
 

 

 
 
 
 
 
 
 

 
 

 

Type Certificate 
 

Applicant: Zucchetti Centro Sistemi SpA 

Address: Via Lungarno 305/A 
52028 Terranuova Bracciolini (AR) 

Italy 
 

Type of 
power generating unit: 

Grid-tied photovoltaic 
inverter 

AZZURRO 3PH 
50000TL-V1 

AZZURRO 3PH 
60000TL-V1 

AZZURRO 3PH 
70000TL-V1 

Technical data: Nominal active output power: 50 kW 60 kW 70 kW 

Max. apparent power: 50 kVA 60 kVA 75 kVA 

Nominal output AC voltage: 400 V (3~ + N + PE) 480 V (3~ + PE) 

Nominal frequency: 50 Hz 

Technical data determined 
by measurements: 

Max. active power PEmax / Max. 
active power peak P600 1): 

--- 1) 60,00 kW 70,07 kW 

Software version:  V2.00 or higher 
 

Validated type model: Model file: ZCS_21-0003_0_TR4_AZZURRO 3PH 50000-70000TL-V1_V1.zip 

 Identification number (MD5): af6e7dfb7054ab26eab142938a263333 
 

Grid connection 
regulation: 

VDE-AR-N 4110:2018-11 – Technical requirements for the connection and operation of 
customer installations to the medium voltage network (TCR medium voltage) [1] 

Pertinent standards / 
Guidelines: 

Technical guidelines: 
FGW TR 3 Rev. 25 [3], FGW TR 4 Rev. 09 [4], FGW TR 8 Rev. 09 [5] 

 

The power generating units, stated in the certificate, were tested and certified according to the technical guidelines 
referenced to the grid connection regulation. The electrical characteristics fulfil the requirements of the grid connection 
regulation: 

• Quasi-steady-state operation 

• Dynamic network stability (reactive current characteristic according to TCR medium voltage) 

• Active power output and network security management 

• Active power adjustment as a function of the grid frequency 

• Protection technology and protection settings on generating unit level 

• Power quality 

The manufacturer has provided proof of certification of the quality management system of his production facility in 
accordance with ISO 9001 

Restrictions, deviations or notes on usage: see Supplement of Certificate on p.2. 
1) For details see Supplement of Certificate on p.2. 
 

The certificate includes the following information: 

• technical data of the power generating unit, the auxiliary equipment used and the software version used; 

• schematic structure of the power generating units; 

• summarized information on the properties of the power generating unit. 
 

The certificate is comprised of 78 pages (including Annex of 76 pages).  
 

BV project number : 19TH0183    

Certificate no. : 21-0003_0 Certification scheme : NSOP-0032-DEU-ZE-V01 

Issued : 2021-03-18 Valid until : 2026-01-11 
 

 
 
 

Certification body 

 

Holger Schaffer  
   

Certification body of Bureau Veritas Consumer Products Services Germany GmbH accredited according to DIN EN ISO/IEC 17065 
 

A partial representation of the certificate requires the written approval of Bureau Veritas Consumer Products Services Germany GmbH 



 

 

 
 
 
 
 
 
 

 
 

 

Supplement of Certificate (21-0003_0) 
 

Note:  

1) The PEmax is the highest 10-min mean of the active power of a power generating unit defined according to VDE-AR-N 
4110:2018 [1]. The P600 is the maximum active power peak of the overall system (averaging period 10 min) defined 
according to FGW TR 3 Rev. 25 [3]. 

The stated values on the front page of this certificate were determined according to test 4.1.1, FGW TR 3 Rev. 25 [3]. 

The active power results of the AZZURRO 3PH 60000TL-V1 can be applied to the AZZURRO 3PH 50000TL-V1 scaled 
(by the factor Pn, AZZURRO 3PH 50000TL-V1 / Pn, AZZURRO 3PH 60000TL-V1 = 0,833). 

 

Restrictions, deviations or notes on usage: 

• The PGUs in the series do not provide test terminals for on-site testing. For necessary on-site testing, a separate test 
terminal must be installed additionally. 

• The on the PGU level implemented Q(U) control function deviates from requirements according to VDE-AR-N 4110:2018-
11. This needs to be considered for project planning. If needed, this has to be implemented on the plant level e.g. in the 
superimposed PGS controller. 

• The PGUs in the series provide only one kind of Q(U) control function. The on the PGU level implanted Q(U) control 
function can be used as reactive power with voltage limitation function by suitable setting of the characteristic curve. But 
this also deviates from requirements according to VDE-AR-N 4110:2018-11. This needs to be considered for project 
planning. If needed, this has to be implemented on the plant level e.g. in the superimposed PGS controller. 

• No Q(P) control function implemented on the unit level. Instead, the cosφ(P) control function implemented in the software. 
This needs to be considered for project planning. If needed, this has to be implemented on the plant level e.g. in the 
superimposed PGS controller. 

• The minimum setting step size of the displacement factor cosφ implemented on the PGU level is 0,01, to fulfil the 
requirement and if needed this has to be implemented on the plant level e.g. in the superimposed PGS controller. 

• The default configuration of the units may not meet the reactive power requirement at the grid connection point (see p.44). 
A permanent active power reduction may be needed. This needs to be considered for project planning. 

• The setting range of the stabilisation time of the automatic reconnection does not meet the requirement (adjustable 
between 0 and 600 s). If needed, this has to be implemented on PGS level via an external interface protection relay. 

• In addition to the PGU integrated protection function a fault ride-through tripping curve function is implemented additionally 
in the software. This function defines a curve exceeding which the unit disconnects from the grid. This needs to be 
considered for parameterization of the protection relay. The defined self-protection setting of the PGU needs to be 
considered for parameterization of the protection relay. 

