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RAtiNGS ....covvviiiiiiiiiiiiiii . Operating temperature range: - 25°C to + 60°C
Protective class: |
Ingress protection rating: IP66
Power factor range (adjustable): 0.8 leading...0.8 lagging

SUN2000-100KTL-M2:

PV input: max 1100 Vdc, MPPT voltage range: 200-1000 Vdc, Isc
PV: 40 A x 10, max 30 A x 10

AC output:

3/N/PE, 400 Vac, 50 Hz, rated 144.4 A, 100 kW, max 160.4 A, max
110 kVA

3/PE, 480 Vac, 50Hz, rated 120.3 A, 100 kW, max 133.7 A, Max
110 kVA

SUN2000-115KTL-M2:

PV input: max 1100 Vdc, MPPT voltage range: 200-1000 Vdc, Isc
PV: 40 A x 10, max 30 A x 10

AC output:

3/N/PE, 400 Vac, 50 Hz, rated 166.0 A, 115 kW, max 182.3 A, max
125 kVA

3/PE, 480 Vac, 50Hz, rated 138.4 A, 115 kW, max 151.9 A, Max
125 kVA

TRF No. G99/1-6_V1.0
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Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X | Testing Laboratory:

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

Testing location/ address ...........ccceeevvieevrnenns :

No0.99, Hongye Road, Suzhou Industrial Park, Suzhou,
Jiangsu, P.R. China

[ 1 |Associated Testing Laboratory:

Testing location/ address ..........cccceeevvveeennenns :

Tested by (name, function, signature) ........... :

Sandy Qian(ENG) 5 m% @ e

Approved by (name, function, signature)....... :

Jason Guo(REW) _/5;4._ é :

Bl | Festing procedure: FMP/CTF Stage 1
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Appendix: Pictures (3 pages)

List of Attachments (including a total number of pages in each attachment):

Summary of testing:

Tests performed (name of test and test clause):

Testing location:

All tests

DEKRA Testing and Certification (Suzhou) Co.,

No0.99, Hongye Road, Suzhou Industrial Park,
Suzhou, Jiangsu, P.R. China

Ltd.

Copy of marking plate:

#)5 Model: SUN2000-100KTL-M2
Z& ¥ Name: KPRRENAR ST RS
SOLAR INVERTER

A

HUAWEI

&5 Model: SUN2000-115KTL-M2
B Name: KPRAENAR LT 2R
SOLAR INVERTER

A

HUAWEI

BAMALE d.c.Max.Input Voltage: 1100 Vd.c.

MAMALH d.c.Max.Input Current: 10x30 A

MNSERREH Isc: 10x40 A

MPPTHEJEM d.c. MPPT Range: 200 — 1000 Vd.c.

REBE a.c. Output Nominal Voltage: 380/400 Va.c., 3(N)~ +@

480 Vac., 3~ +@

6158 a.c. Nominal Operating Frequency: 50/80 Hz

SR Th# a.c. Output Rated Power: 100 kW

B AMEHF a.c. Max.Output Apparent Power: 110 kVA

AWM EE a.c. Max.Output Current: 168.8 A; 380 Va.c.
160.4 A; 400 Va.c.
133.7 A; 480 Va.c.

Th¥EEW Power Factor: 0.8(lagging) - 0.8(leading)

B 78 M Operating Temperature Range: - 25 — + 60 °C

T FIBI Inverter Topology: Non - Isolation

153#7% 4 Enclosure: IP66

%1% 4 Protection Class: |

it ey FE 354 Overvoltage Category: II(DC)II(AC)

5% % Pollution Degree: I

ik Altitude: 4000 m

iRy Communication: RS485

BAMIGRI AFCI: TYPE |

L@

AWM EE d.oMax Input Voltage: 1100 Vd.c.

MMM B d.e.Max Input Current: 10x30 A

WO ERE R Isc: 10040 A

MPPTELEEM d.c. MPPT Range: 200 - 1000 Vd.c.

#WiHEE a.c. Output Nominal Voitage: 400 Vauc., 3(N)~ +@
480 Vae, 3~+@

#iti$6i% a.c. Nominal Operating Frequency: SIV60 Hz

BT ThE a.c. Output Rated Power: 115 kW

BANEE a.c. Max.Output Power: 125 kWA

i = a.c. Max. Output Current: 182.3 A; 400 Va.c.
151.9 A; 480 Va.c.

ThEE® Power Factor: 0.8(lagging) - 0.8{leading)

B f¥ ¥ Operating Temperature Range: - 25 - + 60 °C

RS Inverter Topology: Non - Isolation

Bi4A% 40 Enclosure: P66

#4754 Protection Class: |

it E %% Overvoltage Category: I{DC)II(AC)

Si% 48 Pollution Dagree: Il

ik Altitude: 4000 m

#iR A Communication: RS485

@8

ERFEARAMLAE HUAWE| TECHNOLOGIES CO,, LTD,
HQ of Huawei, Bantian, Longgang District, Shenzhen, 518129, PR.C

voltage 400/230Vac and frequency of 50 Hz.

E % MADE IN CHINA

1ER AL E HUAWEI TECHNOLOGIES CO., LTD. shEl#il MADE IN CHINA
HQ of Huawei, Bantian, Longgang District, Shenzhen, 518128, P.R.C

-

Remark: According to customer's and market requirement, these models were evaluated under the grid

TRF No. G99/1-6_V1.0
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Warning Label:

Danger: High Voltage! & & fE !

Start maintaining the INVERTER
at least 5 minutes after the
INVERTER disconnects from all
external power supplies.

T eE 5 ERET BB IRET TS,
EEEME LSy, FATel
HEITHE

Mewver touch the enclosure of
an operating INVERTER.

1T 2% TIERT P2 s sh 5 .
Danger: Electrical Hazard] $5 i |

Only certified professionals are
allowed to install and operate
the INVERTER.
{UEHEERBE A B ATTIHIT
AR EEFNRIE.

High touch current, earth connection
essential before connecting supply.
ﬁﬁﬁﬂ@ﬁ D fEE R A S

/CAUTION

Read instructions carefully
before performing any operation
on the INVERTER.
FHETF AR ITIERERIERT, 18
FEMIFH2 1R AR !

TRF No. G99/1-6_V1.0



Page 6 of 265

Report No.: 6139156.50

Test item particulars:

Equipment mobility ............cccccviiiii : movable hand-held stationary
fixed transportable for building-in

Connection to the MaiNS ............occcieeiiieiiieeee, . pluggable equipment direct plug-in
permanent connection for building-in

Environmental category ..........ccccccvvvvviiiiiiiiiiiiinnennnn. . outdoor indoor indoor

unconditional conditional

Over voltage category Mains............ccoceeeeiienn, : ovCl ovcll ovclii ovC v

Over voltage category PV .........ccoo : ovCl [e)vieq] ovCl ovC IV

Mains supply tolerance (%0)........cccvvvvvveiiiiiiiiiiiiinnnnne. D 1210%

Tested for power SYStemMS..........covvvvviiiiiiiiiiiiiiiiieeeee, : TN

IT testing, phase-phase voltage (V) ......ccccccvvvvvvevennnen. © N/A

Class of equipment..........cceeii : Class | Class I Class Il
Not classified

Mass of equipment (Kg) ......ccovvvviiiiiiiiiiiiiiiiiiiiiiieeeeee, . about 93 kg

Pollution degree ... : Outside PD3; Inside PD2

IP protection Class .........ccccccvvvviiiiiiiiiiiiiiiiiiiiiieeeee : 1P66

Possible test case verdicts:

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

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

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

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

Testing:
2022-07-28 (samples provided by applicant)
2022-07-28 to 2022-12-09

Date of receipt of testitem .........ccoooveeviiiiiiieniii e, :

Date (s) of performance of teStS..........cccccvieiiiiernnnnnns :

General remarks:

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

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

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

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

This report is not used for social proof function in China market.

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

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

Throughout this report a [_] comma / [X] point is used as the decimal separator.

Name and address of factory (ies):

1. Dongguan Yangtian Electron Technologies Co., Ltd.
No.152, Luyuan Rd, Science City, Tangxia Town, Dongguan City, Guangdong Province, P.R. China
2. Huawei Machine Co., Ltd.
No.2 New City Avenue, Songshan Lake Sci. & Tech. Industry Park, 523808 Dongguan, Guangdong,
China.

TRF No. G99/1-6_V1.0
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General product information:

SUNZ2000 solar inverters are grid-tied PV string inverters that convert the DC power generated by PV
strings into AC power and feed the power into the power grid.
The solar inverter receives inputs from 20 PV strings. The inputs are grouped into 10 MPPT circuits inside
the solar inverter to track the maximum power point of the PV strings. The DC power is then converted into
three-phase AC power through an inverter circuit.
The output is switched off redundant by the relays. After the control system receives the abnormal signal
from the relevant protective detection circuit, the relays will operate to disconnect the PV inverter active
lines from grid automatically.

Block diagram:

+
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+
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+

+ MPPT 3

+

H MPPT 4

gt L1

i Output )

'”EA“'C Input DCswitch 1 pcsep DC 0::1;':::'( El:l y L2
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- DC switch 2 DC SPD

+
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. DCswitch 3 pespp

1512P00001

Firmware version: V500R023
Software version: V500R023C00SPC010

Model differences:

SUN2000-100KTL-M2, SUN2000-115KTL-M2 are same family product, technical similar as basic model,
except for model name and some electrical parameters about current and power.

The product was tested on:

The tests had been performed on model SUN2000-115KTL-M2 and SUN2000-100KTL-M2.

TRF No. G99/1-6_V1.0
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
6 CONNECTION APPLICATION -
6.1 General -
6.1.1 This document describes the processes that shall be Info.

adopted for both connection of a single Power Generating
Module and installations that comprise of a number of
Power Generating Modules.

6.1.2 Type A Power Generating Module(s) < 16A per phase N/A
and EREC G98 compliant
6.1.2.1 A connection procedure to facilitate the connection and N/A

operation of Fully Type Tested Power Generating
Modules with aggregate Registered Capacity of less than
or equal to 16 A per phase in parallel with public Low
Voltage Distribution Network is given in EREC G98 and is
not considered further in this document. These are
referred to as micro-generators.

6.1.3 Power Park Modules P

6.1.3.1 Where an installation comprises a single Generating Unit, P
the application process, technical and commissioning
requirements are based on the Registered Capacity of
that Generating Unit. Where an installation comprises
multiple Generating Units the application process,
technical and commissioning requirements will generally
be based on the Registered Capacity of each Power Park
Module, and also on the extent to which each Power Park
Module is Type Tested.

6.1.3.2 Where a new Generating Unit is connected to an existing P
installation the treatment of the addition will depend on
the EREC under which the existing installation was
connected. If the existing installation was connected
under EREC G59 or EREC G83 then the new Generating
Unit will be treated as a separate Power Park Module and
managed for compliance with this EREC G99 as a
separate Power Generating Module. If, however, the
existing installation was completed in compliance with
EREC G98 or EREC G99, then the new Power Park
Module must be added to the aggregate capacity of the
complete installation which must be used to determine
which EREC is applicable irrespective of technology.

6.1.4 Synchronous Power Generating Modules Not Synchronous Power N/A
Generating Modules.

6.1.4.1 Where an installation comprises a single Synchronous N/A
Power Generating Module or multiple Synchronous
Power Generating Modules, the application process,
technical and commissioning requirements are based on
the Registered Capacity of each Synchronous Power
Generating Module.

TRF No. G99/1-6_V1.0
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Clause Requirement - Test Result - Remark Verdict

6.1.4.2 Where one or more new Synchronous Power Generating N/A
Module(s) is to be connected to an existing installation
then each new Power Generating Module will be treated
as a separate Synchronous Power Generating Module.
Only the new Power Generating Module will be required
to meet the requirements of this EREC G99 or EREC
G98 if applicable. However, note that if the aggregated
capacity of all the Power Generating Modules in the
Power Generating Facility (ie the Registered Capacity of
the Power Generating Facility) reaches the threshold for
large as defined in the Grid Code (ie 10 MW in the north
of Scotland; 30 MW in the south of Scotland, 100 MW in
England and Wales), then the Generator will have to
ensure compliance with relevant parts of the Grid Code.
Similarly if the Registered Capacity of a Power
Generating Facility in England and Wales is 50 MW or
more, the Generator will have to comply with paragraphs

6.4.4 and 13.8.
6.1.5 lllustrative examples Info.
6.1.5.1 Table 6.1 is provided to illustrate some of the connection Info.
scenarios and the EREC requirements.
6.1.5.2 In respect of Table 6.1 the aggregate Registered Info.

Capacity of all the Power Generating Modules in the
Power Generating Facility will be taken into account when
the DNO considers the effect of the connection on the
Distribution Network.

TRF No. G99/1-6_V1.0
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
Table 6.1 Examples of connection scenarios Info.
Details of the existing Power Planned expansion | Compliance requirements
Generating Facility to the Power
Generating Facility
. The unit(s) comprise a new Power
Nil aﬂl’f( s‘]" Generating | Generating Module for compliance
EREC G994,
Original and additional Power
Synchronous Generating Modules freated
gﬁ:‘;‘r’;‘;':’ v npd"‘:'l":sr Power Generating | separately. Only additional Power
ating Modules Generating Modules need to comply
commissioned under EREC
G83 or EREC G59 with ERE_C GBS‘_trle entire Power
Figure 6.1 Generating Facility needs to comply
with operational requirements
Synch Original and additional Power
Synchronous Power PV"'° 'g“°”5 ‘i Generating Modules treated
Generating Modules M‘;vdvﬁ:e Senera ing separately. All Power Generating
commissioned under EREC Modules need fo comply with EREC
G98 or EREC G99 Figure 6.2 G995 and with operational
requirements.
Synchrenous Power
Generating Modules Original and additional Power
commissioned under EREC ﬁm’i’:’g‘;ﬁzfmin Generating Modules treated
83 or EREC G55 and Modules 9 separately. Additional Power
Synchrenous Power Generating Modules need to comply
Generating Modules Figure 6.3 with EREC G99; all need to comply with
commissioned under EREC ) operational requirements
G98 or EREC G395
New units form a new Power Park
Asynchronous Medule. Original and additional Power
E:n‘:';;;’:eﬁﬁﬂ:; CREc | Generating Units | Park Modules treated separately. Only
G83 or EREC G55 additional Power Park Modules need
Figure 6.4 to comply with EREC G99; all need to
comply with operational requirements.
Units aggregated te form a new single
Power Park Module gsez”ecr:rgr:“’“jnm Power Generating Module
commissioned under EREC 9 Compliance required for the new
G98 or EREC G395 Fiqure 6.5 module size, with EREC G99 and with
g ! operational requirements
Power Park Module Storage DC coupled | No compliance effect. Compliance
commissioned under EREC (ie connected to the | remains based on existing Inverters, ie
(598 or EREC G99 existing Inverters on the existing Power Park Module.
with no change to The Generator must, under their
Inverters) Connection Agreement apply to the
DNO before connecting the new
Figure 6.6 storage.
Power Park Module Storage AC coupled | The new storage units form an
commissioned under EREC — ie storage independent Power Park Module
G968 or EREC G99 complete with its which needs to comply with EREC G99,
own Inverters although is exempt from certain
requirements as listed in Annex A4
Figure 6.7
6.1.6 Interaction with the NETSO P
6.1.6.1 It should be noted that if the Registered Capacity of all Info.
Power Generating Module (synchronous together with
asynchronous) on one or more sites in common
ownership is >50 MW, then the Generator becomes
licensable.
6.1.6.2 Generators with an agreement with the NETSO may be P
required to comply with applicable requirements of the
Grid Code. Where Grid Code requirements apply, it is the
Generator’s responsibility to comply with the relevant
parts of both the Distribution Code and Grid Code.
6.2 Application for Connection P

TRF No. G99/1-6_V1.0
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G99/1-6

Clause

Requirement - Test

Result - Remark Verdict

6.2.1

Information about the Power Generating Module(s) is
needed by the DNO so that it can assess the effect that a
Power Generating Facility may have on the Distribution
Network. This document details the parameters to be
supplied by a Generator wishing to connect Power
Generating Module(s) that do not comply with EREC G98
to a Distribution Network. This document also enables the
DNO to request more detailed information if required.

P

6.2.2

Integrated Micro Generation and Storage procedure

N/A

6.2.2.1

The Generator may wish to install Integrated Micro
Generation and Storage. Where all of the following
conditions apply, the Integrated Micro Generation and
Storage procedure can be followed:

The Power Generating Modules are located in a
single Generator’s Installation;

The total aggregate capacity of the Power Generating
Modules (including Electricity Storage devices) is
between 16 A and 32 A per phase;

The total aggregate capacity of the Power Generating
Modules that are Electricity Storage devices does not
exceed 16 A per phase and the total aggregate capacity
of the Power Generating Modules that are not Electricity
Storage devices does not exceed 16 A per phase. Note
that if the total aggregated capacity of Electricity Storage
and non- Electricity Storage devices is no greater than 16
A per phase, the single premises procedure described in
EREC G98 applies;

All of the Power Generating Modules (including
Electricity Storage devices) are connected via EREC G98
Fully Type Tested Inverters;9

An EREC G100 compliant export limitation scheme is
present that limits the export from the Generator’s
Installation to the Distribution Network to 16 A per phase;
and

The Power Generating Modules will not operate when
there is a loss of mains situation.

N/A

6.2.2.2

If all the conditions in 6.2.2.1 are satisfied, the Generator
should complete an application in a format as shown in
Form Al-2 (Annex A.1). Otherwise the Generator should
refer to the connection application procedure for Type A
Power Generating Modules.

N/A

6.2.2.3

The planned commissioning date stated on the
application form shall be within 10 working days and 3
months from the date that the application is submitted to
the DNO. Confirmation of the commissioning of each
Power Generating Module shall be made no later than 28
days after commissioning (where tests and checks are
not witnessed). Confirmation shall be provided in a format
as shown in Form A3-2 (Annex A.3). In addition to Form
A3-2, an EREC G100 Export Limitation Scheme
Installation and Commissioning Tests form shall be
submitted to the DNO to confirm that the Export Limitation
Scheme meets the requirements set out in EREC G100.
Confirmation shall be provided in a format as shown in
EREC G100 Appendix B.

N/A

TRF No. G99/1-6_V1.0
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G99/1-6

Clause

Requirement - Test

Result - Remark

Verdict

6.2.2.4

Note that a number of sections of EREC G98 do not
apply to Electricity Storage devices that are covered by
this procedure. Refer to Appendix 1 of EREC G98 for
details.

N/A

6.2.3

Power Generating Facilities which include Type A Power
Generating Modules

Type A, B Power
Generating Modules.

6.2.3.1

For Type A Power Generating Modules the compliance,
testing and commissioning requirements are detailed in
Section 16 of this EREC G99.

Type A, B Power
Generating Modules.

6.2.3.2

The Generator should apply to the local DNO for
connection using the DNO’s Standard Application Form
(available from the DNO’s website). On receipt of the
application, the DNO will assess whether any Distribution
Network studies are required and whether there is a
requirement to witness the commissioning tests. In some
cases studies to assess the impact on the Distribution
Network may need to be undertaken before a firm
quotation can be provided to the Generator. On
acceptance of the quote, any works at the connection site
and any associated facilitating works will need to be
completed before the Power Generating Module can be
commissioned. On successful completion of the
commissioning tests, the DNO will sanction permanent
energisation of the Power Generating Module in
accordance with Section 16 of this EREC G99.

6.2.4

Power Generating Facilities which include Type B, Type
C or Type D Power Generating Modules

Type A, B Power
Generating Modules.

6.2.4.1

The connection process is similar to that described in
paragraph 6.2.2 above, although detailed system studies
will almost certainly be required and consequently the
Generator might need to provide additional information.
The information should be provided using the Standard
Application Form (generally available from the DNO’s
website). The data that will generally be required is
defined in the Distribution Code, Data Registration Code
(DDRC), Schedules 5a, 5b and 5c.

6.2.4.2

For Type B and Type C Power Generating Modules the
compliance, testing and commissioning requirements are
detailed in Sections 17 and 18 respectively of this EREC
G99. On successful completion of a Type B or Type C
Power Generating Module Document the DNO will issue
a Final Operational Notification to the Generator.

6.2.4.3

For a Type D Generating Unit, once all the relevant
documents have been provided to the DNO to its
satisfaction, the DNO will issue an Energisation
Operational Natification to the Generator followed by an
Interim Operational Notification and a Final Operational
Notification. This staged process is described further in
Section 19 of this EREC G99.

N/A

6.2.4.4

Generators who own Type B and Type C Power
Generating Modules do not have permanent rights to
operate their Power Generating Modules without a valid
Final Operational Notification which will be issued by the
DNO following completion of the commissioning tests and
process, refer to paragraphs 17.4.3 and 18.4.3.

TRF No. G99/1-6_V1.0
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
6.3 System Analysis for Connection Design Type A, Type B, Type C and Type D Info.
6.4 Provision of Information Info.
7 Connection Arrangements P
7.1 Operating Modes P
7.1.1 Power Generating Modules may be designed for one of Long-Term Parallel P
three operating modes. These are termed long-term Operation.

parallel operation, infrequent short-term parallel operation
and switched alternative-only operation. In the case that a
Power Generating Module is designed to switch between
these modes of operation, it must be designed to comply
with the requirements for each mode.

7.1.2 Equipment other than Generating Units (eg traction loads, N/A
lift motors etc) may act as a short term source of energy,
and inject electrical energy into the Customer’s
Installation when they operate in a regenerative mode. In
general EREC G99 will not apply as there will be no need
to make any specific design accommodation for such
equipment as it is unlikely that they will support any
possible power island for a significant length of time.
Where such equipment can act as a source of electrical
energy for more than a few seconds (say typically 20 s),
the DNO will advise the Customer if the Customer’s
Installation requires any special consideration such as
reverse power protection on a case by case basis.

7.2 Long-Term Parallel Operation P

7.2.1 This refers to the frequent or long-term operation of P
Power Generating Modules in parallel with the
Distribution Network. Unless otherwise stated, all sections
in this EREC G99 are applicable to this mode of

operation.
7.3 Infrequent Short-Term Parallel Operation N/A
7.3.1 This mode of operation typically enables Power Long-Term Parallel N/A

Generating Modules to operate as a standby to the DNOs | Operation.
supply. A short-term parallel is required to maintain
continuity of supply during changeover and to facilitate
testing of the Power Generating Module.

7.3.2 In this mode of operation, parallel operation of the Power N/A
Generating Module and the Distribution Network will be
infrequent and brief and under such conditions, it is
considered acceptable to relax certain design
requirements, such as protection requirements, that
would be applicable to long-term parallel operation. The
provisions of this Section 7 should also be read with
Annex A.4 which details some other specific exclusions of
parts of Sections 9 to 12 of this EREC G99.

7.3.3 As the design requirements for Power Generating Module N/A
operating in this mode are relaxed compared with those
for long-term parallel operation, it is necessary for the
DNO to specify a maximum frequency and duration of
short-term parallel operation, to manage the risk
associated with the relaxed design requirement.

TRF No. G99/1-6_V1.0
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Clause Requirement - Test Result - Remark Verdict

7.3.4 The following design variations from those in the N/A
remainder of this EREC G99 are appropriate for
infrequent short-term parallel operation:

7.3.5 Some Manufacturers have developed fast acting N/A
automatic transfer switches. These are devices that only
make a parallel connection for a very short period of time,
typically 100 — 200 ms. Under these conditions installing
conventional Interface Protection with an operating time
of 500 ms is not appropriate when the parallel will
normally be broken before the protection has a chance to
operate. There is however the risk that the device will fail
to operate correctly and therefore a timer should be
installed to operate a conventional circuit breaker if the
parallel remains on for more than 1 s. The switch should
be inhibited from making a transfer to the DNO'’s
Distribution Network whilst voltage and frequency are
outside expected limits.

7.4 Switched Alternative-Only Operation Long-Term Parallel N/A
Operation.
7.5 Phase Balance of Type A Power Generating Module | Type A, B Power P
output at LV Generating Modules.
7.5.1 Connection of single phase Power Generating Modules P

may require Distribution Network reinforcement and
extension before commissioning for technical reasons
(such as voltage issues and unacceptable phase
imbalance) depending on the point of connection and
Distribution Network design.

7.5.2 A solution to these voltage issues and phase imbalance P
issues may be to utilise 3-phase Power Generating
Modules or to use multiple single phase Power
Generating Modules connected across three phases.
7.5.3 Where single phase Power Generating Modules are 3-phase PV inverter P
being used the Generator should design the installation
on a maximum unbalance output of 16 A between the
highest and lowest phase.

7.5.4 In order to illustrate this requirement examples of Info.
acceptable and unacceptable connections have been
given in Annex A.5.

7.6 Type A Power Generating Module capacity for single |3-phase PV inverter N/A
and split LV phase supplies
7.6.1 The maximum aggregate capacity of Power Generating N/A

Modules that can be connected to a single phase supply
is 17 kW. The maximum aggregate capacity of Power
Generating Modules that can be connected to a split
single phase supply is 34 kW.

7.6.2 There is no requirement to provide intertripping between N/A
single phase Inverters where these are installed on multi-
phase supplies up to a limit of 17 kW per phase (subject
to balance of site output as per Section 7.5). A single
phase 17 kW connection may result in an imbalance of up
to 17 kW following a Distribution Network or Power
Generating Module outage. However the connection
design should result in imbalance under normal operation
to be below 16 A between phases as noted above.
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7.6.3 Power Generating Facilities with a capacity above 17 kW N/A
per phase are expected to comprise three phase units.
The requirement to disconnect all phases following a fault
in the Generator’s Installation or a Distribution Network
outage applies to three phase the Power Generating
Modules only and will be tested as part of the compliance
testing of the Power Generating Module. In some parts of
the country where provision of three phase networks is
costly then the DNO may be able to provide a solution
using single or spilt phase networks for Power Generating
Facilities above the normal limits as set out above.

7.7 Voltage Management Units in Generator’s premises P

7.7.1 Voltage Management Units are becoming more popular Info.
and use various methods, in most cases, to reduce the
voltage supplied from the DNO’s Distribution Network
before it is used by the Generator. In some cases where
the DNO'’s Distribution Network voltage is low they may
increase the voltage supplied to the Generator. Some
technologies are only designed to reduce voltage and
cannot increase the voltage.

7.7.2 The use of such equipment has the advantage to the Info.
Generator of running appliances at a lower voltage and in
some cases this can reduce the energy consumption of
the appliance. Some appliances when running at a lower
voltage will result in higher current consumption as the
device needs to take the same amount of energy from the
system to carry out its task.

7.7.3 If a Voltage Management Unit is installed between the Info.
Connection Point and the Power Generating Module in a
Generators Installation, it may result in the voltage at the
Generator side of the Voltage Management Unit
remaining within the limits of the protection settings
defined in Table 10.1 while the voltage at the Connection
Point side of the unit might be outside the limits of the
protection settings. This would negate the effect of the
protection settings. Therefore, this connection
arrangement is not acceptable and all Power Generating
Modules connected to the DNO’s LV Distribution Network
under this Engineering Recommendation must be made
on the Connection Point side of any Voltage Management
Unit installed in a Generator’s Installation.
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7.7.4 Generators should note that the overvoltage setting P
defined in Table 10.1 is 4% above the maximum voltage
allowed for the voltage from the DNO’s Distribution
Network under the ESQCR and that provided they have
designed their installation correctly there should be very
little nuisance tripping of the Power Generating Module.
Frequent nuisance tripping of a Power Generating
Module may be due to a fault in the Generator’s
Installation or the operation of the DNO’s Distribution
Network at too high a voltage. Generators should satisfy
themselves that their installation has been designed
correctly and all Power Generating Modules are operating
correctly before contacting the DNO if nuisance tripping
continues. Under no circumstances should they resort to
the use of Voltage Management Units installed between
the Connection Point and the Power Generating Module.

8 EARTHING P
8.1 General P
8.1.1 The earthing arrangements of the Power Generating

Module shall satisfy the requirements of DPC4 of the
Distribution Code.

8.2 Power Generating Modules with a Connection Point | Type A, B Power P
at HV Generating Modules.

8.3 Power Generating Modules with a Connection Point | Type A, B Power P
at LV Generating Modules.

8.3.1 LV Distribution Networks are always solidly earthed, and P

the majority are multiple earthed. Design practice for
protective multiple earthing is detailed in the Energy
Networks Association publications including Engineering
Recommendation G12, and in the references contained in
those publications.

8.3.2 The winding configuration and method of earthing P
connection shall be agreed with the DNO.
8.3.3 In addition, where the Power Generation Facility’s P

Connection Point is at Low Voltage the following shall
apply: Where an earthing terminal is provided by the DNO
it may be used by a Power Generation Facility for
earthing the Power Generating Module, provided the
DNO earth connection is of adequate capacity.

9 NETWORK CONNECTION DESIGN AND OPERATION
9.1 General Criteria
9.1.1 As outlined in Section 5, DNOs have to meet certain P

statutory and Distribution Licence obligations when
designing and operating their Distribution Networks.
These obligations will influence the options for connecting
Power Generating Modules.

9.1.2 The technical and design criteria to be applied in the P
design of the Distribution Network and Power Generating
Module connection are detailed in this document and
DPC 4 of the Distribution Code. The criteria are based
upon the performance requirements of the Distribution
Network necessary to meet the above obligations.

9.1.3 The Distribution Network, and any Power Generating P
Module connection to that network, shall be designed:
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(a) to comply with the obligations (to include security, P
frequency and voltage; voltage disturbances and
harmonic distortion; auto reclosing and single phase
protection operation).

(b) according to design principles in relation to P
Distribution Network’s plant and equipment, earthing,
voltage regulation and control, and protection as outlined
in DPC4, subject to any Modification to which the DNO
may reasonably consent.

9.1.4 Power Generating Modules should meet a set of technical P
requirements in relation to its performance with respect to
frequency and voltage, control capabilities, protection
coordination requirements, Phase (Voltage) Unbalance
requirements, neutral earthing provisions, islanding and
Black Start Capability as applicable. The technical
connection requirements in this chapter are common to
all Power Generating Modules.

9.1.5 In addition requirements for Type A Power Generating P
Modules are detailed in Section 11. Requirements for
Type B Power Generating Modules are detailed in
Section 12. Requirements for Type C and Type D Power
Generating Modules are detailed in Section 13.

9.2 Network Connection Design for Power Generating Modules P
9.3 Step Voltage Change and Rapid Voltage Change P
9.4 Power Quality P
9.4.1 Introduction P
9.4.1.1 The connection and operation of Power Generating P

Modules may cause Phase (Voltage) Unbalance and/or a

distortion of the Distribution Network voltage waveform

resulting in voltage fluctuations and harmonics.
9.4.2 Flicker P

9.4.2.1 Where the input motive power of the Power Generating See appended table. P
Module may vary rapidly, causing corresponding changes
in the output power, flicker may result. The operation of a
Power Generating Module including synchronisation, run-
up and desynchronisation shall not result in flicker that
breaches the limits for flicker that is non-compliant with
EREC P28.

9.4.2.2 The supply impedance of the Distribution Network needs P
to be considered to ensure that the emissions produced
by the Power Generating Module do not cause a problem
on the Distribution Network.
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9.4.2.3 For Power Generating Modules up to 17 kW per phase or P
50 kW three phase voltage step change and flicker
measurements as required by BS EN 61000-3-11 shall be
made and recorded in the test declaration form A2-1 or
form A2-3 as applicable for the Power Generating
Module. The DNO will use these declared figures to
calculate the required maximum supply impedance
required for the connection to comply with EREC P28.
This calculation may show that the voltage fluctuations
will be greater than those permitted and hence
reinforcement of the Distribution Network may be required
before the Power Generating Module can be connected.
Detailed testing requirements are described in Annex A.7.

9.4.3 Harmonic Emissions

9.4.3.1 Harmonic currents produced within the Generator’s
system and modification of the harmonic impedance
caused by the addition of the Generator’s installation may
cause excessive harmonic voltage distortion in the
Distribution Network. The Generator’s Installation must be
designed and operated to comply with the planning
criteria for harmonic voltage distortion as specified in
EREC G5. EREC G5, like all planning standards
referenced in this recommendation, is applicable at the
time of connection of additional equipment to a
Generator’s Installation.

9.4.3.2 For Power Generating Modules of up to 17 kW per phase P
or 50 kW three phase harmonic measurements as
required by BS EN 61000-3-12 shall be made and
recorded in the test declaration form A2-1 or form A2-3 as
applicable for the Power Generating Module. The DNO
will use these declared figures to calculate the required
maximum supply impedance required for the connection
to comply with BS EN 61000-3-12 and will use this data in
their design of the connection for the Power Generating
Module. This standard requires a minimum ratio between
source fault level and the size of the Power Generating
Module, and connections in some cases may require the
installation of a transformer between 2 and 4 times the
rating of the Power Generating Module in order to accept
the connection to a DNO’s Distribution Network. Detailed
testing requirements are described in Annex A.7

9.4.3.3 | Where the Power Generating Module is connected via a N/A
long cable circuit the likelihood of a resonant condition is
greatly increased, especially at 132 kV. This arises from
the reaction of the transformer inductance with the cable
capacitance. Resonance is likely in the low multiples of
the fundamental frequency (8th-11th harmonic). The
resonant frequency is also a function of the Total System
fault level. If there is the possibility that this can change
significantly eg by the connection of another Power
Generating Module then a full harmonic study should be
carried out.

9.4.4 Voltage imbalance P
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9441 EREC P29 is a planning standard which provides limits P
for voltage unbalance caused by uneven loading of three
phase supply systems. Power Generating Modules
should be capable of performing satisfactorily under the
conditions it defines. The existing voltage unbalance on
an urban Distribution Network rarely exceeds 0.5% but
higher levels, in excess of 1%, may be experienced at
times of high load and when outages occur at voltage
levels above 11 kV. 1% may exist continuously due to
unbalance of the system impedance (common on remote
rural networks). In addition, account can be taken of the
neutralising effect of rotating plant, particularly at 11 kV
and below. BS EN 50160 contains details of the
variations and disturbances to the voltage which shall be
taken into account in selecting equipment from an
appropriate specification for installation on or connected
to the Distribution Network.

9.44.2 The level of voltage unbalance at the Point Of Common Info.
Coupling should be no greater than 1.3% for systems with
a nominal voltage below 33 kV, or 1% for other systems
with a nominal voltage no greater than 132 kV. Overall,
voltage unbalance should not exceed 2% when assessed
over any one minute period. EREC P29, like all planning
standards, is applicable at the time of connection.

9.4.4.3 For Power Generating Facilities of 50 kW or less Section N/A
7.5 of this document specifies maximum unbalance of
Power Generating Modules. Where these requirements
are met then no further action is required by the
Generator.

9.4.5 Power Factor correction equipment is sometimes used P
with Power Park Modules to decrease Reactive Power
flows on the Distribution Network. Where the Power
Factor correction equipment is of a fixed output, stable
operating conditions in the event of loss of the DNO
supply are extremely unlikely to be maintained, and
therefore no special protective actions are required in
addition to the standard protection specified in this

document.
9.4.6 DC Injection P
9.4.6.1 The effects of, and therefore limits for, DC currents See appended table.

injected into the Distribution Network is an area currently
under investigation. Until these investigations are
concluded the limit for DC injection is less than 0.25% of
the AC rating per Power Generating Module.

9.4.6.2 The main source of these emissions are from P
transformer-less Inverters. Where necessary DC emission
requirements can be satisfied by installing a transformer
on the AC side of an Inverter.

9.5 System Stability P

9.5.1 Instability in Distribution Networks may result in P
unacceptable quality of supply and tripping of Generator’s
plant. In severe cases, instability may cascade across the
Distribution Network, resulting in widespread tripping and
loss of demand and generation. There is also a risk of
damage to plant.
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9.5.2 In general, System Stability is an important consideration P
in the design of Power Generating Module connections to
the Distribution Network at 33 kV and above. Stability
considerations may also be appropriate for some Power
Generating Module connections at lower voltages. The
risks of instability generally increase as Power Generating
Module capacity increases relative to the fault level infeed
from the Distribution Network at the Connection Point.
9.5.3 System Stability may be classified into several forms, P
according firstly to the main system variable in which
instability can be observed, and secondly to the size of
the system disturbance. In Distribution Networks, the
forms of stability of interest are rotor angle stability and
voltage stability.

9.5.3.1 Rotor angle stability refers to the ability of synchronous N/A
machines in an interconnected system to remain in
Synchronism after the system is subjected to a
disturbance.

9.5.3.2 Voltage stability refers to the ability of a system to P
maintain acceptable voltages throughout the system after
being subjected to a disturbance.

9.5.3.3 Both rotor angle stability and voltage stability can be N/A
further classified according to the size of the disturbance.
9.5.3.4 Small-disturbance stability refers to the ability of a system P

to maintain stability after being subjected to small
disturbances such as small changes in load, operating
points of Power Generating Modules, transformer tap-
changing or other normal switching events.

9.5.3.5 Large-disturbance stability refers to the ability of a system P
to maintain stability after being subjected to large
disturbances such as short-circuit faults or sudden loss of
circuits or Power Generating Modules.

9.5.3.6 Traditionally, large-disturbance rotor angle stability (also N/A
referred to as transient stability) has been the form of
stability predominantly of interest in Distribution Networks
with synchronous machines. However, it should be noted
that the other forms of stability may also be important and
may require consideration in some cases.

9.5.4 It is recommended that a Power Generating Module and P
its connection to the Distribution Network be designed to
maintain stability of the Distribution Network for a defined
range of initial operating conditions and a defined set of
system disturbances.

