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Test Report issued under the responsibility of:

:

Testing Lahoratory
TL-1085

TEST REPORT
VDE-AR-N 4105
Generators connected to the low-voltage distribution network —
Technical requirements for the connection to and parallel operation
with low-voltage distribution networks
DIN VDE V 0124-100
Grid integration of generator plants — Low-voltage — Test requirements
for generator units to be connected to and operated in parallel with
low-voltage distribution networks

Report Number. ...........ccccoveivcet. - 6209661.50

Date of iSSUe.......ccccocvvveeriineeeninnee . 2025-01-17

Total number of pages..................... 255 pages

Testing Laboratory ............................ DEKRA Testing and Certification (Suzhou) Co., Ltd.

AdAress .......ccoceeevvciieeevniieeenveeeeennt - N0.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu,
P.R. China

Applicant’'s name ...............................  Solenso electronic materials Co., LTD.

Address.......ccceeeeeeieiviiisiiicisceeeeeeeeenns. . 4F., NO. 56, Zili 5th St., Zhongli Dist., Taoyuan City 320, Taiwan

Test specification:

Standard ...........coeeeevviieeevvieeenneeee. .. VDE-AR-N 4105:2018-11
DIN VDE V 0124-100:2020-06

Test procedure.........cccoeeeeeeeeeieieeeee. Type test

Non-standard test method................ N/A

Test Report Form No.........................  VDE-AR-N 4105_V2.0

Test Report Form(s) Originator ......... DEKRA Testing and Certification (Suzhou) Co.,Ltd.
Master TRF.............ocoeeeevvcvieeennnenee... - Dated 2020-10

Test item description ........................_ PV Microinverter

Trade Mark .......ccccccoevvvvceeeeeen. . S@|lCQNSCETE.
Manufacturer.............cccceecveeeeevenennnns. . Same as the applicant

Model/Type reference........................  SG1600, SG2000
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RatiNgS......cvveeiiiiiee e

Operating temperature range: - 40°C to + 65°C
Protective class: IP67
Power factor range (adjustable): -0.8(lagging)~0.8(leading)

SG1600:

DC: Max input voltage:65Vdc, MPPT voltage range: 25-55 V, Max
input current: 4*14A

AC: Max. Output Power: 1.6 kVA, rated voltage: 230 Vac, Max.
current: 6.96A, 50Hz, LN-PE

SG2000:

DC: Max input voltage:65Vdc, MPPT voltage range: 25-55 V, Max
input current: 4*16A

AC: Max. Output Power: 2.0 kVA, rated voltage: 230 Vac, Max.
current: 8.7A, 50Hz, LN-PE

TRF No. VDE-AR-N 4105_V2.0
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Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X |Testing Laboratory:

DEKRA Testing and Certification (Suzhou) Co., Ltd.

Testing location/ address:

Jiangsu, P.R. China

No0.99, Hongye Road, Suzhou Industrial Park, Suzhou,

Tested by (name, function, signature ):

Shine Yan (ENG)

&hirae Yo

Approved by (name, function, signature):

Sandy Qian (REW)

San@ K0

[] |Festing-procedure:-CTFStage-1:
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List of Attachments (including a total number of pages in each attachment):
- Annex 1: Datasheet of the relay (8 pages)

- Annex 3: Forms (8 pages)

- Annex 2: Pictures of the product (3 pages)

Summary of testing:

Tests performed (name of test and test clause): Testing location:

Original report 6196343.50: DEKRA Testing and Certification (Suzhou) Co., Ltd.
. No0.99, Hongye Road, Suzhou Industrial Park,
All applicable tests were performed. Suzhou, Jiangsu, P.R. China

Amendment 1 Report 6209661.50:

No testing.

TRF No. VDE-AR-N 4105_V2.0




Page 5 of 255 Report No.: 6209661.50

Copy of marking plate:
Rating label

Selense*”™ PV Microinverter
Model: SG1600

G5Vd.c.
14A*4 d.c.
25-55(V)d.c.
22-60(V)d.c.
25A*4 d.c.
1600VA
6.96Aa.c
>0.99(Defaulf)
230V a.c.

Nominal Output Frequency 50Hz

PV: 11 ,Mains: Il
99.9%
96.5%

Protective Rating(IP) P67

Max.Input Voltage
Over Voltage Category
MPPT Efficiency

Peak Conversion Efficiency

Max. Continuous Input Current
Range of MPPT \loltage
Min./Max. Start Voltage
Max.Short-circuit Current

Max. Continuous Qutput Power Protective Class I
Max. Continuous Output Current Pollution Degree

Output Power Factor Operating Ambient Temp -40C~+65T

Nominal Qutput Voltage
A& CE
— 5imin

Szlense*™ PV Microinverter
Model: SG2000

Solenso electronic materials
Co., Ltd

Max.Input Voltage

Max. Continuous Input Current
Range of MPPT Vbltage
Min./Max. Start Voltage
Max.Short-circuit Current

Max. Continuous Output Power

Max. Continuous Output Current

Output Power Factor
Nominal Output Voltage

VAW

Remark:

65V d.c.
16A*4 d.c.
25-55(\)d.c.
22-60(V)d.c.
25A*4 d.c.
2000vA
8.TAac

>0.99(Default)

230V a.c.

50Hz
PV:1I ,Mains: I

99.9%

96.5%
Protective Rating(IP) P67

Nominal Cutput Frequency
Over Voltage Category
MPPT Efficiency

Peak Conversion Efficiency

Protective Class I
Pollution Degree PD3

Operating Ambient Temp -40°C~+65C

Solenso electronic materials
Co., Ltd

According to customer's requirement and Germany low-voltage distribution networks code, these models
were only evaluated under the grid frequency of 50 Hz.

TRF No. VDE-AR-N 4105_V2.0



Page 6 of 255 Report No.: 6209661.50

Test item particulars. ... : PV microinverter
Class of equipMeNt ........cccoeeiieiienieneeree e . Class |

Connection to the MainNs .........ccoccv e . Permanent connection
IP protection Class.........cccvvveveveeevie e . IP67

Possible test case verdicts:

- test case does not apply to the test object................. ;. N/A

- test object does meet the requirement ...................... . P (Pass)

- test object does not meet the requirement................. . F(Fail)

- this clause is information reference for installation...: Info.

B I=E1 1 o TSR :

Date of receipt of test item(S) .....ccccevevvveveriieee e . 2024-12-01 (samples provided by applicant)
Dates tests performed.........coccvivinenine e : 2024-12-01 to 2024-12-06

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

The measurement result is considered in conformance with the requirement if it is within the prescribed limit, It
is not necessary to account the uncertainty associated with the measurement result.

This report is only for reference and is not used for legal proof function in China market.

The information provided by the customer in this report may affect the validity of the results, the test lab is not
responsible for it.

"(See Enclosure #)" refers to additional information appended to the report.

"(See appended table)" refers to a table appended to the report. The table clause no. including two
standard VDE-AR-N 4105:2018-11 and DIN VDE V 0124-100.

In case of doubt the German version standard will be valid.

Throughout this report a [_Jcomma / X point is used as the decimal separator.

The following suffixes are used for variables in tables and figures:

e “Pn” for the nominal active power.
Pn = Un X In X COS @n (single-Phase); Pn =\ 3 Un X In X COS @n (three-Phase).

e “ EO,2” for gliding average values over 200 milliseconds.
e “ EB0” for gliding average values over 60 seconds.
e “ E600” for gliding average values over 10 minutes.

e “(c)” for over-excited.
e (i)’ for under-excited.
o If the inverter consumes inductive reactive power the reactive power is marked “inductive” or has a
positive sign.
e Ifthe inverter consumes capacitive reactive power the reactive power is marked “capacitive” or has a
negative sign.
Acronyms:

PGUs: power generating units.
PGSs: power generating systems.

Name and address of factory (ieS) .....ccccceevvvivenennn . Zhejiang Wellsun Intelligent Technology Co.,Ltd

No0.109 Yongchang Road, Shifeng Street, Tiantai
County, Taizhou City, Zhejiang Province, China

TRF No. VDE-AR-N 4105_V2.0
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General product information:

General product information:

This product is a Single-phase grid-connected photovoltaic inverter, which converts the DC voltage of solar
panels into single -phase AC voltage and connects to the 220V/230V/240V grid to achieve power
generation function.

There is an auxiliary power supply inside the product. The AC side has a dedicate relay, which is to ensure
the safety and reliability of the system. The product can generate full power up to ambient temperature
45°C. When the temperature exceeds 45°C, the output power derates linearly until maximum ambient
temperature 65°C.

Description of the power circuit:

The internal control of the circuit adopts redundant structure, the booster part and the inverter part are
controlled by the controller U25. U25 detects DC voltage and current, DC side insulation impedance, AC
voltage, current, frequency, leakage current, etc., for boost circuit control and solar power tracking;

Model difference:

Block Diagram
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===

MCU

Model difference:
Models JPM-800, SG2000, SG1600 are identical except for different rated output power

Hardware version: WS0512NxA1.V03.
Software version: V2.10-2024.06.15

Amendment 1:

The report 6209661.50 was based on the report 6196343.50 issued by DEKRA Testing and
Certification (Suzhou) Co., Ltd., issued on 2024-11-11, and COC No.: 6209661.01, COC No.:
6209661.02 issued by DEKRA Testing and Certification (Shanghai) Ltd., issued on 2024-11-11. It
was issued due to below modifications:

---Update the the applicant, trade mark, model names and the marking plate.

After technical review, tests were not considered necessary.

TRF No. VDE-AR-N 4105_V2.0
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Clause Requirement - Test Result - Remark Verdict

5 NETWORK CONNECTION P

5.1 Principles for determination of the network connection point Info.
Power generation systems and storage systems must be Info.

connected to a suitable point in the network, the network
connection point. Based on the documents listed in 4.2,
the network operator determines the suitable network
connection point, which also ensures secure network
operation taking into account the power generation
system and the storage system and at which the
requested service can be received and transmitted.
Decisive for a network connection assessment is always
the performance of the power generation system and the
storage system at the network connection point and/or at
the point of common coupling. This is to ensure that the
power generation system and/or the storage system are
operated without disturbing interactions and that the
supply of other customers is not impaired. An example of
the connection assessment of power generation systems
is given in Appendix D.

As a rule, power generation systems and storage units Info.
are connected to the supply point of the extraction or
within the consumption system.

Multiple connections within one building are permissible Info.
only if the connection and operation of the power
generation system or storage unit cannot be ensured by
means of a network connection. Deviations from this
principle shall be agreed with the network operator. It
shall be ensured that the power generation system or
storage unit is clearly separated electrically from any
other power consuming equipment of the customer. Each
of the two supply points shall be labelled with an
indication of the location of the other supply point. Each
separate supply point for the power generation system or
of a storage unit shall be permanently labelled with
“Sectioning point: power generation system - supply
network” or “Sectioning point: storage unit - supply
network” by the connection owner.

Power generation systems and storage systems installed Info.
on different sites, each with its own network connection,
must not be combined at a network connection point to
the network of the network operator. The same applies to
power generation systems and storage systems that are
installed on different buildings, each with its own network
connection. PV systems that are installed on a building
with continuous roofing (e.g. block of flats or terraced
houses) with several network connections may be
combined at a network connection point and connected to
the network of the network operator (identification of the
supply point as described above).

TRF No. VDE-AR-N 4105_V2.0
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Clause Requirement - Test Result - Remark Verdict

For the purpose of evaluating the connectivity with regard Info.
to the network interactions, the impedance of the network
at the PCC (network short-circuit power, resonances), the
maximum apparent connection power as well as the type
and operating mode of the power generation system or
the storage unit are considered. The evaluation is made
assuming the normal switching state and undisturbed
operation of the network. If more than one power
generation system or storage unit is connected within the
same low-voltage network, their total effect shall be
considered. For circuit modifications due to maintenance
or forced outage reasons, the determined network
connection point may require temporary reduction of the
output power of the power generation system or the
storage unit or the system’s/unit’s disconnection from the
network. For connection examples, see Annex B (Figure

B.1 to Figure B.10).

For type 1 systems, a specific minimum short-circuit The PGS is type 2 N/A

power at the network connection point Skv is required for

the purpose of system stability and compliance with the
requirements for dynamic network stability and steady-
state voltage stability. This minimum short-circuit power
shall be verified by the network operator during the
connection evaluation of type 1 systems using the
following simplified procedure:

— the network short-circuit power at the low-voltage N/A
busbar of the supplying local network transformer Sk
ns-ss shall be equal to at least 10 times the total
apparent power of all type 1 systems connected to
this low-voltage network (Skns-ss = 10*ZSamax) (type
1 systems throughout the NS network of the local
network transformer); and

— at the network connection point, the network short- N/A
circuit power Skv shall be at least equal to 10 times
the total apparent power of all type 1 systems to be
connected to this network connection point. For this
purpose, is shall be noted that the apparent power
values of all type 1 systems at this network
connection point itself and at the downstream low-
voltage network to the standard sectioning point or
the line end have to be added.

In case of non-compliance with the limit values, the power Info.
generation system shall not be connected.

5.2 Rating of the network equipment P
Due to their operating mode, power generation systems P

and storage units may cause higher loading of lines,
transformers and other network equipment. Therefore, the
network operator verifies the transmission capacity of the
network equipment with regard to the connected power
generation systems and storage units in accordance with
the relevant rating regulations.

TRF No. VDE-AR-N 4105_V2.0
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For calculation purposes, the maximum apparent power P
of the sum of all power generation systems and storage
units ZSamax and usually the load factor m = 1 shall be
used. This does not apply to buried cables for the
connection of photovoltaic systems where a load factor m
= 0.7 shall be used.

5.3 Permissible voltage change P

For the undisturbed operation of the network, the level of |(See appended table) P
slow voltage change caused by all power generation
systems and storage units with a network connection
point in a low-voltage network shall at none of the PCCs
in this network exceed a value of 3 % as compared with
the voltage without power generation systems and
storage units:

Aua<3 %

Deviations from the value of Aua < 3 % are permissible as
specified by the network operator (e. g. when using a
controllable local network transformer).

When calculating the voltage change, the displacement P
factor shall be taken into account which is provided by the
network operator for the maximum apparent connection
power of the power generation system Samax.

54 Network interactions P

For power generation systems and storage units, the (See appended table) P
permissible limits for network interactions are also
described in VDE-AR-N 4100, 5.4. For the connection
evaluation of power generation systems and storage
units, the connection owner provides the completed forms
E.2 to E.5 to the network operator.

55 Connection criteria P
55.1 General Info.
When connecting a power generation system or a storage Info.

unit, the technical connection conditions of the network
operator shall be observed.

Full feed-in Info.

In case of a full feed-in into the network of the network Info.
operator, the connection line of the power generation
system shall be permanently connected to the meter
panel; the meter panel shall be designed in accordance
with VDE-AR-N 4100 and the TAB of the network
operator. For this purpose, supply to the meter panel is
always carried out via the connection compartment on the

system side.
Excess feed-in Info.
In case of self-supply with excess feed-in (e. g. according Info.

to EEG [2] or KWKG [3]), the connection line of the power
generation system can be connected centrally at the
meter panel or decentralised in a sub-distribution. The
meter panels for generation meters (see Clause 7 and
connection examples in Annex B) shall then be designed
as follows:
a) for a central position, in accordance with VDE-AR-N Info.
4100;

TRF No. VDE-AR-N 4105_V2.0
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b) for a decentralised position beside the power Info.
generation system, in accordance with VDE-AR-N
4100 or— in case of KWKG systems — in the small
distributor in accordance with DIN EN 60670-24 (VDE
0606-24), also with a top hat rail meter meeting the
requirements of § 29 MsbG for a modern
measurement device or an intelligent measuring
system;

c) in case of KWKG systems and when being in a Info.
decentralised position in the power generation unit
under consideration of the specifications of the
chosen meter construction and the product standard
of the power generation unit.

The operation of the net current meter listed under c) may Info.
also be realised by a third-party operator of a metering
point.
Examples of meter panel configurations are shown in Info.
Annex C (see Figure C.1 to Figure C.5).

5.5.2 Pav, e monitoring (feed-in limitation) P
Pav, e monitoring allows a connection power Pav, e P

deviating from the installed power to be agreed with the
network operator and to be set.

The feed-in limit described in this sub-clause shall be P
measured at the central meter panel in accordance with
VDE-AR-N 4100, 7.2.

Pav, e monitoring can be an independent equipment P
mounted at the central meter panel in accordance with
VDE-AR-N 4100 or in a suitable circuit distributor or may
also be part of a power generation unit or a storage unit
or a charging unit for electric vehicles. When Pav, e is
exceeded, the power of the power generation system
and/or the storage unit causing the event shall be
reduced. Pav, e monitoring is to be used for monitoring the
agreed active connection power Pav, e of power
generation systems and/or storage units if the feed-in
power at the network connection point Pav, e agreed with
the network operator is smaller than the sum of the
installed maximum active connection power of all power
generation systems and/or storage units at that network
connection point.

TRF No. VDE-AR-N 4105_V2.0
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Pav, e monitoring shall cover all line conductors. The P
active power fed into the low-voltage network and
measured at the central meter panel represents the
reference value for the active connection power Pav, E
agreed with the network operator. If the r.m.s. value of the
active power measured at the central meter panel
exceeds the active power Pav, g, the active power fed in
by the power generation system and/or storage unit shall
be reduced. Power generation systems shall not exceed
the active power limit curve shown in Figure 1.

Prmom IPav.E A

1670

1,067

1,000 —_—— — ==

\\
\

Figure 1 — Active power limit curve for power generation systems
NOTE 1 In its exponential course, the active power limit P
curve follows the function below:
Pav,E (1) = 0.67 x @ ~1.05x(t-08) + 1,
Here, the active connection power Pav, g, as agreed with P
the network operator, shall be at least 60 % of the
installed active power Pinst Of all power generation
systems operated within the customer installation and all
storage units feeding simultaneously into the network of
the network operator. Therefore
Pav, e 2 0.6 Pinst
Load drop or cloud drift can cause a short-term feed-in of P
the entire installed active power at the network connection
point into the network of the network operator. The
surplus power, i. e. the difference between Pinst and pav, E,
shall be reduced to merely 10 % of the initial value within
3 s according to Figure 1. After a maximum of 10 s, the
agreed active connection power Pav, e shall be fully
resumed.

TRF No. VDE-AR-N 4105_V2.0



Page 13 of 255 Report No.: 6209661.50
VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict

Usually, power generation units with a relatively low P
power gradient such as BHKW, are not able to adjust the
exceeding of power limit values according to Figure 1, as
may occur during the disconnection of high loads, within
the permissible times according to Figure 1.

Nevertheless, installation of and operation with a
connection power pav, e deviating from the installed power
is possible. For this purpose, the power generation
system(s) and the storage units feeding into the network,
adjusted to the consumption load profile of the customer
installation, shall be dimensioned and operated such as to
prevent power limit values from being exceeded even at
the disconnection at high loads.

When the active power limit curve is exceeded, the power P
generation systems and/or storage units operated in the
customer installation shall be disconnected automatically
within 200 ms. Automatic reconnection complies with the
connection conditions in accordance with 8.3.

For the determination of the maximum connection power, P
storage units exclusively feeding into the customer
installation need not to be taken into account. The
functions for the feed-in limitation of Pav, e monitoring can
be taken on by the energy flow direction sensor (see
VDE-AR-N 4100), provided it has the technical properties
of the Pav, e monitoring.

5.5.3 Power generation systems ready for connection Info.

In addition to the requirements specified in this VDE Info.
application guide, DIN VDE V 0100-551-1 (VDE V 0100-
551-1) applies to power generation systems ready for
connection.

Provided a connection-ready power generation system is Info.
connected via an existing specific energy socket (e. g.
complying with VDE V 0628-1 (VDE V 0628-1)) and a
bidirectional meter is mounted at the central meter panel,
the signature and the details of the system installer on the
commissioning protocol E.8 may be omitted. A site map is
not required in this case. This only applies up to a value
Samax < 600 VA per network user installation.

5.6 Three-phase inverter systems N/A

For three-phase power generation systems feeding into Not three phase systems N/A
the network via inverters, the power feed-in into the three
line conductors shall be three-phase balanced. The
inverter circuit shall preferably be set up as a three-phase
current unit. The positive sequence system of the terminal
voltages, even if they are unbalanced, is to be used as
the reference quantity for the currents.

Descriptions of the three-phase current and three-phase N/A
voltage systems are given in Section A.4.

5.7 Behaviour of the power generation system at the network

571 General

TRF No. VDE-AR-N 4105_V2.0
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For frequencies between 47.5 Hz and 51.5 Hz, automatic P
disconnection from the network due to a frequency
deviation is not permitted. The actual operating principle
and the associated exceptions are detailed in 5.7.4.3.
Frequency-dependent active power control is
implemented in the open-loop control of the power
generation units.

In the frequency range of 47.5 Hz to 51.5 Hz, power P
generation systems shall be capable of network parallel
operation in compliance with the time-related minimum
requirements given in Table 1.

Table 1 - Frequency/time ranges for the proper operation of power generation systems

Frequency range Operating period
47,5 Hz to 49,0 Hz 2 30 min
49,0 Hz to 51,0 Hz unlimited
51,0Hz to 51,5 Hz 230 min
Power generation units shall be able to ride through rapid P

frequency changes without disconnection from the
network. This requirement applies provided the following
averaged rates of change of frequency (RoCoF) are not
exceeded:

— + 2.0 Hz/s for a moving time slot of 0.5 s; or

—+ 1.5 Hz/s for a moving time slot of 1 s; or

—+ 1.25 Hz/s for a moving time slot of 2 s.

In case of rapid frequency changes, frequency
measurements shall not take more than 200 ms. The
minimum accuracy of frequency measurements is £ 50
mHz.

5.7.2 Steady-state voltage stability / reactive power supply

5.7.2.1 General boundary conditions

Steady-state voltage stability means the reactive power P
supply provided by a power generation system and/or a
storage unit when energy is supplied for the purpose of
voltage stability in the distribution network. The steady-
state voltage stability is intended to keep slow (steady-
state) voltage changes in the distribution network within
acceptable limits.

In case of three-phase feed-in, the reactive power supply |(See appended table) P
associated with all three methods described in 5.7.2.4 a)
to c) refers to the positive sequence system components
of the current and voltage fundamental component. In a
passive sign convention system (see A.8), this means the
operation of the power generation system in Quadrant I
(under-excited) or Quadrant Il (over-excited).

If a storage unit consumes energy from the network, the P
reactive power exchange at the network connection point
shall comply with the contractual agreements regarding
the network connection for customer installations for
consumption (see VDE-AR-N 4100).

TRF No. VDE-AR-N 4105_V2.0
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It shall be possible to approach each set-point resulting P
from the applied control method according to the required
reactive power range given in 5.7.2.2 and to operate the
power generation unit therein for any duration. Changes
of the reactive power supply within the agreed reactive
power range shall be possible at any time.

Upon agreement with the network operator, the reactive P
power control range may be extended.
When switching compensation systems that are part of a P

power generation system, a maximum voltage increment
of 0.5 % Un shall not be exceeded.

In addition, the minimum requirements specified in the P
clauses below shall apply to the power generation
system.

5.7.2.2 Reactive power supply at ZSemax

5.7.2.2.1 |General

It is permissible in certain cases described in 5.7.2.2.2 P
and 5.7.3 to reduce the active power supply to the benefit
of the reactive power supply. This is not considered a
reduction of the active power supply in the context of
network security management.

Power generation systems shall comply with the reactive P
power supply irrespective of the number of feed-in phases
under normal operating conditions in the voltage
tolerance band Un £ 10 %.

5.7.2.2.2 |Type 2 systems - inverters only P

At the generator terminals, each power generation unit to P
be connected shall meet the requirements according to
Figure 2 and Figure 3.

+ Ul o Ully

1,05

1 >
0,90 0,95 1 0,95 0,90 cos ¢ cos ¢

0,95

0,90 0,
under-excited over-excited under-excited over-excited

Figure 2 — Requirements for power Figure 3 — Requirements for power
generation units regarding the reactive generation units regarding the reactive
power supply at the generator terminals power supply at the generator terminals
(3 Semax <4.6KVA) (3 Semax > 46 kVA)
5.7.2.2.3 | Type 2 systems — Asynchronous generators (directly The PGU is storage units. N/A

connected to the network and principally not able to
control any reactive power)

For power generation units with generators that are N/A
directly connected to the network and principally not able
to control any reactive power and therefore use constant
capacities, a constant displacement factor cos ¢=
0.95under-excited With an accuracy of + 0.02 at nominal
voltage and rated power shall be observed.

5.7.2.2.4 |Type 1 systems and Type 2 systems - Stirling generators | The PGU is storage units. N/A
and fuel cells

TRF No. VDE-AR-N 4105_V2.0
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For power generation systems with a rated apparent N/A
power of ZSemax < 4.6 kVA , the network operator does
not give any specifications. The value of cos @ lies within
a range of cos ¢= 0.95under-excited 10 0.950ver-excited.

At its generator terminals, each power generation unit to N/A
be connected in systems ~Semax > 4.6 kVA shall meet the
requirements according to Figure 4.

4 UlUp

110

1,05

>
0,90 0,95 1 0,95 0,90 cos ¢

0,95

0,
under-excited over-excited

Figure 4 - Reactive power supply at power generation units of types 1 and 2, stirling
generators, fuel cells with > Sg;., > 4,6 kVA

5.7.2.3 Reactive power supply smaller than Pemax P

In addition to the requirements for reactive power supply P
at the operating point Pemax Of the power generation unit
(Pmom = Pemax), requirements also apply to operation with
an instantaneous active power Pmom smaller than Pemax.
The minimum requirement for the reactive power supply | (See appended table) P
in partial load operating mode at the generator terminals
is indicated as a red triangle on the P/Q diagram.

On the P/Q diagram, the ordinate indicates the reactive P
power Quw to be provided in relation to the apparent
power Semax. The abscissa indicates the instantaneous
active power Pmom (Negative value in a passive sign
convention system) in relation to the apparent power
SEmax.

Within the ranges given in Figure 5 or Figure 6, the P
maximum residual deviation between the set-point and
the actual value of the reactive power at the generator
terminals shall not exceed + 4.0 % in relation to Pemax.

OlSema

O/ Semax

-11-095_—5

IJ\ =+ +0,312 (\ + +0,436
PlSemax PlSerax I
0,9

-0,312
+-0,436

[ Minimum requirement [ Minimum requirement
Strict observation not required Strict observation not required
Free working range Free working range
Figure 5 - P/Q diagram for type 2 Figure 6 — P/Q diagram for type 2
Y Semax <4.6kVA and type 1, stirling (inverters only) " Sgrmay > 4,6 kVA at the
generator, fuel cell )" Sgmay > 4,6 KVA at the generator terminals in the passive sign

generator terminals in the passive sign cohvention:system

convention system
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Within the range of 0 < Pmom/Pemax < 0.2 (or 0.1, P
respectively), the power generation unit shall not exceed
the reactive power value at the generator terminals of

10 % of the active power value Pemax (reactive power
supply and consumption respectively). Where a minimum
technical power for a power generation unit has been
agreed, the same conditions apply as for the range 0 <
Pmom/Pemax < 0.2 (or 0.1, respectively) between 0 and the
minimum technical power.

For type 2 systems with generators directly connected to | Not asynchronous N/A
the network (asynchronous generators) that are generators.
principally not able to control any reactive power, the
conditions given in 5.7.2.2 result in a combination of a
generator and associated compensation devices. This
combination shall not be changed for power values <
Semax. When disconnecting the asynchronous generator,
the associated compensation device shall also be
disconnected from the network.

5724 Methods for reactive power supply P

In the context of network connection planning, the P
network operator prescribes to the connection owner one
of the following methods for reactive power supply at the
generator terminals of the power generation unit:

a) reactive power voltage characteristic curve Q(U); or | The PGU is single phase N/A
unit.
b) displacement factor/active power characteristic P
curve cos @ (P); or
c) fixed displacement factor cos ¢. P
The Q(U) rule applies only to three-phase power The PGU is single phase N/A
generation units connected to the three-phase current unit.

system. Here, too, the reactive power requirements are

implemented at the generator terminals of the power

generation units.

— three-phase power generation units and storage The PGU is single phase N/A
units connected to the three-phase current system unit.
should be operated with a reactive power voltage
characteristic curve Q(U);

— any other power generation units should be operated
with a permanent cos ¢ = 1.

Re: a) Reactive power voltage characteristic curve Q (U) N/A
The objective of this method is the reactive power The PGU is single phase N/A
exchange between power generation unit and network unit.

depending on the actual voltage at the generator
terminals of the power generation unit (Q= f (U)).

The reference voltage Uqo is 400 V /V3. N/A

The arithmetic mean of the r.m.s. values (optionally of the N/A
positive sequence system) of the three measured line-to-
neutral voltages at the generator terminals of the power
generation unit is the target value for the reactive power
to be fed in on all line conductors. Voltage measurement
shall not exceed a maximum measurement error of 1 % in
relation to the nominal value.
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under-excited

|
|
|
|
1 T .
o7 ulu,

over-excited

T ~Cmax

Figure 7 — Standard Q(U) characteristic curve

N/A

Re: b) Displacement factor/active power characteristic

curve cos ¢ (P)

The objective of this method is the reactive power supply
by the power generation unit depending on the actual
active power output (Q = f (Pmom)).

cos ¢ Lo d

-
|

°
&
over-excited
o
- °
over-excited

under-excited

under-excited

Figure 8 — Characteristic curve for type 2 Figure 9 — Standard characteristic curve
> Semax < 4.6 KVA and type 1, stirling for type 2 (inverters only)

generator, fuel cell ) Sgqay > 4,6 KVA 2 Semax > 46 KVA

(See appended table)

Re: c) Displacement factor cos ¢

The objective of displacement factor control is the power

feed-in by the power generation unit at a constant active

power/apparent power ratio (cos ¢ = const). Thereby, the
use of the reactive power control range given in Figure 5
and Figure 6 is restricted.

(See appended table)

For this purpose, the target value is defined with a
minimum increment of A cos ¢ = 0,01. The maximum
permissible error tolerance of the reactive power feed-in
is calculated using the error tolerance given in 5.7.2.3 of +
4 % in relation to Pemax.

The network operator predefines a displacement factor
set-point.

5.7.2.5

Requirements for reactive power methods of type 2
systems (inverters only) and type 1 systems

In the delivery state, none of the three reactive power
methods specified in 5.7.2.4 is set as default. During the
commissioning of power generation units, the method
specified by the network operator shall be set by the
system installer. Without the setting of the method
specified by the network operator, power generation units
shall not feed in any power.
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For type 2 systems with a rated apparent power of Samax < P

4.6 kVA, the network operator predefines either

— areactive current feed-in with the characteristic
curve cos ¢ (P) as shown in Figure 8; or

— afixed cos @ between cos @ = 0.95under-excited aNd COS
@ = 0.950ver-excited.

For type 1 systems with a rated apparent power of Samax < | Not type 1 systems. N/A

4.6 kVA, the network operator does not predefine a value

for the reactive power behaviour. Such type 1 systems

may also feed in power without setting the method

specified by the network operator.

For type 2 systems with a rated apparent power of N/A

Samax > 4.6 KVA, the network operator predefines either

— areactive current feed-in with the characteristic
curve Q(U) as shown in Figure 7 with a control range
between cos ¢ = 0.90under-excited aNd €OS @ = 0.900ver-
excited, OF

— areactive current feed-in with the characteristic
curve cos ¢ (P) as shown in Figure 8; or

— afixed cos ¢ between cos @ = 0.90under-excited aNd COS
@ = 0.900ver-excited.

For type 2 systems with a rated apparent power of N/A

Samax > 4.6 KVA, the network operator predefines either

— areactive current feed-in with the characteristic
curve Q(U) as shown in Figure 7 with a control range
between cos ¢ = 0.95under-excited aNd €C0S @ = 0.950ver-
excited, OF

— areactive current feed-in with the characteristic
curve cos ¢ (P) as shown in Figure 9; or

— afixed cos ¢ between cos @ = 0.95under-excited aNd COS
@ = 0.950ver-excited.

When storing with a rated apparent power of Samax < 4.6 P

kVA, the network operator predefines a fixed value for cos

¢ between cos ¢ = 0.95under-excited @Nd COS @ = 0.950ver-

excited.

When storing with a rated apparent power of Samax > 4.6 N/A

kVA, the network operator predefines either

— areactive current feed-in with the characteristic
curve Q(U) as shown in Figure 7 with a control range
between cos ¢ = 0.90under-excited aNd oS @ = 0.900ver-
excited, OF

— afixed cos ¢ between cos @ = 0.90under-excited aNd COS
Q= 0.900ver-excited.

All storage units shall be delivered with a fixed cos @ = 1.
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The control behaviour of the reactive power (methods a),
b) and c)) with respect to set-point offsets corresponds to
the PT-1 behaviour shown in Figure 10. Method a) deals
with a closed control circuit under consideration of the
network impedance. Each reactive power value resulting
from the control behaviour predefined by the network
operator shall be adjustable within a range of 6 s to 60 s
(from 10 s to 60 s for type 1) when being provided by the
power generation unit. The time specified by the network
operator corresponds to 3 Tau of a PT-1 behaviour or to
the time until reaching 95 % of the set-point. If no actual
value is predefined by the network operator for this
purpose, the applicable value is 10 s for 3 Tau or 95 % of
the set-point, respectively. The envelop delay time
includes the determination of the network voltage or the

active and reactive powers.
Step response with analysis-relevant tolerances
Ol Permax

06 ~

Set-point step
PT1 behaviour
— — — - Tolerance max.
—— —— Tolerance min.

T T T T
15 20 25 30 tins

Figure 10 — lllustration of 3 Tau=10's

P

5.7.2.6

Special aspects regarding the extension of power
generation systems

The requirements specified in 5.7.2.4 shall also be met by
the newly added power generation units at their generator
terminals.

The reactive power supply by the added power
generation units in accordance with 5.7.2.2 shall be
determined based on the sum of the rated apparent
powers of the existing power generation system and the
newly added power generation units.

5.7.3

Dynamic network support

5.73.1

General

The objective of dynamic network stability is to prevent
any unintentional disconnection of the generation power
in case of short-term voltage drops/rises thereby avoiding
to jeopardise the network stability.

A network fault is present if the voltage at the generator
terminals of the power generation unit is below 0.85 Un or
exceeds 1.15 Un.

The criterion for the end of a fault is defined as the earlier

of the following two events:

— the line-neutral-voltage at the power generation unit
and/or the storage unit resumes a value within the
range of —15 % Un to +10 % Un;

— 5 s after the onset of the fault.
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57.3.2

Dynamic network support for Type 1 units(Transient
stability - performance in case of network faults)

The PGU is Type 2 unit.

N/A

Regarding the power generation unit remaining
connected to the network, the following applies to type 1
units:

N/A

Throughout the operating range of the power generation
unit, voltage drops caused by single-phase, two-phase or
three-phase network faults and the subsequent voltage
transient phenomena shall not cause the power
generation unit to become unstable or to disconnect from
the network if the voltage assumes values within the limit
curves shown in Figure 11 (red for the under-voltage limit
curve, blue for the over-voltage limit curve).

Uglty |
— &—:Type 1: single-phase, two-phase and three-phase faults

1,18
100 ms

08
03

0,
1=0
Network fault onset

15 05 o7 10 15 20 25 30 50
ils

Key
e B

FRT curve for single-phase, two-phase and three-phase network faults
Ug r.m.s. value of the actual voltage at the generator terminals

Figure 11 — Fault Ride-Through (FRT) limit curve for the voltage curve at the generator terminals
for a type 1 power generation unit

N/A

Voltage controllers are recommended which take into
account all applied line-neutral voltages.

N/A

The voltage controller may change the exciting current
during a network fault (additional exciting current) in order
to reduce the synchronous generated angle and thereby
improve the stability of the power generation unit. During
and after a network fault, the voltage rise due to the
reactive power feed-in shall not lead to a violation of the
over-voltage limit curve.

N/A

Behaviour after the end of a fault

N/A

If, after the end of a fault, the network voltage resumes a
value within the voltage band from —15 % Un to +10 % Un
and the active power of the power generation unit has
been reduced during the network fault, it shall be
increased to its pre-fault value immediately after the end
of the fault. The transient period shall not exceed a
maximum of 6 s. The reactive power supply succeeds the
active power supply as soon as possible.

N/A

At voltages of 1,15 Un, the power generation unit shall not
disconnect from the network for a period of up to 60 s
after the onset of the fault. If the tripping of the power
generation unit’s self-protection is imminent, the unit can
adjust its reactive power behaviour such as to prevent the
self-protection tripping.

N/A

5733

Dynamic network stability for type 2 units and storage
units

The following conditions apply to all type 2 power
generation units and storage units:

TRF No. VDE-AR-N 4105_V2.0




Page 22 of 255

Report No.: 6209661.50

VDE-AR-N 4105

Clause

Requirement - Test

Result - Remark

Verdict

As long as the line-neutral-voltages at the generator
terminals of the power generation unit or storage unit do
not exceed the limit curves shown in Figure 12 (red for
the under-voltage limit curve, blue for the over-voltage
limit curve), both the power generation unit and the
storage unit shall neither become unstable nor disconnect
from the network throughout the operating range.

UglUy [
—— &= Type 2: single-phase, two-phase and three-phase faults

100 ms.

=0
Netwark fault onset

Key

—_—c FRT curve for single-phase, two-phase and three-phase network faults

uG r.m.s. value of the actual voltage at the generator terminals

Figure 12 - Fault Ride-Through (FRT) limit curve for the voltage curve at the generator terminals
for a type 2 power generation unit and for storage units

(See appended table)

P

For evaluating the curves, the smallest respective value
of the line-neutral-voltages at the power generation unit or
the storage unit shall be used in case of a voltage drop,
and the highest respective value of the line-neutral-
voltages at the power generation unit or the storage unit
shall be used in case of a voltage rise.

As far as the set values for the NS protection given in
Table 2 (column “Inverter(s)”) anticipate the requirements
given in Figure 12 in certain working points, merely the
checking of the set values for NS protection is required for
the verification procedure.

If the voltage at the generator terminals falls below < 0.8
Un or exceeds > 1.15 Un (onset of fault), type 2 power
generation units and storage units shall ride through
voltage drops without feeding current into the network of
the network operator (limited dynamic network stability).

(See appended table)

This requirement is deemed to be met, if the current fed in
by the power generation unit(s) and/or the storage unit in
any line conductor does not exceed 20 % of the rated
current Ir within 60 ms and 10 % of I within 200 ms upon
a voltage drop below 0.8 Un or a voltage rise above 1.15
Un.

(See appended table)

Behaviour after the end of a fault

If, after the end of a fault, the network voltage resumes a
value within the voltage band from -15 % Un to +10 % U
and the active current of the power generation unit and/or
the storage unit has been reduced during the network
fault, it shall, immediately after the end of the fault, be
increased to its pre-fault value as quickly as possible. The
transient period shall not exceed a maximum of 1 s. The
reactive power supply follows 5.7.2.5 in its time-related
behaviour. In case of rotating machinery, the transient
period shall not exceed a maximum of 6 s.

(See appended table)
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At voltages of 1.15 Un, the power generation units and P
storage units shall not disconnect from the network for a
period of up to 60 s after the onset of the fault. If the
tripping of the self-protection of the power generation
units and/or the storage unit is imminent, these units can
adjust their reactive power behaviour such as to prevent
self-protection tripping.