• Note to simulation model: 
o The reactive power control functions implemented on the simulation model were not validated directly. 
o The active power control implemented in the simulation model is suitable for application of set point accuracy. 

The active power gradient is not implemented in the simulation model. 
o An apparent power /current limitation is not implemented in the model. The PQ characteristic curve of the model 

is not validated. 

These need to be considered on the project level. 

 

 

The certificate is comprised of 78 pages (including Annex of 76 pages).  

BV project number : 19TH0183    

Certificate no. : 21-0003_0 Certification scheme : NSOP-0032-DEU-ZE-V01 
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Copyright  Bureau Veritas Consumer Products Services Germany GmbH 

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright  Bureau Veritas 

Description of the revisions of certificate 21-0003_0 

Rev. 0 First issue 

  



 Annex to the Type Certificate no. 21-0003_0 Page 4 of 78 
 

Copyright  Bureau Veritas Consumer Products Services Germany GmbH 

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright  Bureau Veritas 

Annexes included in certificate 21-0003_0 

No. Contents Page 
   

1 Annex 1 – Guidelines, test reports and documents 5 

   

2 Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 7 

2.1 Technical data of the power generating unit (Manufacturer’s data) 7 

2.2 Description of the power generating unit 10 

2.3 Description of software version and interfaces 13 

   

3 Annex 3 – Extract from the test report 15 

3.1 Power quality 15 

3.2 Active power 30 

3.3 Reactive power 35 

3.4 Protection system (on PGU level) 45 

3.5 Self-protection 49 

3.6 Quasi-static operation 50 

3.7 Fault ride through capability 51 

3.8 Short-circuit current contributions 52 

   

4 Annex 4 – Validated simulation model 57 

4.1 General information about the simulation model [16]: 57 

4.2 Description of the PGU simulation model [16]: 58 

4.3 Model parameters [16] 61 

4.4 Model application guide [16] 65 

4.5 Scope of the validation and plausibility tests [16] 66 

4.6 Results of Validating simulation models (PGU) [16] 67 

   

5 Annex 5 – Certification-relevant parameters 73 
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1. Annex 1 – Guidelines, test reports and documents 

This certificate is based on following guidelines, test reports and documents: 

 

Reference Guidelines 

[1] Technische Regeln für den Anschluss von Kundenanlagen an das Mittelspannungsnetz und 
deren Betrieb (TAR Mittelspannung), VDE-AR-N 4110:2018-11 / 
Technical requirements for the connection and operation of customer installations to the 
medium voltage network (TCR medium voltage), VDE-AR-N 4110:2018-11 

[2] Technische Regeln für den Anschluss von Kundenanlagen an das Hochspannungsnetz und 
deren Betrieb (TAR Hochspannung), VDE-AR-N 4120:2018-11 / 
Technical requirements for the connection and operation of customer installations to the high 
voltage network (TCR high voltage), VDE-AR-N 4120:2018-11 

[3] Technische Richtlinien für Erzeugungseinheiten und –anlagen TEIL 3 (TR3), Bestimmung der 
elektrischen Eigenschaften von Erzeugungseinheiten und -anlagen, Speicher sowie für deren 
Komponenten am Mittel-, Hoch- und Höchstspannungsnetz, Revision 25, Stand 01.09.2018 / 
Technical Guidelines for Power Generating Units and Systems PART 3 (TG3), Determination 
of the Electrical Characteristics of Power Generating Units and Systems, Storage Systems as 
well for their Components in Medium-, High- and Extra-High Voltage Grids, Revision 25, 
Dated 01/09/2018 

[4] Technische Richtlinien für Erzeugungseinheiten und –anlagen TEIL 4 (TR4), Anforderungen 
an Modellierung und Validierung von Simulationsmodellen der elektrischen Eigenschaften von 
Erzeugungseinheiten und -anlagen, Speicher sowie deren Komponenten, Revision 09, Stand 
01.02.2019 / 
Technical Guidelines for Power Generating Units and Systems PART 4 (TG4), Demands on 
Modelling and Validating Simulation Models of the Electrical Characteristics of Power 
Generating Units and Systems, Storage Systems as well as their Components, Revision 09, 
Dated 01/02/2019 

[5] Technische Richtlinien für Erzeugungseinheiten, -anlagen und Speicher sowie für deren 
Komponenten TEIL 8 (TR8), Zertifizierung der elektrischen Eigenschaften von 
Erzeugungseinheiten und -anlagen, Speicher sowie für deren Komponenten am Stromnetz, 
Revision 09, Stand 01.02.2019 / 
Technical Guidelines for for Power Generating Units, Systems and Storage Systems as well 
as for their Components PART 8 (TG8), Determination of the Electrical Characteristics of 
Power Generating Units and Systems, Storage Systems as well for their Components in 
Medium-, High- and Extra-High Voltage Grids, Revision 09, Dated 01/02/2019 

[6] Kurzschlussströme in Drehstromnetzen Teil 0: Berechnung der Ströme, DIN EN 60909-0 
(VDE 0102):2016-12 / 
Short-circuit currents in three-phase a.c. systems Part 0: Calculation of currents (IEC 60909-
0:2016) 

 

Reference Test reports 

[7] 19TH0183_ZCS_TR3_Rev25_0 

TG3 test report according to FGW TG3 Rev.25, issued by Bureau Veritas Consumer Products 
Services Germany GmbH on 17. Mar. 2021 

[8] 19TH0183_ZCS_TR8_Rev09_0 

TG8 evaluation report according to FGW TG8 Rev.09, issued by Bureau Veritas Consumer 
Products Services Germany GmbH on 17. Mar. 2021 

