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TEST REPORT
Engineering Recommendation G99/1-8
Requirements for the connection of generation equipment in parallel
with public distribution networks on or after 27 April 2019

Report

Report Number. ...........ccvvvvvvviiiiinnns 1 6134228.51V1.1

Date of iSSUE.........uuvvvvviiiiiiiiiiiiiiiies : 2023-03-16

Total number of pages.................... : 247 pages

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

AdAreSS ....oovvviiiiiiiiii : No.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu,
P.R. China

Applicant’s name.......................... : Sungrow Power Supply Co., Ltd.

AdAreSS.....oocvvieiiiieeeee e . No0.1699 Xiyou Rd., New & High Technology Industrial

Development Zone, 230088, Hefei, P. R. China

Test specification:

Standard.........ccccceeeiiiieeie . Engineering Recommendation G99 Issue 1 — Amendment 8: 2021
(G99/1-8:2021)

Test procedure .........cccccceeeviieeeeeennns . Type test

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

Test Report Form NoO. ..........ccceee . G99/1-8 V1.0

Test Report Form(s) Originator ....... . DEKRA Testing and Certification (Suzhou) Co., Ltd.

Master TRF ... :  Dated 2022-05

Test item description................... . Grid-connected PV inverter

Trade Mark.......ccccceeiiiiiiiiiiiieeene :

Manufacturer ........c.c.ooeeevvvvviiennnnnn. . Sungrow Power Supply Co., Ltd.

N0.1699 Xiyou Rd., New & High Technology Industrial
Development Zone, 230088, Hefei, P. R. China

Model/Type reference............c..uueee. : SG285HX, SG320HX, SG350HX
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RAiNGS ....covvvviiiiiiiiiiiii :

SG285HX:

PV input: Max. 1500 Vdc, MPPT voltage range: 500-1500 Vdc, max
12*40 A, Isc PV: 12*60 A

AC Output: 3/PE, 800Vac, 50/60 Hz, rated 285 kW, max 285 kVA,
max 206 A

SG320HX:

PV input: Max. 1500 Vdc, MPPT voltage range: 500-1500 Vdc, max
12*40 A or 14*30 A or 16*30 A, Isc PV: 12*60 A or 14*60 A or
16*60 A

AC Output: 3/PE, 800Vac, 50/60 Hz, rated 295 kW, max 352 kVA,
max 254 A

SG350HX:

PV input: Max. 1500 Vdc, MPPT voltage range: 500-1500 Vdc, max
12*40 A or 14*30 A or 16*30 A, Isc PV: 12*60 A or 14*60 A or
16*60 A

AC Output: 3/PE, 800Vac, 50/60 Hz, rated 320 kW, max 352 kVA,
max 254 A

TRF No. G99/1-8_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......cc..oeevvveevvnnnnn. :

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

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

Sandy Qian (ENG) 5%%&] O

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

Jason Guo (REW) /5(,&% 2/ )

TRF No. G99/1-8_V1.0
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Generating Modules (97 pages)
Appendix 2: Photo documentation (4 pages)

List of Attachments (including a total number of pages in each attachment):
Appendix 1: Compliance Verification Report — Tests for Type B, C and D Inverter Connected Power

Summary of testing:

Tests performed (name of test and test clause):

All tests (except clause 4.8 EMC tests)

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

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

EMC and power quality — EMC test

(The EMC test report 64.772.21.80078.02 provided
by the customer)

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch

5/F & East of 8/F., Communication Building, No.163,
Pingyun Road, West of Huangpu Avenue,
Guangzhou, China

TRF No. G99/1-8_V1.0
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Copy of marking plate:

Mo £ 3 Tl 2o oA
SUNGROWW HEAR TRt A
GRID-CONNECTED PV INVERTER
5 Model SG285HX
A5 sm
FLjiidi ADC-Input

&K A EIE Max. Input Voltage DC 1500 V
JPMPPHIE Min. MPP Voltage DC 500 V
f KMPPHLE Max. MPP Voltage DC 1500 V
Max. Input Current DC 1240 A
DC 12°60 A

FHLE IsC PV
2 ikt AC-Output
3/PE AC 800V ( 640 ~920 V' )

| Output Voltage Range

i Rated Oulput Frequency 50/60 Hz

it L Max. Output Current AC 206 A
Hh#¥ Rated Output Power 285 kW

Je JOMAEThF Max. Apparent Power 285 KVA
ThaE [ Power Factor Range 0.8 Leading... 0.8 Lagging

{454 Protective Class I
ITI[AC], 1I[DC]

#IIE%4 Overvoltage Category
Ui 4 Enclosure IPEB
CAERMEE Ambient Temperature 30°C . +60°C

X q:
\ |

BRI B A RR A A
SUNGROW POWER SUPPLY CO., LTD.

PR A A AR T R R TR X T IEG08 5
No.608 Changning Avenue, New & High Technology Industrial
Development Zone, Hefei City, Anhui Province P.R. China
WWW.SUNQrOWDOWET. COm. i Made in China

SUNGROIW GRID-CONNECTED PV INVERTER
Model SG320HX
S/N
DC-Input
Max_ Input Voltage DC 1500 V
Min. MPP Voltage DC 500V
Max. MPP Voltage DC 1500 v
Max. Input Current DC 12*40 A
Isc PV DC 12*60 A
AC-Qutput

Output Voltage Range 3/PE AC 800V { 640 ~920 V)
Rated Output Frequency 50/60 Hz
Manx. Output Current AC 254 A
Raled Output Power 295 kW
Max. Apparent Power 352 kVA
Power Factor Range 0.8 Leading... 0.8 Lagging
Protective Class I
Overvoltage Category HIAC], 1I[DC]
Enclosure IP66
Ambient Temperature -30C .. +60°C

X [

€
|

SUNGROW POWER SUPPLY CO., LTD.

WWW._sungrowpower.com Made in China

X [ C¢

SUNGROW POWER SUPPLY CO., LTD.

Www.sungrowpower.com Made in India

5 LJ N G RG N GRID-CONNECTED PV INVERTER 5 L_l N G RD H GRID-CCNNECTED PV INVERTER
Model SG320HX Model SG320HX
S/IN SN
DC-Input DC-Input
Max. Input Voltage DC 1500 V Max_ Input Voltage DC 1500 V
Min. MPP Voltage DC 500V Min. MPP Voltage DC 500 V
Max. MPP Voltage DC 1500 V Max. MPP Voltage DC 1500 V
Max. Input Current DC 14730 A Max. Input Current DC 16*30 A
Isc PV DC 1460 A Isc PV DC 16*60 A
AC-Qutput AC-Qutput

Oultput Voltage Range 3/PE AC 800 V/ ( 640 ~920 V' ) Output Voltage Range 3YPE AC 800 V (640 ~920 V)
Rated Output Frequency 50/60 Hz Rated Output Frequency 50/60 Hz
Max. Output Current AC 254 A Max. Output Current AC 254 A
Rated Output Power 295 kW Rated Output Power 295 kW
Max. Apparent Power 352 kVA Max. Apparent Power 352 kKVA
Power Factor Range 0.8 Leading... 0.8 Lagging Power Factor Range 0.8 Leading... 0.8 Lagging
Protective Class I Protective Class I
Overvoltage Category IM{AC). 11[DC] Overvoltage Category HI[AC], 11[DC]
Enclosure IP66 Enclosure P66
Ambient Temperature 30°C .. +60C Ambient Temperature 30°C . +60C

X [l
| |

SUNGROW POWER SUPPLY CO., LTD.

(€

WWWw._sungrowpower.com Made in India

TRF No. G99/1-8_V1.0
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=
N [V, Mo f s e ] 3 2 B
SUNGRGI e ER T o 3 7 SUNGRGSK AR T [0 A% i
- 15 i GRID-CONNECTED PV INVERTER
GRID-CONNECTED PV INVERTER a
A5 Model SG350HX A5 Model SG350HX
Fa5 sm FasS sm
ELUE S ADC-Input FL#L% ADC-Input
B ORH ACBIE Max. Input Voltage DC 1500V B HI A E Max. Input Voltage DC 1500V
&/ "MPPHE Min. MPP Voltage DC 500 V F/MPPHE Min. MPP Voltage DC 500V
i AMPPHLUE Max. MPP Voltage DC 1500 v i AMPPELLE Max. MPP Voltage DC 1500V
A AR Max. Input Current DC 12740 A SRR A B Max. Input Gurrent DC 14*30 A
O B Isc PV DC 12%60 A e BRI Isc PV DC 14760 A
A it HEAC-Output “ i i tH AC-Output
< 1if Output Voltage Range J/PEACB00V (640 ~920V) LEiEE Output Voltage Range 3/PE AC 800V (640 ~920V)
H4F Rated Qutput Frequency 50/60 Hz 4% Rated Output Frequency 50/60 Hz
FL3 Max. Output Current AC 254 A jHiHLH Max. Output Current AC254 A
Th# Rated Output Power 320 kw L)% Rated Output Power 320 kW
“Th% Max. Apparent Power 352 kVA L% Max. Apparent Power 352 KVA
#iti[¥ Power Factor Range 0.8 Leading... 0.8 Lagging rh# [H#5M Power Factor Range 0.8 Leading... 0.8 Lagging
%4 Protective Class I {42541 Protective Class I
iHFE% 45 Overvoltage Category MAC], 1[DC] PIEZ 4 Overvoltage Category 1[AC], 11[DC]
Bif% 4% Enclosure P66 B %54 Enclosure 1PE6
CAEFEi# Ambient Temperature 30T .. +60C CAFE i Ambient Temperature 30°C . +60C
R [ X [
& h 8 2 b A
— T — e
B e B IR b A R A A PR YR B AR AR
SUNGROW POWER SUPPLY CO., LTD.
SUNGROW POWER SUPPLY CO,, LTD. | SUNGROW POWER SUPPLY €O LTD.
i 2 T AP A X 608 P S RmE A TR X K le0s s
No.608 Changning Avenue, New & High Technology Industrial N0.608 Changning Avenue, New & High Technology Industrial
Development Zone, Hefei City, Anhui Province P.R. China. Development Zone, Hefer City, Anhui Province P.R. China
WWW.SUNQIOWDOWET.Com |1 [ )it Made in China WWW SUNGrowpower.com MBI f15 Made in China

Remark:

SUNGROW TCARI P 14 2
GRID-CONNECTED PV INVERTER
#45 Model SG350HX
FoE sm
L ¥4 A DC-Input

fig A A . Max. Input Voltage DC 1500 V
EAMPPHLE Min. MPP Voltage DC 500V
f#AMPPHLE Max. MPP Voltage DC 1500 V
B FET A Max. Input Current DC 1630 A
DC 16%60 A

&R B Isc PV

A7 i L AC-Output
3/PEAC 800V (640 ~920V )

St 1 Output Voltage Range
#isE s SiF Rated Output Frequency 50/60 Hz
4 Hiifi Max. Output Current AC 254 A

&
E Rated Output Power 320 kKW
# Max. Apparent Power 352 kVA
i Power Factor Range 0.8 Leading... 0.8 Lagging

{454 Protective Class I
itIEE % Overvoltage Category 1IAC]. 11[DC]
B4 Enclosure IPE6
CAEIRAEHEE Ambient Temperature 300 . +60 T

X [
X [l
I — |
PR v Rt A ORR A Al
SUNGROW POWER SUPPLY CO., LTD.
v 2 A A T R R XA T AE608
MNo.608 Changning Avenue, New & High Technology Industrial

Development Zone, Hefei City, Anhui Province P.R. China.
WWW._SUNgrowpower.com I3 i Made in China

There are three rating labels for model SG320HX and SG350HX, the three version labels are different in
MPPT numbers and max input current. There will be only one label on final delivery PCE according to
customer's selection, under factory quality system to ensure that achieved.

As Great Britain public Low Voltage Distribution Networks grid code G99 required, only 800 Vac / 50Hz
output setting was verified in this test report.

TRF No. G99/1-8_V1.0
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Warning Label:

A WARNIN G: Electric Shock Hazards!

DC conductors of the photovoltaic system
are ungrounded and may carry lethal
voltage.

WARNIN G: Electric Shock Hazards!

DC conductors of the photovoltaic system
are generally ungrounded but will be interm
ittently grounded without indication when
the inverter measures the PV array insul-
ation resistance.

A CAUTION: risk of Electric Shock!

Do not remove the cover. No user ser-
viceable components inside. Maintained
by qualified personnel only.

CAUTlON: Risk of Electric Shock!

(a) Both AC and DC wiring terminals are
inside the device. Disconnect each cir-
cuit before maintenance.

(b) Once exposed to sunlight, the PV
array will generate voltage.

A(;"‘. CAUTION: Rrisk of electric
-“smn shock from energy stored in the
capacitor. Do not remove the cover until
5 minutes later after disconnecting all
sources of supply.

ACAUT'ON : Beware of Burning! -

Hot surface. Do not touch the running
device.

CAUTION: Read the manual

before operation and maintenance.

TRF No. G99/1-8_V1.0
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Test item particulars:

Equipment mobility ... : movable hand-held stationary
fixed transportable for building-in
Connection to the MaiNS ............occieviie e, . pluggable equipment direct plug-in
permanent connection for building-in
Environmental category ...........ccccccvvvvviiiiiiiiiiiiiinnnnn. . outdoor indoor indoor
unconditional conditional
Over voltage category Mains............ccoooeveeiieenn, : ovCl ovCll ovcli OovC IV
Over voltage category PV ........ccooo : ovCl ovCll ovCl ovC IV
Mains supply tolerance (%0)........cccevvvveeeiiiiiiiiiiiinennnne. D 210%
Tested for power SYStemS..........ccvvvvviiiiiiiiiiiiiiiiiieeee, : TN

IT testing, phase-phase voltage (V) .......cccccvvvvvveennnee. Do

Class of equIipMeNnt.........oooovviii, : Class | Class I Class Il
Not classified

Mass of equipment (Kg) ......ccovvvvviiiiiiiiiiiiiiiiiiiiiiieeee, . Approx. 110kg

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)

- test object does not evaluate according to

manufacturer requirements ............cccccvvvvveeiieeeeeennnns . N/E

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

Testing:

Date of receipt of test item .........cccoooeeeviiiiiiiiniiieeeeenns . 2022-07-14 (samples provided by applicant)

No sample (Amendment 1 report)
Date (s) of performance of teStS..........cccccvvieeiieeenienns . 2022-07-14 to 2022-09-14

No tests (Amendment 1 report)

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.

TRF No. G99/1-8_V1.0
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Name and address of factory (ies):

1. Sungrow Power Supply Co., Ltd.

N0.1699 Xiyou Rd., New & High Technology Industrial Development Zone, Hefei 230088 P.R. China

2. Sungrow Power Supply Co., Ltd.

No. 608 Changning Avenue, New & High Technology Industrial Development Zone, Hefei 230088 P.R.
China

3. Sungrow Developers (India) Private Limited

Survey No.250/3, T-Begur Village, Kasaba Hobli,Nelamangala Taluk, Bangalore, Karnataka-562123, India

General product information:

These devices are transformer-less grid-connected PV inverters which converts direct current optimized by
photovoltaic DC conditioner to alternating current, and they are intended to be connected in parallel with the
low-voltage mains or high-voltage grid via isolating transformer to feed current into grid. They are intended
for professional incorporation into PV system, and they are assessed on a component test basis.

Block Diagram:

MPPT

(Boost 1)

o —_— — —_— — —e——o|1]

DC EMI s —_ J __AC _ AC __ ACEMI
Filter T Filter Relays Filter

" (Boostn)

MPPT — — — — 13

Current p DC B! Inverter Circuit )
ren DC Switch | DCSPD us werter Circui ACSPD PE
Monitoring @ (DC/AC)

n=12/14/16

Model difference:
SG350HX: basic model

SG320HX and SG285HX: same family design product, same hardware as basic model, except output power
and current are limited by software.

The product was tested on:

Unless otherwise specified, all tests were performed on the representative model of SG350HX and applicable
for other models since they are similar in hardware and just power derating by software.

Hardware version:
V1.0

Software version:

LCD_EUCLASE-S_V11 V01_A;
MDSP_EUCLASE-S_V11_VO1_A.

Amendment 1 report:

The previous test report No. 6134228.50 issued by DEKRA Testing and Certification (Suzhou) Co., Ltd.
dated on 2022-11-28 were updated and including below modification:

--- Add CNAS logo on the first page of the test report.

--- Update the description of cyber security evaluated in clause 9.1.7.

After reviewing. No tests were considered necessary.

TRF No. G99/1-8_V1.0
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G99/1-8
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 Type B, C, D Power N/A
and EREC G98 compliant Generating Modules.
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

6.1.3.1 Where an installation comprises a single Generating
Unit, 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 shall be used to determine
which EREC is applicable.

6.1.4 Synchronous Power Generating Modules N/A
6.1.4.1 Where an installation comprises a single Synchronous Not Synchronous Power N/A
Power Generating Module or multiple Synchronous Generating Modules.

Power Generating Modules, the application process,
technical and commissioning requirements are based on
the Registered Capacity of each Synchronous Power
Generating Module.

TRF No. G99/1-8_V1.0
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G99/1-8

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. G99/1-8_V1.0
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G99/1-8
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 Emte(;; Generating Generating Module for compliance
EREC G994
Original and additional Power
Synchronous Generating Modules freated
gmz?;;:oun: :H:T:SF Power Generating | separately. Only additional Power
rating Modules Generating Modules need to comply
commissioned under EREC :
G83 or EREC G59 ) with ERE_C GBQ,_t!‘Ie entire Power
Figure 6.1 Generating Facility needs to comply
with operational requirements
Svnch Original and additional Power
Synchronous Power PV“° ’;“""'5 ‘i Generating Modules treated
Generating Modules M‘;";ﬁ[e 59“9” NG | separately. All Power Generating
commissioned under EREC Modules need to comply with EREC
G985 or EREC G99 Figure 6.2 GSQ?‘ and with operational
reguirements.
Synchronous Power
Generating Modules Original and additional Power
commissioned under EREC g:‘]:vc:;r;:ﬁgrsatin Generating Modules treated
83 or EREC G59 and Modules g separately. Additional Power
Synchronous Power Generating Modules need to comply
Generating Modules Fiqure 6.3 with EREC G39; all need to comply with
commissioned under EREC g ) operational requirements.
G983 or EREC G99
New units form a new Power Park
Asynchronous Medule. Original and additional Power
E:::;:;;r:egzﬁ:: EREC Generating Units Park Modules treated separately. Only
G83 or EREC G59 additional Power Park Modules need
Figure 6.4 to comply with EREC G99 all need to
comply with operational requirements.
Units aggregated to form a new single
Power Park Module gseﬁnecrr;;?:oujnm Power Generating Module
commissioned under EREC g Compliance required for the new
(598 or EREC G399 Figure 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
G98 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
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. G99/1-8_V1.0
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G99/1-8

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:

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

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

3. 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;

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

5.  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

6. 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 Al1-2 (Annex A.1). Otherwise the Generator should
refer to the connection application procedure for Type A
Power Generating Modules.

N/A

TRF No. G99/1-8_V1.0
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Clause Requirement - Test Result - Remark Verdict

6.2.2.3 The planned commissioning date stated on the N/A
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.

6.2.3 Power Generating Facilities which include Type A Power |Type B, C, D Power N/A
Generating Modules Generating Modules.
6.2.3.1 For Type A Power Generating Modules the compliance, |Type B, C, D Power N/A

testing and commissioning requirements are detailed in | Generating Modules.
Section 16 of this EREC G99.

6.2.3.2 The Generator should apply to the local DNO for N/A
connection using the DNQO’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 P
C or Type D Power Generating Modules

6.2.4.1 The connection process is similar to that described in P
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 P
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.
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6.2.4.3 For a Type D Generating Unit, once all the relevant P
documents have been provided to the DNO to its
satisfaction, the DNO will issue an Energisation
Operational Notification 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.

6.2.4.4 Generators who own Type B and Type C Power P
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.

6.2.4.5 Generators who own Type D Power Generating Modules P
do not have rights to operate their Power Generating
Modules without either:

(a) avalid Final Operational Notification, refer to
paragraph 19.5.4;

(b) an Interim Operational Natification, refer to
paragraph 19.3.6; or

(c) a Limited Operational Notification, refer to paragraph

19.6.4.1.
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 N/A
loads, 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.
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7.1.3 In general the technical requirements in EREC G99 will N/A
not apply for non-controllable storage technology such as
synchronous compensators and synchronous flywheels.
This is because 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 or short circuit current contribution
assessment, on a case by case basis.

7.2 Long-Term Parallel Operation

7.2.1 This refers to the frequent or long-term operation of
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
7.4 Switched Alternative-Only Operation N/A
7.5 Phase Balance of Type A Power Generating Module output at LV N/A
7.5.1 Connection of single phase Power Generating Modules | Type B, C, D Power N/A
may require Distribution Network reinforcement and Generating Modules.

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 N/A
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 N/A
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 N/A
acceptable and unacceptable connections have been
given in Annex A.5.

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

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 N/A
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
8.1 General
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 at HV
8.3 Power Generating Modules with a Connection Point at LV
8.3.1 LV Distribution Networks are always solidly earthed, and

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

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

(&) 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 P
technical 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.

9.1.6 The Reactive Power and voltage control requirements P
are given in Section 11, Section 12 and Section 13 for
Type A Power Generating Modules, Type B Power
Generating Modules, and Type C and Type D Power
Generating Modules respectively. They are summarised
in Table D.4 for information.

9.1.7 Every Power Generating Module and any associated P
equipment must be designed and operated appropriately
to comply with cyber security requirements. The
Generator shall consider all cyber security risks
applicable to the Power Generating Module in terms of
the communication between any energy management
system etc and also in terms of interaction with any
system of the Manufacturer for product management.
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9.1.8 The Generator shall provide information describing the The communication P
high level cyber security approach, as well as the specific | between the inverter and
cyber security requirements complied with. The the external network is
statement will make appropriate reference to the Power |implemented by a
Generating Facilities compliance with: separate device (data
e ETSIEN 303 645: logger with model name
. Logger 4000
e relevant aspects of PAS 1879 “Energy smart manufactured by the same
appliances — Demand side response operation — manufacturer as inverter -
Code of practice; Sungrow). High level cyber

e relevant aspects of “Distributed Energy Resources — | security approach as well
Cyber Security Connection Guidance” published by |as the specific cyber
BEIS and the ENA,; security requirements are

e Any other relevant standard that has been evaluated against ETSI

: ; : ; EN 303 645. Compliance
incorporated in the design of the Power Generatin
Modlﬁe. 9 9 to ETSI EN 303 645 is

recorded in a separate
document and is provided
by manufacturer.

9.2 Network Connection Design for Power Generating Modules

9.3 Step Voltage Change and Rapid Voltage Change

9.4 Power Quality

9.4.1 Introduction

T|(T| 0| T|TO

9.4.1.1 The connection and operation of Power Generating
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

9.4.2.1 Where the input motive power of the Power Generating
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.
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9.4.4 Voltage imbalance

9.4.41 EREC P29 is a planning standard which provides limits
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.

9.4.4.2 The level of voltage unbalance at the Point Of Common P
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 P
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
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
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9.5.1

Instability in Distribution Networks may result in
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.

P

9.5.2

In general, System Stability is an important consideration
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,
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.

9531

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

N/A

9.5.3.2

Voltage stability refers to the ability of a system to
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
further classified according to the size of the disturbance.

N/A

9.5.34

Small-disturbance stability refers to the ability of a
system 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.

9.5.35

Large-disturbance stability refers to the ability of a
system 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
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.

N/A

9.54

It is recommended that a Power Generating Module and
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.
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9.54.1 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.

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;

i. any one single circuit overhead line, transformer
feeder or cable circuit, independent of length,

ii. any one transformer or reactor,

iii. 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,

iv. 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.
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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) 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
9.6.1 There are two specific instances of island mode to be
considered:

(@) where the Generator wishes to deliberately move
from the long-term parallel mode of operation to the
situation where the Generator’s Power Generating
Module(s) is arranged to supply just the load
presented by the Customer’s Installation, with the
Customer’s Installation disconnected from the
DNO'’s Distribution Network; or

(b) where one or more Power Generating Modules,
belonging to one or more Generators, support an
isolated part of the DNO'’s Distribution Network,
maintaining supplies to other Customers of the
DNO.

