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Abstract—As more power electronics are introduced into the
power system, its stability is impacted, e.g., through undesired
interactions. One such interaction is called sub-synchronous
control interaction (SSCI), an example being an interaction
between a DFIG wind farm and a series compensated line. In this
paper, two methods are used to assess the risk of SSCI: the
reactance crossover method, and the Nyquist criterion. The
analysis is performed on three case studies: one system based on
the IEEE First Benchmark System, and the other system is
modelled as a typical Swedish transmission system with two
different degrees of series compensation. Both methods predict
SSCl inall three case studies, with the Nyquist criterion being able
to predict the oscillation frequency more accurately. To mitigate
the sub-synchronous oscillations, a PV farm is implemented and
placed in parallel to the wind farm. The performed simulations
show that it is able to damp the oscillations successfully in all case
studies.
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I. INTRODUCTION

T HE amount of electricity generation based on power
electronics is increasing and will impact the stability of the
power system, e.g., through undesired interactions. TSOs are
realizing the importance of this, with e.g., the Swedish TSO
Svenska kraftnat seeing further needs to analyze the system
impact [1], and the Finnish TSO Fingrid having requirements
for the connection of converter-connected power plants close to
series compensated systems [2]. One type of interaction which
could occur is that between a DFIG based wind farm radially
connected to a series compensated line, with the wind farm
presenting negative resistance in the sub-synchronous range
(i.e., below 50 or 60 Hz) which might lead to sub-synchronous
oscillations. This type of interaction is referred to as sub-
synchronous control interaction (SSCI) and is the focus of this
paper. SSCI is part of the umbrella term sub-synchronous
oscillation (SSO), along with sub-synchronous resonance
(SSR) and sub-synchronous torsional interaction (SSTI) [3].
SSCI is an interaction between a power electronic control
system and a series compensated system, with no mechanical
interaction involved. It has been seen in [4] that with a lower
active power output reference of a DFIG wind farm, the
negative resistance is larger than for higher active power output
references. It was also seen that a faster current controller of the
DFIG led to more negative resistance.

This paper is based on results of a Master thesis [5] dealing
with SSCI between a DFIG wind farm and a series compensated
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system (modelled as a typical Swedish transmission system). A
PV farm is connected in parallel to the wind farm, aiming to
mitigate SSCI by acting as a PV-STATCOM. The impedance
analysis in this paper is greatly extended from that in [5]. The
structure of this paper is as follows: Section Il describes the two
methods used to analyze the risk of SSCI, Section I11 describes
the case studies and impedance measurement, Section IV
describes the implementation of the PV-STATCOM, Section V
describes the time domain results, and Section V1 describes the
frequency domain results. Finally, Section V11 and V111 give the
discussion and conclusions, respectively.

Il. SSCI RISK ANALYSIS

Two methods for assessing the risk of SSCI will be used in this
paper, where the first method (further called the reactance
crossover method) is that previously used in [5], and the second
is the Nyquist criterion. The reactance crossover method, as
described in [5], suggests three situations which could imply
SSCI and which should be further analyzed using EMT analysis
[6]-[8]. The three situations are:

a) Xweg =0 and Xgq =0 (reactance crossover on
turbine side coinciding with resonant condition on
system side)

b) Xgria =0 and R,., <0 (resonant conditions on
system side coinciding with negative resistance of
turbine)

€) Xem=0 and R, <0 (reactance crossover
combined with negative resistance of total impedance)

The second method, i.e., the Nyquist criterion, uses the open-
loop transfer function G,, of the combined system (grid +
wind farm) to assess its stability, i.e., the stability of the closed-
loop transfer function G.;. By calculating the total impedance
as seen from point A in Fig. 1, i.e., by seeing Z,,;, and Zg, ;4
as parallel impedances, the resultis G.;, asgivenin (1), as also
in [9].

G (S) _ Zwtg . Zgrid _ Zgrid . Zwtg _ Zwtg (1)
ct Zwtg + Zgrid Zgrid Zng +1 1+ Zwtg ' Ygrid
Zgrid

Fig. 1. Wind farm impedance Z,,., and grid impedance Zg, 4.
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The corresponding block diagram of G, is seen in Fig. 2, and
the open-loop transfer function G, is given by (2).

COL(S) = Zwtg . Ygrid (2)

Zwtg

Ygrid

Fig. 2. Block diagram of the closed-loop transfer function G, (s).

