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TEST REPORT
EN 50549-1
Requirements for generating plants to be connected
in parallel with distribution networks
Part 1. Connection to a LV distribution network - Generating
plants up to and including Type B
EN 50549-10
Requirements for generating plants to be connected in parallel
with distribution networks - Part 10: Tests for conformity
assessment of generating units

Report Reference No ................. 250327092GZU-001
Date of issue .........ccccceeeevveennneee.. . 28 Mar 2025
Total number of pages................. 221 pages
Testing Laboratory..................... Intertek Testing Services Shenzhen Ltd. Guangzhou Branch
Address..........ccceveieiiiiiiineneeen. - RO0M101/301/401/102/202/302/402/502/602/702/802, No. 7-2, Caipin Road,
Huangpu District, Guangzhou, Guangdong, China
Testing location/ address.............. Same as above
Tested by (name + signature) ....: Rex Liu é
Engineer ?M ~
Approved by (name + signature).: Jason Fu
Supervisor )ah—ﬂ 7:0:
Applicant’s name .....................; Zendure USA Inc.
Address........ccccceveiiiiiiiiiieeeee. . 1765 E BAYSHORE RD # 201 EAST PALO ALTO, CA 94303-5501 USA
Test specification:
Standard...........ccccceeeeiiiiiiiiiieeeeeees . EN 50549-1:2019 + A1:2023
EN 50549-10:2022
Test procedure............................. Netherlands considered and Type approval for type A and B
Non-standard test method ........... N/A
Test Report Form No. ................ EN 50549-1a

Test Report Form(s) Originator...: |ntertek Guangzhou

Master TRF ........ccccccvvvvvvvvveeeeeee.t Dated 2019-05

This publication may be reproduced in whole or in part for non-commercial purposes as long as Intertek is acknowledged as copyright
owner and source of the material. Intertek takes no responsibility for and will not assume liability for damages resulting from the reader's
interpretation of the reproduced material due to its placement and context.
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Test item description..............: SolarFlow 2400 AC Coupled Inverter
Trade Mark.............cccccccoeeeeneve.l ZENDURE SuperCharged+-
Manufacturer ................................ ZENDURE TECHNOLOGY CO., LIMITED
Model/Type reference

Office 92, 15th Floor, Lee Garden Two, 28 Yun Ping Road, Causeway Bay,
Hong Kong, China.
creeerieeenneens ZDSF2400AC
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Ratings ......ccceevvvieeeiiiieees

Model

ZDSF2400AC

Battery voltage
Range

37.5-54.75 V dc

Battery charge

current poAde
Battery discharge 54.17 A dc
current

Nominal output 230V ac
voltage

Nominal output 50 Hz
Frequency

Max. output 10.43 A
current

Max. output power 2400 W
Max. apparent 2400 VA

power

Power factor

0.8leading~0.8lagging

range
Safety level Class |
Ingress Protection IP 65
Operation

Ambient -20°C - +60°C
Temperature

Software version Vi
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Summary of testing:
Tests performed (name of test and test
clause):
EN EN
50549-1 50549- Test Description
10
5.2.1, ;
442 Operating frequency
5.2.2 range
5.2.1, Minimal requirements
4.4.3 for active power delivery
5.2.2
at underfrequency
5.2.1, Continuous voltage
4.4.4 ;
522 operation range
Rate of change of
4.5.2 53.1 frequency (ROCOF)
4.5.3 5.3.3 UVRT
4.5.4 5.3.3 OVRT
455 5.3.2 Phase jump
Power response to over
46.1 5.4.3 frequency
Power response to
46.2 543 under frequency
Q Capabilities (Power
4.7.2.2 55 Factor)
Q(U) Capabilities
Q Control. Voltage
4.7.2.33 55 related control mode
Q Control Power
4.7.2.3.4 55 related control modes
Voltage control by
4.7.3 56 active power
4.7.4 5.3.3 Zero current mode
Harmonic emissions
4.8 5.7.2 Flicker and voltage
fluctuations
4.9.3 5.8.3 Interface protection
4.9.4.2 5.8.6 Islanding
Reconnection after
4.10.2 5.9.3 tripping
Starting to generate
4.10.3 594 electrical power
Active power reduction
411 5.10 by setpoint and
' 5.11 Ceasing active power
(Logic interface)
Single fault tolerance of
413 5.12 interface protection and
interface switch
Remark:

Testing location:

Intertek Testing Services Shenzhen Ltd. Guangzhou
Branch

Room101/301/401/102/202/302/402/502/602/702/802,
No. 7-2, Caipin Road, Huangpu District, Guangzhou,
Guangdong, China

TRF No. EN 50549-1a
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Copy of marking plate
r

Note:

1. The above markings are the minimum requirements required by the safety standard. For the final
production samples, the additional markings which do not give rise to misunderstanding may be added.

2. Label is attached on the side surface of enclosure and visible after installation.

TRF No. EN 50549-1a
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Test item particulars ..., :
Temperature range..........cccvverereneresreesres e . -20°C~+60C
AC Overvoltage Category ...........cccceeeeveveveuerereeeerenenenns - Jovcl [Jovci Xovclil []ovciv
DC Overvoltage Category ........cccoceveeereeeeererererenenenans - Jovcl Xovci [Jovcil []ovcIv
IP protection Class .......ccccccevvvevieeviee e . IP 65
Possible test case verdicts:
- test case does not apply to the test object................ : N/A (Not applicable)
- test object does meet the requirement..................... . P (Pass)
- test object does not meet the requirement................ : F (Fail)
B =2 11 RS :
Date of receipt of test item .......ccccccvvevvcee i, : 14 Jan 2025
Date (s) of performance of tests .........ccocevvverieeriennenn : 14 Jan 2025 to 03 Mar 2025

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.

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

"(see appended table)" refers to a table appended to the report.

When determining for test conclusion, measurement uncertainty of tests has been considered.

This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between
Intertek and its Client. Intertek's responsibility and liability are limited to the terms and conditions of the
agreement. Intertek assumes no liability to any party, other than to the Client in accordance with the
agreement, for any loss, expense or damage occasioned by the use of this report. Only the Client is
authorized to permit copying or distribution of this report and then only in its entirety. Any use of the Intertek
name or one of its marks for the sale or advertisement of the tested material, product or service must first be
approved in writing by Intertek. The observations and test results in this report are relevant only to the sample
tested. This report by itself does not imply that the material, product, or service is or has ever been under an
Intertek certification program.

The test report only allows to be revised only within the report defined retention period unless standard or
regulation was withdrawn or invalid.

Throughout this report a point is used as the decimal separator.

TRF No. EN 50549-1a
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General product information:

This product is an energy storage inverter, with a bidirectional AC port supporting up to 2400W. The battery
side provides 2400W of charging and discharging power.

By integrating with devices such as batteries and smart meters, it forms a comprehensive energy storage
solution. It supports storing electricity generated from photovoltaics or during low electricity price periods
into the battery and discharging it when household electricity demand is high or during peak electricity price
periods, thereby reducing household energy costs.

The topology diagram as following:

Solar Flow 2400 AC Schematic block diagram
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The product was tested on:
The Software version: V1

The Hardware version: V1

Factory:

Guangdong huichuang New Power Co., Ltd.
NO.17, Jiaolian Houde Road, Wan Jiang Street, Dongguan City, Guangdong Province, China.

SHENZHEN TOP-TEK TECHNOLOGY CO., LTD.
No. 3, Second to Fifth Floor, Liao Third Industrial Zone, Langxin Community, Shiyang Street, Bao'an
District Shenzhen, Guangdong Province, China.

Shenzhen H&T Enerlife Technology company limited
701, No 18, Baoshan Road, Tianliao community, Yutang street, Guangming District, Shenzhen,
Guangdong Province, China.

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

4 Requirements on generating plants P

4.1 General This report is only evaluated N/A

and tested for generating unit;
The generating plant
incorporated with the
generating unit shall further
consider this clause and sub-
clause.

4.2 Connection scheme Shall consider in final PGS N/A

4.3 Choice of switchgear P

43.1 General The short circuit current at the P
Switches shall be chosen based on the characteristics |installation point shall be
of the power system in which they are intended considered in final PGS
to be installed. For this purpose, the short circuit
current at the installation point shall be assessed,
taking into account, inter alia, the short circuit current
contribution of the generating plant.

4.3.2 |Interface switch The interface switch is P
Switches shall be power relays, contactors or constructed of redundancy,
mechanical circuit breakers each having a breaking made up of two series relays
and making capacity corresponding to the rated current [ 3nd power and control
of the generating plant and corresponding to the separately.
short circuit contribution of the generating plant. . .

The short-time withstand current of the switching ;[Jk;tehgy;gsluaafi)%l?gfee r:s;’o EN
devices shall be coordinated with rated short circuit 62109—1 and EN 62109-2
power at the point of connection. X ;
In case of loss of auxiliary supply power to the W't.h respect to the interface
switchgear, a secure disconnection of the switch is switch.
required immediately.
Where means of isolation (according to HD 60364-5-
551) is not required to be accessible to the DSO
at all times, automatic disconnection with single fault
tolerance according to 4.13 shall be provided.
The function of the interface switch might be combined
with either the main switch or the generating
unit switch in a single switching device. In case of a
combination, the single switching device shall be
compliant to the requirements of both, the interface
switch and the combined main switch or
generating unit switch. As a consequence, at least two
switches in series shall be present between
any generating unit and the POC.
4.4 Normal operating range
4.41 General
Generating plants when generating power shall have
the capability to operate in the operating ranges
specified below regardless of the topology and the
settings of the interface protection.

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause

Requirement - Test

Result - Remark Verdict

4.4.2

Operating frequency range (See appended table 4.4.2) P

The generating plant shall be capable of operating
continuously when the frequency at the point of
connection stays within the range of 49 Hz to 51 Hz.
In the frequency range from 47 Hz to 52 Hz the
generating plant should be capable of operating until
the interface protection trips. Therefore, the
generating plant shall at least be capable of operating
in the frequency ranges, for the duration and for the
minimum requirement as indicated in Table 1.
Respecting the legal framework, it is possible that for
some synchronous areas more stringent time
periods and/or frequency ranges will be required by
the DSO and the responsible party. Nevertheless,
they are expected to be within the boundaries of the
stringent requirement as indicated in Table 1

unless producer, DSO, TSO and responsible party
agree on wider frequency ranges and longer
durations.

443

Minimal requirement for active power delivery at (See appended table 4.4.3) P

underfrequency

A generating plant shall be resilient to the reduction
of frequency at the point of connection while
reducing the maximum active power as little as
possible.

The admissible active power reduction due to
underfrequency is limited by the full line in Figure 5
and is characterized by a maximum allowed
reduction rate of 10 % of Pmaxper 1 Hz for
frequencies below

49,5 Hz.

It is possible that a more stringent power reduction
characteristic is required by the responsible party.
Nevertheless this requirement is expected to be
limited to an admissible active power reduction
represented by the dotted line in Figure 5 which is
characterised by a reduction rate of 2 % of the
maximum power Pmax per 1 Hz for frequencies below
49 Hz.

If any technologies intrinsic design or ambient
conditions have influence on the power reduction
behaviour of the system, the manufacturer shall
specify at which ambient conditions the requirements
can be fulfilled and eventual limitations. The
information can be provided in the format of a graph
showing the intrinsic behaviour of the generating unit
for example at different ambient conditions. The
power reduction and the ambient conditions shall
comply with the specification given by the
responsible party. If the generating unit does not
meet the power reduction at the specified ambient
conditions, the producer and the responsible party
shall agree on acceptable ambient conditions.

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict

4.4.4 Continuous operating voltage range (See appended table 4.4.4) P
When generating power, the generating plant shall be

capable of operating continuously when the

voltage at the point of connection stays within the
range of 85 % Unto 110 % Un. Beyond these values
the under and over voltage ride through immunity
limits as specified in clause 4.5.3 and 4.5.4 shall
apply.

In case of voltages below Un, it is allowed to reduce
the apparent power to maintain the current limits

of the generating plant. The reduction shall be as
small as technically feasible.

For this requirement all phase to phase voltages and
in case a neutral is connected, additionally all

phase to neutral voltages shall be evaluated.

4.5 Immunity to disturbances

451 General

In general, generating plants should contribute to
overall power system stability by providing immunity
towards dynamic voltage changes unless safety
standards require a disconnection.

The following clauses describe the required immunity
for generating plants taking into account the
connection technology of the generating modules.
The following withstand capabilities shall be provided
regardless of the settings of the interface

protection.

45.2 Rate of change of frequency (ROCOF) immunity |(See appended table 4.5.2) P

ROCOF immunity of a power generating plant means | For 5Hz/s
that the generating modules in this plant stay
connected with the distribution network and are able
to operate when the frequency on the distribution
network changes with a specified ROCOF. The
generating units and all elements in the generating
plant that might cause their disconnection or impact
their behaviour shall have this same level of
immunity.

The generating modules in a generating plant shall
have ROCOF immunity for a ROCOF equal or
exceeding the value specified by the responsible
party. If no ROCOF immunity value is specified, the
following ROCOF immunity shall apply, making
distinction between generating technologies:

» Non-synchronous generating technology: at least 2
Hz/s

» Synchronous generating technology: at least 1 Hz/s

The ROCOF immunity is defined with a sliding
measurement window of 500 ms.

45.3 Under-voltage ride through (UVRT) P

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause

Requirement - Test

Result - Remark Verdict

4531

General Type B modules P

Generating modules classified as type B modules
according to COMMISSION REGULATION
2016/631 shall comply with the requirements of
4.5.3.2 and 4.5.3.3. Generating modules classified as
type A and smaller according to COMMISSION
REGULATION 2016/631 should comply with these
requirements. The actual behaviour of type A
modules and smaller shall be specified in the
connection agreement.

The requirements apply to all kinds of faults (1ph,
2ph and 3ph).

4532

Generating plant with non-synchronous (See appended table 4.5.3) P

generating technology

Generating modules shall be capable of remaining
connected to the distribution network as long as

the voltage at the point of connection remains above
the voltage-time curve of Figure 6. The voltage is
relative to Un. The smallest phase to neutral voltage,
or if no neutral is present, the smallest phase to
phase voltage shall be evaluated.

The responsible party may define a different UVRT
characteristic. Nevertheless, this requirement is
expected to be limited to the most stringent curve as
indicated in Figure 6.

This means that the whole generating module has to
comply with the UVRT requirement. This

includes all elements in a generating plant: the
generating units and all elements that might cause
their disconnection.

For the generating unit, this requirement is
considered to be fulfilled if it stays connected to the
distribution grid as long as the voltage at its terminals
remains above the defined voltage-time

diagram.

After the voltage returns to continuous operating
voltage range, 90 % of pre-fault power or available
power whichever is the smallest shall be resumed as
fast as possible, but at the latest within 1 s

unless the DSO and the responsible party requires
another value.

4533

Generating plant with synchronous generating technology

N/A

TRF No. EN 50549-1a




intertek

Total Quality, Assured.

Page 12 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict

4.5.4 Over-voltage ride through (OVRT) (See appended table 4.5.4) P
Generating modules, except for micro-generating

plants, shall be capable of staying connected to the
distribution network as long as the voltage at the
point of connection remains below the voltage-time
curve of Figure 8.

The highest phase to neutral voltage or if no neutral
is present the highest phase to phase voltage

shall be evaluated.

This means that not only the generating units shall
comply with this OVRT requirement but also all
elements in a generating plant that might cause its
disconnection..

4.6 Active response to frequency deviation

46.1 Power response to OVerfrequency (See appended tab'e 461)
Generating plants shall be capable of activating

active power response to overfrequency at a
programmable frequency threshold f1 at least
between and including 50,2 Hz and 52 Hz with a
programmable droop in a range of at least s=2 % to
s=12 %. The droop reference is Pret. Unless
defined differently by the responsible party:

* Prei=Pmax, in the case of synchronous generating
technology and electrical energy storage

systems.

* Prei=Pw, the actual AC output power at the instant
when the frequency reaches the threshold f1, in

the case of all other non-synchronous generating
technology

The power value calculated according to the droop is
a maximum power limit. If e.g. the available

primary power decreases during a high frequency
period below the power defined by the droop

function, lower power values are permitted.

The generating plant shall be capable of activating
active power response to overfrequency as fast as
technically feasible with an intrinsic dead time that
shall be as short as possible with a maximum of 2 s
and with a step response time of maximum 30 s,
unless another value is defined by the relevant party.
An intentional delay shall be programmable to adjust
the dead time to a value between the intrinsic

dead time and 2 s.

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict

After activation, the active power frequency response P
shall use the actual frequency at any time,

reacting to any frequency increase or decrease
according to the programmed droop with an accuracy
of £ 10 % of the nominal power (see Figure 9). The
resolution of the frequency measurement shall

be + 10 mHz or less. The accuracy is evaluated with
a 1 min average value. At POC, loads if present

in the producer’s network might interfere with the
response of the generating plant. The effect of loads
is not considered for the evaluation of the accuracy,
only the behaviour of the generating plant is

relevant.

Generating plants reaching their minimum regulating p
level shall, in the event of further frequency

increase, maintain this power level constant unless
the DSO and the responsible party requires to
disconnect the complete plant or if the plant consists
of multiple units by disconnecting individual units.
The active power frequency response is only
deactivated if the frequency falls below the frequency
threshold fi.

If required by the DSO and the responsible party an
additional deactivation threshold frequency fstop

shall be programmable in the range of at least 50 Hz
to f1. If fswop is configured to a frequency below f1
there shall be no response according to the droop in
case of a frequency decrease (see Figure 10).

The output power is kept constant until the frequency
falls below fstop for a configurable time tstop.

If at the time of deactivation of the active power p
frequency response the momentary active power PM
is below the available active power PA, the active
power increase of the generating plant shall not
exceed the gradient defined in 4.10.2.

Settings for the threshold frequency f1, the droop and
the intentional delay are provided by the DSO

and the responsible party. If no settings are provided,
the default settings in Table 2 should be applied.

The enabling and disabling of the function and its The enabling and disabling p
settings shall be field adjustable and means shall be | can pe access by
provided to protect these from unpermitted communication interface

interference (e.g. password or seal) if required by the
DSO and the responsible party.

TRF No. EN 50549-1a
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Clause |[Requirement - Test Result - Remark Verdict

Alternatively for the droop function described above, P
the following procedure is allowed for generating
modules if permitted by the DSO and the responsible
party:

« the generating units shall disconnect at randomized
frequencies, ideally uniformly distributed

between the frequency threshold f1and 52 Hz;

* in case the frequency decreases again, the
generating unit shall start its reconnection procedure
once the frequency falls below the specific frequency
that initiated the disconnection; for this

procedure, the connection conditions described in
4.10 do not apply;

« the randomization shall either be at unit level by
changing the threshold over time, or on plant

level by choosing different values for each unit within
a plant, or on distribution system level if the

DSO specifies a specific threshold for each plant or
unit connected to its distribution system.

EES units that are in charging mode at the time the =)
frequency passes the threshold fi1 shall not reduce
the charging power below Pwm until frequency returns
below fi. Storage units should increase the

charging power according to the configured droop. In
case the maximum charging capacity is reached

or to prevent any other risk of injury or damage of
equipment, a reduction of charging power is
permitted.

4.6.2 Power response to underfrequency =)
EES units shall be capable of activating active power
response to underfrequency. Other generating
units/plants should be capable of activating active
power response to underfrequency. If active power
to underfrequency is provided by a generating
plant/unit, the function shall comply with the
requirements below.

Active power response to underfrequency shall be
provided when all of the following conditions are

met:

» when generating, the generating unit is operating at
active power below its maximum active

power Prmax;

» when generating, the generating unit is operating at
active power below the available active

power Pa;

« the voltages at the point of connection of the
generating plant are within the continuous operating
voltage range; and

* when generating, the generating unit is operating
with currents lower than its current limit.

In the case of EES units, active power frequency
response to underfrequency shall be provided in
charging and generating mode.

TRF No. EN 50549-1a
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Clause |[Requirement - Test Result - Remark Verdict

The active power response to underfrequency shall P
be delivered at a programmable frequency
threshold f1 at least between and including 49,8 Hz
and 46,0 Hz with a programmable droop in a range
of at least 2 % to 12 %. The droop reference Prefis
Pmax. If the available primary power or a local set
value increases during an underfrequency period
above the power defined by the droop function,
higher power values are permitted. The power value
calculated according to the droop is therefore a

minimum limit.
The generating unit shall be capable of activating
active power response to underfrequency as fast as

technically feasible with an intrinsic dead time that
shall be as short as possible with a maximum of 2 s

and with a step response time of maximum 30 s
unless another value is defined by the relevant party.

An intentional initial delay shall be programmable to
adjust the dead time to a value between the

intrinsic dead time and 2 s.

After activation, the active power frequency response P
shall use the actual frequency at any time,

reacting to any frequency increase or decrease
according to the programmed droop with an accuracy
of £ 10 % of the nominal power. The accuracy is
evaluated with a 1 min average value. The resolution
of the frequency measurement shall be + 10 mHz or
less. At POC loads, if present in the producer’s
network, might interfere with the response of the
generating plant. The effect of loads is not
considered for the evaluation of the accuracy, only
the behaviour of the generating plant is relevant.

Generating modules reaching any of the conditions P
above during the provision of active power
frequency response shall, in the event of further
frequency decrease, maintain this power level
constant.

The active power frequency response is only
deactivated if the frequency increases above the
frequency threshold fa.

Settings for the threshold frequency f1, the droop and =)
the intentional delay are defined by the DSO and
the responsible party, if no settings are provided, the
function shall be disabled.

The activation and deactivation of the function and its p
settings shall be field adjustable and means

shall be provided to protect these from unpermitted
interference (e.g. password or seal) if required by
the DSO and the responsible party.

4.7 Power response to voltage changes P

TRF No. EN 50549-1a
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Clause

Requirement - Test

Result - Remark Verdict

4.7.1

General

When the contribution to voltage support is required
by the DSO and the responsible party, the
generating plant shall be designed to have the
capability of managing reactive and/or active power
generation according to the requirements of this
clause.

4.7.2

Voltage support by reactive power

47.2.1

General

Generating plants shall not lead to voltage changes
out of acceptable limits. These limits should be
defined by national regulation. Generating units and
plants shall be able to contribute to meet this
requirement during normal network operation.
Throughout the continuous operating frequency (see
4.4.2) and voltage (see 4.4.4) range, the

generating plant shall be capable to deliver the
requirements stipulated below. Outside these ranges,
the generating plant shall follow the requirements as
good as technically feasible although there is no
specified accuracy required.

4.7.2.2

Capabilities (See appended table 4.7.2.2) =)

Unless specified differently below, for specific
generating technologies, generating plants shall be
able to operate with active factors as defined by the
DSO and the responsible party from active

factor = 0,90underexcited t0 active factor= 0,900overexcited

The reactive power capability shall be evaluated at
the terminals of the/each generating unit

CHP generating units with a capacity < 150 kVA shall
be able to operate with active factors as defined

by the DSO from cos ¢ = 0,95underexcited {0 COS @ =
O,95overexcited

Generating units with an induction generator coupled
directly to the grid and used in generating plants
above micro generating level, shall be able to operate
with active factors as defined by the DSO from

cos @ = 0,95underexcited to cos @ = 1 at the terminals of
the unit. Deviating from 4.7.2.3 only the cos ¢ set
point mode is required. Deviating from the accuracy
requirements below, the accuracy is only required

at active power Pp.

N/A

Generating units with an induction generator coupled
directly to the grid and used in micro generating
plants shall operate with an active factor above 0,95
at the terminals of the generating unit. A

controlled voltage support by reactive power is not
required from this technology.

N/A

TRF No. EN 50549-1a
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Clause

Requirement - Test

Result - Remark

Verdict

Generating units with linear generators, coupled
directly and synchronously to the grid shall operate
with an active factor above 0,95 at the terminals of
the generating unit, and therefore a controlled
voltage support by reactive power is not required
from this technology.

N/A

In case of different generating technologies with
different requirements in one generating plant, each
unit shall provide voltage support by reactive power
as required for its specific technology. A
compensation of one technology to reach the general
plant requirement is not expected.

The DSO and the responsible party may relax the
above requirements. This relaxation might be
general or specific for a certain generating plant or
generating technology.

It should be considered in
generating plant.

N/A

All involved parties can expect to have access to
information documenting the actual choices
regarding active power capabilities relative to reactive
power requirements and related to the power

rating in the operating voltage range (see further in
this clause). A P-Q Diagram shall be included in

the product documentation of a generating unit.
When operating above the apparent power threshold
Smin equal to 10 % of the maximum apparent

power Smax or the minimum regulating level of the
generating plant, whichever is the higher value, the
reactive power capability shall be provided with an
accuracy of £ 2 % Smax. Up to this apparent power
threshold Smin, deviations above 2 % are permissible;
nevertheless the accuracy shall always be as

good as technically feasible and the exchange of
uncontrolled reactive power in this low-power
operation mode shall not exceed 10 % of the
maximum apparent power Smax. At POC loads, if
present

in the producer’s network might interfere with the
response of the generating plant. The effect of loads
is not considered for the evaluation of the accuracy,
only the behaviour of the generating plant is
relevant.

For generating units with a reactive power capability
according Figure 12 the reactive power capability

at active power Pp shall be at least according Figure
13. For generating units with a reduced reactive
power capability Figure 13 is only applicable up to the
maximum reactive power capability.

(See appended table 4.7.2.2)

4.7.2.3

Control modes
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47.23.1

General

Where required, the form of the contribution to
voltage control shall be specified by the DSO.

The control shall refer to the terminals of the
generating units

The generating plant/unit shall be capable of
operating in the control modes specified below within
the limits specified in 4.7.2.2. The control modes are
exclusive; only one mode may be active at a time.

* Q setpoint mode

+Q(U)

» Cos ¢ setpoint mode

*Cos ¢ (P)

For mass market products, it is recommended to
implement all control modes. In case of site specific
generating plant design, only the control modes
required by the DSO need to be implemented.

The configuration, activation and deactivation of the
control modes shall be field adjustable. For field
adjustable configurations and activation of the active
control mode, means shall be provided to protect
the settings from unpermitted interference (e.g.
password or seal) if required by the DSO. Which
control modes are available in a product and how
they are configured shall be stated in the product
documentation.

47.2.3.2

Setpoint control modes (See appended table 4.7.2.2) P

Q setpoint mode and cos ¢ setpoint mode control the
reactive power output and the cos ¢ of the

output respectively, according to a set point set in the
control of the generating plant/unit.

In the case of change of the set point local or by
remote control the settling time for the new set point
shall be less than one minute.

4.7.2.3.3

Voltage related control mode Method 1 used P

The voltage related control mode Q (U) controls the
reactive power output as a function of the voltage.
There is no preferred state of the art for evaluating
the voltage. Therefore it is the responsibility of the
generating plant designer to choose a method. One
of the following methods should be used:

« the positive sequence component of the
fundamental;

* the average of the voltages measured
independently for each phase to neutral or phase to
phase;

 phase independently the voltage of every phase to
determine the reactive power for every phase.
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For voltage related control modes, a characteristic (See appended table 4.7.2.3.3) p
with a minimum and maximum value and three
connected lines according to Figure 16 shall be
configurable.

In addition to the characteristic, further parameters
shall be configurable:

» The dynamics of the control shall correspond with a
first order filter having a time constant that is
configurable in the range of 3 s to 60 s.

To limit the reactive power at low active power two P
methods shall be configurable:

» a minimal cos @ shall be configurable in the range
of 0-0,95;

« two active power levels shall be configurable both at
least in the range of 0 % to 100 % of Po. The

lock-in value turns the Q(U) mode on, the lock-out
value turns Q(U) off. If lock-in is larger than

lock-out a hysteresis is given. See also Figure 14.
The static accuracy shall be in accordance with
4.7.2.2. The dynamic accuracy shall be in
accordance

with Figure 15 with a maximum tolerance of +/- 5% of
Po plus a time delay of up to 3 seconds

deviating from an ideal first order filter response.

4.7.2.3.4 |Power related control mode (See appended table 4.7.2.3.4) P
The power related control mode cos ¢ (P) controls

the cos @ of the output as a function of the active
power output.

For power related control modes, a characteristic with
a minimum and maximum value and three

connected lines shall be configurable in accordance
with Figure 16.

Resulting from a change in active power output a
new cos ¢ set point is defined according to the set
characteristic. The response to a new cos ¢ set value
shall be as fast as technically feasible to allow

the change in reactive power to be in synchrony with
the change in active power. The new reactive

power set value shall be reached at the latest within
10 s after the end value of the active power is
reached. The static accuracy of each cos ¢ set point
shall be according to 4.7.2.2.
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4.7.3 Voltage related active power reduction This function is chosen by p
In order to avoid disconnection due to overvoltage manufacturer

protection (see 4.9.2.3 and 4.9.2.4), generating
plants/units are allowed to reduce active power
output as a function of this rising voltage. The final
implemented logic can be chosen by the
manufacturer. Nevertheless, this logic shall not cause
steps or oscillations in the output power. The power
reduction caused by such a function may not be
faster than an equivalent of a time constant tau =3 s
(= 33%/s at a 100% change). The enabling and
disabling of the function shall be field adjustable and
means have to be provided to protect the setting
from unpermitted interference (e.g. password or seal)
if required by the DSO.

4.7.4 Short circuit current requirements on generating p
plants
4741 |General P

The following clauses describe the required short
circuit current contribution for generating plants
taking into account the connection technology of the
generating modules.

Generating modules classified as type B modules
according to COMMISSION REGULATION
2016/631 shall comply with the requirements of
4.7.4.2 and 4.7.4.3. Generating modules classified as
type A according to COMMISSION REGULATION
2016/631 should comply with these requirements.
The actual behaviour of type A modules shall be
specified in the connection agreement.

4.7.4.2 Generating plant with non-synchronous generating technology

4.7.4.2.1 |Voltage support during faults and voltage steps | only EN 50549-1 applies, but if

In general no voltage support during faults and required by the responsible
voltage steps is required from generating plants party for additional reactive
connected in LV distribution networks as the current, the EN 50549-2 shall
additional reactive current is expected to interfere be applied.

with

grid protection equipment. If the responsible party
requires voltage support during faults and voltage
steps for generating plants of type B connected to LV
distribution grids, the clause 4.7.4 of

EN 50549-2 applies.

TRF No. EN 50549-1a



intertek

Total Quality, Assured.

Page 21 of 221

Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause

Requirement - Test

Result - Remark Verdict

47.4.2.2

Zero current mode for converter connected The test is performed together p

generating technology with the clause 4.5.3 and 4.5.4

If UVRT capability (see 4.5.3) is provided additional

to the requirements of 4.5, generating units Default setting for testing.

connected to the grid by a converter shall have the
capability to reduce their current as fast as
technically feasible down to or below 10 % of the
rated current when the voltage is outside of a static
voltage range. Generating units based on a doubly
fed induction machine can only reduce the positive
sequence current below 10 % of the rated current.
Negative sequence current shall be tolerated

during unbalanced faults. In case this current
reduction is not sufficient, the DSO should choose
suitable interface protection settings.

The static voltage range shall be adjustable from

20 % to 100 % of Unfor the undervoltage boundary
and from 100 % to 130 % of Un for the overvoltage
boundary. The default setting shall be 50% of Un

for the undervoltage boundary and 120% of Unfor the
overvoltage boundary. Each phase to neutral
voltage or if no neutral is present each phase to
phase voltage shall be evaluated. At voltage re-entry
into the voltage range, 90% of pre-fault power or
available power, whichever is the smallest, shall be
resumed as fast as possible, but at the latest
according to 4.5.3 and 4.5.4.

All described settings are defined by the DSO and
the responsible party. If no settings are provided,
the function shall be disabled.

The enabling and disabling and the settings shall be
field adjustable and means have to be provided

to protect these from unpermitted interference (e.g.
password or seal) if required by the DSO.

4.7.4.2.3

Induction generator based units

In general no voltage support during faults and
voltage steps is required from generating plants
connected in LV distribution networks as the
additional reactive current is expected to interfere
with

grid protection equipment. If the responsible party
requires voltage support during faults and voltage
steps for generating plants of type B connected to LV
distribution grids, the clause 4.7.4 of EN50549-2
applies.

N/A
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4.7.4.3

Generating plant with synchronous generating
technology - Synchronous generator

based units

In general no voltage support during faults and
voltage steps is required from generating plants
connected in LV distribution networks as the
additional reactive current is expected to interfere
with

grid protection equipment. If the responsible party
requires voltage support during faults and voltage
steps for generating plants of type B connected to LV
distribution grids, the clause 4.7.4 of EN50549-2
applies.

N/A

4.8

EMC and power quality

Similar to any other apparatus or fixed installation,
generating units shall comply with the requirements
on electromagnetic compatibility established in
Directive 2014/30/EU or 2014/53/EU, whichever
applies.

EMC limits and tests, described in EN 61000 series,
have been traditionally developed for loads,
without taking into account the particularities of
generating units, such as their capability to create
overvoltages or high frequency disturbances due to
the presence of power converters, which were
either impossible or less frequent in case of loads.

The units have declared to
comply with Directive
2014/30/EU or 2014/53/EU

4.9

Interface protection

49.1

General

According to HD 60364-5-551:2010, 551.7.4, means
of automatic switching shall be provided to
disconnect the generating plant from the distribution
network in the event of loss of that supply or
deviation of the voltage or frequency at the supply
terminals from values declared for normal supply.
This automatic means of disconnection has following
main objectives:

* prevent the power production of the generating
plant to cause an overvoltage situation in the
distribution network it is connected to. Such
overvoltages could result in damages to the
equipment connected to the distribution network as
well as the distribution network itself;

« detect unintentional island situations and disconnect
the generating plant in this case. This is

contributing to prevent damage to other equipment,
both in the producers’ installations and the
distribution network due to out of phase re-closing
and to allow for maintenance work after an
intentional disconnection of a section of the
distribution network;

» assist in bringing the distribution network to a
controlled state in case of voltage or frequency
deviations beyond corresponding regulation values.
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« disconnect the generating plant from the distribution =)
network in case of faults internal to the power
generating plant. Protection against internal faults
(short-circuits) shall be coordinated with

network protection, according to DSO protection
criteria. Protection against e.g. overload, electric
shock and against fire hazards shall be implemented
additionally according to HD 60364-1 and

local requirements;

* prevent damages to the generating unit due to
incidents (e.g. short circuits) on the distribution
network

Interface protections may contribute to preventing
damage to the generating units due to out-of-phase
reclosing of automatic reclosing which may happen
after some hundreds of ms. However, in some
countries some technologies of generating units are
explicitly required to have an appropriate

immunity level against the consequences of out-of-
phase reclosing.

The type of protection and the sensitivity and
operating times depend upon the protection and the
characteristics of the distribution network.

A wide variety of approaches to achieve the above
mentioned objectives is used throughout Europe.
Besides the passive observation of voltage and
frequency other active and passive methods are
available and used to detect island situations. The
requirements given in this clause are intended to
provide the necessary functions for all known
approaches as well as to give guidance in their use.
Which functions are available in a product shall be
stated in the product documentation.

The interface protection system shall comply with the | |ntegrated into the generating P
requirements of this European Standard, the units.
available functions and configured settings shall
comply with the requirements of the DSO and the
responsible party. In any case, the settings defined
shall be understood as the values for the interface
protection system, i.e. where there is a wider
technical capability of the generation module, it shall
not be withheld by the settings of the protections
(other than the interface protection).

For micro generating plants, the interface protection
system and the point of measurement might be
integrated into the generating units. For generating
plants with nominal current above 16 A the DSO
may define a threshold above which the interface
protection system shall be realized as a dedicated
device and not integrated into the generating units.
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to place the protection system as close to the point of p
connection as possible, to avoid tripping

due to overvoltages resulting from the voltage rise
within the producer’s network;

« to allow for periodic field tests. In some countries
periodic field tests are not required if the

protection system meets the requirements of single
fault safety.

The interface protection relay acts on the interface
switch. The DSO may require that the interface
protection relay acts additionally on another switch
with a proper delay in case the interface switch

fails to operate.

In case of failure of the power supply of the interface
protection, the interface protection shall trigger

the interface switch without delay. An uninterruptible
power supply may be required by the DSO, for
instance in case of UVRT capability, delay in
protection etc.

