
 

1 (22) 
Informationsklass: K1 

 
 

  
 

 

Ehsan Behrouzian Ehsan.Behrouzian@svk.se 
Frida Nordlund Frida.Nordlund@svk.se  

2026-03-24  Version 0 

PSCAD ZY-Toolbox Manual for RfG 

1 Introduction 

Welcome to the User Manual for the PSCAD ZY-Toolbox library, designed 

specifically for grid code compliance within the framework of the 

Requirements for Generators (RfG) in Sweden. This library is tailored to 

assist any grid-connected party (connectee) in meeting the technical 

standards necessary for connecting their plant to the Swedish power grid. 

A key initial step for any connectee seeking grid connection is the 

extraction of both self and coupling (small-signal) impedances/admittances 

of their plant. Accurate impedance/admittance data is crucial, as it forms 

the foundation for subsequent stability assessments and ensures that the 

plant will not adversely affect the operation of the wider power system. 

The PSCAD ZY-Toolbox library streamlines this process by providing a 

structured and user-friendly environment for performing admittance 

measurements using a so called- frequency scan. This manual will guide 

the users through the complete workflow, including: 

• Background: An introduction to the frequency scan technique and 

impedance definitions. 

• Toolbox contents: An overview of the files provided together with 

the ZY-Toolbox library. 

• Library setup: How to integrate the library into PSCAD 

environment. 

• Case setup: How to integrate the plant model into PSCAD case. 

• Parameter settings: Detailed explanation of all user-adjustable 

parameters. 

• Screening process: Step-by-step instructions for running 

simulations and screening the required data. 
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• Reporting of results: Guidance on post-processing and using the 

provided template to document admittance data as part of grid code 

compliance in the grid-connection process.  

Step‑by‑step instructions for configuring and using the ZY‑Toolbox in 

PSCAD are provided in Sections 5-9. However, the manual is 

recommended to be read in its entirety. 

Please note that while this manual covers the extraction of admittance data, 

the subsequent use of this data for grid stability assessment is outside the 

scope of both the library and this manual. For further guidance on 

assessing converter driven stability from frequency dependent admittance 

data, please see the document Vägledning omriktarstabilitet_v2.1 available 

within the toolbox bundle. 

2 Background 

2.1 Frequency scan 

The PSCAD ZY-Toolbox performs a frequency scan to extract frequency-

dependent admittance data of a grid connected plant. The frequency scan 

typically needs to cover the range 1–2500 Hz to capture relevant behaviors 

and dynamic characteristics. The scan is conducted in time domain using 

electromagnetic transient (EMT) simulation. 

During the scan, the toolbox applies small single-tone voltage perturbations 

in series with an ideal grid voltage source contained within the Toolbox. For 

each perturbation frequency 𝑓𝑝, the voltage perturbation must be injected 

separately in positive and negative sequence.  

The resulting current response is measured, with current defined as 

positive when flowing towards the plant. The steady-state time-domain 

signals are processed using the Discrete Fourier Transform (DFT) to 

extract the voltage and current components at the perturbation frequency. 

Note: Positive current is defined as directed into the investigated plant in 

the impedance definition. Accordingly, positive power flow is also towards 

the plant, defining power consumption as positive and power production as 

negative. 

2.2 Impedance definition 

Four impedances describe the grid connected plant. 
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The extracted DFT components of the perturbation signals, 𝑣𝑝(𝑓𝑝), 𝑣𝑛(𝑓𝑝), 

𝑖𝑎̂(𝑓𝑝), represent the positive-sequence voltage perturbation, negative-

sequence voltage perturbation, and the measured current response of the 

plant respectively. From these quantities, the small-signal impedances are 

defined. 

The small-signal impedances describe the relationship between an injected 

voltage perturbation to the resulting current response at a given frequency. 

The positive-sequence self-impedance 𝑍𝑎𝑝 and the negative sequence self-

impedance 𝑍𝑎𝑛 relate the perturbation in each sequence at perturbation 

frequency 𝑓𝑝 to the current response at the same frequency 𝑓𝑝. The 

positive-sequence coupling impedance 𝑍𝑐𝑝 and negative-sequence 

coupling impedance 𝑍𝑐𝑛 relate the perturbation in one sequence to the 

current response in the opposite sequence at the shifted frequency 𝑓𝑝 ±

2𝑓1, capturing the frequency coupling between the sequences. 

