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Abstract- Ensuring reliability and availability while reducing cost are the main desirable characteristics of single-phase grid
connected converters. With a view to guarantee the aforementioned characteristics, this work presents a grid current sensor
fault tolerant control (FTC) of an AC voltage sensorless controlled single-phase grid connected converter. Contrary to classical
sensor FTC methods based on residual generation, the proposed approach aims to reconstruct the current sensor fault. Hence,
a bank of proportional-Integral (PI) observers is proposed to first, insure accurate estimation of the grid voltage and second to
achieve a robust grid current sensor fault estimation. Finally, the current sensor fault tolerant control process consists on fault
compensation in the converter's control loop as well as in the grid voltage estimation stages. The effectiveness of the proposed
FTC algorithm is demonstrated through simulation under Matlab/Simulation Software and experimental results.
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1. Introduction

Single Phase Grid Connected Converters (SPGCC) are
today widely used in many areas such as renewable energy
sources [1,4], electric railway traction systems [5], EVs [6-
7], avionics, industrial production, etc. SPGCC have many
advantages such as grid unity power factor operation, grid
current sinusoidal waveform and DC-link voltage
regulation [5]. As any power converter working with
feedback closed loop control, SPGCC needs accurate
measurements to reach the wanted performances. For
inverter operation of the SPGCC, the conventional closed
loop control needs, in addition to the grid current
measurement, accurate information of the fundamental of
the grid voltage and so one voltage sensor for the grid
voltage measurement is employed. In order to reduce the
system costs and to increase its reliability, the AC voltage
sensor may be removed and the grid voltage is estimated.

Consequently, several grid voltage estimation
approaches have been discussed in the literature. Sliding
mode observers have been employed to estimate grid
voltage for three phase grid connected converters in [8-9],

[12]. In [10-12], virtual flux estimators are presented to
insure high performances model predictive control grid
connected converters under grid-unbalanced voltages.
Model Reference Adaptive System (MRAS) estimators
have been also described to estimate grid voltage for
single-phase T-type rectifier [13] and three phase inverters
[14]. The suggested MRAS estimators are based on grid
active and reactive power estimation. The MRAS
technique is used in [15] to estimate capacitor voltage for
the active damping control of a single-phase grid
connected inverter with LCL filter. Finally, extended state
observers have been discussed in [16]. Once the grid
voltage sensor is removed, the converter’s control loop is
driven by only the grid current sensor. Unfortunately,
current sensors still sensitive to several types of failures
that can destroy the SPGCC performances or even cause
unplanned shutdown of the SPGCC. Therefore, fault
detection and estimation are necessary for the system safe
operation. To this end, different sensor fault detection and
isolation (FDI) and FTC approaches have been developed
in the literature [17-18]. They may be classified in three
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categories: model-based [5], [19-22], signal-based [23-26]
and data driven, [27-30].

As a traditional approach, model-based methods
require the use of the system mathematical model. Then
after, estimated quantities are compared to measured ones
based on residuals generation. The fault diagnostic is
achieved when the generated residuals exceed a predefined
thresholds. These methods usually use observers such as
state observers [5], [17-20], Kalman Filter [20], Sliding
Mode observer (SMO) [21], Model Reference Adaptive
System (MRAS) [23] and so on. In [5], a state observer
based sensor FDI and FTC of a single-phase pulse width
modulated (PWM) rectifier for electric railway traction
system is discussed. The presented approach is based on
residual generation. When the faulty sensor is identified,
the erroneous measurement is substituted by the estimated
quantity in the control loop. In [20], authors addressed a
fault-tolerant control of a smart PV-grid system. The
suggested FTC algorithm deals with the load current
sensor failure through the use of two observers: a sliding
mode based Luenberger observer and a Kalman filter
observer then according to the residue value and via an
Euler based voting algorithm the appropriate observer is
enabled. In [21], a sliding mode observer (SMO) based
algorithm for the fault detection and fault reconfiguration
of catenary current and DC-link voltage sensor faults of a
single phase PWM rectifier for electric traction
applications was developed considering three kinds of
sensor faults and unipolar and bipolar modulation
methods. In [22], a MRAS based sensors FDI and FTC of
three phase inverter for PV system application is
developed. Using residual generation and fixed thresholds
technique, three FDI algorithms were suggested to detect
the fault occurrence in gird voltages, line currents and dc-
link voltage sensors.