9.6.2 Customer’s Installation Island

9.6.2.1 Wherever a Generator's Power Generating Module runs
in parallel with the DNQO'’s Distribution Network for more
than 5 minutes per month, the design of the Power
Generating Module and the Customer’s Installation must
meet the requirements for long-term parallel operation
and comply with all the appropriate requirements of this
EREC G99.

9.6.2.2 Where a Generator intends to operate the Power P
Generating Module so that it supplies just the Customer’s
Installation, it is the Generator’s responsibility to ensure
the safety of the Customer’s Installation in respect of
electrical and general safety.
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9.6.2.3 The arrangements of Figures 8.6 (HV) and 8.9 (LV) will P
generally be appropriate for earthing and switching
arrangements. Exact designs of Customer’s Installations
will vary, but the functional requirements of these figures
should be implemented.

9.6.2.4 It is the Generator’s responsibility to ensure appropriate P
and safe synchronisation to, and disconnection from, the
DNO’s Distribution Network, respecting the requirements
of EREC P28 on voltage disturbances on the DNO'’s
Distribution Network.

9.6.3 DNO'’s Distribution Network Island

9.6.3.1 A fault or planned outage, which results in the
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.

9.6.3.2 When considering whether Power Generating Modules P
can be permitted to operate in island mode,10 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
shall be in place and the legal liabilities associated with
such operation shall be carefully considered by the DNO
and the Generator. Consideration should be given to the
following areas:

(@) load flows, voltage regulation, frequency regulation,
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) re-synchronisation to the Total System;

(f) safety of personnel.
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9.6.3.3

Suitable equipment will need to be installed to detect that
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.

P

9.6.34

The ESQCR requires that supplies to Customers are
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.

9.6.3.5

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, shall
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

9.6.3.6

Detailed consideration shall 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.

9.6.3.7

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

9.6.3.8

It will generally not be permissible to interrupt supplies to
DNO Customers for the purposes of re-synchronisation.
The design of the islanded system shall 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 re-
synchronisation 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 re-synchronisation.

9.7

Fault Contributions and Switchgear Considerations
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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.

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.
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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:

(&) 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 P
be 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
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In addition to any protection installed by the Generator to p
meet his own requirements and statutory obligations on
him, the Generator must install protection to achieve the
following objectives:

(@) For all Power Generating Modules:

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

10.3.1 Suitable protection arrangements and settings will
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:

o Under Voltage (1 stage);

e  Over Voltage (2 stage);

o Under Frequency (2 stage);
e  Over Frequency (1 stage);
e Loss of Mains (LoM).
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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 | Type B, C, D Power P
B, Type C and Type D shall be subject to prior Generating Modules
authorisation 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.

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 DNQO’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:

e BS EN 61000 (Electromagnetic Standards);
e BS EN 60255 (Electrical Relays);
e BS EN 61810 (Electrical Elementary Relays);

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

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

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

10.4 Loss of Mains (LoM)

10.4.1 To achieve the objectives of Section 10.1.1, in addition to
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.

TRF No. G99/1-8_V1.0



Page 34 of 247 Report No.: 6134228.51V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

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:

(&) 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:

e  Overload and accompanying speed/frequency
reduction

e  Over current and under voltage on the alternator

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.
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10.4.7 The LoM protection can utilise one or a combination of See appended table. 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 P
that 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
techniques 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.

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.
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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 a radial 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 P
what 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

10.5.1 Following the DNO connection study, the risk presented
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:

e Neutral Voltage Displacement (NVD);
Over Current;

o  Earth Fault;

e Reverse Power.

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 P

requirements as given in Section 10.6.7 below.

10.6.2 Loss of Mains See appended table. P
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A LoM protection of the RoCoF type will generally be P
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.

10.6.3 Under Voltage See appended table.

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.

10.6.4 Over Voltage See appended table.

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:

e 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);

e 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);

e Stage 1 (HV) should have a setting of +10% with a P
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);

e  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

Power Generating Modules are required to stay See appended table.
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

All Power Generating Facilities are required to maintain | See appended table.
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:
e  Stage 1 should have a setting of 47.5 Hz with a time
delay of 20 s;
e  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 Type D Power
Generating Modules Generating Modules
and Power
Generating Facilities
LV Protection(1) HV Protection(1) with a Registered
Capacity > 50 MW
Protection
Function Time Time Time
Trip Setting Delay Trip Setting Delay Trip Setting | Delay
Setting Setting Setting
un Vo-nt-20% | 255" | Vo-gt-20% |25s° Vo-gt- 255
® : - : 20% :
-t
O st 1 Vo-nt+14% | 10s | Vo-ot +10% | 1.0s ‘1’;”0/‘" *lios
o
O/V st 2 Vo-nt+ 19%3 05s Vo-¢f +13% | 0.5s
U/Fst1 47.5 Hz 20s 475 Hz 20s 47.5Hz 20s
UfF st2 47.0 Hz 05s 470 Hz 05s 47.0 Hz 05s
O/F 52.0 Hz 05s 52.0 Hz 05s 52.0 Hz 05s
LoM 1 Hzs™' time delay 0.5 s 1 Hzs ' time delay 0.5 s Intertripping expected
(RoCoF)" y 0. y 0. 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.

1A 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 Operatlon'
Protection Function LV Protection HV Protection
. . Time Delay . . Time Delay
Trip Setting Setting Trip Setting Setting
unv Vo-nt -10% 05s V-t -6% 05s
o Vo-nt + 14% 05s Vo-¢f + 6% 05s
U/F 49.5 Hz 05s 49.5 Hz 05s
O/F 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).

FA 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.
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10.6.10

Once the settings of relays have been agreed between
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.

P

10.6.11

The under/over voltage and frequency protection may be
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 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
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.

No such equipment used.

N/A

10.6.14

Non-Standard private LV networks calculation of
appropriate protection settings

N/A

10.6.15

The Generator shall provide a means of displaying the
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 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 ldentification 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.
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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.

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

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

(c) frequency control (Active Power adjustment -if any);
(d) power restriction (if any); and

(e) power gradient constraint (if any).

10.6.18 | For the avoidance of doubt where an internal fault on the P
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 Info.
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.

11 TYPE A POWER GENERATING MODULE TECHNICAL REQUIREMENTS N/A
111 Power Generating Module Performance and Control | As Manufacturer declares, N/A
Requirements — General the test unit was Type B, C

and D Power Generating

Module.
11.2 Frequency response N/A
11.3 Fault Ride Through and Phase Voltage Unbalance N/A
114 Voltage Limits and Control N/A
12 TYPE B POWER GENERATING MODULE TECHNICAL REQUIREMENTS P
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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 P
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 P
equipment shall be designed for stable operation in
parallel with the Distribution Network.

12.1.5 Load flow and System Stability studies may be P
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:

a) 47 Hz-47.5 Hz Operation for a period of at least 20 | See appended table. p
s 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) 51.5Hz — 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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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%.

T T 1
47.0 Frequency 48.8 49.5 50.5

100% of Active
Power

rofile to be met
- fora minimum of | 1 95% of Active
5 minutes Power

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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12.2.3.2 | Electricity Storage Power Generation Modules can Not Electricity Storage N/A
support the Total System by being arranged to Power Generation

automatically respond to falling frequency in line with the | Modules
characteristic of Figure 12.2 until the stored energy is
depleted.

Export
10 Registered

e LA, A,
, 0.85 Capacity

Hz T T

47.0 475 480

.................................................................................... 1.0 Rated Import
Capacity

Import

Figure 12.2 Change in Active Power of Electricity Storage Device with falling
frequency (not to scale)

12.2.4 Limited Frequency Sensitive Mode — Over frequency

12.2.4.1 |Each Power Generating Module shall be capable of See appended table.
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.

(@) The rate of change of Active Power output must be P
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.

(b) The Power Generating Module shall be capable of P
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 50.9 Hz at least P
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 P
measured rate of change of Active Power reduction
shall exceed 0.5% s-! of the initial output.
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(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™.

P

() 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.

AP

Pror
A

+0.54 - P,qis the Registered Capacity (taking into

account any Generating Units not in service)

50.5 51 51.5 52

ot T T >

49.5

2% droop

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 12.3 Active Power Frequency Response capability when
operating in LFSM-O

12.2.4.2

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.

12.2.4.3

Steady state operation below Minimum Stable Operating
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

12.3.1

Paragraphs 12.3.1.1 to 12.3.1.7 inclusive set out the
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.

12.3.1.1

Each Synchronous Power Generating Module and
Power 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.
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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.

12.3.1.3 Connection Point A

Voltage (p.u) NOT TOSCALE

1.0
0.9
(Urec2),

0.7 ... R
(Uclear
(Urec1),

0.3 |..
(Uret)

| | [ 1

0.0 } f t } } } 1

0 0.14 0.45 1.50
(tclear) (trec2) (trec3)
(trect)

Time(s)

Figure 12.4 - Voltage against time curve applicable to Type B
Synchronous Power Generating Modules

12.3.1.4 Table 12.1 Voltage against time parameters applicable to Type B N/A
Synchronous Power Generating Modules
Voltage parameters Time parameters
(pu) (s)

Unal 0.3 Lclear 0.14
Uclear 0.7 trect 0.14
Urem 0.7 trac2 0.45
Urec2 0.9 treca 1.5
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Connection Point
12315 | G N P
1.00
09 |-
0.85
{Urec2)
0.10
(Uret) L....._...
(Uclear)
(Urec1) i i i
0.00 f f I t i /i —
o 014 2.20 180

(tclear) (trec3) Time (s)
(trec1)
(trec2)

Figure 12.5 - 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)
Uret 01 Telaar 014
U clear 0.10 trect 0.14
U rec 0.10 brecz 0.14
Ureez 0.85 treca 2.2

12.3.1.7 |In addition to the requirements in 12.3.1.2 to 12.3.1.6:

(@) 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.

(c) The DNO will publish fault level data under P
maximum 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.
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(d) The protection schemes and settings for internal
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.

P

(e) Each Power Generating Module shall be designed
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
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
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 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

12.3.3

In the case of phase to phase faults on the DNO’s
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.

12.3.4

Other Fault Ride Through Requirements

N/A
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(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.

124 Voltage Limits and Control

12.4.1 Where a Power Generating Module is remote from 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, 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 N/A
Synchronous 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
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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.

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
sequence 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 12.6.
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(b) Figure 12.6 defines the reactive current IR that is to P
be 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

11
1.0
09

NOT TO SCALE

Operation is not required beyond 1.0pu

' ' but this would not prevent a Power
05 -----------%----------aj--- rrrrrrrrrrr —— Park Module supplying more reactive
current shoulditwishtodo so

-0.312 0 0.312 1.0 Reactive current I (pu)

Figure 12.6 - locus of magnitude of injected Reactive Current

(c) In addition each Power Park Module shall be P
required to satisfy the reactive current requirements
shown in Figures 12.7 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 12.7 (a) and Figure
12.7 (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.

Iz (pu)
4 NOT TO
Acceptable envelope of reactive currentinjection above SCALE
shaded area

I is a function of the retained voltage from Figure 12.5 and which
Is not required to exceed 1.0pu -

- Forbidden
Operating

Area

0.65x Al
+‘Pr=1§ull T

m Blocking

Permitted

>

H 120 140 Time (ms)
Fault .
Clearance

Figure 12.7(a) Chart showing area of reactive current injections for
voltage depressions of £ 140 ms duration
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Ir (pu) P
NOT TO -

SCALE
Acceptable envelope of reactive currentinjection above Forbidden
shaded area Operating
Area

Iy is a function of the retained voltage from Figure12.5 and which 7

is not required to exceed 1.0pu - /////%
- Blocking
Permitted

3

0.65% Al

* leraroun

»
120 140 Time (ms)

bretaun
0 20 60

Fault
Clearance

Figure 12.7(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.

() Each Power Park Module shall be designed to P
reduce 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 12.7 (a) and Figure 12.7
(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 P
Power 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 12.7 (a) or Figure 12.7 (b) provided that the
overall reactive current supplied over time is greater
than the minimum requirement shown in Figures
12.7 (a) or Figure 12.7 (b). This agreement will be
formalised in the Connection Agreement.

(h) In the case of an unbalanced fault, each Park P
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 (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 TECHNICAL P
REQUIREMENTS

13.1 Power Generating Module Performance and Control Requirements P
13.1.1 The requirements of this Section 13 do not apply in full Info.
to:

(@) Power Generation Facilities that are designed and
installed for infrequent short-term parallel operation
only; or

(b) Electricity Storage Power Generation Modules within
the Power Generating Facility commissioned before
01 September 2022.

13.1.2 The Active Power output of a Power Generating Module P
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 P
the Active Power setpoint in accordance with instructions
issued by the DNO.

13.1.4 Any changes to the Active Power or voltage/Reactive P
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 P
associated control equipment shall be designed for
stable operation in parallel with the Distribution Network.
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13.1.6 Load flow and System Stability studies may be P
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.
13.2 Frequency response
13.2.1 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:

(@) 47 Hz — 47.5 Hz Operation for a period of at least 20 | See appended table. P
s 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 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.

13.2.3 Output power with falling frequency See appended table.

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

(&) continuously maintaining constant Active Power
output for system frequency changes within the
range 50.5 to 49.5 Hz; and
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(b) (subject to the provisions of paragraph 13.2.1) P
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 :
470 Frequency 48.8 495 505

100% of Active
Power

fora minimum: of 95% of Active
5 minutes Power

Figure 13.1 Change in Active Power with falling frequency

13.2.3.2 | 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.

13.2.3.3 | Electricity Storage Power Generation Modules can N/A
support the Total System by being arranged to
automatically respond to falling frequency in line with the
characteristic of Figure 13.2 until the stored energy is
depleted.

Export
4 10 Registered
. 0.95 Capacity

Hz T T

470 4715 480

--] 1.0 Rated Import
Capacity
Import

Figure 13.2 Change in Active Power of Electricity Storage Device with falling
frequency (not to scale)

13.2.4 Limited Frequency Sensitive Mode — Over frequency P
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13.2.4.1 |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.

(@) The rate of change of Active Power output shall be | See appended table. P
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 13.3. 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.

ap P

Pror

' 3

+0.54 * Prsis 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 13.3 Active Power Frequency Response capability when operating
in LFSM-O

(b) The reduction in Active Power output shall be P
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 P
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.

13.2.4.2 | 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 below
50.4 Hz.
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13.24.3

Steady state operation below Minimum Stable Operating
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.

P

13.2.5

Limited Frequency Sensitive Mode — Under frequency
(LFSM-U)

13.25.1

Each Power Generating Module shall be capable of
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.

See appended table. P

(&) The rate of change of Active Power output shall be
at 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 13.4 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 13.4
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 Pref 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%.

ok

P, is the Registered Capacity
(taking into accountany

Generating Units not in service) 0.034

cemenenne .02

0.01

r

T T T L] L
494 49.5 496 49.7 49.8 499 50.1 502 Hz

-0.0H

Prtis the Registered Capacity, taking into account any Interface Protections not in service to
which AP is related and AP is the change in Active Power output from the Power Generating
Module. The Power Generating Module has to provide a positive Active Power output change
with a Droop of 10% or less based on Pret.

Figure 13.4 - Limited Frequency Sensitive Mode - Underfrequency
capability of Power Generating Modules
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(b) As much as possible of the proportional increase in P
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 P
Response in LFSM-U mode shall take into account

e The ambient conditions when the response is to
be triggered.

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

e The availability of primary energy sources.

(d) In LFSM-U Mode the Power Generating Module P
shall 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)

13.2.6.1 |Each Power Generating Module will be capable of FSM
in 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- P
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 P
minimum requirements:
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(@) Power Generating Modules shall be capable of P
providing Active Power Frequency Response in
accordance with the performance characteristic
shown in Figure 13.5 and parameters in Table 13.1.

* Droop setting is 3-5%in GB area.

* P,ris the Registered Capacity
(takinginto accountany
Generating Units not in service)

3% Droop
4% Droop
5% Droop

-0.101

Figure 13.5 — Frequency Sensitive Mode capability of Power Generating
Modules and Power Park Modules

Table 13.1 — Parameters for Active Power Frequency Response in P
Frequency Sensitivity Mode including the mathematical expressions in
Figure 13.5

Parameter Setting

Nominal system frequency 50 Hz

Active Power as a percentage of Registered Capacity (:ﬂ) 10%

Frequency Response Insensitivity in mHz (1Af;1) +15mHz

Frequency Response Insensitivity as a percentage of nominal

o
frequency (% +0.03%
Frequency Response Deadband in mHz 0 (mHz)
Droop (%) 3-5%
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(b) In satisfying the performance requirements specified P
in paragraph 13.2.6.2 Generators in respect of each
Power Generating Module should be aware:

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

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

ii. 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.

(c) Inthe event of a frequency step change, each P
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 13.6 and parameters in Table 13.2.

3

e

max

0.125 5

L12PJ 9100
Proas
0.075+

0.050 =

0.025+

—Time (s)

—
t,=10s

*t, = 1s for Power Generating Modules without Inertia

Pmax is the Registered Capacity to which AP relates. AP is the change in Active Power
output from the Power Generating Module. The Power Generating Module has to
provide Active Power output AP up to the point AP+ in accordance with the times t+ and
t2 with the values of AP4, tsand t2 being specified in Table 13.2. t1 is the initial delay. t
is the time for full activation.

TRF No. G99/1-8_V1.0



Page 63 of 247

Report No.: 6134228.51V1.1

G99/1-8

Clause

Requirement - Test

Result - Remark Verdict

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

Parameter Setting

Active power as a percentage of Registered Capacity

(frequency response range) (ﬂ) 10%

Pmnx

Maximum admissible initial delay t: for Power Generating
Modules with inertia unless justified as specified in 13.2.6.4(d)

Maximum admissible initial delay t1 for Power Generating
Modules which do not contribute to system inertia unless 1s
justified as specified in 13.2.6.4(d)

Activation time t2 10s

Table 13.2 also includes the mathematical expressions used in Figure 13.6.

P

(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.

(e) with regard to disconnection due to underfrequency,
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.

() In addition to the requirements of Section 13.2.6
each 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

13.3.1

Paragraphs 13.3.1.1 to 13.3.1.10 inclusive set out the
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
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 13.7 to 13.10 below.
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13.3.1.2 | The voltage against time curves defined in Table 13.3 to P
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.

133 13 Connection Point N/A

Voltage (p.u) NOTTOSCALE

1.0
0.9

(Urec2) /
07 y

{Uclear)
(Urec1)

0.1
(Uret)

i ; i | ) | i )
0 } | } | f | f }

0 0.14 0.45 1.50
(tclear) (trec2) (trec3)
(trec1)

Time (s)

Figure 13.7 Voltage against time curve applicable to Type C and Type D
Synchronous Power Generating Modules connected below 110 kV

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

Voltage param eters Time param eters (s)
(pu)
U et 0.1 telear 014
Uclear 0.7 treer 0.14
Urect .7 trecz 0.45
Urecz 0.8 treca 15
Connection Point
13.3.1.5 | Connections orroscaLs N/A
1.00
000 Lo e s s en s R e :
(Urec2) H
(Urec1)
025 | ...
(Uclear)
0.00 Lo — S
(Uret) 0 0.25 0.45 1.50 Time (s)
(trec1)  (trec2) (trec3)

Figure 13.8 - Voltage against time curve applicable to Type D
Synchronous Power Generating Modules connected at or above 110 kV
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13.3.1.6 Table 134 Voltage against time parameters applicable to Type D N/A
Synchronous Power Generating Modules connected at or above 110 kW
Yoltage parameters Time parameters ()
{pu)
Uret 0 tolear 0.14
Uctaar 025 traet 0.25
Urect 0.8 trecz 0.458
Urec 09 trecz 15
Connection Point
13.3.1.7 Connactions orroseaLs P
1.00
0.90 errmerannnn e et
0.85 7 :
(Urec2)
0.10
(Uret)
(Uclear)
(Urec1) H : : H
0.00 + t t t } t 7/ — | »
'] 0.14 2.20 180 Ti
{tclear) {trec3) ime (s)
(trec1)
(trec2)
Figure 13.9 - Voltage against time curve applicable to Type C and Type D
Power Park Modules connected below 110 kV
13.3.1.8 Table 13.5 Voltage against time parameters applicable to Type C and P
Type D Power Park Modules connected below 110 kv
Yoltage parameters (pu) Time parameters (s)
Ure 0.1 toesr 0.14
Usar 0.10 feet 0.14
Ureot 0.10 tecz 0.14
Urecz 0.85 trec 2.2
13.3.1.9 Connection Point P
Voltage (p.u) NOT TOSCALE
R
1.00
0.90 - P s —
0.85
(Urec2)
0.00 ; ]
(Uret) , , , i i .
(Uclear) t } } } } } t
(Urect)  © oy Time (s)

Figure 13.10 - Voltage against time curve applicable to Type D Power
Park Modules connected at or above 110 kV
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13.3.1.10 Table 13.6 Yoltage against time parameters applicable to Type D Power P
Park Modules connected at or above 110 kV

Voltage(r;t;am eters Time parameters (s}
Urat a Lelear 014
Ustear 0 treet 0.14
Ureot 0 b2 0.14
Uresz 0.95 b 22
13.3.1.11 | In addition to the requirements in 13.3.1.3 to 13.3.1.10: P

(@) 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 P
the post fault voltage shall not be less than 0.9 pu.
(c) The DNO will publish fault level data under P

maximum 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 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.
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(e) Each Power Generating Module shall be designed P
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.

® n 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 P
has been specifically agreed between the DNO and the
Generator that a Power Generating Facility will contribute
to the DNQ'’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 P
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.

13.3.4 Other Fault Ride Through Requirements P

(@) Inthe 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.

134 Voltage Limits and Control P
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13.4.1 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, 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 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.

13.4.3 Synchronous Power Generating Modules Excitation N/A
Performance Requirements

13.4.4 Voltage Control Performance Requirements for Power P
Park Modules

13.4.4.1 |Each Power Park Module shall be fitted with a P

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 13.14.

13.4.4.2 | The performance requirements for a continuously acting P
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.
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13.4.5 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.

13.4.6 The final responsibility for control of Distribution Network P
voltage does however remain with the DNO.

13.4.7 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.

13.4.8 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.

13.5 Reactive Capability P

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 13.11 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 13.11, ie an envelope agreed between the DNO
and the Generator within the rectangle of Figure 13.11. 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.

TRF No. G99/1-8_V1.0



Page 70 of 247

Report No.: 6134228.51V1.1

G99/1-8

Clause

Requirement - Test

Result - Remark

Verdict

13.5.2

At Active Power output levels other than Registered
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.

N/A

13.5.3

At voltages above 1.05 pu, or below 0.95 pu 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 13.11 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.

N/A

Connection Point
Voltage (p.u)

1.05 |-

0.95

1
£0.92 1.00 0.92

Power Factor

Consumption (lead) Production(lag)

Figure 13.11 Reactive Power capability requirements (Synchronous
Power Generating Modules)

N/A
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13.5.4 All Power Park Modules with a Connection Point voltage p
above 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.

Connection Point

Voltage (pu)

1.05
1.03

1.00

0.97
0.95

0.225

0.90
0.875

0.95 1.00 0.95 Power Factor
Consumption (lead) Production (lag)

Figure 13.12 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage above 33 kV)

13.5.5 All Power Park Modules with a Connection Point voltage p

at or below 33 kV shall be capable of satisfying the
Reactive Power capability requirements at the
Connection Point as defined in Figure 13.13 when
operating at Registered Capacity.

Connection Point
Voltage (p.u)

1105 {romrommemarneeaes

1.00 1

1T NS SN

0.95 1.00 0.95 Power Factor
@Qmin Consumption Production  gmax
(lead) (lag)

Figure 13.13 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage at or below 33 kV)
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13.5.6 All Power Park Modules, shall be capable of satisfying P
the Reactive Power capability requirements at the
Connection Point as defined in Figure 13.14 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
13.14 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.

