs. 3 and 

4 explain an exemplary seqllence_which comprises· steps 1 to 

8 (Fig._ 3) of first gra~ping 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 returning the same to the fonner·position of 

the chuck. 'I'he input data to the rio port in this 

operation are shown in Fi_g. 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 

12 
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predetermined position, a command is sent to lower a· 

transfer head. A relay switch is actuated in response to 

this command to thereby drive.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 tQ a 

predetermined position. The operation proceeds to step 2 

after such detection. 

P. 20 

Step 2: A command is sent to grasp the article by 

a chuck. The relay switch is actuated in J:esponse to this 

command t~ thereby drive the chuck. Then a detection is 

made by the sensor that the article hasbeen 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. The.relay switch is 

actuated.in response to this command to thereby drive .the 

transfer head. And a detection is made fr0m the sensor 

output. as to whether the transfer bead has been properly 

raised or not up to a predeteJ:mined po~ition. 'l'he 

operation proceeds to step 4 after such detection. 

Step 4: A command is sent to shift the transfer in 

the fozward direction tor shifting the article to a 

i;>redetermined position. The relay switch is-actuated in 

response to this command to thereby drive the transfer in . . 

the fozward direction. Then a detection is made from the 

13 This Sheet Has Been Repliiced 
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sensor output as to whether the transfer has been properly 

shifted or not to the predetermined posi;ion. The 

operation proceeds to step S after such detection. 

Step 5: A command is .sent to lower the transfer 

head for setting the article at a predetermined i>osition. 

The rel~y switch is actuated in response to this command to 

thereby drive the transfer head. Then a detection is made 

from the sensor output as to whether the transfer head has 

been properly lowered or not down to the predetermined 

position. The operation pro~eeds to step 6 after such 

detection. 

·Step 6.: A command. is _sent to open the ~huck for 

.rec~iving. ~he ·articJ.e. ·The relay switch is actuated .in 

response to thi.s command to thereby dri.ve the chuck. Then 

a detection is made by ~he sensor as to whether the article 

.has. been received. 'l'he ope.ration proceeds to step 7 after 

such detection. 

Step 7: A command is sent to raise the transfer 

head. The r~lay- switch is actuated in response to this 

command .to.thereby drive.the.transfer head. Then a 

detection is made from the sensor output as to whether the 

transfer head has beeri properly raised or not up to the 

predetermined position. The operation proceeds to step $ 

after such detection. 

14 
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step 8: A co.mm.and 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 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 whe~er the transfer has been properly shifted or not 

to the predetermined position. One sequence of the 

opex-ation 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/O 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 

ind,ividual.ly ·for identification. 

·In this e~le, when .the state of any one of the· 

relays has been cllanged due to s6me action performed in the 

processing equipm~t, the PLC 2 regards the instant· of such 

change as occurrence of an event and records data with 

regard to the event. 'I'hus, the PLC 2 recognizes which of 

the steps is currently being executed. The operation of 

recording the state change is perfo%med ~er sequence. as a 

15 
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unit and is reset upon completion.of e~ch sequence. 

~ring the operation of the processing equipment, 

P. 2"3 

·the state of each relay monitored by the PLC 2 is changed 

with every change of the steps for ~le. The program 

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 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~ 

'In this exemplary case, the followin~ 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 corresponding to ·a plurality of ~hannels 
monitored by the PLC 2. This data change time 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 kinds of information while· 

regarding the change as an event. This information is 

reset to uc)u a.t a loop end and serves as an identifier for 

each of plural data change t~ po:i.nts during each 

sequence. A counter is used for storing such data change 

16 
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time information CNT. 

'rhe second information to be stored is the data 

obtained from the processing equipment Chereinaf ter 

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

COil\Posed of 1 bit (l digit) which represents the relevant 

output channel corresponding to each relay and so forth 

ind:i.vidually. In this example, the output data comprises 

information of one or more channels related to the 

operation of the processing equipment l. Since display 

P. 24 

· • lamps and various display devices belonging to the 

processing ·equipni:ent 1 are ·not.concern~d with the sequence 

operation of the processing e~ipment, Qits for switching 

them on or off· are not necessary for diagnosis of 

abno.rmality. ·Therefore, these bits ar~ removed from the 

output 4ata OUT, and merely the necessary bits alone a~e 

included. 

