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Executive summary  

This deliverable presents a methodology for the VSC role assignment of VSC in modern 

power systems. This methodology is based on performance indices and allows the 

study of many GFOL/GFOR combinations for a power system with several converters. 

The indices show both small -signal and transient performance of the system. By 

applying them to several GFOL/GFOR combinations, the most suitable role assignment 

for every  converter can be assessed.   

The methodology has been applied to a POSYTYF scenario. As both small -signal and 

EMT results are needed as inputs of this methodology, both state -space and Simulink 

models have been developed. Transient stability, especially f aults, ha s been found to 

be the most restrictive aspect. After analysing all possible GFOL/GFOR combinations 

for the case study scenario , it has been demonstrated that the best overall system 

performance is achieved when all the converters are operated in GFOR mode.  

The methodology has been developed in MATLAB /SIMULINIK®. The data and script files 

used to apply this methodology have been share d  and are accessible in GitHub as 

part of this deliverable.  
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1 Introduction  

1.1 Objectives  

The objectives of the POSYTYF Task 1.4 related to this deliverable were : 

¶ Definition of a methodology to assign the operating modes for VSCs (e.g. grid -

following, grid -forming) integrated in the power system . 

¶ Application of the proposed methodology in a POSYTYF case scenario.  

These objectives were properly addressed and the results can be found throughout 

th is deliverable.  

 

1.2 Positioning in the overall P OSYTYF project  

Due to the increasing penetration of power electronics -based converters in the power 

system, new stability challenges may arise. Although VSCs have been traditionally 

operated in grid -following mode, in order to overcome potential instability issues, such 

converters could be operated in grid -forming mode. Howev er, it is necessary not only 

to analy se if VSCs in GFOR operation can improve the system performance even in 

scenarios where several converters are connected into the power system, but also if 

such strategy is also valid for different penetration levels of  converter -based 

generation. In this deliverable, a methodology that allows the study of several 

combinations of GFOL/GFOR and the selection of the best solution is introduced. The 

proposed methodology has been applied to a POSYTYF scenario defined in 

Deliverable 1.1  [1] , whereby the GFOL/GFOR combination that provides the best 

system performance response is highlighted . 

 

1.3 Deliverable structure  

This deliverable w as organized as follows:  

In Chapter  2, the methodol ogy to assign GFOL and GFOR roles to all the VSCs present 

in a power system is introduced . This methodology is based on the  performance 

indices [2] , where t he calculation of such indices is also described in this chapter.  

In Chapter 3 , the present ed  methodology is applied to a POSYTYF case scenario , 

specifically to the  scenario 1 defined in Deliverable 1.1 [1] . Such case scenario is used 

to  show the working principle o f the method and the results obtained through it.  

Chapter  4 describes the MATLAB files (data and scripts) that have been used to apply 

the methodology to the POSYTYF scenario.  

Finally, Chapter 5 presents the conclusions of  this deliverable .  
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2 Methodology for VSC role assignment  

In this chapter , the methodology to assign GFOL or GFOR roles to the VSCs in a power 

system is presented. This methodology is based on performance indices  [2] , which are 

obtained from small -signal and transient analysis, provid ing  information about s everal 

variables of the system, such as bus voltages or generatorsõ frequencies. These indices 

gather many information about the system performance, reducing the analysis time 

of the power system engineers, especially  when seve ral cases are evaluated. The 

methodology as well as the particular performance indices  used  are detailed in the 

following sections.  

2.1 Methodology description  

The methodology for VSC role assignment is based on performance indices obtained 

from small -signal a nd transient analysis.  Then, both state -space and non -linea r models 

of the system under study must be built  in order  to execute this methodology. These 

models and their corresponding parameters will be the inputs of the methodology , as 

shown in Figure 1. The methodology follows the next steps:  

1. Power flow calculation: initially, a power flow  calculation  is executed to 

examine the static stability of the system. If the system converges in a stable 

point, the small -signal analysis is c arried out, using the values obtained from the 

power flow analysis.  

2. Small -signal analysis:  this analysis allows to consider dynamic restrictions of the 

system. The analysis is based on the poles and participation factors of the 

system. If the system is sta ble, the transient analysis is executed.  

3. Transient analysis: this final step allows to examine large disturbances that can 

be found in the system, such as  faults or generators disconnections.  