Power &
pu

' i
0.33 0.12 0.05 0.00 005 033 Q/Pmax

Consumption (lead) Production (lag)

Figure 13.14 Reactive Power capability requirements (Power Park Modules
operating below Registered Capacity)

13.6 Fast Fault Current Injection

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.

13.6.2 Each Power Park Module shall be required to satisfy the P
following requirements.
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(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 reactive current IR that lies above the heavy
black line shown in Figure 13.15.

Connection Point Voltage (pu)

/ Normal operation

1.1
1.0
09

NOT TO SCALE

Operalion is not required beyond 1.0pu
but this would not prevent a Power
05 e y, ———— Park Module supplying more reactive
current should itwish to do so

N

_
. /,///,//é/{é////f////,
-0.312 0 0.312 10 Reactive current |, (pu)

Figure 13.15 — locus of magnitude of injected reactive current

(b) Figure 13.15 defines the reactive current IR that is to P
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

(c) In addition each Power Park Module shall be
required to satisfy the reactive current requirements
shown in Figures 13.16 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 13.16 (a) or
Figure 13.16 (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.
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e (pu) =]
NOT TO

Acceptable envelope of reactive current injection above SCALE

shaded area.

I is a function of the retained voltage from Figure 12.5 and which
Is not required to exceed 1.0pu

- Forbidden

Operating
Area

W Blocking

Permitted

0.65x Al

*+ loratau

pretau

1] 20 60 Time (ms)

H
Fault
Clearance

Figure 13.16(a) Chart showing area of Reactive Current injections for
voltage depressions of < 140 ms duration

ls (pu)
LY

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
is not required to exceed 1.0pu

o =
0.65x Alg .
Flowan |
bretaut i
0 20 60 ' 120 140 Time (ms)
Fault >
Clearance
Figure 13.16(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 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.
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() Each Power Park Module shall be designed to P
reduce 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 13.16 (a) and Figure
13.16 (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 P
Power 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 13.16 (a) or Figure 13.16 (b) provided that
the reactive current supplied is greater than the
minimum requirement shown in Figures 13.16 (a) or
Figure 13.16(b). This agreement will be formalised
in the Connection Agreement.

(h) In the case of an unbalanced fault, each Power Park P
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 and rapid re-synchronisation 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.
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13.7.2 In case of disconnection of the Power Generating Module N/A
from the Distribution Network, the Power Generating
Module shall be capable of quick resynchronisation if
required by the NETSO. Where rapid re-synchronisation
is required:

(a) A Power Generating Module with a minimum re-
synchronisation time greater than 15 minutes after its
disconnection from any external power supply must be
capable of houseload operation from any operating point
on its Power Generating Module Generator Performance
Chart. And

b) Power Generating Modules shall be capable of
houseload operation, irrespective of any auxiliary
connection to the Distribution Network. The minimum
operation time shall be specified by the NETSO, taking
into consideration the specific characteristics of prime
mover technology.

13.8 Technical Requirements for Embedded Medium Power Stations N/A
13.9 Operational monitoring P
13.9.1 With regard to information exchange: p

(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 P
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; p
(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.

TRF No. G99/1-8_V1.0



Page 77 of 247 Report No.: 6134228.51V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

13.9.4 The Generator will provide all relevant signals in a format P
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 P
supply adjacent to the signal terminal location.

13.9.6 Frequency Sensitive Mode (FSM) monitoring in real time

13.9.6.1 |Power Generating Modules shall be fitted with facilities to
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 P
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
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
141 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.
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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.

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 Do not work on this equipment until it is

WARNING isolated from both mains and on-site
dual supply generation supplies

Isolate on site Generating Unit 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 Power N/A
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

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

155 Compliance of Vehicle to Grid Electric Vehicles N/A

15.6 Family approach to Type Testing N/A

15.7 Compliance demonstration for Infrequent Short-Term Parallel Power Generating N/A
Modules

16 TYPE A COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

16.1 Type Test Certification P
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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
requirements.

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.

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:

e  Form A2-1 - Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules up to and | Generating Modules.
including 50 kW,

e Form A2-2 Compliance Verification Report for Inverter Connected Power N/A
Synchronous Power Generating Modules greater Generating Modules.
than> 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

e Form A2-3 - Compliance Verification Report for N/A
Inverter Connected Power Generating Modules.
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The choice of compliance route available is shown in N/A
Figure 16-1 below.
Type A
« N
S T Asynf:hronous Synchronous Asythronous Inverter
<50 kW (notinverter) >50 kW (notinverter) (all sizes)
<50 kw >50 kw
A /

Compliance Compliance Compliance
Verification Verification Verification

ReportA2-1 ReportA2-2 Report A2-3

Optional Approach for fullyintegrated <50 kW Synchronous Power
Generating Modules

— Conventional Compliance Approach

Figure 16-1 Illustration of the choice of compliance route

It is intended that the Manufacturers will use the N/A
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 N/A
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
Form A2-3 (Annex A.2).

16.1.4 Guidance for Manufacturers on type testing for Power N/A
Generating Modules is included in Annex A.7 of this
document.

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 N/A
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16.2.1 The Installer shall discuss the installation project with the | Relied on installer. N/A
local DNO at the earliest opportunity. The connection
application will need to be in format as shown in Annex
A.1 (Form Al) 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 On receipt of the application, the DNO will assess: Fully Type Test. N/A
e whether any Distribution Network studies are
required;

e 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

e 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 a Power Generating Module is not Fully Type It's depended on installer N/A
Tested, the Generator or Installer shall provide the DNO [and DNOs.
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. This should
be provided prior to commencing commissioning.

16.2.5 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 coordinated.
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16.2.6

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

16.2.7

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:

(@) 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

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 (Form A3-1
(Annex A.3) for Type A Power Generating Modules or
Form A3-2 (Annex A.3) for Integrated Micro Generation
and Storage installations) 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
witnessed) 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

It's depended on installer
and DNOs.

N/A
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17 TYPE B COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION
171 General
17.11 Where Power Generating Modules require connection to

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 witness 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 .
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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

174 Final Operational Notification N/A

18 TYPE C COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

18.1 General

18.1.1 Where Power Generating Modules require connection to

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 =}
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 P
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 P
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.
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18.1.5 In the case of a Power Park Module the proportion of the p
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

184 Final Operational Notification N/A

19 TYPE D COMPLIANCE TESTING, COMMISSIONING AND OPERATIONAL P
NOTIFICATION

19.1 General P

19.1.1 A Type D Power Generating Module will be required to P

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 P
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 P
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 P
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
194 Witnessing and Commissioning N/A
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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
211 General
21.1.1 Manufacturers’ Information covers such information as

type testing details, parameters or data, simulation
models and reports on studies run using those models.
The guidance in this Section 21 Manufacturers’
Information relates to simulation models.

21.1.2 In most cases Manufactures’ Information is submitted by P
the Generator to the DNO. However, data and
performance characteristics in respect of simulation
models may be registered with the DNO by Generating
Unit Manufacturers in the form of Manufacturers’
Information.

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.

21.14 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.
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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:

(@) Fault Ride Through capability;
(b) Power Park Module mathematical model DDRC 5c.

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.

21.4 A Generator referencing Manufacturers’ Information P
should insert the relevant Manufacturers’ Information
reference in the appropriate place in the submission
forms detailed in the Annexes. The DNO will consider the
suitability of Manufacturers’ Information in place of DDRC
data submissions such as a mathematical model suitable
for representation of the entire Power Park Module as
per Annex B.4.4 or Annex C.7.4.5 as applicable. Site
specific parameters will still need to be submitted by the
Generator.

21.5 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.

21.6 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.
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22

TYPE TESTING AND ANNEX INFORMATION

22.1

Fully Type Tested and Type Tested equipment

The following matrix demonstrates where Manufacturers’
Information and compliance and installation checks on
site can be combined to demonstrate compliance for
each Power Generating Module.

Manufacturers’ Information

Power Quality Assessment
and Site Tests

Fully Type Tested
(Type A only < 50
kw)

Registered as Fully Type Tested
information on ENA website via
the Compliance Verification
Report

(Form A2-1, A2-2 or A2-3 as
appropriate)

An assessment of compliance
with EREC (35 and EREC P28
is necessary. This will generally
allow connection of a Fully
Type Tested device with no
need for mitigation. However,
where the fault level is
unusually low (eg in remote
rural locations) mitigation
measures might be needed

Only installation checks
required — as on the Installation
Document (Form A3-1 or A3-2)

Fully Type Tested.

Type Tested
(Type A)

Registered as product or

component Type Test information
an ENA Website using applicable

parts of Compliance Verification
Report (Form A2-1, A2-2 or A2-
3); and/or

Supplied by the Generator using
applicable parts of Compliance
Verification Report (Form A2-1,
A2-2 or A2-3)

Compliance of the installation
with EREC G5 and EREC P28

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(Form A3-1 or A3-2)

Standard installation checks
(Form A3-1 or A3-2). Additional
Site Compliance and
Commissioning Checks (Form
A2-4) may also be required

Type Tested (B,
C, D)

Registered as product or

component Type Test information

on ENA Website; and/or
Supplied by the Generator

Compliance of the installation
with EREC G5 and EREC P28

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(Form B2-1 or Form C2-1)

Standard installation checks
(Form B3 or Form C3).

Additional Site Compliance and
Commissioning Checks (Form

required

B2-2 or Form C2-2) may also be

One off installation
(B.C.D)

To be provided by the Generator
for those aspects that cannot be
demonstrated on site (including
simulations etc)

Compliance of the installation
with EREC G5 and EREC P28

Demonstration of technical
requirements not covered by
Manufacturers’ Information.
(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
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Annex Application Form Title P
AD Cover Sheet for Type A Power

Generating Facility Forms
Al 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
MNote for all other Power G 19 and Storage installation
Modules the DNO's Standard
Application Form shall be used.
AZ 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
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
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A3 Installation and Commissioning a Form A3-1: Installation Document for P
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

AB Scenario examples in respect of the
application of EREC G59 and EREC
G99 to new or modified sites after

27/04/19
AT Requirements for Type Testing Type
A Power Generating Modules
B.1 Application Refer to Standard Application Form
B.2-1 Compliance documentation for Type Form B2-1: Power Generating Module
B Power Generating Modules Document for Type B Power

Generating Modules

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

B.3 Installation and Commissioning Form B2: Installation and
Confirmation Form Commissioning Confirmation Form for
Type B Power Generating Modules

B4 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

C.1 Application Refer to Standard Application Form

C.2-1 Compliance documentation for Type Form C2-1: Power Generating Module
C and Type D Power Generating Document for Type C and Type D
Modules Power Generating Modules

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

C3 Installation and Commissioning Form C3: Installation and
Confirmation Form 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

ch 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
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ca Compliance Testing of Type G and P
Type D Synchronous Power
Generating Modules
[oX:] 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.0 Decommissioning of any Power Form D1: Decommissioning
Generating Module Confirmation

DA Additional Information Relating to
System Stability Studies

D2 Loss of Mains Protection Analysis
D3 Main Statutory and other Obligations
D.4 Summary of Reactive Power and

voltage control requirements
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Appendix 1: Compliance Verification Report — Tests for Type B, C and D Inverter
Connected Power Generating Modules

12.2.1/12.2.2
13.2.1/13.2.2

Two 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.

Operating Range: p

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.

Pass or failure of the test should be indicated in the fields below (right hand side), for example with the
statement “Pass”, “No disconnection occurs”, etc. Graphical evidence is preferred.

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for
HV as required.

Test1 , 100% 48.0
Voltage = 85% of nominal (195.5 V),
Frequency = 47 Hz, o
Power Factor =1, = 95% 475 =
Period of test 20 s = T
> &
=2 90% 47.0 5
18] =
S 85k 46.5
80% 46.0
0 20 40 60
Time(s)
P/Pn —U/Un frequency
Test 2
Voltage = 85% of nominal (195.5 V), 100% 48.0
Frequency = 47.5 Hz, '
Power Factor =1, o
Period of test 90 minutes S 95k 475 __
5 z
> ) &
2 90% 47.0 5
48] =
5 85% 46.5
80% 46.0
0 1000 2000 3000 4000 5000 6000
Time(s)
—U/Un P/Pn frequency

TRF No. G99/1-8_V1.0



Page 93 of 247 Report No.: 6134228.51V1.1

G99/1-8

Clause Requirement - Test Result - Remark Verdict

Test 3

Voltage = 110% of nominal (253 V), 115% 505

Frequency = 51.5 Hz, '

Power Factor =1,

Period of test 90 minutes %’a 110% 520
S I
= &
2 105% 515 5
T =]
S 100% 51.0

95% 50.5
0 1000 2000 3000 4000 5000 6000
Time(s)
—U/Un P/Pn frequency

Test 4

Voltage = 110% of nominal (253 V), 115% 530

Frequency = 52.0 Hz, ’

Power Factor =1,

Period of test 15 minutes % 110% 525
5 z
= &
2 105% 52.0 5
48] =
o 100% 515

95% 51.0
0 200 400 600 800 1000
Time(s)
—U/Un P/Pn frequency

Test 5

Voltage = 100% of nominal (230 V), 110% 510

Frequency = 50.0 Hz, '

Power Factor =1, o 105%

Period of test = 90 minutes o 505
£ 100% T
o —
= &
2 95% 50.0 5
o =
g 90% §
& 495

85%
80% 49.0
0 1000 2000 3000 4000 5000 6000
Time(s)
—U/Un P/Smax ——frequency
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Test 6 RoCoF withstand
Confirm that the Power Generating 110% 505
Module is capable of staying ’
connected to the Distribution Network » 105% 515
and operate at rates of change of =] -
frequency up to 1 Hzs? as measured 5 100% 505 ¢
over a period of 500 ms. Note that this ; 95 495 ?
is not expected to be demonstrated on 5 ' T g
site. S 90k 485 ©
g et
85% ] 47.5
80% 46.5
0 5 10 15 20 25 30 35
Time(s)
—U/Un P/Pn frequency
120% 525
115% \ 515
b ]
O] ——
Lg 110% 505
: 3
2 105% 49.5 =
o =]
$ 100% 485 @
g et
95% 47.5
90% 46.5
0 5 10 15 20 25 30 35
Time(s)
—U/Un P/Pn frequency
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Model: SG350HX =]
Test 1:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (seconds)
681.81 47.00 298.75 1.000 20
Test 2:
Measured Voltage Measured Measured Power Measured Power Test Time
V) Frequency (Hz) (kW) factor (Minutes)
681.79 47.50 298.44 1.000 90
Test 3:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (Minutes)
879.56 51.50 351.49 1.000 90
Test 4:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (Minutes)
879.54 52.00 351.47 1.000 15
Test 5:
Measured Voltage Measured Measured Power Measured Power Test Time
(V) Frequency (Hz) (kW) factor (Minutes)
800.6 50.00 35135.3 1.000 90
Test 6:
Measurt(e\c/i)Voltage Ramp range Test :;?g;ency Test Duration Confirm no trip
680.0 47.0 Hz t0 52.0 Hz +1 Hzst 50s No trip
880.0 52.0 Hz to 47.0 Hz -1 Hzs? 50s No trip
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9.4.3 Power Quality — Harmonics: P

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, and measurements for the 2" — 13" harmonics should be provided. 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. For three phase Power Generating Modules, measurements for
all phases should be provided.

For Power Generating Modules of Registered Capacity of greater than 75 A per phase (ie 50 kW) the
installation must be designed in accordance with EREC G5.

The rating of the Power Generating Module (per phase) should be provided below, and the Total
Harmonic Distortion (THD) and Partial Weighted Harmonic Distortion (PWHD) should be provided at the
bottom of this section.

Model: SG350HX
Power Generating Module tested to BS EN 61000-3-12

Power Generating Module rating per phase Harmonic % =
(rpp) 1173 KVA Measured Value (A) x
80/rating per phase
(kVA)
Single or three phase measurements (for
single phase measurements, only complete three phase PV inverter
L1 columns below)
| At45-55% of Registered Capacity Limit in BS EN 61000-
Harmonic - -
Measured Value (MV) in Amps Measured Value (MV) in % 312
L1 L2 L3 L1 L2 L3 1 phase 3 phase
2 0.248 0.219 0.164 0.107 0.095 0.071 8% 8%
3 0.165 0.142 0.281 0.071 0.061 0.122 21.6% Not stated
4 0.104 0.069 0.116 0.045 0.030 0.050 4% 4%
5 0.124 0.161 0.093 0.054 0.070 0.040 10.7% 10.7%
6 0.046 0.068 0.037 0.020 0.029 0.016 2.67% 2.67%
7 0.086 0.054 0.108 0.037 0.023 0.047 7.2% 7.2%
8 0.047 0.072 0.037 0.020 0.031 0.016 2% 2%
9 0.082 0.027 0.094 0.035 0.012 0.041 3.8% Not stated
10 0.062 0.041 0.034 0.027 0.018 0.015 1.6% 1.6%
11 0.301 0.405 0.361 0.130 0.175 0.156 3.1% 3.1%
12 0.017 0.015 0.019 0.007 0.006 0.008 1.33% 1.33%
13 0.197 0.222 0.251 0.085 0.096 0.109 2% 2%
THD - - - 0.22 0.25 0.25 23% 13%
PWHD - - - 0.61 0.73 0.73 23% 22%

THD = Total Harmonic Distortion
PWHD = Partial Weighted Harmonic Distortion
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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
2 0.107 0.269 0.301 0.046 0.116 0.130 8% 8%
3 0.318 0.184 0.475 0.138 0.080 0.205 21.6% Not stated
4 0.213 0.119 0.190 0.092 0.051 0.082 4% 4%
5 0.164 0.135 0.104 0.071 0.058 0.045 10.7% 10.7%
6 0.194 0.069 0.145 0.084 0.030 0.063 2.67% 2.67%
7 0.189 0.294 0.388 0.082 0.127 0.168 7.2% 7.2%
8 0.073 0.059 0.085 0.032 0.026 0.037 2% 2%
9 0.132 0.055 0.136 0.057 0.024 0.059 3.8% Not stated
10 0.041 0.048 0.059 0.018 0.021 0.026 1.6% 1.6%
11 0.980 0.908 0.939 0.046 0.393 0.406 3.1% 3.1%
12 0.054 0.053 0.032 0.138 0.023 0.014 1.33% 1.33%
13 0.309 0.283 0.311 0.092 0.122 0.134 2% 2%
THD - - - 0.50 0.46 0.54 23% 13%
PWHD - - - 1.57 1.45 1.59 23% 22%

THD = Total Harmonic Distortion
PWHD = Partial Weighted Harmonic Distortion
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9.4.3 Power Quality — Voltage fluctuations and Flicker: P

These tests should be undertaken in accordance with Annex A.7.2.5.3. Results should be 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: SG350HX
Test start date 2022-07-09 Test end date 2022-07-09
Test location No0.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu, P.R. China
Starting Stopping Running
d(max) o o d(max) o o o P 2 hours
[%] d(c) [%] | d(t) [ %] [%] d(c) [%] | d(t) [%] | Pst[%] [%]
Measured |\, | 55 | (o3 0 0 0 0 0.09 0.07
Values at
test
impedance L2 0.25 0.02 0 0 0 0 0.09 0.07
L3 0.24 0.01 0 0 0 0 0.09 0.07
Normalised |\ ;| 555 | (03 0 0 0 0 0.09 0.07
to standard
impedance |\, | 55 0.02 0 0 0 0 0.09 0.07
L3 0.24 0.01 0 0 0 0 0.09 0.07
Normalised | , N/A N/A N/A N/A N/A N/A N/A N/A
to required
maximum
impedance L2 N/A N/A N/A N/A N/A N/A N/A N/A
L3 N/A N/A N/A N/A N/A N/A N/A N/A
Limits set under
BS EN 61000-3- 4% 3.3% 3.3% 4% 3.3% 3.3% 1.0 0.65
11
Test
Impedance R 0.4 Q XI 0.25 Q
Standard
R 0.24 * 0.15*
Impedance 0 X 0
0.47 0.257
Maximum Py “
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.

# All the test value and calculated value normalised to standard impedance of dmax test, dc test, d(t) test,
Pst test and PIt test were complies with the requirements of IEC 61000-3-11 and therefore is not subject to
conditional connection, so the manufacturer no need to declare maximum Impedance.

For voltage change and flicker measurements the following formula is to be used to convert the measured
values to the normalised values where the Power Factor of the generation output is 0.98 or above.
Normalised value = Measured value x reference source resistance/measured source resistance at test
point.

Single phase units reference source resistance is 0.4 Q
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Continuous operating L1 phase
Flicker Mode Uover:= = = = YOKOGAWA 4
IEC61000-4-15 EdZ2.0 Jover:= = = m Flicker:Complete 2:00:00
Count 12712
Interval 10m00s~ 10md0s
Element
Volt Range 1000v(Z230v-50Hz) Element1 Judgement: Pass
uUn (1) 0.80056kv Total Judgement: Pass
Fregtul) 50.002 Hz (Element1,2,3,4)
dcl*1] dmax[«] Tmax[lms] pst Plt
Limit 3.30 4.00 500 1.00 0.65
3.3004) N:12
No. 1 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
2 0.20 Pass 0.38 Pass 0 Pass 0.09 Pass
3 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
4 D.00 Pass D.00 Pass 0 Pass 0.07 Pass
] 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
6 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
7 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
8 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
9 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
10 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
11 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
12 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
Resultl Pass Pass Pass Pass 0.07 Pass
Update 3600 2022-07-09 08:53:57
Continuous operating L2 phase
Flicker Mode Uover:= = = m YOKOGAWL ¥
IEC61000-4-15 Ed2.0 Jover'm m m m Flicker:Complete 2:00:00
Count 12712
Interval 10m00s~10m00s
Element
volt Range 1000v(230v-50Hz) Element1 Judgement: Pass
un (U1l 0.80056kY Total Judyement: Pass
Freq(u1) 50.002 Hz (Element1.2,3,4)
dcl>] dmax[]1 TmaxLms 1 Pst Plt
Limit 3.30 4.00 500 1.00 0.65
3.3004) N:1Z
No. 1 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
2 0.20 Pass 0.38 Pass 0 Pass 0.09 Pass
3 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
4 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
5 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
6 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
7 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
8 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
9 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
10 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
1 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
12 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
Resul ] Pass Pass Pass Pass 0.07 Pass
Update 3600 2022-07-09 08:53:57
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Continuous operating L3 phase
Flicker Mode Uover:= = = = YOKOGAWA
IEC61000-4-15 EdZ2.0 Jover = = = m Flicker :Complete Z2:00:00
Count 12712
Interval 10m00s~ 10md0s
Element 3
volt Range 1000%(230v~50Hz) Element3 Judgement: Pass
un (U3l 0.79984kY Total Judgement: Pass
Freqtu3) 50.002 Hz (Element1,2,3,4)
del] dmax[+] TmaxLms ] Pst Plt
Limit 3.30 4.00 500 1.00 0.65
3.3004) N:12
No. 1 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
2 0.23 Pass 0.40 Pass 0 Pass 0.09 Pass
3 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
4 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
5 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
6 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
7 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
] 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
9 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
10 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
1 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
12 0.00 Pass 0.00 Pass 0 Pass 0.07 Pass
Result] Pass Pass Pass Pass 0.07 Pass
Update 3600 2022-07-09 09:15:50
Switch on and switch off operating L1 phase
Flicker Mode Uover:= = = m YOKOGAMWA 4+
IEC61000-4-15 EdZ2.0 Iover:m m m m Flicker:Complete 0:20:00
Count 272
Interval 10m00s~ 10m00s
Element 3
volt Range 1000v(230v-50Hz) Element3 Judgement: Pass
uUn (U3l 0.80010kY Total Judgement: Pass
Freq(u3l) 50.002 Hz (Element1.2,3.4)
del] dmax[~] TmaxLms ] Pst Plt
Limit 3.30 4.00 500 1.00 0.645
3.3004) N:12
Ho. 1 0.01 Pass 0.24 Pass 0 Pass 0.08 Pass
0.00 Pass 0.00 Pass 0 Pass 0.08 Pass
Resul Pass Pass Pass Pass 0.04 Pass
Update 600 2022-07-09 09:40:01
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Switch on and switch off operating L2 phase

YOKOGAWL 4
Flicker :Complete 0:20:00

Flicker Mode
IEC61000—-4-15 Ed2.0

Uover = = = m
lover = = m m

Count 2s2
Interval 10m00s~10m00s
Element 2
volt Range 1000v(230v-50Hz) Element? Judgement: Pass
un W2} 0.79924kv Total Judgement: Pass
Fregqlu2) 50.002 Hz (Element1,2,3,4)
dclx] dmax[~] Tmaxlms] Pst Plt
Limit 3.30 4.00 500 1.00 0.65
3.3004) N:12
Ho. 1 0.02 Pass 0.25 Pass 0 Pass 0.08 Pass
2 0.00 Pass 0.00 Pass 0 Pass 0.08 Pass
Resul t| Pass Pass Pass Pass 0.04 Pass
Update 600 2022-07-09 09:40:10

Switch on and switch off operating L3 phase

YOKOGAWA 4
Flicker :Complete 0:20:00

Flicker Mode
IEC61000—-4—-15 EdZ2.0

Uover ‘= = =m m
Jover = = = m

Count 2s2
Interval 10m00s~10m00s
Element 1
volt Range 1000v¥(230v~50Hz) Element1 Judgement: Pass
un (U1l 0.80023kv Total Judgement: Pass
Fregtu1) 50.001 Hz (Element1,2,3,4)
dclx] dmax[+] Tmax[lms] Pst Plt
Limit 3.30 4.00 500 1.00 0.65
3.3002) N:12
MNo. 1 0.03 Pass 0.22 Pass 0 Pass 0.08 Pass
2 0.00 Pass 0.00 Pass 0 Pass 0.08 Pass
Resul i Pass Pass Pass Pass 0.04 Pass
Update 600 2022-07-09 09:40:17

TRF No. G99/1-8_V1.0




Page 102 of 247

Report No.: 6134228.51V1.1

G99/1-8

Clause

Requirement -

Test

Result - Remark

Verdict

9.4.6 Power quality — DC injection:

P

greater than 0.25%.

