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Abstract. Ensuring the quality of products on the production line requires application of the automated diagnostic sys-
tems in the robotic complexes to control their performance. The aim and research problems are defined by analyzing
the existing automated diagnostic systems of technical units at manufacture active elements in the instrumental-
making industry. On an example of industrial robots working in the manufacture enterprises at instrument-making in-
dustry there were determined the sensor tools for information-measuring their moving parts and a working status of
the mechatronic units, as well as a scheme of the sustainable diagnostics of automated control system of active ele-
ments of the researched technological process. To ensure the stability of an automatic diagnostic system for industrial
robots working in a production module it was proposed to use general diagnostic testing tools for the automated
process control system, elements for replacing faulty elements and a decision-making subsystem for diagnosing
industrial robots. A hierarchical scheme of diagnostic subsystem of active elements in the automated control system of
the manufacturing enterprise uinder study is given, as well as the work principals for every hierarchical level.
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AHnHoTanms. OGecrieueHre KayecTBa NPOIyKLIUH, IPOU3BOIUMOI Ha MIPOU3BOACTBEHHOM JIMHUH, TPEOYET HCIOIb30-
BaHHs aBTOMATU3MPOBAHHBIX CHCTEM AUArHOCTUKM IMPOMBIIUICHHBIX POOOTOB B POOOTOTEXHUUECKHX KOMILIEKCAX UL
KOHTPOJISL MX NPOU3BOJUTENbHOCTH. Ha OCHOBE aHaNM3a CyIIECTBYOIMX aBTOMATH3HPOBAHHBIX CHCTEM JIMarHOCTHKH
TEXHHUYECKMX CHCTEM B IMPHOOPOCTPOCHUM ONPEIENCHBI 1IeJIb M UCCIIE0BATENbCKUE BONPOCH! cTaThi. Ha npumepe
TIPOMBIIIIEHHOTO po00Ta, PabOTAIONMIEr0 HA MPOM3BOJCTBEHHBIX NPEANPUATUSIX MPUOOPOCTPOUTETBHON OTPACIH,
OIIPE/IENICHBI CEHCOPHBIE CPEJICTBA I HH(POPMAIIIOHHOTO U3MEPEHHMS €ro JIBIDKYIIUXCS JacTel U pabodero cocTos-
HUSI MEXaTPOHHBIX Y3JIOB, a TaKOKe IPEUIOKeHA CXeMa YCTOWYMBON JUArHOCTUKH aBTOMATH3UPOBAHHON CHCTEMBI
YIIpaBJICHHS! aKTUBHBIMH 3JIEMEHTaMH HCCIIEyeMOT0 TEXHOJIOTHYECKOro nponecca. st obecreueHns: yCTOHIUBOCTH
ABTOMATHYECKOH CHCTEMBl IMArHOCTUKH INPOMBILUICHHBIX POOOTOB, pabOTAIOIMX B IPOM3BOACTBCHHOM MOJYIE,
HpeyIaraeTcss MCIoJb30BaTh OOIIME CPEACTBA JUArHOCTHYECKOTO TECTHPOBAHUS aBTOMATH3UPOBAHHOW CHCTEMBI
YIpPaBIEHHS TEXHOJIOTHYECKMMHU MPOLIECCAMH, 3JIEMEHThI 3aMEHBI HEHCIIPABHAIX JIEMEHTOB U IIOJICUCTEMY IPUHATHSA
PELICHNH 110 IMarHOCTUKE IPOMBIIUICHHBIX po60oTOB. [IpeioxkeHa nepapxuueckas cxema MoACUCTEMbl IHarHOCTHKI
AKTHUBHBIX 2JIEMEHTOB aBTOMAaTH3UPOBAHHOM CHCTEMBI YIPABICHHS UCCIIELYyEMOTO IPOU3BOICTBEHHOTO MIPEANPHUSTHS,
a TaroKe MPUBEIEHB! IPUHIUIIEI paOOTHI JUIS KaXJ[0TO HePapXUIECKOr0 YPOBHSL.

Knwuesrbie cioBa: JAUArHOCTUYCCKUE MOACUCTEMbI, aBTOMATU3UPOBaHHAsA CUCTEMa YIPaBJICHUA, HpOMBIHIHeHHBIﬁ
p060T, MPOU3BOJACTBECHHOC NPEANPUATUE, JIOKAJIbHAS IIPOMBINIJIICHHASA CETh
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Introduction

To obtain complete information about the internal
state of the information-measuring, control, regula-
tion and automation control system (ACS) of the
manufacture enterprises, their active elements like an
industrial robots (IR) which provides automation of
production processes and control its operations, it is
necessary to automate the accurate and reliable func-
tions of the diagnostic system. Analysis of the current
state of the automated diagnostic systems of the
manufacture active elements and also IR used in the
enterprises of the instrument-making industry shows
that one of the important issues is to check, evaluate
and make the right decision during the operation of
the mechatronic parts of IR. Timely automated diag-
nostics of IR is significantly reduced due to the re-
duction of time for the recovery of its mechanical and
electronic parts. The use of automated diagnostic
systems for IR in robotics complexes used in large
manufacturing enterprises is especially relevant, as it
is important to ensure the quality of products manu-
factured and transported on the production line, to
monitor the performance and internal condition of IR.
The use of IR [1, 2] automated diagnostic system
(ADS), which performs important operations and
serves complex and expensive complex equipment,
especially in instrument-making enterprises, is be-
coming increasingly important.

