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Abstract:

The maintenance planning corresponds to an approach that seeks to maximize the availability of equipment and, conse-
quently, increase the levels of competitiveness of companies by increasing production times. This paper presents a
maintenance planning based on operating variables (number of hours worked, duty cycles, number of revolutions) to
maximizing the availability of operation of electrical motors. The reading of the operating variables and its sampling is
done based on predetermined sampling cycles and subsequently is made the data analysis through time series algo-
rithms aiming to launch work orders before reaching the variables limit values. This approach is supported by tools and
technologies such as logical applications that enable a graphical user interface for access to relevant information about
their Physical Asset HMI (Human Machine Interface), including the control and supervision by acquisition through SCADA
(Supervisory Control And data acquisition) data, also including the communication protocols among different logical

applications.
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INTRODUCTION

Nowadays, maintenance is one of the key factors for
business productivity.

In most industrial processes the electric motor is an
indispensable asset due to the fact that it is a core element
(Fig. 1). However, there is a permanent increase in power
consumption and, at the same time the need to reduce the
consumption of fossil fuels. Since the electric motors are
fundamental components for industrial systems, ac-
counting for over 60% of its total electrical energy con-
sumption, they must be balanced between a target maxi-
mum availability and the optimization of its electrical ener-
gy consumption.

Industrial processes

Electrical
system

= Mechanical
> electric motor —>| load

A

control

Fig. 1 General construction of industrial processes

The breakdown of an electric motor is quite simple and
there is a limited number of components where just few of
them can be considered critical for failure. Indeed, the op-
erational life cycle of these devices depends on almost ex-
clusively on the winding insulation systems. However, it can
be affected by many factors such as moisture, vibration,
corrosive environments, and poor design.

The preventive maintenance based on the threshold
value determined by a control variable, usually allows to
extend the operating life of electric motors [1].

It is this subject that is discussed throughout the article,
whose structure is as follows:

Chapter | - Introduction,

Chapter Il - State of the art,

Chapter Il - Data acquisition,

Chapter IV - Operation variables and condition,
Chapter V - Maintenance Management,

Chapter VI - Used hardware and software,

Chapter VII - Monitoring and condition monitoring,
Chapter VIII - Application GESP,

Chapter IX - Conclusions,

Chapter X - Future developments.

STATE OF THE ART

The maintenance planning based on the control and
monitoring of operating variables is not a cross-cutting ap-
proach to Computer Maintenance Management System
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(CMMS) on the market. Two of the most paradigmatic pro-
grams are as follows:

— Maximo [2] — is a CMMS developed by IBM [3], which

allows to manage maintenance through its main as-
pects, having an IBM Maximo Calibration module
where is possible to monitor the equipment,
SAP R/3 [4] — is a CMMS developed by SAP AG, being
a very horizontal system, i.e., is an integrated, modu-
lar software, but not specialized in CMMS shed. Due
to SCADA Software Zenon interface with SAP R/3 it is
possible to monitor the equipment and provide data
to the application.

Given some limitations found therein a program it was
developed an academic software tool, designated Gesp.
This makes maintenance planning based on the monitoring
and control of the operating condition variables and with
the aid of the HMI/SCADA Zenon tool.

DATA AQUISITION

With the development and advent of SCADA, monitor-
ing of physical variables can be performed by means of
sensors and measurement devices using PLC [5]
(Programmable Logic Control), which send the monitored
data through protocols communication (ModBus [6] OM-
RON FINS [7], among others) which use several devices and
software applications. The connections go through Fieldbus
systems, and complex redundant network structures that

can be compatible with all standards, such as OPC UA [8]
(OLE for Process Control Unified Architecture), several IEC
protocols [9] or Modbus, and with proprietary systems and
several types of hardware.

Through the information provided by SCADA [10] sys-
tems, it can monitor default values and other control tasks.
The SCADA system allows to perform monitoring, control,
and draw up reports in real-time and historical data. Such
systems correspond to HMI (Human Machine Interface)
applications [11], which tend to grow due to the incessant
demand, allowing secure, more flexible processes, and re-
ducing users working time. The values of the operating vari-
ables and condition are the data provided by SCADA appli-
cations to different systems / maintenance applications
[12] dealing with specific algorithms (Fig. 2).