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.

The % DC injection (“as % of rated AC current” below) is calculated as follows:
% DC injection = Recorded DC value in Amps / Base current

where the base current is the Registered Capacity (W) / Vphase. The % DC injection should not be

Model: SG350HX

Test power level

10% 55% 100%
L1 L2 L3 L1 L2 L3 L1 L2 L3
Recorded DC injection | 551 | 1559 | 1093 | 93 | 121 | 1500 | 180 | 209 | 261
value (mA)
as % of rated AC current | 0.015 | 0.047 | 0.047 | 0.040 | 0.052 | 0.065 | 0.078 | 0.091 | 0.113
Limit 0.25% 0.25% 0.25%
800 T 120%
90%
=< 60% O
= o
-400 30%
-600
-800 0%
0 50 100 150 200 250 300 350 400 450 500 550 600 650
time (s)
Ide 11 Idc 12 Idc 13 ===== ldc- ===== Idc+ P/Pn
Model: SG285HX
Test power level 10% 55% 100%
L1 L2 L3 L1 L2 L3 L1 L2 L3
Recorded DC injection | 3,63 | 3489 | 290.4 | 154.3 | 3104 | 192.9 | 265.6 | 288.7 | 212.0
value (mA)
as % of rated AC current | 0.184 | 0.169 | 0.141 | 0.075 | 0.151 | 0.094 | 0.129 | 0.140 | 0.103
Limit 0.25% 0.25% 0.25%
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800 120%
600
400 90%
200
T a
< 0 60%
£ a
=]
T -200
-400 30%
-600
-800 ﬁ 0%
0 200 400 600 800 1000 1200 1400
time (s)
Idc 11 Idc 12 Idc |3 ===== ldc- ===== Idc+ P/Pn
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9.4.5 Power Factor:

P

HV as required.

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 and the measured Power Factor must be greater than
0.95 to pass. Voltage to be 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

Note that the value of voltage stated in brackets assumes a LV connection. This should be adjusted for

Model: SG350HX

Voltage 0.94 pu (752 V) 1 pu (800 V) 1.1 pu (880 V)
Measured value 0.9999 0.9999 0.9999

Power Factor Limit >0.95 >0.95 >0.95

Model: SG285HX

Voltage 0.94 pu (752 V) 1 pu (800 V) 1.1 pu (880 V)
Measured value 0.9997 0.9998 0.9999

Power Factor Limit >0.95 >0.95 >0.95
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10.6.7.1 Protection — Frequency tests: P

These tests should be carried out in accordance with the Annex A.7.1.2.3. For trip tests, frequency and

time delay should be stated. For “no trip tests”, “no trip” can be stated.

Model: SG350HX

Function Setting Trip test “No trip tests”
Frequency Time delay Frequency Time delay Erequency/ C.onflrm no
time trip
U/F stage 1 475 Hz 20s 47.49 Hz 20.03 s 3(7); Hz No trip
UF stage 2 |  47.0 Hz 055 46.99 Hz 0.521's ‘1‘;'2 ':Z No trip
46.8 Hz .
0.45s No trip
51.8 Hz .
O/F 52.0 Hz 05s 52.01 Hz 0.529 s 120.0 s No trip
52.2 Hz .
0.45s No trip

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.

Graph of U/F stage 1

aial [s] 0:25.71428 0:45. 73949 0I20.02520

®uU1 V] 654.505T AGS.6384 -185.9572 a462.2869
®uz V] -335ITT2 168.4982 503.7754 461.3729
®uz V] -320.5468 -629.6TTS -309.1307 461.6311
- 11 [A] 328.96T0 234.6068 -94.36024 232.9618
-1z [A] -164.5132 B2.68130 247.1945 232.1273
-1z Al -163.8622 -318.5445 -154.6823 232.2332
™ Tirgger [V] -4.083840 -4.958250 0.025599 4978052
® F_fun...220HX 50.00188 AT.AQ40T -2.506912 47.50016
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Graph of U/F stage 2
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40 3350 4701119

0.521024
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183.4772 233.4049
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Graph of O/F

1@ Ti..V] OB[A] @2[A] @IL[A] ®U3[V] @U2[V] BUL[V]

OF...7

A iEl [=]

|u1 V]

-uz V]
"uzv]

-1 [A]

Wiz [A]

-z [A]

o Tirgger [V]
»F_fun...320HX

024 T2351T Q252523721
—-633.7TT61 B548.6520
441. 7238 -3T0.3757T
197.7564 -283.4063
-Z282.9800 0.2TE32T
204.8242 -1.480699
TE8.06412 0.259519
—4.9T9264 -4.974411
50.01267 51.92033

0529204

1282.420 A62.4TE3
-812.0995 46561.3545
-481.1627T A4651.3433
283.2573 232.0466
-206.3049 2302792
-T&.T0460 231.0223
4.853e-3 A.SGTEIZS
1.916660 51.24003
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10.6.7.1 Protection — Voltage tests (LV Protection) P

These tests should be carried out in accordance with Annex A.7.1.2.2. For trip tests, voltage and time

”

delay should be stated. For “no trip tests”, “no trip” can be stated.

Note that the value of voltage stated below assumes a LV connection This should be adjusted for HV
taking account of the VT ratio as required.

Model: SG350HX
L1L2L3 Phase

Function Setting Trip test “No trip tests”
Voltage Time delay | Voltage Time delay | Voltage / time | Confirm no trip
U 0.8 pu 255 639.45V | 2.510s 25043\/ N trip
626 V .
2 45 s No trip
898 V .
O/Vstage 1l | 1.14 pu 10s 91242V 1.056 s 505 No trip
938V .
O/V stage 2 | 1.19 pu 05s 952.01V 0.532s 0.95s No trip
966 V .
0.45 s No trip
L1-L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage / time | Confirm no trip
U 0.8 pu 255 639.47V | 25045 25043\’ NO trip
626 V .
2 45 s No trip
898 V .
O/Vstagel | 1.14 pu 10s 912.62 V 1.048 s 50s No trip
938V .
O/V stage 2 | 1.19 pu 05s 952.28 V 0.523 s 0.95s No trip
966 V .
0.45 s No trip
L2-L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage / time | Confirm no trip
unv 0.8 pu 25s 639.62 V 2.540 s 25043\/ No trip
625.5V .
2 45 s No trip
898 V .
O/Vstagel | 1.14 pu 10s 912.94V 1.027 s 505 No trip
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938V .
O/V stage 2 | 1.19 pu 05s 952.30V 0.536 s 0.95s No trip
966 V .
0.45 s No trip
L3-L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage / time | Confirm no trip
UV 0.8 pu 255 639.47V | 2510s 25043\/ No trip
626 V .
245 s No trip
898 V .
O/Vstagel | 1.14 pu 10s 912.37V 1.047 s 505 No trip
938V .
O/V stage 2 | 1.19 pu 05s 952.76 V 0.555s 0.95s No trip
966 V .
0.45 s No trip
Note: For Voltage tests the Voltage required to trip is the setting £3.45 V. 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 +4 V 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 U/V L1L2L3 Phase
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Graph of U/V L1L2 Phase
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Graph of U/V L1L3 Phase
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Graph of U/V L2L3 Phase
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Graph of O/V stage 1 L1L2L3 Phase
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Graph of O/V stage 1 L2L3 Phase
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Graph of O/V stage 2 L1L2L3 Phase
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10.6.7.1 Protection — Voltage tests (HV Protection) P
Model: SG350HX
L1L2L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay | Voltage Time delay | Voltage /time Confirm no trip
U 0.8 pu 255 639.62V | 25105 %53 ;/ No trip
626 V .
245 s No trip
ONstagel | 1.10pu 1.0s 886.80V | 1.015s 825653\/ No trip
ONstage2 | 1.13pu 05s 903.08V | 05505 %83'55;/ NO trip
9185V .
0.45 s No trip
L1-L2 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
U 0.8 pu 255 63951V | 2.504s %53 v NO trip
626 V .
2 45 s No trip
O/V stage 1 1.10 pu 1.0s 887.10 V 1.065 s 825(')53\/ No trip
ONstage2 | 1.13pu 05s 906.72V | 0539 %83;55;’ NO trip
9185V .
0.45 s No trip
L2-L3 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
U 0.8 pu 255 639.28V | 25105 %53' v No trip
626 V .
2 45 s No trip
O/V stage 1 1.10 pu 1.0s 886.90 V 1.056 s 825(')53\/ No trip
Ol/V stage 2 1.13 pu 05s 906.85 V 0.581 s 808355;/ No trip
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918.5V .
0.45 s No trip
L3-L1 Phase
Function Setting Trip test “No trip tests”
Voltage Time delay Voltage Time delay | Voltage /time | Confirm no trip
U 0.8 pu 255 639.63V | 2540 %53 ;/ NO trip
626 V .
245 s No trip
ONstage1 | 1.10pu 1.0s 887.06V | 1.039s 825653\/ NO trip
ONstage2 | 1.13pu 05s 90322V | 0553 %8355;/ NO trip
918.5V .
0.45 s No trip
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Graph of U/V L1L2L3 Phase

1000

1000-1000

1000-1000

200.0-1000

o
b4
&
[=1
2
&

00.0-200.0

0:10.0 0:120 0140 0:160 B o= [

A B AR AFE

B4 [s] 0:15.116666 0:17.627216 2.510549

eUL V] 241.4601 -3273114 -568.6715 369.5920

eu2V] -520.4635 511.7405 1032.204 369.2998

aua 2807248 -188.4940 -469.2188 369.2895

@11 4] 43.25891 1.645088 -41.61382 §7.54144

®12[4] -83.73308 0.644326 94.37740 §7.25896

124 48.77508 0.538111 -48.23697 §7.00981

@ Tirgger [V] -4.981470 -4.993769 -0.012299 4.882921

Graph of U/V L1L2 Phase

2
=2
= 5
Fi
ez
a
=8
= 5
B
® EM
g
=S
g
O3
2
=
A L L T T T T T T T T I T T T T T T T T T T T e T el b e e e e el m T ] ettt
=
= g
e S NENENNTNEISNNENENETTNTEEETNTTETTEETERT IR TN e, - - - |-
=]
=
L L L LR ] - - |- -
2a
L ] ﬁ _______________________
b=
=
TR B Sy
‘m
s
L =1 o
T8
R B R R e P R R P B LR EEP PR
5
270 s et | T
]
(=)
e
0:12.00 0:14.00 0:16.00 [ = R [ ]
A B (=] HEE
B8 [s] 0:15.240349 0:17.744420 2.504071
su1V] 175.0411 -433.8244 -608.8655 369.3610
auz V] 34TATTS 4634284 115.9509 369.3386
suz N -639.6462 -38.70774 600.9385 4615549
®11[A] 34.02055 6571412 -27.44913 8164870
@12 [A] T1.01596 4,393220 -66.62274 81.91891
12 [4] -111.4669 5113483 116.5804 81.49743
@ Tirgger V] -4.934210 -5.007427 -0.073217 4,982833

TRF No. G99/1-8 V1.0



Page 118 of 247 Report No.: 6134228.51V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

Graph of U/V L2L3 Phase
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Graph of O/V stage 1 L1L2L3 Phase
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Graph of O/V stage 1 L1L2 Phase
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Graph of O/V stage 2 L1L2L3 Phase

&
g
= L

Q1P IR TR PR PSP TR TR PR PSP TR FOEET OGPPSR PR OGRS T PE T

=

= I

o RN AR it st e gt e e ettt et it e e Dt e
g

-

gl || 1711 TR PR AT TR TTEIRRPRTTLRFETTTVET EECTRRY LR PR TP TR TTRATL R TR T TR

R (0L LIk gL LR L E G L LG AL Lt P G o (il it e et e e [T
-]

':Tﬁ (duwa Ll Il | Wy NN ek f i bkl I [ji TIHWRNCL I I iffr I

gl 1T TR DR TP ERET TR TR BRI T T RCL LA PRI TP I AT TR

s = ittt e e e e et e e e e e e et e e e e e

=2
=

=
&
=
a
A

e
'n
23| O B IS O OSSR B
Esg """""""""""""""""""""""""""
£ e I 0 Y
02000 L3
AHE
B8 [s] 0:17.012251 0:17.563048 0.550798
su1V] 736.4573 T14.6212 -1451.079 521.8597
esuz V] -379.0870 205.2425 584.3295 520.3834
suz V] -358.8160 5113757 8701917 5212301
®11[A] 35.23576 0969052 -34.26671 50.16564
®12[A] -17.72523 6445647 24.17088 50.28838
@12 [A] -15.01358 -4.954219 10.05936 49.83315
@ Tirgger V] -4,999008 -4.991727 7.281e-3 4,982582
Graph of O/V stage 2 L1L2 Phase
=7 I.IIIM\I.HIhIlIﬂIHlIlI\l IhI|IﬂIH.M|1III.||I it II It I. [ A .I'UI OO R AR
ez \'i i L o Gttt R e v B e
I.'I'.\‘.\.'I'.I. A A i A .!II'|I.I‘HIFI IIIIM\MIIhIlI\lIH\IlIﬂ II|\|I|IIhI\\|1III.I|I\1HI‘I|I|‘I1H Lt A A A i
G111ttt T "H I o ot
DN i 1 1 A 0t At A LAl .I \|I'||‘HIFI I.Illh \MIIIhI|Iﬂ|\h||||||||.\| ﬂIH.Iu\ IHIuI\HL b
o Al g bt A B e ':J [0 0BT 0 T A
Eﬁ K o A A gy~~~
gt i e JH Hll.‘ L B
I.'I'.\‘ e Al A A e O
"‘HH"IIH lll Ll JII Ll D IO
§ﬁ A A A IR AT AT HI'I TR LR O TR T A
gt Lt G T N e 'I‘H.l _______________________________________________________________
U Y FOU OO S R OSSO SOSSRY I SO DU SO BESS OSSO USROS AU
Esg """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
‘- 0:09.00 0:10.00 01100 Ly 1200 [&] 0:12.00 0:14.00 [}
A B (=] AHE
B8 [s] 0:11,891620 0:12.430661 0.539041
su1V] 68.00023 -151.0052 -219.9054 524.1650
esuz V] -596.5866 -551.6150 4497153 523.1467
|uz ] 523.3988 6154567 92.05795 461.3096
®11[A] 14.11736 0,906110 -13.21125 60.65144
@12[A] -93.44161 -0.143766 93.29784 60.52879
@12 [A] 79.45014 1374245 -78.07589 59.49376
@ Tirgger V] 0.101895 -5.002209 -5.104105 4,976645

TRF No. G99/1-8 V1.0



Page 122 of 247

Report No.: 6134228.51V1.1

G99/1-8
Clause Requirement - Test Result - Remark Verdict
Graph of O/V stage 2 L2L3 Phase
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9.6 Protection — Loss of Mains test P

These tests should be carried out in accordance with BS EN 62116. Annex A.7.1.2.4.

For test condition A, EUT output = 100 % Pn, test condition B, EUT output = 50 % to 66 % Pn, and test
condition C, EUT output = 25 % to 33 % Pn.

Model: SG350HX

The following sub set of tests should be recorded in the following table.

Test Power | 33% 66% 100% 33% 66% 100%
and -5% Q -5% Q 5% P +5% Q +5% Q +5% P
imbalance Test 22 Test 12 Test 5 Test 31 Test 21 Test 10
Trip time.
Limitis 89 ms 99 ms 184 ms 92 ms 100 ms 179 ms
0.5s
P;UT ?,) Reactive | Pac? Qac® | Run-on | o Actual
No. (EEJ(')I' load (% | (% of (% of time (\i;’)T ch:a Voc? Remarks ©
rating) of Qu) | nominal) | nominal) (ms)

1 100 100 0 0 189 320 1 1280 /

2 66 66 0 0 147 212 1.00 1100 /

3 33 33 0 0 122 106 1.00 900 /

4 100 100 -5 -5 125 320 1.03 1280 | TestAatIB

5 100 100 -5 0 169 320 1.05 1280 | TestAatIB

6 100 100 -5 +5 119 320 1.08 1280 | TestAatIB

7 100 100 0 -5 184 320 0.98 1280 TestAat B

8 100 100 0 +5 179 320 1.02 1280 TestAat IB

9 100 100 +5 -5 129 320 0.93 1280 TestAat IB
10 100 100 +5 0 146 320 0.95 1280 TestAat IB
11 100 100 +5 +5 111 320 0.95 1280 TestAat IB
12 66 66 0 -5 99 212 0.98 1100 TestB at IB
13 66 66 0 -4 107 212 0.98 1100 TestB at IB
14 66 66 0 -3 114 212 0.99 1100 | TestBatIB
15 66 66 0 -2 129 212 0.99 1100 | TestBatIB
16 66 66 0 -1 134 212 1.01 1100 | TestBatIB
17 66 66 0 +1 143 212 1.01 1100 | TestBatIB
18 66 66 0 +2 129 212 1.01 1100 | TestBatIB
19 66 66 0 +3 118 212 1.02 1100 TestB at IB
20 66 66 0 +4 111 212 1.02 1100 TestB at IB
21 66 66 0 +5 100 212 1.03 1100 TestB at IB
22 33 33 0 -5 89 106 0.97 900 TestB at IB
23 33 33 0 -4 98 106 0.98 900 Test Cat B
24 33 33 0 -3 105 106 0.99 900 Test C atIB
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25 33 33 0 -2 114 106 0.99 900 TestC at IB
26 33 33 0 -1 117 106 1.00 900 Test C at IB
27 33 33 0 +1 118 106 1.01 900 Test C at IB
28 33 33 0 +2 109 106 1.01 900 Test C at IB
29 33 33 0 +3 106 106 1.02 900 Test C at IB
30 33 33 0 +4 98 106 1.03 900 TestCat IB
31 33 33 0 +5 92 106 1.03 900 Test C atIB
Note:

APEUT: EUT output power.

bPac: 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.

9For 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 10 reactive load and 100% nominal power
T I
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10.6.2 Loss of Mains Protection, Vector Shift Stability test P
This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the

Model: SG350HX

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
Graph of test 49.5Hz_+50°
- KA
T S T - T sl T ) e T
E N _,/ \\.,_./ - N \\\ 1 N \\,__/ - \\ o N \\_} A
< 7 [ TN L N\ N N e i I
I \\,‘.// N R . ,»/ e S // N N v,/ _ ‘\\//
TN T t . e, /\f\ S e o 1 ,ﬁ\\
. \// ™ - // \\ o - .\MJI by v B _// \\"‘-\4\/‘/ ™~ J._F// ‘\‘\// NN
’ o o 55 3
A B 21 E1
il s 0:25.0899637 0:25.1074065 0.0174369
su1v -654.0674 -655.9783 -1.910925 4822554
suz NV 3383158 226.5813 -111.7345 422.4926
suz V] 3225321 355.0582 3252611 ATS.T025
o1 A -332.2059 3626740 -30.46811 237.2530
®12[A] 161.2187 T9.25213 -81.96652 199.5390
i — s — - g
Graph of test 50.5Hz_-50°
 p— =y g - — T~ = v
5 AN N / N \\,_, e - N / N 7 N . N o
e L s B ),\,‘_,‘\,f- ['\/\\\ v s —] —
J \,// \\-_// S \\ \\u L ‘\_,//— N \\w// \\‘-‘..//
< F ™ P P Ay AN S AT AT ]
T \\\_// \,r/ \./’/ i = oA \\\,__/ ‘\._,w,-'/ \‘ vl o \‘\—‘.\_,,/
FTET - ] o . o
A B HE HAE
B (s 0:25.103336 0:25.126041 0.022705
s V] -652.8227 -660.6213 -T.7985T7 4434133
suzv 347.0794 322.7601 -24.31932 461.6467
suzv] 3111907 340.7842 2950347 4814027
LU -317.1569 -238.6075 7854939 2310797
L 1F7) 1752126 138.5580 -36.35466 2178818
iy eI— o e P —
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10.6.2 Loss of Mains Protection, RoCoF Stability test

This test should be carried out in accordance with Annex A.7.1.2.6. Confirmation is required that the
Power Generating Module does not trip for the duration of the ramp up and ramp down test.

