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Abstract: This Paper presents the stability of a grid connected inverter configuration using MATLAB. The
renewable energy sources generate electrical energy which is DC in nature. This DC supply is converted into 3
phase AC via a voltage source inverter (VSI) and it is linked with a grid. Due to the presence of harmonics in the
inverter output there are severe oscillations in the grid current which affects the stability of this inverter connected
grid configuration. In order to tackle this problem we use a LCL filter between the inverter and the grid. By doing
so the total harmonic distortion (THD) of the grid current reduces and the stability of the system improves.
MATLAB Simulink results are generated to verify the claims as mentioned above.
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. INTRODUTION
The demand of electrical energy is increasing at an exponential rate in the modern world. Today, the capacity of
load is increasing every year so as a result there is a lot of stress on the non-renewable sources of energy (Coal ,
Diesel , Various chemical processes to generate energy like battery ) to generate electricity. Due to the increasing
environmental hazard like pollution, chemical waste being dumped and many more, the promotion of renewable
sources of energy to generate electricity (Solar panels to utilize solar energy, Wind mills to utilize wind energy,
Potential energy from ocean waves in the form of Tidal energy) is the need of the hour.
The linkage of Electrical energy sources with the grid is a challenging task as it has to fulfil many objectives. An
inverter is used as a common link between the renewable energy source and the grid. The nature of electrical
energy which is generated from various renewable energy sources is DC. The DC voltage is converted into three
phase AC supply via an Inverter. The three phase AC supply is now sent to the grid for utilisation after
modification of certain parameters. The key points which are to be kept in mind before synchronising the inverter
supply with the grid are as follows. The nature of AC supply should be a sinusoid. Sinusoidal three phase AC
supply is desired as it has numerous advantages like sinusoids lend themselves to phasors, Sinusoidal AC
waveform generates revolving magnetic field.
The other important parameter is frequency to be altered is frequency because if the frequency of the incoming
supply is not same as that of the grid it can lead to instability of the whole system.
In the configuration mentioned above a LCL filter is also used between the inverter and the grid. This
configuration is widely accepted as it has lots of perks. The role of LCL filter here is that it act as a low pass filter
which is used to reduce the high frequency inverter current harmonics in the system. The rating of the inductor is
also small thereby decreasing the overall cost of the LCL filter. Apart from these perks the issue in using the LCL
filter in this configuration is that it reduces the stability of the system by introducing a pair of poles which are
equal in magnitude and opposite in sign. Another issue is the problem of resonance which has to be damped either
by a passive element like a resistor or we can also use the virtual resistor concept to damp the oscillations.
Hence, in this paper we try and ensure the total stability of the system and also remove the harmonics from the
grid currents by using an altered Lyupanov method instead of the direct conventional method. In order to do so a
capacitor is added in the feedback path of the closed loop configuration in the form of LCL filter. As a result the
Total Harmonic Distortion (THD) of the grid currents also gets reduced as the Harmonics from the currents gets
supressed to a minimum. MATLAB Simulink results are presented in this paper to validate the claims made above.

1. MATHEMATICAL MODEL OF THREE-PHASE GRID CONNECTED VSI
The leftmost part is the voltage source inverter (VSI) and it is connected to the inductor La. The inductor Ly is
connected to the grid. In between the two inductors L. and L, we have the capacitor Ccfor all the three phases.

ANRSTEM 17- 208; © 2017, AURSTEM All Rights Reserved Page 26



http://www.iasir.net/

Shikha Gupta et al., American International Journal of Research in Science, Technology, Engineering & Mathematics, 18(1), March-May,
2017, pp. 26-31

Inverter consists of six Insulated Gate Bipolar Transistor (IGBT). They are operated in the order of Z,,
Z.,.Z,,2,,Z.,Z, togenerate the three phase sinusoidal AC supply.
The differential equation of the inverter written according to the KVL and KCL are as follows:

di ,

La ﬁ Tt Talin = UpVge — Vefn (1)
di .

Lb% + Tplyp = Vern = VUgn (2)
dv . .

Cf d;n = Un —ln (3)

The equation of grid voltage is v,, = v, cos(pt + 6) where the value of 6 is taken as 0, -120degree and -240
degree. We need to convert the value of 6 from degree to radians before substituting it into the grid voltage
equation. For all the three phase R, Y and B respectively.
Now we define the transition function for Inverters (u,,) :

1 Zn closed
u, = { — , h=a,b,c 4
-1 Zy closed

Z, (Upper limb IGBT devices of VSI)
Z,(Lower limb IGBT devices of VSI)
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Figure 1. Renewable energy source connected with grid via three legged VS| and LCL filter
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Now we change all the variables from equation (1) - (3) into Dc variables by changing it into the d-q frame. Here

we have used x-y variables instead of d-g frame in all the equations.
digx

L, o + Talixy = 0.5UVge — Vepyx + pLglyy (5)
di . .

