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Abstract— The electric drive system is a key subsystem of battery electric vehicles (BEVs). Abnormalities in the electric
drive system components may lead to performance degradation in the drive system and, more severely, loss of power in
the vehicle. This article presents an integrated prognosis system for early detection and isolation of the electric drive
system and com- ponent faults. The system first calculates multiple health features, known as health indicators derived
from the available onboard sensor signals. Then, an integrated prognostic and fault isolation strategy is used to isolate the
root cause of electric drive faults by monitoring the performance of the multiple health indicators. The prognostic
system uses a hierarchical approach: it first determines if there is a degradation in the electric drive systemby comparing
the system achieved torque with the estimated torque and, then, goes further to check multiple component- level health
indicators for the various components comprising an electric drive system, including motor stator winding, three-phase
current sensors, and resolver. After a component has been detected to degrade to a certain level, the prognosis system
sends out an alert before the severe performance reduction of the drive system occurs, thus protecting the customers
from loss of propulsion and walk home situations.
LINTRODUCTION

Electrical drive technology converts electrical energy from the power supply system or from a battery into
mechanical energy and transmits the resulting force into motion. Many applications that make our daily lives easier
— like lifts, escalators, gate drives, washing machines, mixers, electric razors, etc.The Vehicle Technologies Office
(VTO) supports research and development (R&D) to reduce the cost and improve the performance of innovative
electric drive devices, components, and systems. For a general overview of electric drive vehicles, see the
Alternative Fuels Data Center's pages on Hybrid andPlug in Electric Vehicles. Electric vehicles (EVs) have been
around since the late 1800s.

II. EXISTING SYSTEM

In existing model short circuit fault analysis happen is existing model algorithm is the important problem in
existing structure Nowadays, the use of electric vehicles (EVs) has expanded due to various environmental and
economic benefits. However, given that EVs are considered as loads that are not fixed in one place and can be
connected to different parts of the power system at different times, challenges are undeniable. With the growing
pollution problems, greenhouse effects and increasing prices of the petroleum products, the transport sector has
covered its way to the useof Electric Vehicles (EVs). Large scale use of EVs requires an increase in number and
complexities of Electric Vehicle Charging Stations within distribution network. An understanding of charging station
configuration and its fault behaviors is important in order to develop a comprehensive protection system. Charging
time reduction is one of the key goals in making electric vehicles user-friendly. In this context, fast DC charging
offers an interesting opportunity. It allows for reducing charging times to ranges of 10 to 20 minutes .The SAE J1772
standard defines threelevels of fast DC charging as DC Level 1 200/450 V, up to 36 kW (80 A); DC Level2 - 200/450
V, up to 90 kW (200 A) and DC Level 3 200/600 V DC (proposed) up to 240 kW (400 A) . All levels use off-board
electric vehicle supply equipment (EVSE). modelling and simulation of an electric vehicle charging station for fast DC
charging are proposed and formulated in an educational way in order to allow its implementation and further
research on the topic. In the following sections, important aspects of an EV charging station model are developed. In
Section II, the Proposed methodology of the circuit is considered. Control methods for DC charging of EVs and the
charging station and fault analysis of the system.
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Fig.1.Block Diagram
III. PROPOSED SYSTEM

The health indicator calculation module calculates multiple health indicators HI1, HI2,..., HIk based on the
signals of interest. These health indicators represent the health features of the various components and can be used to
detect various failure modes. The health indicators are then fed into the prognosticalgorithm that applies a rule-based
fault isolation strategy that combines the outputsfrom the multiple health indicators to make a prognostic decision as
to which component is degrading and is affecting the performance of the electric drive system, i.e., the root cause of the
performance degradation this article uses a hierarchical approach: the algorithm first detects if there is performance
degradation in the overall electric drive system by looking at the system-level health indicator
and then goes deeper to the lower level (component level) health indicators to isolate the faulty component. The
multiple health indicators are presented in Section IV. In real applications, the health indicators can be calculated
online based on the available measurements or control signals, but the prognostic decision is not made until we see
consistent results after several drive cycles. This is to avoid any false alarms or instantaneous fault that can be
misleading, which usually happens in reality due to unexpected driving conditions
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Fig.2. Block Diagram of Internal Fault

In real applications, based on the data from driving cycle tests on a vehicle dyno andfrom real-world road tests, this
condition can always be found for at least 1-2 s pertrip when the vehicle is slowing down from higher speed, while
the electric motor torque decreases from positive to zero. The winding health indicator is described byFig. 5, where
udref represents the actual reference d-axis voltage, ux dref stands forthe reference in the healthy case, and iqref and
idref represent the reference q- and d-axis currents, respectively. In real applications, udref is usually obtained by the
current regulator and is available from the electric motor controller. In this health indicator, it is straightforward that the
effect of resistance fault on the health indicator is HI2 = rsidref
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Fig.3.Algorithm of Electrical Drive System
Description of the Hierarchical Prognostic Algorithm After we collect the onboard sensor signals, we perform an
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initial check on the sensor range/performance. If there are any out-of-range faults in the current sensors/resolver, the
diagnostics would be triggered, and the rest of the process would not proceed. On the other hand, if the performance
of the sensors is within the predefined threshold (ThO), then the prognostic system will first perform the electric
drive health check by checking the performance of the electric drive system-level health indicator.