Model: SG350HX

Ramp range Test frequency ramp:

Test Duration Confirm no trip

49.0 Hz t0 51.0 Hz +0.95 Hzs™?

21s No trip

51.0 Hz t0 49.0 Hz -0.95 Hzs™

21s No trip

Graph of test 49.0 Hz to 51.0 Hz

it | [ b kb HbtA
i it

il ‘h“luu

!
it

l'] LR
b ?h'.um

“. u\w

HAa 0:17.237843 0:19.347189 2109346

sy 5108082 5791144 -1149919 4630003
a2V 3564501 2647424 3003874 4622268
suzy] 5641368 5539623 111809 4624753
LI 267489 -297.038 -584.5285 21412
en 6546379 111150 17.65788 232007
LD -284.5806 2668244 5504050 232.1006
©F_fund@POWER/0 [Hz] 49.0077 50.988%2 1986149 50.00337

A

0:15.323027 0:17.429067 2106040
euiV] 1672673 -555.7961 ~479.0694 4832041
a2V 597.1469 -18.05048 -615.1974 4623693
suzV -524.9523 5768871 1101839 4621346
oA -32.19366 -215.6167 2434230 2325456
anp 2949512 327592 -298.1848 2320102
L0 -263.2821 2964378 559.7198 231.0643
OF_fund@POWER/0 [Hz] 5100724 49.02649 -1.980751 50.04190
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12.1.3 TABLE: Reduction of active power on setpoint

13.1.3 (for Type B, Type C, Type D) P
Model SG350HX
1-min mean
value, P/Pn 100 90 80 70 60 50 40 30 20 10 0
(%]
Psetpoint[KW]: 320 288 256 224 192 160 128 96 64 32 0
Peso [KW]: 321.8 | 290.0 | 258.5 | 225.6 | 193.9 | 162.3 | 129.4 | 97.6 65.8 33.7 2.4
ﬁz]E,SO/PEmaX 0.64 0.69 0.78 0.49 0.61 0.73 0.46 0.48 0.55 0.53 0.71
Limit
reduce time 5s
[s]
Graph of the setting accuracy
120
100
80
D:_: oU
T 40
5
= 20
04
-20
0 200 400 600 800 1000 1200 1400
time (s
P_measure ===== P_limit
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.
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12.2.3 _ . .
13.2.3 TABLE: Output power with falling frequency P
Model |[SG350HX
Voltage |Un=800Vac
Test sequence Measured Active Acceptable Frequency Primary power
Power Output (W) Active Power (H2) source
50.5 Hz for 5 minutes 320185.3 100% Registered 50.50 Photovoltaic
Capacity array simulator
o . :
50.0 Hz for 5 minutes 319953.8 100% Registered 50.00 Photovoltaic
Capacity array simulator
0 ; )
49.5 Hz for 5 minutes 319970.2 100% Registered 49.50 Photovoltaic
Capacity array simulator
0 ; )
49.0 Hz for 5 minutes 310825.3 99% Registered 49.00 Photovoltaic
Capacity array simulator
0 : )
48.0 Hz for 5 minutes 310414.3 9% Reglgtered 48.00 Photoyolta|c
Capacity array simulator
96.2% Photovoltaic
47.6 Hz for 5 minutes 307876.0 Registered 47.60 :
. array simulator
Capacity
0 ; )
47.1Hz for20's 304089.4 95% Registered 47.10 Photovoltaic
Capacity array simulator

Notes:

Each Power Generating Module, shall 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) 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%.
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105% 51.0
100%  =r=y=r=T 50.5
95% L—-—'——'—'—'— 50.0
v 90% 495
O] ——
T [N
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2
C 80% 485 2
Q@ @
= E
o
o 75% 48.0
70% | 475
65% 47.0
60% 46.5
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12.2.4
13.2.4 TABEL Lmited Frequency Sensitive Mode — Over frequency test: P
B.4.5
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

. 4 Y
are undertaken in accordance with Annex B.6.2
Model: SG350HX
Alternatively, simulation results should be noted below:
Test sequence at Measured Frequency Calculated | Primary Active
Registered Capacity >80% Active (Hz2) droop (%) Power Power

Power Source Gradient
Output (kW)
Step a) 50.00 Hz +0.01 Hz 319.75 50 - -
Step b) 50.45 Hz +0.05 Hz 316.51 50.45 9.2 -
Step c) 50.70 Hz £0.10 Hz 299.16 50.7 9.2 Photovoltaic -
Step d) 51.15 Hz £0.05 Hz 270.66 51.15 9.7 array -
Step e) 50.70 Hz +0.10 Hz 299.21 50.7 9.2 simulator ;
Step f) 50.45 Hz £0.05 Hz 316.55 50.45 9.3 -
Step g) 50.00 Hz +0.01 Hz 319.79 50 -- -
Test sequence at Measured Frequency Calculated | Primary Active
Registered Capacity 40- Active (Hz2) droop (%) Power Power
60% Power Source Gradient
Output (kW)
Step a) 50.00 Hz +0.01 Hz 161.45 50.00 B -
Step b) 50.45 Hz £0.05 Hz 158.75 50.45 11.9 -
Step ¢) 50.70 Hz +0.10 Hz 142.89 50.70 10.3 Photovoltaic -
Step d) 51.15 Hz £0.05 Hz 114.27 51.15 10.2 array -
simulator

Step e) 50.70 Hz £0.10 Hz 142.65 50.70 10.2 -
Step f) 50.45 Hz £0.05 Hz 158.58 50.45 111 -
Step g) 50.00 Hz +£0.01 Hz 161.46 59 - -
Note:
The simulation study event shall be equivalent to:
() 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
(i) 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
(ii) 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.
The allowed tolerance for the frequency measurement shall be + 0.05 Hz. The allowed tolerance for
Active Power output measurement shall be +10% of the required change in Active Power.
The resulting overall tolerance range for a nominal 10% Droop is +2.8% and — 1.5%, ie a Droop less than
12.8% and greater than 8.5%.
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Limited Frequency Sensitive Mode — Over frequency test (100%Pn)
105% 52.0
100% 515
N
95% / \ 51.0
— =
o 2
a S
90% 505 T
&
85% 50.0
80% 495
0 50 100 150 200 250 300 350 400 450 500 550
Time(s)
power frequency
Limited Frequency Sensitive Mode — Over frequency test (50%Pn)
55% 515
50% 51.0
N
T
O AR LNE —
—~ T2 505 ¢
= S
@
40% 50.0
35% 495
0 50 100 150 200 250 300 350 400 450 500 550
Time(s)
power frequency
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B.6.2 Frequency Response Tests

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

injection tests are undertaken in accordance with Annex B.6.2.

(for Type B, Type C, Type D)
Test sequence at Measured Frequency Calculate Primary Active
Registered Active Power (Hz2) droop (%) Power Power
Capacity >65% Output (kW) Source Gradient
Step a) 50.00 Hz £0.01 Hz 321.44 50.00 - Photovoltaic -

array
Step b) 52.00 Hz £0.01 Hz 219.25 52.00 10.0 simulator P
Step c) 50.00 Hz £0.01 Hz 321.29 50.00 -
AP
P rer
&
+0.5= -+ P.,isthe Registered Capacity (taking into
account any Generating Units not in service)
49.5 50.5 51 51.5 52 52.5
|
--------------------- Hz
10% droop

Pz 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
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Requirement - Test

between the green and red lines), and as close to the green line as possible when following the frequency

1. The frequency input and the expected Active Power response which are illustrated for different time
step or ramp. Note that the red line represents the 0.5% s-1 specified in paragraph 12.2.4.

periods from O 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
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Test sequence | Measured | Frequency | APeso/Pn | Primary Power Source Active Power
at Registered Active (Hz) (%) Gradient
Capacity >80% | Power
Output
(kw)
Step a) 50.00 .
Hz +0.01 Hz 321.53 50.00 - Zfrfl'j?z;{[glrtalc array -
Step b) 50.60
Hz +0.01 Hz 308.66 50.60 9.9 P
Step ¢) 50.00
Hz +0 01 Hz 321.37 50.00 - -
1.Initial output is 100%, droop is 10%. (20%Pn/Hz)
2.Ramp of frequency change is 0.02 Hz/s.
w08 1::: 0.02/Hzs™» Ramp
/ 0:02 Hzs™ P 7 X
51 amp 99.0% ‘\
el : - /

2 2 6 10 14 18 22 26 30 34 38 42 46 S0 54 58 62 66 70 74 78 82
Time/s — rayuancy I on

Time/s

s Target Response s Limit 425 === Limit

Figure B.6.2(i): LFSM-D BC2 ramp response test — frequency injection Figure B.6.2(ii): LFSM-O BC2 ramp response test — target response and limits

Graph of Frequency response Test

101% 50.8
=
99% 504 =
— Q
o -
a %
98% 50.2 8
C

97% 50.0

96% 49.8

0 50 100 150 200 250 300
time(s)
power frequency
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13.2.5 Limited Frequency Sensitive Mode — Under frequency (LFSM-U)

Shall be capable of increasing active power output in response to system when this falls below P
49.5Hz. Droop of 10%. Annex C.7.8

Test sequence at Measured Frequency Calculate Primary Active
Registered Capacity 80% | Active Power (Hz2) droop (%) Power Power
Pn Output (kW) Source Gradient
Step a) 50.00 Hz +0.01 Hz 258.37 50.00 - Photovoltaic -
Step b) 49.50 Hz +0.01 Hz 259.05 49.50 - gir;wamator -
Step ¢) 49.40 Hz +0.01 Hz 265.21 49.40 9.4 -
Step d) 48.50 Hz +0.01 Hz 321.87 48.50 10.1 -
Step e) 49.40 Hz £0.01 Hz 265.03 49.40 9.6 -
Step f) 49.50 Hz +0.01 Hz 258.76 49.50 - -
Step g) 50.00 Hz +0.01 Hz 258.27 50.00 - -
Notes:

1. Droop is 10%.

2. In LFSM-U Mode the inverter shall be capable of providing a power increase up to its Registered
Capacity.

3. A sufficiently large reduction in the measured system frequency ramped over 10 s.

4. Then increase of the measured system frequency ramped over 10 s to cause a reduction in Active
Power output back to the original Active Power level followed by at least 60 s of steady output.

ap

Pex
4
P, is the Registered Capacity
{takinginto accountany 0.03
Gen erating Units not in service) = Frequency (HZ:I
—————————————————————————— Bl | LI o !
i
1
0.014 1
1
1
:
> 1
y T T T T T — '
494 495 496 497 19.8 499 501 302 He !
— !
h d h '
00H 0 &0 Mo 60 !

Time (seconds)
Prris the Registered Capacity, taking into account any Interface Protections not in service to
which AP is related and AP is the change in Active Power output from the Power Generating

Module. The Pewer Generating Module has to provide a positive Active P ewer output change < : :
with & Droop of 10% ar less based on Py Figure C.7.3 LFSM-U step response simulation
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13.2.6 Frequency Sensitive Mode — (FSM) (for Type C, Type D)
The test should be carried out using the specific threshold frequency of 50Hz and Droop of P
4%. (50%Pn/Hz)
Test sequence start at Measured Frequency Calculate Primary Active
80% Registered Capacity | Active Power (Hz2) droop (%) Power Power

Output (kW) Source Gradient
Step a) 50.00 Hz +0.01 Hz 257.25 50.00 - Photovoltaic -
Step b) 50.10 Hz £0.01 Hz 243.11 50.10 4.5 girr;aa/lator P
Step ¢) 50.20 Hz +0.01 Hz 224.94 50.20 4.0 P
Step d) 50.30 Hz +0.01 Hz 224.89 50.30 - -
Step e) 50.40 Hz +0.01 Hz 224.90 50.40 - -
Step f) 50.30 Hz +0.01 Hz 224.98 50.30 - -
Step g) 50.20 Hz +0.01 Hz 224.95 50.20 4.0 P
Step h) 50.10 Hz +0.01 Hz 242.20 50.10 4.3 P
Step i) 50.00 Hz +0.01 Hz 259.49 50.00 - -
Step j) 49.90 Hz +0.01 Hz 273.15 49.90 4.0 P
Step k) 49.80 Hz +0.01 Hz 290.56 49.80 3.8 P
Step 1) 49.70 Hz £0.01 Hz 291.19 49.70 - -
Step m) 49.60 Hz £0.01 Hz 291.24 49.60 - -
Step n) 49.70 Hz £0.01 Hz 291.13 49.70 - -
Step 0) 49.80 Hz +0.01 Hz 290.71 49.80 3.8 P
Step p) 49.90 Hz +0.01 Hz 273.22 49.90 4.0 P
Step qg) 50.00 Hz +0.01 Hz 259.49 50.00 - -

Operating Level,

Capacity,

1. Power Generating Modules shall be capable of providing Active Power Frequency Response in
accordance with the performance characteristic shown in Figure 13.4 and parameters in Table 13.1.

2. In satisfying the performance requirements specified in paragraph 13.2.6.1 Generators in respect of
each Power Generating Module should be aware: -

i. in the case of over frequency, the Active Power Frequency Response is limited by the Minimum Stable

ii. in the case of under frequency, the Active Power Frequency Response is limited by the Registered

ii.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
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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 Dead band 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.

AP

Pror

0.104 - Droop settingis 3-5%in GB area.

« P, is the Registered Capacity
(taking into accountany
Generating Units notin service)

-0.10

Figure 13.4 — Frequency Sensitive Mode capability of Power Generating
II. Modules and Power Park Modules

Diagram
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
gg gg Fault Ride Through and Fast Fault Injection =
L= | (For Type B, Type C, Type D)
C.75
Limit Limit
Test |U/Un No. of phases Fault S(S;o?e Percent of | Percent of
-otp Output power level |duration Injected Injected
no. [pu] shorted fault
(ms) [Q/PN] current after | current after
60 ms [pu] | 120 ms [pu]
1.1.0 Three phase P=0 140 0 N/A N/A
1.1.1 symetric 01P, <P <03P, 140 0 20.65 >1.0
1.1.2 fault P >09P, 140 0 20.65 1.0
1.2.0 P=0 140 0 N/A N/A
One phase P < 03P 140
1.2.1 asymetric fault 01P <P <0,3P, 0 >0.65 21.0
1.2.2 . 0* 5 P >09P, 140 0 20.65 21.0
e
1.3.0 (>1ny KV) P=0 140 0 N/A N/A
131 Phaseto ~ |"o1p <p<ogp, | 140 0 20.65 >1.0
phase fault
1.3.2 P>09P, 140 0 20.65 21.0
1.4.0 P=0 140 0 N/A N/A
1.4.1 Twophaseto | oip, <P <o3p, | 140 0 >0.65 >1.0
1.4.2 P >09P, 140 0 >0.65 >1.0
2.1.0 Three phase P=0 383 0 N/A N/A
2.1.1 symetric 01P, <P <03P, 383 0 20.65 21.0
2.1.2 fault P >09P, 383 0 >0.65 1.0
2.2.0 P=0 383 0 N/A N/A
One phase 01P <P <03P
2.2.1 asymetric fault AP, =P =0,3F, 383 0 20.65 21.0
2.2.2 0.10 P >09P, 383 0 20.65 21.0
2.3.0 ' P=0 383 0 N/A N/A
231 pﬁzggi;&t 0P, <P <03P, | 383 0 >0.65 >1.0
2.3.2 P >09P, 383 0 20.65 21.0
2.4.0 P=0 383 0 N/A N/A
2.4.1 T"(‘a’g rfg‘?;‘fnto 01P, <P <03P, | 383 0 >0.65 >1.0
2.4.2 P >=09P, 383 0 20.65 21.0
3.1.0 Three phase P=0 1352 0 N/A N/A
3.1.1 symetric 01P, <P <03P, 1352 0 >0.65 >1.0
12| fault P >09P, 1352 0 >0.65 1.0
3.2.0 ' P=0 1352 0 N/A N/A
One phase 01P <P <O03P
3.2.1 asymetric fault AP, =P = 0,3k, 1352 0 20.65 21.0
3.2.2 P >09P, 1352 0 20.65 21.0
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
gg gg Fault Ride Through and Fast Fault Injection =
LU= | (For Type B, Type C, Type D)
C.75
3.3.0 P=0 1352 0 N/A N/A
33.1 Phaseto ~ ["o1p <p<03p, | 1352 0 >0.65 >1.0
phase fault
3.3.2 P >0,9P, 1352 0 >0.65 21.0
3.4.0 P=0 1352 0 N/A N/A
3.4.1 Twophaseto | "g1p < p <03p, | 1352 0 >0.65 >1.0
earth fault
3.4.2 P >0,9P, 1352 0 >0.65 21.0
41.0 Three phase P=0 2200 0 N/A N/A
4.1.1 symetric 01P, <P <03P, 2200 0 20.65 21.0
412 fault P >09P, 2200 0 >0.65 >1.0
4.2.0 P=0 2200 0 N/A N/A
421 Onephase [g1p —p<03P, | 2200 0 >0.65 >1.0
asymetric fault
4.2.2 0.85 P >09P, 2200 0 20.65 21.0
4.3.0 ' P=0 2200 0 N/A N/A
431 Phaseto — ["o1p <p<03Pr, | 2200 0 >0.65 1.0
phase fault
4.3.2 P =09P, 2200 0 20.65 21.0
4.4.0 P=0 2200 0 N/A N/A
4.4.1 Twophaseto | "g1p < p <03P, | 2200 0 >0.65 >1.0
earth fault
4472 P >0,9P, 2200 0 >0.65 21.0
Note:

*Addtional test condition only for Type D Power Generating Modules above 110 kV.

1

0.5

I} [pu]

05

1

——tm

o e 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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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference  [Time reference| Unit Measured value
0 Test number -- -- -- 111 1.1.2
1 Phase 1 462.7 463.9
2 Voltage Phase 2 0-S00ms o ti- | e [ 460.3 460.3
100ms
3 Phase 3 462.1 461.2
Before 4 Phase 1 47.1 233.7
dip <t, 5 Current Phase 2 0-500mS 10 ta- | g 46.8 2315
100ms
6 Phase 3 47.0 232.0
7 Positive sequence B B u. 0.20 1.0
Active power f1-500mstoty-| P
8 total 100ms w 65008 322003
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.01 0.01
10 total 100ms var 2341 5197
11 Phase 1 18.1 18.3
12 Voltage Phase 2 t1+1f)200”r‘nsst° 2| Vims 19.4 19.5
13 Phase 3 18.6 18.6
14 Phase 1 240.4 239.4
15 Current Phase 2 im0k | ams | 2413 2414
16 Phase 3 239.6 240.0
_ 17 Total fault duration All phase titot ms 363.9 362
During 18 _ Positive sequence p.uU. 0.038 0.038
diptatot, Reactive power
19 total var 13277.5 13303
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 1.2 1.005
21 Positive sequence -20ms p.u. 0.006 0.01
Active power
22 total w 2004 3110
23 Active current Positive sequence p.u. 0.17 0.25
24 Reactive Current | Positive sequence t1+60ms p.u. 0.97 0.97
25 Reactive Current | Positive sequence t1+120ms p.u. 1.00 1.00
26 Phase 1 462.8 461.2
27 Voltage Phase 2 to+1s Vrms 462.8 461.5
28 Phase 3 460.0 462.9
29 Phase 1 45.7 232.3
30 Current Phase 2 tr+1s Arms 45.9 232.1
After 31 Phase 3 455 232.8
dip > t2 32 Positive sequence p.u. 0.20 1.0
Active power to+1s
33 total w 65036 321980
34 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
35 total Var 2570 7164.8
36 Active power Positive sequence . ms 98.7 499.2
recovery time
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G99/1-8

Clause

Requirement - Test

Result - Remark

Verdict

Test no. 1.1.0 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=0, Fault Duration

ouzv] Qui[v]
1000-1000 1000-1000

o2[a] on[a euzv]
200.0-200.0

e[al

-200.0

PUA]l @U-_PU[V] ®Us PU[V]

PU[A] @i+ PU[A] ®ip PU[A] @ip+

Ig-_
-L500

1000

IR

200.0-1000

200.0-200.0

01550 01600 01650 o17.00 D 01750 o

A B HE HAiE

BYid] [s] 0:16.892757 0:17.193044 0.300287

sUu1V] 63.13432 2242019 161.0676 15.36952

U] -173.1341 -521.2363 345.1022 22.98239

suzV] 115.3557 3007140 185.3583 17.80174

®I1[A] -D.166535 0.438213 0.604749 0478562

®I2[A] -0.802875 0.504971 1307845 0.315766

®I12[A] 0.485897 0.044584 -0.530481 0427684

1500

1.500-1.500

1.500-1.500

L.500-1.500

1.500-1.500

500

L500-L

B [=]

BU+_PUV]
eU-_PUN]
®lp+_PUA]
®lp_PU[A]
®lg+_PUA]

Ig_PU [A]

0:17.182278
0.029106
4.447e-4
2.103e-5
4.836e-5
5.806e-5
1.022e-5
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Test no. 1.1.1 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=20%Pn, fault duration

1000

10001000

00 1000-1000

=
=
]
.
=
~
=
°
=
™
3
.
=
=
-
=
oS
L
=
o
=

0:13.750 =0 0:14.250 ﬁ._ 0:14.500 [ ]

A B Delta RMS
Time [s] 0:13.973581 0:14.336568 0.362087

su1V] 2347514 227.0866 ~T.6E4800 50.07T581
|suz V] -600.1517 -161.1672 438.9845 51.91621
®uz V] 3T1.ETT1 -T1.17808 -443.0552 34.24030
®I1[A] 27.43161 -144.2443 -1T1.6758 233.0444
@12 [A] ~TE.05854 -202.5426 -125.8841 232.1188
®13 [A] 4852581 349.2528 300.7270 233.4456
®U+_PU V] 0.999179 0.053007 -0.945172 0.186727
@ P_t@SG220HX [W] E5066.07 -2053.112 -67119.18 16080.69
®Q_t@SG220HX [var] 2168.750 13284.76 1111601 13348.52

Test no. 1.1.1 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 60ms

A B Delta RMS

Time [s] 0:13.972134 0:14.032242 0.060108

@11 [A] -3.021836 -361.4919 -358.4701 185.2603
@12 [A] -56.55008 267.0741 323.6251 180.8124
w13 [A] 58.53808 92.75950 3422141 187.3874
®1p+_PU [W] 0.203328 -6.961e-3 -0.210289 0.101173
®I1g+_PU [var] -4.899e-5 0.037241 0.037290 0.022435
®Q_t@56320HX [var] 2227.662 12130.44 9902.778 11623.72
®U+_PU V] 0.999166 0.037042 -0.962124 0.466254
®l1g+_PU [A] -4.903e5 1.005318 1.005367 0.610083
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Test no. 1.1.1 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 120ms

o]

*

P i S

] ,WV‘\»

" T e I e s T e e A |

[ ] | T T i T o o

L

L

*

L

e |

® |

’
(] 0:12.950 0:14.000 0:14.050 B:BDU 0:14.150

A B Delta Avg RMS

Time [5] 0:13.9799533 0:14.0999382 0.1199349
L 1R 1431452 23.08953 -120.0557 1.823508 20.01887
eu2pv] 6583023 1.866698 -63.96354 2267765 2191585
suzV] -205.2843 -17.07482 1882194 -3.402021 26.02499
PI1[A] 55.46356 201.2627 1457992 -2.853386 222.0463
QI2[4] 2441538 -347.5838 -371.9992 8263133 2229602
012 [A] -79.80276 1436664 2234692 -4,626633 26,1721
U+ PUV] 0.887335 0.037345 -0.249930 0107122 0218149
@P_t@SG320HX W] 65066.07 -2029.339 -67095.41 1146150 2635841
9 0Q_t@S6320HX [var] 2168.750 13253.85 11085.10 12434.26 13319.56
®lp+_PU[A] 0.227601 -0.176792 -0.404393 -0.024778 0.177474
Blo+ PUIA -0.RRTe-4 1.024033 1.024991 N.7ARRTZ N.RR3RAY

Test no. 1.1.1 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=20%Pn, Active power recovery time

S TWNT TWNT TANT TANT 19N

e,

e

4. (] 0

A B Delta Avg RMS

Time [s] 0:14.331561 0:14.430301 0.098740

@11 [A] -289.5541 -36.00323 253.5509 -11.73838 91.43425
@12 [A] 278.6812 -27.22347 -305.9046 2.628135 65.05675
w13 [A] 14.87959 63.08088 49.11030 9.144695 78.93098
®lp+_PU [W] -6.552e-3 0.196907 0.203459 0.068015 0.095550
®Ig+_PU [var] 0.038640 0.027325 -0.011315 0.106051 0.154870
®Q_t@5G220HX [var] 13180.65 14666.T1 1486.063 41315.92 71286.39
@ U+_PU [V] 0.037698 1.000439 0.962741 0.827826 0.886937
®Ig+_PU [A] 1.024944 0.027312 -0.997632 0.256773 0.431524
@ P_t@SG220HX [W] -2079.498 42367.81 44447.31 14396.62 21534.98
|u1V] -4.083276 -375.5180 -371.4347 -20.83410 445.5474
wu2v] -17.16185 -281.2574 -264.0856 30.33394 440.2088
suz V] 11.47211 545.5095 634.0374 -9.900525 440.9851
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Test no. 1.1.2 Three phase symmetrical fault type A)
U/Un = 0 p.u, P=100%Pn, fault duration
f S T VAR ANV AT ATV

|
|

AV AA A A AT AT ASAAN

e OL]OLIOL.E ...