In case of field adjustable settings of threshold and
operation time, means shall be provided to protect

the settings from unpermitted interference (e.g.
password or seal) if required by the DSO.

492 Void -

493 Requirements on voltage and frequency (See appended table 4.9.3) P
protection

4931 |General P

Part or all of the following described functions may be
required by the DSO and the responsible party.

The protection functions shall evaluate at least all
phases where generating units, covered by this
protection system, are connected to.

In case of three phase generating units/plants and in
all cases when the protection system is

implemented as an external protection system in a
three phase power supply system, all phase to
phase voltages and, if a neutral conductor is present,
all phase to neutral voltages shall be evaluated.

The frequency shall be evaluated on at least one of
the voltages.
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If multiple signals (e.g. 3 phase to phase voltages)
are to be evaluated by one protection function, this
function shall evaluate all of the signals separately.
The output of each evaluation shall be OR
connected, so that if one signal passes the threshold
of a function, the function shall trip the protection

in the specified time.

The minimum required accuracy for protection is:

« for frequency measurement + 0,05 Hz;

« for voltage measurement = 1 % of Un.

* The reset time shall be <50ms

* The interface protection relay shall not conduct
continuous starting and disengaging operations of
the interface protection relay. Therefore a reasonable
reset ratio shall be implemented which shall

not be zero but be below 2% of nominal value for
voltage and below 0,2Hz for frequency.

49.3.2

Undervoltage protection [27]

The protection shall comply with EN 60255-127. The
evaluation of the r.m.s. or the fundamental value

is allowed.

Undervoltage protection may be implemented with
two completely independent protection thresholds,
each one able to be activated or not. The standard
adjustment ranges are as follows.

Undervoltage threshold stage 1 [27 < ]:

* Threshold (0,2 — 1) Un adjustable by steps of 0,01
Un

* Operate time (0,1 — 100) s adjustable in steps of 0,1
S

Undervoltage threshold stage 2 [27 << ]:

* Threshold (0,2 — 1) Un adjustable by steps of 0,01
Un

* Operate time (0,1 — 5) s adjustable in steps of 0,05
S

The undervoltage threshold stage 2 is not applicable
for micro-generating plants
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The calculation of the 10 min value shall comply with
the 10 min aggregation of EN 61000-4-30 Class
S, but deviating from EN 61000-4-30 as a moving
window is used. Therefore the function shall be
based on the calculation of the square root of the
arithmetic mean of the squared input values over
10 min. The calculation of a new 10 min value at
least every 3 s is sufficient, which is then to be
compared with the threshold value.

* Threshold (1,0 — 1,15) Un adjustable by steps of
0,01 Un

« Start time < 3s not adjustable

» Time delay setting = 0 ms

Clause |Requirement - Test Result - Remark Verdict
4933 |Overvoltage protection [59] p
The protection shall comply with EN 60255-127. The
evaluation of the r.m.s. or the fundamental value
is allowed.
Overvoltage protection may be implemented with two
completely independent protection thresholds,
each one able to be activated or not. The standard
adjustment ranges are as follows.
Overvoltage threshold stage 1 [59 > |:
* Threshold (1,0 — 1,2) Un adjustable by steps of 0,01
Un
* Operate time (0,1 — 100) s adjustable in steps of 0,1
S
Overvoltage threshold stage 2 [59 > >
* Threshold (1,0 — 1,30) Un adjustable by steps of
0,01 Un
* Operate time (0,1 — 5) s adjustable in steps of 0,05
s
4.93.4 |Overvoltage 10 min mean protection =)
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49.35

Underfrequency protection [81 <]

Underfrequency protection may be implemented with
two completely independent protection

thresholds, each one able to be activated or not. The
standard adjustment ranges are as follows.
Underfrequency threshold stage 1 [81 < ]:

* Threshold (47,0 — 50,0) Hz adjustment by steps of
0,1 Hz

* Operate time (0,1 — 100) s adjustable in steps of 0,1
s

Underfrequency threshold stage 2 [81 < <:

* Threshold (47,0 — 50,0) Hz adjustment by steps of
0,1 Hz

* Operate time (0,1 — 5) s adjustable in steps of 0,05
S

In order to use narrow frequency thresholds for
islanding detection (see 4.9.3.3) it may be required to
have the ability to activate and deactivate a stage by
an external signal.

The frequency protection shall function correctly in
the input voltage range between 20 % Unand

120 % Un and shall be inhibited for input voltages of
less than 20 % Un.

Under 0,2 Unthe frequency protection is inhibited.
Disconnection may only happen based on

undervoltage protection.

49.3.6

Overfrequency protection [81 > ]

Overfrequency protection may be implemented with
two completely independent protection thresholds,
each one able to be activated or not. The standard
adjustment ranges are as follows.

Overfrequency threshold stage 1 [81 > ]:

* Threshold (50,0 - 52,0) Hz adjustment by steps of
0,1 Hz

* Operate time (0,1 — 100) s adjustable in steps of 0,1
S

Overfrequency threshold stage 2 [81 > > ]:

* Threshold (50,0 - 52,0) Hz adjustment by steps of
0,1 Hz

* Operate time (0,1 - 5) s adjustable in steps of 0,05 s
In order to use narrow frequency thresholds for
islanding detection (see4.9.3.3) it may be required to
have the ability to activate and deactivate a stage by
an external signal.

The frequency protection shall function correctly in
the input voltage range between 20 % Unand

120 % Un and shall be inhibited for input voltages of
less than 20 % Un.

49.4

Means to detect island situation
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49.4.1

General

sides the passive observation of voltage and
frequency further means to detect an island may be
required by the DSO. Detecting islanding situations
shall not be contradictory to the immunity
requirements of 4.5.

Commonly used functions include:

* Active methods tested with a resonant circuit;

* ROCOF tripping;

» Switch to narrow frequency band;

* Vector shift

* Transfer trip.

Only some of the methods above rely on standards.
Namely for ROCOF tripping and for the detection
of a vector shift, also called a vector jump, currently
no European Standard is available.

4942

Active methods tested with a resonant circuit (See appended table 4.9.4.2) P

These are methods which pass the resonant circuit
test for PV inverters according to EN 62116.

49.4.3

Switch to narrow frequency band (see Annex E
and Annex F)

In case of local phenomena (e.g. a fault or the
opening of circuit breaker along the line) the DSO in
coordination with the responsible party may require a
switch to a narrow frequency band to increase

the interface protection relay sensitivity. In the event
of a local fault it is possible to enable activation of
the restrictive frequency window (using the two
underfrequency/overfrequency thresholds described
in 4.9.2.5 and 4.9.2.6) correlating its activation with
another additional protection function.

If required by the DSO, a digital input according to
4.9.4 shall be available to allow the DSO the
activation of a restrictive frequency window by
communication.

4.9.5

Digital input to the interface protection

If required by the DSO, the interface protection shall
have at least two configurable digital inputs.

These inputs can for example be used to allow
transfer trip or the switching to the narrow frequency
band.

4.10

Connection and starting to generate electrical power
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4.10.1

General

Connection and starting to generate electrical power
is only allowed after voltage and frequency are

within the allowed voltage and frequency ranges for
at least the specified observation time. It shall not

be possible to overrule these conditions.

Within these voltage and frequency ranges, the
generating plant shall be capable of connecting and
starting to generate electrical power.

The setting of the conditions depends on whether the
connection is due to a normal operational startup

or an automatic reconnection after tripping of the
interface protection. In case the settings for
automatic reconnection after tripping and starting to
generate power are not distinct in a generating

plant, the tighter range and the start-up gradient shall
be used.

The frequency range, the voltage range, the
observation time and the power gradient shall be field
adjustable.

For field adjustable settings, means shall be provided
to protect the settings from unpermitted

interference (e.g. password or seal) if required by the
DSO.

4.10.2

Automatic reconnection after tripping (See appended table 4.10.2) p

The frequency range, the voltage range, the
observation time shall be adjustable in the range
according to Table 3 column 2. If no settings are
specified by the DSO and the responsible party, the
default settings for the reconnection after tripping of
the interface protection are according to Table 3
column 3.

After reconnection, the active power generated by the
generating plant shall not exceed a specified
gradient expressed as a percentage of the active
nominal power of the unit per minute. If no gradient
is specified by the DSO and the responsible party,
the default setting is 10 % Pn/min. Generating
modules for which it is technically not feasible to
increase the power respecting the specified gradient
over the full power range may connect after 1 min to
10 min (randomized value, uniformly distributed)

or later.
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4.10.3

Starting to generate electrical power (See appended table 4.10.3) p

The frequency range, the voltage range, the

observation time shall be adjustable in the range Default settings are applied.

according to Table 4 column 2. If no settings are
specified by the DSO and the responsible party, the
default settings for connection or starting to generate
electrical power due to normal operational startup

or activity are according to Table 4 column 3.

If applicable, the power gradient shall not exceed the
maximum gradient specified by the DSO and the
responsible party. Heat driven CHP generating units
do not need to keep a maximum gradient, since

the start up is randomized by the nature of the heat
demand.

For manual operations performed on site (e.g. for the
purpose of initial start-up or maintenance) it is
permitted to deviate from the observation time and
ramp rate.

4.10.4

Synchronization

Synchronizing a generating plant/unit with the
distribution network shall be fully automatic i.e. it shall
not be possible to manually close the switch between
the two systems to carry out synchronization.

4.11

Ceasing and reduction of active power on set point

4.11.1

Ceasing active power (See appended table 4.11)

Generating plants with a maximum capacity of 0,8
kW or more shall be equipped with a logic interface
(input port) in order to cease active power output
within five seconds following an instruction being
received at the input port. If required by the DSO and
the responsible party, this includes remote

operation.

4.11.2

Reduction of active power on set point (See appended table 4.11) =)

For generating modules of type B, a generating plant
shall be capable of reducing its active power to a
limit value provided remotely by the DSO. The limit
value shall be adjustable in the complete operating
range from the maximum active power to minimum
regulating level.

The adjustment of the limit value shall be possible
with a maximum increment of 10% of nominal

power.

A generation unit/plant shall be capable of carrying
out the power output reduction to the respective

limit within an envelope of not faster than 0,66 % Pn/
s and not slower than 0,33 % Pn/ s with an

accuracy of 5 % of nominal power. Generating plants
are permitted to disconnect from the network at

a limit value below it minimum regulating level. If
required by the DSO, this includes remote operation.
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4.12 Remote information exchange N/A
Generating plants whose power is above a threshold
to be determined by the DSO and the responsible
party shall have the capacity to be monitored by the
DSO or TSO control centre or control centres as well
as receive operation parameter settings for the
functions specified in this European

Standard from the DSO or TSO control centre or
control centres.

This information exchange is aimed at allowing the
DSO and/or the TSO to improve, optimize and

make safer the operation of their respective
networks.

The remote monitoring and operation parameter
settings system that may be used by the DSO is not
aimed at replacing the manual and automatic control
means implemented by the generating plant
operator to control the operation of the generating
plant. It should not interact directly with the power
generation equipment and the switching devices of
the generating plant. It should interact with the
operation and control system of the generating plant.
In principle, standardized communication should be
used. It is recommended that in case of using
protocols for signal transmission used between the
DSO or TSO control centre or control centres and
the generating plant, relevant technical standards
(e.g. EN 60870-5-101, EN 60870-5-104, EN 61850
and in particular EN 61850-7-4, EN 61850-7-420,
IEC/TR 61850-90-7, as well as EN 61400-25 for
wind turbines and relevant parts of IEC 62351 for
relevant security measures) are recognized.
Alternative protocols can be agreed between the
DSO and the producer. These protocols include
hardwired digital input/output and analogue
input/output provided locally by DSO. The information
needed for remote monitoring and the setting of
configurable parameters are specific to each
distribution network and to the way it is operated.
Signal transmission times between the DSO and/or
the TSO control centre and the generating plant

will depend on the means of transmission used
between the DSO and/or TSO control centre and the
generating plant.

Informative Annex B of EN50549-2 can be used as
guidance regarding the monitoring information and
the remote operation parameter setting.
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4.13 Requirements regarding single fault tolerance of | (See appended table 4.13) P
interface protection system and . i
If required in 4.3.2, the interface protection system | With requirements of IEC/EN
and the interface switch shall meet the 62109, see separate report for
requirements of single fault tolerance. details

A single fault shall not lead to a loss of the safety
functions. Faults of common cause shall be taken
into account if the probability for the occurrence of
such a fault is significant. Whenever reasonably
practical, the individual fault shall be displayed and
lead to the disconnection of the power generating
unit or system.

Series-connected switches shall each have a
independent breaking capacity corresponding to the
rated current of the generating unit and
corresponding to the short circuit contribution of the
generating unit.

The short-time withstand current of the switching
devices shall be coordinated with maximum short
circuit power at the connection point.

At least one of the switches shall be a switch-
disconnector suitable for overvoltage category 2. For
single-phase generating units, the switch shall have
one contact of this overvoltage category for both
the neutral conductor and the line conductor. For
poly-phase generating units, it is required to have
one contact of this overvoltage category for all active
conductors. The second switch may be formed of
electronic switching components from an inverter
bridge or another circuit provided that the electronic
switching components can be switched off by control
signals and that it is ensured that a failure is
detected and leads to prevention of the operation at
the latest at the next reconnection.

For PV-inverters without simple separation between
the network and the PV generating unit (e.g. PV
Inverter without transformer) both switches
mentioned in the paragraph above shall be
switchdisconnectors

with the requirements described therein, although
one switching device is permitted to be located
between PV array and PV inverter.

Annex A [Interconnection guidance Info
Annex B [Void Info
Annex C |Parameter Table Info
Annex D [List of national requirements applicable for generating plants Info
Annex E [Loss of Mains and overall power system security Info
Annex F [Examples of protection strategies Info
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Annex G [Abbreviations Info
Annex H [Relationship between this European standard and the COMMISSION Info
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5.2.1 & 5.2.2 | TABLE: Normal operating range (Operation range) P
Test Conditions Measurements Target value Limit

U/Un f [Hz] Time Pmax/Pn Pmax/Pn Pmax/Pn
100% 47.5 5min 100.05% 80% 280%
100% 51.5 5min 100.05% 100% 100%+5%
100% 47.0 20s 100.05% 75% 275%
100% 52.0 5min 100.05% 100% 100%+5%
85% 50.0 10min 100.05% 100% 80%-105%
90% 50.0 10min 100.05% 100% 85%-105%
100% 50.0 10min 100.05% 100% 100%+5%
110% 50.0 10min 100.06% 100% 100%+5%

Note(s):

* Function of interface protection and activating active power response to over/under frequency and voltage

shall be disable.

1.2 153
1.15
| 152
g_ 111
— — 7 51
o 1.05 N
> L
]
z 1) 50 3
o
> S
2095 149 3
© 2
o 097 w
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s 085
-| 47
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\ I I I \ =4 46
0 500 1000 1500 2000 2500 3000
Time[s]
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53.1 TABLE: Immunity to disturbances - Rate of change of frequency p
(ROCOF)
Test Condition
Measurement Limit
f[Hz] Time [s]
50 3 Connect Connect
51 3 Connect Connect
49 3 Connect Connect
50 6 Connect Connect
T T T
2500 - 1515
=51
2000 -
. -1 50.5 E"
2, 1500 - :
o c
S 50 g
g g
- d
1000 149.5 |
500 - -1 49
0 I I I I I ! 148.5
5 10 15 20 25 30
Time[s]
Power Frequency
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5.3.2 TABLE: Phase jump P
Test Condition
Result Limit
P/Pn Time . Phase o
displacement [°]
100% 5min +90° No damage inverter No damage inverter connected
connected
100% 5min -90° No damage inverter No damage inverter connected
connected
100% 5min +180° No damage inverter No damage inverter
reconnected reconnected
100% 5min -180° No damage inverter No damage inverter
reconnected reconnected

-90°

v apmETEpaE [ ©

v v eRmRIaEaE & O
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533 TABLE: Immunity to disturbances - Fault ride through, over- P
" voltage (OVRT) and under-voltage (UVRT)
ondition
Phase Measurement
No. Parameter ref Time ref. unit
0 | Test number -- -- -- 1.1 1.2 1.3 14
1 Date - - dd.mm 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
2 (start of test) B B :SS See graph
3 | Faulttype - - VD1 VD6
(phase)
Setting .
4 voltage L'I?rfeto -- p.u. 0.05
General depth
Info. 5 Settlng dip . 250
duration
6 gt @1 s Total -- ms See graph
entry
7 iaim? @i LS Total -- ms See graph
clearance
Fault
g | durationin I o - ms 270.93
empty load
test
9 Voltage Total t1+100ms p.u. 0.05
depth/height to t2 and
10 in empty Pos. t1-10s to p.u. 0.05
load test t1
11 | Voltage | Sneto |t-100sto |\ | 1006 | 1.005 | 1.005 | 1.004
neutral t1
t1-500ms
12 Current Pos. to t1- p.u. 1.009 0.311 1.014 0.310
_ 100ms
Beforedip | 13 Active power |Ttl_| t-10sto , | 1015 | 0312 | 1019 | 0310
<l 14 > Pos. t P-4 - -- - -
15 Reactive Total t1-10s to U -0.034 | -0.018 | -0.033 | -0.022
16 power Pos. t1 P-u. = = = .
17 Coso ~ | WA 10,9995 | 0.9975 | 0.9994 | 0.9968
Line to t1+100ms
18 Voltage to t2- p.u. 0.048 | 0.045 | 0.866 | 0.866
neutral
20ms
_ _ 19 Phase 1 0.015 | 0.015 - -
During glp 20 | Linecurrent | Phase 2 | t1+50ms p.u. -- -- - -
tliot 21 Phase 3 - ~ | 1167 | 0337
22 Phase 1 0.015 | 0.017 - -
23 | Linecurrent | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 - - 1.182 | 0.362
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25 Total t1+100ms 0.001 0.001 1.018 0.313
Active power to t2- p.u.
26 Pos. 20ms -- -- -- --
Line to t2+3s to
27 Voltage neutral 124105 p.u. 1.005 1.005 1.003 1.005
28 . Total t2+3s to 1.012 | 0.313 1.006 0.313
9 Active power Pos. t2+10s p.u. — — — —
39 | Active power | o o - s 0.202 | 0.221 | 0.104 | 0.104
rising time
31 Reactive Total t2+3s to " 0.067 | -0.022 | 0.031 | -0.022
After dip 32 power Pos. t2+10s p-u.
> t2 Reactive --
33 | power rising Pos. S 0.202 | 0.221 | 0.104 | 0.104
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 1.1

10850 10875 (2] 1500

A B

B[] 1:08.3072066 1:09.0761340
su1Y) 2520731 1911326
CL0) 0111984 0157475
®U1_tRMS_rc@GRID [V] 39.97351 12.09800
®11_tRMS_r<@GRID [A] 0.205704 0.128081
@ P_t_rc@GRID W] 3.320992 1402497
®5_t_rc@GRID [VA] 8222731 1549529
©Q_t_rc@CRID [var] 7522255 0658519
®PF_t@GRID ] 0.430084 0.061633

F_fund@CRID [Hz] 49.99987 5016782

Empty load

HRE
02705274
-6.432087
-0.045490
-27.87551
-0.077623
1918495
-6.673202
-5.151074
-0.360351

0167950

HRE

1146616
0133142
1169778
0.133526
0982570
1604902
1.268965
0.343747
50.04424
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ouiy

AN W E—————— AN

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

BHE 5] 1:08.381459 1:08.481777 0.100317
su1v) 4248508 1004772 -4148031 2298206
®A1[A] 1275898 -0.024437 -1.300335 10.41949
®U1_tRMS_re@CRID V] 2313849 2313876 273123 2302034
®11_tRMS_rc@GRID [A] 10.53857 1055588 0.017315 1043858
®P_t_rc@GRID [W] 2436.902 2041120 422265 2403094
®5_t_rc@GRID [VA] 2438466 2842.501 4035156 2404282
©Q_t_rc@GRID [var] 8732684 -sL9%76 535077 7555673
®PF_t@CRID ] 0.909502 0999502 0.000000 0999502
F_fund@GRID [Hz] 49.95943 49:99943 0.000000 4999343

Before dip (t1-100ms)

I

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

2]® PF +..0[] ®Q t ..

B4l [s] 1:08.480370 1:08.530660 0.050290
auiv -71.10612 0537233 TLB4336 1223182
®AL[Al -3.122925 -0.055622 3067303 0.320832
®U1_tRMS_rc@GRID [V] 231.30% 1037353 2209299 8407482
@ 11_tAMS_rc@GRID [A] 1055210 0.153977 -10.30813 3797783
®P_t_rc@CRID [W] 2430.450 0978932 2840429 806.8614
®S_t_rc@GRID [VA] 2040.801 1508211 -2439.208 507.7167
®Qt_rc@CRID [var] -81.20284 1263317 8246615 3716142
@PF_t@GRIDN 0.998502 0.999502 0.000000 0599502
F_fund@CRID [Hz] 40,9043 42.90043 0.000000 40.90043

During dip (t1+50ms)
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ouiy

T e e

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

Bl [s) 1:08.480370 1:08.560712 0.080342
euiM 7110612 2736254 68.36987 12,0888
®A1[A] -3.122925 -0.325703 2797222 0.278762
@ U1_tRMS_rc@CRID V] 2313000 1253800 2187714 67.07463
®11_tRMS_rc@CRID [A] 1055210 0.155104 -10.39700 3014921
®P_t_rc@GRID [W] 2439.450 1316587 2438133 6402383
®5_t_rc@GRID [VA] 2840.801 1944710 -2438.857 6409177
®Q_t_rc@CRID [var] -81.20284 1431257 T9TT156 2950192
®PF_t@CRID[] 0.999502 0.998916 586324 0.909208
F_fund@GRID [Hz] 49.99943 49:92270 -0.076733 49.95108

During dip (t1+80ms)

[P

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

2]® PF +..0[] ®Q t ..

e
prren e preCe O =m e P
A B AmR HAE
B4l [s] 1:08.480370 1:08.580713 0.100342
auiv -71.10612 2705260 6840086 1197208
®AL[Al -3.122925 0.024772 3147698 0.258725
®U1_tRMS_rc@GRID [V] 231.30% 1253516 2187743 60.28487
@ 11_tAMS_rc@GRID [A] 1055210 0.157558 -10.30455 2.700841
@ P_t_rc@GRID [W] 2430.450 1434132 -2438.016 573.3550
®S_t_rc@GRID [VA] 2040.801 1974982 2438526 573.0638
®Qt_rc@CRID [var] -81.20284 -1357873 T9.84496 2642861
@PF_t@GRIDN 0.998502 0.996916 -5.863e4 0599209
F_fund@CRID [Hz] 40,9043 42.92270 0076733 40.96108

During dip (t1+100ms)
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L R

FL i 'JHMMI’MWWNH”IM’N‘M”W

e <
R e

I TR ATE A EY R Y e i
F T & i

o5
2
o051
B e s S sy e e
BT P LT TR AR B LT
2] =B o
m] A 3 AR LE]
B4l [s] 760959 1963340 0202381
s -84 18 15.3891 217.0031 229.2604.
®AL[Al 138878 1029527 1043415 8220001
®U1_tRMS_rc@GRID 66472 1.2105 2185457 271.0022
@ 11_tRMS_rc@GRID 158808 1053038 1037149 8.002550
@ P_t_rc@GRID [W] 424757 2420385 2427960 1854.966
®S_t_rc@GRID [VA] 11772 234725 232713 1863827
Q_t_rc@GRID [var] 420285 1611604 1507402 15289
t@GRID T 098039 0.857023 58954 0609959
nd@CRID [H: 00484 50.06538 1539 03562

Recovery time
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Graph of Test number 1.2

ouLy

var]@ S ¢ .. [VA]@ Pt .. (W]® 11t [A] ®ULt.[V] @AL[a]

[H1]® PF_t..D[]@Q ¢ ..

108200 1:08.300 08400 (=] 108500 108 600 108700 108,800
A B =1 ARfE
B s 1:08.36130 1:08.46188 0.10058
sui 26.47588 1628237 2484775 2204416
OAL[A] 0.250507 0475213 0.425720 3125801
@ U1_tAMS_rc@CRID [V] 2312567 2313601 -0.006634 230.1493
®11_tRMS_rc@GRID [A] 3247181 3.241229 -5.952¢-3 3141924
@P_t_rc@GRID W] T49.6923 746.6950 2997253 7217851
®5_t_rc@GRID [VA] 7509324 T49.2921 -L.689697 7232385
©Q_t_rc@GRID [var] -43.13984 6173517 1859533 45.82808
@ PF_t@CRID || 0907541 0.907684 142684 0.907612
F_fund@GRID [Hz] 49.95956 49.99951 -4.359¢-5 49.99954.

oulpy

.
it

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

] ® PF_t..D[] @Q t ..

Bl 5] 1:08.46087 1:08.51135 0.05048
suim -24.52867 -3.235264 2129340 11.09844.
o1 (A -0.592022 0.019623 0612545 0.183452
8 U1_tRMS_rc@GRID V] 2312652 1037335 2208859 7087353
®11_tRMS_rc@GRID [A] 3235569 0.156569 -3.079000 L4771
®P_t_rc@CRID [W] 46,8875 1158134 TA8.0456 2312501
®S_t_rc@GRID [VA] 78,2745 1625084 -T46.6494 232.1866
®Q_t_rc@CRID [var] -45.53876 L140011 4667877 2083333
@PF_t@CRID 0.997684 0.997684 0000000 0997654
F_fund@CRID [Hz] 0.90051 4.90051 0.000000 40.00051

During dip (t1+50ms)
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ouiy

A7 A s By B

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

Bl [s) 1:08.46087 1:08.54116 0.08028
euiM -24.52867 -1536055 2299261 1141545
®A1[A] -0.592922 -T.271e3 0.585651 0.179660
@ U1_tRMS_rc@CRID V] 2312652 1258087 2186814 6376622
®11_tRMS_rc@CRID [A] 3235569 0.180144 -3.055424 0.890347
®P_t_rc@GRID [W] 76,8875 1569802 7453176 183.4961
®5_t_rc@GRID [VA] 82745 2266372 -746.0081 1842420
®Q_t_rc@CRID [var] -45.53876 1634579 araT33 1656132
®PF_t@CRID[] 0.997684 0.097688 0.000000 0.907684
F_fund@GRID [Hz] 49.99951 49:99951 0.000000 49.99351

During dip (t1+80ms)

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

fu...[H2] @ PF_t.D[] @ Q_t ..

e e pre O T e
A B AmR HAE
B4l [s] 1:08:46087 1:08.56103 0.10016
auiv -24.52867 -2.066059 2246261 1145103
®AL[Al -0.592922 -0.168633 0424290 0.176803
®U1_tRMS_rc@GRID [V] 2312652 1262971 2186355 5733504
@ 11_tAMS_rc@GRID [A] 3238569 0171621 -3.063947 0.800831
®P_t_rc@CRID [W] 46,8875 1459207 -TM54283 1643275
®S_t_rc@GRID [VA] 78,3745 2167523 -746.1070 1649972
®Qt_rc@CRID [var] -45.53876 -1.602770 4393599 14.85082
@PF_t@GRIDN 0.997684 0.997684 0.000000 0997654
F_fund@CRID [Hz] 0.90051 4.90051 0.000000 40.00051

During dip (t1+100ms)
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ouiy

oniin

W] ® 11t [A] ®UIt.[V]

.A]®Pt .

1@ B t..D[]®Q ¢t ..var®5. ¢t .

Bl [s) 1:08.74024 1:11.74205 3.00181
euiM 5479975 9531339 1007934 230.0385
®A1[A] -0.229286 1.448990 1678276 3.091209
@ U1_tRMS_rc@CRID V] 1247801 2311872 2187083 2208404
1_tRMS_rc@CRID [A] 0.150800 3253989 3103089 3.088378
®P_t_rc@GRID [W] 1262956 T50.4150 Ta9.1520 7083908
®5_t_rc@GRID [VA] 1883071 752.2806 7503976 7107827
®Q_t_rc@CRID [var] -1.396745 -s2.94795 5155121 5826221
®PF_t@CRID[] 0.988073 0.997528 245523 0.970324
F_fund@GRID [Hz] 49.92502 49:99985 0074833 43.93994.

After dip (t2+3s)

i

we

VA ® Pt ..

1®Qt . var®s ¢ .

.
e O O = e > ]

A B AmR HAE

B4l [s] 1:08:74024 1:08.96109 022085
auiv -5.479975 2720757 2759218 229.6063
®AL[Al -0.229285 0234436 51503 2201151
®U1_tRMS_rc@GRID [V] 1247891 2312930 2188141 2264129
@ 11_tAMS_rc@GRID [A] 0.150900 3403543 3252643 2228456
_rc@CRID [W] 1262956 7839221 TB2.6592 5055785
_rc@CRID [VA] 1883071 7872158 Tes3327 512.7007
®Qt_rc@CRID [var] -1.396746 7193642 7333317 83.36017
@PF_t@GRIDN 0.988073 0.504172 -0483901 0784372
F_fund@CRID [Hz] 0.02502 50.07546 0150440 50.00029

Recovery time
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Graph of Test number 1.3

ouiy

A

AT

PR PR AR AR Y

Quit.[v] ®ai[a

e
)
.
H
.
o
.
.
|
107900 1:08.000 [TECI - ] FECET - ] 108300 108400 08300 (> ]
] A B =15 HRE
i [s] 1:08.1270899 1:08.2273985 0.1003097
ULy 212.0857 188.0020 2408362 230.1312
BAL[A] -9.313607 -8.516526 0.797081 1043863
®U1_tRMS_rc@CRID [V] 2311877 2310871 -0.070857 230.2556
@11_tRMS_rc@GRID [A] 10.58855 10.58033 -8.224e-3 10.44588
®P_t_rc@GRID [W] 2046334 2043757 2517148 2408176
@5_t_rc@GRID [VA] 2447825 2444.978 -2.64T461 2405407
©Q_t_rc@GRID [var] T2.49236 Tr25220 2240120 695625
@PF_t@CRID [] 0999461 0.999458 33386 0.999460
F_fund@GRID [Hz] 49.99971 49.99959 1.183e-4 49.99965

During dip (t1+50ms)

~ AN A A AR , /
2 r‘f\/\ff\"\_/xf‘f\ \/ fr\\ \/\f ,’,\fkf\/f[\\’ f\v\f\x \/ ‘\;‘f\
¢ W J AL A vany
\
T am e T T o
LY A L] R LET S
Hill L:azaos1s 1:08.280801 0080287
sVl 1073006 1345658 2418664 1996864
auw ) rrem gy e
B UI_tRMS_rc@CRID [V] 23747 195.2484 3202635 203.339%6
@ 11_IRMS_re@CRID [A] 10.608T1 1248122 157517 11.70507
REEgeT e s il g
@5 _t_rc@GRID VAl 2453506 2427.089 26AIEL FEEE )
0 n@ERD i S —— i
arr tocuny e prsiess st s
F_lund@CRID [He] 409950 49.09950 Q00000 40.99959
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EN 50549-1 & EN 50549-10
Clause |Requirement - Test Result - Remark Verdict
VAT VAT AT AV AT AV AYAY VAV AT AN VAT AV AVATAVAVATAVAVAVAVSS
AVAVAVAVAVAVAVAVAVAVAN AVAVAVAY AVAVAVAVAVAVAVAVAVAVAVAVAY
| \ ;’
[(w] - A e L] - ;:‘ mmﬂnl
Eill) Lazysis 108310645 0080031
sui 1073008 1072539 004670 2002102
L 5455550 6572224 1106644 1201881
B U1_tRMS_rc@CRID [V] e 2014700 2980473 02.3768
Hiynchige =t Sk ten ot
W 5_t_rc@CRID [VA] 2453526 2485.343 3LEITI 2408.676
S Qt_re@CRID [var] 6652184 5150058 -2SATET 9866581
®PF_HCRID ] nomuss 0999458 999258
F_tund@GRID [Hz] an9msd 42.09059 0.000000 4099959
During dip (t1+80ms)
A A AAARAAAAPRAARAARARAAAAA
CAVAVAVAVAVAVAVAVAVAVAN AVAVAVAVAY VAVAVAVAVAVAVAVAVAVAVAY
= | \ /
ey EEy Free pry Frre [> ]
[(w] A L] HE LY
Eill) Lazysis 108330742 0100228
sui 1073008 1234344 1613379 200.1631
L 5455550 7376148 1911163 1200213
B U1_tRMS_rc@CRID [V] e 004577 “29ET05 019084
Hiynchige =t St i e
W 5_t_rc@CRID [VA] 2453526 444321 5205078 2410611
S Qt_re@CRID [var] 6652184 8988044 2355800 9597352
®PF_HCRID ] nomuss 0999458 999258
F_tund@GRID [Hz] an9msd 42.09059 0.000000 4099959
During dip (t1+100ms)
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Clause |[Requirement - Test Result - Remark Verdict

1

R o TR N R A D A

A WMWMMWW%MWW&W fﬂl!l‘ﬂfﬂWﬂl WWA%IWUMWMW‘W U
3 - .::.:..;..r'“"‘r"““rn o

i

T AT T T e e A R

T AR P Tﬂ" i n‘Ulh U Y

T R T

B 1},1]{ A T S R b A e s D A G T BT R

) =m = y T nry T3
A B AR LEL
Lo 1:08.506696 1:11.513656 006560
suLN 2104334 3178321 528.0655 230.1892
SALA] 1263182 1423187 2686329 10.83611
®U1_ERMS_rDGRID V] s B0z oo 2302001
®11_tRMS_r@GRIDIAL 12003 1047378 -Ls%0e0 108884
®P_t_rc@GRID (W] 2ass s PEE w0s0n
®5_t_re@GRID A] a0 2416568 Tz 2904285
#Q_L_r@CRID fvar] sr.aumsn Thatss 1812648 L)
#PF_tGCRID (] [ asssass armea asseszz

F_fumd@CRID (He] sn0010 000023 129764 aag99

AR .”.‘\“..‘\r."‘.;.-"‘.,.a
! !

| mmw i W\

AU

s a0
w3 20 1 t - ‘
s E Tyl £ s > ]
[(m ) n B HE HAE
L IC) 1208 SOE696. 1:08610124 a10m28
suipv 2104334 8418330 2546167 2TAME
L0 1263182 3413540 1608576 1025742
BULIRMS rc@CRIDIV] 0775 Lau 3046506 zmum
®11_1AMS. re@GRID (8] 2auy 105501 -Larassy 1048075
#P_L_rc@GRID W) 2ses preee 2820830 s
#5_Lr@CAID VA ran 1 2504738 o0
#Q_t_re@GRID fwar] a7suss8 s10n481 astes waams
#PF_tECRID] ozmsees ey P 2
F_tumd@GRID (He sacooin 00006 aases 00008

Recovery time
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 1.4

AT

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

1 PF_t..D[]9Q t v

B 1s) 1:08.775915 1:08.676462 0100547
su1p] -167.3631 1214871 4557603 2206047
®ALA 2429127 -1.891255 0537872 3118369
@ U1_tRMS_rc@GRID [V] 230.8835 2311150 0231401 2300735
®11_tRMS_rc@GRID [A] 3232890 3240836 7.996e-3 3.126565
®P_t_rc@GRID [W] 74,6082 Ta1.3318 2723145 7172069
®5_t_rc@GRID [VA] 46402 42,0057 2596436 T19.4952
#Q_t_rc@CRID [var] -51.82050 5005313 1767376 5425165
®PF_t@CRID[] 0.996861 0.996861 0.000000 0.996861
F_fund@GRID [Hz] 49.99989 49:99989 0.000000 49.99989

Before dip (t1-100ms)

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

0587286 -

ossTiST -
0570z -

21® PF_+..D[] ®Q t ..

£ 50005 -
2 ensomei
R

Bl 5] 1:08.876449 1:08:926562 0.050113
suim -121.4871 94.23765 2157247 1997693
o1 (A -1.801255 1455570 3346825 3.481056
8 U1_tRMS_rc@GRID V] 2311150 199.1535 -31.96143 2045486
®11_tRMS_rc@GRID [A] 3240836 3520016 0279180 3452031
®P_t_rc@CRID [W] 3314 7003083 -47.02301 T02.7867
®S_t_rc@GRID [VA] 73,0057 7010236 -47.98206 T04.5272
®Q_t_rc@CRID [var] -50.05313 -31.659%1 1839352 46,5866
@PF_t@CRID 0.996861 0.996202 a083e5 0996852
F_fund@CRID [Hz] 40.90089 49.98900 as01e3 40.90489

During dip (t1+50ms)
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

ouiy

7

=
2
.
B
.
=
e
2
.
B
.