[9] 19TH0183_ZCS_TR3_Rev25_0_excerpt-part_1_0 

Extract from the TG3 test report, Part 1: Power Quality, issued by Bureau Veritas Consumer 
Products Services Germany GmbH on 17. Mar. 2021 

[10] 19TH0183_ZCS_TR3_Rev25_0_excerpt-part_2_0 

Extract from the TG3 test report, Part 2: Grid Control Capability, issued by Bureau Veritas 
Consumer Products Services Germany GmbH on 17. Mar. 2021 
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1. Annex 1 – Guidelines, test reports and documents 

[11] 19TH0183_ZCS_TR3_Rev25_0_excerpt-part_3_0 

Extract from the TG3 test report, Part 3: Protection System, issued by Bureau Veritas 
Consumer Products Services Germany GmbH on 17. Mar. 2021 

[16] 19TH0183_ZCS_TR4_Rev09_0 

TG4 test report according to FGW TG4 Rev.09, issued by Bureau Veritas Consumer Products 
Services Germany GmbH on 17. Mar. 2021 

The compliance to the grid connection regulation of the power generating units is shown by the results in the test 
report (19TH0183_ZCS_TR3_Rev25_0) which includes all type tests stated in the certificate. The type tests 
were conducted by Bureau Veritas Consumer Products Services Germany GmbH. 

The compliance to the grid connection regulation of the simulation models is verified by the validation report 
(19TH0183_ZCS_TR4_Rev09_0). The simulations were conducted by Bureau Veritas Consumer Products 
Services Germany GmbH. 

The summary of the grid connection regulation compliant certification of the units 

• AZZURRO 3PH 50000TL-V1, 

• AZZURRO 3PH 60000TL-V1 

• AZZURRO 3PH 70000TL-V1 

is stated in the certification report (19TH0183_ZCS_TR8_Rev09_0). 

 

Reference Certification-relevant documents provided by manufacturer 

[12] Manufacturer’s certificate on specific data, dated 16. Mar. 2021: 

• F.0_TR3_Manufacturer certificate_AZZURRO 3PH 50000TL-V1.pdf 

• F.0_TR3_Manufacturer certificate_AZZURRO 3PH 60000TL-V1.pdf 

• F.0_TR3_Manufacturer certificate_AZZURRO 3PH 70000TL-V1.pdf 

[13] Parameter list, dated 16. Mar. 2021: 

• F.2_TR3_Manufacturer certificate_AZZURRO 3PH 50000-70000TL-V1.pdf 

[14] Manufacturer’s declaration for compliance to technical requirements of the VDE-AR-N 
4110:2018-11, dated 16. Mar. 2021: 

• F.4_TR3_Manufacturer certificate_AZZURRO 3PH 50000-70000TL-V1.pdf 

[15] User manual - Grid-connected inverter 3PH 50000TL-70000TL-V1, issued by Zucchetti Centro 
Sistemi S.p.A, Date: 19. Nov. 2020 

• Manuale inverter 3PH 50000TL-70000TL-V1_EN.pdf 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

2.1. Technical data of the power generating unit (Manufacturer’s data) 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

 

Figure 1 – Manufacturer’s certificate on specific data from [12] 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

2.2. Description of the power generating unit 

 

Description of the power circuit (Figure 2) 

The input and output are protected by SPDs to Earth. The unit is providing EMI filtering at the PV input and 
output toward mains. The unit does not provide galvanic separation from input to output (transformerless). The 
output is switched off redundant by the high-power switching bridge and two relays. This assures that the 
opening of the output circuit can operate in case of one error. 

The internal control is redundant built. It consists of Microcontroller master DSP (UC20) and slave DSP (UC73). 

The master DSP (UC20) which can control the relays by switching signals; measures the voltage, frequency, AC 
current, DC-injection current, insulation resistance and residual current. In addition, it tests the array isolation 
impedance and the RCMU circuit before each start up.  

The slave DSP (UC73) is user for detecting grid voltage, grid frequency and residual current, also can open the 
relay, and communicate with Main DSP (UC20) each other. 

The unit provides two relays in series on each phase. When single-fault applied to one relay, an error code will 
appear on display panel, another redundant relay provides basic insulation maintained between the PV array 
and the mains. All the relays are tested before start up. Both ARM can open the relays. 

 

Figure 2 – Block diagram of the power circuit 

Description of the differences of the models within a series: 

The units in der series are identical hardware platform. The implemented control and software are identical in all 
units. There is no difference regarding AC behaviour between the PGU-types apart from the power rating / 
output voltage deviation and current limitation of each unit. 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

Description of a typical installation (Figure 3 & Figure 4) (Manufacturer’s data, [7] & [15]): 

The inverter or a group of inverters can be monitored remotely through an advanced communication system 
based on RS-485 serial interface, or remotely via the WiFi (Figure 3): 

• Using the RS485 interface the alarm information, operating data and status can be transferred to the PC 
terminal or local data acquisition device (e.g. an external data logger S-WE01S), then uploaded to the 
server. 

• Via the integrate WiFi/GPRS module the units can be connected to the local data acquisition device or 
mobile devices for transmission of operation information (generated energy, alert, operation status). 

A power generating subsystem can be set-up with up to 31 units (recommended by manufacturer) in daisy-chain 
topology via RS485 communication cable and connected to an external data logger. Data collected by the data 
logger can be transmitted to the monitoring portal via Ethernet, WiFi and GPRS, etc (Figure 4). 

If a PGS controller used on the plant level, the active and reactive power control functions can also be taken over 
by a plant controller, which can be connected to the power generating system via Modbus protocol (for more 
detailed information, please contact the manufacturer. 