Let P be the number of unstable poles of G, (or the unstable
poles of the characteristic function 1 + G,;) and let Z be the
number of right half-plane (RHP) zeros of the characteristic
equation. Let N be the number of clockwise encirclements of
the point —1 4+ 0j of G,,, where Z = N + P. The system is
stable if Z =0, i.e., N =—P [10]. If the open-loop transfer
function G, is stable, i.e., it has no unstable poles (P = 0),
the Nyquist criterion simplifies to Z = N, i.e., for the closed-
loop transfer function G, to be stable, the open-loop transfer
function G,; must not encircle the point —1 + 0. When G,
is stable, it does not encircle the point —1 + 0j if this point lies
to the left of the Nyquist diagram of G,; drawn for positive
frequencies. Consequently, the point —1 + 0j is encircled by
G, if this point lies to the right of the Nyquist diagram [10].
le, if Gy, is stable, G., is stable if R(G,,) > —1 when
3(GoL) = 0.

I1l. CASE STUDIES AND IMPEDANCE MEASUREMENT

Two systems were investigated, with the first being a modified
version of the IEEE First Benchmark Model (denoted Case A),
and the second a representation of a typical Swedish
transmission system (denoted Case B).

A. Case Study Systems

The base structure of the two systems is seen in Fig. 3, where
no system specific grid parameters are given. The systems are
made up of a series compensated line between bus A and WF,
and a non-compensated line between bus WF and B. A 200 MW
DFIG wind farm is connected to bus WF, using a generic
PSCAD DFIG wind farm model documented in [11]. A
200 MW PV farm, described later in this paper, is added in
parallel to the wind farm with the aim of damping potential
oscillations occurring due to SSCI. The grid parameters of the
modified IEEE First Benchmark Model (FBM) system were
inspired by those in [4] and are given in [5]. Case A represents
a strong grid, where the compensated line had a compensation
degree of 20%. The parameters of the Case B system are also
given in [5], where line parameters were chosen to represent

typical lines used in the Swedish transmission system. The
compensated line had a compensation degree of 20% and 50%,
for comparison.

A
Csc BRK
N : % | .

410/130 kV

PCC
Base structure of Case A and Case B system (adapted from [5]).

Fig. 3.

B. Impedance Measurement

The impedance of the grid side of the three case studies, i.e.,
Zgria In Fig. 3, was measured with the breaker BRK open, and
with the wind and PV farms disconnected. Since the grid
consisted of passive components only, the built-in frequency
scanner module [12] in PSCAD was used to measure Zg,.;q.
The wind farm impedance Z,., was measured using a
dynamic impedance scan, since the wind farm is a non-linear
system and cannot be measured with a passive impedance scan.
The dynamic impedance scan was implemented as in Fig. 4,
where a voltage perturbation with the frequency of interest is
placed in series with a voltage source of rated system voltage
and frequency. The measurement is repeated for each frequency
of interest, which in this case was 5-45 Hz in steps of 1 Hz
(positive sequence). The amplitude of the voltage perturbation
was set to approximately 0.6% of the rated phase-to-neutral
voltage.

Rated Vol
voltage and o tagg
frequency perturbation

System to be
measured

s \“
1| — vV Measurement
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Fig. 4. Series voltage perturbation.

IV. IMPLEMENTATION OF PV FARM

An overview of the PV farm model is seen in Fig. 5, and a
detailed description of its implementation is given in [5]. The
PV modules, producing a maximum of about 202 kW at
standard test conditions (STC), are connected to a buck-boost
converter which can operate in different modes. The first mode
is the maximum power point tracker (MPPT) mode, the second

out

Pout
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converter _ inverter VOut component
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Fig. 5. Overview of PV farm model.



is a fixed active power setpoint, and the third mode disables
active power output from the PV to allow for the inverter to be
fully utilized as a STATCOM. The inverter model, with
specifications based on a 200 kW transformerless three-phase
three-level inverter from Huawei [13], was implemented using
a neutral-point clamped (NPC) design with space vector
modulation (SVM) control. The inverter is connected to a
transformer through an LCL filter, the output from the
transformer is then scaled by 1000 to model a 200 MW PV
farm. Finally, a second transformer connects the PV farm to the
point of common coupling (PCC) together with the wind farm.