105500 108850 [+] 108500 Tos5s0f) 109,000 109050
A B =11 AR

Bl [s) 1:08.876449 1:08.956549 0.080100
euiM -121.4871 -or.10734 2037973 200.0806
®A1[A] -1.891255 -1.578831 0312424 3569058
@ U1_tRMS_rc@CRID V] 2311150 2012325 2985208 2020388
®11_tRMS_rc@CRID [A] 3240836 3783617 0542781 3531277
®P_t_rc@GRID [W] Ta7.3314 7599595 1262811 7136791
®5_t_rc@GRID [VA] 742.0057 7613865 1233086 715.1360
#Q_t_rc@CRID [var] -50.05313 -16.59450 3458588 45.62095
®PF_t@CRID[] 0.996861 0.996502 408325 0.906852
F_fund@GRID [Hz] 49.99989 49:98990 -9:991e3 49.93489

During dip (t1+80ms)

ouipy

var]®5 ¢ ..[VA]@ P t ... [W]® 1 t..[A] @ UL t.[v] @AL[A]

2 sammnet -
e

B4l [s] 1:08.876449 1:08:976470 0.100021
auiv -121.4871 -105.2131 1627398 200.1875
®AL[Al -1.891255 -Le43762 0.047493 3.580892
®U1_tRMS_rc@GRID [V] 2311150 201283 2983160 202.4037
@ 11_tAMS_rc@GRID [A] 3240836 3732570 0491735 3551753
®P_t_rc@CRID [W] .314 7500256 2694275 716.1769
®S_t_rc@GRID [VA] 749.0057 7513043 2208584 7176345
®Qt_rc@CRID [var] -50.05313 4381421 6238914 4571622
@PF_t@GRIDN 0.996861 0.996802 408385 0996852
F_fund@CRID [Hz] 40.90089 49.98900 as01e3 40.90489

During dip (t1+100ms)
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark

Verdict

=
¢

z 2
3z o
® 2

™

.

.
E a1 ATl R A i D

s DRI e AR A e e e A
H

Bl [s) 1:09.153605 1:12.157158 3.003548
euiM 27915t 5310171 2178137 230.0695
®A1[A] -4.978013 -0.896477 4081536 3122962
@ U1_tRMS_rc@CRID V] 2005940 2311671 062314 2300238
®11_tRMS_rc@CRID [A] 3619436 3258002 0361434 3124324
®P_t_rc@GRID [W] 724.2685 512052 2683671 7167834
®5_t_rc@GRID [VA] 725.8561 753.1430 2728687 718.7267
®Q_t_rc@CRID [var] -47.98188 -53.99186 -6.009983 52.68048
®PF_t@CRID[] 0997412 0.996792 610124 0.996370
F_fund@GRID [Hz] 50.00997 49:99981 -0.010162 50.00054.

After dip (t2+3s)

VA ® P _t ... [W]® 11

uar] @5 ¢ .

A B AmR HAE

B4l [s] 1:09.153605 1:09:257768 0104163
auiv -270.9154 5.852776 2767682 228.1693
®AL[Al -4.978013 -1537060 3440953 3105620
®U1_tRMS_rc@GRID [V] 2005440 2312928 3074843 2275369
@ 11_tAMS_rc@GRID [A] 3610436 3253982 0365954 3154790
®P_t_rc@CRID [W] 724.2685 750.6847 2641620 713.0056
®S_t_rc@GRID [VA] 725.8561 752.5057 26.64954 7152602
®Qt_rc@CRID [var] -47.98188 5231986 1003017 56.74670
@PF_t@GRIDN 0.997412 0.997412 0.000000 0897412
F_fund@CRID [Hz] 50.00897 50.00887 0.000000 50.00087

Recovery time

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict
Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 2.1 2.2 2.3 2.4
1 Date - - LT 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 Fault type _ _ VD2 VD7
(phase)
Setting .
4 voltage L|Ir_1 et -- p.u. 0.24
ine
c | depth
encra Setting di
Info. 2 durat?onp B 910
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
g | durationin | Lo - ms 931.06
empty load
test
t1+100ms
9 Voltage Total u. 0.24
depth/height totzand | P
in empty t1-10s to
10 load test Pos. t1 p.u. --
11 | Voltage | -neto |t-100sto |, =1 1006 | 1.006 | 1.006 | 1.005
neutral t1
t1-500ms
12 Current Pos. to t1- p.u. 1.011 | 0.312 1.016 0.312
_ 100ms
Before dip | 13 Active power 10| t1-10s to y 1.018 | 0.314 | 1.022 | 0.313
=il 14 . Pos. t1 ol - - - -
15 Reactive Total t1-10s to U -0.032 | -0.021 | 0.034 | -0.020
16 power Pos. t1 p-u. = = - .
17 Cose - tl'lgs © | |09994 | 09970 | 0.9994 | 0.9973
Line to t1+100ms
18 Voltage neutral to t2- p.u. 0.235 | 0.235
20ms 0.877 0.876
19 Phase 1 0.017 0.017 -- --
20 Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- -- 1.152 | 0.316
tltot2 22 Phase 1 0.018 | 0.016 -- --
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 -- -- 1.167 0.362
25 Total t1+100ms 0.003 0.003 1.018 0.317
Active power to t2- p.u.
26 POS- 2oms == == == ==

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict
27 | Voltage rl;le?ueirg)l tt2213150tso pu. | 1.004 | 1.005 | 1.004 | 1.005
28 Active power Total t2+3s to b.U 1.008 0.312 1.014 0.318
29 Pos. t2+10s o -- -- -- --
gg | Active power | o, - s | 0190 | 0.208 | 0.181 | 0.179
rising time
31 Reactive Total t2+3s to 0.038 | 0.020 | 0.031 | -0.020
After dip |32 power Pos. t2+10s p-u. — - - ~
> t2 Reactive --
33 | power rising Pos. S 0.190 | 0.208 | 0.181 | 0.179
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 2.1

il

ARFRLTLAN

kbbb bbbl okchthe bbbkt selehebbekAek kel
RALALALLLLRELLERL L) A BhARLUL L

ouipy

i

i
i

4
APl

v eaa

A1 ® u1t.

A B HE HRE

B iEl [s) 1:14.51596 1:15.44702 0.93106
eulV] 20.80035 23.05746 2257109 5516397
@AL[A] -1.087761 -0.533295 0.554466 0.09828T
@ U1_tRMS_rc@CRID [V] 56.98002 55.20025 1771667 55.10654
11_tRMS_rc@GRID [A] 0.554616 0.088821 -0465795 0.108164
®P_t_rc@GRID [W] 7555044 0.013254 7.568698 1256031
®Q_t_rc@CRID [var] -30.68610 4.903737 35.58084 5825905
@ 5_t_rc@GRID [VA] 3160255 4.903755 -26.69880 5.959764
@ PF_t@CRID [] 0577881 -0.027532 -0.605412 0.258998
@F_fund@GRID [Hz] 4991179 49.99042 0.087631 49.99953
Empty load
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Clause |Requirement - Test Result - Remark Verdict

ouiy

ST

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

i
.
e o
S osw
& oee-
.
2 e
ERE L
! amesne ] B e et TR PP e e Tl LR R
109400 109500 103.600 (=] 109700 103800 109900
A B L] HARE
Bl [s] 1:09.56100 1:09.66154 0.10054
su1V] -8.145495 2.063797 1720829 296230
®AL[A] 0761437 2442209 3204346 1036490
®U1_tRMS_re@CRID [V] 2313799 2318217 0041809 2303332
®11_tRMS_rc@GRID [A] 1055975 1057379 0014000 1041740
®P_t_rc@GRID [W] 2042106 2045717 361059 2398426
®5_t_rc@GRID [VA] 2043322 2447.003 3681396 2399648
©Q_t_rc@CRID [var] -T1.06613 ~T9.33809 2771957 TesTI07
®PF_t@CRID [] 0.998454 0.900454 0.000000 099454
F_fund@GRID [Hz] 4999033 49.95033 0.000000 4999933

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

J
.
.
T T TEe PR ¢ | o e
A B AmR HAE
B4l [s] 1:09.66184 1:03.71195 0.05011
auiv 17.01387 2156679 -38.58066 54.68425
®AL[Al 3695751 0.059963 -3.635788 3.982526
®U1_tRMS_rc@GRID [V] 2314217 5334635 1774753 s2.11383
@ 11_tAMS_rc@GRID [A] 1057379 0.176908 -10.30688 5.260345
®P_t_rc@CRID [W] 285717 6813340 2452531 7154083
®S_t_rc@GRID [VA] 2047.003 9543339 -2437.460 8317012
®Qt_rc@CRID [var] -79.33809 6681732 8601982 3007971
@PF_t@GRIDN 0.999454 0.982031 0017423 0580781
F_fund@CRID [Hz] 40.90033 42.90060 87223 40.90495

During dip (t1+50ms)

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

.
R
s
o s
109550 103.600 103,65 103700 [ = ST 109,800
A B =11 AR
Bl [s) 1:09.66184 1:09.74200 0.08016
euiM 1701387 1871307 1699209 54.98037
®AL[Al 3695751 -0.306248 -4.001999 3152847
@ U1_tRMS_rc@CRID V] 2314217 623251 1751892 80.426T1
®11_tRMS_rc@CRID [A] 1057379 0.183065 -10.39072 4175269
@ P_t_rc@GRID [W] 2045717 7.10830 -2438.608 6153591
®5_t_rc@GRID [VA] 2247.003 1020422 -2436.709 6600432
#Q_t_rc@CRID [var] -79.33809 7.445008 8678410 2387263
®PF_t@CRID[] 0.998454 0.982031 0017423 0.920781
F_fund@GRID [Hz] 49.95033 49.99060 -8T28e3 49.95496

During dip (t1+80ms)

[VA] @ P_t ... W]

.

T T TEe T EECTR ¢ | e
A B AmR HAE

B4l [s] 1:09.66184 1:03.76188 0.10004
auiv 17.01387 1628121 -0.732660 55.03849
®AL[Al 3695751 0282215 3977967 2823273
®U1_tRMS_rc@GRID [V] 2314217 5628157 -175.1401 T6.09054.
@ 11_tAMS_rc@GRID [A] 1057379 0.185561 -10.38823 3730034
®P_t_rc@CRID [W] 285717 7.255838 -2438.461 5510789
®S_t_rc@GRID [VA] 2047.003 10.44366 -2436.560 5011070
®Qt_rc@CRID [var] -79.33809 7511513 8684960 2138011
@PF_t@GRIDN 0.999454 0.982031 0017423 0580781
F_fund@CRID [Hz] 40.90033 42.90060 87223 40.90495

During dip (t1+100ms)

TRF No. EN 50549-1a
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E W"“IJI'““XI"WH’"W"W"W"W"W"W"W‘lﬂ‘mHWWlﬂl"lMWﬂMli‘l”ll‘ﬂ'im”mﬂ’mMnMnMaNh|M||lW'1’|l“l‘illW‘il|”l'l|”lWl’h"lVl|”ﬂh”lVKIWKI"NH'”W"W"Ul"”ﬂ"'wl

iMhﬂianHnm

After dip (t2+3s)

i

Recovery time

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 2.2

eVATATA AVAVAVAVAY (VA RVAVAV AVAY

ouLy

var]@ S ¢ .. [VA]@ Pt .. (W]® 11t [A] ®ULt.[V] @AL[a]

2083 -~

0.9898 -
098273 -~
09755 -

smgera -
4999600 -
99452 -~

F_fu...[H:]® PEL.D[]@QEL.

B [s] 1:08.84034 1:08.94065 0.10032
su1Y] 3810861 1610078 2198483 206392
®ALA] 0250221 1812626 1562405 3114664
® U1_tRMS_rc@GRID [V] 231.3466 231.0588 0287766 230.1256
®11_tRMS_rc@GRID [A] 3262502 3261535 100763 3122545
®P_t_rc@GRID [W] 53,1408 750.1495 2.990845 168954
®5_t_rc@GRID [VA] 7547778 753.6063 -1171509 7187455
#Q_t_rc@CRID [var] -39.68%03 1209724, 2240821 5156533
®PF_t@CRID [] 0997022 0.987022 0.000000 0997022
F_fund@GRID [Hz] 49.92838 49.95838 0.000000 4399898

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

F_fu...[Hz] ® PF_t..D[] ®Q t ..

Bl 5] 1:08.93982 1:08.99042 0.05060
suim -13.14919 -13.24288 -0.093699 54.51043
o1 (A -0.416397 0114273 0302124 1138791
8 U1_tRMS_rc@GRID V] 2312450 52,0435 -177.2001 s3.84477
®11_tRMS_rc@GRID [A] 3252895 0.180857 -3.072038 1570953
®P_t_rc@CRID [W] 504272 6773643 -757:2009 2042121
®S_t_rc@GRID [VA] 752.2158 2.774388 -Taza014 260.6503
®Q_t_rc@CRID [var] 5184145 T046725 5588818 90.93658
@PF_t@CRID 0.997022 0.997022 0000000 0997022
F_fund@CRID [Hz] 40.90808 40.00808 0.000000 40.90808

During dip (t1+50ms)
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ouiy

*********** :

[H2]® PF_t..D[]®Q ¢ ..var]® S t .. [VA]@ Pt ..[W]® 11 t...[A] ® UL t..[v] @AL[A]

E_fu.

Bl [s) 1:08.93982 1:09.02004 0.08022
euiM -13.14919 0630693 1377988 55.05281
®A1[A] -0.416397 -0.248455 0.167942 0.911261
@ U1_tRMS_rc@CRID V] 2312450 5631560 1749204 8177332
®11_tRMS_rc@CRID [A] 3252895 0.167120 -3.085775 1257705
®P_t_rc@GRID [W] 504272 7.349155 7430781 1938540
®5_t_rc@GRID [VA] 7522158 2411469 -742.8044 2068085
®Q_t_rc@CRID [var] 5184145 5879257 5772071 T2.30213
®PF_t@CRID[] 0997022 0.968443 0028578 0.982836
F_fund@GRID [Hz] 49.99898 49:99303 59513 49.99601

During dip (t1+80ms)

ouipy

[H2]® PF_4..D[] @ Q_t ..var] @S t .. (A @ P t ..[W]® I1 t...[] ® UL t..[v] @AL[A]

E_fu.

A B AmR HAE

B4l [s] 1:08.93982 1:03.04080 0.10038
auiv -13.14919 1741918 30.56836 54.91257
®AL[Al 0416397 -0.280499 0.135899 0.816384
®U1_tRMS_rc@GRID [V] 2312450 56,3564 -174.8886 Trom33
@ 11_tAMS_rc@GRID [A] 3252805 0.173788 -3079110 1123514
®P_t_rc@CRID [W] 504272 6199202 1442280 1727646
®S_t_rc@GRID [VA] 752.2158 2.793920 7424218 184.4248
®Qt_rc@CRID [var] 5184145 7582266 5942372 64,5358
@PF_t@GRIDN 0.997022 0.968443 -0028579 0982836
F_fund@CRID [Hz] 40.90808 42.90303 55123 40.90601

During dip (t1+100ms)

TRF No. EN 50549-1a



intertek

Total Quality, Assured.
Page 60 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

MM il *-“"‘“-M'n”ﬂ’Wl i'M”WWﬁ'WWW ’n’h\"n”n”n’hﬂWn‘l‘a’l’i”n'WlMi”n’Wh”’i'ﬂNn‘hMMM}’W‘N‘I‘:‘WMWMWM'l i‘WlM’ﬁ‘W&Mﬂ"‘Wﬂ’hﬂ‘lﬂ‘h”ﬂ”ﬂ”ld‘h"' |

P

Recovery time

TRF No. EN 50549-1a



intertek

Total Quality, Assured.
Page 61 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 2.3

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

1 PF_t..D[]9Q t v

B 1s) 1:08.24793 1:08.34841 0.10048
su1p] -1.006050 4153403 4254008 2205047
®ALA -0.531206 1716435 2307701 10.42868
@ U1_tRMS_rc@GRID [V] 2313898 2313670 -0022787 2302879
®11_tRMS_rc@GRID [A] 1061107 1061013 93844 1046151
®P_t_rc@GRID [W] 253,918 253,502 0416016 2408049
®5_t_rc@GRID [VA] 255,293 2154834 0459229 2409337
#Q_t_rc@CRID [var] -82.16676 -80.86288 1303886 T8.77950
®PF_t@CRID[] 0.998435 0.999435 0.000000 0.990435
F_fund@GRID [Hz] 50.00024 50.00024 0.000000 50.00024

Before dip (t1-100ms)

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

F_fu...[Hz] ® PF_t..D[] ®Q t ..

Bl 5] 1:08.34760 1:08.33849 0.05089
suim -45.05818 -43.79575 1262426 200.5083
o1 (A 2150619 2203515 -0.1338%6 1162411
8 U1_tRMS_rc@GRID V] 231.29% 2006155 -22.68430 2064163
®11_tRMS_rc@GRID [A] 1060379 12.00007 1426172 1157512
®P_t_rc@CRID [W] 2451333 2423.913 2742065 2380462
®S_t_rc@GRID [VA] 2452.655 2a25.427 -21.22778 2382556
®Q_t_rc@CRID [var] -80.51484 -85.70878 5193939 90.86538
@PF_t@CRID 0999435 0.999435 0000000 0999435
F_fund@CRID [Hz] 50.00024 50.00024 0.000000 50.00024.

During dip (t1+50ms)
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ouiy

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

Bl [s) 1:08.34760 1:08.42770 0.08010
euiM -45.05818 -3000014 1505804 2024560
®A1[A] -2.159619 -1.838612 0.321007 11.88543
@ U1_tRMS_rc@CRID V] 2312008 2037614 253802 2050006
®11_tRMS_rc@CRID [A] 10.60379 12.15186 1578061 1178299
®P_t_rc@GRID [W] 2451333 2080271 2883750 2009477
®5_t_rc@GRID [VA] 2252.655 2a82.191 2953613 2411420
®Q_t_rc@CRID [var] -80.51484 -97.62639 1711155 96.79950
®PF_t@CRID[] 0.998435 0.992967 646823 0.996206
F_fund@GRID [Hz] 50.00024 49:99934 -9.003-4. 49.99379

During dip (t1+80ms)

ouipy]

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

F_fu...[12]® PF_t..D[] @ Q ¢ ..v:

A B AR HAE

B3l [s] 1:08.34760 10844732 0.10032
eV -45.05818 -3.235264. 41.82291 2022119
®A1[Al 2159619 0811791 1347828 1186709
®U1_tRMS_rc@GRID V] 231299 2038780 2142178 2046248
@ 11_tRMS_rc@CRID [A] 1060879 1198944 1385606 1181462
®P_t_rc@CRID [W] 251333 242,754 -8.578857 2411432
®S_t_rc@GRID [VA] 2452.655 2444.383 8272217 2413307
®Q_t_rc@CRID [var] -8051484 -89.21391 -8.699074 9508713
@PF_t@CRIDT 0999435 0.952967 -6.468e-3 0996206
F_fund@CRID [Hz] 50.00024 40.90034 200324 4090079

During dip (t1+100ms)
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ouiy

aar

=

Fl Et

. -

2 msmy--

4 uees--

) 20858 - -

.

E nesd

b -

= 1055 - -

e

S S e i

O 2 SRR AR A A HR R R R

ol s

.

2 uas

L o]

o mesy-

.

H 1247

o et {0

o 416

.

2 osmEs

S omen--

& s

.

£ o]

£ sooomosed -~

ol sy
B [s] 1:09.28800 1:12.20185 3.00385
euLV] 3375454 3042575 07,6329 2302381
®AL[A] -0.490784 1368158 14.17236 1045238
®U1_tRMS_rc@CRID [V] 2037789 2309787 2710081 2302333
®11_tRMS_rc@GRID [A] 1196581 1053887 1426902 1045717
®P_t_rc@GRID [W] 2437.006 2433.095 -3:910845 2406574
®5_t_rc@GRID [VA] 2438380 2438254 -4.125488 2407629
©Q_t_rc@GRID [var] 518373 7510732 1569447 770715
®PF_t@CRID [] 0999308 0999453 547225 0999009

F_fund@GRID [Hz] 4999965 4299968 23274 4399968

After dip (t2+3s)

ouipy

=z
2
.
=
.
=
.
B
.
B
.
o
.
.
E50 cooase
2 50.000086¢
ko s97ia
TH e O== P O =% T T T > |
A B AmR HAE
B4l [s] 1:09.28800 1:03.46850 0.15050
auiv -3.375454 56.60780 59.98326 229.8652
®AL[Al -0.490784 2199150 2689934 1041595
®U1_tRMS_rc@GRID [V] 203.7789 2314088 2762991 229.4904
@ 11_tAMS_rc@GRID [A] 1196581 10.60001 -L365798 10.08183
@ P_t_rc@GRID [W] 2437.006 2251757 1475073 2401952
®S_t_rc@GRID [VA] 2438.380 252,936 14.55640 2403.463
®Qt_rc@CRID [var] -81.83734 7606459 5772751 85.36460
@PF_t@GRIDN 0999398 0.994101 -5.298e3 0596753
F_fund@CRID [Hz] 49.90065 40.90061 381525 40.90063

Recovery time
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Graph of Test number 2.4

CTATAVAVAVARAVE & AVATAVACS

ouiy

=
F1
.
B
.
=
e
)
.
H
.

A B HE ARfE

B 1s) 1:08.785638 1:08.885811 0100173
su1p] -ss.sa141 7525270 2063871 2208120
®ALA -1.540493 -L361365 0178528 3136320
18 U1_tRMS_rc@CRID V] 2310841 2310843 0019806 2301184
®11_tRMS_rc@GRID [A] 3261840 3286677 0024837 3139729
®P_t_rc@GRID [W] 52,1978 Ts8.2297 6032288 7210845
®5_t_rc@GRID [VA] 53,7593 7504336 5674316 7226813
#Q_t_rc@CRID [var] -48.49757 -42.74458 5753029 48.01365
®PF_t@CRID[] 0.997308 0.997308 0.000000 0.907304
F_fund@GRID [Hz] 49.99991 49.99991 0.000000 49.99991

Before dip (t1-100ms)

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

F_fu...[Hz] ® PF_t..D[] ®Q t ..

Bl 5] 1:08.886794 1:08:937193 0.050399
suim 14.6289% -52.16639 -66.79535 2012779
o1 (A 0011849 -L130082 -L127243 3.456189
8 U1_tRMS_rc@GRID V] 2311702 2013995 2877061 2058554
®11_tRMS_rc@GRID [A] 3.300956 3478716 0177760 3.454254
®P_t_rc@CRID [W] 761.8947 69,5927 -62.30200 7084490
®S_t_rc@GRID [VA] 763.0825 T00.6118 -62.47068 7095297
®Q_t_rc@CRID [var] -42.55872 3777509 4783623 45.82TT1
@PF_t@CRID 0997304 0.997304 0000000 0.997304
F_fund@CRID [Hz] 40.90001 40.90001 0.000000 40.90001

During dip (t1+50ms)
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ouiy

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

Bl [s) 1:08.886794 1:08.967057 0.080263
euiM 14,6289 4030259 2567363 2019687
®A1[A] -0.011849 0735165 0747013 3545371
@ U1_tRMS_rc@CRID V] 2311702 2035040 2766618 2046559
®11_tRMS_rc@CRID [A] 3300956 3780241 0479285 3522921
®P_t_rc@GRID [W] T61.8947 766.0485 6153809 7185223
®5_t_rc@GRID [VA] 763.0825 762.2941 6211670 7200430
®Q_t_rc@CRID [var] -42.55872 43,7587 1200153 4677212
®PF_t@CRID[] 0.997308 0990716 658923 0.904016
F_fund@GRID [Hz] 49.99991 49:99843 14803 49.99317

During dip (t1+80ms)

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

F_fu...[H2] ® PF_t..0[] ®Q_t ..

L0880

B4l [s] 1:08.886794 1:08:987125 0100331
auiv 14.6289% 50.12329 3549433 201.9853
®AL[Al -0.011849 0663067 0674915 3.553045
®U1_tRMS_rc@GRID [V] 2311702 203.6237 -27.54648 2042282
@ 11_tAMS_rc@GRID [A] 3.30056 3742207 0.441341 3.540855
®P_t_rc@CRID [W] 7618947 760.8067 1088013 T20.8684
®S_t_rc@GRID [VA] 763.0825 762.0203 -L062195 722.3250
®Qt_rc@CRID [var] -42.55872 -42:98940 -0430687 45.84008
@PF_t@GRIDN 0997304 0.990716 656893 0.994016
F_fund@CRID [Hz] 40.90001 40.00813 148023 ap.00017

During dip (t1+100ms)
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1

s
3 T
"
= 2o
3 o
. 2
22384 -
=
208821 -

EEEE
EDES
107

(W@ 11_t..[A] ® UL

AR U

E=E

- [VA]® P_t

024
&8s,

e f L H ik e hhiikh
RRMAIT MR AR AU T B e USRS AN

var@s e

2]® PF_t..D(]® Q¢

Cm)

B[ 1:09.825803 1:12.826249 3.000446
su1v) -6T08448 3695242 3013206 230.0032
@ A1[A] 1432347 -0.784897 0.647450 3132285
@ U1_tRMS_re@CRID V] 2035425 2312876 27.7a501 2300811
@ 11_tRMS_rc@CRID [A] 3684514 3309622 -0.375193 3133623
®P_t_rc@GRID [W] T48.8062 7639147 1510651 7193446
®5_t_rc@GRID [VA] 7500165 7654744 1545782 7210104
t_rc@GRID [var] -42.55639 -48.83879 -6.262398 48.98389
®PF_t@CRID[] 0997812 0.997230 581824 0996718
F_fund@GRID [Hz] 50.00058 49.99994 -6.409e-4. 49,9999

After dip (t2+3s)

ouipy

ona

] @ ULty

® .

W]

VA ® Pt ..

war @5 ¢ .

.

fu...[Hz] ® PF_t..D[] @Q

B4l [s] 1:09.825803 1:10.005730 0179927
auiv -67.08448 -85.83705 -18.75258 230.0910
®AL[Al -1432347 -1403450 0.02889% 3128248
®U1_tRMS_rc@GRID [V] 203.5425 2310482 2750571 229.0049
@ 11_tAMS_rc@GRID [A] 3684814 3258854 0425960 3.106809
®P_t_rc@CRID [W] 748.8082 7515963 2788025 718.2238
®S_t_rc@GRID [VA] 50,0165 752.9526 2936035 7201153
®Qt_rc@CRID [var] -42.55639 4517374 2617355 52.15083
@PF_t@GRIDN 0.997812 0.989777 803583 0593802
F_fund@CRID [Hz] 50.00058 50.00027 -3.00024. 50.00043

Recovery time
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Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 3.1 3.2 3.3 3.4
1 Date - - dd.mm 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 Fault type _ _ VD3 VD8
(phase)
Setting .
4 voltage L|Ir_1e to -- p.u. 0.52
ine
c | depth
encra Setting di
Info. 2 durat?onp B 1870
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
g | durationin | Lo . ms 1889.79
empty load
test
t1+100ms
9 Voltage Total u. 0.52
depth/height totzand | P
in empty t1-10s to
10 load test Pos. t1 p.u. 0.52
11 | Voltage | Sneto | t1-100sto " 1004 | 1004 | 1.006 | 1.005
neutral t1
t1-500ms
12 Current Pos. to t1- p.u. 1.012 | 0.310 | 1.012 | 0.314
_ 100ms
Before dip | 13 Active power 10| t1-10s to y 1.017 | 0.311 | 1.018 | 0.315
<l 14 > Pos. t P-4 -- -- - -
15 Reactive Total t1-10s to U -0.035 | -0.021 | -0.030 | -0.024
16 power Pos. t1 p-U. = = ~ .
17 Cose - tl'lgs © | |09995 | 09968 | 0.9994 | 0.9969
Line to t1+100ms -- --
18 Voltage neutral to t2- p.u. 0.515 | 0.525 - -
20ms 0.896 0.896
19 Phase 1 0.021 0.019 -- --
20 Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- -- 1.123 | 0.328
tltot2 22 Phase 1 0.023 | 0.021 - -=
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 -- -- 1.132 0.354
25 Total t1+100ms 0.006 0.006 1.013 0.317
Active power to t2- p.u.
26 POS- 2oms == == == ==

TRF No. EN 50549-1a
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27 | Voltage rﬁg]u‘irfl tt2213150tso pu. | 1.006 | 1.000 | 0.998 | 0.999
28 RS [ Total t2+3s to T 1.019 | 0.300 | 0.989 | 0.313
29 Pos. t2+10s o -- -- - --
gg | Active power | o, . s 0.277 | 0275 | 0.177 | 0.121
rising time
31 Reactive Total t2+3s to -0.035 | 0.020 | -0.030 | 0.023
After dip |32 power Pos. t2+10s p-u. — - - ~
> t2 Reactive --
33 power rising Pos. S 0.277 0.275 0.177 0.121
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 3.1

euL[y]

[ IET R AR BT A T RA
‘l

d l
Il T A T e

®AL[A]

5
bl
H
.
=
4
B
J
b
*

o [VA] @ Q_t ..

®F fu..[Hz]® PF_t..D[] @S t_

[(m] A B =1 HAE

A8 [s] 1:16.645787 1:18.535583 1889796
auip] 3644133 -48.23613 -84.67746 119.6310
@ A1[A] -0.562191 -0.249195 0.312996 0.170804
@ U1_tRMS_rc@CRID [V] 123.0454 119.6367 -3.408661 119.6287
11_tRMS_rc@GRID [A] 0.295440 0162172 -0.133268 0.171527
@P_t_rc@GRID W] 8073417 -0.096675 -8.170082 2064307
®Q_t_rc@GRID [var] -35.42463 19.40144 5484607 20.41490
@ 5_t_rc@GRID [VA] 36.35246 19.40168 -16.95078 2051900
@PF_t@GRID | 0.586555 -0.084445 -0.651000 0.203648
@ F_fund@GRID [Hz] 49.99840 49.99841 T7.629¢-6 49.99940
Empty load
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ouiy

i A

05745
as4se -
omE -

[H2]® PF_t..D[]®Q ¢ ..var]® S t .. [VA]@ Pt ..[W]® 11 t...[A] ® UL t..[v] @AL[A]

4p5ma05 -

E msmmesn--

ol e
B [s] 1:09.442139 1:09.542826 0.100687
euLV] 1803171 1169354 6338168 297143
®AL[A] -8.114838 5417752 2697086 1042976
®U1_tRMS_rc@CRID [V] 2308075 2311880 0.190445 2302604
®11_tRMS_rc@GRID [A] 1057151 1058961 0.018307 1045605
®P_t_rc@GRID [W] 2040518 2047189 6671631 2406558
®5_t_rc@GRID [VA] 2441992 2448238 6245605 2407.785
©Q_t_rc@GRID [var] 8484231 TL625T 1321657 Te:84565
®PF_t@CRID [] 0999476 0999475 0.000000 0999476

F_fund@GRID [Hz] 4995912 49.99912 0.000000 4359912
Before dip (t1-100ms)
s
.

0496+ -

[H2]® PF_4..D[] @ Q_t ..var] @S t .. (A @ P t ..[W]® I1 t...[] ® UL t..[v] @AL[A]

E_fu.

g9 - -

B4l [s] 1:09.544566 1:09.554738 0050172
auiv 29.01681 -40.66245 -69.67926 1189720
®AL[Al 2692390 0256515 2435875 5.097439
®U1_tRMS_rc@GRID [V] 2313319 118.4266 -112.9053 135089
@ 11_tAMS_rc@GRID [A] 10.60688 0223841 -10.38304 6.083204
®P_t_rc@CRID [W] 2252.728 1352817 -2466.256 40,6375
®S_t_rc@GRID [VA] 2083711 26.50875 -2427.202 01,0820
®Qt_rc@CRID [var] 6945499 2279698 9225197 3121613
@PF_t@GRIDN 0998476 0.999476 0.000000 0999476
F_fund@CRID [Hz] 0.00012 4200012 0.000000 000012

During dip (t1+50ms)
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ouiy

[H2]® PF_t..D[]®Q ¢ ..var]® S t .. [VA]@ Pt ..[W]® 11 t...[A] ® UL t..[v] @AL[A]

E_fu.

B (s 1:09.544566 1:09.624725 0080159
euiM 29.01681 3820177 9274960 1193297
®A1[A] 2692390 -0.384068 -3.076458 4.036956
@ U1_tRMS_rc@CRID V] 2313319 1207689 1105670 1205708
®11_tRMS_rc@CRID [A] 10.60685 0237100 -10.36978 4.828645
®P_t_rc@GRID [W] 252.728 14.03425 -2438.694 7464120
®5_t_rc@GRID [VA] 2253711 2863334 2425078 7865625
®Q_t_rc@CRID [var] -69.4599 2095812 9441311 2080018
®PF_t@CRID[] 0.998476 0.999476 0.000000 0.900476
F_fund@GRID [Hz] 49.9%912 49:99912 0.000000 49.99312

ouipy

[H2]® PF_4..D[] @ Q_t ..var] @S t .. (A @ P t ..[W]® I1 t...[] ® UL t..[v] @AL[A]

0496+ -

E_fu.

g9 - -

B4l [s] 1:09.544566 1:09.644837 0.100270
auiv 29.01681 42.89015 1387334 1193272
®AL[Al 2692390 0525116 -3.217507 3.611820
®U1_tRMS_rc@GRID [V] 2313319 1207082 -110,6237 1276566
@ 11_tAMS_rc@GRID [A] 10.60688 0231670 -10.37521 4325461
®P_t_rc@CRID [W] 2252.728 1384834 2438579 6684545
®S_t_rc@GRID [VA] 2083711 27.96443 2425747 7045025
®Qt_rc@CRID [var] 6945499 2220471 93.74960 2224687
@PF_t@GRIDN 0998476 0.699688 -0oso7aT 0350852
F_fund@CRID [Hz] 0.00012 42.90526 285723 40.09769

During dip (t1+100ms)
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Clause

Requirement - Test

Result - Remark

Verdict

Tl!

_, ‘!"

l|h

T

Cm)
Bl [s) 1:11.440161 1114443481
sy -150.7406 5173156
L L% [A] -0.269055 -2.854847
@ U1_tRMS_rc@CRID V] 1107207 2314357
®11_tRMS r(@ GRID [A] 0.092305 1057826
®P_t_rc@GRID [W] 0.043837 204671
#5_t_rc@GRID [VA] 1112261 2248186
®Q_t_rc@CRID [var] 1112252 -84.10500
®PF_t@CRID[] -0.041785 0.999259
F_fund@GRID [Hz] 49.99981 43.39974

[

B4l [s] 1:11.440161 LILTIENS

auM -159.7406 -249.6688

®A1[A] 026905  -l118I 1958

l U1_tRMS_rc@GRID [V] 197207 2295139

0.092908 1034127

043837 2367345

st 1112261 2373.486

. tt,mecm 1] [v| vl 112252 161749

@PF_t@GRIDN -0.041785 0.590658

F_fund@CRID [Hz] 40.90081 50.00500

Recovery time
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Graph of Test number 3.2

£ AVAVENAVAV AVAVAVAN &Y IVAVAVAY

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

o
.
.
1 5005761 - - -
S se001
s smmmas - -
103500 103,600 [+] 103700 [ ] 103800 103300 1.
A B HE ARfE
B 1s) 1:09.675847 1:09.775794 0100347
sui] -199.0113 1744081 2550221 2209614
@AL[A] -2.933525 -2.402520 0531006 3136755
@ U1_tRMS_rc@CRID [V] 231.0049 2310206 0015717 230.1231
@ 11_tRMS_rc@CGRID [A] 3.234438 3.238142 3704e-3 3.139333
®P_t_rc@GRID [W] 754320 7a6.4075 0915039 7207420
#5_t_rc@GRID [VA] 7411710 T748.0774 0.906433 T22.5879
#Q_t_rc@CRID [var] -50.05428 -a9.95722 0.057057 s161545
@ PF_t@CRID[] 0.096865 0.097032 167284 0.996048
F_fund@GRID [Hz] 49.99895 50.00035 1.400e-3 49.99965

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

oss5t -
o075 -
o635 -

1@ PF_+..D[] ®Q t ..