The Software tools “ZCSMonitor (50-70KW)” (for PC terminal) and “SolarMan APP” (for mobile devices) are 
available for setting / controlling active / reactive power and parameter configuration. There are no differences 
regarding the setpoint accuracy and settling / response times between the interfaces / software tools. 

Hereby, the pick-up of a new setpoint of P, Q and cosφ is guaranteed within 2 s. 

 

Figure 3 – Scheme of communication connection 
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Figure 4 – Scheme of an installation 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

Description of the connection to the remote-control receiver (Figure 5) (Manufacturer’s data): 

The ripple control receiver is connected to the unit via four digital inputs for active power regulation. 

The corresponding conversion of the power set-point can be specified via the logical connection of the four 
registers. 

 

Figure 5 – Connection of the remote-control receiver in an installation 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

2.3. Description of software version and interfaces 

 

Following is the software and firmware version used for the TG3 testing [13]: 

 

Figure 6 – Software and firmware version used for the TG3 testing from [13] 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

Following are the interfaces provided on the PGU level for active and reactive power setting [14]: 

 

 

Figure 7 – Interfaces provided on the PGU level for active and reactive power setting from [14]: 
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3. Annex 3 – Extract from the test report 

3.1. Power quality 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 

 



 Annex to the Type Certificate no. 21-0003_0 Page 23 of 78 
 

Copyright  Bureau Veritas Consumer Products Services Germany GmbH 

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright  Bureau Veritas 

3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 

 



 Annex to the Type Certificate no. 21-0003_0 Page 25 of 78 
 

Copyright  Bureau Veritas Consumer Products Services Germany GmbH 

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright  Bureau Veritas 

3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 

 

Figure 8 – Results of power quality from [9] 
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3. Annex 3 – Extract from the test report 

3.2. Active power 
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3. Annex 3 – Extract from the test report 
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3. Annex 3 – Extract from the test report 

 

Figure 9 – Results of active power control from [10][12] 
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3. Annex 3 – Extract from the test report 

The PGUs are able to be operated at reduced power [7]. 

At 0% setpoint the PGUs stay connected without power feeding. The PGU can be disconnected from grid using 
the parameter remoteONOFFenable (usage: set the parameter remoteONOFFenable to enable, then set this to 
OFF). 

 

Figure 10 – Results of active power control from [7] 
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3. Annex 3 – Extract from the test report 

The active power gradient is implemented on the PGU level. 

Two interfaces for active power regulation are implemented separately on the PGU level: 

• using software tool ZCSMonitor (50-70KW) via RS485 (see also Figure 3) 

• via digital dry contact inputs (see also Figure 5) 

prioritization of different setpoints is possible. 

In case of two setpoints available, always the lowest active power value will be accepted. 

The max. active power output of the PGU is dependent on ambient temperature [14]: 

 

Figure 11 – Active power output dependent on ambient temperature from [14] 
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3.3. Reactive power 
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Figure 12 – Results of reactive power control from [10] 
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Note to control functions for reactive power supply implemented on the PGU level ([8]): 

• The on the PGU level implemented Q(U) control function deviates from requirements according to [1]. 

• The PGUs in the series provide only one kind of Q(U) control function. The on the PGU level implanted Q(U) 
control function can be used as reactive power with voltage limitation function by suitable setting of the 
characteristic curve. But this also deviates from requirements according to [1]. 

• No Q(P) control function implemented on the unit level. Instead, the cosφ(P) control function implemented in 
the software. 

• The minimum setting step size of the displacement factor cosφ implemented on the PGU level is 0,01. 

These need to be considered for project planning. If needed, these have to be implemented on the plant level 
e.g. in the superimposed PGS controller. 
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Description of methods for the reactive power supply and the reactive power provision within the voltage 
corridor [7]: 
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The resulting voltage dependent PQ operating points as follows ([14]): 
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Figure 13 – Voltage dependent PQ operating points from [14] 

Note to PQ capacity of the units: 

According to defined current and power limitations of the units the reactive power supply at full load operation (P 
= Pn = Smax) and at U = Un as follows: 

• AZZURRO 3PH 50000TL-V1 and AZZURRO 3PH 60000TL-V1: zero (power factor = 1). 

• AZZURRO 3PH 70000TL-V1: corresponding to cosφ = 0,936. 

Depending on connection requirement defined by grid operator, the default configuration of the units may not 
meet the reactive power requirement at the grid connection point according to [1]. A permanent active power 
reduction may be needed. 

This has to be checked and considered for project planning. 
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3.4. Protection system (on PGU level) 

 

The following tests were carried out on the PGU integrated protection relay and the generating unit switch, the 
possible parameter setting of the PGU integrated protection relay is documented in [13], see Annex 5 – 
Certification-relevant parameters: 
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Figure 14 – Results of grid protection from [11] 
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Note (manufacturer’s data): 

The function of the integrated grid monitoring and disconnection is independent from other parameters and 
functions shown in the scope of this excerpt of the test report. 

The grid monitoring functions can be maintained for at least 5 s during grid voltage loss. 

The loss of power supply for the grid monitoring results in a non-delayed triggered disconnection. 

The generating units monitor the phase-to-neutral voltages. 

The three phase-to-neutral voltages are logical OR connected to trigger the operation of the separation device. 

Note: 

A fault ride-through tripping curve function VRT curve is implemented additionally in the software. This function 
defines a curve exceeding which the unit disconnects from the grid (see p.51). This needs to be considered for 
parameterization of the protection relay. 