VARIABLE WORKING AND CONDITION

The main variables to consider in an electric motor are:
the chain; the tension; torque; and temperature. If the
measured parameter values do not fall within the ranges
that have been dimensioned, then current operation may
affect the life of electric motors and deterioration of the
materials and components that constitute them. Through
monitoring tools they are triggered the alarm conditions
giving rise to interventions (Fig. 3) — the sampling of the
variables can be performed through either aperiodic or
periodic cycles.

Process Monitoring and Management of Operating Variables and Condition
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Fig. 2 Process for monitoring the operating and condition variables
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Fig. 3 Operating variables and condition for triggering intervention
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The use of these tools allows to monitor the operation
of electric motors through its most significant variables for
their performance to be the most appropriate.

MAINTENANCE MANGEMENT

The treatment of the variables mentioned in the previ-
ous chapter can be provided to a CMMS, either directly or
through auxiliary modules. Thus, the maintainers can adjust
not only their parameterization, but also their maintenance
contracts as well as improvement actions [13] (Fig. 4).

Predictive maintenance [14] is performed according to
the state of "health" of the equipment, including damage, if
this is the previously planned condition. In general, associ-
ated to operating variables and condition, measures a given
unit which, when they reach a certain threshold, giving rise
to an intervention, as illustrated in Figure 3.

HARDWARE AND SOFTWARE USED

The hardware and software used are illustrated in Fig-
ure 5. In hardware stands out a variable speed drive, a
power meter, an engine, an automaton and a module ex-
pansion analog inputs and outputs.

The FINS Protocol (TCP/IP) was used to obtain the data
monitored by the PLC (via Ethernet), which, in turn, com-
municates with the energy meter through ModBus/RTU (RS
-485 physical environment). The ModBus protocol uses the
client-server type communication model (master/slave) —
the server should not initiate any communication on the
media until it has been requested by the customer. To per-
form the communication via ModBUS protocol with the
MX2 inverter, it must be set the parameters shown in Table
1.

Lean Maintenance with 55
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processing excess;
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Fig. 4 New aspects for asset management
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Fig. 5 Electric motor monitoring modules
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Fig. 6 ModBus protocol parameters used in the MX2 inverter

For the selection of the material used for monitoring the
engine parameters it is necessary to know which are the
values of its operating system given by the manufacturer.
This data is contained in signage plate of the electric motor,
as shown in Figure 7.

Fig. 7 Nameplate of the electric motor

To perform the logic control and monitoring of the oper-
ating variables and conditions, it is used the PLC [15] shown
in Figure 8, that performs the logic control through its bit
input and output and or analog S MADO1 connecting the
analog input/output of the inverter as shown in Figure 9.
Another possible configuration is through an inverter con-
trol by the RS-485 network, as well as the energy meter, as
illustrated in Figure 10 — running both through ModBus
protocol — which provides control and data storage of oper-
ating variables and conditions in the PLC memory area.

Fig. 8 Nameplate of the electric motor

To perform engine control frequency for the analog in-
puts of the inverter and to monitor the temperature, it is
necessary to use a module, illustrated in Figure 9, for con-
verting the analog values for input/output of data to the
PLC [16].
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Fig. 9 OMRON Module analog inputs and outputs CPM1A-
MADO1

If the current is high it will be necessary to use IT
(current transformers), such as illustrated in Figure 13, with
characteristics adapted to the energy meter used - in this
case it was used the counter illustrated in Figure 12.

For the control of electric induction motor it is used a
static frequency converter [17] (Figure 10) that is a solution
that has been adopted increasingly in industry. The drive in
question allows for control and monitoring the engine pa-
rameters. The inverter can be controlled by analog inputs,
by control panel, and also through the Modbus communi-
cation protocol. The modes of control are configurable ei-

ther on local keyboard or by specific OMRON software. The
inverter is parameterized as described in Fig. 13.

Fig. 10 MX2 Inverter Omron

According to Figure 13, between the drive and the en-
gine it is included an energy meter [18] which allows the
energy monitoring that is supplied to the motor (current,
voltage, active power, reactive power, and the cos factor
power).

Fig. 11. Parameters table to monitor the inverter MX2
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The temperature measurement can also be performed
through the ADC, or the energy meter, given that it has a
system of inputs for the acquisition of analog signals [19].

Fig. 12 Three-phase energy meter SBC SAIA-ALE3D5F11 Class B

A possible solution for the monitoring of motors phase
currents is through the use of IT [20] if the current range is
beyond the limits of the energy meter (Figure 13) or, if the
model energy meter requires IT external (the ALE3 [21]
does not require IT to current until 65 Ampere).