Ean soamre -
ECE
ko 598005

Bl 5] 1:09.778137 1:09.828630 0.050493
suim 30.87171 -56.74460 -89.61630 1187134
o1 (A 1434971 0200725 1234245 1451753
8 U1_tRMS_rc@GRID V] 2312980 1185118 1127862 1363008
®11_tRMS_rc@GRID [A] 3264902 0.196472 -3.068430 1703884
®P_t_rc@CRID [W] T53.6490 1294829 7665973 288.3033
®S_t_rc@GRID [VA] 755.1653 2328426 7318811 3025015
®Q_t_rc@CRID [var] -47.83191 19.35196 67.18387 o1.58807
@PF_t@CRID 0.997032 0.997032 0000000 0997032
F_fund@CRID [Hz] 50.00035 50.00035 0.000000 50.00035

During dip (t1+50ms)
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ouiy

fu...[H2]® PF_£..D[] ®Q_t ..var] @S ¢ .. [vA]®P_t ... [W]® 11 t..[A] ® UL t..[v] @AL[A]

Bl [s) 1:09.778137 1:09.858247 0.080110
euiM 3087171 3720053 6328822 194321
®A1[A] 1434971 -0.342297 -1777268 1162018
@ U1_tRMS_rc@CRID V] 2312980 1207113 -1105867 1305981
®11_tRMS_rc@CRID [A] 3264302 0218447 -3.046455 1442609
®P_t_rc@GRID [W] 753.6490 13.07856 7405704 231.0m02
®5_t_rc@GRID [VA] 75,1653 2636902 7287963 242.8033
®Q_t_rc@CRID [var] -47.83191 22.69708 7072900 74.63055
®PF_t@CRID[] 0.997032 0.997032 0.000000 0.907032
F_fund@GRID [Hz] 50.00035 50.00035 0.000000 50.00035

During dip (t1+80ms)

ouipy

(2] PF_+..D([]@Q ¢ ..var] ® S ¢ .. [VAI @ P ... [W]® I t..[A] ®ULE.[v] @AL[A]

9 s9ms7e - -

£ fu

5 538025+ - -

A B AmR HAE

B4l [s] 1:09.778137 1:09.878774 0.100637
auiv 30.87171 61.33111 30.45941 1192407
®AL[Al 1434971 -0273918 -1708889 1092046
®U1_tRMS_rc@GRID [V] 2312980 12058192 -110.4788 1284292
@ 11_tAMS_rc@GRID [A] 3264302 0237480 -soamaz 1280810
®P_t_rc@CRID [W] 753.6490 13.22051 7404285 2053595
®S_t_rc@GRID [VA] 755.1653 2869212 T26.4732 2167501
®Qt_rc@CRID [var] -47.83191 2546480 7329671 6753710
@PF_t@GRIDN 0.997032 0.997032 0.000000 0597032
F_fund@CRID [Hz] 50.00035 50.00035 0.000000 50.00035

During dip (t1+100ms)
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Recovery time
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Graph of Test number 3.3

AN ARAARAAR A

ouLy

var]@ S ¢ .. [VA]@ Pt .. (W]® 11t [A] ®ULt.[V] @AL[a]

F_fu...[H:]® PEL.D[]@QEL.

B[] 1:08.16740 1:08.26750 010009
su1] -17.00311 1657860 0514507 2301752
®AL[Al 113747 -1.198601 -0.060654 1042230
@ U1_tRMS_rc@GRID [V] 2314069 2314201 0022125 2302005
®11_tRMS_rc@GRID [A] 1056769 1057119 3.502¢3 1042902
®P_t_rc@GRID [W] 2444376 2045313 0936523 2400786
®5_t_rc@GRID [VA] 285437 2846481 Los1e9 2401961
#Q_t_rc@CRID [var] -T203275 T5.62310 -3.590347 7512179
®PF_t@CRID[] 0999492 0.900432 0.000000 0998492
F_fund@GRID [Hz] 49.99858 49.95838 0.000000 49.99896

Before dip (t1-100ms)

oulpy

{.var] @S t .. [VA|@P_t ..[W]® I t..[A] UL t.[v] @AL[A]

Bl 5] 1:08.26696 1:08.31701 0.05005
suim -68.73672 49.95163 1186884 206.5566
o1 (A -3.354668 2768484 6123162 11.45800
8 U1_tRMS_rc@GRID V] 2313297 206.1308 -25.19893 2105114
®11_tRMS_rc@GRID [A] 10.56306 1172036 1156400 1133332
®P_t_rc@CRID [W] 282,588 2214501 -28.08765 2379125
®S_t_rc@GRID [VA] 2043757 2215928 -27.82586 2380945
®Q_t_rc@CRID [var] 7555328 -83.02123 7467957 93.08457
@PF_t@CRID 0.999492 0.999452 476807 0399492
F_fund@CRID [Hz] 40.90808 90038 554323 4.90621

During dip (t1+50ms)
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ouiy

to[A] @ ULt V] @AL[A]

\var]® 5t .. [VA]® P_t ... [w]

108200 108300 (=] 108400 108500

A B =11 AR

Bl [s) 1:08.26696 1:08.34719 0.08022
euiM -68.73672 4259531 2614141 2068194
®A1[A] -3.354668 -2.524399 0.830269 11.58525
@ U1_tRMS_rc@CRID V] 2313207 2082902 -23.03943 2002673
®11_tRMS_rc@CRID [A] 10,5639 1182399 1260037 1150607
®P_t_rc@GRID [W] 2042588 2061429 1884106 2002040
®5_t_rc@GRID [VA] 283,757 2062822 1906519 2404.150
#Q_t_rc@CRID [var] -15.55328 -82.80663 7253357 90.66837
®PF_t@CRID[] 0.998432 0.999422 476827 0.900452
F_fund@GRID [Hz] 49.99898 49:99344 55433 49.99621

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

B4l [s] 1:08.26696 1:08.36791 0.10035
auiv -68.73672 32.19684. 1009336 206.0817
®AL[Al -3.354668 1211811 4566479 1153648
®U1_tRMS_rc@GRID [V] 2313297 2082819 -23.04788 2088552
@ 11_tAMS_rc@GRID [A] 1056396 116740 1111008 1152884
®P_t_rc@CRID [W] 2842.588 2430263 1232495 2403091
®S_t_rc@GRID [VA] 2043.757 2431.683 -12.07349 2404911
®Qt_rc@CRID [var] 7555328 -83.07793 7524658 88.26512
@PF_t@GRIDN 0.999492 0.999452 476887 0599452
F_fund@CRID [Hz] 40.90808 90038 554323 4.90621

During dip (t1+100ms)
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. Hﬂl T il ”"“Wﬁ>”'”'|*l“l.ltm"“'”M"‘lﬂhl”'{'”“i'ﬂ Ml "”'IW’HH "”"Ldlm “”M*'
- AHhH

i
i
il

Ilm 1 Ill HMH:" l LI I]H Im "U}‘“Hﬂ I\lel‘”]|llwl

A

LT

g T
e

T T T R T D P
R ooy o

L e T O
L

T T R T A A
o)

M

B[] 1:10.16059 1:13.16043 2599990

suiy] -235.5303 2545480 -19.01770 2302173
SAL [A] -12.95341 -11.43363 1525784 10.43246
®U1_tRMS_re@CRID [V] 206.4953 2205326 2308728 2301862
®11_tRMS r(@ GRID [A] 1145031 10.34652 -1103752 1043408
@ P_t_rc@GRID [W] 2363.165 373782 1061768 2400499
#5_t_rc@GRID [VA] 2364436 2374864 1042773 2401726
©Q_t_rc@GRID [var] 1152097 7165592 5869049 7674196
®PF_t@CRID [] 0.998442 0.990465 234205 0999245

F_fund@GRID [Hz] 50.00013 '50.00066 5302e4 4359994

After dip (t2+3s)

B4l [s] 1:10.16059 1:10.33769 017710
auiv -235.5303 -4.825278 230.7050 2301877
®AL[Al -12.95941 0.167251 13.12666 1050848
®U1_tRMS_rc@GRID [V] 206.4953 229,169 2267453 2287454
@ 11_tAMS_rc@GRID [A] 1145081 1030471 -L.14s597 1049898
®P_t_rc@CRID [W] 2363.165 2360529 2635254 2396362
®S_t_rc@GRID [VA] 2364.435 2361530 -2.906250 2307744
®Qt_rc@CRID [var] -T1.524997 eaT23ss 1462484 8140037
@PF_t@GRIDN 0.999442 0.999442 0.000000 0599442
F_fund@CRID [Hz] 50.00013 50.00013 0.000000 50.00013

Recovery time
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Graph of Test number 3.4

ouiy

=
F1
.
B
.
=
e
)
.
H
.

108600 108700 [+] 108500 O e 103,000 109,100 109.200 (> ]

A B HE ARfE

B 1s) 1:08.76705 1:08.86748 010043
su1p] 2253334 1579723 3833127 205342
®ALA -0.519108 -D.0TO786 0448322 3141987
18 U1_tRMS_rc@CRID V] 2312458 2313082 0080364 2301285
®11_tRMS_rc@GRID [A] 3280023 3201727 0011703 3151855
®P_t_rc@GRID [W] 756.2458 95040 5258606 236241
®5_t_rc@GRID [VA] 7584917 7613967 2905029 7254955
#Q_t_rc@CRID [var] -56.325% -53.64736 4678619 52.07630
®PF_t@CRID[] 0.996917 0.996917 0.000000 0.996917
F_fund@GRID [Hz] 49.99990 49.99980 0.000000 49.99990

Before dip (t1-100ms)

ou1py]

@5t . [VA]® Pt .. [W]® I t.[4] @ ULL.[V] @A1[]

F_fu...[2]® PF_t..D[] ®Q ¢ ..va

A B 215 HHME

BT[] 1:08.86643 1:08.91682 0.05039
auV 8437173 36.63929 1210110 2059409
on A -L528763 0533176 2061939 3403851
8 U1_tRMS_rc@GRID [V] 2312454 2060441 2520126 2102065
®11_tRMS_rc@GRID [A] 3283180 3.426814 0.143638 3403033
®P_t_rc@CRID [W] T57.4318 7045505 -52.88129 713.1183
®S_t_rc@GRID [VA] 59,2202 706.0749 -53.14532 7147470
®Q_t_rc@CRID [var] 5208041 4637125 5709164 4822518
@PF_t@CRIDT 0.996917 0.994061 -2.856e-3 0995490
F_fund@CRID [Hz] 49.90000 40.90016 Faviea 4990053

During dip (t1+50ms)
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ouiy

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

F_fu...[H:]® PEL.D[]®Q ¢

B iEl [s) 1:08.86643 1:08.94660 0.08017
su1v) -8437IT3 571.26378 2110796 2067733
@ A1[A] 1528763 -1.104187 0424576 3491360
@ U1_tRMS_re@CRID V] 2312050 2082371 -23.00832 2000615
@ 11_tRMS_rc@CRID [A] 3283160 3702664 0413485 3466931
®P_t_rc@GRID [W] T57.4318 769.5665 1213060 124371
®5_t_rc@GRID [VA] 502202 7710320 18177 7241361
®Q_t_rc@CRID [var] ~52.08041 4151575 2564655 4957575
®PF_t@CRID[] 0996917 0.994061 28523 0995490
F_fund@GRID [Hz] 49.99990 49.95016 -T.401e4 4999953

During dip (t1+80ms)

ouipy]

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

F_fu...[12]® PF_t..D[] @ Q ¢ ..v:

B3l [s] 1:08.86643 1:08:96663 0.10020
eV -84.37173 -56.87420 27.49753 2068519
®A1[Al 1528763 -1.007485 0.521278 3497280
®U1_tRMS_rc@GRID V] 2312454 208.2687 2297670 2086858
@ 11_tRMS_rc@CRID [A] 3283180 3.655035 037185 3480434
®P_t_rc@CRID [W] 574318 7599976 2.565796 7241394
®S_t_rc@GRID [VA] T50.2202 7612205 2.000277 7257791
®Q_t_rc@CRID [var] 5208041 -43.28007 8791336 48.76002
@PF_t@CRIDT 0.996917 0.994061 -2.8563 0995430
F_fund@CRID [Hz] 49.90000 40.90016 Faviea 4990053

During dip (t1+100ms)
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I}] Jllurﬂ' i

i

m

[
i
I
I

|l

Y ;

l

L] FAMEA

I
I X
I
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: WWWW I H.KWWWWWWWWWWWWH ! .MHWW IR

!
IR

L R

ﬂ\hlhl\hlh\\thlth\hHIMI\IM\MH LA R R O ARSI G R LA ) LG hlll\I\Ulwhthl\HlM I
0 o 0 o it ot ey e

\FIMIMlIM\th|h|H\HHMI\IM\HH VA Rt A A 1R NR RO ST O G RCAIR l LE ANRA LA
b e o e e Sl i

Bl [s] 1:10.76853 11377343 3.00490
s 1258505 3018256 1759751 230.1988
@ALA] 1825787 4.100014 2214227 3.152873
®U1_tRMS_re@CRID [V] 2083132 2207205 2141638 230,084
®11_tRMS_rc@GRID [A] 3634982 3086349 -0.548634 3452742
@ P_t_rc@GRID [W] 755.4189 706.7966 4862225 7235648
®5_t_rc@GRID [VA] 757.2147 708.0254 -43.18927 7255367
©Q_t_rc@GRID [var] s2.11875 s6.17a12 4.055367 5345520
®PF_t@CRID [] 0.997301 0.996923 467504 096820
F_fund@GRID [Hz] 49.99979 49.99944 -3510e4 4359994

After dip (t2+3s)

B4l [s] 1:10.76853 1:10.88973 o.12121

auiv 125.8505 221.7184 101.8689 229.8330
®AL[Al 125787 3090359 1264572 3132537
®U1_tRMS_rc@GRID [V] 2083132 2311365 2282336 229503
@ 11_tRMS_rc@GRID [A] 3634982 3258139 0376844 3155038
@ P_t_rc@GRID [W] 7554189 7513354 4083496 7214524
®S_t_rc@GRID [VA] 757.2147 T53.0748 -2.139832 7236071
®Qt_rc@CRID [var] 5211875 511545 -0964302 5579917
@PF_t@GRIDN 0.997391 ose6030  -136le3 0.996711

F_fund@GRID [Hz] 0.90979 5000153 174083 5000066

Recovery time
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Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 4.1 4.2 4.3 4.4
1 Date - - dd.mm 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 Fault type _ _ VD4 VD9
(phase)
Setting .
4 voltage L|Ir_1e to -- p.u. 0.76
ine
c | depth
encra Setting di
Info. 2 durat?onp B 2690
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
g | durationin | o - ms 2711.67
empty load
test
t1+100ms
9 Voltage Total u. 0.76
depth/height totzand | P
in empty t1-10s to
10 load test Pos. t1 p.u. 0.76
11 | Voltage | -neto |t-100sto |, =1 1000 | 1001 | 1.005 | 1.006
neutral t1
t1-500ms
12 Current Pos. to t1- p.u. 1.007 | 0.302 1.010 0.310
_ 100ms
Before dip | 13 Active power 10| t1-10s to y 1.008 | 0.302 | 1.015 | 0.311
<l 14 > Pos. t P-4 -- -- - -
15 Reactive Total t1-10s to " -0.031 | -0.019 | 0.021 | -0.018
16 power Pos. tl . - - - -
17 Cose - tl'lgs © | |009994 | 09982 | 0.9995 | 0.9974
Line to t1+100ms -- --
18 Voltage neutral to t2- p.u. 0.759 | 0.760 -- --
20ms 0.936 0.935
19 Phase 1 0.025 | 0.023 -- --
20 Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- -- 1.069 0.311
tlto t2 22 Phase 1 0.025 | 0.023 - -
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 -- -- 1.079 | 0.333
25 Total t1+100ms 0.002 0.002 1.012 0.312
Active power to t2- p.u.
26 POS- 2oms == == == ==

TRF No. EN 50549-1a
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27 | Voltage rl;le?uirg)l tt2213150tso pu. | 1.001 | 1.000 | 0.999 | 0.997
28 RS [ Total t2+3s to T 1.006 | 0.294 | 0.996 | 0.290
29 Pos. t2+10s o -- -- - --
gg | Active power | o, . s 0.281 | 0.213 | 0.171 | 0.214
rising time
31 Reactive Total t2+3s to -0.038 | -0.015 | -0.031 | 0.018
After dip |32 power Pos. t2+10s p-u. — - - ~
> t2 Reactive --
33 | power rising Pos. S 0.281 | 0.213 | 0.171 | 0.214
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 4.1

L

‘t"MMNH'M'MW”“FW“”IMﬂ'ﬁ'MW'n‘

I il
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il

Empty load
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vy

[VAJ®P_t ... (W]® I1_t..[A] @ UL t..[V] @A1[A]

st

e
S osose!
< ostas
& 07208
L3
om0 -
Seassmsant -
L sorsio --
T oss-
& e
¢ P
.
T FIEET - ) TE fr=r
A B HiE HAME
BTl [s] 1:09.11400 1:09.21424 0.10023
su1y] 62.30809 6327118 0.573089 2202579
®a1(Al 2499384 3721613 1222229 1045491
®U1_tRMS_rc@GRID [V] 2303874 230417 0021261 2302673
@ 11_tRMS_rc@GRID [A] 1050920 1052622 0.017021 1046847
P_t_rc@CRID W] 2420027 2424067 4040083 2409.376
®5_t_rc@CRID [VA] 2121187 2425364 2176514 2410553
@ PF_t@GRID | 0.999486 0995493 7.033¢6 0593490
F_fund@GRID [Hz] 49.99995 40.99073 -2.213¢-4 49.99084
®Q_t_rc@GRID [var] 7434108 -7o.28883 -4.347755 75.34566

vy

[VAJ®P_t ... (W]® I1_t..[A] @ UL t..[V] @A1[A]

st

.
S osose|
<, o
& oros|
.

Zag 00106

Seassmamnt -~
o sorsser --
T s
B S S VUUDUN NS SO USRS D
S g T T T T e
.
re w0 w0 (5] E e
A B HiE HAME
BTl [s] 1:09:21371 1:09.26371 0.05000
su1y] 2551664 2452145 -50.03810 174.6450
®a1(Al 1.066583 0.401968 -0.664616 7.501015
®U1_tRMS_rc@GRID [V] 230817 1746010 -55.81075 1818076
@ 11_tRMS_rc@GRID [A] 1052622 0258707 -10.26751 8211985
P_t_rc@CRID W] 2424067 -5.624710 2429692 1493.659
®5_t_rc@CRID [VA] 2425364 5.17046 -2380.193 1530.769
@ PF_t@GRID | 0999493 0995493 0:000000 0595493
F_fund@GRID [Hz] 40.9%073 40.99073 0.000000 40.9%073
®Q_t_rc@GRID [var] -7o.28883 a4.81889 1241077 335019

During dip (t1+50ms)

TRF No. EN 50549-1a



intertek

Total Quality, Assured.
Page 84 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

vy

(@S ¢ .. [VA]®P + ... (W]® I1_t..[A] @ UL t..[V] @A1[A]

®rr .

2]

Zegomm1061 --

Seassmamnt -~
o sorsser --
T oss-
& e
¢
.
T T A Tom Dew T
A B HiE HAME
BTl [s] 1:09:21371 1:09.29383 0.08012
su1y] 2551664 041114 253295 174.5607
®a1(Al 1.066583 -0.322043 -1.383027 5930619
®U1_tRMS_rc@GRID [V] 230817 1748154 -55.50625 1791935
@ 11_tRMS_rc@GRID [A] 1052622 0246414 -10.27980 6517857
P_t_rc@CRID W] 2424067 4106087 2419960 1185.208
®5_t_rc@CRID [VA] 2425364 43.07696 2382287 1214934
@ PF_t@GRID | 0999493 0995493 0:000000 0595493
F_fund@GRID [Hz] 40.9%073 40.99073 0.000000 40.9%073
®Q_t_rc@GRID [var] -7o.28883 42.88073 122169 267.1040

During dip (t1+80ms)

vy

(@S ¢ .. [VA]®P + ... (W]® I1_t..[A] @ UL t..[V] @A1[A]

®rr .

Zegomm1061 --
easassant -~
Chassrass -+

BTl [s] 1:09:21371 1:09.31286 0.09915
su1y] 2551684 -25.65918 7117582 1754580
®a1(Al 1.066583 -0.480372 -1.546955 5333566
®U1_tRMS_rc@GRID [V] 2304117 1748418 -55.56990 178.3506
®11_tRMS_rc@GRID [A] 1052622 0242870 -10.28335 5.567096
P_t_rc@CRID W] 2424067 a2 2419295 1066.689
®5_t_rc@CRID [VA] 2425364 a2.46377 23820900 1003 608
@ PF_t@GRID | 0999493 0999493 0.000000 0595493
F_fund@GRID [Hz] 49.99973 49.99973 0.000000 40.9%073
®Q_t_rc@GRID [var] -79.28883 4219476 1214836 2411514

During dip (t1+100ms)
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Recovery time
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Graph of Test number 4.2

VNN

=
.

V] @1[a]

B[] L:08.95067 1:09.05090 010023
su1 V] -45.03571 -25.26986 1976586 297312
®a1[A -0.793368 -0.385672 0407696 3115601
®U1_tAMS_rc@CRID [V] 230.1804. 230.1007 0010815 2300729
®11_tRMS_rc@GRID [A] 3156267 3163867 7.600e-3 3119888
P_t_rc@CRID W] 7250762 7265471 1470047 7166427
®5_t_rc@GRID [VA] 726.5391 7283212 1782186 7178064
@ PF_t@GRID | 0998238 0998238 0.000000 0598238
F_fund@GRID [Hz] 50.00050 50.00050 0.000000 50.00050
®Q_t_rc@GRID [var] -46.08250 -50.80442 -aT21924 0.85725

Before dip (t1-100ms)

ouipy

ULt.[v] @A1[A]

PF_t.D[]@S ¢ .. [VAJ®P_t ...[

o
.

A B =1 HAME

B[] L:09.05078 10910104 0.05026
su1 V] -35.01236 3.802191 38.81455 1791175
®a1[A 0504118 0.354189 0.858307 2453723
®U1_tAMS_rc@CRID [V] 230.1997 1747134 -85.08625 1823168
®11_tRMS_rc@GRID [A] 3163867 0.244521 2919046 2670709
P_t_rc@CRID W] T26.5471 5113146 7316603 86,0012
®5_t_rc@GRID [VA] 7831 22.77348 -685.5477 aga.0417
@ PF_t@GRID | 0998238 0998282 43755 0998260
F_fund@GRID [Hz] 50.00050 49.98123 -0.019268 49.99087
®Q_t_rc@GRID [var] -50.80442 4246677 s3.77119 3.18043

During dip (t1+50ms)
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Clause |Requirement - Test Result - Remark Verdict

vy

[VAJ®P_t ... (W]® I1_t..[A] @ UL t..[V] @A1[A]

ar] ®F_fu...[Hz]® PF_t.D[|®5 ¢ .

ot

.

BTl [s] 1:09.05078 1:09.13083 0.08010
su1y] -35.01236 -12.01900 1590336 174.6047
®a1(Al -0.504118 -0.386816 0.117302 1951123
®U1_tRMS_rc@GRID [V] 2301997 1748784 5532124 1795712
®11_tRMS_rc@GRID [A] 3163867 0242029 2921838 2120420
P_t_rc@CRID W] 7265471 2533526 720136 385.7186
®5_t_rc@CRID [VA] 783012 42.325m2 -685.2055 3035053
@ PF_t@GRID | 0998238 0998282 43755 0998260
F_fund@GRID [Hz] 50.00050 49.98123 -0.019268 49.99087
®Q_t_rc@GRID [var] -50.80442 4208223 52.88665 78.3a830

During dip (t1+80ms)

vy

T
2
.
B
.
=
L3
E
.
E)
.
.
o
.

A B HiE HAME

BTl [s] 1:09.05078 1:09.15101 0.10023

su1y] -35.01236 2321518 3160084 174.4897

®a1(Al -0.504118 -0.353915 0.150204 1747442

®U1_tRMS_rc@GRID [V] 2301997 1749143 -55.28539 1786331

@ 11_tRMS_rc@GRID [A] 3163867 0240874 -2.922993 1905682

®P_t_rc@GRID [W] 7265471 2236740 71223104 54074

®5_t_rc@CRID [VA] 783012 42,1325 -686.1890 353.0059

@ PF_t@CRID[] 0998238 0998282 4375¢5 0998260

F_fund@GRID [Hz] 50.00050 49.98123 -0.019268 49.99087

®Q_t_rc@GRID [var] -50.80442 191869 s272311 7275334

During dip (t1+100ms)

TRF No. EN 50549-1a
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o MG

T 25 il
P}

} N RO HH\!\

TR R A AR
A M o it

(i Il
l LA AR R

A B HiE HAME

BTl [s] 111178021 111478226 3.00205
su1y] essiwss  -1154e: -181.0100 230,056
®a1(Al 0232309 -1.958376 -2.150685 3105706
®U1_tRMS_rc@GRID [V] 1747733 230.1064 5533313 2209055
@ 11_tRMS_rc@GRID [A] 0265037 3.067990 2.502952 3103116
P_t_rc@CRID W] 7498236 705.0968 7125050 707.4191
®5_t_rc@CRID [VA] 26.32144 705.9642 659,627 714.0617
@ PF_t@GRID | -0.033407 0995048 1037455 0521378
F_fund@GRID [Hz] 50.00057 49.99934 122863 49.99006
®Q_t_rc@GRID [var] 4571052 -34.98424. -80.63476 sTiT141

After dip (t2+3s)

=

BTl [s] 111178021 1:11.99320 021299
su1y] 65.59688 202.0413 137,300 2287804
®a1(Al 0232309 2778620 2546311 2.640047
®U1_tRMS_rc@GRID [V] 1747733 230.2669 5549358 284787
®11_tRMS_rc@GRID [A] 0.265037 3204943 2:939006 2.503826
P_t_rc@CRID W] 7498236 735.0907 742.5889 559.9609
®5_t_rc@CRID [VA] 26.32144 7smee2s  eolemw 645.0893
@ PF_t@GRID | -0.033407 0.737057 0836463 0462819
F_fund@GRID [Hz] 50.00057 50.00099 42344 50.00024
®Q_t_rc@GRID [var] 2571052 65.37865 19.66813 3202873

Recovery time
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Graph of Test number 4.3

AT AT AT AvAvAvAvAvAvA Y AvAvAVATAY AVAVAVAVATATAY

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

J
.
.
108.300 108400 FE=E - ] zosclfy 108700 108800
A B HE ARE
i [s] 1:08.50830 1:08.60973 010044
w1y 1435756 -95.92264 4765296 208120
®AL[A] 6531262 4292511 2238751 1041545
®U1_tRMS_rc@CRID [V] 2311304 2312828 0.152420 2303276
®11_tRMS_rc@GRID [A] 1054533 1054135 -3.983¢3 1044158
®P_t_rc@GRID [W] 2436026 2436815 0788818 2403970
®5_t_rc@GRID [VA] 2437347 2438082 0685791 2405118
©Q_t_rc@GRID [var] -8021685 7703590 3180954 7428829
®PF_t@CRID [] 0999513 0999513 0.000000 0999513
F_fund@GRID [Hz] 4999984 49.99964 0.000000 43.99984

Before dip (t1-100ms)

i e

ou1py]

FASERANANA

@5t . [VA]® Pt .. [W]® I t.[4] @ ULL.[V] @A1[]

F_fu...[2]® PF_t..D[] ®Q ¢ ..va

BT[] 1:08,61003 1:08.66021 0.05018
auV -67.13121 41.70545 108.8367 2156796
on A -3.039669 2360798 5400467 1102007
8 U1_tRMS_rc@GRID [V] 2312828 2154581 -15.82478 2184857
®11_tRMS_rc@GRID [A] 1054135 1115844 05617032 1097022
®P_t_rc@CRID [W] 2436815 2403.049 -33.76636 2393769
®S_t_rc@GRID [VA] 2438.032 2404.176 -33.85669 2395233
®Q_t_rc@CRID [var] -TT035%0 1361137 3424538 8374794
@PF_t@CRIDT 0999513 0.998470 10433 0998992
F_fund@CRID [Hz] 4900084 40.90005 122124 49.90000

During dip (t1+50ms)
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ouiy

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

F_fu...[H:]® PEL.D[]®Q ¢

B iEl [s) 1:08.61003 1:08.69025 0.08022
su1v) -§7.13121 -42,688T1 2840208 2160079
@ A1[A] -3.039669 -2.381348 0.658321 11.10434
@ U1_tRMS_re@CRID V] 2312828 217.4135 1386031 2177062
@ 11_tRMS_rc@CRID [A] 1054135 1126561 0.724257 1106558
®P_t_rc@GRID [W] 2436815 2047875 1106030 2406479
®5_t_rc@GRID [VA] 2438022 2849295 1126221 2407833
®Q_t_rc@CRID [var] -T7.035% -83.36926 6333359 s0.73822
®PF_t@CRID[] 0999513 0.998470 108323 0998992
F_fund@GRID [Hz] 49.99364 49.95996 121e4 4999990

ouipy]

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

F_fu...[12]® PF_t..D[] @ Q ¢ ..v:

A B AR HAE

B3l [s] 1:08,61003 10871019 0.10016
eV -67.13121 -53.60072 1353049 2162670
®A1[Al -3.039669 -2,698635 0.341034 1110697
®U1_tRMS_rc@GRID V] 2312828 2174335 -13.84926 2174504
@ 11_tRMS_rc@CRID [A] 1054135 1117976 0.638407 1107827
®P_t_rc@CRID [W] 2436815 2429437 7378174 2406063
®S_t_rc@GRID [VA] 2438.082 2430.854 -7.178955 2407.402
®Q_t_rc@CRID [var] -T7.035%0 -82.98152 5945618 2027542
@PF_t@CRIDT 0.999513 0.998470 10433 0998992
F_fund@CRID [Hz] 4900084 40.90005 122124 49.90000

During dip (t1+100ms)
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H il

I

i

1\ F’I Iv I|| !” I m (o H
il

I

[I‘W

0
I

1 m m I|| (l

i 1
h i

\iﬂ L ﬂ"

1l '\”.1

S

m LMJ I m mhm il

W

N I

Wl

W

”h “|'H‘"‘h il
i

|‘|‘ I ““I[IWI WIIIWI [M} ‘

RN

i |v|| i

‘\ i

ouit.v] ®ai[

()

VAI® Pt .. [w]® Iy

il (] 1:11.32055 1:14.32459 3.00405
euLV] 1328834 -306.6749 3109632 230202
®AL[A] 1011825 -14.24T16 -15.25898 10.44099
®U1_tRMS_rc@CRID [V] 2153260 2207863 1446083 2302107
®11_tRMS_rc@GRID [A] 1097068 1041011 -0.560568 1044392
®P_t_rc@GRID [W] 2361102 2390:939 2983789 2403305
®5_t_rc@GRID [VA] 2362272 232,100 2982861 2400424
©Q_t_rc@GRID [var] 7435460 152258 L8812 7335100
®PF_t@CRID [] 0998425 0999534 3845 0999303
F_fund@GRID [Hz] 5000008 49.99922 85834 4359990

After dip (t2+3s)

u1p]

. @aL[A]

me

[VA]® Pt ... (W] ® 11 t.

18 5] 11132055 1:11.49215 0.17160

s 1328834 143.1690 129.8807 228.5637
®AL[A] 1011825 6506706 5494881 1043226
®U1_tRMS_rc@GRID [V] 2153260 2313965 1607251 229.0047
®11_tRMS_re@GRID [A] 1097088 1056309 -0.407591 1049426
®P_t_rc@CRID W] 2361102 282:955 8185352 2401,080
®5_t_rc@GRID [VA] 2362272 2440282 £2.01050 2402.238
#Q_t_rc@GRID [var] 7435460 8053848 -152.8931 Ta%146
@PF_t@GRID | 0999495 0997545 19503 0.998521

F_fund@GRID [Hz] 50.00008 49.99004 -lalles 5000001

Recovery time
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Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 4.4

T

Suiv]

I

arl®s_t . [VA]@ P t_..[W]® i_t.[A] ®ULt.[v] ®ai[a]

HiE[s) 1:08.3964 1:08.9969 01005
su1Y] 1618774 6242236 4623961 2204507
®AL[A] 0.321461 0836445 0.514384 3128854
®U1_tRMS_rc@GRID [V] 231.2307 2313085 o.07a768 2301320
®11_tRMS_rc@GRID [A] 3232184 3261111 0.028927 3137303
®P_t_rc@GRID [W] 461315 7524572 6325684 7205262
®5_t_rc@GRID [VA] 7473802 7543128 6.932556 722.1209
Q_t_rc@GRID [varl -43.18687 5287817 “5.691303 28.09928
®PF_t@CRID ] 0997412 0.997416 411326 0997414
F_fund@GRID [Hz] 49.99959 49.99573 -3.860e-3 4999766

Before dip (t1-100ms)

o

ouiy

var] @5 ¢ .. [VA]®P_t ... [W]® 11 t..[A] ® UL t..[v] @AL[A]

bt
.
o oowser -
< osmsuar]
& oosmsor|
.
& 50.00277 -
2 e
w' spemTiad-
108500 000 (=] 109.100 09200
A B HRE ARE
i [s] 1:08.9967 1:09.0467 0.0500
ULy 3455051 -47.6614T 8221108 2156432
BAL[A] 0.425602 -0.827812 -1.253414 3283454
®U1_tRMS_rc@CRID [V] 2313085 2151515 -16.15408 217.8220
@11_tRMS_rc@GRID [A] 3261111 3.247784 -0.013326 3.290985
®P_t_rc@GRID [W] 524572 6974839 -sasT327 7152043
@5_t_rc@GRID [VA] 7543128 698.7654 -55.54736 T16.7457
©Q_t_rc@GRID [var] -s2.87T817 4230166 1057654 4698169
@PF_t@CRID [] 0997416 0997416 0.000000 0997416
F_fund@GRID [Hz] 49.99573 49.995T3 0.000000 49.99573

During dip (t1+50ms)

TRF No. EN 50549-1a
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Clause

Requirement - Test

Result - Remark

Verdict

ouiy

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

IRAVAVATES

6876 -

231 --|

o aeee-

o -

.

9 s -

S oomea -

& oommmr oo

b

L sooarr| -

ERE =

R s
[m)
B [s] 1:08.9967 1:09.0767 0.0800
euLV] 3455051 4499467 1042416 2160477
®AL[A] 0.425602 0.617290 0.191689 3.330550
®U1_tRMS_rc@CRID [V] 2313085 2174748 1353104 2172006
®11_tRMS_rc@GRID [A] 3261111 3479860 0218750 3322263
®P_t_rc@GRID [W] 524572 TS5.4461 2988955 20,3488
®5_t_rc@GRID [VA] 7543128 7567807 246759 7218200
©Q_t_rc@GRID [var] 5287817 4492500 7957778 4620270
®PF_t@CRID [] 0997416 0997415 0.000000 0997416

F_fund@GRID [Hz] 4999573 49.995T3, 0.000000 4359573
During dip (t1+80ms)

B e -

g -

. a5 -

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

F_fu...[H2] ® PF_t..0[] ®Q_t ..

oo

R

0987577 -
0.9975037 - <=
o.s57as57 - -~

S0.00177
a9.99076
ag.9877

215 HAE

| A .
18 5] 1:08.9967 1:03.0968 0.1001
s 34.55051 4441794 9.867430 2161113
®AL[A] 0425602 0560642 0.135040 3330617
®U1_tRMS_rc@GRID [V] 2313055 2174790 -13.62651 2171069
®11_tRMS_rc@CRID [A] 3261111 3.445790 0.184680 3325048
®P_t_rc@CRID [W] 7524572 TATS151 -4.542053 7204520
®5_t_rc@GRID [VA] 7543128 T49.3870 -a:925781 21,8459
#Q_t_rc@GRID [var] 5287817 4694575 5932426 4641946
@PF_t@GRID | 0597416 0997416 0.000000 0597416
F_fund@CRID [Hz] 4990573 4900573 0.000000 49.00573

During dip (t1+100ms)

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

I

v!‘n

B
P‘ J 1'] il IHMH

u ||x

il M" |

[ @uit.v] ala]

A A A R AR A A SRR R A A ARG S e AR AT A

IHHM \INWM\HIHH M AR DA AL HHHHIHI\H\HH'H\HMHlHHIHI\\MHIlﬂ\I I H\IHHIHI\hHHHIH\I i MIHI\HI\HH‘
H\IHII\I e e e IM IR A AR e

AT e AR R KRN PR MR A W IR AR AN LR AR LA (A R DR TR TR
H\IHII\I et e A NI T A YL T A

Bl [s) 1:11.7015 1:14.7044 3.0030
euiM 3034624 1766838 -126:7T86 2301137
®A1[A] 4488541 2291275 -2.197266 3135168
@ U1_tRMS_rc@CRID V] 216.3200 2202872 1295720 230,088
®11_tRMS_rc@CRID [A] 3309739 3041971 -0.267768 3134963
®P_t_rc@GRID [W] T14.4332 696.0787 -18.35149 T19.6823
®5_t_rc@GRID [VA] 715.9955 6974850 -18.51050 7212651
®Q_t_rc@CRID [var] a1.27385 aa.26987 -3.003578 4775661
®PF_t@CRID[] 0.997840 0.997568 271822 0997508
F_fund@GRID [Hz] 49.99947 50.00016 6.905¢-4 43.93994.