Regarding the use of signal based methods, several
techniques have been presented in the literature. The main
advantage of this technique is that, for systems which are
hardly mathematically modeled, it extract signal features
as diagnostic variable. Hence, signal based method is
system’s model free. In [23], authors presented a signal-
based technique that uses the signs of the detection
variables to identify the faulty sensor. In [24], a FPGA-
based current sensor fault tolerant control for a three-phase
grid connected converter was introduced. The developed
control technique ensures the converter’s continuous
operation even with current sensor fault via hardware
redundancy of the current sensor. In [25], a new fault
diagnosis method for multiple IGBT and current sensor
fault was developed. The suggested approach relies on the
stator current analysis and does not need any other
information, which ensure robustness and high reliability.
In [26], the current sensor FDI was performed by
analyzing the three-phase currents.

In addition to model-based and signal-based methods,
and thanks to the great advance and development in data
analytics techniques, data-driven methods have gained a
lot of attention recently. In [27], a hybrid model-based and
data driven grid current fault tolerant control for a single-
phase PWM rectifier was presented. In [28], for sensor

fault diagnosis, a new feature generation method is
developed based on a statistical time-domain. Then,
support vector machine (SVM) is applied to learn the
historic database and diagnose the practical system online.
In [29], authors presented an intelligent method for sensor
fault diagnosis in a three-phase PWM inverter fed
induction motor drive system, where an emerging machine
learning machine (ELM) is applied to learn the sensor fault
database. The authors in [30] characterized the system
statistical features to ensure a data-driven diagnosis
process via monitoring the evolution of the correlation
between the system variables.

More recently, fault estimation (FE) and fault
compensation approaches have been studied as an
alternative effective method to classical FDI-FTC methods
[31-35]. The main idea of FE approaches is to estimate the
sensor fault (size, shape and so on) [31][32]. The estimated
fault is directly used in the system’s control loop to
compensate the fault effects. Moreover, FE-FTC
intrinsically includes fault detection and fault isolation
roles without the need of residuals and fault detection
thresholds. Hence, FE-FTC offers much more flexibility
and strong ability to achieve robust sensor FTC. However,
their application in electric drives or in grid connected
converters still very limited [33-35].

The presented sensor fault estimation and
compensation techniques applied to single-phase grid
connected converters in [35] consider the use of grid
voltage sensor. At the best known of the authors, sensor
fault estimation techniques applied to grid sensorless
SPGCC have not discussed yet by the literature. In this
context, this paper proposes a robust and fast current
sensor fault estimation and fault compensation method of
an AC voltage sensorless controlled single phase grid
connected converter. For this purpose, two PI observers
are implemented. The first one aims to estimate accurately
the grid voltage whereas the two other PI observers are
intended to estimate the current sensor fault. The estimated
fault is then used to reject the effects of the erroneous
measurements through compensation technique.

The paper is organized as follows: First, in section 2,
the converter model and its control strategy are presented.
Section 3 is devoted to analyze the design of the PI based
sensor fault estimation observer and the PI based grid
voltage estimator is investigated in section4. Simulation
results are carried out in section 5. the experimental
validation of the proposed sensorless current fault
estimation and compensation algorithm is discussed in
section 6. Finally, the paper is summed up in a conclusion
in section 7.

