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ABSTRACT
This paper is a continuation of the work on the model-based

fault diagnosis for the automotive electric power generation
system (EPGS) presented in [5]. Based on the previous work on 
the subject, a new and optimized fault diagnosis algorithm for the
EPGS system is developed. In this paper, the thresholds for the
diagnosis algorithm are selected and calibrated based on
experimental data. The test bench used for the calibration and 
validation process is discussed. Finally the effectiveness of the
fault diagnosis algorithm and threshold selection is validated
using experimental data collected from the test bench. 

NOMENCLATURE
Vf Alternator field voltage    [V]
Vref Alternator reference voltage    [V]
Vdc Alternator voltage      [V]
Idc Alternator current     [A]
If Alternator field current    [A]
Rf Field winding resistance   [ ]
Lff Field winding self inductance    [H]

e Electrical frequency    [rad/s]
e Electrical angle [rad]

M Mutual inductance between field and phase [H]

Vbatt Battery voltage [V]
Iload load current [A]
Idc_eq Alternator current output from equivalent model [A]
Vdc_eq Alternator voltage output from equivalent model [V]
Vf_eq Field voltage output from equivalent model [A]

INTRODUCTION
The modern vehicles are highly dependent on the operation of the
electrical power generation, storage and distribution system. 
Especially with the potential safety-relevant X-by-wire system
application, it is essential to have a reliable diagnosis of the
electrical power generation and storage system. It will be
extremely helpful to give an early warning to the user when the
EPGS system leaves its safe operating area due to whatever
reasons. Meanwhile, such a capability will also improve resource
management via condition-based maintenance, and minimize the
operational costs for vehicle owners. However, as the complexity
of the electrical systems has increased, there is a concomitant
increased difficulty in the identification of the malfunction
phenomena (subsystem failure modes, ambiguity caused by cross-
subsystem failure propagation).
The first section of this paper describes the newly updated and
optimized system simulation model and the fault diagnosis
algorithm. Then the test bench used for the calibration and
validation process is introduced. The threshold selection and
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calibration process is then discussed. Finally, a complete
experimental validation example is given.

SYSTEM SIMULATION MODEL AND FAULT
DIAGNOSIS ALGORITHM
The EPGS system is composed of an alternator and a battery, 
while all the other electrical or electronic sub-systems are lumped
into one current sink as shown by Figure 1. 
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FIGURE 1. SIMPLIFIED EPGS SYSTEM DIAGRAM.  

EPGS System Simulation Model
A reliable simulation model for the EPGS system is essential for
understanding the system dynamics and for further conducting
fault diagnosis. To make the EPGS simulation model more
accurate and flexible for the purpose of fault diagnosis, we
modified and optimized the EPGS model used in [5]. The
common automotive claw-pole alternator structure can be
described by Figure 2.
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FIGURE 2. AUTOMOTIVE ALTERNATOR STRUCTURE.  

In the modified alternator simulation model, the
SimPowerSystems library of Simulink is used together with
Simulink itself to simulate the whole EPGS model. The
SimPowerSystems is a module-based power system simulation
tool available in Matlab. It can be combined seamlessly with
analytical equation to realize the simulation of complex systems.A
big advantage of utilizing the SimPowerSystems in the EPGS
simulation is the possibility of simulating the diode bridge rectifier
subsystem, and this provides extreme flexibility and convenience
for the simulation of diode fault.

In the EPGS system simulator, the alternator stator, the rectifier, 
the battery and the load model are implemented and embedded in
the SimPowerSystems, as illustrated in Figure 3.

FIGURE 3. SIMPOWER SUB-SYSTEMS.  

The schematic of the final EPGS system model is shown in Figure
4. The controller, excitation field and field induced EMF are
described by the equations shown below.

Controller:
dtVVKVVKV dcrefIdcrefPf

(1)

Where the field voltage Vf is saturated at Vdc.

Excitation field:
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As in [5], the serpentine belt slip fault, rectifier diode open fault
and voltage regulator fault are considered as system faults. The
belt slip fault is an input fault that occurs when the alternator belt
does not have the proper tension to keep the alternator pulley
rotating synchronously with the engine shaft; it may be caused by
the aging of the serpent belt or wrong installation. The effect of
this fault is a decrease in alternator output voltage, which the
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FIGURE 12. PROBABILITY OF DETECTION. 

Probability of detection (PD): the probability that we choose
hypothesis H1 when H1 is indeed the correct hypothesis.  It can be
defined by  

hD dxxpP )(1              (5)

Where h is the selected threshold and p1 is the pdf of the random
variable r under hypothesis H1. This probability is illustrated in
Figure 12. 
Probability of a false alarm (PF): the probability that we choose
hypothesis H1 when H0 is the correct hypothesis. It can be defined
by

hF dxxpP )(0   (6)

Where h is the selected threshold and p0 is the pdf of the random
variable r under hypothesis H0. This probability is s illustrated in
Figure 13.  

