
 

 

 
 
 
 
 
 
 
 

 

 

Type Certificate 
 

Applicant: REFU Elektronik GmbH 

Address: Marktstraße 185, 72793 Pfullingen, Germany 

 

Type of power generating 
unit 

Grid-tied photovoltaic and 
battery inverter with connection 
box 

REFUsol / REFUstor 

(for details see Supplement of certificate on p.2) 

Technical data: Max. apparent power: 88 kVA1) 

Nominal output AC voltage: 400 V 1) 

Nominal frequency: 50 Hz 

Technical data determined 
by measurements: 

Max. active power PEmax / Max. 
active power peak P600 

(for details see Supplement of certificate on p.2) 

Firmware version:  310-01-06-35-S  

 

Validated type model: Model file: REFU_TG4.zip 

 Identification number (MD5): 582445af419417efa64b7a376de86b36 

 

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 [2], FGW TR 4 Rev. 09 [3], FGW TR 8 Rev. 09 [4] 

 

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 with deviations: 

• Quasi-steady-state operation 

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

• Active power output and network security management 

• 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.3. 
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 103 pages (including Annex of 99 pages).  
 

BV project number : 18TH0270    

Certificate no. : U22-0514 Certification scheme : NSOP-0032-DEU-ZE-V01 

Issued : 2022-08-30 Valid until : 2027-06-01 
 

 
 
 

Certification body 

 

 

 

Alf ASSENKAMP 
 

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 (U22-0514) 
 

Type of 
power generating unit: 

Grid-tied photovoltaic inverter REFUsol 100K 880P100 

Technical data: Nominal active output power: 88 kW 2) 

Max. apparent power: 88 kVA 2) 

Nominal output AC voltage: 
400 V 2) 

Voltage range 200V3) – 400V 

Nominal frequency: 50 Hz 

Technical data determined by 
measurements: 

Max. active power PEmax / Max. 
active power peak P600

4): 
1,01 p.u. / 

89,245 kW 4) 

Firmware version:  310-01-06-35-S 

 

Type of 
power generating unit: 

Grid-tied battery inverter 
REFUstor 88K 

420P088 
REFUstor 100K 

421P100 

REFUstor 50K 
421P050 

/REFUstor 50K 
420P050 

Technical data: Nominal active output power: 88 kW 2) 88 kW2) 50 kW 

Max. apparent power: 88 kVA 2) 88 kVA2) 50 kVA 

Nominal output AC voltage: 

400 V2) 

Voltage range 
200V3) – 400V 

400 V2) 

Voltage range 
200V3) – 400V 

400 V 

Voltage range 
200V3) – 400V 

(420P050)  
200V3) – 400V 

(421P050) 

Nominal frequency: 50 Hz 

Firmware version:  310-01-06-35-S 

1) The family behaviour is certified for a nominal output AC voltage up to 400V, L-L and a corresponding nominal power as stated. 
Inverters within the family are able to operate at voltages up to 480V, L-L and a corresponding maximum active /apparent power of 
100kW /100kVA. 

2) The type behaviour is certified up to a nominal output AC voltage of 400V, L-L and a corresponding nominal power as stated. 

The inverter is able to operate at voltages up 480V and a corresponding maximum active /apparent power of 100kW /100kVA. 

3) The minimum certified nominal output AC voltage is 200V, L-L. 

The minimum nominal output AC voltage at which the inverter is able to operate is 180V, L-L. 

4) 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 
[2]. 

The stated values on the front page of this certificate were determined according to test 4.1.1, FGW TR 3 Rev. 25 [2]. 

The active power results of the REFUsol 88K 880P100 can be applied to the REFUstor 88K 420P088, REFUstor 100K 421P100and 
REFUstor 50K 421P050/REFUstor 50K(scaled by Pn, not measured / Pn, REFUsol (88K 880P100). 

 

The certificate is comprised of 103 pages (including Annex of 99 pages).  
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Restrictions, deviations or notes on usage: 

• Only one interface for specifying active power is implemented on the PGU. Separate specifying active power by grid operators and 
direct sellers is not possible. Prioritization of different setpoints must be carried out on the plant level e.g. in the superimposed PGS 
controller. 

• In order to achieve a gradient of active power increase / decrease rate of 0,33 % PrE/s, the respective parameter must be set to a 
value that is greater than 0,33 % PrE/s. 

• The functionality active power adjustment as a function of frequency is not implemented on the grid-tied battery inverters. This function 
needs to be implemented on the plant control level. 

The functionality active power adjustment as a function of overfrequency is implemented in the grid-tied photovoltaic inverter REFUsol. 
The functionality active power adjustment as a function of underfrequency must be implemented on the plant control level. 

• 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 Q(U) characteristic settable in the inverter must be shifted by -3%Pn in order to get the actual Q(U) characteristic. 

• The PGUs in the series provide the control functions of Q(P) control and Q with voltage limitation function but these were not tested 
according to TG3 Rev. 25. These functions must be implemented on the PGS controller level if required on the plant level. 

 

The certificate is comprised of 103 pages (including Annex of 99 pages).  
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Description of the revisions of certificate U22-0514 

Rev. 0 First issue 

Rev. 1 

General Changes: 

• Firmware version updated. 

• Simulation model updated. 

• Restrictions, deviations and notes on usage updated. 

Changes in the certificate annexes: 

• Annex 1 – Guidelines, test reports and documents 

o Reference [6], [7], [8], [9], [10], [11], [12], [14], [15] and [16] updated. 

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

• Annex 3 – Extract from the test report updated. 

• Annex 4 – Validated simulation model updated. 

• Annex 5 – Certification-relevant parameters updated. 
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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 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 

[3] 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 

[4] 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 

[5] 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 

[6] 18TH0270_TR3_1 

TG3 test report according to FGW TG3 Rev.25, issued by Bureau Veritas Consumer Products 
Services Germany GmbH on 18. Aug. 2022 

[7] 18TH0270_TR4_1 

TG4 test report according to FGW TG4 Rev.09, issued by Bureau Veritas Consumer Products 
Services Germany GmbH on 16. Aug. 2022 

[8] 18TH0270_TR8_1 

TG8 evaluation report according to FGW TG8 Rev.09, issued by Bureau Veritas Consumer 
Products Services Germany GmbH on 19. Aug.2022 

[9] 18TH0270_TR3_0_excerpt-part_1_1 

Extract from the TG3 test report, issued by Bureau Veritas Consumer Products Services 
Germany GmbH on 18. Aug. 2022 

[10] 18TH0270_TR3_0_excerpt-part_2_1 

Extract from the TG3 test report, issued by Bureau Veritas Consumer Products Services 
Germany GmbH on 18. Aug. 2022 

[11] 18TH0270_TR3_0_excerpt-part_3_1 

Extract from the TG3 test report, issued by Bureau Veritas Consumer Products Services 
Germany GmbH on 18. Aug. 2022 
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1. Annex 1 – Guidelines, test reports and documents 

The compliance to the grid connection regulation of the power generating units is shown by the results in the test 
report (18TH0270_TR3_1) 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 
(18TH0270_TR4_1). The simulations were conducted by Bureau Veritas Consumer Products Services Germany 
GmbH. 