YL I )

VR 512.8256 18.604654 -494.2210 40.34894
®I11[A] 49.81196 -131.9903 -181.8023 237.4981
®I12[A] -304.7909 304.7893 609.5802 238.0825
@12 [A] 256.2074 -174.7468 -430.9541 238.0443
S U+ _PU V] 0.999660 0.037355 -0.962304 0.187982
®P_t@5G220HX [W] 321976.5 -2991.879 -324968.4 B7536.21
®Q _t@SG320HX [var] 4909.981 13172.20 8262.219 28838.98
®lg+_PU [var] -5.139e-4 0.037707 0.038221 0.037929
@ lp+_PU [W] 1.006042 -9.262e-3 -1.015304 0.188656

Test no. 1.1.2 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=100%Pn, Injected reactive Current after 60ms

0:14.500 u 015,

i 5] 0:15.100 0:15.200 0:15.300 0:15.400 o1

A B Delta Avg RMS

Time [s] 0:14.9469642 0:15.0079480 0.0609838

C L] 408.6880 30.74515 -377.9428 24.50554 94.48495
euzV] -443.3900 -12.91359 430.4765 -8.197850 66.92044
auz] 41,82661 -15.59453 5772114 -16.28727 60.25056
oA 311.7509 -206.6380 -518.3889 -20.21695 229.0508
o12(A] -319.7854 -140.9805 178.8049 50.34893 220.2983
01z A] 11.37841 3482779 336.8995 -29.89309 225.9938
SU+_PU V] 0.991614 0.038887 -0.952727 0248113 0.406382
@1p+_PU [A] 1.008794 -0.288655 -1.298449 0.382524 0.674224
®lg+_PU [A] 7.07%e-5 0.974194 0.974123 0513723 0622483
@ Ip+_PU [W] 1.001369 -0.011226 -1.012594 0.228536 0.415258
@Ig+_PU [var] 7.020e 5 0.037885 0.037815 0.033480 0.038895
@ P_t@56220HX [W] 3219765 -4044.360 -326020.9 106113.2 169433.3
®Q_t@SG220HX [var] 4909.981 1372729 8817.310 33180.25 51250.24
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Test no. 1.1.2 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=100%Pn, Injected reactive Current after 120ms

i VAVAVAVAVAVAV; s MV AV AV AV AVAVAVAVAN
B Y AW e N N A N A Y AV N N A Y N N A Y N A Y Y A A Y Y et i T T g
. A A A A A N A N Y A A Y A A A A Y A A A A A N A Y A el n i
N A A Y A A Ve N Y A N AN N Y A Y N Y A Y N N N I |
.
.
e
N 4
®
LI
® | .
o |
0:14.900 ﬁ 0:15.000 E 0:15.100 0:15.200 0:15.300 0:15.400 o1 d
A B Delta Avg RMS
Time [s] 0:14.949161 0:15.069865 0.120703
|U1V] 353.8392 20.92302 -332.9162 5.658303 41.81121
@uz2 ] -148.0452 1.375794 149.4210 1.904197 25.80724
|uz ] -208.7705 -29.90484 179.8656 -7.111954 41.80054
@11 [A] 384.5059 -9.595156 -394.1010 -18.84290 230.9490
@12 [A] -168.2019 -302.2311 -134.0292 27.35519 229.9869
w12 [A] -218.8839 314.6970 533.5809 -8.345580 236.7T236
@U+_PU V] 0.964384 0.038063 -0.926321 0.129442 0.262177
[ ] |p+_P|J [A] 1.021409 -0.265599 -1.287007 0.042672 0.500162
[ ] Iqi_PIJ [A] 2.640e-3 1.006431 1.003791 0.771989 0.842967
[ ] |p+_PlJ w1 0.985073 -0.010110 -0.995182 0.094587 0.267117
a Iq!_PlJ [war] 2.546e-3 0.038309 0.035764 0.036639 0.039069
@ P_t@SG320HX [W] 321976.5 -3160.934 -325137.5 59249.15 128097.1
.Q_t@SGBZOHK [war] 4909981 13463.56 8553.57T9 24827.63 3977166

Test no. 1.1.2 Three phase symmetrical fault (type A)
U/Un = 0 p.u, P=100%Pn, Active power recovery time

e OLJOL]0L]0 . 8

eL]eL]0

®uL V] -14.54353 -488.9260 -4T4.3824 458.4596
®uz V] -18.26573 -137.0843 -118.8185 456.9620
"uz V] 25.6T828 616.1045 590.4262 456.5684
@11 [A] -190.7289 -239.5268 -48.T9TES 192.0146
®I12 [A] 319.5602 -72.61539 -392.1756 188.9360
™12 [A] -129.4433 311.8540 441.2973 188.0780
®U+_PU V] 0.037355 0.999540 0.962184 0.9T6895
@ P_t@SG320HX [W] -2091.879 314428.3 31T7420.2 2409025.8
®Q_t@5G220HX [war] 13172.20 6199.977 -69T2.223 3378176
®lg+_PU [var] 0.037707 6.007e-3 -0.031700 0.072329
@ 1p+_PU [W] -9.262e-3 0.985925 0.995188 0.T86617
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Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference ref-l;: I:gr?ce Unit Measured value
0 Test number -- -- -- 1.21 1.2.1
1 Phase 1 461.1 462
2 Voltage Phase 2 S0OS 106 vims | 460.3 460
3 Phase 3 463.1 462
4 Phase 1 47.0 233
g’igfgrtel 5 Current Phase 2 t1-501%r8;sn20 4 Arms 46.9 232
6 Phase 3 47.1 232
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.0
8 total 100ms w 65010 3212948
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.02 0.01
10 total 100ms var 2542 6273
11 Phase 1 23.2 19.2
12 Voltage Phase 2 t1+1?200”r‘nsst° 2| vims | 463.0 460.1
13 Phase 3 460.7 462.1
14 Phase 1 241.2 240.1
15 Current Phase 2 om0k | ams | 1146 117.0
16 Phase 3 127.6 123.9
_ 17 Total fault duration All phase titot ms 296 300
d_Durlng 18 _ Positive sequence p.U. 037 0.03
ptitot, Reactive power
19 total var 117790 7368
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.54 0.04
21 -20ms p.u. 0.04 0.36
22 w 10800 117153
23 Active current Positive sequence p.u. 0.06 0.53
24 Reactive Current | Positive sequence t1+60ms p.u. 0.52 0.52
25 Reactive Current | Positive sequence t1+120ms p.u. 0.54 0.52
26 Phase 1 460.3 461.6
27 Voltage Phase 2 to+1s Vrms 461.9 462.8
28 Phase 3 463.0 460.9
29 Phase 1 45.5 232.9
30 Current Phase 2 to+1s Arms 45.7 233.2
After 31 Phase 3 45.7 232.1
dip > t2 32 . Positive sequence p.u. 0.20 1.0
Active power tr+1s
33 total w 61848 322354
34 . Positive sequence p.u. 0.02 0.01
Reactive power to+1s
35 total Var 8960 7059
36 é(ét(l)\\/le; r;;/ot\ﬁvn;e; Positive sequence _ ms 959 310
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Test no. 1.2.0 single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=0, Fault Duration

s i ' T i ] i '

5 fi i i , , ,

%ﬁ InnAaen [ I IVETRT I Hngkan! I TR I Lok
ig [JUaRTne I I I R, | Tl I IAETyaE | JORTue I

|
|
|

200.0-1000

on[a]

200.0-200.0

BYid] [s] 0:15.796169 0:16.087704 0.291535
sUL V] 14.92608 -17.81523 -32.74131 13.67046
su2[V] -625.7243 4557238 1084.449 262.1366
suz V] 157.9059 177.6400 19.73403 460.1880
®I1[A] -0.160456 -0.536203 -0.375748 0479588
®I12[A] -0.597119 -0.360727 0236392 0.350213
oIz [A] 0.059962 -0.917792 0977755 0.489087

BYid] [s] 0:15.813250 0:16.084679 0271429
®U+_PU V] 0671671 0.675836 4.165¢-3
®U-_PUV] 0.313521 0.322933 9.417e-3
®1p+_PU [A] 1934e-5 1953e-5 1.943e-7
®1p_PU [A] 1431e4 1371e4 -6.084e-6
®lg+_PU [A] 4.856e-4 4.827e-4 -3.479e-6

1g_PU [A] 216424 4.099¢-4 -6.5T1e-6
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Test no. 1.2.1 Single-pole short circuit with earth (type B)

Time [g] 0:14.953686 0:15.255076 0.296391

UM 1007712 2033079 -30.40791 1655219 22.90042
suz M -646.1388 -232.3297 413.5091 6.071792 4617400
Buz M 3710767 643.9377 272.8610 -6.896776 461.0743
®I11[A] 63.83837 -300.1658 -364.0042 4,990005 233.7554
®12[A] -87.07595 148.6709 235.7469 -0.611335 1115558
012 [A] 2095199 152.1286 1311766 -3.959769 124.5676
WU+ PUV] 0.998482 0.683576 -0.314906 0.692964 0.694428
®lp+_PU W] 0.203461 0.042490 -0.160971 0.051673 0.065306
@ Ig+_PU [var] -1.595¢-3 0.363060 0.364655 0.326875 0.345735
@ P_t@5G320HX [W] 65035.82 10663.15 -54372.67 16941.35 2295065
8 Q_t@56320HX [var] 2596.953 1177286 1151316 103247.4 109559.4

Test no. 1.2.1 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 60ms

e e ——— A Y
NV PPNV
i

ULy
1000-1000

VIVVVVVVWVVVVVVVIVVVVVIVVVV

014 500 E{mﬁ 015 100 015 200 015 300 0:15.400 o1 3

A B Delta Avg RMS

Time [s] 0:14.959385 0:15.019688 0.060302

SU1NV] 18.93747 21.53409 2.596617 1.812604 22.03877
su2 V] -642.9518 -629.8097 13.14211 -3.943524 452.5489
"uz V] 247.6314 185.3258 -62.30569 1.249104 450.9159
®U+_PU [V] 0.991021 0.682942 -0.308080 0.724442 0.729271
®l1p+_PU [A] 0.206106 0.058508 -0.147559 0.121697 0.1459928
®Iig+_PU [A] -7.994e-3 0.528305 0.536298 0.252392 0.355411
®P_t@5G320HX [W] 65035.82 9309.901 -55725.92 34123.42 40748.88
®Q_t@5G320HX [var] 2596.953 116629.1 114032.2 6282048 82180.85
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Clause Requirement - Test Result - Remark Verdict

Test no. 1.2.1 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 120ms

e e ——— A Y
NPTV
Wi

VVVVIVVW VY VVVVVWVVVVVVVV

R
0:14.500 E{Dﬂﬂ [ & SECETS 0:15.200 0:15.300 0:15.400 o1l 3

A B Delta Avg RMS

Time [s] 0:14.959385 0:15.080279 0.120894

®U1 V] 18.93747 20.12688 10.18941 1.863805 22.53902
|u2 V] -642.9518 -599.1007 43.85102 -4.879708 453.1921
"uz V] 247.6314 62.80077 -184.8307 1.077908 450.5965
®U+_PU [V] 0.991021 0.683237 -0.307785 0.703598 0.706396
®lp+_PU [A] 0.206106 0.060051 -0.146055 0.090602 0.114086
®lg+_PU [A] -7.994e-3 0.535964 0.543957 0.397389 0.458553
@ P_t@5G220HX [W] €5035.82 10686.46 -54349,37 23956.26 31548.13
®Q_t@5G320HX [var] 2596.953 118228.4 115631.4 86568.35 99250.75

Test no. 1.2.1 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=20%Pn, Active power recovery time

AV A ATAY I AVAYAYAVAVAYA AVAVAVAVAVAVAVAVAVAVAVAY VAVAVAVAVAVAVAVAVAVATAYA!
AT AT AT YA AT AT AV VYA YAV AV AVAVAVAVAVAVAVAVAYAY AVAVAVAVAVAVAVAVAVAVAVAVATAY

JJeu.]el

0. . |8p. |88

0:15.00 D‘E o 0:15.50 0:15.75 o160

A B Delta Avg RMS

Time [s] 0:15.2554693 0:15.3513520 0.0958827

sULV] -14.92465 -630.2538 -615.3292 23.06902 455.2975
a2V -305.5126 470.2561 775.7687 -3.413452 469.3046
suzp £51.9095 164.4816 -457.4279 -19.81764 460.1798
®IL[A] -330.4926 -65.36746 265.1252 -16.52440 78.89576
oA 167.7718 4478579 -122.9820 11.54877 44.02640
CTEYL] 164.7564 18.36634 -146.3901 4750023 50.08828
BU+_PU V] 0.684285 1.001265 0.316580 0.958776 0.963041
®lp+_PU [W] 0.042921 0.193106 0.150185 0.072410 0.088835
®lg+_PU [var] 0.364954 0.026352 -0.338603 0.104746 0.172334
@ P_t@5G320HX [W] 10663.15 43853.64 3319049 17195.87 2098140
8 Q_t@5G220HX [var] 1177286 14568.32 -103160.2 65758.25 84878.05
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Clause Requirement - Test Result - Remark Verdict

Test no. 1.2.2 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=100%Pn, fault duration

Y Y N A N Y A Y Y A Y A N

A
VA
IAVAY AV AV A VAV AVAVA Y AVAVAVAV A TAVAVAVAVA VAV VAVAYA
NN
™Y
LS

§
E
%
P(S?i

|
sl

e i
0:13.500 0:13.900 014,000 0:14.100 0:14.200 D

A B Delta RMS

Time [s] 0:13.93237 0:14.23346 0.30110

suL V] -178.3502 4440536 1827908 2040179
su2 V] -458.2339 -589.9803 -131.7464 4624520
suzM 629.6006 538.0340 -91.65657 463.2812
0114 9342778 -330.4472 -237.0184 234,0194
0124 -231.0881 173.0009 404.0890 125.7868
013 4] 321.1603 160.4796 -160.6808 1274360
BU+_PU V] 0.999639 0.679904 -0.319735 0.693707
®lp+_PU[A] 0.993550 0.042616 -0.950034 0.202393
®lg+_PU[A] -1.429e-3 0530904 0532333 0.485242
®lp+_PU W] 0.993234 0.028976 -0.964258 0.241281
®lg+_PU [var] -1.429e-3 0360979 0.362408 0330003
®P_t@5G320HX W] 318938.6 7211922 -311726.7 1173528
8Q_t@SG320HX [var] 5995.103 117060.6 1110655 104915.8

Test no. 1.2.2 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=100%Pn, Injected reactive Current after 60ms

VW —VVWVWW WY
TAVAYA! AVAVAVAYAY AVAVAVAVAV AVAVAVAVA AVAVAVAVAV AVAVAVAVAY
ANVVVAVVVVIVWVYVVVWVVVAMPVVVVVVVN

igé
<
===

l

®Q t..ar]®P_t..[W]

0.000 :ooceszmues scmes

A
0:13.500 0:12.500 {_/ 00D 0:14.10D 0:14.200 0:14.300 0:14.400 XV - |

A B Delta Avg RMS

Time [s] 0:13.93266 0:13.99324 0.06057

SU1NV] -115.8328 4.909516 120.7423 2795764 22.17476
®u2 V] -498.9128 -565.5338 -66.62095 -6.231746 451.2059
"uz V] 609.5483 562.3238 -47.32442 6.849620 453.3218
®U+_PU [V] 0.999680 0.676319 -0.323361 0.732086 0.735057
®l1p+_PU [A] 0.993497 -0.017905 -1.011402 0.534052 0.632517
®Ig+_PU [A] -1.234e-3 0.518453 0.519687 0.113297 0.214223
®P_t@5G320HX [W] 318938.6 ~1518.058 ~320456.7 175338.8 216090.8
®Q_t@5G320HX [var] 5995.103 115461.2 109466.1 51854.25 66273.58
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Clause Requirement - Test Result - Remark Verdict

Test no. 1.2.2 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=100%Pn, Injected reactive Current after 120ms

—VVWWVWIWWVWWY
AVAYAVAVAY AVAVAVAVAVAVAVAVAYAV AVAVAVAVAY
NNV AV

NV
ANV

==l
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Sl

l
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N e e
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3 g \ /\‘_ﬁ

.

7 ;§ P e e e - . __,——_/

R | —

| =
Jg /_/_
L=
0:13.800 0:12.900 ﬁ 0:14.000 B 0:14.100 0:14.200 0:14.300 0:14.400 0:14 4
A B Delta Avg RMS

Time [s] 0:13.933117 0:14.053358 0.120241
@Vl V] -12.80701 2.939840 15.74685 2.831584 19.86749
Uz V] -556.8287 -576.9165 -20.08784 -1.489623 451.2961
"|uz V] 568.7T038 551.3980 -17.30478 1.560856 46524446
S U+_PU V] 0.999680 0.6T9219 -0.320461 0.705759 0.709910
@Ip+_PU[A] 0.993497 0.053820 -0.939677 0.286356 0.449940
@ ig+_PU [A] -1.234e-3 0.520426 0.521659 0.321362 0.404991
@ P_t@SGC320HX [W] 318938.6 8381.084 -310557.5 1123982 170897.0
®Q_t@SGC320HX [var] 5095.103 114267.1 108272.0 TB46T.95 89014.94

Test no. 1.2.2 Single-pole short circuit with earth (type B)
U/Un = 0 p.u, P=100%Pn, Active power recovery time

.
I AVAVAVAY AYAYAVINAVAVASAVIVAVAVAVAYIVAVA VASAYANI
.
N AVAVAVAVAVAVAY AVAVAVAVAV AVAVAVAVAS AVA 'AVAVAS AVAVAVAVAY AVAVAVAVAS AVAVI \NAVAN AY
NV AVA AVAVAVAVA AVAVAVAVATAVAVAVAVA'AVI VAVAVA TAVAVAVAVA TAVAVAVAVAVAVAN AVAVA"A
P R Y A e A A A A A A R Y Y A Y AV A Y e et A AV AV AV AVe VAV AV
4 N N W AV NN AV A VAVAY
P Y Y A G et ittt Tttt e AYAVY N
e i
B [ E——
)
I ——
e i | ]
- }_ e | e ]
e i
0:13.900 0:14.000 0:14.100 0:14.200 0:14.300 0:14.400 0:14.500 B 0:14
A B Delta Avg RMS
Time [s] 0:14.234953 0:14.544779 0.309826
su1V] 340.3774 -311.7315 -652.1088 9.627763 462.5983
suz2 V] -652.4040 652.1863 1304.590 0.511601 462.0561
suz V] 320.0264 -345.6609 -665.6874 -11.71712 461.9396
@11 [A] -305.1975 -147.8013 157.3962 -3.528650 153.4679
@12 [A] 135.8647 316.8557 180.9909 6.921266 151.3516
12 [A] 164.6422 -165.0508 -329.6930 -3.710432 151.8943
BU+_PU V] 0.682043 0.999551 0.317508 0.991019 0.992011
®Ip+_PU [A] 0.041060 0.973279 0.932219 D.550175 0.617768
®Iig+_PU [A] 0.534012 0.010902 -0.523109 D.036685 0.108761
®Ip+_PU [W] 0.028006 0.972883 0.944878 0.549390 0.617549
®lg+_PU [var] 0.364234 0.010898 -0.353336 0.032292 0.089840
®P_t@5G320HX [W] T211.922 306901.6 299689.6 168993.3 193069.8
®Q_t@5G320HX [var] 117060.6 7019.143 -110041.4 30732.45 60078.60
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference Ulaits Unit Measured value
reference
0 Test number -- -- -- 1.3.1 1.3.2
1 Phase 1 460.5 469
t1-500ms to t; -
2 Voltage Phase 2 100ms Vrms 463.3 461
3 Phase 3 460.9 463
4 Phase 1 46.9 232
t1-500ms to t; -
Before 5 Current Phase 2 100ms Arms 47.2 232
dip <t 6 Phase 3 46.8 233
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.2 1.00
8 total 100ms w 65052 322277
9 Positive sequence B B u. 0.001 0.01
Reactive power t-500mstot,-| P
10 total 100ms var 2850 6960
11 Phase 1 457.8 460
12 Voltage Phase 2 t1+1?200”r‘nsst° 2l vims | 2208 231
13 Phase 3 229.9 231
14 Phase 1 15.2 13
15 Current Phase 2 om0k | ams | 2100 209
16 Phase 3 201.2 204
17 Total fault duration All phase titot ms 302 302
During P
; 18 Positive sequence u. 0.27 0.27
diptitots Reactive power P
19 total var 102978 10265
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.52 0.53
21 Positive sequence -20ms p.u. 0.025 0.02
Active power
22 total w 6816 3942
23 Active current Positive sequence p.u. 0.05 0.03
24 Reactive Current | Positive sequence t1+60ms p.u. 0.56 0.52
25 Reactive Current | Positive sequence t1+120ms p.u. 0.53 0.52
26 Phase 1 461 463
27 Voltage Phase 2 to+1s Vrms 462 460
28 Phase 3 460 461
29 Phase 1 47 233
30 Current Phase 2 to+1s Arms 47.1 231
After 31 Phase 3 46.8 230
dip > t2 32 Positive sequence p.u. 0.2 1.00
Active power to+1s
33 total w 65052 322277
34 Positive sequence p.u. 0.001 0.01
Reactive power to+1s
35 total Var 2850 6960
Active power Positive sequence _
36 recovery time ms 979 730
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Report No.: 6134228.51V1.1

Result - Remark

0, Fault Duration

Page 155 of 247
G99/1-8

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

Requirement - Test
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G99/1-8

Clause Requirement - Test

Result - Remark

Verdict

Test no. 1.3.1 Two-pole short circuit without earth (type C)

U/Un = 0 p.u, P=20%Pn, fault duration

AYAVAVAYAVAVAVAVA YAVAVAVAVA VAV \NAVAYA

VAN
N S N N N N N N W AN N AN A A AT AT
O VNN S W NP NP W NP WA o WAVAVAY

AVAVAVAVAV \VAVAVAVAVAVA Vet

{
T
b

-~ ANANANANNANNAN NN

TN

.
.; | |,
0:14.800 0:14.500 r_/; 000 0:15.100 ESCE I : | 0:15.300 0:15.400 015500 L9
A B Delta RMS
Time [s] 0:14.9264138 0:15.2297992 0.3033854
LI -370.6607 276.3289 646.9896 459,1091
su2 V] -285.8259 -644.3942 -358.5683 236.3004
suz N 6522165 369.8113 -282.4052 237.8009
0114 -36.47983 4277110 32.20272 271832
0124 -31.18873 -142.1415 -1109527 198.9637
913 4] 64.60870 1447314 80.12271 190.2907
BU+_PU V] 0.999199 0524290 -0.474909 0546793
®lp+_PU[A] 0.203758 0.045749 -0.158009 0.089757
®lg+_PU[A] -1.953e-4 0.527504 0527699 0.482856
®lp+_PU W] 0.203603 0.023987 -0.179616 0.059806
®1g+_PU [var] -1952e-4 0276577 0276772 0.250695
@P_t@5G320HX W] 65041.66 6793.222 -58248.44 25556.87
8Q_t@SG320HX [var] 2398351 1026866 1002882 91974.60

Test no. 1.3.1 Two-pole short circuit without earth (type C)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 60ms

SV

SNVVVVVVVN

SV

SV

VIAVAVAVAVAV \VAVAVAVAV

MV

VYV

i

MV

NV

==l

n::49m{—/ 5.000 0:15.1

0:14 8O0 5.100 0:15.200 0:15.300 0:15 400 0:15.500 D
A B Delta Avg RMS

Time [s] 0:14.926380 0:14.986624 0.060244
®U1 V] -382.9055 -333.7724 49.13307 -1.965542 450.5430
|u2 V] -272.3102 151.2557 423.5698 -19.68395 250.3994
"uz V] B4T.7T16 189.0025 -458.7691 21.43727 263.2513
®U+_PU [V] 0.999199 0.519647 -0.479552 0.624100 0.645191
®lp+_PU [A] 0.203758 0.020762 -0.182996 0.160442 0.175350
®lg+_PU [A] -1.953e-4 0.560542 0.560744 0.100313 0.202526
@ P_t@5G220HX [W] E5041.66 22289.34 -42752.32 47713.85 51091.91
®Q_t@5G320HX [var] 2398.351 39621.40 37223.05 20937.81 278T4.67
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Clause Requirement - Test Result - Remark Verdict

Test no. 1.3.1 Two-pole short circuit without earth (type C)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 120ms