'I'he third data to be stored is· channel chan~e 

frequency.information CM. 'l'he·value.of this info:rmation 

'signifies the frequ.ency or the number of times of changes 

of each output channel and is incremented successively in 

accordance with the outpiit data OUT mentioned abOve. This 

inf onnation CM is used for adding a weight of changes to 

each output channel bit (for indicating the frequency of 

changes of th~ relevant output channel bit)~-· ________ _____:_ 

17 
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OU.ring the .operation of the processing equi~nt l 

performed under control of the PLC 2; the above-described 

three kinds of info:cmation 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 Sl., each relay status in the 

processing equipment 1 is· probed. Subsequently, a decision 

is made at step S2 as to.whether the relay status indicates 

the end of one sequence. (loop end) or not. If the result .. 
of such decision signifies the end·of.one sequence, the 

process proceeds. from step s~ tc;> step f;J·, where the value i 

of the change time .inforination .CNT j.s set to 11 011 ~ and t;.he 

process proceeds to step .. S4~ Meanwhile, if the result· of 

~e decision does not sigri.ify the· end of one .sequence, the 

process proceeds directly from . st·ep · S2 to step S4 .. 

At step S4, a decisio!l is made as to whether any 

relay i;;tatus has.beenc:hanged or not. If the result of 

such decision signifies no change, the process returns to 

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 SS, where the value i of the data 

change time info:nna.tion CN'I' is incremented by u 1 11 
• '!'hen 

the process proceeds to step S6 to store the output data 

18 
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OUT of-plural channels corresponding to the relay statuses 

and so forth at the incremented value ~f the data change 

time information CN'r. Thereafter th~ process prQceeds to 

step S7 to increment the value of the channel change 

frequ~ncy information CM relative to the changed bit in the 

output data. Subsequently the.process returns to step Sl, 

and repeats the foregoing storage in the memory. 

Fig. 7 is a diagram for e_xplaining exemplary 

information obtained from the processing equipment 1 to be 

stored. The example of Fig. 7 shows changes of three 

.actuator on/.of.f outputs SA, SB, SC and one lamP driving 

output SL in one sequence. This example represents a case 

where a loop end of one s.equence is indicated when all the 

outputs SA, SB, SC and SL are off Cat a low level). 

In th:i,.s 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. therefore the 

output channels are three which deliver on/off outpu,ts SA, 

SB and SC of.three actuators A, Band c. In Fig. 7, each 

numeral enclosed in a circle () denotes the value of the 

data change time information. CNT, and each numeral enclosed · 

in a square D denotes the f .requ.ency of changes in the 

relevant· channei. 
Thi 8 SheetJ-L 
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Consequently the data change time information CNT, 

the output data OUT and the channel change frequency 

inf o:rmation CM in this exem,plary sequence are such as those 

shown in the lower table ·of Fig. 7. More specifically, the· 

example of ·Fig. ? shows that there are seven change time 

points during one sequence, wherein the channels with such 

changes are represented by the output data 00'1', and the 

digit of the channel change frequency information CM 

relative to each channel signifies, at the change time 

point: thereof, the ordinal number of the c~e caused in 

the relevant channel during one sequence. 

In the column of the output data OUT, a a:;~ol 0 of 

each digit denotes "off'', arid a symbol e thereof denotes 

"on". 

During the s~ence described above, when aay 

abnormal state has occurred in such a .m,anner that the 

transfer ma~hine for example is brought to a halt due to 

some tro\.Jble or_ the like, the operation of the processing 

equipment 1 is interrupted, and simultaneously the PLC 2 

stops the program in. that state. Although the stop point 

of the program can be detected from the sensor output, such 

detection program is not inco:r:porated in the PLC2. If the 

trouble is one of those pre•upposed in the p~ocessing 

equipment, the arrangement may be so contrived as to switch 

20 
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on an alarm buzzer or an alarm lamp as a portion of the 

sequenc·e 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 ha.l t .. 