9541 The range of initial operating conditions should be based P
on those which are reasonably likely to occur over a year
of operation. Variables to consider include system loads,
system voltages, system outages and configurations, and
Power Generating Module operating conditions.

9.5.4.2 The system disturbances for which stability should be P
maintained should be selected on the basis that they
have a reasonably high probability of occurrence. It is
recommended that these include short-circuit faults on
single Distribution Network circuits (such as transformers,
overhead lines and cables) and busbars, that are quickly
cleared by main protection.
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9.5.5 With the system in its normal operating state, it is P
desirable that all Power Generation Modules remain
connected and stable for any of the following credible
fault outages,

(@) any one single circuit overhead line, transformer
feeder or cable circuit, independent of length,

(b) any one transformer or reactor,

(c) any single section of busbar at or nearest the point of
connection where busbar protection with a total clearance
time of less than 200ms is installed,

(d) if demand is to be secured under a second circuit
outage as required by EREC P2, fault outages (a) or (b),
overlapping with any pre-existing first circuit outage,
usually for maintenance purposes. In this case the
combination of circuit outages considered should be that
causing the most onerous conditions for System Stability,
taking account of the slowest combination of main
protection, circuit breaker operating times and strength of
the connections to the system remaining after the faulty
circuit or circuits have been disconnected.

9.5.6 It should be noted that it is impractical and uneconomical P
to design for stability in all circumstances. This may
include double circuit fault outages and faults that are
cleared by slow protection. Power Generating Modules
that become unstable following system disturbances shall
be disconnected as soon as possible to reduce the risk of
plant damage and disturbance to the system.

9.5.7 Various measures may be used, where reasonably P
practicable, to prevent or mitigate system instability.
These may include Distribution Network and Power
Generating Module solutions, such as:

(a) from the Distribution Network at the Connection Point.
improved fault clearance times by means of faster
protection;

(b) improved performance of Power Generating Module
control systems (excitation and governor/prime mover
control systems; Power System Stabilisers to improve
damping);

(c) improved system voltage support (provision from
either Power Generating Module or Distribution Network
plant);

(d) reduced plant reactance’s (if possible);

(e) installation of protection to identify pole-slipping;

(f) increased fault level infeed.

In determining mitigation measures which are reasonably
practicable, due consideration should be given to the cost
of implementing the measures and the benefits to the
Distribution Network and Generators in terms of reduced
risk of system instability.

9.6 Island Mode P
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9.6.1 A fault or planned outage, which results in the P
disconnection of a Power Generating Module, together
with an associated section of Distribution Network, from
the remainder of the Total System, creates the potential
for island mode operation. It will be necessary for the
DNO to decide, dependent on local network conditions, if
it is desirable for the Generators to continue to generate
onto the islanded DNQO’s Distribution Network. The key
potential advantage of operating in Island Mode is to
maintain continuity of supply to the portion of the
Distribution Network containing the Power Generating
Module. The principles discussed in this section generally
also apply where Power Generating Modules on a
Generator’s site is designed to maintain supplies to that
site in the event of a failure of the DNO supply.

9.6.2 When considering whether Power Generating Modules P
can be permitted to operate in island mode, detailed
studies need to be undertaken to ensure that the islanded
system will remain stable and comply with all statutory
obligations and relevant planning standards when
separated from the remainder of the Total System. Before
operation in island mode can be allowed, a contractual
agreement between the DNO and Generator must be in
place and the legal liabilities associated with such
operation must be carefully considered by the DNO and
the Generator. Consideration should be given to the
following areas:

(a) load flows, voltage regulation, frequency regulation, P
voltage unbalance, voltage flicker and harmonic voltage
distortion;

(b) earthing arrangements;

(c) short circuit currents and the adequacy of protection
arrangements;

(d) System Stability;

(e) resynchronisation to the Total System;

(f) safety of personnel.

9.6.3 Suitable equipment will need to be installed to detect that P
an island situation has occurred and an intertripping
scheme is preferred to provide absolute discrimination at
the time of the event. Confirmation that a section of
Distribution Network is operating in island mode, and has
been disconnected from the Total System, will need to be
transmitted to the Power Generating Module(s) protection
and control schemes.

9.6.4 The ESQCR requires that supplies to Customers are P
maintained within statutory limits at all times ie when they
are supplied normally and when operating in island mode.
Detailed system studies including the capability of the
Power Generating Module and its control / protections
systems will be required to determine the capability of the
Power Generating Module to meet these requirements
immediately as the island is created and for the duration
of the island mode operation.
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9.6.5

The ESQCR also require that Distribution Networks are
earthed at all times. Generators, who are not permitted to
operate their installations and plant with an earthed star-
point when in parallel with the Distribution Network, must
provide an earthing transformer or switched star-point
earth for the purpose of maintaining an earth on the
system when islanding occurs. The design of the earthing
system that will exist during island mode operation should
be carefully considered to ensure statutory obligations are
met and that safety of the Distribution Network to all users
is maintained. Further details are provided in Section 8.

P

9.6.6

Detailed consideration must be given to ensure that
protection arrangements are adequate to satisfactorily
clear the full range of potential faults within the islanded
system taking into account the reduced fault currents and
potential longer clearance times that are likely to be
associated with an islanded system.

9.6.7

Switchgear shall be rated to withstand the voltages which
may exist across open contacts under islanded
conditions. The DNO may require interlocking and
isolation of its circuit breaker(s) to prevent out of phase
voltages occurring across the open contacts of its
switchgear. Intertripping or interlocking should be agreed
between the DNO and the Generator where appropriate.

It's depended on Installer.

N/A

9.6.8

It will generally not be permissible to interrupt supplies to
DNO Customers for the purposes of resynchronisation.
The design of the islanded system must ensure that
synchronising facilities are provided at the point of
isolation between the islanded network and the DNO
supply. Specific arrangements for this should be agreed
and recorded in the Connection Agreement with the DNO.
If no facilities exist for the subsequent resynchronisation
with the rest of the DNO’s Distribution Network then the
Generator will, under DNO instruction, ensure that the
Power Generating Module is disconnected for
resynchronisation.

9.7

Fault Contributions and Switchgear Considerations

10

Protection

10.1

General

10.1.1

The main function of the protection systems and settings
described in this document is to prevent the Power
Generating Module supporting an islanded section of the
Distribution Network when it would or could pose a
hazard to the Distribution Network or Customers
connected to it. The settings recognize the need to avoid
nuisance tripping and therefore require a two stage
approach where practicable, ie to have a long time delay
for smaller excursions that may be experienced during
normal Distribution Network operation, to avoid nuisance
tripping, but with a faster trip, where possible, for greater
excursions.

T|V|T|(T
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10.1.2 In accordance with established practice it is for the P
Generator to install, own and maintain this protection. The
Generator can therefore determine the approach, ie per
Power Generating Module or per installation, and where
in the installation the protection is sited.

10.1.3 Where a common protection system is used to provide P
the protection function for multiple Power Generating
Modules the complete installation cannot be considered
to comprise Fully Type Tested Power Generating
Modules if the protection and connections are made up
on site and so cannot be factory tested or Type Tested. If
the units or Power Generating Modules are specifically
designed to be interconnected on site via plugs and
sockets, then provided the assembly passes the function
tests required in Annex A.2 (Form A2-4), the Power
Generating Modules can retain Type Tested status.

10.1.4 Type Tested Interface Protection shall have protection P
settings set during manufacture. An Interface Protection
device or relay can only be considered Type Tested if:

(a) The frequency and LoM protection settings are factory
set in firmware by the Manufacturer to those in Table 10.1
and cannot be changed outside the factory (except as
provided by (e) below).

(b) The voltage protection settings are factory set to those
in Table 10.1 and can be changed by agreement with the
DNO and by personnel specifically instructed by the
Generator to make this change.

(c) The access by the personnel specifically instructed
shall be controlled by a password, pin or a physical switch
that has the facility to be sealed.

(d) Any Interface Protection device functionality other
than the voltage protection settings (eg such as any auto
reclosing functionality) can only be changed by personnel
specifically empowered to do so by the Generator.

(e) Any changes to device firmware etc, where Type
Tested status is to be retained, outside of the original
factory environment shall be undertaken by personnel
specifically empowered and equipped for that task by the
Manufacturer.

10.1.5 Once the Power Generating Modules has been installed P
and commissioned the protection settings shall only be
altered following written agreement between the DNO
and the Generator.

10.1.6 In exceptional circumstances additional protection may be P
required by the DNO to protect the Distribution Network
and its Customers from the Power Generating Module.

10.1.7 Note that where the Generator installs an Export Limiting P
Scheme in accordance with EREC G100 the installation
will also need to comply with the requirements of that
EREC.

10.2 Co-ordinating with DNO’s Distribution Network’s Existing Protection P
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10.2.1 It will be necessary for the protection associated with P
Power Generating Modules to co-ordinate with the
Protection associated with the DNO’s Distribution
Network as follows:

(a) For Power Generating Modules directly connected to
the DNO'’s Distribution Network the Power Generating
Module must meet the target clearance times for fault
current interchange with the DNO’s Distribution Network
in order to reduce to a minimum the impact on the DNO’s
Distribution Network of faults on circuits owned by the
Generator.

The DNO will ensure that the DNO protection settings
meet its own target clearance times.

The target clearance times are measured from fault
current inception to arc extinction and will be specified by
the DNO to meet the requirements of the relevant part of
the Distribution Network.

(b) The settings of any protection controlling a circuit
breaker or the operating values of any automatic
switching device at any point of connection with the
DNO’s Distribution Network, as well as the Generator’s
maintenance and testing regime, shall be agreed
between the DNO and the Generator in writing during the
connection consultation process.

It will be necessary for the Power Generating Module P
protection to co-ordinate with any auto-reclose policy
specified by the DNO. In particular the Power Generating
Module protection should detect a loss of mains situation
and disconnect the Power Generating Module in a time
shorter than any auto reclose dead time. This should
include an allowance for circuit breaker operation and
generally a minimum of 0.5 s should be allowed for this.
For auto-reclosers set with a dead time of 3 s, this implies
a maximum Interface Protection response time of 2.5 s.
Where auto-reclosers have a dead time of less than 3 s,
there may be a need to reduce the operating time of the
Interface Protection. For Type Tested Power Park
Modules no changes are required to the operating times
irrespective of the auto-reclose times. In all other cases
where the auto-recloser dead time is less than 3 s the
Generator will need to agree site-specific Interface
Protection settings with the DNO.

10.2.2 Specific protection required for Power Generating P
Modules

In addition to any protection installed by the Generator to
meet his own requirements and statutory obligations on
him, the Generator must install protection to achieve the
following objectives:
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(a) For all Power Generating Modules: P
i. To disconnect the Power Generating Module from the
system when a system abnormality occurs that results in
an unacceptable deviation of the frequency or voltage at
the Connection Point, recognizing the requirements to
ride through faults as detailed in Sections 12.3 and 13.4;
ii. To ensure the automatic disconnection of the Power
Generating Module, or where there is constant
supervision of an installation, the operation of an alarm
with an audio and visual indication, in the event of any
failure of supplies to the protective equipment that would
inhibit its correct operation.

(b) For polyphase Power Generating Modules: P
i. To inhibit connection of Power Generating Modules to
the system unless all phases of the DNO’s Distribution
Network are present and within the agreed ranges of
protection settings;

ii. To disconnect the Power Generating Module from the
system in the event of the loss of one or more phases of
the DNO'’s Distribution Network;

(c) For single phase Power Generating Modules: N/A
i. To inhibit connection of Power Generating Modules to
the system unless that phase of the DNO’s Distribution
Network is present and within the agreed ranges of
protection settings;

ii. To disconnect the Power Generating Module from the
system in the event of the loss of that phase of the DNO’s
Distribution Network;

10.3 Protection Requirements P

10.3.1 Suitable protection arrangements and settings will P
depend upon the particular Generator installation and the
requirements of the DNO’s Distribution Network. These
individual requirements must be ascertained in
discussions with the DNO. To achieve the objectives
above, the protection must include the detection of:

» Under Voltage (1 stage);

» Over Voltage (2 stage);

» Under Frequency (2 stage);

» Over Frequency (1 stage);

* Loss of Mains (LoM).

The LoM protection will depend for its operation on the P
detection of some suitable parameter, for example, rate of
change of frequency (RoCoF), or unbalanced voltages.
More details on LoM protection are given in Section 10.4.

10.3.2 The protective equipment, provided by the Generator, to P
meet the requirements of this section must be installed in
a suitable location that affords visual inspection of the
protection settings and trip indicators and is secure from
interference by unauthorised personnel.

10.3.3 Installation of automatic reconnection systems for Type B, | Type A, B Power P
Type C and Type D shall be subject to prior authorisation | Generating Modules
by the DNO. Unless Generators of Type D Power
Generating Modules have prior authorisation from the
DNO for the installation of automatic reconnection
systems, they must obtain authorisation from the DNO, or
NETSO as applicable, prior to synchronisation.
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10.3.4 The frequency and voltage at the DNQO’s side of the P
supply terminals at the Connection Point must be within
the frequency and voltage ranges of the Interface
Protection as listed in paragraph 10.6.7 for at least 20 s
before the Power Generating Module is allowed to
automatically reconnect to the DNO’s Distribution
Network. There is in general no maximum admissible
ramp rate for Active Power output on connecting or
reconnecting, although it is a requirement to state the
assumed maximum ramp rate for the Power Generating
Module as part of the application for connection.

10.3.5 If automatic resetting of the protective equipment is used, P
there must be a time delay to ensure that healthy supply
conditions exist for a minimum continuous period of 20 s.
Reset times may need to be co-ordinated where more
than one Power Generating Module is connected to the
same feeder. The automatic reset must be inhibited for
faults on the Generator’s Installation.

10.3.6 Protection equipment is required to function correctly P
within the environment in which it is placed and shall
satisfy the following standards:

* BS EN 61000 (Electromagnetic Standards);

* BS EN 60255 (Electrical Relays);

* BS EN 61810 (Electrical Elementary Relays);

* BS EN 60947 (Low Voltage Switchgear and Control
gear);

* BS EN 61869 (Instrument Transformers; Additional
requirements for current transformers).

Where these standards have more than one part, the
requirements of all such parts shall be satisfied, so far as
they are applicable.

10.3.7 Protection equipment and protection functions may be P
installed within, or form part of the Power Generating
Module control equipment as long as:

(a) the control equipment satisfies all the requirements of
Section 10 including the relevant standards specified in
paragraph 10.3.6;

(b) the Power Generating Module shuts down in a
controlled and safe manner should there be an equipment
failure that affects both the protection and control
functionality, for example a power supply failure or
microprocessor failure; and

(c) the equipment is designed and installed so that
protection calibration and functional tests can be carried
out easily and safely using secondary injection
techniques (ie using separate Low Voltage test
equipment).

10.3.8 The health of protection tripping and/or auxiliary supplies P
must be monitored such that any failure of these supplies
is either brought to the immediate attention of the
Generator via an automatic alarm that is monitored by the
Generator in real time, or the failure of the protection
tripping and/or auxiliary supplies causes the Power
Generation Module to be tripped, and reconnection
prevented before restoration of the protection tripping
and/or auxiliary supplies that have been lost.
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10.4 Loss of Mains (LoM) P
10.4.1 To achieve the objectives of Section 10.1.1, in addition to | See appended table. P

protection installed by the Generator for his own
purposes, the Generator must install protection to achieve
(amongst other things) disconnection of the Power
Generating Module from the Distribution Network in the
event of loss of one or more phases of the DNOs supply.
10.4.2 LoM protection is required for all Type A, Type B and P
Type C Power Generating Modules. For Type D Power
Generating Modules the DNO will advise if LoM
protection is required. The requirements of paragraph
10.6.2 apply to LoM protection for all Power Generating
Modules.

10.4.3 A problem can arise for Generators who operate a Power P
Generating Module in parallel with the Distribution
Network prior to a failure of the network supply because if
their Power Generating Module continues to operate in
some manner, even for a relatively short period of time,
there is a risk that when the network supply is restored
the Power Generating Module will be out of Synchronism
with the Total System and suffer damage. LoM protection
can be employed to disconnect the Power Generating
Module immediately after the supply is lost, thereby
avoiding damage to the Power Generating Module.
10.4.4 Where the amount of Distribution Network load that the P
Power Generating Module will attempt to pick up following
a fault on the Distribution Network is significantly more
than its capability the Power Generating Module will
rapidly disconnect, or stall. However, depending on the
exact conditions at the time of the Distribution Network
failure, there may or may not be a sufficient change of
load on the Power Generating Module to be able to
reliably detect the failure. The Distribution Network failure
may result in one of the following load conditions being
experienced by the Power Generating Module:

(a) The load may slightly increase or reduce, but remain
within the capability of the Power Generating Module.
There may even be no change of load;

(b) The load may increase above the capability of the
prime mover, in which case the Power Generating
Module will slow down, even though the alternator may
maintain voltage and current within its capacity. This
condition of speed/frequency reduction can be easily
detected; or

(c) The load may increase to several times the capability
of the Power Generating Module, in which case the
following easily detectable conditions will occur:

* Overload and accompanying speed/frequency reduction
 Over current and under voltage on the alternator
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10.4.5 Conditions (b) and (c) are easily detected by the under P
and over voltage and frequency protection required in this
document. However, condition (a) presents most
difficulty, particularly if the load change is extremely small
and therefore there is a possibility that part of the
Distribution Network supply being supplied by the Power
Generating Module will be out of Synchronism with the
Total System. LoM protection is designed to detect these
conditions.

10.4.6 LoM signals can also be provided by means of P
intertripping signals from circuit breakers that have
operated in response to the Distribution Network fault.

10.4.7 The LoM protection can utilise one or a combination of P
the passive protection principles such as reverse Active
Power flow, reverse Reactive Power and rate of change
of frequency (RoCoF). Alternatively, active methods such
as reactive export error detection or frequency shifting
may be employed. These may be arranged to trip the
interface circuit breaker at the DNO Generator interface,
thus, leaving the Power Generating Module available to
satisfy the load requirements of the site or the Power
Generating Module circuit breaker can be tripped, leaving
the breaker at the interface closed and ready to resume
supply when the Distribution Network supply is restored.
The most appropriate arrangement is subject to
agreement between the DNO and Generator.

10.4.8 Protection based on measurement of reverse flow of P
Active Power or Reactive Power can be used when
circumstances permit and must be set to suit the Power
Generating Module rating, the site load conditions and
requirements for Reactive Power.

10.4.9 Where the Power Generating Facility capacity is such that P
the site will always import power from the Distribution
Network, a reverse power relay may be used to detect
failure of the supply. It will usually be appropriate to
monitor all three phases for reverse power.

10.4.10 |However, where the Power Generating Facilities normal P
mode of operation is to export power, it is not possible to
use a reverse power relay and consequently failure of the
supply cannot be detected by measurement of reverse
power flow. The protection should then be specifically
designed to detect loss of the mains connection using
technigues to detect the rate of change of frequency
and/or Power Factor. All these techniques are susceptible
to Distribution Network conditions and the changes that
occur without islanding taking place. These relays must
be set to prevent islanding but with the best possible
immunity to unwanted nuisance operation.
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10.4.11 |RoCoF relays use a measurement of the period of the P
mains voltage cycle. The RoCoF technique measures the
rate of change in frequency caused by any difference
between prime mover power and electrical output power
of the Power Generating Module over a number of cycles.
RoCoF relays should normally ignore the slow changes
but respond to relatively rapid changes of frequency
which occur when the Power Generating Module
becomes disconnected from the Total System. The
voltage vector shift technique is not an acceptable loss of
mains protection.

10.4.12 | Should spurious tripping present a nuisance to the P
Generator, the cause must be jointly sought with the
DNO. Raising settings on any relay to avoid spurious
operation may reduce a relay's capability to detect
islanding and it is important to evaluate fully such
changes. Annex D.2 provides some guidance for
assessments, which assume that during a short period of
islanding the trapped load is unchanged. In some
circumstances it may be necessary to employ a different
technique, or a combination of techniques to satisfy the
conflicting requirements of safety and avoidance of
nuisance tripping. In those cases where the DNO requires
LoM protection this must be provided by a means not
susceptible to spurious or nuisance tripping, eg
intertripping.

10.4.13 | For aradial or simple Distribution Network controlled by P
circuit breakers that would clearly disconnect the entire
circuit and associated Power Generating Module, for a
LoM event an intertripping scheme can be easy to design
and install. For meshed or ring Distribution Networks, it
can be difficult to define which circuit breakers may need
to be incorporated in an intertripping scheme to detect a
LoM event and the inherent risks associated with a
complex system should be considered alongside those
associated with a using simple, but potentially less
discriminatory LoM relay.

10.4.14 |ltis the responsibility of the Generator to incorporate what P
they believe to be the most appropriate technique or
combination of techniques to detect a LoM event in his
protection systems. This will be based on knowledge of
the Power Generating Module, site and network load
conditions. The DNO will assist in the decision making
process by providing information on the Distribution
Network and its loads. The settings applied must be
biased to ensure detection of islanding under all practical
operating conditions.

10.5 Additional DNO Protection P

10.5.1 Following the DNO connection study, the risk presented P
to the Distribution Network by the connection of a Power
Generating Module may require additional protection to
be installed and may include the detection of:

* Neutral Voltage Displacement (NVD);

* Over Current;

« Earth Fault;

* Reverse Power.
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10.5.2

Neutral Voltage Displacement (NVD) Protection

N/A

10.6

Protection Settings

P

10.6.1

The following notes aim to explain the settings
requirements as given in Section 10.6.7 below.

P

10.6.2

Loss of Mains

A LoM protection of the RoCoF type will generally be
appropriate for Type A, Type B and Type C Power
Generating Modules, but this type of LoM protection must
not be installed for Power Generating Facilities at or
above 50 MW. In those cases where the DNO requires
LoM protection this must be provided by a means not
susceptible to spurious or nuisance tripping, eg
intertripping.

See appended table.

P

10.6.3

Under Voltage

In order to help maintain Total System Stability, the
protection settings aim to facilitate transmission fault ride
through capability (as required in Sections 12.3 and 13.3
below). The overall aim is to ensure that Power
Generating Module is not disconnected from the
Distribution Network unless there is material disturbance
on the Distribution Network, as disconnecting generation
unnecessarily will tend to make an under voltage situation
worse. To maximize the transmission fault ride through
capability a single undervoltage setting of - 20% with a
time delay of 2.5 s should be applied.

See appended table.

10.6.4

Over Voltage

Over voltages are potentially more dangerous than under
voltages and hence the acceptable excursions from the
norm are smaller and time delays shorter, a 2-Stage over
voltage protection6 is to be applied as follows:

» Stage 1 (LV) should have a setting of +14% (ie the LV
statutory upper voltage limit of +10%, with a further 4%
permitted for voltage rise internal to the Generator’s
Installation and measurement errors ), with a time delay
of 1.0 s (to avoid nuisance tripping for short duration
excursions);

« Stage 2 (LV) should have a setting of +19% with a time
delay of 0.5 s (ie recognising the need to disconnect
quickly for a material excursion);

See appended table.

Stage 1 (HV) should have a setting of +10% with a time
delay of 1.0 s (ie the HV statutory upper voltage limit of
+6%, with a further 4% permitted for voltage rise internal
to the Generator’s Installation and measurement errors),
with a time delay of 1.0 s to avoid nuisance tripping for
short duration excursions);

Stage 2 (HV) should have a setting of +13% with a time
delay of 0.5 s (ie recognising the need to disconnect
quickly for a material excursion).
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To achieve high utilisation and Distribution Network P
efficiency, it is common for the HV Distribution Network to
be normally operated near to the upper statutory voltage
limits. The presence of Power Generating Module within
such Distribution Network may increase the risk of the
statutory limit being exceeded, eg when the Distribution
Network is operating abnormally. In such cases the DNO
may specify additional over voltage protection at the
Power Generating Module Connection Point. This
protection will typically have an operating time delay long
enough to permit the correction of transient over voltages
by automatic tap-changers.

10.6.5 Over Frequency See appended table. P
Power Generating Modules are required to stay
connected to the Total System for frequencies up to 52
Hz for up to 15 minutes so as to provide the necessary
regulation to control the Total System frequency to a
satisfactory level. In order to prevent the unnecessary
disconnection of a large volume of smaller Power
Generating Module for all LV and HV connected Power
Generating Module a single stage protection is to be
applied that has a time delay of 0.5 s and a setting of 52
Hz. If the frequency rises to or above 52 Hz as the result
of an undetected islanding condition, the Power
Generating Module will be disconnected with a delay of
0.5 s plus circuit breaker operating time.

10.6.6 Under Frequency See appended table. P
All Power Generating Facilities are required to maintain
connection unless the Total System frequency falls below
47.5 Hz for 20 s or below 47 Hz.

For all LV and HV connected Power Generating Module,
the following 2-stage under frequency protection should
be applied:

» Stage 1 should have a setting of 47.5 Hz with a time
delay of 20 s;

» Stage 2 should have a setting of 47.0 Hz with a time
delay of 0.5 s;

10.6.7 Protection Settings P
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10.6.7.1 Table 10.1 Settings for Long-Term Parallel Operation P
Type A, Type B and Type C Power Generating Type D Power
Modules Generating Modules
and Power
Generating Facilities
LV Protection(1) HV Praotection(1) with a Registered
Capacity > 50 MW
Protection
Function Time Time Thi Time
Trip Setting Delay Trip Setting Delay Settir;v Delay
Setting Setting g Setting
Vg-g-
unv Vo-nt -20% 258" | Vo-gt-20% | 25s" 200 258"
%o
‘ T : V-t +
OV st V-n' + 14% 10s Vip-gp* + 10% 10s 10% 10s
OV st 2 Von'19%° | 055 | Voot +13% 05s
U/F st 47.5Hz 20s 47.5Hz 20s 475 Hz 20s
U/Fst2 470 Hz 05s 470 Hz 05s 47.0 Hz 05s
O/F 52.0Hz 05s 52.0Hz 05s 52.0Hz 05s
LoM 1 Hzs" time delay 0.5 s 1 Hzs™ time delay 0.5 s Intertripping expected
(RoCoF)* 5 y 0. y05s pping exp

(1) HV and LV Protection settings are to be applied P
according to the voltage at which the voltage related
protection reference is measuring, eg:

« If the EREC G99 protection takes its voltage reference
from an LV source then LV settings shall be applied.
Where a private non standard LV network exists the
settings shall be calculated from HV settings values as
indicated by Section 10.6.14;

« If the EREC G99 protection takes its voltage reference
from an HV source then HV settings shall be applied.

TA value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network ie the U/V LV trip setting is 184 V,
the O/V stage 1 setting is 262.2 V and the O/V stage 2
setting is 273.7 V.

TA value to suit the nominal voltage of the HV Connection
Point.

* Might need to be reduced if auto-reclose times are <3 s.
(see 10.2.1).

# Intertripping may be considered as an alternative to the
use of a LoM relay.

$ For voltages greater than 230 V +19% which are
present for periods 0f<0.5 s the Power Generating
Module is permitted to reduce/cease exporting in order to
protect the Power Generating Module.
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The required RoCoF protection requirement is expressed P
in Hertz per second (Hzs). The time delay should begin
when the measured RoCoF exceeds the threshold
expressed in Hzs. The time delay should be reset if
measured RoCoF falls below that threshold. The relay
must not trip unless the measured rate remains above the
threshold expressed in Hzs™ continuously for 500 ms.
Setting the number of cycles on the relay used to
calculate the RoCoF is not an acceptable implementation
of the time delay since the relay would trip in less than
500 ms if the system RoCoF was significantly higher than
the threshold.

(2) Note that the times in the table are the time delays to P
be set on the appropriate relays. Total protection
operating time from condition detection to circuit breaker
opening will be of the order of 100 ms longer than the
time delay settings in the above table with most circuit
breakers, slower operation is acceptable in some cases.
The Manufacturer must ensure that the Interface P
Protection in a Type Tested Power Generating Module is
capable of measuring voltage to an accuracy of +1.5% of
the nominal value and of measuring frequency to + 0.2%
of the nominal value across its operating range of voltage,
frequency and temperature.

10.6.7.2 Table 10.2 — Settings for Infrequent Short-Term Parallel Operation Long-Term Parallel N/A
Type A, Type B and Type C Power Generating Module Operation.
Protection Function LV Protection HV Protection
Trio Seti Time Delay Trip Seti Time Delay
fip wetiing Setting flp >etling Setting
Vep-n' -10% s
un 05s V-9~ -6% 05s
V-n' +14% s
on 05s V-9~ + 6% 05s
U/F 49.5 Hz 05s 49.5 Hz 05s
OF 50.5 Hz 05s 50.5 Hz 05s

TA value of 230 V shall be used in all cases for Power
Generating Facilities connected to a DNO’s LV
Distribution Network (ie the U/V LV trip setting is 207 V
and the O/V trip setting is 262.2 V).

TA value to suit the voltage of the HV Connection Point.

10.6.8 Over and Under voltage protection must operate P
independently for all three phases in all cases.
10.6.9 The settings in Table 10.1 should generally be applied to P

all Power Generating Modules. In exceptional
circumstances Generators have the option to agree
alternative settings with the DNO if there are valid
justifications in that the Power Generating Module may
become unstable or suffer damage with the settings
specified in Table 10.1. The agreed settings should be
recorded in the Connection Agreement.

10.6.10 | Once the settings of relays have been agreed between P
the Generator and the DNO they must not be altered
without the written agreement of the DNO. Any revised
settings should be recorded again in the amended
Connection Agreement.
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10.6.11 | The under/over voltage and frequency protection may be P
duplicated to protect the Power Generating Module when
operating in island mode although different settings may
be required.

10.6.12 | For LV connected Power Generating Modules the voltage P
settings will be based on the 230 V nominal system
voltage. In some cases Power Generating Modules may
be connected to LV systems with non-standard operating
voltages. Paragraph 10.6.14 details how suitable settings
can be calculated based upon the HV connected settings
in Table 10.1. Note that Power Generating Modules with
non-standard LV protection settings need to be agreed by
the DNO on a case by case basis.

10.6.13 |Where an installation contains Power Factor correction No such equipment used. N/A
equipment which has a variable susceptance controlled to
meet the Reactive Power demands, the probability of
sustained generation is increased. For LV installations,
additional protective equipment provided by the
Generator, is required as in the case of self-excited
asynchronous machines.

10.6.14 | Non-Standard private LV networks calculation of N/A
appropriate protection settings
10.6.15 | The Generator shall provide a means of displaying the P

protection settings so that they can be inspected if
required by the DNO to confirm that the correct settings
have been applied. The Manufacturer needs to establish
a secure way of displaying the settings in one of the
following ways:

(a) A display on a screen which can be read;

(b) A display on an electronic device which can
communicate with the Power Generating Module and
confirm that it is the correct device by means of a
Identification number / name permanently fixed to the
device and visible on the electronic device screen at the
same time as the settings;

(c) Display of all settings including nominal voltage and
current outputs, alongside the identification number /
name of the device, permanently fixed to the Power
Generating Module.

The provision of loose documents, documents attached P
by cable ties etc., a statement that the device conforms
with a standard, or provision of data on adhesive paper
based products which are not likely to survive due to
fading, or failure of the adhesive, for at least 20 years is
not acceptable.

The protection arrangements (including changes to
protection arrangements) for individual schemes will be
agreed between the Generator and the DNO in
accordance with this document.

10.6.16 | Whilst the protection schemes and settings for internal P
electrical faults should mitigate any damage to the Power
Generating Module they must not jeopardise the
performance of a Power Generating Module, in line with
the requirements set out in this EREC.
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10.6.17

The Generator shall organise its protection and control
devices in accordance with the following priority ranking
(from highest to lowest) for Type B, Type C and Type D
Power Generating Modules:

(a) network and Power Generating Module protection;
(b) synthetic inertia, if applicable;

uency control (Active Power adjustment -if any);

(d) power restriction (if any); and

(e) power gradient constraint (if any).

P

10.6.18

For the avoidance of doubt where an internal fault on the
Power Generating Module occurs during any significant
event on the Total System, the Power Generating
Module’s internal protection should trip the module to
ensure safety and minimise damage to the Power
Generating Module.

10.7

Typical Protection Application Diagrams

Info.

10.7.1

This Section provides some typical protection application
diagrams in relation to parallel operation of Power
Generating Modules within DNO Distribution Networks.
The diagrams only relate to DNO requirements in respect
of the connection to the Distribution Network and do not
necessarily cover the safety of the Generator’s
Installation. The diagrams are intended to illustrate typical
installations.

Info.

11

Type A Power Generating Module Technical Requirements

111

Power Generating Module Performance and Control Requirements — General

1111

The requirements of this Section 11 do not apply in full to
Power Generation Facilities that are designed and
installed for infrequent short term parallel operation only
nor to storage Power Generation Modules within the
Power Generating Facility — refer to Annex A.4.

11.1.2

The Active Power output of a Power Generating Module
should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

11.1.3

Power Generating Modules connected to the DNO’s
Distribution Network shall be equipped with a logic
interface (input port) in order to cease Active Power
output within 5 s following an instruction being received at
the input port.

11.1.3.1

By default the DNO logic interface will take the form of a
simple binary output that can be operated by a simple
switch or contactor. When the switch is closed the Power
Generating Module can operate normally. When the
switch is opened the Power Generating Module will
reduce its Active Power to zero within 5 s. The signal
from the Power Generating Module that is being switched
can be either AC (maximum value 240 V) or DC
(maximum value 110 V). If the DNO wishes to make use
of the facility to cease Active Power output the DNO will
agree with the Generator how the communication path is
to be achieved.
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11.1.4 Each item of a Power Generating Module and its P
associated control equipment must be designed for stable
operation in parallel with the Distribution Network.

11.15 When operating at rated power the Power Generating P
Module shall be capable of operating at a Power Factor
within the range 0.95 lagging to 0.95 leading relative to
the voltage waveform unless otherwise agreed with the
DNO.

11.1.6 As part of the connection application process the P
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. The control
scheme, the settings, and any changes to the settings,
shall be agreed with the DNO and recorded in the
Connection Agreement. The information to be provided is
detailed in Schedule 5a and Schedule 5b of the Data
Registration Code.

11.1.7 Load flow and System Stability studies may be necessary P
to determine any output constraints or post fault actions
necessary for n-1 fault conditions and credible n-2
conditions (where n-1 and n-2 conditions are the first and
second outage conditions as, for example, specified in
EREC P2) involving a mixture of fault and planned
outages. The Connection Agreement should include
details of the relevant outage conditions. It may be
necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating

Module.
11.2 Frequency response P
11.2.1 Under abnormal conditions automatic low-frequency load- P

shedding provides for load reduction down to 47 Hz. In
exceptional circumstances, the frequency of the DNO’s
Distribution Network could rise above 50.5 Hz. Therefore
all Power Generating Modules should be capable of
continuing to operate in parallel with the Distribution
Network in accordance with the following:

(a) 47 Hz — 47.5 Hz Operation for a period of at least 20 s | See appended table. P
is required each time the frequency is within this range.
(b) 47.5 Hz — 49.0 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(c) 49.0 Hz — 51.0 Hz Continuous operation of the Power
Generating Module is required.

(d) 51.0 Hz -51.5 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(e) 51.5 Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is within this
range.
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11.2.2 With regard to the rate of change of frequency withstand P
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs?! as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

11.2.3 Output power with falling frequency See appended table.

11.2.3.1 |Each Power Generating Module, must be capable of:

(a) continuously maintaining constant Active Power P
output for system frequency changes within the range
50.5 to 49.5 Hz; and
(b) (subject to the provisions of paragraph 11.2.1) P
maintaining its Active Power output at a level not lower
than the figure determined by the linear relationship
shown in Figure 11.1 for system frequency changes
within the range 49.5 to 47 Hz for all ambient
temperatures up to and including 25°C, such that if the
system frequency drops to 47 Hz the Active Power output
does not decrease by more than 5%.
1 1
47.0 Frequency 495 505

100% of Active
Power

95% of Active
Power

Figure 11.1 Change in Active Power with falling frequency

11.2.3.2 |For the avoidance of doubt in the case of a Power P
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.

11.2.4 Limited Frequency Sensitive Mode — Over frequency

11.2.4.1 |Each Power Generating Module shall be capable of P
reducing Active Power output in response to frequency on
the Total System when this rises above 50.4 Hz. The
Power Generating Module shall be capable of operating
stably during LFSM-O operation. If a Power Generating
Module has been contracted to operate in Frequency
Sensitive Mode the requirements of LFSM-O shall apply
when frequency exceeds 50.5 Hz.
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(a) The rate of change of Active Power output must be at
a minimum a rate of 2% of output per 0.1 Hz deviation of
system frequency above 50.4 Hz (ie a Droop of 10%) as
shown in Figure 11.2. For the avoidance of doubt, this
would not preclude a Generator from designing their
Power Generating Module with a Droop of less than 10%,
but in all cases the Droop should be 2% or greater.

See appended table. P

(b) The Power Generating Module shall be capable of
initiating a power frequency response with an initial delay
that is as short as possible. If the initial delay exceeds 2 s
the Generator shall justify the delay, providing technical
evidence to the DNO, who will pass this evidence to the
NETSO.

(c) For deviations in frequency up to 50.9Hz at least half
of the proportional reduction in Active Power output shall
be achieved within 10 s of the time of the frequency
increase above 50.4 Hz.

(d) For deviations in frequency beyond 50.9 Hz the
measured rate of change of Active Power reduction shall
exceed 0.5% s-1 of the initial output.