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

• REFUsol 100K 880P100 

• REFUstor 88K 420P088 

• REFUstor 100K 421P100 

• REFUstor 50K 421P050 

• REFUstor 50K 420P050 

is stated in the certification report (18TH0270_TR8_1). 

 

Reference Certification-relevant documents provided by manufacturer 

[12] Manufacturer’s certificate on specific data of a Photovoltaic Converter, dated 18. Aug. 2022: 

F.0_xxx_xxx_TR3_Manufacturer certificate_880P100_V04 

Manufacturer’s certificate on specific data of a Photovoltaic Converter, dated 18. Aug. 2022: 

F.0_xxx_xxx_TR3_Manufacturer certificate_42xPxxx_V04 

[13] Manufacturer’s declaration on type testing, dated 23. May 2022: 

F.1_xxx_xxx_Declaration of manufacturer on type testing_V03 

[14] Parameter list, V6.0, dated 18. Aug 2022: 

F.2_REFUsol_REFUstor_TR3_Parameter list_V06 

[15] Manufacturer’s declaration for compliance to technical requirements of the VDE-AR-N 4110:2018-
11, dated 17. Aug. 2022: 

F.4_42x_880_Declaration of manufacturer_V07 

[16] P_Q_Tabellen_880P_420P_421P_graph_2022-08-18_für BV_v08 
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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) 
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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, Figure 3 & Figure 4) 

The Solar converter converts DC voltage into AC voltage. 

The input and output are protected by SPDs to earth. The unit is providing EMC filtering at the PV input and output 
towards mains. The unit does not provide galvanic separation from input to output (transformerless). The output is 
switched off redundantly by the high power switching bridge and two relays in series. This assures that the opening of 
the output circuit will also operate in case of a single error. 

The REFUsol 100K 880P100 is a bidirectional photovoltaic inverter. The REFUstor xxK 420P0xx is identical in 
hardware and uses a same software to act as a bidirectional battery inverter that is used to connect a battery instead 
of photovoltaics. 

Power electronic inverter for injection of direct current generated by means of photovoltaic panels into the public AC 
grid or storage system with power electronic converter for feeding power generated by battery modules into the public 
AC grid (discharging operation mode, PGU) or draw energy from the public AC grid to charge the battery (charging 
operation mode, Load). 

The battery- and solar inverters convert DC current into AC current. 

 

Figure 2 – Block diagram of the PV Inverter 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

 

Figure 3 – Block diagram of the battery inverter 
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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 4 – Block diagram Connection boxes 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

Description of the differences of the models within a series: 

The REFUsol 100K 880P100 is a photovoltaic inverter. The REFUstor 88K 420P088 uses a same software and 
firmware version to act as a bidirectional battery inverter that is used to connect a battery instead of photovoltaics.  

The hardware difference between REFUsol 880P100 and REFUstor 421P100 is: 

421P100 has additional a.c. line from a.c. board to d.c board (additional auxiliary grid voltage supply) 

two d.c precharge relays and different variants, one with pre - charging for 421P100 (DC37000.1) and one without 
precharging (DC37000.2) for 420P088 and 880P100 

Equipped with DC precharge relays: REFUstor 100K (421P100) and REFUstor 50K (421P050). 

Without DC precharge relays: REFUsol 100K (880P100) / REFUstor 88K (420P088) / REFUstor 50K (420P050). 

For the REFUsol 100K (880P100) there is a Central Connection Box (CBIC 100K (936P001.xxxx)) and a Decentral 
Connection Box (CBID 100K (937P221.xxxx)). The PV strings can be connected directly in the decentral Connection 
Box. A DC combiner box is required for the centralized connection box. 

For the REFUstor units, there is a Battery Connection Box (CBBS 88K (940P300.0000). 

Description of a typical installation (Figure 5) (Manufacturer’s data): 

The REFUsol unit is usually connected to a PV system on the DC side. The AC side is connected to the available 
mains supply. 

The REFUstor unit is usually connected to a battery system on the DC side. The AC side is connected to the available 
mains supply. 

 

Figure 5 – Scheme of an installation 

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

The ripple control receiver is connected to an external data acquisition device via a digital input. 

The corresponding conversion of the power setpoint can be specified via the logical linking of the registers. 
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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 [14]: 

 

Figure 6 – Software and firmware version used for the TG3 testing from [14] 

Note: 

All models are using the same firmware. The parameterization is dependent on the several types, all within one 
firmware. The Software to change the parameters is called REFUset. 

if not specified otherwise, the following applies: 

(Any updates have influence on the verified AC electrical behaviour of the PGU need to be informed and approved by 
Bureau Veritas Consumer Products Services Germany GmbH.) 
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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, and behaviour of the 
PGU in the event of a communication failure with the PGS controller [15]: 

 

 

 

 

Figure 7 – Interfaces provided on the PGU level for active and reactive power setting from [15] 
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2. Annex 2 – Technical characteristics of the power generating unit (Manufacturer’s data) 

In the event the communication with the PGS controller is disturbed, the PGU will check continuously if further 
command receives from the PGS controller, if not it will provide active and reactive power according to the predefined 
parameters through the function of Communication disconnection fail-safe (see parameters 102 – 107 in Annex 5): 

 

Figure 8 – Behaviour of the PGU in the event of a communication failure with the PGS controller [15] 
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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 
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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 
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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 
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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 9 – 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 10 – Results of active power control from [10] 

The PGUs are able to be operated at reduced power [6]. 

At 0% setpoint the PGUs stay connected without power feeding.  
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3. Annex 3 – Extract from the test report 

 

Figure 11 – Results of active power control from [6] 
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3. Annex 3 – Extract from the test report 

The active power gradient is implemented on the PGU level. 

The max. active power output of the PGU is dependent on ambient temperature Active power derating starts not 
before Tu=40-45°C [15]: 
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3. Annex 3 – Extract from the test report 

3.3. Reactive 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 
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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 12 – Results of reactive power control from [10] 
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3. Annex 3 – Extract from the test report 

Description of methods for the reactive power supply [6]: 

The type of the reactive power control on the lowest system level is based on Q. 

The units provide the following reactive power settings: 

• Settable cosφ value (Range: +/- 72,5° for φ ) 

• Settable Q value (Range: +/- 95 kvar) 

• Configurable Q(P)-curve (No: of supporting points 10) 

• Configurable Q(U)-curve (No. of supporting points: 2 / 4 or 20 (depends on used function according to reactive 
power voltage characteristic curve Q(U) and reactive power with voltage limiting function. 