Fig. 13 CTY intensity transformers

For the selection of IT, it is necessary to know the range
of current values which the engine operates taking into
account the values of the upper and lower current limits. In
this case, the motor runs at a nominal current of 1.40 A.
From the table of the FLEX-CORE manufacturer [22] and
data of IT mentioned above, reported in Table 3 (CTY mod-
el) the selected IT for that current range is CTY-A. The IT is
selected by the thicknesses of the wires through which the
current, the current range in which they will work, and the
necessary capacity with which the IT needs to monitor the
streams.

The engine manufacturer [23] used in this project has
four solutions, as shown in Table 2, comprising devices that
have its own thermal protection. For the triggering of
maintenance through the temperature control, only the
first three solutions can be used because they are the ones
that allow their monitoring.

Resistance Term (Pt-100) — are temperature sensors
with a high degree of accuracy and sensitivity response, but
correspond to a very viable solution economically due to
the sensors and the electronics associated to the control is
costly.

The thermistors (PTC and NTC) — temperature control in
the implementation of thermistor has a low cost when
compared to the Pt-100. Although it is necessary to use a
relay for the control and actuation.

Thermal protectors Bimetallic/Thermostats — the use of
thermostats for the maintenance trigger has to be appro-
priate for action by raising the expected engine tempera-
ture.

Protective Thermal Phenolic — they have the particulari-
ty of being sensitive to current and temperature, enabling
automatic control. It is limited to the current in the case the
protector is connected directly to the coil of the single-
phase motor and can only be used in three-phase motors
connected in Y.

Table 1
Intensity transformers range from CITY model FLEX-CORE

INPUT AC AMPS STANDARD OUTPUTS MODEL CTY- SENSOR SIZE
0-0.1Aac* 0-1Aac 0-5Aac 0-0.333 Vac 0-1Vac 0-5Vac

0-50 050A-.1 050A-1 NA 050A-.3V 050A-1V 050A-5V A
0-100 100A-.1 100A-1 NA 100A-.3V 100A-1V 100A-5V A
0-200 200A-.1 200A-1 NA 200A-.3V 200A-1V 200A-5Vv A
0-100 100B-.1 100B-1 100B-5 100B-.3V 100B-1V 100B-5V B
0-200 2008B-.1 200B-1 200B-5 200B-.3V 200B-1V 200B-5V B
0-300 300B-.1 300B-1 300B-5 300B-.3V 300B-1V 300B-5V B
0-400 4008B-.1 4008B-1 400B-5 400B-.3V 400B-1V 400B-5Vv B
0-500 500B-.1 500B-1 500B-5 500B-.3V 500B-1V 500B-5V B
0-600 600B-.1 600B-1 600B-5 600B-.3V 600B-1V 600B-5V B
0-800 800B-.1 800B-1 800B-5 800B-.3V 800B-1V 800B-5V B

0-800 800C-.1 800C-1 800C-5 800C-.3V 800C-1V 800C-5V C**

0-1000 1000C-.1 1000C-1 1000C-5 1000C-.3V 1000C-1V 1000C-5V C**

0-1200 1200C-.1 1200C-1 1200C-5 1200C-.3V 1200C-1V 1200C-5Vv C**
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Table 2
Thermal protection devices presented by WEG

Term resistance Thermistor Thermal protector bimetal Phenolic Thermal
(PTC e NTC) P Protector
Protection . . . . .
. Resistance calibrated Avalanche resistance Movable contacts Bimetallic Movable contacts
mechanism
Disposition Head wound Head wound Inserted I.n the circuit Inserted in the circuit
Bobbin Head
. External operations External operations Direct action I
Acting form . . . . External control Atuacgdo direta
command in protection command in protection .
protection to work
Chain Motor current chain of com-
Current limit Chain of command I Y ! Motor current
of command mand
s Current and
Sensitivity Type Temperature Temperature Current and Temperature
Temperature
Number of motor r
umber of moto 30r6 30r6 3or6 1
units lor3
Command types Alarm and/or cut Alarm and/or cut Court Court
yp Alarm and/or cut
Technological Very good Satisfactor Good Unsatisfactor
feasibility ve ¥ ¥
Affordability Unsatisfactory Very good Satisfactory Satisfatdria
Technological and . L. . .
g Satisfatoria Satisfactory Good Unsatisfactory

financial viability

CONDITION MONITORING AND CONTROL

In most industrial processes that use electric motors,
the sensors described above, not only for their protection
but also for their monitoring, have been integrated. In this
case, a simulation was made with the engine running with-
out load. The main objective was to monitor and control
engine operation, as illustrated in Figure 14, including the
simulation of a fault.