(e) The LFMS-O response shall be reduced when the
frequency subsequently falls again and, when to a value
less than 50.4 Hz, at least half the proportional increase
in Active Power shall be achieved in 10 s. For a
frequency excursion returning from beyond 50.9 Hz the
measured rate of change Active Power increase shall
exceed 0.5% s-1.

(f) If the reduction in Active Power is such that the Power
Generation Module reaches its Minimum Stable
Operating Level, it shall continue to operate stably at this
level.

ek

rar

* Ppristhe Registered Capacity(taking irto
account any Generding Units not in service)

495 a0a 51 515 52 525

Hz

0% droop

Pryizthereference Active Power to which &F iz related and. AP isthe change in Active Power
output from the Power Generating Module

Figure 11.2 Active Power Frequency Response capability when operating
in LFSM-O

11.2.4.2

When the Power Generating Module is providing Limited
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to, or is below,
50.4 Hz.
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11.2.4.3 | Steady state operation below Minimum Generation is not P
expected but if system operating conditions cause
operation below Minimum Generation which give rise to
operational difficulties then the Generator shall be able to
return the output of the Power Generating Module to an
output of not less than the Minimum Generation.

11.3 Fault Ride Through and Phase Voltage Unbalance P

11.3.1 Where it has been specifically agreed between the DNO P
and the Generator that a Power Generating Facility will
contribute to the DNO’s Distribution Network security, (eg
for compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time.

11.3.2 In the case of phase to phase faults on the DNO’s system P
that are cleared by system back-up protection which will
be within the plant short time rating on the DNO’s
Distribution Network the DNO, on request during the
connection process, will advise the Generator of the
expected Phase (Voltage) Unbalance.

11.4 Voltage Limits and Control P

11.4.1 Where a Power Generating Module is remote from a P
Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, subject to design appraisal of
individual installations.

11.4.2 The connection of a Power Generating Module to the P
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be made
available by the DNO if requested by the Generator.

11.4.3 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.
11.4.4 Automatic Voltage Control (AVC) schemes employed by P

the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to parts
of the Distribution Network operating at lower voltages.
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11.4.5

Power Generating Modules can cause problems if
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using techniques
such as removing the generation circuit from the AVC
scheme using cancellation CTs.

P

12

Type B Power Generating Module Technical Requirements

12.1

Power Generating Module Performance and Control Requirements - General

12.1.2

The Active Power output of a Power Generating Module
should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

12.1.3

Power Generating Modules shall be equipped with a
communication interface (input port) in order to be able to
reduce Active Power output following an instruction at the
input port.

12.1.4

The Power Generating Module and its associated control
equipment shall be designed for stable operation in
parallel with the Distribution Network.

12.1.5

Load flow and System Stability studies may be necessary
to determine any output constraints or post fault actions
necessary for n-1 fault conditions and credible n-2
conditions (where n-1 and n-2 conditions are the first and
second outage conditions as, for example, specified in
EREC P2) involving a mixture of fault and planned
outages. The Connection Agreement should include
details of the relevant outage conditions. It may be
necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating
Module.

12.2

Frequency response

12.2.1

Under abnormal conditions automatic low-frequency load-
shedding provides for load reduction down to 47 Hz. In
exceptional circumstances, the frequency of the DNO’s
Distribution Network could rise above 50.5 Hz. Therefore
all Power Generating Modules should be capable of
continuing to operate in parallel with the Distribution
Network in accordance with the following:
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(a) 47 Hz — 47.5 Hz Operation for a period of at least 20 s | See appended table. P
is required each time the frequency is within this range.
(b) 47.5 Hz — 49.0 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(c) 49.0 Hz — 51.0 Hz Continuous operation of the Power
Generating Module is required.

(d) 51.0 Hz -51.5 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(e) 51.5 Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is within this
range.

12.2.2 With regard to the rate of change of frequency withstand P
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs? as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

12.2.3 Output power with falling frequency

12.2.3.1 |Each Power Generating Module, must be capable of:

(a) continuously maintaining constant Active Power
output for system frequency changes within the range
50.5 to 49.5 Hz; and

(b) (subject to the provisions of paragraph 12.2.1) P
maintaining its Active Power output at a level not lower
than the figure determined by the linear relationship
shown in Figure 12.1 for system frequency changes
within the range 49.5 to 47 Hz for all ambient
temperatures up to and including 25°C, such that if the
system frequency drops to 47 Hz the Active Power output
does not decrease by more than 5%.

I I 1
47.0 Frequency 49.5 50.5

100% of Active
Power

95% of Active
Powier

Figure 12.1 Change in Active Power with falling frequency

12.2.3.2 |For the avoidance of doubt in the case of a Power P
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.
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12.2.4

Limited Frequency Sensitive Mode — Over frequency

P

12.2.4.1

Each Power Generating Module shall be capable of
reducing Active Power output in response to frequency on
the Total System when this rises above 50.4 Hz. The
Power Generating Module shall be capable of operating
stably during LFSM-O operation. If a Power Generating
Module has been contracted to operate in Frequency
Sensitive Mode the requirements of LFSM-O shall apply
when frequency exceeds 50.5 Hz.

P

(a) The rate of change of Active Power output must be at
a minimum a rate of 2% of output per 0.1 Hz deviation of
system frequency above 50.4 Hz (ie a Droop of 10%) as
shown in Figure 12.2. For the avoidance of doubt, this
would not preclude a Generator from designing their
Power Generating Module with a Droop of less than 10%,
but in all cases the Droop should be 2% or greater.

See appended table. P

(b) The Power Generating Module shall be capable of
initiating a power frequency response with an initial delay
that is as short as possible. If the initial delay exceeds 2 s
the Generator shall justify the delay, providing technical
evidence to the DNO, who will pass this evidence to the
NETSO.

(c) For deviations in frequency up to 50.9Hz at least half
of the proportional reduction in Active Power output shall
be achieved within 10 s of the time of the frequency
increase above 50.4 Hz.

(d) For deviations in frequency beyond 50.9 Hz the
measured rate of change of Active Power reduction shall
exceed 0.5% s-1 of the initial output.

(e) The LFMS-O response shall be reduced when the
frequency subsequently falls again and, when to a value
less than 50.4 Hz, at least half the proportional increase
in Active Power shall be achieved in 10 s. For a
frequency excursion returning from beyond 50.9 Hz the
measured rate of change Active Power increase shall
exceed 0.5% s-1.

(f) If the reduction in Active Power is such that the Power
Generation Module reaches its Minimum Stable
Operating Level, it shall continue to operate stably at this
level.

+0.5= - P.isthe Registered Capacity (taking into

account any G enerating Units notinservice)

485 50.5 51 5§15 52 5258

1 T T >

Hz

10% droop

2% droop

Pret is the reference Active Power to which AP is related and. AP isthe change in Active Power
output from the Power Generating Module

Figure 12.2 Active Power Frequency Response capability when
operating in LFSM-0
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12.2.4.2 |When the Power Generating Module is providing Limited P
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to, or is below,
50.4 Hz.

12.2.4.3 | Steady state operation below Minimum Stable Operating P
Level is not expected but if system operating conditions
cause operation below Minimum Stable Operating Level
which give rise to operational difficulties then the
Generator shall be able to return the output of the Power
Generating Module to an output of not less than the
Minimum Stable Operating Level.

12.3 Fault Ride Through and Phase Voltage Unbalance P

12.3.1 Paragraphs 12.3.1.1 to 12.3.1.7 inclusive set out the Fault P
Ride Through, principles and concepts applicable to
Synchronous Power Generating Modules and Power Park
Modules, subject to disturbances from faults on the
Network up to 140 ms in duration.

12.3.1.1 |Each Synchronous Power Generating Module and Power P
Park Module is required to remain connected and stable
for any balanced and unbalanced fault where the voltage
at the Connection Point remains on or above the heavy
black line shown in Figures 12.3 and 12.4 below.
12.3.1.2 | The voltage against time curves defined in Table 12.1 P
and Table 12.2 express the lower limit (expressed as the
ratio of its actual value and its reference 1pu) of the
actual course of the phase to phase voltages (or phase to
earth voltage in the case of asymmetrical/unbalanced
faults) on the network voltage level at the Connection
Point during a symmetrical or asymmetrical/unbalanced
fault, as a function of time before, during and after the
fault.

12313 Connection Point N/A

Voltage {p.u) NOTTOSCALE

1.0
0.9
(Urec2)

0.7
{Uclear’
{Urec1)

03
{Uret)

0.0 [ [ [ : ! i !
1} 0.14 0.45 1.50
ftclear) {trec2) {trec3)
({rect)

Time(s)

Figure 12.3 - Voltage against time curve applicable to Type B
Synchronous Power Generating Modules
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12.3.1.4 Table 12.1 Voltage against time parameters applicable to Type B N/A

Synchronous Power Generating Modules

Woltage param eters Time parameters
(pu) (s)
U ret 0.3 telaar 0.14
Uclear 0.7 treet 0.14
Ureet 0.7 trecz 045
Urecz 0a trecz 1.5
12 . 3 . l . 5 ConnectionPoint P
Voltage (p-u) HOTTOSCALE
1.00
[ —
085
Urec2)
010
(Uret)
Uclear)
Urec1)
0.00 } t t 1 /s
0 044 2.20 180 .
(tclear) (trec3) Time (z)

ftrect)
ftrec2)

Figure 12.4 - Voltage against time curve applicable to Type B Power Park

Modules
12.3.1.6 Table 12.2 Voltage against time parameters applicable to Type B Power P
Park Modules
Yoltage parameters (pu} Time parameters {s)
Urat 0.1 tetear 014
Uelear 0.10 frest 0.14
Ureen 010 trecz 014
Urecz 0.88 treca 2.2
12.3.1.7 |In addition to the requirements in 12.3.1.2 to 12.3.1.6: P

(a) Each Power Generating Module shall be capable of
satisfying the above requirements at the Connection Point
when operating at Registered Capacity output and
maximum leading Power Factor as specified in paragraph
12.5.1.

(b) The pre-fault voltage shall be taken to be 1.0 pu and P
the post fault voltage shall not be less than 0.9 pu.
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(c) The DNO will publish fault level data under maximum P
demand conditions in the Long Term Development
Statements. To allow a Generator to model the Fault Ride
Through performance of its Power Generating Modules,
the DNO will provide generic fault level values derived
from typical cases. Where necessary, on reasonable
request the DNO will specify the pre-fault and post fault
short circuit capacity (in MVA) at the Connection Point
and will provide additional network data as may
reasonably be required for the Generator to undertake
such study work.

(d) The protection schemes and settings for internal P
electrical faults shall not jeopardise Fault Ride Through
performance as specified in Section 12.3. For the
avoidance of doubt where an internal fault on the Power
Generating Module occurs during a Fault Ride Through
condition, the Power Generating Module’s internal
protection should trip the module to ensure safety and
minimise damage.

(e) Each Power Generating Module shall be designed P
such that within 0.5 s of restoration of the voltage at the
Connection Point to 90% of nominal voltage or greater,
Active Power output shall be restored to at least 90% of
the level immediately before the fault. Once Active Power
output has been restored to the required level, Active
Power oscillations shall be acceptable provided that:

i. The total active energy delivered during the period of P
the oscillations is at least that which would have been
delivered if the Active Power was constant.

ii. The oscillations are adequately damped.

iii. In the event of power oscillations, Power Generating
Modules shall retain steady state stability when operating
at any point on the Generator Performance Chart.

For Power Park Modules, comprising switched reactive P
compensation equipment (such as mechanically switched
capacitors and reactors), such switched reactive
compensation equipment shall be controlled such that it is
not switched in or out of service during the fault but may
act to assist in post fault voltage recovery.

12.3.2 In addition to paragraphs 12.3.1.1 — 12.3.1.7, where it has P
been specifically agreed between the DNO and the
Generator that a Power Generating Facility will contribute
to the DNO’s Distribution Network security (eg for
compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO'’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time
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12.3.3 In the case of phase to phase faults on the DNO’s P
Distribution Network that are cleared by system back-up
protection which will be within the plant short time rating
on the DNOQO’s Distribution Network the DNO, on request
during the connection process, will advise the Generator
of the expected Phase (Voltage) Unbalance.

12.3.4 Other Fault Ride Through Requirements N/A

(a) In the case of a Power Park Module, the requirements N/A
in this Section 12.3. do not apply when the Power Park
Module is operating at less than 5% of its Registered
Capacity or during very high primary energy source
conditions when more than 50% of the Generating Units
in a Power Park Module have been shut down or
disconnected under an emergency shutdown sequence to
protect Generator’s plant and apparatus.

(b) For the avoidance of doubt the requirements specified N/A
in this Section 12.3 do not apply to Power Generating
Modules connected to an unhealthy circuit and islanded
from the Distribution Network even for delayed auto
reclosure times.

12.4 Voltage Limits and Control P

12.4.1 Where a Power Generating Module is remote from a P
Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, subject to design appraisal of
individual installations.

12.4.2 The connection of a Power Generating Module to the P
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be made
available by the DNO if requested by the Generator.

12.4.3 Excitation Performance Requirements N/A

12.4.3.1 |Each Synchronous Generating Unit within a Synchronous N/A
Power Generating Module shall be equipped with a
permanent automatic Excitation System that has the
capability to provide constant terminal voltage (assuming
a high enough Network source impedance to allow the
Power Generating Module to achieve this while remaining
within its ratings) at a selectable setpoint without
instability over the entire operating range of the
Synchronous Power Generating Module.
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12.4.3.2 | The DNO will agree with the Generator the operation of P
the control system of the Synchronous Power Generating
Module or Power Park Module such that it shall
contribute, as agreed, to voltage control or Reactive
Power control or Power Factor control at the Connection
Point. In some cases, for example, on large industrial
sites etc where the Power Generating Module is
embedded in the Generator’s Installation, the DNO and
Generator might agree a different control point, such as
the Power Generating Module’s terminals. The
performance requirements of the control system including
Slope (where applicable) shall be agreed between the
DNO and the Generator.

12.4.3.3 | As part of the connection application process the P
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. These settings,
and any changes to these settings, shall be agreed with
the DNO and recorded in the Connection Agreement. The
information to be provided is detailed in Schedule 5a and
Schedule 5b of the Data Registration Code.

12.4.4 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.
12.4.5 Automatic Voltage Control (AVC) schemes employed by P

the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to parts
of the Distribution Network operating at lower voltages.
Export from Power Generating Modules in excess of the
local loads may result in power flows in the reverse
direction. In this case AVC referenced to the Low Voltage
side may not operate correctly without an import of
Reactive Power and relay settings appropriate to this
operating condition. When load current compounding is
used with the AVC and the penetration level of Power
Generating Modules becomes significant compared to
normal loads, it may be necessary to switch any
compounding out of service.

12.4.6 Power Generating Modules can cause problems if P
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using techniques
such as removing the generation circuit from the AVC
scheme using cancellation CTs.

12.5 Reactive Capability P

12.5.1 When supplying Registered Capacity all Power P
Generating Modules shall be capable of continuous
operation at any points between the limits of 0.95 Power
Factor lagging and 0.95 Power Factor leading at the
Connection Point or the Generating Unit terminals as
appropriate for the Power Generating Facility and as
agreed with the DNO.
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12.5.2 At Active Power output levels other than Registered P
Capacity, all Synchronous Power Generating Modules or
Generating Units within a Power Park Module shall be
capable of continuous operation at any point between the
Reactive Power capability limits identified on the
Generator Performance Chart. Generators should take
any site demand such as auxiliary supplies and the Active
Power and Reactive Power losses of the Power
Generating Module transformer or Station Transformer
into account unless advised otherwise by the DNO.

12.5.3 Where the Power Generating Module is contained within P
a Customer’s Installation comprising both demand and
generation the DNO will advise the Generator if it is more
appropriate for the Power Factor requirements to be
specified at the Power Generating Module terminals,
rather than at the Connection Point. Any specific Power
Factor requirements will be documented in the
Connection Agreement.

12.6 Fast Fault Current Injection

12.6.1 Fast Fault Current injection is necessary to support the
Total System during a fault on the Transmission System.
The design of Fast Fault Current injection is tailored to
this, and does not relate directly to faults on the
Distribution Network, not least as those will tend to have
longer clearing times than those of the Transmission
System for which Fast Fault Current injection is designed.
In this Section 12.6 the faults referred to are
Transmission System faults which clear within 140 ms
and which will be seen in the Distribution Network as a
voltage depression. For this section 12.6 voltage and
current quantities are assumed to be positive phase
seguence values.

12.6.2 Each Power Park Module shall be required to satisfy the P
following requirements:
(a) For any balanced fault on the Transmission System P

which results in the voltage at the Connection Point falling
below 0.9 pu each Power Park Module shall, unless
otherwise agreed with the DNO, be required to inject a
reactive current IR that lies above the heavy black line
shown in Figure 12.5.
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(b) Figure 12.5 defines the reactive current IR that is to be P
supplied during a fault on the Transmission System and
which is dependent on the pre-fault operating conditions,
and the voltage retained at the Connection Point. Each
Power Park Module shall inject a reactive current Ir which
shall not be less than its pre-fault reactive current and
which shall as a minimum increase with the fall in retained
voltage each time the retained voltage at the Connection
Point falls below 0.9 pu, whilst ensuring that the overall
rating of the Power Park Module is not exceeded.

Connection Point Voltage (pu)
/ Normal operation
1.1 R
1.0 X
09

NOT TO SCALE

Operation s not required beyond 1.0pu
but this would not prevent a Power
[ et S femmmm oo T ———» Park Module supplying more reactive
current should itwish to do so

0312 0 0.312 1.0 Reactive current I (pu)

Figure 12.5 - locus of magnitude of injected Reactive Current
(c) In addition each Power Park Module shall be required P
to satisfy the reactive current requirements shown in
Figures 12.6 which shows how the reactive current
should be injected over time from the fault inception. The
injected current shall be above the shaded area shown in
Figure 12.6 (a) and Figure 12.6 (b) with priority being
given to reactive current injection with any residual
capability being supplied as active current. Under any
fault condition, where the voltage falls below 0.9 pu, there
would be no requirement for any Power Park Module or
constituent Generating Unit to exceed its transient or

steady state rating.
Ik (pu)

NOT TO
Acceptable envelope of reactive current injection above SCALE
shaded area.
Ip is a function of the retained voltage from Figure 12.5 and which .
Is not required to exceed 1.0pu -
I
Forbidden
0.65x Al - Operating

* lorgtaun Area

m Blocking

Permitted

lpretaut

0 20 60 Time (ms)

Fault
Clearance

Figure 12.6(a) Chart showing area of reactive current injections for voltage
depressions of < 140 ms duration
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Ik (pu) P
NOT TO -

SCALE
Acceptable envelope of reactive current injection above Forbidden
shaded area. Operating
Area

Iz is a function of the retained voltage from Figure12.5 and Which. B W

is not required to exceed 1.0pu

Blocking
Permitted

0 20 60 120 140 Time (ms)

Fault

Clearance

Figure 12.6(b) Chart showing area of Reactive Current injections for voltage
depressions of > 140 ms duration

(d) For the purposes of this requirement, the maximum P
rated current is taken to be the maximum current each
Generating Unit can supply when operating at Registered
Capacity and 0.95 Power Factor at a nominal voltage of
1.0 pu.

(e) All Power Park Module equipment shall be designed P
to ensure a smooth transition between any of its voltage,
power factor or reactive control modes and fault ride
through mode in order to prevent the risk of instability
which could arise in the transition between the steady
state voltage operating range and abnormal conditions
where the retained voltage falls below 0.90 pu of nominal
voltage. Such a requirement is necessary to ensure
adequate performance between the pre-fault operating
condition of the Power Park Module and its subsequent
behaviour under fault conditions.

(f) Each Power Park Module shall be designed to reduce P
the risk of transient over voltage levels arising following
clearance of the fault and in order to mitigate the risk of
any form of instability which could result. Generators shall
be permitted to block or employ other means where the
anticipated transient over voltage would otherwise exceed
the 1.05 pu of nominal. Figures 12.6 (a) and Figure 12.6
(b) show the impact of variations in fault clearance time
which shall be no greater than 140 ms. The DNO may
agree requirements for the maximum transient over
voltage withstand capability and associated time duration.
Such capability and parameters will be recorded in the
Connection Agreement. Where the Generator is able to
demonstrate to the DNO that blocking or other control
strategies are required in order to prevent the risk of
transient over voltage excursions Generators are required
to both advise and agree with the DNO the control
strategy, which must also include the approach taken to
de-blocking.
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(g) To permit additional flexibility for example from Power P
Park Modules made up of full converter Generating Units,
DFIG Generating Units or induction Generating Units, the
DNO will permit transient deviations below the shaded
area shown in Figures 12.6 (a) or Figure 12.6 (b)
provided that the overall reactive current supplied over
time is greater than the minimum requirement shown in
Figures 12.6 (a) or Figure 12.6 (b). This agreement will be
formalised in the Connection Agreement.

(h) In the case of an unbalanced fault, each Park Module P
or each Generating Unit within a Power Park Module shall
be required to inject maximum reactive current without
exceeding the transient rating of the Power Park Module
(or constituent element thereof).

12.7 Operational monitoring

12.7.1 At each Power Generating Facility the DNO will install its
own Telecontrol/SCADA outstation which will generally
meet all the DNO’s necessary and legal operational data
requirements. The DNO will inform the Generator if
additional specific data are required.

13 Type C and Type D Power Generating Module Type A, B Power N/A
Technical Requirements Generating Modules

13.1 Power Generating Module Performance and Control N/A
Requirements

13.1.2 The Active Power output of a Power Generating Module N/A

should not be affected by voltage changes within the
statutory limits declared by the DNO in accordance with
the ESQCR.

13.1.3 Power Generating Modules shall be capable of adjusting N/A
the Active Power setpoint in accordance with instructions
issued by the DNO.

13.1.4 Any changes to the Active Power or voltage/Reactive N/A
Power control setpoints shall result in the Power
Generating Module achieving the new Active Power or
voltage/Reactive Power output, as appropriate, within 2
minutes.

13.1.5 Each item of a Power Generating Module and its N/A
associated control equipment shall be designed for stable
operation in parallel with the Distribution Network.

13.1.6 Load flow and System Stability studies may be necessary N/A
to determine any output constraints or post fault actions
necessary for n-1 fault conditions and credible n-2
conditions (where n-1 and n-2 conditions are the first and
second outage conditions as, for example, specified in
EREC P2) involving a mixture of fault and planned
outages. The Connection Agreement should include
details of the relevant outage conditions. It may be
necessary under these fault conditions, where the
combination of Power Generating Module output, load
and through flow levels leads to circuit overloading, to
rapidly disconnect or constrain the Power Generating
Module.

13.2 Frequency response N/A
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13.2.1 Under abnormal conditions automatic low-frequency load- N/A
shedding provides for load reduction down to 47 Hz. In
exceptional circumstances, the frequency of the DNO’s
Distribution Network could rise above 50.5 Hz. Therefore
all Power Generating Modules should be capable of
continuing to operate in parallel with the Distribution
Network in accordance with the following:

(a) 47 Hz — 47.5 Hz Operation for a period of at least 20 s | See appended table. N/A
is required each time the frequency is within this range.
(b) 47.5 Hz — 49.0 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(c) 49.0 Hz — 51.0 Hz Continuous operation of the Power
Generating Module is required.

(d) 51.0 Hz -51.5 Hz Operation for a period of at least 90
minutes is required each time the frequency is within this
range.

(e) 51.5 Hz — 52 Hz Operation for a period of at least 15
minutes is required each time the frequency is within this
range.

13.2.2 With regard to the rate of change of frequency withstand N/A
capability, a Power Generating Module shall be capable
of staying connected to the Distribution Network and
operate at rates of change of frequency up to 1 Hzs? as
measured over a period of 500 ms unless disconnection
was triggered by a rate of change of frequency type loss
of mains protection or by the Power Generating Module’s
own protection system for a co-incident internal fault as
detailed in paragraph 10.6.18.

13.2.3 Output power with falling frequency See appended table. N/A

13.2.3.1 |Each Power Generating Module, must be capable of: N/A

(a) continuously maintaining constant Active Power N/A
output for system frequency changes within the range
50.5 to 49.5 Hz; and

(b) (subject to the provisions of paragraph 13.2.1) N/A
maintaining its Active Power output at a level not lower
than the figure determined by the linear relationship
shown in Figure 13.1 for system frequency changes
within the range 49.5 to 47 Hz for all ambient
temperatures up to and including 25°C, such that if the
system frequency drops to 47 Hz the Active Power output
does not decrease by more than 5%.

I T 1
47.0 Freguency 49.5 505

100% of Active
Power

95% of Active
Power

Figure 13.1 Change in Active Power with falling frequency
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13.2.3.2 |For the avoidance of doubt in the case of a Power N/A
Generating Module using an Intermittent Power Source
where the power input will not be constant over time, the
requirement is that the Active Power output shall be
independent of system frequency under (a) above and
should not drop with system frequency by greater than
the amount specified in (b) above.

13.2.4  |Limited Frequency Sensitive Mode — Over frequency N/A

13.2.4.1 |Each Power Generating Module shall be capable of N/A
reducing Active Power output in response to frequency on
the Total System when this rises above 50.4 Hz. The
Power Generating Module shall be capable of operating
stably during LFSM-O operation. If a Power Generating
Module has been contracted to operate in Frequency
Sensitive Mode the requirements of LFSM-O shall apply
when frequency exceeds 50.5 Hz.

(a) The rate of change of Active Power output shall be at | See appended table. N/A
a minimum a rate of 2% of output per 0.1 Hz deviation of
system frequency above 50.4 Hz (ie a Droop of 10%) as
shown in Figure 13.2. For the avoidance of doubt, this
would not preclude a Generator from designing the Power
Generating Module with a Droop of less than 10%, (for
example between 3 — 5%), but in all cases the Droop
should be 2% or greater.

i N/A
P

ref

A

+0.5 4 *+ P.qis the Registered Capacity (taking into
account any Generating Units not in service)

49.5 50.5 51 51.5 52 52.5

Pret is the reference Active Power to which AP is related and. AP is the change in Active Power
output from the Power Generating Module.

Figure 13.2 Active Power Frequency Response capability when operating
in LFSM-O

(b) The reduction in Active Power output shall be N/A
continuously and linearly proportional, as far as is
practicable, to the excess of frequency above 50.4 Hz
and shall be provided increasingly with time over the
period specified in (c) below.

(c) As much as possible of the proportional reduction in N/A
Active Power output shall result from the frequency
control device (or speed governor) action and shall be
achieved within 10 s of the time of the frequency increase
above 50.4 Hz. The Power Generating Module shall be
capable of initiating a power frequency response with an
initial delay that is as short as possible. If the delay
exceeds 2 s the Generator shall justify the delay,
providing technical evidence to the DNO, who will pass
this evidence to the NETSO.
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13.2.4.2 |When the Power Generating Module is providing Limited N/A
Frequency Sensitive Mode Over frequency (LFSM-O)
response it must continue to provide the frequency
response until the frequency has returned to or below
50.4 Hz.

13.2.4.3 | Steady state operation below Minimum Stable Operating N/A
Level is not expected but if system operating conditions
cause operation below Minimum Stable Operating Level
which give rise to operational difficulties then the
Generator shall be able to return the output of the Power
Generating Module to an output of not less than the
Minimum Stable Operating Level.

13.2.5 Limited Frequency Sensitive Mode — Under frequency N/A
(LFSM-V)
13.2.5.1 |Each Power Generating Module shall be capable of See appended table. N/A

increasing Active Power output in response to system
frequency when this falls below 49.5 Hz. it is not
anticipated Power Generating Modules are operated in an
inefficient mode to facilitate delivery of LFSM-U response,
but any inherent capability should be made available
without undue delay. The Power Generating Module shall
be capable of stable operation during LFSM-U Mode.

(a) The rate of change of Active Power output shall be at N/A
a minimum a rate of 2 percent of output per 0.1 Hz
deviation of system frequency below 49.5 Hz (ie a Droop
of 10%) as shown in Figure 13.3 below. This requirement
only applies if the Power Generating Module has
headroom and the ability to increase Active Power output.
In the case of a Power Park Module the requirements of
Figure 13.3 shall be reduced pro-rata to the amount of
Generating Units in service and available to generate. For
example, for a Power Park Module with a Registered
Capacity of 40 MW but with only 80% of the Generating
Units in service Prer would be 32 MW. For the avoidance
of doubt, this would not preclude a Generator from
designing the Power Generating Module with a lower
Droop setting, for example between 3 — 5%.

4P
P

P, is the Registered Capacity

(takinginto accountany 003

Generating Units not in service) 2
s 002

0.014

T T T T —
494 495 496 497 49.8 199 501 50.2 Hz

0.0+

Prris the Registered Capacity, taking into account any Interface Protections not in service to
which AP s related and AP 15 the change in Active Pewer output from the Power Generating
Medule. The Power Generating Module has to provide a positive Active Pewer output change
with a Dreop of 10% oOrless based on Prr.

Figure 13.3 - Limited Frequency Sensitive Mode - Under frequency
capability of Power Generating Modules
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(b) As much as possible of the proportional increase in N/A
Active Power output shall result from the frequency
control device (or speed governor) action and shall be
achieved for frequencies below 49.5 Hz. The Power
Generating Module shall be capable of initiating a power
frequency response with minimal delay. If the delay
exceeds 2 s the Generator shall justify the delay,
providing technical evidence to the DNO who will pass
this evidence to the NETSO.

(c) The actual delivery of Active Power Frequency N/A
Response in LFSM-U mode shall take into account

The ambient conditions when the response is to be
triggered.

The operating conditions of the Power Generating
Module. In particular limitations on operation near
Registered Capacity at low frequencies.

The availability of primary energy sources.

(d) In LFSM-U Mode the Power Generating Module shall N/A
be capable of providing a power increase up to its
Registered Capacity (based on the number of Generating
Units in service at that point in time).

13.2.6  |Frequency Sensitive Mode — (FSM) N/A

13.2.6.1 |Each Power Generating Module will be capable of FSM in N/A
addition to LFSM-O and LFSM-U. By default Power
Generating Modules will be set to operate in LFSM,
unless the Generator has a specific contract with the
NETSO to operate in FSM.

13.2.6.2 | The frequency control device (or speed governor) in co- N/A
ordination with other control devices shall t control each
Power Generating Module Active Power output with
stability over the entire operating range of the Power
Generating Module; and

13.2.6.3 | Power Generating Modules shall also meet the following N/A
minimum requirements:
(a) Power Generating Modules shall be capable of N/A

providing Active Power Frequency Response in
accordance with the performance characteristic shown in
Figure 13.4 and parameters in Table 13.1.

4P
Prr
'y

— 0.10 - Droop setting is 3-5% in GB area.

= P.risthe Registered Capacity
{takinginte accountany
Generating Units not in service)

-0.10

Figure 13.4 — Frequency Sensitive Mode capability of Power Generating
Modules and Power Park Modules
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Table 13.1 — Parameters for Active Power Frequency Response in N/A
Frequency Sensitivity Mode including the mathematical expressions in
Figure 13.4.
Farameter Setting
Mominal system frequency S0 Hz
Active Power as a percentage of Registered Capacity (%) 10%
Frequency Response Insensitivity in mHz (l4£1) +18mHz
Frequency Response Insensitivity as a percentage aof .
nominal frequency (%) +0.03%
Frequency Response Deadband in mHz 0 (mHz)
Droop (%) 3-5%
(b) In satisfying the performance requirements specified N/A

in paragraph 13.2.6.1 Generators in respect of each
Power Generating Module should be aware:

i. in the case of overfrequency, the Active Power
Frequency Response is limited by the Minimum Stable
Operating Level,

ii. in the case of underfrequency, the Active Power
Frequency Response is limited by the Registered
Capacity,

iii. the actual delivery of Active Power Frequency
Response depends on the operating and ambient
conditions of the Power Generating Module when this
response is triggered, in particular limitations on operation
near Registered Capacity at low frequencies as specified
in 13.2.5 and available primary energy sources.

iv. The frequency control device (or speed governor) shall
also be capable of being set so that it operates with an
overall speed Droop of between 3 — 5%. The Frequency
Response Deadband and Droop shall be able to be reset
at any time and as required by the DNO. For the
avoidance of doubt, in the case of a Power Park Module
the speed Droop should be equivalent of a fixed setting
between 3% and 5% applied to each Generating Unit in
service.
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(c) In the event of a frequency step change, each Power
Generating Module shall be capable of activating full and
stable Active Power Frequency Response (without undue
power oscillations), in accordance with the performance
characteristic shown in Figure 13.5 and parameters in
Table 13.2.

AP

Pmax

04254

LR paon
FMM
0075+

0050+

0025+

Time (s}

i = 10s

*1, = 1sfor P ower Generating Modules without Inertia

P max 15 the Registered Capacity to which AP relates. AP isthe change in Active Power
output from the Power Generating Module. The Power Generating Module has to
provide Aetive Pewer output AP up tathe point AP in accordance with the times t4 and
tz with the values of AP, trand tz being specified in Table 13.2. t1 is the initial delay. tz
is the time for full activation.

Figure 13.5 Active Power Frequency Response capability

N/A

Table 13.2 - Parameters for full activation of Active Power Frequency
Response resulting from a frequency step change.

Pararmeter Setting

Active power as a percentage of Registered Capacity

0,
{frequency response range) (I:L“) 10%

ey

W aximum admissible initial delay t1 for Pewer Generating
Meodules with inertia unless justified as specified in 25
13.2.8.3(d)

W aximum admissible initial delay t1 for Power Generating
Meodules which do not contribute to system inertia unless 1s
Jjustified as specified in 13.2.6.3(d)

Activation time 2 0=

Table 13 2 also includes the mathematical expressions used in Figure 135

N/A

(d) The initial activation of Active Power primary
frequency response shall not be unduly delayed. For
Power Generating Modules with inertia the delay in initial
Active Power Frequency Response shall not be greater
than 2 s. For Power Generating Modules without inertia
the delay in initial Active Power Frequency Response
shall not be greater than 1 s. If the Generator cannot
meet this requirement the Generator shall provide
technical evidence to the DNO, who will pass this
evidence to the NETSO, demonstrating why a longer time
is needed for the initial activation of Active Power
Frequency Response.

N/A
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(e) with regard to disconnection due to underfrequency, N/A
Generators responsible for Power Generating Modules
capable of acting as a load, including but not limited to
pumped-storage Power Generating Modules, shall be
capable of disconnecting their load in case of
underfrequency which will be agreed with the DNO. For
the avoidance of doubt this requirement does not apply to
station auxiliary supplies.

(f) In addition to the requirements of Section 13.2.6 each N/A
Power Generating Module shall be capable of meeting
the minimum frequency response requirement profile
subject to and in accordance with the provisions of Annex

C.10.
13.3 Fault Ride Through N/A
13.3.1 Paragraphs 13.3.1.1 to 13.3.1.10 inclusive set out the N/A

Fault Ride Through, principles and concepts applicable to
Synchronous Power Generating Modules and Power Park
Modules, subject to disturbances from faults on the
Network up to 140 ms in duration.

13.3.1.1 |Each Synchronous Power Generating Module and Power N/A
Park Module is required to remain connected and stable
for any balanced and unbalanced fault where the voltage
at the Connection Point remains on or above the heavy
black line shown in Figures 13.6 to 13.9 below.

13.3.1.2 | The voltage against time curves defined in Table 13.3 to N/A
Table 13.6 expresses the lower limit (expressed as the
ratio of its actual value and its reference 1 pu) of the
actual course of the phase to phase voltages (or phase to
earth voltage in the case of asymmetrical/unbalanced
faults) on the network voltage level at Connection Point
during a symmetrical or asymmetrical/unbalanced fault,
as a function of time before, during and after the fault.

13.3.1.3 ConnectionPoint N/A

Voltage (p.u) NOTTOSCALE

1.0
0.9
{Urec2?)

0.7
Uclear)
{Urec1)

0.1
{Uret)

0 T T T T t T
0 0.14 0.45 150 Time (s)
{tclear) {irec2) {trec3)
{trec1)

Figure 13.6 Voltage against time curve applicable to Type C and Type D
Synchronous Power Generating Modules connected below 110 kY

TRF No. G99/1-6_V1.0



Page 60 of 265 Report No.: 6139156.50
G99/1-6

Clause Requirement - Test Result - Remark Verdict

13.3.1.4 Table 13.3 Yoltage against time parameters applicable to Type C and D N/A
Synchronous Power Generating Modules connected below 110 kY

Volt et .
oltage param eters Time param eters (s)
(pu}
U rat 0.1 telear 014
Uclear D? trec1 D14
Ureer 0.7 trecz 0.4s
Urecz 0.8 trecs 1.5
13315 ConnectionPoint N/A
Voltage (p.u) NOT TO SCALE
1.00
0.90
{Urec2)
0.50
{Urect1)
0.25
{Uclear)
000 —t—
(Uret) 0 025 045 1.50 Time (s)
ftrec1)  (trec?) {trec3)

Figure 13.7 - Voltage against time curve applicable to Type D
Synchronous Power Generating Modules connected at or above 110 kY

13.3.1.6 Table 13.4 Voltage against time parameters applicable to Type D N/A
Synchronous Power Generating Modules connected at or above 110 k¥

Yolt t .
oftage parameters Time parameters (s)
(pu)
Ll rat 0 folaar 014
Uelear 0.28 trect 0.25
ot 0.5 treez 0.45
Ureez 04 trees 15
13317 ConnectionP oint N/A
Vokage(p.u} HOT TO SCALE
1.00
090 |
0.85
(Urec?)
010
(Uret)
(Uc lear)| H
(Urec) H
0.00 1 t t t A= t
0 014 2.20 180 Ti
ttelear) ftrec3) ime (s}
ftrec1)
ftrec2)

Figure 13.8 - Voltage against time curve applicable to Type C and Type D
P ower Park Modules connected below 110 k¥
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13.3.1.8 Table 13.5 Voltage against time parameters applicable to Type C and N/A
Type D Power Park Modules connected below 110 kv

Voltage parameters (pu) Time parameters (s)
Ura 0.1 toear 0.14
Ustear 0.10 freet 0.14
Ureen 0.10 T 0.14
Urecz 0.85 trac2 2.2
13319 Connection Point N/A
Voltage (p.u) NOTTOSCALE
1.00
0.90
0.85
(Urec2)
0.00
(Uret) \ y y ' s |
(Uclear) ! ' ! ! !
(Urect) o (,2,;2;]3] 180 Time (s)

Figure 13.9 - Voltage against time curve applicable to Type D Power Park
Modules connected at or above 110 kV

13.3.1.10 Table 13.6 Voltage against time parameters applicable to Type D Power N/A
Park Modules connected at or above 110 k¥

V°'tage(';zr}ammrs Time parameters (s)
Uret 0 tetear 014
U ctear a fret 0.14
Urect 0 frecz 0.14
Ureez 0.85 trecz 22
13.3.1.11 | In addition to the requirements in 13.3.1.3 to 13.3.1.10: N/A

(a) Each Power Generating Module shall be capable of
satisfying the above requirements at the Connection Point
when operating at Registered Capacity output and
maximum leading Power Factor as specified in paragraph
13.5.1.