Problem solving

The procedure for diagnosing active elements of the
manufacture enterprises like IR consists of two stages:
checking the performance of IR and searching for faults
in the mechatronic parts. For this purpose, it is first re-
quired to perform a technical diagnostic (TD) of the IR
included in the ADS. With the help of TD is to ensure
productivity by timely recognition of IR rejections and
eliminating the causes of their occurrence. One of the
important methods used in the technical diagnosis of IR
and others active elements of the manufacture enterpris-
es is the test method [3, pp. 126-145].

A comprehensive functional analysis is performed
to ensure the technical diagnosis of ADS by monitor-
ing the current state of IR mechatronics and the cur-
rent quality of the manipulated product. Functional
analysis of technical diagnostics includes the occur-
rence of noise or vibration in the combined kinematic
points of IR, delays in the process of technological
operation, and excess power consumption of the con-
trol system [4, pp. 77-98]. Monitoring, recording and
decision-making of these indicators are ensured by
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means of sensors and control diagnostic system, re-
spectively.

Diagnosis of the current state of the mechatronics
of IR is based on the following previously accepted
indicators for operations:

— the sounds generated between the kinematic dis-
placement points of IR must be in the received sound
range. It should be noted that if the lubrication process
between the kinematic points is not carried out in time
during the operation of IR, such failures occur, which
shortens the longevity of the mechanical parts of IR;

— vibration in the kinematic displacement points of
IR. It should be noted that during the operation of IR,
wear, loosening and damage occur at the joints between
the kinematic points, which reduces the reliability of the
technological operations of the IR as whole;

— the power supply of IR must be in the required
range. It should be noted that high humidity in the
workplace, malfunctions in the control electronics,
communications, and their welding parts can be rea-
sons for power outages or substandard IR.

Based on the permissible needs and causes, the
above faults, can occur in the positions of the dynam-
ic structure of the IR (at the junction of the moving
points of the IR - at the point of operation of the
transmissions) and the control system, the speakers,
vibration control system and power. Information-
measuring instruments for diagnostics (IMID) of
complex moving arm, its gripper and theirs control
functions on IR are installed at the top level of the
automated control subsystem of IR. The analysis of
the technical characteristics of the moving parts of
the IR (line of IR arm, rotational displacements,
opening and closing of the handle, etc. operations) is
carried out with the help of IMID [5]. By creating a
technical interface with the automated control sub-
system of IR, IMID allows to solve the problem of
predicting the reliability of technological operations
of the robot.

During the diagnostics of the blocks of the auto-
mated control subsystem of IR, the defects of the elec-
tronic parts are localized and the corresponding ele-
ments are tested. The resulting diagnostic kernel loads
the current data, provides test effects at the input of the
control unit being tested, and at the output it queries
the answers, compares the answers with the reference
values, analyzes and displays the results.

Diagnosis of blocks of the automated control subsys-
tem of IR is carried out before and after the assembly of
the elements. Based on the results of the alternative con-
trol of the control subsystem, its faulty element is deter-
mined and the “faulty” condition of the board is deter-
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mined for two groups. When a group of faults is indexed,
a fault-type diagnostic file related to the kinematic point
of IR is formed. For example, in the event of a short cir-
cuit or cable breakage in the automated control subsys-
tem of IR, the number of points on the board is given,
and the type and denomination of the element is given
for faulty electronics parts. During the operation of the
diagnostic system, self-monitoring takes place through a
special program and a reference board [6].

To ensure the sustainability of the automated diag-
nostics of IR operating in the production module, it is
proposed to use the general diagnostic testing tools
(GDTT) of the automated process control system, the
replacement elements of the defective elements
(REDE) and the IR diagnostic decision-making sub-
system (IR_DDMYS) (Fig. 1).

Technological process
IR

Technological equipraent

Automated diagnostic subsystera
REDE
1
[}
et

Y= 1= N

. IR
5> || Technical || GDTT
|| wisofscs [| DDMS
L,
4

information basis

The testing

Fig. 1. Scheme of sustainable diagnostics of ACS of active elements of the technological process:
1 — replacement elements of the defective elements; 2 — technical units of ACS; 3 — general diagnostic testing tools;
4 — IR diagnostic decision-making subsystem

In the instrument-making manufacture island (the
investigated technological process), robotic complex-
es are served by digital software-controlled techno-
logical equipment. In order to increase the service
life of technological equipment in this process, their
diagnostics must also be provided. The information
connections of the digital equipment-controlled diag-
nostic system are provided with measuring instru-
ments, technical interface (TI), diagnostic-control
node (DCN), technological equipment status indica-
tor (TESI) and technological equipment decision-
making subsystem (TE_DMS) [7]. Automated diag-
nostics of process equipment is required to be carried
out in one turn or after the preparation (processing)
of a batch of parts. In this case, the accuracy of oper-
ations of technological equipment, rigidity, power
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supply, oil content of mechanical parts, etc. proce-
dures are reviewed, evaluated and decided upon.

