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Abstract- Induction motors are a critical component of many
industrial processes and are frequently integrated in
commercially available equipment. Safety, reliability, efficiency,
and performance are some of the major concerns of induction
motor applications. Preventive maintenance of induction
motors has been a topic great interest to industry because of
their wide range application of industry. Since the use of
mechanical sensors, such as vibration probes, strain gauges, and
accelerometers is often impractical, the motor current signature
analysis (MACA) techniques have gained much popularity as
diagnostic tool. Fault tolerant control (FTC) strives to make the
system stable and retain acceptable performance under the
system faults. All present FTC method can be classified into two
groups. The first group is based on fault detection and
diagnostics (FDD). The second group is independent of FDD and
includes methods such as integrity control, reliable stabilization
and simultaneous stabilization. This paper presents the
fundamental FDD-based FTC methods, which are capable of on-
line detection and diagnose of the induction motors. Therefore,
our group has developed the embedded distributed fault
tolerant and fault diagnosis system for industrial motor. This
paper presents its architecture. These mechanisms are based on
two 32-bit DSPs and each TMS320F2407 DSP module is
checking stator current, voltage, temperatures, vibration and
speed of the motor. The DSPs share information from each
sensor or DSP through DPRAM with hardware implemented
semaphore. And it communicates the motor status through field
bus (CAN, RS485). From the designed system, we get primitive
sensors data for the case of normal condition and two abnormal
conditions of 3 phase induction motor control system is
implemented. This paper is the first step to drive multi-motors
with serial communication which can satisfy the real time
operation using CAN protocol..

I. INTRODUCTION

Today, distributed industrial control systems are becoming one of
the most important areas in research of embedded-control
application. In this sense, the control and supervision of these
systems are accomplished through the operation of different nodes
that are interconnected through industrial local area networks. The
design of a distributed system, which embodies various families of
sensors and transducers, requires including special capabilities to
improve both the performance and reliability. Local embedded
processing can provide onboard diagnostics and reliable control for
critical operation. In these systems, control and monitoring system
are based on the microcontrollers that have the various
characteristics in the simplest or in the most complex form, and the
digital communication networks. In this case of the microcontroller,
the low costs of system based on microcontroller is realized and the
high degree of integration achieved, because it eliminates the need

of additional peripherals. The digital communication protocol binds
together the more and less autonomous nodes and controls the direct
and indirect interactions among them. Many of the architectural
characteristics of the real-time system as a whole are determined by
the properties of this communication protocol, e.g., if the system is
decomposable in the domain time, or if a given deadline can be
guaranteed under all specified load and fault conditions. In systems
that may involve a certain risk for the users or the process under
control, it is necessary to study and improve the dependability. It is
defined by Laprie as ‘that property of the computing system which
allows reliance to be justifiably placed on the service it delivers’.
When a system is able to continue its work in the presence of faults,
it is called a fault tolerant system [1]. In the aspect of control, we
also consider a fault tolerant control (FTC). FTC systems, namely:
control system able to detect incipient faults in sensor and/or
actuators on the one hand and on the other, to promptly adapt the
control law in such a way as to preserve pre-specified performances
in term of quality of the production, safety, etc [2]. Further, a system
is safe when in the event of a non-recovered failure, the system stops
in a well-known state, which does not cause a risk to the process.
The essence of fault detection and diagnostics (FDD) based FTC
methods is to on-line detect and diagnose the system faults, and then
to modify or redesign the control law to make the faulty system
stable according to the diagnosed faults {3]. We have focused on the
motor current signature analysis for bearing damage detection in
Induction motors [4]. In this paper, the fundamental design of FTC
system for induction motors (IM) is presented. IM is subjected to
the rotor, stator and bearings failures caused by the combination of
the thermal, electrical, mechanical, magnetic and environmental
stresses. Prediction of abnormalities in the motors will avoid
expensive failures. Most motor protection equipment is typically
aimed at protecting the motor insulation against overheating.
Additional protection can be gained by applying expensive
equipment based on sensing vibration and/or the current spectra of
motor to predict incipient failures.