574 Active power output
5.74.1 General
In cases where set-points are specified by a third party (e. P

g. direct marketing) and of network security management
in accordance with 5.7.4.2, the new set-point shall be
approached with the customer installation’s power
gradients listed below in relation to the network
connection point. Implementation of those power
gradients directly at the power generation units or storage
units is sufficient for meeting the requirement.
The following power gradients shall be observed for P
increasing/reducing the active power output of power
generation systems (minimum technical power or 5 %
Pamax <> 100 % Pamax) as well as the energy supply and
consumption by storage units (5 % Pamax <> 100 % Pamax):
— ata maximum rate of 0.66 % Pamax per s; P
— ata minimum rate of 0.33 % Pamax per s. Power
generation systems may react more slowly in case of
set-points specified by third parties and of power
increases. For this purpose, a minimum rate of 4 %
Pamax per minute should be observed.
Other technically induced power gradients (e. g. for hydro N/A
power generation systems with level control depending on
network demands) are permissible upon approval by the
network operator.
The power increase or reduction of the customer Info.
installation shall be realised in a uniform process, i. e.
with a behaviour as linear as possible. The specification
of set-points by third parties shall be realised on the level
of the individual customer installation or by the sum of all
systems accessed by a third party (e. g. by uniform
distribution of the active powers to be connected or
disconnected over a total period of = 2.5 min).
The specifications are based on the active power. For this Info.
purpose, the reactive power shall comply with the
specifications in 5.7.2 of this VDE application guide.
For power generation systems with combustion engines, N/A
the maximum permissible operating durations of the
combustion engine shall be taken into account when
reducing the active power output at set-points below the
engine’s technical minimum continuous power. If the
power value is below the combustion engine’s minimum
technical power output and the permissible operating
duration is exceeded, the combustion engine may
disconnect from the network.
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The power generation system or storage unit shall be P
provided with a logical interface (inlet port) which,
irrespective of the power gradients listed above, allows to
terminate the active power output within 5 s upon
reception of a corresponding signal from the network
operator. Additionally, the interface may be used for
network security management.

According to EnWG [4], the network operator is entitled to P
request and apply a temporary limitation of the active
power output or a system shut-down at any time.

5.7.4.2 Network security management

5.7.4.2.1 | Types of power generation systems and storage units

If not specified otherwise by legislation, the requirements P
described below apply.

Photovoltaic systems Not PV systems N/A
PV systems shall contribute to the avoidance of network N/A

overload. For this purpose, PV system power is divided

into three power groups:

—  For PV systems up to and including 30 kWp, the N/A
system operator may chose between two options:

a) by means of a corresponding inverter design or
a certified technical control, the active power
feed-in of the PV system shall be permanently
limited to a maximum value of 70 % of the
installed module power at the network
connection point with the power gradients given
in5.7.4.1; or

b) the PV system shall be provided with a technical
means for remote-controlled reduction of the
feed-in power by the network operator.

— PV systems > 30 kWp up to and including 100 kWp N/A
shall be provided with a technical means enabling
the remote-controlled reduction of the feed-in power
by the network operator.

— PV systems > 100 kWp shall be provided with a N/A
technical means enabling the remote-controlled
reduction of the feed-in power by the network
operator and for the provision of the actual feed-in
power.

If the installed total power increases to > 100 kWp due to N/A
the installation of a further PV system on the same plot or
building within a period of 12 months, legal provisions
require implementation of the feed-in management for
systems > 100 kWp while providing the actual feed-in
power for the total power.

5.7.4.2.2 |Implementation of network security management P
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Power generation systems and storage units shall be able P
to reduce their active power to a power value
predetermined by the network operator at the network
connection point without disconnecting from the network.
The following values have proved effective:

100 %/60 %/30 %/0 % in relation to the installed active
feed-in power Pamax. Instead of reducing the generated
active power, the consumed power of the customer
installation can be increased, too. The sum of the reduced
generated active power and/or the increased consumed
active power at the network connection point shall not
deviate by more than £ 5 % from the setpoint of active
power limitation. Power reduction shall be possible for
any operating state and from any operating point. In case
of a redispatch, the power generation systems shall be
technically capable of increasing the power to a maximum
of Pamax upon the network operator’s request.

It shall be noted for combined systems that the total effect P
at the network connection point is resulting from the
power of the power generation system and the power of
the consumption system. The power reduction
requirement relates to the installed active feed-in power
Pamax irrespective of the actual power flow or its direction
at the network connection point. Power reduction
implemented directly at the power generation units and/or
by connection of electric equipment in combined systems
is sufficient for meeting the requirement. Self-
consumption strategies involving storage units shall not
be in conflict with these requirements. Each network
operator’s reduction request shall be justifiable based on
the metering strategy or a remote controlled connection
for the network operator.

The power generation system may be disconnected from P
the network below the minimum technical power (also
refer to the exceptions for combustion engines given in
5.7.4.1). In case of a predefined power value of 0 %
Pamax, disconnection from the network is not strictly
necessary.

The active power value is specified separately for each P
primary energy carrier (where multiple primary energy
carriers are connected to the customer installation).
Requirements of the network security management P
invariably take precedence over market-relevant
requirements.

5.74.3 Active power adjustment at over-frequency and under- P
frequency
A network frequency outside the tolerance band of + 200 P

mHz around the nominal network frequency of 50.0 Hz
indicates the presence of a critical system state in the
integrated network where any power generation units and
storage units shall contribute to the network frequency
support.

The accuracy of the frequency measurement in the P
steady state shall be <+ 10 mHz.
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Storage systems in standby mode are exempted from the Info.
requirements of 5.7.4.3. In addition, DC-coupled storage
systems shall perform as Type 2 units.

In case of over-frequency, an excess of generated power P
is opposed by a deficit of consumed power.
Therefore, all power generation units and storage units P

shall be able to adjust the active power working point at
an over-frequency up to a maximum of 51.5 Hz (see
Figure 14 and Figure 15).

Power generation units shall enable the frequency for (See appended table) P
starting this frequency-dependent active power feed-in to
be set to a value between 50.2 Hz and 50.5 Hz. Unless
specified otherwise by the network operator, this start

frequency shall be set to 50.2 Hz. The static value of the

frequency-dependent active power feed-in s = i—f PAP
n ref

shall be adjustable within a range of 2 % to 12 %. This
corresponds to a power gradient within a range of

16.67 % of Prer per Hertz (s = 12 %) to 100 % of Pret per
Hertz (s = 2 %). Unless specified otherwise by the
network operator, a gradient of 40 % of Pret per Hertz (s =
5 %) shall be set (see Figure 14).

For storage units, the generated active power with a P
gradient of 40 % of PEmax per Hertz (s =5 %) shall be
reduced or increased (see Figure 15).

Consequently, the power generation unit or the storage P
unit will constantly move up and down along the
frequency characteristic within the frequency range of
50.2 Hz (unless specified otherwise for power generation
units by the network operator) to 51.5 Hz with regard to its
maximum possible active power feed-in (“operation along
the characteristic”).

At network frequencies f > 51.5 Hz, power generation P
units and storage units shall disconnect from the network
if energy is supplied (see Figure 14 and Figure 15).
Reduction of the active power output shall be continued at P
least until the minimum technical power is reached.
Further reduction below the minimum technical power is
permitted. During this, stable operation of the power
generation unit shall be ensured.

If the value of 50.2 Hz has been exceeded, controllable P
storage units in charging mode shall not reduce their
charging power until the frequency has dropped below
50.2 Hz with a gradient of 10 % Prer per minute. During
the over-frequency, storage units in charging mode
should adjust their charging power according to Figure 15
(i. e. an increase of the charging power according to the
characteristic curve is explicitly desired). This does not
apply to the reduction of the charging power in order to
prevent overcharge or harm to persons or damages to
property.

In case of under-frequency, a deficit of generated power P
is opposed by an excess of consumed power.
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Figure 13 shows the requirement for the output power of P
the power generation units in the dynamic short-time
range. At frequency curves between 50 Hz and the blue
curve, the power generation unit shall not reduce its

specified active power output.
A Network frequency [Hz]

T
49,9 —
498 -
49,7 —
49,6 —
49,5 —
49,4
49,3 —
49,2 —
49,1 =
49,0 —
48,9 —

Abave the curve, reduction of the feed-in
active power is permissible in reaction
to a frequency drop

1Tt

by 10 % Pgmax/Hz may be permissible
! ! (based on 49,5 Hz)

] 1 ] | ] l 1 l l ] 1 | 1 |
T T 1 T T T T T >

10 20 30 40 50 60 70

Time [s]

Figure 13 — Requirement for the output power of the power generation units in the dynamic
short-time range

At frequencies below 49.8 Hz, all power generation units P
shall increase the instantaneous generated active power
Pmom With a gradient of 40 % Pemax per Hertz (s = 5 %) to
its technically possible maximum value. For storage units,
a gradient of 100 % Pemax per Hertz (s = 2 %) applies.
The maximum value is determined by the actual primary
energy supply as well as the actually usable storage
power. Power reductions for the protection of operating
equipment are permitted even at under-frequency. For
CHP systems, power reductions resulting from a heat-
lead operating mode or a power drop due to the rotational
speed are also permitted.

Consequently, power generation units and storage units P
will constantly move up and down along the frequency
characteristic also within the frequency range of 49.8 Hz
to 47.5 Hz or 47.8 Hz with regard to their maximum
possible active power feed-in (“operation along the
characteristic”).

At an under-frequency within the range of 49.8 Hz to 47.5 P
Hz, all storage units in charging mode shall reduce their
instantaneous charging power according to the
characteristic curve shown in Figure 15 to its technically
possible minimum value (“operation along the
characteristic”). In addition, storage units, as far as their
charging state permits, shall change into the operating
mode “energy supply” and increase their power according
to the characteristic curve shown in Figure 15. In this
case, system stability is of higher priority than a potential
restraint for feeding storage energy into the network of the
network operator based on technical/financial
requirements.

At network frequencies f < 47.5 Hz, power generation Comply with Figure 14. P
units and storage units shall disconnect from the network
(see Figure 14 and Figure 15).
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N/A
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Figure 14 — Active power adjustment for type 1 and type 2 power generation units at over-
frequency and under-frequency with a static value of 5 % and frequency limit values of 49,8 Hz
and 50,2 Hz for starting the adjustment
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Figure 15 — Active power adjustment for storage units at an over-frequency with a static value

of 5 % and an under-frequency with a static value of 2 % and frequency limit values of 49,8 Hz
and 50,2 Hz for starting the adjustment

Requirements for the control times for power generation P
units and storage units
The initial time delay Tv of the frequency-dependent P

adjustment of the active power output at over-frequency
and under-frequency is part of the transient period and
shall preferably be < 2 s. In case of a time delay > 2 s, the
operator of the power generation system shall justify that
delay by submitting technical proof to the transmission
network operator. For type 2 power generation units and
storage units, the necessary initial time delays Tv for
reaching the required transient periods are significantly
shorter than 2 s.
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For the time curve of the frequency-dependent active P
power adjustment, the following conditions regarding the
initial time delay Tv and the transient period Tan_so % shall
be observed:

- After the expiration of Tv + 0.1 X (Tan_so% - Tv) at least
9% of the required power adjustment AP is achieved.

- After the transient period Tan_so % has elapsed, a value
of 90 % of the power adjustment AP has been reached.
During the control process (“operation along the P
characteristic”), the power generation unit and the storage
unit shall respond as quickly as possible to sudden
network frequency changes within a frequency range of
50.2 Hz to 51.5 Hz (subject to capability as declared by
the manufacturer) with a transient period of 8 s for AP <
45 % of Pemax and AP for power changes beyond that in
case of type 1 units and type 2 units with rotating
machinery and 2 s in case of all other type 2 power
generation units and 1 s in case of storage units.

The settling period shall not exceed 30 s for type 1 units P
and type 2 units with rotating machinery or 20 s for all
other type 2 power generation units and for storage units.

After settling, the supplied active power should deviate by P
< + 10 % Pemax from the set-point.

The same requirements shall be applied to the active P
power increase at an under-frequency between 49.8 Hz

and 47.5 Hz.

Conditional requirements based on technical restrictions P
As an alternative to active power reduction at over- P

frequency, non-controllable power generation units may
disconnect from the network within the frequency range of
50.2 Hz to 51.5 Hz; in that case, uniform distribution of
the disconnection frequency in maximum increments of
0.1 Hz shall be ensured for each system type by the
manufacturer.

Power generation units of limited variability, e. g. only P
within the range of 70 % to 100 % Pemax, can be curtailed
within that range in accordance with the characteristic
curve. Qutside the controllable range, disconnection is
then carried out according to the uniformly distributed
shut-down limit curve.

For power generation units with combustion engines or The power generation N/A
gas turbines, active power reduction occurs with a power | units not with combustion
gradient of at least 66 % Pemax per minute (equals 1.11 % |engines or gas turbines.
Pemax per second). Thus, the transient period of 8 s can
be observed up to a power reduction of 8.88 % Pemax. In
case of a greater change of frequency, the transient
period is accordingly higher.
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Linear generators, such as Stirling machines up to a Not linear generators. N/A
maximum apparent power of Samax < 4.6 kVA, are exempt
from the active power feed-in at over/under-frequency.
They may remain connected to the network within a
frequency range between 50.2 Hz and their maximum
upper frequency limit and may disconnect from the
network if this value is exceeded or, at the latest, when a
frequency of 51.5 Hz is reached or exceeded. At an
under-frequency between 49.8 Hz and their maximum
lower frequency limit, linear generators should remain
connected to the network but shall disconnect from it at
the latest when a frequency of 47.5 Hz is reached or

exceeded.
End of critical network status and return to normal P
operation
Even if the network frequency has resumed a value within P

the tolerance band of 50.0 Hz + 200 mHz after a
frequency deviation, a critical network state has still to be
assumed initially.

The time for transition from the critical network state to P
normal operation is limited by a maximum change of the
active power set-point based on Pmom.

This change of the active power set-point (except for P
providing the operating reserve) shall be limited to a
maximum gradient of 10 % of the active power Pemax per
minute (under consideration of 5.7.1). Only after the
network frequency has been within the tolerance band of
50.0 Hz + 200 mHz for 10 min continuously, the normal
operation of the network is deemed to be restored
whereupon this requirement does no longer apply.

5.7.4.4 Voltage-dependent active power reduction P

In order to avoid disconnection of the power generation P
system due to over-voltage protection U >, it is
permissible to reduce the active power feed-in as a
function of the voltage of (a) power generation unit(s).
Implementation is then chosen by the system
manufacturer. This is not considered an active power
reduction in the context of feed-in management in
compliance with EEG.

Surges or oscillations of the active power feed-in are not P
permitted for that purpose.

5.75 Short-circuit current contribution P
Due to the operation of a power generation system, the P

short-circuit current of the low-voltage network is
increased by the short-circuit current of the power
generation system. Therefore, the short-circuit current of
the power generation system to be expected at the
network connection point shall be indicated in accordance
with 4.2. For the determination of the initial short-circuit

AC current contribution k4 of a power generation system,
the following roughly estimated values can be assumed:
— for synchronous generators: 8 times the rated current;

— for asynchronous generators: 6 times the rated current;
— for generators and storage units with inverters: the rated
current.
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6

CONSTRUCTION OF THE POWER GENERATION SYSTEM/NETWORK AND

SYSTEM PROTECTION (NS PROTECTION)

P

6.1

General requirements

P

The network and system protection (NS protection) is a
type-tested protective device with certificate for the NS
protection (see form E.6), in which all protection functions
according to 6.5 are implemented. NS protection acts on
the interface switch according to 6.4.

Depending on the sum of the maximum apparent powers
of all power generation systems and storage units
connected to the same network connection point ZSamax,
the following conditions apply to the NS protection:

= Y Samax>30kVA: e« Central NS protection at the central meter panel.

Exception 1: In the case of combined heat and power units, integrated

NS protection is also permitted for power generation systems of > 30 kVA, if,
at the network connection point, a disconnection device is provided that is
accessible for the network operator's staff at all times.

Exception 2: For storage units not feeding into the low-voltage network of the
network operator, integrated NS protection is also permitted at > 30 kVA.

- ZSAmax <30kVA: ¢ Central NS protection at the central meter panel or decentralised in a sub-
distribution; or

integrated NS protection.

ZSamax < 30 kVA,
integrated NS protection
used.

When determining the sum of the maximum apparent
powers of all power generation systems and storage units
connected to the same network connection point ZSamax,
it is necessary to consider both any existing as well as
any new systems. Storage units not feeding into the low-
voltage network of the network operator at this network
connection point and combined heat and power units
connected via a disconnection device that is accessible at
all times shall not be taken into account when determining
ZSAmax-

Info.

Where the sum of the maximum apparent powers of all
power generation systems and storage units connected to
the same network connection point whereat they feed into
the low-voltage network of the network operator is a value
>Samax > 30 kVA, a central NS protection shall be
installed or, if applicable, retrofitted. This also applies if
the limit value of 30 kVA is exceeded due to later
measures. This includes e. g.:

— addition of new power generation units;

- the operating mode of the storage unit(s) is modified
such that it/they feed(s) into the low-voltage network
of the network operator;

- combined heat and power units no longer connected
and operated via a disconnection device that is
accessible at all times.

Info.

The loss of the auxiliary voltage of the central NS
protection or the control of the integrated NS protection
shall lead to an instantaneous tripping of the interface
switch. Protective tripping of the integrated protection
shall not be inadmissibly delayed by other control
functions in order to observe the required disconnection
periods. The protective functions shall be maintained
even in the event of a malfunction in the system control.

Info.

The central NS protection, the integrated NS protection,
the central and the integrated interface switch as well as
the associated tripping circuits shall meet the following
requirements:

Info.
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- such equipment shall be designed, constructed, Info.
chosen, assembled and combined at least such as to
be able to withstand the operating conditions (e. g.
reliability with regard to their breaking capacity and
switching frequency) and external influences (e. g.
mechanical vibration, external fields, interruptions or
disturbances of the energy supply) to be expected.

- Asingle fault shall not lead to a loss of the protective
function of the NS protection. Faults of common
cause shall be taken into account if the probability of
their occurrence is of any significance. Each single
fault should be indicated and lead to shut-down of
the respective power generation unit or system.

6.2 Central NS protection N/A

The central NS protection shall be accommodated, N/A
installed and connected as an independent equipment at
the central meter panel in a suitable circuit distributor in
accordance with VDE-AR-N 4100, Clause 8, Paragraph 1,
and not in the upper connection compartment according
to VDE-AR-N 4100, 7.2, Paragraph 11. Examples of the
arrangement of the central NS protection and hence the
connection of power generation systems to meter panels
are shown in Annex C.

For central NS protection, it is additionally required to N/A
carry out a trigger test for checking the tripping circuit “NS
protection — interface switch”. For this purpose, the
central NS protection is provided with a means for tripping
the interface switch (e. g. by means of a test button) for
testing purposes. Activation shall be visualised at the
interface switch.

6.3 Integrated NS protection P

In the case of integrated NS protection, the NS protection P
can be integrated in the programmable system control of
the power generation units (e. g. in the inverter control). In
this case, the means for testing the tripping circuit “NS
protection — interface switch” by the system installer is not
required.

The integrated NS protection acts on an integrated P
interface switch (see 6.4.3).

6.4 Interface switch

6.4.1 General

For the connection of the power generation system to the P
network operator’s low-voltage network or to the
remaining customer installation, an interface switch shall
be used. The interface switch is controlled by the NS
protection and automatically triggers if at least one
protective function responds

As interface switches, the switching devices of the P
individual power generation units (integrated interface
switch) can be used.
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The integrated interface switches can also be used in P
combination with the central NS protection. In any case,
central NS protection from ZSamax >30 kVA (sum of the
maximum apparent powers of all power generation
systems and storage units connected to the same
network connection point; for exceptions, see 6.1) shall
be directly connected to the central meter panel. Where a
signal is routed to a spatially separate switching device, it
shall be ensured that the required disconnection periods
given in Table 2 are observed and lead to the
disconnection of the power generation system. During
commissioning of the power generation system, a tripping
test of the interface switch shall be conducted.

The interface switch shall be designed for the rated P

conditional short-circuit current and under consideration

of the protective devices required according to 6.5 and it
shall enable instantaneous tripping. The switching
capacity of the interface switch shall be rated according to
the rated current of the upstream fuse or the maximum
initial short-circuit AC current contribution of the power
generation system, whichever is the higher. The
functional check of the interface switch shall be carried

out according to a) or b) or c):

a) The use of an interface switch, where a control
voltage must always be present when the unit is
switched on, and which switches off automatically if
this voltage is not present. The operational switch-on
or switch-off procedures must be monitored.

b) At least once daily switching on or off of the interface
switch by the NS protection and monitoring of the
proper function of the interface switch (e.g. normally
closed contact of a feedback contact).

¢) Use of the integrated interface switch and the
integrated NS protection for PV and battery inverters
according to DIN EN 62109 (VDE 0126-14).

When a defect of the interface switch is detected, the P
power generation system shall neither feed in nor
reconnect.

6.4.2 Central interface switch N/A
The central interface switch shall be a galvanic break N/A

device (e. g. mechanical contactor, protective motor
switch, mechanical circuit breaker). For a power
generation system required to contribute to the dynamic
network stability, an interface switch enabling compliance
with the requirements specified in 5.7.3 (no malfunction at
under-voltage in the context of the FRT requirements)
shall be used.

The interface switch shall be installed in the distribution N/A
field of or directly at the central meter panel in a circuit
distributor. Examples of the arrangement of interface
switches and hence the connection of power generation
systems to meter panels are shown in Annex C.

6.4.3 Integrated interface switch P

For the construction of the interface switch, the P
requirements specified in 6.1 shall be considered
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The interface switch (e.g. power relay, contactor, P
mechanical circuit breaker, etc.) ensures galvanic
shutdown.

For power generation systems with inverters, the interface P
switch must be provided on the network side of the
inverter.

6.5 Protective devices and protection settings

6.5.1 General

The purpose of NS protection is to disconnect the power P
generation system from the network in the event of
inadmissible voltage and frequency values (also refer to
DIN VDE 0100-551 (VDE 0100-551)). This is meant to
prevent inadvertent feed-in from the power generation
system into a partial network separated from the main
distribution network.

The specifications given in 6.5.2 do not refer to the P
protective functions of short-circuit protection, overload
protection, protection against electric shock and all-phase
separator of the circuit to the power generation system (e.
g. by means of line circuit breakers, residual current
operated circuit-breakers (RCD)) which shall be carried
out in accordance with the applicable VDE regulations
and for which the connection owners are themselves
responsible (to ensure self-protection). In this respect, the
protection function described in this VDE application
guide may have to be extended accordingly by the
connection owner of the power generation system.
However, the self-protection shall not undermine the
requirements described in this VDE application guide.
System operators shall themselves take precautions to P
prevent damages to their systems and installations due to
switching actions, voltage fluctuations and automatic
reclosings in the upstream network or other processes in
the network of the network operator.

The following functions of the NS protection shall be

implemented:

—  rise-in-voltage protection U >>;
—  rise-in-voltage protection uU>;
—  voltage drop protection Ucs;
—  voltage drop protection U <<;

— frequency decrease protection f<;
— frequency increase protection f>;
— islanding detection.

Voltage protection devices should evaluate the r.m.s. P
value. Evaluation of the 50 Hz fundamental component is

sufficient.

Rise-in-voltage protection U > must be designed as a P

sliding 10-minute mean value protection which prevents
the upper voltage limit according to DIN EN 50160 from
being exceeded (monitoring of the voltage quality). It is
sufficient if a new 10-minute mean value is formed every
3 s at the latest, which must be compared with the setting
value for U > from Table 2.
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Voltage protection devices must be designed in such a P
way that they monitor the feeding external conductors.
With power generation systems < 30 kVA, the voltage(s)
(per individual line to which power is fed) between the
individual lines and the neutral conductor must be
measured

For power generation systems > 30 kVA, the voltage Power generation systems N/A

protection devices must be three-phase. For this purpose, |< 30 kVA.

the three voltages between the individual lines and the
neutral conductor must be measured; the three interlinked
individual line voltages must either be calculated from the
three line-to-neutral voltages or measured separately.

This means that 2 x 3 voltages are to be recorded here.

The voltages are to be logically OR linked. Logic OR P

linking here means:

—  For rise-in-voltage protection relays, exceeding the
threshold value leads to an excitation for at least one
measuring voltage;

—  For voltage-drop protection relays, a drop below the
threshold value leads to an excitation for at least one
measuring voltage.

Frequency protection devices can be single-phase P
equipment
The setting values of the protective functions and the last P

five dated error messages (relative time stamp is
sufficient, i.e. no real-time clock required) must be
readable on the NS protection. Supply interruptions <3 s
must not lead to any loss of the error messages. At
central NS protection, readout must be possible
independently of the operating status of the power
generation system and without additional aids (e.g. on a
display). With the integrated NS protection, the readout
can be affected via a data interface.

Where systems are provided with functions such as This inverter has Pav, e P
unbalance protection (see VDE-AR-N 4100, 5.5.3) or Pav, | monitoring function.
e monitoring (see 5.5.2), those functions may be
implemented within a device in combination with the NS

protection.
6.5.2 Protective functions P
The NS protection shall be provided with a means for P

preventing unauthorised access (z. B. sealable, password
protection). The rise-in-voltage protection U > shall be
designed such as to be adjustable in the NS protection
(see Table 2, Footnote b). Additionally, the time delay of
the voltage drop protection U < and U << for directly
coupled synchronous and asynchronous generators with
Pn > 50 kW shall also be designed such as to be
adjustable in the NS protection (see Table 2, Footnote d).
Any other protective functions listed in 6.5.1 are either to
be installed permanently, i. e. not adjustable, in the NS
protection or to be provided with an additional separate
protection against unauthorised access (e. g. password
protection) for preventing modifications.

The setting values for protection purposes are considered P
to be functionally dependent on the technical capabilities
of the power generation units.
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The protection functions according to Table 2 must be set P
in NS protection. The protection relay settings, which can
be changed by the network operator or the system
operator according to specifications, are listed below
Table 2.

Table 2 - Setting values for NS protection

Protective function Setting values for protection relays®
Stirling generators, fuel cells Directly coupled Inverter(s)
is and
Synchronous and asynchronous generators
asynchronous generators with ', > 50 kW
with P £ 50 kW coupled
directly or via inverters

Rise-In-voltage protection / >> 1150, <100ms 1,25 U, <100 ms 1,25 U, <100 ms
Rise-in-voltage protection U > 1100, <100 ms 1100, <100 ms 100" <100 ms
Voltage drop protection U/ < 08 U,° <100 ms 08U, 108 08U, 30s
Voltage drop protection U < Not applicable 045 U, 200 ms® 045U, 300 ms
Frequency decrease protection /< 47,5 Hz <100 ms 47,5 Hz <100 ms 47,5Hz <100 ms
Frequency increase protection /> 51,5 Hz <100 ms 51,5 Hz <100 ms 51,5Hz <100 ms

#  The duration set-point "< 100 ms” for the protection relay setting value is based on the assumption that the maximum response

time for NS protection + interface switch is also 100 ms. This results in a maximum “total disconnection time” of 200 ms. If the
response time of the components is < 100 ms (e. g. 50 ms), then this allows for & longer period during which to perform the
measurements and the evaluation of the protective function (e. g. up to 150 ms). This would then result in a protection relay
sefting value higher than “< 100 ms”, i. e. “< 150 ms". However, in that case, only the 100 ms shall be visualised as the setting
value at the NS protection. Nevertheless, the disconnection time of 200 ms shall in no case be exceeded

It shall be ensured, that the voltage 1,10 U/, is not exceeded at the network connection point. If compliance with this
requirement is ensured by a central NS protection, then it is p to set the ltage protection at the

power generation unitisystem to a value of up 1o 1,15 U In that case, the system installer should consider any potential effects
on the customer installation. Combination of central NS protection (U >: 1,1 1,) and integrated NS protection (L/>:1,1 U to
1,15 U/} is recommended, if the voltage drop in the house installation cannat be neglected. This is typically the case with
Ionger connection lines

For the protection of the power generation unit, disconnection may also be realised by means of an additional seif-protection
setting value (e. g. 0.83 [/, before the setting value of 0.8 U, is reached.

Where the medium-voltage network of the network operator upstream of the power generation system is operated with
automatic reclosing (AWE, de: automatische Wiedereinschaltung), the following protective settings are recommended: [/ <<-
Relay: 0,45 Uyg, undelayed (i. e. shortest possible time delay) and U/ <-Relay: 0.8 Uy, 300 ms. The requirement is specified
by the network operator.

If only integrated NS protection is used for power P
generation systems < 30 kVA, the value of the rise-in-
voltage protection U > of 1.1 Un must not be changed.
The permissible tolerance between setting value and P
trigger value is for the voltage maximum +1% Un and for
the frequency maximum + 0.1% fn.

The conditions for connection/re-connection of the power P
generation system are described in 8.3.

6.5.3 Islanding detection P
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For power generation systems, islanding detection shall P

be carried out using one of the following methods:

a) Active method, e.g. by means of a frequency shift
method (generally for PV systems); or a combination
of active and passive methods, whereby for instance
the RoCoF method can be used as the passive
method;

NOTE 1 For the RoCoF method, a setting value of 2
Hz/s with a minimum measurement period of 0.5 s is
recommended in order to avoid jeopardising the
system stability.

b) Passive method by means of the three-phase
voltage monitoring (possible only for power
generation units without inverters or for single-phase
power generation units with inverters).

NOTE 2 Three-phase voltage monitoring is also
permissible for structural integration of several
single-phase power generation units feeding into
different line conductors provided the currents of
those power generation units are regulated
independently of each other such as to allow the
development of arbitrary phase relationships.

Method a) shall be verified by means of a resonant circuit | (See appended table) P

test in accordance with DIN EN 62116 (VDE 0126-2),

whereas method b) is already implemented by means of

the rise-in-voltage protection and the voltage drop
protection of the NS protection.

The islanding detection is implemented in either the P

central or the integrated NS protection of the power

generation unit. If an islanding detection system acting on
the integrated interface switch is integrated in all power
generation units of a power generation system, then the
islanding detection in the central NS protection may be
omitted irrespective of the system power.

Detection of an island network and disconnection of the P

power generation system by means of the interface

switch shall be completed within 2 s. Since the execution
of dynamic network stability and the subsequent increase
of the active power feed-in has a higher priority that the
islanding detection, the latter may be deactivated for the
duration of dynamic network stability. If the islanding
detection remains active, it shall not undermine the
dynamic network stability and the subsequent increase of
the active power feed-in.

Islanding detection and the resulting disconnection of the P
power generation system shall be completed within 9 s.
6.6 Further requirements for generation systems Info.
6.6.1 Ability to provide primary control power Info.
Power generation systems connected to low-voltage Info.

networks are not subject to any requirements regarding
the provision of primary control power. Where it is
intended that power generation systems connected to low
voltage networks contribute to the primary control, they
shall meet the requirements specified in VDE-AR-N 4120,
10.5.3.
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6.6.2 Ability to provide the secondary control power and tertiary Info.
control
The power generation systems connected to low-voltage Info.

networks are not required to provide secondary control
power and minute reserve. If power generation systems
with connection to low-voltage networks wish to
participate in the secondary control power and/or the
minute reserve, they must meet the requirements of VDE-
AR-N 4120, 10.5.4.

7 METERING FOR BILLING PURPOSES N/A
Installation and operation of the measuring device It's depended on energy N/A
required in business transactions with an energy supplier |supplier or the network
or the network operator for the billing of purchased or operator and the tested

generated energy is affected in accordance with MsbG, units not with this function.
VDE-AR-N 4400, VDE-AR-N 4100 and the technical
connection conditions of the network operator.

The meter section shall be marked permanently and N/A
legibly with the label “power generation system”.

8 OPERATION OF THE SYSTEM

8.1 General
The systems and settings for the protection of a customer P

installation against internal electrical faults (self-
protection), network protection, as well as regulations for
system operation are to be designed in such way that the
ability of the system to meet the requirements described
in this application guide is not conceptually restricted.
During operation of the customer installation, network P
situations may occur in which the requirements of this
application guide cannot be fulfilled simultaneously
without contradiction. In these situations, the following
prioritisation applies to the tasks and modes of operation
of self-protection, network protection and operational
control functions (in descending order):

1) avoidance or limitation of any damage to systems and equipment, in particular, at overload and short-
circuit protection;

2) compliance with the requirements for dynamic network stability according to 5.7.3;
3) specifications by the network security management of the network operator according to 5.7.4.2;
4) compliance with the requirements for P,, ¢ monitoring according to 5.5.2;

5) compliance with the requirements for the reaction to over-frequency and under-frequency according to
5.7.4.3;

6) compliance with the requirements for the reactive power operating mode for steady-state voltage stability
according to 5.7.2.2;

7) frequency control (control power) according to 8.6.1 and 6.6.2.

The prioritisation does not restrict the requirements for the P
design of the system and its protective devices.

The requirements of lower priority are to be implemented P
unless in conflict with the requirements of higher priority.

The requirements by the network security management of P

the distribution network operator in accordance with

5.7.4.2 take precedence over the requirements for power

increase in the event of under-frequency in accordance
with 5.7.4.3. The distribution network operators shall
comply with the following conditions:

—  The network bottlenecks must be monitored promptly
by the distribution network operator and must not
have been forecast based on projections

— the precedence shall apply to the bottleneck area
only.
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The operation of electrical installations shall include all Info.
technical and organisational activities necessary to
ensure that installations are functional and safe. The
activities include all operating actions as well as electro-
technical and non-electrical work as described in the
relevant regulations and rules. Special reference is made
to DIN VDE 0105-100 (VDE 105-100).

The system operator is responsible for the operation of Info.
the power generation system and/or storage system. If
required by the network operator, the system operator will
name an electrician for the network operator who may
carry out the necessary work on the electrical system of
the system operator.

For the connection of the power generation system as P
well as the storage system the conditions according to 8.3
have to be observed. During operation, the conditions
according to Section 5, on which the decisions regarding
the connection of the power generation system and/or the
storage system are based, may only be changed with the
consent of the network operator.

The result shall be recorded in a test protocol which shall P
be provided on request to the network operator
When using certified NS protective devices, regular Info.

maintenance testing of the NS protection, the interface
switch and the functional chain “NS protection — interface
switch” is not required.

In justified cases, the network operator may demand a Info.
test of the NS protection and the interface switch to prove
their functionality.

Power reduction or disconnection required due to Info.
network conditions
Upon request of the network operator, the system Info.

operator is obliged to switch off the power generation
system and/or the storage unit and to disconnect it from
the network if required for conducting works in the
network operator’s network that are necessary for
operational purposes. Scheduled disconnections shall be
announced to the system operator in a timely and suitable
manner.

In case of danger, breakdown or imminent loss of network Info.
security, the network operator is entitled to immediately
disconnect the power generation system and/or the
storage unit from the network or to reduce its active
power output, respectively.

If the agreed maximum connection power is exceeded, P
the network operator is entitled to disconnect the power
generation system and/or the storage system from the
network. For this purpose, the network operator may
require the system operator to install appropriate
technical equipment that disconnects the power
generation system and/or the storage system from the
network operator’s network if certain limit values (e.g.
maximum apparent connection power) are exceeded (see
5.5.2).
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If the network operator detects serious defects in the Info.
power generation system or the storage system with
regard to personal and system safety, he is entitled to
disconnect these system components from the network or
to demand disconnection from the network by the system
operator until the defects have been rectified.

Access Info.

Upon co-ordination with the system operator, the network Info.
operator shall be granted access to all components of the
power generation system and/or storage system (meter
panel, central NS protection (if available), interface
switch, facilities of the power generation/network security
management (if available), and the power generation

units).
Exchange of information Info.
The network operator will inform the system operator Info.

about substantial modifications in his network which will
have an impact on the current parallel operation. The
system operator shall, in due time, co-ordinate with the
network operator any scheduled modifications to his
power generation system as well to his storage system
which will have an impact on the parallel operation or the
decoupling protection or NS protection, such as increase
or decrease of the system power, replacement of
protective devices or modifications to the compensation

equipment.
Coupling of network connection points Info.
Different network connection points on the network of the Info.

network operator(s) shall not be operated by systems of
one or more system operator(s).

Reaction to disturbances Info.
The reconnection conditions given in 8.3 shall be Info.
satisfied.

The system operator shall immediately inform the network Info.

operator about any incidents detected as far as they are
of importance to the network operator.

Due to the possibility of voltage recovery at any time after Info.
an interruption of supply, the network connection point is
to be considered to be constantly energised.
Reconnection is usually carried out by the network
operator without prior consultation with the system
operator.

Fault clearance may require unscheduled investigations Info.
and measurements which the network operator and the
system operator shall carry out on their respective
operating equipment. For fault clearance and remedy, the
network operator and the system operator shall provide
mutual support. All information required for fault clearance
shall be exchanged between them.

8.2 Special aspects of the management of the network operator’s network Info.
Earthing and short-circuiting for works on the
Info.
network
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After isolation, a prerequisite for the safety of works on Info.
the network is to prevent any voltage sources and - as
working methods in accordance with DIN VDE 0105-100
(VDE 0105-100) - from reconnecting unintentionally.
Earthing and short-circuiting are required upstream as
well as downstream of the point where the work is done.
For this, sufficiently dimensioned house connection boxes
should also be used.

This means that network operators are required to Info.
consistently apply all five of the safety rules when works
are carried out on the low-voltage network (with the
exception of live working). It is therefore required also to
provide earthing and short-circuiting downstream of a
disconnected line in the network operator’s low-voltage
network (when viewed from the local network transformer,
i.e. on the customer side of the sectioning point). If
earthing and short-circuiting are not provided on the
customer side of the sectioning point, then third-party
feed-in (e.g. via an emergency power generator as used
in farming) shall be prevented by other means.

It should also be noted that an NA protective device Info.
integrated in the power generation unit or in a storage
system can obtain its supply voltage from the network.
Connection to the network is also required for voltage and
frequency measurement. Furthermore, passive elements
(e.g. EMC filters) can be mounted unconnected on the
network side of the interface switch. When determining
zero potential within the scope of the five safety
regulations (according to DIN VDE 0105-100 (VDE 0105-
100)), it must be noted that in systems with capacitors,
the discharge must be waited for before determining the
zero potential. For stationary capacitors, the discharge
times can be taken from the relevant standards (10 min to
< 75 V residual voltage or separate labelling of the
discharge time on the system).

Operation of network stand-by systems Info.

For certain works on the network (e.g. replacement of a Info.
local network transformer), the network operator has to
disconnect sub-networks from the remaining network. In
order to ensure continuous supply to the customers
during this time, the network operator may use network
stand-by systems. Normally, the network operator will not
inform the customers concerned about the use and
operation of network stand-by systems
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However, if the feed-in power of the power generation Info.
systems and storage systems exceeds the load extraction
in this separated sub-network, it is possible for the
network stand-by system to be disconnected by the
protection system. Stable operation of the network stand-
by system would then no longer be possible. In order to
prevent this from happening, care shall be taken that the
power generation systems and storage systems
(regardless of extraction or feed-in) are and remain
disconnected in the event of such an operating state or
that in case of an emergency power operation of the
customer installation it is disconnected from the public
network at the network connection point. To this end, the
network stand-by system is connected and started in
parallel to the low-voltage network. Afterwards, the local
network transformer is switched off and the network
stand-by system takes over the supply of the “network
island”. The network stand-by system shall be set to 51.7
Hz to 52.0 Hz, so that all power generation systems and
storage systems can safely disconnect from the network.
Given that operating mode, all power generation systems
and storage systems will remain separated from the
network operator’s network (prior to this VDE application
guide VDE-AR-N 4105:2011-08 between 50.05 Hz and
51.5 Hz, starting with the application of this VDE
application guide VDE-AR-N 4105:2011-08 between
50.05 Hz and 50.1 Hz/60 s; see 8.3).