Since the setting range of the voltage protection not limited (between 0 and 450V, see parameter No. 42/44/46/48, 
Annex 5 – Certification-relevant parameters), The overvoltage self-protection setting of the PGU (see parameter 
No. 90, Annex 5 – Certification-relevant parameters) needs to be considered for parameterization of the protection 
relay. E.g.: 
a meaningful overvoltage protection setting of the PGU AZZURRO 3PH 70000TL-V1 is up to 1.220∙Un (<339.0 V), 
since the overvoltage self-protection is defined as 1.225∙Un (see parameter No. 90, Annex 5 – Certification-relevant 
parameters). 

Description of the interface for on-site testing 

The PGU does not provide test terminals for on-site testing. For necessary on-site testing, an external monitoring 
relay with corresponding test terminals must be installed and the PGU’s monitoring parameters must be set 
accordingly. The integrated grid monitoring/protection parameters can be checked on display of the PGU or via 
remote monitoring tools (PC software tool or APP). 
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3.5. Self-protection 

 

Following parameters defined the PGU internal self-protection ([13]). 
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3.6. Quasi-static operation 

 

Manufacturer’s data from [7] 

The unit can be continuously operated within the voltage range between 77,5%Un and 120,0%Un (AZZURRO 
3PH 50000TL-V1 and AZZURRO 3PH 60000TL-V1) or between 87,9%Un and 110%Un (AZZURRO 3PH 
70000TL-V1) and the frequency range between 45 and 55 Hz. The operating range of voltage and frequency can 
also be limited using the protection functions. 

(Manufacturer’s data) [14] 

The required quasi-steady-state operation in the frequency and voltage range according to [1] is possible. 
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3.7. Fault ride through capability 

 

Within the adjustable parameter ranges of the grid monitoring the PGU can ride through the symmetrical and 
asymmetrical faults according to the Fault Ride-Through (FRT) limit curve for a Type 2 power generating plant 
specified in [2]. 

Additionally, a fault ride-through tripping curve function is implemented in the unit (parameter No. 67 – 74 and 
No. 79 – 86, see Annex 5). This function defines a curve exceeding which the unit disconnects from the grid. 
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Figure 15 – Parameter setting of VRT curve [14] 

 

Figure 16 – Verified Fault Ride-Through (FRT) limit curve from [7] 
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3.8. Short-circuit current contributions 

 

In the following the test results from [7] are summarized: 

AZZURRO 3PH 50000TL-V1 

 

No. / Test no. 1) /

Short-circuit currents, peak 

value (max. of L1, L2, L3) [A] /

Nr. Test Nr. 1) Kurzschlussströme 

Scheitelwerte  (max. von L1, 

L2, L3) [A]

t1 + 20ms t1 + 100ms t1 + 150ms t1 + 300ms t1 + 500ms t1 + 1000ms

1 0.1 2) 2) 2) 2) 2) 2) 2)

2 0.2 2) 2) 2) 2) 2) 2) 2)

3 0.3 2) 2) 2) 2) 2) 2) 2)

4 0.4 2) 2) 2) 2) 2) 2) 2)

5 25.1 117,5 0,779 1,105 1,105 1,105 1,106 0,950

6 25.2 3) 3) 3) 3) 3) 3) 3)

7 25.4 3) 3) 3) 3) 3) 3) 3)

8 25.5 3) 3) 3) 3) 3) 3) 3)

9 50.1 3) 3) 3) 3) 3) 3) 3)

10 50.2 3) 3) 3) 3) 3) 3) 3)

11 50.3 3) 3) 3) 3) 3) 3) 3)

12 50.4 3) 3) 3) 3) 3) 3) 3)

13 50.5 3) 3) 3) 3) 3) 3) 3)

14 50.6 3) 3) 3) 3) 3) 3) 3)

15 75.1 3) 3) 3) 3) 3) 3) 3)

16 75.2 3) 3) 3) 3) 3) 3) 3)

17 75.3 106,8 0,901 1,009 1,010 1,009 1,009 1,009

18 75.4 3) 3) 3) 3) 3) 3) 3)

19 75.5 3) 3) 3) 3) 3) 3) 3)

20 75.6 3) 3) 3) 3) 3) 3) 3)

21 75.7 3) 3) 3) 3) 3) 3) 3)

22 75.8 128,5 1,071 1,085 1,085 1,087 1,085 1,085

23 80.1 3) 3) 3) 3) 3) 3) 3)

24 80.2 3) 3) 3) 3) 3) 3) 3)

25 85.1 3) 3) 3) 3) 3) 3) 3)

26 110.1 3) 3) 3) 3) 3) 3) 3)

27 110.2 3) 3) 3) 3) 3) 3) 3)

28 110.3 3) 3) 3) 3) 3) 3) 3)

29 115.1 59,2 0,380 0,366 0,366 0,365 0,366 0,365

30 115.2 3) 3) 3) 3) 3) 3) 3)

Short-circuit currents, 1-period RMS value (max. of L1, L2, L3) [p.u. 

based In] /

Note: / Anmerkung:
1) Test no. defined according to [3]. / Test Nr. definiert entspricht [3]. 

3) Due to spot testing the tests marked were not conducted. / Die mark ierten Tests wurden im Rahmen der Stichprobenvermessung 

nicht durchgeführt.