This article proposes a redundant system in sense of dual sensors,
dual DSP and dual field bus to protect the motor failures and notify
the result on field bus. And the dual shared data is treated by digital
input/output, SPI communication and hardware semaphore through
each DSP.

I1. DESIGN OF REDUNDANCY SYSTEM

A redundancy system would address as follows: dual sensing for
voltage, current, temperature and vibration, a device-level
communication for each DSP for making decision from shared data,
redundant transmission of message on field bus.

The proposed redundancy system is shown in Fig. 1. We can see
that the structure of nodes is based on:
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* Two 32-bit DSP microcontrollers that are in charge of controlling,
monitoring the industrial process and detecting and diagnosing the
induction motor faults. After the control and command data is
processed and executed, they are sent the pertinent data and
information to a built-in CAN controller. This host controfler has a
powerful 32bit microcontroller with a built-in CAN controller many
input/output ports.

* Dual-port static RAM to pass information between both
microcontrollers and to store the node state. High-speed dual-ported
RAM interface sends and receives hundreds of packets per second
with minimum host overhead.

+ Communication networks based the CAN protocol, two
communication networks, both of them can be accessed by both
microcontrollers.

= A serial RS-232 is included for 32-bit DSP microcontroller in
order to make local channels possible in each node, and also to
allow software updates via RS-232 for microcontrolier. We get the
final data processed and operated from D SP chip through RS-232
port. Further, this can use to the gateway to translate CAN protocol
to RS-232.

* The Transceiver

A transceiver provides the mechanical and electrical interface
between the two DSP microcontroliers and the communication
medium. Multi-medium transceivers enable the actuator and sensors
to operate in different environment.

¢ Two identical 32-bit microcontrollers, the first one id in charge of
the communication and the application execution. In case of failure,
the fault free microcontroller will perform all the function of the
system. As can be seen, both microcontrollers receive signals from
the sensors and send signals to the actuators, and they are also
connected to two local area networks.

The phase motor current is sensed with hall sensor. The line-line
voltage is sensed using potential transformers. Rolling element
bearings generally consist of two rings, an inner and outer, between
which a set of balls or rollers rotate in raceways. Two temperature
sensors are inserted at near motor stator and outer bearing raceway,
respectively. Piezo vibration sensor also is inserted at outer bearing
raceway. The current signal is passed through a notch filter to
remove the overwhelming 60Hz component, then through low-pass
fiter (2 kHz cutoff frequency). All signal's digital values are
obtained by ADC of TMS320LF2407 (Fig. 2) by a sequential order.
A redundancy hardware part are p laced the side of it (Fig. 3.). 3
levels do communication between two DSPs, GPIO (general
purpose input output) like hardware interrupt as a hardware fault
tolerant system as first level, SP1 protocol as device-level
communication and shared memory space on a dual port RAM
implemented by hardware semaphore as upper level. Two field
protocol are supported; RS485 and CAN. Both fieldbus protocol has
two redundancy buses for one motor. Although control area network
(CAN}) is intrinsically a two wire system with strong crror detection
and its handling capabilities. It is usually considered a channel
system. Two busses achieve a redundancy bus system. All these
system and the proposed one have the basic principles of the
operation in common. There are little differences from each other in
the communication channel or links between elements and their
purpose. The following common aspects can be mentioned:

e A microcontroller carry out two roles such as c ommunication
1asks and execution of the application;

o The interface among both microcontrollers is based on a dual
port RAM implemented by hardware semaphore as upper level
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Fig. 1 Block Diagram of Redundancy System