The self and coupling impedances in positive and negative sequence are 

defined as 

𝑍𝑎𝑝 =
𝑣𝑝(𝑓𝑝)

𝑖𝑎̂(𝑓𝑝)
, 𝑍𝑎𝑛 =

𝑣𝑛(𝑓𝑝)

𝑖̂𝑎(𝑓𝑝)
, 𝑍𝑐𝑝 =

𝑣𝑝(𝑓𝑝)

𝑖𝑎̂(𝑓𝑝 − 2𝑓1)
, 𝑍𝑐𝑛 =

𝑣𝑛(𝑓𝑝)

𝑖̂𝑎(𝑓𝑝 + 2𝑓1)
     (1)   

where 𝑓1 denotes the fundamental grid frequency. 

For further information on coupling impedances and frequency coupling, 

please see the document Vägledning för omriktarstabilitet_v2.1. 

Although the quantities above are expressed in terms of impedance as 

commonly used in converter–grid interaction and stability analysis, the 

PSCAD ZY-Toolbox reports the results as admittance. The corresponding 

impedance can be obtained as the inverse of the admittance. 

3 Toolbox bundle contents 

The complete ZY Toolbox bundle is made up of the folders as seen in 

Figure 1. The folder Automatisering contains a file that automates the 

frequency scan method, Toolbox the PSCAD library and resource file, 

Dokumentation this manual and an Excel template for reporting of results, 

and Interaktionsstudier contains further guidance on assessing converter 

driven stability as well as any other requirements. 



 

4 (22) 

 

 

Figure 1: ZY-Toolbox bundle contents. 

4 Compatibility overview 

The PSCAD ZY-Toolbox library is compatible with PSCAD Version 5.0+ 

and any compiler.  

An execution file (.exe), also referred to as an application, is provided along 

with the library. Instructions for using the execution file are included in this 

user manual. To be able to use the execution file, please ensure that all 

required automation packages, such as the PSCAD Automation Library, 

are installed. The distributed executable file is a Windows-only build and 

can be run on Windows systems. Native executables for other operating 

systems are not included in the Toolbox bundle. 

5 Library setup 

To set up the library, follow these steps: 

1. Open the folder Toolbox containing the library and its associated files. 

Figure 2 illustrates the folder contents. 

 

Figure 2: Toolbox folder contents. 

2. Locate the file named ZY_Toolbox_BB. Open this file by either double-

clicking it or by appending it to an already open PSCAD V5.0+ project. 

Figure 3 shows the PSCAD environment after this step. 
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Figure 3: PSCAD environment after opening or appending the ZY-Toolbox library. 

 

3. Click the “+” sign next to ZY_Toolbox_BB (see Figure 4) in the primary 

workspace pane. 

 

Figure 4: PSCAD environment after clicking on the “+” next to ZY_Toolbox_BB. 

 

4. Right-click on the Resources section under ZY_Toolbox_BB, select 

“Add,” and then choose “Other(*.*)”. Navigate to the folder containing 

the library and open the subfolder named ZY_TOOLBOX (refer to 

Figure 5 and Figure 2). 

 

Figure 5: Process of adding the file Blackbox_ZY_TOOLBOX to the Resources. 
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5. Select the file Blackbox_ZY_TOOLBOX. If the file is successfully 

attached, the PSCAD environment will appear as shown in Figure 6. If 

the file is not properly linked, it will be displayed in red, as illustrated in 

Figure 7. If you encounter any issues with file attachment, ensure that 

the file paths are correct and that all required files are present in the 

specified directories. Once these steps are completed, the library is fully 

set up and ready for use.  

 

Figure 6: Blackbox_ZY_TOOLBOX file is successfully linked to the Resources. 

 

Figure 7: Blackbox_ZY_TOOLBOX file is not successfully linked to the Resources. 

6 Case setup 

Begin this step by creating a PSCAD case that includes the plant model 

and all associated components, such as filters, step-up transformers, and 

other relevant equipment, up to the grid connection point where the 

admittance screening will be conducted. Once complete, add the case to 

the workspace projects.  