2) Tests not required for [1] according to [3]. / Gemäß [3] Tests für [1] nicht gefordert . 
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AZZURRO 3PH 60000TL-V1 

 

No. / Test no. 1) /

Short-circuit currents, peak 

value (max. of L1, L2, L3) [A] /

Nr. Test Nr. 1) Kurzschlussströme 

Scheitelwerte  (max. von L1, 

L2, L3) [A]

t1 + 20ms t1 + 100ms t1 + 150ms t1 + 300ms t1 + 500ms t1 + 1000ms

1 0.1 2) 2) 2) 2) 2) 2) 2)

2 0.2 2) 2) 2) 2) 2) 2) 2)

3 0.3 2) 2) 2) 2) 2) 2) 2)

4 0.4 2) 2) 2) 2) 2) 2) 2)

5 25.1 132,2 0,662 1,058 1,062 1,061 1,061 0,900

6 25.2 133,9 0,701 1,059 1,059 1,061 1,061 0,201

7 25.4 146,2 0,756 1,055 1,056 1,057 1,058 0,336

8 25.5 143,9 0,870 1,056 1,051 1,058 1,057 0,200

9 50.1 122,1 0,790 0,974 0,972 0,973 0,973 0,972

10 50.2 122,9 0,772 0,972 0,972 0,972 0,973 0,972

11 50.3 144,9 0,792 1,008 1,006 1,010 1,010 1,009

12 50.4 145,2 0,902 1,005 1,008 1,008 1,008 1,009

13 50.5 26,8 0,031 0,011 0,011 0,011 0,011 0,011

14 50.6 31,5 0,027 0,013 0,014 0,013 0,013 0,013

15 75.1 65,7 0,481 0,520 0,521 0,520 0,518 0,519

16 75.2 66,4 0,483 0,517 0,519 0,520 0,519 0,520

17 75.3 126,3 0,834 0,995 0,994 0,995 0,994 0,995

18 75.4 34,2 0,033 0,047 0,047 0,047 0,047 0,047

19 75.5 132,3 0,831 1,028 1,027 1,026 1,025 1,026

20 75.6 71,1 0,545 0,527 0,528 0,527 0,527 0,527

21 75.7 80,8 0,547 0,527 0,528 0,528 0,526 0,526

22 75.8 142,3 1,019 1,038 1,039 1,039 1,040 1,039

23 80.1 53,9 0,417 0,416 0,416 0,418 0,416 0,416

24 80.2 67,4 0,435 0,412 0,413 0,411 0,412 0,411

25 85.1 34,3 0,254 0,251 0,253 0,251 0,252 0,252

26 110.1 49,5 0,250 0,222 0,222 0,222 0,222 0,222

27 110.2 45,6 0,247 0,223 0,223 0,223 0,222 0,223

28 110.3 36,5 0,232 0,230 0,229 0,229 0,229 0,229

29 115.1 61,7 0,376 0,351 0,351 0,351 0,352 0,351

30 115.2 53,8 0,359 0,353 0,353 0,352 0,353 0,352

Short-circuit currents, 1-period RMS value (max. of L1, L2, L3) [p.u. 

based In] /

Note: / Anmerkung:
1) Test no. defined according to [3]. / Test Nr. definiert entspricht [3]. 
2) Tests not required for [1] according to [3]. / Gemäß [3] Tests für [1] nicht gefordert . 
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AZZURRO 3PH 70000TL-V1 

 

Figure 17 – Summary results of short-circuit current contributions 

The following reference values are applied for calculation of the p.u. values specified in the table above: 

 
AZZURRO 3PH 

50000TL-V1 
AZZURRO 3PH 

60000TL-V1 
AZZURRO 3PH 

70000TL-V1 

Nominal active power, Pn [kW] 50 60 70 

Nominal output voltage, Un [V] 230 
(phase-to-neutral) 

230 
(phase-to-neutral) 

480 
(phase-to-phase) 

Nominal current, In [A] 72 87 84 

No. / Test no. 1) /

Short-circuit currents, peak 

value (max. of L1, L2, L3) [A] /

Nr. Test Nr. 1) Kurzschlussströme 

Scheitelwerte  (max. von L1, 

L2, L3) [A]

t1 + 20ms t1 + 100ms t1 + 150ms t1 + 300ms t1 + 500ms t1 + 1000ms

1 0.1 2) 2) 2) 2) 2) 2) 2)

2 0.2 2) 2) 2) 2) 2) 2) 2)

3 0.3 2) 2) 2) 2) 2) 2) 2)

4 0.4 2) 2) 2) 2) 2) 2) 2)

5 25.1 131,4 0,737 1,078 1,081 1,079 1,079 0,914

6 25.2 3) 3) 3) 3) 3) 3) 3)

7 25.4 3) 3) 3) 3) 3) 3) 3)

8 25.5 3) 3) 3) 3) 3) 3) 3)

9 50.1 3) 3) 3) 3) 3) 3) 3)

10 50.2 3) 3) 3) 3) 3) 3) 3)

11 50.3 3) 3) 3) 3) 3) 3) 3)

12 50.4 3) 3) 3) 3) 3) 3) 3)

13 50.5 3) 3) 3) 3) 3) 3) 3)

14 50.6 3) 3) 3) 3) 3) 3) 3)

15 75.1 3) 3) 3) 3) 3) 3) 3)

16 75.2 3) 3) 3) 3) 3) 3) 3)

17 75.3 122,2 0,823 0,992 0,992 0,991 0,991 0,991

18 75.4 3) 3) 3) 3) 3) 3) 3)

19 75.5 3) 3) 3) 3) 3) 3) 3)

20 75.6 3) 3) 3) 3) 3) 3) 3)

21 75.7 3) 3) 3) 3) 3) 3) 3)

22 75.8 140,1 1,019 1,031 1,031 1,031 1,033 1,032

23 80.1 3) 3) 3) 3) 3) 3) 3)

24 80.2 3) 3) 3) 3) 3) 3) 3)

25 85.1 3) 3) 3) 3) 3) 3) 3)

26 110.1 3) 3) 3) 3) 3) 3) 3)

27 110.2 3) 3) 3) 3) 3) 3) 3)

28 110.3 3) 3) 3) 3) 3) 3) 3)

29 115.1 58,1 0,350 0,343 0,344 0,345 0,344 0,344

30 115.2 3) 3) 3) 3) 3) 3) 3)

3) Due to spot testing the tests marked were not conducted. / Die mark ierten Tests wurden im Rahmen der Stichprobenvermessung 

nicht durchgeführt.