For the p~rpose 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 ~- is 

eqU.ipped with, as shown in.Fig. 1, some function means 

including an automatic inem0ry mee.ns 31 tor storing e. normal 

sequence state,. an automatic abnormal output detec:tor.mearis 

32, an abno:r:mality analytic .d~iagnosis and instructional· 

info:cma:tion generator means 33, and a·hard disk device ·34 

as a m~ry means for storing the aforementioned data 

change time information~, output data OUT.and channel 

change frequency information CM of .one sequence. 

The data c~ge time infozmation-CNT, the output 

data OUT and the channel change frequency info%'!Dation CM·of 

one sequence stored in the internal memory of the PLC 2 are 

stor~ previously in the automatic memory means 31 during a 

no:r:ma.l Qperation of the processing equipment 1 under 

control of the PLC 2. 

A flow of the storage process in· this automatic 

·21 
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memory means 31 will now be e~lained below_ with reference 

to a flow c~t of Fig. 8. 

F~rst at step Sll, the computer 3 ~ends a request 

to the PLC 2 for acquisition of tjie aforementioned· 

infonnation. Then at step S12, a decision is ma.de as to 
. -

whether the value of the change time information CNT 

included in the a~quired ;n;fo.rmation is •o• which denotes a 

loop end of one sequencE1. If the result of such decision 

is negative, the process islc.ept waiting until the loop 

end. And upon .. detection of· the loop end, the process 

proce~ds from. step S12.to step S13, where the storage 

region- for the three ·kinds of information is reset 

(cle~red). 

rrhereafter a deCif!liOn is made at step Sl4 as to · 

whether the.valu~ of the data change time information CN'l' 

from the PLC 2 has been changed,or not. If the result of 
. . 

such decision signifies a change. the process proceeds to 

step SlS, w~ere·the change time infoJ:ma.tion CNT, the output 

data OUT, the c:hann.el change frequency information CM and 

the ~tatus.infox:mation of the entire relays ar~ acquired · 

fran the PLC 2, and then a filename correspondiJl9' to the 

value.of the data change tim,e tnformation CNT is given and 

stored on the hard disk 34. For excm;>le, when the value of 

the data change time information CNT is 11 0000•, the change 

22 
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time information CNT, the output data OU'I' and the channel 

change info:rma.tion CM at that time point are stored as a 

fiie having a file name of, e.g., nDATAFILE.000". 

And in response to every change of the value of the 

change time information CN'l', the execution of steps Sl4 and 

SlS is repeated.Cat step S16) until the loop end of one 

sequence represented by a value •on of the change time 

information cm. This routine is completed when a file 

name for identifying the output data OUT, the channel 

change frequency and the relay statuses relative to the 

entire change time points in one sequence has been given . 
·and stored. 

· ·'1'he automa.ti~ .~:cmal ou1;:.put detector means 32 is 

actuated in response to·manipulat~on of , e.g., a key 

control ~onsole of the computer.3 by the user when the 

processing- eq\iipment l 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-de.ta OU'r where the abnormal state has 

occurred. 

The abno:cmality 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 

23 
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means 32, the statuses of the entire relays in the PLC 2 at 

_t~e occurrence of the abnormality, and tne statuses of the 

_relays at that time point sto:re4 in the ha.rd disk device 
- . 

34, and then generates adequate instructional informati-on 

for the user and displays such information on the display 

device 4 o~ outputs an audio message. 

Next an exenplary 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 step S21, the computer 3 acquires from the 

PLC -2 the data change time information CN'I', the output data 

OUT and the channel change frequency information CM at·a 

- halt of the equipment l_. Subsequently at step S22, the 

desired file with the file name corresponding to the value 

of the data change time information CNT acquired at step 

S21 is retrieved from the stored files in the hard.disk 

device 34. 

'rbereafter the process proceeds to step S23, where 

the channel change frequency information CM included in the 

data of that file name is c~red with the channel change 

frequency infoJ:mation CM acquired at step 21 in 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 betwe~ the compared information. 

24 

Received Time 2 8. Feb. 17: 01 Print Time 2 8. Fe b. 1 7 : 2 3 ----

- _J_ 



1996~ 2~28B 18~14~ 
~o. 1758 P. 32 

If the result of the decision at step S24 signifies 

a coincidence between the digits of the.compared channel 

change frequency inf o:r:mation CM, the process proceeds to 

step 525 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 the channel change frequency information CM 

has failed to be changed from the value at the halt time· 

point to· the value. of .the channel change·frequ,ency 

information CM at the ~ext da.ta change time point. 