For demonstration purposes in this manual, a wind park model is used as 

an example. This model has already been developed in a PSCAD case 

named test_Pmax_Q0, which is added to the workspace as illustrated in 

Figure 8. The model comprises an aggregated wind park and a step-up 

transformer. It is designed up to the 230 kV grid connection point, where 

the screening will be conducted. Please note that the grid itself is modeled 
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within the ZY-Toolbox; therefore, it does not need to be included in the 

plant model. 

 

Figure 8: Case setup process by adding the plant PSCAD case to workspace. 

Once both the library and the plant case are set up, copy the ZY-Toolbox 

library and paste it into the project case. Connect the Toolbox to the plant 

model as shown in Figure 9.  

Note: All libraries, including the ZY-Toolbox library, must be placed above 

all cases in the PSCAD workspace (see Figure 9). If the library is placed 

below the case, it may not be automatically loaded into the case each time 

the workspace is opened. 

 

Figure 9: Adding ZY-Toolbox to the case and connecting it to the plant. Note that inside the 
Workspace ZY_Toolbox_BB is located above the test_Pmax_Q0. 

Please ensure that the case and library are stored within the same folder, 

and save the workspace configuration as shown in Figure 10. In this 

example, the workspace is saved with the name Workspace. Additionally, 

the example is further developed by adding several other cases intended 

for different operating points. 
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Figure 10: Library and cases are saved in the same folder and the whole workspace is saved with 
the name Workspace. 

 

6.1 Case set up important considerations 

Output channel configuration: 

It is strongly recommended to disable all output channels in the plant 

model, except for those used by the Toolbox (izy and vzy inside the ZY-

Toolbox). This helps prevent the storage of unnecessary data and ensures 

optimal processing speed. 

Project settings parameters: 

The simulation time step is the only parameter in the project settings that 

requires user configuration. Simulation time step is usually set by the model 

provider. Users should always verify the simulation time step against the 

specifications provided in the plant model documentation to ensure correct 

functionality.  

Note: simulation time step should typically range between 1 and 50 µs. It is 

advisable not to exceed this range. For optimal screening accuracy, use 

any simulation time steps of 1, 2, 4, 5, 8, 10, 16, 20, 25, 32, 40, or 50 µs. 

The remaining parameters in the Project Settings are automatically 

configured by the automation file; therefore, no manual adjustment by the 

user is required. 

Case Naming Conventions: 

To ensure proper execution of .exe files, avoid using spaces in case 

names. Instead, use underscores (_) as separators if needed. Special 

characters, like ‘åÅ’ ‘äÄ’ ‘öÖ’, should not be used. Also note that the case 

names must not start with numeric characters. 

ZY-Toolbox library per case: 

Each project case must contain only one ZY_Toolbox_BB library. Including 

multiple libraries within a single project is not permitted. 

PNI is not allowed: 

The plant model must not be distributed across multiple cases e.g., using 
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Parallel Network Interface (PNI). All components and associated items of 

the plant model must be contained within a single, independent case. 

7 Parameter settings 

The next step is to set the parameters of the ZY-Toolbox library for each 

case. To access the parameter menu, right-click on the ZY-Toolbox library 

and choose “Edit Parameters…”. Figure 11 displays the Configuration 

parameters for the ZY-Toolbox. 

 

Figure 11: ZY-Toolbox Configuration parameters. 

 

Base (kV): 

This parameter specifies the base voltage level at the intended connection 

point to the grid. The default value is 230 kV. The base voltage must be 

between 0.69 and 800 kV. 

Sequence: 

This parameter specifies the sequence component of applied perturbations 

and the corresponding sequence data to be extracted. Users explicitly 

select either positive-sequence or negative-sequence. 1 denotes positive 

sequence, 0 negative sequence. 

snapshot time (s): 

Set this parameter to the desired snapshot time in seconds. The snapshot 

time should be set sufficiently long to ensure the plant reaches a steady-

state at the specified operating point. The screening process will start after 

the snapshot time. The snapshot time must have a value between 0.1 and 

50 s. The correct settings for snapshot time can be determined through trial 

and error while determining the desired voltage magnitude as described in 

the procedure below. 
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desired voltage magnitude (pu): 

This parameter allows the user to define the actual voltage level at the 

intended grid connection point. The default value is set to 1 pu, which 

means the voltage at the connection point will match the Base (kV). For the 

default settings, this corresponds to 230 kV. This parameter is limited to the 

range of 0.5 to 1.5 pu. To further clarify how this parameter can be used, 

consider the following example. 