VVVVWVWVWWVWVYWYVVV
A NN AVATAVIVAVATAVAY/ VAVAAVAY]
AINANANMAANANVVVVVVVV

<|S
§

5

==l

0:14.800 0:14.500 {—/;mn D 0:15.100 0:15.200 0:15.200 0:15.400 0:15.500

A B Delta Avg RMS

Time [s] 0:14.926380 0:15.046868 0.120488

SU1NV] -382.9055 -208.7737 84.13184 -1.402640 450.4278
su2 V] -272.3102 130.1241 402.4343 -9.550140 241.5478
"uz V] B4T.7T16 167.8760 -479.8956 10.97175 248.1581
®U+_PU [V] 0.999199 0.519146 -0.480053 0.572163 0.586182
®l1p+_PU [A] 0.203758 0.048961 -0.154797 0.101479 0.128793
®Iig+_PU [A] -1.853e-4 0.529220 0.525415 0.315067 0.402322
®P_t@5G320HX [W] 65041.66 6616.628 -58425.03 30801.93 39010.25
®Q_t@5G320HX [var] 2398.351 102797.6 100399.3 58252.88 73879.83

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

N VVVVVWVVAVVA IV VAV
AR AT %A TAVATAVI VA YAVAYAY/ VAVAYAYAYI
ANV

==l

g -,
L
E
: =1
=
=
i
S /—/\
2
=2
= .|
0-14.800 0:14.500 0:15.000 0:15.100 0:15.200 015300 () 0:15.400 0:15.500
A B Delta Avg RMS
Time [s] 0:15.226763 0:15.324660 0.097897
;U1 V] -315.6021 -596.887T7 -281.2857 9.078287 4516750
;U2 V] 139.6800 B68.22658 -T1.45346 14.57180 4564277
"|u3 V] 1787778 525.5843 346.8164 -23.62333 44765954
SU+_PU V] 0.512005 0.998258 0.479253 0.929213 0.939835
®lp+_PU [A] 0.049310 0.199810 0.150501 0.093471 0.108990
@ ig+_PU [A] 0.529399 0.029229 -0.500170 0.145852 0.240803
@ P_t@SG220HX [W] B820.528 55250.65 45430.12 22385.T9 2TTeT.T1
®Q_t@SGC320HX [var] 10Z27e1.1 14513.83 -88247.28 BT365.45 B5908.02
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Clause Requirement - Test Result - Remark Verdict

Test no. 1.3.2 Two-pole short circuit without earth (type C)
U/Un = 0 p.u, P=100%Pn, fault duration
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.|
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e
0:15.25 { 0:15.50 D 01575 0:16.00a
A B Delta Avg RMS
Time [s] 0:15.285320 0:15.586832 0.301513
eU1N -452.4046 -197.4300 254.9746 -2.404742 460.6503
eU2 V] -187.4197 76.22219 263.6418 -3.360235 2356116
suz M 630.8979 117.9323 -512.9656 5.205567 230.6914
®11[A] -275.3368 -26.22485 199.1120 -3.238956 47.86897
@12 [A] -83.80651 T7.34299 171.1495 -0.845332 2045774
®I1z2[A] 3183370 -52.96034 -371.2063 3.490122 200.4047
SU+_PU V] 0.999630 0.519365 -D.480265 0.541604 0.548531
®lp+_PU [A] 1.006275 0.032828 -0.973447 0.123942 0.273147
®lq+_PU [A] -1.293e-3 0.525683 0.526976 0.445905 0.4827443
®Ip+_PU [W] 1.005245 0.017050 -0.988895 0.0B4964 0.218623
®lq+_PU [var] -1.293e-3 0.273033 0.274326 0.232047 0.250758
®P_t@5G320HX [W] 321934.8 4029.733 -317905.1 52716.13 117798.9
®Q_t@5G320HX [var] 5611.179 101642.0 96030.87 00255.36 95T68.T0

Test no. 1.3.2 Two-pole short circuit without earth (type C)
U/Un = 0 p.u, P=100%Pn, Injected reactive Current after 60ms

A NAAPANNNANANAANANNANNNANN
oAb AN I
A AARAAAANA AN

suz[v] eu2

e

ANEEIRN=
:
%
%
|
<§z<sz

|

S ALY @
amoe 1100csow  1100owes 11006000 600U

0:15.200 [ » ZEET D 0:15.400 0:15.500 0:15.600 0:15.700 0:15_e0d 9
A B Delta Avg RMS

Time [s] 0:15.284423 0:15.345068 0.060645

@ui] -568.4021 -496.897T T1.50436 -6.433062 451.2355
Uz V] 4.788041 236.3244 231.5364 -25.01988 248.84T0
"uz v] 563.7092 263.7974 -299.9118 30.52402 276.5636
@11 [A] -288.3121 -19.12105 269.1910 -4.689104 108.1000
@12 [A] -8.379450 2232292 231.6086 -1.966976 181.1233
@13 [A] 292.8111 -206.5780 -499.3891 6.266738 184.6705
SU+_PU V] 0.999647 0.519392 -0.480255 0.634258 0.657266
@ Ip+_PU [A] 1006219 -0.029931 -1.036150 0.49T06E 0.612245
@ lg+_PU [A] -1.360e-3 0.516328 0.517688 0.129967 0246883
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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, Injected reactive Current after 120ms

SNV VYV VVVYVVIVVIVVVVVVV VIV
AVAYAVAVAV ) VaVaVaVAY N aVaVaVaY \VAVAVAVAVY/

e
%
|
|

won 11005000  600.0«0

B

4

g g \_’j(/"_——__ N

by |

.

® =

0:15.200 @5330 o151 0:15.500 0:15.600 0:15 i)
A B Delta Avg RMS

Time [s] 0:15.2865946 0:15.407466 0.120520
@uiv] -175.1695 -T0.43791 104.7316 -1.332320 4594901
®|uUz V] -461.8569 16.4T7451 478.3315 -4. 726566 238.8420
"|uz V] 628.0464 57.07920 -570.9672 5.458380 2406728
@11 [A] -83.45867 -20.40327 63.05540 -1.778198 T1.45028
@12 [A] -230.3515 9.857854 240.2094 2.8012%0 196.2929
w2 [A] 316.2704 9.179831 -307.0905 -1.421140 190.8108
®U+_PU V] 0.999653 0.519753 -0.479900 0.570012 0.583419
@ ig+_PU [A] -1.201e-3 0.52587T 0.527078 0.333009 0.413781
®Ig+_PU [var] -1.201e-3 0.273338 0274539 0.173833 0215133

Test no. 1.3.2 Two-pole short circuit without earth (type C)
U/Un = 0 p.u, P=100%Pn, Active power recovery time

0Q..]0p. 181181 0U.. |0 [A]®L[A]®I1[A]S

O g LMoy LU,

I,

| \ |

i

] /‘k

—
0:15.00 0:16.00 D 0:17.00 0:15.00 [}
A B Delta Avg RMS

Time [s] 0:15.574102 0:16.303846 0.729744
|ui] 596.2484 -610.8883 -1207.137 -2.223T86 A462.2183
@|uzpM -286.2631 113.0061 399.2602 3.295051 45T7. 7641
Uz -305.9145 500.4511 806.365T -0.831410 456.6360
@11 [A] 1.299501 -310.0861 -311.3857 -2.859400 188.2573
@1z [A] -265.62T6 B83.15232 328.7800 -0.343108 191.5146
w2 [A] 2604901 2420080 -18.48209 1476741 191.7827
|uU+_PU V] 0.519395 0.999934 0.480539 0.982245 0.985640
@Iip+_PU W] 0.017387 1.004568 0.287180 0.755264 0.799957
®Iig+_PU [var] 0.272640 0.013763 -0.258877 0.026404 0.07T1615
®P_t@56G320HX [W] 4029.733 321164.2 317134.5 236211.5 252411.6
2 Q_t@SGC320HX [var] 1016420 9158.489 -92483.56 21868.56 465351.19
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference Ulaits Unit Measured value
reference
37 Test number -- -- -- 14.1 1.4.2
38 Phase 1 461.9 462.6
39 Voltage Phase 2 L-S00ms ot~ | yyne [ 4679 461.8
100ms
40 Phase 3 461.8 462.2
41 Phase 1 48.3 230.8
Before 42 Current Phase 2 t1-501%r8;snfso 1l Arms 46.5 230.0
dip <t 43 Phase 3 46.4 230.4
44 Positive sequence B B u. 0.21 1.00
Active power t-500mstot,-| P
45 total 100ms w 65618 319740
46 React Positive sequence t,-500ms to ty- | P-U. -0.02 0.00
eactive power
47 P total 100ms var -5521 157
48 Phase 1 463.0 462.7
49 Voltage Phase 2 t1+1f)200nr1nsst0 2| vims 13.5 13.6
50 Phase 3 12.7 14.2
51 Phase 1 84.8 85.4
52 Current Phase 2 om0k | ams | 2139 2155
53 Phase 3 206.8 205.5
_ 54 Total fault duration All phase titot ms 269 252
During 55 Positive sequence p.u. 0.14 0.14
diptitots Reactive power
56 total var 43452 43982
57 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.63 0.63
58 Positive sequence -20ms p.u. 0.03 0.02
Active power
59 total w 8054 5911
60 Active current Positive sequence p.u. 0.03 0.02
61 Reactive Current | Positive sequence t1+60ms p.u. 0.63 0.63
62 Reactive Current | Positive sequence t1+120ms p.u. 0.63 0.63
63 Phase 1 462.1 462.6
64 Voltage Phase 2 to+1s Vrms 461.9 461.9
65 Phase 3 461.6 462.1
66 Phase 1 48.0 230.7
67 Current Phase 2 to+1s Arms 47.5 230.1
After 68 Phase 3 48.0 230.1
dip > t2 69 Positive sequence p.u. 0.21 1.00
Active power to+1s
70 total w 66792 318511
71 Positive sequence p.u. 0.00 0.00
Reactive power to+1s
72 total Var 1268 1066
73 Active power Positive sequence . ms 79 523
recovery time
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G99/1-8

Clause

Requirement - Test

Result - Remark Verdict

Test no. 1.4.0 Two phase to earth fault (type E)
U/Un = 0 p.u, P=0, Fault Duration

0%UN_2ph to earth 0%PN_1718

3 Tz

=

OXYGEN T =
N

=18
®A1/UI@TRIONet_782 [V]
® Al 1/U2@TRIONet_782 V]
Al 1/UI@TRIONet_782 V]
Al L11@TRIONet_782 [A]
SAI1/12@TRIONet_782 [A]
B Al 1/13@TRIONet_782 [A]
U_fund_SYM+_rc@POWER/0 [V]
B U_fund_SYM-_rc@POWER/0 [V]
fund_Q_SYM+_rc@POWER/0 [A]
fund_Q_SYM-_rc@POWER/0 [A]
@P_t_rc@POWER/o [W]
Q_fund_rc@POWER/D [var]

0:15.7351488 0:16.1761449 04400961
644.1536 6414009 -2.752781
-401.9745 -225.1232 176.8513
2482681 -422.1437 -173.8756
-0.255108 -0.159740 0.095367
0251532 -0.276566 -0.025034
0.118017 0.134707 0.016659
THLTTAL T98.8509 -0.923218
0.76T567 2562044 179447
0.140753 0.140361 -3.925e-4
-2.460e-3 956764 151263
6.130485 6.662555 0.532070
194.9588 194.1210 -0.837891

Ml
®A1/UI@TRIONet_782 [V]
® Al 1/U2@TRIONet_782 V]
Al 1/UI@TRIONet_782 V]
Al L11@TRIONet_782 [A]
SAI1/12@TRIONet_782 [A]
B Al 1/13@TRIONet_782 [A]
U_fund_SYM+_rc@POWER/0 [V]
B U_fund_SYM-_rc@POWER/0 [V]
fund_Q_SYM+_rc@POWER/0 [A]
fund_Q_SYM-_rc@POWER/0 [A]
BP_t_rc@POWER/0 W]
#Q_fund_rc@POWER/D [var]

0155128504 0:16.0905520 02777016
4231844 -1.774592 -430.9580
-14.94360 -10.57816 4.365444
2.583742 9.894610 7.310868
-azmTeT -0.350475 -0.078678
-0.051260 -0.085831 -0.034571
0.016659 0.053644 0.036955
2784582 21Tz -1.187805
2605204 2611337 0.604218
0.04979%6 0.048850 046204
0.044011 0.042726 128463
16.79525 15.82525 -0.970001
4575911 43.48187 2217233
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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, fault duration

N T T N T N T TN Y T PatE :
e 7 A GA AT NG TN / A , A
S E AT LA, / s

o i N AT TN N NN
e i e L oe B
.

e o e s e st P i g s e e T g AN N N ™A NN R N NN TR B S L e ]
e i et B T e T el A 09 S P £ AN NS A..,fr.\.\,..‘._,’. ,/\; I/ - e T T T e T e T T T e T "o

| o FERAY XK

B [s] 0:16.665100 0016.934351 0.269251
su v 463.1698 -549.5978 -1012.768
suzV) 6243229 -3525734 -5.768063

UiV ~18.60809 1453519 3314328
®I1A] 90.80351 -19.96798 -170.8615
@iz A -226.8350 262.2366 489.0716
ei3A 136.9262 -181.4842 -318.4104

U_fund_SYM+_rc@POWER/0 [V] 2812786 262.2309 0952211
®U_fund_SYM-_rc@POWERja V] 258.2555 2592581 1.002655
®1_fund_Q_SYM+_rc@POWER/0 [A] 168.1362 1592789 8857254
®1_fund_Q_SYM-_rc@POWER/0 [A] -74.88667 -T7.05930 -2172638
@P_t_rc@POWER/0 [W] -11725.17 8389.742 20114.92
®Q_fund_rc@POWER/0 [var] 4844747 438212 -5165.348

Test no. 1.4.1 Two phase to earth fault (type E)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 60ms

ewer - a

%UN_2ph to earth 20%PN__170051.dm

2
7\

A\ 7N TN 7T
VAVAVAVAVA!

fos

S ®

~ B

¥

g

b — = a

»
N Coiiiiiiiiiiiiiiiiiiiiiio
- i
570
A
B [s] 016638216 016.688037 0.059822
su v 149.3087 1105766 -38.73205
suzV) -395.1285 -19.73629 375.3022
UiV 2985480 8250058 -200.2680
®I1A] 3044963 -99.07127 -120.5200
@iz A -148.1307 -25.16508 122.9656
13 [A 1181424 123.0347 4.892350
U_fund_SYM+_rc@POWER/0 [V] 799.8442 281.7206 -518.1236
®U_fund_SYM-_rc@POWER/0 [V] 1036074 258.5015 2574655
®1_fund_Q_SYM+_rc@POWER/0 [A] -2.920235 159.3979 163.3182
®1_fund_Q_SYM-_rc@POWER/O [A] -0.447013 1641746 -75.97044
@P_t_rc@POWER/0 [W] 65565.61 9211.143 5635447
#Q_fund_rc@POWER/0 [var] -5431.657 43577.84 49009.50
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Test no. 1.4.1 Two phase to earth fault (type E)
U/Un = 0 p.u, P=20%Pn, Injected reactive Current after 120ms

ewer = a

0%UN_2ph to earth_20%PN__170051.dmd

AN AN A A A A AALD
N 7 \/ \
R NS \

N N N N 1N T AN 1N e s e e o e e s s s s e e i
ANLNLNS NSNS NSNS RS 1

e A A A A e A R o o o e s e e e e P e P P i

BPes~ve2o0ii o

.
16.500 [ <]

3= 18] 0:16.638216 0:16.758591 0.120a75
s 149.3087 210.3908 61.08213
suz v -395.1285 -19.02819 376.1003
uz V) 298.5480 111859 -267.3633
1) 3044963 -89.13994 -119.5696
ei2[A) -148.1307 68,3084 79.78082
®iz[A) 1181424 159.5038 4145146
U_fund_SYM+_rc@POWER/0 [V] T99.8442 2822053 -517.6389

B U_fund_SYM-_rc@POWER/0 [V] 1036074 2537638 25717278
®1_fund_Q_SYM+_rc@POWERJO [A] 292035 159.4967 1634169
®1_fund_Q_SYM-_rc@POWER/O [A) 0447013 T1.06T19 -76.62018
®P_t_rc@POWER/0 [W] 65565.61 8054530 -57511.08
8 Q_fund_rc@POWER/0 [var] -543L65T 4346236 48894.01

Test no. 1.4.1 Two phase to earth fault (type E)
U/Un = 0 p.u, P=20%Pn, Active power recovery time

iewer = G

0%UN_2ph to earth_20%PN__170051.dmd

= NS i T e o ol N A,
St A VA VAV AVAY SUAUAUAUAY AT AVATAY

VAVAVAVAVAVAVAVAVAVAVAVAVAV

BPos~wpoii e

3
L T
K e {
» e e e |
0 70 o 17 0ol o172 [> ]
A ] AR
[3-10] 0:16.936730 017.016294 0.079564
sy -162.1871 ~260.T706 -98.58347
su2V] -13.82852 -394.3081 -380.4796
viv 1520324 B43.4067 6282034
.14 -136.9941 -27.98200 109.0121
wiz (A 1094532 -37.41026 -146.8635
.3 [A] 2874851 68.72207 39.97445
U_fund_SYM+_rc@POWER/0 [V] 2822560 8005723 5183162
8 U_fund_SYM-_rc@POWER/0 [V] 2502063 2334098 -256.9622
®1_fund_Q_SYM+_rc@POWER/0 [A] 1503478 0884822 -158.4630
®1_fund_Q_SYM-_rc@POWER/0 [A] -T7.03326 -9.003e-3 T7.02426
@ P_t_rc@POWERjo [W] 8467.383 66314.13 STB46.T5
®Q_fund_rc@POWER/D [var] 4335563 1226509 -42129.03
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Test no. 1.4.2 Two phase to earth fault (type E)
U/Un = 0 p.u, P=100%Pn, fault duration

alc
. WJ‘J\/“UWWJ‘J‘ (VAY|\VAVAVAVAVAVAVAVAVAVAVAVA| AVAVAVAVAVAVAVAVAVATAVAVAVAVAVAVAVAVAVAVAY, AVAVAVAVAVAVAVAVAVAY, 4@
. = 7
A R RE: T ATATE TR 1 Atat K4
R A A T T AT T I N N T T Y e e e eV o VeV ¥ eV A¥ AV A¥ AV AV AV AVAYAY LV AVAVAVAVAVAVAVAVAVAVAVATAVAVAVAY >
. ‘\f‘JV\/\/\/\/\f\f\u“J\/\/ T T A T A A A A A AV AV AV AV AVAVAVAVAVAIAVAVAVAYA \f\f’VUV\/\/\/” VVAAA
o - eefeeeeesfo oI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII [oooorIIIIIIIIIIIIIIIIIIIIIIIIzIiIizl cccecssssd [_,»
4 i
LEL- 18]
@A 1/UI@TRIONet_782 V]
® Al L/U2@TRIONet_782 [V]
G A /UI@TRIONet_782 [V]
Al 1/11@TRIONet_782 [A] -29.30641 -43.63656 -14.33015
SA1/12@TRIONet_782 [A] -274.1444 294.5697 568.7142
@Al 1/1I3@TRIONet_782 [A] 303.4365 -251.7855 -555.2221
U_fund_SYM+_rc@POWER/o [V] 283.0486 281.9836 -1.065033
.oiﬁlﬂimlnﬁmmmm M 258.0685 259.2873 1218781
®_fund_Q_SYM+_rc@POWER/O [A] 1611155 160.8147 -0.300797
®1_fund_Q_SYM-_rc@POWER/O [A] 7527372 -77.25038 -1.976662
@ P_t_rc@POWER/O [W) 1687.07T4 5T58.510 4072437
®Q_fund_rc@POWER/0 [var] 45352.13 43862.00 -1490.133

Test no. 1.4.2 Two phase to earth fault (type E)
U/Un =0 p.u, P=100%Pn, Injected reactive Current after 60ms

AVAVAVAVAVAVAVAVAVAVAVAVAVAY

AT AT AT AT AT A A ATATAT A0AN VAT Y VAT Y e e A A AV ATy (EATATATATATATATATATATATATAVATAY
. ‘\f\f\/\ A \N\J\N\J\f VAL U'\/\/\/\/\/\/\/\/\f\f\/\]\rvwvvvaAA/\/\/VVV\f\/\f\f\, JAVAVAVAYA \f\f\“\f\/\/‘ VA \/‘\/\/\/\f\

H]JF;"\@@iiiﬁ:-'

A L] AR

LEH=16] 0162514123 0163113232 0.0599108
WA /U1@TRIONet_782 V] 6277085 3450394 -28.26681
S Al L/UI@TRIONet_782 [V] -506.8197 -17.08038 579.7203
® Al 1/UI@TRIONet_782 V] 5322521 17.76075 -514.4014

Al 1/11@TRIONet_782 [A] 2603769 -1104975 -136.5352
BAI1/12@TRIONet_782 [A] -290.7884 29.87981 3206682
SA1/13@TRIONet 782 [A] 264.7925 T9.88573 -184.9067

U_fund_SYM+_rc@POWER/0 [V] 800.5605 283.1087 -517.3618
B U_fund_SYM-_rc@POWER/0 [V] 1.068687 2584234 257.3547
®1_fund_Q_SYM+_rc@POWER/0 [A] 0.014220 1611798 161.1656
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.534968 -16.49123 -75.95627
@P_t_rc@POWERj0 W) 3196925 6425864 -313266.6
®Q_fund_rc@POWER/0 [var] 1868675 44833.46 4481477
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Test no. 1.4.2 Two phase to earth fault (type E)
U/Un =0 p.u, P=100%Pn, Injected reactive Current after 120ms

AL AT AT

’Dﬁ"\@l@iii

P RRT ot |
[:] "1650 e85 e17.00 5 [
A ) HR

Bid [s) 0:16.2514123 0:16.3712341 01188219
S A 1UI@TRIONet 782 V] 62.77085 1470137 -48.06348
B Al 1U2@TRIONet 782 V] -596.8197 -14.486T9 582.3329
S A UI@TRIONet_782 [V] 532.2521 1473522 -517.5169
M 1/11@TRIONet_782 [A] 26.03769 -119.5312 -145.5689
@A L/12@TRIONet_782 [A] -200.7884 3525138 3260398
@A 1/13@TRIONet_782 [A] 264.7925 83.58002 -181.2124
U_fund_SYM+_rc@POWER/0 V] 200,560 2832214 -517.3391
®U_fund_SYM-_rc@POWER/0 [V] 1063687 259.1905 253.1218
®1_fund_Q_SYM+_rc@POWER/0 [A] 0.014220 160.4427 160.4285
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.534968 -T7.36830 7683333
@P_t_rc@POWER/0 [W] 3196925 5911179 3137813
®Q_fund_rc@POWER/0 [var] 18.68675 43982.32 4396364

Test no. 1.4.2 Two phase to earth fault (type E)
U/Un = 0 p.u, P=100%Pn, Active power recovery time

X_0%UN_2ph to earth_100%PN__171620.d - OXY

[ ANV NN AN AN ®
AR AAAAAAAAAAA - a
' J i i ! ¥

AV AV A AV AV AV AV AV AV AVAVA VAV AVANAV AV AVAV AV AV AV AV AN AVAV VeV AV A AV A VA CAVAYAVAVAYAVAVAVAVAVAVAV AVAVAVA| AVAVAVAVAVAVAVAVAVAVAVAVAY IS

R \/\/\/\/\f\/\u’\/\/\/‘J\/\N\fV\f\/\/\/\J\/\ P A AV AVAYAVAVAVAVAVAVAYAVA !

E B S SIS S A PSS s S e L.»

