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l. Introduction
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Figure 1. Active distribution network
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Il. Theoretical aspects
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Figure 3. Voltage source converter (VSC) with vector-oriented control (VOC)
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Il. Theoretical aspects
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SEC. 3 Active and reactive power in the dq frame

Note: SEC mean set of equations
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Il. Theoretical aspects

The current dynamics of the system on the AC side can be obtained by applying
kirchoff's second law

did . . a s

(L + Lg)— = —w(Lg + Ly)ig — (Ry + Rp)ia = Vi + V;
di , . ) s
(Ly+ Lg)?f =w(Ly+ Lg)ia— (Ry + Ry)iq — V7 +V

it is also possible to obtain the voltage dynamics of the DC side of the converter
through the power balance.

AV 3V 5ig

Cgp = lac = W,

SEC. 4 Dynamics of the grid
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Il. Theoretical aspects
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Figure 3. Inner Loop
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Il. Theoretical aspects

The inner loop can be described mathematically by adding a couple of auxiliary

variables yq/4
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SEC. 5 Mathematical description of the Inner loop
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Il. Theoretical aspects
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Figure 4. Outer Loop
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Il. Theoretical aspects

The outer loop can be described mathematically by adding a couple of
auxiliary variables y,, /4.

dﬂr"r-v =
de — Vdc

I, d — kpv(vdc - ‘/dc) + k‘i-vﬂf"-v

dvy =

) dt _: @-0Q
Iy = Kp(Q — Q) + Kigvg

SEC. 6 Mathematical description of the Inner loop XC'CELﬁ
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Il. Theoretical aspects
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Figure 4. Dynamic model of the VSC
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Il. Theoretical aspects

The state-space model of the converter can be rewritten as
= f(z,y,u)
y = g(x, u)

Where x represents the state variables, y represents the control variables and u
represents the input variables.

Ar = AAx + BAu

Where:
B _9f Of dg
A=JXo) =5+ dg O 17=70
p_ 91, 91y

C)u dg Jdu Du =10
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Il. Theoretical aspects

The state, control and input variables of the VSC are rejspegt%yely:
T = [?:(fj fé_q. ‘/:’hﬁf:l f}._..d_ Af'fl'}'? ,-}_.-_I:}T u = [‘/’:?. I’i’fc-. Idc-. ?q*]T y — [‘/('— : ‘/qb]

Taking this into account, it is possible to obtain the operating point (or initial condition)
of the system assuming that it is operating at steady state
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Table 1. Initial conditions XC.,:ELﬁ
X SICEL 2021 - Virtual edition - October 13-15, 2021 e | S e A O




Il. Theoretical aspects

Where the state matrix is described in
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SEC. 7 State matrix of the VSC.
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Il. Theoretical aspects

The sensitive analysis aims to determine the influence of each element of the state
matrix in the system’s eigenvalues

‘d’\i k  m

km
phm = L = gk
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It is difficult to visualize the results in a tensor, therefore, it is more useful to analyze the
influence of a specific parameter of the system in the position of the eigenvalues. Thus, by
applying chain of rule to the above equation
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I1l. Numerical results

From the state matrix it is possible to obtain the eigenvalues of the system,
which are as follows.

—195.482 4+ 1359937 —195.482 — 135.993;

—112.179 4+ 436.58557 —112.179 — 436.5857
A=
—267.000 + 266.1207 —267.000 — 266.1207

from the same state matrix, it is possible to obtain the real part of the participation
factors, as illustrated in the following table

| Participation factor | L, | C |
D1 3796.68 —4171.90
P2 3796.68 —4171.90
P3 1057.86 2245.72
P4 1057.86 2245.72
ps 4854.54 | —1.14 x 10~27
D6 4854.54 | —1.14 x 10—27
Table 2. Participation factors (real part) system
arameters. —
i XSICELS
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I1l. Numerical results

However, it is important to know the influence on the imaginary part, because it directly
influences the damping factors.
(8]

rp = ————=100%
va?+ g2
| Participation factor | L, | C |
p1 -690.37 -06230.6
P2 690.37 06230.6
P3 ~777.58 22583.16
Pa 777585 27583.16
ps 16.01 3.44 x 10—=7
P6 -16.01 —3.44 x 10==¢
Table 3. Participation factors (imaginary part) system parameters.
[ Factor | Ly | Lg I
P1,2 3947.41 = 288.29 475.8 = 55.07
P34 1180.67 = 686.03 161.97 = 84.83

pse | 4856.19 £ 509.26 | —3.270 x 10—V £ 6.66 x 10—31

Table 4. Participation factors of the non ideal grid.

XC' f:E Lﬁ
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I1l. Numerical results

The corresponding participation factors of the parameters of the PI type controllers

are as follows

| Participation factor | k. | | - Ky, [ [
P1 —6.83 —91.424 —0.0035 0.371
Po —6.83 —91.424 —0.0035 0.371
P3 —3.65 56.75 0.0035 —0.37
P4 —3.65 56.75 0.0035 —0.37
s T9.00 | 3.92x 10 | —1.011 x10- 7 | —3.49 x 1022
Pe —9.09 | 3.92 x 10—°Y —1.911 x 10— —3.49 x 10—°<
| Factor [ k., | kpv [ k. ] [ |
P1 0.26 149.7 0.018 0.115
P2 -0.26 -149.7 -0.018 -0.115
P3 -3.14 -12.74 0.013 0.113
P4 314 7274 -0.013 -0.113
ps | 892 | 386 x 1037 | 0.033 | —2.20 x 10~ 32
D6 892 | —3.86 x 1077 | -0.033 | 2.20 x 10—

Table 5 and 6. Participation factors of the control parameters.
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I1l. Numerical results
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Figure 5. Bifurcation of the system for

Figure 5. Bifurcation of the system for
L [50 - 150]mH

kii [5 - 100] x 103
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IV. CONCLUSIONS

« In this paper, a sensitivity analysis is used to determine numerically how system
parameters and controller constants influence the stability of a VSC operating as a
grid feeder, Demonstrating its usefulness in determining variables that can cause
instability and those that are desirable to control in order to improve it.

* An increase in the proportional action increases the stability margins of all the
eigenvalues, which is useful since it can be coordinated with a high inductance (or
capacitance) value for filtering, which decreases these margins.

« A high value for the integral action is desired to ensure zero steady state error,
however, as can be seen from the analysis, a high value results in a significant
decrease in the damping ratios

« The non-ideal network is a parameter that depends on the connection point;
therefore, its impedance varies. It must be taken into account because, as
demonstrated, it affects the stability margins and also worsens the sensitivity of
the system.
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