Assume the wind park model, previously referenced, operates in grid 

voltage control mode. The desired operating condition is maximum active 

power output with zero reactive power at the 230 kV connection point. 

Figure 12 illustrates the process for setting the required operating point. 

1. The system’s Base kV is set to 230 kV. 

2. The snapshot time is initially configured to a high value of 50 s to delay 

the start of the screening process. 

3. The voltage magnitude (pu) at the connection point is controlled by the 

setpoint vset, which is adjusted using the provided slider. 

To begin the simulation: 

1. Set the reference active power to its maximum value. 

2. Achieve zero reactive power by incrementally tuning the vset 

parameter using trial and error while maintaining maximum active 

power production during the simulation run. Adjust the snapshot time to 

appropriate value. 

Through this approach, a voltage magnitude of 0.99 pu is in this example 

identified as optimal, meeting the target operating point. A snapshot time of 

10 seconds allows the model to reach steady state. In general, this 

procedure should be applied when simulating voltage control to achieve 

desired reactive power transfer. 

Figure 13 displays the final Configuration parameter settings.  

Note: The configuration settings for positive- and negative-sequence are 

identical for each operating point. 

Note: Based on the example above, the plant will not be able to control the 

voltage if it attempts to regulate it at the connection point to the toolbox, as 

this point is connected to an infinite source. In such a case, a practical 

workaround would be to add a small inductance—approximately 10% of the 

output filter or transformer inductance—to enable controllability with only a 

negligible impact on the plant impedance. 
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Figure 12: Process of finding correct settings for snapshot time and desired voltage magnitude. 

 

Figure 13: Final parameter settings for snapshot time and desired voltage magnitude. 

The next set of parameters are adjusted under the tab Perturbation shown 

in Figure 14. 

 

Figure 14: ZY-Toolbox perturbation parameters. 
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Perturbation magnitude (%): 

The ZY-Toolbox enables users to specify the perturbation magnitude as a 

percentage (%) of the fundamental base voltage. The default perturbation 

magnitude is set to 5%. A value between 0.1 and 10% can be chosen.  

fstart (Hz): 

Specify the desired starting frequency. The default value is 1 Hz. The 

starting frequency must lie between 1 and 2500 Hz.  

fend (Hz): 

Specify the desired ending frequency. The default value is 2500 Hz. The 

ending frequency must lie between 1 and 2500 Hz and needs to be greater 

than fstart. 

fstep (Hz):  

Specify the desired incremental frequency step. Steps are applied linearly. 

The default step size is 1 Hz. For optimal screening accuracy, use any 

frequency step of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1 or 5 Hz. Other frequency 

steps can be chosen but the Toolbox will warn users of non-optimal 

frequency step. 

Note: Simulations need to cover the frequency range specified in the 

project-specific requirements provided by Svenska kraftnät, which is 

normally 1–2500 Hz. For exact requirements, see the project-specific 

documentation (Insamlingsmall_kraftparksmodul_RfG.xlsx). 

Steady state time (s):   

Specify the time required for the plant to reach a steady state after applying 

the perturbation. The default steady state time is 1 second but may be 

specified as any value between 0.1 and 1000 s. 

Note: Apart from the parameter adjustments described above, no 

modifications should be made within the ZY-Toolbox library. 

8 Creating simulation sets 

After configuring all cases and setting the parameters, users must create 

simulation sets. Utilizing simulation sets enables parallel execution of 

multiple cases, thereby significantly accelerating the simulation process. 

The number of cases that can be assigned to each set depends on both the 

number of CPU cores available on the user's computer and the user's 

PSCAD license. 

It is assumed that users are familiar with the concept of simulation sets; 

therefore, only a brief recommendation is provided here. Users are 
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encouraged to assign cases to each set thoughtfully to maximize CPU 

utilization and overall simulation efficiency. In general, it is recommended to 

group similar cases within the same set - for example, cases with similar 

frequency ranges and steady-state durations. This approach is beneficial 

because a simulation set will only proceed to the next set once all cases in 

the current set have completed. As a result, the total simulation time for a 

set is determined by the case that takes the longest to finish (often due to a 

higher number of screening points). 