Short-circuit currents, 1-period RMS value (max. of L1, L2, L3) [p.u. 

based In] /

Note: / Anmerkung:
1) Test no. defined according to [3]. / Test Nr. definiert entspricht [3]. 
2) Tests not required for [1] according to [3]. / Gemäß [3] Tests für [1] nicht gefordert . 
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The FRT behaviour of the AZZURRO 3PH 60000TL-V1 can be applied to the AZZURRO 3PH 50000TL-V1 and 
AZZURRO 3PH 70000TL-V1 directly. 

The current peak values and current rms values of the AZZURRO 3PH 60000TL-V1 can be applied to the 
AZZURRO 3PH 50000TL-V1 and AZZURRO 3PH 70000TL-V1 scaled (by the factor 
In,notmeasure / In, AZZURRO 3PH 60000TL-V1) 
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Parameters necessary for calculating the short-circuit currents as specified in DIN EN 60909-0 (VDE 0102) [6] 
(Manufacturer’s data from [14]): 

 

Figure 18 – Parameters necessary for calculating the short-circuit currents according to DIN EN 60909-0 
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4.1. General information about the simulation model [16]: 

 

Simulation environment used for 
creation of the PGU model: 

Matlab: 9.4 (R2018a, 64bit), Simulink: 9.1 (R2018a), 

Simscape: 4.4 (R2018a), Simscape Power Systems: 6.9 (R2018a) 

Simulation environment used for 
conducting simulation/validation: 

Matlab: 9.7 (R2019b, 64bit), Simulink: 10.0 (R2019b), 

Simscape: 4.7 (R2019b), Simscape Electrical: 7.2 (R2019b) 

Data format of the simulation model: .slx: Simulink model file 

.zip: Compressed file archive 

Identification number of the 
validated model of the generating 
unit: 

File name: 
ZCS_21-0003_0_TR4_AZZURRO 3PH 50000-70000TL-
V1_V1.zip 

MD5 - Checksum: af6e7dfb7054ab26eab142938a263333 

Archive content: 

File name: ZCS _V10.slx 

MD5 - Checksum: 5472fa2a407230f75dc8351aceeb7447 

Certification the PGU according to: ☒ VDE-AR-N 4110:2018-11 

☐ VDE-AR-N 4120:2018-11 

Available model documentation: User Manual and Model Description of Matlab Model of ZCS PV Inverter 
AZZURRO 3PH 50000-60000TL-V1 (Date: 18.08.2020) 

Model type: ☒ EMT model ☐ RMS model 

The model is suitable for ☒ static simulation ☒ dynamic simulation 

☒ simulation of 
symmetrical and 
asymmetrical faults 

☐ only simulation of 
symmetrical faults 

Implemented FRT modes: ☒ Full dynamic grid support 

☒ Limited dynamic grid support 

Is k-factor adjustable? ☒ yes ☐ no 

Further functions implemented in 
the model: 

See 4.3 Model parameters [16] 

Is a simulation on a PGS 
configuration with SCR = 5 
possible? 

☒ yes ☐ no 

Limitation for usage of the 
simulation model: 

• The reactive power control functions implemented on the simulation 
model were not validated directly 

• The active power control implemented in the simulation model is 
suitable for application of set point accuracy. The active power 
gradient is not implemented in the simulation model. 

• An apparent power /current limitation is not implemented in the model. 
The PQ characteristic curve of the model is not validated. 
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4.2. Description of the PGU simulation model [16]: 

 

The provided EMT model the product series is implemented in Matlab/Simulink/Simscape. The model 
implements the characteristic behaviour according to TG 3. It is valid for the Simulink solver type ‘ode45 
(Dormand-Prince)’ and variable step-size. 

In the simulation the model shall reach a stable operating point before tests can be conducted. According to the 
manufacturer a stable operation is reached after 0,5 s of simulation time. A simulation run with a start time of 
0,0 s is recommended by the manufacturer. 

Description of the main control circuit (Figure 19): 

The simulation model consists of the following subsystems and Matlab Functions: 

• The subsystem PLL determines the frequency for grid protection and phase angle for calculation of the 
pos. / neg. sequence of active / reactive current references; 

• subsystem Current Regulator: pos. seq. current control loop, determines the pos. seq. d/q voltage set 
point; 

• subsystem Current dq-: neg. seq. current control loop, determines the neg. seq. d/q voltage set point; 

• subsystem dqtoabc: converts the pos. seq. voltages in d/q system into abc system; 

• subsystem dqtoabc: converts the neg. seq. voltages in d/q system into abc system; 

• The subsystem “Inverter” mirrors the behaviour of the PGU; 

• Matlab Function 1: calculates the pre-fault voltage in pos. / neg. seq. system; 

• Matlab Function 2: calculates the P and Q set points; 

• Matlab Function 3: calculates the pos. / neg. seq. active / reactive current set points and P and Q set 
points. Disconnection signal “On/Off” will be sent if a protection events is detected 

Detection of FRT event: 

The implementation of the FRT detection is identical to the implementation in the PGU: 

Un ± 10%Un (default setting): 

If the minimum (for LVRT) or maximum (for HVRT) value of the three phase-to-phase voltages exceeds the 
activation threshold, a FRT event will be detected. 