(b) The pre-fault voltage shall be taken to be 1.0 pu and N/A
the post fault voltage shall not be less than 0.9 pu.
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(c) The DNO will publish fault level data under maximum N/A
demand conditions in the Long Term Development
Statements. To allow a Generator to model the Fault Ride
Through performance of its Power Generating Modules,
the DNO will provide generic fault level values derived
from typical cases. Where necessary, on reasonable
request the DNO will specify the pre-fault and post fault
short circuit capacity (in MVA) at the Connection Point
and will provide additional network data as may
reasonably be required for the Generator to undertake
such study work.

(d) The protection schemes and settings for internal N/A
electrical faults shall not jeopardise Fault Ride Through
performance as specified in paragraphs 13.3. For the
avoidance of doubt where an internal fault on the Power
Generating Module occurs during a Fault Ride Through
condition, the Power Generating Module’s internal
protection should trip the module to ensure safety and
minimise damage.

(e) Each Power Generating Module shall be designed N/A
such within 0.5 s of restoration of the voltage at the
Connection Point to 90% of nominal voltage or greater,
Active Power output shall be restored to at least 90% of
the level immediately before the fault. Once Active Power
output has been restored to the required level, Active
Power oscillations shall be acceptable provided that:

The total active energy delivered during the period of
the oscillations is at least that which would have been
delivered if the Active Power was constant.

The oscillations are adequately damped.

In the event of power oscillations, Power Generating
Modules shall retain steady state stability when operating
at any point on the Generator Performance Chart.

13.3.2 In addition to paragraphs 13.3.1.1 — 13.3.1.11 where it N/A
has been specifically agreed between the DNO and the
Generator that a Power Generating Facility will contribute
to the DNO’s Distribution Network security, (eg for
compliance with EREC P2) the Power Generating
Module(s) may be required to withstand, without tripping,
the effects of a close up three phase fault and the Phase
(Voltage) Unbalance imposed during the clearance of a
close-up phase-to-phase fault, in both cases cleared by
the DNO’s main protection. The DNO will advise the
Generator in each case of the likely tripping time of the
DNO'’s protection, and for phase-phase faults, the likely
value of Phase (Voltage) Unbalance during the fault
clearance time.

13.3.3 In the case of phase to phase faults on the DNO'’s N/A
Distribution Network that are cleared by system back-up
protection which will be within the plant short time rating
on the DNO’s Distribution Network the DNO, on request
during the connection process, will advise the Generator
of the expected Phase (Voltage) Unbalance.
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13.34 Other Fault Ride Through Requirements N/A
(a) In the case of a Power Park Module, the requirements
in paragraph 13.3 do not apply when the Power Park
Module is operating at less than 5% of its Registered
Capacity or during very high primary energy source
conditions when more than 50% of the Generating Units
in a Power Park Module have been shut down or
disconnected under an emergency shutdown sequence to
protect Generator’s plant and apparatus.

(b) For the avoidance of doubt the requirements specified
in this Section 13.3 do not apply to Power Generating
Modules connected to an unhealthy circuit and islanded
from the Distribution Network even for delayed auto
reclosure times.

13.4 Voltage Limits and Control N/A

134.1 Where a Power Generating Module is remote from a N/A
Network voltage control point it may be required to
withstand voltages outside the normal statutory limits. In
these circumstances, the DNO should agree with the
Generator the declared voltage and voltage range at the
Connection Point. Immunity of the Power Generating
Module to voltage changes of + 10% of the declared
voltage is recommended, but is mandatory for Type D
Power Generating Modules, subject to design appraisal of
individual installations.

13.4.2 The connection of a Power Generating Module to the N/A
Distribution Network shall be designed in such a way that
operation of the Power Generating Module does not
adversely affect the voltage profile of and voltage control
employed on the Distribution Network. ETR 126 provides
DNOs with guidance on active management solutions to
overcome voltage control limitations. Information on the
voltage regulation and control arrangements will be made
available by the DNO if requested by the Generator.

13.4.3 Synchronous Power Generating Modules Excitation N/A
Performance Requirements

13.4.4 Voltage Control Performance Requirements for Power N/A
Park Modules

13.4.4.1 |Each Power Park Module shall be fitted with a N/A

continuously acting automatic control system to provide
control of the voltage at the Connection Point without
instability over the entire operating range of the Power
Park Module. Any plant or apparatus used to provide
such voltage control within a Power Park Module may be
located at the Generating Unit terminals, an appropriate
intermediate busbar or the Connection Point. When
operating below 20% Registered Capacity the automatic
control system may continue to provide voltage control
using any available reactive capability. If voltage control is
not being provided the automatic control system shall be
designed to ensure a smooth transition between the
shaded area below 20% of Active Power output and the
non-shaded area above 20% of Active Power output in
Figure 13.13.
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13.4.4.2 | The performance requirements for a continuously acting N/A
Automatic Voltage Control system that shall be complied
with by the Generator in respect of Power Park Modules
are defined in Annex C.5. The DNO will agree any site
specific requirements with the Generator.

13.4.5 As part of the connection application process the N/A
Generator shall agree with the DNO the set points of the
control scheme for voltage control, Power Factor control
or Reactive Power control as appropriate. These settings,
and any changes to these settings, shall be agreed with
the DNO and recorded in the Connection Agreement. The
information to be provided is detailed in Schedule 5a and
Schedule 5b of the Data Registration Code.

13.4.6 The final responsibility for control of Distribution Network N/A
voltage does however remain with the DNO.
13.4.7 Automatic Voltage Control (AVC) schemes employed by N/A

the DNO often assume that power flows from parts of the
Distribution Network operating at a higher voltage to parts
of the Distribution Network operating at lower voltages.
Export from Power Generating Modules in excess of the
local loads may result in power flows in the reverse
direction. In this case AVC referenced to the Low Voltage
side may not operate correctly without an import of
Reactive power and relay settings appropriate to this
operating condition. When load current compounding is
used with the AVC and the penetration level of Power
Generating Modules becomes significant compared to
normal loads, it may be necessary to switch any
compounding out of service.

13.4.8 Power Generating Modules can cause problems if N/A
connected to networks employing AVC schemes which
use negative reactance compounding and line drop
compensation due to changes in Active Power and
Reactive Power flows. ETR 126 provides guidance on
connecting generation to such networks using techniques
such as removing the generation circuit from the AVC
scheme using cancellation CTs.

13.5 Reactive Capability N/A

13.5.1 All Synchronous Power Generating Modules shall be N/A
capable of satisfying the Reactive Power capability
requirements at the Connection Point as defined in Figure
13.10 when operating at Registered Capacity. In some
cases, for example, on large industrial sites etc where the
Power Generating Module is embedded in the
Generator's Installation, the DNO may specify a
performance requirement for the Power Generating
Module that fits within the rectangular boundary defined in
Figure 13.10, ie an envelope agreed between the DNO
and the Generator within the rectangle of Figure 13.10. In
such cases the DNO and Generator might agree a
different control point, such as the Power Generating
Module's terminals. The performance requirements of the
control system including Slope (where applicable) shall
be agreed between the DNO and the Generator.
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13.5.2 At Active Power output levels other than Registered N/A
Capacity all Generating Units within a Synchronous
Power Generating Module shall be capable of continuous
operation at any point between the Reactive Power
capability limit identified on the Generator Performance
Chart at least down to the Minimum Stable Operating
Level. At reduced Active Power output, Reactive Power
supplied at the Connection Point shall correspond to the
Generator Performance Chart of the Synchronous Power
Generating Module, taking the auxiliary supplies and the
Active Power and Reactive Power losses of the Power
Generating Module transformer or Station Transformer
into account.

13.5.3 At voltages above 1.05 pu, or below 0.95 pu a N/A
Synchronous Power Generating Module shall maintain
the Reactive Power output and Power Factor as far as
possible recognizing that outside of the envelope of
Figure 13.10 it will be necessary for the Reactive Power
and/or Power Factor to be constrained by the capability

as expressed on the Generator Performance Chart.

Connection Point N/A
Voltage (p.u)

1.05

0.95

}
|
-0.92 1.00 0.92 Power F actor

Consumption(lead) Production{lag)

Figure 13.10 Reactive Power capability requirements (Synchronous
Power Generating Modules)

13.5.4 All Power Park Modules with a Connection Point voltage N/A
above 33 kV, shall be capable of satisfying the Reactive
Power capability requirements at the Connection Point as
defined in Figure 13.11 when operating at Registered

Capacity.
Connection Point
Voltage(pu)
T IO~
105
103
100 0225
097
0.9 \
090 ~of
0.8?5 SR S S ——— ...........,,,,,,,,,,,,,,,,,1‘ ,,,,,,,,,
.95 1.00 095 PowerFactor
Consumption (lead) Production (lag)

Figure 13.11 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage above 33 kV)
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13.5.5 All Power Park Modules with a Connection Point voltage N/A
at or below 33 kV shall be capable of satisfying the
Reactive Power capability requirements at the
Connection Point as defined in Figure 13.12 when
operating at Registered Capacity.

ConnectionPoint
Voltage (p.u)

1.05

1.00

0.95

0.95 1.00 0.95 Power Factor
amin  C i Produdti Omax
(lead) qag)

Figure 13.12 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage at or below 33 kV)
13.5.6 All Power Park Modules, shall be capable of satisfying the N/A
Reactive Power capability requirements at the
Connection Point as defined in Figure 13.13 when
operating below Registered Capacity. With all plant in
service, the Reactive Power limits will reduce linearly
below 50% Active Power output as shown in Figure 13.13
unless the requirement to maintain the Reactive Power
limits defined at Registered Capacity under absorbing
Reactive Power conditions down to 20% Active Power
output has been specified by the DNO. These Reactive
Power limits will be reduced pro rata to the amount of
plant in service.

P ower

(p.uj 10

0sa

nz

’ T
R <042 -0.05 0.00 0.05 023
Consumption Jead) Production(lag)

Q/Pmax

Figure 13.13 Reactive Power capability requirements (Power Park Modules
operating below Registered Capacity)

13.6 Fast Fault Current Injection N/A
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13.6.1

Fast Fault Current injection is necessary to support the
Total System during a fault on the Transmission System.
The design of Fast Fault Current injection is tailored to
this, and does not relate directly to faults on the
Distribution Network, not least as these will tend to have
longer clearing times than those of the Transmission
System for which Fast Fault Current injection is designed.
In this Section 13.6 the faults referred to are
Transmission System faults which clear within 140 ms
and which will be seen in the Distribution Network as a
voltage depression. For this section 13.6 voltage and
current quantities are assumed to be positive phase
sequence values.

N/A

13.6.2

Each Power Park Module shall be required to satisfy the
following requirements.

N/A

(a) For any balanced fault on the Transmission System
which results in the voltage at the Connection Point falling
below 0.9 pu each Power Park Module shall unless
otherwise agreed with the DNO, be required to inject
reactive current IR that lies above the heavy black line
shown in Figure 13.14.

Connection Point Voltage (pu)

|/

Normal operation

11
1.0

0.9

NOT TO SCALE

Operation is not required beyond 1.0pu

butthis would not prevent a Power
———» Park Module supplying more reactive
current should itwish to do so

0.312 1.0

05 {-- D e S

oy

-0.312 0 Reactive current I (pu)

Figure 13.14 — locus of magnitude of injected reactive current

N/A

(b) Figure 13.14 defines the reactive current IR that is to
be supplied during a fault on the Transmission System
and which is dependent on the prefault operating
conditions, and the voltage retained at the Connection
Point. Each Power Park Module shall inject a reactive
current Ir which shall not be less than its pre-fault reactive
current and which shall as a minimum increase with the
fall in retained voltage each time the retained voltage at
the Connection Point falls below 0.9 pu, whilst ensuring
that the overall rating of the Power Park Module is not
exceeded

N/A
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(c) In addition each Power Park Module shall be required N/A
to satisfy the reactive current requirements shown in
Figures 13.15 which shows how the reactive current
should be injected over time from the fault inception. The
injected current shall be above the shaded area shown in
Figure 13.15 (a) or Figure 13.6 (b) with priority being
given to reactive current injection with any residual
capability being supplied as active current. Under any
fault condition, where the voltage falls below 0.9 pu, there
would be no requirement for any Power Park Module or
constituent Generating Unit to exceed its transient or
steady state rating.

ks (pu) N/A
NOT TO
Acceptable envelope of reactive current injection above SCALE
shaded area.
lp is a function of the retained voltage from Figure 12.5 and which
Is not required to exceed 1.0pu e
la
- Forbidden
0.65x Alg Operating
* lpreraun Area
7 Block
WZ’ Pe?l(':nwl‘lnegd

loreraun >

0 20 60 120 140 Time (ms)

Fault
Clearance

Figure 13.15(a) Chart showing area of Reactive Current injections for
voltage depressions of < 140 ms duration

I (pu)

NOT TO -
SCALE
Acceptable envelope of reactive current injection above Forbidden
shaded area. Operating
Area
I is a function of the retained voltage from Figure12.5 and which 77
is not required to exceed 1.0pu ﬂ,,»" //%

[ Blocking

Permitted

0.65x Al ,

+ IPu:l ault

leretaut

' 120 140 Time (ms)
Fault

Clearance

Figure 13.15(b) Chart showing area of Reactive Current injections for
voltage depressions of > 140 ms duration

(d) For the purposes of this requirement, the maximum N/A
rated current is taken to be the maximum current each
Generating Unit can supply when operating at Registered
Capacity and 0.95 Power Factor at a nominal voltage of
1.0 pu.
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(e) All Power Park Module equipment shall be designed N/A
to ensure a smooth transition between any of its voltage,
power factor, or reactive power control modes and fault
ride through mode in order to prevent the risk of instability
which could arise in the transition between the steady
state voltage operating range and abnormal conditions
where the retained voltage falls below 0.90 pu of nominal
voltage. Such a requirement is necessary to ensure
adequate performance between the pre-fault operating
condition of the Power Park Module and its subsequent
behaviour under fault conditions.

(f) Each Power Park Module shall be designed to reduce N/A
the risk of transient over voltage levels arising following
clearance of the fault and in order to mitigate the risk of
any form of instability which could result. Generators shall
be permitted to block or employ other means where the
anticipated transient over voltage would otherwise exceed
the 1.05 pu of nominal. Figures 13.15 (a) and Figure
13.15 (b) show the impact of variations in fault clearance
time which shall be no greater than 140 ms. The DNO
may agree requirements for the maximum transient over
voltage withstand capability and associated time duration.
Such capability and parameters will be recorded in the
Connection Agreement. Where the Generator is able to
demonstrate to the DNO that blocking or other control
strategies are required in order to prevent the risk of
transient over voltage excursions Generators are required
to both advise and agree with the DNO the control
strategy, which must also include the approach taken to
de-blocking.

(g) To permit additional flexibility for example from Power N/A
Park Modules made up of full converter Generating Units,
DFIG Generating Units or induction Generating Units, the
DNO will permit transient deviations below the shaded
area shown in Figure 13.15 (a) or Figure 13.15 (b)
provided that the reactive current supplied is greater than
the minimum requirement shown in Figures 13.15 (a) or
Figure 13.15(b). This agreement will be formalised in the
Connection Agreement.

(h) In the case of an unbalanced fault, each Power Park N/A
Module or each Generating Unit within a Power Park
Module shall be required to inject maximum reactive
current without exceeding the transient rating of the
Power Park Module.

13.7 Black Start Capability N/A

13.7.1 The National Electricity Transmission System will be N/A
equipped with Black Start Stations. It will be necessary for
each Generator to notify the DNO if its Power Generating
Module has a restart capability without connection to an
external power supply, unless the Generator shall have
previously notified the NETSO accordingly under the Grid
Code. Such generation may be registered by the NETSO
as a Black Start Station.

13.8 Technical Requirements for Embedded Medium Power Stations N/A

13.9 Operational monitoring N/A
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13.9.1 With regard to information exchange: N/A
(a) Power Generating Facilities shall be capable of
exchanging information with the DNO in real time or
periodically with time stamping;

(b) the DNO, in coordination with the NETSO, shall
specify the content of information exchanges including a
precise list of data to be provided by the Power
Generating Facility.

13.9.2 At each Power Generating Facility the DNO will install its N/A
own Telecontrol/SCADA outstation which will generally
meet all the DNO’s necessary and legal operational data
requirements. The DNO will inform the Generator if
additional specific data are required at the time of the
connection offer.

13.9.3 Additionally each Power Generating Facility shall; N/A
(a) be fitted with fault recording and dynamic system
monitoring facilities which shall be capable of recording
System data including voltage, Active Power, Reactive
Power and frequency in accordance with Annex C.6.

(b) The settings of the fault recording equipment and
dynamic system monitoring equipment (which is required
to detect poorly damped power oscillations) including
triggering criteria shall be agreed between the Generator
and the DNO and recorded in the Connection Agreement.
(c) The DNO may also specify that Generators shall
install power quality monitoring equipment. Any such
requirement including the parameters to be monitored
would be specified by the DNO in the Connection
Agreement.

(d) Provisions for the submission of fault recording,
dynamic system monitoring and power quality data to the
DNO including the communications and protocols shall be
specified by the DNO in the Connection Agreement.

13.9.4 The Generator will provide all relevant signals in a format N/A
to be agreed between the Generator and the DNO for
onsite monitoring. All signals shall be suitably terminated
in a single accessible location at the Generators site.

13.9.5 The Generator shall provide to the DNO a 230 V power N/A
supply adjacent to the signal terminal location.

13.9.6 Frequency Sensitive Mode (FSM) monitoring in real time N/A

13.9.6.1 |Power Generating Modules shall be fitted with facilities to N/A

record and monitor the operation of Active Power
Frequency Response in real time if the Generator has
chosen to enter into an appropriate ancillary services
commercial contract with the NETSO.

13.9.6.2 |Provisions for the submission of Frequency Sensitive N/A
Mode data to the DNO including the data to be monitored,
communications and protocols shall be specified, if
required, by the DNO in the Connection Agreement.

13.10 Steady State Load Inaccuracies N/A
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The standard deviation of load error at steady state load N/A
over a 30 minute period shall not exceed 2.5% of a Power
Generating Modules Registered Capacity. Where a
Power Generating Module is instructed to operate in
frequency sensitive operation, allowance will be made in
determining whether there has been an error according to
the governor Droop characteristic registered under the
DDRC.

For the avoidance of doubt in the case of a Power Park N/A
Module allowance will be made for the full variation of
mechanical power output.

14 INSTALLATION, OPERATION AND CONTROL INTERFACE P
14.1 General P
14.2 Isolation and Safety Labelling P
14.2.1 Every Generator’s Installation which includes Power P

Generating Modules operating in parallel with the
Distribution Network must include a means of isolation
capable of disconnecting the whole of the Power
Generating Module7 infeed to the Distribution Network.
This equipment will normally be owned by the Generator,
but may by agreement be owned by the DNO.

14.2.2 The Generator must grant the DNO rights of access to P
the means of isolation without undue delay and the DNO
must have the right to isolate the Power Generation
Modules infeed at any time should such disconnection
become necessary for safety reasons and in order to
comply with statutory obligations. The isolating device
should normally be installed at the Connection Point, but
may be positioned elsewhere with the DNO’s agreement.

14.2.3 To ensure that DNO staff and that of the Generator and P
their contractors are aware of the presence of a Power
Generating Module, appropriate warning labels should be
used.
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14.2.4 Where the installation is connected to the DNO LV P
Distribution Network the Generator should generally
provide labelling at the Connection Point (Fused Cut-
Out), meter position, consumer unit and at all points of
isolation within the Generator’s premises to indicate the
presence of a Power Generating Module. The labelling
should be sufficiently robust and if necessary fixed in
place to ensure that it remains legible and secure for the
lifetime of the installation. The Health and Safety (Safety
Signs & Signals) Regulations 1996 stipulates that labels
should display the prescribed triangular shape, and size,
using black on yellow colouring. A typical label, for both
size and content, is shown below in Figure 14.1.

/A O

Do not work on this equipment until it is
WARNING isolated from both main: on-site
dual supply generation supplies

Isolate on-site generator at
Isolate mains supply at

Figure 14.1 Warning label

14.3 Site Responsibility Schedule Info.

14.4 Operational and Safety Aspects Info.

14.5 Synchronizing and Operational Control P

15 COMMON COMPLIANCE AND COMMISSIONING REQUIREMENTS FOR ALL N/A
POWER GENERATING MODULES

15.1 Demonstration of Compliance N/A

15.2 Wiring for Type Tested Power Generating Modules N/A

15.3 Commissioning Tests / Checks required at all Power Generating Facilities N/A

15.4 Additional Commissioning requirements for Non Type Tested Interface N/A
Protection

16 Type A Compliance Testing, Commissioning and Operational Notification P

16.1 Type Test Certification

16.1.1 The Power Generating Module can comprise Fully Type P

Tested equipment or be made up of some Type Tested
equipment and require additional site testing prior to
operation. The use of Fully Type Tested equipment
simplifies the connection process, the protection
arrangements and reduces the commissioning test
reguirements.

16.1.2 Type Tested certification is the responsibility of the P
Manufacturer. The Manufacturer shall submit the Type
Test Verification Report confirming that the product has
been Type Tested to satisfy the requirements of this
EREC G99 to the Energy Networks Association (ENA)
Type Test Verification Report Register. The report shall
detail the type and model of product tested, the test
conditions and results recorded. The report can include
reference to Manufacturers’ Information.
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16.1.3 The required Type Test Verification Report and P
declarations including that for a Fully Type Tested Power
Generating Module are shown in Annex A.2:

* Form A2-1 - Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules up to and Generating Modules.

including 50 kW,

* Form A2-2 Compliance Verification Report for Inverter Connected Power N/A

Synchronous Power Generating Modules greater than> Generating Modules.
50 kW and also for Synchronous Power Generating
Modules < 50 kW where the approach of this form is
preferred to that in Form A2-1, or

* Form A2-3 - Compliance Verification Report for Inverter P
Connected Power Generating Modules.
The choice of compliance route available is shown in Compliance Verification P
Figure 16-1 below. Report A2-3 used.
Type A
g B
SyETETEE Asythronous Synchronous Asythronous Inverter
<50 KW (notinverter) S50 kW (notinverter) (all sizes)
<50 kw >50 kW
o /)

Compliance Compliance Compliance
Verification Verification Verification

Report A2-1 Report A2-2 Report A2-3

Optional Approach for fullyintegrated <50 kW Synchronous Power
Generating Modules

— Conventional Compliance Approach

Figure 16-1 lllustration of the choice of compliance route

It is intended that the Manufacturers will use the P
requirements of this EREC G99 to develop type
verification certification (ie the Compliance Verification
Report as shown in Annex A.2) for each of their Power
Generating Module models.

Form A2-3 caters for all asynchronous and inverter P
technologies of any size, with the exception of
conventional induction Generating Units. Manufacturers
of induction Generating Units may find it more appropriate
to use forms A2-2 or A2-1 in preference to A2-3.

16.1.4 Guidance for Manufacturers on type testing for Power P
Generating Modules is included in Annex A.7 of this
document.
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16.1.5 Compliance with the requirements detailed in this EREC P
G99 will ensure that the Power Generating Module is
considered to be approved for connection to the DNO’s
Distribution Network.

16.1.6 The Power Generating Module shall comply with all P
relevant UK and European Directives and should be
labelled in accordance with those requirements.

16.2 Connection Process Relied on installer N/A

16.2.1 The Installer shall discuss the installation project N/A
with the local DNO at the earliest opportunity. The
connection application will need to be in format as shown
in Annex A.1 (Form A1) or for Power Generating Modules
greater than 50 kW by using the Standard Application
Form (generally available from the DNOs website). Where
a Power Generating Module is Fully Type Tested and
registered with the Energy Networks Association Type
Test Verification Report Register, the application should
include the Manufacturer’s reference number (the Product
ID), and the compliance test results do not need to be
submitted as part of the application.

16.2.2 Where a Power Generating Module is not Fully Type Fully Type Test. N/A
Tested, the Generator or Installer shall provide the DNO
with a Compliance Verification Report as per Annex A.2
(Forms A2-1, A2-2 or A2-3 as applicable) confirming that
the Power Generating Module has or will be tested to
satisfy the requirements of this EREC G99. On receipt of
the application, the DNO will assess:

» whether any Distribution Network studies are required;

» whether there is a need for work on the Distribution
Network before the Tested Power Generating Module can
be connected to the Distribution Network; and

» whether there is a requirement to witness the
commissioning tests and checks.

16.2.3 Connection of the Power Generating Module is only It's depended on installer N/A
allowed after the application for connection has been and DNOs.
approved by the DNO and any DNO works facilitating the
connection have been completed.

16.2.4 Where Power Generating Modules require connection to | It's depended on installer N/A
the DNO'’s Distribution Network in advance of the and DNOs.
commissioning date, for the purposes of testing, the
Power Generating Facility must comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be co-ordinated.
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16.2.5

Where commissioning tests are not withessed,
confirmation of the commissioning of each Power
Generating Module will need to be made no later than 28
days after commissioning; the format and content shall be
as shown in Annex A.3 (Form A3) Installation Document.
The Installer or Generator, as appropriate, shall complete
the declaration at the bottom of the Installation Document
(Form A3) noting that this declaration also covers the Site
Compliance and Commissioning Test Form (Form A2-4).
Where the tests are witnessed a copy shall be provided to
the DNO at the time of commissioning.

It's depended on installer
and DNOs.

N/A

16.2.6

It is the responsibility of the Generator (which may be
delegated to the Installer) to ensure that the relevant
information is forwarded to the local DNO. The pro forma
in Annex A are designed to:

(a) simplify the connection procedure for both DNO and
Installer;

(b) provide the DNO with all the information required to
assess the potential impact of the Power Generating
Module connection on the operation of the Distribution
Network;

(c) inform the DNO that the Generator’s Installation
complies with the requirements of this EREC G99;

(d) allow the DNO to accurately record the location of all
Power Generating Modules connected to the Distribution
Network.

It's depended on installer
and DNOs.

N/A

16.3

Witnessing and Commissioning

It's depended on installer
and DNOs.

N/A

16.4

Operational Notification

N/A

16.4.1

Notification that the Power Generating Module has been
connected / commissioned is achieved by completing an
Installation Document as per Annex A.3, which also
includes the relevant details on the Generator’s
Installation required by the DNO.

N/A

16.4.2

The Installer, or an agent acting on behalf of the Installer,
shall supply separate Installation Documents (Annex A.3,
Form A3) for each Power Generating Facility installed
under EREC G99 to the DNO. Documentation shall be
supplied either at the time of commissioning (where tests
are witnessed) or within 28 days of the commissioning
date (where the tests are not withessed) and may be
submitted electronically.

It's depended on installer
and DNOs.

N/A

16.4.3

Generators who own Type A Power Generating Modules
do not have permanent rights to operate their Power
Generating Modules until the commissioning tests have
been successfully completed (and witnessed by the DNO
if required) and the Installation Document has been fully
completed and sent to the DNO.

N/A

17

TYPE B COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL

NOTIFICATION

171

General
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17.11 Where Power Generating Modules require connection to P
the DNO'’s Distribution Network in advance of the
commissioning date, for the purposes of testing, the
Power Generating Facility shall comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be co-ordinated. The tests shall take account of
the requirements in Section 15.3 and Section 15.4 where
applicable.

17.1.2 The Generator shall use Type Tested equipment and/or P
Manufacturers’ Information and/or site tests, as well as
demonstrating commissioning tests performed on the
Power Generating Module in order to discharge the
requirements of this document. Examples of the
combination of the use of type testing and the provision of
Manufacturers’ Information are given in Section 22.1.
Further information about Manufacturers’ Information for
Inverter connected Power Park Modules is given in
Section 21. Note that the DNO shall charge the Generator
for attendance of staff for witness testing in accordance
with its charging regime. The Generator shall make
arrangements for the DNO to withess the commissioning
tests unless otherwise agreed with the DNO.

17.1.3 It is the responsibility of the Generator to undertake P
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

17.1.4 In addition to the commissioning tests and checks P
required under EREC G99, in exceptional circumstances
further tests may be required by the DNO from the
Manufacturer, Supplier, Generator or Installer of the
Power Generating Modules as may be required to satisfy
legislation and other standards.

17.2 Connection Process N/A

17.2.1 The Generator shall discuss the project with the local It's depended on installer N/A
DNO at the earliest opportunity. The Generator will need |and DNOs.
to provide information using the Standard Application
Form (generally available from the DNO'’s website) to
allow detailed system studies to be undertaken.
Connection of the Power Generating Module is only
allowed after the application for connection has been
approved by the DNO and any DNO works facilitating the
connection have been completed .

17.2.2 Not less than 28 days, or such shorter period as may be | It's depended on installer N/A
acceptable in the DNO’s reasonable opinion, prior to the |and DNOs.
Generator wishing to synchronise its Power Generating
Module for the first time the Generator will submit to the
DNO a Power Generating Module Document containing
at least but not limited to the items referred to in
paragraph 17.2.3.

17.3 Witnessing and Commissioning N/A

17.4 Operational Notification N/A
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18 Type C Compliance Testing, Commissioning and Operational Notification N/A
18.1 General N/A
18.1.1 Where Power Generating Modules require connection to N/A

the DNO'’s Distribution Network in advance of the
commissioning date, for the purposes of testing, the
Power Generating Facility shall comply with the
requirements of the Connection Agreement. The
Generator shall provide the DNO with a commissioning
programme, which will be approved by the DNO if
reasonable in the circumstances, to allow commissioning
tests to be co-ordinated. The tests shall take account of
the requirements in Section 15.3 and Section 15.4 where
applicable.

18.1.2 The Generator shall use Type Tested equipment and/or N/A
Manufacturers’ Information and/or site tests as well
demonstrating all the commissioning tests performed on
the Power Generating Module in order to discharge the
requirements of this document. Further information about
Manufacturers’ Information is given in Section 21.
Examples of the combination of the use of type testing
and the provision of Manufacturers’ Information are given
in Section 22.1. Note that the DNO shall charge the
Generator for attendance of staff for witness testing in
accordance with its charging regime. The Generator shall
make arrangements for the DNO to witness the
commissioning tests unless otherwise agreed with the
DNO.

18.1.3 It is the responsibility of the Generator to undertake N/A
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

18.1.4 In addition to the commissioning tests and checks N/A
required under EREC G99, further tests may be required
by the Manufacturer, Supplier, Generator or Installer of
the Power Generating Modules as may be required to
satisfy legislation and other standards.

18.1.5 In the case of a Power Park Module the proportion of the N/A
Power Park Module which can be simultaneously
synchronised to the Total System shall not exceed 20%
of the Registered Capacity of the Power Park Module (or
the output of a single Generating Unit where this exceeds
20% of the Power Park Module’s Registered Capacity),
until the Generator has completed the voltage control
tests (detailed in Annex C.9.2) to the DNO'’s reasonable
satisfaction. Following successful completion of this test
each additional Generating Unit should be included in the
voltage control scheme as soon as is technically possible
(unless the DNO agrees otherwise).

18.2 Connection Process N/A
18.3 Witnessing and Commissioning N/A
18.4 Operational Notification N/A
19 Type D Compliance Testing, Commissioning and Operational Notification N/A
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19.1 General N/A
19.1.1 A Type D Power Generating Module will be required to N/A

obtain an Energisation Operational Notification followed
by an Interim Operational Notification and a Final
Operational Notification as set out in this Section.

19.1.2 The Generator will use Type Tested equipment and or N/A
use Manufacturers’ Information as well as demonstrating
all the commissioning tests performed on the Power
Generating Module in order to discharge the
requirements of this document. Examples of the
combination of the use of type testing and the provision of
Manufacturers’ Information are given in Section 22.1.
Further information about Manufacturers’ Information is
given in Section 21. It is expected that the DNO will
witness the commissioning tests for Power Generating
Modules. Note that the DNO shall charge the Generator
for attendance of staff for witness testing in accordance
with its charging regime. The Generator shall make
arrangements for the DNO to witness the commissioning
tests unless otherwise agreed with the DNO.

19.1.3 It is the responsibility of the Generator to undertake these N/A
commissioning tests / checks and to ensure the Power
Generating Facility and Power Generating Modules meet
all the relevant requirements.

19.1.4 In addition to the commissioning tests and checks N/A
required under EREC G99, further tests may be required
by the Manufacturer, Supplier, Generator or Installer of
the Power Generating Modules as may be required to
satisfy legislation and other standards.

19.2 Connection Process N/A
19.3 Interim Operational Notification N/A
19.4 Witnessing and Commissioning N/A
19.5 Final Operational Notification N/A
19.6 Limited Operational Notification N/A
19.7 Processes Relating to Derogations N/A
20 ONGOING OBLIGATIONS N/A
20.1 Periodic Testing for Power Generating Modules N/A
20.2 Operational Incidents affecting Compliance of any Power Generating Module N/A
20.3 Changes to the Power Generating Facility or Power Generating Module N/A
20.4 Notification of Decommissioning N/A
21 Manufacturers’ Information applicable to Power Park Modules P
21.1 General

21.1.1 Data and performance characteristics in respect of EREC P

G99 requirements may be registered with the DNO by
Generating Unit Manufacturers in respect of specific
models of Generating Units by submitting information in
the form of Manufacturers’ Information to the DNO.
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21.1.2 Manufacturers’ Information covers such information as P
type testing details, parameters or data, simulation
models and reports on studies run using those models.
For the purpose of this Section 21 Manufacturers’
Information will generally relate to simulation models.

21.1.3 A Generator planning to construct a new Power P
Generating Facility containing the appropriate version of
Generating Units in respect of which Manufacturers’
Information has been submitted to the DNO may
reference the Manufacturers’ Information in its
submissions to the DNO. Any Generator considering
referring to Manufacturers’ Information for any aspect of
its plant and apparatus may contact the DNO to discuss
the suitability of the relevant Manufacturers’ Information
to its project to determine if, and to what extent, the data
included in the Manufacturers’ Information contributes
towards demonstrating compliance with those aspects of
this EREC G99 applicable to the Generator. The DNO will
inform the Generator if the reference to the
Manufacturers’ Information is not appropriate or not
sufficient for its project.

21.1.4 The process to be followed by Generating Unit P
Manufacturers submitting Manufacturers’ Information
must be agreed by the DNO. Paragraph 21.2 below
indicates the specific requirement areas in respect of
which Manufacturers’ Information may be submitted.
21.1.5 The DNO may maintain and publish a register of that It's depended on installer N/A
Manufacturers’ Information which the DNO has received |and DNOs.
and accepted as being an accurate representation of the
performance of the relevant plant and / or apparatus.
Such register will clearly identify the Manufacturer, the
model(s) of Generating Unit(s) to which the report applies
and the provisions of EREC G99 in respect of which the
report contributes towards the demonstration of
compliance in such a way that these models can easily
be identified for appropriate use in other similar projects.
The inclusion of any report in the register does not in any
way confirm that any Power Park Modules which utilise
any Generating Unit(s) covered by a report is or will be
compliant with EREC G99.

21.2 Manufacturers’ Information in respect of Generating Units P
may cover one (or part of one) or more of the following
provisions:

(a) Fault Ride Through capability;

(b) Power Park Module mathematical model DDRC 5c.
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21.3 Reference to a Manufacturer’s Data & Performance P
Report in a Generator’s submissions does not by itself
constitute compliance with EREC G99.

A Generator referencing Manufacturers’ Information
should insert the relevant Manufacturers’ Information
reference in the appropriate place in the submission
forms detailed in the Appendices. The DNO will consider
the suitability of Manufacturers’ Information in place of
DDRC data submissions a mathematical model suitable
for representation of the entire Power Park Module as per
Annex B.4.3.5 or Annex C.7.4.5 as applicable. Site
specific parameters will still need to be submitted by the
Generator.

21.4 It is the responsibility of the Generator to ensure that the P
correct reference for the Manufacturers’ Information is
used and the Generator by using that reference accepts
responsibility for the accuracy of the information. The
Generator shall ensure that the Manufacturer has kept
the DNO informed of any relevant variations in plant
specification since the submission of the relevant
Manufacturers’ Information which could affect the validity
of the information.