By grouping cases with similar expected runtimes, users can ensure that all 

cases within a set complete at approximately the same time, minimizing 

idle CPU time and maximizing efficiency. 

Note: Creating at least one simulation set is essential for the process to 

function correctly. The execution file will fail if no simulation set is defined, 

even if there is only a single case.  

9 Execution 

Once all project cases are provided with Toolbox parameters and 

simulation sets have been prepared, save them in the project workspace 

and close PSCAD. The screening process can be performed using the 

execution file provided with the library. Proceed with the following steps: 

Locate and open ZY_Toolbox_automation.exe in the folder Automatisering 

(Windows refers to the file as an Application). Double-click the file to open 

it. Figure 15 shows the window that will appear.  

 

Figure 15: ZY-Toolbox automation window at start. 

Select the PSCAD Workspace Folder 

Click on the “Browse”-button and navigate to the folder containing the 

PSCAD workspace. The default directory is the location of the executable 

(.exe) file.  
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Run the PSCAD simulation 

Click “Run”.  

Note: At the start of the simulation, all project case subfolders within the 

workspace directory (if present) are deleted to ensure a clean environment. 

Any previous simulation runs will have stored their results in the subfolders 

as .csv files. If retention of these subfolders is required, make sure to 

create a backup in advance.  

The program launches PSCAD, loads the specified workspace, adjusts 

various parameter settings, and initiates the simulation. After running the 

executable file, the only required action is to wait and allow the computer 

sufficient time to complete a predefined sequence of tasks. If no 

unexpected issues arise, the process should complete successfully. During 

this period, do not interrupt the operation, or open, modify, or move any 

files or folders within the workspace directory, as this may disrupt the 

process and compromise the results.  

During the process, progress can be monitored within the PSCAD 

environment or through the automation window to estimate the remaining 

simulation time. The automation window indicates the screening status by 

showing the most recently processed frequency for each case within the 

current simulation set. An example is illustrated in Figure 16. 

 

Figure 16: ZY-Toolbox automation window during the process. 

After the start of the process, please wait until the PSCAD simulation is 

finished. When the first “Success” window appears (see Figure 17), it 

indicates that the simulation has finished. PSCAD will then be closed 

automatically. 

 
Figure 17: First “Success” window will be shown once the PSCAD simulation is finished. 
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Please wait a little longer until another window titled “Success” appears, 

indicating the completion of the admittance calculations (Figure 18). Before 

selecting OK and closing the window, verify the automation window (Figure 

16) to ensure that the final processed frequency matches the expected 

value in all cases.   

 
Figure 18: Second “Success” window will be shown once the admittance calculation is finished. 

10 Results 

After the completion of the simulation and admittance calculation, navigate 

to the workspace folder and find the subfolders corresponding to each case 

project. An example of this is illustrated in Figure 19. Within these 

subfolders, locate the .csv file named Admittances. Open this file to verify 

that both self and coupling admittances are included. Figure 20 illustrates 

an example of the saved data displayed in Excel. In this data, 𝑓𝑝 represents 

the frequency in hertz (Hz). 𝑌 and 𝑌𝑐 denote the self and coupling 

admittances, respectively, measured in siemens (S). 

Similarly, 𝑝ℎ(𝑌) and 𝑝ℎ(𝑌𝑐) correspond to the phase angles of the self and 

coupling admittances, expressed in degrees. 

 

Figure 19: Workspace folder containing subfolder test_Pmax_Q0 with the results corresponding to 
test_Pmax_Q0 project case. 
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Figure 20: Admittance excel file containing both self and coupling admittances. 

11 Reporting of results 

As part of the grid connection process, frequency dependent admittance 

data describing the connecting power electronic interfaced plant are to be 

submitted to Svenska kraftnät using the Excel template provided with this 

library. The ZY-Toolbox library can assist connectees in acquiring this data. 

In the provided ZY-Toolbox folder, first open folder Dokumentation and then 

the file Mall_Leverans_av_Admittansdata. 