2. SPGCC Modelling

Fig.1 presents the main structure of the SPGCC and its
control strategy. It includes also the grid voltage observer
and the proposed sensor FTC strategy. The SPGCC
consists of four IGBT-Diode switches (S1-S4) connected to
a single phase AC voltage supply trough series L filter and
its internal resistance R. A DC capacitor Cris connected to
the DC voltage bus to maintain the voltage V4. constant.
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Supposing that the switches are ideal and neglecting the
dead time, the system under study can be described as
follows:

o d,
Vg = R.lg +LE+ Vab

dVy
dt

Vi = (Sl _S3)Vdc

le = (Sl _S3 )ig

(1

i =i, +i,=C

Where Vg, Vb, i, iac and ic are the grid voltage, the
converter voltage, the grid current, the converter current
and the capacitor current, respectively.
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Fig. 1. Block diagram of the proposed grid voltage
sensorless FTC system

The control loop of the SPGCC is a double closed
loop. An external proportional-integral (PI) based control
loop for DC-link voltage and an inner proportional-
resonant (PR) based grid current control loop [36]. The
current control loop of the SPGCC allows the grid current
ig to have a sinusoidal waveform and the inverter to work
with a unity power factor. Hence, the generation of the grid
current reference i, requires accurate information of the
grid phase angle 6, which is obtained through a second
order generalized integrator (SOGI) phase locked-loop
(PLL) module [37].

3. PI Observer Current Sensor Fault Estimation

3.1. Observer Design

In this section, the design of the PI Observer dedicated
to the current sensor fault reconstruction is detailed first.
In this work we assume that all disturbances are rejected.
Hence, the grid current state model with sensor faults is
described by:

di,
o A B0 V) @

y=i, +F

Where 4 = -R/L and B = 1/L. F; corresponds to the
sensor fault and y is the output measurement vector. F;is a
bounded function, so,||F;|| < v,, with v; a positive known
constant. By applying a first order linear filter to the output
the system described by (2), a new variable x; is defined
as follows [34]:

dx,

” =—x+y=—x+i, +F (3)

Considering (2) and (3) a new system is expressed by
equation (4)

&
P Y M T A
an "L o ! @
dt
ig
y|=[0 1]{"1}

Where y; is the output of the system described by (4).
It can be seen that F; corresponds to an unknown input of
that system. It is assumed that the amplitude, the time of
occurrence as well the kind of the sensor fault are
unknown. Consequently, F; has to be estimated using the
PI observer. PI observers are a kind of extended state
observers that use both proportional and integrating
actions. They are useful for system’s disturbances and
unknown inputs estimation [38]. Accordingly, in this
work, two PI observers are designed and are applied to
state systems of (2) and (4) in order to estimate the grid
voltage and the current sensor fault respectively.

In order to guarantee the current sensor fault
reconstruction for the grid voltage sensorless controlled
SPGCQC, it is necessary that the system defined in (4) is
decoupled from grid voltage estimated value. Hence some
modifications should be introduced on system (4):

di, )
7;:(A+AA)zg +(B+AB)V,,+(B+AB)V,
E:Azg +BV,, +Adi, +ABV,,+(B+AB)V,

di,
—£=4i, +BV,+Dd
dt ¢ ¢

Where AA=AR/AL, AB=1/AL, D = 1 and
d=Aig+ABVp+(B+4B)Va.. Here d  includes the
disturbances introduced by system’s parameters
mismatches and grid voltage sensorless.
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Finally, the state system of (4) is decoupled from the
grid voltage and it can be rewritten as:

di,

PR S N

d | 1 -1[x] |0 1 0 (6)
dt

in Fig. 2.

i
‘gobs

Fig. 2. Structure of the PI-based current fault estimation
observer

The dynamics of the PI-observers is expressed as:

di

gobs

A 1] B . K
g T v o
A 108 0 O Sarons 0 K,

L dt )
[ dx

-1 1 1 K
dl‘ _ |: :||: -x]ob.v :|+|: :|iggbs +|: [)2:|(Xl_xlnbs)
df;ﬂobs 0 0 -f.;Zu[z\' 0 K i2

dt

Where K,;, Ki;, K,» and K;; are successively the
proportional and integral gains of each observer.
Moreover, fuops and fu2.ps correspond to the estimated
values of the disturbances and the sensor fault d and F;
respectively. They are defined as the integral of the
difference (ig - igons) and (x;— Xsops)-

