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Abstract. The article is a continuation of papers publisiregrevious publications referred to
the development of the Computer Control and Diatin&ystem of Distributed Drives [1, 2, 3].
Authors of the paper focused on the group of fraquenverters coupled by the ProfiBus DP
network, elaborated expert system and integratedraloand diagnostic blocks placed in the
PLC memory, at an angle of possibility of utilizatiof integrated selfdiagnostic algorithms of
frequency inverters to the implementation in thempater Control and Diagnosis System of
Distributed Drives (CCaDSoDD) system. The artiakeludes also an analysis of potential
possibilities of utilization of embedded functiomsid restrictions connected with accepted
assumptions.
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Introduction

A design, an implementation and an operation ofhimas without taking into consideration
aspects related to the monitoring of operating ¢ and planning of the duty, is not possible
in applications taking advantage of mechatronidaiss A noticeable progressive development
of mechatronic equipment focuses to an expansiomtefnal algorithms and self-diagnostic
functions. In the most of practical applicationsiser or a designer exclude functions which
could be very useful at the stage of designing,lémentation or exploitation of technical
systems. Described situation results from produ@ppointment. A lot of manufacturers
represent a position consistent with an economiategly (besides selling exist also very
powerful branch contains service activities). A @gsive reason is connected with safety
standards, specified requirements defined by otisinis related to the assurance of operational
safety.

Field of studies

Authors of this article have taken into considenata model of frequently used application
like group of distributed drives. An example ofdtency inverters with electric motors and
toothed gears or gear-motors is a very interestea @oupled many mechatronics devices.

Usage of Programmable Logic Controllers and disted drives equipped in industrial
networks interfaces is a common case in indusajpglications. PLCs popularity results from
a fact that exchanged data most often have thessthicontrol commands.

The practical implementation of presented methosl been based on the laboratory stand
designed for investigation of the distributed dsiv&/stem. A scheme of described system is
presented in Figure 1. Data processing tools aressary to extract useful information from the
monitored system. Most often identification is pbks only with dedicated software, but the
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authors make an attempt to elaborate the autho@tripputer Control and Diagnosis System of
Distributed Drives with the integrated expert syste

The discussed solution provides the grounds foigdewy of the integrated diagnostic and
control system. The CCaDSoDD system enables theaim@f the states of the PLCs, actuators
and industrial sensors without embarrassment imtooperation of the distributed system, and
a simultaneous running of other software connewfittdl actuators or control units.

The basic assumption of the decentralized systerthe form of distributed actuators and
centrally located PLC or separated control systeamhected by the communication main line,
facilitates access to the data in the entire sysfmovided that the system components are
connected hierarchically.
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Fig. 1. Schematic view of the laboratory stand

It is necessary to present the main assumptionhwdoafirms the presented stand of authors,
in the following form: entrusting to the advanceéahatronics devices of the control functions
(which require a high level of reliability) allows functionality extension at additional
functions and data connected with diagnostic fumstiwithout loss of accepted quality factor.
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Consecutive parts of presented article focus afptbhélem of utilization of self-diagnostic
functions implemented in frequency inverters fore tipurpose of the computer-aided
identification of operating conditions.

Self-diagnostic functions of frequency inverters

Presented example of frequency inverters allowerdehing of a domain which could be
use on the stage of the computer aided failuresctien and elimination. It is worth to stress
that modern mechatronic devices offer very reliadohel expanded functions connected with
monitoring of internal subsystems.

Utilization of inner self-diagnostic algorithms arage by specialized electronic circuits,
integrated inside mechatronic devices, brings mbegefits, among others a separation of
system functions (discharging of resources), shorte of time assigned to detection and
elimination of identified failures, increasing qification reliability.

A result of self-diagnostic functions is given hetform of individual error code. Error codes
contain 8-bits and are easy to gather by the PL@ected with the frequency inverters by the
ProfiBus DP network. Additionally the PLC perforssveral functions at the same time:

0 processing the control algorithm determined by ddpaces defined in accordance with
the cyclogram,

0 gathering the diagnostic data from frequency irersrtircuits,

o checking current parameters of additional elemeffitee sensors, electric drives,
frequency inverters, etc.) within the defined defences (relations between states of constituent
elements) determining the current state.

