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Abstract. This paper presents a review and evaluation of developments

in the field of diagnosis of electrical machines. It covers model-based tech-

niques, knowledge-based techniques and signal techniques, organized in
quantitative approach and qualitative approach. Exposes briefly draw-

backs and benefits of principal methods and their combination. Then

compares the principal methods and finally, suggests an hybrid method

that can overcome their individual limitations and take advantage of

particular merits.

1 Introduction

Motors are the workhorses or our industry. Safety, reliability, efficiency, and

performance are some of the major concerns and needs for motor systems ap-

plications. They are essential components in most of today's manufacturing and
production industries. The key for a successful motor operation are a quality

motor, understanding of the application, choice of the proper maintenance of

the motor [1] [2].
A fault is to be understood as a non permitted deviation of a characteristics

property which lcads to the inability to fulfill the intended purposc. This can be

done by checking if particular measurable or unmeasurable estimated variable

are within certain tolerance of the normal value. If this check is not passed,

this leads to a fault message.The functions up to this point are usually called

monitoring or fault detection, this is followed by a fault diagnosis: the fault is

located and the cause of it is established [3].

2 Quantitative approach

Previous supervision of technical process was restricted to checking directly mea-
surable variables for upward or downward transgression of fixed limits or trends.

This could be automated by using simple limit-value monitors. Various faults in

the process could be then detected, but only after the measurable output values

had been effected considerably. The problem is orientate process faults with the
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aid of the measurable input and output variables U(t) and Y(t) and mathe-
matical models with nonmeasurable disturbance signals, nonmeasurable process

parameters and partially measurable and partially nonmeasurable internal state

variables [3].

2.1 Measurable signals

Measurable input signals U(t) and output signals Y(t) can be directly used to
monitor changes in the process.

Limit and trend checking is a method well know and commonly used to check

signal's limits Y(t), is this excess a maximum value Ymar or fallen below of a
minimum value Ymin. The normal state is:

Ymin <Y(t) < Ymaz (1)

This is referred to as an absolute value check. The limit check can also be applied
on the trend Y(t) of the signal Y(t). The normal state is:

Ymin <Y(t) < Ymaz (2)

also a combination of absolute value and trend checking is possible.

If only limit checking is applied, the limits usually are set on safe side to allow

sufficient time for counteractions. However, this can lead to false alarms if the

variable return to the normal state without external actions. This disadvantage
can be avoided, if the affected signals Y(t) can be predicted. This also allows to
predict the time of exceeding a threshold. In order to this, mathematical models

have to be used [3].

2.2 Mathematical models

The task consist of the diagnosis of faults in a dynamical system by measuring
the available input and output variables U(t) and Y(t). Process with parameters
that can be linearized around one operating point are usually described by an
ordinary differential equation

y(t) + a1j(t) + azj(t) +...+ any(n)(t) = bou(t)

+bü(t) + bzü(t) +...+ bmu(m) (t)

Additive faults at the input or output can be modeled by [4]

y(t) +a1j(t) + a2j(t) +... + any(n) (t) = bou(t)

+b1ü(t) + b2ü(t) +... + bmu(m) (t) + Su + bosu

(3)

(4)

The process model parameters 0T = [a1an/61bm) are more o less intri-

cate relationships of several physical process coefficients, e.g. mass, speed, drag
coefficient, viscosity, resistances. If a fault within the process changes one or sev-

eral parameters by 40, the output signal changes and the parameter estimation
163
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This double path, named preliminary diagnostic, provides diagnostic redun-
dancy that can be used by evaluation model. The evaluation model can make use

of preliminary results, direct measurements or both analysis. Moreover, to better

inference and decision capability makes use of nominal parameters and fuzzy ob-
servations. This last block, could use knowledge base techniques, decision trees
or neural/fuzzy inference systems.

At this moment, we are working on motor simulation model and searching
the best inference architecture to recreate our model. Results will be published
next.

6 Conclusion

In this paper we gave an overview of principal developments in the field of diagno-
sis of electrical machines. We reviewed model-based techniques, knowledge-based
techniques and signal techniques as well as their combinations, advantages and
disadvantages were discussed too. Finally we expose briefly an hybrid method
that makes use of quantitative and qualitative techniques to overcome their in-
dividual limitations and take advantage of particular merits.
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