 

Figure 1. Flowchart of the methodology to assign GFOL and GFOR roles to VSCs 
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 Small-signal analysis  

The small-signal analysis is based on the system poles and participation factors. The 

participation factor s allow to identify which variables participate in every mode  [3] . In 

this document, a minimum participation of 0.3 has been set to considered that a 

variable participates in a mode  [4] . 

Three indices ha ve  been defined to represent the small -signal performance of the 

system: 

1. Damping index  (DI): this index represents the minimum damping of the differ ent 

elements involved in the system. In this case, it has been used to show the 

minimum damping of SGs and VSCs separately. Then, the DI can be calculated 

as follows:  

ὈὍ ρ ÍÉÎ‚ ȟȣȟ‚          ᶅὭɴ ρȟὲ  (1) 

ὈὍ ρ άὭὲ‚ ȟȣȟ‚       ᶅὮɴ ρȟὲ  (2) 

 

Where ὲ and ὲ a re the number of synchronous generators and VSC, 

respectively, found in the system  and ὓ is the number of poles.  

2. Interaction Index (InI): this index shows the presence of interactions in the 

system. In order to identify interactions, the maximum participa tion factor (PF) 

of every element is identified for every mode.  In this document, interactions 

between two SGs, between two VSCs and between one SG and one VSC have 

been analysed. Then, three  ╘▪╘ has been defined as follows:  

 

ὍὲὍ ÍÁØÍÁØὖὊ ÍÁØὖὊ    

ὭᶅȟὭᶰρȟὲ ȟᶅάᶰρȟὓ  

(3) 

ὍὲὍ άὥὼάὥὼὖὊ άὥὼὖὊ  

ὮᶅȟὮᶰρȟὲ ȟᶅάᶰρȟὓ        

(4) 

ὍὲὍ άὥὼάὥὼὖὊ άὥὼὖὊ

 
 

Ὥᶅɴ ρȟὲ ȟᶅὮɴ ρȟὲ ȟᶅάᶰρȟὓ  

(5) 
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3. Risky interaction index (RInI): this index evaluates the negative interactions of 

the system which can decrease  the system stability. The damping ratio is 

included to  the  ╘▪╘ calculation in order to include the risk of instability for the 

interactions. Therefore , the ╡╘▪╘ is calculated as follows:  

ὙὍὲὍ ÍÁØρ ‚ ÍÁØὖὊ ÍÁØὖὊ    

ὭᶅȟὭᶰρȟὲ ȟᶅάᶰρȟὓ  

(6) 

ὙὍὲὍ άὥὼρ ‚ άὥὼὖὊ άὥὼὖὊ    

ὮᶅȟὮᶰρȟὲ ȟᶅάᶰρȟὓ   

(7) 

ὙὍὲὍ άὥὼρ ‚ άὥὼὖὊ άὥὼὖὊ   

Ὥᶅɴ ρȟὲ ȟᶅὮɴ ρȟὲ ȟᶅάᶰρȟὓ  

(8) 

 

  Transient analysis   

Time-domain simulation s are the most accurate method to assess stability of a power 

system. Additionally, it allows the analysis of transient e vents, such as faults or SG 

disconnections. Five more indices have been defined, which are calculated from 

time -domain simulations as follows:  

4. Dynamic Generator Angle Index (DGAI): this index evaluates the maximum 

rotor angle among all SGs of the system to  identify if any of them loses 

synchronism. DGAI is calculated as follows:  

ὈὋὃὍ
ÍÁØ‏ ȟȣȟ‏

‏
‏     ωπᶼ     (9) 

 

5.  Dynamic Voltage Index (DVI):  this index shows the maximum voltage deviation 

found for the ▪╫ buses of the system. It is calculated  as: 

ὈὠὍ
ÍÁØȿρ ὺȿȟȣȟȿρ ὺ ȿ

ɝὺ
    ɝὺ πȢρ ÐÕ     (10) 

6. Frequency Derivative Index (FDI):  it represents the maximum ROCOF of the SGs 

in the system. The ROCOF has been calculated using a t ime window of 500 ms 

[5] [6] . The maximum admissible ROCOF set in this document is 1 Hz/s, which 

corresponds to the actual value used in isolated system like Ireland [5]  and UK  

[6] . The FDI is calculated as follows:  

ὊὈὍ
ÍÁØȿɝὪ ȿȾὨὸȟȣȟɝὪ ȾὨὸ

ȿɝὪ ȿȾὨὸ
    ȿɝὪ ȿȾὨὸ ρ (ÚȾÓ     (11) 
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7. Maximum Frequency Deviation Index ( MFDI): the MFDI evaluates the maximum 

frequency deviation  suffered by the SGs. A maximum admissible deviation of 1 

Hz has been  considered.   