In order to enable uninterrupted resynchronisation of the Info.
sub-network with the rest of the network, the frequency is
realigned to the current mains frequency once operation
of the network stand-by system is ended and the local
network transformer is returned to service. In order to
prevent the power generation systems and storage
systems from immediately switching on again as soon as
the frequency returns to within the tolerance range
specified by the connection and reconnection conditions
given in 8.3, which would, at that time, put the stability of
the network operation at risk, it is required to ensure a
waiting period of at least 60 seconds after a shutdown
time of the power generation systems and storage
systems of more than 3 s.

For uninterrupted supply of the network — in particular, Info.
when the network stand-by system connects at a moment
of a power surplus in the low-voltage network — it is
recommended to use network stand-by systems that are
able to reverse power on a short-term basis.

8.3 Connection conditions and synchronisation
8.3.1 General
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Power generation systems and storage systems may only P
be connected to the network of the network operator if a
suitable device determines that both the network voltage
is within the tolerance range of 85% Un to 110% Un and
the mains frequency is within the tolerance range of 47.5
Hz to 50.1 Hz for a duration of at least 60 s. In addition,
the delay times when a generator is switched on again
and the staggered times when several generators are
switched on must be long enough to ensure that all
control and compensation processes within the power
generation system and/or the storage systems are safely
completed due to the switch-on.

In case of reconnection of power generation systems and P
storage systems to the network of the network operator
when the NA protective device or the Pav,e monitoring is
triggered, the active power of controllable power
generation systems and storage systems delivered to the
network of the network operator must not exceed the
gradient of 10% of the active power Pamax per minute.
Non-controllable power generation systems and storage
systems can be switched on after 1 min to 10 min
(random generator) or later. Therefore, after 10 min the
power can be fed in with Pamax. In the case of manual
operation on site (e.g. for reasons of commissioning or
maintenance), the reconnection conditions described in
this paragraph may be deviated from.

In the event of manual disconnection of the power P
generation system and/or storage system by the network
operator, the system operator shall coordinate the
reconnection with the network operator's unit responsible
for network operation.

8.3.2 Connection of synchronous generators N/A

At an adequate point, a synchronisation device shall be Not synchronous N/A
provided for synchronous generators coupled directly to | generators.
the network. While the synchronisation equipment for
power generation systems that are not capable of island
operation is expediently assigned to the generator switch,
power generation systems capable of island operation
should additionally be provided with synchronisation
equipment at the interface switch. An automatic parallel
connection device shall be provided. The setting values
shall be coordinated with the network operator.

The following common maximum values can be assumed: N/A
- Ap = £10°;

- Af = 500 mHz;

- AU = +10% Un.

Depending on the ratio of network short-circuit power to N/A

generator power it may be necessary to establish
narrower limits to avoid inadmissible system reactions at
the moment of connection.

8.3.3 Connection of asynchronous generators N/A

For asynchronous generators started by a prime mover Not asynchronous N/A
and connected at a rotational speed between 95% and generators.
105% of the synchronous rotational speed, kimax is
expected to be = 4.
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For asynchronous generators, which are not connected N/A
dead, the connection conditions specified for synchronous
generators shall be satisfied

8.3.4 Connection of power generation units with inverters P
Power generation units with inverters (e.g. photovoltaic P
systems) shall only be connected with kimax < 1.2.

8.4 Special features in the planning, installation and operation of power generation N/A
systems and storages systems with Pamax 2 135 kW each
For power generation systems and storage units with an N/A

active power each of Pamax = 135 kW, compliance with the

requirements of VDE-AR-N 4110 shall be demonstrated.

For the planning, installation and operation of such power

generation systems and storage units certified in

accordance with VDE-AR-N 4110 and connected to a

low-voltage network of the network operator, the following

requirements shall be met:

— Network interactions: The test report for the unit N/A
certificate according to VDE-AR-N 4110 shows the
network interactions with their measured values.
These must be evaluated by the network operator
according to VDE-AR-N 4100, 5.4.

—  Protection settings: The central NS protection must N/A
be parameterised according to the specifications in
Table 2 in 6.5.2 of this VDE application guide. If
integrated NS protection is still present in the power
generation units, it must not compromise the
requirements regarding static voltage stability and
dynamic network support from this application guide.
A setting of the rise-in-voltage protection U > to
values > 1.10 Un is only permissible to the extent
that it corresponds to the capability of the power
generation system and/or storage system. The
exceptions according to 6.1 remain valid.

—  Steady-state voltage stability: N/A
* When selecting the operating mode “reactive

power characteristic curve Q(U)”, it shall be
parametrised as specified in Figure 7 in 5.7.2.4
of this VDE application guide (e. g. by applying
the method “reactive power with voltage limiting
function” according to VDE-AR-N 4110). For this
purpose, Qmax = Pemax x 0,33 (equal to cos ¢ =
0,95) shall be set.

* When selecting the operating mode
“displacement factor/active power characteristic
curve cos @ (P)” according to this application
guide, the method “reactive power/active power
characteristic curve Q(P)” according to VDE-AR-
N 4110 shall be selected. For this purpose, the
following support points shall be parametrised in
accordance with VDE-AR-N 4110, Figure 9: P1
(0,0/0,0), P2 (- 0,5/0,0), P3 (- 1,0/0,33).

NOTE 1 The first value within the brackets represents the

ratio P/Pemax, the second represents the ratio Q/Pemax.
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—  For the dynamic network stability, type 2 power N/A
generation systems shall be set to the operating
mode “limited dynamic network stability” in
accordance with VDE-AR-N 4110, 10.2.3.3.2.

NOTE 2 From 01/01/2021 onwards at the latest, type 2

power generation units in the operating mode “limited

dynamic network stability” will also conduct full dynamic
network stability at voltages higher than 0,7 Un.

—  Connection condition: The connection of a power N/A
generation system or storage unit in accordance with
VDE-AR-N 4110 is conducted at an operating
voltage between 90 % Un and 110 % Un at the
generator terminals of the power generation unit with
the permissible power gradients as specified in VDE-

AR-N 4110.
9 VERIFICATION OF THE ELECTRICAL PROPERTIES P
This VDE application guide does not itself require Info.

certificates and/or proofs of conformity, but only provides

the proofs required in NC RfG and NELEYV [8] (see

Preface, Section 4).

Together with the registration for the network connection, P

the connection owner hands over the cover pages of the

following certificates to the network operator:

—  Certificate for each planned type of power generation
unit and storage system (unit certificate(s), see form
E.4);

—  Certificate for network and system protection
(integrated or central) (certificate for NS protection,
see form E.6);

— If required in the respective connection case:
Certificate for power flow monitoring at the network
connection point (Pav.e monitoring, 70% limitation
according to 5.7.4.2, symmetry device according to
VDE-AR-N 4100, 5.5).

In the test reports for the certificates, the electrical P

properties of the power generation unit, the storage

system and/or the NS protection are shown. In an excerpt
from the test reports (according to E.5 and E.7) the data
relevant for the connection evaluation by the network
operator shall be summarized.

The certificates themselves prove that the planned power P

generation unit, storage system and/or NS protection

meets all the requirements of this VDE application guide.

The basis for the preparation of a unit certificate is the P

measurement by a test laboratory accredited according to

DIN EN ISO/IEC 17025 for this area of application.

The certification of power generation units, storage P

systems and NS protection must be carried out by a

certification body accredited according to DIN EN

ISO/IEC 17065 for this area of application.

Details regarding the design of the metrological P

verification and the documentation of the measurement

results are described in DIN VDE-V 0124-100 (VDE V

0124-100). The requirements of this VDE application

guide must neither be compromised nor toughened.
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ANNEX A | EXPLANATIONS (INFORMATIVE) Info.
Al “Power generation system” (3.1.8) and “power generation Info.
unit” (3.1.9)
A2 Permissible voltage change (5.3) Info.
A3 Implementation of the power generation system/network Info.
and system protection (NS protection) (6.1)
A4 Three-phase current and three-phase voltage system Info.
(5.6)
A5 Static voltage stability/binary power supply (5.7.2) Info.
A.6 Interface switch (6.4) Info.
A7 Basic controller performance Info.
A.8 Direction definition of P and Q Info.
ANNEX B| CONNECTION EXAMPLES AND MEASUREMENT STRATEGIES (INFORMATIVE) Info.
B.1 Maximum apparent connection power Samax < 4.6 kVA Info.
B.2 Maximum apparent connection power Samax < 13.8 kVA Info.
B.3 Power generation system with symmetry device of single- Info.
phase inverter and integrated NS protection
B.4 Apparent connection power Samax > 30 kVA Info.
B.5 Apparent connection power Samax > 30 kVA with Pave - Info.
monitoring
B.6 New power generation unit in parallel to an existing Info.
system Samax > 30 KVA
B.7 Connection for excess feed-in (EEG and CHP-G) Info.
B.8 Apparent connection power Samax > 30 kVA with full feed- Info.
in
B.9 PV system Samax = 6 kVA with storage system Pemax = 3 Info.
kW and symmetry device
B.10 Connection with meter port column Info.
B.11 Example circuit diagram PV system with storage system Info.
in consumer load path
ANNEX C|EXAMPLES OF METER PANEL CONFIGURATIONS (INFORMATIVE) Info.
Cc.1 Meter panel for the connection of a power generation Info.
system with a maximum apparent connection power of
Samax < 30 kVA
C.2 Meter panel for connecting a power generation system Info.
with an apparent connection power Samax > 30 kVA and
central NS protection
C.3 Meter panel for connecting a power generation system Info.
with transformer measurement
C4 Meter panel (can also be configured decentrally) for the Info.
connection of a power generation system in self-
consumption and/or excess feed-in according to EEG and
CHP-G < 30 kVA
C5 Generation meters in the power generation system Info.
ANNEX D| EXAMPLE CONNECTION EVALUATION OF POWER GENERATION SYSTEMS — Info.
CONNECTION OF A 20 KW PV SYSTEM (INFORMATIVE)
ANNEX E|FORMS (NORMATIVE) P
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E.1l Application procedure Info.
E.2 Data sheet for power generation systems Info.
E.3 Data sheet for storage units Info.
E.4 Unit certificate P
E.5 Test report “Network interactions” for power generation P
units with an input current > 75 A
E.6 Certificate of the network and system protection P
E.7 Requirements for the test report for the NS protection P
E.8 Commissioning protocol for power generation systems Info.
and/or storage units
E.9 Type approval procedure Info.
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REQUIREMENTS FOR MEASURING INSTRUMENTS AND TEST BENCHES

General

This section specifies general requirements for
measurements and measuring devices. Different test
specific requirements can be found in the individual
sections of the respective tests.

4.2

Measurement

At least the line currents (L1 and, if present, L2 and L3)
and all phase-to-neutral voltages and, if available, phase-
to-phase voltages are to be regarded as measurement.

4.3

Measuring devices used

The metrological traceability of the measuring devices
used must be ensured in accordance with the
specifications in DIN EN ISO/IEC 17025.

The following requirements in Table 1 apply to the
sampling rates of measurements.

Table 1 - Requirements applicable to the sampling rates of measurements
Measurement Sampling rate current/voltage | Sampling rate additional signals

Behaviour in the event of grid 210 kHz 21 Hz
faults
Harmonics 220 kHz 21 Hz
Other measurements 23 kHz 21 Hz

4.4

Measurement conditions

In order to ensure comparable measurement results, on
the one hand, and to prevent unfavourable conditions of
the surrounding electrical grid from falsifying the results of
the device under test (DUT), on the other hand, the
following conditions must be checked and observed
during the measurement:

— A specification of cos @ = 1 (£0.05) must be set for
all measurements in which no explicit reactive power
value is required.

—  The limits of the IECEE CTL-OD 5010 procedure
must be adhered to in laboratory measurements
provided VDE-AR-N 4105:2018-11 does not impose
any different requirements.

—  The field measurements must be based on the limits
of the IECEE CTL-OD 5010 procedure. Any
deviations must be documented and evaluated in
terms of their influence on the measurement results.

TESTS

General

With full power converter based PGU and a sufficiently
realistic simulation of the electrical energy source or
storage system, measurements may only be carried out
for the converter and the relevant components.

5.2

Demonstration of permissible system perturbations

This section serves to demonstrate the requirements in
VDE-AR-N 4105:2018-11, 5.4. It refers to VDE-AR-N
4100:2019-04, 5.4 with regard to system perturbations.

5.2.1

General

For the purpose of this document according to VDE-AR-N
4100:2019-04, 5.4, system perturbations are as follows:
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— Rapid voltage changes;

—  Flicker;

— Harmonics, interharmonics and high-
harmonics(higher frequencies from 2 kHz to 9 kHz);

—  Commutation notches; N/A

— Infeed of direct currents.

5.2.2 Rapid voltage changes

These tests serve to comply with the requirements of
VDE-AR-N 4100:2019-04, 5.4.

5221 Tests

a) Power generation units and storage systems p
(individual devices) with rated current <75 A:
According to VDE-AR-N 4100:2019-04, 5.4.2.1, the
following standards must be used for verification:

— DIN EN 61000-3-3 (VDE 0838-3) for devices
with a rated current < 16 A

— DIN EN 61000-3-11(VDE 0838-11) for devices
with a rated current >16 Aand <75 A

b) Power generation units and storage systems p

(individual devices) with rated current >75 A:

The following measurements must be carried out

according to VDE-AR-N 4100:2019-04, 5.4.4.2:

— Measurements of the time profiles for currents
and phase-to-neutral voltages;

— Determination of the one-period r.m.s. values for
current and voltage.

The aim of the tests is to determine ki and Kimax.

The four following cases (if applicable) according to VDE- =)

AR-N 4105:2018-11, E.5 must be checked three times

each:

—  Switching on at any power (without specification for
the primary energy source);

—  Most unfavourable case when switching the
generator stages;

—  Switching on at nominal power;

—  Switching off at rated power (no emergency
shutdown, but operational shutdown).

NOTE: In PV systems, the inverter is considered a

generator.

If the manufacturer is aware of deviating critical cases p
(e.g. deviating cos(@)~ specifications), these must also be
checked and identified.

5.2.2.2 Evaluation criteria P

The evaluation procedures, success criteria and
permissible limits for power generation systems and
storage systems are specified in VDE-AR-N 4100:2019-
04, 5.4.

5.2.2.3 Test documentation (see appended table) P
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a) Power generation units and storage systems p
(individual devices) with rated current <75 A:
Test results must be documented in accordance with
the requirements of DIN EN 61000-3-3 (VDE 0838-
3):2014-03 or DIN EN 61000-3-11 (VDE 0838-
11):2001-04.

b) Power generation units and storage systems p
(individual devices) with rated current >75 A:
At least the following should be documented:
1) Measuring devices used;
2) Mains frequency;
3) One-period r.m.s. values for current and

voltage;

4)  All ki values;
5)  kimax value

523 Flicker

These tests serve to comply with the requirements of p
VDE-AR-N 4100:2019-04.

5.23.1 Tests

a) Power generation units and storage systems
(individual devices) with rated current <75 A:
According to VDE-AR-N 4100:2019-04, 5.4.2.1, the
following standards must be used for verification:

— DIN EN 61000-3-3 (VDE 0838-3) for devices
with a rated current <16 A

— DIN EN 61000-3-11(VDE 0838-11) for devices
with a rated current >16 Aand <75 A

b) Power generation units and storage systems p
(individual devices) with rated current >75 A:
The aim of the test is to determine the system flicker
coefficient at the grid impedance angles 30°, 50°, 70°
and 85°.
The system flicker coefficient cyk is determined for
failure-free continuous operation. It must be
standardized to the rated apparent power. For three-
phase DUTSs, short-circuit apparent power Sk must
be related to a symmetrical short-circuit of the test
source; in the case of single-phase DUTS, it must be
related to the single-phase short-circuit power.
For adjustable PGUs with rated currents >75 A, at
least 12 measurements of 10 min each must be
carried out. One measurement must be carried out
for each of the 10% active power bins from 0% P to
90% Pre and three measurements for the 10% active
power bin of 100% Pre.
A measurement consists of determining the short-
term flicker strength Pst as a 3-phase (phase L1, L2
and L3). A 3-phase must be determined for the
adjustable operating points and Pemax for non-
adjustable and conditionally adjustable PGUs.
The maximum over all Pst must be selected as the
value for the long-term flicker strength Pi.

5.2.3.3 Test Documentation (see appended table)

The following should be documented:
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1) Measuring devices used; p
2) Output voltage of the line impedance stabilization
grid,;

3) Reference impedance/test impedance;
4) The largest cyk value determined;
5) Pst, P

5.24 Harmonics and inter-harmonics

These tests serve to comply with the requirements of
VDE-AR-N 4100:2019-04, 5.4.

The aim of the test is to determine the harmonic, inter- p
harmonic and high frequency harmonic currents (between
2 kHz and 9 kHz).

5.24.1 Tests

Compliance with the limits for harmonic currents must be
demonstrated as follows:

a) Power generation units and storage systems (see appended table) p
(individual devices) with rated current <75 A:
For individual devices with rated current <16 A per
phase, according to DIN EN 61000-3-2 (VDE 0838-
2):2019-12;
For individual devices with rated current >16 A and
<75 A per phase, according to DIN EN 61000-3-12
(VDE 0838-12):2012-06.

b) Power generation units and storage systems (see appended table) p
(individual devices) with rated current >75 A:
Power generation units and storage systems
(individual devices) with rated current <75 A must be
evaluated according to VDE AR-N 4100:2019-04,
5.4.2.2.2, Table 1.
Harmonic currents must be measured according to
DIN EN 61000-4-7 (VDE 0847-4-7):2009-12.
Inter-harmonic currents up to 2 kHz must be
measured according to DIN EN 61000-4-7 (VDE
0847-4-7):2009-12, Appendix A. High frequency
between 2 kHz and 9 kHz must be measured
according to DIN EN 61000-4-7 (VDE 0847-4-
7):2009-12, Appendix B.
Optionally, the tests can be carried out in the open
field according to DIN EN 61400-21-1 (VDE 0127-21-
1) if tests in the test laboratory are not possible or
feasible.
Harmonic, inter-harmonics and high frequency
currents are determined for each 10% active power
bin. This means that the centres of the bins are close
to 0% Pre, 10% Pre, 20% Pre to 100% Pre of the PGU.

5.2.4.2 Evaluation criteria

The evaluation procedures, success criteria and p
permissible limits for power generation systems and
storage systems are specified in VDE-AR-N 4100:2019-
04, 5.4.

5.2.4.3 Test documentation (see appended table)

At least the following should be documented:

1) Measuring devices used;
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2) Additionally: p

— Reference or grid impedance,;

— For each active power bin: the values of the
individual current components in tables according
to VDE-AR-N 4105:2018-11, E.5 as percentages
of Iy;

— For each active power bin: the values of the
individual current components for each phase of
the harmonic subgroup according to DIN EN
61000-4-7 (VDE 0847-4-7):2009-12, 5.6, the
interharmonic group according to DIN EN 61000-
4-7 (VDE 0847-4-7):2009-12, Appendix A, the
frequency bands in the range above the 40th
harmonic up to 9 kHz according to DIN EN 61000-
4-7 (VDE 0847-4-7):2009-12, Appendix B.

5.25 Commutation notches N/A

This test serves to determine the commutation currents N/A
required for the project-specific determination and
evaluation of the commutation notches according to VDE-
AR-N 4100:2019-04, 5.4.4.5, taking into account the
short-circuit power at the connection point.

This test is only required for line-commutated inverters.

5.25.1 Tests N/A

The PGU is operated at all of the following operating N/A
points, whereby three oscillograms of the grid currents
are recorded for each operating point after the settling
process has subsided. The resolution of the oscillograms
must be at least 10 kHz, the record length per oscillogram
must be at least 100 ms.

Operating points:

[) between 25% Pemax and 35% Pemax

||) between 65% Pemax and 75% Pemax

) > 90% Pemax

5.25.2 Evaluation criteria N/A

The evaluation procedures, success criteria and N/A
permissible limits for power generation systems and
storage systems are specified in VDE-AR-N 4100:2019-

04,5.4.
5.2.5.3 |Test documentation N/A
The maximum commutation current is determined for N/A

each operating point from the oscillograms.
The maximum commutation current is specified.

5.2.6 Infeed of direct currents

These tests serve to comply with the requirements of
VDE-AR-N 4100:2019-04, 5.4.4.9.

The aim of the test is to prove that no impermissible direct p
current components are fed into the low-voltage grid.

This test is only required for inverters.

5.26.1 Tests
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The converter is operated within the control range of the | (see appended table) p
PGU at the following operating points, with the direct
current components of the grid currents being recorded in
all individual lines for each operating point after reaching
a stable operating temperature for at least 5 minutes.
According to VDE-AR-N 4100:2019-04, direct currents
are measured on the basis of DIN EN 61000-4-7 (VDE
0847-4-7):2009-12 over 10 fundamental oscillation
periods.

Operating points:

[) between 30% Semax and 40% Semax

II) between 60% Semax and 70% Semax

|||) > 95% Semax

The low-voltage grid or network simulator on which these p
tests are carried out must meet the following conditions:
[) Mains voltage: Nominal value = 5%

II) Mains frequency: 50 Hz + 0.2 Hz

) THD of the mains voltage:< 2.5%

IV) When using power simulators: DC component of
voltage <0.1%

In addition, during these tests it is important to ensure that p
the current sensors used are suitable for detecting direct
currents. The fault limit of these current sensors must
meet the requirements of 4.2.

5.2.6.2 Evaluation criteria

The evaluation procedures, success criteria and
permissible limits for generation plants and storage are
described in VDE-AR-N 4100: 2019-04, 5.4.

5.2.6.3 Documentation of Tests

At least the following should be documented:
1) Measuring devices used,;
2) Statement that the limits specified in 5.2.6.1
regarding the voltage quality of the test grid were
observed during the test;
3) Additionally for each operating point according to
5.2.6.1
— The mean r.m.s. value of the grid currents and
grid voltages for each phase during the
measurement period;

— The average values of the individual DC
components for each phase as percentages of I..

5.3 Demonstration of the symmetry behaviour of converters N/A
53.1 General N/A
These tests serve to comply with the requirements of N/A
VDE-AR-N 4100:2019-04, 5.5.
53.2 Testing three-phase converters The PGU is single phase N/A
unit
The test should be carried out under voltage conditions N/A

that are as symmetrical as possible and with symmetrical
grid impedance.

At least 5 measurements at nominal active power and 5 N/A
measurements at 50% of the nominal active power must
be carried out over a period of 1 min each.
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These measurements must each be carried out with the N/A
following reactive power setting:

- cos o =1,

— maximum under-excited,
— maximum over-excited.

The maximally overexcited or under excited cos ¢ values
result from the information provided by the manufacturer.

5.3.2.1 Calculating the asymmetry of three-phase converters N/A

The asymmetry is measured in the form of the N/A

unbalanced load and must be calculated for an operating

point characterised by power and cos ¢@. The maximum

difference between the apparent powers of the three

phases is determined for each of the 5 measurements

(mean minute values) at the respective operating point.

The maximum value is again determined from these 5

values. This maximum value must be given for the

following operating points:

a) 100% nominal power + 5% Pemax, cos ¢ = 1; N/A

b) 100% nominal power + 5% Pemax, cOS ¢ = maximally
under-excited,;

c) 100% nominal power + 5% Pemax, COS ¢ = maximally
overexcited;

d) 50% nominal power = 5% Pemax, COS ¢ = 1;

e) 50% nominal power + 5% Pemax, COS ¢ = maximally
under-excited,;

f)  50% nominal power + 5% Pemax, COS ¢ = maximally
overexcited.

The test is considered to have been passed if the N/A

maximum value of the asymmetry from the above

measurements a) to f) does not exceed 5% Semax.

5.3.3 Symmetrical operation with a symmetry device N/A
5.4 Demonstration of behaviour of the power generation unit in the grid
54.1 General

The tests in the following subsections are carried out in
order to demonstrate the compliance with the
requirements of VDE-AR-N 4105:2018-11 with regard to
the active and reactive power range, active power
reduction through setpoint specifications, frequency-
dependent active power control as well as the reactive
power provision for static voltage stability.

Compliance with the RoCoF requirements from VDE-AR- p
N 4105:2018-11, 5.7.1, must be demonstrated on the
basis of a manufacturer's declaration.

5.4.2 Measuring active and reactive power range

54.2.1 General

These tests serve to meet the requirements for the
adjustable reactive power range according to VDE-AR-N
4105:2018-11, 5.7.2.2, as well as to check the
manufacturer's specifications for Semax and Pemax.

5.4.2.2 Tests P
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All tests must be carried out at the specified voltages. If p
test bench measurements are not possible, a technically
based explanation must be provided.

The PGU is operated at all of the following operating p
points, whereby each operating point must be held for at
least 10 minutes after the settling process has subsided.
During the partial measurements a) to c¢) below, the
primary energy source must not limit the power. The
voltage must be set with a tolerance of £2% Un.

a) For 0.9 Uy, Uy, and 1.09 U, the highest possible p
active power must be set under the specification of
cos (¢) = 1.

b) For 0.95 U,, Uy, and 1.09 U, the highest possible
active power must be set with max under excited
operation.

¢) For 0.9 Uy, Uy, and 1.05 Uy, the highest possible
active power must be set with max overexcited
operation.

Semax and Pemax are determined by the highest measured

value:

Semax = MaX (Semax ), Semax b), SEmax c))
Pemax = max (Pemax a), Pemaxb), Pemax¢))

Adjustment range limitations of reactive power provision

according to VDE-AR-N 4105:2018-11, Table A.2, must

be taken into account.

5.4.2.3 Evaluation criteria

The test is considered to have been passed if:

— depending on the PGU type, the determined cos (¢)
values at least cover the range required according to
VDE-AR-N 4105:2018-11, up to 5.7.2.2.4

— the measured values for Semax and Pemax do not

exceed the manufacturer's specifications by more
than 2%.

54.2.4 Test documentation

At least the following should be recorded as 10-minute
mean values:

Bv)

— U, cos(g), P and S from a) to c);

— SeEmax and Pemax.

5.4.3 Active power reduction through setpoint specification

54.3.1 General

B v B v B v I e v)

The following tests apply to PGUs that must be involved
in the feed-in management/grid safety management
according to VDE-AR-N 4105:2018-11, 5.7.4.2.1, and
PGUs that can be involved in the feed-in
management/grid safety management according to the
manufacturer's specifications.

Where technically possible, measurements must be p
carried out with a displacement factor of 1.

Functionality can also be checked for a combination of p
PGU and higher-level control.

5.4.3.2 Tests P
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Testing of the active power setpoint control must be p
carried out using the following procedure:

a) The test must be carried out as part of a time-related
test procedure;

b) The available active power output must be at least
90% Pre throughout the test;

c) The active power must be measured at the PGU
generator terminals;

d) If the PGU has several different interfaces for
specifying the setpoint, the interface that delivers the
most unfavourable results must be tested:;

e) If there are several interfaces or if the adjustment
takes place via an energy management system,
different and inconsistent targets must be specified.
It must be demonstrated that the setpoint specified
for the GSM is never exceeded. Further details about
this test can be found in 5.4.3.5.

5.4.3.3 Measuring setting accuracy (see appended table) P
For this test, the setpoint signal is reduced from 100% P
to 10% P as follows:

a) for adjustable PGUs in 10% P:e steps according to
fig. 4. Each time you change the setpoint
specification, wait 1 minute so that the PGU can
adjust to the new setpoint. Then the active power of
the PGU must be measured as a mean minute value;

b) for all other PGUs according to their adjustable
levels. Each time you change the setpoint
specification, wait 1 minute so that the PGU can
adjust to the new setpoint. Then the active power of
the PGU must be measured as a mean minute value.

' i v
(1-min mean value)
|
08 . —
=
:,:g )4 *'_1 —
3 5 1 5 10 W 16 1 =

Legend

X time tin min

Y active power P/Py

Fig.4 - Measuring setting accuracy for adjustable PGU
5.4.3.4 |Measuring power gradients (see appended table) P
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The power gradient is measured by: P

— changing the setpoint from 100% to 5% of the
nominal active power Pre at time to. If the minimum
technical power is >5%, it must be specified;

— changing the setpoint from 5% to 100% of the
nominal active power Pre at time to. If the minimum
technical power is >5%, it must be used as a starting
value.

The power gradient of the PGU (dP/dt) is continuously p
determined during this test. To determine the power
gradient, a sliding 10-second mean value of the active
power is calculated, whereby the 10-second mean value
must be recalculated from the previous data at least every
second. The active power gradient is calculated from the
10-second mean values from the difference of the 10-
second mean value at time t1 and at time t1 + 10 s as
follows:

(AP/10S) = (Py=t1+10s— Pi=11) /10 S

5.4.35 Measuring priority interfaces/energy management system

If an active power reduction can be requested via more p
than one interface, different and random values must be
specified as multiples of 10% P& for all existing
interfaces.

All specified values must be within the possible and p
permissible working range for the tested PGU, i.e. they
must be reachable.

The specified values must be documented in a table, and p
the operating point reached by the PGU (and thus the
effective setpoint specification) must be clearly identified.

5.4.3.6 Evaluation criteria

The tests referred to in 5.4.3.2 to 5.4.3.5 are considered
to have been passed if

— there is no grid disconnection and

— the active power value does not deviate from the
setpoint by more than +5% P and

— the power gradients determined according to 5.4.3.4 p
do not fall below 0.33% Pre/s and do not exceed
0.66% Pie/s. The first gradient must be formed
30 seconds after the setpoint step has been set. The
formation of gradients is terminated 30 seconds
before the stationary end value is reached.

—  during measurement 5.4.3.5 either p
a) the lowest setpoint always has priority or
b) the setpoint at the interface programmed for the
GSM is never exceeded,

— during testing of the logical interface (input port), the p
active power feed-in of the PGU is completely
terminated within a maximum of 5 seconds after the
change of state of the logical signal.

5.4.3.7 Test documentation P
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The setpoint values and the calculated gradients must be
documented. Test results must be documented in tabular
form as mean minute values for each setpoint
specification.

P

When testing the logical interface (input port), it must be
documented whether the active power feed-in is
completely terminated within a maximum of 5 seconds
after the change of state of the logical signal. The
manufacturer's specifications according to 5.3.3.4, (a) to
(g) must be included in the test report.

If a higher-level control is used, the device combination
involved in the test must be fully documented.

544

Active power feed-in of PGUs at overfrequency

The PGU is not storage
unit.

5441

General

The test serves to meet the requirement for the active
power reduction of the PGU at overfrequency according
to VDE-AR-N 4105:2018-11, 5.7.4.3, as well as to
demonstrate the active power gradient after reconnection
according to VDE-AR-N 4105:2018-11, 8.3.1. If
adjustable, the test must be carried out with a cos(@)
specification of 1 for the sake of comparability.

Tests that serve to demonstrate compliance with the
requirements for the frequency-dependent active power
feed-in of the PGU must be carried out using a grid
simulator.

NOTE: DC-coupled storage systems are classified as
Type 2 units according to VDE-AR-N 4105. Therefore,
these are also tested according to this section.

5.4.4.2

Tests

The test is carried out in two test runs, with the specified
PGU setting parameters:

In both test runs, the following measuring points a) to j)
must be reached with an accuracy of £10 mHz.
Measuring points a) to h) and j) must be reached for at
least 60 seconds or until the highest power is reached
after shutdown. Measuring point i) must be reached for at
least 10 minutes. The specified initial active power must
be observed with a tolerance of 5% Pemax. The deviation
must be taken into account during the evaluation.

If no internal NS protection is implemented in the PGU,
the NS protection triggering must be simulated and the
PGU must be disconnected from the grid in measuring
point h).
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Table 15- Test run for testing active power feed-in of PGUs at overfrequency (Test 1)
Test 1 Frequency Expected active power output (See appended table) P
Hz % PEmax
a) 50.00 100
b) 50.25 98
c) 50.70 80
d) 5140 52
e) 50.70 80
f) 50.25 98
q) 50.00 100
h) 51.65 0
i) 50.15 0
50.00 100

i)
Setting parameter of the PGU: P = 100 % Pgmax
Start of power reduction at 50.2 Hz.
5= 5% (40% Pret/ Hz)

Table 16- Test run for testing active power feed-in of PGUs at overfrequency (Test 2)

Expected active Expected active
Test 2 Frequency power output (for power output (for
Hz Type 1 PGU) Type 2 PGU)
% Pemax % Pemax
a) 50.00 60 60
b) 50.40 60 60
c) 50.70 57 58
d) 51.40 45 51
e) 50.70 57 58
f) 50.40 60 to 100 60 to 100
50.00 100 100

9)
Setting parameter of the PGU: P = 60% Pemax (The reduction of the primary energy supply to limit the
active power output, and the limiting setting of the active power output must be cancelled from
measuring point c)).
If the minimum technical power is above 60% Pemax, this must be taken into account accordingly. The
test is not carried out for non-adjustable PGUs.
Start of power reduction at 50.5 Hz.
s =12% (16.67% Pret/ Hz)

During the tests, the frequency applied or simulated for p
the PGU and the active power must be recorded as

200 ms sliding average values. The active power output
available during the test must be demonstrated.

The power gradient (dP/dt) of the PGU must be p
continuously determined for measuring point j). To
determine the power gradient, a sliding mean minute
value of the active power is calculated, whereby the mean
minute value must be recalculated from the previous data
at least every second. The active power gradient is
calculated from the mean minute values from the
difference of the mean minute value at time t1 and at time
t1 + 1 min as follows:

(AP/]. min) = (Pt =11+ 1min— Ptztl) /1 min

Here t1 is the time from the start of active power feed-in p
of the PGU after reconnection until the end of power
limitation. The averaging starts at t1 — 1 min.

5.4.4.3 Evaluation criteria

The test is considered to have been passed
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a) for adjustable PGUs if: P

— the expected active power output after settling in
the above mentioned measuring points 5.4.4.1
a) to g) and j) is established with a deviation of
less than or equal to + 10% Pemax;

— no active power output is permissible in
measuring points h) and i);

— the initial time delay Tv of the frequency-
dependent adjustment of the active power output
is<2s;

— the response time for the adjustment of the
active power output does not exceed 8 seconds
(for Type 1 units and Type 2 units with rotating
machines) or 2 seconds (for all other Type 2
units) and

— the settling time for the adjustment of the active
power output does not exceed 30 seconds (for
Type 1 units and Type 2 units with rotating
machines) or 20 seconds (for all other Type 2
power generation units) and

— the connection time in j) is at least 60 seconds
and the power is eventually increased with a
gradient of <10% Pemax/min;

— the active power in Test 2, measuring point f) is
eventually increased with a gradient of <10%
PEmax/min;

b) for conditionally adjustable PGUs if Not conditionally P

— if their behaviour is within their control range as |adjustable PGUs.
referred to in a) and

— the power fed in when exiting the control range
remains constant outside the adjustable range
until it is switched off;

— the connection time in j) and, if applicable, in g)
corresponds to the manufacturer's specifications
for the random generator;

The uniform distribution of the cut-off frequency in max.
increments of 0.1 Hz between the end of the adjustable
range (at least 50.2 Hz) and 51.5 Hz must be
demonstrated by the manufacturer's declaration.

c) for non-adjustable PGUs if Not non-adjustable PGUs. P

— shutdown takes place between 50.2 Hz and
51.5 Hz;

— the connection time in j) and, if applicable, in g)
corresponds to the manufacturer's specifications
for the random generator;

The uniform distribution of the cut-off frequency in max.
increments of 0.1 Hz between 50.2 Hz and 51.5 Hz must
be demonstrated by the manufacturer's declaration.
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d) forlinear generators with Semax < 4.6 kVA if Not linear generators. p

— they disconnect from the grid at a frequency of =
50.2 Hz and their maximum upper frequency
limit (according to the manufacturer's
specification), but at the latest when exceeding
51.5 Hz;

— the connection time in j) and, if applicable, in g)
corresponds to the manufacturer's specifications
for the random generator.

54.4.4 Test documentation

At least the following must be documented:

a) variation of the grid frequency over time;

b) measured active power over time;

c) available active power output (depending on the
primary energy supply or the limiting setting).

5.4.5 Active power feed-in of storage systems at overfrequency N/A
5451 General N/A
The test serves to meet the requirement for the active N/A

power reduction of the storage system at overfrequency
according to VDE-AR-N 4105:2018-11, 5.7.4.3, as well as
to demonstrate the active power gradient after
reconnection according to VDE-AR-N 4105:2018-11,
8.3.1. If adjustable, the test must be carried out with a cos
() specification of 1 for the sake of comparability.

Tests that serve to demonstrate compliance with the N/A
requirements for the frequency-dependent active power
feed-in of the storage system must be carried out using a
grid simulator.

NOTED: DC-coupled storage systems are classified as N/A
Type 2 units according to VDE-AR-N 4105. For this
reason, the test regulations according to 5.4.4 Active
power feed-in for PGUs at overfrequency must be

applied.
5.4.5.2 Tests N/A
The test is carried out in two test runs, with the specified N/A

active power output (before the frequency change) and
the specified start of the storage system power control.

In both test runs, the following measuring points a) to j)
must be reached with an accuracy of £10 mHz.
Measuring points a) to h) and j) must be reached for at
least 60 seconds or until the highest power is reached
after shutdown. Measuring point i) must be reached for at
least 10 minutes. The specified initial active power must
be observed with a tolerance of + 5% Pemax. The deviation
must be taken into account during the evaluation. The
charge level of the storage system must not limit the
active power output of the PGU.

If no internal NS protection is implemented in the PGU,
the NS protection triggering must be simulated and the
PGU must be disconnected from the grid in measuring
point h).
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Table 18- Test run for testing active power feed-in of storage systems at overfrequency (Test 1) N/A
Test 1 Frequency Expected active power output
Hz % Pemax

a) 50.00 100
b) 50.25 98
c) 50.70 80
d) 51.40 52
e) 50.70 80
f) 50.25 98
g) 50.00 100
h) 51.65 0

i) 50.15 0

1) 50.00 100

Setting parameters of the storage system: P = 100% Pemax
Start of power reduction at 50.2 Hz.

Table 19- Test run for testing active power feed-in of storage systems at overfrequency (Test 2)

Test 2 Frequency Expected active power output

Hz % Pemax

a) 50.00 60

b) 50.40 60

c) 50.70 52

d) 51.40 24

e) 50.70 52

f) 50.10 60-100

g) 50.00 100

Setting parameters of the storage system: P = 60% Pemax (the limiting setting of the active power output
must be cancelled from measuring point c))
Start of power reduction at 50.5 Hz.

During the tests, the frequency applied or simulated for N/A
the PGU and the active power must be recorded as

200 ms sliding average values. The active power output
available during the test must be demonstrated.

The power gradient (dP/dt) of the PGU must be N/A
continuously determined for measuring point j). To
determine the power gradient, a sliding mean minute
value of the active power is calculated, whereby the mean
minute value must be recalculated from the previous data
at least every second. The active power gradient is
calculated from the mean minute values from the
difference of the mean minute value at time t: and at time
t1 + 1 min as follows:

(AP/l mln) = (Pt =t1+1min— P[:tl) /1 min

Here t1 is the time from the start of active power feed-in
of the PGU after reconnection until the end of power
limitation. The averaging starts at t1 — 1 min.