A. Control System

The PV farm control system consists of an outer DC controller
and an inner current controller, further described in [5]. The
voltage Vp. across the DC link capacitance Cp. (see Fig. 5)
controls the reference for the d-component (d-axis aligned with
phase A) of the current I,,;, while the reactive power output
Q.y¢ controls the g-component of I,,.. The active power
output from the PV is controlled by the buck-boost converter,
meaning that the outer DC controller should set the d-axis
current reference such that the charge balance of Cp. is
maintained. The control of active and reactive power is
decoupled in the inner current control loop which outputs the d
and g voltage references for the inverter. The control system,
including its tuning, is described in detail in [5].

B. Damping Functionality

The damping functionality was implemented by adjusting the
reactive power reference, as seen in Fig. 6. When a sub-
synchronous oscillation is detected, the reactive power
reference is switched from a fixed value to a damping signal.
The damping signal is generated by sending the measured
reactive power from the wind farm Q,,q, measured at the
PCC, through a 5 Hz to 45 Hz bandpass filter, then through a
gain block with gain K; and a delay block.
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Fig. 6. Generation of damping signal.

The g-component of the voltage at the PCC was used to detect
sub-synchronous oscillations, with the complete description of
the detection given in [5].

V. RESULTS IN TIME DOMAIN

Time domain simulations with and without the PV-STATCOM
are presented below.

A. Case A

Opening the breaker in Fig. 3 at 1.4 s, leaving the wind farm
radially connected to the series compensated grid, resulted in
the oscillations seen in Fig. 7 (without damping, in blue) at the
PCC (only phase A shown for current and voltage). The current
reached values of about 4 p.u, which could cause disconnection
or damage to equipment. When the PV-STATCOM is included,

it successfully damps the oscillations. Note that prior to the PV
farm going into STATCOM mode, the active power at the PCC
is twice that without the PV farm (since both the wind farm and
PV farm are 200 MW each).
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Fig. 7. Case A with 20% compensation, with (red) and without (blue)
damping from PV farm (breaker opened at 1.4 s).

The active and reactive power at the PCC before and during the
damping, both from the wind farm and PV farm individually,
as well as the sum of the two, are seen in Fig. 8. The oscillations
have a frequency of about 8-9 Hz (both in phase voltage and
current), meaning they are sub-synchronous oscillations. Fast
Fourier Transforms (FFTs) of the undamped phase voltage and
current are given in Fig. 9.
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Fig. 8. Case A wind farm, PV, and PCC active and reactive power before and
after breaker opening (at 1.4 s) with subsequent damping.
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Fig. 9. Waveforms and FFTs of undamped Case A phase voltage (left) and
current (right).



B. Case B

Opening the breaker in Fig. 3 at 1.4 s resulted in the waveforms
seen in Fig. 10 at the PCC. It is seen that both compensation
degrees result in instability, with 50% compensation having
oscillations of a higher amplitude than 20% compensation. In
both cases, the PV farm successfully damps the oscillations.
The frequency of the oscillations (both in phase voltage and
current) was about 10-11 Hz with 20% compensation, and
about 15 Hz with 50% compensation. FFTs of the undamped
phase voltage and current for both compensation degrees are
given in Fig. 11. A frequency component of about 9 Hz is also
visible in the voltage with 50% compensation, but not in the
current.
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Fig. 10. Case B with 50% compensation (left) and 20% compensation (right),
with (red) and without (blue) damping from PV farm (breaker opened at 1.4 s).
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Fig. 11. Waveforms and FFTs of undamped Case B phase voltage (left) and

current (right).

V1. FREQUENCY DOMAIN ANALYSIS

The two cases (A and B) are separately analyzed first using
the reactance crossover method, followed by the Nyquist
criterion.

A. Case A with 20% Compensation

1) Reactance Crossover Criteria
The resistance and reactance of the grid, the wind farm, and the
sum of the two are seen in Fig. 12, where the series resonance

points are marked with dashed lines. A zoomed in version of
the resistances and reactances are seen in Fig. 13. Comparing
the impedances in Fig. 12 and Fig. 13 to the three situations
listed in Section Il. which could imply a risk of SSCI, it is
seen that the criteria for situation b) are fulfilled, since R,,., =
—0.18 Q when Xg,.;q = 0 at about 11.5 Hz. The criteria for
situation c¢) are also fulfilled, since Rg,,, = —0.11Q when
Xsum = 0 at about 10.6 Hz, and Ry, = —26.54 QO when
Xsum = 0 atabout 42 Hz (these are series resonance points, the
parallel resonance points are not considered).
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Fig. 12. Case A resistance and reactance (series resonance points only).
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Fig. 13. Case A resistance and reactance zoomed in around the 10.6 Hz
resonance point.