The researched manufacture island is formed from
the steel plate heating furnace, industrial robots serving
the furnace and mechanical processing module, auto-
matic transport system, steel plate polishing machines.
For providing diagnostic prosedures in that manufacture
island, automation scheme of the diagnostic system
based on the automated control system is proposed to
control the compatibility of the mentioned active ele-
ments (Fig. 2).

The proffered automated scheme of diagnostic sub-
system of active elements included to ACS of the re-
searched manufacturing enterprise is built on the prici-
pals of hierarchical level. Also it is given work princi-
pals for every hierarchical level of the automated
scheme of the diagnostic system.
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Fig. 2. Hierarchical scheme of diagnostic subsystem of

The control and monitoring functions of the auto-
mated manufacture island of mechanical processing
and heating steel plates (AMIMPHSP) require diag-
nostics of the furnace, automatic transport system,
steel plate polishing machines and industrial robots,
and prompt troubleshooting. In order to increase the
service life of AMIMPHSP, to ensure the production
of quality products and the reliability of the manage-
ment system, the issue of developing a generalized
automated diagnostic system is raised. The automation
scheme of the diagnostic system on the basis of ACS
of AMIMPHSP is divided into hierarchical levels.

1

active elements at ACS of the manufacturing enterprise

Level 1 Information-measuring elements of
AMIMPHSP diagnostic system operating in produc-
tion modules, heating aluminum plate, automatic
transport lines (ATLi), grinding machines (GMi) and
industrial robots (IRi). A special diagnostic analyzer
(DA) is used in the active elements of the production
module to perform complex level 1 diagnostic opera-
tions. DA analyzes the current technical characteristics
of IRi, GMi, ATLi and the technical characteristics of
the furnace, the accuracy of displacements, the accura-
cy of geometric parameters, the evaluation of kinemat-
ic parameters and creates an interface with the control
unit of the diagnostic system at a high hierarchy level.

9
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The interface between the DA and the programmable
logic controllers of the diagnostic subsystem provides
a prediction of the reliability of the functions of the
active elements of production.

At level 1, regulatory tools are used that affect the
accuracy of the technological operations of the produc-
tion and its active elements, the reliability of the func-
tions of the process control system and, in general, the
flexibility and required productivity of production. Reg-
ulation of the required temperature in the production
furnace with the help of regulating elements in technical
means on external and internal control influences in the
technological process (furnace temperature, dimensions,
weight of aluminum plate, speed of automatic transport
lines and degree of polishing of positioning error, etc.);
regulation of the degree of polishing of the upper sur-
face of the aluminum plate of the polishing machine,
regulation of the linear and angular displacements of
industrial robots; automatic transport speed adjustment
functions are provided.

Level 2 refers to automated diagnostic subsystems
belonging to each technical unit of AMIMPHS (on the
basis of programmable logic controllers (PLC), the cor-
responding blocks are shown in green in Figure 5). Lev-
el 1 from the sensor elements of AMIMPHS diagnostic
system on the current state of the operating modes of
technical units (furnace temperature mode, ATLi
movement speeds and positioning intervals, degree of
polishing of aluminum plates on polishing machines,
accuracy of their parts, accuracy of displacement
movements of industrial robots) the data is transmitted
to the input of PLC of the diagnostic subsystem. In this

case, an automated technical assessment is made and
a decision is made on the operating status of each active
element in the internal memory system of the PLC on
the basis of the logic software of individual diagnostics.
In addition to the functions of the diagnostic subsystem,
the program tests the current state of the execution
mechanisms of the active elements of the production
modules under study. When the operating mode of each
active element of the production modules is violated,
the status indicator is activated.

At level 3, the active elements of production are
connected to the server of the local industrial network
of the automated workplace and control node to pro-
vide control and management of the automated diag-
nostic process. Automation of management and con-
trol functions of the diagnostic system with the help of
a local industrial network server is provided with the
help of SCADA.

Conclusion

1. It was determined sensor tools for information-
measuring of its movement parts and its working sta-
tus of mechatronic units, and also proffered the
scheme of means of sustainable diagnostics of auto-
mated control system of active elements of the re-
searched technological process.

2. Hierarchical scheme of diagnostic subsystem of
active elements at ACS of the researched manufacturing
enterprise is proffered, and also it is given work princi-
pals of every hierarchical level of the diagnostic subsys-
tem.
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