21.5 The DNO may contact the Generating Unit Manufacturer |It's depended on installer N/A
directly to verify the relevance of the use of such and DNOs.
Manufacturers’ Information. If the DNO believes the use
some or all of such Manufacturers’ Information is incorrect
or the referenced data is inappropriate then the reference
to the Manufacturers’ Information may be declared invalid
by the DNO. Where, and to the extent possible, the data
included in the Manufacturers’ Information is appropriate,
the compliance assessment process will be continued
using the data included in the Manufacturers’ Information.

22 Type Testing and Annex information P

22.1 Fully Type Tested and Partially Type Tested equipment
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The following matrix demonstrates where Manufacturers’ | Fully Type Tested. P
Information and compliance and installation checks on
site can be combined to demonstrate compliance for each
Power Generating Module.
Manufacturers’ Information Site Tests
Fully Type Tested | Registered as Fully Type Tested | Only installation checks
(assumed Type A information on ENA website via required — as on the Installation
only) the Compliance Verification Document (Form A3-1 or A3-2)
Report
(Form A2-1, A2-2 or A2-3 as
appropriate)
Partially Type Registered as product or Demonstration of technical
Tested (Type A) component Type Test information | requirements not covered by
on ENA Website using applicable | Manufacturers’ Information.
parts of Compliance Verification (Form A3-1 or A3-2)
Report (Form A2-1, A2-2 or A2-
3); and/or Standard installation checks
(Form A3-1 or A3-2). Additional
Supplied by the Generator using | Site Compliance and
applicable parts of Compliance Commissioning Checks (Form
Verification Report (Form A2-1, A2-4) may also be required
A2-2 or A2-3)
Partially Type Registered as product or Demonstration of technical
Tested (B, C, D) component Type Test information | requirements not covered by
on ENA Website: and/or Manufacturers’ Information.
Supplied by the Generator (Form B2-1 or Form C2-1)
Standard installation checks
(Form B3 or Form C3).
Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be
required
One off installation | To be provided by the Generator | Demonstration of technical
(B,C,D) for those aspects that cannot be requirements not covered by
demonstrated on site (including Manufacturers’ Information.
simulations etc) (Form B2-1 or Form C2-1)
Standard installation checks
also required (Form B3 or Form
C3).
Additional Site Compliance and
Commissioning Checks (Form
B2-2 or Form C2-2) may also be
required
22.2 Annex Contents and Form Guidance P
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Annex Application Form Title P
A0 Cover Sheet for Type A Power
Generating Facility Forms
A Connection Application for Type A Form A1-1: Application for connection
Fully Type Tested (<50 kW) Power of Power Generating Module(s) with
Generating Modules Total Aggregate Capacity <50 kW 3-
phase or 17 kW single phase
Connection Application for Integrated
Micro Generation and Storage Form A1-2: Application for connection
of an Integrated Micro Generation
Note for all other Power Generating and Storage installation
Modules the DNO's Standard
Application Form shall be used
A2 Compliance report for Type A Type Form A2-1: Compliance Verification
Tested Report for Synchronous Power
Generating Modules up to and
including 50 kW
Form A2-2: Compliance Verification
Report for Synchronous Power
Generating Modules > 50 kW and also
for Synchronous Power Generating
Modules = 50 kW where the approach
of this form is preferred to that in Form
A2-1
Form A2-3 Compliance Verification
Report for Inverter Connected Power
Generating Modules
A2 Additional Compliance and Form A2-4: Site Compliance and
Commissioning test requirements for Commissioning test requirements for
Type A Power Generating Modules Type A Power Generating Modules
A3 Installation and Commissioning a Form A3-1: Installation Document for
Power Generating Facility Type A Power Generating Modules
comprising one or more Type A
Generating Modules Form A3-2: Installation Document for
Integrated Micro Generation and
Storage installations
A4 Emerging Technologies and other
Exceptions
A5 Example calculations to determine if
unequal generation across different
phases is acceptable or not
A6 Not used
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A7

Requirements for Type Testing Type
A Power Generating Modules

B.1

Application

Refer to Standard Application Form

B.2-1

Compliance documentation for Type
B Power Generating Modules

Form B2-1: Power Generating Module
Document for Type B Power
Generating Modules

B.2-2

Additional Compliance and
Commissioning test requirements for
Type B Power Generating Modules

Form B2-2 Site Compliance and
Commissioning test requirements for
Type B Power Generating Modules

B.3

Installation and Commissioning
Confirmation Form

Form B2: Installation and
Commissioning Confirmation Form for
Type B Power Generating Modules

B.4

Simulation Studies for Type B Power
Generating Modules

B.5

Compliance Testing of Type B
Synchronous Power Generating
Modules

B.6

Compliance testing of Type B Power
Park Modules

cA1

Application

Refer to Standard Application Form

C.21

Compliance documentation for Type
C and Type D Power Generating
Modules

Form C2-1: Power Generating Module
Document for Type C and Type D
Power Generating Modules

C.2-2

Additional Compliance and
Commissioning test requirements for
Type C and Type D Power
Generating Modules

Form C2-2 Site Compliance and
Commissioning test requirements for
Type C and Type D Power Generating
Modules

C3

Installation and Commissioning
Confirmation Form

Form C3: Installation and
Commissioning Confirmation Form for
Type C and Type D Power Generating
Modules

C4

Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Synchronous
Power Generating Modules

C5

Performance Requirements For
Continuously Acting Automatic
Excitation Control Systems For
Type C and Type D Power Park
Modules

[oX}

Functional Specification for Fault
Recording and Power Quality

Monitoring Equipment Studies for
Type C and Type D Power
Generating Modules

c7

Simulation Studies for Type C and
Type D Power Generating Modules

Cc.8

Compliance Testing of Type C and
Type D Synchronous Power
Generating Modules

c.9

Compliance Testing of Type C and
Type D Power Park Modules

C.10

Minimum Frequency Response
Capabilities for Type C and Type D
Power Generating Modules

D.1

Decommissioning of any Power
Generating Module

Form D1: Decommissioning
Confirmation

D.2

Additional Information Relating to
System Stability Studies

D3

Loss of Mains Protection Analysis

D.4

Main Statutory and other Obligations

P
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Appendix 1: Compliance Verification Report — Tests for Type A and B Inverter
Connected Power Generating Modules — test record

Operating Range p

Operating Range: Five tests should be carried with the Power Generating Module operating at
Registered Capacity and connected to a suitable test supply or grid simulation set. The power supplied
by the primary source shall be kept stable within + 5 % of the apparent power value set for the entire
duration of each test sequence.

Frequency, voltage and Active Power measurements at the output terminals of the Power Generating
Module shall be recorded every second. The tests will verify that the Power Generating Module can
operate within the required ranges for the specified period of time.

The Interface Protection shall be disabled during the tests.

In case of a PV Power Park Module the PV primary source may be replaced by a DC source.

In case of a full converter Power Park Module (eg wind) the primary source and the prime mover
Inverter/rectifier may be replaced by a DC source.

Test1
Voltage = 85% of hominal 100% 48.0
(195.5 V), S
Frequency = 47 Hz, %3 95% 475 =
Power Factor =1, < T
Period of test 20 s S o g
5 90% 47.0 <
<L @
g =
= o
D 85 p— 165 =
g
80% 46.0
0 20 40 60
time (s)
e P /Smax U/Un frequency
Test 2
Voltage = 85% of nominal _
(195.5 V), g 1008 480
Frequency = 47.5 Hz, s . I
Power Factor = 1, Rl ey
Period of test 90 minutes & oo o)
-6 90% 47.0 g
= =1
(@) o
’g“z 5% # 465 £
s
T 0% 46.0
0 2000 4000 6000
time (s)
—P/Smax U/Un frequency
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Test 3 115% 53.0
. to bl 2
Voltage = 110% of nominal
Q
(253 V), > 110% 525
Frequency = 51.5 Hz, § 105% _ =
Power Factor =1, g g
Period of test 90 minutes T 100% 515 S
< g
g o5k 51.0 =
g
5 o0% 50.5
@ 0 1000 2000 3000 4000 5000 6000
time (s)
— P/Smax U/Un frequency
Test 4
Voltage = 110% of nominal 115% 53.0
(253 V), .
Frequency = 52.0 Hz, > 110% 925
Power Factor = 1, S Lo S
Period of test 15 minutes o g
[1+ . Q
5 100% 5153
= @
o b=
2 g5 51.0
[<b]
2 T rrrrryr T rTrrrrYrrrrrrrrrrrrrrrrorrrr
S o0% 505
0 200 400 600 800 1000
time (s)
——psSmax  ——U/Un
Test5
Voltage = 100% of nominal 110% 515
(230 V), S're—%
Frequency = 50.0 Hz, § 105% 510 —
Power Factor =1, = T
; _ . c =
Period of test = 90 minutes = 100 cos5 8
= S
S o
o Q
L 95% 50.0 +
b=
1+
90% 495
0 2000 4000 6000
time (s)
—P/Smax U/Un
Test 6 RoCoF withstand
Confirm that the POW.er 90k 505 130% 525
Generating Module is o 565626 s 120% 53.6,52.00
capable of staying ° y Lo 515
connected to the £ 704 505 5|2 188::' s
Distribution Network and | ... 95 8|2 sox ° 3
operate at rates of change | & 25 o 055
of frequency up to 1 Hzs™ g BEEIS oo 56.7,49.00 £
as measured over a period | | < a5 | & 60K 485
of 500 ms. Note that this is 51.7,47.00 40
304 465 304 475
not expected to be 50 5 54 5% 58 60 s 50 55 50 65
demonstrated on site. Time(s) Timels)
—U/Mn  ——P/Smax frequency —U/n  ——P/Smax frequency
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Model: SUN2000-115KTL-M2 P
Test 1:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (seconds)
195.73 47.00 106509.4 1.000 > 20
Test 2:
Measured Voltage Measured Measured Power Measured Power Test Time
V) Frequency (Hz) (W) factor (Minutes)
195.83 47.50 106701.3 1.000 >90
Test 3:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
253.81 51.50 115535.8 1.000 > 90
Test 4:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
253.82 52.00 115547.1 1.000 > 15
Test 5:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (W) factor (Minutes)
230.93 50.00 126416.7 1.000 > 90
Test 6:
Measurt(e\c/i)Voltage Ramp range Test :;erggency Test Duration Confirm no trip
195.5 47.0 Hz t0 52.0 Hz +1 Hzst 50s no trip
253.0 52.0 Hz to 49.0 Hz -1 Hzs? 3.1s no trip
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Power Quality — Harmonics:

For Power Generating Modules of Registered Capacity of less than 75 A per phase (ie 50 kW) the test
requirements are specified in Annex A.7.1.5. These tests should be carried out as specified in BS EN
61000-3-12 The results need to comply with the limits of Table 2 of BS EN 61000-3-12 for single phase
equipment and Table 3 of BS EN 610000-3-12 for three phase equipment.
Power Generating Modules with emissions close to the limits laid down in BS EN 61000-3-12 may
require the installation of a transformer between 2 and 4 times the rating of the Power Generating
Module in order to accept the connection to a Distribution Network.
For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation shall be designed in accordance with EREC G5.

Model: SUN2000-115KTL-M2

Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase | 41.67 kVA Harmonic % =
(rpp) Measured Value (A) x
23/rating per phase
(kVA)
Single or three phase measurements (for three phase PV inverter
single phase measurements, only complete
L1 columns below)
| At 45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic - -
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.080 0.199 0.193 0.048 0.120 0.116 8% 8%
3 0.183 0.126 0.146 0.110 0.076 0.088 21.6% Not stated
4 0.136 0.073 0.101 0.082 0.044 0.061 4% 4%
5 0.033 0.044 0.045 0.020 0.026 0.027 10.7% 10.7%
6 0.038 0.039 0.066 0.023 0.024 0.039 2.67% 2.67%
7 0.040 0.049 0.041 0.024 0.030 0.025 7.2% 7.2%
8 0.036 0.037 0.050 0.022 0.022 0.030 2% 2%
9 0.057 0.057 0.059 0.034 0.034 0.035 3.8% Not stated
10 0.046 0.039 0.053 0.028 0.023 0.032 1.6% 1.6%
11 0.088 0.065 0.065 0.053 0.039 0.039 3.1% 3.1%
12 0.045 0.046 0.058 0.027 0.028 0.035 1.33% 1.33%
13 0.050 0.100 0.080 0.030 0.060 0.048 2% 2%
THD - - - 0.17 0.18 0.19 23% 13%
PWHD - - - 0.39 0.40 0.42 23% 22%
.| At 100% of Registered Capacity Limit in BS EN 61000-
Harmonic - -
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.200 0.233 0.307 0.120 0.140 0.185 8% 8%
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3 0.480 0.681 0.415 0.289 0.410 0.250 21.6% Not stated
4 0.112 0.070 0.139 0.067 0.042 0.084 4% 4%
5 0.108 0.110 0.117 0.065 0.066 0.070 10.7% 10.7%
6 0.066 0.053 0.065 0.040 0.032 0.039 2.67% 2.67%
7 0.216 0.158 0.155 0.130 0.095 0.093 7.2% 7.2%
8 0.046 0.049 0.055 0.028 0.029 0.033 2% 2%
9 0.121 0.069 0.146 0.073 0.041 0.088 3.8% Not stated
10 0.066 0.051 0.049 0.040 0.031 0.030 1.6% 1.6%
11 0.129 0.129 0.077 0.078 0.078 0.046 3.1% 3.1%
12 0.053 0.061 0.058 0.032 0.037 0.035 1.33% 1.33%
13 0.109 0.127 0.094 0.066 0.076 0.057 2% 2%
THD - - - 0.38 0.47 0.37 23% 13%
PWHD - - - 0.81 0.91 0.74 23% 22%
Model: SUN2000-100KTL-M2
Power Generating Module tested to BS EN 61000-3-12
Power Generating Module rating per phase | 36.67 kVA Harmonic % =
(rpp) Measured Value (A) x
23/rating per phase
(KVA)
Single or three phase measurements (for three phase PV inverter
single phase measurements, only complete
L1 columns below)
| At 45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.059 0.083 0.079 0.041 0.058 0.055 8% 8%
3 0.124 0.098 0.132 0.086 0.068 0.091 21.6% Not stated
4 0.057 0.052 0.040 0.039 0.036 0.028 4% 4%
5 0.046 0.048 0.054 0.032 0.033 0.037 10.7% 10.7%
6 0.051 0.065 0.039 0.036 0.045 0.027 2 67% 2 67%
7 0.054 0.058 0.050 0.037 0.040 0.034 7.2% 7.20
8 0.040 0.040 0.043 0.028 0.028 0.030 204 204
9 0.058 0.068 0.060 0.040 0.047 0.041 3.8% Not stated
10 0.059 0.063 0.061 0.041 0.043 0.042 1.6% 1.6%
11 0.075 0.111 0.081 0.052 0.077 0.056 3.1% 3.1%
12 0.063 0.064 0.059 0.044 0.045 0.041 1.33% 1.33%
13 0.068 0.062 0.079 0.047 0.043 0.055 204 204
THD - - - 0.16 0.17 0.17 23% 13%
PWHD - - - 0.42 0.46 0.43 23% 22%
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.| At 100% of Registered Capacity Limit in BS EN 61000-
Harmonic X .
Measured Value (MV) in Amps Measured Value (MV) in % 3-12
L1 L2 L3 L1 L2 L3 1 phase 3 phase
) 0.087 0.150 0.119 0.060 0.103 0.082 8% 8%
3 0.370 0.349 0.233 0.255 0.241 0.161 21.6% Not stated
4 0.076 0.140 0.076 0.052 0.096 0.052 4% 4%
5 0.116 0.045 0.109 0.080 0.031 0.075 10.7% 10.7%
6 0.088 0.096 0.039 0.060 0.067 0.027 2 67% 2 67%
7 0.170 0.176 0.161 0.118 0.121 0.111 7 206 7 204
38 0.049 0.081 0.084 0.033 0.056 0.058 204 204
9 0.075 0.165 0.105 0.052 0.114 0.073 38% | Not stated
10 0.066 0.051 0.054 0.045 0.035 0.037 16% 16%
1 0.169 0.086 0.149 0.116 0.059 0.103 3.1% 31%
12 0.057 0.050 0.061 0.039 0.035 0.042 1.33% 1.33%
13 0.047 0.185 0.178 0.033 0.128 0.123 20 20
THD - - - 0.34 0.37 0.30 23% 13%
PWHD - - - 0.77 0.89 0.80 23% 22%

1.THD = Total Harmonic Distortion
2.PWHD = Partial Weighted Harmonic Distortion

TRF No. G99/1-6_V1.0



Page 90 of 265 Report No.: 6139156.50
G99/1-6

Clause Requirement - Test Result - Remark Verdict

Power Quality — Voltage fluctuations and Flicker:

These tests should be undertaken in accordance with Annex A.7.2.5.3. Results should be P
normalised to a standard source impedance, or if this results in figures above the limits set in
BS EN 61000-3-11 to a suitable maximum impedance.

Model: SUNZ2000-115KTL-M2
Test start date 2022-08-11 Test end date 2022-10-21
Test location No0.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu, P.R. China

Starting Stopping Running

Pt
d(max) d(c) d(t) d(max) d(c) d(t) Pst 2 hours

r'\ggasu L1| 045 0.16 0 1.11 0.18 0 0.25 0.22
Values |, 1 (60 0.15 0 1.04 0.20 0 0.25 0.23
at test
imped
ance L3 0.53 0.16 0 1.00 0.29 0 0.25 0.23
Normalised
to standard 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
impedance
Normalised
to required i i ) ) ) i i i
maximum
impedance
Limits set
Lérl‘\ldgrlgg’o_ 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
3-11
Test R 0.24 Q X| 0.15 Q
Impedance
Standard 0.24 * 0.15~
Impedance R 04" Q Xl 0.257 Q
Maximum M “
Impedance R N/A Q Xl N/A Q

* Applies to three phase and split single phase Power Generating Modules.

~ Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system. Delete as appropriate.
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G99/1-6

Clause

Requirement - Test Result - Remark Verdict

Continuous operating L1 phase

Print Date Thu Aug 11 20:03:54 2022
MeasureDate Thu Aug 11 20:01:37 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 10Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 : Pass
Wiring three-phase 4wire dec  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) Do
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U1 230.71V Pit (0.65) : Pass
Frequency U1 : 49.999Hz
Element 1
dmin 0.20%
No. dec[%]  dmax(%] d(t)[ms] Pst
1 1.19 157 —_— 0.24
2 1.26 1.58 —_— 0.23
3 220 248 —_— 0.24
4 1.72 190 —_— 0.23
5 1.38 165 —_— 0.23
6 1.97 2.50 —_— 0.14
7 1.00 131 — 0.11
8 1.27 1.39 e 0.14
9 1.12 1.36 e 0.22
10 149 185 - 025
" 0.62 073 —_— 0.24
12 0.68 1.30 —_— 0.24
Pit
0.22
Continuous operating L2 phase
Print Date Thu Aug 11 20:03:54 2022
MeasureDate Thu Aug 11 20:01:37 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IECB1000-4-15 Ed1.1
Interval 10Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 : Pass
Wiring three-phase 4wire dc  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) Do
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 232.50V Pit  (0.85) : Pass
Frequency U2 50.002Hz
Element 2
dmin 0.20%
No. del%s] dmax[%]  d(tms] Pst
1 1.63 1.71 —— 0.24
2 1.59 1.76 — 0.25
3 1.80 1.84 —— 0.24
4 1.66 1.81 - 0.25
5 1.39 1.52 — 0.23
6 1.53 1.56 — 0.16
7 1.70 1.75 0.13
8 1.54 1.67 —— 0.15
9 1.25 141 - 0.24
10 1.16 1.36 — 0.25
" 0.64 1.01 — 0.25
12 1.20 1.39 — 0.25
Pit
0.23
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
Continuous operating L3 phase
Print Date : Thu Aug 11 20:03:54 2022
MeasureDate : Thu Aug 11 20:01:37 2022
Comment : Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval : 10Min0Sec
Model : YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance : 0.24+j0.15 Element3 : Pass
Wiring : three-phase 4wire dc  (3.30%) : Pass
Voltage Range : 800.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) ——
Set Frequency : 50Hz Pst (1.00) : Pass
Voltage U3 o 229.20V Pit  (0.65) : Pass
Frequency U3 Error
Element : 3
dmin : 0.20%
No. de[%]  dmax[%]  d(t)[ms] Pst
1 1.17 1.34 — 0.25
2 1.38 1.42 0.24
3 1.73 1.86 0.24
4 1.47 1.62 0.25
5 1.24 1.32 — 0.23
6 1.63 1.70 — 0.16
7 0.92 1.06 —_— 0.13
8 1.19 1.31 0.15
9 1.03 1.15 0.24
10 1.27 1.36 —— 0.25
1" 0.98 1.09 — 0.26
12 0.97 1.01 — 0.24
Plt
0.23
Switch on operating L1 phase
Print Date Fri Oct 21 15:48:00 2022
MeasureDate Fri Oct 21 15:46:57 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 : Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage — d(t) (500ms) —_—
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U1 231.01v Pt (0.85) : Pass
Frequency U1 50.002Hz
Element 1
dmin 0.20%
No. dc[%] dmax[%] d(t)[ms] Pst
1 0.16 045 - 0.21
PIt
0.09
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Clause Requirement - Test Result - Remark Verdict
Switch on operating L2 phase
Print Date Fri Oct 21 15:48:00 2022
MeasureDate Fri Oct 21 15:46:57 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 : Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage -— d(t) (500ms) Do
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 231.04Vv PIt (0.65) : Pass
Frequency U2 50.002Hz
Element 2
dmin 0.20%
No. de[%] dmax([%] d(t)[ms] Pst
1 0.15 0.60 e 0.19
Pit
0.08
Switch on operating L3 phase
Print Date Fri Oct 21 15:48:00 2022
MeasureDate Fri Oct 21 15:46:57 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element3 : Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage —_ d(t) (500ms) f—
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U3 230.03v Pt (0.65) : Pass
Frequency U3 Error
Element 3
dmin 0.20%
No. dcf%] dmax|%] d(t)[ms] Pst
1 0.16 0.53 - 0.19
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Switch Off operating L1 phase
Print Date Fri Oct 21 15:53:18 2022
MeasureDate Fri Oct 21 15:50:53 2022
Comment Experimental model Pattern A
Regulation IECE1000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 : Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage - dit) (500ms) —
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U1 23011V Pit (0.65) : Pass
Frequency U1 50.003Hz
Element 1
dmin 0.20%
No. de[%] dmax|%] d(t)[ms] Pst
1 0.18 1.11 — 0.20
Pit
0.09
Switch off operating L2 phase
Print Date Fri Oct 21 15:53:18 2022
MeasureDate Fri Oct 21 15:50:53 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 : Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage -— dit) (500ms) —
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 231.10v Pt (0.65) : Pass
Frequency U2 50.001Hz
Element 2
dmin 0.20%
No. de[%] dmax[%)] d(t)[ms] Pst
1 0.20 1.04 — 0.23
Pit
0.10
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Switch off operating L3 phase
Print Date Fri Oct 21 15:53:18 2022
MeasureDate Fri Oct 21 15:50:53 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element3 . Pass
Wiring three-phase 4wire dc (3.30%) : Pass
Voltage Range 600.00V dmax (6.00%) : Pass
Set Voltage - dit) (500ms) —
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U3 229.61V Plt (0.65) : Pass
Frequency U3 Error
Element 3
dmin 0.20%
No. def%] dmax{%] d(t)ims] Pst
1 0.29 1.00 — 0.20
Pit
0.08

TRF No. G99/1-6_V1.0



Page 96 of 265 Report No.: 6139156.50

G99/1-6
Clause Requirement - Test Result - Remark Verdict
Model: SUN2000-100KTL-M2
Test start date 2022-08-12 Test end date 2022-10-24
Test location No0.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu, P.R. China
Starting Stopping Running
Pi

d(max) d(c) d(t) d(max) d(c) d(t) Pst 2 hours
?gﬁasu L1| 0.76 0.18 0 0.57 0.17 0 0.14 0.14
Values
at test L2 0.64 0.17 0 0.53 0.19 0 0.17 0.16
imped
ance L3 0.63 0.23 0 0.66 0.28 0 0.17 0.17
Normalised
to standard 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
impedance
Normalised
to required i i ) ) ) i i i
maximum
impedance
Limits set
under BS o o o o o o
EN 61000- 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
3-11
Test
Impedance R 0.24 Q Xl 0.15 Q
Standard 0.24 * 0.15*
Impedance R 047 Q Xl 0.257 Q
Maximum R N/A # Q XI N/A # Q
Impedance
* Applies to three phase and split single phase Power Generating Modules.
~ Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system. Delete as appropriate.
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G99/1-6

Clause

Requirement - Test

Result - Remark Verdict

Continuous operating L1 phase

Print Date Fri Aug 12 10:04.28 2022
MeasureDate Fri Aug 12 10:02:27 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 10Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 : Pass
Wiring three-phase 4wire dc  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) Pass
Set Voltage - d(t) (500ms)
Set Frequency 50Hz Pst (1.00)
Voltage U1 228.44V Pit (0.65) : Pass
Frequency U1 50.001Hz
Element 1
dmin 0.20%
No. de%] dmax[%]  d(t)ms] Pst
1 1.03 123 —_— 0.14
2 1.66 232 —_— 0.13
3 205 2.32 —_— 0.13
4 1.36 1.92 — 0.14
5 1.36 1.48 e 0.14
6 1.21 216 e 0.14
7 208 233 —_— 0.14
8 1.99 2.18 — 0.14
9 207 2.25 - 0.14
10 2.09 2.30 - 0.13
" 2.00 2.18 e 0.13
12 1.40 1.50 —_— 0.13
Pit
0.14
Continuous operating L2 phase
Print Date Fri Aug 12 10:04:28 2022
MeasureDate Fri Aug 12 10:02:27 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 10Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 : Pass
Wiring three-phase 4wire dc  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) —
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 23010V Pit  (0.65) : Pass
Frequency U2 50.007Hz
Element 2
dmin 0.20%
No. deof%] dmax%]  d(t)ms] Pst
1 0.87 186 e 0.15
2 207 3.20 — 0.14
3 1.01 1.30 — 0.15
4 0.47 061 —_— 0.15
5 1.81 2.86 e 0.16
6 0.89 151 e 0.17
7 1.90 294 — 0.17
8 1.94 283 —_— 0.16
9 1.70 283 — 0.17
10 21 273 e 0.17
1 0.94 1.98 — 0.16
12 1.58 266 —_— 0.15
Plt
0.16
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1

0.18 0.76

0.16

0.07

Clause Requirement - Test Result - Remark Verdict
Continuous operating L3 phase
Print Date : Fri Aug 12 10:04:28 2022
MeasureDate : Fri Aug 12 10:02:27 2022
Comment : Experimental model Pattern A
Regulation : IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval : 10Min0Sec
Model : YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 2 0.24+j0.15 Element3 : Pass
Wiring : three-phase 4wire dc  (3.30%) : Pass
Voltage Range 1 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) e
Set Frequency : 50Hz Pst (1.00) : Pass
Voltage U3 1 233.54V PIt  (0.65) : Pass
Frequency U3 : Error
Element : 3
dmin : 0.20%
No. de[%]  dmax(%]  d(t)ms] Pst
1 117 1.34 — 0.16
2 0.67 075 - 0.1
3 1.14 1.23 - 0.16
4 0.84 0.90 - 0.1
5 077 0.86 — 0.17
6 0.20 0.49 - 0.17
7 1.31 1.39 — 0.17
8 145 1.50 — 0.17
9 143 1.51 - 0.16
10 1.10 1.15 — 0.17
1" 1.04 1.06 - 0.16
12 1.20 1.34 — 0.1
Pit
0.17
Switch on operating L1 phase
Print Date Mon Oct 24 17:00:54 2022
MeasureDate Mon Oct 24 16:58:30 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 . Pass
Wiring three-phase 4wire de  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage Do d(t) (500ms) -
Set Frequency : 50Hz Pst (1.00) : Pass
Voltage U1 230.49v Pit  (0.65) : Pass
Frequency U1 50.003Hz
Element |
dmin 0.20%
No. dc[%]  dmax|%] d(t)[ms]
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
Switch on operating L2 phase
Print Date Mon Oct 24 17:00:54 2022
MeasureDate Mon Oct 24 16:58:30 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 . Pass
Wiring three-phase 4wire de  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) —_—
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 230,57V Pit  (0.65) : Pass
Frequency U2 50.000Hz
Element 2
dmin 0.20%
No. dc[%] dmax[%] d(t)[ms] Pst
1 0.17 0.64 — 0.15
Pit
0.07
Switch on operating L3 phase
Print Date Mon Oct 24 17:00:54 2022
MeasureDate Mon Oct 24 16:58:30 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IECE1000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element3 : Pass
Wiring three-phase 4wire dec  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) —
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U3 229.88V Pit  (0.65) : Pass
Frequency U3 Error
Element 3
dmin 0.20%
No. de[%] dmax[%]  d(t)ms] Pst
1 0.23 0.63 e 0.15
Pit
0.06
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Clause Requirement - Test Result - Remark Verdict
Switch Off operating L1 phase
Print Date Mon Oct 24 17:10:36 2022
MeasureDate Mon Oct 24 17:10:16 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element1 . Pass
Wiring three-phase 4wire dc  (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage — d(t) (500ms) D
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U1 23045V Pit (0.65) : Pass
Frequency U1 50.001Hz
Element 1
dmin 0.20%
No. de[%] dmax[%]  d(t)[ms] Pst
1 0.17 0.57 — 0.14
PIt
0.06
Switch off operating L2 phase
Print Date Mon Oct 24 17:10:36 2022
MeasureDate Mon Oct 24 17:10:16 2022
Comment Experimental model Pattern A
Regulation IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval 2Min0Sec
Model YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance 0.24+j0.15 Element2 : Pass
Wiring three-phase 4wire de (3.30%) : Pass
Voltage Range 600.00V dmax(6.00%) : Pass
Set Voltage — d(t) (500ms) —_
Set Frequency 50Hz Pst (1.00) : Pass
Voltage U2 23117V Pit (0.65) : Pass
Frequency U2 50.000Hz
Element 2
dmin 0.20%
No. dc[%] dmax[%]  d(t)ims] Pst
1 0.19 0.53 — 0.13
Pit
0.06
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Switch off operating L3 phase
Print Date : Mon Oct 24 17:10:36 2022
MeasureDate : Mon Oct 24 17:10:16 2022
Comment : Experimental model Pattern A
Regulation : IEC61000-3-11 Ed1.0 PASS
IEC61000-4-15 Ed1.1
Interval : 2Min0Sec
Model : YOKOGAWA WT3000 Compatibility Condition : Compliance with IEC61000-3-3(Ztest)
Impedance : 0.24+j0.15 Element3 : Pass
Wiring : three-phase dwire dc  (3.30%) : Pass
Voltage Range : 600.00V dmax(6.00%) : Pass
Set Voltage - d(t) (500ms) —_—
Set Frequency : 50Hz Pst (1.00) : Pass
Voltage U3 © 230.68V Pit  (0.65) . Pass
Frequency U3 : Error
Element : 3
dmin : 0.20%
No. de[%] dmax[%]  dit)[ms] Pst
1 0.28 0.66 —- 0.12
PIt
0.05
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Power quality — DC injection: The tests should be carried out on a single Generating Unit.
Tests are to be carried out at three defined power levels £5%. At 230 V a 50 kW three phase
Inverter has a current output of 217 A so DC limit is 543 mA. These tests should be
undertaken in accordance with Annex A.7.1.4.4.

Model: SUN2000-115KTL-M2

Test power level 10% 55% 100%
Recorded DC L1 -120 -120 70
injection value L2 -200 -190 -150
(mA) L3 -240 -250 -220

L1 0.072 0.072 0.042
as%ofrated [, 0.120 0.114 0.090
AC current

L3 0.145 0.151 0.133
Limit 0.25% 0.25% 0.25%
Model: SUN2000-100KTL-M2
Test power level 10% 55% 100%
Recorded DC L1 -0 -100 40
injection L2 -140 -180 70
value(mA) L3 -190 -240 60

L1 -0.062 -0.069 0.028
as%ofrated I, -0.097 -0.125 0.048
AC current

L3 -0.132 -0.166 0.042
Limit 0.25% 0.25% 0.25%
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Model: SUN2000-115KTL-M2
1500 120%
1000 100%
500 80%
=
E 0 [ 60% g
=1
=
-500 40%
-1000 20%
-1500 0%
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
time (s)
Idcl1 Idc 12 Idcl3 ====- Ide- ====- Idc+ P/Pn
Model: SUN2000-100KTL-M2
1,500 120%
1,000 100%
500 80%
=
< 0 60% 2
£ o
=3
=
-500 40%
-1,000 20%
-1,500 0%
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
time (s)
Idcl1 Idc 12 Idcl3 ====- Ide- ====- Idc+ P/Pn
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maintained within £1.5% of the stated level during the test. These tests should be undertaken in
accordance with Annex A.7.1.4.2.

G99/1-6
Clause Requirement - Test Result - Remark Verdict
Power Factor: The tests should be carried out on a single Power Generating Module. Tests
are to be carried out at three voltage levels and at Registered Capacity. Voltage to be =

Model: SUN2000-115KTL-M2

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 1.000 1.000 1.000

Power Factor Limit >0.95 >0.95 >0.95

Model: SUN2000-100KTL-M2

Voltage 0.94 pu (216.2 V) 1 pu (230 V) 1.1 pu (253 V)
Measured value 1.000 1.000 1.000

Power Factor Limit >0.95 >0.95 >0.95
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Protection — Frequency tests: These tests should be carried out in accordance with the Annex =

A.7.1.2.3.

Model: SUN2000-115KTL-M2

Function Setting Trip test “No trip tests”

Frequency Time delay Frequency Time delay Erequency / C_onﬂrm no

time trip

U/F stage 1 | 47.5 Hz 20s 47.40 Hz 20.02 s 3(7); Hz no trip

UIF stage 2 | 47.0 Hz 055 47.00 Hz 0.540 s ‘1‘;'5 SHZ no trip
46.8 Hz no tri
0.45s P
51.8 Hz :

O/F 52.0 Hz 05s 52.01 Hz 0.532 s 120.0 s no trip
52.2 Hz no tri
0.45s P

Note. For frequency trip tests the frequency required to trip is the setting = 0.1 Hz. In order to measure the
time delay a larger deviation than the minimum required to operate the projection can be used. The “No
trip tests” need to be carried out at the setting + 0.2 Hz and for the relevant times as shown in the table
above to ensure that the protection will not trip in error.