ὓὊὈὍ
ÍÁØȿɝὪ ȿȟȣȟɝὪ

ȿɝὪ ȿ
    ȿɝὪ ȿ ρ (Ú     (12) 

 

8. Converter Synchronization Index (CSI):  it is equivalent to the MFDI for SGs, but 

applied to converters, showing  if any of the converters has lost synchronism. It 

is calculated as:  

ὅὛὍ
ÍÁØȿɝὪ ȿȟȣȟɝὪ

ȿɝὪ ȿ
    ȿɝὪ ȿ ρ (Ú     (13) 

 

2.2 Role assignment  

Evaluating the previous small -signal a nd transient indices for a particular system can 

provide the best GFOL/GFOR mode assignment  for  the VSCs connected to  the grid. It 

should be noted that all indices have been normalized , so low values are referred to 

safe operation while values higher than 1 referred to unstable operational points or 

operation beyond the limits, e.g.  higher ROCOF than the admissible  value. Therefore, 

appl ying  these  indices to all possible GFOL/GFOR combinations can provide the best 

role for every converter. This methodology is applied to the Scenario 1 defined in 

Deliverable 1.1 of POSYTYF project [1] . 
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3 Application to  the  POSYTYF system  

The presented  methodology to assign GFOL or GFOR operati on to converters has 

been applied to the Scenario 1 defined in the Deliverable 1. 1 of POSYTYF project [1] . 

In the following sections, this scenario is briefly described and t he results are presented . 
 

3.1 System descr iption  and modelling  

The system under study corresponds to the Scenario 1  defined in the Deliverable 1.1 of 

POSYTYF project [1] , which is shown in Figure 2. It consists in two SGs, two PV power 

plants and two wind power plants. Therefore, the system has two SG -based generation 

units and four VSC -based generation units. The operational point studied corresponds 

to a total load demand of 520 MVA with a power factor of 0.95. The generation is 

distributed as shown in Table 1.  

 

Figure 2. System under study: Scenario 1 

 

Table 1. Generation distribution 

Parameter  Symbol  Value  Units 

SG1 active power  ὖ  112 MW 

SG2 active power  ὖ  100 MW 

VSC1 active power  ὖ  90 MW 

VSC2 active power  ὖ  40 MW 

VSC3 active power  ὖ  100 MW 

VSC4 active power  ὖ  80 MW 
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 SG modelling  

The synchronous  generat ors are  model led using a round rotor machine and the 

associated control. This machine control is composed by the IEEE AC 4A exciter with 

Power System Stabilizer (PSS), a classical proportional governor and turbine dynamics.  

The complete linear model of the SG generatio n is composed by 16 states, which are 

the following:  

¶ Turbine dynamics: modelled as a lead -lag filter and a first -order functions, 

leading to two stat es (▌▫○ȟ▌▫○). 

¶ Exciter: IEEE AC4A exciter is also composed by a lead -lag and first -order filters, 

also leading to two stat es (▄●╬ȟ▄●╬). 

¶ Power system stabilizer: the PSS adds five more states to the system 

(▬▼▼ȟ▬▼▼ȟ▬▼▼ȟ▬▼▼ȟ▬▼▼). 

¶ Electrical machine: the currents in the stator (░▼
▲
ȟ░▼
▀), field (░█▀) and damper 

windings ( ░▓
▀ȟ░▓
▲

, ░▓
▲

) corresponds to six states . 

¶ Mechanical dynamics: the frequency of the machine corresponds to one state  

(ⱷȢ 

¶ Angle difference respect to slack: in case the SG is not the slack, an additional 

state is considered to include the angle difference respect to the reference 

(◕Ᵽ). 