After dip (t2+3s)

B4l [s] 1117015 1:11.9158 02143
auiv 303.4624 -44.85552 -348.3179 229.4510
®AL[Al 4458541 -0.817227 -5.305767 3151614
®U1_tRMS_rc@GRID [V] 2163299 2312382 1490826 2289136
@ 11_tAMS_rc@GRID [A] 3.300739 3238085 0071654 3150817
®P_t_rc@CRID [W] 7144332 747.4067 3297351 719.1817
®S_t_rc@GRID [VA] 715.9955 728.7689 271332 7208673
®Qt_rc@CRID [var] 4127385 -45.14388 9241733 4926684
@PF_t@GRIDN 0.997840 0.997292 -5481e4 0997566
F_fund@CRID [Hz] 0.90047 50.00075 128203 50.00011

Recovery time

TRF No. EN 50549-1a
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Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 5.1 5.2 5.3 5.4
1 Date - - LT 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 | Faulttype - - VD5 VD10
(phase)
Setting .
4 voltage L|Ir_1e to -- p.u. 0.90
ine
c | depth
encra Setting di
Info. 2 durat?onp B 6000
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
g | durationin | .. - ms 6016.68
empty load
test
t1+100ms
9 Voltage Total u. 0.90
depth/height totzand | P
in empty t1-10s to
10 load test Pos. 1 p.u. 0.90
11 | Voltage | -neto |t-100sto |, 1006 | 1.005 | 1.006 | 1.005
neutral tl
t1-500ms
12 Current Pos. to t1- p.u. 1.018 | 0.312 | 1.011 | 0.311
_ 100ms
Before dip 13 N Total t1-10s to " 1.024 | 0.313 | 1.017 | 0.312
< 14 . Pos. t1 ol - - - -
15 Reactive Total t1-10s to -0.032 | -0.022 | 0.029 | -0.022
16 power Pos. t1 p-u. - - - -
17 Cosg ~ | B 10,9995 | 0.9972 | 0.9995 | 0.9968
Line to t1+100ms -- --
18 Voltage neutral to t2- p.u. 0.896 | 0.896 -- --
20ms 0.897 0.896
19 Phase 1 1.129 0.323 -- --
20 | Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- -- 1.119 | 0.325
tl to t2 22 Phase 1 1.146 0.351 -- --
23 | Line current | Phase 2 | t1+80ms p.u. -- - - -
24 Phase 3 -- -- 1.130 0.349
25 Total t1+100ms 1.022 0.313 1.010 0.312
Active power to t2- p.u.
26 Pos. 20ms -- -- -- --

TRF No. EN 50549-1a
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EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict
27 | Voltage hg‘u‘irg tt22:3150t50 pu. | 0998 | 0.997 | 0.998 | 1.005
28 . Total t2+3s to 0.994 | 0.286 | 0.987 | 0.315
29 Active power Pos. t2+105s p.u. — — — —
Active power --
39 rising time Pos. s 0.193 | 0.108 | 0.198 | 0.178
31 Reactive Total t2+3s to -0.033 | -0.023 | 0.029 | 0.022
After dip 32 power Pos. t2+10s p-u. - -- - --
> t2 Reactive --
33 | power rising Pos. S 0.193 | 0.108 | 0.198 | 0.178
time
PGU does
not
34 disconnect » t2 to Yes/ Yes
from grid till t2+60s No
60s after
fault

Graph of Test number 5.1

. [V] @AL[A]  euL[Y]

. [A] @

wie i

. Lohh bk n bbbk ek b b tn kbbbt ke e ook e o)l Bl
¥ e L e R e

£t

foio o oo Tioo Ti0 T140 Tie0 Ti0 [}
A B HR HRE

B[ 1:08.36502 1:14.38170 6.01668

su1] 6675847 271220 2123635 206:8400
®AL[Al -0.004532 -5.129¢3 0.086403 0236882
@ U1_tRMS_re@CRID V] 2063558 206.2042 o.54s87a 206.8368
®11_tRMS_rc@GRID [A] 0140372 0221374 0.101001 0236840
®P_t_rc@GRID [W] 3879792 2398511 2187490 3188174
®5_t_rc@GRID [VA] 2896659 42.98124 20.97466 49.05365
#Q_t_rc@CRID [var] 2870556 4379012 1509358 3710448
®PF_t@CRID[] 0.419279 0.528519 0.109240 0529743
F_fund@GRID [Hz] 4399990 4995087 30525 49.35990
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Clause |Requirement - Test Result - Remark Verdict

ouiy

T TN

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

J

.

9 ossan-

< osmsasio) -

& o

b

E oo

£ oo

R
B [s] 1:07.98360 1:08.08421 0.10061
euLV] 9928959 2925198 T0.03761 294328
®AL[A] 4539418 1484703 3054714 10.44987
®U1_tRMS_rc@CRID [V] 2313401 2314317 0001588 2302022
®11_tRMS_rc@GRID [A] 1062843 1061204 -0:016387 1049196
®P_t_rc@GRID [W] 2457562 2450878 -2.684082 2415233
®5_t_rc@GRID [VA] 2458781 2455:962 2819002 2416383
©Q_t_rc@GRID [var] Traisa 7296062 4452797 Ta55281
®PF_t@CRID [] 0998487 099487 0.000000 099487
F_fund@GRID [Hz] 4999924 49.99924 0.000000 4359924

s 1

AR

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

12]® PF_t..D[] @ Q ¢ ..v;

A B AR HAE

B3l [s] 1:08.08467 10813476 0.05008
eV 1031097 -22.36192 -32.67288 2066424
®A1[Al -0.338005 0812077 04702 1151190
®U1_tRMS_rc@GRID V] 2314317 2061458 -25.285% 2100638
@ 11_tRMS_rc@CRID [A] 1061204 1178150 1169552 1140064
®P_t_rc@CRID [W] 2454878 2427481 2739697 2390.703
®S_t_rc@GRID [VA] 2455.962 2428725 -21.23882 2302477
®Q_t_rc@CRID [var] -T2.96062 T172438 4763763 9211794
@PF_t@CRIDT 0.999503 0.998503 0.000000 0999503
F_fund@CRID [Hz] 4900347 a0.00347 0:000000 4090347

During dip (t1+50ms)
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ouiy

FAVAVARA

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

Hz]® PF_t..D[]@Q ¢ ..

B[ 1:08.08467 1:08.16469 0.08002
su1v) 1031007 1112159 0810623 2070623
@ A1[A] -0.338005 -0.633549 -0.295544 1167502
@ U1_tRMS_re@CRID V] 2314317 2084503 2207243 2000824
@ 11_tRMS_rc@CRID [A] 1061204 1156154 1.343503 1159366
®P_t_rc@GRID [W] 2450878 2491833 3695459 2418766
®5_t_rc@GRID [VA] 2455:962 2493494 37.53223 2420454
®Q_t_rc@CRID [var] ~T2.96062 9101774 -18.085212 9038338
®PF_t@CRID[] 099503 0.900503 0.000000 0999503
F_fund@GRID [Hz] 49.99347 49.99347 0.000000 49.99347

ouipy]

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

12]® PF_t..D[] @ Q ¢ ..v;

E

B3l [s] 1:08.08467 1:08.18491 0.10024
eV 1031097 38.21381 27.90284 206.8801
®A1[Al -0.338005 1509357 1847363 1165796
®U1_tRMS_rc@GRID V] 2314317 208.3819 -23.04576 2087039
@ 11_tRMS_rc@CRID [A] 1061204 1177729 1165256 1161856
®P_t_rc@CRID [W] 2454878 2452171 2106445 2420504
®S_t_rc@GRID [VA] 2455.962 2484.175 -1.788821 2022214
®Q_t_rc@CRID [var] -T2.96062 -82.99629 -10.03568 8992756
@PF_t@CRIDT 0.999503 0.998503 0.000000 0999503
F_fund@CRID [Hz] 4900347 a0.00347 0:000000 4090347

During dip (t1+100ms)
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§ WI L AARRERH IR HN\ U TR A \]‘M} ﬂ'“”l\‘ 'Hw ‘
H JIH\ TR R AR R B AR Hlllmml“ Hll H“H M

OB (O W\""W”‘ T

E

i

II

it

A

B e T S e B B T e

e H'HlIJ'“l\IM'U.H”ﬂ.h'”mﬂ”\ln\'MIN'H.H”\L\U“‘.”'lm‘Hl.H'|'MM"lHH'”m'I'MWH LA A

B R e E LT T T T T P e EEt LR T e TP TP T PR T PP PR P PP e P CRPPrEEN

et 111 O D MIN'H.H”\I‘H".”'lm”ﬂm‘l'uM”IH\U'”lH'I'MWH.H'M'\h”'UHH'”lH"‘Hl”‘Hlll‘“m”'m“”‘H'\‘IW”HIH'“nll‘\'lm”h-

B iEl [s) 1:14.11316 1:17.11818 3.00501
su1v) 1221250 2057320 -417.8570 230,012
@ A1[A] 6.380535 -13.56852 -19.94306 1048113
@ U1_tRMS_re@CRID V] 206.4278 2204006 2307228 2302263
@ 11_tRMS_rc@CRID [A] 1149331 10.40557 -1087739 1048793
®P_t_rc@GRID [W] 2371150 2386733 1558252 2013438
®5_t_rc@GRID [VA] 237250 2388073 1554077 2414627
®Q_t_rc@CRID [var] 8097905 -80.01244 -160.9915 7576018
®PF_t@CRID[] 099300 0.900483 228025 0999173
F_fund@GRID [Hz] 50.00044 49.95007 13693 49.99986

After dip (t2+3s)

s =l
F ]
o sl
= ey
g ar

E)

B4l [s] 1:14.11316 1:14.30608 0.19292
auiv 122.1250 148.6872 2656222 228.7859
®AL[Al 6.380535 6810833 0430298 1041872
®U1_tRMS_rc@GRID [V] 206.4273 231393 24.96700 229.4057
@ 11_tAMS_rc@GRID [A] 1149331 o002  -0asus 1052919
®P_t_rc@CRID [W] 2371150 2253.418 8226831 2412478
®S_t_rc@GRID [VA] 2372582 254,906 £2.57305 2413805
®Qt_rc@CRID [var] 8097905 -8543628 -1664153 8003077
@PF_t@GRIDN 0999390 0.994470 497123 0.996933
F_fund@CRID [Hz] 50.00043 42.90045 a80e s 40.90005

Recovery time
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Graph of Test number 5.2

ouipy
F4 R

AN AR

po e
F5 ¥

 .var] @St ..[VA@P_t ..[W]® 11 t..[] ® UL t..[v] @AL[A]

108000 [ - FETEEY (=] 108300 10870 LD

A B HE ARfE

B 1s) 1:08.2308 1:08.3313 0.1005
su1p] 3032183 1136975 sL10157 2204270
®ALA -0.743934 -0.633835 0110143 3108642
18 U1_tRMS_rc@CRID V] 2311682 2312570 0080233 2301264
®11_tRMS_rc@GRID [A] 3260569 3265143 45743 3120559
®P_t_rc@GRID [W] 518420 753.5808 1638428 7164926
®5_t_rc@GRID [VA] 53,7398 755.0884 1348633 T18.2899
#Q_t_rc@CRID [var] -s2.02211 -ar6om17 4330536 5078184
®PF_t@CRID[] 0.997195 0997195 0.000000 0507185
F_fund@GRID [Hz] 50.00018 50.00018 0.000000 50.00018

Before dip (t1-100ms)

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

F_fu...[Hz] ® PF_t..D[] ®Q t ..

A B =15 HuE

Bl 5] 11083301 1:08.3804 0.0503
suim -108.9386 69.59279 1785314 206.2149
o1 (A -1.767086 1060463 2827549 3380121
8 U1_tRMS_rc@GRID V] 231.0485 206.0100 2503644 2105877
®11_tRMS_rc@GRID [A] 3.239600 3374202 0134602 3374016
®P_t_rc@CRID [W] 746.8956 694.3566 -52.53834 7084560
®S_t_rc@GRID [VA] 748,506 695.1194 -53.38525 T09.8578
®Q_t_rc@CRID [var] -49.05319 -32.55546 1649773 44,5836
@PF_t@CRID 0997195 0.997195 0000000 0507185
F_fund@CRID [Hz] 50.00018 50.00018 0.000000 50.00018

During dip (t1+50ms)
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ouiy

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

Bl [s) 1:08.3301 1:08.4105 0.0804
euiM -108.9386 5413072 54.80790 2064529
®A1[A] -1.767086 -0.985741 0781345 3.449625
@ U1_tRMS_rc@CRID V] 2310485 2081683 2285018 2093143
®11_tRMS_rc@CRID [A] 3233600 3660794 0421194 3429636
®P_t_rc@GRID [W] 746.8956 760.6458 1575024 T15.8015
®5_t_rc@GRID [VA] 748,504 762.0613 1355664 7171574
®Q_t_rc@CRID [var] -29.05319 2642495 2628242 44.07866
®PF_t@CRID[] 0.997195 0.993091 410423 0.995146
F_fund@GRID [Hz] 50.00018 50.00028 9918e-5 50.00023

During dip (t1+80ms)

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

F_fu...[H2] ® PF_t..0[] ®Q_t ..

18 5] 1:08.3301 1:084306 0.1005
s -108.9386 -44.20082 6473780 2064915
®AL[A] -L767086 0978302 0788784 3455830
®U1_tRMS_rc@GRID [V] 231.0485 208.1968 -z2.84970 2088872
®11_tRMS_rc@CRID [A] 3230600 3615105 0375505, 3443713
®P_t_rc@CRID [W] T46.8956 T5L55T4 41661604 7173963
®5_t_rc@GRID [VA] 7485046 Ts2.6701 4.174438 7187555
#Q_t_rc@GRID [var] 4905319 4107695 776242 aan2
@PF_t@GRID | 0597195 0.993091 41043 0995145
F_fund@CRID [Hz] 50.00018 50.00028 a91825 50.00023

During dip (t1+100ms)
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‘ il 1” Ll
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Ti

L

mu‘

I

un’wu
I MIJ

g
: ’\\WI ’M “\Mh
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o

LTS MR (iR AT

A e A A A e e e R A
A R R ki ‘H"\H‘\H‘MIHHHIIHII\UHMHM\H‘HHHH“HHH

e A e R i AR A A AT A A

" I | I
U ooy e A O b \H‘\\IHHHIIHII\UIMIM‘HHHMH“HHH|
O e e e e e T e el el e o o e o v o e fllied

Bl [s) 1:14.3609 1:17.3636 3.0027
euiM 1535162 -228.6653 2900270 230.0463
epay - 0051617 -3.198170 -3.146553 3119603
@ U1_tRMS_rc@CRID V] 2060260 202113 2318092 230.0676
®11_tRMS_rc@CRID [A] 3300089 3008088 -0.292001 3120013
®P_t_rc@GRID [W] e78.Ta51 687.2410 sassa1L 7162061
®5_t_rc@GRID [VA] 679.9053 689.4578 9582458 718.1634
®Q_t_rc@CRID [var] 39,7050 -55.61689 2532142 s2.04112
®PF_t@CRID[] 0997711 0.996502 800024 0.996664
F_fund@GRID [Hz] '50.00006 49:99991 15264 49.99391

After dip (t2+3s)

UL A

B4l [s] 1143609 1:14.4688 0.1078

auiv 1536162 -222.0833 -237.4549 2316447
®AL[Al -0.051617 2934384 -2882767 3141395
®U1_tRMS_rc@GRID [V] 206.0268 2307453 2471895 2287973
@ 11_tRMS_rc@GRID [A] 3300089 3216733 -0.083356 3125423
@ P_t_rc@GRID [W] e78.7451 7404759 6143085 7127102
®S_t_rc@GRID [VA] 679.9053 742.2460 6234070 7146932
®Qt_rc@CRID [var] E:R 1 -55.39671 -95.10125 5320261
@PF_t@GRIDN 0.997711 0.992662 50483 0.985190

F_fund@GRID [Hz] 50.00006 40.99919 86984 49.99963

Recovery time
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Graph of Test number 5.3

VARAAAARARATAR

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

J
.
.
108700 108800 108500 (=] 103000 03100 103200 (> ]
A B HE ARE
i [s] 1108842346 1:08.943345 0.100899
w1y 7576697 2165921 or.42618 2200761
®AL[A] 3447079 0252796 3699875 1035528
®U1_tRMS_rc@CRID [V] 2313445 2314855 0.140991 2303108
®11_tRMS_rc@GRID [A] 1055605 1056677 0.010725 1041690
®P_t_rc@GRID [W] 2041071 2044831 3760010 2398.086
®5_t_rc@GRID [VA] 2442083 2446054 3970047 2399201
©Q_t_rc@GRID [var] 7032758 1736298 ~7.035400 76.02605
®PF_t@CRID [] 0999460 099460 0.000000 099460
F_fund@GRID [Hz] 5000018 50.00018 0.000000 5000018

ou1py]

@5t . [VA]® Pt .. [W]® I t.[4] @ ULL.[V] @A1[]

F_fu...[2]® PF_t..D[] ®Q ¢ ..va

B8 5] 1:08.342811 1108.993125 0.050314
s -25.76010 -4.716082 21.04402 206.2748
oA -1.269268 0.404330 1673699 1140882
®U1_tRMS_rc@GRID [V] 314217 2062149 -25.20680 2103665
®11_tRMS_rc@GRID [A] 10.56283 1168053 1121700 1132460
®P_t_rc@GRID [W] 2443285 2408.106 -35.1794 2376018
®5_t_rc@GRID [VA] 2444.059 240,525 -34.94385 2377.893
#Q_t_rc@GRID [var] ~76.06071 -82.68475 -6.624031 9441276
@PF_t@GRID ] 0.999460 0.993460 0.000000 0.999460
F_fund@CRID [Hz] 50.00018 50.00018 0.000000 50.00018

During dip (t1+50ms)
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ouiy

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

he}
.
.
L soontens]
E 500000t
O TR T T ] S L I L LECEee
108850 108500 £Y:055%0 103,000 =] 103050 03100 109.150
A B =L HAE
BiE 5] 1:08.942811 1:09.022853 0.080042
LU -25.76010 -21.73845 4.021645 207.1898
®n1 A -1.269268 -1.485793 -0.176525 1157485
@ U1L_tRMS_rc@GRID [V] 2314017 208.3778 -23.04308 2002814
@ 11_tRMS_rc@GRID [A] 10.56283 11.79819 1.235359 1149045
®P_t_rc@GRID [W] 2443285 2457.111 13.82520 2390.625
@S_t_rc@GRID [VA] 2444459 2458481 14.01172 2401.338
©Q_t_rc@GRID [var] ~76.06071 -82.06368 -6.002968 0.69985
@PF_t@CRID [] 0.999460 0.999460 0.000000 0.099460
F_fund@GRID [Hz] 50.00018 50.00018 0.000000 50.00018
. -

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

S

.

q 0.93808 -

M L R B B S Lttt

L B e e et CRTI TETRERRREELES [hel EPT
.

Z 5.00001

3 sooopers]

|

A B AR HAE

i 5] 1:08.342811 109.042948 0.100137
aum -25.76010 -12.66615 13.093%5 207.1068
®AL[A] -1.269268 -1.027512 0241756 1156372
®U1_tRMS_rc@GRID [V] 2314217 208.3603 -23.06140 2085889
®11_tRMS_rc@CRID [A] 1056283 1164570 1082867 1150075
@P_t_rc@CRID [W] 2443285 2425.076 -18.2089%8 2399.865
®5_t_rc@GRID [VA] 2444069 2426.502 -17.96729 2001506
#Q_t_rc@GRID [var] -76.06071 -83.15991 -7.099197 8876253
@PF_t@GRID (] 0.998460 0.993047 55133 0.996707
F_fund@CRID [Hz] 50.00018 40.90083 351004 50.00000

During dip (t1+100ms)
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T
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I
ol 1/ llu”m'Hn”lH"m”llﬂ'n\”nH'lll\”.l'L‘ e R A A M G A A gy e s o g L
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I AT 00 0 011 OO AW A e RS R

®P_t_rc@GRID [W] 2005117 2368.298 -36.91895 2396814
®5_t_rc@GRID [VA] 2406.397 2369322 -37.07495 2398016
®Q_t_rc@CRID [var] 1537257 69.67104 ~5.701530 7582219
®PF_t@CRID[] 0999438 0.900474 355825 0999128

F_fund@GRID [Hz] 49.99969 49.95960 -9.155¢-5 4999995

After dip (t2+3s)

]

B3l [s] 1:14.966500 1:15.164147 0.157646
eV 2582723 103.8090 -154.4633 229.6037
®A1[Al 1483664 2469222 -10422%2 1045779
®U1_tRMS_rc@GRID V] 208.0036 2313286 23.32506 2258986
56902 0.52343 1045589 2
2405, 243375 2795874 2393504
406,397 434,571 27.97339 2304906
L] QJ rc@GRID [var] 7537257 T6.27940 -151.6520 7926523
@PF_t@CRIDT 0999438 0.994168 52703 0996807
F_fund@CRID [Hz] 49.90069 50.00118 148823 5000043

Recovery time
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Graph of Test number 5.4

S AN A A R A AR

ouiy

@5 t .. [VA|@ Pt .. [W]® 1t..[A] ®ULt..[v] ®al[a]

F_fu...[H]® PF_t..0D[]®Q t ..v

B[] 1:12.19001 11229053 0.10053
su1y] T2.46225 2160148 s0.77076 2204815
®a1 (A 1317620 0334654 0.322966 3111907
®U1_tRMS_rc@GRID [V] 2310020 2312806 0.188509 230.1527
®11_tRMS_rc@GRID [A] 3247589 3261857 0.014268 3122741
®P_t_rc@GRID [W] 7485726 T52.6239 2051331 7168217
®5_t_rc@GRID [VA] 7504917 7544041 3912354 7188719
#Q_t_rc@GRID [var] -53.63663 5179575 1.840881 5433266
®PF_t@CRID ] 0.996757 0296730 275485 0996743
F_fund@GRID [Hz] 50.00021 50.00057 3.586e-4 50.0003%

oulpy

var]®5 ¢ .. [VA]@P_t ... [W]® I1_t..[A] ®ULt.[v] @A1[A]

F_fu...[Hz] ® PF_t..D[] ®Q t ..

B8 5] 112.28918 1:12.33923 0.05005
s -157.8388 131.8053 289.6440 206.7906
oA 2206948 2177602 4474640 3304619
®U1_tRMS_rc@GRID [V] 2311564, 206.1280 2500884 2105548
®11_tRMS_re@GRID [A] 3245457 3397426 0.151969 3380127
®P_t_rc@GRID [W] 7483728 638.7065 49,6626 7081541
®5_t_rc@GRID [VA] 7502081 TO0.3046 -49.90356 7108056
©Q_t_rc@GRID [var] 5244405 4128312 9972716 4842569
@PF_t@GRID | 0.996730 0996730 0.000000 0996730
F_fund@CRID [Hz] 50.00057 50.00057 0.000000 50.00057

During dip (t1+50ms)
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ouiy

var|® s t .. [VA]@ Pt .. [W]® 1t .[A] ®ULt..[v] ®A1[a]

F_fu...[H]® PF_t..D[]®Q t .

B [s] 1:12.28918 111236922 0.08003
euLV] -157.8388 134005 2383423 207.0416
®AL[A] 2296948 ~2.238869 0.058079 3463125
®U1_tRMS_rc@CRID [V] 2311864 208.0081 -23.05830 2092605
®11_tRMS_rc@GRID [A] 3245457 364205 0395745 3433598
®P_t_rc@GRID [W] 7483728 T56.7070 8334167 T16.0553
®5_t_rc@GRID [VA] 7502081 758352 s144043 L7887
©Q_t_rc@GRID [var] -52.44405 4992573 251831 49585410
®PF_t@CRID [] 0996730 0996730 0.000000 0996730
F_fund@GRID [Hz] 5000057 50.00057 0.000000 50.00057

During dip (t1+80ms)

ouipy

2| @5 ¢ .. [VA]@P_t ... (W] @ 1 t..[A] ®ULt.[v] @AL[A]

{#]® PF_+..D[]@Q_t ..

1m0

B4l [s] 1:12.28918 1:12.38344 0.10026
auiv -157.8388 -117.2003 4063845 206.9178
®AL[Al 2296948 -L779389 0517559 3464121
®U1_tRMS_rc@GRID [V] 2311568 2081261 -23.03035 208.8322
@ 11_tAMS_rc@GRID [A] 3208457 3601426 0355970 3.408501
®P_t_rc@CRID [W] 83728 78,1268 -0.246033 7172589
®S_t_rc@GRID [VA] 750.2081 749.5507 0857410 T18.9631
®Qt_rc@CRID [var] 524405 -46.18037 6263672 40.47319
@PF_t@GRIDN 0996730 0.996730 0.000000 0.996730
F_fund@CRID [Hz] 50.00057 50.00057 0.000000 50.00057

During dip (t1+100ms)
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Result - Remark Verdict
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After dip (t2+3s)

| d
Bl [s] 18311 12131207 3.00049
s 7013853 1269885 5684996 2300256
@ALA] o94838 1676441 730133 119992
®U1_tRMS_re@CRID [V] 208201 2311692 2292007 230.0062
®11_tRMS_rc@GRID [A] 3589586 3276532 0313054 3.120881
@ P_t_rc@GRID [W] 746.0900 55,5121 9422668 16,0429
®5_t_rc@GRID [VA] 15102 757.4170 9.906799 7179240
©Q_t_rc@GRID [var] -26.05562 357582 9973184 5193650
®PF_t@CRID [] 0.997500 997044 456504 0996863
F_fund@GRID [Hz] 49.99970 49.95942 2785¢-4. 4359991

[ i
B4l [s] 1:1831159 1:18.48914 017755
auiv 70.13853 -158.1818 -228.3204 230.2072
®AL[Al 0945308 2221703 3168011 3155894
®U1_tRMS_rc@GRID [V] 208.2481 2311128 2286870 2282506
@ 11_tAMS_rc@GRID [A] 3.550586 42219 0347367 148202
®P_t_rc@CRID [W] 746.0900 7417369 1646912 7155966
®S_t_rc@GRID [VA] 747.5102 20,3185 1808350 7177409
®Qt_rc@CRID [var] -46.05562 -48.65937 2603748 5142098
@PF_t@GRIDN 0997500 0.995652 -L848e3 0996577
F_fund@CRID [Hz] 49.90870 50.00062 023204 50.00016

Recovery time
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Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 6.1 6.2 6.3 6.4
1 Date - - LT 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 | Faulttype - - VS2.2 VS4.2
(phase)
Setting .
4 voltage L|Ir_1e to -- p.u. 1.15
ine
c | depth
encra Setting di
Info. 5 | uration = 60000
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
g | durationin | .. - ms 60019
empty load
test
t1+100ms
9 Voltage Total u. 1.15
depth/height totzand | P
in empty t1-10s to
10 load test Pos. t1 p.u. 1.15
11 | Voltage | Hneto |t-100sto 4000 | 1001 | 1.002 | 1.001
neutral t1
t1-500ms
12 Current Pos. to t1- p.u. 1.003 | 0.303 | 1.008 | 0.303
_ 100ms
Before dip 13 A Total t1-10s to " 1.004 | 0.302 | 1.009 | 0.303
= 14 P Pos. t1 p-u. - - - -
15 Reactive Total t1-10s to U -0.045 | -0.020 | -0.024 | 0.017
16 power Pos. t1l p-u. - -- - -
17 Cose - tl'lgs © | |09990 | 0.9978 | 0.9997 | 0.9984
Line to t1+100ms -- --
18 Voltage neutral to t2- p.u. 1.154 | 1.151 - -
20ms 1.042 1.041
19 Phase 1 0.847 0.259 -- --
20 Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- - 0.966 | 0.295
tl to t2 22 Phase 1 0.845 | 0.258 -- --
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 - - 0.969 | 0.295
25 Total t1+100ms 0.988 0.294 1.016 0.307
Active power to t2- p.u.
26 POS- 2oms == == == ==

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict
27 | Voltage rl;gueirg)l tfffotso pu. | 1.002 | 1.001 | 1.002 | 1.001
28 Active power Total t2+3s to b.U 1.003 0.302 1.011 0.302
29 Pos. t2+10s o - -- -- -
gg | Active power | o, . s 0.202 | 0.125 | 0.277 | 0.221
rising time
31 Reactive Total t2+3s to -0.042 | -0.020 | -0.025 | 0.016
32 power Pos. t2+10s p-U. = - - =
1.000 Reactive --
33 | power rising Pos. S 0.202 | 0.125 | 0.277 | 0.221
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 6.1

100s.

£A60.019048

[ 1=

200mA.

v v aplmEmmes > @

Avg

-216469 - 374876 0.008919.. 264561 Papu 0000472..

-0.5507 -0.09 6 - 916 -0.0757004 0.234567 Qapu 0.0 e 0.0017284 0.001729.

264121 264576 045459 0.007574.. 3: 264577 264577 Time
0296991 0.242909 -0.0540821 -0.00090... 0 3 0234599 Pa

0210915 0.02 25 . a 7: 7 - 6155 560621 856115 620414 620696
1.20055 120262 0.00: 1.20055 1.20262 a 7 62.519 - 549984 83, 60494 60.5153

0.0018668 0.001526... -0.0 K ... 0.001331... . 0.001473.. 0.001474.  Cos(y)+ 0525093 0.166196 2124 0754967 0476509  0.47907

Empty load
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Requirement - Test

Result - Remark

Verdict

KamnE

0.512414
230,546 . . 00171984
-0.00080.. 104524

-0.00071... 0999042

5734.05
213428

681733

Avg A

0.0801537 P_a_pu 100422 100421 -1 -0.00012...

Qapu -0.0432992 -0.0435742 -0.00027.
Time 5289 6 0.100256
2410,

241237

0.05082
111 0.005158... 0.101512
2410.06 3 -65.8323
241232
-104.568
0.99951

1.00419

During dip (t1+50ms)

8.

v BEhlE RS

100565  1.00448  1.00448

0.04295
241075
241295

-103.089

0.99956

250V

10A

500V

¥ BB TRAEE

-84.0748

0.99999

TRF No. EN 50549-1a
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Requirement - Test

Result - Remark Verdict

1

Urms_a_pu

Lambda a

Urms_a

HERME

-176.666

493

1.00276

-188.907 1527
-5.58908 21.4085

265.144

0.000119...

1.152 0.150:

0.857496  -0.14527

-1.44893

88 bbs.

-0.075601

1.00282 7! Qa

115332

0. 5 P

998  0.152457

7244 0.00951

1.00238 1153

0841129 1.002

Cosl)+

_pu

88 85

250v

v apNEEEREE > &

0

686272 687074 0080148

2410.06
241
-104.568 -84.0748

0.999565 0.9939

1.00419 0969008 105275  1.00055

v BENEERTEE

Y A
1.05275 0995905

312 -0.0515503

100421 0987611 -0.0165959 -0.165529 0.969008

22 0.003016... 0.0300824

0.10026

0.000964...

During dip (t1+100ms)
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v gpngrEkEE > S

744
Qapu -0 81 -0.00078... -0.108691
Time 3.00203 1

8.40048

-0.0498834

0.0464558 6 3 1.00135

260,

=

26000

KIFME 2 v ¥ BENETEREE

Time
Qapu -0 00 0.0020
544253
1 6 a 54.1907
Irms_a_pu 6 O 6 086 . : 1 09807 Qa 95.003 480405
Urms_apu 1.1 Rx 0742058 1.001 3 3 Cos(y)+  0.9996 -0.00045.
Lam 99919 38e... 3 9 7 787 1 002

Recovery time

TRF No. EN 50549-1a
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Verdict

Graph

of Test number 6.2

KRS

14.

-0.555824 -4.65946

-0.00466... -0.046615 30.187

-0.0025568 -0.0255259  3.14155

-0.000: -0.00324... 0.997.

Umms.a pu 1.00087 100085 -20. -0.00020...  1.00081

Irms_a_pu 2608 -0.00024.. -0.00244.. 0301065

DTN E

68.9401

-0.453065  -0.90555

-0.0434187 -0.0867819

0.149 0.29¢ .00082

96407  -0.00115... -0.00229 0987168

&7 85s

-0.189786

-0.0892

-48.0568

0.997661 Qa_pu -0.02002 -0.0214408 -0.00141... -0.0141484 -0.0216866

1.00085 Time

0.302122

Cosl)+

in
67.8061 67.8061
-0.02114
724587

7263

111313 222483
5.918742... 0.000118...

-0.00494... -0.0098:

During dip (t1+50ms)

v BENEEEYEE

v BENETEREE

TRF No. EN 50549-1a
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T e T e

250V,

RN v BENEE R EE
Min
Time 678061 686074 080136 1 67.8061  68.6074
Q_a_pu -0.02114 548 0.0441949 0.05514398 1478 0.0496595 4.79422e... 0.024512!
Pa 724.587 9 . 714.16; 714.207
58
Irms_a_pu  0.302401 ¥ . . . . 0.260567 ’ A 3 X 2. X 183 0.0115061
100082 115209  1.14654

0987168 0997614 . .99 9 -0.005

7.9 B 68058

TooW

SRS S| 250t v aapnEEEREE > O
Delta

451492 449.407

264.98

3.15437 i 33 3 119.1

-0.00134... -0.0134179 0997614 0995566 0.39556¢ Q_a_pu ... -0.041247 0.0496595

0.148807 1.4812 1.1 1 113979 Time

-0.0456232 -0.454125 0.26375¢  Cos()+ -1.78814...

During dip (t1+100ms)
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Verdict

1.00085
302184

ATME

1.00085
0.99826-

-0.149953

L

0.156254

0.0003

0.0450223 0.01

ta
418.011

422512

0.001510...

-0.0498742

Qapu

1.00054 1.0014 Time

49744 0.257159 0301159 Cos(p)+

13068

1758 0.006785....
72422
725861
-487922
-0.0239493 -0.0203301
127.81

1

oY -

250V

v BRRNEERTEE

0.002256...

19

oV

MWWV i

Time
Qapu 1
Pa

0.342552
-1.19435

0.0120282

127.856 127

-0.017684
719434 11.8604
0.8071

147064

0299764 0.004941...

Recovery time

250V

v BENEEREE

. 0048801

94.4672 7155

98

375051...
0. 14 0277115

TRF No. EN 50549-1a
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Verdict

Graph of Test number 6.3

Urms_a

0999719
1.00839

100981 101115

SeiRlE

-555018

10.0781
0965815
-1.04904.
1.01117

1.00581  -0.0053:

1.0098

8945

33008

-14.4784

-0.00020.

-0.106842

1.01195

1011

69565

338.988

14.5469

10.2574
0983001 O Qa
0999579

0999579 Cos()

101596 101598  Urms.a pu

During dip (t1+50ms)

2400V

Ovar

-5.96046...

