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Abstract : To enlarge the use of grid-connected PV systems, the cost, performance, and life expectancy of the
power electronic interface needs to be improved. The current-source inverter (CSI) offers advantages over VSI
in terms of inherent boosting and short-circuit protection capabilities, direct output current controllability, and
ac-side simpler filter structure. Research on CSl-based DG is still in its infancy. This paper focuses on transient
performances of a PV system based on CSI during the rigorous LL and TPG (Three- phase- to-ground) faults. It
also performs a comparative analysis of CSl-based PV systems for severe LL and TPG (Three-phase- to-
ground) faults under transient conditions. The control structure consists of two current control loops. An MPPT
provides the reference for the outer dc-side current control loop. The inner current control loop is designed to
control the current that is injected into the grid. Using a case study of grid-side faults i.e., LL, TPG, the
designed controller is able to fulfill all the requirements of a PV system grid interface besides limiting the dc-
side current, irrespective of the severity of the fault, unlike a VSI-based PV system. The fault studies included
line-to-line and three-phase-to-ground faults.The case study of this paper is presented by using a Mat lab /
Simulink environment, the respective results also shows the differences between the behaviour of a system at the
time of encountering faults.
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I Introduction

An attractive feature of PV systems is that they produce electric power without harming the
environment, by directly transforming a free unlimited source of energy, solar radiation, into electricity. This
fact along with the continuing decrease in PV arrays cost and the increase in their efficiency has resulted in the
use of PV generation systems. In the past, PV sources were commonly used in isolated and stand-alone
applications. Nowadays, the trend is to connect the PV systems to the public grid, selling the generated power
with advantageous price ratings fixed by governmental policies. The present practice in PV inverter mainly
depends on voltage-source inverter (VSI) topology which normally requires another stage of power-electronic
conversion for stepping up the voltage of the PV modules for a large-scale PV inverter. The use of PV system in
power systems can increase by reducing the cost and improving the robustness and performance of power-
electronic grid interface. Single-and two-stage grid-connected systems are commonly used topologies in single-
and three-phase PV applications [1], [2]. In single-stage, inverter control is complicated and two-stage technique
suffers from reduced efficiency, higher cost, and larger size. Due to the Drawbacks of Single-and two-stage
grid-connected systems, conventional voltage source inverter (VSI) is the most commonly used interface unit in
grid-connected PV system technology [3]. The properties of the VSI increase the necessity of using a bulky
transformer or higher dc voltage. Also an electrolytic capacitor, which shows a critical point of failure, is also
needed. Here the advantages are achieved at the cost of a more complex PV system in addition with a bulky
transformer and an unreliable electrolytic capacitor.

The current-source inverter (CSI) has become a preferred topology for interfacing a PV system to the
ac power grid for the following reasons [6]. 1) CSI provides a continuous dc-side current, which is a useful
feature for PV modules. 2) The energy storing element of CSI has a longer lifetime than VSI. 3) the CSI voltage
boosting capability allows a low-voltage PV array to be grid interface without the need of a trans-former or an
additional boost stage.4) With the development of reverse-blocking (RB) IGBT switches, the series diodes will
be eliminated, resulting in a significant reduction in the cost and conduction losses. 5) The progress in
superconductor technology has led to the development of superconducting magnetic energy storage (SMES)
systems, can reduce the losses in the energy storage element of the CSI.

There are many applications of CSI topology in PV systems, which have come up with certain
advantages and disadvantages. The performance of a single phase, grid connected CSI is detailed in [4].In [4]
CSl is combined with the boost converter which acts as a wave shaper. However, the dynamic performance of
the PV inverter in response to solar isolation level and behavior of PV system under faulty conditions is not
addressed. The performance of CSI used in three phase transformer less grid-connected PV system is evaluated
with maximum power point tracking(MPPT) system and PWM control scheme in [5].one major drawback of the
control method in [5] is that it does not allow the PV inverter to operate in standalone mode.
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This paper presents transient performance of a PV system based on CSI during the rigorous LL and
TPG (Three- phase- to-ground) faults. Also comparative analysis of CSl-based PV systems for severe LL and
TPG (Three-phase- to-ground) faults under transient conditions is studied.

1. Pv System Description
Photovoltaic’s is the field of technology and research related to the devices which directly convert
sunlight into electricity using semiconductors that exhibit the photovoltaic effect. Photovoltaic effect involves
the creation of voltage in a material upon exposure to electromagnetic radiation. The solar cell is the elementary
building block of the photovoltaic technology. Solar cells are made of semiconductor materials, such as silicon.