5.45.3 Evaluation criteria N/A

The test is considered to have been passed if: N/A

— the expected active power output after settling in the
above mentioned measuring points 5.4.7.1 a) to g)
and j) is established with a deviation of less than or
equal to £ 10% Pemax. Deviations resulting from the
maximum charging or discharge power being less
than Pemax are permissible. No active power output is
permissible in measuring points h) and i);

— the initial time delay Tv of the frequency-dependent
adjustment of the active power output is <2 s;

— the response time for the adjustment of the active
power output / consumption does not exceed
1 second and

— the settling time for the adjustment of the active
power output / consumption does not exceed
20 second,;

— the connection time in j) is at least 60 seconds and
the power is eventuallyincreased with a gradient of
<10% Pemax/min.
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5.45.4 Test documentation N/A
At least the following must be documented: N/A
— variation of the grid frequency over time; N/A

— measured active power over time;
— available active power output / consumption
(depending on the charge level).

5.4.6 Active power feed-in for PGUs at under frequency
5.4.6.1 General
The test serves to meet the requirement for the active P

power increase of the PGU at under frequency according
to VDE-AR-N 4105:2018-11, 5.7.4.3, as well as to
demonstrate the active power gradient after reconnection
according to VDE-AR-N 4105:2018-11, 8.3.1. If
adjustable, the test must be carried out with a cos(¢g)
specification of 1 for the sake of comparability.

Tests that serve to demonstrate compliance with the p
requirements for the frequency-dependent active power
feed-in of the PGU must be carried out using a grid
simulator.

DC-coupled storage systems are classified as Type 2 P
units according to VDE-AR-N 4105. For this reason, the
test regulations in this section must apply to these units.

5.4.6.2 Tests

The test is carried out in two test runs, with the specified
active power output (before the frequency change) of the
PGU.

NOTE: The start of the active power increase is specified
at 49.8 Hz and the statics at s = 5% (40% Pemax/HZz).

In both test runs, the following measuring points a) to j) p
must be reached with an accuracy of +10 mHz.
Measuring points a) to h) and j) must be reached for at
least 60 seconds or until the highest power is reached
after shutdown. Measuring point i) must be reached for at
least 10 minutes. The specified initial active power must
be observed with a tolerance of £5% Pemax. The deviation
must be taken into account during the evaluation.

If no internal NS protection is implemented in the PGU, p
the NS protection triggering must be simulated and the
PGU must be disconnected from the grid in measuring
point h).
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Table 21- Test run for testing active power feed-in of PGUs at under frequency (Test 1) P
Test 1 Frequency Expected active power output
Hz % Pemax
a) 50.00 10
b) 49.75 12
c) 48.80 50
d) 47.60 98
e) 48.80 50
f) 49.75 12
q) 50.00 10
h) 47.35 0
i) 47.60 0
il 50.00 10
Setting parameter of the PGU: P = 10% Pemax
The test only applies to adjustable PGU.
Table 22- Test run for testing active power feed-in of PGUs at under frequency (Test 2)
Test 2 Frequency Expected active power output
Hz % Pemax
a) 50.00 60
b) 49.75 62
c) 49.20 84
d) 48.80 100
e) 49.20 84
f) 49.85 60
q) 50.00 60
Setting parameter of the PGU: P = 60% Pemax
If the minimum technical power is above 60% Pemax, this must be taken into account accordingly
The test is not carried out for non-adjustable PGUs.
The same frequency deviations must result from the p
application of the alternative test procedure by adjusting
the limits.
During the tests, the frequency applied or simulated for p

the PGU and the active power must be recorded as

200 ms sliding average values. The active power output
available during the test must be demonstrated.

The power gradient (dP/dt) of the PGU must be p
continuously determined for measuring point j). To
determine the power gradient, a sliding mean minute
value of the active power is calculated, whereby the mean
minute value must be recalculated from the previous data
at least every second.

The active power gradient is calculated from the mean p
minute values from the difference of the mean minute
value at time t1 and at time t1 + 1 min as follows:
(AP/l mln) = (Pt =t1+1min— Pt:tl)/l min

Here t1 is the time from the start of active power feed-in of p
the PGU after reconnection until the end of power
limitation. The averaging starts at t1 — 1 min.

5.4.6.3 Evaluation criteria P
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The test is considered to have been passed P
a) for adjustable PGUs if

— the expected active power after settling in the
above mentioned measuring points 5.4.6.1 a) to
g) and j) is established with a deviation of less
than or equal to + 10% Pemax. Deviations
according to VDE-AR-N 4105:2018-11, 5.7.4.3,
fig. 13, as well as due to the technical
restrictions described are permissible. No active
power output is permissible in measuring points
h) and i);

— the initial time delay Tv of the frequency-
dependent adjustment of the active power output
is<2s;

— the response time for the adjustment of the
active power output does not exceed 8 seconds
(for Type 1 units and Type 2 units with rotating
machines) or 2 seconds (for all other Type 2
units) and

— the settling time for the adjustment of the active
power output does not exceed 30 seconds (for
Type 1 units and Type 2 units with rotating
machines) or 20 seconds (for all other Type 2
power generation units);

— the connection time in j) is at least 60 seconds
and the power is eventually increased with a
gradient of £10% Pemax/min.

b) for conditionally adjustable PGUs if Not conditionally p

— if their behaviour is within their control range as |adjustable PGUs.
referred to in a) and

— no shutdown takes place between 49.8 Hz and
47.5 Hz;

— the connection time in j) corresponds to the
manufacturer's specifications for the random
generator;

c) for non-adjustable PGUs if Not non-adjustable PGUs. p
— no shutdown takes place between 49.8 Hz and
47.5 Hz;
— the connection time in j) corresponds to the
manufacturer's specifications for the random
generator;

d) forlinear generators with Semax < 4.6 kVA if Not linear generators. p

— they disconnect from the grid at a frequency of <
49.8 Hz and their maximum upper frequency
limit (according to the manufacturer's
specification), but at the latest when falling below
47.5 Hz,

— the connection time in j) corresponds to the
manufacturer's specifications for the random
generator.

5.46.4 Test documentation P
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At least the following must be documented: p
- variation of the grid frequency over time;
- measured active power over time;

- available active power output (depending on the
primary energy supply or the limiting setting).

5.4.7 Active power feed-in of storage systems at under N/A
frequency

54.7.1 |General N/A
The test serves to meet the requirement for the active N/A

power increase of the storage system at under frequency
according to VDE-AR-N 4105:2018-11, 5.7.4.3, as well as
to demonstrate the active power gradient after
reconnection according to VDE-AR-N 4105:2018-11,
8.3.1. If adjustable, the test must be carried out with a
cos(¢) specification of 1 for the sake of comparability.

The tests must be carried out using an interface for active N/A
power reduction, which has a lower priority than the active
power feed-in at under frequency (details are given in
VDE-AR-N 4105:2018-11, 8.1). If such an interface is not
available, this must be documented and the test is not
required.

Tests that serve to demonstrate compliance with the N/A
requirements for the frequency-dependent active power
feed-in of the storage system must be carried out using a
grid simulator.

DC-coupled storage systems are classified as Type 2 N/A
units according to VDE-AR-N 4105. For this reason, the
test regulations according to 5.4.6 Active power feed-in
for PGUs at under frequency must be applied.

5.4.7.2 Tests N/A

The test is carried out in two test runs, with the specified N/A
active power output / consumption (before the frequency
change) of the storage system.

In both test runs, the following measuring points a) to j) N/A
must be reached with an accuracy of +10 mHz.
Measuring points a) to h) and j) must be reached for at
least 60 seconds or until the highest power is reached
after shutdown. Measuring point i) must be reached for at
least 10 minutes. The specified initial active power must
be observed with a tolerance of 5% Pemax. The deviation
must be taken into account during the evaluation. The
charge level of the storage system must not limit the
active power output of the PGU.

If no internal NS protection is implemented in the PGU, N/A
the NS protection triggering must be simulated and the
PGU must be disconnected from the grid in measuring
point h).
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Table 24- Test run for testing active power feed-in of storage systems at under frequency (Test 1) N / A
Test 1 Frequency Expected active power output
Hz % Pemax
a) 50.00 -100
b) 49.75 -85
c) 48.80 0
d) 47.60 100
e) 48.80 0
f) 49.85 -100
q) 50.00 100
h) 47.35 0
i) 47 60 0
i) 50.00 -100
Setting parameters of the storage system: P = —100% Pemax 5 = 2% (100% Pemaxtz)

Table 25- Test run for testing active power feed-in of storage systems at under frequency (Test 2)

N/A
Test 2 Frequency Expected active power output
Hz % Pem
a) 50.00 10
b) 49.75 15
c) 48.80 100
d) 47.60 100
€) 48.80 100
f 49.85 10
g) 50.00 10
Setting parameters of the storage system: P = 10 % Pemax, § = 2% (100% Pemawtz)
During the tests, the frequency applied or simulated for N/A

the PGU and the active power must be recorded as
200 ms sliding average values. The active power output
available during the test must be demonstrated.

The power gradient (dP/dt) of the PGU must be N/A
continuously determined for measuring point j). To
determine the power gradient, a sliding mean minute
value of the active power is calculated, whereby the mean
minute value must be recalculated from the previous data
at least every second. The active power gradient is
calculated from the mean minute values from the
difference of the mean minute value at time t: and at time
t; + 1 min as follows:

(AP/l mln) = (Pt =t1+1min— Pt:tl)/l min

Here t; is the time from the start of active power feed-in of N/A
the PGU after reconnection until the end of power
limitation. The averaging starts at t; — 1 min.

54773 Evaluation criteria N/A

The test is considered to have been passed if: N/A

- the expected active power output after settling in the
above mentioned measuring points 5.4.7.1 a) to g)
and j) is established with a deviation of less than or
equal to < 10% Pemax. Deviations resulting from the
maximum charging or discharge power being less
than Pemax are permissible. No active power output is
permissible in measuring points h) and i);

- the initial time delay Tv of the frequency-dependent
adjustment of the active power output is <2 s;

- the response time for the adjustment of the active
power output / consumption does not exceed
1 second,

- the settling time for the adjustment of the active
power output / consumption does not exceed
20 second,;

- the connection time in j) is at least 60 seconds and
the power is eventuallyincreased with a gradient of
<10% PeEmax/min.
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54.7.4 Test documentation N/A
At least the following must be documented: N/A

— variation of the grid frequency over time;
— measured active power over time;

— available active power output / consumption
(depending on the charge level).

5.4.8 Static voltage stability/reactive power provision

5.4.38.1 General

The tests serve to meet the requirements for the reactive
power mode of the PGU in normal operation according to
VDE-AR-N 4105:2018-11, 5.7.2.

All tests must be carried out at the specified voltages. If p
test bench measurements are not possible, a technically
based declaration from the manufacturer must be
provided. For systems that are connected to the grid via
inverters, only the inverter may be tested.

For tests, a distinction is made between guided PGUs p
and supply-dependent PGUs.

— A guided PGU receives control commands for active
power e.g. from a higher-level control. According to
this test instruction, guided PGUs do not depend on
fluctuating primary energy supply.

— A supply-dependent PGU feeds in active power
depending on the available primary energy supply.

5.4.8.2 Testing reactive power/displacement factor setting p
accuracy
The PGU is operated at all of the following operating p

points, whereby a data set with a 60-second averaging
must be recorded for each operating point after the
transient response of the active power has subsided.
During the partial measurements a) to h) below, the
primary energy source must not limit the power.
Measurements must be carried out at 0.9 Un, Unand 1.1
Un with a tolerance of +2% Un.

The restrictions of the voltage-dependent reactive power p
control ranges according to VDE-AR-N 4105:2018-11,
Figure 2 to Figure 4, must be taken into account.

For each of the measurements at different voltages, a p
different value between 40% and 60% Pemax must be

reached.

The following applies for Type 2 PGUs - only converter (see appended table) p

ZSEmax <4.6 kVA:

a) For cos ¢ = 0.95 overexcited and a second time for
cos ¢ = 0.98 overexcited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.

b) For cos @ = 0.95 under excited and a second time for
cos ¢ = 0.98 under excited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.
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The following applies for Type 2 PGUs - only converter N/A

> Semax > 4.6 kKVA:

¢) For cos ¢ = 0.90 overexcited and a second time for
cos @ = 0.95 overexcited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.

d) For cos ¢ = 0.90 under excited and a second time for
cos ¢ = 0.95 under excited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.

The following applies for Type 1 PGUs as well as for Type N/A

2 systems with Stirling generators and fuel cells at Y Semax

<4.6 kVA:

e) Without specification of the cos ¢, the active power
will be measured at value between 40% Pemax and
60% PEmax as well as at Semax.

The following applies for Type 1 PGUs as well as for Type N/A

2 systems with Stirling generators and fuel cells at

ZSEmax > 4.6 kVA:

f) For cos ¢ = 0.95 overexcited and a second time for
cos ¢ = 0.98 overexcited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.

g) For cos ¢ = 0.95 under excited and a second time for
cos ¢ = 0.98 under excited, the active power will be
measured at value between 40% Pemax and 60%
Pemax as well as at Semax.

The following applies for Type 2 PGUs with asynchronous N/A

generators:

h) Without specification of the cos ¢, measurement will
be carried out at Semax. This test must only be carried
out at Un.

Test requirements are given in Table 27 for clarity. If the p

aforementioned active power values cannot be achieved

due to the design, the possible active power values must
be achieved and measured.

Table 27- Overview of requirements from 5.4.8.2

Equation Type 2 - Type 1 and Type 2 - synchronous
q Type 2 - only converter asynchronous | generators, fuel cells and Stirling
symbols
g ors generators
2 Semax <46 kVA > 4.6 kVA All < 4.6 kVA > 4.6 kKVA
o, D
Pl | 40% o 60% "f:’,"“ ‘°:r? d’° . 40% 10 60% Pemax| 40% 10 60% Pemax
Pemocand Semar| g Emar and Semax and Semax
cos@ cos ¢=0.95 cos ¢=0.90 |cos ¢=0.95 under | between cos g= cos ¢=0.95
overexcited overexcited excited 0.95 overexcited | overexcited and
and under and under and cos @ =0.95 under excited
excited excited under excited cos ¢=0.98
cos ¢=0.98 cos ¢=0.95 overexcited and
overexcited overexcited under excited
and under and under
excited excited
Tolerance
cos @ +0.02
Tolerance o o
Q [kVAR) 4% Pemax - 4% Pemax
5.4.8.2.1 |Evaluation criteria P
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The following applies for Type 2 PGUs - only converter p
> Semax < 4.6 kVA:

The Q setpoint is calculated by using the required cos ¢
setpoint one time at cos ¢ = 0.95 and another time at cos
@ = 0.98 and the measured apparent power of the
fundamental oscillation. The test is considered to have
been passed if all the Q 60-second mean values of the
fundamental oscillation for a) are in the range of the Q
setpoint = 4% Pemax Overexcited and for b) in the range of
the Q setpoint + 4% Pemax under excited. In addition, a
setting of the cos ¢ must be possible within a step size of
at least 0.01.

The following applies for Type 2 PGUs - only converter N/A
> Semax > 4.6 KVA:

The Q setpoint is calculated by using the required cos ¢
setpoint one time at cos ¢ = 0.90 and another time at cos
¢ = 0.95 and the measured apparent power of the
fundamental oscillation. The test is considered to have
been passed if all the Q 60-second mean values of the
fundamental oscillation for c) are in the range of the Q
setpoint £ 4% Pemax overexcited and for d) in the range of
the Q setpoint = 4% Pemax under excited. In addition, a
setting of the cos ¢ must be possible within a step size of
at least 0.01.

5.4.8.2.2 | Test documentation P

At least the following should be documented:

— tabular representation of all measuring points from a)
to h) for P, Q, S, U, cos ¢ values as a 60-second
mean value;

— graphical representation of all measuring points from =)
a) to h) for P and Q as a 60-second mean value;

—  “Pass’/’Fail” for the adjustable cos ¢ range and, if N/A
applicable, restrictions for use of PGUs > 4.6 kVA.

—  The minimum possible cos ¢ setting step size, if p
available.

5.4.8.3 Testing displacement factor/active power characteristic p
curve cos ¢ (P)

This section serves to verify the standard characteristic p
curve for cos ¢ (P) shown in VDE-AR-N 4105: 2018-11,
5.7.2.4 b).

The reactive power control for this characteristic curve
method must be evaluated with regard to stationary
accuracy and dynamics.

1) Test steps for conducted PGU — accuracy (see appended table) p
(characteristic curve):
a) Operating point P £20% Pz or minimum technical p
performance with activated cos ¢ (P) — adjust
regulation.

b) Start measurement.

c) Set the active power setpoint to 100% Pg, wait
until the stationary end values for P and Q are
set.
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d) Set active power setpoint to P <20% P.e or p
technical minimum power, wait until the stationary
end values for P and Q are set.

e) Stop measurement.

NOTE 1 Due to the prescribed power gradients for PGU,
the test steps lead to a very slow, double traversing of the
entire characteristic curve within about 2.5 min to 5 min in
each case. Since the required PT1 behaviour for reactive
power provides settling times in the range of seconds for
the very small differential changes in reactive power
which thus occur, the test sequence allows an evaluation
of whether the characteristic curve is maintained with
sufficient accuracy.

NOTE 2 All operating points, in particular point d), must p
be selected in such a way that switching off the PGU is

avoided.

2) Test steps for conducted PGU — dynamics (see appended table) P

A test of the PT1 behaviour specified in VDE-AR-N
4105:2018-11 on the transition dynamics is not necessary
due to the required limitations of the effective power

gradient.

3) Test steps for supply-dependent PGU — accuracy p
(characteristic curve):
a) Operating point S = 99% Semax With activated cos p

¢ (P) — adjust regulation. Start measurement.

b) Reduce DC power or primary energy ramped with
< 30% Pre/min from = 99% P.e to < 20% Pg, wait
until the stationary end values for P and Q are
set.

c) Increase DC power or primary energy ramped
with < 30% Pre/min from < 20% P.e to =2 99% Py,
wait until the stationary end values for P and Q
are set.

d) Stop measurement.

NOTE For test steps b) and c), the DC power or primary
energy may alternatively be varied in steps <10% Pe.
Before setting a new step value, it must be ensured that P
and Q have engaged.

4) Test steps for supply-dependent PGU — dynamics:

a) Operating point S 2 99% Semax With activated cos p
¢ (P) — adjust regulation.

b) Start measurement.

c) After 60 s DC power or primary energy, decrease
abrupt from = 99% Pt to < 50% P.g, wait until the
stationary end values for P and Q are set.

d) After 60 s DC power or primary energy, increase
abrupt from < 50% Pe to = 99% P, wait until the
stationary end values for P and Q are set.

e) After 60 s DC power or primary energy, decrease
abrupt from = 99% Pe to 75 + 5% Pg, wait until
the stationary end values for P and Q are set.

f) Stop measurement after 60 s.

NOTE Abrupt change means: “with a response time <1s
and a settling time < 3 s”.
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5.4.8.3.1 [Evaluation criteria

Tests (1) and (3) in 5.4.8.3 are considered to be passed if
for all calculated reactive power values the maximum
deviation between reactive power setpoint (calculated
from the characteristic curve to be verified) and actual
reactive power at the generator terminals is at most +
4.0%, based on Pemax.

Test (2) in 5.4.8.3 is considered to have been passed if p
the PGU demonstrably meets the requirements for the
power gradient in accordance with VDE-AR-N 4105:2018-
11,5.7.4.2.

Test (4) in 5.4.8.3 is considered to have been passed if p
the step response of the reactive power in test steps c)
and e) PT1 behaviour is in accordance with VDE-AR-N
4105:2018-11, 5.7.2.5 and for test step d) optionally the
power gradient lies between the limits defined in VDE-AR-
N 4105:2018-11, 5.7.4.1 or the step response of the
reactive power also shows PT1 behaviour according to
VDE-AR-N 4105:2018-11, 5.7.2.5.

5.4.8.3.2 | Documentation

For the tests 5.4.8.3 (1), (3) and (4), an x-t diagram shall

be presented:

—  Time response of active and reactive power including p
calculated setpoint and tolerance according to
5.4.8.3.1;

—  Time response cos ;

—  Time response Psetpoint (ONly guided PGU);

—  Time response Poc (inverter systems and PV);

—  Time response Pprim (Only presentation-dependent
PGU without measurement of the accessible DC

link).
For the tests 5.4.8.3 (2) it shall be documented whether p
the requirements for the power gradient have been
fulfilled.
5.4.8.4 Test of the reactive power voltage characteristic curve Only for three phase unit. N/A
Q)
The inspection of the Q (U) regulation according to VDE- N/A

AR-N 4105:2018-05, 5.7.2.4, is divided into two partial
tests, so that on the one hand the accuracy and on the
other hand the dynamics of the Q (U) regulation is tested.

5.4.8.4.1 |Accuracy test of the Q(U) regulation N/A

Testing of the accuracy of the Q (U) regulation on the N/A
basis of the values specified in VDE-AR-N 4105:2018-11,
5.7.2.4, Figure 7 is achieved by a slow variation of the
reactive power grid voltage characteristic curve in the
range 90% U, to 110% U,. The voltage changes must be
carried out symmetrically on all phases.
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a) The permissible voltage range must be passed N/A
through in steps. Each voltage must be applied to
PGU for at least 1 minute. The test should be
performed with a step size of 1% U, but not greater
than 2% U,. First of all, the voltage range starting
from 100% of the nominal voltage U, must be run
through to the under voltage range up to 90% U,.
Then the voltage range starting from 90% U, to
110% U, must be passed through into the
overvoltage. Finally, the voltage of 110% U, is
broughtback to 100% of the nominal voltage. The
procedure is analogous to Figure 3in 5.4.3.2.

b) The voltage applied to the PGU Upcu and the N/A
reactive power provided by it in the positive
sequence Qrcu are recorded in the form of floating
200 ms averages with correct algebraic signs. The
voltages shall be set with a maximum deviation of £
0.25% Un. As an alternative to using an adjustable
voltage source, the variation of the voltage can also
be specified by a differential manipulation of the
measured voltage on the controller side. For this
purpose, the boundary conditions in 5.4.8.4.2 b)
must be observed.

5.4.8.4.2 |Dynamics test of the Q(U) regulation Only for three phase unit N/A

In order to check the dynamic behaviour required in VDE- N/A
AR-N 4105:2018-11, 5.7.2.5, the closed control loop of
PGU including the feedback over the grid impedance
must be considered. This is required because the
feedback can lead to a change in the dynamic behaviour
and thus to a deviation from the required behaviour of a
PT1 filter. It is therefore not sufficient to consider the open
loop.

Decisive for a safe and stable behaviour on the grid is the N/A
total gain of the control loop, consisting of the Q (U)
characteristic curve and the strength of the feedback in
the form of the grid backup reactance Xgria. It is assumed
that the Q (U) standard characteristic curve from VDE-
AR-N 4105:2018-11, 5.7.2.4, Figure 7 is used. In order to
maintain constant test conditions for all PGU, the grid
backup reactance Xgria should be selected as a function of
the apparent power of the PGU to be tested using the
following formula:

Y. " 0,0218-3-L ’r_\r': corresponds to the short-circuit q 0,85- l(—)"’wak
Lo 0,85 |Oma power K" 70,0218
The parameters described take into account both the N/A

stability of the individual PGU and that of a compound
operation in the form of an PGS. The active power feed
required to reach the reactive power setpoint according to
the associated PQ diagram from VDE-AR-N 4105:2018-
11, 5.7.2.3 must be ensured.
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Initial state: The Q (U) regulation of the PGU must be
parameterized with the smallest possible response time
according to VDE-AR-N 4105:2018-11, 5.7.2.5. The
voltage source must be set so that the positive sequence
corresponds to the voltage applied to the PGU 100% Un.
If no adjustable voltage source can be used, the voltage
at point 1 must be symmetrical during the entire
measurement (tolerance of unbalance: 0.5%) and
constant (tolerance = 1% U, more than 1 min before the
respective measurement) and the voltage at the PGU
(point 2) is within the Q (U) dead band from 97% to 103%
Uny. The voltage applied to the PGU is designated Upcu.

N/A

To prove the required dynamics (PT1 behaviour), a
reactive power setpoint of 85% Q max under excited
(inductive) or 85% Q max overexcited (capacitive) must be
set by means of a step-shaped voltage excitation. The
following two options a) and b) are permissible, which are
carried out three times per algebraic sign direction
starting from the initial state defined above. The
measuring duration is 1 min from the voltage excitation.
The measurement shall be started at least 10 s before the
voltage excitation. Table 30 outlines the examination
procedure.

Table 30- Individual steps for testing the dynamics of the Q (U) regulation

Test Expected PGU
behaviour

Change of voltage
(Measuring duration: at least 10 s advance before
excitation, at least 1 min after excitation)
Starting up the initial state, Qrcu =0
1a Inductive AQ Voliage increase by AUingy
1b Capacitive AQ Reversing the voltage increase A Uiy
2a Inductive AQ Voltage increase by A Uina.y
2b Capacitive AQ Reversing the voltage increase A Uina y
3a inductive AQ Voltage increase by AUing.y
3b Capacitive AQ Reversing the voltage increase /A Ujpqy
4a Capacitive AQ Voltage decrease by AU kap,v
Reversing the voltage decrease AU wapy
Voltage decrease by 4 U yap,v
Reversing the voltage decrease AU gap.y
Voltage decrease by AU yapy
Reversing the voltage decrease AU gap.y

4b inductive AQ
5a Capacitive AQ
5b inductive AQ
6a Capacitive AQ
6b inductive AQ

(see appended table)

N/A

The voltage applied to the PGU Urcu and the reactive
power provided by it in the positive sequence Qrcu are
recorded in the form of sliding 200 ms averages with
correct algebraic signs. The voltages shall be set with a
maximum deviation of + 0.25% U.

N/A

54.8.4.3

Evaluation criteria for the accuracy of the Q(U) regulation

N/A

To pass the test for the accuracy of the Q (U) regulation,
the measured stationary value pairs Upcu and Qpcu must
lie on the Q (U) characteristic curve shown in VDE-AR-N
4105:2018-11, 5.7.2.4, Figure 7, while observing the
correct counting arrow system. The stationary value pairs
Urcu and Qrcu are determined by 30-second moving
averaging at the end of the respective measuring section
analogous to 5.4.3.2. The permissible deviations are with
the maximum measuring error of the voltage of 1% U,
and a setting accuracy of 4% Pemax as specified in VDE-
AR-N 4105:2018-11

N/A

54.8.4.4

Dynamics evaluation criteria of the Q(U) regulation

N/A
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In order to pass the dynamics test of the Q(U) regulation, N/A
the measured reactive power curves over time in the
positive sequence Q pcu must be within the tolerances
similar to PT1 according to the formulae in Table 31
during the entire measurement period. In addition to
compliance with the tolerances, for each of the tests 1b,
2b, 3b, 4b, 5b and 6b the final stationary reactive power
value Qsetpoint Within the tolerance of + 4% Pemax around
the start value Qstart Of the initial state.

5.4.8.4.5 |Documentation N/A

For each voltage change in test 5.4.8.4.1 shall be N/A

specified in tabular form:

—  Start value and stationary end value of the reactive
power in the positive sequence of the PGU;

—  Start value and stationary end value of the voltage at
the PGU.

All measuring points are to be visualized with the N/A
characteristic curve set in the inverter in a voltage
reactive power diagram.

The grid backup reactance Xgrid used and the N/A

recalculation factor shall be documented.

For each step response measurement from test 5.4.8.4.2

a) or b), a table shall be recorded:

— the start value Qstart and the stationary end value of
the reactive power Qsetpoint in the positive sequence;

— the parameterized response time T,

— the measured and converted response time Tess,

— the assessment of compliance with the tolerance
band.

In addition, a step response with expected inductive AQ

and expected capacitive AQ is shown in a diagram in

comparison to VDE-AR-N 4105:2018-11, 5.7.2.5, Figure

10, including the tolerance bands.

55 Proof of NS protection

551 General

The sections from X to Y represent the test requirements
for issuing the certificate (according to E.6) of NS
protection for VDE-AR-N 4105:2018:11,6.1.

5.5.2 NS protection P

Testing for fault detection with subsequent shutdown is
carried out by fault simulation, if necessary with additional
fault tests (see VDE-AR-N 4105:2018-11, 6.1).

55.2.1 Tests

It must be checked that a single fault does not lead to the p
loss of the safety function.
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Typical faults are to be checked, if applicable: p

a) Fault of an AD converter or measuring card for
voltage measurement;

b) Malfunction or freezing of a microprocessor or PLC;

c) Fusing or jamming of the contacts of the switching
output;

d) Overvoltage of the supply voltage;

e) Line break in connecting lines between measuring
input and control output to the interface switch;

f)  Failure of the supply voltage (auxiliary voltage).

55.2.2 Evaluation criteria

The NS protection must send a shutdown command to
the interface switch.

If the faults a) to e) are detected, the system is switched
off within 10 s after fault detection.

In case of failure of the auxiliary voltage at the central NS
protection or in case of failure of the controls at the
integral NS protection, the tripping command must be

instantaneous.
5.5.3 Central NS protection Integrated NS protection. N/A
5.5.3.1 Tests N/A
The following tests shall be carried out in sequence: N/A
—  The auxiliary voltage of the NS protection is switched
off.
— The test device on the NS protection is actuated.
5.5.3.2 Evaluation criteria N/A
The test is considered to have been passed if a signal for N/A
instantaneous shutdown is generated.
5.5.4 Integrated NS protection (see appended table)

The test of the integrated NS protection is carried out in
5.5.7 and in connection with the test of the overall effect
chain NS protection — interface switch.

555 Documentation

At least the following should be documented:

— the fault simulation and/or fault tests carried out and
the result;

— the type of NS protection (central or integrated);

— whether the signal for instantaneous tripping has
been generated;

—  The manufacturer’s documentation of the interface of
the PGU or interface switch must be checked.

55.6 Interface switch

5,5.6.1 General

These tests serve to meet the requirements of VDE-AR-N
4100:2019-04, 6.4.

5.5.6.2 Documentation for designing the central interface switch P

5.5.6.2.1 |Tests
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For the design of a central interface switch some

information of the central NS protection and the PGU are

necessary. The manufacturer’'s documentation must

therefore contain the following information:

—  the maximum proper time of the central interface
switch (manufacturer NS protection);

—  the proper time of the protection device
(manufacturer NS protection);

— the maximum initial short-circuits AC current
(manufacturer PGU);

—  the maximum back-up fuse (manufacturer PGU).

The circuit diagram/terminal diagram (NS protection,

interface switch) contains the required control and

feedback signals (manufacturer NS protection).

P

5.5.6.2.2

Evaluation criteria

The test is passed if the manufacturer’'s documentation
contains the information required in 5.5.6.2.1.

5.5.6.2.3

Documentation

The review of the manufacturer’s documentation shall be
documented.

5.5.6.3

Integrated interface switch

When combining an integrated interface switch and
integrated NS protection, the entire chain of action must
be checked. The PGU must be connected to the grid.

5.5.6.3.1

Tests

A visual inspection must be carried out to check whether
a galvanic switching device is present.

The manufacturer's documentation must be checked for
information on the proper time of the integrated interface
switch.

5.5.6.3.2

Evaluation Criteria

The galvanic switching device is available.

The breaking capacity of the interface switch must be
sufficient for the PGU.

556.4

Documentation

The result shall be recorded in tabular form or with
reference to DIN EN 62109-1 (VDE 0126-14-1).

At least the following should be documented:

— the simulated faults and their effects;

— the breaking capacity of the interface switch;

— the proper time of the interface switch;

— the shutdown time of the overall effect chain;

—  the maximum initial short-circuiting AC current of the
generating unit.

5.5.7

Protective devices and protection settings

55.7.1

General

These tests serve to meet the requirements of VDE-AR-N
4100:2019-04, 6.5.1 and 6.5.2.
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The voltage and frequency generators used and the p
measuring chain for voltage and frequency measurement
shall be such that the accuracy required by the
assessment criteria can be demonstrated beyond doubt
within the specified tolerances.

The measurement of an integrated NS protection is p
performed on a grid simulator. The measurement of a
central NS protection or an internal NS protection with
test terminal strip is carried out with a relay test device or
on a grid simulator. For single-phase PGU, single-phase
measurements are permitted.

55.7.2 Adjustment of the setting values

5.5.7.2.1 |Tests

In the case of central NS protection, it must also be
checked whether the other data records from Table 36
can be set in setting value and delay time.

Table 36- Setting values for testing voltage monitoring and frequency monitoring

(see appended table) P
. Parameter | Setting value in | Setting value | Setting value L-L
PGU type Description name pu LN iy
Nominal voltage Un 1 230V 400V
Nominal frequency Fo 1 50 Hz 50 Hz
Excitation threshold Us> Al 1.15 2645V 460 V
L Delay time Us> U - 100 ms 100 ms
gE '35 Excitation threshold U AU> 1.10 253V 440V
T£58 |Delaytime U 1U> - 100 ms * 100 ms *
SEEL  [Excitation threshold U< Au< 0.8 1840V 320V
§ SB5 |Delaytime U< U< - 100 ms 100 ms
855> [Excitation threshold Use A< deactivated - -
-4
%3 g Delay time Us< tUx deactivated - -
£55E |Exiationthveshod > Af> 1.03 51.5Hz 51.5 Hz
£858 [Delaytimef Tr> - 100 ms 100 ms
2
73 Excitation threshold f> Af< 0.95 47.5Hz 47.5 Hz
Delay time f> Tf< - 100 ms 100 ms
Excitation threshold U Al 1.25 2875V 500 V
E s Delay time U>> W - 100 ms 100 ms
2 3 Excitation threshold U> AU> 1.10 253V 440 V
g g Delay time U>* tu> - 100 ms * 100 ms *
£ £ 2 |Excitation threshold Us< AU< 0.8 184V 320V
E
5 &3 |Delaytmeus W< - is 1s
¥ 8 & |Excitation threshold U AU 0.45 1035V 180V
& 3
5 5 % | Delay time U U« - 300 ms 300 ms
S £ Excitation threshold £ Af> 1.03 51.5Hz 51.5 Hz
E‘ % Delay time f> T N 100 ms 100ms
8 ° Excitation threshold f< Af< 0.95 47.5 Hz 47.5 Hz
Delay time f< Tf< - 100 ms 100 ms
Excitation threshold Us> AU 125 2875V 500 V
Delay time Ux> U= - 100 ms 100 ms
Excitation threshold U> AU> 1.10 253V 440V
Delay time U>* U= - 100 ms ® 100 ms *
. Excitation threshold U< AU< 08 184 V 320V
E Delay time U< tU< - 3s 3s
: Excitation threshold U AU 045 1035V 180V
- Delay time U< tu<c - 300 ms 300 ms
Excitation threshold f> Af= 1.03 51.5Hz 51.5Hz
Delay time f> Nicd - 100 ms 100 ms
Excitation threshold f> Af< 0.95 47.5Hz 47.5 Hz
Delay time f= t< - 100 ms 100 ms
a. sliding 10-minute average protection
b.  for the examination of external NS protection
If the test object is a central NS protection, the reading N/A
must be taken without auxiliary means on the device.
If the test object is an integrated NS protection, either the p

device display or a data interface must be used to read
the setting values. If software is required for this purpose,
the manufacturer must make it available for the purpose
of testing.

TRF No. VDE-AR-N 4105_V2.0




Page 79 of 255

Report No.: 6209661.50

DIN VDE V 0124-100

Clause

Requirement - Test

Result - Remark

Verdict

Furthermore, it must be checked whether the limit value
for U> can be set between 110% and 115% and whether
it is adjustable for directly coupled synchronous and
asynchronous generators with P,z > 50 kW whether the
time delays for U< and U« are adjustable. All other limit
values must be protected against unauthorized access.

P

55.7.2.2

Evaluation criteria

The factory settings correspond to:

a) with integrated NS protection of VDE-AR-N
4105:2018-11, 6.5.2 Table 2 (see also Table 36).

b) with central NS protection either the factory
settings according to VDE-AR-N 4105:2018-11,
6.5.2, Table 2 (see also Table 36) or these
values can be set.

— Inthe case of operator input, the test object does not
go into operation until settings have been selected.

—  The setting values which can be changed in
accordance with VDE-AR-N 4105:2018-11, 6.5.1 and
6.5.2 can be set within the specified limits and are
protected against unauthorised access.

—  The setting values which cannot be changed

according to VDE-AR-N 4105:2018-11, 6.5.1 and

6.5.2 are either not changeable or are protected

against unauthorized access by an additional

separate protection.

55.7.2.3

Documentation

It must be documented which values are set in the test
object. If a predefined parameter set is selected, the
name of the parameter set must also be documented.

Due to the technical implementation in the test object,
there may be deviations between the setting values of the
test object to be documented and the actually effective
values according to Table 36 (example: Device does not
allow separate setting of the phase-to-phase voltages; it
only accepts referred values)

The method of protection of the adjustable settings shall
be described.

The type of protection of the non-adjustable settings shall
be described.

55.7.3

Wiring test

55.7.31

Tests

The wiring of the test object must be checked by applying
the test voltages according to Table 37. For single-phase
PGU, the wiring test is adapted, only the feed phase is to
be evaluated.

Table 37- Wiring test voltage monitoring and frequency monitoring

UL1-E 2194V 0* 50 Hz
UL2-E 2309V -120° 50 Hz
UL3-E 2425V 120° 50 Hz
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Subsequently, it must be checked by applying the test p
voltages according to Table 38 that the test object
correctly evaluates phase-to-phase voltages and phase-
to-neutral voltages. This test step is not applicable to
single-phase PGU.

Table 38- Check voltage reference Voltage monitoring and frequency monitoring

UL1-E 0.0v 0.00° 50 Hz
UL2-E 2309V 150.00° 50 Hz
UL3-E 2309V -150.00° 50 Hz

5.5.7.3.2 |Evaluation criteria

This test will not be evaluated. If a phase rotation is
detected, it shall be corrected and the test repeated.

5.5.7.3.3 | Documentation P

The set voltage and the voltage read on the NS protection
must be documented.

55.74 Voltage monitoring and frequency monitoring NS p
protection

55.7.4.1 |Tests

For a single-phase PGU only the feed-in phase needs to
be tested. For stirling generators, fuel cells and
synchronous or asynchronous generators < 50 kW the
test steps for UK do not have to be carried out.

Before each test step, the PGU must be operated p
symmetrically with nominal voltage and nominal
frequency in feed mode for at least 10 s. With external NS
protection, the nominal voltage and nominal frequency
must be applied symmetrically for at least 10 s. For the
test steps for U>, the NS protection must be operated
with the starting voltage for at least 600 s before each test
step, see Figure 10.

With PGU, the test f> and f< may be affected by the P(f) p
function. This is especially the case with the random over-
frequency shutdown of non-adjustable PGU. In these
cases the P(f) function must be deactivated.