89 65s

2400V,

Ovar

¥ EENE RS

0.050112

0.0490497

0.0400219 1.00171
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69455

101
-14.4785

Irm
Irms_a_pu
Lambda_a 4.88758e...

P_a_pu 1.01117 1.01007  -0.00110...

sp.8e

ATE
Ita
14453
0431189

9.15668

1.01572

82 Bhs.

Time. 69.5241  69.6044

Qapu -0.0243725 -0.0221995

242416

1.01266 1.01269 0.0400008 1.00171

49665

69.5248 69.6249
1.00189 1.0417

-0.0250709 -0.02462:

0.999656
0976062 Qa
1.01281 1.01283

Cos()+ -1.78814...

During dip (t1+100ms)

¥ BIUEERTEE

69.6044 0

0.0414484 -0.00104...

v BEEEREE

200 1

230v

24000
Dvar

ol
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v BIlSEEREE

14557
1.94153e...
1.00942

-0.00590... - 1 1.01106

13025 13048 130.6s

Urms_a

230V,

2400

Ovar

KATHE : 2 v v BRNEEAREE

Delta
307105 -180.497 . 326.123 217181 1 Time

151786 0,040 Qa_pu

Qa
Cos()

Urms_a_pu

Recovery time
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Result - Remark

Graph of Test number 6.4

Verdict

70385

T045s

vl

1.00052 0000144.. 1.00049  1.00052 1.0005

Urms_a

~ ¥ EINEE)
Time 70.6048 71.1051 0.500306 1051
-0.0158826 0.017443 0.024154
Urms_a 18.3875
Irr -0.0850577 -0.170011 3.04539
Irms_a_pu  0.303566 -0.00815... -00162928 0.29185
Lambda_a 0. 2 .9983 -0.00024... -0.00048.. 0.9 15
Ure 1.00051 1.0405 0. 2 0.0799455  1.00051 1.04058 1.03954 1.03956 P_a_pu )4 0.306884 0.003580... 0.007156... 0307631 0306175
During dip (t1+50ms)

70555

70.65s.

e

T20W

Ovar

9
Time 705065 0.1005

0

00161591 -0.00074...

728.597 1.22699

1

-0.00127... 0.015873{
725611
387819  -1.79811

-1.251
1.0005

0.000511..

. 0.005087...

0.301009

TRF No. EN 50549-1a
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Verdict

-0.00825... -0.0103176
-0.00020...
0.0399801

0.0499466  1.00051

T055s

R RTERN

Urms_a

TR

-0.00012... -0.00123...
-0.008

0.0400131

-0.00025... 0.996903

0.3041

1.04058

v BBNE

N . -

-0.11 Time 70.6048 714053 0.800456 714053

-0.0604806 Qapu -00158826 0.017202 00330846 0.04° 0.024154

8.34509
8.50427

79.4032

1.04058

T0b5s

70w

7200
1

32

Avg

0

0.016024

[EviE
230V
Taowl %,
7200

Ovar

¥ BSNEEEREE

A a Min Ma:

-0.11413 70.606 707061 70.606 70.7061

0.0160885 0. . . 017086 0.024154

2

733506

415936

1.0362

During dip (t1+100ms)

0.294979 Cos(y) 6 - 0.9

0.306856 0.3

05112

TRF No. EN 50549-1a




intertek

Total Quality, Assured.

Page 122 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10
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C

2400 1%
230%

324 19

740N
T20W

Ovar

SRS

. 00188087 0.0187092 0.007108... 0.016402:

1.00051 -0.0400007 -0.0133058 1.00042 14 3 -0.0033856 -0.00112...

13028 13048

Urms_a

741 LW'J[
7200

Ovar

AT = v AmNEEREREE

32551 6 130,863  0.22069: 642

-0.942556 . 445971 . . 0.0168964 0.0007 . -0.0188087 0.0187092 -0.0042308
-41.7005

1.00042

Recovery time
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Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 7.1 7.2 7.3 7.4
1 Date - - dd.mm 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 | Faulttype - - vs2.1 Vs4.1
(phase)
Setting .
4 voltage L|Ir_1 et -- p.u. 1.20
ine
c | depth
encra Setting di
Info. 2 durat?onp B 5000
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
8 CITETO (i Total -- ms 5025.2
empty load
test
t1+100ms
9 Voltage Total u. 1.20
depth/height totzand | P
in empty t1-10s to
10 load test Pos. 1 p.u. 1.20
11 | Voltage | -Meto | 1-100sto |\~ | 1002 | 1001 | 1.001 | 1.001
neutral tl
t1-500ms
12 Current Pos. to t1- p.u. 1.005 | 0.302 1.004 0.303
_ 100ms
Before dip | 13 Active power 10| t1-10s to y 1.007 | 0.302 | 1.006 | 0.303
<tl 14 P Pos. tl p-u. -- -- -- --
15 Reactive Total t1-10s to -0.023 | 0.018 | -0.024 | 0.017
16 power Pos. tl p-u. -- -- -- --
17 Coso - tl'lgs © 1 |09999 | 0.0982 | 0.9997 | 0.9984
Line t1+100ms -- --
18 Voltage nguetr; to t2- p.u. | 1201 | 1.201 - -
20ms 1.051 1.051
19 Phase 1 0.036 | 0.036 - -
20 | Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 -- -- 0.962 | 0.289
tl to t2 22 Phase 1 0.036 0.036 -- --
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 -- -- 0.962 0.289
25 Total t1+100ms -0.001 | -0.001 | 1.009 0.306
Active power to t2- p.u. - - - -
26 Pos. 20ms

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict
27 | Voltage rl;gueirg)l ttzz“flsotso pu. | 1.002 | 1.001 | 1.001 | 1.001
28 Active power Total t2+3s to b.U 1.007 0.302 1.007 0.302
29 Pos. t2+10s o - -- -- -
gg | Active power | o, . s 0.120 | 0.223 | 0.277 | 0.212
rising time
31 Reactive Total t2+3s to -0.027 | 0.017 | -0.025 | 0.016
After dip 32 power Pos. t2+10s p-U. -- -- -- --
> 12 Reactive --
33 | power rising Pos. S 0.120 | 0.233 | 0.277 | 0.212
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 7.1

Irms_a_pu
PLa_pu

Qapu

o

10452

-376.077

-014014 -0416048 -0.275909 -0.054905 -0

Urms a 670557

Irms_a 0.299847 9 0.075822

v S EREE

Lambda_a 26675 0.029110¢

0.002760... 0.002760.

... -0.0011735 0.001238.

Pa

Qa

-21.4622

19.116
229254 4

258051

513514 64.22,

2

281641 297213

05849 105262 105

105815 105.219 105.232

Empty load

0.043

0
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Verdict

Clause |Requirement - Test

Result - Remark

Urms_a

Irms_a

Lambda_a

100553  1.00606

1.20094

6614

67665

0.000228..
0.005591..
1667...

-0.969556

1.00695  1.00746

-0.001489.

0.000502...

ow

Ova

100786  1.00786

0.005016...
-0.0149.

100084

20508

1.00647  1.00647

2419.01
-59.465 105.61

-0.00145...

-0.0247771 0.0440042

0.643545

During dip (t1+50ms)

165.075
-1.008

595184

0999999

v B EREREE

-4.53584 1894.84

1991.32

-1186.62

-0.00188...

0.0687812

0.05049

-20.4638 -0.0429755

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

67558 Bs 67.855

260V,

o

Ovar

DT E

-4.53584

Qapu
100169 12 % Time

0.03¢

oW

Ovar

v BRNEERREE

-0.00188..  1.06901
a_pu 6 -0494426 0494293
Time 3 24

-4.53584

During dip (t1+100ms)
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Clause |Requirement - Test

Result - Remark Verdict

T

201584 3 -0.00510... -000112... 1.00724 4 -0.00115.. 1.01835
452527 . 7

Qa_pu 1 -0.0270981 32 -0.0235934 -0.455646 0.105193
-15.1701 3

Time A 75.7458
2417,
241824
1.00248

-1093.55 -84.1117
0.984448

-0.026441 1 0.981045

YetrmE v ERlEERREE

-045

04
0560821 727681 Qapu -0.11685
235,355 Time

Irms_a

Larr

239

Recovery time

TRF No. EN 50549-1a
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Result - Remark Verdict

Clause |Requirement - Test

Graph of Test number 7.2

67,865

oW

Dvar

S| 208 v BBRNETRYEE

DTS

Lambda_a

Urms_a_pu

0.0564124 . 3 3 3.15496

-0016 0.016804

&7.86s

260V,

ow

Ovar

1 3 -4.44823
105.587 B = 105472
105535 6 -371.848

-0.0013758 -0.30411 -0.00185... 0.200461
3144 -205091 -0.0422116 120104  0.200551 1.00049 115912
0.0278542 055385 -0.0312719 -0.0417217 0. 6 0.699011

0.202428

0.050292 1

During dip (t1+50ms)
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Clause

Requirement - Test

Result - Remark

Verdict

T E

Urms,
Irms a

Qapu
Time

Cos(y)+

-86.6746

0.0161189

67.9226

48.2668

-0.085052

00194258

-0.0280641

0.0438908

68.0027

101.317

0514419

-11.8949
0790118
46.0905
278
-1.02806
0.0
0.080027

-0.0279704

90.958
3.88547
27641
-347427
-12.8465 -0.0422116 1
-0.154937  0.160002

67.9226 68.0027

0.160002
68.0243

-10.2298 -0.0422116 1

0711642
0.0504584 0.074728:
0 0

0.0494716 0.069
o 0

0385845  0.62559¢

726561

apu  1.00049

Lambda a 0.9985:

Irms_a_pu  0.30301

47
1.00055

-0.00122.

1.20088

0.0365687

-0.00122...

105.341

During dip (t1+100ms)

68.06s

587188

d
-4.44823
105.195
1.848
-0.00185.
1.00049
-0.0417217

0.0364957

£8.06s

fin

-10.2081 -0.0417217
1.00055

0.0364957

-0.00185...
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Clause

Requirement - Test

Result - Remark Verdict

ow

Ovar

a:
-51.5907

325516 3 -0.028246 1.02662
-0.204845 .23 511945 . r 1.2
230114  -458862  -15.2

-0.802865 -0.615195

99505
0.0365554 0.266058

2 5 0924425 3
0.0438491 0.0172584 -0.0265906 -0.0088!

75.96 3.

Time 729598 00322
Cos(y)+ -0.0284006

SRS

S| 2538 ¥ BESEERREE

-0.028246  0.99607
Urms_a

1.00046

Irms_a 0.381448
Lpu  0.0438491

Time 598

Cos(y)+ -0.0284006

461909 -0.0293776 0651211

-65.4648

Recovery time

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 7.3

68085

Urms_a

24000

i

peimnlE 2 u e EREE
9
781955 145742 1 E -0.180709 apu 100589 1 00010
0401757 16 -0.0718074 9 Time 6 0100164
-0.00267.. 3 30393 23039 3  pu 1001 -1.15633.. -0.00011... 1.001 1.001 1.001 1.001
001138 711 1 3 10493 p -0.00052... -0.00520... -0.0244966 0.024510¢
241413 1 6 6 241676
-1.18613... 7 7 S_a 241482 241742

0.001091... -57.8551 -59.1052  -1.25008

Urms_a

24004

1

peimnlE

Avg

0111708 241.719 8 8 3 68.588

-0.0534557  10.0249 7 . 0.0492178

apu 100555 1 043 X : X 2 ) a 5 -0.2506
Lambdaa 0999682 3 E 99673 a 9 0.004629...

0.0499247

During dip (t1+50ms)
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Clause |Requirement - Test

Result - Remark

Verdict

50.8468
1.51055

P 11.4826

157.441

734372

tBds tBés

240V

2400

1

v anNSERRESE

155.543

1
-0.052492 -0.00236...
14.5534
14,
-4.55518
0.004858,

1.05104

68.08s

24000

L

T

B

015148

a pu
6.56442 -0.0425803 Time
241.872 114.571 Urm

0.0020
0100111
1.00175

10.0158

87

-3.4570

-0.0456852

1.04705
-0.025807 -0.00018... -0.00188... -0.00.
241 2418.21
241751 24192
0.950406

-0.4529 -4.52398 -8.54553

During dip (t1+100ms)
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Clause |Requirement - Test

Result - Remark

Verdict

DT E

-314477
3,003

241875

Umsa 241875
Irms_a 10.0412

Irr u

Lambda_a

Cos(y)+

124162
5.08841 15.2543 X 10.4903 Time
3.82351 241876

Urms a pu

10.6408 u

-4.24573,
0.0144434

Recovery time

S 20 v EBRE TRy EE

Min
1.00707
0
1.00157 1.00192
. -0.0448651 -0.0244389 0.024815¢

241 24169

2400V,

i

v ERRNRERTEE
Delta
37485
0.003448 -0.0192555 0

-151.22

0.991545
1.00157

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 7.4

70385 T045s 70.65s.

T4V
T20W

Ovar

bl B 5 5 v v BEEERREE

-0.0848175 . 70. 607 0.1005

-0.00074... ... -0 6 6 -0.00127...

0.302602

10005  1.00052 1.4543 0000144.. 1.00049  1.00052 1.0005 1.0005  a E 303 0.000511...

87388 hs &7 4hs

Urms_a

101154 9 40.8773

0.455546

588714
0998441 X . 19 A .9 7 X Ca ) .9 X A 7 1

100066  1.05069  a 3 0.0326341

During dip (t1+50ms)
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Result - Remark Verdict

Clause |Requirement - Test

Urms_a

101,154 67.2698
1.64549 0.0168713
24165 724381
3.02419 -1.59, 731.459
0289818 -0.0122801 -0.153056 58.8714 457684
099822 -0.00022.. -0.00275... 0.998041 1

1.00066 1.05065 0.0499951 0.6 3 1.04514 0306683 0304176 0304177

70665

24V T

Urms_a
230V

T32ATE

7aowls
Taom

Ova

¢RI E

-85.2496 70606 707061  0.10014 K/ 7061
0.0160885 0.0169644 0.000875... 0.008747. 1 0.024154

Urms_a 736413 7.85577 784479
Irms_a 7.9578!
210224

Lambda_a 0.998475 -0.00012.. -0.0012:

0.295338 -0.00849... -0.0848533 -6.55651...
1.00051  1.040 00400131 0399571 1.00051  1.04058 0.306856

During dip (t1+100ms)
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Clause

Requirement - Test

Result - Remark Verdict

! MMMMMMMM

FiRmE

Urms ¢

Irms_a

apu 104051

FRNE

Time

Qapu

9
8,637 . Time

0.0545901

Recovery time

L!
ERRERRANKRARAARRARRERRARRRRRAM -

2400 1%

230

324 19

0.0187092 0.007108...

735118

-0.00112...

a
0212658 1

-0.00188...
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Clause |Requirement - Test Result - Remark Verdict
Condition
Phase Measurement
No. Parameter ref Time ref. unit
0 Test number -- -- -- 8.1 8.2 8.3 8.4
1 Date - - LT 14-Jan-2025 to 21-Feb-2025
YYYY
Time hh:mm
£ (start of test) B B :SS See graph
3 | Faulttype - - Vs1 VS3
(phase)
Setting .
4 voltage L|Ir_1e to -- p.u. 1.25
ine
c | depth
encra Setting di
Info. 2 durat?onp B 100
6 o @1 s Total -- ms See graph
entry
7 e @1 S Total -- ms See graph
clearance
Fault
8 CITETO (i Total -- ms 123.8
empty load
test
t1+100ms
9 Voltage Total u. 1.25
depth/height tozand | P
in empty t1-10s to
10 load test Pos. 1 p.u. 1.25
11 | Voltage | Sneto | t-100sto - 1001 | 1.000 | 1.003 | 1.003
neutral tl
t1-500ms
12 Current Pos. to t1- p.u. 1.004 0.301 1.015 0.314
_ 100ms
Beforedip | 13 Active power 10| t1-10s to y 1.005 | 0.301 | 1.018 | 0.315
<tl 14 P Pos. tl p-u. -- -- -- --
15 Reactive Total t1-10s to -0.025 | 0.017 | -0.019 | -0.015
16 power Pos. tl p-u. -- -- -- --
17 Coso - tl'lgs © 1 |009999 | 0.9983 | 0.9997 | 0.9979
Line to t1+100ms -- --
18 Voltage neutral to t2- p.u. 1.250 1.250 -- --
20ms 1.069 1.067
19 Phase 1 0.038 | 0.038 - -
20 | Line current | Phase 2 | t1+50ms p.u. -- -- -- --
During dip 21 Phase 3 - -- 0.914 | 0.268
tl to t2 22 Phase 1 0.038 0.038 -- --
23 | Line current | Phase 2 | t1+80ms p.u. -- -- -- --
24 Phase 3 -- -- 0.943 0.379
25 Total t1+100ms -0.001 | -0.001 | 1.019 0.322
Active power to t2- p.u.
26 Pos. 20ms -- -- -- --

TRF No. EN 50549-1a




intertek

Total Quality, Assured.

Page 138 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict
27 |  Voltage rl;gueirg)l tt2213130tso pu. | 1.002 | 1.000 | 1.001 | 0.998
28 RS [ Total t2+3s to it 1.005 | 0.301 | 1.007 | 0.290
29 Pos. t2+10s o - - - -
gg | Active power | o, . s 0.104 | 0.162 | 0.168 | 0.151
rising time
31 Reactive Total t2+3s to -0.029 | 0.018 | -0.021 | -0.016
After dip 32 power Pos. t2+10s p-U. -- -- -- --
> 12 Reactive --
33 | power rising Pos. S 0.104 | 0.162 0.168 0.151
time
PGU does
not
disconnect t2 to Yes /
34 1 from grid till - t2+60s No Yes
60s after
fault

Graph of Test number 8.1

v panezEEEE [ O

0.000166461

Empty load

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

R 05s

v BIEEERESE

a
-0.0883522 -0.883381 26.07 25974 0111611  a 241101 -1.57935
-0.0784719 -0.784593 .8823  -0.0854715 1 a 2411.85  -1.51465 2411.09

Urms a ELE -0.00697... -0.0697215 23 ELE -63.4725  -2.49327 9 -667244  -55.6498

Irms_a -0.00625... -0.06257 .4753 3 )| .00525 1.00459  -0.00065. 6 1 7 1.00608 1.0051 1.0051
Lambda 0.999654 - 7... 77 0.9 a -0.025408 -0.0264469 -0.00103... 7. 0.0255607
Urms_a_pu  1.00155 1.00152 ... 1.00152 1.00156 1.00154 1.00154 Time 67.8507 6 0.100016
Irms_a pu  1.00401  1.00341 -0.00059... .. 1.00309 100485 1.00388  1.00388  Cos()+ 0999998

250V

ARNE IEES:4 2. 1)

]

-406.875  406.474 9 241113 -408572 -481503  -5.11672 1216.46

28 a 2412.58 114242 . -458202  114.209 1401.88
230455 9 836585  114.169 608264  -1000.84 7. 507117
a_pu 1.00464 -0.00170 10626 -0.00213. 3 0.506857
-0.0445717  0.9993 Qapu 00348577 0.0475704 0.0127127 -0417019 046574  0.0211299
1.00198 1.206 1.20833 Time 9516 680018  0.05016 1 68.0018 0

00380894 -0.965169 -19.2418 0.0380782 1.00326 Cos(p)+ 0999999 -0.036005 -1.036 -20.654 5. 1 0680176 0817112

During dip (t1+50ms)
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Clause |Requirement - Test Result - Remark Verdict

87858 % 67 958 B 68058

v BBNSERTEE

114.585
114.546
-0.001
-0.0445717 1 a_p! 77 0.0477275 1 9 7. 0.0311442
1.00198 8 122411 Time 6 6803 3056 1 6 6 0
-0.965056 E 100326 0.3 049461 Cos(y)+ -0.026 1 0411892 0645147

v gpmEEaRAd > @

During dip (t1+100ms)
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Clause |Requirement - Test Result - Remark Verdict

L i L H L

‘ S0

- ¥ apnsiEEEee O @

v anMgiivas & O

Recovery time
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Result - Remark Verdict

Clause |Requirement - Test

Graph of Test number 8.2

Unms_a

ow

v BEMNEEEYEE

fin Max g

Qapu 00174073 0.0180471 0. 3 A 0.0185858 0.0141207

356.09
0424546 422156 3 3 3 Time
-0.00044... -0.0044(
00188715 3
-1.89661... : Qa

0303026 0.001808.. 0.0179835 30073 3 6 3 6 Cos(u)+

0302611 0.001774.. 0.0176424 Lambda_a -0.00010...

67485

Urms_a

oW

Ovar

121773

114065 1298.04 9 195.687
-54.8947 0.54085 0.0815361
4.9 1

-5.26075 -20.5651 1 99998: 9532
604289 -0.00198... -1.03195  -205155 -0.041467 3 0614092

During dip (t1+50ms)
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Clause |Requirement - Test Result - Remark

Verdict

406912 0425054 .813 " a -3.15981 270.068
114216
114172
0.0475717
67.4728

-0.0278116 K -127783 -0.041

0.112528 a )_: . -0.0276652 -1.02536 -12748  -0.041467

oW

Dvar

v BBNEERREE
Delta

-240.087 . 406912 2872 0.0476516 0.0296742 0.1664

1.25557 Time 67.4899  0.100052 67.4899
1645  -729.148 f 756685
114.409
114364 712181

015821 Cos()+ -0.028285 -1.02828 775 -0.0417391

-0.001340... 0.16668¢  Lambd: 38 -00281136 -1.02635 -10.2582 -0.041467

0.553886

During dip (t1+100ms)
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Result - Remark Verdict

Clause |Requirement - Test

ARSI AABA

ow

Ovar

SRS

B

-108.517

-0.081149

-0.0889

Qapu 00476705

Time

0.0304475
-0.00

-108517 948883

-0.575412

-0.249605 -1.54253
0.0304475
-0.001

114.455
114409
-0.02835

-0.0282062

Qa_pu
Time
23425
245295

1.01848 114.409

-0.02¢ 8434

0.201605
0.169847

Recovery time

0.0476705 -0.0365442

29

Lambda_a -0.0282062 0.993256

-0.00990...

-0.028456

v BEE RS

efta
-0.0842147 0.0854131

642.008
-202.115
1.02679

1.02146 -0.028456

oW

Ovar

TRF No. EN 50549-1a
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Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 8.3

ouLy

var]@ S ¢ .. [VA]@ Pt .. (W]® 11t [A] ®ULt.[V] @AL[a]

o
2
.
107700 107,800 107300 FETER - ) 08100 108200 108300 Lo+l
A B HR ARE
A [ 1:07.93448 1:08.03455 0.10008
su1y 1330727 1236305 e542227 2300186
®AL[A] -5.940175 -5.482125 0.458050 1047758
®U1_tRMS_rc@CRID [V] 2308831 2308812 193823 2301815
®11_tRMS_rc@GRID [A] 10.59624 10.60224 5.999¢3 1048598
®P_t_rc@GRID [W] 2043749 2044.999 1249268 2013300
®5_t_rc@GRID [VA] 2844163 2445526 1363281 2113757
Q_t_rc@GRID [varl -a4.57020 -s0.81054. -5.640343 457455
®PF_t@CRID ] 0.900723 0.999803 295826 0.999728
F_fund@GRID [Hz] 49.99994 49.99989 -4.95%¢-5 4999991

ou1py]

@5t . [VA]® Pt .. [W]® I t.[4] @ ULL.[V] @A1[]

F_fu...[2]® PF_t..D[] ®Q ¢ ..va

B8 5] 1:08.03392 1:08.08456 0.05063
s -178.0295 131.0266 309.0561 245.0730
oA -7.997250 5161167 1315852 o784912
®U1_tRMS_rc@GRID [V] 2306612 245.7820 1512077 2439551
®11_tRMS_rc@GRID [A] 10.60224 0541927 -1.060816 973584
®P_t_rc@GRID [W] 2444999 234,687 -1003115 2220714
®5_t_rc@GRID [VA] 205,526 235,230 -100.2927 2030485
#Q_t_rc@GRID [var] -50.81054 5063119 1014917 6118402
@PF_t@GRID ] 0.999603 0.999603 0.000000 0999803
F_fund@CRID [Hz] 40.90089 40.90089 0.000000 49.90089

During dip (t1+50ms)

TRF No. EN 50549-1a



intertek

Total Quality, Assured.
Page 146 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

ouiy

A @S ¢ . [VA]@ P t .. (W]® 11t [A] ® ULt [V] @AL[A]

F_fu...[H:]® PEL.D[]®Q ¢

BiE 5] 1:08.03392 1:08.11458 0.08066
suL -178.0295 -1324560 557348 2455898
@®AL[A] ~7.997250 -5.240368 2756882 9.766246
®U1_tRMS_rc@CRID [V] 2308512 2467509 16.08972 2047918
®11_tRMS_rc@GRID [A] 10.60224 9839991 -0.762253 2.863025
®P_t_rc@GRID [W] 2444.999 2477.667 -17.33105 2011738
®5_t_rc@GRID [VA] 245,526 2128.027 -17.49051 2412409
©Q_t_rc@GRID [varl -s0.81054. -a1.76976 5.040783 56.89040
®PF_t@CRID ] 0.900803 0.999803 0.000000 0.999503
F_fund@GRID [Hz] 49.95089 49.99989 0.000000 43.99989

ouipy]

2@ St .. [VA]@P_t .. [W]® 1 t.[A] @ ULE. [V @AL[A]

T T THi (&) e e
A B AR HAE

i 5] 1:08.03392 1:08.13410 0.10018
aum -178.0295 -171.7524 6.277085 246.0365
®AL[A] -7.997250 -6.803345 1193905 2783513
®U1_tRMS_rc@GRID [V] 2306612 2467535 1609233 2650838
®11_tRMS_rc@CRID [A] 10.60224 291438 -0.687896 2843163
@P_t_rc@CRID [W] 2444999 2m5.792 0793945 2410150
®5_t_rc@GRID [VA] 205,526 2446.400 0.574023 2010782
#Q_t_rc@GRID [var] -50.81054 -54.53480 3724255 55.19005
@PF_t@GRID (] 0.999803 0.999803 0.000000 0999803
F_fund@CRID [Hz] 40.90089 40.90089 0.000000 49.90089

During dip (t1+100ms)

TRF No. EN 50549-1a



intertek

Total Quality, Assured.

Page 147 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test

Verdict

Result - Remark

1 A e !

v1 v

H”‘

T

hM"!L’J’,W”‘ JAAI

AN HI‘HlI i

il

'mWW”W”WWWW MWWWWW

I

I!

'F

'H

Wil

U

L i

I'Y
(it I
HHII H“

i MH

\H
JH

l

i w

i

Ll

i

il i

{ II\W

HII

il

UH
l I

i

I
i)

W‘“ﬂ" A A A A A

iAo

RGBT ‘ il

[l
I

A ARG A
AL ODdhT

et
[m]) R
BiE 5] 08.16721 1117147 3.00426
suiy 145.1439 19.2298 1740859 2302000
L L3 [A] £.465458 14.60135 -8.135891 049366
®U1_tRMS_rc@CRID [V] 2456046 2301347 1546922 2301945
®I1_tRMS r(@nmn Al 9764336 10.50850 .TaA162 1045896
®P_t_rc@GRID [W] 2397.842 2a17.862 2001929 2014113
#5_t_rc@GRID VA] 2398.166 418,369 20386 414,550
©Q_t_rc@GRID [varl 3938043 -a9.55709 -s3.93752 4531661
®PF_t@CRID ] 0.900803 0.998797 5.96026 0.999664
F_fund@GRID [Hz] 49.95089 49.99987 1.907e-5 43.399%0

AT
i L

AL

F_fund@GRID [Hz]

p
a) " 5 =
i 5] 1:08.16721 08.33435 16773
suim -145.1439 -84.95967 60.18424 231.4880
®AL[A] 6465458 -3.788399 2677059 1057461
lu _tRMS. r(@cmnlv] 245,606 230.7278 -14.87679 2305527
o.764336 10.60666 0542319 1049008
2397842 2446815 897266 2217472
2398166 2447.250 12.08472 2018020
IQJ rc@GRID [var] 3938043 2615848 -85.53891 5178237
@PF_t@GRID (] 0.999803 997683 12163 0998744
40.90089 49.99000 liases 42.90900

Recovery time

TRF No. EN 50549-1a




intertek

Total Quality, Assured.
Page 148 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

Graph of Test number 8.4
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5.4.3.2 Power response to over-frequencies P
Table 6 — Frequency threshold and droop
Setting (a) Setting (b) Setting (c)
frequency threshold fy, [Hz] 50,2 50,5 50,2
droop [%] 5 2 12
power level at start of test [% P|] 100/502/-504 60 P 40°¢
Intentional delay [s] 0 0 2
Configured deactivation threshold and na. 50,971 50,05/ 600

time

fstop (HZ]/ L4 [5]

2 or minimum regulation level +35 % P,

2 or minimum regulation level +25 % P

% only applicable for EES

max"

max"

whichever is higher

whichever is higher

£ or minimum regulation level +15 % P__ ., whichever is higher

TRF No. EN 50549-1a
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P(f) curve setting: Available P adjust to follow droop during the over-frequency transient
Parameter Test No. 1 (For ESS)- Setting (a)-100%Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Tsr Ts Td
P/Pn P/Pn A P/Pn A P/Pn
[Hz] [Hz] [s] [s] [s]
50.00 104.15% | 50.00 -- -- - 100% 4.15%
50.10 104.25% | 50.10 -- -- - 100% 4.25%
50.80 79.15% 50.80 0.2 1.0 0.2 76% 3.15%
51.40 54.02% 51.40 0.2 0.8 0.2 52% 2.02%
52.00 28.98% 52.00 0.2 1.0 0.2 28% 0.98% + 10%
51.40 54.01% 51.40 0.2 0.8 0.2 52% 2.01%
50.80 79.15% 50.80 0.2 1.0 0.2 76% 3.15%
50.10 104.44% | 50.10 0.2 1.0 0.2 100% 4.44%
50.00 104.54% | 50.00 -- -- - 100% 4.54%
T T T T ] 525
1 [
1562
0.8 71515 i
% 51 E
= i
2 061 S
g" g
1505 &
04r 5 T 5
0.2¢Lt ! ! I ! ! I 149.5
0 100 200 300 400 600 700 800 900 1000
Time([s]
Power Frequency

Note(s):
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Parameter Test No. 2 (For ESS)- Setting (a)-50%Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Tsr Ts Td
P/Pn P/Pn A P/Pn A P/Pn
[Hz] [Hz] [s] [s] [s]
50.00 52.05% 50.00 -- -- - 50% 2.05%
50.10 52.02% 50.10 -- -- - 50% 2.02%
50.80 27.00% 50.80 0.2 1.0 0.2 26% 1.00%
51.40 1.99% 51.40 0.2 0.8 0.2 2% -0.01%
52.00 -22.85% | 52.00 0.2 0.8 0.2 -22% -0.85% + 10%
51.40 2.00% 51.40 0.2 1.0 0.2 2% 0.00%
50.80 26.97% 50.80 0.2 0.8 0.2 26% 0.97%
50.10 51.96% 50.10 0.2 0.8 0.2 50% 1.96%
50.00 51.96% 50.00 -- -- - 50% 1.96%
0.6 - | | | | {525
152
04 -
1515 N
T L
% 0.2r 3‘
- 51 c
3 2
g g
0r 1505 x
I w T L——50
0.2 -
| | | | | | | | | | 1 495
0 100 200 300 400 500 600 700 800 900 1000
Time[s]
Power Frequency

Note(s):
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Parameter Test No. 3 (For ESS)- Setting (a)-(-50%) Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Tsr Ts Td
[Hz] P/Pn [Hz] [s] [s] [s] P/Pn A P/Pn A P/Pn
50.00 -51.81% 50.00 -- -- -- -50% -1.81%
50.10 -51.79% 50.10 -- -- -- -50% -1.79%
50.80 -76.41% 50.80 0.2 1.0 0.2 -74% -2.41%
51.40 -101.03% | 51.40 0.2 0.8 0.2 -98% -3.03%
52.00 -103.27% | 52.00 0.2 1.0 0.2 -100% -3.27% + 10%
51.40 -101.16% | 51.40 0.2 1.0 0.2 -98% -3.16%
50.80 -76.50% 50.80 0.2 0.6 0.2 -74% -2.50%
50.10 -51.89% 50.10 0.2 0.6 0.2 -50% -1.89%
50.00 -51.85% 50.00 -- -- - -50% -1.85%
‘ ‘ {525
05E
152
06}
— 1515 N
207+ :-;
5 151 £
S 08l S
g g
o9k 1505 &
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0 200 400 600 800 1000
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Parameter Test No. 4 (For ESS)- Setting (b)-60%Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Tsr Ts Td
[Hz] P/Pn [Hz] [s] [s] [s] P/Pn A P/Pn A P/Pn
50.00 59.10% 50.00 -- -- -- 60% -0.90%
50.25 59.06% 50.25 -- -- -- 60% -0.94%
51.00 9.36% 51.00 0.2 0.8 0.2 10% -0.64%
51.50 -40.35% 51.50 0.4 0.8 0.2 -40% -0.35%
52.00 -90.04% 52.00 0.2 0.8 0.2 -90% -0.04% +10%
51.50 -90.08% 51.50 0.2 1.0 0.2 -90% -0.08%
51.00 -90.00% 51.00 0.2 0.8 0.2 -90% 0.00%
50.25 59.16% 50.25 0.2 0.8 0.2 60% -0.84%
50.00 59.08% 50.00 -- -- 0.2 60% -0.92%
Measurement Limitation
Test P Gradi P Gradi
Condition ower Gradient . ower Gradient .
[%Pn/min] Delay Time [s] [%Pn/min] Delay Time [s]
51.00-50.25 5.96 0.2 <10% 21s
0.6 - ' ' 1525
0.4 r 52
0.2F —_
515 N
= I
3 Or =
§ 0.2F 51 §
g g
0.4 1 50.5 &
06 F H
50
08Ff
-1 I I I 1 1 149.5
0 500 1000 1500 2000 2500
Time[s]
Power Frequency

Note(s):
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Parameter Test No. 5 (For ESS)- Setting (c)-40Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Tsr Ts Td
P/Pn P/Pn A P/Pn A P/Pn
[Hz] [Hz] [s] [s] [s]
50.00 41.42% 50.00 -- -- -- 40% 1.42%
50.10 41.43% 50.10 -- -- -- 40% 1.43%
50.80 30.63% 50.80 0.2 1.0 2.2 30% 0.63%
51.40 20.21% 51.40 0.2 0.8 0.2 20% 0.21%
52.00 9.80% 52.00 0.2 1.0 0.2 10% -0.20% +10%
51.40 9.78% 51.40 -- -- -- 10% -0.22%
50.80 9.78% 50.80 -- -- -- 10% -0.22%
50.10 9.77% 50.10 -- -- -- 10% -0.23%
50.00 41.45% 50.00 -- -- -- 40% 1.45%
Measurement Limitation
Test P Gradi P Gradi
Condition ower Gradient . ower Gradient .
[%Pn/min] Delay Time [s] [%Pn/min] Delay Time [s]
50.10-50.00 9.68 620.2 <10% 2600s
0.5F ' ' ' 152.5
0.4 452
1515 N
= I
é 0.3F -5
g I
o2r g
1505 &
01— 50
I I I I I I I I I | 49.5
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time[s]
Power Frequency
Note(s):
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5.4.3.3 Power response to under-frequency P
Table 8 — Frequency threshold and droop
Setting (a) Setting (b) Setting (c)
thresheld frequency f,;, [Hz] 498 49,5 49,8
droop [%s] ] 2 12
power level at start of test [% P] -50/0= Da 504
Intentional delay [s] 0 1] 2
configured deactivation threshold Mo No No
I:ur&f pmax Pmax |jm ax
2 or minimum regulating level, whichever is higher
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P(f) curve setting: Available P adjust to follow droop during the over-frequency transient