3.2. Observer Stability Analysis
Consider the estimation errors as: €; = ig- gobs, €x1 = X1
- X1obs, €ful = fai - faiobs, €2 = fa2 - fazors, the error dynamics

of (6):

%ul dt € _Kil 0 €l .ﬁ;l (8)

é% :i e, _ -1-K,, 1]| e ~ 0

%ul dt efuz _Kiz 0 efuZ /811(2

The parameters K,;, K1, Ky2 and K;; are selected in
order to guarantee the convergence of all estimation errors
to zero which allows the estimation states to converge to
the actual states. The observers’ gains values are selected
using pole placement method. The poles of the observers

characteristic polynomials, expressed in (9), have negative
real parts:

E(s)zs2 +(12+Kpljs+1<“

Fz(s)zs2 +(1+K;,2>S+K[2

€

3.3. Sensor fault Tolerance process

Once the sensor fault estimation is achieved, the sensor
fault tolerance is trigged by sensor fault effects rejection
[34] as follows:
igi(‘omp =y—F,u (10)

Where ig comp is the compensated output. As presented
in Fig. 1, the current sensor FTC process is integrated into
controller structure. Consequently, in order to ensure high
performances of the inverter with accurate grid voltage
estimation during post-fault operation, the original output
v is replaced by the compensated one ig comp as the input to
the current control loop as well as the input to the grid
voltage PI-observer block.

4. PI Observer Grid Voltage Estimation

According to the definition of the PIl-observer and
following the same analysis as in the previous section, it is
clear that the grid voltage may be estimated using a PI-
observer when it is treated as an unknown input of the
system in (1). Accordingly, the structure of the grid
voltage PI observer, with the consideration of the proposed
sensor FTC, is given by:

i |:igubswmp:| — |:A 1:|{ig0bscomp :’ + |:Bi| V*
ab
dt| fosn 0 O] fosons 0 (11)

Kp} . .
+ K (lgfmmp - lgubsfcnmp)

i3

Where fisobs = | (ig-comp— igobs-comp)dt. According to (1)
and (11), since the grid voltage is estimated by the PI
observer, fa305s 18 described by:
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-,
_ gobs 12
Sisows =22 (12)

From equation (11) we can see that the dynamics of the
Pl-observer based V, estimator is the same of the PI-
observer presented in (6). Hence, with appropriate choice
of K,3 and Kj3 using pole placement technique, we can
guarantee that Vg, will converge to its real state V.

5. Simulation Results

In order to verify the performances of the proposed
grid voltage sensorless control and the grid current sensor
fault estimation and compensation, simulation tests were
first carried out under Matlab-Simulink environment tool.
The main system parameters used for simulation are
carried out in Table I.

In all tests, the measured grid voltage is not used for
the control loop but only displayed for comparison.

Two kinds of faults are investigated:
i,(t)=1Isin(w,t): Healthy sensor operation
i(t)=Isin(wit)+K, KeR: DC offset sensor fault

i,(t)=alsin(w,t), aeR: Gain sensor fault

Table 1.Parameter Values for simulation

Converter’s Parameters
Grid voltage Vgrms 48V
Line resistance R, 0.2Q
Line inductance L, 0.87mH
dc-link voltage Vgc 80V
dc-link capacitor C 1100uF
Grid frequency f 50 Hz
Maximum variable Load resistance Rp 54Q
Load inductance L ImH
Sample time T, 100 us
PI-based Current Sensor Fault Observer’s
Parameters
Kpl 166
Kil 1.965
sz 165
Ki 0.5
PI-based grid Voltage Observer’s Parameters
Kp3 200
Ki3 165