• For battery inverters the similar Q-characteristic is provided in operation status CHARGE. Reactive power Q 
is limited by a minimum cos φ = 0,3 and by the max. apparent power 1,73*128 A *UN and by the max. rms 
current 128 A 

 

The resulting voltage dependent PQ operating points as follows [6]: 

85% Un 

 

 

U/UN 0.85

maxS 75072

ind. cap.

P[%] Pist[W] MaxQ[VAr] Pist[W] Qist[VAr]

100 75072 0 75072 0

90 75072 0 75072 0

85 75072 0 75072 0

80 75072 0 75072 0

75 75000 -3287 75000 3287

70 70000 -27126 70000 27126

65 65000 -37561 65000 37561

60 60000 -45120 60000 45120

55 55000 -51096 55000 51096

50 50000 -55998 50000 55998

45 45000 -60090 45000 60090

40 40000 -63528 40000 63528

35 35000 -66414 35000 66414

30 30000 -68817 30000 68817

25 25000 -69938 25000 69938

20 20000 -55950 20000 55950

15 15000 -41963 15000 41963

10 10000 -27975 10000 27975

5 5000 -13988 5000 13988
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90% Un 

 

 

95% Un 

 
 

U/UN 0.9

maxS

ind. cap.

P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 80831 0 80767 0

90 80396 -6369 79365 6369

80 71008 -36541 70617 36541

70 61236 -50618 61877 50618

60 52981 -58855 53086 58855

50 42945 -66245 44256 66245

40 34310 -70925 35433 70925

30 25426 -74422 26621 74422

20 19193 -55230 17484 55230

10 10186 -27896 9322 27896

5 6005 -13953 4286 13953

0

20000

40000

60000

80000

100000

120000

-100000 -80000 -60000 -40000 -20000 0 20000 40000 60000 80000 100000

A
c
ti

v
e
 P

o
w

e
r 

P
 [

W
]

Reactive Power Q [VAr]

U/Un = 0,9
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maxS 83904

ind. cap.

P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 83904 0 83904 0

90 83904 0 83904 0

85 83904 0 83904 0

80 80000 -25296 80000 25296

75 75000 -37615 75000 37615

70 70000 -46259 70000 46259

65 65000 -53055 65000 53055

60 60000 -58651 60000 58651

55 55000 -63363 55000 63363

50 50000 -67379 50000 67379

45 45000 -70816 45000 70816

40 40000 -73756 40000 73756

35 35000 -76255 35000 76255

30 30000 -78357 30000 78357

25 25000 -69938 25000 69938

20 20000 -55950 20000 55950

15 15000 -41963 15000 41963

10 10000 -27975 10000 27975

5 5000 -13988 5000 13988
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100% Un 

 

 

105% Un 

 

 

U/UN 1

maxS

ind. cap.

P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 88320 0 88213 0

90 77777 -42233 79519 38753

80 70596 -52685 70756 52835

70 60944 -61819 61930 62829

60 52106 -69203 53101 70850

50 43315 -75691 44267 76188

40 35185 -79922 35461 80639

30 28368 -82504 26644 83906

20 19370 -54717 17639 55909

10 10205 -27107 9390 28008

5 6032 -13500 4299 13952
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U/UN 1.05

maxS 88320

ind. cap.

P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 88320 0 88320 0

90 88320 -22360 88320 22360

85 85000 -37081 85000 37081

80 80000 -46904 80000 46904

75 75000 -54543 75000 54543

70 70000 -60827 70000 60827

65 65000 -66144 65000 66144

60 60000 -70710 60000 70710

55 55000 -74666 55000 74666

50 50000 -78102 50000 78102

45 45000 -81086 45000 81086

40 40000 -83666 40000 83666

35 35000 -85878 35000 85878

30 30000 -83926 30000 83926

25 25000 -69938 25000 69938

20 20000 -55950 20000 55950

15 15000 -41963 15000 41963

10 10000 -27975 10000 27975

5 5000 -13988 5000 13988
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110% Un 

 

 

115% Un 

 

 

Figure 13 – Voltage dependent PQ operating points from [15] 

U/UN 1.1

maxS

ind. cap.

P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 87619 0 87598 0

90 79727 -38448 78916 38611

80 70776 -53106 70116 52907

70 62069 -62835 61316 62741

60 52371 -70746 52497 70593

50 44012 -76328 44553 76250

40 35058 -80720 35720 80486

30 28972 -82972 26905 83831

20 20381 -56213 17802 55821

10 11180 -28161 9475 27530

5 6073 -14195 4359 13673
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P[%] Pist[W] Qist[VAr] Pist[W] Qist[VAr]

100 88320 0 88320 0

90 88320 -43589 88320 43589

85 85000 -52678 85000 52678

80 80000 -60000 80000 60000

75 75000 -66144 75000 66144

70 70000 -71414 70000 71414

65 65000 -75993 65000 75993

60 60000 -80000 60000 80000

55 55000 -83516 55000 83516

50 50000 -86603 50000 86603

45 45000 -89303 45000 89303

40 40000 -91652 40000 91652

35 35000 -93675 35000 93675

30 30000 -95394 30000 95394

25 25000 -69938 25000 69938

20 20000 -55950 20000 55950

15 15000 -41963 15000 41963
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5 5000 -13988 5000 13988
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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 [14], 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 protection devices on the power generating units have been designed in such a way that the settings can be easily 
read without additional equipment or if additional equipment is required, the authenticity and identification of the data 
read out is ensured. 

Gird-independent auxiliary energy is supplied to the protection equipment over DC-Supply. 

Functionality of the protection functions within the operating ranges (Quasi Steady State ranges) shown can be 
provided. 

An auxiliary energy loss of the protection equipment or the equipment control, respectively, causes the power 
generation to be switched off without delay. 

The voltage transformers are installed at the power generating units on the network side of the of the power generating 
unit’s circuit-breaker to monitor grid voltage. 

Operability of the protection functions has been provided before the power generating units start feeding in power. 

The coupling switch ensures three-pole galvanic separation. 

The coupling switch is designed as specified by the manufacturer. The switching capacity of the coupling switch is 
stated. according to the type label data  (switch-off current is max. inverter current). 

The sum of time elements of the protection and switching equipment does not exceed 100 ms. 

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.  
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3.5. Self-protection 

The integrated self-protection in the power generating units, works independent of any control functions. The integrated 
protection functions are implemented in separate software modules and that they operate independent from control 
functions. 
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3.6. Quasi-static operation 

Manufacturer’s data from [6] 

The unit can be continuously operated within the voltage / frequency range of 85%Un and 115%Un / 47.5 Hz and 51,5 
Hz. The entire power generating unit / component, respectively, including all its associated parts, (such as, i.a., control 
and protection equipment,) has been designed for the frequency and voltage ranges of quasi-steady-state operation 
(Manufacturer’s data) [15]. 
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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 [6]. 