2.1 Grid Connected PV systems

Fig. 1 shows the single-line diagram of the three phase, single-stage, grid connected PV system using
CSI [6].A PV array is a parallel combination of n, PV modules. A single PV module consists of a number of PV
cells in series and a PV cell is modeled as a current source shunted with a diode. The ripples in dc side current is
filtered and controlled by dc side inductor. The ac side inverter is interfaced with the primary side of transformer
through capacitive filter which consists of three Y-connected capacitors c¢; The function of c; is to absorb
switching harmonics and produce smooth sinusoidal current at the grid interface. When there is fault on the
secondary side of the transformer, Breaker is used to protect the PV system by isolating it. The primary side of
the transformer is connected in delta whereas the secondary side is connected in star with a neutral point. In Fig.
1 Ry and Ly are resistance and inductance of the distributed line. Similarly Ps and Qs represent the active and
reactive powers supplied by the PV system to the distribution system.
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Fig. 1 Simulink model for CSI Based Grid connected PV system

2.2 PV Array Characteristics
The P-I characteristic is described by the equations derived in [6], thus we obtain the power equation as

P = 0.01ny [fser + Ko (T, — Tiar)] Svpy
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from the power equation shown, it is evident that the power supplied by the PV array is a function of
insulation level at any given temperature.
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Fig.2. P-I characteristics of PV array for different isolation levels

Since the inverter used in PV system is of current-source type, the power-versus-current characteristic of the PV
array is observed. Fig. 2[6] shows the power-current characteristic of the PV array for different insulation levels.
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Fig. 3 Simulink model for PV Array

1. CSI-Based PV System Controller

3.1 Operation of controller

A grid-connected CSl-based PV system controller is designed to control the dc and ac side currents to
make certain: 1) The real power fed to the grid is equal to the maximum power that can be extracted from the
PV panel under all conditions; 2) a high-quality sinusoidal current is fed to grid; and 3) At the interface with
grid reactive power assumes the desired value. From Fig. 1, phase-locked loop (PLL) [7] is used to synchronize
the pulsewidth modulation (PWM) and control of the CSI to the grid voltage also two PI controllers are used to
process the errors between the reference commands, isyrer and isqrer and the d-axis and g-axis components of the
ac-side current and generate the modulating signals, mgand m,.

3.2 phase locked Loop

As mentioned in [6] dg frame which is rotating at angular speed w, ac variables are projected. The ac
variables are sinusoidal functions of the grid frequency w, in steady state,. If the dg -frame angular speed is
adjusted to the grid frequency, the changed quantities in steady state become time invariant which makes
controller design simpler. This is achieved by means of a PLL [7] whose block diagram is given in [6]. As
shown in [6], the input to the PLL block is sinusoidally varying voltage and the output is the angle for abc-to-dq
and dq -to- abc vs transformations, 8. The active power is independent of the voltage v, and reactive power is
controlled by ig.

3.3 Design of Inner Current Control Loop
Equations in [6] show that active and reactive powers delivered by CSI can be adjusted by controlling
isg and isq. The block diagram [6] of the CSI ac-side current controller consists of Ky(S) and K(S) which are
expressed as
ki
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Fig.4. Block diagram for ac-side current control system of CSI
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where K, and K; are the proportional and integral gains, My and M, are Control signals, iwrer and igeer are current
references derived from the outputs of the compensators Kq(S) and Kq(S), respectively. The Transfer function
for the closed-loop control system of iy shown in Fig. 3
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As the value of k; increases, the pole of the transfer function T(s) in (2) reaches the origin of S-plane,
which is not desirable. Therefore, k, should be chosen small to reproduce the transient behavior of a first-order
system, k; as inverse of time-constant, T; is chosen in the range of 0.5-5 ms to get a fast and accurate response.
Thus, k, and k;jare written as

1
hp =0 and k= —.
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z

Substituting these values of and in (2), the transfer function T(s) becomes
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Fig.5. Closed-loop control structure of the dc-side current.

3.4. Design of Outer Current Control Loop
From the mathematical model [6] of controller we obtain the power equation
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After substituting V=0 in equation (2), represents a system with i as the input, i’4c as output and Vg
the disturbance input. In Current controller Pl compensator, if time constant is selected properly, iy can be
approximated to isyer. Therefore, (3) can be rewritten as

T .
1 ‘_l_”:"'-rjc: " 3
2 dt

— -F|_|'.' — E"I-".jr.l'inrfrl_'[-

4)
The dc-link current controller designed from (4) is illustrated in Fig. 4. From (4) Ppv is product of v,
and ig. which makes the system nonlinear. To remove the impact of nonlinearity, isyer Can be derived in the
following
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Where u; is a new control input and i is a feed-forward signal that can be enabled or disabled
depending on the value of binary multiplier assumes unity or zero. Substituting isyer in (4), the following
equation is obtained.
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(6)
From (6) if n=1 indicates that the impact of the PV array nonlinearity on the dc-side current control is
eliminated and control unit acts as an integrator.