The PV inverter nominal AC output frequency value is 50Hz.
U/F stage 1

50.0kSis 20.0ps/pt |
Single Seq 1
RL:2.5M

; e T - |
(@ ssover o @EID  |[eRia (o pes || (@€®szv [sosaw
o v = > .
— oo

102.897m7ls

Auto

Min Max St Dev Count  Info

Fav pmsem pma @A o [ [
T T T - B R
: b

|228.36329 |228.4
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Clause Requirement - Test

Result - Remark Verdict
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Protection — Voltage tests (LV Protection) P
Model: SUN2000-115KTL-M2
Phase L1
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay \_/oltage / C_onﬂrm no
time trip
0.8 pu 188 Vv .
u/v (184 V) 25s 184.43 V 2.530 s 50s no trip
180 V no tri
2.45s P
1.14 pu 258.2 V .
O/V stage 1 (262.2 V) 10s 263.88 V 1.038 s 505 no trip
1.19 pu 269.7 V .
O/V stage 2 (273.7 V) 05s 273.01V 0.510s 0.95s no trip
277.7V N0 tri
0.45s P
Phase L2
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay \(oltage / C.onﬂrm no
time trip
0.8 pu 188 Vv .
unv (184 V) 25s 184.35V 2.525s 50s no trip
180 V no tri
2.45s P
1.14 pu 258.2V .
O/V stage 1 (262.2 V) 1.0s 263.90 V 1.028 s 50s no trip
1.19 pu 269.7V .
O/V stage 2 (273.7 V) 05s 273.71V 0.526 s 0.95s no trip
277.7V no tri
0.45s P
Phase L3
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay \(oltage / C.onf|rm no
time trip
0.8 pu 188 v .
unv (184 V) 25s 184.24 V 2.515s 50s no trip
180 V no tri
2.45s P
1.14 pu 258.2V :
O/V stage 1 (262.2 V) 10s 262.93 V 1.034 s 50s no trip
1.19 pu 269.7 V :
O/V stage 2 (273.7 V) 05s 27341V 0.522 s 0.95 s no trip
2777V Mo tri
0.45s P
Note:

Note for Voltage tests the Voltage required to trip is the setting +1.5% of the nominal value. The time delay
can be measured at a larger deviation than the minimum required to operate the protection. The No trip
tests need to be carried out at the setting £2% of the nominal value and for the relevant times as shown in
the table above to ensure that the protection will not trip in error.
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Graph of O/V stage 1 L2 Phase
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Graph of O/V stage 2 L1 Phase
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Protection — Voltage tests (HV Protection) P
Model: SUN2000-115KTL-M2
L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
0.8 pu 188 Vv .
u/v (184 V) 2.5s 184.43V 2.532s 50s No trip
180V .
2.45s No trip
1.10 pu 249V .
O/V stage 1 (253 V) 1.0s 253.39 V 1.029s 50s No trip
1.13 pu 2549V .
O/V stage 2 (259.9 V) 0.5s 260.07 vV 0.525s 0.95s No trip
263.9V .
0.45 s No trip
L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 188 Vv .
unv (184 V) 2.5s 184.09 V 2.532s 50s No trip
180V .
2.45 s No trip
1.10 pu 249V .
O/V stage 1 (253 V) 1.0s 253.36 V 1.029 s 50s No trip
1.13 pu 2549V .
O/V stage 2 (259.9 V) 0.5s 259.96 V 0.525s 0.95 s No trip
263.9V .
0.45 s No trip
L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay Voltage/time | Confirm no trip
0.8 pu 188 V .
unv (184 V) 2.5s 184.24 V 2.532s 50s No trip
180V .
5 45 s No trip
1.10 pu 249V .
O/V stage 1 (253 V) 1.0s 253.12V 1.037 s 50s No trip
1.13 pu 2549V .
O/V stage 2 (259.9 V) 0.5s 260.09 V 0.526 s 0.95 s No trip
263.9V .
0.45 s No trip
Note:

Note for Voltage tests the Voltage required to trip is the setting £1.5% of the nominal value. The time delay
can be measured at a larger deviation than the minimum required to operate the protection. The No trip

tests need to be carried out at the setting £2% of the nominal value and for the relevant times as shown in
the table above to ensure that the protection will not trip in error.
Over and Under voltage protection shall operate independently for all three phases in all cases.
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Graph of O/V ste 2 L3 Phase
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Protection — Loss of Mains test: P
These tests should be carried out in accordance with BS EN 62116.
For test condition A (EUT output = 75 % — 100 %)
The following sub set of tests should be recorded in the following table.
Model: SUN2000-115KTL-M2
Test Power and 33% 66% 100% 33% 66% 100%
imbalance -5% Q -5% Q -5% P +5% Q +5% Q +5% P
Test 22 Test 12 Test5 Test 31 Test 21 Test 10
[ tme. 21206 ms | 195.26ms | 21555ms | 201.56ms | 200.43ms | 331.69 ms
No | Peur® |Reactive | Pac? Qac?® Run-on Peur Actual Voc ¥ Remarks ©
(% of load (% (% of (% of time (W) Qs
EUT of Qu) | nominal) | nominal) (ms)
rating)
1 100 100 0 0 345.67 | 115000 1.001 750 Test A at BL
2 66 66 0 0 276.42 75900 1.001 650 Test B at BL
3 33 33 0 0 279.44 37950 1.000 590 Test C at BL
4 100 100 -5 -5 208.48 | 115000 1.113 650 TestAatIB
5 100 100 -5 0 275.42 | 115000 1.140 750 TestAatIB
6 100 100 -5 +5 238.81 | 115000 1.167 750 TestAatIB
7 100 100 0 -5 2125 115000 1.055 750 TestAat B
8 100 100 0 +5 331.69 | 115000 1.084 750 TestAatIB
9 100 100 +5 -5 215.55 | 115000 1.000 750 TestAatIB
10 100 100 +5 0 322.17 | 115000 1.027 750 TestAatIB
11 100 100 +5 +5 240.37 | 115000 1.054 750 TestAatIB
12 66 66 0 -5 195.26 75900 0.976 650 TestB at IB
13 66 66 0 -4 208.24 75900 0.981 650 TestB at IB
14 66 66 0 -3 214.25 75900 0.985 650 TestB at IB
15 66 66 0 -2 219.06 75900 0.992 650 TestB at IB
16 66 66 0 -1 263.5 75900 0.994 650 TestB at IB
17 66 66 0 +1 276.31 75900 1.006 650 TestB atIB
18 66 66 0 +2 252.00 75900 1.011 650 TestB atIB
19 66 66 0 +3 251.42 75900 1.016 650 TestB atIB
20 66 66 0 +4 211.68 75900 1.021 650 TestB at IB
21 66 66 0 +5 200.43 75900 1.026 650 TestB at IB
22 33 33 0 -5 212.06 37950 0.975 590 TestB at IB
23 33 33 0 -4 212.48 37950 0.981 590 TestCatIB
24 33 33 0 -3 215.18 37950 0.985 590 TestCatIB

TRF No. G99/1-6_V1.0
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25 33 33 0 -2 248.42 37950 0.990 590 TestCatlIB
26 33 33 0 -1 256.17 37950 0.995 590 TestCatIB
27 33 33 0 +1 255.68 37950 1.005 590 TestCatIB
28 33 33 0 +2 221.65 37950 1.010 590 TestCatlIB
29 33 33 0 +3 213.66 37950 1.015 590 TestCatIB
30 33 33 0 +4 212.25 37950 1.020 590 TestCatIB
31 33 33 0 +5 201.56 37950 1.025 590 TestCatIB
Note:

APeyr: EUT output power.

bP,..: Active power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

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

YdFor test condition A, > 75 % of rated input voltage range used, for test condition B, 50 % of rated input
voltage range, +10 % used, for test condition C, < 20 % of rated input voltage range used. Based on
EUT rated input operating range. For example, if range is between X volts and Y volts, 75 % of range
=X+ 0,75 x (Y — X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum
allowable array open circuit voltage). In any case, the EUT should not be operated outside of its
allowable input voltage range.

®BL: Balance condition, IB: Imbalance condition.

If the device requires additional shut down time (beyond 0.5 s but less than 1 s) then this should be stated
on this form.

Graph of disconnection at Pac 0% and Qac 0% reactive load and 100% nominal power
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Loss of Mains Protection, Vector Shift Stability test

This test should be carried out in accordance with Annex A.7.1.2.6.

Model: SUN2000-115KTL-M2

Vector Shift Start Frequency Change Confirm no trip
Positive Vector Shift 49.5 Hz +50 degrees No trip
Negative Vector Shift 50.5 Hz - 50 degrees No trip

Loss of Mains Protection, RoCoF Stability test

This test should be carried out in accordance with Annex A.7.1.2.6.

Model: SUN2000-115KTL-M2

Ramp range Test frequency ramp: Test Duration Confirm no trip
49.0 Hzto 51.0 Hz +0.95 Hzs 22s No trip
51.0 Hz to 49.0 Hz -0.95 Hzs! 2.2s No trip

Graph of 49.0 Hz to 51.0 Hz
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Graph of 51.0 Hz to 49.0 Hz
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TABLE: Reduction of active power on setpoint P
Model SUN2000-115KTL-M2
1-min mean
value, PIPy [%] 100 90 80 70 60 50 40 30 20 10 0
Psetpoint[KW]: 115 | 103.5 92 80.5 69 57.5 46 34.5 23 11.5 0
Peso [kW]: 115'2 10?'6 92.18 | 80.64 | 69.12 | 57.56 | 46.05 | 34.49 | 23.01 | 11.47 | 2.25
APeso/PEmax [%0]: | 1.12 | 0.15 | 0.16 | 0.13 | 0.10 | 0.05 | 0.05 | -0.01 | 0.01 | -0.03 | 1.96
Limit of reduce
: 5s
time [s]
Graph of the setting accuracy:
Note:

The Active Power reduction will be either between 1.0 p.u. of Registered Capacity Active Power and
zero, or between 1.0 pu of Registered Capacity Active Power and Minimum Stable Operating Level. In
the latter case the Generator will agree with the DNO how zero output can be achieved, including the
option of using the logic interface as described in paragraph 11.1.3.1.

11.1.3.1 By default the DNO logic interface will take the form of a simple binary output that can be operated
by a simple switch or contactor. When the switch is closed the Power Generating Module can operate
normally. When the switch is opened the Power Generating Module will reduce its Active Power to zero
within 5 s. The signal from the Power Generating Module that is being switched can be either AC
(maximum value 240 V) or DC (maximum value 110 V). If the DNO wishes to make use of the facility to
cease Active Power output the DNO will agree with the Generator how the communication path is to be
achieved.

Graph of test
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40% |_I
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Limited Frequency Sensitive Mode — Over frequency test

The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10%.

Active Power response to rising frequency/time plots are attached if frequency injection tests

are undertaken in accordance with Annex B.6.2 \
Model: SUN2000-115KTL-M2

"Rogistored | activepower | Freaueney | Caleuate | TRl | oo

Capacity >80% Output (W) Source Gradient

Step a) 50.00 Hz +0.01 Hz 115310.0 50.00 -- -
Step b) 50.45 Hz +0.05 Hz 114063.9 50.45 9.54 P
Step ¢) 50.70 Hz +0.10 Hz 107813.0 50.70 9.26 Photovoltaic P
Step d) 51.15 Hz +0.05 Hz 96538.3 51.15 9.21 array P
Step €) 50.70 Hz +0.10 Hz 107808.0 50.70 9.25 simulator P
Step f) 50.45 Hz £0.05 Hz 114045.9 50.45 9.41 P
Step g) 50.00 Hz +0.01 Hz 115279.0 50.00 -- -

'Test sequence at M_easured Frequency Calculate Primary Active
Registered Capacity 40% Active Power (H2) droop (%) Power Power

- 60% Output (W) Source Gradient

Step a) 50.00 Hz +0.01 Hz 57558.3 50.00 - -
Step b) 50.45 Hz +0.05 Hz 56331.9 50.45 9.79 P
Step c) 50.70 Hz £0.10 Hz 50087.6 50.70 9.29 Photovoltaic P
Step d) 51.15 Hz £0.05 Hz 38854.9 51.15 9.24 array P
Step e) 50.70 Hz +0.10 Hz 49975.8 50.70 9.15 simulator P
Step f) 50.45 Hz +0.05 Hz 56266.2 50.45 9.21 P
Step g) 50.00 Hz +£0.01 Hz 57556.5 50.00 -- -

Note:

The simulation study event shall be equivalent to:

(i) a sufficiently large increase in the measured system frequency ramped over 10 s to cause a decrease in
Active Power output in accordance with the Droop setting followed by
(ii) 60 s of steady state with the measured system frequency increased to the same level as in B.4.5.4 (i)
as illustrated in Figure B.4.1 below
(iii) then decrease of the measured system frequency ramped over 10 s to cause an increase in Active
Power output back to the maximum Active Power level followed by at least 60 s of steady output.
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Limited Frequency Sensitive Mode — Over frequency test (100%Pn)

105% 52.0
~
95% 51.0 §
& 2
o -
o

80% 49.5

0 50 100 150 200 250 300 350 400 450
Time(s)
power frequency
Limited Frequency Sensitive Mode — Over frequency test(50%Pn)

55% 515

50% NSNS N EEEEET RN NN 51.0
~
45% 505 =
c %)
(o' [l
a s
40% p—— e 500 —©
o

35% 49.5

30% 49.0

0 50 100 150 200 250 300 350 400 450
Time(s)
power frequency
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Power output with falling frequency test (For PV Inverter) P

Tests should prove that the Power Generating Module does not reduce output power as the frequency
falls. These tests should be carried out in accordance with 11.2.3.1, 12.2.3.1

Model: SUN2000-115KTL-M2

Measured Active | Acceptable Active Frequency Primary power
e Power Output (W) Power (H2) source
_Powe .
50.5 Hz for 5 minutes 114821.4 100% Registered 50.50 Photovoltaic
Capacity array simulator
Capac .
50.0 Hz for 5 minutes 114834.4 100% Registered 50.00 Photovoltaic
Capacity array simulator
Capac .
49.5 Hz for 5 minutes 114859.2 100% Registered 49.00 Photovoltaic
Capacity array simulator
_apa .
49.0 Hz for 5 minutes 114857.2 99% Registered 48.00 Photovoltaic
Capacity array simulator
_apa .
48.0 Hz for 5 minutes 114878.7 97% Registered 47.60 Photovoltaic
Capacity array simulator
Capac .
47.6 Hz for 5 minutes 114858.1 96.2% Registered 47.10 Photovoltaic
Capacity array simulator
_apa .
47.1Hz for20's 114821.4 95% Registered 50.50 Photovoltaic
Capacity array simulator
Graph of test
105% 51.0
95% 50.0
o 90% 495
?; o
S 85% 49.0 53
= S
= 80% 485 3
= £
[=]
& 75% 48.0
T0% | 47.5
65% 47.0
60% 46.5
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time(s)
e ) /Un P/Smax frequency
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Frequency Response Tests P

Active Power response to rising frequency/time plots are attached if frequency injection tests are
undertaken in accordance with Annex B.6.2.

Model: SUN2000-115KTL-M2

Test sequence at Measured Frequency Calculate Primary Active
Registered Active Power (Hz) droop (%) Power Power
Capacity >65% Output (kW) Source Gradient
Step a) 50.00 Hz £0.01 Hz 87.55 50.00 -- Photovoltaic -
array
Step b) 52.00 Hz +0.01 Hz 47.93 52.00 9.29 simulator P
Step ¢) 50.00 Hz +0.01 Hz 87.55 50.00 - -
Note:

1. The frequency input and the expected Active Power response which are illustrated for different time
periods from 0 s to 130 s in Figures B.6.1 for a step change in frequency.

2. The response should commence within 2 s and the response shall be to the left of the red line (ie
between the green and red lines), and as close to the green line as possible when following the frequency
step or ramp. Note that the red line represents the 0.5% s-1 specified in paragraph 12.2.4.

e
N g
o
N
2 Hzs ™ Step 0-60 N
o
R N o
P ™ ¢
= 70 s - 130 e
= h ¥ /!
B A B N A
= S N /
N A
% 5 7
™
a0 - ; "
%
o W NN RN MR AN YR RN AR ERF AL ESISRNERR
- B 1 22 30 38 a6 54 B2 o 78 L1 G 2 uo w1 meme s nann
Timefs —arget Resporce S el e ot
Timefs — F rague iy Injection
Figure B.6.1(i): LFSM-0 step response test — frequency injection Figure B.6.1{ii): LFSM-O step response test — target response and limits

Frequency response Test

80% 52.5
70% 52.0
60% 515 N
L
— >
& 5oy 510 £
QU —
a -
\ g
A0% 505 &
30% 50.0
20% 49.5
50 70 90 110 130 150
time(s)
—power ——frequency
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Figure B.6.2{i): LFSM-0 BC2 ramp response test — frequency injection

955%
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Time/s

e Target Response
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Figure B.6.2(ii): LFSM-O BC2 ramp response test — target response and limits
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Test sequence at Measured Primary Active
Registered Active Power Fre(q#Ze)ncy AP(EO%Pn Power Power
Capacity >80% Output (kW) Source Gradient
Step a) 50.00 Hz £0.01 Hz 115.24 50.00 -- -
Photovoltaic
Step b) 50.60 Hz +0.01 Hz 110.17 50.60 9.11 array P
simulator
Step ¢) 50.00 Hz +0.01 Hz 115.25 50.00 - -
Note:
1.Initial output is 100%, droop is 10%. (20%Pn/Hz)
2.Ramp of frequency change is 0.02 Hz/s.
ot 1:::: 0.02 Hzs';Ramp
/ 0i02 Hzs™ R :
s-l amp 99.0% ‘\
b ’ o /

101%

100%

99%

98%

P/Pn

97%

Response
80 100 120
time(s)
power ——frequency

Frequency(Hz)

140
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Fault Ride Through and Fast Fault Injection P
Model: SUN2000-115KTL-M2
cos @ set | Limit Percent |Limit Percent
No. of Fault . .
Test | U/Un Output power . before of Injected of Injected
phases duration
no. |[pu] shorted level (ms) fault current after | current after
[Q/Pn] 60 ms [pu] 120 ms [pu]
= >
1.1.0 Three phase P=0 = 140 0 N/A N/A
1.1.1 symetric | 0P, <P <0,3P, > 140 -0.95 >0.65 >1.0
1.1.2 fault P > 0,9P, > 140 -0.95 >0.65 >1.0
1.2.0 P=0 = 140 0 N/A N/A
One phase
1.2.1 - asymetric | 01P, <P <03P, > 140 -0.95 >0.65 >1.0
122 |typep| O P >09P, >140 | -0.95 >0.65 >1.0
1.3.0 (>k%/1)0 P=0 > 140 0 N/A N/A
13.1 Phaseto "o1p —p<o03p, | =140 -0.95 >0.65 1.0
phase fault
1.3.2 P >09P, > 140 -0.95 20.65 21.0
1.4.0 P=0 > 140 0 N/A N/A
1.4.1 Twophase "5 15 b 03P | > 140 0.95 20.65 >1.0
to earth fault
1.4.2 P >0,9P, = 140 -0.95 20.65 21.0
= >
2.1.0 Three phase P=0 = 140 0 N/A N/A
2.1.1 symetric | 01P, <P <0,3P, > 140 -0.95 >0.65 >1.0
2.1.2 fault P >09P, >140 | -0.95 >0.65 1.0
2.2.0 P=0 > 140 0 N/A N/A
One phase
2.2.1 asymetric | 01P, <P < 03P, > 140 -0.95 >0.65 >1.0
222 fault P >09P, >140 | -0.95 20.65 >1.0
230 | P=0 > 140 0 N/A N/A
23.1 Phaseto "5 1p _p<03P, | =140 -0.95 20.65 21.0
phase fault
2.3.2 P >0,9P, > 140 -0.95 20.65 21.0
2.4.0 P=0 = 140 0 N/A N/A
2.4.1 Twophase 7515 b 03P | =140 -0.95 >0.65 21.0
to earth fault
2.4.2 P >0,9P, > 140 -0.95 20.65 21.0
3.1.0 P=0 = 1240 0 N/A N/A
Three phase
3.1.1 symetric | 0P, <P <03P | 21240 -0.95 >0.65 >1.0
3.1.2 fault P >09P, >1240 | -0.95 20.65 1.0
3.2.0 0.50 P=0 = 1240 0 N/A N/A
One phase
3.21 asymetric | 01P, <P <03P | 21240 -0.95 >0.65 >1.0
3.2.2 fault P >09P, >1240 | -0.95 20.65 1.0
3.3.0 Phase to P=0 = 1240 0 N/A N/A
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Fault Ride Through and Fast Fault Injection P
3.3.1 phase fault | 0P, <P <0,3P, | = 1240 -0.95 >0.65 >1.0
3.3.2 P >0,9P, > 1240 -0.95 20.65 21.0
3.4.0 P=0 > 1240 0 N/A N/A
3.4.1 Twophase ["61p < p <03P | = 1240 -0.95 >0.65 >1.0
to earth fault
3.4.2 P >0,9P, > 1240 -0.95 >0.65 21.0
41.0 P=0 > 2200 0 N/A N/A
Three phase
4.1.1 symetric | 0P, <P <03P, | >2200 -0.95 >0.65 >1.0
41.2 fault P >09P > 2200 -0.95 >0.65 >1.0
4.2.0 P=0 > 2200 0 N/A N/A
One phase
421 asymetric 01P, <P <03P, > 2200 -0.95 >0.65 21.0
422 fault P >09P, > 2200 -0.95 >0.65 >1.0
4.3.0 ' P=0 > 2200 0 N/A N/A
431 Phaseto "o1p <p<03P, | 22200 | -0.95 >0.65 >1.0
phase fault
4.3.2 P >09P, > 2200 -0.95 >0.65 21.0
4.4.0 P=0 > 2200 0 N/A N/A
4.4.1 Twophase "61p < p<03p, | 22200 -0.95 >0.65 >1.0
to earth fault
4.4.2 P >09P, > 2200 -0.95 >0.65 =1.0
Note:
1 N N
* :
% [A]
05k e \ .............. ........ 4
CRNT -
g _
P — SO A0 S
4
o
R i —

A: three-pole short circuit
B: single-pole short circuit with earth contact
C: two-pole short circuit without earth contact
E: two-phase short circuit to earth
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1.00

Connection Point
Voltage (p.u)

0.90

NOTTOSCALE

0.85
(Urec2)

0.10
(Uret)
(Uclear)
(Urec1)

i i

0.00

0 0.14
(tclear)
(trec1)
(trec2)

T
2.20
(trec3)

Time(s)

Figure 12.5 - Voltage against time curve applicable to Type B Power Park

Modules
Table 12.2 Voltage against time parameters applicable to Type B Power
Park Modules
Voltage parameters (pu) Time parameters (s)
Urei 0.1 telear 0.14
Uclear 0.10 trect 0.14
Urect 0.10 trec2 0.14
Uresz 085 treca 2.2
Connection Point Voltage (pu)
4 ‘/ Normal operation
1.1 o
1.0 R NOT TO SCALE
o
0.9 :
; Operation is not required beyond 1.0pu
' but this would not prevent a Power
0.5 {-mmmmmmmm b oS ———— Park Module supplying more reactive
! current should itwish to do so
-0.312 0 0.312 1.0

Reactive current I; (pu)

Figure 12.6 — locus of magnitude of injected Reactive Current

TRF No. G99/1-6_V1.0



Page 132 of 265

Report No.: 6139156.50

G99/1-6
Clause Requirement - Test Result - Remark Verdict
Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 111 11.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 10:54:01 10:53:28
3 Fault type (phase) - - -- Type A Type A
. Phase
4 Setting voltage depth conductor - p.u. 0 0
General Setting dip duration - - ms 160 160
6 Point of fault entry(t1) Total - ms 5449 5449
7 Point of fault Total - ms 5600 5609
clearance(tz)
Fault duration in
8 empty load test Total - ms 160 160
9 Voltage depth/height | Linetoneutral | 1.100ms to u 0.02 0.02
10 in empty load test Pos. t2 and P: 0.02 0.02
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.05 0.05
21 Phase 2 t;4+100ms to t2 0.05 0.05
Voltage 20 p.u
22 Phase 3 ~e0ms 0.05 0.05
23 Pos. 0.04 0.04
24 Phase 1 1.05 1.05
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 1.05 1.05
ttot 26 Phase 3 1.05 1.05
27 Reactive power Pos. p.u. 0.05 0.05
28 Reactive current Pos. +100ms to t, p.u. 1.03 1.03
-20ms
29 Active power Pos. p.u. 0.01 0.01
30 Reactive Current Pos. t1+60ms p.u. 1.03 1.03
31 Reactive Current Pos. t1+120ms p.u. 1.03 1.03
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.03
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.03
37 Phase 3 0.21 1.03
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 242 396
recovery time

TRF No. G99/1-6_V1.0




Page 133 of 265 Report No.: 6139156.50
G99/1-6

Clause [Requirement - Test Result - Remark Verdict

Test no. 1.1.0 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=0
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3I[V]

o L i
i i

B e LTt ST e ] ik LT e B P ] SEEEEET PP
0:05 250 0:05 300 0:05 350 B 5445 1 0:05.500 0:05.550 0:05.600 0:05.650 0:05.700 0:05.750 0:05.800
®UL_tRMS [p.1] @ U2_tRMS [p.u] @ U3_tRMS [p.u.]
T T B e el e e e e itk GEEECEEE FEEEETES

L i e B S 1 e e TR i e e R IR
e R e s B | et Rt S e e B e EEEEEEEE
i el R Eh e bk R B st R o (Il EEEEEEEE EEEEEEEE EEEEEEE
i R el EEEEEEEE CE bt bt ik i st S el EEEEEEEE EEEEEEEE SRRy
0
0:05.250 0:05.300 0:05.350 005400 R 0:05.500 0:05.550 0:05.600 0:05.650 0:05.700 0:05.750 0:05.800

Test no. 1.1.0 Three phase symmetrical fault (type A), U/Un =0 p.u, P=0
Instantaneous and RMS values of phase voltages

U_fund_SYM+ [p.u.]

I S
St NSOy puuppu sy RpE S S A
e e
S T e e e B hh] EOEEE
T I
T T T Lt CEEEREEEEREEERE T B ] EOEEE
T e
L ] S R E R e BT R
T i
O S R ! B Ll
S S po ) ey
o
05.300 0:05.400 0:05.500 ¥ 5,609 ] 0:05.700 0:05.800
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Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

I_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u.] U_fund_SYM+ [p.u.

L e B r el Bl e £ e e e I B e I e B J
VR Bl Bl litielielifiells (il T nfiliall el | Sl el fielieliiielielie infielielitieliall Sfielieiilielie ittty Helielilieieliel nlieliiieielintie Eefielitielielill felieiilielieiie tiletied
eer----y------p-----4-y---r-----v+-----t--—-"-"-"|-""""1"""""-"""""9""""""[°~"""-" -~~~ """
i T S e e e Rl B B e e R e B e it
0.2+ [ -----------

0:05. 0:05.20 0:06.00 0:06.10 0:06.20 0:06.30 0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 O

_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]

0.5
L B S B A B e e B e B e e S FEE
R R e e R e | R e e R i Rt EE LR Rl b EE R
0. S
L B S B A B | N e R e B e R S FEE
0.1

0:05.50 0:05.60 0:05.70 0:05.80 0:05.50 0:06.00 0:06.10 0:06.20 0:06.30 0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 O

Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

2 W“(l 4 B N AL AR
TR IR R 1.1 A
AL AL A A

T Il ll Il
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Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

0.ET - -

i

057 - -

047 - -

0.3 - -

0.2 - -

0:05.500 0:05.600 0:05.700 0:05.800 0:05.900 0:06.000 0:06.100

Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:05.600 0:05.700 0:05.800 0:05.900 0:06.000 0:06.100
@ I1_tRMS [p.u.] @ I2_tRMS [p.u.] 13_tRMS [p.u.]
1z
JUR [ —— —
P U FEU IR R S L St Y U NI NP
\
X e e el tie il ) el b b d | ity Rl Bl
T e B e et B e e R T e
|
L S AU SO | MO N | (Y KNSR SRR
P SR 1 B S
o
0:05.600 0:05.700 0:05.800 0:05.500 0:0&.000 0:06.100
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Requirement - Test

Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] @I1_Q_SYM+ [p.u]

087 - -

087 - -

U il

06T --

0.5 - -

047 - -

0.3 - -

0.2

0:05.500 0:06.100 0:06.200

Test no. 1.1.1 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0:05.600 0:05.700 0:05.800 005300 0:06.000

0.50

0.45 - -

040 - -

0.2 - -

0.3

0:05.500

0:05.600

100 0:06.200
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Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] @1_Q_SYM+[p.u.] I_P_SYM [p.u.]
05t -------- R et R e B B e CEE TR E P
o
05
0:06.50 0:07.50 0:07.75 0:08.00 0:08.25 0:08.50 0:08.75 0:09.00 0:09.25 LD
®Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]
awyY———————  fT'rt~-~" """~ ~""~""~"~~°7°
051 -------- R R B e e S R e R R e EEREE
o
05
0:0650  0:06.75 0:07.00 0:07.25 0:07.50 0:07.75 0:08.00 0:08.25 0:08.50 0:08.75 0:09.00 0:09.25 L

Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages

AILJU3[V] @AILjUZ[V] @AILUL[V]

0:06.350 0:07.000 0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.300 =

0:06.950 0:07.000 0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.300 [ ]
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Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

L e Rt e e e e R e e e i tEEEEE b,

- )

R R e B e B R e LR ET EEEE R P TP

T el L e R e e it LT ST

L e e e | e e L e e

L e B e e R e R R e

kLR e et R e e it L T T ST

L Rt T e J T e T R et P T R

0:06.550 0:07.000 0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.300
Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:07.000 0:07.100 0:07.200 0:07.200 0:07.400 0:07.500 0:07.600 0:07.700
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Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0.87

0.6+

0.4~

0.2

0.2

0.4

0:06.80 0:06.50 0:07.00 0:07.10 0:07.20 0:07.30 0:07.40 0:07.50 0:07.60 0:07.70 o
Test no. 1.1.2 Three phase symmetrical fault (type A), U/Un = 0 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

L i R

0BT ---=----=-f-==------

D4t {---===-=-fommmmmo o

QX {---------f=-------1

N Rl EEEEEE R,

0.4
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 121 1.2.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 10:13:38 10:12:03
3 Fault type (phase) - - -- Type B Type B
. Phase
4 Setting voltage depth conductor - p.u. 0 0
General Setting dip duration - - ms 160 160
6 Point of fault entry(t:) Total - ms 6786 6786
7 Point of fault Total - ms 6947 6947
clearance(tz)
Fault duration in
8 empty load test Total - ms 161 161
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.02 0.02
10 in empty load test Pos. t2 and P: 0.67 0.67
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.948 -0.948
20 Phase 1 0.04 0.04
21 Phase 2 t;4+100ms to t2 1.00 1.00
Voltage 20 p.u
22 Phase 3 ~e0ms 1.01 1.01
23 Pos. 0.68 0.68
24 Phase 1 1.05 1.01
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.43 0.57
ttot 26 Phase 3 0.70 0.89
27 Reactive power Pos. p.u. 0.27 0.16
28 Reactive current Pos. +100ms to t, p.u. 0.40 0.23
-20ms
29 Active power Pos. p.u. 0.07 0.07
30 Reactive Current Pos. t1+60ms p.u. 0.39 0.24
31 Reactive Current Pos. t1+120ms p.u. 0.40 0.24
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 219 388
recovery time
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Test no. 1.2.0 single-pole short circuit with earth (type B), U/Un =0 p.u, P=0
Test overview (voltage, current, active and reactive power positive sequence)

SAILJUL[V] ®AILjUZ [V]

Al1{U3 [V]

200

—

-200-

L Ll e R e i s B e R R EE CEEE TR

0:06.700 0:06.750 06.800 0:06.850 0:06.900 0:06.950 0:07.000

®U1_tRMS [p.u] @U2Z_RMS [p.u] @ U3_tRMS [p.u]
e e I e e B e e R
n‘:w‘.‘\
X il e I b i e e e B R EE LR
Y e e e P | ek L e L EEE PRy
T Bl e I e e B e e R
L e el T T o i e e | e B e
o
0:06.700 0:06.750 06.800 0:06.850 0:06.900 0:06.850 0:07.000

Positive sequence voltage

Test no. 1.2.0 single-pole short circuit with earth (type B), U/Un =0 p.u, P=0

U_fund_SYM+ [p.u.]

0.5

0.8+

0.7

0.6+

0.7

0.4+

0.3

0.2

0:06.700

0:06.800

0:06.500

O:

07.000

0:07.100

0:07.200
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Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u] @ 1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]
B I e e L e B R PR EE PP e
i e e e R S P Ty EE T TP T CEE PP EE LT
L e s e e R e e B e e BT
P I I P PO FEU SRR IR (AU PRSI (IR
P A S g _________________________________________________________________________
S I
0:08.00 0:08.10 0:08.20 :08.30 40 08.50 50 0:08.7 08.80 0890 =
®Q_fund_SYM+[p.u] @P_fund [p-u.]

05
Lt R S s he T B B e B LT, EET T
1 7[ ______________________________________________________________________
0:08.00 0:08.10 0:08.20 0:08.30 0:08.40 0:08.50 0:08.60 0:08.70 0:08.50 voes0 ol

Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILUI[V]

e e e

500 50 0B.000 08.050 08.100 08150  (:0B.200 08,250 0B.300 08.350 08400 08450 0B50
[ pu] @ S[pu] @ [p.u.]

L e T R R R e i B R B L e Rl R

o

0B ----F------

06t ----f------

Q4 -=--F------

027----p------

o
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Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

120

1157 -

110 -

1057 -

1.00=

0.951 -

0.90 -

0.857 -

0.80 -

0.757 -

0.70- -

0.85 -

0.60T -

0.557 -

0.50

0:08.050

0:08.200

0:08.150

0:08.200

0:08.250

0:08.200

0:08.350

Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:08.1

@I1_tRMS [p.u] @ I2_tRM

0:08.

S [p.u.]

200

13_tRMS [p.u.]

0008300

.08,

0:08.

200

0:08.200

0:08.
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Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0.50

K e e R R - —\v(—’xx —————————————————————————————————————— -1
010
8050 0:08.100 0:08.150 0:08.200 0:08.250 0:08.300 0:08.350 0:08.400 0:08 450 0:08.500 0.0

Test no. 1.2.1 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.50
R e T B e e e SRt EEEE TR SRR -
R el e R Rt e Ry T PR TP TR ER -
i I e L S B e R e SRR R -1

0:08.050 0:08.100 0:08.150 0:08.200 0:0B.250 0:08.200 0:08.250 0:08.400 0:08.450 0:08.500 0o
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Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] ®1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

1ol | [ | I | | [

L e e S L e et ELEaEEEr

05
0:05.50 0:05.75 0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 =
®Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]
10 R
O5f-—------f----------- \—\ —————————————————————————————————————————————————————————————————————————
05

0:05.50 0:05.75 0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 [ ]

Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages

-

W
1

—
——
——
——
_;_—E
-
o

L e e e (i et E e e R e e e i R -1

0:05.550 0:05.600 0:05.650 0:05.700 0:05.750 0:05.800 0:05.850 0:05.900 0:05.950 0:06.000 0:06.050 0:06.100 D:D‘)
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Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Positive sequence voltage
U_fund_SYM+ [p.u.]
Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase currents
- QAILJIL[A] @AILfIZ[A] @AILfI3[A]
ol
i l“ ‘ Ij i’| |l‘| ! “1 l‘| |l‘|| |l‘i .J‘l I 'ﬁ'#l!]’l!lt!.!l'l’i’l']’i1 H“l'l"ﬁ“l"l'l'l" il
e
o ALY ¥ B R M M

0:05.700

0:05.800

@I1_tRMS [p.u] @ I2_tRMS [p.u.]

0:05.900

0:06.000

13_tRMS [p.u.]

0006200

0:06.300

........... @fd‘\w_,,

0:05.700

0:05.800

0:05.900

0:06.000

0:06.200

0:06.200
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Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

L T e R N e e s B T EEE R F

02y ----

s

0.4

0:05.600 0:05.700 0:05.800 0:05.500 0:06.000 0:05.100 0:06.200 0:06.300 00
Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0ET----

06T ----

04 ----

0rf----

D2

0.4

0:05.600 0:05.700 0:05.800 0:05.900 0:06.000 0:06.100 0:06.200 0:06.200 0o
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 131 1.3.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 10:51:51 10:34:13
3 Fault type (phase) - - - TypeC TypeC
. Phase
4 Setting voltage depth conductor - p.u. 0 0
General Setting dip duration - - ms 150 150
6 Point of fault entry(ts) Total - ms 5862 5862
7 Point of fault Total - ms 6012 6012
clearance(tz)
Fault duration in
8 empty load test Total - ms 150 150
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.02 0.02
10 in empty load test Pos. t2 and P: 051 051
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.949
20 Phase 1 1.00 1.00
21 Phase 2 t;4+100ms to t2 0.05 0.50
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.05 0.49
23 Pos. 0.52 0.52
24 Phase 1 0.17 0.29
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.99 1.00
ttot 26 Phase 3 0.83 0.83
27 Reactive power Pos. p.u. 0.25 0.21
28 Reactive current Pos. +100ms to t, p.u. 0.49 0.40
-20ms
29 Active power Pos. p.u. 0.06 0.05
30 Reactive Current Pos. t1+60ms p.u. 0.48 0.40
31 Reactive Current Pos. t1+120ms p.u. 0.49 0.40
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 158 371
recovery time
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Test no. 1.3.0 two-pole short circuit without earth (type C), U/Un =0 p.u, P=0
Test overview (voltage, current, active and reactive power positive sequence)

SAILUL[V] ®AI1juz V]

AIL{U3 [V]

——
—
E———
—=
==
e

0:05.500 0:05.950

0:06.000 0:06.050 0:06.100 0:06.150 0:06.200 0:06.250

Test no. 1.3.0 two-pole short circuit without earth (type C), U/Un =0 p.u, P=0
Positive sequence voltage

U_fund_SYM+ [p.u.]

TRF No. G99/1-6_V1.0
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Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.]

ILP_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

0.8

0.67
0.4+

0.2

006

:06. 700 0:06. 0:06.

[p.u.] ®P_fund_SYM+[p.u.]

0:07. 0071

007,

0.5

0.4~

0.3

J

0:06.400 0:06.500

0:06.600 0:06.700 0:06.800 0:06.500

0:07.000 0:07.100

0:07.200

o

Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=20%Pn

Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

200+

if

il

|

0:06. 0086,

0ET----

06t----

4t ----

0Fr----

0:06.450 0:06.475 0:06.500 0:06.525 0:06.550 0:06.575 0:06.600 0:06.625 0:06.650 0:06.675 0:06.700

0:06.

725

0:06.

750 O
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Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un = 0 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

12
I E e e

L e B Il e e s S i -1
L e B I R i R s Hai e e -1
L Rt e R e e T -1
et e Rt R e e S b --
L e e e e -1
I i B I i E -1
et e et Rt e e S e e e -
et e e R e s T -
L e el B e e e

0

0:06.400 0:06.500 0:06.600 0:06.700 0o

Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:06.450 0:06.500 0:06.550 0:06.600 0:06.650 0:06.700 oo

®I1_tRMS [p.u]  ®I12_tRMS [p.u] @ I3_tRMS [p.u]

0BT --f--------------

D --f----------- -]

0:06.450 0:06.500 0:06.550 0:06.600 0:06.650 0:06.700 0:06
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Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un = 0 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

06

051 ----

0.3 ----

02—

0.z

0:05.450 0:06.500 0:06.550 0:06.500 0:06.650 0:05.700 0:06.750 0:06.800
Test no. 1.3.1 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.40

e T e e e LR i e EEEE EEE T e

0.304 - - - -

025 ----

0.3

0:06.450 0:06.500 0:06.550 0:06.600 0:06.650 0:06.700 0:06.750 0:06.800
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Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] ®1_P_SYM+ [p.u.] @®1_Q_SYM+ [p.u.]
o I I N | | | | ]
R e B s e S e Bt e B e te R BT P S
4.5
0:06.50 0:06.60 0:06.70 0:06.80 0:06.90 0:07.00 0:07.10 0:07.20 0:07.30 0:07.40 0:07.50 0:07.60 o:or.7d

®Q_fund_syM+[p.u.] @P_fund_SYM+ [p.u.]

ool d b 152 S O S O NS S o

0.3

0:06.50 0:06.60 0:06.70 0:06.80 0:06.90 0:07.00 0:07.10 0:07.20 0:07.20 0:07.40 0:07.50 0:07.60 0:0 .?D

Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

VAV

ol

=
c::j
e —
,__'___
f—'_'_'__
:_._T__‘_‘_
e —
N
==
I ——

®UL_tRMS [pu] @ U2_tRMS [p.u] @ U3_tRMS [pas]

0.4

0:06.550 0:06.600 0:06.650 0:06.700 0:06.750 0:06.800 0:06.850 0:06.500 0:06.43
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Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=100%Pn
Positive sequence voltage

U_fu

ind_SYM+ [p.u.]