Considering the previous states, the total sta tes of SG1, which is considered as slack) 

and SG2 are:  

ὼ ὫέὺȟὫέὺȟὩὼὧȟὩὼὧȟὴίίȟὴίίȟὴίίȟὴίίȟὴίίȟὭȟὭȟὭȟὭȟὭȟὭȟ‫  (14) 

ὼ ὫέὺȟὫέὺȟὩὼὧȟὩὼὧȟὴίίȟὴίίȟὴίίȟὴίίȟὴίίȟὭȟὭȟὭȟὭȟὭȟὭȟ‫ȟῳ— (15) 

 

  VSC-GFOL modelling  

The grid -following operation has been modelled as PQ mode , in which the converter 

control consists of  cascaded controllers. The internal control corresponds to the 

current control , which is based in PI regulators expressed in the ήὨ reference frame.  

Whereas, t he outer loops regulate P and Q  and they are also based on PI controllers . 

Grid support loops  (frequency and voltage droops)  have also been implemente d, 

which generate the references for the P and Q controllers. The  final control strategy  is 

shown in Figure 3. 

The linear model of the VSC in GFOL operation is composed by 10 states:  

ὼ ὭȟὭȟὍὅȟὍὅȟὖὅȟὗὅȟὪ ȟὠ ȟὴὰὰȟὴὰὰ
ἢ
 (16) 

Where Ὥ and Ὥ are the converter ήὨ currents, Ὅὅ  and Ὅὅ  are the stat es of the current 

control, ὖὅ and ὗὅ are the states of the P and Q regulators, Ὢ  and ὠ  are the state 

of the filters of the frequency and voltage in the droops and ὴὰὰ and ὴὰὰ are the two 

states of the PLL.  
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Figure 3. Grid-following operation  

 

  VSC-GFOR modelling  

The grid-forming operation is based on cascaded current and voltage controllers. Both 

loops are expressed in the ήὨ reference frame. The synchronization loop is based on a 

P/f dr oop, which provides the internal frequency of the converter Ὢ  and the angle 

for the control —. Additionally, a V/Q droop control is also included, which modifies 

the reference of the voltage c ontrol. It should be noted that the droop contro ls in 

GFOL and GFOR control can be designed to have the same static characteristic.  The 

scheme of the GFOR control is shown in Figure 4.  

The linear model of the VSC in GFOR operation is composed by 11 states:  

ὼ ὭȟὭȟὺ ȟὺ ὍὅȟὍὅȟὠὅȟὠὅȟὖ ȟɝ—ȟὗ
ἢ
 (17) 

Where ὺ  and ὺ  are the ήὨ voltages at the point of connection, ὠὅ  and ὠὅ  are 

the states of the voltage control, ὖ  and ὗ  are the state of the filters of the active 

and reactive power in the droops and ɝ— is the angle difference respect to the 

reference.  
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Figure 4. Grid-forming operation 

 

  Complete state -space model  

The complete state -space model is composed by a total of 125 -129 states, depending 

on the operation model of the converters.  The state space model of the grid has 52 

states, including transformer  currents , line currents, bus voltages and load currents. A 

simplified block diagram of the complete state -space model is shown in Figure 5. 

 

 

Figure 5. Block scheme of the Scenario 1 state-space model   
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3.2 Applicatio n of the methodology  to Scenario 1  

The methodology presented in Chapter 2  has been applied to the Scenario 1. This 

scenario presents four VSCs, which can be operated in GFOL or GFOR operation. In 

order to assess the role assignment  which provides the best performance for the 

system, all 16 combinations have been evaluated. The 16 cases tested are 

summarised in Table 2.  

Table 2. All possible cases assigning GFOL or GFOR roles to VSCs in Scenario 1 

Case  VSC1 VSC2 VSC3 VSC4 

1 GFOL GFOL GFOL GFOL 

2 GFOR GFOL GFOL GFOL 

3 GFOL GFOR GFOL GFOL 

4 GFOL GFOL GFOR GFOL 

5 GFOL GFOL GFOL GFOR 

6 GFOR GFOR GFOL GFOL 

7 GFOR GFOL GFOR GFOL 

8 GFOR GFOL GFOL GFOR 

9 GFOL GFOR GFOR GFOL 

10 GFOL GFOR GFOL GFOR 

11 GFOL GFOL GFOR GFOR 

12 GFOR GFOR GFOR GFOL 

13 GFOR GFOR GFOL GFOR 

14 GFOR GFOL GFOR GFOR 

15 GFOL GFOR GFOR GFOR 

16 GFOR GFOR GFOR GFOR 

 

The disturbances considered for the transient analysis are faults in every bus of the 

system and the disconnection of the  6 generation units separately. Therefore, 13 

different disturbances ha ve  been tested, consisting of 7 faults and 6 disconnections 

for every case,  leading to a total of 208 simulations.  