 

Figure 15 – Verified Fault Ride-Through (FRT) limit curve from [6] 
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3.8. Short-circuit current contributions 

In the following the test results are summarized: 

REFUsol 100K 880P100 

 

Ergebnis 0.1 0.2 0.3 0.4

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - - - - - - - - - -

17 - - - -

22 - - - -

23 - - - -

28 
2) - - - -

32 - - - -

51 - 53 - - - - - - - - - - - -

54 - 56 - - - - - - - - - - - -

57 - 59 - - - - - - - - - - - -

60 - 62 - - - - - - - - - - - -

63 - 65 - - - - - - - - - - - -

66 - 68 - - - - - - - - - - - -

69 - 71 - - - - - - - - - - - -

74 - - - -

Ergebnis 25.1 25.2 25.3 25.4

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.251 0.251 0.251 0.251 0.251 0.251 0.543 0.997 0.544

17 0.251 0.251 0.624

22 0.999 0.998 0.999

23 0.002 0.002 0.002

28 
2) -0.006 -0.002 -0.006

32 -0.982 -0.199 -0.981

51 - 53 74.1 63.6 39.4 77.7 64.3 43.2 98.2 53.9 55.2

54 - 56 0.175 0.126 0.102 0.183 0.154 0.143 0.242 0.034 0.209

57 - 59 0.939 0.942 0.940 0.938 0.937 0.940 0.923 0.460 0.463

60 - 62 0.938 0.939 0.940 0.941 0.943 0.946 0.922 0.460 0.463

63 - 65 0.940 0.939 0.941 0.939 0.941 0.941 0.923 0.460 0.463

66 - 68 0.938 0.939 0.939 0.938 0.940 0.940 0.923 0.460 0.463

69 - 71 0.936 0.939 0.940 0.937 0.937 0.939 0.922 0.460 0.463

74 0.230 0.175 0.218

Ergebnis 25.5 50.1 50.2 50.5

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.544 0.997 0.544 0.502 0.500 0.501 0.502 0.500 0.500 0.498 0.498 0.497

17 0.624 0.501 0.501 0.497

22 0.998 1.000 0.998 1.000

23 0.002 0.002 0.002 0.000

28 
2) -0.002 -0.006 -0.002 0.021

32 -0.198 -0.984 -0.199 -0.995

51 - 53 98.8 53.4 60.9 122.8 133.3 100.7 92.0 60.9 90.5 180.7 180.1 180.7

54 - 56 0.272 0.016 0.277 0.425 0.455 0.392 0.351 0.246 0.289 0.971 0.917 0.895

57 - 59 0.923 0.461 0.463 0.930 0.932 0.932 0.939 0.943 0.942 0.013 0.014 0.014

60 - 62 0.923 0.461 0.463 0.930 0.933 0.933 0.943 0.938 0.942 0.013 0.013 0.013

63 - 65 0.923 0.460 0.463 0.930 0.933 0.933 0.939 0.942 0.945 0.014 0.014 0.013

66 - 68 0.924 0.461 0.463 0.930 0.934 0.934 0.938 0.944 0.943 0.014 0.014 0.013

69 - 71 0.923 0.460 0.463 0.931 0.932 0.934 0.937 0.941 0.943 0.014 0.014 0.013

74 0.009 0.232 0.000 0.053

Ergebnis 50.3 50.4 50.6 75.1

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.661 0.999 0.661 0.660 0.997 0.660 0.897 0.496 0.896 0.751 0.749 0.749

17 0.749 0.748 0.745 0.750

22 1.000 0.998 1.000 0.999

23 0.002 0.002 0.001 0.002

28 
2) -0.006 -0.002 0.043 -0.006

32 -1.003 -0.198 -0.993 -0.983

51 - 53 138.1 42.7 109.8 124.9 44.3 81.7 214.0 244.5 172.0 171.8 168.2 167.4

54 - 56 0.413 0.189 0.406 0.329 0.115 0.336 0.661 0.849 0.715 0.893 0.864 0.906

57 - 59 0.948 0.467 0.482 0.943 0.463 0.480 0.026 0.018 0.016 0.936 0.937 0.937

60 - 62 0.949 0.466 0.482 0.943 0.463 0.479 0.026 0.018 0.017 0.937 0.938 0.937

63 - 65 0.948 0.465 0.483 0.942 0.462 0.480 0.026 0.018 0.017 0.936 0.937 0.937

66 - 68 0.949 0.466 0.483 0.943 0.461 0.482 0.026 0.018 0.017 0.936 0.936 0.936

69 - 71 0.950 0.462 0.488 0.942 0.461 0.481 0.026 0.018 0.017 0.933 0.935 0.934

74 0.224 0.002 0.045 0.181

Die EZE  ist in der Lage,   

mehrfach aufeinanderfolgende 

Spannungseinbrüche 

durchzufahren.  / 

The PGU is ab le to ride through 

several consecutive voltage 

dips.
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Ergebnis 75.2 75.3 75.4 115.2

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.751 0.749 0.749 0.750 0.748 0.748 0.758 0.755 0.755 1.180 1.177 1.177

17 0.750 0.749 0.756 1.178

22 0.998 0.997 1.007 0.999

23 0.002 0.002 0.003 0.002

28 
2) -0.002 0.540 -0.551 -0.002

32 -0.199 -0.193 -0.203 -0.199

51 - 53 87.8 75.1 88.9 118.7 85.1 117.9 170.6 172.4 157.5 66.9 66.4 65.7

54 - 56 0.351 0.272 0.357 0.396 0.339 0.414 0.781 0.831 0.770 0.230 0.206 0.249

57 - 59 0.523 0.524 0.524 0.228 0.228 0.225 0.975 0.973 0.980 0.365 0.369 0.371

60 - 62 0.525 0.526 0.526 0.227 0.227 0.227 0.974 0.972 0.980 0.368 0.369 0.370

63 - 65 0.525 0.526 0.526 0.227 0.226 0.227 0.974 0.972 0.980 0.369 0.369 0.369

66 - 68 0.522 0.525 0.524 0.227 0.227 0.227 0.976 0.974 0.980 0.368 0.369 0.369

69 - 71 0.517 0.519 0.519 0.229 0.229 0.226 0.975 0.973 0.980 0.363 0.366 0.367

74 0.000 0.000 0.009 0.168

Ergebnis 75.5 75.6 75.7 80.1

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.751 0.750 0.751 0.820 0.999 0.818 0.820 0.998 0.817 0.804 0.804 0.804