The following tests must be carried out in each case: (see appended table) p

Table 39- Checking the voltage monitoring and frequency monitoring (1 of 3)

Test Size Ramp, Apply to Start End Jump height| Step length
step Jump AU, AF At

1.1 U Ramp | ULt-n- Uz Uian® <2829V |>202.1V <115V > 400 ms

<2599V |>269.1V
<2829V |>2921V

1.22 u> Ramp | Upin® <2500V |>2691V <115V > 400 ms
. <2829V (>2921V

1.3° U» Ramp |Uzn® <2509V |>269.1V <115V > 400 ms
5 <2829V [>2021V

14 U Ramp |Uisn® <2699V |>269.1V <115V > 400 ms

150 Us | Ramp |Uiis® <4920V |>50B0V 1 50y | a00ms

<4520V |>468.0V
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Table 39 (2 of 3) P
Test Size Ramp, Apply to Start End Jump height | Step length
step jump AU, Af At
b <4920V | >508.0V

1.6 Us» Ramp Uiz1a® <4520V | >468.0 V <20V >400 ms
b <4920V | >508.0V

1.7 Us» Ramp Uisia® <4520V | 468.0V <20V > 400 ms

<2829V | >2921V

21 U» Jump | UinUiewlhan® | 55g'gy | »060.1 v >9.2V > 400 ms

<2829V | >292.1V

222 U» Jump Uin® <2509V | 2601 V >9.2V > 400 ms

<2829V | >2921V

23® U» Jump Uizn® <2509V | 2601 V >9.2V > 400 ms
a B <2829V | >2921V

24 U» Jump Uian <2509V | >2691V =92V > 400 ms
b <4920V | >508.0V

25 Us» Jump Uraz® <4520V | >468.0V >16.0V > 400 ms
b <4920V | >508.0V

26 Us Jump Uizas® <4520V | 468.0V >16.0V > 400 ms
b <4920V | >508.0V

27 U Jump Usa® <4520V | »468.0 V >16.0V > 400 ms

31 U= Jump UninlUiznwlisn 230V 2576 V 276V >600.2s

32 U= Jump UninUiznwlisn 230V 2484 V 184V >600.2s

33e v | Jump | Yo “!’;L;INLZ—” O | 2438V | 2622V | 184V | >6002s

4.1 U< Ramp UinwUiznwUian | >1886V | <1794V <1.15V >32s

423 U< Ramp Uin >1886V | <1794V <1.15V >32s

432 U< Ramp Uizn >1886V [ <1794V | <115V >3.2s

442 U< Ramp Usn >1886V | <1794V <115V >3.2s

45° U< Ramp Uiz >328.0 <312.0 <115V >32s

46° U< Ramp Uiz.3n >328.0 <312.0 <115V >3.2s
4.7"° U< Ramp [VETE >328.0 <312.0 <115V >3.2s

51 U< Jump ULiwUiaawUian >200.1V | <1794V >9.2V >32s

522 U< Jump Uiin >2001V | <1794V >9.2V >32s

532 u< Jump Uan >200.1V | <1794V >9.2V >32s

543 U< Jump Uan >200.1V | <1794V >92V >32s

550 u< Jump Uiz >348.0 <312.0 >16.0V >32s

56° U< Jump [T >348.0 <312.0 >16.0V >3.2s

57° U< Jump Uz >348.0 <312.0 >16.0V >3.2s

6.1 U« Ramp UiwUizwUsw | >1081V | <989V <1.15V > 500 ms

6.2° U« Ramp Ui >108.1V | <989V <1.15V > 500 ms

6.3° U<__| Ramp Uion >1081V | <988V | <115V | >500ms

Table 39 (3 of 3) P
Test Size Ramp, Apply to Start End Jump height | Step length
step jump AU, Af At

6.4° U Ramp U s >108.1V | <989V <115V > 500 ms

6.5° U Ramp Uriaz >1880V | <1720V <116V > 500 ms

66° U Ramp Uiz >1880V | <1720V <115V > 500 ms

6.7° Uk Ramp [VE >188.0V | <1720V <115V > 500 ms

7.1 U Jump UiwUiznUsy | >1081V | <989V >9.2V > 500 ms

729 U« Jump Uwiin >1081V | <989V >9.2V > 500 ms

73° Uk Jump Uian >1081V | <889V >92V > 500 ms

747 U Jump Uian >108.1V | <989V >92V > 500 ms

75" U Jump ULtz >1880V | <1720V >16.0V > 500 ms

76° U« Jump Uiz >1880V | <1720V >16.0V > 500 ms

770 Uk Jump Uaas >188.0V | <1720V | >160V > 500 ms

8.1 > Ramp [ <514Hz | >51.6Hz | <25mHz >400 ms

9.1 > Jump fgria <51.4Hz | >51.6 Hz >0.2Hz > 400 ms

10.1 f< Ramp faria >47.6 <47.4 Hz <25 mHz > 400 ms

11.1 f< Jump faria >476 | <474 Hz >0.2Hz > 400 ms

a. It must be ensured that no voltage other than the voltage to be tested exceeds one of the set and active
limit values. For these test steps, a zero-system free voltage system according to FRT fault type D as
shown in Figure A.1 may be used.

b. These test steps are only to be carried out for PGU > 30 kVA and for central NA protective devices. If the
outer conductor voltages are monitored at an PGU < 30 kVA, these test steps must also be applied. It must
be ensured that no voltage other than the voltage to be tested exceeds one of the set and active limit
values. For these test steps, a zero-system free voltage system according to FRT-fault type C as shown in
Figure A.1 may be used.

c. For Stirling generators, fuel cells and synchronous or asynchronous generators < 50 kW the lower voltages
apply.

5.5.7.4.2 |Evaluation criteria

The test is passed if points a) to h) are fulfilled:

a) Teststepsl.1tol1l.7,4.1t04.7,6.1t06.7,8.1 and
10.1. These tests have been passed if the
permissible tolerances between the setting value
according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2 and the trigger value are max + 1% Un for the
voltage and max + 1% f, for the frequency. For
synchronous and asynchronous generators coupled
directly or via converters with Pre< 50 kW as well as
for Stirling generators and fuel cells, shutdown at U>
already at 0.85% Un is permissible.
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b) Teststeps2.1t02.7,5.1t05.7,9.1 and 11.1. These
tests are passed if the tripping time after application
of the jump is within the specifications according to
VDE-AR-N 4105:2018-11, 6.5.2, Table 2.

P

c) For criteria (a) and (b) it is ensured that no voltage
other than the voltage under test exceeds any of the
set and active limits.

d) Teststep 3.1: The test is passed if the shutdown
occurs between 450 s and 550 s after the jump, see
Figure 11.

e) Teststep 3.2: The test is passed if no shutdown has
occurred after 600 s, see Figure 11.

f)  Test step 3.3: The test is passed if the shutdown
occurs between 225 s and 375 s after the jump, see
Figure 11.

g) Teststeps 5.1t05.7: The test has been passed for
Stirling generators, fuel cells and synchronous or
asynchronous generators < 50 kW, if the shutdown is
performed within 200 ms after the jump has been
applied. For directly coupled synchronous or
asynchronous generators > 50 kW, the test is
passed if the shutdown occurred within a range
between 1.0 s and 1.1 s. For converters, the test is
passed if the shutdown occurred within a range
between 3.0 sand 3.1s.

h) Teststeps 7.1to 7.7: The test has been passed if the
shutdown occurs within between 300 ms and 400 ms
after the jump is applied.

55.7.4.3

Documentation

The following values shall be given for each test step:

Target value, actual value, permissible tolerances, the
difference between actual value and target value and an
assessment of whether the test was passed, failed or not
evaluated.

It must also be specified whether the triggering signal of
the interface switch or the opening of the interface switch
has been evaluated for time determination.

If the triggering signal of the interface switch has been
evaluated, the maximum time remaining available for the
interface switch’s proper time must be specified. In the
case of internal NS protection, the actual proper time of
the interface switch used must also be indicated.

55.7.5

Reading the fault messages

55.751

Tests

At least the last 5 fault messages must be read out at the
PGU or the external NS protection. Then the supply
voltage must be interrupted for 3 s. Then the fault
messages must be read out again.

5.5.7.5.2

Evaluation criteria

The test is passed if at least the last 5 fault messages can
be read out and the chronological sequence can be
traced by a time stamp. The fault messages must not be
lost after the voltage interruption.
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5.5.7.5.3 [ Documentation

At least the last 5 fault messages including time stamps
recorded before the voltage interruption and at least 5
fault messages including time stamps recorded after the
power interruption shall be documented.

5.5.9 Structural features of NS protection

5.5.9.1 General

These tests serve to meet the requirements of VDE-AR-N
4100:2019-04, 6.5.2.

5.5.9.2 Test

It should be checked whether the NS protection is
provided with protection against unauthorised access,

e.g..

— NS protection, sealable: by visual inspection, or p
— NS protection, password-protected: testing, on the
basis of the manufacturer’s specifications, or

—  other appropriate measures.

The adjustability of the protection functions must also be p
checked. The following test must be carried out for the
integrated NS protection:

— It must be checked whether U>, or, in the case of
directly coupled synchronous and asynchronous
machines with P,> 50 kW, the time delay for U < and
U« can also be set.

— It must be checked whether all other protective
functions described in VDE-AR-N 4105:2018-11, 6.5,
are either fixed or protected by an additional,
separate protection against unauthorized access.

For the central NS protection, the following test must be N/A

carried out:

— It must be checked whether U > and the time delay
for U < and U« can be set.

— It must be checked whether all other protective
functions described in VDE-AR-N 4105:2018-11, 6.5,
are either fixed or protected by an additional,
separate protection against unauthorized access.

NOTE Since it is not clear which PGU is protected by an

external NS protection when testing it, it must be possible

to adjust the setting of U> and the time delay for U< and

UK.

5.5.9.3 Documentation

At least the following should be documented:

— the type and form of protection (central/integrated);

— Adjustability U> and the time delays for U< and U;

— whether all other protection functions are either fixed
or protected by an additional, separate protection
against unauthorized access.

5.5.10 Islanding detection

5.5.10.1 |Active procedure

These tests serve to meet the requirements of VDE-AR-N |see appended table)
4100:2019-04, 6.5.3.
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The maximum shutdown time is 9 s.

5.5.10.2 |Passive procedure

The passive procedure is realized by the voltage increase
and voltage decrease protection of the NS protection.

5.5.10.3 |Active procedure

5.5.10.4 |Tests

The test circuit switches Si1 and Sz refer to the test setup
in DIN EN 62116 (VDE 0126-2).

The active procedure for island grid detection is tested
according to DIN EN 62116 (VDE 0126-2).

According to DIN EN 62116 (VDE 0126-2) the averaging Info.
times depend on the island detection algorithm used.
5.5.10.5 |Documentation P

At least the following should be documented:

— theisland grid detection procedure;

— when using a procedure according to DIN EN 62116
(VDE 0126-2), the test report according to DIN EN
62116 (VDE 0126-2) must be submitted.

5.6 Connection conditions and synchronisation

These tests serve to meet the requirements of VDE-AR-N
4100:2019-04, 8.3.

5.6.1 General

Connection and synchronization are carried out or
monitored by at least one suitable device. This device can
be implemented in the control unit of the PGU, in the
integrated NS protection or in the central NS protection
and must be set according to VDE-AR-N 4105:2018-11,
8.3 and tested as follows:

a) The manufacturer shall provide the testing laboratory p
with documentation showing which functions are
implemented in which component.

b) When PGU is not switched on, the test is carried out p
by changing the set nominal frequency and nominal
voltage in the control unit.

Alternatively, other methods such as grid simulator or a This test was used grid p
test bench test may be used for verification. simulator for verification.
After tripping the NS protection, it must be checked that s}

the system can only be switched on within the tolerance
bands ((85% U, < U < 110% U,) and (47,5 Hz £fis< 50,1
Hz)) and after voltage and frequency remain within the
tolerance bands, after 60 s at the earliest.

5.6.2 Tests and evaluation criteria

a) fis<47.45 Hz: no reconnection allowed; (see appended table)
b) Change to fis= 47.55 Hz: Reconnection possible;
c) fis>50.15 Hz: no reconnection allowed;

d) Change to fis< 50.05 Hz: Reconnection possible;
e) Uis< 84% Un: no reconnection allowed;

f)  Uis= 86% Un: Reconnection possible;

g) Uis>111% Un: no reconnection allowed;

h)  Uis< 109% Un: Reconnection possible.
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The reconnection time shall be specified by the p
manufacturer.

5.6.3 Test documentation

The set frequencies and voltages and the test result shall
be documented.

5.7 Proof of Pav,e monitoring

5.7.1 General

The test serves to verify that the requirements of VDE-
AR-N 4105:2018-11, 5.5.2 are met. The Pave monitoring
may, but does not have to be integrated in the PGU. If
Pav,e monitoring is not built as a unit, but is distributed to
several devices, the entire chain of effects must be tested
in the same way as the testing of the NS protection,
including the communicative coupling.

5.7.2 Tests

The test must be carried out at nominal frequency and
nominal voltage. If Pav.e monitoring is tested with a real
PGU, the primary energy supply must be sufficient for

operation at rated power.

5.7.2.1 Testing the control dynamics

This test shall be applied if, according to the
manufacturer, the feed-in limitation is implemented by a
regulation of the PGU.

The PGU with any necessary additional components is p
installed according to the manufacturer’s specifications
and parameterised so that the feed-in limitation PavEe is
activated at= 60% Pe. The power jump must be simulated
by the omission of a load and, in the case of supply-
dependent PGU, additionally by a jump in the primary

energy supply.

a) Elimination of the load: The PGU is operated at p
nominal power. Via a load, which is to be connected
symmetrically to all feeding phases parallel to PGU,
the power at the grid connection point is set to Pave
with a tolerance of -2%. At point in time to the load is
switched off. The loss of load may also be simulated
by an appropriate offset on the power measurement
signal. The closed control loop must not be opened.

b)  Jump in primary energy supply: The primary energy p
supply is adjusted so that the PGU feeds in the
power Pave= 60% Pre with a tolerance of -2%. At
point in time to the primary energy supply must be
increased abruptly so that the PGU can produce the
rated output.

The sum of the effective active power values of all 3 p
phases at the grid connection point must be recorded for
at least 15 s from the power jump.

5.7.2.2 Testing the shutdown function N/A

TRF No. VDE-AR-N 4105_V2.0



Page 86 of 255 Report No.: 6209661.50

DIN VDE V 0124-100

Clause Requirement - Test Result - Remark Verdict

This test shall be applied if, according to the N/A
manufacturer, Pav.e monitoring is implemented in the form
of a shutdown. The test shall be performed as a primary
test. To check the shutdown function, any existing control
of the PGU must be deactivated. If, according to the
manufacturer’s specifications, the feed-in limitation is
implemented by a regulation of the PGU, a test according
to this section is not necessary.

The following operating points and the trigger signal of N/A
Pav.e monitoring must be recorded for at least 15 s each.
The active power must be made available to Pav.e N/A

monitoring in a suitable symmetrical form. After each
tripping event, the Pav.e monitoring unit must be reset to
its initial state. The reconnection time of Pav.e monitoring
must be documented.

Table 42- Operating point of Pave monitoring
Case Active power at meter location P N/A
a) 0.98 Pay,e
b) 1.02 "Paye -1.067 "Paye
c) 1.067 Phave-1.670 Pave
d) 1.690 "Pave
The measuring tolerance must not exceed 2% of the N/A

smallest possible effective power of the area of
application. The area of application is defined by the
manufacturer. If transducers are used for measurement,
they shall have an accuracy of Class 1 or better.

The 200 ms shutdown time already includes the proper N/A
time of the PGU switch.
If a separate signal input is used to switch off the PGU by N/A

Pav,e monitoring, the shutdown function must be checked
separately. The gradient of the active power when the
PGU is switched on again must be checked according to
the switching conditions in 5.6.

573 Evaluation criteria N/A

The test according to 5.7.2.1 shall be deemed to have N/A
been passed if the active power measured at the mains
connection point does not exceed the limit curve in VDE-
AR-N 4105: 2018-11, 5.5.2, Figure 1.

The test in accordance with 5.7.2.2 is considered to have N/A
been passed if in case a) no shutdown has occurred and
in cases b), ¢) and a shutdown after the time t defined in
Table 43 has occurred and the reconnection is made in
accordance with 5.6.

Table 43- Shutdown times for evaluating the measurement results of Pave monitoring

Case Active power P Shutdown time ¢t
a) 0.98 Pav e No shutdown
b) 1.02 Pave - 1.067 Pave t< 10's + 200 ms
c) 1.067 Pave - 1.670 Paye r<3s + 200 ms
d) 1.690 Pave i< 200 ms
5.7.4 Test documentation N/A
At least the following should be documented: N/A

—  Test procedure;

—  Offset on the measured power value, if the loss of
load was simulated;

— tested active power at the meter location;

— Recording of the total of the active powers of the
phases for tests according to 5.7.2.1;

—  Shutdown time for tests according to 5.7.2.2;

— Reconnection time in case of shutdown.
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5.8 Verification of the dynamic grid support
5.8.1 General

These tests serve to meet the requirements of VDE-AR-N
4100:2019-04, 5.7.3.

The aim of these tests is to determine whether the DUT is p
capable of passing through voltage dips and voltage
surges without damage and whether it behaves in
accordance with VDE-AR-N 4105:2018-11, 5.7.3. The
DUT may be a generating unit (PGU) or a storage

system.

The DUT includes:

—  the control system and the auxiliary power units p
including the self-supply installed in the PGU;

— the generator (type 1 or asynchronous generator) or p
the inverter (type 2 or storage).

The following PGU are excluded from the test: N/A

—  Stirling generators and fuel cells, which cannot N/A
provide dynamic network support due to their
principle;

—  Synchronous and asynchronous generators coupled N/A
directly or via converters, with P, < = 50 KW.

The passing through of several successive grid faults is p

not subject of the test. However, the tests listed below
can be repeated for any sequence of grid faults with fixed
or variable pause time to check the passage of multiple
grid faults.

5.8.2 Procedure

The DUT is connected to a grid with downstream test
equipment (or a grid simulator with downstream grid
simulation). This test equipment shall be capable of
simulating the corresponding voltage dip(s) on the DUT
side as described in the following procedure. Unless
stated otherwise, all voltages specified in 5.8 including
subsections refer to the conductor-neutral voltages at the
PGU terminals. All requirements for the test facilities are
listed in Annex A.

The correct parameterisation of the test equipment in p
order to obtain the respective voltage dips/surges
according to Table 17 and Table 18 shall be checked for
each test by an open-circuit test (separately symmetrical,
asymmetrical). For voltage dips, the value to be set in
each case is the respective resulting smallest conductor-
neutral conductor voltage related to the nominal value.
For voltage surges, the value to be set is the respective
resulting maximum conductor-neutral conductor voltage
related to the nominal value. The tests shall be started at
a voltage in the range of Un + 5% U,.

The reference point for the dynamic grid support of the p
PGU or the storage system are the grid-side connection
terminals of the DUT.
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It shall be tested at full load (Pre + 2% P:e) as well as in p
the partial load range from 0.2 Pz to 0.6 Pie. The

reference value is the measured active power as a 10 s
average value immediately before the voltage dip/surge.

The FRT tests are carried out with normal pin assignment p
according to Table 44. In addition, for the unbalanced

tests, the lowest voltage drops and the highest voltage
surges at full load must be tested again with cyclically

exchanged pin assignment according to Table 45.

Single-phase PGU are connected to terminals W and N p
for fault pattern D1. For fault pattern D2, the connection is
made to terminals V and N.

Table 44- Normal pin assignment (fault type D1) for testing dynamic grid support

Test facility Test object
u L1
Connection terminals | A L2
W L3

Table 45- Cyclically exchanged pin assignment (fault type D2) for testing dynamic grid support

Test facility Test object
[ U L3
Connection terminals v L1
w L2
Recording must start at least 10 s before the fault occurs. p

After fault clearance (voltage in the range of 0.85 Un< U<
1.1 Uy) the recording must continue to run for at least
another 60 s.

With two successive test runs per test, the grid fault must p
be completely run through for the test to be passed.
A direct temporal connection between the test and the p

repeat test is not required by the standard if the
accredited testing laboratory ensures and confirms that
the PGU has not been changed in hardware or software
between the test and the repeat test.

5.8.3 Tests P

For PGU type 1 (directly coupled synchronous generator) N/A
and asynchronous generators the following tests (Table
47) shall be performed:

Table 47- Tests of dynamic grid support for type 1 PGU and asynchronous motors

Test Residual Fault type Fault duration in Load Reactive Test
voltage in pu ms power number
(dip or voltage before
surge, test in
conductor-neu QP
tral conductor
at PGU)
A Full load 1.1
| | Partial load | | 1.2
1 0.3010 0.40 D1 = 150 Full load 0to£10% 1.3
Partial load 1.4
D2 Full load 1.5
A Full load 21
atU=0.72700 Partial load 2.2
2 0.70100.85 atU=08521500 | Fullload | C'°*10% 53
e Partial load 24
A Full load 3.1
3 08510090 ————— 260 000 | Partial load | 0to +10% 3.2
D1 [ Fu!l load | | 33
Partial load 3.4
A Full load 4.1
Partial load 4.2
4 1.20t0 1.25 DA 2100 Full load 0to +10% 4.3
Partial load 4.4
D2 Full load 4.5
A Full load 5.1
5 | 11510120 | 25000 | Camaload jq gy | 52
DA |_Fullload | |53 |
| Partial load | | 54
A | Fullload | | 61
Partial load | 0to £10% 6.2
6 1.10t0 1.15 o1 260 000 Full load 5.3
Partial load 6.4

TRF No. VDE-AR-N 4105_V2.0



Page 89 of 255 Report No.: 6209661.50
DIN VDE V 0124-100

Clause Requirement - Test Result - Remark Verdict

The following tests (Table 48) must be carried out for p
PGU type 2 and storage units:

Table 48- Dynamic grid support tests for type 2 PGU and Storage Unit

Test Residual Faulttype | Faultdurationin | Load Reactive | Test
voltage in pu ms power number
(dip or voltage before
surge, test
conductor-neutr in QP
al conductor at
PGU)
A Full load 11
Partial load 1.2
1 0.15t00.25 o1 Ao topuz 150 | Fullload | 0to+10% [ 13
opus Partial load 14
D2 Full load 15
A Fullload [* - 21
At 0.5 puz1500 | Partial load ) 22
2 0.50t0 0.60 o1 OB pu2000 | Fullload | “**'F" 33
Partial load 24
A Full load maximum 3.1
At0.5 puz 1500 | Partial load 3.2
3 05010060 o1 At0.6puz2000 | Full load ;(’;‘I’tz; 33
Partial load 3.4
A Full load 4.1
Partial load 4.2
4 0.85t0 0.90 o1 = 60000 Full load 0to£10% 13
Partial load 44
A Full load 5.1
Partial load 5.2
5 1.20t0 1.25 o1 2100 Fullload | Oto+10% 5.3
Partial load 54
D2 Full load 55
A Full load 6.1
6 1.15t01.20 >5 000 Parta105d | oto +10% |— 22
o1 ull load 63
Partial load 6.4
A Full load 71
7 1.10t0 1.15 2gopop  (Rartialload | g0, L&
o1 Full load 73
Partial load 74
5.8.4 Evaluation criteria
For each test, the following criteria must be evaluated and
indicated:

5.84.1 Behaviour during a power failure

*  No disconnection of the PGU from the grid during the
dip. If the PGU disconnects from the grid, the time of
disconnection must be documented.

*  Type 1 units support the grid voltage during a grid N/A
fault by feeding in a suitable active and reactive
current. During a grid fault and after a grid fault, the
voltage surge caused by the reactive current supply
must not cause the overvoltage limit curve (see VDE-
AR-N 4105:2018-11) to be violated.

*  Asynchronous generators must remain connected to N/A
the grid within the tests shown and may, depending
on their principle, supply active and reactive current.

*  Type 2 units and storage units must not supply either p
an active or a reactive current during a grid fault and
a voltage at the terminals of the PGU below 0.8 U,
and above 1.15 U,. This requirement is met if, in the
event of a voltage dip or voltage surge, the current
fed into the generating unit and/or the storage unit
does not exceed 20% of the rated current I; in any
phase conductor 60 ms after the occurrence of this
voltage dip/surge and 10% Ir in any phase conductor
after 100 ms.

5.8.4.2 Performance after the end of the fault P
*  No separation of the PGU within 60 s after end of
fault.
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e  Type 1 units and asynchronous machines: Settling N/A
time of active power max. 6 s, settling time of
reactive power as fast as possible.

e  Type 2 units and storage unit: Settling time of active p
power max 1 s, settling time of reactive power
according to PT1 behaviour with 3 Tau=10 s
according to VDE-AR-N4105:2018-11, 5.7.2.5.

5.8.5 Documentation

Necessary information:

*  Calculation method for the effective values, power
and offset factor;

*  Description of the measurement technology, test
equipment and DUT used. The description of the test
facility must define the complete operating principle,
in particular with regard to the correct consideration
of the interactions on the grid side;

*  Voltage level at which the grid fault is generated;

*  Short-circuit power of the test equipment at the
generator terminals;

* if modifications have been made to the DUT to
ensure its function during the test, these must be
clearly specified;

*  Measuring point of the recorded currents and p
voltages;

e Settings NS protection;

* relevant FRT parameters of the PGU or the memory
(for type 1 e.g. setting AVR).

Diagrams:

For each of the tests, the following diagrams shall be
presented as time curves from t;- 1s (one second before
fault occurence) to t; + 6 s (six seconds after fault
clearance), zoomed if necessary.

No load tests: P

* Line-to-line voltages and line-to-neutral voltages
(signal curves);

*  Full-period effective valuesof the line-neutral
voltages with a recalculation rate of at least 1/ms.

Test with DUT: p

* Line-to-line voltages and line-to-neutral voltages
(signal curves);

*  Phase currents (signal curves);

*  Full-period effective values of the line-to-neutral
voltages with a recalculation rate of at least 1/ms;

*  Full-period effective values of the Full-period
effective values of the phase currents with a
recalculation rate of at least 1/ms (if necessary,
additionally divided into active and reactive
components),

*  Active power and reactive power in the positive
sequence with a recalculation rate of at least 1/ms.

*  Voltage and current in the positive sequence with a
recalculation rate of at least 1/ms.

For each of the tests the data according to Table 49 shall p
be reported:
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Table 49- Tabular documentation of the dynamic grid support test P
No. Parameter Phase reference Reference time ‘[ﬁ:;te]
0 Test number N
[dd.mm.y
1 Date vyl
2 Time (start of the test) [hhg]m:s
3 | Type of fault (affected phases) - -
General 4 Selpoir-wl diP dfaplh Phase conductor [pu]
data 5 Setpoint dip time
6 Time of occurrence of fault (t;) Total [ms]
7 Time of fault clearance (t2) Total [ms]
8 Fault duration determined from Total [ms]
zero test
| 9 | Voltage dip depth or ) Total £+100 ms to t and
10 Vo\l:g;s:;?:t:::ermmed Positive sequence ti-10sto & fpul
1 Voltage S{;’:g:‘;g’: 'V”Oel‘t"'a'g t-10stot fpu]
12 Current Positive sequence t-500 rnr:Sto £-100 [pu]
before 13 Activ . Total t-10stoty [pu]
dip <ty 14 ctive powe Positive sequence h-10stoty [pu]
15 . Positive sequence f-10stoty [pu]
|16 | Reacive power Total t-10sto fy [pu]
17 cos ¢ - t-10sto & [pu]
18 Voltage S;:g:;f:;ﬁgg t1+100 ms to -20ms|  [pu]
| 19 | Phase 1 t+60 ms [pu]
| 20 | Line conductor current Phase 2 £1+60 ms [pu]
during 21 Phase 3 H+60 ms [pu]
dip tito f2 | 22 | Phase 1 t +100 ms [pu]
| 23 | Line conductor current Phase 2 t +100 ms [pu]
24 Phase 3 t; +100 ms [pu]
| 25 | Active power Total t1+100 ms to -20 ms [pu]
26 Positive sequence | #1+100 ms to £-20 ms [pu]
27 Voltage f;’:gﬁ;t’: 'ﬁl‘:; t+3stobr10s [pu]
| 28 | Active power Positive sequence t+3stof+10s [pu]
29 Total L+3stok+10s [pu]
ofter 30 | Response time Active power | Positive sequence - [s]
dip >t | 31 Reacti Positive sequence t+3stot+10s [pu]
32 eactive power Total t+3stot+10s [pu]
33 | Response time Reactive power |Positive sequence - [s]
PGU has not disconnected from
34 | the grid within 60 s after end of tzto {+60s
fault yes/no

5.9 Testing of auxiliary power units N/A

59.1 General N/A
Auxiliaries that have not been included in the FRT tests N/A
according to 5.8 may be checked according to the
procedure described here.

5.9.2 Tests N/A
the generating unit is operated at rated power during the N/A
test. To test the auxiliaries, the supply voltage to the
auxiliaries to be tested and their control shall be
interrupted for a minimum period of 1 500 ms.

If a permit from the responsible grid operator is required N/A
for this, this must be obtained. The test may be carried

out at the manufacturer’s premises.

For the entire duration of the tests, the currents and N/A
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Alternatively, an auxiliary unit can be tested N/A
independently of an PGU. For this purpose, the auxiliary
power unit shall be operated at full load according to its
specifications or under those operating conditions which
correspond to full load operation in the associated PGU.
The operating conditions used shall be documented in the
test report. Instead of the currents and voltages at the
PGU terminals, suitable signals must be recorded, by
which the successful continued operation of the auxiliary
unit can be verified.

If communication with the PGU control system is provided N/A
(e.g. status monitoring), it must be ensured, if necessary
by recording appropriate signals, that the auxiliary unit
does not generate any fault states within the measuring
period which could lead to the PGU being switched off.

5.9.3 Evaluation criteria N/A

It applies: The drop in the supply voltage of the auxiliary N/A
units and their control must not cause disconnection of
the generating unit from the grid. Proof has been provided
if no disconnection of the generating unit from the grid
has occurred up to 10 minutes after voltage recovery.

5.9.4 Test documentation N/A

For the entire duration of the test up to 10 min after N/A
voltage recovery, the voltage, active and reactive power
of the PGU in the positive sequence sizes and the
voltages at the auxiliary units shall be shown as

diagrams.
6 NOTES ON THE CERTIFICATION PROCEDURE
6.1 General

The generally accepted form of verification is the
presentation of certificates to the grid operator in
accordance with VDE-AR-N 4105:2018-11, Section 9.
The evaluation of the measurement results is carried out
according to the evaluation criteria in this document.

6.2 Transferability of measurements

Measurement results can be transferred between p
generating units/components if it can be ensured that the
software used to control/regulate the generating
unit/component is identical or equivalent and the
hardware is technically equivalent. This must be checked
on the basis of the documents to be submitted. The
manufacturer must also provide an estimate of possible
differences.

If results of the measurement of a generating unit N/A
(reference PGU) of type 1 are to be transferred in total or
in part to other generating units, this must be done in
accordance with the rules in VDE-AR-N 4110:2018-11,
section 11 and the generally accepted rules of
technology.

The results of the measurement of a type 2 generating p
unit may, in total or in part, be transferred to other
generating units if
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1) the design and the control technology, including the p
software used in these generating units, which is
decisive for the electrical properties are technically
equivalent, and

2) the results are available for the smallest and largest
power variant or alternatively the rated apparent
power of the generating unit to be certified is between

\/% times and 2 times of the rated apparent power of

the measured generating unit.

3) For the verification of steady state operation and
static voltage range, the limits mentioned under 2)
can be extended for the validation of the
manufacturer’s data, if the concept of the generating
unit and the components used are technically

equivalent.
6.3 Alternative form of FRT verification N/A
By default, the proof must be provided by measurements. N/A

An alternative form of verification is not provided for by
the TAR and is not necessary as the services in question
can always be tested directly. If this is nevertheless not
possible in justified cases, the FRT verification for type 1
PGU can alternatively be carried out by means of
computational simulation with a synchronous machine
model. This is done by referring directly to the
specifications in VDE-AR-N 4110 and requires at least the
following steps:

1) Preparation of a plant certificate "C" according to N/A
FGW TR8: 2019-02 including a preliminary
simulation model according to FGW TR 4: 2019-02.

2) Commissioning and surveying according to PUS
according to FGW TR 3: 2018-09.

3) Creation of an extended declaration of conformity
including optimization of the created simulation
model according to FGW TR 4: 2019-02.

4) Preliminary operation of the EZA under monitoring
with fault recorders. Notification and correction of
network events (at least 5 years of supervision by the
certification body).

The auxiliary equipment of the PGU must be tested N/A
separately for under-and overvoltage. The testing of the
auxiliary equipment shall be carried out according to 5.9.

ANNEX A [FRT TEST (NORMATIVE) P
Al Requirements for test benches
The generated voltage drops and voltage increases p

should meet the following requirements:
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The effective network impedance from an PGU point of p

view (in the case of voltage divider principle: with

connected mains impedance) must meet the following

criteria:

—  Short-circuit power at the PGU before and after the
fault must be between 10 xS, and 30 xSy

— R/X0.3-3 (for the impedances used in the test
facility)

The test equipment and, if necessary, the grid simulator p
must be capable of carrying the maximum current of the
DUT in both the generator and motor areas. The energy
consumption must be designed for the occurring surge
short-circuit current ip (according to DIN EN 60909-0
(VDE 0102)). ip of the DUT types is different. Guide
values are:

—  forinverter-coupled systems approx. 2.2 Ir,

—  for direct-coupled asynchronous or synchronous
machines approx. 7 Ir.

In the case of symmetrical and asymmetrical voltage dips p
and voltage increases, taking into account the switching
group effect, the fault forms A and D according to Figure
A.1 with the phase angles of the voltages according to

Table A.1 must be observed. The representations show

phase-neutral voltages.

Table A.1- Fault types for FRT tests on Type 2 PGU and Storage Unit when performed on
electronic grid simulators

Test number L1 L2 L3 Type Remark
- 1.00 >-150.0° 1.00 >90.0° 1.00 >-30.0° A Initial state

13,14 062 >-173.3° 0.15>80.0° 062 >-6.9° D1

23,24,33,34 | 0.76>-161.1° 0.50 >90.0° 0.76 >-19.1° D1 UVRT
43,44 0.93 >-152.8° 0.85>89.9° 0.93 >-27.4° D1
53,54 1.08 >-144.5° 1.25>89.1° 1.06 >-36.3° D1
6.3, 6.4 1.06 >-145.5° 1.20 >89.3° 1.05 >-35.1° D1 OVRT
7.3.74 1.04 >-146.6" 1.15>89.4° 1.04 >-33.9° D1

The diagrams show phase-neutral voltages: p

» A > c » o
05 X, 05 - 05 -
] I S— » o 0 — »
H / /

05 / 05 /” 05 ,/, /

/ ! —>  faut —>  fault l —>  faut
» % nomal ¥ _.» nomal ¥ _.»  nomal
l 4 4
Re {V} [p.u] Re {V} [p.u] Re {V}[p.u]

Figure A.1- Fault types “A”, “C” and “D” according to
[M. H. J. Bollen “Understanding Power Quality
Problems”]

In the case of a medium-voltage, two-phase fault without p
ground contact (phase-to-phase voltages: fault type D) in
front of a Dy transformer results in fault type D (phase-to-
phase voltages) on the low voltage side of the transformer
when looking at the phase-to-neutral voltages: fault type
Q).

*  The slope of the voltage must correspond to that of a p
circuit breaker in the event of a fault and in the event
of a fault clearing.

A change of the instantaneous voltage from 90% to
10% of the pre-fault voltage occurs at UVRT within a
period of max. 4 ms.
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The requirements for the waveform of the test voltage p
must be verified in no load tests. The test voltage must be
within the tolerances shown in Figure A.2 for voltage dip
tests and Figure A.3 for overvoltage tests.

The requirements for the waveform of the test voltage p
must be verified in no load tests. The test voltage must be
within the tolerances shown in Figure A.2 for voltage dip
tests and Figure A.3 for overvoltage tests.
System voltage P
Upos/Un [p.u.]
A +0,1 p.u
+0,05 p.u
U pefore]
1 +0,05 p.u.
""""""""""""" ! tested voltage
Usauit < drop level
: > ' 20 ms . - 20 ms i
i | 10ms " L 10ms Time t [8]
Trault : lelear ‘

Figure A.2 - Tolerances for voltage dips (positive
sequence voltage calculation according to DIN EN
61400-21-1 (VDE 0127-21-1))

System voltage P
UDDS"UH [p-u-]
tested voltage
U fautt : < rise level
+0,1 p.u
U before T
— 20 ms 20 ms
10 ms " N 10 ms
L gL Time 1 [s]
Trautt : tolear
Figure A.3 - Tolerances for voltage increases
(positive sequence voltage calculation according to
DIN EN 61400-21-1 (VDE 0127-21-1))

A.2 Examples of possible test bench for UVRT (informative) Info.

A2.1 Grid simulator Info.

A.2.2 Short-circuit simulator Info.

A.3 Examples of possible test bench for OVRT (informative) Info.

A3.1 List of test facilities: Info.
*  Grid simulator (converter system); Info.
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» transformer-based test equipment (auto or bypass Info.
transformer system);
e capacitor-based test equipment. Info.
A.3.2 Transformer-based test equipment Info.
A.3.3 Capacitor-based test equipment Info.
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Clause Test (;//e;/?\:f;\)
5.2 (5.4) Demonstration of permissible system perturbations
5.2.2 (E.5) Rapid voltage changes
5.2.3 (E.5) Flicker
5.2.4 (E.5) Harmonics and Interharmonics
5.2.5 Commutation notches N/A
5.2.6 DC current feed-into network P
5.3 Demonstration of the symmetry behaviour of inverters
5.3.2.1 Calculating the asymmetry of three-phase inverter N/A
5.3.3 Symmetrical operation with a symmetry device N/A
5.4 Evidence of the behavior of the power generation unit on the network
5.4.2 (5.7.2.2) Measurement of the active power and reactive power range P
5.4.3(5.7.4.2.1) Active power reduction by setpoint specification P
5.4.3.3(5.7.4.2.1) Measurement of setting accuracy P
5.4.3.4(5.7.4.2.1) Measurement of the power gradient P
5.4.3.5(5.7.4.2.1) Measurement Priority Interfaces / Energy Management System P
5.4.4 (5.7.4.3 & 8.3.1) | Active power feed-in of PGUs at over-frequency P
5.4.5(5.7.4.3 & 8.3.1) | Active power feed-in of storage systems at over-frequency N/A
5.4.6 (5.7.4.3 & 8.3.1) | Active power feed-in of PGUs at under-frequency P
5.4.7 (5.7.4.3 & 8.3.1) | Active power feed-in of storage systems at under-frequency N/A
5.4.8 (5.7.2) Static voltage stability / reactive power supply
5.4.8.2 (5.7.2.4c) Test of reactive power / cos ¢ setting accuracy P
5.4.8.3 (5.7.2.4b) Test for a displacement factor / active power characteristic curve P
cos ¢ (P)
5.4.8.4.1&5.4.8.4.3 Testing the accuracy of the Q(U) control N/A
(5.7.2.4a & 5.7.2.5)
5.4.8.4.2&5.4.8.4.4 Testing the dynamics of the Q(U) control N/A
(5.7.2.4a & 5.7.2.5)
55 Testing of NS protection
55.2t05.5.6 (6.2 to NS protection P
6.4)
5.5.7.4 (6.5.1 & 6.5.2) | Test for overvoltage protection U>> P
5.5.7.4 (6.5.1 & 6.5.2) | Test for overvoltage protection U> P
5.5.7.4 (6.5.1 & 6.5.2) | Test for undervoltage protection U< P
5.5.7.4 (6.5.1 & 6.5.2) | Test for undervoltage protection U<< P
5.5.7.4 (6.5.1 & 6.5.2) | Test for frequency protection f> and f< P
5.5.9 (6.5.2) Structural features of NS protection P
5.5.10 (6.5.3) Islanding detection P
5.6 (8.3) Connection conditions and synchronization P
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Clause Test (;//e;/?\:f;\)
5.7 (5.5.2) Evidence of Payve monitoring (feed-in limitation)
5.7.2.1 Testing of the dynamics control (Pav.e-Monitoring) P
5.7.2.2 Testing of disconnection fuction N/A
5.8 (5.7.3) Testing of the dynamic grid support P
5.9 Testing of auxiliary power units N/A
Remark:
The clause number including two standards DIN VDE V 0124-100:2020-06 and VDE-AR-N 4105: 2018-11.
The clause before parenthesis is representing for DIN VDE V 0124-100:2020-06 and clause in the
parenthesis is representing for VDE-AR-N 4105: 2018-11.
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5.2.2 ; .
(5.3) TABLE: Rapid voltage changes P
Model SG2000
. Switching on without specification Most unfavourable case when switching
Test cases: (10% rated output power) the generator
putp (10% — 100% rated output power)
_ Cos Cos
. Cos p=max Cos g=max. Cos @=max @=max
Cos ¢ setting Cos ¢=1.00 oo under- _ ' '
over-excited . ¢=1.00 over- under-
excited ) .
excited excited
Single period
effective values of 230.00 229.99 229.99 231.55 229.99 229.99
the voltage [V]
Single period
effective values of 0.346 0.418 0.419 3.243 3.005 3.247
the current [A]
ki 0.039 0.048 0.048 0.373 0.345 0.373
Test cases: Switching on at rated power Switch off at rated power
_ Cos Cos
. Cos g=max Cos g=max. Cos @=max @=max
Cos ¢ setting Cos ¢=1.00 oo under- _ ' '
over-excited . ¢=1.00 over- under-
excited ) .
excited excited
Single period
effective values of 229.99 229.99 229.99 229.99 229.99 229.99
the voltage [V]
Single period
effective values of 3.134 2.931 2.627 8.920 8.908 9.203
the current [A]
ki 0.360 0.337 0.302 1.026 1.025 1.059
kimax 1059

Test conditions:

Frequency: 50 Hz + 0.5%
THD of the voltage supply: < 3%
Voltage rise of the PGU at 100% Pemax: £ 3%

Note:

Kimax: ratio of the highest current occurring during a switching operation (e. g. starting or connecting
current or the highest breaking current under normal operating conditions) to the normal generator current
Ire. For this purpose, the current is to be considered as an r.m.s. value over a period.