Using these conditions, four different cases are
discussed:
Case 1: The simulation results of the first sensor fault case
is shown in Fig4. Initially, the system runs in healthy
operation mode without knowledge of the grid voltage. It
can be noted from Fig4.c that the GPI observer estimates
with good accuracy and good dynamic the grid voltage,
hence the SPGCC can effectively achieve grid
synchronization. In the same time, during healthy
operation mode (t < 0.8s) (Fig4.a), the estimated grid
current sensor fault remain at a very low level and the
compensated current igomp, coincides with the measured
one ig (Figd.b). As presented in Fig4.a, at t=0.8s, a 80% dc-

offset current sensor fault occurs. Immediately, Fiy; starts
to reach its actual current sensor fault value F. In addition,
it is clearly that the compensated current maintains good
performances. Similarly, the gird voltage observer
maintains its good performances and the estimated grid
voltage keeps following the actual voltage with an
accurate estimation of the grid phase angle 4., and the
unity power factor operation of the converter is
maintained. At t=1.2s, a 50% variation of DC load is
applied causing a step jump of the DC current from 1.5A
to 3A. It can be observed that the proposed FE-FTC keeps
its good performances. In conclusion, the sensor is well
isolated and the converter’s performances are not
degraded.
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Fig. 4. Simulation results of case 1 under dc-load
variation: (a) actual and estimated current sensor fault F7;,
Fiobs (b) Measured current i, and compensated output
ig comp (¢) Actual grid voltage Vg, observed grid voltage
Veons (d) observed phase angle 0 gobs

Case 2: In this case, the ability of the proposed FTC
approach under current sensor gain fault is discussed. As
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depicted out in Fig. 5a, at time t=0.8s, a 80% gain fault is
introduced. As in case 1, Fiys coincides with the actual
current fault. In addition, the transient system performance
in presence of the current sensor fault is depicted in Fig5.b-
c-d. It is shown that the current sensor fault is immediately
isolated. The compensated current igcomp is then introduced
into the control loop ensuring a unity power operation.
Similarly to the other fault scenarios, a 50% variation of
the dc load was introduced at t=1.2s resulting in the
variation of the de-current from 1.5A to 3 A. It can be seen
that the proposed sensorless fault estimation and
compensation method is proven to be very fast and
efficient

(b)
- f | HWH nﬂ_"‘” i
mad il | I
0 Time (s) 2
(c)
2n | | i
3 ﬂﬂ%%@ﬂﬂ%ﬂ’ﬂ“’ﬂﬂ
A
mmng il
0 Timle(s) 2
(d)

Fig. 5. Simulation results of case 2 dc-load variation: (a)
actual and estimated current sensor fault Fj, Fiobs (b)
Measured current i, and compensated output ig comp (C)
Actual grid voltage V,, observed grid voltage Fgons (d)
observed phase angle 8 gobs

Case 3: Fig6 presents the grid voltage sensorless startup
process in presence of a 80% dc-offset current fault: The
converter’s controller is activated at time t = 0.5s. As

depicted out in Fig6.a, the estimated current sensor fault
Fiops tracks precisely its actual value F; with an almost zero
estimation error. In addition, Fig6.b-c-d illustrate
respectively the actual and compensated grid current, the
actual and estimated grid voltage and the estimated grid
angle. As can be seen, it takes only 20ms for the estimated
grid voltage to reach the actual voltage value. Moreover,
the compensated grid current presents a highly sinusoidal
waveform with a unity power factor operation confirming
the effectiveness of the proposed sensorless fault
estimation and compensation control technique. In
summary, it can be concluded that converter keeps its good
performances by presenting a sinusoidal grid current with
low harmonic distortion and the grid power factor is equal
to 1.
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Fig. 6. Simulation results of case 3: (a) actual and
estimated current sensor fault F; Fies (b) Measured
current i and compensated output ig comp (¢) Actual grid
voltage Vg, observed grid voltage V4o (d) observed phase
angle 0 gobs

Case 4: Similarly to case 3,the converter’s controller is
activated at time t = 0.5s, when the current sensor is
already under a 80% gain fault. As shown in Fig.7, the
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obtained results illustrated the effectiveness of the
proposed approach during the startup of the converter.
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Fig. 7. Simulation results of case 4: (a) actual and
estimated current sensor fault Fj;, Fiws (b) Measured
current iy and compensated output ig comp (¢) Actual grid
voltage Vg, observed grid voltage V4o (d) observed phase
angle 0 gobs