IV. SIMULATION

The ampere-hour-based method consists of measuring the input and output current at battery terminals and using
this information, to compute the SOC. This method is easy to implement; however, it is susceptible to errors due to
imprecise measurements, which forces the utilization of high-cost sensors. The OCV method assumes that there is a
relationship between the measurements. Future profiles for the battery discharge current are computed after a
characterization of the usage profile for each experimental test. The failure condition is defined as the moment in
which the demand of electrical power exceed optimization problem. Particularly during the experimental tests
reported in this work, this failure event is related to a situation in which the constraint for the minimum voltage in
the terminals of the battery (cut-off voltage, Vc¢) is violated.The latter means that if the predicted voltage at the
battery pack reaches Vc, at that time is considered that the fault occurs. It is worth remembering that the Vc, is given
by the battery manufacturer, and for the batteries used in this work, it is equal to
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Fig.4. Simulation Diagram

33V.The ampere-hour-based method consists of

measuring the input and output current at battery terminals and using this information, to compute the SOC. This
method is easy to implement; however, it is susceptible to errors due to imprecise measurements, which forces the
utilization of high-cost sensors. The cut-off value of 33 V. Indeed, if the FT-PDF is computed solely based on
information about the predicted voltage, then it cannot be used to provide a reasonable expectation
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Fig.5.DC to DC Converter

Since the Markov chain Characterization of the future operating profile is not able to anticipate a
sudden change in the power consumption that
takes place at t = 5866(s]. Interestingly enough, the
representation of the conditions that define a possible fault in the system: as soon as the measured power intersects
the predicted SOMPA 95% confidence interval the failure event takes place, thus validating the proposed approach
as a method to define the maximum power requirements that the system may handle without interruptions in the
system operational continuity.

Fig.6. Battery Current and Voltage SOC
Battery is inferior to the maximum power available. Fig. 4 shows estimates for the magnitude of the battery internal
impedance, SOC, and SOMPA in the Data Set #2.It noteworthy that this data set corresponds to a situation where the
bicycle is driven through a route with elevation. Similarly to the results obtained for Data Set #1, estimates of the
internal impedance range between 0.2[Q] to 0.3[Q] while the battery SOC varies between Internal Impedance, SOC,
and SOMPA estimates - Data Set #3. 0.9 and 0.6, meaning that at the beginning of the test.
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Fig.7. Input and Output waveform
It should be noted that in this experiment, the BMS of the battery bank activates the under-voltage protection
when the SOC is approximately 0.6. The latter is caused by the fact that the power required by the bicycle to follow
the route is very high, forcing a significant voltage drop and activating the low-voltage protection of the system [2].
This situation implies that the power required from the battery during this test route reached the estimated SoOMPA,
as shown in the last graph

V. HARDWARE CIRCUIT

The ac voltage, typically 220V rms, is connected to a transformer, which steps that ac voltage down to the level of
the desired dc output. This section focuses on the results obtained with the proposed
So MPA estimator. Notice that for all validation sets, the initial SoC is arbitrarily initialized at 50% of the true value
to analyse the impact of erroneous initial condition. The results for each validation set are as follows. shows (i) the
expectation of the SOMPA and the confidence interval (of 95%) of the SOMPA estimate at each time instant, and (ii)
the PDF of SoMPA of the estimator at some arbitrary time instants for validation sets #1, #2 and #3, respectively
[3]. The proposed SOMPA estimator computes the expected value as well as the confidence interval for a given
confidence level. The proposed framework allows us to compute the conditional SOMPA PDF estimate at any
arbitrary time instant. Fig. 6 and e depicts the performance of the PF-based PDF estimate at moments in which the
filter has converged (uncertainty associated with the estimate is mainly due to measurement X or Y is 500 volts.
Since only one diode can conduct at any instant, the maximum voltage that can be rectified at any instant is 500
volts. The maximum voltage that appears across the load resistor is nearly-but never exceeds-500 vOlts, as result of
the small voltage drop across the diode. In the bridge rectifier shown in view B, the maximum voltage that can be
rectified is the full secondary voltage, which is 1000 volts. Therefore, the peak output voltage across the load
resistor is nearly 1000 volts. With both circuits using the same transformer, the bridge rectifier circuit produces a
higher output voltage than the conventional full-wave rectifier circuit.In a method to predict the maximum power is
proposed, using multi-limited methods and the Extended Kalman Filter (EKF). Multi-limited methods combine
features from the voltage-limited, current-limited and SOC-limited methods to improve precision and robustness in
the predictionstage.

Fig.8.Hardware Circuit
Particularly, during the experimental tests reported in this work, this failure event is related to a situation in which
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the constraint for the minimum voltage in the terminals of the battery (cut-off voltage) is violated. It should be
highlighted that this research effort does not include a long term analysis of the battery State of Health (SOH), since
the main objective is to prognosticate failures that may occur after a few hours of operation at the most.
VII.CONCLUSION

Integrated fault isolation and prognosis system for the key components in an electric drive. The prognosis
system takes the measurements from the three-phase current sensors, resolver, and the control inputs of reference
voltages. It first detectsif there is performance degradation in the drive system by comparing the estimated torque
based on the dc input power and power losses, with the calculated achieved torque based on motor currents. If a
performance degradation has been found, then it proceeds to isolate the root cause of the error, which either is due to
a motor faultcaused by the stator winding degradation, or a sensor fault due to resolver fault, or one of the three-
phase current sensor faults. The method to isolate the fault is to compare the performance of various component-
level health indicators in parallel. The performance of the health indicators and the prognosis algorithm is validated
both on a motor dyno and a vehicle dyno, where a production drive motor is used. The results show that the
prognosis system is successful in detecting and isolating the component fault and is also capable of predicting the
drive system performance degradation; thus, it can protect customers from loss of propulsion and walk home
situations.
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