17 0.751 0.874 0.874 0.804

22 0.998 0.999 0.998 1.000

23 0.001 0.002 0.002 0.000

28 
2) -0.002 -0.006 -0.002 0.019

32 -0.199 -0.981 -0.198 -0.994

51 - 53 68.1 45.8 62.0 183.3 155.1 171.7 86.8 38.9 73.1 176.7 184.2 183.0

54 - 56 0.288 0.231 0.247 0.854 0.680 0.931 0.307 0.100 0.321 0.976 0.978 0.928

57 - 59 0.950 0.949 0.951 0.799 0.449 0.858 0.511 0.114 0.420 0.956 0.953 0.962

60 - 62 0.949 0.948 0.950 0.800 0.446 0.857 0.511 0.114 0.420 0.958 0.952 0.962

63 - 65 0.949 0.948 0.950 0.800 0.448 0.857 0.512 0.114 0.421 0.958 0.955 0.961

66 - 68 0.945 0.944 0.944 0.799 0.446 0.857 0.511 0.116 0.420 0.959 0.955 0.961

69 - 71 0.944 0.945 0.946 0.799 0.454 0.859 0.506 0.113 0.418 0.958 0.952 0.961

74 0.000 0.175 0.000 0.013

Ergebnis 80.2 75.8 110.1 110.2

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.864 1.007 0.861 0.820 0.998 0.819 1.160 0.988 1.158 1.157 0.986 1.155

17 0.908 0.874 1.099 1.097

22 1.009 0.998 0.999 0.995

23 0.003 0.002 0.001 0.000

28 
2) -0.006 0.004 0.022 0.005

32 -0.983 -0.209 -1.001 -0.230

51 - 53 179.2 174.2 172.7 160.1 64.4 127.6 168.9 167.3 170.1 41.8 42.4 40.4

54 - 56 0.969 0.963 0.963 0.829 0.287 0.542 0.872 0.927 0.886 0.172 0.217 0.187

57 - 59 0.837 0.586 0.925 0.931 0.372 0.559 0.796 0.863 0.495 0.451 0.382 0.092

60 - 62 0.839 0.588 0.925 0.932 0.372 0.560 0.795 0.865 0.499 0.453 0.383 0.094

63 - 65 0.839 0.589 0.925 0.928 0.369 0.560 0.799 0.861 0.500 0.450 0.382 0.092

66 - 68 0.839 0.590 0.925 0.929 0.370 0.560 0.801 0.862 0.500 0.450 0.382 0.091

69 - 71 0.836 0.587 0.925 0.916 0.360 0.556 0.795 0.863 0.495 0.451 0.382 0.092

74 0.015 0.164 0.165 0.006

Ergebnis 85.1 110.3 115.1 -

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.880 0.878 0.879 1.121 1.118 1.117 1.181 1.178 1.177 - - -

17 0.879 1.119 1.178 -

22 0.998 0.999 1.000 -

23 0.001 0.002 0.002 -

28 
2) -0.002 -0.002 -0.006 -

32 -0.199 -0.199 -0.983 -

51 - 53 54.0 51.0 46.1 48.3 52.1 52.5 99.0 97.3 91.6 - - -

54 - 56 0.229 0.234 0.213 0.187 0.199 0.194 0.434 0.385 0.389 - - -

57 - 59 0.291 0.288 0.290 0.271 0.273 0.275 0.546 0.546 0.545 - - -

60 - 62 0.287 0.288 0.287 0.272 0.273 0.273 0.545 0.545 0.546 - - -

63 - 65 0.291 0.289 0.290 0.272 0.273 0.273 0.545 0.546 0.547 - - -

66 - 68 0.289 0.290 0.290 0.272 0.272 0.272 0.544 0.545 0.548 - - -

69 - 71 0.286 0.286 0.286 0.269 0.272 0.274 0.544 0.544 0.542 - - -

74 0.000 0.163 0.245 -
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Note:

Nr.: Parameter

16

17

22

23

28 2)

32

51 - 53

54 - 56

57 - 59

60 - 62

63 - 65

66 - 68

69 - 71

74

t1 … t1 + 20ms [A]

Gesamt / Total , t1 – 10s … t1 [p.u. Pn]

Mitsystem / Neg. seq. ,  t1 - 60s bis t1) [p.u. In]

Gegensystem / Neg. seq , Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Mitsystem / Pos. seq ., Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Phase-Phase, t1 + 100ms … t2 zu t1 - 60s ... t1) [p.u. Un]

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Anschw ingzeit Wirkstrom / Response time of active current

Mitsystem / Pos. seq ., Phase-neutral, t1 + 100ms … t2 zu t1 - 60s ... t1) 

[p.u. Un]

Mitsystem / Pos. seq.  [s]

t1 + 480ms ... t1 + 500ms [p.u. In]

t1 + 280ms ... t1 + 300ms [p.u. In]

t1 + 980ms ... t1 + 1000ms [p.u. In]

t1 + 130ms ... t1 + 150ms [p.u. In]

t1 + 80ms ... t1 + 100ms [p.u. In]

t1  ... t1 + 20ms [p.u. In]

Kurzschlussströme Scheitelw erte / Short-circuit currents, peak value 

(L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Wirkleistung / Active Power

2)
 Untererregter / induktiver Blindstrom hat ein negatives Vorzeichen, übererregter / kapazitiver Blindstrom hat ein positives Vorzeichen, das 

Vorzeichen der Blindleistung ist gleich wie Blindstrom. /

Under-excited / inductive reactive current has a negative sign, over-excited / capacitive reactive current has a positive sign, the sign of the 

reactive power is the same as the reactive current.

1)
 A / B / C kennzeichnen die Phase-Phase-Spannungen (L12, L23, L31) oder die Phasenströme (L1, L2, L3). /

A / B / C indicate the phase-phase voltages (L12, L23, L31) or the phase currents (L1, L2, L3).

Die Ergebnisse in der Tabelle sind anhand der Tabelle 4-70 in FGW TR3 (Rev.25) wie folgt durchnummeriert /

The results in the tab le are numbered according to Table 4-70 in FGW TR3 (Rev.25) as follows  :

Istw ert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase (L12, L23, L31)

Istw ert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase

Spannung / Voltage

Spannung / Voltage

Blindstrom / Reactive current

Phasenbezug, Bezugszeit, Wert [Einheit] /

Phase reference, Reference time, Value [unit]

3)
 Test für Mehrfachfehler zu nachweisen, dass die EZE in der Lage ist, mehrfach aufeinanderfolgende Spannungseinbrüche durchfahren zu 

können.  / 

Test for mutiple faults to proven the PGU is ab le to ride through several consecutive voltage dips.
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REFUstor 88K 420P088 @ 200V 

 

0.1 0.2 0.3 0.4

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

- - - - - - - - - - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - -

25.1 25.2 25.3 25.4

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

0.252 0.252 0.253 - - - - - -

0.252 - -

1.000 - -

0.001 - -

0.009 - -

-1.015 - -

61.5 74.3 65.0 - - - - - -

0.135 0.139 0.171 - - - - - -

0.960 0.956 0.957 - - - - - -

0.956 0.957 0.960 - - - - - -

0.956 0.959 0.960 - - - - - -

0.958 0.960 0.961 - - - - - -

0.957 0.959 0.956 - - - - - -

0.223 - -

25.5 50.1 50.2 50.5

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

- - - - - - - - - - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - -

50.3 50.4 50.6 75.1

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

- - - - - - - - - - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - - - - - - - - - -

- - - -

Die EZE  ist in der Lage,   

mehrfach aufeinanderfolgende 

Spannungseinbrüche 

durchzufahren.  / 

The PGU is ab le to ride through 

several consecutive voltage 

dips.
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Ergebnis 75.2 75.3 75.4 75.5

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - 0.000 0.000 0.000 - - - - - -

17 - 0.000 - -

22 - 0.000 - -

23 - 0.000 - -

28 
2) - 0.000 - -

32 - 0.000 - -

51 - 53 - - - 0.0 0.0 0.0 - - - - - -

54 - 56 - - - 0.000 0.000 0.000 - - - - - -

57 - 59 - - - 0.000 0.000 0.000 - - - - - -

60 - 62 - - - 0.000 0.000 0.000 - - - - - -

63 - 65 - - - 0.000 0.000 0.000 - - - - - -

66 - 68 - - - 0.000 0.000 0.000 - - - - - -

69 - 71 - - - 0.000 0.000 0.000 - - - - - -

74 - 0.000 - -

Ergebnis 75.6 75.7 75.8 80.1

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - - - - 0.820 0.998 0.822 - - -

17 - - 0.875 -

22 - - 0.999 -

23 - - 0.001 -

28 
2) - - -0.002 -

32 - - -0.391 -

51 - 53 - - - - - - 132.1 72.5 102.8 - - -

54 - 56 - - - - - - 0.490 0.146 0.517 - - -

57 - 59 - - - - - - 0.909 0.261 0.653 - - -

60 - 62 - - - - - - 0.906 0.256 0.656 - - -

63 - 65 - - - - - - 0.906 0.251 0.662 - - -

66 - 68 - - - - - - 0.903 0.242 0.670 - - -

69 - 71 - - - - - - 0.903 0.242 0.671 - - -

74 - - 0.007 -

Ergebnis 80.2 85.1 110.1 110.2

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - - - - - - - - - -

17 - - - -

22 - - - -

23 - - - -

28 
2) - - - -

32 - - - -

51 - 53 - - - - - - - - - - - -

54 - 56 - - - - - - - - - - - -

57 - 59 - - - - - - - - - - - -

60 - 62 - - - - - - - - - - - -

63 - 65 - - - - - - - - - - - -

66 - 68 - - - - - - - - - - - -

69 - 71 - - - - - - - - - - - -

74 - - - -



 Annex to the Type Certificate no. U22-0514 Page 69 of 99  
 

 

3. Annex 3 – Extract from the test report 

 

Note:

Nr.: Parameter

16

17

22

23

28 2)

32

51 - 53

54 - 56

57 - 59

60 - 62

63 - 65

66 - 68

69 - 71

74

Wirkleistung / Active Power

2)
 Untererregter / induktiver Blindstrom hat ein negatives Vorzeichen, übererregter / kapazitiver Blindstrom hat ein positives Vorzeichen, das 

Vorzeichen der Blindleistung ist gleich wie Blindstrom. /

Under-excited / inductive reactive current has a negative sign, over-excited / capacitive reactive current has a positive sign, the sign of the 

reactive power is the same as the reactive current.

1)
 A / B / C kennzeichnen die Phase-Phase-Spannungen (L12, L23, L31) oder die Phasenströme (L1, L2, L3). /

A / B / C indicate the phase-phase voltages (L12, L23, L31) or the phase currents (L1, L2, L3).

Die Ergebnisse in der Tabelle sind anhand der Tabelle 4-70 in FGW TR3 (Rev.25) wie folgt durchnummeriert /

The results in the tab le are numbered according to Table 4-70 in FGW TR3 (Rev.25) as follows  :

Istw ert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase (L12, L23, L31)

Istw ert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase

Spannung / Voltage

Spannung / Voltage

Blindstrom / Reactive current

Phasenbezug, Bezugszeit, Wert [Einheit] /

Phase reference, Reference time, Value [unit]

3)
 Test für Mehrfachfehler zu nachweisen, dass die EZE in der Lage ist, mehrfach aufeinanderfolgende Spannungseinbrüche durchfahren zu 

können.  / 

Test for mutiple faults to proven the PGU is ab le to ride through several consecutive voltage dips.

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Anschw ingzeit Wirkstrom / Response time of active current

Mitsystem / Pos. seq ., Phase-neutral, t1 + 100ms … t2 zu t1 - 60s ... t1) 

[p.u. Un]

Mitsystem / Pos. seq.  [s]

t1 + 480ms ... t1 + 500ms [p.u. In]

t1 + 280ms ... t1 + 300ms [p.u. In]

t1 + 980ms ... t1 + 1000ms [p.u. In]

t1 + 130ms ... t1 + 150ms [p.u. In]

t1 + 80ms ... t1 + 100ms [p.u. In]

t1  ... t1 + 20ms [p.u. In]

Kurzschlussströme Scheitelw erte / Short-circuit currents, peak value 

(L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivw ert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

t1 … t1 + 20ms [A]

Gesamt / Total , t1 – 10s … t1 [p.u. Pn]

Mitsystem / Neg. seq. ,  t1 - 60s bis t1) [p.u. In]

Gegensystem / Neg. seq , Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Mitsystem / Pos. seq ., Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Phase-Phase, t1 + 100ms … t2 zu t1 - 60s ... t1) [p.u. Un]
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REFUstor 100K 421P100 

 

Ergebnis 25.1 25.2 25.3 25.4

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

16 - - - 0,252 0,251 0,251 - - -

17 - 0,251 -

22 - 0,999 -

23 - 0,002 -

28 
2) - -0,020 -

32 - 0,199 -

51 - 53 - - - 61,1 59,1 47,0 - - -

54 - 56 - - - 0,275 0,263 0,240 - - -

57 - 59 - - - 0,937 0,941 0,941 - - -

60 - 62 - - - 0,937 0,939 0,935 - - -

63 - 65 - - - 0,935 0,939 0,940 - - -

66 - 68 - - - 0,936 0,939 0,939 - - -

69 - 71 - - - 0,938 0,940 0,941 - - -

74 - 0,013 -

Ergebnis 25.5 50.1 50.2 50.5

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

16 - - - - - - - - - - - -

17 - - - -

22 - - - -

23 - - - -

28 
2) - - - -

32 - - - -

51 - 53 - - - - - - - - - - - -

54 - 56 - - - - - - - - - - - -

57 - 59 - - - - - - - - - - - -

60 - 62 - - - - - - - - - - - -

63 - 65 - - - - - - - - - - - -

66 - 68 - - - - - - - - - - - -

69 - 71 - - - - - - - - - - - -

74 - - - -

Ergebnis 50.3 50.4 50.6 75.1

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

A 
1)