Table 1. Specification of sensors

Spcification
Items 1
} Type Data accuracy
Primary current
Current . . -
LAS3-Pimeasuring rangel £0.65 %
(Transducer
+70A
Voltage LV 25-P I~\1easuring range £0.9%
Transducer 500V
Temperature
pe! LM35 | -55T- 150T 05T
iSensor
Linear D7F- Frequency range’ +5%
5
L/ibration sensorlS03-05 |10-2.000Hz
Resolution: 1024
Max. frequency
Encoder RIA-80 (100kHz
Max. revolution’
6,000rpm

Our fault-tolerant d istributed system is based on asetofnodes
connected by two CAN protocol. Over CAN, we use the application
layer proposed by CAN in Automation called CAN Application
Layer (CAL). In order to determine the domains where the
distributed system can be applied, it is necessary to analyze its
performance and dependability, in the first stages of its conception.
Thus, the first stage in the research is focused on the design of
distributed systems. The main goals of this stage are:

* To analyze different fault-tolerant architectures for the nodes
of the distributed system;

¢ To determine the performance of a CAN network used as the
backbone of an industrial distributed system. The objective is the
evaluation of the system performance, for different architecture
with different CAN controllers; and

e To analyze different fault-tolerant architectures for the nodes
of the distributed system;
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® To determine the performance of a CAN network used as the
backbone of an industrial distributed system. The objective is the
evaluation of the system performance, for different architecture
with different CAN controllers; and

e To develop hardware and software tools to monitor the
performance of system and to detect the induction motor faults

The main idea under the conception of the distributed architecture
based on small nodes is that system nodes should be cheap, simple
and flexible. The main objective is that from the basic architecture
we should be able to add fault tolerance mechanisms to increase
the reliability and safety of the nodes but at a low cost

[II. EXPERIMENTAL SETUP AND RESULTS

Fig. 4 shows an experimental setup, where the redundancy system
and induction motors with normal condition motor, and two
abnormal condition motors; a hole was drilled through the outer race
of the shaft-end bearing and an external eccentric force applied the
motor shaft. The collected signals are sent to PC through a bus.

Fig. 5 View of vibration and thermal couple sensor for bearing and
thermal couple sensor for stator temperature

Any air gap eccentricity by a holed bearing and eccentric shaft
and others produces abnormal air gap flux density. By these
eccentricity varied with rotor position, the oscillation in the air gap
causes the variation in the air gap flux density. In turn, this affects
the motor inductances and produce stator current harmonics (see the
current signals of Fig. 6-8)[5,6]. The data is taken from 1.5kW
motors at 1000 rpm with 4kHz sampling rate. We set the
experimental test bed to detect the rolling-element bearing
misalignment of 3 type induction motors with normal condition
bearing system, shaft deflection system by external force and a hole
drilled through the outer race of the shaft end bearing of the four
pole test motor. Fig. 6 shows the signals of phase current, vibration,
and two temperature sensors for the normal condition motor. These
sensors for the current, vibration and temperature of the stator and
bearing are located on the shown Fig. 5. In the cases of abnormal
conditions, Fig. 7 describes the sensor signals of the holed bearing
and the sensor signals of the eccentric motor shaft is also shown in
Fig. 8.
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Fig. 6 Measured sensor signals of normal condition motor
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Fig. 8 Measured sensor signals of the eccentric motor shaft

1V. Conclusion

Modern manufacturing and process systems need improvement in
their dependability. In this paper we researched a fundamental fault
tolerant techniques applicable in distributed process control
systems. The several approaches of spatial redundancy at node level
are presented. We have also demonstrated our proposed motor
protection redundancy system in this paper and have studied the
common application layers used in CAN networks to add the
necessary mechanisms to develop a fault-tolerant node. A nd, then
we presented the sensor data signals obtained from our designed
system. The dual DSPswill make an independent decision from
these sensors, and then notify 3 level communications for fault
tolerant. Also, this system supports dual field bus system. In near
future, we will implement a distributed real time system to control
the multi-motor system to be connected to CAN fieifbus.
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