Power generation units with inverters (such as photovoltaic systems) and storage units with inverters shall
only be connected with Kimax <1.2.

The tests were performed on model SG2000 also applicable for all other models stated in this report.
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5.2.4.1 TABLE: Harmonics and Interharmonics =
(E.5) a) Generation units and storage (single devices) with a rated current <75 A
Maximum permissible harmonic current as per EN 61000-3-2 Class A
Model SG2000
. 15th<n
d d th th th th th
Harmonics 2" 3" 5 7 9 11 13 <39 th
Limit [A] 1.08 2.30 1.14 0.77 0.4 0.33 0.21 0.15*
. . . . . . . (15/n)
[TAf’]St value | 5009 | 0.103 0.034 0.034 0.033 0.036 0.036 0.035
Note:
The tests should be based on the limits of the EN61000-3-2 for less than 16 A.
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524.1 TABLE: Harmonics and Interharmonics p
(E.5) b) Generation units and storage (single devices) with a rated current>75 A
Model SG1600
Harmonics

P/Pn

(%] 10 20 30 40 50 60 70 80 90 100
Order | [%] | [%] I [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%)]

10.232 | 20.589 | 31.452 | 41.213 | 51.954 | 61.123 | 71.789 | 79.624 | 91.753 | 99.254

0.023 0.023 0.046 0.023 0.023 0.023 0.023 0.023 0.023 0.046

0.853 3.157 3.157 3.364 2.880 3.341 3.364 3.134 3.295 3.802

0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

0.945 0.184 0.115 1.014 0.507 0.392 0.461 0.714 0.783 0.530

0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

1
2
3
4
5 0.668 0.922 0.829 1.359 0.991 1.313 1.336 1.106 0.922 0.714
6
7
8
9

0.922 0.323 0.369 1.014 0.945 0.899 0.991 1.313 1.498 1.705

10 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

11 0.783 0.461 0.553 0.829 0.991 1.060 1.175 1.382 1.544 1.659

12 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

13 0.438 0.392 0.691 0.760 0.968 1.198 1.244 1.313 1.359 1.475

14 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

15 0.276 0.346 0.438 0.599 0.806 1.198 1.290 1.152 1.083 1.359

16 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

17 0.253 0.069 0.438 0.507 0.645 1.060 1.244 1.083 0.968 0.806

18 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

19 0.415 0.392 0.576 0.415 0.484 0.806 1.014 0.922 0.829 0.876

20 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

21 0.714 0.622 0.438 0.369 0.438 0.599 0.691 0.714 0.760 0.530

22 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

23 0.329 0.360 0.346 0.461 0.461 0.392 0.369 0.461 0.499 0.499

24 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

25 0.468 0.483 0.230 0.484 0.484 0.230 0.207 0.207 0.438 0.461

26 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

27 0.484 0.576 0.323 0.415 0.461 0.207 0.230 0.023 0.230 0.369

28 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

29 0.438 0.323 0.276 0.207 0.415 0.323 0.276 0.115 0.046 0.323

30 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

31 0.369 0.161 0.161 0.115 0.323 0.369 0.276 0.184 0.115 0.138

32 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

33 0.276 0.115 0.207 0.115 0.253 0.323 0.276 0.207 0.230 0.115

34 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

35 0.161 0.161 0.276 0.046 0.207 0.207 0.300 0.184 0.253 0.161

36 0.023 0.023 0.046 0.000 0.000 0.000 0.000 0.000 0.000 0.023

37 0.230 0.230 0.276 0.207 0.115 0.069 0.253 0.161 0.253 0.276

38 0.023 0.023 0.069 0.000 0.000 0.000 0.000 0.023 0.000 0.023

39 0.246 0.253 0.115 0.192 0.138 0.115 0.161 0.161 0.184 0.146

40 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.023 0.000 0.023

Note:
The nominal current is 8.69 A.
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524.1 TABLE: Harmonics and Interharmonics p
(E.5) b) Generation units and storage (single devices) with a rated current>75 A
Model SG2000
Harmonics

P/Pn

(%] 10 20 30 40 50 60 70 80 90 100
Order | [%] | [%] I [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%)]

10.899 | 20.622 | 31.498 | 41.106 | 51.590 | 61.797 | 71.797 | 79.539 | 91.037 | 98.512

0.023 0.023 0.046 0.023 0.023 0.023 0.023 0.023 0.023 0.046

0.853 3.157 3.157 3.364 2.880 3.341 3.364 3.134 3.295 3.802

0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

0.945 0.184 0.115 1.014 0.507 0.392 0.461 0.714 0.783 0.530

0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

1
2
3
4
5 0.668 0.922 0.829 1.359 0.991 1.313 1.336 1.106 0.922 0.714
6
7
8
9

0.922 0.323 0.369 1.014 0.945 0.899 0.991 1.313 1.498 1.705

10 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

11 0.783 0.461 0.553 0.829 0.991 1.060 1.175 1.382 1.544 1.659

12 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

13 0.438 0.392 0.691 0.760 0.968 1.198 1.244 1.313 1.359 1.475

14 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

15 0.276 0.346 0.438 0.599 0.806 1.198 1.290 1.152 1.083 1.359

16 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

17 0.253 0.069 0.438 0.507 0.645 1.060 1.244 1.083 0.968 0.806

18 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

19 0.415 0.392 0.576 0.415 0.484 0.806 1.014 0.922 0.829 0.876

20 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

21 0.714 0.622 0.438 0.369 0.438 0.599 0.691 0.714 0.760 0.530

22 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

23 0.329 0.360 0.346 0.461 0.461 0.392 0.369 0.461 0.499 0.499

24 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

25 0.468 0.483 0.230 0.484 0.484 0.230 0.207 0.207 0.438 0.461

26 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023

27 0.484 0.576 0.323 0.415 0.461 0.207 0.230 0.023 0.230 0.369

28 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

29 0.438 0.323 0.276 0.207 0.415 0.323 0.276 0.115 0.046 0.323

30 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

31 0.369 0.161 0.161 0.115 0.323 0.369 0.276 0.184 0.115 0.138

32 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023

33 0.276 0.115 0.207 0.115 0.253 0.323 0.276 0.207 0.230 0.115

34 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023

35 0.161 0.161 0.276 0.046 0.207 0.207 0.300 0.184 0.253 0.161

36 0.023 0.023 0.046 0.000 0.000 0.000 0.000 0.000 0.000 0.023

37 0.230 0.230 0.276 0.207 0.115 0.069 0.253 0.161 0.253 0.276

38 0.023 0.023 0.069 0.000 0.000 0.000 0.000 0.023 0.000 0.023

39 0.246 0.253 0.115 0.192 0.138 0.115 0.161 0.161 0.184 0.146

40 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.023 0.000 0.023

Note:
The nominal current is 8.69 A.
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Interharmonics

F[Z/E)]n 10 20 30 40 50 60 70 80 90 100

f[Hz] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%]

75 0.092 0.069 0.069 0.046 0.046 0.046 0.046 0.046 0.069 0.084

125 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.038

175 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.045

225 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.042

275 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

325 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

375 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

425 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

475 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

525 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

575 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

625 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

675 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

725 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

775 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022

825 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

875 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

925 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

975 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1025 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1075 | 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1125 | 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1175 | 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1225 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1275 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1325 | 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1375 | 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1425 | 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1475 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1525 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1575 | 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1625 | 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1675 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1725 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.023 0.023 0.023

1775 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.023 0.023 0.023

1825 | 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023

1875 | 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023

1925 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023

1975 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023

2025 | 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023

Note:
The nominal current is 8.69 A.
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Higher Frequencies

F[)({/I:]n 10 20 30 40 50 60 70 80 90 100

flkHz] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%]

2.1 0.007 0.004 0.006 0.005 0.007 0.003 0.002 0.002 0.002 0.006

2.3 0.006 0.002 0.007 0.002 0.010 0.005 0.004 0.002 0.002 0.005

2.5 0.004 0.003 0.003 0.002 0.003 0.008 0.002 0.003 0.003 0.004

2.7 0.002 0.004 0.001 0.002 0.003 0.004 0.003 0.003 0.002 0.004

2.9 0.002 0.002 0.001 0.001 0.002 0.003 0.003 0.001 0.002 0.004

3.1 0.002 0.003 0.002 0.003 0.002 0.005 0.002 0.001 0.003 0.003

3.3 0.002 0.003 0.004 0.003 0.001 0.002 0.005 0.001 0.001 0.003

3.5 0.001 0.004 0.003 0.002 0.002 0.002 0.005 0.003 0.003 0.004

3.7 0.002 0.003 0.002 0.006 0.002 0.001 0.002 0.005 0.004 0.004

3.9 0.002 0.001 0.002 0.005 0.001 0.001 0.001 0.004 0.004 0.004

4.1 0.001 0.002 0.001 0.005 0.001 0.001 0.002 0.002 0.002 0.002

4.3 0.001 0.001 0.001 0.003 0.001 0.001 0.002 0.001 0.002 0.002

4.5 0.003 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.003 0.003

4.7 0.003 0.002 0.001 0.002 0.002 0.001 0.002 0.002 0.002 0.004

4.9 0.001 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.003

5.1 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.002 0.002 0.001

5.3 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.003

5.5 0.002 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.002 0.002

5.7 0.002 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.001 0.001

5.9 0.001 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002

6.1 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002 0.003 0.002

6.3 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002

6.5 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.002

6.7 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.000 0.001

6.9 0.001 0.002 0.001 0.001 0.001 0.000 0.002 0.001 0.001 0.002

7.1 0.001 0.001 0.001 0.001 0.001 0.000 0.002 0.002 0.002 0.002

7.3 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.002 0.003 0.002

7.5 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.002

7.7 0.001 0.001 0.001 0.003 0.001 0.001 0.000 0.001 0.001 0.001

7.9 0.001 0.001 0.001 0.003 0.001 0.001 0.000 0.002 0.001 0.001

8.1 0.001 0.002 0.002 0.002 0.001 0.002 0.001 0.002 0.002 0.002

8.3 0.001 0.001 0.001 0.002 0.001 0.001 0.000 0.001 0.002 0.003

8.5 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002

8.7 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

8.9 0.001 0.002 0.001 0.002 0.001 0.001 0.000 0.001 0.001 0.001

Note:
The nominal current is 8.69 A.
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5.2.6 TABLE: Infeed of direct currents P

Model SG2000

Energy supply

N DC current [mA] o
Test conditions Power[W] Limited
L1 L2 L3
Between
30 % Semax and 2019.78 0.001 - - 0.5% (43.4mA)
40 % Semax
Between
60 % Semax and 1324.48 0.001 - - 0.5% (43.4mA)
70 % Semax
> 95 % Semax 711.78 0.001 - - 0.5% (43.4mA)
Diagram
120% 50
--------------------------------------------- 40
100%
30
20 —_
80% <
10 &
o O
O 60% 0o =2
o
-10
40%
-20
-30
20%
-40
0% -50
0 200 400 600 800 1000 1200 1400
Time[s]
P/Pn ldg ===-=- Idc limit+(mA) ====- Idc limit-(mA)
Note:

The tests are carried out according to DIN VDE V 0124-100:2020-06 clause 5.2.6.

The inverter is operated within the control range of the EZE in the following operating points, whereby for
each operating point after reaching a stable operating temperature for at least 5 min the direct current
portions of the mains currents are recorded in all external conductors to become. According to VDE-AR-N
4100: 2019-04, the measurement of currents based on DIN EN 61000-4-7 (VDE-0847-4-7) is carried out
over 10 basic vibration periods.

Operating points:

I) between 30% Semax and 40% Semax

II) between 60% Semax and 70% Semax

) > 95% Semax

The low-voltage grid or network simulator on which these tests are carried out must meet the following
conditions:

I) Mains voltage: nominal value + 5%

I1) Mains frequency: 50 Hz £ 0.2 Hz
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III) THD of the mains voltage:< 2.5%
IV) When using power simulators: DC component of voltage <0.1%

5.2.6 TABLE: Infeed of direct currents P

Model SG1600

Energy supply
N DC current [mA] o
Test conditions Power [W] Limited
L1 L2 L3
Between
30 % Semax and 568.35 0.001 - - 0.5% (34 mA)
40 % SEmaX
Between
60 % Semax and 1059.97 0.001 - - 0.5% (34 mA)
70 % SEmaX
> 95 % Semax 1625.58 0.001 - - 0.5% (34 mA)
Diagram
120% 40
................................................ 30
100%
20
80%
10 .
<
i 60% o E
e 5
0
40%
-20
20%
-30
0% -40
0 200 400 600 800 1000 1200 1400
Time([s]
P/Pn l[de ====- Idc limit+(mA) ====- Idc limit-(mA)
Note:

The tests are carried out according to DIN VDE V 0124-100:2020-06 clause 5.2.6.

The inverter is operated within the control range of the EZE in the following operating points, whereby for
each operating point after reaching a stable operating temperature for at least 5 min the direct current
portions of the mains currents are recorded in all external conductors to become. According to VDE-AR-N
4100: 2019-04, the measurement of currents based on DIN EN 61000-4-7 (VDE-0847-4-7) is carried out
over 10 basic vibration periods.

Operating points:

1) between 30% Semax and 40% Semax

II) between 60% Semax and 70% Semax

TRF No. VDE-AR-N 4105_V2.0



Page 107 of 255 Report No.: 6209661.50
DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test

Result - Remark Verdict

|||) > 95% Semax

The low-voltage grid or network simulator on which these tests are carried out must meet the following
conditions:

I) Mains voltage: nominal value + 5%

II) Mains frequency: 50 Hz = 0.2 Hz

I1I) THD of the mains voltage:< 2.5%

IV) When using power simulators; DC component of voltage <0.1%
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5.7.1 TABLE: Operating frequency and voltage range P
Model |SG2000
Test condition Measurement Limits
Test -
sequence |y, | f(Hz) U/Us f (Hz) P/P, Coso D““’z‘g)o” Tl cont.T
1 85% 47.5 84.99% 47.49 91.68% 0.999 2450 > 1800s
2 85% 49.0 84.99% 48.99 91.46% 0.999 2458 Not required
3 110% 51.0 109.99% 51.00 99.15% 0.999 2450 Not required
4 110% 51.5 109.99% 51.49 99.41% 0.999 2450 > 1800s
Note:

Respecting the legal framework, it is possible that longer time periods are required by the responsible party

in some synchronous areas.

120%

110%

100%

55

54

53

90%

80%

70%

60%

P/Pn & U/Un

50%

52

40%

30%

20%

Diagram
|
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Time[s]
U/Un P/Pn Frequency(Hz)

51

50

49

Frequency[HZz]

48

47

46

45
10000
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5.7.1 TABLE: Rate of change of frequency (ROCOF) immunity P
Model |SG2000
Test step Ramp From (Hz) To (Hz) Time (s) Power (W) Limit
1 dwell 50.0 50.0 5.0 2023.1
2 +1.5 Hz/s 50.0 51.5 1.0 2003.1
3 dwell 51.5 51.5 5.0 2013.6
4 -2 Hz/s 51.5 50.5 0.5 2016.4
5 -1.25 Hz/s 50.5 48.0 2 2023.2
6 dwell 48.0 48.0 5.0 2020.3 discorlw\lnoection
7 -1.25 Hz/s 48.0 50.5 2 2012.2
8 +2 Hz/s 50.5 51.5 0.5 2012.4
9 dwell 51.5 51.5 5.0 2020.2
10 -1.5 Hz/s 51.5 50.0 1.0 2016.0
11 dwell 50.0 50.0 5.0 2022.5

Note: For rapid frequency changes, the frequency measurement must not exceed 200 ms.

Graph of Test

120.00% 51.5
7.1, 50.9919 ’—‘ 11.9, 51 51
100.00% ™
50.5
17.85, 50
80.00% 50
N
— L
= 6.6, 50 495 >
= 2
5
GEJ 60.00% )
2 49 =
D_ q.)
S
LL
40.00% 48.5
48
13.4, 47.9999 16.85, 47.9999
20.00%
47.5
0.00% 47
0 5 10 15 20 25 30
Time[s]
—Power(W) ——Frequency(Hz)
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?5'47'22 2) TABLE: Measurement of the active power and reactive power range P
Model SG2000

cos @ =1: 1
Setting values COS ¢ max over-excited: +0.95

cos ¢ max under-excited: -0.95
Test:
600 s mean value 0.9Un 0.95Un Un 1.05 Un 1.09Un
a) cos @ = 1 at 100% Pemax
U [V]: 206.9 N/A 229.9 N/A 250.6
PEmaxs00 a) [W] 1971.4 N/A 2011.1 N/A 2027.1
Semax600 a) [VA] 1972.2 N/A 2012.0 N/A 2028.1
COS (PEmax600 0.999 N/A 0.999 N/A 0.999
b) maximum under-excited (i) at 100% Pgmax
U V] N/A 218.4 229.9 N/A 250.6
Pemaxs00 b) [W] N/A 1928.8 1918.75 N/A 1921.8
Semax600 b) [VA] N/A 2035.3 2031.6 N/A 2036.5
COS (PEmax600-under-excited N/A 0.947 0.945 N/A 0.945
¢) maximum over-excited (c) at 100% Pemax
U V] 206.9 N/A 229.9 241.4 N/A
Pemaxso0 ¢) [W] 1912.7 N/A 1906.2 1923.1 N/A
Semaxs00 o) [VA] 2026.5 N/A 2015.9 2037.6 N/A
COS (PEmax600-over-excited -0.945 N/A -0.945 -0.944 N/A
PEmax 600 and Semaxs00
Pemax 600= Max(Pemaxs00 a), PEmax600 b), PEmaxs00 c)) [W] 2027.1
SEmax600= MaX(Semaxe00 a), SEmax600 b), SEmax600 ¢)) [VA] 2037.6
Note:
At least 10-minute averages value must be recorded:
— U, cos(¢), P and S from a) to c)
- Sgnand P
These tests serve to prove the adjustable reactive power range according to the requirements of VDE-
AR-N 4105: 2018-11 (chapter 5.7.2.2), as well as to determine the values for S, and P_ .
These tests are carried out according to DIN VDE V 0124-100 Clause 5.4.2.1.
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5.7.2.2.2 Type 2 systems — inverters only

according to Figure 2 and Figure 3.

. UlU,

1,10

1,05
| | .
09! 095 1| 0985| 09! cose

0,95

) 0,90

under-excited over-excited

Figure 2 — Requirements for power
generation units regarding the reactive
power supply at the generator terminals

(ZSEmax <4,6 kVA)

At the generator terminals, each power generation unit to be connected shall meet the requirements

+ U,
110
1,05
| | .
09| o085l 1] 095! 090| cose
095
0,90
under-excited over-excited

Figure 3 — Requirements for power
generation units regarding the reactive
power supply at the generator terminals

(> Semax > 4B6KVA)
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B TABLE: Active power reduction by set-point P
(5.7.4.2.1) : P y set-p

Model SG2000

5.4.3.3 Measurement of adjustment accuracy (according to VDE V 0124 clause)

1-min mean

value, P/Py [%] 100 90 80 70 60 50 40 30 20 10
Psetpoint [W]: 2000 | 1800 | 1600 | 1400 | 1200 | 1000 800 600 400 200
Peso [W]: 1994.8 | 1809.3 | 1618.2 | 1420.9 | 1220.5 | 1018.5 | 814.3 | 609.9 | 403.7 | 197.6
APEeso/Pemax [%]: | -0.26 0.46 0.91 1.04 1.02 0.92 0.71 0.49 0.18 -0.12
Limit of 0

APEGO/PEmax [%] +9% Pemax

Assessment criterion:
-no network disconnection
-the active power value does not exceed the setpoint value for more than 5% Pemax

Curve for adjustment accuracy

120%

100%

80%

60%

P/Pn

40%

20%

0%
0 500 1000 1500 2000 2500

Time[s]

—P/PN —==-- +imit AP/Pemax  ===-=-- limit AP/Pemax
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5.4.3.4 TABLE: Measurement of the power gradient P
(5.7.4.2.1) : P 9

Model: SG2000

Test sequence

Max. Power gradient as calculated from the difference of the
10 s mean value at time t1 and at time t1 + 10 s [%Pn/s]

Limit of power
gradient [%Pn/s]

100%Pn to 5% Pn

0.462

>(0.33and = 0.66

5%Pn to 100% Pn

0.486

>0.33and < 0.66

Note:

follows:

In this test, the power gradient of the PGU (dP/dt) is determined continuously. To determine the power
gradient, a 10-second moving average of the active power is calculated, and the 10-second average must
be recalculated at least every second from the previous data. From the 10 s mean values, the active
power gradient is calculated from the difference of the 10 s mean value at time t1 and at time t1 +10s as

(AP/105)=(R_ t y10s ~R =1,)/10s
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Diagram
Active power gradient from 100%—5% P/Pn
120%
132.45, 101.05%
100%
80%
o
Q. 60%
a
40%
20%
340.35, 4.90%
0%
0 100 200 300 400
Time[s]
—P/Pn
Active power gradient from 5%—100% P/Pn
120%
334.5, 101.24%
100%
80%
o
Q- 60%
o
40%
20%
136.7, 5.04%
0%
0 100 200 300 400 500 600
Time[s]
—P/Pn
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5.4.3.5 TABLE: Measurement Priority Interfaces / Energy Management System P

Model SG2000

Interface No. 1 2 Measured Actived Gradient(% Pn/s)
power P/Pn
Test 1:Fflfetpoint In 1,0 0,7 71.3% 0.47%
Test Zirlesetpoint In 0,7 0,6 61.1% 0.49%
Test 3:Filsetpoint In 0,6 0,5 50.9% 0.46%

Note:

If a power reduction can be requested via more than one interface, different random values as multiples of
10% PrE must be specified at all available interfaces.

measurement 5.4.3.4 either

a) always receives the lowest set-point priority, or

b) the set-point on the interface programmed for the NSM is never overstated.

5.4.3.6 Evaluation criteria

Tests 5.4.3.2 t0 5.4.3.5 are passed if:

- there is no mains disconnection and

- the active power value does not deviate by more than +5% PrE from the set-point and

- the performance gradients determined according to 5.4.3.3 do not fall below 0.33% PrE/s and do not
exceed 0.66% PrE/s.

- measurement 5.4.3.4 either

a) always receives the lowest set-point priority, or

b) the set-point on the interface programmed for the NSM is never overstated.

during testing of the logical interface (input port), the active power feed-in of the PGU is completely
terminated within a maximum of 5 seconds after the change of state of the logical signal.

Diagram

110%
136.65, 101.10%

100%

90%

80% 200, 71.29% 358.6, 71.02%

70%
506.85, 60.90%
60%
377.95, 61.43%

50%

P/Pn

40% 528.4, 50.94%
30%
20%
0 100 200 300 400 500 600 700
Time[s]

—P/Pn
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S TABLE: Test of reactive power / cos ¢ setting accurac P
(5.7.2.4c) : P @ 9 y

Model SG2000

For Type 2 PGUs-only inverters, ZSgmax £ 4.6 kVA:

Test 1:
Test condition Measurement Limit
Target | Target ) Q cos A cos
P/Pn U/n cosp QP | eeolUn Peso/Pn | S eso/Pn coolPh AQ/Pn o AQ/Pn o
90% 89.9% | 50.5% | 52.9% | 15.7% | 0.10% | 0.954
100% 0'95_:’:9“ 15.6% | 99.9% | 50.7% | 53.1% | 15.7% | 0.10% | 0.955
excite
110% 109.9% | 50.7% | 53.4% | 16.6% | 1.00% | 0.950
90% 89.9% | 50.8% | 51.8% | 10.0% | 0.05% | 0.980
0) T 9.95% .9% .9% .8% .8% | -0.15% .
100% 0'98102” 9.95% | 99.9% | 50.9% | 51.8% | 9.8% |-0.15% | 0.981
excite
40%- | 110% 109.9% | 51.0% | 51.9% | 10.0% | 0.05% | 0.981 9% | 001
+4% +0.
60% | 909 89.9% | 50.6% | 53.4% | -16.8% | -1.20% | 0.949
100% 0'95:“;"" -15.6% | 99.9% | 50.8% | 53.5% | -16.8% | -1.20% | 0.949
r-excite
110% 109.9% | 50.2% | 52.8% | -16.4% | -0.80% | 0.938
90% 89.9% | 50.7% | 51.7% | -10.0% | -0.05% | 0.981
100% 0'98:“:‘9 -9.95% | 99.9% | 50.8% | 51.8% | -10.0% | -0.05% | 0.980
r-excite
110% 109.9% | 50.9% | 51.9% | -10.0% | -0.05% | 0.981
Test 2:
90% 89.9% | 95.4% |100.4% | 31.3% | 0.10% | 0.950
100% 0'%?2”‘ 31.2% | 99.9% | 96.2% |101.4% | 31.8% | 0.60% | 0.949
excite
110% 109.9% | 96.7% |101.9% | 31.9% | 0.70% | 0.949
90% 89.9% | 97.8% | 99.7% | 19.7% | -0.20% | 0.980
100% 093:’?“ 19.9% | 99.9% | 99.0% |100.9% | 19.4% | -0.50% | 0.981
excite
1000t 110% 109.9% | 99.6% |101.6% | 20.0% | 0.10% | 0.980 9% | 001
0 +4% +0.
90% 89.9% | 95.0% | 99.9% | -31.1% | 0.10% | 0.950
100% 0'95:“;’6 -31.2% | 99.9% | 95.7% |100.8% | -31.5% | -0.30% | 0.949
r-excite
110% 109.9% | 96.3% |101.4% | -31.7% | -0.50% | 0.949
90% 89.9% | 97.5% | 99.4% | -19.6% | 0.30% | 0.980
100% 0'98:“;’6 -19.9% | 99.9% | 98.6% |100.6% | -19.8% | 0.10% | 0.980
r-excite
110% 109.9% | 99.2% |101.2% | -19.9% | 0.00% | 0.980

Note(s): The test was conducted at 50% Pn (Test 1) and 100% Pn (Test 2) of output power.
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Graph of cos @ setting accuracy at 50% P, (Test 1)
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Graph of cos @ setting accuracy at 100% P, (Test 2)
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5.4.8.3 TABLE: Test for a displacement factor / active power characteristic curve =
(5.7.2.4b) | cos ¢ (P)
Model SG2000
Test a): Static test for accuracy
Cor-:-o?ifigns Measurements Target value Limits
P/Sn Ueso/Un Peso/Sn Qes0/Sn COS PE60 AQ/Sn Q/Sn cos ¢ AQ/Sn
95% 99.9% 96.5% 31.3% 0.950 0.1% +31.2% 0.95*
90% 99.9% 90.1% 26.1% 0.960 -0.2% 26.3% 0.96
80% 99.9% 80.4% 21.3% 0.966 1.3% 20.0% 0.97
70% 99.9% 70.6% 13.5% 0.982 -0.7% 14.2% 0.98
60% 99.9% 60.7% 8.2% 0.990 -0.3% 8.5% 0.99 < +4%
50% 99.9% 50.6% 1.5% 0.999 1.5% 0.0% 1.00
40% 99.9% 40.5% 1.4% 0.999 1.4% 0.0% 1.00
30% 99.9% 30.4% 1.2% 0.999 1.2% 0.0% 1.00
20% 99.9% 20.1% 1.2% 0.997 1.2% 0.0% 1.00
10% 99.9% 9.8% 1.4% 0.999 1.4% 0.0% 1.00
10% 99.9% 9.8% 1.4% 0.989 1.4% 0.0% 1
20% 99.9% 20.2% 1.2% 0.998 1.2% 0.0% 1
30% 99.9% 30.5% 1.2% 0.999 1.2% 0.0% 1
40% 99.9% 40.7% 1.4% 0.999 1.4% 0.0% 1
50% 99.9% 50.9% 1.6% 0.999 1.6% 0.0% 1 < +4%
60% 99.9% 61.1% 8.4% 0.990 -0.1% 8.5% 0.99
70% 99.9% 71.1% 13.8% 0.981 -0.4% 14.2% 0.98
80% 99.9% 81.1% 20.0% 0.970 0.0% 20.0% 0.97
90% 99.9% 90.9% 26.5% 0.959 0.2% 26.3% 0.96
95% 99.9% 96.9% 31.5% 0.951 0.3% 31.2% 0.95*
Test b): Dymanic test
Cor;r(jeifitans Measurements Target value Limits
P/Sn Ueso/Un | Peeo/Sn | Qeso/Sn | cos @eso | AQ/Sn | Tsrosw | Q/Sn | cos @ | AQ/Sn | Tsr o5%
a)=299% | 99.9% | 99.0% | 32.0% 0.951 0.8% - 31.2% | 0.950*
b)<50% | 99.9% | 45.7% 1.5% 0.999 1.5% 12.8 0 1
c)299% | 99.9% | 96.3% | 31.3% | 0.950 | 0.1% | 11.9 |31.2% |0.950% | <*4% | <10s
d) 75"2/(:? + 99.9% | 76.6% | 17.5% 0.974 0.4% 11.2 17.1% | 0.975
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Note(s):
* Actual active power (P) output de-rating while rated Pn equal to Sn.

the maximum deviation between reactive power setpoint (calculated from the characteristic to be
demonstrated) and reactive power actual value at the generator terminals is a maximum of + 4.0% based
on PEmax.

For the test steps c) and d) the DC power or primary energy may be varied in steps < 10% PrE step by
step. Before setting a new level value, make sure that P and Q have swung in.

Jumping change means: "with a settling time of 1 s and a settling time"

Re: b) Displacement factor/active power characteristic curve cos ¢ (P)

The objective of this method is the reactive power supply by the power generation unit depending on the
actual active power output (O = f(Prmom))-

cos ¢ T cosy
0,95- R 0,9 - [
8 3
3 2
[} x
3 3
o 3
(o]
1 " >
1 } 1 > 0,5 11

-8 02 0,5 11 PIPemex E a1 PIPgmax
= S

x
3 3
5 3
e 5
= 0,9 --—

0,95 -
Figure 8 — Characteristic curve for type 2 Figure 9 — Standard characteristic curve
> Semax <4.6 kVA and type 1, stirling for type 2 (inverters only)

generator, fuel cell > Sg., > 4,6 KVA 2. Semax > 4.6 KVA
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Diagram of Static test for accuracy from 100% to 10% Pemax
120% 1.02
5 100% o o o 0. s A | 100
: | Tmmmmm—m—m---- -~_"° B R D TAN
0, ~ - - T
o 80% ~llgas Al N 0.98
o et =<0 N
2 60% | At SR 0.96
S e N 1 9\0
o 40% e A 094 o
O N 0
= 20% e N 092 8
[
g 0% fevvveeees @ @ @ e o .. 0.90
a7 @ Qe e @ttt Qe Q:--....
2L 0% R o 0.88
ﬁ 'c--".
< -40% 0.86
-60% 0.84
10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
P/P,
ceesfce-- PE6O/ PEmax «-- @+ QE60/ SEmax «-- < --- cos E60 = = = cos ¢_limit+ = = = cos ¢_limit-
Diagram of Static test for accuracy from 10% to 100% Pemax
120% 1.02
5 _ Q999 = = 6:060 = = £:080 = =05
z  100% A, _0988 "o o o o & 1.00
3 AL _ 07 O s s s m e m -
v 80% AT S PPT aa 0.98
‘3 _-r P T
© 60% , (=~ - A 0.96
Q ' =" T,
[ o =" e,
= 4% - e A-. 0.94
o T e, b
> A »
3 20% e 092 8
g .... A
B 0% T T T [ ... @ oeeees @ @ oo [ g @ 090
< PR o
20% o 0.88
. ......... .-
-40% 0.86
-60% 0.84
100% 90% 80% 70% 60% 50% 40% 30% 20% 10%
P/P,
cesex+-- PEGO/ PEmax «--@--- QE60/ SEmax - cos PE60 = = = cos ¢ _limit+ = = = cos ¢_limit-
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Diagram of Dynamic test from 100% —50% —100%—75% Pemax

100% 10%

0%

90%
80% -10%

70% -20%

P/Smax

60% -30%

-40%

50%

40% -50%
60 80 100 120 140 160 180 200 220 240 260 280 300 320
time(s)

P/SEmax Q/SEmax Taget Q/SEmax
————— Q/SEmax lower limit ====-Q/SEmax upper limit

Q/Smax

TRF No. VDE-AR-N 4105_V2.0




Page 122 of 255 Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict
5.5.2to
PSS TABLE: Proof of GS protection P
(6.2to
6.4)
Ambient temperature (°C) .....cooviiiiiiiii el 24
Model SG2000
Component Fault Supply | Test Fuse # Fuse Observation
No. voltage | time current
(\)] (A)
AC relay Short circuit PV | 10min - Unit can't start up, error message”Relay
K1; PIN3-4; before start up 65V, FAULT".
PIN5-6
2';(():\/ No damage, no hazards, no fire.
Relay Short circuit 10min - Unit can't start up, error message”Relay
R63, C130 before start up FAULT".
No damage, no hazards, no fire.
Relay Short circuit 10min - Unit can't start up, error message”Relay
Q17 E-C before start up FAULT".
No damage, no hazards, no fire.
Check that the relays fulfil the basic insulation or simple p
separation based on the PV circuit working voltage.
Each active phase can be switched. (L and N) P
Supplementary information:
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Note:

The functional check of the interface switch shall be carried out according to a) or b) or c):

a) by using an interface switch which, in its active state, requires a control voltage to be applied
continuously and which disconnects automatically when this voltage is no longer applied. The operational
connection and disconnection processes shall be monitored;

b) by connection and disconnection of the interface switch via the NS protection and monitoring its proper
functioning (e. g. break contact of a monitoring contact) at least once daily;

¢) by using the integrated interface switch and the integrated NS protection for PV and battery inverters in
compliance with DIN EN 62109 (VDE 0126-14).

A single fault shall not lead to a loss of the protective function of the NS protection. Faults of common

cause shall be taken into account if the probability of their occurrence is of any significance. Each single
fault should be indicated and lead to shut-down of the respective power generation unit or system.
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5.5.7.4 . o I .
(6.5.1& TABLE: Voltage.monltorlng. and frequency monitoring NS protection =

- - Test of voltage rise protection U>>
6.5.2)
Model SG2000
1. Ramp test for determining U>> trip value:
Test Test Start End Setting Measured | Trip value | Jump Step
step phase | voltage voltage trip value | trip value | tolerence | height AU | length At
11 Uin <2829V |>292.1V | 2875V 287.76 V | £1% Un <1.15V | >400ms
2. Jump test for determining U>> trip time:
Test Test Start End Setting Measured | Disconnect| Jump Step
step phase | voltage voltage trip time trip time time limit height AU | length At
2.1 UL-N <2829V | >292.1V | 100 ms 116 ms <200ms | >9.2V >400 ms

U>> trip time

Jump test for determining

Note:
Evaluation criteria:

a) Teststeps1.1t01.7,4.1t04.7,6.1t06.7,8.1 and 10.1: These tests have been passed if the
permissible tolerances between the setting value according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2 and the trip value are max * 1% Un for the voltage and max = 0.1% fn for the frequency. For
synchronous and asynchronous generators coupled directly or via converters with Pre < 50 kW as well
as for Stirling generators and fuel cells, shutdown at U > already at 0.85% U is permissible.

b) Teststeps2.1t02.7,5.1t05.7,9.1 and 11.1: These tests are passed if the tripping time after
application of the jump is within the specifications according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2.

For criteria a) and b) it is ensured that no voltage other than the voltage under test exceeds any of the set
and active limits.
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5.5.7.4 . N N .

(65.1& TABLE: Voltage monitoring 'and frequency monitoring NS protection =
. Test for overvoltage protection U>

6.5.2)

Model SG2000

3. Test of voltage rise protection U>

Test step | Test phase Measured disconnection time | Disconnection time limit

3.1

The voltage is set to 100% Un and held for >600.2 s. The

(257.6 V). Disconnection

reafter the voltage is set to 112% Un
must take place between 450 s and 550 s.

UL

486.0 s

450 to 550

3.2

The voltage is set to Un for >600.2 s and then to 108% Un (248.4 V) for >600.2 s. No

disconnection should tak

e place.

ULn

No disconnection

Disconnection should not

take place.

3.3

The voltage is set to 106% Un (243.8 V) and held for >600.2 s. Thereafter the voltage is set to

114% Un (262.2 V). Disconnection must take place between 225 s and 375 s.

ULn

272.2s

\ 225510375 S

3.1 Voltage set to 112 % Un:
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3.2 Voltage set to 108 % Un:

1.40i
Harm 5.

c

TRF No. VDE-AR-N 4105_V2.0




Page 127 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test

Result - Remark Verdict

Evaluation criteria:

Figure 11.

Figure 11.

Measurement a)

1

RMS value

10

gliding 10-minute average

Measurement b)

RMS value

gliding 10-minute average

Measurement c)
RMS value

gliding 10-minute average

Tolerance range

Measurements a), b), c)

c) Teststep 3.1: The test is passed if the shutdown occurs between 450 s and 550 s after the jump, see

d) Test step 3.2: The test is passed if no shutdown has occurred after 600 s, see Figure 11.
e) Test step 3.3: The test is passed if the shutdown occurs between 225 s and 375 s after the jump, see

Figure 11 - Testing of the voltage increase protection as a 10-minute moving average —
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5.5.7.4 . N N .
(651 & TABLE: Voltage monitoring and frequency monitoring NS protection =
o Test for undervoltage protection U<
6.5.2)
Model SG2000
4. Ramp test for determining U< trip value:
Test | Test Start End Setting Measured | Trip value | Jump Step
step | phase voltage voltage trip value | trip value | tolerence | height AU | length At
4.1 ULn >188.6 V | <179.4V | 184.0V 182.7V + 1% Un <1.15V | >3200 ms
5. Jump test for determining U< trip time:
Test | Test Start End Setting Measured | Disconne | Jump Step
step | phase voltage voltage trip time trip time ct time height AU | length At
limit
3040.0
5.1 ULn >200.1V | <179.4V | 3000 ms 30-3.1s|>9.2V >3200 ms

Jump test for determining U< trip time

Note:

Evaluation criteria:

a) Teststeps1.1to1.7,4.1t04.7,6.1t06.7,8.1 and 10.1: These tests have been passed if the
permissible tolerances between the setting value according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2 and the trip value are max * 1% Un for the voltage and max = 0.1% f. for the frequency. For
synchronous and asynchronous generators coupled directly or via converters with Pre < 50 kW as well
as for Stirling generators and fuel cells, shutdown at U > already at 0.85% U is permissible.

b) Teststeps 2.1t02.7,5.1t05.7,9.1 and 11.1: These tests are passed if the tripping time after
application of the jump is within the specifications according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2.

