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Research Methodology

1. Various issue of stability of power system with wind power from the field is
studied and segregated in different types of stability i.e. Voltage Stability,
Harmonic Stability, Small Signal Stability

2. The problem related with harmonic stability is studied for understanding the
nature of the problem, symptoms, root cause etc. . .

3. The harmonics spectrum of different types of Wind Turbines are studied.

4. Different types of wind farm layout are studied. The sample network is selected
for analysis purpose.

5. Different methods of harmonic analysis are studies along with their advantages
and disadvantages. The Eigenvalue analysis of modal analysis is selected based
on its merits.

6. Using modal analysis the network is analysed and optimized filter is designed.
The effectiveness of designed filter is evaluated using actual harmonic spectrum
of two different makes of wind turbines.

7. The impact of output filter and structure of PLL is also studied for evaluating
its impact on stability of wind turbine.

8. Various statistical methods are compared. Based on the results of compari-
son, different Point Estimation based methods and Latin Hypercube Sampling
methods are selected for carrying out analysis. Also, different PDF (Proba-
bility Distribution Function) estimation methods are selected to estimate the
voltage PDF.

9. The IEEE standard 12 – Bus Radial network and 39 – Bus system is used to
carry out the analysis.

10. The effect of variation of different power system parameters on Doubly Fed
Induction Generator is analysed using probabilistic Small Signal Analysis. In
this method, the problem of small signal analysis is repeatedly carried out at
the selected points. The selected points are decided using the Latin Hypercube
Sampling method. Based on the result of analysis, the probability that DFIG
remain stable under varying power system parameters are calculated.
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Key Findings

1. The harmonic stability is strongly associated with the strength of the network,
at the point where wind turbines are connected, and also on the harmonic
spectrum of the Wind Turbine.

2. The harmonic problem can be due to the network incompatibility or due to
the inappropriate control structure of the wind turbine.

3. The improvement or degradation in voltage profile depends on the network
strength at which the Wind Turbine or Wind Farm is connected.

4. The two point estimation is very effective as compared to other point estima-
tion methods. Similarly, the Latin Hyper Cube Sampling (median) is better
than the Latin Hyper Cube Sampling (random). Further, the Latin Hypercube
Sampling method is grossly effective in simplicity and accuracy.

5. The fourth order PDF approximation method gives better and consistent error
as compared to other methods of PDF approximation.

6. The structure of controller of Wind Turbine is very critical from stability point
of view.

7. The deterministic method of small signal stability is not sufficient and prob-
abilistic method are better for predicting the stability of wind turbine under
different operating conditions.

8. Grid code compliance can be achieved with properly selected decoupled con-
troller structure and controller parameters.

9. Negatively correlated wind sources are effective in maintaining the stable volt-
age profile
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Conclusion

In this work, the three aspects of stability; voltage stability, harmonic stability and
small signal stability, is analysed. The different cases are studied and results are
evaluated in depth. The gist of all results and conclusion are given here. The steady
state voltage stability is an important aspects of power system with renewable energy
sources. The probabilistic approach should be followed, during the planning stage
and also during routine unit commitment, to put check on the voltage instability.

As the renewable energy will contribute more and more in future, the voltage in-
stability is likely to creep in to the system and may affect the whole power system.
In this work, from simple approach for single system to complex approach using
statistical estimation methods are given. Different statistical approaches are com-
pared and the balanced approach has been suggested for practical use. The point
estimation is used to reduce the computational burden and still holding accuracy.
This approach is sampling based and applied before core analysis. The problem
with point estimation is that, it requires large data to compute the cummulants and
moments. Also, this method doesn’t guarantee the stability with increased number
of variables. Also, with multipoint estimation, the accuracy should get improved,
but it is found that accuracy is negatively affected. In this regard, the Latin Hy-
percube Sampling approach is very balance. This method gives very accurate first
moment (µ) and very consistent second moment (σ). The error in calculation in
second moment is on the higher side as compared to point estimation, but it is still
satisfying as the result shows consistency of 12 % to 15 % in error. The impor-
tant point, which should be kept in mind is that, the data points required for point
estimation is 1000, whereas the LHS requires very few samples (10 samples). In
probability estimation, various methods like gram - charlier expansion, exact series
expansion and several approximation is examined for accuracy. It is found that
second approximation works well and gives good consistency. The gram charlier
expansion is very conservation and overlooks the accuracy to uphold the stability
or series convergence. The estimation and series expansion method can be used in
combination to achieve the best result. The LHS and Second Approximation (SA)
is good combination, which can estimate non-normal variable accurately with small
sample size.