B
 1)

C
 1)

16 - - - 0,661 0,998 0,661 - - - - - -

17 - 0,749 - -

22 - 0,998 - -

23 - 0,002 - -

28 
2) - 0,007 - -

32 - 0,199 - -

51 - 53 - - - 84,5 69,2 40,3 - - - - - -

54 - 56 - - - 0,283 0,295 0,135 - - - - - -

57 - 59 - - - 0,936 0,471 0,465 - - - - - -

60 - 62 - - - 0,935 0,471 0,465 - - - - - -

63 - 65 - - - 0,935 0,472 0,464 - - - - - -

66 - 68 - - - 0,935 0,472 0,463 - - - - - -

69 - 71 - - - 0,932 0,473 0,459 - - - - - -

74 - 0,000 - -

Die EZE  ist in der Lage,   

mehrfach aufeinanderfolgende 

Spannungseinbrüche 

durchzufahren.  / 

The PGU is able to ride through 

several consecutive voltage dips.
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Ergebnis 75.2 75.3 75.4 75.5

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 0.751 0.749 0.749 - - - - - - - - -

17 0.750 - - -

22 0.998 - - -

23 0.002 - - -

28 
2) -0.020 - - -

32 0.199 - - -

51 - 53 49.2 60.4 48.0 - - - - - - - - -

54 - 56 0.221 0.258 0.236 - - - - - - - - -

57 - 59 0.549 0.551 0.553 - - - - - - - - -

60 - 62 0.552 0.552 0.553 - - - - - - - - -

63 - 65 0.554 0.555 0.556 - - - - - - - - -

66 - 68 0.557 0.557 0.557 - - - - - - - - -

69 - 71 0.552 0.553 0.554 - - - - - - - - -

74 0.003 - - -

Ergebnis 75.6 0 75.8 80.1

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - 0.000 0.000 0.000 - - - - - -

17 - 0.000 - -

22 - 0.000 - -

23 - 0.000 - -

28 
2) - 0.000 - -

32 - 0.000 - -

51 - 53 - - - 0.0 0.0 0.0 - - - - - -

54 - 56 - - - 0.000 0.000 0.000 - - - - - -

57 - 59 - - - 0.000 0.000 0.000 - - - - - -

60 - 62 - - - 0.000 0.000 0.000 - - - - - -

63 - 65 - - - 0.000 0.000 0.000 - - - - - -

66 - 68 - - - 0.000 0.000 0.000 - - - - - -

69 - 71 - - - 0.000 0.000 0.000 - - - - - -

74 - 0.000 - -

Ergebnis 80.2 85.1 110.1 110.2

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - - - - - - - - - -

17 - - - -

22 - - - -

23 - - - -

28 
2) - - - -

32 - - - -

51 - 53 - - - - - - - - - - - -

54 - 56 - - - - - - - - - - - -

57 - 59 - - - - - - - - - - - -

60 - 62 - - - - - - - - - - - -

63 - 65 - - - - - - - - - - - -

66 - 68 - - - - - - - - - - - -

69 - 71 - - - - - - - - - - - -

74 - - - -

Ergebnis 110.3 115.1 115.2 -

A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1) A 1) B 1) C 1)

16 - - - - - - 1.180 1.177 1.176 - - -

17 - - 1.178 -

22 - - 0.999 -

23 - - 0.002 -

28 
2) - - -0.020 -

32 - - 0.199 -

51 - 53 - - - - - - 42.3 61.7 54.7 - - -

54 - 56 - - - - - - 0.157 0.196 0.212 - - -

57 - 59 - - - - - - 0.353 0.353 0.353 - - -

60 - 62 - - - - - - 0.355 0.354 0.354 - - -

63 - 65 - - - - - - 0.357 0.358 0.358 - - -

66 - 68 - - - - - - 0.355 0.359 0.357 - - -

69 - 71 - - - - - - 0.353 0.354 0.353 - - -

74 - - 0.015 -
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Figure 16 – 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: 

 
REFUsol 100K 

880P100 
REFUstor 88K 

420P088 
REFUstor 100K 

421P100 

Rated active power, Pn [kW] 88 

Rated voltage (phase-to-phase), Un [V] 400 

Rated current, In [A] 128 

 REFUstor 50K 421P050 REFUstor 50K 420P050 

Rated active power, Pn [kW] 50 

Rated voltage (phase-to-phase), Un [V] 400 

Rated current, In [A] 128 

The FRT behaviour of the REFUsol 100K 880P100 can be applied to REFUstor 88K 420P088, REFUstor 100K 
421P100 and REFUstor 50K 421P050 / REFUstor 50K 420P050. 

Nr.: Parameter

16

17

22

23

28 
2)

32

51 - 53

54 - 56

57 - 59

60 - 62

63 - 65

66 - 68

69 - 71

74

Wirkleistung / Active Power

Istwert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase (L12, L23, L31)

Istwert Spannungseinbruchtiefe / Spannungserhöhung /

Measeured value of voltage drop / increase

Spannung / Voltage

Spannung / Voltage

Blindstrom / Reactive current

Phasenbezug, Bezugszeit, Wert [Einheit] /

Phase reference, Reference time, Value [unit]

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Anschwingzeit Wirkstrom / Response time of active current

Mitsystem / Pos. seq ., Phase-neutral, t1 + 100ms … t2 zu t1 - 60s ... t1) [p.u. Un]

Mitsystem / Pos. seq.  [s]

t1 + 480ms ... t1 + 500ms [p.u. In]

t1 + 280ms ... t1 + 300ms [p.u. In]

t1 + 980ms ... t1 + 1000ms [p.u. In]

t1 + 130ms ... t1 + 150ms [p.u. In]

t1 + 80ms ... t1 + 100ms [p.u. In]

t1  ... t1 + 20ms [p.u. In]

Kurzschlussströme Scheitelwerte / Short-circuit currents, peak value (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

Kurzschlussströme 1-Perioden-Effektivwert  / Short-circuit currents,

1-period RMS value  (L1,L2,L3)

t1 … t1 + 20ms [A]

Gesamt / Total , t1 – 10s … t1 [p.u. Pn]

Mitsystem / Neg. seq. ,  t1 - 60s bis t1) [p.u. In]

Gegensystem / Neg. seq , Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Mitsystem / Pos. seq ., Phase-neutral, t1 - 60s bis t1) [p.u. Un]

Phase-Phase, t1 + 100ms … t2 zu t1 - 60s ... t1) [p.u. Un]
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Parameters necessary for calculating the short-circuit currents as specified in DIN EN 60909-0 (VDE 0102) [5] 
(Manufacturer’s data from [15]): 

 