FIGURE 13. PROBABILITY OF FALSE ALARM. 

FIGURE 14. PROBABILITY OF MISDETECTION. 

Probability of a misdetection (miss) (PM): the probability that we
choose hypothesis H0 when H1 is the correct hypothesis. It can be
defined by

PM p1 (x)dx
h

  (7)
Where h is the selected threshold and p1 is the pdf of the random
variable r under hypothesis H1. This probability is s illustrated in
Figure 14. 
Optimal threshold selection should result in PD as high as possible
and PF and PM as low as possible. However, these objectives are
usually conflicting in real applications. Thus, the threshold
selection problem is always a compromise between misses and
false alarms. A practical but effective way to obtain the statistical
optimal threshold is by minimizing the total probability of error
(PF + PM).

Threshold Selection Results

From signature equation (4), there are four thresholds needed to
be calibrated, where residual h1 is related the belt slip fault, h2 is
related to the rectifier diode fault, h3_up and h3_down are related to
the regulator fault. With the EPGS test bench, we are able to
simulate the fault in the belt and in the rectifier. In this paper, we
only calibrate threshold h1 and h2 while assuming that the pre-
selected residual threshold h3_up (0.04) and h3_down (-0.04) are
already acceptable.
To apply the threshold selection methods introduced before, an
extensive numbers of experimental tests are conducted to generate
the estimation of residual probability density function.
Threshold h1 is selected by the statistical optimal threshold method
and the final value is 0.053. It’s shown in Figure 15.
Threshold h2 is selected by the statistical optimal threshold method
and the final value is 0.13. It’s shown in Figure 16.
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FIGURE 15. STATISTICAL OPTIMAL THRESHOLD H. 

FIGURE 16. STATISTICAL OPTIMAL THRESHOLD H2. 

VALIDATION EXAMPLE

After determining the threshold calibration, the effectiveness of
EPGS diagnosis strategy and the selected threshold needs to be
validated by experimental setup. The experimental validation of
the fault diagnosis algorithm is carried out offline and is shown by
Figure 17. 
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FIGURE 17. EXPERIMENTAL VALIDATION PROCESS. 

A combined 180s experimental data is used as a diagnosis
validation example. The input profile is composed of the three
identical sections. Each section corresponds to different fault
scenarios (see Figure 18). The input profiles are shown in Figure
18 and 19. At the first 60s, no fault happened; during 60s-120s, a
short belt slip fault is introduced from 80s to 88s; from 120s-180s, 
the diode fault is injected on the whole period.  

FIGURE 18. VALIDATION PROFILE – LOAD CURRENT

FIGURE 19. VALIDATION PROFILE – MOTOR SPEED. 

FIGURE 20. STANDARD DEVIATION OF RESIDUAL R1. 

The generated fault residual is shown in Figure 20 to Figure
22, and the corresponding fault signature is shown in Figure 23 to
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Figure 25. Checking with fault isolation logic Table 2, we can
conclude that: at the first 60 seconds, no fault is detected; from
80s-89s, a belt slip fault is detected; and from 120s to 180s, diode
fault is detected. The conclusions match exactly with the
experimental setup. The correct fault detection and isolation of
this validation shows the effectiveness of the fault diagnosis
algorithm and threshold selection methods.

FIGURE 21. RESIDUAL R2. 

FIGURE 22. RESIDUAL R3. 

FIGURE 23. FAULT SIGNATURE S1. 
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FIGURE 24. FAULT SIGNATURE S2. 

FIGURE 25. FAULT SIGNATURE S3. 

REFERENCES
[1] De-Shiou Chen, Sliding mode observers for automotive

alternators, Ph.D. Dissertation, The Ohio State University, 
1998. 

[2] Weiwu Li, Model based fault diagnosis of automotive
electric power generation system, Master’s Thesis, The
Ohio State University, 2008. 

[3] A. Scacchioli, G. Rizzoni, P. Pisu “Hierarchical model
based fault diagnosis for an electrical power generation
storage automotive system”, Proceedings of the American
Control Conference,  New York City, NY, 2007. 

[4] H. L. Van Trees, Detection, Estimation, and Modulation
Theory, John Wiley and Sons, 1958. 

[5] A. Scacchioli, G. Rizzoni, P. Pisu, “Model-Based Fault
Diagnosis for an Electrical Automotive System”, 
Proceedings of the ASME International Mechanical
Engineering Congress & Exposition, Chicago, IL, 2006

8 Copyright © 2008 by ASME

Downloaded From: http://proceedings.asmedigitalcollection.asme.org/ on 08/28/2018 Terms of Use: http://www.asme.org/about-asme/terms-of-use