L, f + Tpiyy = 0.5Uy Vg, — Vepy — PLgisy (6)
di. . .

Ly ﬁ + Thloxy = Vepx — Vg + pLDLZy (7)
di. . .

Ly % T Thloy = Vepy — Vgy — pLpisy (8)
dv . .

dctfx = Uy — Uy + pcfvcfy )

dv . .

Cf dctfy: liy — lay — pCfvcfx (10)

On defining the state variables, we get

p— *
Xg = lix — lix

(11)

Xp = U1y — U1y (12)
Xe =gy — i;y (13)
Xq = lpy — I3y (14)
Xe = Vefx — szx (15)
Xf = Very = Very (16)

The symbol ()*is used to signify the reference or base values. Hence, if such a symbol is used to with currents it
will signify the reference or base currents.

Ill. STEADY-STATE ANALYSIS
On taking equation (5)-(10) we can write them as:
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dij L% * . %

L, ﬁ + 1aiix = 0.5UVae — vipy + pLaiiy, a7
dij - % * -

Lqg % + 1501y = 0.5U,Vae — Vigy, — pLqiiy (18)

Ly % + Thize = Vipx — Vg + plyizy (19)
di} . . .

Ly % + Tplzy = Very — PLplay (20)
v - - % *

dcrfx = lix —lx + pCrvepy @

dv; - % - % *

Cf #fy: lly - lZy - pCfvcfx (22)

Where U, and U,, denote the x and y components of the transition function in the steady-state.

V. MODIFIED LYAPUNOV-FUNCTION BASED CONTROL STRATEGY
The conventional stability method proposed by Lyapunov is amongst the most widely used scheme to test the
asymptotic stability of the system. The whole point of this research paper is to ensure the total stability of the grid
connected inverter system.
The energy delivered by the source (V) is represented byP;,. This energy is not totally delivered to the grid,
some part of this energy is dissipated in the form of heat losses. A major part is lost in the resistive part of the two
inductive parts of the filter (R, and R;). We denote this energy by Pg, and Pg,. The energy dissipated by the
IGBT devices which are used in the inverter is denoted by P;,. Hence, the energy which is left after all these
losses is delivered to the grid.
As we know that inductor and capacitor are active element so they do not dissipate energy. So, the energy P;,, is
exchanged from the stored energy of the inductor and capacitor in order to attain the equilibrium state of the
inverter. The equilibrium points are (x, = 0,x, = 0,x. = 0,x; = 0x, = 0,x; = 0). We denote this bidirectional
energy exchange as AP, ,, APy, AP.¢. The prime aim as mentioned above was to determine the total stability,
behaviour and performance of the system. In order to do so we use Lyapunov’s conventional stability theorem for
which we have to define a functionP (gq) which is a scalar quantity. We can assure the stability only if the system
obeys the below given conditions.
i. PO)=0

ii. P(@)>0forallq+#0

iii. P(g) —oas |lqll —

iv. P(q) <0 forallq+0

Now on substituting;
uy = Uy + Au, and wu, = U, + Au,And also (11) - (16) in (5) to (10)
On solving we get,

LoXy + 1yxq = 0.5Au,Vy, — x, + pLyx, (24)
LoXp + 15x, = 050w, Ve — X — pLaX, (25)
LyX. + 1ryx. = x, + pLpxy (26)
LyXg + 1pxq = X — pLpx, (27)
CrXe = xq — X + pCrxs (28)
Cfxf = xb - xd - pCfxe (29)
Let us define the Lyapunov function in terms of energy stored in inductor and capacitor as follows
3 3 3 3 3 3
P(@) = SLoxZ +5Laxp + S Lpx2 + 5 Lpxg + 5 Cpxl + 5 Cpxf (30)
On differentiating (30), we get
P(q) = 3x4LaX, + 3xpLaXy + 3x.LpXe + 3x4LypX, + 3x,CrXe + 3x:CrXy (31)
Substituting (24) - (29) in Equation (31), we get
: 3 3
P(q) = 5XqVachuy + 5 XpVachuy — 31,(xg + x5) = 31, (k2 +x3) (32)
Clearly P(q) < 0 as per the given conditions of the Lyapunov function if Au, and Au,, are selected as
Au, = KXo Vyc K, <0
Auy = nybvdc ’ Ky <0

From (17) and (18), the steady state transition function of x and y can be defined as

2 ok * : %
Uy = V_dc (rallx + Vepx — pLally) (33)

2 ok * : %
Uy = V_dc (rally + VUery + pLallx) (34)
Where,
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i1y = 3x — pCrvLpy = i3,(1 = 2Ly Cy) (35)
ify = pCrvipe = pCr(Tyize + Vy) (36)
1]c*x = rbi;x + ‘{q (37)
Vey = pLypizy (38)

By observing equation (35)-(38) one can conclude that, we can easily evaluate all the unknown parameters
mentioned in (35)-(38) if we know the value of reference x components of the grid current (i3,.).