0:06.700

Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

11[A] @Al

2[A] @Al

LD Hdi']fl“”

| M., ‘é‘ “'\mrnnmmmiiMliimm”"ﬂ""ml i .Elﬂl%lﬂm

it

il a ‘ “U ”U W”'\

________________________ | | ARTE “l:
Y U
(b @1 tRMS[p.u] ] — |
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Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un = 0 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] @I1_Q_SYM+ [p.u]

L e e e e e ] e e it EEE bl EEEEEEEEE by

i Rt L e R T T B e T e B R bt

L ek Tt T T S e b LT e e ELCEE EETEFTEIS PRSP S

L e e e i B el ] e e R i b

0.4

Test no. 1.3.2 Two-pole short circuit without earth (type C), U/Un =0 p.u, P=100%Pn
Positive sequence active and reactive power

@®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

E et R e bl e

0.6

0.4~

0.27

0.2

0.4

0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 0:06.90 0:07.00 0:07.10 0:07.20 0:07.20 0:07.44
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 14.1 14.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 10:50:25 10:34:13
3 Fault type (phase) -- -- - Type D Type D
. Phase
4 Setting voltage depth conductor - p.u. 0 0
General Setting dip duration - - ms 150 150
6 Point of fault entry(ts) Total - ms 5862 5862
7 Point of fault Total - ms 6012 6012
clearance(tz)
Fault duration in
8 empty load test Total - ms 150 150
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.02 0.02
10 in empty load test Pos. t2 and P: 0.35 0.35
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.949
20 Phase 1 1.01 1.00
21 Phase 2 t;4+100ms to t2 0.04 0.04
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.04 0.04
23 Pos. 0.36 0.36
24 Phase 1 0.21 0.20
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.97 0.98
ttot 26 Phase 3 0.84 0.84
27 Reactive power Pos. p.u. 0.22 0.22
28 Reactive current Pos. +100ms to t, p.u. 0.60 0.59
-20ms
29 Active power Pos. p.u. 0.03 0.04
30 Reactive Current Pos. t1+60ms p.u. 0.60 0.59
31 Reactive Current Pos. t1+120ms p.u. 0.60 0.59
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 114 396
recovery time
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Verdict

Test no. 1.4.0 Two phase to earth fault (type E), U/Un = 0 p.u, P=0
Test overview (voltage, current, active and reactive power positive sequence)

oAUV

SAILjU2[V] ®AIL

Jus [v]

WA

AR

900 [EEEEDS o 000 06,1 300
U1_tRMS [p.u.] M [p.u] [p.u]
0:05800  0:05.850 0:05.500 [LED5.550  0:06.000 0:06.050  0:06.100 300

:06. 1 0:06.150 0:08.200 0:05..
Test no. 1.4.0 Two phase to earth fault (type E), U/Un =0 p.u, P=0

Positive sequence voltage
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Requirement - Test Result - Remark Verdict

Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+[pu] O I_P_SYM+[p.u] ®1_Q_SYM+ [p.u]

Ve

5.90 & 610 620 £ 640 6. [>]

f N

.50 560 570 5 590 B 610 620 f &40 E. [ ]

Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

5.625 5.650 5,675 5.700 5725 5750 5,775 5.800 5.825 5.850 5.875 5ol
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Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Positive sequence voltage
U_fund_SYM+ [p.u.]
1z
B —— e i E ] e e o -
LR il theit il theiieidiiiet Rttt elieledied ittt Rl il itttk Attty
L e e e R i b R b i Ll e e L Rl
I il e e B e I e e R
i i e e e e B e e R EEEE EEEEE
s e e e e i i R e E L LR R
e el el A e ittty ittt it iielietel itttk Sl
i i e e e e e R EEEE B
i e et L e s B et EEEE
et inll ittt ieilieiltelinls fufeielietefiiti i efilted ittty it ielietel niel itttk Sl
o
5.650 5.700 5.750 5.800 5.850 5.900
Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Instantaneous and RMS values of phase currents
QAILJIL[A] @AILfI2[A] @AILfI3[A]
400
e e R Fatr R i A -4 - B e e R EEE LR LR
. mmrmxm 16000090 00000001
w \ X II L AX I AKX I
Rv. i 1 B i I Y 4 - - - - - - Bl e R e |
-400
5.600 5.650 5.700 5.730 5.800 5.850 5.200
@I1_tRMS [p.u.] @ I12_tRMS [pu.] 13_tRMS [p.u.]
1z
o
5.600 5.650 5.700 5.750 5.800 5.850 5.500

TRF No. G99/1-6_V1.0




Page 160 of 265 Report No.: 6139156.50
G99/1-6

Clause [Requirement - Test Result - Remark Verdict

Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

R et B e e B R el EEEEF LT TR STy

L R e e ek EEEEEEEEEE TS EEEEPEEEEEER PP PR R

e R e B e R R ] B il EEEEEEE

T R e ¥

R R R | e b cEEEE LT TR PR EEEEEY P

L B L Tk s o ek L e

R R e e R el cEEEEE TR EEE T -

5.600 5.650 5.700 5.750 5.500 5.850 5.500 5.550
Test no. 1.4.1 Two phase to earth fault (type E), U/Un = 0 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.5

L R B e T T A T L R T B E R S

LR e e B it R T Rl e e

T et e e B R Y aEEEr

0.4
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Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] ®1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

o] N B o] ] [ [ [ | ]

05 -------f-----bf oo e s e R e e B T e e S - - - 1

05,30 Qu0S.s0 00570 0:05.80 0:03.90 0:06.00 0:06.20 0:06.20 0:06.20 0:06.40 006,30 0:06.60 D:DLQ

®Q_fund_syM+[p.u.] @P_fund_SYM+ [p.u.]

L A e e it s RLEE SR SR

o :05.50 0:05.60 0:05.70 0:05.80 0:05.50 0:06.00 0:06.10 0:06.20 0:06.20 0:06.40 0:06.50 0:06.60 D:Db.o
Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages
®AI1fu2 [V] AILjU3[V] @AIjUl[V]
S N R R PRSI AN AR ISR N (N R R S R

®UL_tRMS [p.u] @ U2_tRMS [p.u] @ U3_tRMS [pas]

0:05.600 0:05.625 0:05.650 0:05.675 0:05.700 0:05.725 0:05.750 0:05.775 0:05.800 0:05.825 0:05.850 D:DS.S?SD
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Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

i el e i e el e e e el R R e ERE

i I S e R e B e I

N R et e e R R R R enEt CEEE T EE R S e

T e ) T B L T e e et SRR T

i i T S e R e B e I i e

e e e e e B e it R R LRl e EE

L ) R g R e T e e et

e e e E T S e e O REEE

0:05.600 0:05.650 0:05.700 0:05.750 0:05.800 0:05.850 0:05.900

Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:05.500 0:05.600 0:05.700 0:05.800 0:05.500 0:06.000 0:06.100 0:06.200 oo 3

08T-----

06t -----

04 -----

02p-----

TRF No. G99/1-6_V1.0



Page 163 of 265 Report No.: 6139156.50
G99/1-6

Clause [Requirement - Test Result - Remark Verdict

Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

L e e e e R e bl SR El EEEEEEEEEEE] EEEEE,

0:05.600 0:05.700 0:05.500 0:05.500 0:06.000 0:06.100 0:08.200 0:06.300
Test no. 1.4.2 Two phase to earth fault (type E), U/Un = 0 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0:05.600 0:05.700 0:05.800 0:05.900 0:06.000 0:06.100 0:06.200 0:06.200
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Clause Requirement - Test Result - Remark Verdict
Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 21.1 2.1.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 9:14:36 11:17:53
3 Fault type (phase) - - -- Type A Type A
. Phase
4 Setting voltage depth conductor - p.u. 0.1 0.1
General 5 Setting dip duration - - ms 150 150
6 Point of fault entry(t1) Total - ms 6990 6990
7 Point of fault Total - ms 7140 7140
clearance(tz)
Fault duration in
8 empty load test Total - ms 150 150
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.10 0.10
10 in empty load test Pos. t2 and p-u. 0.12 0.12
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.12 0.12
21 Phase 2 t;4+100ms to t2 0.12 0.12
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.12 0.12
23 Pos. 0.12 0.12
24 Phase 1 1.05 1.05
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 1.05 1.05
ttot 26 Phase 3 1.05 1.05
27 Reactive power Pos. p.u. 0.13 0.13
28 Reactive current Pos. +100ms to t, p.u. 1.04 1.05
-20ms
29 Active power Pos. p.u. 0.01 0.01
30 Reactive Current Pos. t1+60ms p.u. 1.05 1.04
31 Reactive Current Pos. t1+120ms p.u. 1.04 1.05
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 214 370
recovery time
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Test no. 2.1.0 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=0
Instantaneous and RMS values of phase voltages

TMUHf”u”uw; MWMWHHuHumuﬂu’ﬁ\/;{\f?fu%
1 I

0:06.850 0:06.200 0006250 6,920 Lueil 0:07.030 0:07.1200 007,130 0:07.200 0:07.230 0:07.200

®U1_tRMS [p.u] @U2Z_tRMS [p.u] @ U3_tRMS [p.u]

10 E L.
L e e e L | I e g ———————————————————————————— R

L LT CEE LT PR ok 1 R A e e e P .-
L e R B R R R e e ol e R e e -1
L e B B R e i R e B R ERRE

0:06.850 0:06.900 0:06.950 5.990 L) 0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.200

Test no. 2.1.0 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=0
Positive sequence voltage

U_fund_SYM+ [p.u.]

L R T T e B e e TR e

L e D I R e e e e el b

N et R R ettt R L R e EERE Lt Y

e e e i i o e el W

R e B e e e R e T T T P

el R L e R R EEEEEE] EEEE

T | o L ) A

L e R e e e e L L LR Rt s,

0:06.900 0:07.000 0:07.100 40 0:07.200 0:07.200
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Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] @ 1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

08,10 0:08.20 0:08.20 0:08.40 0:08.50 0:08.60 0:08.70 0:08.80 e

®Q_fund_syM+[p.u] @ P_fund_SYM+ [p.u.]

o 0:07.80 0:07.50 0:08.00 0:0B.10 0:08.20 0:08.20 0:08.40 0:08.50 0:08.80 0:08.70 0:08.80 D:D!.D
Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages
SAILfULV] @AILjU2 [V] AI1juz [V]
wood oo ]

B O A I Y AN
wuummm%ﬁﬁmm)\wuu

R e - o

0:07.850 0:07.875 0:07.200 0:07.925 0:07.950 0:07.975 0:08.000 0:08.025 0:08.050 0:08.075 0:08.100 0:08.125 0

®UL_tRMS [pu] @ U2_tRMS [p.u] @ U3_tRMS [pas]

0:07.850 0:07.875 0:07.500 0:07.925 0:07.950 0:07.975 0:08.000 0:08.025 0:08.050 0:08.075 0:08.100 0:08.125 D
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Result - Remark Verdict

Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn

Positive sequence voltage

U_fund_SYM+ [p.u.]

0.5+

0.8

0.7

0.6

0.5+

0.4

0.3+

0.27

0:07.850

0:07.900 0:07.950 0:08.000

0:08.050 0:08.100 0:08.13

Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

200 - - -

|

200 - - -

007

B30 .07,

0:07.950 0:08.000

@I1_tRMS [p.u] @ I12_tRMS[p.u] ® I3_tRMS [p.u]

0:08.030 0:08.200 0o

08 ---

0Ef---

04 ---

0Fr==7

0:07.

B50 0:07.900

0:07.950 0:08.000

0:08.050 0:08.100 0o
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Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

0:07.850 0:07.900 0:07.950 0:08.000 0:08.050 0:08.200 0:08.150 0:08.200 0:0B.250 0:08

Test no. 2.1.1 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.50

L e LT B e e B BT e R T k-

T i R R e ] R e e R e R T R P k-

Bk i L EEEEEE e e

025 === ---=-femmmme |

0:07.850 0:07.900 0:07.950 0:08.000 0:08.050 0:08.200 0:08.150 0:08.200 0:0B.250 0:08
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Test no. 2.1.2 Three phase symmetrical fault type A) U/Un =0.1 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] I_P_SYM+ [p.u.] ®1_Q_SYM[p.u.]

-

0.5 - - A

0.5
0:10.10 0:10.20 0:10.30 0:10.40 0:10.30 0:10.80 0:10.70 010,80 0:10.90 01100 01110 01120
®Q_fund_svyM+[p.u] ®P_fund_SYM+ [p.u.]
D5 -=q-===-=="q-====-=“|f-===-==[-=-=-=---- 71 ---------------------------------------
0.5
010010 0:10.20 0:10.20 0:10.40 0:10.50 0:10.60 0:10.70 0:10.80 0:10.50 0:11.00 0:11.10 01120

Test no. 2.1.2 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

B A I
bt hccssnbossmsa UL
ML et A

0Ef------q------------

06T -—=-==f-mmmmmm oo

L e EEEE LR R

L e EEE LR R
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Test no. 2.1.2 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

104 e B el B R CEE TS

L Rt | R e e R C s EEEE TR

S e e s e A L

T O g g o A

T e B T R e e B bl EEEEEEEEE

T R e R L R s N T

e i R e e L s LR EEEE RS EEEEEEEE,

L R R e SRR e e R

LR e Rl e T e B e il bR

R et R R e R e PP TP PR EEES EEP TR

]

0:10.250 0:10.200 0:10.350 0:10.400 0:10.450 0:10.500

Test no. 2.1.2 Three phase symmetrical fault (type A), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase currents
'I.H

it PR
0

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

:IJ
-—-—-—-——-
_———
—'-_—
-—_—
e —
e —
—— ———+—
—-'_—
e —
e
—‘-—
e
e —
e
E = |
-__.—
—-_—
———
—-———-—-
———
——
e ——
—-_—-__
—'_
= —e—
—
e — :

0:10.200 0:10.300 0:10.400 0:10.500 0:10.600 0:10.700 0:10.800 0:10.300
®I1_tRMS [p.u.] ®I12_tRMS [p.u.] I3_tRMS [p.u.]
12 |
o e ———— e PR — | ]
1t ---F----=-=---—=-F4H---------fp--- ﬂ-------------------__________________-,.u'_' __________________________
-

i e

|I e
0B ---f~""-=-"---- il it~ wliitiel el el g it ittt It

) ‘Mﬂ’d
06T ---fF-----------"F-----------F------ i il F ] i d el (it il

-
-~
o

L -

e T S S L e e et S L e REE TP
-
4 iy
B e g e N
o
0:10.200 0:10.300 0:10.400 0:10.500 0:10.600 0:10.700 0:10.800 0:10.500
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Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Positive sequence active, reactive current

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.87

0.6+

0.4~

0.2

0.2

0.4

0:10.100 0:10.200 0:10.300 0:10.400 0:10.500 0:10.600 0:10.700 0:10.800 01
Test no. 1.2.2 Single-pole short circuit with earth (type B), U/Un = 0 p.u, P=100%Pn
Positive sequence active and reactive power

I_P_SYM+[p.u.] @I1_Q_SYM[p.u.]

0.87

0.6+

0.4~

0.2

i e e T e i b R Rt -

0.4

0:10.100 0:10.200 0:10.200 0:10.400 0:10.500 0:10.600 0:10.700 0:10.800 0:1)
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 221 2.2.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 10:47:53 11:07:43
3 Fault type (phase) - - -- Type B Type B
. Phase
4 Setting voltage depth conductor - p.u. 0.1 0.1
General Setting dip duration - - ms 150 150
6 Point of fault entry(t1) Total - ms 7631 7631
7 Point of fault Total - ms 7781 7781
clearance(tz)
Fault duration in
8 empty load test Total - ms 150 150
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.10 0.10
10 in empty load test Pos. t2 and P: 0.70 0.70
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.12 0.12
21 Phase 2 t;4+100ms to t2 1.00 1.00
Voltage 20 p.u.
22 Phase 3 ~e0ms 1.01 1.01
23 Pos. 0.71 0.71
24 Phase 1 1.05 0.90
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.04 0.42
ttot 26 Phase 3 0.71 0.89
27 Reactive power Pos. p.u. 0.27 0.13
28 Reactive current Pos. +100ms to t, p.u. 0.39 0.18
-20ms
29 Active power Pos. p.u. 0.07 0.16
30 Reactive Current Pos. t1+60ms p.u. 0.39 0.18
31 Reactive Current Pos. t1+120ms p.u. 0.39 0.18
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 103 320
recovery time

TRF No. G99/1-6_V1.0
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Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] ®1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

L e e e B e e B e e e P e J
S i e e e B R e e e B LR T SRR
L e e e B e R R e il EEEEEEEETEY TEEPY
L e e B BT B Sk EOEEEEEETE EETEEEEEPT P
P A R f\ ___ ‘ _____________________________________________________________________________
o
0:05.75 0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 o:or.7s LD
®Q_fund_syM+[p.u] ®P_fund [p-u.]
05
L e e EE e B ik COEEEEEEEE EET R S
L e e e e B R R L e EaEREE LT EEPEEEEEPEY FEEPY
0. - - )‘&
L il R (P B s R B B bk COEEET TR FEPEEEEEP
"
) M
01 v
0:05.75 0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 00775 LD

Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

SAILUIV] @AILjUZ[V] ®AILjU3[V]

TRF No. G99/1-6_V1.0
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Requirement - Test

Result - Remark

Verdict

Positive sequence voltage

Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn

U_fund_SYM+ [p.u.]

120

1.057

0.95+

0.90

0.85+

0.80

0.757

0.70

0.85

0.60

0.55

0.50

0:05.

B50 0:05

800

0:05.

950 0:06

.000

0:06.050

Instantaneous and RMS values of phase currents

Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:035.

0:05.500

@ 11_tRMS [p.u.]

® 12_tRMS [p.u.]

0:06.000

13_tRMS [p.u.]

0:06.1

oo

0.8

0.6+

0.4~

0.24

0:05.800

0:05.900

0:06.000

0:06

TRF No. G99/1-6_V1.0
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Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active, reactive current

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.50

It L B e LT PR TP B R P TR EEE TR,

ke L B e il EEEEEEEEEES EEEEEEEEEEE EEEEEEEEEEE EEEEEEE

“; """""""""""" T \,{FL """"""""""""""""""""

0:05.700 0:05.800 0:05.500 0:06.000 0:06.100 0:06.200 0:06.300 0:06.400
Test no. 2.2.1 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active and reactive power

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

0.50

L L LT B e S R Lt EEEEEEEEETE EEEEEEE EEPPERPE

Tt L L e e R B EEEEEELLEEE CEE TR,

Lk bk R R L L e CEE Rt B e e R e il EEEEEEEEEEE EEEEEEEEEl

e e B e e R P EEEEEEEE

R Lttt EEEE TP EY EEEEP PR R e o B R e ettt EEEEEEERPTE CEFEPP T

QA =========g==========q=========d- B e sE e e i S e il

ek LR T T EE T B R R Rt EEE TR,

=)

0:05.700 0:05.800 0:06.200 0:06.200 0:06.400

TRF No. G99/1-6_V1.0
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Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] _® I_P_SYM+ [p.u.] ®1_Q_S¥M+ [p.u]

10 S R

®Q_fund_SYM+[p.u] @ P_fund_SYM+ [p.u.]

Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages
200+ l ﬂ-- {-}f -

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

e R e e B e s R S et FE T

0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.300 0:07.350 0:07.400 0:07.450 0:07.500 ool D

. [pu] @U2_tRMS[p.u] @ [p-u]
R ] e R L Tt e s e e E e
R e e B e e B e e
L R e e B e R R e R R et BEEE LR EE
i e R e i e B e B A B
L ] e B S e R el e R
0
0:07.050 0:07.100 0:07.150 0:07.200 0:07.250 0:07.200 0:07.350 0:07.400 0:07.450 0:07.500 ool D

TRF No. G99/1-6_V1.0
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Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

120

R e T R Rt e il EEEEEEEE P E L. EEP Ry

R e R R R il B E P L. EEP TPy

B e ety it ittt Mttty Sttt Ay

L e R e e e -

T T R s Lt S e EEEEE

R R LRt T R e L R R EEE R e P

i R R R e T e LR LT Ry PR TP EEE R

L A e e B e i e i LR LRl Rl

N e e e e Rl EEL EEEEEEEEEEEEEEE EEEEE by

N e R e e T B B e B el

el R T e e e e EEnh EECEEP R,

e i B e e R R EEEEEEEE

L B e e e i H e e B

0.50

0:07.150 0:07.200 0:07.250 0:07.200 0:07.250 0:07.400

Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

0:07.000 0:07.200 0:07.200 0:07.300 0:07.400 0:07.500 0:07.600 0:07.700 o0

®I1_tRMS [p.u]  ®I12_tRMS [pu] @ I3_tRMS [p.u]

08T -~

06 - - -

04 - - -

i e e e e i e R B R H

TRF No. G99/1-6_V1.0
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Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

L i Rt e B B ] e b b R Rl R Rl Rl M-

L Rt BT B e T T T S et B B F--

L s C e R B B S - I s T B R s LT R, TSP F-

0.2

0.2

0.4

0:07.00 0:07.10 0:07.20 0:07.30 0:07.40 0:07.50 0:07.60 0:07.70 0:07.80 0:07.50 0:0
Test no. 2.2.2 Single-pole short circuit with earth (type B), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

i e il EEE Rl

06T -—--==o-=-=-----

D4t ------d- e

L R i REEEEEEEE

i Rk R EEEEE

0.4

0:07.00 0:07.20 0:07.20 0:07.20 0:07.40 0:07.50 0:07.60 0:07.70 0:07.80 0:07.90 0:0

TRF No. G99/1-6_V1.0
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 23.1 2.3.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:06:30 11:05:41
3 Fault type (phase) - - -- Type C Type C
. Phase
4 Setting voltage depth conductor - p.u. 0.1 0.1
General Setting dip duration - - ms 150 150
6 Point of fault entry(t:) Total - ms 7065 7065
7 Point of fault Total - ms 7214 7214
clearance(tz)
Fault duration in
8 empty load test Total - ms 149 149
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.10 0.10
10 in empty load test Pos. t2 and P: 0.55 0.55
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.00 1.00
21 Phase 2 t;4+100ms to t2 0.50 0.51
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.50 0.50
23 Pos. 0.56 0.55
24 Phase 1 0.20 0.36
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.99 1.00
ttot 26 Phase 3 0.83 0.84
27 Reactive power Pos. p.u. 0.26 0.20
28 Reactive current Pos. +100ms to t, p.u. 0.47 0.36
-20ms
29 Active power Pos. p.u. 0.06 0.06
30 Reactive Current Pos. t1+60ms p.u. 0.46 0.36
31 Reactive Current Pos. t1+120ms p.u. 0.46 0.36
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 390 381
recovery time

TRF No. G99/1-6_V1.0
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Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.]  ®1_P_SYM+[p.u.] ®1_Q_SYM+ [p.u]
wodemee e bl
L R L R e e B e EEE L L -4
T R B e il e B B e R e -1

0:06.75 0:07.00 0:07.25 0:07.50 0:07.75 0:08.00 0:08.25 od 2

®Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]

-

:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 0:07.75 0:08.00 0:08.25 D:D
Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AILJUZ[V] ®AILU3[V]

0.1

of LIV VAR A ALLA / ....... Bl M\)(\ LA
B\UI\UHUH”J\U/\U/\\L/\f\/\/\/\/\/\/\/\”HU!\HHUHU/\UI\“I\“I
EW\X/ J\J MU \ """" U\ """ \ L AR

0:06.250 0:06.300 0:06.350 0:06.400 0:06.450 0:06.500 0:06.550 0:06.500 0:06.650 L)

®UL_tRMS [p.u] @U2Z_tRMS [p.u] @ U3_tRMS [p.u]

L i e S e B B e eEEEEEEEEEE EEEE,

R e T e e He e e B e i R EEEEEEEE EEE

TRF No. G99/1-6_V1.0
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Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

10
L et e e L e e L LT TR EE R e -4
L e e e B B e T i B

A B e R i e e sl bbb -1
A -
L et e e B e e e R -1
A O A -
R A i B T e B i S B B -1
R et e B B e e R R -1
et e B e L e e e T R -4
A A -
L B i e e e e e ] T b -1
0.50

0:06.200 0:06.250 0:06.400 0:06.450 0:06.500 0:06.550 0:06.

Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AILIZ[A] @AIL[I3[A]

0:06.200 0:06.300 0:06.400 0:06.500 0:06.600 0:06.7

®I1_tRMS [p.u]  ®I12_tRMS [p.u] @ I3_tRMS [p.u]

0:06.200 0:06.200 0:06.400 0:06.500 0:06.600 0:06.7

TRF No. G99/1-6_V1.0
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Requirement - Test

Result - Remark

Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u]

0.50

0.40- -

0.357 -

0301 -

0.25 -

0.20+ -

..... N

0:06.200

0:06.200

0:06.400

0:06.500

0:06

600

0:06.700

0:06.800

0:06.500

Test no. 2.3.1 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.50

0.45 -

0.40- -

0.357 -

0.2 -

0.201 -

=)

0:06.200

0:06.700

0:06.800

0:06.900

TRF No. G99/1-6_V1.0
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Test no. 2.3.2 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u] @ 1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

T e T e e - e T S e R R LT e R e et EEEEE

0:06.20 0:06.40 0:06.50 0:06.60 06,70 0:06.80 0:06.20 0:07.00 00720 00720 00730 00740 0.0 .SDQ

®Q_fund_syM+[p.u.] @P_fund_SYM+ [p.u.]

IIRENBEGREREEN]
=

0.3

0:06.20 0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 0:06.90 0:07.00 0:07.10 0:07.20 0:07.20 0:07.40 0:0 .E{ID

Test no. 2.3.2 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages

AILJUS[V] @AILjUZ[V] @AILUL[V]

200 -

EE——=—ca

o
2004
B Bt S e T e T B T
0:06.300 0:06.350 0:06.400 0:06.450 0:06.500 0:06.550 0:06.600 0:06.650 0:06
®UL_tRMS [p.u] @ U2_tRMS [p.u] @ U3_tRMS [pas]
e e e R i e e B e e

JI T A B AN N
N A SN B 2/ I

L e e R ] e e B e k-

T R e R ] S e B e k-
0

0:06.300 0:06.350 0:06.400 0:06.450 0:06.500 0:06.550 0:06.600 0:06.650 0:06. 1

TRF No. G99/1-6_V1.0
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Test no. 2.3.2 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

e e U

L LT S | T e e e e k CEEEEE

04 -----

L

prr-----

0.4

0:08.20 0:06.30 0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 0:08.50 0:07.00 0:07.10
Test no. 2.3.2 Two-pole short circuit without earth (type C), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active and reactive power

@®P_fund_SYM+[p.u.] @Q_fund_SYM+[p.u.]

0ET-----

061 -----

04 -----

0rf-----

D2-----

0.4

0:06.20 0:06.20 0:06.40 0:06.50 0:06.60 0:06.70 0:06.80 0:06.90 0:07.00 0:07.10

TRF No. G99/1-6_V1.0
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 24.1 2.4.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:04:33 11:03:44
3 Fault type (phase) - - -- Type E Type E
. Phase
4 Setting voltage depth conductor - p.u. 0.1 0.1
General Setting dip duration - - ms 150 150
6 Point of fault entry(t:) Total - ms 7634 7634
7 Point of fault Total - ms 7784 7784
clearance(tz)
Fault duration in
8 empty load test Total - ms 150 150
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.10 0.10
10 in empty load test Pos. t2 and P: 0.41 0.41
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.09 1.01
21 Phase 2 t;4+100ms to t2 0.12 0.12
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.11 0.11
23 Pos. 0.41 0.41
24 Phase 1 0.24 0.19
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.98 0.98
ttot 26 Phase 3 0.85 0.84
27 Reactive power Pos. p.u. 0.26 0.24
28 Reactive current Pos. +100ms to t, p.u. 0.62 0.58
-20ms
29 Active power Pos. p.u. 0.04 0.04
30 Reactive Current Pos. t1+60ms p.u. 0.62 0.58
31 Reactive Current Pos. t1+120ms p.u. 0.62 0.58
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 234 395
recovery time

TRF No. G99/1-6_V1.0
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Test no. 2.4.0 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=0
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3[V]

| &; it \W\}/’L/X N e

0:07.500 0:07.550 007600 (LAELRT.650 0:07.700 0:07.750 0:07.800 0:07.850 0:07.900 0:07.950

®UL_tRMS [p.u] @ U2_tRMS [p.u] @ U3_tRMS [pas]

10

L e S LA R
s e e R
L e e T
L R e el -——% —————————

0:07.500 0:07.550 0:07.600 m?.ssn 0:07.700 0:07.750 0:07.800 0:07.850 0:07.500 0:07.550
Test no. 2.4.0 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=0
Positive sequence voltage

U_fund_SYM+ [p.u.]

e L e e L e B Rt EERE
B T B e e et e P
e e
S T P A S e S| R Ert EECEEEEEEEERE SRS
o bl ]
e e
T P mh T i S T ST B T PR
U NN e
03T fmm == o mm e b e B
e
L e B i T it e B R
o
0:07.400 0:07.500 0:07.600 0:07.700 [7.784 £ 0:07.500 0:08.000

TRF No. G99/1-6_V1.0
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Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] I_P_SYM+[p.u.] L

_Q_SYM+ [p.u.]

i Rt e R e e R Rl R E bl EEEEEEEE B EEEE b EEE Rt CEER R ---1

:07.20 0:07.30 0:07.40 0:07.50 0:07.60 0:07.70 0:07.80 0:07.90 ooed

Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]

0:06.50 0:07.00 0:07.10 0:07.20 0:07.30 0:07.40 0:07.50 0:07.60 0:07.70 0:07.80 0:07.50 D:D!.Q

Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

SAILJUL[V] @AIL/UZ[V] ®AILU3I[V]

? !q//\\\/ﬂ/\@\/ \\/M / A m/\\/”\\\l/\\[\ W |
S TR R AT A

0:06.900 0:06.350 0:07.000 0:07.050 0:07.100 0:07.150 0:07.200 =

®U1_tRMS [p.u] @U2Z_tRMS [p.u] @ U3_tRMS [p.u]

L R R e R R i e e E i T St R,

L R R R B e ek EE R T B e eEEEEEEEEEEE PR,

bt LR EEEEEE Rl R B e i R B e o

R e e e ] i L e B e Tl R LR

0:06.900 0:06.950 0:07.000 0:07.050 0:07.100 0:07.150 0:07.200 [ ]
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Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

R e e e i EEE R L PP PR PEEE .- -

L e B e B T e e e S ---

T ) R

T e e T TR e e M e B R

e e T e e e et - -

0:06.500 0:06.950 0:07.000 0:07.050 0:07.100 0:07.150 0:07.2%

Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AILIZ[A] @AIL[I3[A]

0:06.800 0:06.500 0:07.000 0:07.100 0:07.200 oo

®I1_tRMS [p.u]  ®I12_tRMS [p.u] @ I3_tRMS [p.u]

08T -

06T -

04 -

0.z~

0:06.800 0:06.500 0:07.000 0:07.100 0:07.200 0:06
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Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0e

| J ]

0:05.700 0:06.800 0:06.500 0:07.000 0:07.100 0:07.200 0:07.300 0:07.400 0:07.500
Test no. 2.4.1 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=20%Pn
Positive sequence active and reactive power

@®P_fund_SYM+[p.u.] @Q_fund_SYM+[p.u.]

0.50

L B T e B T S P ) DL

T R e R S e e R T R P

s e S LR Rl LR EEE

L et SEEEE T R PRy

T e R e B

=)

0:06.700 0:06.800 0:06.500 0:07.000 0:07.100 0:07.200 0:07.200 0:07.400 0:07.500
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Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn
Test overview (voltage, current, active and reactive power positive sequence)

U_fund_SYM+ [p.u.] @ 1_P_SYM+ [p.u.] ®1_Q_SYM+ [p.u]

- | T 1 | | | | | | |

L Tt e | | A R e SR R I E e TR TP F--
1
05
0:05.50 0:05.75 0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 0:07.75 el

®Q_fund_syM+[p.u.] @P_fund_SYM+ [p.u.]

T j/ """"""""""""""""""""""""""""""""
:

0.3

/|

0:05.50 0:05.75 0:06.00 0:06.25 0:06.50 00675 0:07.00 0:07.25 0:07.50 0:07.75 D:DB.D
Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn
Instantaneous and RMS values of phase voltages
SAILfUl[V] @AILjU2 [V] AI1jUz [V]
wood oo Ao

i

-1l W

0:05.800 0:05.850 0:05.900 005,

E e e e

L E T e F--

L e R i e ch bbb

L e R i e b ch b
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Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

L e R e R R R ECEE CEEPEEPEEEPEERY EEPEE

o e ] i i il R ] s e EREEEEEEEEEEEEE EREEE

N e R R B e EETE EEE PP PP EE PP EEREY

T e e e B T e REREEEEEEEEEEEE EEEES

e R et LR T e I e B

0:05.900 0:05.950 0:06.000 0:06.050 0:06.100 0:06.150 0:06.200

Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

i
i

M nTﬂF

Instantaneous and RMS values of phase currents
|
‘lm ‘ ” |
LA

il
A

s
i

I

IR
i it
0:05.500 0:06.000 0:06.100 0:06.200 0:06.300 0:06.400 0:06.500 o0l
®I11_tRMS [p.u] @ I12_tRMS[p.u]  ® I3_tRMS [p.u.]
12
P (PSR PRSI T I Uy UNpU SRS RURUR Y R P g SN R ]
! il T
.w'w-w
i e B o e b R B T B R P EEETE
;"i;—

061 ----------J---------}--f--om- 11 et CE T e R et B S

b ~

o~
-~

[ I_pV

e e - —]\_—\—————,rf —————————————————————————————————————————————————
e
w

l\)'f

02f----------q---------41-- e e Rl LRl E R R e e
]
0:05.500 0:06.000 0:06.100 0:06.200 0:06.300 0:06.400 0:06.500 0:0f
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Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active, reactive current

®1_Q_SYM+[p.u] I_P_S¥M+[p.u.