Parameter Test No. 1 (For EES)- Setting (a)-(-50%)Pn P
Cor-:fifitons Measurements T/Zrlggt A Limitation
“_{Z] P/Pn “_{Z] T[”S?e Tse[tst]"”g E-s\]/ P/Pn | AP/Pn A P/Pn
50.00 -49.48% 50.00 -- -- -- -50% 0.52%
49.90 -49.53% 49.90 -- -- - -50% 0.47%
48.80 -10.07% 48.80 0.2 1.0 0.2 -10% -0.07%
47.30 49.64% 47.30 0.2 1.0 0.2 50% -0.36%
46.00 99.35% 46.00 0.2 1.0 0.2 100% -0.65% +10%
47.30 49.69% 47.30 0.2 0.8 0.2 50% -0.31%
48.80 -10.10% 48.80 0.2 0.8 0.2 -10% -0.10%
49.90 -49.63% 49.90 0.2 0.8 0.2 -50% 0.37%
50.00 -49.63% 50.00 -- -- - -50% 0.37%
T :
—_— _ ——50
0.8
0.6 149

N
B
T

Power[p.u]
o
N
=
co
Frequency[Hz]

O -
147
0.2
04 146
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0 200 400 600 800 1000
Time[s]
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Note(s):
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Parameter Test No. 2 (For EES)- Setting (b)-0%Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Trise Tsettling Tv
P/Pn P/Pn A P/Pn A P/Pn
[Hz] [Hz] [s] [s] [s]
50.00 1.12% 50.00 -- -- - 0% 1.12%
49.75 1.12% 49.75 -- -- - 0% 1.12%
49.25 26.16% 49.25 0.2 2.0 0.2 25% 1.16%
48.70 81.19% 48.70 0.2 1.0 0.2 80% 1.19%
46.00 99.54% 46.00 0.2 1.0 0.2 100% -0.46% + 10%
48.70 81.42% 48.70 0.2 0.6 0.2 80% 1.42%
49.25 26.21% 49.25 0.2 1.6 0.2 25% 1.21%
49.75 1.11% 49.75 0.2 1.6 0.2 0% 1.11%
50.00 1.11% 50.00 -- -- - 0% 1.11%
1 L
1 I ——
0.8}
_ 149 E
=
0.6 =
s 2
3 1“2
0 04r o
o e
147 *
0.2
0 146
| | | | |
0 200 400 600 800 1000
Time[s]
Power Frequency
Note(s):

P(f) curve setting for test: f1: 49.5Hz; fstop: 49.5Hz (Deactivated); Droop: 2% (100%Pref / Hz)
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Parameter Test No. 3 (For EES)- Setting (c)-50%Pn P
Te_s_t Measurements Target A Limitation
Conditions value
f f Trise Tsettling Tv
P/Pn P/Pn A P/Pn A P/Pn
[Hz] [Hz] [s] [s] [s]
50.00 49.76% 50.00 - - - 50% -0.24%
49.90 49.76% 49.90 - - - 50% -0.24%
49.20 59.79% 49.20 0.2 1.0 2.2 60% -0.21%
47.40 90.00% 47.40 0.2 1.2 0.2 90% 0.00%
46.00 99.58% 46.00 0.2 1.0 0.2 100% -0.42% + 10%
47.40 90.13% 47.40 0.2 1.2 0.2 90% 0.13%
49.20 59.96% 49.20 0.2 1.2 0.2 60% -0.04%
49.90 49.87% 49.90 - - - 50% -0.13%
50.00 49.87% 50.00 - - - 50% -0.13%
11 F T T T T
T — _ —50
0.9 149 —
. g
508 3
g a8 €
307¢ >
o 2
0.6 a4
05F 746
0 200 400 600 800 1000
Time[s]
Power Frequency
Note(s):
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5.5.1 Q Capabilities (Power Factor) P
B B Default requirement
1,0 Sax_ _ S Stringent Requirement
i TREEEE NSRS R s R Design freedom area
NN NN
NN \\§S - Further requirement
NN NN in some countries
NN N
N N
N N
NN N
NN NN
N NN
NN NN
02Pp e e e e = BN NN
NN
R R :-- =3 ) :
| | / 0.1|Snay” | | (a/PD
-0,484 -033 0 0,33 0,484
Absorption of reactive energy Provision of reactive energy
(under-excited) (over-excited)
Figure 26 — reactive power capability at nominal voltage
Test Conditions Measurements Limit
P/Pn Q/Pn P/Pn Q/Pn U/Un
cos(®) Q/Pn
(%] [%6] [%6] [%6] [%]
0% 0.05 0.68 0.0724 99.95 -
10% 10.01 0.32 0.9994 99.97
20% 19.96 0.52 0.9996 99.98
30% 29.90 0.13 1.0000 100.00
40% 39.89 0.40 0.9999 100.03
50% 0 49.87 0.07 1.0000 100.04
< +2%
60% 59.92 0.51 1.0000 100.07
70% 69.92 0.09 1.0000 100.09
80% 80.04 0.62 1.0000 100.11
90% 90.12 0.25 1.0000 100.13
100% 100.17 -0.46 1.0000 100.14
0% 0.13 0.54 0.2275 100.00 -
10% max. under- 10.67 -24.23 0.4031 100.00 | <-22.2%
excited
20% 21.23 -47.58 0.4075 100.00 < -43.6%
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30% 31.19 -50.11 0.5284 100.00
40% 41.69 -49.03 0.6476 100.00
50% 52.17 -49.55 0.7253 100.00
60% 62.61 -50.24 0.7805 100.00
70% 72.61 -50.69 0.8203 100.00
80% 83.91 -50.56 0.8563 100.00
90% 93.92 -50.61 0.8806 100.00
Smax 102.73 -50.20 0.8987 100.00

0% 0.13 0.72 0.1757 99.99 --

10% 10.35 23.54 0.4025 100.01 2+22.2%
20% 20.71 47.16 0.4020 100.04
30% 31.28 49.57 0.5336 100.06
40% 41.37 50.00 0.6375 100.08
50% max. over- 51.51 49.74 0.7194 100.10

excited

60% 62.09 49.76 0.7804 100.12 2+43.6%
70% 72.63 49.44 0.8267 100.14
80% 83.19 49.82 0.8579 100.16
90% 93.72 50.44 0.8806 100.18
Smax 104.22 50.19 0.9010 100.20
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5.5.1.6 Q(U) Capabilities P
U/U;,
A Due to the rated current limit, the active
power in this area can be smallerthan Py
1.10 [ I=lnax=C0onstant)
Mrea is limited by the curve:
10 Q/Pp = W{U/MUL0,98-1)
Q/Pp
0,484 0484 >
.-»-‘"”" . Ik
Limit of minimum
requirement with
active factor = 0,9 = Fy Limit of minimum
sl L LT requirement with
é 8-5: : active factor=09
Absorption of reactive energy Provision of reactive energy
(under-excited) (over-excited)
" Target A
Test Conditions Measurements value A Limit
u/un Q/Pn P/Pn Q/Pn S/Sn I/In U/Un Q/Pn | AQ/Pn Q/APn
[9%] (%) (%) (%) (%) (%) (%) (%) (%)
85% 104.82 -0.29 104.82 | 123.31 85.05 - -
90% 104.72 -0.23 104.72 | 116.41 90.00 - -
95% 0 104.60 -0.13 104.60 | 110.15 95.00 - --
100% 104.46 -0.07 104.46 | 104.28 | 100.22 - --
105% 104.98 -0.01 104.98 | 100.03 | 104.98 - --
110% 104.73 0.09 104.73 95.08 110.19 - --
85% 97.83 -47.13 108.59 | 127.97 85.18 - --
90% 102.98 | -50.01 114.48 | 127.64 90.05 - --
95% ) 102.89 | -50.19 114.48 | 120.93 95.03 - --
max. under-excited
100% 102.99 | -50.05 114.51 | 114.73 | 100.22 | -48.4 -1.65 )
<
105% 103.24 | -49.98 114.71 | 109.74 | 104.99 | -48.4 -1.58
110% 103.07 | -49.86 114.50 | 104.52 | 110.04 | -48.4 -1.46
85% 103.69 | 50.21 115.21 | 135.53 85.04 41.2 9.01
90% max. over-excited | 106.27 | 50.18 117.52 | 130.50 90.09 43.6 6.58 >-2
95% 106.30 | 50.30 117.60 | 123.78 95.04 46.0 4.30
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Result - Remark

Clause |Requirement - Test

The limitation capacity of reactive power shall be met to Figure 13 or better.

100% 103.72 | 50.05 115.17 | 114.96 | 100.22 48.4 1.65

105% 105.39 | 50.42 116.83 | 111.30 | 105.00 48.4 2.02

110% 105.15 | 50.49 116.64 | 106.08 | 109.99 - - -
Note(s):
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552 TABLE: Voltage support by reactive power- test to determine the p
e reactive power control modes
5.5.2.3 TABLE: Verification procedure for Set point control
Test no.1: Test for reactive power set point control accuracy
P=50%Pn
Reactive power Voltage Set point Value | Measured Value Deviation A Limit
step Q/Pn (pu) p.u. Q/Pn p.u. Q/Pn p.u. Q/Pn p.u.
Q=0 100.11% 0 -0.09% -0.09%
+2%Smax
Qmax,oe 100.12% 24.2% 24.40% 0.20%
Qmaxue 100.11% -24.2% -24.13% 0.07%

Test no.2: Test for dynamic response

Tau= shortest time constant (not longer than 3s) 3s

Reactive power set point step p.u.

Generating unit
response time setting

Measured response behaviour

dead time

response time /

settling time
Q=0 — Qmax.e 9s -- 6.4s
Qmax,0e = Qmax,ue 9s -- 8.4s
Qmax,ue = Q=0 9s -- 6.2s

Tau= longest time (if longest time>60s, then test 60s) 60s

Reactive power set point step p.u.

Generating unit

response time setting

Measured response behaviour

dead time

response time /

settling time
Q=0 — Qmax,e 180s -- 103.4s
Qmax,0e = Qmax,ue 180s -- 136.8s
Qmaxue = Q=0 180s -- 108.4s
Diagram:
Tau= 3s
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5.5.2.4.2 TABLE: Test procedure for steady-state behaviour P
Table 17 — Q(U) characteristic configuration
parameter of characteristic Setting (a) Setting (b)
dead band (horizontal section of the characteristic as wide as possible but 0
curve around U,) extending not more
dbgp,r than from
-6 %U, to +6 %U,,.
minimum and maximum reactive power of the =95 % of 10 % of
characteristic Qax over 8Nd Qg Qmax aver aNd Qpax
Qrmax char under FESPECtIVELY b under TESPECtively
Slope of the steepest section of the characteristic as steep as as flat as configurable ¢
curve 8 configurable, ©

3 If an unsymmetrical configuration is possible, this shall be apparent Fn the chosen configuration by using different
steepness and different values for maximum reactive power Q for over voltage and under voltage.

shall not exceed 60 % P

©If the maximum configurable steepness exceeds 100 %Q, ., / 1 %U, the configured value during the test shall not
exceed 100 %G /1 %U_

max char

bifQ based on the capability curve of the EUT, is above 60 %P, Q

man? max char

dif the minimum configurable steepness is below 1 %Q,,,, / 1 %U,, the configured value during the test shall not be below
1%Q,, 1 %U,.

Table 18 — Q(U) additional parameter configuration

parameter Setting (a) Setting (b)

Time constant as fast as as slow as
possible but possible but
not slower as not slower as

3s 20s
Min cos ¢ 04 deactivated
Lock-in power deactivated 20 %P2
| ock-out power deactivated 5 %P,P

4 or minimum regulation level +20 % P, whichever is higher.

P or minimum regulation level +5 % P, whichever is higher
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Test procedure for accuracy-Setting (a)
Set points X1 X2 X3 X4
Q(U) curve U/Un 93% 94% 106% 108%
settings:
Q/Qmax 100% 0 0 -100%
Test Conditions Measurements Target A A Limits
vlaue
U/Un P/Pn Q/Pn U/Un Coso Q/Pn* AQ/ Smax AQ/ Smax Coso
100% | 100% | -0.07% | 100.08% | 1.0000 0.00% -0.07%
103% | 100% | -0.04% | 103.08% | 1.0000 0.00% -0.04%
105% | 100% | -0.01% | 105.08% | 1.0000 0.00% -0.01%
107% 100% | -23.67% | 106.51% 0.9727 -24.22% 0.55%
108% 100% | -47.93% | 108.07% 0.8990 -48.44% 0.51%
111% 100% | -47.84% | 111.07% 0.8986 -48.44% 0.60%
114% | 100% | -47.78% | 114.07% | 0.8989 -48.44% 0.66%
115% 100% | -47.75% | 115.07% 0.8991 -48.44% 0.69%
114% | 100% | -47.78% | 114.07% | 0.8989 -48.44% 0.66%
111% | 100% | -47.84% | 111.07% | 0.8986 -48.44% 0.60%
108% | 100% | -47.93% | 108.07% | 0.8991 -48.44% 0.51%
107% 100% | -23.51% | 106.51% 0.9731 -24.22% 0.71%
105% | 100% | -0.01% | 105.08% | 1.0000 0.00% -0.01%
103% | 100% | -0.05% | 103.08% | 1.0000 0.00% -0.05%
100% | 100% | -0.08% | 100.09% | 1.0000 0.00% -0.08% =x25maxk | 204
97% 100% | -0.11% | 97.09% 1.0000 0.00% -0.11%
94% 100% | -0.16% | 94.09% 1.0000 0.00% -0.16%
93% 100% | 47.87% | 92.36% 0.9038 48.44% -0.57%
90% 100% | 47.82% | 90.10% 0.9039 48.44% -0.62%
87% 100% | 47.78% | 87.11% 0.9041 48.44% -0.66%
85% 100% | 47.75% | 85.11% 0.9041 48.44% -0.69%
87% 100% | 47.77% | 87.11% 0.9041 48.44% -0.67%
90% 100% | 47.82% | 90.10% 0.9039 48.44% -0.62%
93% 100% | 47.85% | 92.36% 0.9038 48.44% -0.59%
94% 100% | -0.15% | 94.09% 1.0000 0.00% -0.15%
97% 100% | -0.11% | 97.09% 1.0000 0.00% -0.11%
100% | 100% | -0.07% | 100.09% | 1.0000 0.00% -0.07%
100% | 20% | 0.51% | 100.01% | 0.9997 0.00% 0.51%
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103% 20% 0.56% | 103.01% 0.9996 0.00% 0.56%
105% 20% 0.60% | 105.01% 0.9995 0.00% 0.60%
107% 20% | -25.84% | 107.01% 0.5918 -24.22% -1.62%
108% 20% | -41.42% | 108.00% 0.4069 -48.44% 7.02%*
111% 20% | -41.37% | 111.00% 0.4062 -48.44% 7.07%*
114% 20% | -41.31% | 114.00% 0.4012 -48.44% 7.13%*
115% 20% | -41.29% | 115.00% 0.4015 -48.44% 7.15%*
114% 20% | -41.31% | 114.00% 0.4011 -48.44% 7.13%*
111% 20% | -41.37% | 111.00% 0.4062 -48.44% 7.07%*
108% 20% | -41.43% | 108.00% 0.4069 -48.44% 7.01%*
107% 20% | -25.83% | 107.01% 0.5921 -24.22% -1.61%
105% 20% 0.59% | 105.01% 0.9996 0.00% 0.59%
103% 20% 0.55% | 103.01% 0.9996 0.00% 0.55%
100% 20% 0.52% | 100.01% 0.9996 0.00% 0.52%
97% 20% 0.47% 97.00% 0.9997 0.00% 0.47%
94% 20% 0.42% 94.01% 0.9998 0.00% 0.42%
93% 20% | 42.07% | 92.84% 0.4487 48.44% -6.37%*
90% 20% | 42.03% | 90.02% 0.4492 48.44% -6.41%*
87% 20% | 42.00% | 87.02% 0.4496 48.44% -6.44%*
85% 20% | 41.98% | 85.02% 0.4498 48.44% -6.46%*
87% 20% | 42.01% | 87.02% 0.4496 48.44% -6.43%*
90% 20% | 42.04% | 90.02% 0.4492 48.44% -6.40%*
93% 20% | 42.08% | 92.84% 0.4487 48.44% -6.36%*
94% 20% 0.43% 94.01% 0.9998 0.00% 0.43%
97% 20% 0.47% 97.01% 0.9997 0.00% 0.47%
100% 20% 0.51% | 100.01% 0.9997 0.00% 0.51%

Note(s):

Time constant: as fast as possible but not slower as 3 s.

Min cos ¢: 0.4

P lock-in: deactivated; P lock-out: deactivated.

* The accuracy exceeding 2% Smax is due to prioritizing the requirement of Min cos ¢: 0.4.
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Test procedure for accuracy-Setting (b)
Set X1 X2 X3
cQ(U) curve points
settings: U/Un 90% 100% 110%
Q/Qmax 10% 0% -10%

Test Conditions Measurements Target vlaue A A Limits
U/Un P/Pn Q/Pn U/Un Q/Pn* AQ/ Smax AQ/ Smax
100% 100% -0.36% 100.08% 0.00% -0.36%

103% 100% -1.78% 103.08% -1.46% -0.32%
106% 100% -3.05% 106.08% -2.91% -0.14%
109% 100% -4.49% 109.08% -4.38% -0.11%
112% 100% -4.56% 112.07% -4.84% 0.28%
115% 100% -4.52% 115.07% -4.84% 0.32%
112% 100% -4.57% 112.07% -4.84% 0.27%
109% 100% -4.64% 109.08% -4.36% -0.28%

106% 100% -3.19% 106.08% -2.91% -0.28%

103% 100% -1.77% 103.08% -1.46% -0.31%

100% 100% -0.36% 100.09% 0.00% -0.36%

97% 100% -0.11% 97.09% 1.46% -1.57%

94% 100% 2.44% 94.19% 2.91% -0.47% < +2 Smax%

91% 100% 2.59% 91.09% 4.36% -1.77%

88% 100% 4.45% 88.10% 4.84% -0.39%

85% 100% 4.41% 85.10% 4.84% -0.43%

88% 100% 4.45% 88.10% 4.84% -0.39%

91% 100% 2.60% 91.09% 4.36% -1.76%

94% 100% 2.44% 94.19% 2.91% -0.47%

97% 100% -0.10% 97.09% 1.46% -1.56%

100% 100% -0.35% 100.08% 0.00% -0.35%

100% 20% 0.46% 100.01% 0.00% 0.46%

103% 20% -0.91% 103.01% -1.46% 0.55%

106% 20% -2.34% 106.01% -2.91% 0.57%

109% 20% -3.67% 109.01% -4.36% 0.69%

112% 20% -4.03% 112.01% -4.84% 0.81%
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115% 20% -3.98% 115.01% -4.84% 0.86%
112% 20% -4.03% 112.01% -4.84% 0.81%
109% 20% -3.81% 109.01% -4.36% 0.55%
106% 20% -2.47% 106.01% -2.91% 0.44%
103% 20% -0.98% 103.01% -1.46% 0.48%
100% 20% 0.46% 100.01% 0.00% 0.46%
97% 20% 0.48% 97.01% 1.46% -0.98%
94% 20% 3.21% 94.10% 2.91% 0.30%
91% 20% 3.82% 91.01% 4.36% -0.54%
88% 20% 5.09% 88.01% 4.84% 0.25%
85% 20% 5.05% 85.01% 4.84% 0.21%
88% 20% 5.09% 88.01% 4.84% 0.25%
91% 20% 3.91% 91.01% 4.36% -0.45%
94% 20% 3.23% 94.10% 2.91% 0.32%
97% 20% 0.48% 97.01% 1.46% -0.98%
100% 20% 0.46% 100.01% 0.11% 0.35%
Note(s):
Time constant: as slow as possible but not slower as 20 s.
P lock-in: 20%Pn; P lock-out: 5%Pn.
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5.5.2.4.3 | Test procedure for dynamic behaviour

U [%Ug]
.
T e

100

0

0 240 300 360 420 480
time [s]

Figure 34 — Example voltage profile for setting (a) applied for the test of the dynamic behaviour of the
Q(U), assuming < 30 s for stabilization of P and Q
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Figure 35 — Example active power set point profile for setting (a) applied for the test of the dynamic
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Target
vlaue

Compliance
to the PT-1
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100% 100% -0.01% | 104.20% | 100.26% -0.01% 0.00% N/A
107% 100% -24.96% | 103.06% | 106.54% -0.74% -24.22% Yes
109% 100% -51.39% | 102.08% | 109.22% -2.95% -48.44% Yes
109% 18% -46.18% | 18.96% | 109.03% 2.26% -48.44% N/A
109% 3% 0.89% 3.24% 109.00% 0.89% 0.00% Yes
109% 22% -51.11% | 37.10% | 109.07% -2.67% -48.44% Yes
109% 100% -51.40% | 102.08% | 109.21% -2.96% -48.44% N/A
100% 100% -0.02% | 104.16% | 100.24% -0.02% 0.00% Yes < +5%
92% 100% 51.52% | 104.75% | 92.23% 3.08% 48.44% Yes
92% 18% 51.39% | 20.99% 92.05% 2.95% 48.44% N/A
92% 3% 0.62% 3.28% 92.00% 0.62% 0.00% Yes
92% 22% 51.28% | 25.27% 92.06% 2.84% 48.44% Yes
92% 100% 51.52% | 105.84% | 92.24% 3.08% 48.44% N/A
93% 100% 51.10% | 105.78% | 92.41% 2.66% 48.44% N/A
100% 100% 0.02% | 104.07% | 100.20% 0.02% 0.00% Yes
Note(s):
P lock-in: 20%Pn; P lock-out: 5%Pn.
Diagram:
U/Un: 100%-107%
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400 | ' I e P =
\
~ N -1 230
-600 - ~ o
1225
'800 | | 1 1 | 1 |
0 5 10 15 20 25 30 40
Time([s]
Q = = Tolerance+ = = Tolerance- Voltage
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U/Un: 107%-109%

-400 T T T 3 256
|
' - 254
600 | \
\ 1252
A}
\ \
\ —
__ -800+ \‘ \ 1250 2,
|
1] ) ~ 1)
> \ s 1248 §
~ e
c 1000 - \ B S R °
i \ ~246 =
\
RS - 244
-1200 |- B B
41242
_1 400 | | | | | | | |
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerancet+ = = Tolerance- Voltage

P/Pn:18%-3%

200 T T 1 500
or -7
/ ( I il R 400
-200 |- 7 =
’
-400 /, ’
_ - ’ 41300 &
5 ) 2
> -600 - ! / g
e} I / <)
-800 |- I 1 1290 a
1 I
-1000 | 1
! -1 100
-1200 - o —
_1 400 | | | | | | | | 0
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Power
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P/Pn:3%-22%

200 T T 1 600
=1
or \
\ -1 500
-200 \ \
-400 ] ‘\ 1490
L \ —_
- =
> -600 - \ \ 1300 8
e} \ N [¢]
-800 | \ ~ o
N S 200
-1000 | ~ i S
~
S -4 100
-1200 1 e - e e e e e e = = = = =
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0 5 10 15 20 25 30 35 40
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U/Un: 109%-100%
200 T T T T T
I e i < 255
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A e 250
'200 [ 7/ - -
, .7
400 / ’ RS
5 ‘ / )
> 600 ! ’ 1240 ®
e} / / °
-800 { ! >
I ! -1235
-1000 | 1
! =230
-1200 r - =1
_1400 | | | | | | | 4 225
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerancet+ = = Tolerance- Voltage

TRF No. EN 50549-1a




intertek

Total Quality. Assured.

Page 178 of 221 Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict

U/Un: 100%-92%

1400 I 4235
1200 I il e i R —
-
v - 1230
1000 P P
/ P -
__ 800 ’ ’ 1225 o
o ’ ’ =
> 600 ! ‘ g
(<] ! / 1220 %
400 - ! 1 >
1 !
200 - 1 I 1215
1
0r 1 i
o 210
_200 1 1 1 1 1 | 1 1
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Voltage

P/Pn:18%-3%

1400 T T T T T n 500
1200 [= S
1 400
1000 \
\ \
800 1} \ | —
—_ \ \ 300 E
© A =
> 600 1 \ Q
= 2
© \ » 1200 &
400 - \ \ o
\ A
200 - N\ ~ - -
AY T = - 100
ot S~ _
_200 L L L L T -~ _\ - _I - - L 0
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Power
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P/Pn:3%-22%

1400 T T 1 600
1200 e s e e
Phe 1500
L S e e o o —————
1000 ’ -
4 P i 1400
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[ 7 /7 =
© =
2, 600 - / 7 1300 g
e ! / <]
400 - / ! o
/ ! 1200
200 - I !
1
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-
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Time[s]
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U/Un: 93%-100%
1400 T | 235
1200 = ~
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\ \
_ 800 - A \ 1225 <
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> 600 - \ X g
B =
Q \ \ 220 =
400 - \ N >
\ N
200 - \ e - 1215
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~
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5.5.2.5 Verification procedure for power related control modes for reactive power P
Table 19 — Q (P) or cos g (P) characteristic configuration
parameter of characteristic Setting (a) Setting (b) Setting (c)
minimum and maximum reactive power (Cos ©F) 2 95 % of 10 % of Qrmax char
of the characteristic Qraxoverand | Q. . and over =0 %P,
Gmax {:h.ar'3 I:Jn"a:-c under Grn.aJ-c under h
respectively respectively T“g; .;'Brp
ower n
but not more
than 60 % P,
Slope of the steepest section of the charactenstic as steep as as flat as 0
curves configurable, configurable, below 50 %F .
but not more but not less 0 %0 10 %P
than than abnvz EE[] P "
200 %Q,,., / 2%Q,, ../ n
10 %P, 10 %P,
Time constant as fast as as slow as 333s
possible but possible but
not slower as | not slower as
3s 20 s©

value at P

Setting (c) represents a commonly applied charactenstic.

max char ower

and Q

3 [f multiple sections with different steepness are configurable, this shall be apparent in the chogen configuration by using

different steepness and different values for maximum reactive power rmax char under

b The Cos & (P) charactenstic shall be configured accordingly with the Cos @ value representing the given reactive power

© The test is considered significant also for slower values of the time constant, as slow time constants are technical less
demanding. 20 s iz chozen to reduce test duration compared to 60 s as defined in EM S0549-2:2019.

Table 20 — cos ¢ (P} optional additional parameter configuration if applicable

parameter Setting (a) Setting (b)
Lock-in voltage deactivated 105 %U,
Lock-out voltage deactivated 100 %U,
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5.5.2.5.2 Test procedure for quasi-stationary behaviour
Setting (a)
Set points 1 2 3 4
cos® (P) P/Pn 15% 20% 80% 90%
curve
settings: Q 100%Q max 0 0 100%Q max
over under
Test Conditions Measurements T/?arﬂit A A Limits
P/Pn U/Un P/Pn Q/Pn CcosQ Q/Pn A Q / Smax A Q / Smax
10% 100% 11.56% 48.48% 0.2319 48.44% 0.04%
15% 100% 16.55% 48.78% 0.3214 48.44% 0.34%
20% 100% 19.97% 0.53% 0.9996 0.00% 0.53%
30% 100% 29.93% 0.16% 1.0000 0.00% 0.16%
40% 100% 39.92% 0.31% 1.0000 0.00% 0.31%
50% 100% 49.94% -0.06% 1.0000 0.00% -0.06%
60% 100% 59.99% 0.40% 1.0000 0.00% 0.40%
70% 100% 69.99% 0.04% 1.0000 0.00% 0.04%
80% 100% 80.11% 0.66% 1.0000 0.00% 0.66%
85% 100% 84.39% -23.77% 0.9625 -24.22% 0.45%
90% 100% 88.70% -48.23% 0.8785 -48.44% 0.21%
100% 100% 98.79% -48.29% 0.8984 -48.44% 0.15% 2%
90% 100% 88.77% -48.25% 0.8786 -48.44% 0.19%
85% 100% 84.50% -23.98% 0.9620 -24.22% 0.24%
80% 100% 80.24% 0.66% 1.0000 0.00% 0.66%
70% 100% 70.13% 0.04% 1.0000 0.00% 0.04%
60% 100% 60.09% 0.43% 1.0000 0.00% 0.43%
50% 100% 50.05% -0.06% 1.0000 0.00% -0.06%
40% 100% 40.01% 0.31% 1.0000 0.00% 0.31%
30% 100% 30.00% 0.16% 1.0000 0.00% 0.16%
20% 100% 20.00% 0.52% 0.9997 0.00% 0.52%
15% 100% 16.59% 48.88% 0.3213 48.44% 0.44%
10% 100% 11.57% 48.59% 0.2317 48.44% 0.15%
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Setting (c)
coso (P) Set points 1 2 3 4
curve P/Pn 20% 40% 50% 100%
settings: Q 0 0 0 “Omax

Test Conditions Measurements T\/?;ﬁgt A A Limits
P/Pn U/Un P/Pn Q/Pn CcosQ Q/Pn A Q / Smax A Q / Smax
10% 100% 9.93% 0.31% 0.9995 0.00% 0.31%

20% 100% 19.86% 0.55% 0.9996 0.00% 0.55%

30% 100% 29.76% 0.19% 1.0000 0.00% 0.19%

40% 100% 39.68% 0.35% 1.0000 0.00% 0.35%

50% 100% 49.63% -0.01% 1.0000 0.00% -0.01%

60% 100% 59.30% -9.04% 0.9886 -9.69% 0.65%

70% 100% 68.94% | -18.92% 0.9643 -19.38% 0.46%

80% 100% 78.69% | -28.15% 0.9416 -29.07% 0.92%

90% 100% 88.45% | -38.12% 0.9183 -38.76% 0.64%

100% 100% 98.17% | -47.52% 0.9001 -48.44% 0.92% 2%
90% 100% 88.53% | -38.33% 0.9177 -38.76% 0.43%

80% 100% 78.81% | -28.37% 0.9409 -29.07% 0.70%

70% 100% 69.07% | -19.05% 0.9640 -19.38% 0.33%

60% 100% 59.43% -9.11% 0.9885 -9.69% 0.58%

50% 100% 49.73% -0.01% 1.0000 0.00% -0.01%

40% 100% 39.76% 0.34% 1.0000 0.00% 0.34%

30% 100% 29.82% 0.20% 1.0000 0.00% 0.20%

20% 100% 19.89% 0.54% 0.9996 0.00% 0.54%

10% 100% 9.94% 0.31% 0.9995 0.00% 0.31%
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5.5.2.5.3 Test procedure for dynamic behaviour
Setting (a)-Time constant: as fast as possible but not slower as 3s-3s
Measurements
Test Conditions Tsr Ts Td Reactive Active Grid
power/Pn power/Pn | voltage/Un
[s] [s] [s] [%] [%] [%]
20%Pn - - - 0.55 19.89 99.97
20%Pn -> 50%Pn - - - -0.37 51.70 100.02
50%Pn -> 90%Pn 6.4 14.2 0.2 -47.80 88.16 99.97
90%Pn -> 50%Pn 6.4 16.6 0.2 0.00 49.73 100.02
50%Pn -> 20%Pn -- - - 0.54 19.89 99.97
Diagram:
50%Pn -> 90%Pn:
500 T T T T n 2200
N -12000
0r \
! \ -1 1800
\ p—
L \ =
o \ \ =
= -900 \ \ 11600 @
o 2
A \ o
\ s o
\ N - -1 1400
-1000 N e e
~
S~ o 41200
-1500 : : : : : : Y1000
0 10 15 20 25 30 35 40
Time[s]
Q = = Tolerancet = = Tolerance- Power
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90%Pn -> 50%Pn:
200 T T T T T 12200
0 g
s - 2000
7 ————m == ===
-200 - 7 =
,
400 ! ’ - 1800
L / o —
= / ’ 2
1] / =
> -600 | / 1600 9
<] / 2
! o
/ o
-800 - f
\ 1 1400
-1000 |- "'
; - 1200
-1200 -
-
-1400 . : . . : . . Y1000
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Power
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Setting (c)--Time constant: 3.33s
Test Conditions Measurements
Tsr Ts Td Reactive Active Grid
P U/Un power power voltage
[s] [s] [s] [%] [%)] [%]
20%Pn 107% -- -- -- 0.62 20.44 107.03
20%Pn -> 0
50%Pn 107% -- -- -- 0.26 51.10 107.08
50%Pn -> 0
90%Pn 107% 6.6 15.2 0.2 -39.26 90.94 107.15
90% 103% -- -- -- -39.39 91.04 103.16
90% 98% 6.2 14.4 0.2 -0.03 92.47 98.17
90% 107% 6.6 16.2 0.2 -39.29 90.84 107.15
90% 100% -- -- -- 0.38 89.55 99.25
90%Pn -> 0
50%Pn 100% -- -- -- 0.00 49.66 99.18
50%Pn -> 0
20%Pn 100% -- -- -- 0.56 19.76 99.13
Diagram:
50%Pn -> 90%Pn:
200 T T T T n 2400
-
o ! - 2200
\
-200 | v '
\ ‘\ 42000
= -400 | } \ 2
© \ =
> \ \ 11800 8
O s00F \ N e 0
\ ~ o
\ S~ e e e o _ . ___ - 1600
-800 N
-~
~ e -~ -
-1000 R D N 1400
-1200 ' ' ‘ ' ' 11200
0 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Power
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103%Un -98%Un

200 T T T
ol _- 240
7’
’ = ——
-200 ’ -
’ 7 1235
/ 7 S
= -400 - ’ 2.
® / )
> ! / 3
—_ i 7 i
@ 600 - ' r 7230 ©
f >
I
-800 7
! 1225
-1000 - -
_1200 | | | | | | | |
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Voltage
98%Un -107%Un
200 T T T T
- =\ 1250
0F \
\ 1245
\
- - \
200 X \
\ 1240 T
— 400 | \ >
= -400 \ \ o
- \ N 4235 &
C 600 \ > =
\ ~ >
N e P
-800 |- A O 230
~
el ~ o
-1000 - e e e 225
_1200 | | | | | | | |
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Tolerance+ = = Tolerance- Voltage
Lock-in voltage: 105%Un
Lock out voltage: 100%Un
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5.6 TABLE: Voltage related active power reduction - P(U) P
Set points 1 2
U/Un 110% 115%
P/Pn 100% 0%
P(U)_CUFVG Q(U) function activated and configured the QU function to setting (a).
settings:
Set-pointsa X1a X2n X3o Kdn
U/Uno 93%nt 94%mn 106%n 108%mn
Q/Qmaxxn 100%x O Ot -100%mxt
Test procedure for steady-state behaviour
Test Conditions Measurements Target viaue A A Limits
AP/iSma | AQism | apris | A
U/Un P/Pn P/Pn Q/Pn U/Un P/Pn Q/Pn x ax max STa
100% 100.07% -0.37% 100.18% 100% 0.00% 0.07% -0.37%
103% 100.44% -0.32% 103.17% 100% 0.00% 0.44% -0.32%
106% 100.34% -0.28% 105.43% 100% 0.00% 0.34% -0.28%
109% 98.60% -47.90% | 109.15% 100% -48.43% -1.40% 0.53%
112% 60.96% -47.88% | 111.78% 60% -48.43% 0.96% 0.55%
115% 100% -1.44% -47.72% | 115.20% 0% -48.43%* -1.44% 0.71% 125% iZS%
112% 60.57% -47.85% | 111.80% 60% -48.43% 0.57% 0.58%
109% 98.60% -47.88% | 109.18% 100% -48.43% -1.40% 0.55%
106% 100.31% -0.28% 105.45% 100% 0.00% 0.31% -0.28%
103% 100.41% -0.33% 103.20% 100% 0.00% 0.41% -0.33%
100% 100.04% -0.36% 100.20% 100% 0.00% 0.04% -0.36%
Note:

* It is acceptable If Q has not reached the target value, but has already reached the maximum capacity
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Test procedure for dynamic behaviour-Tau 23s (eg.5s)

P=100%Pn
Q(U) function activated and configured the QU function to setting (a).

Measurements
Test Conditions Dead time response time settling time
P Q P Q P Q
100%Un -> 112.5%Un 0.2 0.2 10.6 10.0 204 20.2
112.5%Un -> 115%Un 0.2 -- 10.2 -- 19.8 --
115%Un -> 112.5%Un 0.2 -- 10.0 -- 20.8 --
112.5%Un -> 100%Un 0.2 0.2 10.4 10.4 20.2 20.4

Diagram:

Graph showing the measured active power, reactive power and grid voltage as 10-period averages,
together with the calculated dynamic tolerance bands (see e.g. Figure 32) for each step.