The first sheet, Ref_Driftfall, describes a set of operating conditions which 

may or may not be relevant to the connecting plant (see Figure 21). The 

specified parameters include active and reactive control modes, active and 

reactive power flow (pu), and the desired voltage magnitude at the ZY-

toolbox connection point (pu). The parameters are given either as 

predefined value sets or as quantities to be adjusted manually. Where 

multiple options are specified (e.g. separated by “/”), all relevant 

combinations across the parameters shall be evaluated as separate 

simulation cases. For example, if only row 2 is relevant to the connecting 

plant, a total of 2 × 3 = 6 operating points should be investigated. 
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For reactive control mode, the voltage level at which the control is applied 

must also be specified by replacing the “X” with the correct value.  

 

Figure 21: Specification of various operating conditions that may be relevant to the studied plant. 

In the next sheet, Ex_Vindpark, an example is provided illustrating how to 

define and select relevant simulation scenarios for specifically a wind power 

plant with the capability to control active power as well as voltage or 

reactive power at 33 kV. This gave a total of 24 operating points to 

consider. 

Under the tab Simulerade_fall, the simulation cases required by the grid 

code and performed by the connecting party are listed. The required 

information includes: 

ID: 

Each case is assigned a number to identify it, starting from 1 and 

increasing thereafter. 

Active control mode: 

Describes the applied control mode of active dynamics, for example active 

power.  

Reactive control mode: 

Describes the applied control mode of reactive dynamics, for example 

reactive power or voltage. The voltage level at which reactive control is 

applied should also be specified, as it may be defined at either the plant 

output terminals or the grid connection point. 

Power rating (MVA): 

The power rating of the plant to be connected in MVA. 

Active power (pu): 

Active power flow of the studied plant, where positive values indicate flow 

towards the plant (consumption) and negative values indicate flow out from 

the plant (production). 

Reactive power (pu): 

Reactive power flow of the studied plant, using the same sign convention 

as for active power. 
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Timestep simulation (µs): 

Applied time step during simulation, typically in the range between 1 and 50 

µs. 

Base voltage at perturbation (kV): 

Base voltage as specified in the ZY-Toolbox in kV.  

Desired voltage magnitude (pu): 

Desired voltage magnitude at the connection point as specified in the ZY-

Toolbox. This parameter may need to be found by trial and error as detailed 

in Section 7 Parameter settings for the wind park example. More generally, 

when operating in voltage control mode to achieve a specified reactive 

power exchange, the voltage setpoint must be adjusted accordingly to 

obtain the desired power flow. 

Snapshot time (s): 

Time at which data recording is initiated, as specified in the ZY-Toolbox.  

Magnitude of perturbations (%): 

Size of injected perturbations in relation to the base voltage as specified in 

the ZY-Toolbox.  

Starting frequency (Hz): 

Starting frequency of the admittance scan as specified in the ZY-Toolbox.  

Ending frequency (Hz): 

Ending frequency of the admittance scan as specified in the ZY-Toolbox.  

Frequency step (Hz): 

Frequency step of the admittance scan as specified in the ZY-Toolbox.  

Steady state time (s): 

Should be long enough to allow the studied plant to reach a stable 

operating point after applied perturbation as specified in the ZY-toolbox.  

Comments: 

Any comments providing further information on the simulated case. 

Note: If the simulation is performed over a broad frequency span, it may be 

a good idea to divide the range into smaller intervals. At higher frequency, 

larger frequency steps may be acceptable. This can be an effective way to 

decrease simulation time when lower frequency resolution is applicable. An 

example of how to report this properly is given in the sheet Ex_Vindpark, 

row 8-10 and in Figure 22. 
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Figure 22: Reporting of frequency information when varying frequency intervals have been 
applied. 

In the following sheets, the simulation data obtained for each considered 

case is reported. The sheets are named according to the ID number of the 

corresponding case. If any of the prepared sheets are not used, remove 

them from the template by right-clicking and selecting “Delete”. 

Note: In sheets 1 and 2, example data is provided that should be replaced 

with the connectee’s own admittance data. These example data are 

intended for demonstration purposes only and should not be interpreted as 

actual data. Note also that the studied frequency range should follow the 

project-specific requirements, typically 1–2500 Hz. 