Figure 17 – Parameters necessary for calculating the short-circuit currents according to DIN EN 60909-0 
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4. Annex 4 – Validated simulation model 

4.1. General information about the simulation model [7]: 

Simulation environment used for 
creation of the PGU model: PowerFactory 2020  

Simulation environment used for 
conducting simulation/validation: PowerFactory 2021 SP5 (x64) 

Data format of the simulation model: .pfd: PowerFactory model file 

.zip: Compressed file archive 

Identification number of the validated 
model of the generating unit: 

File name: REFU_TG4.zip 

MD5 - Checksum: 582445af419417efa64b7a376de86b36 

Archive content: 

File name: REFUsol/REFUstor_REFU_TR4.pfd 

MD5 - Checksum: 2628c18746c5ae8bbc3507abf2a47755 

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

Available model documentation: Test Report_REFU_TG4 model REFUsol_20220809.pdf  

(09.08.2022) 

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 [7] 

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

☒ yes  ☐ no, 

for a stable simulation 
the SCR has to be 
limited to: 

___ 
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4. Annex 4 – Validated simulation model 
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4. Annex 4 – Validated simulation model 

4.2. Description of the PGU simulation model [7]: 

The simulation models of the REFUsol/REFUstor_REFU_TR4_20220420.pfd are implemented in DIgSILENT Power 
Factory Version 2020. In time-domain the static generator model acts as a current source and is suitable for RMS 
simulations. It is recommended that the integration step size to be set to 1 ms for the simulations. 

Description of the main control circuit (Figure 18, Figure 19 & Figure 20): 

The PV inverter is represented by the built-in Power Factory element Static Generator. The behaviour of dynamic 
model is determined by the DSL models connected to the Static Generator as showed in Figure 20. 

• The measurement block measures the active-reactive power, the voltage, the frequency, and the cos(phi) at 
the PCC. 

• The modeling of the dynamic behavior of the controller cannot be directly seen in the pane “RMS Simulation” 
because this modeling is more complex and was performed with a “Composite Model” named “Inverter 
Control”. 

• The “Power Controller-Details” in the Figure 6 is a complex control structure which model the behavior of the 
inverter controller in static and dynamic simulation. The Power Controller-Details DSL element consist of the 
active power controller, fault controller, reactive power controller and the limiter 
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4. Annex 4 – Validated simulation model 

 

Figure 18 – Static Generator Dialogue window for Basic Data 

 

Figure 19 – Static Generator Dialogue window for Load Flow – Operational Limits 
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4. Annex 4 – Validated simulation model 

 

Figure 20 – Control frame of the simulation model 

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

The PV converter is connected to AC mains via the 0,40 kV three phase busbar (which is the measuring point of the 
above-mentioned voltage measuring elements) and also contains the relays of the internal disconnection function. 

In time-domain simulations the static generator model acts as a current source, no explicit primary energy conversion 
is implemented. 

 

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

4.3. Model parameters [7] 

 

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 TG 3 report 18TH0270_TR3_1. 

Figure 22 shows the composite model DynamicModel "REFUsol/Refustor.Elm.Comp" which references to 
Control_Frame showed in Figure 22 and connects to the common model of  

• Power_Controloller;. 

 

Figure 22 – Composite model DynamicModel references to Control_Frame 
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Via the common models the parameters of the controllers are accessible and can be set: 

 

 



 Annex to the Type Certificate no. U22-0514 Page 81 of 99  
 

 

4. Annex 4 – Validated simulation model 
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Figure 23 – Common models from [7] 
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Note: 

 The Q(P)- and Q(U)-curve can be defined under 
“Common Model – Grid\DynamicModel\Power controller_Control.ElmDsl\reactive power control - Basic Data\Advanced 1” (for 
details see model, Fehler! Verweisquelle konnte nicht gefunden werden.)) 
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Figure 24 – Accessible parameters of the model from [7] 
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4.4. Model application guide [7] 

Adaption of model parameters for different PGU types 

(The other devices of the same series with the nominal power of 50kW, 88kW and 100kW (in which case the limit is to 
be set in the software of the inverter) and which are therefore technical identical to the base model can be modelled 
by adapting the base model. This simple adaptation is only possible for the devices with identical topology and the 
same control. For example, a device with a nominal power of 50 kW and AC nominal voltage 400 V. It should only 
adjust the nominal values in the template model. 
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Description of the steps for integration of the simulation model in a power generating system project 
(Manufacturer’s information) [7] 

1. Import the project “REFUsol/REFUstor_REFU_TR4.pfd” into PowerFactory 2020 (or later version). 

2. Activate the power plant project. Copy the model template in the project “REFUsol_REFUstor_REFU_TR4” 
under the folder Library\Templates\ into the folder Library\Templates\ of power plant project. 

3. Select the imported model template from the Drawing Tools tool-window (which appears by default on the left-
hand side of the graphic window in the PowerFactory 2021) and place the inverter model into the single-line 
diagram. 

4. Select the corresponding Capability Curve of the PGU type in Static Generator \ Load Flow \ Operational Limits 
page (see Figure 19). 

5. Edit the parameters in the DLS models under guidance of manufacturer. 

6. Edit the active and reactive power operating point on the Load Flow page of the static generator. 

7. Calculate the load flow and ensure that there are no warnings or error messages. 

8. Calculate the initial conditions (RMS simulation, symmetrical or unsymmetrical network representation, 
recommended integration step size: 1 ms constant step size). 

9. Define network events and select the variables to be recorded. 

10. Start the simulation, plot result variables and observe the converter behaviour. 
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4.5. Scope of the validation and plausibility tests [7] 

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

• Validating P setpoint control measured according to TG3 Chapters 4.1.1, 4.1.2 (chapter 3.1.1, 3.1.2 in [3]) 

• Validating the P-Q diagram measured according to TG3 Chapters 4.2.2 (chapter 3.2.1 in [3]) 

• Validating the Q measured according to TG3 Chapters 4.2.4 (chapter 3.2.2 in [3])  

• Validating all TG3 FRT tests (chapter 3.3, 3.5 and 5 in [3]) 

• Plausibility tests on single model for different 

o fault types; 

o voltage depth; 

o pre-fault voltages 

o pre-fault active powers 

o pre-fault reactive powers 

o k-factors  

(chapter 5.5.2 in [3]) 

• Plausibility tests for typical PGS configuration for different 

o fault types; 

o voltage depth; 

o pre-fault voltages 

o pre-fault active powers 

o pre-fault reactive powers 

o k-factors 

(chapter 5.5.3.1 in [3]) 

• Simulating of unsuccessful automatic reconnection for typical PGS configuration (chapter 5.5.3.2 in [3]) 

For all the test scenarios the simulation ran stably without any error messages and showed satisfying behaviour. 
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4.6. Results of Validating simulation models (PGU) [7] 

Summary of validation results REFUsol 100K 880P100 
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Figure 25 – Parameter list from [14] 

 


