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Eccentricity Characteristics of Doubly Salient Electromagnetic Generator
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Abstract: For the static eccentricity fault of the doubly
salient electromagnetic generator, firstly, the equivalent
analytical model of the air gap length of the generator is
carried out. The theoretically relationships between the degree
of static eccentricity and important characteristics such as
magnetic flux linkage, electromagnetic torque, and air-gap
magnetic density are derived. And then, a 2D finite element
model of a 12/8 three-phase electrically excited salient-pole

synchronous generator is established using Ansys finite

element analysis, and the theoretical analysis results of

electromagnetic signals are verified. Finally, the radial
vibration signals of the generator are simulated through the
coupled electromagnetic, modal, and harmonic response
analysis modules in Workbench. The research findings show
that the simulation results are basically consistent with the
theoretical analysis, confirming that the eccentricity ratio in
static eccentricity faults has a certain impact on the
performance of the electrically excited salient-pole
synchronous generator, thus providing a theoretical foundation
for subsequent diagnoses of its static eccentricity faults.

Key words: doubly salient electromagnetic generator; static

eccentricity fault; finite element analysis
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Fig.2 Diagram of static eccentricity geometry
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The doubly salient electromagnetic generator
(DSEG) is characterized by its simple structure and
high controllability, making it suitable for using in
extreme working environments such as aerospace.
Although DSEG is calibrated for shaft alignment
before leaving the factory, eccentric faults may still
occur under special conditions. Eccentric faults,
being one of the more common types of mechanical
failures in generators, are not readily apparent in the
early stages of failure through electrical signal
detection
the
thereby

phenomena,  making  rapid  fault

challenging. Extreme environments increase
susceptibility of signals to interference,
complicating the determination of motor status using
When the
fault, the

density and

traditional fault detection methods.

generator experiences an eccentric

resulting uneven air-gap magnetic
asymmetry in the magnetic circuit cause unbalanced
magnetic pull forces, which exacerbate stator and
rotor vibrations, reduce the lifespan of the generator,
and may even lead to catastrophic events such as

the

characteristics of DSEG when a static eccentric fault

stator winding fires.  Therefore, studying
occurs is crucial for ensuring its safe and stable
operation.

Addressing the static eccentric fault of DSEG,
analytical model for the

established and

theoretical relationships between the degree of static

firstly, an equivalent

generator’ s air-gap length is
eccentricity and key characteristics such as flux
linkage, electromagnetic torque and air-gap magnetic
density are derived. Secondly, a 2D finite element

model of a 12/8 three-phase DSEG is constructed

using Ansys ' s Maxwell finite element simulation

S5

the of

electromagnetic signals. The theoretical derivation of

software to validate theoretical —analysis
air-gap magnetic density is compared with the finite
element analysis results, as shown in Fig.1. And
finally, the radial vibration signals of the generator
are simulated using the coupled electromagnetic,
modal, and harmonic response analysis modules in

Workbench.

Fig.1 Validation of the equivalent analytical model of

radial air-gap magnetic density

The simulation results reveal that under normal
operation, the vibration caused by electromagnetic
force density mainly consists of the fundamental
frequency  component, with  higher harmonic
components such as the second and third harmonics
being relatively small. In contrast, during a static
eccentric fault, the unbalanced magnetic pull force
increases, leading to a surge in the second harmonic
frequency component, which corresponds with the
theoretical analysis of the increase in the second
The
research findings indicate that the simulation results

the

analysis, demonstrating that the eccentricity rate in

harmonic frequency presented in this paper.

are in general agreement with theoretical
static eccentric faults has a significant impact on the
performance of the DSEG, and provide a theoretical

basis for static eccentricity fault diagnosis.
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