On applying the control variables to the system,u, = U, + Au, and u, = U, + Au, we cannot damp the
oscillations that occur due to the resonance of the LCL filter. In order to do so we have to use capacitor in the

feedback path of this system in the closed loop configuration to remove the fluctuations from the grid current. The
new modified equations are as follows

2 - % * .k *

ux:V_dc (Tallx + Uepx — pLally) + Kxxanc + ch(vcfx - Ucfx) (39)
2 .k * % *

uy:V_dc (Tally + 17cfy + pLallx) + nydec + Kcy(vcfy - Ucfy) (40)

By changing the value of K., and K,,, we can adjust the level of damping. The value of gain K, and K., must
always be positive.

V. MATLAB Simulation Results
The control method based on Lyapunov for the grid connected system is done here by using MATLAB. The
Simulink results are generated to validate the proposed objective to ensure the stability of the system. The
specifications of parameters used in the MATLAB model are given in appendix.
Figure2 Shows the start-up response and the DC voltage obtained from the Lyapunov based stability scheme
without capacitor voltage feedback. From figure 2 it is understood that there exist oscillation in the grid current
which are damped very slowly.
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Figure 2: Start-up response without capacitor voltage feedback

In figure 3 we can observe that by using the capacitor in the closed loop configuration of the proposed system the
fluctuations or harmonics on the grid current gets damped much effectively improving the overall stability of the
system. The harmonic waveforms of phase(R) grid currents obtained by Lyapunov based stability scheme with
and without capacitor voltage feedback is given in Figure 4. In figure 4 the Total Harmonic Distortion (THD) of
the grid currents without capacitor voltage feedback is coming out to be 30.62% and the fundamental frequency
is 52.66Hz. Similarly, the THD of the grid currents with capacitor voltage is coming out to be 3.81% and the
fundamental frequency is 51.26Hz.
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Figure 3: Start-up response with capacitor voltage feedback
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Figure 4: Total harmonic distortion with and without capacitor voltage feedback

Now, we will analyse the waveform of the voltage and current coming out from the inverter (i.e. V;, and I, )
and also the voltage and current going into the non-linear RL load (i.e.V,,and I;,) which we have connected to
the grid. Figure 5(b) shows the results of the voltage and current without capacitor voltage feedback.

Hence, from figure 5(b) we can observe that without using LCL filter there is lot of harmonics in the output
voltage and current waveforms of the inverter and also of the grid.

Now, we will analyse the waveform of the voltage and current coming out from the inverter (i.e.V;, and I,,) and
also the voltage and current going to the non-linear load (i.e.V;, and I,,) which we have connected to the grid
after we have used the capacitor in the feedback path of the closed loop configuration.

From figure 5(a) we can observe that with using LCL filter the harmonics are filtered in the output voltage and
current waveform of the inverter and the grid respectively.

< Vs - Vsa
2 2
¢ ¢
B 8
20 0
S an :
=02 (K 02 03 [ 025 0% 07 08 09 03 =0 0 2 03 0% 05 0% [} 028 09 03
Tne() Tne(y
s . Isa
< 1 K
¢ ¢
0 Il 1 0
8 ! g
H ]
3 2
T w w w w » wm w s PR e w2 w w0 w0 @\ » n
Tne() Tne()
< Wa s a
2 1m <
¢ :
§
g 1 rl 1 3
} 1 ¥
5 4
8. 0
T w2 w5 0w W B 0 i | R u
Tne) "l“li;)
ILa 2
¢ ¢
g 3
37 02 01 [V 03 0% 05 0% [ 028 03 03

37 02 o 02 03 0% 05 0% 07 08 08 03

T s
el e 5)

Figure 5: Voltage and Current waveform with and without capacitor voltage feedback

VI. CONCLUSION
A simulation study of an inverter connected grid configuration has been done using MATLAB. A capacitor is
connected in the feedback path of the system in the form of a LCL filter. It filters the harmonics from the grid
currents. The Total Harmonic Distortion (THD) of the grid currents also decreases from 35.35% to 3.80% thereby
improving the stability of the system.
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APPENDIX
SYMBOL VALUE
DC Source Voltage (V4.) 400V
Inductor connected on the side of the Inverter (L,) 2.33mH
Capacitor used in the LCL filter (C;) Y/A 15/5uf
Inductor used on the side of the Grid(L,) 0.045mH
Resistance of Inductor (R,) 0.5502
Resistance of inductor (R;) 1.650
RMS value of grid voltage (V.,s) 230V
Peak value of grid voltage (V) 230V2V
Grid Frequency (V) 50Hz
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