Table 1. Types of identified failure states with descriptiof their sources

Ordinal | Assigned | Description of sources
number | error set
1. AE-PTE

o incorrect configuration of hardware resources,

0 cause generated in the stage of loading of progsattings or parameters,

o an overflow of a memory stack,

o disturbance of the beginning or an execution ofgmm actions,
abnormalities of data conversion, settings or divaenode change.

2. EE-HTE | o the ProfiBus DP bus failures,

0 incorrect matching of the hardware layer,

0 an abnormal work of hardware devices (the readimgrethe incorrect
hardware configuration, etc.),

o diagnostic information,

o failures of hardware components like electronicuis, feeding interfaces
abnormal conditions of supervised units (i.e. deohyfeeding voltage
phases, etc.).

3. CE-OTE complex relationships between identifatlires belonged to the AE-PTE

and EE-HTE collections

All identified failure conditions were grouped Hetauthors into three main domains:

0 AE-PTE - application errors (connected with progmang activities, configuration
parameters, etc.),

0 EE-HTE - hardware errors,

o CE-OTE - complex errors (coupled by conjunctiopiEviously specified groups).

End user has not got a possibility of any influeatéhe form and a size of errors set notified
by the internal resources of frequency inverteegabise an access to the embedded circuits and
functions in many cases is blocked by several nusthitack of sufficiently documentation, a
resource interlocking, and a simplification of ag=ible functions).
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A complete exploitation of advantages of AE-PTE aB#-THE collections enable
continuous monitoring of values stored in varialdetermined control algorithm. A designer of
the control algorithm decides how to use codestand to define mutual dependences which
define complex errors CE-OTE. Error codes are cti#lé and gathered in the PLC memory. On
the basis of their current values and conditionstbér variables a user realizes the diagnostic
inference. Each of the frequency inverter errorecatreated like an independent diagnostic
premise. ldentification of complex errors is penfi@d by a comparison of two (or more)
simultaneously identified errors belonged to défargroups within the defined relations placed
in the statements of the expert system of the C@&MDBapplication. Data gathered in the
CCaDSoDD expert system are transmitted in on agggekn every cycle of the PLC controller.

Identified error code is sent to PLC controllettlie form of one byte, transformed up to the
hexadecimal number. For considered groups of freggenverters produced by the SEW
Eurodrive group the authors isolated more thanaildires identified only by embedded self-
diagnostic functions.

Taking into consideration functional constraintscoinsidered devices the final results is
satisfactory, because a defined number describés attributes referred to the hardware
subsystems (a group of diagnostic premises idedtifilirectly). ldentification of residual
conditions could be realized as a result of an altion of decision rules matched to the
concrete application of distributed drives. A diagtic inference is possible in two independent
modes:

o directly on the basis of premises delivered inftren of frequency inverters error codes,

o indirectly by connection of frequency invertersoercodes and additional statements
implemented in the expert system.

Isolated errors (used in the direct diagnosticririee) expanded by relations connected with
monitored values of the control algorithm allowdefine a group of corrective actions which
quantity exceed 270. The accepted inference mdihedd on dynamic checking of a diagnosed
subsystem and a failures localization model atssumption supported by the serial inference
algorithm. The structure of the described systesetiaon the connection conforming to an
automation hierarchy (Figure 2):

o electric drives and frequency inverters are plandate lower level (a primary technology
level),

o a Programmable Logic Controller performed role ofsw@pervised unit (within the
algorithm defined in the PLC memory) is placedhat group control level,

o the elaborated expert system is located on theebigtevel (PLC and ProfiBus DP
interface mediate at the stage of data exchangsebat frequency inverters and the expert
system).

The method of identification and definition of necal dependences of complex errors
were defined in accordance with the following asgtioms:

o a complex error is implicated by two (or more) esrbelonged to the set of AE-PTE or
EE-HTE errors coupled with a conjunction conditi@efinition of used implications shows
Figure 3),

o in case of occurrence of two or more errors from shme set (AE-PTE or EE-HTE)
errors are treated as individual diagnostic presn{sglequately A¢ pre@nd e y7e); OCCUrrence
of many errors in the domain of one collection di implicate a complex error (identified
diagnostic premises take part in the inference ggedn accordance with defined rules in the
CCaDSoDD system),

o each of errors (AE-PTE, EE-HTE) can belong to mangs implicated complex errors.