2) Nyquist Criterion

For the Nyquist criterion analysis, transfer functions of Z,,,
and Zg,q were used (Z,., being approximated by pole and
zero placement). The poles and zeros of Z,.,, Zgq and
Zoum = Zgria t+ Zyeg areseeninFig. 14. The wind turbine and
the grid only have stable poles and zeros (i.e., all are in the
LHP), while the sum of the two transfer functions results in an
unstable zero pair (i.e., in the RHP).
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The comparison between the measured Z,,, and the
approximated version is seen in Fig. 15. The approximated
transfer functions do not give an exact match with the measured
data, but the match is deemed sufficient for the analysis.
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The Nyquist plot of the open-loop transfer function G, is
seen in Fig. 16, where the measured is compared to the
approximated. As described earlier, if G,, is stable, G, is
stable if R(Go,) > —1 when JI(Go,) = 0. The open-loop
Gy, is stable, since it has no poles (nor zeros) in the RHP (as
seen in Fig. 17), meaning that the above condition can be used
to assess stability. By observing Fig. 16 it is evident that the
closed-loop G, is unstable since when J3(G,.) =0,
R(Gy,) < —1. The point —1 4 0j lies to the right of the
Nyquist plot, which also confirms an unstable G.;.

Nyquist plot of G_OL Re(G_OL)

50 T
on 1 11.2 Hz
rig :
60 Approx 40 : Orig
10 : Approx
40 :
E
20
0 -]
-20
0 20 40 10 20 30 40
Re Frequency [Hz]
Nyquist plot of G_OL (zoomed in) 60 Im(G_OL)
' 11.2 Hz
4 50 ' Orig
3 Approx
40
2 30
E E
20
0 10
1 :
Oy
2 : 0
-10
-4 -2 0 2 10 20 30 40
Re Frequency [Hz]

Fig. 16. Case A G, (the point —1 4 0j marked with a yellow dot, and the
unit circle with a purple circle). Zero crossing of J3(G,,) marked with dashed
line.

The poles and zeros of G,, and G, are seen in Fig. 17,
where it is observed that there is an unstable pole pair in G,
with a natural frequency of 9.1 Hz and an oscillatory frequency
(imaginary part of pole) of 9 Hz. This unstable pole pair is the
unstable zero pair seen in Z,,,, in Fig. 14, and is explained by
the fact that the denominator of G¢, is Zgyiq + Zyeg asin(l),
i.e., the zeros of Z,,, correspond to the poles of G.;.
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The natural and oscillatory frequency of the unstable closed-
loop pole pair, as well as the reactance crossover frequencies
(series resonance only) and the actual oscillating frequency
(from the time domain simulation) are shown in TABLE I. The
oscillatory frequency of the unstable G, pole pair
corresponds well to the actual oscillatory frequency.

TABLE |
CASE A FREQUENCY COMPARISON
fsum.. [HZ] (reactance .
st fn of RHP polein G¢p [Hz] (fose Actual
crossover) (approx. value . L
in parenthesis) in parenthesis) fose [HZ]
10.6 (10), 42 (41.9) 9.1(9) 8-9