Voltage reference for additional reactive current calculation: 

The reference voltage is the 3 s (default setting, parameter “VRT Ud Filter time(s)” is adjustable) average of the 
positive sequence voltage before fault occurs. 
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4. Annex 4 – Validated simulation model 

 

Figure 19 – Main control circuit of the simulation model 
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4. Annex 4 – Validated simulation model 

Description of the interface to DC input and AC output (Figure 20 & Figure 21): 

Connection to AC mains has to be established by three phases (A, B, C) of SimPower Systems / Simscape 
electrical grid type (complex simulated voltage and current fundamental based on a frequency of 50 Hz). 

The primary energy is integrated in the model as a static not-limiting power source. So no explicit primary energy 
conversion is implemented. 

 

Figure 20 – Model block with application example 

 

Figure 21 – Interface of the model towards the simulation environment 
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4. Annex 4 – Validated simulation model 

4.3. Model parameters [16] 

 

Description of the accessible parameterization of the model: 

The ranges of the following parameters need to be selected in a sensible way: i.e. using the default values or 
parameter ranges stated in the parameter list documented in TG 3 report [7]. 

 

Figure 22 – Parameter setup of the model 
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4. Annex 4 – Validated simulation model 
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4. Annex 4 – Validated simulation model 
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4. Annex 4 – Validated simulation model 

 

Figure 23 – Accessible parameters of the model from [16] 
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4. Annex 4 – Validated simulation model 

4.4. Model application guide [16] 

 

Scaling of inverter model [16] 

For application of other inverter types in the product series the parameters Rated Power(W) and Rated 
Urms(phase-phase)(V) need to be set accordingly. 

 

Description of the steps for integration of the simulation model in a power generating system project 
(Manufacturer’s information) [16] 

1. The current project path must contain the following files: 

a) inverter model “ZCS_V10.slx” 

b) PGS model as *.slx or *.mdl-file 

2. The model block (see Figure 20) can be copied from the model file “ZCS_V10.slx” into a simulation project using 
copy&paste. The corresponding “powergui” is copied once into project. If more than 1 instance of model used for the 
simulation, the PGU model block (see Figure 20) has to be modified before copying *. 

3. Electrical connection will be established by wiring the models’ output terminals (A, B, C) into the SimPowerSystems / 
Simscap grid.  

4. Solver configuration according to provided model documentation (see Annex 4 in [16]) 

5. Finally, the model has to be parameterized as needed. 

The model reaches a stable operating point after the waiting time of 0,5 s expires. ** 

* Since in the model some global “Goto” tags are used, if more than 1 instance of model used for the simulation, the PGU 
model block (see Figure 20) has to be modified accordingly before copying. The tag visibility of following tags has to be 
set from global to scoped: 

• Vdq_Forward in Subsystem PLL 

• Uneg in Subsystem PLL\Negative Sequence 

• Udc_Ave in Subsystem Inverter 

• anglepos in Subsystem PLL\Positive Sequence 

• wpos in Subsystem PLL\Positive Sequence 

In addition, the GotoTagVisibility need to be set accordingly: 

 

 

 If needed, other global tags can be deleted (just follow the messages after initialization). 

Furthermore, the Signal labels Vabc_B1 and Iabc_B1 of the Three-Phase VI Measurement in Subsystem Inverter have 
to be set different label names in every model Block. 

Other way to build up a power plant with more than one unit with the same model type: 

set the parameter Rated Power(W) to the total power of the power plant (Pn * n (PGUs)): 

 

 

** Depending on the setup of the simulation environment a stable operation of the model may be reached longer than 0,5 s. 



 Annex to the Type Certificate no. 21-0003_0 Page 66 of 78 
 

Copyright  Bureau Veritas Consumer Products Services Germany GmbH 

Eine auszugsweise Darstellung des Zertifikats bedarf der schriftlichen Genehmigung der BV CPS GmbH Copyright  Bureau Veritas 

4. Annex 4 – Validated simulation model 

4.5. Scope of the validation and plausibility tests [16] 

 

The simulation model was checked for validity and plausibility according to TG 4 for following test scenarios: 

• Validation for active power set point accuracy (chapter 3.1.2 in [4]) 

• Function tests for grid protection (chapter 3.4 in [4]) 

• Validating all TG3 FRT tests (chapter 5 in [4]) 

• Plausibility tests on single model for different 

o fault types; 

o voltage depth; 

o pre-fault voltages 

o pref-fault active powers 

o pref-fault reactive powers 

o k-factors  

(chapter 5.5.2 in [4]) 

• Plausibility checks of the steady-state operation (chapter 5.5.2.2 in [4]) 

• Plausibility tests for typical PGS configuration for different 

o fault types; 

o voltage depth; 

o pre-fault voltages 

o pref-fault active powers 

o pref-fault reactive powers 

o k-factors  

(chapter 5.5.3.1 in [4]) 

• Simulating of unsuccessful automatic reconnection for typical PGS configuration (chapter 5.5.3.2 in [4]) 

For all the test scenarios the simulation ran stably without any error messages and showed satisfying behaviour. 
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4. Annex 4 – Validated simulation model 

4.6. Results of Validating simulation models (PGU) [16] 

 

Summary of validation results - AZZURRO 3PH 50000TL-V1 
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4. Annex 4 – Validated simulation model 

 

Figure 24 – Summary of validation results - AZZURRO 3PH 50000TL-V1 from [16] 
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4. Annex 4 – Validated simulation model 

Summary of validation results - AZZURRO 3PH 60000TL-V1 
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4. Annex 4 – Validated simulation model 

 

Figure 25 – Summary of validation results - AZZURRO 3PH 60000TL-V1 from [16] 
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4. Annex 4 – Validated simulation model 

Summary of validation results - AZZURRO 3PH 70000TL-V1 
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4. Annex 4 – Validated simulation model 

 

Figure 26 – Summary of validation results - AZZURRO 3PH 70000TL-V1 from [16] 
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