1z

e B e T e il E e e e
O N (R SO A AN R NN N RO R
e e et T B e e e e T T
P S R A R ]
L s R ] B R B e e B ] e LR
LIS O A B % ____________________________________________________
04

0:05.500 0:06.000 0:06.100 0:06.200 0:06.300 0:06.400 0:06.500 0:05.600
Test no. 2.4.2 Two phase to earth fault (type E), U/Un = 0.1 p.u, P=100%Pn
Positive sequence active and reactive power
®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

1z

0.4

0:05.900 0:06.000 0:06.200 0:06.200 0:06.200 0:06.400 0:06.500 0:06.600
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 3.1.1 3.1.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 9:14:36 10:43:14
3 Fault type (phase) - - -- Type A Type A
. Phase
4 Setting voltage depth conductor - p.u. 0.50 0.5
General Setting dip duration - - ms 1250.00 1250
6 Point of fault entry(t1) Total - ms 5327.00 5327
7 Point of fault Total - ms 6578.00 6578
clearance(tz)
8 Fault duration in Total - ms 1251 1251
empty load test
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.50 0.50
10 in empty load test Pos. t2 and P: 0.50 0.50
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.50 0.50
21 Phase 2 t;4+100ms to t2 0.50 0.50
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.50 0.50
23 Pos. 0.50 0.50
24 Phase 1 1.00 1.00
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 1.00 1.00
ttot 26 Phase 3 1.00 1.00
27 Reactive power Pos. p.u. 0.47 0.35
28 Reactive current Pos. +100ms to t, p.u. 0.95 0.68
-20ms
29 Active power Pos. p.u. 0.15 0.35
30 Reactive Current Pos. t1+60ms p.u. 0.95 0.66
31 Reactive Current Pos. t1+120ms p.u. 0.95 0.66
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 577 489
recovery time

TRF No. G99/1-6_V1.0
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Test no. 3.1.1 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

L T T e B T & B TR SR

L T e B T B T EEEREEP

L e e e R i i iy s R EEE b,

T e e R R b R et (EEEE PP EEY

L e R Il ettt eteeeteetets b e e ) cEE R E R

0.4

0:07.00 0:08.00 0:09.00 0:10.00

Test no. 3.1.1 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

400
0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.4
®I1_tRMS [p.u] ®I2_tRMS [p.u] & I3_tRMS [p.u]
12
LRt EEET IR PP R L e e s b EEEEE TR PR PR
E S R ‘ —————————————————————————————————— ‘ —————————————————————————————————
|
T R ek CEETEEEREFEPE PR ‘ —————————————————————————————————— R L CEEE EEE TP ---q
L el EE TP EE P 1 —————————————————————————————————— R Rt EEEEEEE TR EE
L} LY, e - =
B e R e e B P b EEE L L Ll B | ==
0
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Test no. 3.1.1 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

i0
T A i S I P e T
I I I R A B mendl BN R B T O
T R ] e ] J e b e R Tl ph BTt R LRl b
R R R it Rt B el e ) R EEEEE TR EEE e
s e R il el N Bl e bbbt S el o Aaiaiaiaiaiaty Rl Il
i R e RLEEE R e R LRt tEEE TR PR S R B rl EEE T
L R R ] e Rk e R SR R cE LR & Bt PR LR TR R
L R e e it e R S T e e EE T e P
0.2 S it Sl el Sl piebiabied 1t ety Ittt
01t-q--------|F-------1------49 -------=--4-=---=---"-F--=--"--"-"q4--"-"-"--"--|--"-"-"-"--"q44-"-"=-"-="-"=-"=-"-[-=---=-=---t----- - -
.

o1 ~—

0:07.00 0:07.25 0:07.50 0:07.75 0:08.00 0:08.25 0:08.50 0:08.75 0:09.00 0:09.25 0:09.50 0:0%

Test no. 3.1.1 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.60
R R e e e e Rt e e e e e B e --4
DR R et e B S R ] L e T e R L e s
]

P T I A S (%W _______________________ I N N
I B R R e o e R i Rl el e e BEEEEEEEE R E
035 - {--------[-------1------- FfF-------1--------}-------F3----ccc|mmo- g e e - |- -
e R e Rt i e e ] e o B B e B
i R R e TR E T TR B E e e e et B e e e e el
0.20r
L B e i Al bl il Sl e s S 8 5 Sttt Il ittt il
R e e L LY EEE B e R ] o e EEEEE TS EEE T
0051 ---------[--------31------ B R B R et b e B o il

o
L057-q4-""""""“"fF """~ - ] bl et il ittt il tind itk Attt Il iliealh Hiiiieliil ity
.10

0:07.00 0:07.25 0:07.50 0:07.73 0:08.00 0:08.25 0:08.50 0:08.75 0:09.00 0:09.25 0:09.50 0:0%
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Test no. 3.1.2 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

L R T e e ] T e B ] TR

L T e ] S B T

e )

- )

L e T e ittt Heleleleieteteteieied sl e e ] R e

0.4

Test no. 3.1.2 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

400
200 1
||.‘|H.‘.H.‘||\|‘l M. M-M M ‘|||.‘||‘.‘|”.‘. W‘.“ |H| |H||H||‘.‘||‘-‘||H|“ M "'“ ‘ “.‘.Hl‘.|‘|‘.‘||‘. M.M .M "'MH" w‘.“.‘.w.‘“‘ .M W\H 'H' ‘”H'H |H\ |H||‘.‘|“.‘|Hl‘.u|‘lu|H\ M |H||"U|H'|H'“"'H"'H M |H||‘.‘||‘.‘||‘.‘||‘.‘|“.M M
| |
200 | .
400
5.00 5.50 £.00 6.50 7.00 13
@11 tRMS [p.u] @ 12_tRMS[p.u] _® I3_tRMS [p.u.]
12
e f --------------------------------
/
L R o [ E i H iy
{
R e e K el it il o ff‘i ---------------------------------- M=
L e e e i S F- A
I
e R Rl R R S e e R L LR EETTERETT k-
05
5.00 5.50 5.00 6.50 7.00 13
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Test no. 3.1.2 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

12
sod e b AT _

B e B e e B et e e e Rt LR T EEEEE T

T T
06 -----f------- e e
D4t -----f------- R e e R el T B B B T B el -
02t-----f------- R R R R et EEEE B R el REEEEEES EEFEEETE EEEEE T
p2t-----f--mm--- R ] EEEEEE T EECEETES EEEEEEPY B B e e e e
04
475 5.00 525 55 575 5.00 525 550 573 7.00 7.25 7.5

Test no. 3.1.2 Three phase symmetrical fault (type A), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @ P_fund_SYM+ [p.u.]

0Ef-----f-------

061 -----fF-------

04t -----f-------

02f-----f-------

0.4
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 3.2.1 3.2.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:19:44 11:19:06
3 Fault type (phase) - - -- Type B Type B
. Phase
4 Setting voltage depth conductor - p.u. 0.5 0.5
General 5 Setting dip duration - - ms 1250 1250
6 Point of fault entry(t:) Total - ms 5952 5952
7 Point of fault Total - ms 7202 7202
clearance(tz)
8 Fault duration in Total - ms 1250 1250
empty load test
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.50 0.50
10 in empty load test Pos. t2 and p-u. 0.83 0.83
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.50 0.50
21 Phase 2 t;4+100ms to t2 1.00 1.00
Voltage 20 p.u.
22 Phase 3 ~e0ms 1.00 1.00
23 Pos. 0.83 0.83
24 Phase 1 0.59 0.58
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.16 0.46
ttot 26 Phase 3 0.62 0.99
27 Reactive power Pos. p.u. 0.92 -0.11
28 Reactive current Pos. +100ms to t, p.u. 0.11 -0.14
-20ms
29 Active power Pos. p.u. 0.20 0.48
30 Reactive Current Pos. t1+60ms p.u. 0.11 -0.14
31 Reactive Current Pos. t1+120ms p.u. 0.11 -0.14
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 58 377
recovery time

TRF No. G99/1-6_V1.0
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Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn
Test overview (voltage, current, active and reactive power positive sequence)

l
|
06.50  0:07 50 0:08.00 o:11.50 )
uuuuuuuuuuuuuuuuuuuuuuuuu
______________________ ‘1'_________________________________________________________
50 0:08.00 o:11.50 )

Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn
Instantaneous and RMS values of phase voltages

TRF No. G99/1-6_V1.0
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Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn
Positive sequence voltage

Instantaneous and RMS values of phase currents

Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn

®AIL/11[A]

®A11/12 [A]

®A11/13 [A]

il FI||1IIHH"l'IHHIIIIH'l.] “

N HORVH Ot Huil ’ M.

“ulwmt MR e
w )] St {0

i it
0

.50 0:07.00 50 :08.00
[p-u.] ! [p-u.] S [p.u.]
__________ g g uw:*_'________________
"
:06.50 0:06.7 .00 50 -08.00
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Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

0.40

B i e e e ] e e il LR R LRt R

e R R B H e B il H i e e il EEEEEEEEE EEREE

. e ik bty ettt wlelefeelelibetel aifeteieeteatel petdteefetete] seleleteteletet-] (LR R R Rt EEEEEEEEE EEEEEEEEE EEEEy

R R bl T R el TR e e T e e R

0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 0:07.75 0:08.00 0:08.25 0:08.50

Test no. 3.2.1 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active and reactive power

@ Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]

0.40
L i B B e e el e e e e B
L e i B B e e R e iR R EEEEEEEEE EEEE
L R el e R Rl CE el e EEt) EEEEEEEEY EEEEEEEE] EEEEEEEEE EEEEEEEEE EEEEE
NI — SRS PN
"
i B el e L Rl il R Hl i -1I ------------------------------

e R et L | e et | e et BT

R e ey ey It IRy I L """""""""""

0:06.00 0:06.25 0:06.50 0:06.75 0:07.00 0:07.25 0:07.50 00775 0:08.00 0:08.25 0:08.50
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Test no. 3.2.2 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.

-]

1.05+

0.95+

0.90+

0.857

.80

0.75

0.70

0:08.00

0:08.

0:09.00

0:09.50 0:

Test no. 3.2.2 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

SAILJIL[A] ®AILIZ[A] @AIL[I3[A]

10 A |||||| M
iR

I ”||"||"||'|| ' ' 'l
[A—— .H

hl

0:07.

0:07.

0:08.00

0:08.50

®I1_tRMS [p.u]  ®I12_tRMS [p.u]

0:09.

13_tRMS [p.u.]

0:09.50

08 ---

0Ef---

04 - - -

027r---

0:07.
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Test no. 3.2.2 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

it B e e R B e e e e LR
L et B L e B e S et e R i CEE PP
L et B P R T e S e e R PR PP

L e b R e e ] e e RRREE L LEEEEE e,

P T - F __________________

0.4

(=}

0:07.75 0:08.00 0:08.25 0:08.50 0:0B8.75 0:09.00 0:09.25 0:09.50 0:08.75
Test no. 3.2.2 Single-pole short circuit with earth (type B), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

S e R R e e il e

L e e S e S e T P

e e e

[ R R e e e e e Rt b E Rt

0.4

0:07.75 0:08.00 0:08.25 0:08.50 0:08.75 0:09.00 0:09.25 0:08.50 0:09.75 0:
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 3.3.1 3.3.2
1 Date - - yyyy.mm.dd 2022.12.09 2022.12.09
2 Time (start of test) -- -- hh:mm:ss.f 17:35:48 17:35:48
3 Fault type (phase) -- - - Type C Type C
. Phase
4 Setting voltage depth conductor - p.u. 0.5 0.5
General Setting dip duration - - ms 1250 1250
6 Point of fault entry(ts) Total - ms 7579 7579
7 Point of fault Total - ms 8829 8829
clearance(tz)
8 Fault duration in Total - ms 1250 1250
empty load test
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.50 0.50
10 in empty load test Pos. t2 and P: 0.75 0.75
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.00 1.00
21 Phase 2 t+100msS 10 t 0.66 0.66
Voltage 20 p.u
22 Phase 3 -<Ums 0.66 0.66
23 Pos. 0.75 0.75
24 Phase 1 0.39 0.71
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.98 0.97
ttot 26 Phase 3 0.68 0.36
27 Reactive power Pos. p.u. -0.24 0.05
28 Reactive current Pos. +100ms to t, p.u. 0.32 0.06
-20ms
29 Active power Pos. p.u. 0.16 0.28
30 Reactive Current Pos. t1+60ms p.u. 0.31 0.06
31 Reactive Current Pos. t1+120ms p.u. 0.31 0.06
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 95 228
recovery time
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Test no. 3.3.1 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

120

B i i e e ettt ittty Attty

L B s T T Tt EEEEE

R LR R R e R T P e LT R e EEEEET

R LR e R L e b CECE R PR EEEEEE
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e e e e el L bR R R L LR EEh R

N R e e B et EELEE LR P LT TR P EEEEPY
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e R I B I R aih REEEEE

L B e B I Bt R b LR LR Rt EEEEEE

0.50

0:16.00 0:16.50 0:17.00 0:17.50 0:18.00 0:18.50

Test no. 3.3.1 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

400
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Test no. 3.3.1 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0.5

e H

:16.75 0:17.00 0:17.25 0:17.50 0:17.75 0:18.00 0:18.25 0:18.50 0

®Q_fund_SYM+[p.u.] ®P_fund_SYM+[p.u.]

0.5

L ] e ] B e e T S et s H

R i T e i Ee e S e il s bl bl s H

0:16.25 0:16.50 0:18.75 0:17.00 0:17.25 0:17.50 0:17.75 0:18.00 0:18.25 0:18.50 o
Test no. 3.3.1 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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Test no. 3.3.2 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

120
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N R R et R B B RREE L TEEEEE EEEE TRy

e R e R LG Er LR TR PR TR P e P P EEEEP R,
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L B e el H e e S e el

0.50

0:11.50 0:12.00 0:12.50 0:13.00 0:12.50 01400 L3

Test no. 3.3.2 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

Wl .J “ Hw ‘ ...Hl‘I‘IHHH“wmqun\mHHh\uuhh\\'HH'H\IIHHIH\HHH'\HIHI\H'H\'\'HHMHIHH
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Test no. 3.3.2 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

L e e e e R L] e R R e R

L e B ek T T S R e SR S R T

L e S L e e e S Bt s SEET T SEPEIPEE P

L R i e e e S e T B IREEEEEEEEE EEEEE

N e e e S R e e e e e B R Rl IEEEEEEEEEE EEEEE

04 |
1175 01200 0:12.25 0:12.50 012,75 0:12.00 01325 0:12.50 01375 01400

Test no. 3.3.2 Two-pole short circuit without earth (type C), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active and reactive power

@0 _fund_SYM+[p.u.] ®P_fund_SYM+ [p.u.]

L R Rk LR R R e e R ] R ERhl EEEEE
N
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04
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 34.1 3.4.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) - - hh:mm:ss.f 11:27:49 11:27:14
3 Fault type (phase) - - -- Type E Type E
. Phase
4 Setting voltage depth conductor - p.u. 0.5 0.5
General Setting dip duration - - ms 1250 1250
6 Point of fault entry(t1) Total - ms 5380 5380
7 Point of fault Total - ms 6630 6630
clearance(tz)
8 Fault duration in Total - ms 1250 1250
empty load test
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.50 0.50
10 in empty load test Pos. t2 and P: 0.66 0.66
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.00 1.00
21 Phase 2 t;4+100ms to t2 0.50 0.49
Voltage 20 p.u
22 Phase 3 ~e0ms 0.49 0.49
23 Pos. 0.66 0.66
24 Phase 1 0.32 0.59
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.97 1.00
ttot 26 Phase 3 0.71 0.46
27 Reactive power Pos. p.u. 0.35 0.18
28 Reactive current Pos. +100ms to t, p.u. 0.52 0.27
-20ms
29 Active power Pos. p.u. 0.18 0.35
30 Reactive Current Pos. t1+60ms p.u. 0.50 0.26
31 Reactive Current Pos. t1+120ms p.u. 0.51 0.27
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms 326 310
recovery time
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Tes 341Tw ph hf ult (yp E) U/Un 05p , P=20%Pn
Test ov ew (voltage, nt, ac ve and re € power positive sequence)
U_fund_SYM+ [p.u.] 1_P_SYM+ [p.u. ®1_Q_SYM+ [p.u.]
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Test no. 3.4.1 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

110
L e ] e T B e Ea e
R e s e e R EE T SRS EE
o B ] e i R I e e
L B ] e e R ] e S R
T Bk T e T B i e S e TP P
R e HE e B et e et LR TR
e e e et L e e it
R e e e L e e e R e
e e e e e e e et EEEEEE TR
0.60
0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 [ ]
Test no. 3.4.1 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=20%Pn
Instantaneous and RMS values of phase currents
QAIL/I1[A] @AILI2[A] @AIL/I3[A]
400
£ R etk LR e C Rt R R e b ===
il | ||||. I n ‘ | il ||. ‘ |
|I-||-|-|||-|-|||-||-|-|||||-||-|-|u||-|||-||-||-||-I-|u||-||-|-||-|||| il ‘“l h|| “'” 'l‘ Hl” || IR I R TR R T AT A ERT AN W T ROEEN |
L T T R N T s N TN R T R LT TR |l| |‘ H| l| H”W |i| ”l |i| |‘ | B T T e R M A RS N PN I ETA
i wm. \H
JO E .- |
400
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®11_tRMS [p.u] @ I12_tAMS[p.u]  ® I3_tRMS [p.u.]
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Test no. 3.4.1 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

0.60

e e T et R e e Bl EEEEEE R, -
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i R

e
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Test no. 3.4.1 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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Test no. 3.4.2 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=100%Pn
Positive sequence voltage
U_fund_SYM+ [p.u.]

10
R et L e e e e e R EEE T T
T I Earirieii i e e Bl et
L e e BT i S e T R T
R et L e E e e B LR TR
U B R i L ] e R Rl R LR LR EEE LR
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Test no. 3.4.2 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=100%Pn
Instantaneous and RMS values of phase currents
QAILJIL[A] @AILfIZ[A] @AILfI3[A]
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Test no. 3.4.2 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

1z
e e R B e i e e e b e
R e niieiieielieied niets Enfiieeielteleteiinls Ittt il ieiited Sieiieieieteieieiiel Hateiiiieiietad Mttt Sty 1
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Test no. 3.4.2 Two phase to earth fault (type E), U/Un = 0.5 p.u, P=100%Pn
Positive sequence active and reactive power
®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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G99/1-6
Clause Requirement - Test Result - Remark Verdict
Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 41.1 4.1.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:40:50 11:40:21
3 Fault type (phase) - - -- Type A Type A
. Phase
4 Setting voltage depth conductor - p.u. 0.85 0.85
General Setting dip duration - - ms 2210 2210
6 Point of fault entry(t1) Total - ms 5253 5253
7 Point of fault Total - ms 7463 7463
clearance(tz)
8 Fault duration in Total - ms 2210 2210
empty load test
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.85 0.85
10 in empty load test Pos. t2 and P: 0.85 0.85
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.04
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.04
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.04
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.85 0.85
21 Phase 2 t;4+100ms to t2 0.85 0.85
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.85 0.85
23 Pos. 0.84 0.84
24 Phase 1 0.25 0.99
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.25 0.99
ttot 26 Phase 3 0.25 0.99
27 Reactive power Pos. p.u. 0.07 -0.14
28 Reactive current Pos. +100ms to t, p.u. 0.08 -0.16
-20ms
29 Active power Pos. p.u. 0.20 0.83
30 Reactive Current Pos. t1+60ms p.u. 0.07 -0.16
31 Reactive Current Pos. t1+120ms p.u. 0.07 -0.16
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.04
37 Phase 3 0.21 1.04
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms N/A 103
recovery time
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Test no. 4.1.0 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=0
Instantaneous and RMS values of phase voltages

AILJU3[V] @AILJUZ[V] @AILUL[V]

B e e s AT e R P B R et R e B N S
00875 0:05.00 LR 00550 00575 0600 00625 G060 (0675 GOT.00 00725 0TS0 G0775 00800 (:08.25
SUL_tRMS [p.u] S UZ_tRMS [p.u] ®U3_tRMS [p.u.]
B e L B R e e e e e ek Bt TR FEE 1
B B e e B e e B e ] {
L e B B B R B B e B EEE EECE T PR R 1
L T CE T e B e e ] el BLCEE ETEEE BT P S -
L R Rt B e e e R e B A B e REEE e T 1
L e B S S e B B B S ek RECE T R EEEE CEE 1
o
00475 0:0500  (eoR) 00550 00575 0:0600 00625 C:0650  0:0675 0700 Q0725 00750 00775 (:0R00 (:08.05

Test no. 4.1.0 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=0
Positive sequence voltage

U_fund_SYM+ [p.u.]

I ot o g B S ) S
DR R SR e R S EORECEEEEE R EECEEEEEN IEEREREEE
e B OO N N SN
e B
L R e R e B CEECEET EEEEEEEEEE R EECEEEEEN IEEREREEE
e e e e e N
L e B TR e EEECEEEEEEEEY EEREEEEEEEE R EECEEEEEN IEEREREEE
e B S
L e e e el R PR EEEE R R
T B S
L T B e el EEECEEEEEEPEY EEREEEEEEEE R EECEEEEEN IEEREREEE
Bt o mmm e b B S ) S
o
0:05.00 0:05.50 0:06.00 0:06.50 0:07.00 [7.463 ) 0:08.00
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Test no. 4.1.1 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

e T T T s S e

e et ol T e B R e e T e

R LR el R et LT e Rt ) e el T

e e it It et Bt il LRl bbbl

R LR e R ek Rt B R LR R

N e e e R R e i EEE LRl bbbl

0.70

0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.00

Test no. 4.1.1 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AILIZ[A] @AIL[I3[A]

400
e e e e e R L L L EE CEEEPEEEEEEEEEY FEEEETY
vt o B I i e i R i e e B i o I e e e |
400

0:05.00 0:06.00 0:07.00 0:08.00 0:09.00 0:10.00 0:11.00

®I1_tRMS [p.u]  ®I12_tRMS [p.u] @ I3_tRMS [p.u]
0.30
025 -4~~~ "-------- —————————————-Il,;:-_—-\—_a e e ————— ---—-~—~T ——————————————————————————————————
J b

R e et et e e e T EE b ——————————————————————————————————
R P T Rt R e P Rt EEEEEEr
0.10

0:05.00 0:06.00 0:07.00 0:08.00 0:09.00 0:10.00 0:11.00
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Test no. 4.1.1 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0.30

e s e R e CE T e B EEEEEE

T i i e Ll B B Il B S

e e o i e B e R e Rt R R R

0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:05.00 0:05.50 0:10.00
Test no. 4.1.1 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

e s T R T CE T e s EEETTEEEEEY R

U e ﬂ‘Lmﬂf A Y

R R o e e B D R EEEEEEEEE R EEEEEEEE EEEEEEEEEEEE EEEEEE

0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:05.00 0:09.50 0:10.00
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Test no. 4.1.2 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=100%Pn
Positive sequence voltage
U_fund_SYM+ [p.u.]
i
R R i e i o S B el L
L e T T B el B i e
L O Y S N 1 A A
R R e deeee e T e R e B
0.80
0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:08.50 0:10.00 D:l"
Test no. 4.1.2 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=100%Pn
Instantaneous and RMS values of phase currents
QAILJIL[A] @AILfIZ[A] @AILfI3[A]
400

400
0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.00 =
®11_tRMS[p.u] @ I12_tRMS[pu.]  ® I3_tRMS [p.u]
12
I
I o
e
e LR bpprdoomzocone ek onseen oo docccc e b e e iR E R
L]
%)
b
i
I
L ey e e L u ----------------------
08
0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.00 [ ]
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Test no. 4.1.2 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u]

e T Wil el teteieietelietel Reeisieeuieiel Iniuliieeeieinis I e e
E e e e R R e e e F--
L e e S e e e e R e S et F---
L B i e el i B e e B e il F--1
L e e S e e R e B e e ST F---
o
T e e {: —————————————————————
Y SO U AU SO U NS AU
0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:05.00 0:08.50 0:10.00 0:10.50 0:11]

Test no. 4.1.2 Three phase symmetrical fault (type A), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

R e e e e B e R B R T F--A

e e S et t e e e B B et F--A
I R e S e e T e B e AR

L e S e e e e S e e F--A
o

E B ] i s e e
B e S e e L e e e B F--A
0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.00 0:10.50 0:1
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 42.1 4.2.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:33:18 11:32:47
3 Fault type (phase) - - -- Type B Type B
. Phase
4 Setting voltage depth conductor - p.u. 0.85 0.85
General Setting dip duration - - ms 2210 2210
6 Point of fault entry(t1) Total - ms 4946 4946
7 Point of fault Total - ms 7157 7157
clearance(tz)
8 Fault duration in Total - ms 2211 2211
empty load test
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.85 0.85
10 in empty load test Pos. t2 and P: 0.95 0.95
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 0.85 0.85
21 Phase 2 t;4+100ms to t2 1.00 1.00
Voltage 20 p.u.
22 Phase 3 ~e0ms 1.00 1.00
23 Pos. 0.95 0.95
24 Phase 1 0.21 1.05
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.21 1.04
ttot 26 Phase 3 0.21 1.06
27 Reactive power Pos. p.u. -0.01 -0.01
28 Reactive current Pos. +100ms to t, p.u. -0.01 -0.01
-20ms
29 Active power Pos. p.u. 0.20 1.00
30 Reactive Current Pos. t1+60ms p.u. -0.02 -0.22
31 Reactive Current Pos. t1+120ms p.u. -0.01 -0.05
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.20 1.00
after
dip >t2 36 Current Phase 2 p.u. 0.20 1.00
37 Phase 3 0.20 1.00
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms N/A N/A
recovery time

TRF No. G99/1-6_V1.0




Report No.: 6139156.50

RRRRRRRRRRRRR

Positive sequence voltage

0:04.00 0:05.00




Report No.: 6139156.50

RRRRRRRRRRRRR

06,50

Q0T

+++++++++++++++++++

......

0:06.50

0:07.00

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

08

73 0700

uuuuu




Report No.: 6139156.50

9999999

RRRRRRRRRRRRR

Positive sequence voltage

i’

le

i r
and R u

P

|

l

_“

1

i

ks

.00
20

HM

{

0.07.00

08.00

0.00




Page 240 of 265 Report No.: 6139156.50
G99/1-6

Clause [Requirement - Test Result - Remark Verdict

Test no. 4.2.1 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_S¥YM+[p.u] ®1_Q_SYM+[p.u.]

0.50|

I S et CE T e I R EE T g

e bt e R B e e e B e it td EEEFTEEEEEPY E

0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:08.50 0:10.00 o
Test no. 4.2.1 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.50
et S R et e T e T LR e E
R et e B ] R CE TP R PEEEEEEREy E
L B i e e R ] i e i R ) IRt 1
T i e T R ] e T e
et e B ] T i R T 1
i e o i s A B R e ™
R B e i R i e e H e
R B i e i B e T e
et e R R T e e e
. n

f o TT———
T B i e e e el e e i E e,
.10

0:07.00 0:07.50 0:08.00 0:08.50 0:08.00 0:08.50 0:10.00 0:
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Requirement - Test

Result - Remark

Test no. 4.2.2 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

0.95

0.90

0.8

0.80

0:06.50

0:07.00

0:07.50 0:08.00

0:08.50

[>]

0:09.00

Test no. 4.2.2 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

=00
0:06.00 0:07.00 0:08.00 0:09.00 =
®11_tRMS[p.u] @12_tRMS[p.u] ® I3_tRMS [p.u]
12
T R e S e e L. g e
e e e e e e LR
08
0:06.00 0:07.00 0:08.00 0:09.00 [ ]
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Test no. 4.2.2 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active, reactive current

ILP_SYM+[p.u] @1_Q_SYM+[p.u]

T e e R e e B A e T EEEPPPEE PEEEE e P
R i R B e ) S e T ek CEEEIERE PR F-
L R A i e e M e e B e R B F-1
il et e o e T e e B e B R F-A
L i et e R et e B e R e R EEE T -
o R e —— R
e et e e e e e e B e EEREEEEEE EEEEF TR
ol oo oo oo 0 L

0550  0:06.00 0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:08.00 0:08.50 0:10.00 0:10.50 0:1

Test no. 4.2.2 Single-pole short circuit with earth (type B), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

12
10 = - sl
L R I i e el M s i B e R B F-1
T R e et LT e B B b TR FEPEPER PRSP k-
L ] e ek T S e S T R T TP F-1
L R e R R e B B R E e EEEE R EEE R M-

o T Y |
T i I e e e e e Rl ] e EEEEEE RS EEEEEE -
0.4

:05.50 0:06.00 0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 0:10.00 0:10.50 0:1f
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Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 43.1 432
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:39:43 11:35:06
3 Fault type (phase) - - -- Type C Type C
. Phase
4 Setting voltage depth conductor - p.u. 0.85 0.85
General Setting dip duration - - ms 2210 2210
6 Point of fault entry(t1) Total - ms 5903 5903
7 Point of fault Total - ms 8113 8113
clearance(tz)
8 Fault duration in Total - ms 2210 2210
empty load test
9 Voltage depth/height | Linetoneutral | 1.4100ms to u 0.85 0.85
10 in empty load test Pos. t2 and P: 0.92 0.92
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.00 1.00
21 Phase 2 t;4+100ms to t2 0.89 0.89
Voltage 20 p.u
22 Phase 3 ~e0ms 0.89 0.89
23 Pos. 0.92 0.92
24 Phase 1 0.34 0.91
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.40 0.90
ttot 26 Phase 3 0.07 0.59
27 Reactive power Pos. p.u. -0.06 -0.30
28 Reactive current Pos. +100ms to t, p.u. -0.07 -0.33
-20ms
29 Active power Pos. p.u. 0.20 0.66
30 Reactive Current Pos. t1+60ms p.u. -0.07 -0.32
31 Reactive Current Pos. t1+120ms p.u. -0.06 -0.33
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.04
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.02
37 Phase 3 0.21 1.02
38 Active power Pos. t+1s p.u. 0.20 1.02
39 Active power Pos. - ms N/A 137
recovery time

TRF No. G99/1-6_V1.0
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Test no. 4.3.1 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=20%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

et S T T e et SRR

R et bR T e e R E L TR PR PP

Rkl T e e R R EE TR TP CEE TP

i i e i e i thERE R

i ke et S T R T

i e e e cEEEE R

0.70

0:05.00 0:06.00 0:07.00 0:08.00

Test no. 4.3.1 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=20%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AILIZ[A] @AIL[I3[A]

v, 1 1 R i S i i I o e e e e |
-400
0:05.00 0:06.00 0:07.00 0:08.00
@I11_tRMS[pu] ®I12_tRMS[p.u] @ I3_tRMS [p.u]
0.5

0:05.00 0:06.00 0:07.00 0:08.00
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Test no. 4.3.1 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]

0.30

R e R B i T B e R LR -

0:04.50 0:05.00 0:05.50 0:06.00 0:08.50 0:07.00 0:07.50 0:08.00 008
Test no. 4.3.1 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]

0.40

e ] e e i I E s R S -1

L B e i B e e B il B Rl -1

L e R B e B e LT TR -

0:04.50 0:05.00 0:05.50 0:06.00 0:06.50 0:07.00 0:07.50 0:08.00 0:08

TRF No. G99/1-6_V1.0



Report No.: 6139156.50

RRRRRRRRRRRRR

............
|||||

vvvvvvvvvvvvvvvvvvvvvvvvvvv

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

| *W »‘tﬂﬂﬂﬂﬂﬂ\*ﬂ

\{I

JW\'\’i’n

4

\ﬂm

e nu

.

i

J\J‘IXJJM vt

008

50 0:07.00




Page 250 of 265 Report No.: 6139156.50
G99/1-6

Clause [Requirement - Test Result - Remark Verdict

Test no. 4.3.2 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

L R il R et EELEEEEE PRy

R R R L T e R L E LT EE PR PR

e e e e R Rl R L L EEE EEEEEEEEEEEEEE

L e T B e BT

0.80

0:06.00 0:07.00 0:08.00 0:09.00 0:10.00 [ ]

Test no. 4.3.2 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]

YRR DR AR KA R T MM

0 [FIPHTRIE
M O AR I \”n\mwun- e
Ut R RO R R RARE
l|||\|HMH|lHHMMIHHHL i |IIHHIH II\HH\M' u
A e TR R |\ TR R e
-200

WA L I

0:06.50 0:07.00 0:07.50 0:08.00 0:08.50 0:09.00 0:09.50 =
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Test no. 4.3.2 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u.]
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Test no. 4.3.2 Two-pole short circuit without earth (type C), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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Clause Requirement - Test Result - Remark Verdict
Phase Time .
Item No. Parameter reference reference Unit Measured value
0 Test number - - - 441 4.4.2
1 Date - - yyyy.mm.dd 2022.12.1 2022.12.1
2 Time (start of test) -- -- hh:mm:ss.f 11:34:26 11:33:58
3 Fault type (phase) - - -- Type E Type E
. Phase
4 Setting voltage depth conductor - p.u. 0.85 0.85
General Setting dip duration - - ms 2210 2210
6 Point of fault entry(t:) Total - ms 6231 6231
7 Point of fault Total - ms 8444 8444
clearance(tz)
8 Fault duration in Total - ms 2213 2213
empty load test
9 Voltage depth/height | Linetoneutral | 41.100ms to u 0.85 0.85
10 in empty load test Pos. t2 and P: 0.90 0.90
11 Phase 1 1.00 1.00
t1-500ms to t1
12 Voltage Phase 2 -100ms p.u. 1.00 1.00
13 Phase 3 1.00 1.00
14 Phase 1 0.21 1.05
Bef(:rﬁ dip 15 Current Phase 2 0.21 1.05
t2-500ms to t1
16 Phase 3 -100ms p.u. 0.21 1.05
17 Reactive power Pos. -0.07 -0.33
18 Active power Pos. 0.20 1.00
19 Coso@ -- t1-10s to t1 -- -0.947 -0.947
20 Phase 1 1.00 1.00
21 Phase 2 t;4+100ms to t2 0.85 0.85
Voltage 20 p.u.
22 Phase 3 ~e0ms 0.85 0.85
23 Pos. 0.89 0.89
24 Phase 1 0.28 0.93
t1+100ms to t2
During dip 25 Current Phase 2 -20ms p.u. 0.38 0.94
ttot 26 Phase 3 0.12 0.74
27 Reactive power Pos. p.u. -0.04 -0.26
28 Reactive current Pos. +100ms to t, p.u. -0.05 -0.29
-20ms
29 Active power Pos. p.u. 0.20 0.73
30 Reactive Current Pos. t1+60ms p.u. -0.05 -0.29
31 Reactive Current Pos. t1+120ms p.u. -0.04 -0.29
32 Phase 1 1.00 1.00
33 Voltage Phase 2 p.u. 1.00 1.00
34 Phase 3 1.00 1.00
to+1s
35 Phase 1 0.21 1.05
after
dip >t2 36 Current Phase 2 p.u. 0.21 1.05
37 Phase 3 0.21 1.05
38 Active power Pos. t+1s p.u. 0.20 1.00
39 Active power Pos. - ms N/A 118
recovery time

TRF No. G99/1-6_V1.0
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Verdict

G99/1-6
Clause [Requirement - Test Result - Remark
Test no. 4.4.1 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=20%Pn
Positive sequence voltage
U_fund_SYM+ [p.u.]
i
b el i e I B
R R e L il LT TP PP PR P
R i T e e e e e e
R e ntiielie il il ieielietel ettt Ittt ettty Refleteiiietie ittt el At bttt Ity
R e A e L e e T T T EEE R
0.80
0:05.00 0:06.00 0:07.00 0:08.00 0:09.00
Test no. 4.4.1 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=20%Pn
Instantaneous and RMS values of phase currents
QAILJIL[A] @AILfIZ[A] @AILfI3[A]
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-200
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0.5
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Test no. 4.4.1 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u]

0.40|
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Test no. 4.4.1 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=20%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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Test no. 4.4.2 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=100%Pn
Positive sequence voltage

U_fund_SYM+ [p.u.]

.10
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Test no. 4.4.2 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=100%Pn
Instantaneous and RMS values of phase currents

OAILJIL[A] ®AIL/IZ[A] @AIL[I3[A]
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Test no. 4.4.2 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active, reactive current

I_P_SYM+[p.u] ®1_Q_SYM+[p.u]
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Test no. 4.4.2 Two phase to earth fault (type E), U/Un = 0.85 p.u, P=100%Pn
Positive sequence active and reactive power

®Q_fund_SYM+[p.u.] @P_fund_SYM+[p.u.]
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Reactive Capability (For Type B) P

Model: SUN2000-115KTL-M2

Inductive supply reactive power (hnominal voltage)
Rating power Active power | Reactive Power Q/Pn Power factor Voltage
[%] W] [Var] [%] [cos o] V]
10% 11470.6 3646.5 3.2% 0.953 230.5
20% 23061.8 7399.1 6.4% 0.952 230.7
30% 34557.0 11149.1 9.7% 0.952 230.6
40% 46113.8 14927.8 13.0% 0.951 2304
50% 57621.7 18643.3 16.2% 0.951 230.6
60% 69151.2 22422.0 19.5% 0.951 230.1
70% 80667.1 26114.6 22.7% 0.951 2304
80% 92206.9 29818.1 25.9% 0.951 230.8
90% 103724.0 33462.0 29.1% 0.952 230.7
100% 115276.7 36983.2 32.2% 0.952 230.7
Capacitive supply reactive power (hominal voltage)
Rating power Active power | Reactive Power Q/Pn Power factor Voltage

[%] W] [Var] [%] [cos o] v
10% 11466.7 -3889.2 -3.4% 0.947 229.9
20% 22993.2 -7705.3 -6.7% 0.948 230.2
30% 34485.0 -11480.5 -10.0% 0.949 230.3
40% 45991.4 -15270.5 -13.3% 0.949 230.7
50% 57490.8 -19065.9 -16.6% 0.949 230.4
60% 68973.5 -22878.6 -19.9% 0.949 230.5
70% 80483.7 -26723.8 -23.2% 0.949 230.6
80% 91957.8 -30609.5 -26.6% 0.949 230.3
90% 103421.8 -34537.1 -30.0% 0.949 230.7
100% 114784.3 -38582.5 -33.5% 0.948 230.3

Note:

When supplying Registered Capacity all Power Generating Modules shall be capable of continuous
operation at nominal voltage at any points between the limits of 0.95 Power Factor lagging and 0.95
Power Factor leading at the Connection Point or the Generating Unit terminals as appropriate for the
Power Generating Facility and as agreed with the DNO.

TRF No. G99/1-6_V1.0
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Protection — Re-connection timer. P

Model: SUN2000-115KTL-M2
Test should prove that the reconnection sequence starts after a minimum delay of 20 s for restoration of

voltage and frequency to within the stage 1 settings of Table 10.1.

Time delay Measured Checks on no reconnection when voltage or frequency is brought to

setting delay just outside stage 1 limits of Table 10.1.
At 1.16 pu At 0.78 pu At 47.4 Hz At 52.1 Hz
60s 68's (266.2 V) (180.0 V)

Confirmation that the generator No reconnection No No reconnection No
does not re-connect. reconnection reconnection
Fault level contribution: P

These tests shall be carried out in accordance with EREC G99 Annex A.7.1.5.

For Inverter output

Time after fault Volts Amps
20ms 8.68 V 110.77 A
100ms 4.23V 50.60 A
250ms 3.02V 32.79 A
500ms 232V 23.99 A

Time to trip 6 ms In seconds

TRF No. G99/1-6_V1.0
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Clause

Requirement - Test

Result - Remark

Verdict

Self-Monitoring solid state switching: No specified test requirements. Refer to Annex A.7.1.6.

It has been verified that in the event of the solid state switching device failing to disconnect the
Power Park Module, the voltage on the output side of the switching device is reduced to a
value below 50 volts within 0.5 s.

N/A

Wiring functional tests: If required by para 15.2.1.

Confirm that the relevant test schedule is attached (tests to be undertaken at time of
commissioning)

N/A

Logic interface (input port).

Confirm that an input port is provided and can be used to shut down the module.

Yes

Additional comments.

No.

TRF No. G99/1-6_V1.0
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Appendix 2: Photo documentation

Enclosure — Front View

Enclosure — Side View
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PV input connector

AC output connector
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