100%Un -> 112.5%Un:

T T T T T
260
2500 .
2000 - 1255
g 100~ 1 TS Tt = - oo 250
> 4 TS =SCTS oo =-—=——————— >
o3 1000 - <
1245 O
E 500 - g
C L - o
@ OF N 1240 >
o r N S
-500 N S 1035
] -
-1000 e T T———— s - - ===
---------- 4230
-1500 - ! I ! I ! I I !
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Q-Tolerance+ = = P-Tolerance+ Voltage
———P = = Q-Tolerance- = = P-Tolerance-
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112.5%Un -> 115%Un:
1500 C T T T T | 268
1000 - 266
=
L 264
'>" 500 5
o3 T
E ol 262 =
=
S g
o L 1260
o 500
A000E e e e e e e e e e e e e e e - 7258
-1500 & 1 1 1 1 1256
0 5 10 15 20 25 30 35 40
Time[s]
Q = = Q-Tolerance+ = = P-Tolerance+ Voltage
——P = = Q-Tolerance- = = P-Tolerance-
115%Un -> 112.5%Un:
1500 - ' ' ' '
1000 - 266
'E' 500 - 264
> >
o3 ‘T
262
2 0- g
=
g 500 - 7260 g
8 -
1258
000 - e e e e e e e o e e = | = e = e = = =
______________________ 1256
-1500 & ! I ! ! | I ! |
0 5 10 15 20 25 30 35 40
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112.5%Un -> 100%Un:

T T T T _\ 260
2500 1
2000 - 255
E 1500 - 250 _
o 1000 - %
= 245 ©
= 500r- .,'__,“
e} 5]
of 0r 240 >
o
-500 - 235
-1000
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-1500 | I | I I I
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Time[s]
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5.7.2 Power Quality

57221 TABLE: Harmonics (according to DIN EN 61000-3-2)

Model: ZDSF2400AC

Active

pow[eo/r0 ]P/Pn 10 20 30 40 50 60 70 80 90 100 Li/Tit

Harmonic | iag IIA] IIA] IIA] IIA] IIA] IIA] IIA] IIA] IIA] .
2 0.0089 | 0.0105 | 0.0137 | 0.0175 | 0.0210 | 0.0197 | 0.0287 | 0.0311 | 0.0354 | 0.0390 | 1.080
3 0.0643 | 0.0522 | 0.0388 | 0.0295 | 0.0381 | 0.0535 | 0.0759 | 0.1073 | 0.1381 | 0.1651 2.3
4 0.0175 | 0.0175 | 0.0186 | 0.0188 | 0.0193 | 0.0157 | 0.0191 | 0.0197 | 0.0200 | 0.0204 | 0.43
5 0.0407 | 0.0437 | 0.0503 | 0.0590 | 0.0660 | 0.0798 | 0.0698 | 0.0794 | 0.0898 | 0.1014 | 1.14
6 0.0103 | 0.0101 | 0.0107 | 0.0111 | 0.0116 | 0.0136 | 0.0109 | 0.0117 | 0.0120 | 0.0135 0.3
7 0.0300 | 0.0316 | 0.0370 | 0.0421 | 0.0497 | 0.0603 | 0.0486 | 0.0535 | 0.0604 | 0.0675 | 0.77
8 0.0086 | 0.0090 | 0.0092 | 0.0096 | 0.0097 | 0.0115 | 0.0097 | 0.0096 | 0.0100 | 0.0103 | 0.23
9 0.0299 | 0.0342 | 0.0369 | 0.0398 | 0.0434 | 0.0571 | 0.0420 | 0.0483 | 0.0506 | 0.0565 0.4
10 0.0079 | 0.0082 | 0.0083 | 0.0087 | 0.0089 | 0.0097 | 0.0091 | 0.0094 | 0.0095 | 0.0097 | 0.184
11 0.0204 | 0.0244 | 0.0287 | 0.0291 | 0.0308 | 0.0409 | 0.0282 | 0.0301 | 0.0341 | 0.0367 | 0.33
12 0.0069 | 0.0071 | 0.0071 | 0.0075 | 0.0082 | 0.0090 | 0.0081 | 0.0088 | 0.0087 | 0.0092 | 0.153
13 0.0243 | 0.0295 | 0.0304 | 0.0316 | 0.0347 | 0.0446 | 0.0310 | 0.0340 | 0.0369 | 0.0391 | 0.21
14 0.0057 | 0.0057 | 0.0066 | 0.0067 | 0.0076 | 0.0079 | 0.0076 | 0.0081 | 0.0081 | 0.0082 | 0.131
15 0.0182 | 0.0199 | 0.0210 | 0.0241 | 0.0243 | 0.0301 | 0.0204 | 0.0222 | 0.0256 | 0.0281 | 0.15
16 0.0050 | 0.0051 | 0.0058 | 0.0067 | 0.0065 | 0.0068 | 0.0072 | 0.0078 | 0.0076 | 0.0083 | 0.115
17 0.0204 | 0.0221 | 0.0263 | 0.0289 | 0.0296 | 0.0364 | 0.0231 | 0.0270 | 0.0292 | 0.0296 | 0.132
18 0.0047 | 0.0045 | 0.0050 | 0.0056 | 0.0064 | 0.0064 | 0.0065 | 0.0070 | 0.0076 | 0.0079 | 0.102
19 0.0145 | 0.0183 | 0.0197 | 0.0201 | 0.0209 | 0.0274 | 0.0195 | 0.0199 | 0.0206 | 0.0227 | 0.118
20 0.0047 | 0.0047 | 0.0053 | 0.0050 | 0.0059 | 0.0057 | 0.0064 | 0.0072 | 0.0072 | 0.0075 | 0.092
21 0.0195 | 0.0200 | 0.0205 | 0.0218 | 0.0240 | 0.0303 | 0.0202 | 0.0204 | 0.0218 | 0.0228 | 0.107
22 0.0044 | 0.0041 | 0.0049 | 0.0044 | 0.0057 | 0.0056 | 0.0059 | 0.0065 | 0.0072 | 0.0075 | 0.084
23 0.0124 | 0.0148 | 0.0177 | 0.0194 | 0.0199 | 0.0237 | 0.0168 | 0.0194 | 0.0197 | 0.0201 | 0.098
24 0.0044 | 0.0042 | 0.0042 | 0.0042 | 0.0051 | 0.0058 | 0.0059 | 0.0062 | 0.0071 | 0.0073 | 0.077
25 0.0148 | 0.0176 | 0.0193 | 0.0199 | 0.0200 | 0.0243 | 0.0184 | 0.0192 | 0.0196 | 0.0199 | 0.09
26 0.0038 | 0.0037 | 0.0043 | 0.0041 | 0.0047 | 0.0052 | 0.0053 | 0.0057 | 0.0065 | 0.0071 | 0.071
27 0.0112 | 0.0125 | 0.0149 | 0.0174 | 0.0188 | 0.0213 | 0.0151 | 0.0159 | 0.0185 | 0.0185 | 0.083
28 0.0041 | 0.0042 | 0.0041 | 0.0037 | 0.0044 | 0.0050 | 0.0051 | 0.0056 | 0.0061 | 0.0074 | 0.066
29 0.0111 | 0.0120 | 0.0137 | 0.0159 | 0.0179 | 0.0214 | 0.0142 | 0.0155 | 0.0174 | 0.0175 | 0.078
30 0.0048 | 0.0043 | 0.0043 | 0.0041 | 0.0045 | 0.0049 | 0.0050 | 0.0056 | 0.0061 | 0.0068 | 0.061
31 0.0108 | 0.0112 | 0.0128 | 0.0146 | 0.0163 | 0.0210 | 0.0128 | 0.0138 | 0.0144 | 0.0167 | 0.073
32 0.0050 | 0.0043 | 0.0051 | 0.0046 | 0.0048 | 0.0047 | 0.0057 | 0.0058 | 0.0064 | 0.0073 | 0.058
33 0.0104 | 0.0108 | 0.0114 | 0.0123 | 0.0134 | 0.0184 | 0.0110 | 0.0126 | 0.0127 | 0.0148 | 0.068
34 0.0064 | 0.0055 | 0.0058 | 0.0053 | 0.0056 | 0.0046 | 0.0056 | 0.0058 | 0.0061 | 0.0069 | 0.054
35 0.0111 | 0.0111 | 0.0116 | 0.0124 | 0.0140 | 0.0184 | 0.0115 | 0.0124 | 0.0143 | 0.0146 | 0.064
36 0.0072 | 0.0063 | 0.0065 | 0.0060 | 0.0062 | 0.0049 | 0.0060 | 0.0065 | 0.0065 | 0.0073 | 0.051

TRF No. EN 50549-1a




intertek

Total Quality, Assured.

Page 192 of 221

Report no. 250327092GZU-001

EN 50549-1 & EN 50549-10

Clause |Requirement - Test Result - Remark Verdict
37 0.0111 | 0.0110 | 0.0118 | 0.0120 | 0.0132 | 0.0154 | 0.0114 | 0.0115 | 0.0130 | 0.0132 | 0.061
38 0.0074 | 0.0070 | 0.0073 | 0.0062 | 0.0069 | 0.0048 | 0.0067 | 0.0068 | 0.0075 | 0.0079 | 0.048
39 0.0115 | 0.0117 | 0.0123 | 0.0127 | 0.0134 | 0.0169 | 0.0117 | 0.0122 | 0.0131 | 0.0136 | 0.058
40 0.0066 | 0.0070 | 0.0065 | 0.0063 | 0.0074 | 0.0045 | 0.0070 | 0.0070 | 0.0072 | 0.0079 | 0.046
41 0.0110 | 0.0110 | 0.0124 | 0.0114 | 0.0128 | 0.0156 | 0.0115 | 0.0118 | 0.0123 | 0.0131 -
42 0.0070 | 0.0068 | 0.0068 | 0.0062 | 0.0066 | 0.0042 [ 0.0070 | 0.0068 | 0.0075 | 0.0077 -
43 0.0110 | 0.0106 | 0.0111 | 0.0112 | 0.0128 | 0.0140 | 0.0115 | 0.0119 | 0.0125 | 0.0129 --
44 0.0059 | 0.0057 | 0.0058 | 0.0057 | 0.0058 | 0.0043 | 0.0066 | 0.0068 | 0.0068 | 0.0076 -
45 0.0106 | 0.0104 | 0.0111 | 0.0110 | 0.0117 | 0.0134 | 0.0109 | 0.0107 | 0.0111 | 0.0116 ="
46 0.0061 | 0.0055 | 0.0058 | 0.0058 | 0.0062 | 0.0044 | 0.0063 | 0.0066 | 0.0069 | 0.0074 ="
47 0.0102 | 0.0103 | 0.0107 | 0.0110 | 0.0116 | 0.0118 | 0.0109 | 0.0112 | 0.0114 | 0.0119 ="
48 0.0065 | 0.0061 | 0.0064 | 0.0058 | 0.0058 | 0.0044 | 0.0066 | 0.0064 | 0.0067 | 0.0076 ="
49 0.0105 | 0.0103 | 0.0105 | 0.0104 | 0.0109 | 0.0127 | 0.0103 | 0.0104 | 0.0107 | 0.0110 ="
50 0.0053 | 0.0056 | 0.0062 | 0.0054 | 0.0054 | 0.0042 | 0.0054 | 0.0057 | 0.0057 | 0.0064 ="

Remark: lref= 10.44A
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5.7.2.3.2 TABLE: Flicker P
Flicker flir Bemessungsstrome < 16 A (bei SCR = 20)

Method: Measurement was carried out according to the procedure in IEC 61000-3-3.
It should be noted:
-used measuring equipment;
-output voltage of the network simulation;
-reference impedance;
-one-period RMS values of current and voltage;
-the largest c\[JK value determined;
-Pst, PIt.
Model: ZDSF2400AC
Pst Cyk
L1 L2 L3 L1 L2 L3
1 0.020 - -- 0.40 - -
2 0.020 - -- 0.40 - -
3 0.020 - -- 0.40 - -
4 0.020 - -- 0.40 - -
5 0.020 - -- 0.40 - -
6 0.020 - -- 0.40 - -
7 0.020 - -- 0.40 - -
8 0.020 - -- 0.40 - -
9 0.020 - -- 0.40 - -
10 0.020 - -- 0.40 - -
11 0.020 - -- 0.40 - -
12 0.020 - -- 0.40 - -
Calculation
L1 0.020
L2 -
Plt 3 —
greatest
ascertained | 0.40
Cyk
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5.7.2.34 TABLE: Rapid voltage change P

Operation type: Switching on at any power level (without default to primary energy source)

Condition Test 1: cos@p=1 Test 2: cos@=0.900ver- Test 3: cos®=0.90under-
excited excited

Ki 0.065 0.066 0.074

Kimax Limit <1.2

Operation type: start-up at Pn (reference condition) with circuit breaker reclosing

Condition Test 1: cosp=1 Test 2: cosp=0.900ver- Test 3: cosp=0.90under-
excited excited

Ki 0.076 0.068 0.062

Kimax Limit <1l.2

Operation type: shut-down (breaking operation at nominal power)

1) Sk,fic/Sn = 20

Condition Test 1: cos@=1 Test 2: cos@=0.900ver- Test 3: cos@=0.90under-
excited excited

Ki 0.661 0.465 0.435

Kimax Limit <1.2

Note:

2) ki is the ratio of the highest current occurring during a switching operation to the normal
generator current, the current is to be considered as an r.m.s. value over a period
3) dc and dwmax for voltage change refer to result of section 5.2.3 based on DIN EN 61000-3-3

Switching actions Ki

Marking operation without default (to primary energy carrier) 0.074
Worst case at switch over of generator sections 0.076
Marking operation at reference conditions (of primary energy carrier) 0.076
Breaking operation at nominal power 0.661
Worst case value of all switching operations Ki max 0.661
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5724 TABLE: DC Injection P
Model: ZDSF2400AC
Rated output current: 10.43A
Power P/Pn 100%
Measurement Limitation
Phase L1 Phase L2 Phase L3
0.0249A 0.239% -- -- -- -- 0.5%
Power P/Pn [%0] 60%
Measurement Limitation
Phase L1 Phase L2 Phase L3
0.0161A 0.154% -- -- -- -- 0.5%
Power P/Pn [%)] 30%
Measurement Limitation
Phase L1 Phase L2 Phase L3
0.0104A 0.100% -- -- -- -- 0.5%
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5.8.6 TABLE: Islanding P
Reactive
PE((;)TI) load (% | PAC? | QAC?® Run on PEUT | Actual Y
No. of EUT of_ (%.of (%_of time (KW) of VDC Remarks
rating) QL in |nominal)| nominal) (ms)
6.1.d)1)
1 100 100 0 0 277.0 2.40 1.01 49.7 | Test A at BL
2 66 66 0 0 215.0 1.58 1.01 49.8 | Test B at BL
3 33 33 0 0 240.0 0.79 1.00 50.0 | Test C at BL
4 100 100 -5 -5 144.0 2.40 1.03 49.7 | Test A at IB
5 100 100 -5 0 242.0 2.40 1.06 49.7 | Test A at IB
6 100 100 -5 5 176.0 2.40 1.09 49.7 | Test A at IB
7 100 100 0 -5 230.0 2.40 0.99 49.7 | Test A at IB
8 100 100 0 5 204.0 2.40 1.03 49.7 | Test A at IB
9 100 100 5 -5 142.0 2.40 0.94 49.7 | Test A at IB
10 100 100 5 0 182.0 2.40 0.96 49.7 | Test A at IB
11 100 100 5 5 213.0 2.40 0.98 49.7 | Test A at IB
12 66 66 0 -5 186.0 1.58 0.98 498 | Test B at IB
13 66 66 0 -4 272.0 1.58 0.99 498 | Test B at IB
14 66 66 0 -3 106.0 1.58 1.00 49.8 | Test B at IB
15 66 66 0 -2 104.0 1.58 1.00 49.8 | Test B at IB
16 66 66 0 -1 216.0 1.58 1.00 498 | Test B at IB
17 66 66 0 1 191.0 1.58 1.01 498 | Test B at IB
18 66 66 0 2 215.0 1.58 1.02 49.8 | Test B at IB
19 66 66 0 3 119.0 1.58 1.03 49.8 | Test B at IB
20 66 66 0 4 214.0 1.58 1.03 498 | Test B at IB
21 66 66 0 5 123.0 1.58 1.03 498 | Test B at IB
22 33 33 0 -5 186.0 0.79 0.98 50.0 | Test C at IB
23 33 33 0 -4 288.0 0.79 0.98 50.0 | Test C at IB
24 33 33 0 -3 254.8 0.79 0.99 50.0 | Test C at IB
25 33 33 0 -2 250.8 0.79 0.99 50.0 | Test C at IB
26 33 33 0 -1 258.0 0.79 1.00 50.0 | Test C at IB
27 33 33 0 1 186.0 0.79 1.01 50.0 | Test C at IB
28 33 33 0 2 320.8 0.79 1.01 50.0 | Test C at IB
29 33 33 0 3 291.2 0.79 1.01 50.0 | Test C at IB
30 33 33 0 4 228.4 0.79 1.02 50.0 | Test C at IB
31 33 33 0 5 202.0 0.79 1.02 50.0 | Test C at IB
Remark:

1) PEUT: EUT output power

2 PAC: Real power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0%
test condition value.

3 QAC: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the
0% test condition value.

4 BL: Balance condition, IB: Imbalance condition.
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5 *Note: test condition A (100%): If any of the recorded run-on times are longer than the one recorded
for the rated balance condition, i.e. test procedure 6.1 f), then the non-shaded parameter

combinations (no0.32~47) also require testing.

e 2024/12/28 16:36:58 Stopped|
D 1 10 0 VI 9, Edge CH3 + History |NormHi-Res
............ Auto 0.0 A 1 125

MENU

AL

AW mﬂlnl ﬂ' 1‘.’\[\ le'l‘,v‘ Al ﬁ L fn |m{\| ﬂl ﬂ
R
VTV

m‘ |nl \f\l \f\ ‘ﬂ(\m W 'ir‘u‘

R

VY

e 2024/12/30 18:13:35 Stopped
i Edge CH3 £ Hnstow Normd} H|—Res
MENU o Auto 0.0 A

PEUT 66%, PAC 0%, QAC -4%, = 272.0ms
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2025/03/05 23:38:00 Stopped|
Edge CH? + History |Normal
Auto 0 ¥ 1 125kS/s

Gursor
Jump

PEUT 33%, PAC 0%, QAC 2%, = 320.8ms
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5.8.3 TABLE: Interface protection P
All thresholds must be adjustable
Voltage values
tmin tmin tmax tmax 59
Threshold (27<) (27<) (27<<) (27<<) 59> (59) 59>> (59.51) 10 min-
mean
0.2-1.0 0.1- 0.2-1.0 1.0-1.2 0.1- 1.0-1.3 1.0-
Range Un 100s U, | O1S|T, 100s u, | O | 115U,
ﬁdg“tzg"b'e 001U, | 01s |001U.| 0.05s | 0.01Ux| 0.ds | 0.01Us| 0.05s | 0.01Un
Frequency values
tmin tmin tmax tmax
Threshold 81< (81<) 81<< (81<<) 81> (81>) 81>> (81>>)
47.0- 47.0- 50.0- 50.0-
Range 50.0Hz 0.1-100s 50.0Hz 0.1-5s 52 OHz 0.1-100s 52 OHz 0.1-5s
Steps 0.1 Hz 0.1s 0.1 Hz 0.05s 0.1 Hz 0.1s 0.1 Hz 0.05s
Note 1: External SPI stays in operation conditions for 5s after disconnecting the mains voltage
The frequency protection shall function correctly in the input voltage range between 20% Un
Note 2 and 120% Un and shall be inhibited for input voltages of less than 20% Un.
ote 2:
Under 20% U the frequency protection is inhibited. Disconnection may only happen based
on undervoltage protection.
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5.8.3.2 TABLE: Interface protection P
Voltage and frequency protections
Measurement
Condition Setting Trip value [V] Limitation
L1-N
45.01
U< 20%Un 45.02
45.46
102.55
U< 45%Un 102.52
102.54
+ 1% of Un
148.53
U< 65%Un 148.58
148.57
230.01
U< 100%Un 230.00
230.08
Notes: Ramp signal test
Measurement
Condition Setting Trip value [V] Limitation
L1-N
45.02
U<< 20%Un 45.08
45.10
102.56
U<< 45%Un 102.50
102.51
* 1% of Un
148.58
U<< 65%Un 148.57
148.57
230.05
U<< 100%Un 230.08
230.03
Notes: Ramp signal test
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Condition Setting

Measurement

Trip value [V]

L1-N

Limitation

u> 100%Un

229.32

229.51

229.05

u> 106%Un

242.90

242.80

242.88

u> 112%Un

256.67

256.73

256.67

u> 120%Un

276.16

276.04

276.07

+ 1% of Un

Notes: Ramp signal test

Condition Setting

Measurement

Trip value [V]

L1-N

Limitation

u>> 100%Un

229.44

229.68

229.13

u>> 109%Un

249.79

249.76

249.73

u>> 118%Un

271.49

271.44

271.34

u>> 130%Un

299.21

299.10

299.04

+ 1% of Un

Notes: Ramp signal test
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Measurement
Condition SFr:is?g Trip time Limitation
L1-N
151.0
U< 100 150.5 100-200
150.0
30050.5
U< 30000 30050.0 30000-30100
30050.4
60071.8
U< 60000 60052.4 60000-60100
60070.2
100091.2
U< 100000 100071.1 PP
100071.2
Note(s): Jump signal test
Measurement
Condition ant:isqg Trip time Limitation
L1-N
150.0
U<< 100 150.5 100-200
151.0
1551.2
U<< 1500 1551.0 1500-1600
1550.8
3051.4
U<< 3000 3052.0 3000-3100
3051.0
5049.0
U<< 5000 5048.6 5000-5100
5048.8

Note(s): Jump signal test
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Measurement
Condition Sﬁ:;r]]g Trip time Limitation
L1-N
170.0
u> 100 171.0 100-200
170.5
30050.3
u> 30000 30049.3 30000-30100
30049.8
60050.5
u> 60000 60051.2 60000-60100
60050.7
100070.5
u> 100000 100090.8 11%%01%%
100070.8
Note(s): Jump signal test
Measurement
Condition ant:isqg Trip time Limitation
L1-N
150.0
u>> 100 152.0 100-200
150.5
1570.6
u>> 1500 1570.8 1500-1600
1570.4
3049.6
u>> 3000 3071.0 3000-3100
3071.0
5038.6
u>> 5000 5036.1 5000-5100
5056.1

Note(s): Jump signal test
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Condition Setting

Measurement

Limitation

Trip value [Hz]

F>

50Hz

50.01

50.01

50.01

F>

50.5Hz

50.51

50.51

50.51

F>

51.5Hz

51.51

51.51

51.51

F>

52Hz

52.01

52.01

52.01

+ 0.1% of fn

Condition Setting

Measurement

Limitation

Trip value [Hz]

F>>

50Hz

50.01

50.01

50.01

F>>

50.5Hz

50.51

50.51

50.51

F>>

51.5Hz

51.52

51.51

51.51

F>>

52Hz

52.01

52.01

52.01

*0.1% of fa
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Condition Setting

Measurement

Limitation

Trip value [Hz]

F<

47Hz

47.02

47.02

47.02

F<

48Hz

48.00

48.00

48.00

F<

49Hz

49.00

49.00

49.00

F<

50Hz

49.96

49.96

49.96

+ 0.1% of fn

Condition Setting

Measurement

Limitation

Trip value [Hz]

F<<

47Hz

47.01

47.01

47.01

F<<

48Hz

48.00

48.00

48.00

F<<

49Hz

49.01

49.00

49.01

F<<

50Hz

49.96

49.96

49.96

*0.1% of fa
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Condition

Setting
[ms]

Measurement

Trip time

Limitation

F>

100

145.4

142.6

124.6

100-200

F>

30000

30096.9

30077.2

30075.9

30000-30100

F>

60000

60078.9

60077.1

60077.4

60000-60100

F>

100000

100073.6

100075.0

100074.8

100000-
100100

Note(s):

Condition

Setting
[ms]

Measurement

Trip time

Limitation

F>>

100

123.6

125.6

123.6

100-200

F>>

1500

1568.5

1569.3

1568.3

1500-1600

F>>

3000

3072.0

3093.0

3053.2

3000-3100

F>>

5000

5055.4

5056.8

5057.6

5000-5100

Note(s):
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Condition

Setting
[ms]

Measurement

Trip time

Limitation

F<

100

122.6

145.0

145.4

100-200

F<

30000

30063.4

30084.2

30063.4

30000-30100

F<

60000

60067.0

60067.8

60067.4

60000-60100

F<

100000

100088.1

100087.9

100088.0

100000-
100100

Note(s):

Condition

Setting
[ms]

Measurement

Trip time

Limitation

F<<

100

167.8

167.4

146.6

100-200

F<<

1500

1556.2

1554.4

1555.2

1500-1600

F<<

3000

3059.0

3079.0

3059.2

3000-3100

F<<

5000

5041.0

5042.2

5062.6

5000-5100

Note(s):
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5.8.3.3 TABLE: Overvoltage 10 min mean protection P
N ] Measurement o
Condition Setting - Limitation
Trip value [U/Un]
110%Un 110%Un 109.57% *+ 1% of Un
N ) Measurement o
Condition Setting — Limitation
Trip time
a) Operation under 100%Un for 10 minutes, then jumped from 100%Un to 112%Un.
u> 600 469.6 450-550
T T T T T
2500 1260
2000 - .
1500 -
_ 1250 __
= 1000 - =
o 1245
2 500 g
o 1240 >
0 [
1235
-500 -
1230
-1000 -
100 200 300 400 500 600 700 800 900 1000 1100
Time[s]
Power Voltage Average Voltage
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b) Operation under 100%Un for 10 minutes, then jumped from 100%Un to 108%Un.

u> 600 -- No disconnect
T T T
2500
250
2000
1245
= >
% 1500 D
o -1240 g
2 =
o o
& 1000 >
-1235
500 230
0 | | | | | |
0 200 400 600 800 1000 1200 1400
Time[s]
Power Voltage Average Voltage
¢) Operation under 106%Un for 10 minutes, then jumped from 106%Un to 114%Un.
225-375
>
U 600 252.2 (=%2a) + 75s)
3000 [ ' '
270
2500 [
265
2000
— -4260
= 1500 - 2.
5 4255 &,
£ 1000 8
250 ©
o
500 >
245
0 =
7240
-500 1035
| | | | |
0 200 400 600 800 1000
Time[s]
Power Voltage Average Voltage
Note(s):
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5.9.3&5.9.4 | TABLE: Reconnection after tripping P

Table 32 — Default parameter automatic reconnection after tripping according to EN 50549-1:2019 and
EN 50545-2:2019

Parameter Range Default setting
Lower frequency 47,0Hz- 50,0 Hz 495 Hz
Upper frequency 50,0 Hz - 52,0 Hz 50,2 Hz
Lower voltage 50 %U, — 100 %U, 85 % U,2/90 % U2
Upper voltage 100 % — 120 % U, 110 %U, 2/ 110 %Ucb
Observation time 10s5-600s G60s
Active power increase gradient | 6 % — 3000 %/min 10 %/min
#In case of EN 50549-1:2019
b In case of EN 50549-2:2019

When the interface protection has been ftriggered, it shall be examined whether the system can only b
connected within  the tolerance ranges 085U, ,=U=110U, o 030U =U=110U, ang

47,5 Hz = f = 50,05 Hz and after the voltage and frequency remain within the tolerance ranges 60 5.

Table 33 — Default parameter starting to generate electrical power according to EN 50549-1:2019 and
EN 50549-2:2019

Parameter Range Default setting
Lower frequency 47 0Hz — 50,0 Hz 49 5 Hz
Upper frequency S00Hz-520Hz 50,1 Hz
Lower voltage 30 %U, — 100 %U, 85%U,2/90 % ucb
Upper voltage 100 % —120% U, 110 %U,2 / 110 %UP
Observation time 10s—-600s 60s
Active power increase gradient | 6 % — 3000 %/min disabled
2 In case of EN 505459-1:2019
®In case of EM 50549-2:2019
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EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict
Measurement Limitation
Condition Delay time Power Gradient . Power
. Delay time .
[s] [per mimute] Gradient
Connection:
U>110%Un 65.8 10.36
U<85%Un 64.6 10.41
260s --
f>50.1Hz 65.2 10.42
f<49.5Hz 60.6 9.52
U>110%Un
264 . 2500
262 - 2000
260 |-
N 1500
I —
> 258 | %
§ 1000 2
5 256 |- &
o 500
254 |-
252 0
250 | | | | | | | | | _500
0 100 200 300 400 500 600 700 800 900
Time[s]
Voltage Power
U<85%Un
200 | | | | ‘ | 2500
198 |- 12000
N 196 41500
I —
= =
0 =
§ 194 | 41000 %
8 o
L 192 - 500
190 10
188 1 | 1 | 1 | 1 | 1 _500
0 100 200 300 400 500 600 700 800 900
Time[s]
Voltage Power
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EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict
f>50.1Hz
50.6 2500
50.5 2000
50.4 -
N 1500
I —
>50.3 =S
Q [
S 1000 g
S . o
g 50.2 L
o 500
50.1 |
50 - » 0
49-9 1 1 1 1 1 1 1 1 1 _500
100 200 300 400 500 600 700 800 900
Time[s]
Frequency Power
f<49.5Hz
50.2 T 2500
50 2000
N 498 1500
I —
= =
o i~
5 496 1000 ¢
2 e :
g | -
L 49.4 | 500
49.2 0
49 | | | | | | | | | _500
100 200 300 400 500 600 700 800 900
Time[s]
= Frequency Power
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Clause |[Requirement - Test Result - Remark Verdict
Measurement Limitation
Condition : .
Delay time Power C_;rad|ent Delay time Power Gradient
[s] [per mimute]
Reonnection:
U>110%Un 64.80 9.95%
U<85%Un 66.80 9.93% _
260s <10%Pn/minutes
f>50.2Hz 66.40 9.72%
f<49.5Hz 67.00 9.75%
U>110%Un
2500 - ' ' | - 270
& ‘
e
- /"/
2000 p 14260
#
e
= 1500 - | S 5
E 250 ©
g g
5 1000 - E
240
500 -
230
0 |-
0 100 200 300 400 500 600 700 800 900 1000
Time[s]
Power P threshold Voltage
U<85%Un
T T T =240
2500
// H 230
2000
g
= 1500 ""/ 1 5
E ."' %
o ’ o
= )y # 1210 g
£ 1000 //' >O
e {200
500 - l
1190
0 -
| | | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1000
Time[s]
Power P threshold Voltage
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EN 50549-1 & EN 50549-10

Clause |[Requirement - Test Result - Remark Verdict
f>50.2Hz
T T T 52.5
800
700 - 192
600 —
1515 'N
=500 - =
= o
@ 400 - 151§
5 e 5
a 300 - g T
e 150.5 I
200 - /
100 = ! — 50
0 [
| | | | | | | | | | 49.5
0 100 200 300 400 500 600 700 800 900 1000
Time[s]
Power P threshold == Frequency
f<49.5Hz
T T T T T T ™ 50.5
800
150
700 -
600 —— | 1495 _
N
— | I
E 500 149 E"‘
[
L c
% o - _,/ 148.5 5
a 300 - s e
o
200 148
100 -
147.5
0 |
| | | | | | | | | | 47
0 100 200 300 400 500 600 700 800 900 1000
Time([s]
Power P threshold Frequency
Note(s):
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Clause |[Requirement - Test Result - Remark Verdict
5.10 TABLE: Active power reduction on set point P
Active power step Reqyested set Actual value accuracy Actqal value - Limit
[p.u. of Pn] point value Set point
P/PN P (W) PW) |PPn[pu]| APW) A[FF:_/U P]“ A[;’j{‘
100% 2400 2392.01 99.67% -7.99 -0.33%
90% 2160 2168.70 90.36% 8.70 0.36%
80% 1920 1926.77 80.28% 6.77 0.28%
70% 1680 1684.66 70.19% 4.66 0.19%
60% 1440 1444.14 60.17% 4.14 0.17% + 59%Pn
50% 1200 1200.59 50.02% 0.59 0.02%
40% 960 958.81 39.95% -1.19 -0.05%
30% 720 718.32 29.93% -1.68 -0.07%
20% 480 477.97 19.92% -2.03 -0.08%
10% 240 237.55 9.90% -2.45 -0.10%
30% 720 718.02 29.92% -1.98 -0.08%
60% 1440 1443.00 60.13% 3.00 0.13% + 5%Pn
100% 2400 2391.38 99.64% -8.62 -0.36%
2500 -- | | -
2000 1
Z 1500 = 1
2
5 1000 - 1
500 - 1
or o i
0 2c|)0 460 6CI)O 860 1 oloo 1 260 14‘00 1 E;OO
Time[s]
Power - - - - Limitup - - - - Limit down
Test Conditions Measurements Limitation
P/Pn Gradient Gradient
90% to 10% 0.52%Pn/s 0.33-0.66%Pn/s

Note(s):
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to disconnection

Clause |[Requirement - Test Result - Remark Verdict

511 TABLE: Remote information exchange P
Test Conditions Measurements [s] A Limit

Command signal from connection 0.083 <5

3 J00VT4 S0V Gl

228,832 ¥
AT 0.0830 s g 50.02001 Hz

2025/02/19 18:23:.07
Edge CH1 ¥
Auto 100 ¥

Stopped|

History |[Normal
1 1

Note(s):
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EN 50549-1 & EN 50549-10
Clause |Requirement - Test Result - Remark Verdict
5.12 TABLE: Requirements regarding single fault tolerance of interface p
protection system and interface switch
X Integrated interface switch
X complied with DIN EN 62109-2
Switch manufacturer and type: XIAMEN HONGFA ELECTROACOQUSTIC CO LTD, HF140FF-G.
Response time of interface switch for integrated NS protection:20ms
The max. initial short-circuited current of PGU Ik”: 16A
test |fuse S
No.| component No. fault test voltage (V) time | No current result
' (A)
Reverse Cannot be connected to the
1. |PVinput before |50Vvdc 10min |-- - grid normally, ﬁan b.e "
start up connected to the grid normally
after recovery
2. | AC outout SC 50Vdc 1omin |- |- Output protection, transient
P short-circuit current 211A
3. |c7 s-C 50Vde 10min |- B Components damage, output
shutdown, no danger
4 |c1 S-C 50Vdc 10min | -- _ Normal working, no damage,
' no danger
5 |o123 S-C 50Vdc 10min | -- _ Normal working, no damage,
' no danger
6. |Q22-3 S-C 50Vdc 10min | -- _ Normal working, no damage,
' no danger
7. |032-3 S-C 50Vdc 10min | -- _ Normal working, no damage,
' no danger
8. |061-2 s-C 50Vdc 10min |- __ Components damage, output
' shutdown, no danger
9 |T36-7 S-C 50Vdc 10min | -- _ Output shutdown, no damage,
' no danger, recoverable
10. | 015 2-3 s-C 50Vdc 10min |- _ Normal working, no damage,
) no danger
11 |c 304 s-C 50Vdc 10min |- B Components damage, output
: shutdown, no danger
12. |T59-10 s-c  |s0vdc 10min |- |- Normal working, no damage,
) no danger
] ] . B Components damage, output
13. | Q49 2-3 S-C 50Vdc 10min shutdown, no danger
. Components damage, output
14. | Q50 2-3 S-C 50Vvdc 10min |-- - shutdown, no danger
15. |Q27 2-3 S-C 50Vdc 10min | -- _ Output shutdown, no damage,
) no danger, recoverable
16. | C267 S-C 50Vdc 10min | -- _ Normal working, no damage,
) no danger
17. |U22 1-4 sCc  |s0vdc 10min |- |- Normal working, no damage,
) no danger
18. |U22 2-3 sCc  |s0vdc 10min |- |- Normal working, no damage,
) no danger
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Clause |[Requirement - Test

Result - Remark Verdict

s-c: short-circuited, o-c: open-circuited, o-1: overload

19. [C 214 sC  |s0vdc 10min |-~ |- Normal working, no damage,
no danger

20. |D50 1-2 sC  |50vde 10min |- |- Normal working, no damage,
no danger

21 |D 38 S-C 50Vdc 10min |- _ Normal working, no damage,
no danger

Supplement:
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Appended photos

Overview

Bottom view
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Internal view

Power board view (Components side)
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Power board view (Soldered side)

--- End of test report---
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