6. Experimental Results
6.1. Experimental setup description

The effectiveness and the feasibility of the proposed
sensor FTC approach of the grid voltage sensorless
controlled SPGCC are experimentally verified. The
structure of the experimental setup is presented in Fig8. It
comprises basically one Semikron SKiiP voltage source
converter used as a single PWM inverter, with a DC bus
capacitor bank of 1100uF. The DC-link voltage is fixed at
V4 = 80V. The inverter is connected to the main grid
through an L filter (L =20mH, R = 0.2Q) and a 230V/48V
transformer. The grid current measurement is ensured by
a LEM PR 30 current sensor. The proposed control, grid
voltage estimation and FE-based FTC algorithms are

implemented on a dSPACE DS1104 digital controller. The
sampling time 7, = /00us and the PWM frequency set to
10 kHz. All the results are captured using dSPACE
DS1104 digital controller and then plotted using Keithley
USB data-acquisition module.

Voltage Source

Transformer Converter

230/48V

Platform Matlab/
Simulink

Control Desk Voltage and
Current sensors

dSPACE
DS 1104

Power supply 230V/50Hz

DCpower
supply

(b) T
T Tﬁ

Current Sensor Fault
Estimation and
Compensation in Matlab/
Simulink

Transformer
230/48V

SLOSUIS
s yasmpo 4

S|pusig (041107
ADIANOT)

DACS Ch

Keithley

Fig. 8. Experimental implementation (a) experimental test
bench (b) description diagram of the experimental
implementation

The different Pl observers parameters used for
experimental implementation are carried out in Table II.

Table 2.Parameter Values for experimental implementation

PI-based Current Sensor Fault Observer’s
Parameters
Kpl 164
Kil 163
Kp2 90
Ki 0.5
PI-based grid Voltage Observer’s Parameters
Kps 100
Ki3 165

The same cases are chosen for experimental
implementation tests as in the simulation.
6.2. Proposed FE-FTC performances analysis

Case 1: The experimental results of the 80% dc-offset grid
current fault are depicted in Fig.9. It can be seen that with
no initial knowledge of the grid voltage, a stable start-up
is ensured. Specifically, Fig9.c shows that estimated and
the actual grid voltage are superimposed. At t=1.60, a 80%
offset fault of the grid current sensor is introduced.
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Consequently, and according to Fig9.a, the estimated
sensor fault tracks accurately the actual sensor fault with
an estimation error of 0.2A. Moreover, the estimated
voltage Vgons 1s highly in consistency with the actual
measured grid voltage and an accurate estimation of the
grid phase angle 6, is ensured in both healthy and post-
fault operation modes. While, the measured current is
severely affected by the injected fault, the compensated
current igeomp maintains good performance. Finally, the
performances of the inverter during post- fault operation
are the same as in healthy operation mode, where the
compensated output ig.omp is in phase with the actual grid
voltage V.

()

(b)

Time (s) 3
. (©) .
= g L

Time (s)
(d)

Fig. 9. Experimental results of case 1 : (a) actual and
estimated current sensor fault Fj;, Fiws (b) Measured
current iy and compensated output ig comp () Actual grid
voltage Vg, observed grid voltage V4o (d) observed phase
angle 0 gobs

Case 2: Fig.10 shows the experimental results for
compensation of a 80% gain fault of the grid current
sensor. As shown in the figure, a stable startup is ensured

by the proposed grid voltage sensorless algorithm. At
t=1.40s, a 80% current sensor gain fault is introduced.
Consequently, the current fault signal fault F; switches
from zero to +2.8A and the estimated sensor fault Fiops
tracks precisely the actual sensor fault F;. Moreover, it can
be observed from Figl0.b that the estimated grid voltage
Vobs tracks the measured voltage without any noticeable
dynamics in the waveform during post-fault operation.
Consequently, the effectiveness of the proposed approach
in both healthy and faulty mode operation modes is once
again ensured.
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Fig. 10. Experimental results of case 2 : (a) actual and
estimated current sensor fault Fi, Fies (b) Measured
current i, and compensated output iy comp (¢) Actual grid
voltage Vg, observed grid voltage V4o (d) observed phase
angle Bgobs