B. Case B with 20% and 50% Compensation

1) Reactance Crossover Criteria

Using the reactance crossover method on the measured
impedance of the wind farm, the grid, and the sum of the two
for both 20% and 50% compensation degree gives the result
seen in Fig. 18, with a zoomed-in y-axis. As in Case A, there is
a series resonance at about 42 Hz which is not pointed out nor
clearly observable in Fig. 18 due to it looking almost identical
to the one in Case A (since the wind turbine impedance is
dominating at those frequencies). The criteria for situation a)
are not met for neither 20% nor 50% compensation degree,
while the criteria for both situation b) and c) are met. Criteria
for situation b) are met at 12.9 Hz and 20.8 Hz with 20% and
50% compensation, respectively, since X, =0 and
Rytg < 0 at those frequencies. Criteria for situation c) are met
at 12.6 Hz and 41.9 Hz with 20% compensation, and only at
42 Hz with 50% compensation, since X¢ ., = 0 and Rgm <
0 at those frequencies. In the 50% compensation case, the grid
has a series resonance point at about 20.8 Hz, but when adding
Xgria 10 X,q, the total reactance X, does not cross O
around this frequency, but it is close (it is closest at about 22 Hz,
and the corresponding resistance is negative).
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2) Nyquist Criterion
As in Case A, transfer functions of Z,,;; and Z,,., were used
(the wind farm impedance is the same as in Case A). The
measured and approximated Z,,, for both 20% and 50%
compensation degree are compared in Fig. 19. Note that the y-
axes of the resistance and reactance are zoomed in and that the
resonance at about 42 Hz is therefore not clearly observable.
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Fig. 19. Impedance and admittance of Case B sum (grid and wtg): 20%

compensation (red) and 50% compensation (blue). Resonances shown with
dashed vertical lines, with measured resonances in bold.

The poles and zeros of Zg.iq, Zyeg, and Zg,, are given in
Fig. 20, where it is observed that Z,,, has an unstable zero
pair with natural frequency 10.9 Hz and oscillatory frequency
10.7 Hz when the compensation degree is 20%, and an unstable
zero pair with natural frequency 15.5 Hz and oscillatory
frequency 14.8 Hz when the compensation degree is 50%.
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The Nyquist plots of the measured G, for both 20% and 50%
compensation are shown in Fig. 21, where a comparison to the
approximated transfer functions is also given. It is observed that
the Nyquist plot lies to the left of the point —1 + 0j, meaning
an unstable G, , for both 20% and 50% compensation. The
same conclusion is drawn by observing that when J(G,;) = 0,
R(Gy) < —1.
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Fig. 21. Case B G, (the point —1 + 0j marked with a yellow dot, and the
unit circle with a purple circle). Zero crossing of J3(G,,) marked with dashed
line. Measured zero crossing in bold.



The poles and zeros of G,, and G., for 20% and 50%
compensation are shown in Fig. 22, where it is observed that
Gy, is stable, i.e., no RHP poles (nor zeros), for both
compensation degrees. In G, there is an unstable pole pair
with natural frequency 10.9 Hz and oscillation frequency
10.7 Hz for the 20% compensation degree, and with natural
frequency 15.5 Hz and oscillation frequency 14.8 Hz for the
50% compensation degree. As in Case A, the oscillation
frequency of the two unstable pole pairs matches the actual
oscillation frequencies (from the time domain simulations)
well.
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Fig. 22. Case B open-loop and closed-loop poles and zeros.

In TABLE Il the natural and oscillatory frequency of the
unstable closed-loop pole pairs, as well as the reactance
crossover frequencies (series resonance only) and the actual
oscillating frequency (from the time domain simulation) are
listed.

TABLE 11
CASE B FREQUENCY COMPARISON
Comp. fsum,, [HZ] (reactance fn of RHP pole _in Gcr Actual
degree Crossover) (approx. [Hz] (fosc in fosc
value in parenthesis) parenthesis) [Hz]
20% 12.6 (12.2), 41.9 (41.9) 10.9 (10.7) 10-11
Close to 0 at 22 Hz but
50% not crossing, 42 (41.9) 155(14.8) 15

VII. DISCUSSION

This paper has presented three case studies of a DFIG wind
farm connected to a series compensated system, with two of the
case studies being modelled using line configurations typical in
the Swedish transmission system, with different series
compensation degrees. The impedance of the wind farm + grid
has been analyzed for the situation where the two are radially
connected, assessing the risk of SSCI. A PV farm was modelled
and installed at the PCC of the wind farm, aiming to act as a
PV-STATCOM to damp sub-synchronous oscillations.

Two methods were used for the SSCI risk assessment: the
reactance crossover method, and the Nyquist criterion. The
former method, consisting of three criteria, showed that the
criteria for situation c) were met in all cases, since a series
resonance point in Zg,,, with Rg,,,, <0 at about 42 Hz was
present in all cases. However, no oscillations at this frequency
were observed in the time domain voltage or current
waveforms. In Case A and Case B with 20% compensation, the
criteria for situation c) were also met at 10.6 Hz and 12.6 Hz,
respectively, where X, =0 (series resonance only) and
Rg,m < 0. The oscillations in time domain (both in voltage and
current) were of about 8-9 Hz and 10-11 Hz, respectively. It is
worth noting that the apparent series resonance in Z,,, at
42 Hz is driven by the wind turbine, not by the grid, as opposed
to the series resonance at lower frequencies. In Case B with

50% compensation, there were no other series resonance points
(in Zg,,,) except at 42 Hz, but in the time domain simulations
there were undamped current and voltage oscillations of about
15 Hz. The criteria for situation b) were however met at about
20.8 Hz, so even though the reactance crossover method did not
predict the oscillation frequency as precisely as in the other two
cases, it still predicted instability.