To exemplify the results obtained for every case, the following subsec tions show the 

small-signal and transient results of Case 16. T o exemplify t he system operation  of 

different cases, the results of several  cases can be found in  Appendix A: Small -signal 

results and  Appendix B: Transient results . 

 Small-signal results of Case 16  

Case 16 corresponds to all VSCs operating in GFOR mode.  Therefore, a total of 129 

poles are found in the system. The frequency and damping ratio of the 129 poles are 

shown in Figure 6. Figure 7 shows the participation factor matrix, which has been 

represented using a grey scale, where black is related to high participation and white 

to low participation. Combining both pole and participation factors, the  indices 

defined in S ubsection 2.1.1 can be calculated for this case : 

ὈὍ πȢωπρρ           ὈὍ πȢωστυ 

ὈὍ πȢυωσρ           ὈὍ πȢυψψτ         ὈὍ πȢυωσρ        ὈὍ πȢυψψτ 
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ὍὲὍ πȢωωσπ             ὍὲὍ πȢωωπφ           ὍὲὍ πȢττρρ 

ὙὍὲὍ πȢςψςψ             ὙὍὲὍ πȢςχρς           ὙὍὲὍ πȢρχπψ 

 

These indices show a stable system, i.e. all DI are below 1, which corresponds to 

po sitive damping . Strong interactions between SGs and between VSC are found. This 

can be observed in the high values of ὍὲὍ  and ὍὲὍ , which are very close to 1. 

However, the interactions between SG and VSC are not very strong, as ὍὲὍ  is 

equal to 0.4411. Despite these strong interactions , the risk of instability is very low, as 

shown by ὙὍὲὍ. 

 

 

Figure 6. Pole characteristics of Case 16 
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Figure 7. Participation factor matrix of Case 1 
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 Transient results of Case 16  

All the  16 disturbances,  7 faults and 6 disconnections, ha ve  been applied to each  

case. In order to exemplify how the transient indices are calculated, only fault at bus 

5 (see Figure 8), which corresponds to the terminals of the VSC with higher rating, and 

SG1 disco nnection  (see Figure 9) are  shown  in this Subsection . Additional results of 

several cases are presented in Appendix B: Transient results . 

In order to evaluate the stability of the faults , the indices have been calculated after 

t = 2 s, when the system tends to recovery in case of stability . In case of instability, the 

main magnitudes of the system are already out of proper limits.  Table 3 shows the 

transient indices for the fault at B5 and the SG1 disconnection. It is observed that both 

cases are stable. This is confirmed in Figure 8 and Figure 9, which show the results of 

fault at B5 and SG1 disconnection respectively.  However, FDI for the fault is higher than 

1, which correspond to a high ROCOF of  one of the SGs. It is observed in  Figure 8 that 

SG2 frequency pre sents large oscillations, leading also to large ROCOFs. The voltage 

recovers properly for both cases. For the SG1 disconnection, the frequency deviation 

is very reduced even after removing two thirds of the system inertia and around 20% 

of the total genera tion.  

Table 3. Example of transient indices for Case 16 

Index  Fault at B5 SG1 disc.  

DGAI  0.328 0.323 

DVI 0.194 0.561 

FDI 1.427 0.124 

MFDI 0.337 0.070 

CSI 0.053 0.060 
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Figure 8. Fault at bus 7 for Case 16 

 

Figure 9. Disconnection of SG1 for Case 16 
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  Role assignment using indices  

Small-signal  and transient indices have been applied to the  all the possible GFOL -

GFOR combinations, i.e. the 16 cases shown in Table 2. The corresponding results have 

been represented in a matrix form using a three -color based code, as shown  in Figure 

10. The indices depicted in green correspond to stable indices, yellow  and clear 

orange  represent indi ces close to instability or operational limit excess, dark orange 

corresponds to operational limit violations and red represent unstable cases.  

Regarding small -signal indices, they show stable operation for all cases. The minimum 

damping of the SG is redu ced, as it is observed in ὈὍ , which is depicted in clear 

orange for all cases. ὍὲὍ also reveals strong interactions for all cases, especially 

between VSCs. The introduction of GFOR converters help to reduce the interaction 

between SGs and VSCs (see ὍὲὍ ), which are stronger for Case 1 (all VSC 

operating in GFOL) compared to Case 16 (all VSCs operating in GFOR). GFOR 

operation also improve the damping of SG interactions, as it can be observed in 

ὙὍὲὍ . 