¢) For criteria a) and b) it is ensured that no voltage other than the voltage under test exceeds any of the
set and active limits.

g) Teststeps 5.1to 5.7: The test has been passed for Stirling generators, fuel cells and synchronous or
asynchronous generators < 50 kW, if the shutdown is performed within 200 ms after the jump has
been applied. For directly coupled synchronous or asynchronous generators > 50 kW, the test is
passed if the shutdown occurred within a range between 1.0 s and 1.1 s. For converters, the test is
passed if the shutdown occurred within a range between 3.0 s and 3.1 s.
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2

set

400

Evaluation criteria:

a) Teststeps1.1to1.7,4.1t04.7,6.1t06.7,8.1 and 10.1: These tests have been passed if the
permissible tolerances between the setting value according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2 and the trip value are max + 1% Un for the voltage and max = 0.1% f, for the frequency. For
synchronous and asynchronous generators coupled directly or via converters with Pre < 50 kW as well
as for Stirling generators and fuel cells, shutdown at U > already at 0.85% Un is permissible.

b) Teststeps2.1t02.7,5.1t05.7,9.1 and 11.1: These tests are passed if the tripping time after
application of the jump is within the specifications according to VDE-AR-N 4105:2018-11, 6.5.2, Table

and active limits.

ms after the jump is applied.

Clause Requirement - Test Result - Remark Verdict

5.5.7.4 . I N .

(6.5.1& TABLE: Voltage monitoring and frequency monitoring NS protection =

6 5 '2) Test for undervoltage protection U<<

Model SG2000

6. Ramp test for determining U<< trip value:

Test | Test Start End Setting Measured | Trip value | Jump Step

step | phase voltage voltage trip value | trip value | tolerence | height AU | length At

6.1 Uin >108.1V | <98.9V 103.5V 102.2V * 1% Un <1.15V | >500 ms

7. Jump test for determining U<< trip time:

Test | Test Start End Setting Measured | Disconne | Jump Step

step | phase voltage voltage trip time trip time ct time height AU | length At
limit

7.1 ULn >108.1V | <98.9V 300 332.0 ms %%0'400 >9.2V >500 ms

Note:

c) For criteria a) and b) it is ensured that no voltage other than the voltage under test exceeds any of the

h) Test steps 7.1 to 7.7: The test has been passed if the shutdown occurs within between 300 ms and

Jump test for determining U<< trip time

TRF No.
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5.5.7.4 TABLE: Vol N qf itoring N .
(65.18& : Voltage monitoring and frequency monitoring S protection p
6 5 '2) Test for frequency protection f> and f<
Model SG2000
8. Ramp test for determining f> trip value:
Test Apply to | Start End Setting Measured | Trip value | Jump Step
step frequency | frequency | trip value | trip value | tolerence | height Af | length At
8.1 fgrid <51.4Hz | >51.6Hz |51.5Hz 5148 Hz | +£0.1%f, | <25 mHz | >400 ms
9. Jump test for determining > trip time:
Test Apply to | Start End Setting Measured | Disconne | Jump Step
step frequency | frequency | trip time trip time ct time height Af | length At
limit
9.1 fgria <51.4Hz | >51.6Hz | 100 ms 152.0 ms | <200 >0.2 Hz >400 ms
10. Ramp test for determining f< trip value:
Test Apply to | Start End Setting Measured | Trip value | Jump Step
step frequency | frequency | trip value | trip value | tolerence | height Af | length At
10.1 fgria <47.6Hz | >474Hz | 475Hz 47.48Hz | £0.1%fn | <25mHz | >400 ms
11. Jump test for determining f< trip time:
Test Apply to | Start End Setting Measured | Disconne | Jump Step
step frequency | frequency | trip time trip time ct time height Af | length At
limit
11.1 fgri <47.6 Hz | >47.4Hz | 100 ms 184.0 ms | <200 >0.2 Hz >400 ms

Jump test for determining f> trip time

AL

CVATIA
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Jump test for determining f< trip time

Evaluation criteria:

a) Teststeps1.1to1.7,4.1t04.7,6.1t06.7,8.1 and 10.1: These tests have been passed if the
permissible tolerances between the setting value according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2 and the trip value are max + 1% Un for the voltage and max = 0.1% f, for the frequency. For
synchronous and asynchronous generators coupled directly or via converters with Pre < 50 kW as well
as for Stirling generators and fuel cells, shutdown at U > already at 0.85% U is permissible.

b) Teststeps2.1t02.7,5.1t05.7,9.1 and 11.1: These tests are passed if the tripping time after
application of the jump is within the specifications according to VDE-AR-N 4105:2018-11, 6.5.2, Table
2.

c) For criteria a) and b) it is ensured that no voltage other than the voltage under test exceeds any of the
set and active limits.
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(565571)5 TABLE: Reading the fault messages P

directly.

Integrated NS protection:
It is possible to read out the values of the GS protection via the data interface, unless values can be read

At least the last 5 fault messages must be read out at the EZE or the external GS protection. Then the
supply voltage must be interrupted for 3 s. Then the fault messages must be read out again.

Note:

5.5.9
(6.5.2)

TABLE: Structural features of NS protection P

Type and form of
protection against
unauthorized access

] NS protection
sealable

X NS protection
password protected

[] other appropriate
measure

If NS protection
password protected

Testing based on the manufacturer's instructions

Xl Pass [ ] Fail

NS protection functions Trip value Trip time

setting value

Rise-in-voltage [] fixed in X adjustable [ fixed in X adjustable and
protection U >> software and protected software protected
Rise-in-voltage [] fixed in X adjustable [ fixed in X adjustable and
protection U >> software and protected software protected

Voltage drop protection | [ ] fixed in X adjustable [] fixed in X adjustable and
U< software and protected software protected

Voltage drop protection | [ ] fixed in X adjustable [] fixed in X adjustable and
U << software and protected software protected
Frequency decrease ] fixed in X adjustable [ fixed in X adjustable and
protection f < software and protected software protected
Frequency increase ] fixed in X adjustable [ fixed in X adjustable and
protection f > software and protected software protected

Password used for Parameters and Country settings

e

Note:

The selection of Germany parameters and country setting can only be completed in the factory or
authorised person by password, the user cannot change the country setting.
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5.5.10 TABLE: Active methods tested with a resonant circuit (Active method according
(6.5.3) |to EN 62116) P
Model | SG2000
No. | Peut (% | Reactive Pac Qac Run-on Peut Actual Vbc Remark
of EUT |load (% of time (W) Qt
rating) normial) (ms)
Disconnection limited 9s
Test condition A
1 100 100 0 0 406 2000 1.000 48 TestA
at BL
2 100 100 5 -5 352 2000 0.98 48 TaetSItBA
3 100 100 5 0 344 2000 1.05 48 T:tSItBA
4 100 100 5 45 480 2000 1.02 48 T:tSItBA
5 100 100 0 5 396 2000 1.01 48 T:tSItBA
6 100 100 0 45 333 2000 0.97 48 T:tSItBA
7 100 100 +5 5 451 2000 0.92 48 TaetSItBA
8 100 100 +5 0 431 2000 1.05 48 TaisltBA
9 100 100 +5 +5 348 2000 1.08 48 T;"tsltBA
10 | 100 100 -10 +10 346 2000 1.02 48 T;"tsltBA
11 | 100 100 5 +10 326 2000 1.06 48 T;"tsltBA
12 | 100 100 0 +10 332 2000 1.10 48 T;"tsltBA
13 | 100 100 +5 +10 338 2000 1.09 48 TaetSItBA
14 100 100 +10 +10 359 2000 1.06 48 TaetSItBA
15 100 100 +10 +5 408 2000 1.02 48 TaetSItBA
16 100 100 +10 0 354 2000 1.12 48 TaetSItBA
17 100 100 +10 5 323 2000 1.10 48 TaetSItBA
18 100 100 +10 -10 326 2000 1.06 48 TaetSItBA
19 | 100 100 +5 410 309 2000 1.00 48 T:tsltBA
20 100 100 0 -10 328 2000 0.95 48 T:tsltBA
21 100 100 5 -10 306 2000 0.90 48 T:tsltBA
22 | 100 100 -10 -10 348 2000 0.94 48 TaetsltBA
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23 | 100 100 -10 5 382 2000 0.96 48 TaetSItBA
24 | 100 100 -10 0 357 2000 1.02 48 TaetSItBA
25 | 100 100 -10 45 342 2000 1.08 48 TaetSItBA

Test condition B
Test B
1 66 66 0 5 343 1320 0.99 48 B
2 66 66 0 -4 347 1320 0.99 48 T:tSItBB
3 66 66 0 -3 351 1320 1.00 48 T:tSItBB
4 66 66 0 2 362 1320 1.01 48 T:tSItBB
5 66 66 0 -1 385 1320 0.99 48 T:tSItBB
6 66 66 0 0 429 1320 1.03 48 TestB
at BL
7 66 66 0 1 349 1320 1.04 48 TaetSItBB
8 66 66 0 2 342 1320 1.02 48 TaetSItBB
9 66 66 0 3 321 1320 1.01 48 TaetSItBB
10 66 66 0 4 315 1320 1.00 48 T;SItBB
11 66 66 0 5 269 1320 0.99 48 TestB
at IB
Test condition C
1 33 33 0 5 36 660 1.10 48 TestC
atIB
2 33 33 0 -4 43 660 1.08 48 TestC
atIB
3 33 33 0 -3 46 660 1.07 48 TestC
atIB
4 33 33 0 -2 204 660 1.05 48 TestC
atIB
5 33 33 0 1 243 660 1.03 48 TestC
atIB
6 33 33 0 0 264 660 1.07 48 TestC
at BL
7 33 33 0 1 38.4 660 1.04 48 TestC
at IB
8 33 33 0 2 37.8 660 1.06 48 TstSItBC
9 33 33 0 3 352 660 1.07 48 TstSItBC
10 33 33 0 4 35 660 1.05 48 TgtSItBC
11 33 33 0 5 29.8 660 1.04 48 TaetSItBC
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Remark:

BL: Balance condition, IB: Imbalance condition.

For test condition A:
If any of the recorded run-on times are longer than the one recorded for the rated balance condition, then

the non-shaded parameter combinations also require testing.

For test condition B and C:
If run-on times are still increasing at the 95 % or 105 % points, additional 1 % increments is taken until run-

on times begin decreasing.
The tests were performed on model SG2000 also applicable for all other models stated in this report.

Graph of disconnection at Pac 0% and Qac 0% reactive load and 100% nominal power
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Graph of disconnection at Pac 0% and Qac 0% reactive load and 66% nominal power
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5.6 (8.3) | TABLE: Connecting conditions and synchronisation P
Model SG2000
Setting Treconnection [S]: 60
Setting f< [Hz]: 47.5
Setting values: Setting > [Hz]: 50.1
Setting U< [V]: 195.5
Setting U>> [V]: 253
Test:

Test condition

Reconnection time [s]:

Limit [s]:

Connecting conditions for frequencies:

a) <47.45Hz No reconnection No resetting allowed
Switch to:

b) > 47.55 Hz 64.8s 260s

C) >50.15 Hz No reconnection No resetting allowed
Switch to:

d) <50.05 Hz 65.9s 260 s

Connecting conditions for voltages:

The conditions and testing is performed according to VDE V 0124-100, clause 5.5.1.
The tests were performed on model SG2000 also applicable for all other models stated in this report.

e) < 84%Un No reconnection No resetting allowed
Switch to:
f) 2 86%Un 65.3s 260 s
0) >111%Un No reconnection No resetting allowed
Switch to:
h) < 109%Un 65.4s 260s
Note:
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Connecting conditions for f<

110% 51.00
50.50
10,
90% 969.85, 101.08%
L 50.00
70% 49.50 __
N
L.
c 49.00 L>)~
Q. s0% S
a 4850 =
238.45, 47.60 )
105.6, 47.40 i
30% 48.00
47.50
10%
47.00
303.25, 0.00%
-10% 46.50
0 200 400 600 800 1000 1200 1400
Time([s]
—Power(W) ——Frequency(Hz)
Connecting conditions for f>
110% 52.50
90% 52.00
1000, 100.90%
70% 51.50
N
L
c )
Q. s0% 5100 5
o =]
o
()
F
LL
30% 135.5, 50.20 50.50
273.3, 50.03
10%  |prm— / 50.00

339.2, 0.00%
-10% 49.50

0 200 400 600 800 1000 1200
Time[s]

——Power(W) ——Frequency(Hz)
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Connecting conditions for U<

120% 110%

100% === 100%

245.63, 85.65%

80% 905.85, 93.61% 90%
60% 80%
c [
a 92.62, 84.35% =2
o >
40% 70%
20% 60%
0% 50%
310.97, -0.01%
-20% 40%
0 200 400 600 800 1000 1200
Time[s]
—P/Pn U/Un
Connecting conditions for U>
120% 125%
100%
) | 120%
970.95, 101.23%
80%
115%
150, 110.87%
60%
c o
o 110% =2
o )

40%
268.3, 109.78%

105%
20%

100%

0%

333.75, -0.02%

-20% 95%
0 200 400 600 800 1000 1200
Time[s]
—P/Pn U/Un
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5.7.2.1 TABLE: Testing of the dynamics control (Pav.e-Monitoring)

Model: SG2000

Pmcm H’A\:" E A

Metz
1,670
Aufzeich-

nung
b |
Sensor = ]

3 5

o P

1 AVE 57.21h) .
| Regler Simulation i
Last EZE ‘—J 1,067 —f—rrmfrommrmmre e .

1,000 LT, —
57.2.1 ) —— |

Lastsprung =

=
A\
\

A 4

57.21 a)
Primarenergie Figure 1 - Active power limit curve for power generation systems

Aufzeuchnung: recording; Last: load;
Regler: regulator; Lastsprung: load jump;
Primérenergie: Primary energy
Figure 8 — Sketch of the test setup for test the dynamic control

Procedure of the test:

Adjust DC source to inverter 100%Pn output

Adjust load in order to keep active power at connection point to Pav,e with a tolerance of -2%.
At the time to, disconnect the local load, meanwhile, offset the power measurement of recorder
Recording the active power at meter counter continuously for at least 15s after to.

Time (s) Pmom [kW] Pmom/Pav,e [%] Limit [Pinst/Pav,e20.6]

-1 1103.2 0.92 1.000
-0.8 1111.7 0.93 1.000
-0.6 1066.4 0.89 1.000
-0.4 1105.7 0.92 1.000
-0.2 1061.5 0.88 1.000

0 1102.7 0.92 1.000
0.2 1122 0.94 1.670
0.4 1829.3 1.52 1.670
0.6 1800.6 1.50 1.670
0.8 1663.1 1.39 1.670

1 1292.3 1.08 1.543
1.2 1121 0.93 1.440
1.4 11045 0.92 1.357
1.6 1103.7 0.92 1.289
1.8 1103.7 0.92 1.234

2 1093 0.91 1.190
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2.2 1105.8 0.92 1.154
2.4 1064.6 0.89 1.125
2.6 1108.5 0.92 1.101
2.8 1099.9 0.92 1.082
3 1101 0.92 1.067
3.2 1061 0.88 1.054
3.4 1104.2 0.92 1.044
3.6 1063 0.89 1.035
3.8 1111.9 0.93 1.029
4 1070.4 0.89 1.023
4.2 11105 0.93 1.019
4.4 1088.6 0.91 1.015
4.6 1111.6 0.93 1.012
4.8 1063.6 0.89 1.010
5 1111.9 0.93 1.008
5.2 1071.1 0.89 1.007
54 1111.7 0.93 1.005
5.6 1089.7 0.91 1.004
5.8 1109.3 0.92 1.004
6 1093.3 0.91 1.003
6.2 1077.8 0.90 1.002
6.4 1098 0.92 1.002
6.6 1116.2 0.93 1.002
6.8 1085.9 0.90 1.001
7 1099 0.92 1.001
7.2 1090.5 0.91 1.001
7.4 1089.6 0.91 1.001
7.6 1107.1 0.92 1.001
7.8 1076.8 0.90 1.000
8 1107.7 0.92 1.000
8.2 1071.7 0.89 1.000
8.4 1076.8 0.90 1.000
8.6 1107.7 0.92 1.000
8.8 1071.7 0.89 1.000
9 1090.6 0.91 1.000
9.2 1099.9 0.92 1.000
9.4 1099.4 0.92 1.000
9.6 1104.9 0.92 1.000
9.8 1094.8 0.91 1.000
10 1089.6 0.91 1.000
10.2 1090.2 0.91 1.000
10.4 1098.1 0.92 1.000
10.6 1098.8 0.92 1.000
10.8 1105.4 0.92 1.000
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Clause Requirement - Test Result - Remark Verdict
11 1064.6 0.89 1.000
11.2 1110.8 0.93 1.000
11.4 1076.7 0.90 1.000
11.6 1109.5 0.92 1.000
11.8 1068.6 0.89 1.000
12 1111.8 0.93 1.000
12.2 1063.9 0.89 1.000
12.4 1109.8 0.92 1.000
12.6 1066.6 0.89 1.000
12.8 1087.8 0.91 1.000
13 1105.5 0.92 1.000
13.2 1096 0.91 1.000
13.4 1108.1 0.92 1.000
13.6 1091 0.91 1.000
13.8 1098 0.92 1.000
14 1087.4 0.91 1.000
14.2 1103.8 0.92 1.000
14.4 1095.1 0.91 1.000
14.6 1111.2 0.93 1.000
14.8 1066.5 0.89 1.000
15 1109.2 0.92 1.000

Diagram

1.80

1.70

1.60

1.50

1.40

1.30

1.20

Pmon/PEAV,E

1.10

1.00

0.90

0.80

-1.5 0.5 25 4.5 6.5 8.5 10.5 12.5 14.5 16.5
Time[s]
—— Pmom/PAV.E [%]  ===-- Limit [Pinst/PAV,E=0.6]
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ol TABLE: Verification of the dynamic grid support P
(5.7.3.3) :
Model SG2000
Single Phase
Voltage Fault P set point Q set point
Test Depth [p.u.] Fault type duration [ms] [Pre] [Q/Pe] Test number
100% 1.1
A 2150
20-60% 1.2
1 0.15 100% 0~10% 1.3
D1 2150
20-60% 1.4
D2 2150 100% 15
100% 2.1
A >1500 20-60% 2.2
- 0 .
2 0.5 max
100% overexcited 213
D1 21500
20-60% 2.4
100% 3.1
A =1500 20-60% 3.2
- 0 .
3 0.5 max.
100% underexcited 3.3
D1 21500
20-60% 3.4
100% 4.1
A >60000
20-60% 4.2
4 0.85 0~10%
100% 4.3
D1 260000
20-60% 4.4
100% 5.1
A 2100
20-60% 5.2
0~10%
5 1.25 100% 5.3
D1 2100
20-60% 5.4
D2 2100 100% 0~10% 55
100% 6.1
A 25000
20-60% 6.2
6 1.20 0~10%
100% 6.3
D1 >5000
20-60% 6.4
100% 7.1
A 260000
20-60% 7.2
7 1.15 0~10%
100% 7.3
D1 260000
20-60% 7.4
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1

1

1

Clause Requirement - Test Result - Remark Verdict
Setting:
1.1;1.2 0.15 0.15 0.15 -150.0° 90° -30.0°
13,14 o1 0.62 0.15 0.62 -173.3° 90° -6.9°
21,22 0.50 0.50 0.50 -150.0° 90° -30.0°
23,24 050 0.76 0.50 0.76 -161.1° 90° -19.1°
3.1;3.2 0.50 0.50 0.50 -150.0° 90° -30.0°
0.50
3.3;34 0.76 0.50 0.76 -161.1° 90° -19.1°
4.1;4.2 0.85 0.85 0.85 -150.0° 90° -30.0°
43;44 08 0.93 0.85 0.93 -152.8° 89.9° -27.4°
5.1;5.2 1.25 1.25 1.25 -150.0° 90° -30.0°
53,54 12 1.08 1.25 1.06 -144.5° 89.1° -36.3°
6.1, 6.2 1.20 1.20 1.20 -150.0° 90° -30.0°
6.3;6.4 20 1.06 1.20 1.05 -145.5° 89.3° -35.1°
7.1;7.2 1.15 1.15 1.15 -150.0° 90° -30.0°
7.3;7.4 o 1.04 1.15 1.04 -146.6° 89.4° -33.9°
Note:

Single-phase PGU are connected to terminals W(L3) and N for fault pattern D1. For fault pattern D2, the
connection is made to terminals V(L1) and N.

0,5

1m {V} [p.u.]
o

-0,5

»
\

v
\
.

05

-0,5

05

-05

Re {V} [p.u]

Re {V} [p.u]

Quality Problems”]

Re {V} [p.u]

Figure A.1- Fault types “A”, “C” and “D” according to [M. H. J. Bollen “Understanding Power
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Clause Requirement - Test Result - Remark Verdict
Condition Measured value
Iltem No. Parameter Phase ref. Time ref. unit
0 Test number - - - 1.1 1.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:34 13:32
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 0.15 0.15
General 5 Setting dip duration - - 150 150
Info. -
o 6 Point of fault entry(t;) Total - ms 15686 15686
7 Point of fault clearance(t,) Total - ms 15836 15836
g |Fault duratlotzsntw empty load Total _ ms 150 150
9 Voltage depth/height in Total tl+102rr]r:js ot ou 0.15 0.15
10 empty load test Pos. t1-10s to t1 N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 0.99 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.09 0.05
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 1.00 0.996
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 0.15 0.15
19 Phase 1 0.01 0.01
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.01 0.01
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 . Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 0.99 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
After dip 30 |Response time active power Pos. -- 5 N/A N/A
>t2 31 . Total 0.09 0.05
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault B 12 0 12+60s Yes/No YES YES
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Requirement - Test

Result - Remark

Verdict

L_tRMS [p.u.]

1
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1075 [A]
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B et R e e e T e e e Rt
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®AI1/I1@TRIONet 903 [A]
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0at7s 0:45.00 0525 0:45.50 04575 0:46.00 04625 4650 04675 w00 04725 EhEY 04775 o

®11_tRMS [p.u.]

e Y Y———————_————————— L f
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Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 13 14
2 Time (start of test) - - hh:mm:ss.f 20:58 20:53
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 0.62 0.62
General 5 Setting dip duration - - 150 150
Info. -
o 6 Point of fault entry(t;) Total - ms 17281 17281
7 Point of fault clearance(t,) Total - ms 17431 17431
g |Fault duratlotzsntw empty load Total _ ms 150 150
9 Voltage depth/height in Total tl+102rr]r:js ot p.u 0.62 0.62
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 0.98 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.07 0.05
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.998 0.995
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 0.62 0.62
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 0.10 0.08
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 0.04 0.04
25 . Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 0.85 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.07 0.05
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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~

®A11/UI@TRIONet_503 [V]

B
g
H
2
L
H
]
3
00 0 o 0 00 (=) 0 [> ]
A B HE
B [s] 0:17.28108 0:17.43146 0.15038
@Al 1/U3@TRIONet 503 [V] 1414979 1728270 3143249
U3_tRMS_rc@POWER/0 [V] 230.0453 143.0533 -86.99197
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v e i Vit it Tho E > |
®U3_tRMS [V]
[EED 1o otz itso ites oo v
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Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 15
1 Date - - yyyy.mm.dd 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:32
3 Fault type (phase) - - - D2
4 Setting voltage depth Phase conductor - p.u. 0.62
General 5 Setting dip duration - - 150
Info. -
o 6 Point of fault entry(t;) Total - ms 16515
7 Point of fault clearance(t,) Total - ms 16665
g |Fault duratlotzsntw empty load Total _ ms 150
9 | voltage depth/height in Total Hr10oms to 12 o 0.62
10 empty load test Pos. t1-10s to t1 N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A
13 ) Total 0.00
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA
15 ) Total 0.00
Reactive power t1-10s to t1 p.u.
16 Pos. N/A
17 Coso@ -- t1-10s to tl -- -0.002
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 0.62
19 Phase 1 0.11
20 Line current Phase 2 t1+60ms p.u. N/A
. . 21 Phase 3 N/A
During dip t1 to
t2 22 Phase 1 0.01
23 Line current Phase 2 t1+100ms p.u. N/A
24 Phase 3 N/A
25 . Total t1+100ms to t2- 0.00
Active power p.u.
26 Pos. 20ms N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00
28 ) Total 0.00
Active power t2+3s to t2+10s p.u.
29 Pos. N/A
‘ 30 Response time reactive PoS. _ s N/A
After dip power
>12 31 , Total 0.00
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A
33 Reactive power rising time Pos. - S N/A
34 | PGU does not disconnect - 2t012+60s | Yes/No YES

from grid till 60s after fault
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016,300 0:16.400 0:16.500 016,600 016700 016
[m] A B AR
B id <] 0:16.5150769 0:16.6653109 0.1502341
@Al 1/U1@TRIONet_903 [V] 324.7457 -319.4611 -644.2068
@ U1_tRMS_rc@POWER/0 [V] 2299820 1422441 -87.73795
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Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Iltem No. Parameter Phase ref. Time ref. unit
0 Test number - - - 2.1 2.2
1 Date - - yyyy'(;“m'd 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:34 13:36
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 0.5 0.5
an’}ﬁra' 5 Setting dip duration - - 1500 1500
6 Point of fault entry(t;) Total - ms 16162 16162
7 Point of fault clearance(t,) Total - ms 17669 17669
g |Fault d“ra“otgs'? empty load Total - ms 15070 15070
9 Voltage depth/height in Total ”*102:;3 tor o 0.50 0.50
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 Act Total {1108 fo t1. 0.99 0.51
; ctive power -10s to .u.
Beforedip<tl | 14 P Pos. P N/A N/A
15 . Total 0.47 0.25
Reactive power t1-10sto tl p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.905 0.896
18 Voltage Line to neutral t1+100ms to t2- p.u. 0.50 0.50
20ms
19 Phase 1 0.10 0.09
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.02 0.02
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 ) Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 1.00 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
Response time reactive
After dip 30 power Pos. -- S N/A N/A
>12 31 , Total 0.37 0.21
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S 11.56 10.12
PGU does not disconnect
34| from grid till 60s after fault - 121012+60s | Yes/No VES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 2.3 24
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:08 14:10
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 0.76 0.76
General 5 Setting dip duration - - 1500 1500
Info. -
o 6 Point of fault entry(t;) Total - ms 16151 16151
7 Point of fault clearance(tz) Total - ms 17652 17652
g |Fault duratlotzsntw empty load Total _ ms 1500 1500
9 Voltage depth/height in Total tl+102rr]r:js ot ou 0.76 0.76
10 empty load test Pos. t1-10s to t1 N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.48 0.26
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.901 0.892
18 Voltage Line to neutral t1+100ms to t2- p.u. 0.76 0.76
20ms
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 0.05 0.05
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 0.05 0.05
25 . Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 1.00 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.41 0.21
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S 10.09 11.2
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 3.1 3.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:38 13:40
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 0.5 0.5
General 5 Setting dip duration - - 1500 1500
Info. -
o 6 Point of fault entry(t;) Total - ms 16162 16162
7 Point of fault clearance(t,) Total - ms 17669 17669
g |Fault duratlotzsntw empty load Total _ ms 1507 1507
9 Voltage depth/height in Total tl+102rr]r:js ot ou 0.50 0.50
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 0.97 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total -0.32 -0.14
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.901 0.901
18 Voltage Line to neutral t1+10200ms to t2- p.u. 0.50 0.50
ms
19 Phase 1 0.11 0.08
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.02 0.02
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 . Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 0.99 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total -0.26 -0.12
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S 10.77 10.23
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 3.3 3.4
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:12 14:15
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 0.76 0.76
General 5 Setting dip duration - - 1500 1500
Info. -
o 6 Point of fault entry(t;) Total - ms 16151 16151
7 Point of fault clearance(t,) Total - ms 17652 17652
g |Fault duratlotzsntw empty load Total _ ms 1501 1501
9 | voltage depth/height in Total Hr10oms to 12 o 0.76 0.76
10 empty load test Pos. t1-10s to t1 N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 . Total 0.99 0.50
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.48 0.24
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso - t1-10s to t1 - 0.899 0.904
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 0.76 0.76
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 0.05 0.05
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 0.05 0.05
25 . Total t1+100ms to t2- 0.00 0.00
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 0.99 0.50
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.40 0.15
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S 9.63 10.09
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES

TRF No. VDE-AR-N 4105_V2.0




Page 180 of 255 Report No.: 6209661.50
DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict

° ] o
[(m] A B HE
B8 5] 6.15179 17.65209 50030
Al 1/U3@TRIONet_502 V] 1438601 54,4238 2063370
Uz_tR! @ Rio V] 2300572 8452 5521194

TRF No. VDE-AR-N 4105_V2.0



Report No.: 6209661.50

Page 181 of 255
DIN VDE V 0124-100, VDE-AR-N 4105

Verdict

Result - Remark

Requirement - Test

Clause

13_tRMS [p.u]

Qt[pu]

®U3_tRMS [p.u

P_t[p.u]

L e B B I e e e B e s EEEEEEEEEE RS
L e e B e R e el REEEEEEEEEEEEEE
L B B B e e R e P e P r) FEE TR EP TP TEPE EEPPEEEEEEPEEE
L e TR i e B Rt e S R CEECECRCE CEEEEEEEEEPEE
B i e e T e R R e B L EEREEEEEEEEEEEE

B R e e B e e S e LR s EEEEEEEEEEEEEEE
B e e s Rt e Tt P e e B
O ] U Ul PR SUpUp USRS NSy NSRSy USppUPUN NUOUpUpUpUpU MR RUPUUOR [RORSPRPRNPUPR

R )

11111111

503 [V]

ou

01200

®U3_tRMS [p.u]

01200

TRF No. VDE-AR-N 4105_V2.0



Page 182 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause

Requireme

nt - Test

Result - Remark

Verdict

® Al 1/ 3@TRIONet_903 [A]

309

25+

201

154

104

LE:

104

0120 0140 w150 %160 o170 T80 0150
®13_tRUS [p.u]
0130 0190 o150 G180 o170 T80 0150

24

23

207

Lo

L6

14

12

Lo

0.8

067

a2

041

67

281

TRF No. VDE-AR-N 4105_V2.0



Page 183 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause

Requirement - Test

Result - Remark

Verdict

®U3_tRMS [p.u.]

13_tRMS [p.u.]

L

129

1

08

0.6

0.4

0.2

EES

o7
L e e
0.5

0.
L L LT e e T

0.2

o1

XS

EES

®A11/UI@TRIONet_503 [V]

5o 140 = a0 w00 5220 = [> ]
® U3_tRMS [p.us]
50 %0 = im0 w200 o220 = [> ]

TRF No. VDE-AR-N 4105_V2.0



Page 184 of 255 Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test

Result - Remark Verdict

A1 L/I3@TRIONet_903 [A]

R e e B SRR

R e e R e e

el e R e

F e T L

R R R LR LR R L e R L L e S

23]

R e e EEEE L L LTS

B B LR EEEE EER R R

e e R L LTS

B R ] EEFTEEEEEPEEEEEES CEPEEEEEEPTY

e

E o R e L LR L e L e L L LTt EEREEEEEEEES

et L e R L LTS

B e i S s

TRF No. VDE-AR-N 4105_V2.0



Page 185 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Iltem No. Parameter Phase ref. Time ref. unit
0 Test number - - - 4.1 4.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:40 13:42
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 0.85 0.85
General 5 Setting dip duration - - 60000 60000
Info. -
o 6 Point of fault entry(t;) Total - ms 15454 15454
7 Point of fault clearance(t,) Total - ms 75454 75454
g |Fault d“ra“ot';s'? empty load Total - ms 60000 60000
9 | voltage depth/height in Total Hr10oms to 12 o 0.85 0.85
10 empty load test Pos. t1-10s to t1 N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.52
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.09 0.07
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.996 0.991
18 Voltage Line to neutral t1+100ms to t2- p.u. 0.85 0.85
20ms
19 Phase 1 1.15 0.61
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 1.16 0.60
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 ) Total t1+100ms to t2- 0.97 0.50
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 0.99 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.09 0.07
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Iltem No. Parameter Phase ref. Time ref. unit
0 Test number - - - 4.3 4.4
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 21:16 21:09
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 0.93 0.93
General 5 Setting dip duration - - 60000 60000
Info. -
o 6 Point of fault entry(t;) Total - ms 17736 17736
7 Point of fault clearance(t,) Total - ms 67736 67736
g |Fault d“ra“ot';s'? empty load Total - ms 60000 60000
9 Voltage depth/height in Total tl+102rr]r:js ot p.u 0.93 0.93
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.06 0.05
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.998 0.995
18 Voltage Line to neutral t1+100ms to t2- p.u. 0.93 0.93
20ms
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 1.09 0.56
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 1.08 0.56
25 ) Total t1+100ms to t2- 1.00 0.51
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 1.00 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.06 0.05
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes / No YES YES

TRF No. VDE-AR-N 4105_V2.0




Page 192 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause

Requirement - Test

Result - Remark

Verdict

®AI1/UI@TRIONet 903 [V]

=
B
H
]
g
e
-
H
]
i
3
- 015 o 045 T 25
A B Ak
B8l [s] 0:17.7366 117.7369 1:00.0003
@Al 1/U3@TRIONet_903 [V] 149.2751 143.1732 6101847
U2_tRMS_rc@POWER/0 [V] 230.0460 213.9614 -16.08455

TRF No. VDE-AR-N 4105_V2.0



Page 193 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test

Result - Remark

Verdict

@ U3_tRMS [p.u]  © (3_tRMS [p.u.]

.A 503 [V]

20 e T 1:32.693 ]
110 e [l 1:32.553 ]

TRF No. VDE-AR-N 4105_V2.0



Page 194 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test

Result - Remark

Verdict

1 110615

TRF No. VDE-AR-N 4105_V2.0



Page 195 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause

Requirement - Test

Result - Remark

Verdict

® U3_tRMS [p.u.]

13_tRMS [pu]

@ Al 1/U3@TRIONet 903 [V]

TRF No. VDE-AR-N 4105_V2.0




Page 196 of 255 Report No.: 6209661.50
DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict

—n /3@ TRIONets_1075 (A

B e e B GhCE R EE TR CEE TR PR EEET PEEEE R R PR

L i e e R e

Y DN R R SO P SR D
o1 C E ] C P Tio P T [> ]

TRF No. VDE-AR-N 4105_V2.0



Page 197 of 255

Report No.: 6209661.50

DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 51 5.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:26 13:48
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 1.25 1.25
General 5 Setting dip duration - - 100 100
Info. -
o 6 Point of fault entry(t;) Total - ms 14178 14178
7 Point of fault clearance(t,) Total - ms 14278 14278
g |Fault duratlotzsntw empty load Total _ ms 100 100
9 Voltage depth/height in Total tl+102rr]r:js ot ou 1.25 1.25
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.09 0.07
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.996 0.991
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 1.25 1.25
19 Phase 1 0.07 0.07
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.07 0.07
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 ) Total t1+100ms to t2- 0.01 0.01
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 0.94 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.08 0.07
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 5.3 54
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:20 14:22
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 1.06 1.06
General 5 Setting dip duration - - 100 100
Info. -
o 6 Point of fault entry(t;) Total - ms 16208 16208
7 Point of fault clearance(t,) Total - ms 16308 16308
g |Fault duratlotzsntw empty load Total _ ms 100 100
9 | voltage depth/height in Total Hr10oms to 12 o 1.06 1.06
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.52
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 . Total 0.06 0.06
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.998 0.994
18 Voltage Line to neutral t1+100ms to t2- p.u. 1.06 1.06
20ms
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 0.94 0.48
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 0.95 0.49
25 ) Total t1+100ms to t2- 1.00 0.52
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 1.00 0.52
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.06 0.05
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 55
1 Date - - yyyy.mm.dd 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:40
3 Fault type (phase) - - - D2
4 Setting voltage depth Phase conductor - p.u. 1.08
General 5 Setting dip duration - - 100
Info. -
o 6 Point of fault entry(t;) Total - ms 16143
7 Point of fault clearance(t,) Total - ms 16243
g |Fault duratlotzsntw empty load Total _ ms 100
9 Voltage depth/height in Total tl+log::js tot2 o 1.08
10 empty load test Pos. t1-10s to t1 N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A
13 ) Total 1.00
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA
15 ) Total 0.06
Reactive power t1-10s to t1 p.u.
16 Pos. N/A
17 Coso@ -- t1-10s to tl -- 0.998
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 1.08
19 Phase 1 0.91
20 Line current Phase 2 t1+60ms p.u. N/A
. . 21 Phase 3 N/A
During dip t1 to
t2 22 Phase 1 0.93
23 Line current Phase 2 t1+100ms p.u. N/A
24 Phase 3 N/A
25 . Total t1+100ms to t2- 0.99
Active power p.u.
26 Pos. 20ms N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00
28 ) Total 0.99
Active power t2+3s to t2+10s p.u.
29 Pos. N/A
‘ 30 Response time reactive PoS. _ s N/A
After dip power
>12 31 , Total 0.06
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A
33 Reactive power rising time Pos. - S N/A
PGU does not disconnect
34 | from grid till 60s after fault - [21012+60s | Yes/No VES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 6.1 6.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:50 13:52
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 1.2 1.2
General 5 Setting dip duration - - 5000 5000
Info. -
o 6 Point of fault entry(t;) Total - ms 16865 16865
7 Point of fault clearance(tz) Total - ms 21865 21865
g |Fault duratlc)trésl? empty load Total _ ms 5000 5000
9 Voltage depth/height in Total tl+102rr]r:js ot ou 1.20 1.20
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.52
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.09 0.07
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.996 0.990
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 1.20 1.20
19 Phase 1 0.07 0.07
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.07 0.07
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 ) Total t1+100ms to t2- 0.01 0.01
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 0.98 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.09 0.10
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 6.3 6.4
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:20 14:20
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 1.05 1.05
General 5 Setting dip duration - - 5000 5000
Info. -
o 6 Point of fault entry(t;) Total - ms 17519 17519
7 Point of fault clearance(tz) Total - ms 22519 22519
g |Fault duratlotzsntw empty load Total _ ms 5000 5000
9 Voltage depth/height in Total tl+102rr]r:js ot ou 1.05 1.05
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.52
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.06 0.05
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.998 0.995
18 Voltage Line to neutral t1+100ms to t2- p.u. 1.05 1.05
20ms
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 0.96 0.49
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 0.97 0.50
25 ) Total t1+100ms to t2- 1.01 0.52
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 . Total 1.00 0.52
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.06 0.05
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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Condition
- - Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number - - - 7.1 7.2
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 13:54 13:56
3 Fault type (phase) - - - A A
4 Setting voltage depth Phase conductor - p.u. 1.15 1.15
General 5 Setting dip duration - - 60000 60000
Info. -
o 6 Point of fault entry(t;) Total - ms 17142 17142
7 Point of fault clearance(t,) Total - ms 77142 77142
g |Fault d“ra“ot';s'? empty load Total - ms 60000 60000
9 Voltage depth/height in Total tl+102rr]r:js ot ou 115 115
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.51
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.09 0.07
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso - t1-10s to t1 - 0.996 0.991
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 1.15 1.15
19 Phase 1 0.41 0.32
20 Line current Phase 2 t1+60ms p.u. N/A N/A
. . 21 Phase 3 N/A N/A
During dip t1 to
t2 22 Phase 1 0.07 0.07
23 Line current Phase 2 t1+100ms p.u. N/A N/A
24 Phase 3 N/A N/A
25 ) Total t1+100ms to t2- 0.01 0.01
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 1.00 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.09 0.07
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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§ N

®A11/UI@TRIONet 903 [V]

2
d
8
)
)
g
F]
3
8
T s ) D
g
M
H
o
3
.
g
[T - ] o 045 P2 FECHN : | 1
A B =151
Bl [s] 0:17.1414893 1:17.1422163 1:00.0007270
@Al 1/U1@TRION:t_903 [V] 3208544 367.8446 46.99016
® UL_tRMS_rc@POWER/0 [V] 2299828 264.4864 3450359
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DIN VDE V 0124-100, VDE-AR-N 4105

Clause Requirement - Test Result - Remark Verdict
Condition
- - Measured value
Iltem No. Parameter Phase ref. Time ref. unit
0 Test number - - - 7.3 7.4
1 Date - - yyyy.mm.dd | 2025.01.01 | 2025.01.01
2 Time (start of test) - - hh:mm:ss.f 14:30 14:33
3 Fault type (phase) - - - D1 D1
4 Setting voltage depth Phase conductor - p.u. 1.04 1.04
General 5 Setting dip duration - - 60000 60000
Info. -
o 6 Point of fault entry(t;) Total - ms 18262 18262
7 Point of fault clearance(t,) Total - ms 78262 78262
g |Fault d“ra“ot';s'? empty load Total - ms 60000 60000
9 Voltage depth/height in Total tl+102rr]r:js ot ou 1.04 115
10 empty load test Pos. t1-10s to t1 o N/A N/A
11 Voltage Line to neutral t1-100s to t1 p.u. 1.00 1.00
t1-500ms to t1-
12 Current Pos. 100ms p.u. N/A N/A
13 ) Total 1.00 0.52
Before dip <tl ” Active power Pos. t1-10s to t1 p.u. NA NA
15 ) Total 0.07 0.07
Reactive power t1-10s to t1 p.u.
16 Pos. N/A N/A
17 Coso@ -- t1-10s to tl -- 0.998 0.990
: t1+100ms to t2-
18 Voltage Line to neutral 20ms p.u. 1.04 1.15
19 Phase 1 N/A N/A
20 Line current Phase 2 t1+60ms p.u. N/A 0.07
. . 21 Phase 3 0.96 N/A
During dip t1 to
t2 22 Phase 1 N/A N/A
23 Line current Phase 2 t1+100ms p.u. N/A 0.07
24 Phase 3 0.96 N/A
25 ) Total t1+100ms to t2- 1.01 0.01
Active power p.u.
26 Pos. 20ms N/A N/A
27 Voltage Line to neutral | t2+3s to t2+10s p.u. 1.00 1.00
28 ) Total 1.00 0.51
Active power t2+3s to t2+10s p.u.
29 Pos. N/A N/A
‘ 30 Response time reactive PoS. _ s N/A N/A
After dip power
>12 31 , Total 0.07 0.07
Reactive power t2+3s to t2+10s p.u.
32 Pos. N/A N/A
33 Reactive power rising time Pos. - S N/A N/A
PGU does not disconnect
34 from grid till 60s after fault - t2 to t2+60s Yes/No YES YES
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rc@POWER/O[V]

U3_tRMS_

015 o 05 T FECI : ] o 3
[m] A 8 HRE
A [s] 0:18.2619 1:18.2626 1:00.0007
@Al 1/U3@TRIONet 902 V] -131.9156 -156.3628 2444720
U2_tRMS_rc@POWER/0 [V] 230.0728 239.2548 9181945
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o 1075 [A]
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Annex 1: Datasheet of the relay

W% Customer: #7711 I ED B FHE I {7 47 R 22 ]

1 &F Type Model

L1 #3238 Tvpe: BEEEHBEE Electromagnetic Relay

1.2 #15 Part X0, :

HED15F 01 —4H54

1.3 #ERST Outline dimensions:
1.4 Mol Contact Form: _2

A0 X 12, Vom X 15, 7mm

HEeEH 2 Form A

2 F4\iF Safety Approvals

1.5 #hS#E Contact Material: _ ApSnO.