Simulation of faults

SAIA |
MX2 [ A3 [

CP1L-EM30DR-D

Fig. 14 Fault simulation monitoring

To perform the test trigger a condition of intervention,
it is necessary to monitor the feeding phases of the induc-
tion motor. Cutting the power stage (with a switch) of the
engine it was carried out. In this case, the current will tend
towards a minimum predetermined value in the algorithm
implemented in the control system. The engine malfunc-
tion gives rise to this work with only two phases, thus un-
balancing the operating system, which means that its tem-
perature rise [24], and may exceed the upper limit of good
operating system and activate other maintenance trigger.
The cause of the simulated fault can damage the engine
due to the material properties do not have ability to with-

stand such high temperatures. In the event of a threshold
value which lead to the triggering of an intervention, a
Work Order is issued with a set of procedures, such as
checking the status of the electrical connections of the en-
gine, among others.

GESP APPLICATION

To support the study presented in the previous chapters
it has been developed an information system [25] that al-
lows initiating the maintenance interventions according to
the value of equipment monitoring data. The data commu-
nicationfrom the application is carried out through the use
of SCADA Software Zenon [26], which allows data acquisi-
tion through a PLC that monitors information from an in-
verter through whitch engine is running. The data moni-
tored by Zenon can be saved by communicating with the
SQL Server database [27] through SQL system driver. Data
acquisition by PLC is made by OMRON FINS driver (TCP/IP).
Both variables, to be created, are allocated in the same
function, as can be seen in Figure 15.

System monitoring is carried out according to the
scheme illustrated in Figure 16. It uses two different system
technologies, both of which have to be synchronized to
perform both operations.

Operating variables and condition are monitored by the
Scheduling Meter.

As shown in Figure 17, triggering a maintenance inter-
vention is made using two types of monitoring: (1) Meter
Scheduling; (2) Control and Scheduling.

As shown in Figure 18, 19 it is used the Zenon SCADA
software to send the data of the variables monitored by
Gesp database application to perform the interventions.
This software SCADA, in addition to the monitoring varia-
bles from the electric motor interface, and its associated
logic CP1L-EM30DR-D programming (programming soft-
ware, Ladder) can monitor and control the electric motor.
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/ Data base

Zenon

Fig. 15 Monitoring and allocation of the operating and condition variables

GESP Data base

Fig. 16 Monitoring and control of planned maintenance
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FURURE DEVELOPTMENS

The next challenge to be reached by the system is the
development of a scheduling system in real-time, pro-
specting an automatic maintenance management, embed-
ded with a failure prediction model based on dynamic mod-
eling, where a historical analysis of the physical assets, the
monitoring and the analysis of critical features will be
made.

The next version of the proposed system (GESP) aims to
manage maintenance operations with greater autonomy
and robustness, being the tasks selected automatically by
the system and evaluated the alternatives with respect to
human resources.

It is estimated that the maintenance condition assumes
particular relevance in the following years as well as the
application of e-Maintenance concept [13]. In maintenance
condition sector several studies were performed, one of
them highlights a prediction model applied to wind genera-
tors based on vibration analysis [14], or a failure prediction
by the analysis of other variables based on the historical of
physical assets [15].

Due to the high degree of complexity of performing
maintenance interventions, paper-based instructions are
falling into disuse, being replaced by its equivalent in elec-
tronic version to be accessed by tablets or smartphones.
The use of these devices opens doors to new horizons as
the introduction of augmented reality in industrial environ-
ments [16], a technology that consists of superimposing
virtual content to the real environment, which allows to
display, on intuitive way, the sequence of instructions that
technician must perform.

CONCLUSIONS

Planning maintenance from its operating variables helps
to maximize the availability of equipment and therefore to
increase the levels of competitiveness of companies by
increasing production times. For its implementation the
papers shows that through the use of adequate technology
and algorithmic tools applied to operating variables and the
equipment condition through periodic and aperiodic sam-
pling cycles can be reached better planning. The monitoring
and control are made by integrating SCADA (Supervisory
Control and Data Acquisition) using communication proto-
cols between the several application logics which allow
reliable transmission of data. The triggering of the mainte-
nance work is done by processing the data of the control
variables using specific algorithms to monitor and launch
automaticaly the Work Orders before damage can occur
with reference values previously specified limit.
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