V. Comparative Performance Assessment Of CSI based Grid Connected PV system under
LL and TPG Faults
4.1 Fault Analysis
Some of the major Electrical faults are phase faults include phase to phase faults and phase to ground
faults and three phase faults. Faults results in the overloads is due to passing the current through the conductor
which is above the permissible value and faults due to real power insufficiency occurs due to mismatch in the
power generated and consumed and results in the frequency deviation and collapse of grid.Electrical Phase
faults are characterised as: Phase to Ground Fault, Phase to Phase Fault, Phase - Phase to Ground Fault, Three
Phase Fault, Three Phase to Ground Fault. An Unsymmetrical or unbalanced fault does not affect each of the
three phases equally. Common types of asymmetric faults, and their causes:
e line-to-line - A short circuit between lines, caused by ionization of air, or when lines come into physical
contact.
e line-to-ground - A short circuit between one line and ground, very often caused by physical contact.
e double line-to-ground - two lines come into contact with the ground (and each other).
TPG faults are called symmetrical faults.Since the three phases are equally affected, the system remains
balanced. That is why, this fault is called a symmetrical or a balanced fault and the fault analysis is done on per
phase basis.
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Fig. 5 Simulink model for Three-phase-to-ground-fault of Grid connected PV system

Fault analysis in solar photovoltaic (PV) arrays is a primary task to increase system reliability,

efficiency, and safety. Without proper protection, faults in PV systems may damage PV modules and cables, as
also lead to dc arcing hazards and even fire risks. There are many fire hazards taken place in power stations due
to these faults. In addition to fire hazards, faults in PV arrays result in a large amount of energy loss. In order to
overcome these problems, discovered the following statements [8]-[11]:
1) There still exist some unknown “blind spots” in PV protection schemes that need special consideration and 2)
PV arrays are unique from traditional power sources and have unique fault scenarios. Depending on location,
fault analysis approaches for PV system is categorized into three parts: faults on PV arrays [12]-[13], failure
within power conditioning unit [14]-[15], and abnormality on utility grid [16]-[18].

www.iosrjournals.org 105 | Page


http://en.wikipedia.org/wiki/Short_circuit
http://en.wikipedia.org/wiki/Ionization

Performance Analysis of CSI Based PV system During LL and TPG faults

4.2 Fault Conditions

Due to fault on the grid side of inverter, oscillations of voltage and current occur on dc side of inverter
[12]. Oscillations in the dc side current are not desirable as the inverter requires continuous input dc current. In
CSI based PV system dc side current is regulated and restricted which results in that the current in the ac side
inverter may not show a quick raise under fault. In practical when the fault occurs on the grid side and the
breaker opens, the anti-islanding scheme must act to protect the inverter. But here the anti-islanding scheme is
disabled in order to show the impact of Change in ac-side voltage level on the performance of PV system.
At time t=1.5 s, an LL fault is applied on phase-a of secondary side of the transformer. Due to the fault, the
voltage drops to zero, as shown in Fig. 6(a). When fault is applied on the ac-side it resulted in oscillations in dc-
side current of the CSI, as shown in Fig. 6(b). However, as soon as the fault is cleared oscillations are damped
and the dc-side current controller tracks the reference current in less than 20 ms. Due to this disturbance, the ac
side current of the CSI undergoes over modulation, as shown in Fig. 6(c). Due to over modulation lower order
harmonics results, which makes the current flowing into the grid non-sinusoidal is as shown in Fig. 6(d). This
case study shows a CSI that has built in over-current protection to restrict the current on both dc and ac sides.
Similar responses are observed for TPG faults, as shown in Figs. 6(e)—(h).

Fig. 6(b). Fig. 6(P).

Fig. 6(c).

Fig. 6(g).
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Fig. 6(d). Fig. 6(h).
Fig. 6. Simulink Results for CSl-based PV system performance during LL and TPG faults

V. CONCLUSION

The number of PV installations is increasing at more than 20% a year. Nearly all PV systems will soon
be required to have a ground-fault protective device that will minimize the possibility of fires starting from
ground faults in PV arrays. Efforts are continuing to enhance the safety of PV systems for the general public
through revisions and additions to the National Electrical Code and UL Standards. The goal is to have safe,
reliable, and cost-effective PV systems. The green future must be a safe future.This paper presents the single
stage, three phase grid connected PV system based on CSI and compared the output signals Va, igc, ita, isa IN
each one of the faults. The result shows that the interruption due to three phase to ground fault is noticeably
more than the line to line fault. The proposed model provides a useful tool to study the changes of active and
reactive powers and the output current during the mentioned faults. Through simulation studies, it was shown
that the CSl-based PV system, with the designed controller,was able to fulfill all the requirements of a PV
system grid interface beside limiting the dc-side current, irrespective of the severity of the fault, unlike a VSI-
based PV system. Further this work could be extended using Fuzzy Logic which reduces the ripples in dc side
input current of CSI.
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