The Nyquist criterion was applied to both the measured
impedances and approximated analytical transfer functions.
The approximated transfer function of the wind farm was found
by pole and zero placement, attempting to use as few poles and
zeros as possible while maintaining the basic shape of the
impedance and admittance. Both the measured and
approximated open-loop transfer functions confirmed an
unstable closed-loop transfer function in all cases. The actual
oscillation frequency (in both current and voltage, found by
time domain simulations) matched the oscillation frequency of
the unstable pole pair in G, well. It was observed that the
2eros of Zgym = Zgria + Zweg correspond to the poles of G,
This is closely connected to the reactance crossover criterion,
but it is seen that Zs,, =0 and Ry,, <0 does not
necessarily mean that there will be undamped oscillation at that
frequency. The reactance crossover criterion suggested sub-
synchronous oscillations at about 42 Hz in all cases, but by
analyzing the poles and zeros of Zg,,, itwas observed that this
reactance crossover appears to be caused by a pole with natural
frequency close to 42 Hz (i.e., a zero in G¢;,, meaning it will
not cause instability). Case B with 50% compensation had no
series reactance crossover in Zg,,, except the one at about
42 Hz, but it was close at about 22 Hz. The unstable pole pair
in the corresponding G.; had a larger negative damping than
those in Case A and Case B with 20% compensation, meaning
a bigger difference between natural frequency and oscillation
frequency. This could explain why the (almost) reactance
crossover at about 22 Hz differs more to the actual oscillation
frequency compared to the other two cases.

The reactance crossover at about 42 Hz, appearing in all
studied cases, is driven by the impedance of the turbine model.
This model is a generic DFIG model created by Manitoba
Hydro International, and there are differences to a manufacturer
model. However, the conclusions made in this paper still hold
since it was simply illustrated how the reactance crossover
criterion can sometimes be misleading regarding oscillation
frequency, but that by analyzing the poles and zeros the true
instabilities can be found.

It should be noted that the analytical transfer function of the
wind turbine was approximated based on a measured
impedance between 5-45 Hz. The poles and zeros of Z,,,
might therefore change if the fit is made for a larger frequency
range. The current fit could also have been improved further,
but the focus was on matching the basic shape and not a
complete fit, also due to the uncertainties in the measured
impedance.

In all case studies, the PV farm was able to successfully
damp the sub-synchronous oscillations by acting as a PV-
STATCOM. It should be noted that the impedance of the PV
farm was not taken into consideration, and that when it was



connected to the PCC, the resonance conditions may have been
altered.

VIIl. CONCLUSIONS

In this paper, the risk of SSCI due to a DFIG wind farm
interacting with a series compensated grid was investigated
using two methods: the reactance crossover method, and the
Nyquist criterion. The former indicated that in some cases, there
will be a series resonance of the combined wind farm and grid
impedance at a frequency in the vicinity of the actual oscillation
frequency. In other cases, however, there may be sub-
synchronous oscillations without a reactance crossover (of the
combined wind farm and grid impedance) in the vicinity of the
frequency of the oscillation. The latter method showed that all
studied cases were unstable, since the open-loop transfer
functions were shown to encircle the point —1 + 0j, thus
confirming unstable closed-loop transfer functions. Transfer
functions of the measured impedances showed that in all cases,
there was an unstable pole pair in the closed-loop transfer
function with oscillatory frequency close to the actual
oscillation frequency.

Furthermore, a PV farm was connected in parallel to the
wind farm with the aim of damping sub-synchronous
oscillations due to SSCI, which it succeeded in doing.

The main conclusion from this paper would be a
recommendation to use both the reactance crossover method
and the Nyquist criterion to assess the risk of SSCI. While exact
results might not be obtained, these studies should be seen as a
screening study. To verify, time-domain simulations should be
performed.
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