Case 3: In Figl1 is presented the experimental results of
the grid voltage sensorless converter’s startup under a 80%
dc-offset fault of the grid current sensor. It can be seen
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from Figll.a that the estimated current fault Fioys tracks
accurately the actual fault with an estimation error of
0.08A. As for the estimation of the grid voltage, it is clear
that the estimated voltage efficiently tracks the measured
grid voltage after only 12ms. Moreover, the current fault
was immediately rejected and the compensated grid
current keeps a perfectly sinusoidal shape in phase with
the grid voltage. In summary, the proposed grid voltage
sensorless control and the grid current sensor fault
estimation and compensation is very fast and efficient.
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Fig. 11. Experimental results of case 3 : (a) actual and
estimated current sensor fault Fj;, Fies (b) Measured
current ig and compensated output ig comp (¢) Actual grid
voltage Vg, observed grid voltage Vo (d) observed phase
angle 6 gobs

Case 4: A second test for the grid voltage sensorless start
up of the converter closed loop operation under 80% gain

fault of the grid current sensor was performed (Figl2). It
can be seen in Figl2.a that before the activation of
converter’s control, the estimated current fault remain at a
very low level almost at zero. Hence, once the converter’s
controller is activated at t=1.88s, the estimated current
fault starts to truck precisely the actual fault. Figl2. b-c-d
illustrate respectively the estimated grid angle, the
measured and estimated grid voltage and the faulty and
compensated grid current. As can be seen from Figl2.c,
the estimated grid voltage Vo reaches its actual value
with an accurate estimation of the grid angle. Furthermore
and as described by Figl12.b, the compensated output igcomp
keeps good performances with a sinusoidal shape and a

unity power factor.
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Fig. 12. Experimental results of case 4 : (a) actual and
estimated current sensor fault Fj; Fies (b) Measured
current i and compensated output ig comp (¢) Actual grid
voltage Vg, observed grid voltage V4o (d) observed phase
angle 8 gobs
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6.3. Proposed FE-FTC scheme vs conventional FDI-FTC
methods

The proposed FE-FTC scheme is compared with
classical FDI-FTC approaches. The obtained results show
that the performances of the grid connected converter
during sensor post-fault operation are similar to those
obtained under healthy operation conditions: sinusoidal
waveform of the grid current with unity power factor
operation in the grid side. Moreover, the grid voltage is
well estimated. It can be seen also that the sensor fault
estimation and compensation is achieved without any
appreciable delay. This leads to a slight transient during
control reconfiguration. As mentioned above, the
proposed FTC does not need any fault detection threshold,
which increase its robustness and offers more flexibility
for its real time implementation compared to classical
FDI-FTC approaches. The proposed FE-FTC approach is
a model based one. Hence, it is dependent of the systems’
parameters. The observer should be carefully designed in
order to reduce, as much as possible, the impact of the
systems’ parameters mismatch on the FE-FTC algorithm
performances. In this work, only sensor faults have been
considered. However, the state of the art review
demonstrates that in addition to modeling uncertainties,
disturbances affect the quality and robustness of the FTC
system [35-37]. Hence, to guarantee robust FE-FTC
system, it is necessary to decouple disturbances from
sensor faults, which will be discussed in future work.

7. Conclusion

In this paper, fast and effective fault estimation based
current sensor fault tolerant control of a grid voltage
sensorless controlled SPGCC is presented. The grid
voltage estimation as well the current sensor fault
reconstruction have been realized through a bank of
proportional-integral observers. The sensor FTC algorithm
consists on sensor fault compensation. Both simulation
and experimental results considering dc offset and gain
faults of the grid current sensor have been presented. They
show the accurate reconstruction of the sensor faults. In
the same time, the system is not affected by the sensor fault
and maintains high performances during post-fault
operation in terms of grid current sinusoidal absorption,
high power factor operation with good estimation of the
grid voltage. Compared to classical FDI-FTC techniques,
the proposed FTC scheme offers more flexibility and
ability of achieve robust sensor FTC of grid connected
converters.
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