Therefore, on the basis of .the dif~e~ence taken 

between each digi-t of . the channel change frequency . 

informati~n CM. at the ~lt time point and each digit of the 

channel change freque~y inf o:rma.tion CM at the next data 

change time point,· it is found that the channel with the 

changed digit is ~he relevant channel which has failed to 

be changed contrary to its essential change and that the 

abno::ma.l state has occurred in this channel. 

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

example, .the three kinds· of infoaiation at a halt ot the 

equipment l are as follows: 

25 11111iinr 
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data change time CNT 

output data OUT 

; 0004 

= 0006 

channel change frequency CM = 0112 

·No. 1 ?58 

In this case, the value of the channel change 

frequency inf oJ:mation 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 = 

P. 33 

0122 at the next data change time CNT = 0005. Since the · 

difference therebetween is fl = 0·010, it is_ found that sQme. 

abnormality has occ·urred in the second clµum.el, i.e., i;n a 

portion relative to the actuator B in Fig. 7. 
. . 

~anwhile, .if the result of the dec1s~on at step 

S24 signifies n~n-coincidence between the compared digits 

of. the two channel change frequ.encies, the 1>rocess proceeds 

to step S26 where the following analysis· is performed. 

· ·As described, the. p;-ocessing equipment 1 in this 

example is.divided into a plurality of small modules since 

the scale thereof· is great, 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. 

cons_equently I a t:ime lag (delay) is generated .until any 

trouble caused in one portion actually affects the whole 

26 
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equipment. Non-coincidence between the compar~d channel 

change frequency information CM is so considered that, when 

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

modules still perfo:r::m 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 infoxmation CM at the halted data change time are 

compared with the channel change frequency info:cmation CM · 

at. the preceding change time earlier than the.halted change 
' '. . 

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

executed, ~s ignored while. the digit of the unchanged 

· channel, which needed to be changed .essentially but was not . . 

changed actually, is detected as anabno~lity. 

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

exan;>le, the three kinds of information at a halt of the 

equipment 1 are as follows: 

.data .c:hange time CNT 

output .data OU'I' 

- 0004 

= 0005 

. . .:. ,_.-.channel change frequency CM = : 0121 

In this c~se, the channel change. frequency 
. . 

inforination CM is 0112 at the data change time CNT which is 

the same as the equipment u.'l t time stored in the hard disk 

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

27 1ililiITTIHfi . 
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each other. And it is found that, since the channel change 

frequency information CM is 0111 at the change time CNT = 
0003 ·immediately preceding the halt. time, the fourth digit 

relative to the actuator C in ~ig. 7 needed to be changed. 

from . ft 1 11 to n 2 II t but the actuator C had alread,y 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 abnozma.lity caused 

therein. 

The info~tion of the abnormal output channel thus 

· (ie~ecte<i by the automatic .· ~o.rmal 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 enti;-e relays concerned with 

. ·th~ relevant ~utput channel and stored in .the hard disk 

device 34 are.read out therefrom, and the status 

info:cmation of the entire relays are acquired from the PLC 

2,·whereby the eause of the trouble is found out and then 

is supplied to-the display d~ice 4 to notify the user. 

Assume here'that the ladder pr:ogram in the PLC 2 is 

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

detected channel output. "00001 11 is. an AND of the control . 

. 28 
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relay 11 14002 11 (normally-open.relay) and the control relay 

n14005" (nozma.lly-closed relay). In this diagram, •/• 

denotes .11 actual state/stored normal state•. As obvious 

from the ·above, the state in this elWl\Ple sign.ifies:-that, 

since the control relay ·-14005• is actually "off" instead 

.of being correct "on n I the output II 00001" is turned to 
11 on11

• 

The above can be detected by probing the statuses 

of the control relays by the means 33. If the control 

relay 11 14P05 11 i_s .driven by an AND of. the control :relay 

"14004" and the sensor "20.01 11 as shown in Fig. 11, 

occurrence of any abnormality can be ascertained by probing 

the st.atus of the sensoZ" "2001 11 as this. sensor 11 2001" is 

kept "off" instead of being switched on. 