The variability of wind power definitely induce the variability in voltages at var-
ious buses. The higher the share of uncertain sources, larger will be the variability.
Also, it is found that the variability in voltage gets affected by the correlation be-
tween different wind sources. Negatively correlated wind sources helps in maintain-
ing the voltage stability. Also, the system strength (short circuit capacity) affects
the voltage stability. The placement of wind sources also plays important role in
determining the voltage stability. The wind sources shall be placed in the system,
where the system strength is high. The second important aspect, which studied in

13



this work, is harmonic stability. The harmonic stability is a derived word and it
is not found in any literature so far studied. The reason behind using this word is
to imply that the stability of power system gets affected by harmonic level in the
power system. The new technologies of wind turbines are mostly based on power
electronic converters. The power electronic converters generate harmonics. As the
number of WTGs in power system is increasing, the harmonic level definitely get
affected. And first, it will affect the individual WTG and consequentially the entire
power system will get affected. Traditionally, harmonic problems are related with
the power quality. But, in this work, it is related with stability.

To study the harmonic stability and find optimal solution, different methods
are studied and modal analysis is selected based on merits, mainly considering its
simplicity and effectiveness. Till now, the modal analysis has been applied for
determination of harmonic resonance only. However, in this work, it is taken further
for determining the root cause of harmonic resonance and designing the optimal
solution.

Different WTGs have, different harmonic spectrum. So, any WTG cannot be
connected at any location in the power system. The system strength and harmonic
spectrum of WTG shall be checked before placement of any WTG. Using actual
spectrum of two different WTG, it is explained that, how one WTG is suitable and
another is not for connecting to a given location.

The third and important aspect studied in this work is small signal stability.
The Small signal stability of WTG gets affected by different parameters of power
system and it is studied using probabilistic approach. The single point small signal
stability of WTG is not useful with uncertain wind and many other variables in
power system. On the other side, multipoint small signal stability requires many
computation and hence will be time consuming and shall not be appropriate for
many optimization techniques. The balance can be achieved by using probabilistic
analysis. The proposed method based on LHS is less computational intensive and
can be used for fast evaluation of stability. It is demonstrated that the variation in
different parameters may affect the small signal stability of WTG. It is difficult to
predict the stability with single point calculation. Here, the simple and effective way
of analysis has been given to carry out probabilistic small signal stability analysis.

Finally, the simulation is carried out using EMTP to show the compliance to grid
code related to LVRT. In this simulation it is shown that, the decoupled control is
effective in successful in riding through of fault.
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Suggestions/Recommendations

1. Single point stability is not appropriate for hybrid power system. Probabilis-
tic/Stochastic analysis is more appropriate for variable wind power stability
analysis.

2. Probabilistic stability analysis should be carried out at the planning stage of
wind power to avoid issues later in operation stage.

3. Wind Turbine Generator (WTG) should be selected with minimum possible
harmonic emission.

4. The WTG should be placed in the network where the strength of network is
high.

5. Any WTG cannot be connected at any location in the power system. The sys-
tem strength and harmonic spectrum of WTG shall be checked before place-
ment of any WTG.

6. The reactive power planning is very important for ascertaining the voltage
stability of power system with high penetration of wind power.

7. LHS based probabilistic analysis should be used for fast evaluation of stability
of wind power based power system.

8. The grid code compliance shall be checked at the system planning stage so
that suitable WTG can be selected.

9. The control structure is traditionally selected based on the small signal sta-
bility analysis. However, the harmonic stability is also important and shall be
considered while selecting control structure and control parameters.

10. The output filter of WTG is also important and shall be selected based on the
harmonic stability analysis.
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