AFPLE] Certification Agency i 5 File Na.
LL/CUL E134517
VIE 1164934

(R4S CQCLTIEELIGELR]

E3RAE S8 S RIS SAE, B R VGE A IR A R R 2 MGEE S
. The above certificate No.is just a license No. Please refer to the certificates

woe supplied for detail information.

3 HREWESE$E Coil Rating

at 23 C

W EE | SRR | BRERIE | ek eR R R M £t Tk
Rated ) : ° Coil Resistance Coil Power
Vol tage (perate RHelease | Max Allowable Coil 2 Approx.
Vd. c. Voltage Yoltage Voltage 4] [
Vd. c. V. c. Vd. c.
12 T H. 4 =1.2 18 3602 (1 £ 10%) 0.4

ik (10 RERACAE
R0 i 4 e 4 ] 4 M T ) K ol P

Mole: [ The dala shown above
(2} Maximun allowable coil

# short pericd al time,

vitlues

val tage refers ta Lthe mximun

voltage which relay cail could endure in

5 {488 Performance

4.1 fhsEisEmEE  Contact Rating: B A
4.2 MR B Max Switching Corrent: 8 A
4.3 i REMHREIE Max Switching Yoltage: 250 Va. c.
4.4 e aER R Min Applicable Load: 6 W, 1 A

4 MEE% Contact Parameters

250 ¥Ya. c.
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5.1 MM Contact Resistance: 100 mQ max {at 6 Vd. c. 14). [ Ui Four Probe
Methad

5.2 Zh{E# (A Operate Time: < 15 ms .

5.3 FHEA Release Time: = 8 ms .

5.4 WAtk Endurance

§.4.1 HEEAME Electrical Endurance

. . LR LEL 3 H-HER B L g 2
EE T L ik B4 ieh 5 i B R L i -

} . Contact . . Ambient o Electrical
Version k Contact Hating . 0N: OFF .

Material lemperature Endurance
' L gy Al 2P

1 - |:||H'|. ik ) 11 L MO B 510
tvpe 4 Aghndl. Resistive Load blscm 1 5: 95 fonel

L 8 A 250 Va.c. Temperature =

T - S AR R R S G T R AL For plastic sealed type. the venting-hele should be excized.
5.4.2 HLBEHE A tE Mechanical Endurance

. . . e — A EE
R i R R i e
Version Contact HRating | Ambient Temperature Oy OFF o
Endurance
EE. | i 8, R 7y
’ 0. 1s: 0. 1s 1100 %, Cops)
type 4 Mo load Room Temperature K (op

§.5 JrHEEE Dielectric Strength (W Leakage Currvent: 1 md )

G.5.1 B3P s BB 5 H 88 2 [7) Between terminal s of each opened contact circuit:
1000 Va, ¢, (50/60 Hz 1 min) .

§.5.2 BT R S 8% S BT oo B BR 5] H A% 2 W] Between all coil terminals and all
contact circuit terminals: 5000 Va. c. (5060 Hz 1 min) .

5.5.3 30 BERI S| H A 28] Between terminals of separate contact circuits:
2500 Va.c. (5060 Hz 1 min) .

5.6 fEHEME Insulation Resistance

§.6.1 W FFfh s BRI A 5 H B 2 7] Between terminal s of each opened contact circuit:
1000 MG (500 V.. ) .

E.6.2 FRA7LRIE S| A S B AT bt AR BR 5| HH 88 2 17] Between all coil terminals and all
contact circuit terminals: 1000 MO (500 Vd.c.) .

£.6.3  1FIBAFE) Al BRI S 86 2 W) Between terminals of separate contact circuits:
1000 M2 {500 Vd.e.)

5.7 #RMEH Coil Temperature Rise: 55 K max.
LU L0 Bl e ik h, Ao gk 8 A ERHEIEEE. 85 C.

Coil voltage: 110 of the rated coil voltage. Contact load: 8 A . Environmental

tomperature is 85 T,

TRF No. VDE-AR-N 4105_V2.0



Page 239 of 255 Report No.: 6209661.50

5.8 h“:‘ﬂj.l Vibration
TS : % e 3R I R B TAR Al T, S48 10 He—~150 Hz POV 49 m/s
A R TT THRA T[], 464 10 Hz~150 Hz POG#AF 14.7 w/s’s

Mo energized: Vibration direction vertical to the relay length, freguency

10 He—~150 Hz acceleration 49 m/s’;

Vibration direction parallel to the relay length, freguency

10 Hz~150 Hz acceleration 14.7 m/s"

RS, 4% 10 Ha—~150 Hz HOTEFE 98 w/s’.

Energized: Frequency 10 Hz-—~150 Hz acceleration 98 m/s’,
g . SRR R, It shall be no  abnormalities in appearance,
canstruction and performance.
59 it Shock

BeEtE: 98 wm/s” CHkpbdbebi (] 11 msd , 6 (=400 5 F SR 0 i — 4 J7 ] 6 i

L 36 00, A o0 0 BT [ () B £ e (B 100 b s

Functional: 98m/s’ (Duration 1lms), 6 shocks (=ix ops in both directions of each

of the three sutuallv perpendicular axes, totallv 36 ops), No opening or closing

of any closed or opencd contact cirenit respectively shall exceed 100 s,
R 980 w's ClkrpEebidE 6 mey 6 (=T IE SRR 6 B
R A S ok i RV 2 Bk A P R T e

Destructive: 980 m/s"(Duration 6 ms), B shocks (six ops in both directions of

gach of the three mutually perpendicular axes, totally 36 ops)  There should be no

abnormal ities in appearance, construction and performance.
5,10 GIHM@EA Terminal Strength
PCB S| RS FE PCB S H B shEE i Eain 5 N fu ek A, Fsedin] 6 s, dkdiigny

PCB Terminals: No damage on the relav when applyving 5N tension or pressure for

6 s on the axis direction of terminals.
§.11 R Soldering Heat Resistance
5.11.1 HEEEE Soldering Temperature: (260451 T
5.11.2 1REERW Soldering Time: (3—5) 5
5.12 MEMERE Solderbility
S ROl Mo EMVBIRIT (2504£3) 'CF, iSEih) (340.3) 5 25, WERSEIGR
0 B e ey
Terminal s dipped into the soldering bath should be 90% tin plated at (250430 T
for (340.3) s.
5.13 WiEtE Temperature Resistance
5.13.1 fiH# Heat Resistance

2k
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(B542) CHLET R 16 b MR 2 b IS, SR 3005 B b R

At (8542 T for 16h storage follow by ¥ hours at room temperature, no damage

on internal structure, all parameters conform
£.13.2 HIE Cold Resistance
(-404+2) CHREPGE 16 b WHEHR2 b IS, gEdis
At (4042} T for 16h storage follow by ? hours at room temperature, no damage

on internal structure, all parameters conform.
5.14 FEHEHE Moisture Resistance

FEH I (4042) "CIRIT 90%~95% RH P 16 h, MWW 2 b e, 48 HI 3R 095K S
HErd i . HeEsda AR T 10 MO (500 Ve, e, ).

The humidity was 90%~395% RH at (4042} C for 16h storage follow by 2 hours

at room temperature, no damage on internal structure, all parameters conform

Insulation resistance should be not less than 10 ML (500 V. c. ).

6 F&R#FiE Narking

6.1 AHEMIE Case Color: H{% Black

6.2 ElFE{fr® Marking Position:_JHIA Top Face
6.3 EIEEMIE Ink Color: ﬁ'j i, Laser

6.4 ENpE

e @ HF115F

012-2Hs4
@ ~ VDG

CHINA FXOOGOOA] —L.  8A 250VAQ

7 FHENEFE Standard Test Conditions

7.1 EE Temperature: 23C 45T
7.2 AT Humidity: 25%—75% RH
7.3 I Direction of Measurement: {T¥ Free

8 {EFEFSEMS Operate Anbient Conditions

8.1 HHEE Ambient Temperature: —40 T~ 85 T
8.2 H-HGRE Ambient Humidity: 5%—H5% KH
8.3 ZEHHFMA Mounting Direction: {E& Free
P BRSO R L SR, R R R, WAk, AR
e b T = P P A o T O R
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ARTHEE (%RH)
L
3
E

Wl S
il Al |
Tof 1

zn{# 1% 1\\ z.

o) R L R ELL
0 | A . - - - v -
40 20 0 20 WD egD eBSet00
HARRER (T

Note:The ambient environment of application shall not cause any dewing or icing inside the
relay. Otherwise, the relay may not work properly. The humidity range varies with the temperature.

Uze within the range indicated in the graph below.

Rel. humidity ( %RH:

Ambient lemperalure { T )

9 B¥EE&{E Storage Conditions

9.1 @ Temperature: 0 T ~ 40 T

9.2 A Humidityv: 20%—80% RH

9.3 HH[ Environment

9.3.1 REPFESAEEE B E Store in locations where the product is not
exposed to corrosive gas.

9.8.2 Wfrh R G W G B Y Avedid sunshine during storage.

9.3.3 HEESASFE Stacking Height: = 71! lavers
10 PRESH Configuration

10.1 4R Outline Dimensions
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10,2 FeeRFE OO Wiring Diagram (Bottom Yiew)
@ & @
@ @ @
10. 3

dedb LR T B CEMED PCB Layout (Bottom Yiew)

i Pt L [ Sl e i ol e A L I R ) ) i Ll L
Mote: All unspecified tolerance(including outline dimensions and PC bhoard

dimensions) please refer to the following table.

. . (LHER i RS i s
fr H 5 R o i R < . . . . .
. . : 'l"fﬂ\” \‘ FaaER ) o PC board dimensions with no tolerance
Outline dimensions with no tolerance specified Lo
specitied
nm
nm
HHERF s 5
(utline Dimenzions lolerance
=1 0.2 0.1
=1~-h 0.3
=5 +0.4

11 THEFE Ordering Information

HF115F /7 012 - 2H 5 4
6y 2 @ @ @
(L PR Product part WO

HEFLL5F

@ R EE Coil voltage 012:12 ¥d. c.
T Contact form 2H: MR 42 Form A)

@) #HEER Construction S5 ¥ET (Plastic sealed)

B EEHIEN Yersion 4: 5. 0mm F2H BA (5. Omm 2 pole HAD

12 FEFHEE Inportant Parts And Components
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K4 W R HE =5 it
Serial Parts And Components Material Remark
Mo Mpme Name

1 KM Base CERE plastic

2 42 Bobbin LENE plastic

3 IE®F Hing spring & Copper alloy

4 #ii'th Armature B L]

G ik Yoke i Fe

fi 3% Cover LSRR plastic

7 fEshie Card LESH plastic

f shf W Mov. spring & Copper al loy

] shighss, Mov., contact THEEALY ArSnh,

10 fipfgh s Stat. contact THEAEY ArSnO,

11 FREEF Stat. spring #5H Copper

12 2 Terminal 51 Copper

13 HEEEE Coil wire 4iE Copper

14 5 M Coil Terminal & Copper al loy

13.1

13.3

498 Construction Schematic

13 HAiiR#H Others

Hongfa RED center.
13.2 ESEREE RS T EE, AR s i R F B R s R

ff. Avoidusing relays in strong magnetic Field because it will change the parameters

of relay such as operate and release voltage.
AT, AT BT o R BT R W R EREE Y R AT e e S R, W
M RS LAl ] S i S UL AR . BT RER, SR RERRNRE L

(e A g (B S O e Y T % P 00 T . We could not evaluate all the performance

T WA, R R, R TR R, S E R AL R . Regarding

the plastic sealed relay, if cleaning is necessary after soldering, please contact

and all the parameters for every possible application field and environment. Thus
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the uzer should be in a right position to choose the suitable produce for their own
application. It there is any query, please contact Hongfa for the technical
soervice. However, it is the use’ s responsibility to determine which product should
be used only.

13.4 AP SRR cbobn B b BT IR RE S R R i R v R e e T SR R Tt 52
AL PEE S T AR 7 o5 (1) (50 P A0 3 P e 4 ot B M UIERE 5 A5 . Operating
temperature range in this specification refers to the maxisum tolerable temporature
range under specific load conditions. To explosion-proof product, the ambient
temperature should conform to regulations in related explosion—proof certification.
13.5 a0 R ST B S F R RL R AR A R A 3 5. 0T #lar = ah, ik
{FEAF R ARERE, ATFE AR FE R Sl 0 A EE T 2t S PR W AERE 5. AP
it B ES b e St R B e S 1 s AT HE AR B SR EE T, S R 1
S AEEMASFE, B ok s e B S, . Differences in relay electrical
endurance cycles would exist due to difference in operating ambient conditions, To
some products, in order to better perform in electrical endurance, vent hole is
reguired to be opened. The electrical endurance of the products detailed in the safety
certificates. The test condition and contact rating for electrical endurance in this
specification may not be included in the safety certificates, in case that the
condition in real applications is different from safety certificates, the electrical
endurance of the relay must be confirmed by tests.

13.6 AfrmalEnitEr i &%, b, REMMERNERRN, S5 CRaiRE
WP R " (W https://source en. hongta, com/pdf /web/viewer, html?file=\Uplo

ads\Down PDFYGRI00L. pdf ) . The specification is for reference only.See to “Term

inology and Guidelines” (see https://source cn. hongfa. comdpdf/web/viewer. himl 211

Le='UploadshDown, POFAGRL005, pdf) for more information.
13.7 AT {RFrd R @rtEee, R B Ak A B TR B B b ol . IR IS 1 4 e R AR

WAHESH. To maintain the performances of relays, please do not make the relay

drop or be shocked strongly. Suggest that the relays dropped not be used.

13.8 AR5 N ) PR A 2 o B T e L R T RIS R85 1E - ALl the performance
data listed in the datasheet are the initial values tested under standard testing

conditiaon,
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13.9 il G ik R E S AT HLEEMER L T AE AT, A WIAT LREE Ak B8 il IS, AT T i
SRR AR R R L S FES P, MRS AR S S0 NOL L P #rd
FLEHARMOTHERNE. oE, TSR aBER RS, fes R, B
A R, LR E, A SRR . T S T e A e e R
Hil TR AN E, TR R k. Please avoid using the relay in an
environment containing organic silicon, otherwise the entry of organic silicon into
the relay may acceleration contact failure. If there are harmful substances and
elements such as water vapor, H.S, Sk, N0, C1, P, dust, ete. » as well as unknown harmful
substances and elements, In the use of environmental gases, it may lead to increased
contact resistance and poor contact during the use of relays. In the above
situations, please contral the materials that produce harmful substances and elements
ar use plastic sealed tvpe, and arrvange relevant tests to confirm that it meet the
requirements for actual use.
13.10 H{%44E Environmental Protection

gk e L BT Er RoHS B, Hongfa products are all RoHS compliant.
13.11  FRERMN™ R ERMECR, FPEE T A i sE s BN E, ST
P I E R T R 5. Hongfa reserves the right to make changes. Customers should
recanfirm the contents of the specification before first orders and ask for us to
supply a new specification if necessary.
13.12 EHrH-L®En Priority Consultation

X
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Annex 2: Form

E.4 Unit certificate (VDE-AR-N 4105:2018-11)

E.4 Einheitenzertifikat

Manufacturer / Address: Solenso electronic materials Co., LTD.

Hersteller / Adresse: 4F., No. 56, Zili 5th St., Zhongli Dist., Taoyuan City 320, Taiwan

Type of power generation

unit: SG1600, SG2000

Typ Erzergungseinheit:

X Inverter [] Asynchronous generator [] Synchronos generator
umrichter Asynchrongenerator Synchrongenerator

[] Stirling generator [] Fuel cell [] Others
Stirlinggenerator Brennstoffzelle andere

Rated values SG1600 S$G2000

Bemessungswerte

Max. active power Pemax

Max. Wirkleistung Pemax 1600 (W) 2000 (W)

Max. apparent power Semax

Max. Scheinleistung Semax 1600 {VA) 2000 {VA)

Rated voltage: . 230, L/N/PE

Bemesssungsspannung:

F;ated current: ' 7.82 (A) 8.69 (A)

emessungsstrom.

VDE-AR-N 4105 ,, Erzeugungsanlagen am Niederspannungsnetz”

Network connection rule: Technische Mindestanforderungen fiir Anschluss und Parallelbetrieb von

Netzanschlussregel Erzeugungsanlagen am Niederspannungsnetz
DIN VDE V 0124-100 (VDE V 0124-100) , Netzintegration von
Test requirement: Erzeugungsanlagen — Niederspannung”
Priifanforderung Priifanforderungen an Erzeugungseinheiten vorgesehen zum Anschluss und

Parallelbetrieb am Niederspannungsnetz

The power generation unit described above meets the requirements of VDE-AR-N 4105.
Die oben bezeichnete Erzeugungseinheit erfiillt die Anforderungen der VDE-AR-N 41705.

TRF No. VDE-AR-N 4105_V2.0



Page 247 of 255 Report No.: 6209661.50

E.5 Test report “Utility interactive” for power generation units with an input
current > 75A (VDE-AR-N 4105:2018-11)
E.5 Priifbericht ,, Netzriickwirkungen” fir Erzeugungseinheiten mit einem
Eingangsstrom > 75 A
Manufacturer: Solenso electronic materials Co., LTD.
Anlagenhersteller
Manufacturer specifications: Type (Hybrid-inverter): —
Herstellerangaben Anlagenart (PV -WR): PV Microinverter
maximum active power
Pra: SG1600 SG2000
maximale Wirkleistung
Prmo: 1600 (W) 2000 (W)
Rated voltage: 230, LUN/PE
Bemesssungsspannung:
Measuring period: From 2025-01-01 to 2025-01-07
Messzeitraum: Vom 2025-01-01 bis 2025-01-07
Rapid voltage changes
Schnelle Spannungsédnderungen
Model / Modell SG2000
Switching on without specification K: 0.089
Einschalten ohne Vorgabe (zum Primdrenergietrédger) " ’
Most unfavorable case when switching the generator K 0.698
Ungtlinstigster Fall beim Umschalten der Generatorstufen " ’
Switching on at rated power K 0.662
Einschalten bei Nennbedingungen (des Primédrenergietrdgers) " '
Switch off at rated power K 1.049
Ausschalten bei Bemessungsleistung " ’
Worst-case value of all switching operations o 1.049
Schlechtester Wert aller Schaltvorgénge max: )
Angl(.e of networlf impedance Y« 390 50° 20° g5°
. Netzimpedanzwinkel Y«
Flicker — -
Coefficient of system flicker cy: 180.241 B B B
Anlagenflickerbeiwert cy ’
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Test report “Utility interactive” for power generation units with an input current >
75A (VDE-AR-N 4105:2018-11)

Priifbericht , Netzriickwirkungen” fir Erzeugungseinheiten mit einem

Eingangsstrom > 75 A
Extract from test report for unit certificate
"Determination of electrical properties" Report No.: 6209661.50
Auszug aus dem Priifbericht fir Geratezertifikat Bericht Nr.: 6209661.50
"Bestimmung elektrischer Eigenschaften"

Harmonics / Oberschwingungen:
Model / Modelt SG1600
Tested according to DIN VDE V 0124-100 clause 5.2.4 / gepriift nach DIN VDE V 0124-100 Punkt 5.2.4

Active power
Wirkleistung | 10 20 30 40 50 60 70 80 90 100
P/Pn [%]

Moo | 1% | 119%] | 101 | 101 | 10%] | 1% | 1%l | rel | 10l | (%]
2 0.023 0.023 0.046 0.023 0.023 0.023 0.023 0.023 0.023 0.046
3 0.853 3.157 3.157 3.364 2.880 3.341 3.364 3.134 3.295 3.802
4 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023
5 0.668 0.922 0.829 1.359 0.991 1.313 1.336 1.106 0.922 0.714
6 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
7 0.945 0.184 0.115 1.014 0.507 0.392 0.461 0.714 0.783 0.530
8 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
9 0.922 0.323 0.369 1.014 0.945 0.899 0.991 1.313 1.498 1.705
10 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
11 0.783 0.461 0.553 0.829 0.991 1.060 1.175 1.382 1.544 1.659
12 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023
13 0.438 0.392 0.691 0.760 0.968 1.198 1.244 1.313 1.359 1.475
14 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
15 0.276 0.346 0.438 0.599 0.806 1.198 1.290 1.152 1.083 1.359
16 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
17 0.253 0.069 0.438 0.507 0.645 1.060 1.244 1.083 0.968 0.806
18 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023
19 0.415 0.392 0.576 0.415 0.484 0.806 1.014 0.922 0.829 0.876
20 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023
21 0.714 0.622 0.438 0.369 0.438 0.599 0.691 0.714 0.760 0.530
22 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
23 0.329 0.360 0.346 0.461 0.461 0.392 0.369 0.461 0.499 0.499
24 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023
25 0.468 0.483 0.230 0.484 0.484 0.230 0.207 0.207 0.438 0.461
26 0.023 0.023 0.069 0.023 0.000 0.000 0.000 0.000 0.000 0.023
27 0.484 0.576 0.323 0.415 0.461 0.207 0.230 0.023 0.230 0.369
28 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
29 0.438 0.323 0.276 0.207 0.415 0.323 0.276 0.115 0.046 0.323
30 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023
31 0.369 0.161 0.161 0.115 0.323 0.369 0.276 0.184 0.115 0.138
32 0.023 0.023 0.023 0.023 0.000 0.000 0.000 0.000 0.000 0.023
33 0.276 0.115 0.207 0.115 0.253 0.323 0.276 0.207 0.230 0.115
34 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.000 0.000 0.023
35 0.161 0.161 0.276 0.046 0.207 0.207 0.300 0.184 0.253 0.161
36 0.023 0.023 0.046 0.000 0.000 0.000 0.000 0.000 0.000 0.023
37 0.230 0.230 0.276 0.207 0.115 0.069 0.253 0.161 0.253 0.276
38 0.023 0.023 0.069 0.000 0.000 0.000 0.000 0.023 0.000 0.023
39 0.246 0.253 0.115 0.192 0.138 0.115 0.161 0.161 0.184 0.146
40 0.023 0.023 0.046 0.023 0.000 0.000 0.000 0.023 0.000 0.023
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Test report “Utility interactive” for power generation units with an input
current > 75A (VDE-AR-N 4105:2018-11)

Priifbericht ,, Netzriickwirkungen” fiir Erzeugungseinheiten mit einem

Eingangsstrom > 75 A
Extract from test report for unit certificate
"Determination of electrical properties" Report No.: 6209661.50
Auszug aus dem Priifbericht fir Geratezertifikat Bericht Nr.: 6209661.50
"Bestimmung elektrischer Eigenschaften"

Interharmonics / Zwischenharmonische:
Model / Modelt SG2000
Tested according to DIN VDE V 0124-100 clause 5.2.4 / gepriift nach DIN VDE V 0124-100 Punkt 5.2.4

Active power
Wirkleistung 10 20 30 40 50 60 70 80 90 100
P/Pn [%]

FZ;S:/?;;/YIZ] %] | %] | 1[%] | 1% | 1% | 1%l | %l | %l | 1% | 1[%]
75 0.092 0.069 0.069 0.046 0.046 0.046 0.046 0.046 0.069 0.084
125 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.038
175 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.045
225 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.046 0.042
275 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
325 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
375 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
425 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
475 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
525 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
575 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
625 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
675 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
725 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
775 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.022
825 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
875 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
925 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
975 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023

1025 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1075 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1125 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1175 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1225 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1275 0.069 0.069 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1325 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1375 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1425 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1475 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1525 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1575 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1625 0.069 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1675 0.046 0.046 0.046 0.046 0.023 0.023 0.023 0.023 0.023 0.023
1725 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.023 0.023 0.023
1775 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.023 0.023 0.023
1825 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023
1875 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023
1925 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023
1975 0.026 0.026 0.026 0.026 0.023 0.023 0.023 0.026 0.023 0.023
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Test report “Utility interactive” for power generation units with an input
current > 75A (VDE-AR-N 4105:2018-11)

Priifbericht ,, Netzriickwirkungen” fiir Erzeugungseinheiten mit einem

Eingangsstrom > 75 A
Extract from test report for unit certificate
"Determination of electrical properties” Report No.: 6209661.50
Auszug aus dem Priifbericht fiir Geratezertifikat Bericht Nr.: 6209661.50
"Bestimmung elektrischer Eigenschaften”

Higher Frequencies / Héhere Frequenzen:
Model / Modelf SG1600
Tested according to DIN VDE V 0124-100 clause 5.2.4 / gepriift nach DIN VDE V 0124-100 Punkt 5.2.4

Active power
Wirkleistung 10 20 30 40 50 60 70 80 90 100
P/Pn [%]

Frogumeto| 1191 | 1% | 1) | 1l | 1l | 1l | 1) | 1] | 1061 | 11%]
2.1 0.007 0.004 0.006 0.005 0.007 0.003 0.002 0.002 0.002 0.006
2.3 0.006 0.002 0.007 0.002 0.010 0.005 0.004 0.002 0.002 0.005
2.5 0.004 0.003 0.003 0.002 0.003 0.008 0.002 0.003 0.003 0.004
2.7 0.002 0.004 0.001 0.002 0.003 0.004 0.003 0.003 0.002 0.004
2.9 0.002 0.002 0.001 0.001 0.002 0.003 0.003 0.001 0.002 0.004
3.1 0.002 0.003 0.002 0.003 0.002 0.005 0.002 0.001 0.003 0.003
3.3 0.002 0.003 0.004 0.003 0.001 0.002 0.005 0.001 0.001 0.003
3.5 0.001 0.004 0.003 0.002 0.002 0.002 0.005 0.003 0.003 0.004
3.7 0.002 0.003 0.002 0.006 0.002 0.001 0.002 0.005 0.004 0.004
3.9 0.002 0.001 0.002 0.005 0.001 0.001 0.001 0.004 0.004 0.004
4.1 0.001 0.002 0.001 0.005 0.001 0.001 0.002 0.002 0.002 0.002
4.3 0.001 0.001 0.001 0.003 0.001 0.001 0.002 0.001 0.002 0.002
4.5 0.003 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.003 0.003
4.7 0.003 0.002 0.001 0.002 0.002 0.001 0.002 0.002 0.002 0.004
4.9 0.001 0.002 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.003
5.1 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.002 0.002 0.001
5.3 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.003
5.5 0.002 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.002 0.002
5.7 0.002 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.001 0.001
5.9 0.001 0.001 0.002 0.001 0.001 0.002 0.001 0.001 0.002 0.002
6.1 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002 0.003 0.002
6.3 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002
6.5 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.002
6.7 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.000 0.001
6.9 0.001 0.002 0.001 0.001 0.001 0.000 0.002 0.001 0.001 0.002
7.1 0.001 0.001 0.001 0.001 0.001 0.000 0.002 0.002 0.002 0.002
7.3 0.001 0.001 0.001 0.001 0.001 0.000 0.001 0.002 0.003 0.002
7.5 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.002
7.7 0.001 0.001 0.001 0.003 0.001 0.001 0.000 0.001 0.001 0.001
7.9 0.001 0.001 0.001 0.003 0.001 0.001 0.000 0.002 0.001 0.001
8.1 0.001 0.002 0.002 0.002 0.001 0.002 0.001 0.002 0.002 0.002
8.3 0.001 0.001 0.001 0.002 0.001 0.001 0.000 0.001 0.002 0.003
8.5 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002
8.7 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
8.9 0.001 0.002 0.001 0.002 0.001 0.001 0.000 0.001 0.001 0.001
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Test report “Utility interactive” for power generation units with an input
current > 75A (VDE-AR-N 4105:2018-11)

Priifbericht ,, Netzriickwirkungen” fiir Erzeugungseinheiten mit einem

Eingangsstrom > 75 A
Extract from test report for unit certificate
"Determination of electrical properties" Report No.: 6209661.50
Auszug aus dem Priifbericht fir Geratezertifikat Bericht Nr.: 6209661.50
"Bestimmung elektrischer Eigenschaften"

Higher Frequencies / Hohere Frequenzen:
Model / Modell. SG2000
Tested according to DIN VDE V 0124-100 clause 5.2.4 / gepriift nach DIN VDE V 0124-100 Punkt 5.2.4

Active power
Wirkleistung 10 20 30 40 50 60 70 80 90 100
P/Pn [%]
preauency | V61 | 1wa | 1l | el | 06l | vwe | 1) | 1) | 16l | 1%
2.1 0.008 0.005 0.007 0.006 0.008 0.004 0.003 0.003 0.003 0.007
2.3 0.007 0.003 0.008 0.003 0.011 0.006 0.005 0.003 0.003 0.006
2.5 0.005 0.004 0.004 0.003 0.004 0.009 0.003 0.004 0.004 0.005
2.7 0.003 0.005 0.002 0.003 0.004 0.005 0.004 0.004 0.003 0.005
2.9 0.003 0.003 0.002 0.002 0.003 0.004 0.004 0.002 0.003 0.005
3.1 0.003 0.004 0.003 0.004 0.003 0.006 0.003 0.002 0.004 0.004
3.3 0.003 0.004 0.005 0.004 0.002 0.003 0.006 0.002 0.002 0.004
3.5 0.002 0.005 0.004 0.003 0.003 0.003 0.006 0.004 0.004 0.005
3.7 0.003 0.004 0.003 0.007 0.003 0.002 0.003 0.006 0.005 0.005
3.9 0.003 0.002 0.003 0.006 0.002 0.002 0.002 0.005 0.005 0.005
4.1 0.002 0.003 0.002 0.006 0.002 0.002 0.003 0.003 0.003 0.003
4.3 0.002 0.002 0.002 0.004 0.002 0.002 0.003 0.002 0.003 0.003
4.5 0.004 0.002 0.003 0.002 0.003 0.002 0.002 0.002 0.004 0.004
4.7 0.004 0.003 0.002 0.003 0.003 0.002 0.003 0.003 0.003 0.005
4.9 0.002 0.003 0.003 0.003 0.003 0.003 0.002 0.002 0.003 0.004
5.1 0.002 0.002 0.002 0.002 0.002 0.004 0.002 0.003 0.003 0.002
5.3 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.002 0.003 0.004
5.5 0.003 0.002 0.002 0.003 0.002 0.003 0.002 0.002 0.003 0.003
5.7 0.003 0.002 0.003 0.002 0.002 0.003 0.002 0.002 0.002 0.002
5.9 0.002 0.002 0.003 0.002 0.002 0.003 0.002 0.002 0.003 0.003
6.1 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.003 0.004 0.003
6.3 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.003 0.003
6.5 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.002 0.002 0.003
6.7 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.001 0.002
6.9 0.002 0.003 0.002 0.002 0.002 0.001 0.003 0.002 0.002 0.003
7.1 0.002 0.002 0.002 0.002 0.002 0.001 0.003 0.003 0.003 0.003
7.3 0.002 0.002 0.002 0.002 0.002 0.001 0.002 0.003 0.004 0.003
7.5 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.003 0.003
7.7 0.002 0.002 0.002 0.004 0.002 0.002 0.001 0.002 0.002 0.002
7.9 0.002 0.002 0.002 0.004 0.002 0.002 0.001 0.003 0.002 0.002
8.1 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.003 0.003 0.003
8.3 0.002 0.002 0.002 0.003 0.002 0.002 0.001 0.002 0.003 0.004
8.5 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.003
8.7 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
8.9 0.002 0.003 0.002 0.003 0.002 0.002 0.001 0.002 0.002 0.002
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E.7 Requirement for the NS protection test report (VDE-AR-N 4105:2018-11)
E.7 Anforderungen an den Priifbericht zum NA-Schutz

Test report NS protection
Priifbericht NA-Schutz

Type of NS protection: Integrated NS protection
Typ NA-Schutz: Integrierter NA-Schutz
Software version: V1.03
Software version:
ManUfacu,"er: Solenso electronic materials Co., LTD.
Hersteller:
Measuring period: From 2023-10-28 to 2024-04-11
Messzeitraum: Vom 2023-10-28 to 2024-04-11
Inverter
Umrichter

Protection function Setting tripping value Measured tripping value Measured t_r_|pp|n.g time
Schutzfunkti Einstellwert Auslosewert Auslosezeit

chutzfunktion NA-Schutz
Rise-in-voltage protection U>>
Spannungssteigerungsschutz U >> 1.25 % Uh 288.9V 148.4 ms
Rise-in-voltage protection U> %
Spannungssteigerungsschutz U > 117 bh B <100 ms
Voltage drop protection U< %
Spannungsriickgangsschutz U < 0.8* Lh 1839V 3225.0ms
Voltage drop protection U <<
Spannungsriickgangsschutz U << 0.45* Lh 104.9V 362.0ms
Frequencyfiecrease protection f< 475 Hz 47.52 Hz 110.0 ms
Frequenzriickgangsschutz f <
Frequency dc.ecrease protection > 51.5 Hz 51.48 Hz 112.0 ms
Frequenzsteigerungsschutz f >

* The rise-in voltage protection as a running 10-minute mean value, Max. disconnecting time is 509.0 s.
* Der anstiege Spannungsschutz als laufender 10-Minuten-Mittelwert, Max. TrennZeit betrdagt 509.0 s.

The tripping time covers the period from the limit value violation U/f to the tripping signal to the interface switch.
Die Auslésezeit umfasst den Zeitraum von der Grenzwertverletzung U/f bis zum Ausldsesignal an den Kuppelschalter.

When planning the power generation system, the inherent time of the interface switch must be added to the highest time
value determined above.

Bei der Planung der Erzeugungsanlage ist die Eigenzeit des Kuppelschalters zum héchsten oben ermittelten Zeitwert zu
addieren.

The switch-off time (total of the tripping time NS protection plus the inherent time of the interface switch) must not
exceed 200 ms.
Die Abschaltzeit (Summe der Ausldsezeit NA-Schutz zzgl. Eigenzeit des Kuppelschalters) darf 200 ms nicht iiberschreiten.

X By integrated NS Protection Be/ integriertem NA-Schutz

Assigned to PGU type:

Typ Erzergungseinheit: SG1600, SG2000

Integrated interface switch type:

Typ integrierter Kuppelschalter Xiamen Hongfa Electroacoustic Co.,Ltd. Relay: HF115F/012-2HS4

Interface switch own time with
integrated NS protection
Eigenzeit des Kuppelschalters bei
integriertem NA-Schutz

Operation time: max 15 ms; Release time: max 8 ms

The verification of the full function chain “NS protection- Interface switch” has yield to intended disconnection.
Die Uberpriifung der Gesamtwirkungskette , integrierter NA-Schutz — Kuppelschalter” fihrte zu einer erfolgreichen
Abschaltung.
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Annex 3: Pictures of the product

Enclosure — Front View

Enclosure — Rear View

’L?SVY.L|mu§L9'§'ili(‘l’68L‘lhvidl[‘]déBL?SViCI(I"cuLY:“

TRF No. VDE-AR-N 4105_V2.0



Page 254 of 255 Report No.: 6209661.50

Enclosure — Left side view

Enclosure — Right side view
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Enclosure — Top View

| b

Internal view

--- End of test report---
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