Thus, i~ becomes possible.to analyze any_ 

·abnormality by com~ring .the statuses of the relays.and the 

~ensors at a halt.wit,h those in -the no:z:ma.1 operation, hence 

notifying the user of the abnoxmality. 

As described.heZ"ei~ve, ac~ordi:ng to the present 

invention where the.computer connected.to the.PLC executes 

a diagnosis of any abnormality by itself and gives an 

adequate· instruction to a user, so that any·ordinary · 

nonprofessional user is enabled to perfo:rm proper trouble­

shooting that bas been heretofore achieved merely by 
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expert~ having sufficient knowledge. Consequently, the 

halt time derived from occurrence of any abnormality can be 

curtailed to eventually enhance the operation efficiency of 

the processing equipment, whereby an increase of the 

production can be expected. 

Furthe:rmore, the computer is capable of analyzing 

the abnormality regardless of ·.the control program in the 

PLC, so that it is rende~ed possible to ensure remarkable 

enhancement in. the al:moxmality diagnosis apparatus and 

method with high general-purpose usElbility. 
. . ' 
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WHAT ZS CLA:fMIT> ES: 

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 predetermined sequence of a plurality of 

steps, while monitoring information obtained from said 

processing equipment and changed in accordance wit~ the 

-operation in said processing equipment, thereby 

automatically detecting any abnormal state induced in said 

processing equipment; 

wherein said computer comprises memory meaµs for 

previously storing c~nges of the 1nfo:rmation of.at least 

one· sequence from said processing equipment in a no:rm.a.1 

operation thereof; and automatic:·analysis means for 

acqui~ing the information from said processing equipment 

during its halt ~aused upon occurrence of any abno2:n1ality 

in said equipment, then corr;>aring the acquired information 

with the information s~ored previously in said memory· 

means, and executi~g an analysis of t~e abnormal state on 

the basis of the result of such con;>arison. 

2. An abnormality diagnosis method characterized by: 

connecting a computer to a programmable logic controller 

for controlling the operation of a processing equipment 

which repeats a predetermined sequence of a plurality of 

I If Ill~ H/I~ Ill/I I/Ill /I Ill/ 
H S * 

Ji 
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steps; 

previously storing, ~n memory means of said 

COl'l\PUter, changes of infol:l11ation of at least one sequence 

obtained from said processing equipment in·a no:rmal 

operation thereof; and 

acquiring, by said computer, the infoi:mation from 

said processing equipment during its halt caused upon 

occurrence of an abnormal state in said equipment, then 

comparing the acquired informatio~ with the information 

stored previously in said memoz-y means, and 

P. 39 

executing an analysis. of the abnormal state on the basis of" 

the result of $UCh comparison. 

3. The abno:nna.lity di,agnosis apparatus according to 

claim 1, wherein·the information from said processing 

e~ipm~t includes.at least an identifier of the 

in.formation c~e time, and information of one or more 

channels relative to the ope:i;-ation of said processing· 

equipment; and· said automatic analysis means detects·, from 

said identifier, the infozmation change time at the halt of 

said processing equipment, then compares the stored 

inf o:rmation of each channel at the detected change time 

with the information of each channel acquired from said 

controller, and selectively detects, on th• :basis of the 

result of such comparison, the relevant one channel 

I 1111111 111111 11111 1111111 1111 
* C L M S * 
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. . 

concerned with occurrence of the abnormal state. 

4~ The abnormality diagnosis apparatus according to 

claim l, wherein the ·info:rmation acquired from said 

processing equipment to be stored includes at least an 

identifier of the infoxmation change time, and information 

of on~ or more channels relative 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 identi~ier, the 

info.rmation change time_at the halt of said processing 

equipment, then compares the stored ~hange frequency 

information of ·each channel at t;be_detected change time 

with the change frequency info~tion of each.channel 

acquired.from said controller, and selectively detects, on 

t~e basis of the result of sue~ comparison, the relevant 

one channel concerned with occurrence of the abnormal 

state. 

111111111111111111111111111111 
* C L M S * 

liii1iiimr 
33 

Received Time 2 8. Feb. 17: 01 Print Time 28. Feb. 17: 21 