Considering transi ent indices for disconnections of generation units, the SG1 

disconnection is unstable for all cases except Case 16 (all GFOR). The rest of the cases 

are stable and the response is within operational limits. However, Case 16 provides 

better results, especia lly related to the voltage, where many yellow and clear orange 

can be found for cases with three or four GFOL converters.  

The management  of faults in the system clearly presents better performance for  GFOR 

mode compared to GFOL mode . In GFOL mode, m any cas es are found to be 

unstable, which are depicted in red. Cases 1, 2 and 3 are unstable for all the faults 

applied. Introducing GFOR converters allows the system to be stable for more faults. 

However, when the fault is applied to bus 4, all the cases are uns table except Case 

16. Analogously to disconnection, only Case 16 can outstand all the faults applied in 

the system.  

Considering previous small -signal and transient indices, it is clear that the only case 

that provide the best performance to every disturba nce applied to the system is Case 

16. Therefore, the preferred option to operate this Scenario 1 with the operational point 

tested is to assign grid -forming operation to all converters, as this operation mode 

shows superior performance for transient events . 
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Figure 10. Small-signal and transient indices applied to the 16 Cases 
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4 MATLAB files  

The MATLAB scripts that calculate the indices from small -signal and transient results 

can be found in the fo llow ing link : 

https://drive.google.com/file/d/1G -VJNsT9jPSIo2oWChuui2lp2BODKOUX/view?usp=sharing   

This repository also includes all the data related to small -signal and transient results. The 

small-signal results are saved in the file ôSmall_Signal_results.matõ, and include the state 

names of the complete state -space model, the poles, the damping ratio and 

participation factors for every pole  for the 16 cases , as shown in Figure 11. 

 

Figure 11. Small-signal results 

The transient results are saved independently for every simulation  in the two folders 

ôDisconnection_results õ and ôFault_resultsõ, as shown in Figure 12. 

https://drive.google.com/file/d/1G-VJNsT9jPSIo2oWChuui2lp2BODKOUX/view?usp=sharing
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Figure 12. Data files corresponding to transient simulation results 

 

The indices described in Section 2.1 are applied to this data in MATLAB scripts 

ôSS_indices.mõ, ôTrans_indices_disc.mõ and ôTrans_indices_flt.m õ. These scripts generate 

the files ôSmall_signal_indices.mat õ, ôTrans_indices_disc.m atõ and 

ôTrans_indices_flts.matõ, which are used in ôplot_index_matrix.mõ to generate the index 

matrix shown in Figure 10, providing  the full overview of the system performance for 

every case.   
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5 Conclusions  

This deliverable introduced an index -based methodology that  ca n be used to assign 

the role of the different VSCs connected into the same power system . This 

methodology includes sma ll-signal and transient indices, which allow to have an 

overview of the system performance.  

In Chapter  2, the proposed methodology is presented, in which t he indices and their 

expressions are also detailed. In order to enhance the analysis time, all the in dices are 

normalized and, based on their values, a decision regarding the best converter role 

assignment can be reach.  

In Chapter  3, the methodology has been applied to a POSYTYF scenario. In particular, 

the Scenario 1 is described. The indices introduced in Chapter 2 are calculated for this 

specific scenario for all the possible GFOL/GFOR combinations. The system presents 

four VSCs, leading to a total of 16 cases. For each  case, faults in all the different buses 

and the disconnection of every generation un it, done one at a time,  have  been tested 

as transient disturbances ; totalizing  208 simulation s. Based on the indices, the 

combination that provides the best performance of the system is Case 16, where all 

the VSC s operate in GFOR mode.  

Finally, Chapter  4 introduced the MATLAB files that which have been used to apply 

the methodology to this Scenario 1 . 

The methodology presented in this deliverable can be applied to any power system. 

The indices may be adapted to the particular characteristic of the studied s cenario, 

but the methodology itself can be scalable to any power system.   
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7 Appendix A: Small -signal results 

7.1 Case  1 
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7.2 Case 3 
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7.3 Case  4 
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7.4 Case  7 
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7.5 Case  11 
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7.6 Case  16 
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8 Appendix B: Transient results  

8.1 Case  1 
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