The mediate form of the inference has a lot of athges, among others:

o possibility of unbounded forming of statementdgefitto the concrete applications,

o shortening of time connected with an elaboratioexafert systems,

0 an open structure and feasibility of development.
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Fig. 2. Structure of the CCaDSoDD system compatible witatomation hierarchy [5]
Hardware errors Application errors
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Fig. 3. A manner of definition of complex error implicatio(CE-OTE type), where: AE-PTEEE-
HTE,cu, u — diagnostic premises (AE-PJ& EE-HTE, ncN), ERR, — logical implication of conjunction
of u premises

Implication rules are referred to all groups of ghiased units and databases of the
CCaDSoDD system. Defined relational databaseshergdrt of the expert system. On the basis
of rules the CCADSoDD system chooses descriptidridemtified error, and corrective actions
(steps enable a restoration of correct operatimglitions). All relational databases based on the
SQL language (Structured Query Language) were @ividto tables; the main key is equivalent
to the error code. At the stage of error identtfma the authors accepted a few meaningful
assumptions:

o the monitoring and a collection of all data ardirea within PLC tasks,

0 dynamic properties of the diagnostic symptoms faionas dependent on the PLC cycle,

0 in the elaborated expert system the authors dinmwiove a states detection on the basis
of time and detection sequence of diagnostic sympta packet block transfer),

0 maximal time of symptom generation is equal to FHeC cycle, increased at the time
connected with ProfiBus DP bus refreshing, withirhe t equation [4] (where:
F(s) - a failures set detected by the diagnostic digné, - maximal time from the moment of

occurrence of thk failure to generation of thiesymptom):

6; = max {6} (1)

I kefeeF(s)

0 a set of diagnostic tests does not include elemeatsesponding to symptoms with time
occurrence exceeding the time predicted to a dsigmeeriod,

0 protective functions (safety actions) of the anatyzase are executed in the time equal to
the value of one PLC cycle.
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a)
[Nuz[Padm] Db [Cb[Nord[ EprfAddr [Endor]|

[PDST]

b)

[ PDST [Ealkd] EprfAddr [Ealdi[Ealtp[Ealsn [Enext]EprfAddr|EextdI]Eiden]

Fig. 4. View of entry error patterns of the frequency irige a) basic, b) extended, where:
Nuz — a user name, Padm — authorization level, Date, Cb — current time, Nord — ordinal numbethef
SLAVE unit, EprfAddr — network address error, Ende ordinal number error of the SLAVE unit,
Ealkd — alarm code, Ealdl — length of the alarforimation, Ealtp — alarm type, Ealsn — socket nemb
with an active error state, Enext — extended diaiodnformation code, Eextdl — data length of the
extended diagnostic information, Eiden — identtfima number of SLAVE unit

Recording of error values are stored within defisthdard (Figure 4). The pattern of error
entries has been divided into two main subgroups:
0 basic - main errors of the SLAVE (frequency invertait,
o extended - includes all data of the basic pattertens the diagnostic information of the
ProfiBus DP network and hardware devices.

Conclusions

Self-diagnostic functions are frequently used etest of failures removal, by the qualified
staff, but an intention of the authors is turnitng tattention to the utilization of embedded
diagnostic functions at the stage of design offthal form of applications included modern
mechatronic devices. Advantages of the presentgoaph are meaningful, and can be
summarized in several points:

o increasing of reliability of considered application

0 possibility of preparation of fault detection fuinets for every mechatronic unit (taking
into account its functional constraints and embedddactions),

o utilization of more advanced mechatronic units\aido enlarge of amount of possible
identified operating conditions by embedded sulesyst

o0 to the primary parameters belong, among other ghiogrrent, minimal and maximal bus
cycles (detected by a industrial network moduléhef PLC unit), the diagnostic information, a
current work status, error codes, reactive andagowers, etc.

Beyond specified advantages exists also a grougduoé€tional constraints, result in
enlargement of the expenditure, connected withgmatjpn of the control algorithm widened by
memory cells which include values of diagnosticnpises, elaboration of the expert system and
inference rules (diversified at an angle of theatete application).
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