For each case, the following parameters are to be reported for both positive 

and negative sequence in the appropriate columns, as shown in Figure 23: 

• Perturbation frequency 𝑓𝑝 

• Positive sequence self-admittance 𝑌𝑝  and phase angle 𝑝ℎ(𝑌𝑝) 

• Positive sequence coupled admittance 𝑌𝑐𝑝 and phase angle 𝑝ℎ(𝑌𝑐𝑝) 

• Negative sequence self-admittance 𝑌𝑛 and phase angle 𝑝ℎ(𝑌𝑛) 

• Negative sequence coupled admittance 𝑌𝑐𝑛 and phase angle 

𝑝ℎ(𝑌𝑐𝑛) 

The case simulations must thus be performed for both positive and 

negative sequence voltage perturbations. The results provided by the ZY-

Toolbox in the form of .csv files can be directly copied into the Excel 

template without further post-processing. 

 

Figure 23: Columns in the Excel-template where results are to be reported. The subscript p 
denotes positive sequence, and the subscript n denotes negative sequence. 

Under the last tab Plottar, Bode plots of the self- and coupled admittances 

are generated. An example of a Bode-plot for positive sequence admittance 

is illustrated in Figure 24. The purpose of this is to easily identify signs of 

unwanted converter behavior. 
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Figure 24: Bode-plot of positive sequence admittance generated by the template. 

11.1 Excel file format 

It is important that the contents of the Excel-template follow a strict and 

consistent structure, as the data will later be used for automated analysis 

and further studies. Deviations from the requirements below may lead to 

errors during import or incorrect results. The requirements below 

specifically apply to the sheets where the connectee reports their 

admittance data. 

Structure: 

Data should begin from row 3, while rows 1-2 contain headers. Columns A-I 

must be filled in according to the specified headers. The column order must 

not be changed, and no additional columns are to be added. Each sheet 

should only contain data from one specific simulation case. 

Data content: 

The following requirements apply to the data: 

• All values must be numeric 

• No text values are allowed, such as ”N/A”, ”-” or similar 

• No empty cells should be present within the data range 

• Units must not be changed: frequency in Hz, admittance in S, and 

angle in degrees 

• Frequency values must be sorted in ascending order 

Each row should represent a complete data point, meaning that all columns 

must contain values. After exporting from the .csv file, no manual 
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modifications of the data values should be made, except for changing the 

decimal separator if required by local Excel settings. 

Number format and compatibility: 

Excel uses different decimal separators depending on language settings 

(e.g., comma in Swedish Excel, dot in English Excel). To ensure that plots 

and further analyses function correctly, local settings must be followed. 

Data must always be interpreted as numeric. Therefore, ensure that values 

are imported or pasted as numbers, not text, so that all calculations and 

figures are handled correctly. 

Sheet Naming: 

Sheet names must follow a consistent and unique naming convention using 

sequential ID numbers, as previously described. The names are used in 

plot references and further analysis, and therefore must be exact. Pay 

particular attention to avoid extra spaces or unintended characters. 

11.2 Managing large data sets and additional 
simulation cases 

If the simulation data inserted into the Excel sheet contains more than 5000 

rows the limits of the graphs need to be extended to include these data 

points. Right click the plot of interest, choose “Mark data” and then “Edit” 

the data-series interval required, see Figure 25. 

 

Figure 25: Selection of correct diagram interval to be included in the graph. 

If more than eight simulation cases are performed, additional tabs for data 

reporting must be added. First, fill in the details of each additional case in 

the Simulerade_fall sheet. Then, copy one of the existing data tabs by right-

clicking it, select “Move or copy…”, tick the box to create a copy, and 

rename the tab to the appropriate case ID, continuing the numbering 

sequentially. Finally, fill the tab’s columns with the corresponding 

admittance data. 
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Under the Plottar tab, a new set of plots must be added. First, copy the 

contents of column P and paste them two columns to the right, keeping the 

source column width. This will generate a total of four new plots for each 

additional simulation case. Next, for each plot, right-click and select “Mark 

Data”, followed by “Edit” for each series. For each series (two per plot), 

update the reference to point to the correct Excel tab corresponding to the 

case. The row and column references do not need to be changed, as they 

are identical across all tabs. For example, in Figure 25, if adding a case 

with ID 9, the sheet reference ‘2’! in the diagram data interval should be 

changed to ‘9’!. 

 