_ -+ | =

i3 ] ' ! A

L] T PR TR EHPrrs o I |

p S SN B — D — . I o

A ] AR

B [s] 0:16.5519179 0:17.0749499 0.5230320
@Al 1/UI@TRIONet_752 V] 1645067 6091273 2446206
@Al 1/U2@TRIONet_782 V] -82.54576 -505.2803 422745
® Al 1UZ@TRIONet 782 V] 5664349 -103.4219 160.0654

N 1/@TRIONet_782 [A] -99.40506 312.8529 4122579
@A 1/12@TRIONet_782 [A] 10.02193 -259.5532 -269.5751
@Al 1/13@TRIONet_782 [A] 89.06246 -52.91581 -141.9783

U_fund_SYM+_rc@POWER/0 [V] 281.9948 800.1983 518.2035
®U_fund_SYM-_rc@POWER/0 [V] 259.3699 0.967634 -258.4023
®1_fund_Q_SYM+_rc@POWER/0 [A] 160.7340 2786933 157.9470
@ 1_fund_Q_SYM-_rc@POWER/0 [A] 7730289 0.192347 T7.49523
@P_t_rc@POWER/0 W] 5759.239 3197452 3139859
®Q_fund_rc@POWER/O [var] 43789.71 3862.887 -39926.82
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No Parameter Phase reference Ulaits Unit Measured value
' reference
0 Test number -- -- -- 211 2.1.2
1 Phase 1 461 462
2 Voltage Phase 2 0-500mS oty - | /e 462 460
100ms
3 Phase 3 460 463
4 Phase 1 47.2 233
B_efore 5 Current Phase 2 t;-500ms to t; - Arms 47 2 231
dip<ty 100ms
6 Phase 3 47.0 233
7 Positive sequence B B u. 0.2 1.00
Active power t-500mstot,-| P
8 total 100ms w 65181 322088
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.002 0.01
10 total 100ms var 2942 7214
11 Phase 1 50.4 50.4
12 Voltage Phase 2 t1+1f)200nr1nssto 2| vrms 51.2 51.2
13 Phase 3 50.6 50.6
14 Phase 1 241.8 242
15 Current Phase 2 om0k | ams | 2403 240
16 Phase 3 240.2 241
_ 17 Total fault duration All phase titot ms 512 519
d'Dut”?gt 18 _ Positive sequence p.U. 0.11 0.11
pLoLk 5 Reactive power total 36584 36741
var
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 1.04 1.04
21 Positive sequence -20ms p.u. 0.01 0.01
22 Active power total w 1664 1647
23 Active current Positive sequence p.u. 0.05 0.05
24 Reactive Current | Positive sequence t1+60ms p.u. 1.04 1.01
25 Reactive Current | Positive sequence t1+120ms p.u. 1.04 1.04
26 Phase 1 461 462
27 Voltage Phase 2 to+1s Vrms 461 460
28 Phase 3 461 462
29 Phase 1 47.1 233
30 Current Phase 2 tr+1s Arms 47.1 231
After 31 Phase 3 47.0 232
dip > t2 32 Positive sequence p.u. 0.2 1.00
33 Active power total tr+1s W 65181 322088
34 Positive sequence p.u. 0.002 0.01
3 Reactive power total to+1s v 2942 14
ar
36 Active power Positive sequence . ms 595 645
recovery time
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Report No.: 6134228.51V1.1

G99/1-8
Clause Requirement - Test Result - Remark Verdict
Test no. 2.1.0 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=0, Fault Duration
I\I\ R AR S A RN A A YA SRR A At \ T Rl A A
B 111 o L L I e R A A A
\.\ A A B AP AT 0 A 1 S O A R B T A O B \ \ AN
O 18 0 o R wmnuw O ot
HHHHHM\'I\IJI.I.I|I| \ \ PR A AR o O Y A B O AT A B MM\HI\M IR o
S 1,1 0 O A e O e e O RS
) ) Y B !
e ! ) B ! B
! 01400 0:15.00 0:16.00 D 017,00 0:18.00 o:1l
A B HR HAEHE
BYid] [s] 0:15.803138 0:16.298686 0.435548
L LU 38.12790 597.0099 558.8820 56.42662
eu2V] 3124440 -521.6396 -552.8840 63.71006
suz N -67.51371 -75.83976 -8.326054 4891948
@11 [A] 0.481129 0.588656 1.069784 0.473002
@1z [A] -0.297666 0.243783 0541449 0.307848
®I12[A] -0.504613 0.798821 1.303434 0.419198

B [=]

SU+_PUV]
eU-_PUN]
@1p+_PU [A]
®lp_PU[A]
@lg+_PU [A]

Ig-_PU [A]

0:16.296140 0.483483
0.099692 -0.148491
2.681e4 -0.121155
-3.558e-5 -1.055e-4
-2.062e-5 -1.445e-4
3.057e-5 -9.395e-5
3.053e-5 6.330e-6

TRF No. G99/1-8_V1.0



Page 168 of 247 Report No.: 6134228.51V1.1
G99/1-8

Clause Requirement - Test Result - Remark Verdict

Test no. 2.1.1 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=20%Pn, fault duration

%
%

T \AAVAVAVAY
FAVAYATAVAYA
EAVAV\VAVAY]

]
T VVVVVVVVVVY
SNNVVVAVNV NN AN
VVVVVIWVVVVVVVVVVIVV VANV P A
NNV VANV VNNV VAV NV

5
ERAEA RN

L] 1. ®U.]SB[A/S2[ASIL[A|SU..] 8

| —

0:12.600 6_;._‘:3.?50 0:12.800 0:12.900 0:14.000 0:14.100 =3)0: 14. 200 0:14.200 0:1
A B Delta Avg RMS

Time [s] 0:13.664148 0:14.175714 0.511566

SU1NV] -22.17043 -40.12978 -17.95936 5.866598 64.31939

su2 V] -553.7565 98.75290 652.5394 -4.156073 T1.63463

suz NV 573.2607 -54.87335 -628.1340 -1.347850 62.06638

®I11[A] -1.721859 301.6701 303.3920 6.359233 237.2070

@12 [A] -55.62795 -24.37437 31.25358 -5.917080 236.0633

®13 [A] 57.63388 -272.4365 -330.0704 -4.023e-4 235.3310

W U+_PU [V] 0.995216 0.108444 -0.889772 0.137946 0.195428

®lp+_PU W] 0.203737 -5.666e-3 -0.209403 2.271e-3 0.035815

®Ig+_PV [var] 2.866-4 0.113668 0.113382 0.106698 0.109757

@ P_t@5G220HX [W] 65190.21 -1724.112 -66914.32 1929.955 13925.66

®Q_t@5G220HX [var] 2528.700 36654.05 34125.35 34559.96 35348.10

Test no. 2.1.1 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=20%Pn, Injected reactive Current after 60ms

|

0001000 1000-1000  1000-1000 1000

3
(Siéﬂ 1
|
§
%
%
i

oz[A] ®11[A] SU3[V] UZ[V] @UL[V]
400000 40001000 10001000 A

2%5' <
-
=
%
|

L] ;!:

3

ER

-

= 8

T 8

-

< g

[

13,500 o013 700 (D) 013 800 012500 0:14.000 0:14.100 014200 o1l
A B Delta Avg RMS

Time [s] 0:13.665701 0:13.725810 0.060109
@u1 N 278.7080 30.19774 -248.5103 32.67304 124.3758
;U2 V] -597.2507 -T0.73749 526.5133 -20.67910 120.3933
"|uz V] 3257755 35.22456 -290.5510 -11.14876 87.13073
@11 [A] 37.82928 -305.1034 -342.9327 20.8467T7 209.0510
@12 [A] -74.63110 15.81311 9044421 -2.229507 204.4225
w12 [A] 40.30442 290.6010 250.2966 -18.39413 196.5753
W uU+_PU V] 0.997448 0.109149 -0.888299 0.321730 0447747
® lq+_PU [A] 3.342e-4 1.045850 1.045525 0.534250 0.713305
@ Ig+_PU [var] 3.334e-4 0114160 0.113826 0.059061 0.077853
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G99/1-8

Clause Requirement - Test Result - Remark Verdict

Test no. 2.1.1 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=20%Pn, Injected reactive Current after 120ms

|

%
5
%
i
|

-
-
-
%

2w 1100asmme 11000 11004000 4000000 4000000 40001000 1

=

5’

-

=

&

L ]

.

0:13.600 0:13.700 [ & B 0:13500 0:14.000 0:14 100 0:14.200 0:1
A B Delta Avg RMS
Time [s] 0:13.665701 0:13.786086 0.120385
[ LTERLY) 278.TOB0 36.37684 -242.3312 17.00688 94.83604
|u2 V] -597.2507 -68.62128 528.6295 -10.45003 92.50119
"|uz V] 3257755 30.78079 -204.9047 -5.918911 T1.25336
@1 [A] 37.82928 -285.0881 -322.9174 12.58321 225.5862
@2 [A] -T4.63110 -3.192544 T1.43856 -3.117805 222.7364
Wiz [A] 40.30442 287.5211 247.2167 -9.158072 219.6367
"uU+_PU V] 0.997448 0.108951 -0.888497 0.216275 0.327055
.Iq—!—_Pu Al 3.342e-4 1.041343 1.041009 0.786342 0.891925
.II"-_PIJ [war] 3.334e-4 0.113460 0.113127 0.086161 0.097302
Test no. 2.1.1 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=20%Pn, Active power recovery time
2 oA A A A A A A A A AMAARAAA

|
%
:
%
|
%

e i
:: =
:
=i
= A AU A U A A S A A AN A
e i
o M A A A A A A A A A A A AN
®
= i
[~ A L L A P L P L U L U A U L L AL YAy
~ i w
30
e | \
e |
o |
o
e ! N
=
ef A
0:13.50 0:14.00 014,50 (5] 0:15.00 0:15.50 [ ]
A B Delta Avg RMS
Time [s] 0:14.174006 0:14. 768905 0.524399
@u1v] 8.225203 650.8769 B42.651T -1.6463T0 458.5898
Uz 62.32643 -368.7961 -431.1226 -3.609908 459.1227
@uz v -63.10511 -286.1407 -223.0356 3720111 458.07T15
@11 [A] 345.6T62 54.93814 -280.688T -0.043060 5418707
@12 [A] ~204.1468 -35.54905 168.597T 1.304938 48.44925
"Iz [A] -137.2016 -29.58450 107.606T -0.960734 5278250
|U+_PU V] 0.109056 0.9959254 0.890158 0.973635 0.982397
@Ip+_PU [W] -5.454e-3 0.202027 0.207481 0.173733 0.181871
®Ig+_PU [var] 0.113143 2.006e-3 -0.111136 0.034978 0.074324
®P_t@5G320HX [W] -1724.112 64171.14 65895.25 54036.19 57394.03
@ Q_t@SC320HX [var] 36654.05 5852.605 -30801.45 16614.39 30845.37
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Clause Requirement - Test Result - Remark Verdict

Test no. 2.1.2 Three phase symmetrical fault type A)

LB 0 0 0. 0 8 8@

A B Delta RMS

Time [s] 0:13.908327 0:14.427356 0.519029

L1 -420.6782 -338.6677 82.01051 70.82283
eu2V] -226.6595 -8.022005 218.6366 77.33341
suz NV 636.4733 349.8379 -286.6354 76.01809
@11 [A] -213.3771 0.806454 214.2736 230.5847
@12 [A] -112.2607 -0.616074 111.6446 238.5229
®I2[A] 327.4336 1.790881 -325.6427 239.5152
®U+_PU V] 0.999955 0.161310 -0.838645 0.206524
®Iip+_PU [A] 1.007291 0.062173 -0.945118 0.246065
®ig+_PU [A] -1.629e-3 0.970898 0.972527 1.001138
®I1p+_PU [W] 1.007288 0.010030 -0.997259 0.179998
®Ig+_PU [var] -1.629e-3 0.156622 0.158251 0.110316
@ P_t@5G320HX [W] 322203.3 1969.106 -320234.1 90757.01
®Q_t@5G320HX [var] 5409.580 36968.62 31559.04 39086.35

Test no. 2.1.2 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=100%Pn, Injected reactive Current after 60ms

= oo @

Séé%zé
|

%
i%ESH
%
il
%
%
|

.9 9 8 _ 0 0.

LI LRI

¥

]
o

0:12.800 3:13{\ B oo 0:14.100 0:14.200 0:14.200 0:14.400 0:14.500 o
A

B Delta Avg RMS

Time [s] 0:13.908327 0:13.968743 0.060416

®vU1 V] -420.6782 -44.31141 376.3668 2714297 136.7438
su2 N -226.6595 -16.77990 209.5796 -46.33263 172.5843
suz N 6364733 58.24280 -578.2305 20.10618 166.5238
®11[A] -213.3771 -295.5543 -82.17717 39.62515 223.1786
@12 [A] -112.2607 313.5174 425.7781 1217814 229.9879
®12 [A] 327.4336 -18.11874 -345.5523 -51.20747 228.2007
S U+_PU V] 0.999955 0.111640 -0.888315 0.383645 0.518374
®lp+_PU [A] 1.007291 1.497=-4 -1.007141 0.534842 0.703512
®Iig+_PU [A] -1.6292-3 1.013189 1.014818 0.452588 0.610222
®1p+_PU W] 1.007288 1.671e-5 -1.007272 0.335444 0.521091
®Ig+_PU [var] -1.6292-3 0113117 0114746 0.060297 0.072710
®P_t@5G320HX [W] 322203.3 742.2317 -321461.0 191664.9 235761.1
®Q_t@5G220HX [var] 5409.580 32644.52 27234.04 34543.63 50456.23
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Test no. 2.1.2 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=100%Pn, Injected reactive Current after 120ms

= oo @

52@%2@

%
?gﬂiﬁ
%
il
%
%
|

.9 9 8 _ 0 0.

LI LRI

L

e i
0:13.800 3:13{\ o:14.000 2D 0:14.100 0:14.200 0:14. 300 0:14.400 0:14.500 o
A B Delta Avg RMS

Time [s] 0:13.908327 0:14.0292T6 0.120949

|ui] -420.6T82 -33.13899 387.5392 13.80599 103.1341
|uz -226.6595 -34.31273 192.3468 -22.64373 1274113
ouzM 6364733 T1.64205 -564.8313 9. 779881 123.5288
@11 [A] -213.3771 -303.8242 -90.44707 14.53767 2332131
@1z [A] -112.2607 266.0055 3T8.2662 9.325448 2357531
@iz [A] 32T7.4336 42.00435 -285.4293 -23.16271 2343320
@ U+_PU V] 0.999055 0.110454 -0.889501 0.249600 0.37Te60
@ lp+_PU [A] 1.007291 0.035774 -0.871517 0.287764 0.502046
W ig+_PU [A] -1.62%9e-3 1.042808 1.044437 0.743736 ‘0.852005
@Iip+_PU W] 1.007288 3.952e-3 -1.003337 0.172244 0.371424
®Iig+_PU [var] -1.62%9e-3 0.115187 0.116816 0.087714 0.096489
®P_t@5G320HX [W] 322203.3 1155230 -321048.0 109955.5 178220.0
2 Q_t@SGC320HX [var] 5409.580 3T7246.34 31836.76 35626.14 45207.32

Test no. 2.1.2 Three phase symmetrical fault (type A)
U/Un = 0.1 p.u, P=100%Pn, Active power recovery time
3 AMAWAWAWAWAWAWA WAV

[A]@12 [A]@1L [A]® U...]

i
|
|

¥ ??%é%%

MWAANN—
MW~
VAW
IANAVANAWAAY

PAAAMAAAA
WA

\

\
RN

A

.

: i .f._‘_-___.___,_._-—-—-—-—'—'—-

= /\\

L ]

0:14.00 0:14.50 0:15.00 E 0:15.50 [ -]
A B Delta RMS

Time [s] 0:14.425424 0:15.070755 0.645331
[ LTERLY) -284.0195 36.85832 320.87T78 4509226
@Suz ] 2T9.T396 -584.6291 -864.4187 450.0075
Uz 10.11753 545. 7342 536.666T 451.0520
@I1[A] -60.36198 2290607 83.26805 197.8486
@2 [A] -49.36791 -289.8930 -240.5251 196.8714
Wiz [A] 115.0748 264.4299 149.3552 196.8701
|uU+_PU V] 0.127448 1.000006 0.872558 0.987495
®lp+_PU [W] 9.329e-3 1.008054 0.998725 0.835336
®Ig+_PU [var] 0.131997 8.308e-3 -0.123689 0.06T913
@ P_t@SG220HX [W] 1969.106 322580.4 320811.3 264046.7
2 Q_t@SGC320HX [var] 36968.62 8624.493 -28344.12 35398.35
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Time .
Item No. Parameter Phase reference reference Unit Measured value
0 Test number -- -- -- 221 2.2.2
1 Phase 1 463 461.9
2 Voltage Phase 2 0-500mS 10 ta- |y 460 461.2
100ms
3 Phase 3 461 462.1
I3_efore 4 Phase 1 47.2 234.9
dip <t 5 Current Phase 2 0-S00mS 0t -| g 46.9 234.7
100ms
6 Phase 3 46.9 234.5
7 Active power Positive sequence |y soomstoty-| P-U- 0.2 1.01
8 total 100ms w 65087 324702
9 React Positive sequence t,-500ms to ty- | P-U. 0.003 0.01
eactive power
10 P total 100ms var 2442 5892
11 Phase 1 50.7 50.7
12 Voltage Phase 2 triOms 0 | vims 461 464.5
13 Phase 3 463 461.5
14 Phase 1 242.7 242.2
15 Current Phase 2 om0k | ams | 1155 118.2
16 Phase 3 128.0 124.7
During 17 Total fault duration All phase titots ms 502 500
dip t1 to 18 _ Positive sequence p.u. 0.38 0.03
t Reactive power
2 19 total var 124403 124679
20 Reactive current | Positive sequence |t,+100mstot, | P-U. 0.54 0.04
21 Positive sequence -20ms p.u. 0.04 0.37
Active power
22 total w 11201 7566
23 Active current Positive sequence p.u. 0.06 0.53
24 Reactive Current | Positive sequence t1+60ms p.u. 0.55 0.51
25 Reactive Current | Positive sequence t1+120ms p.u. 0.54 0.53
26 Phase 1 462 462.3
27 Voltage Phase 2 to+1s Vrms 460 460.1
28 Phase 3 461 462.8
29 Phase 1 47.2 235.3
30 Current Phase 2 to+1s Arms 47.0 233.7
After 31 Phase 3 47.0 235.1
dip > t2 32 Positive sequence p.u. 0.2 1.01
Active power to+1s
33 total W 65074 325134
34 Positive sequence p.u. 0.003 0.01
Reactive power to+1s
35 total Var 2839 7110
36 Active power Positive sequence . ms 582 560
recovery time
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Report No.: 6134228.51V1.1

Result - Remark

0, Fault Duration

Page 173 of 247
G99/1-8

Test no. 2.2.0 single-pole short circuit with earth (type B)
U/Un=0.1p.u, P

Requirement - Test
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- = = I N HEHT

[

\

!

o (f
00

I

I

|

H

HR

0512142
-886.9561
-306.9325
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Clause Requirement - Test Result - Remark Verdict

Test no. 2.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.1 p.u, P=20%Pn, fault duration

e
%
§

e
212,25 0:14.50 { 01475 o500 2D 0:15.25 0:15.50

A B Delta Avg RMS

Time [s] 0:14.5550057 0:15.05T6567 0.5026510

L LA -570.8286 -11.8T408 558.9545 -0.735412 58.93800
su2 NV 13.41975 -469.4082 -452.8279 -1.465534 451.5216
suz NV 55T.4633 623.0878 66.52451 3.445041 453.7425
®I11[A] -59.39377 -368.8382 -309.4444 -0.412160 239.3975
@12 [A] 0.576258 188.1851 157.6088 -0.891805 114.1275
®12 [A] 57.90162 177.2260 119.3243 0.770165 126.7526
W U+_PU [V] 0.995054 0.704629 -0.254425 0.712609 0.713379
®I1p+_PU [A] 0.204148 0.056306 -0.147842 0.064875 0.073361
®Iig+_PU [A] 1.509e-4 0.539731 0.539580 0.508093 0.522006
®lp+_PU W] 0.203963 0.039677 -0.164287 0.047457 0.057267
®Ig+_PV [var] 15084 0.380326 0.380176 0357718 0.367545
@ P_t@5G220HX [W] B5267.22 1117297 -54094,25 16047.07 21995.50
®Q_t@5G220HX [var] 2445.090 124077.1 121632.0 113586.6 118461.0

Test no. 2.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.1 p.u, P=20%Pn, Injected reactive Current after 60ms

: VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVY
3 BV NPl AN N NP NP N NN N NN

0:14.500 (//o:sw B 0:14.700 0:14.800

A B Delta Avg RMS

Time [s] 0:14.559164 0:14.619317 0.060153

@11 [A] 30.28178 -291.1138 -321.3955 -15.11707 227.2731
@12 [A] -75.62030 137.3222 212.9425 -1.941968 109.9069
w1z [A] 47.99187 150.0542 102.0624 16.34173 122 2955
S U+_PU V] 0999249 0.702768 -0.296481 0.749517 0.754532
®lp+_PU [A] 0.204220 0.066126 -0.138004 0.101405 0.129205
®Iig+_PU [A] -1.128=-4 0.551106 0.551219 0.335005 0.415875
®1p+_PU W] 0.204076 0.046474 -0.157602 0.081103 0.107740
®Ig+_PU [var] -1.127e-4 0.387316 0.387429 0.235128 0.292175
®P_t@5G320HX [W] 65252.14 12894.56 -52357.58 29223.87 37698.87
®Q_t@5G320HX [var] 2499.744 126863.3 124363.6 8468435 99918.25
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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, Injected reactive Current after 120ms

SVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV,

R Ll DVl Al AN e WV N VA VY
R N NV e NIWa NIV NN NNV e NI NN

0:14.500 (//o:sm B 0:14.700 0:14.800

A B Delta Avg RMS

Time [s] 0:14.559164 0:14.679909 0.120745

@11 [A] 30.28178 -260.9812 -291.2630 -8.716688 235.1087
@12 [A] -75.62030 115.1266 194.7469 -0.230249 112.6325
w1z [A] 47.99187 137.8789 80.85703 8196427 1252531
W U+_PU [V] 0.999249 0.703584 -0.285665 0.726535 0.728515
®l1p+_PU [A] 0.204220 0.058486 -0.145734 0.080880 0.101016
®Iig+_PU [A] -1.128=-4 0.538401 0.538513 0.436312 0.481075
®1p+_PU W] 0.204076 0.041151 -0.162924 0.061813 0.082074
®Ig+_PU [var] -1.127e-4 0.378826 0.378939 0.306589 0.338175
@ P_t@5G220HX [W] €5252.14 11319.31 -53932.83 21656.79 20488.11
®Q_t@5G320HX [var] 2499.744 124241.4 1217417 101420.7 110755.0

Test no. 2.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.1 p.u, P=20%Pn, Active power recovery time

g‘
%
S%géé?
i
5
§
§

@12 [A]0 [A]01 [A]®

|

[

=
i
AR RN -

0:14.50 0:14.75 0:15.00 :15.25 0:15.50 E 0:15.75
A B Delta Avg RMS

Time [s] 0:15.058812 0:15.641367 0.582555
L LA 3278017 521.8849 518.6069 0.137329 451.2531
su2 NV -601.3295 -598.1936 3.135920 -2.764299 452.6953
suz NV 515.7705 76.23780 -439.5327 1.264565 451.2311
®I11[A] -326.8329 53.35546 380.1884 -0.601031 45.00881
@12 [A] 159.8502 -63.36046 -223.2107 0.183505 44.58334
®12 [A] 167.2617 11.11376 -156.1480 -0.019114 45.45627
®U+_PU [V] 0.704658 0.999254 0.294596 0.994122 0.994701
®1p+_PU W] 0.039665 0.201242 0.161576 0.179266 0.184772
®Ig+_PU [var] 0.379926 2.236e-3 -0.377650 0.031133 0.065827
®P_t@5G320HX [W] 10879.01 64404.86 53525.85 56439.29 58640.43
®Q_t@5G220HX [var] 124762.9 5562.116 -119200.8 16198.67 32609.36
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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, fault duration

= oo

|

WAMAWWWWPAWWMWWAWWWAWWWAAWWYAWWWAWWWAWIMNAAWWWAWWWAAAWAWAWAAVAAAA
| MAMAWAWANVAWWAAWAAWWAWWAWAAMAMWAWWAWAAWAWAAWAAWWAWAAAAAAAAVWAAAAAAY
C AWV A APV WA YVAVWAY

. i .,
° i
0:15.00 [ 2] 01550 [E ] 0:16.00 0:16.50
A B Delta RMS

Time [s] O:15.165666 0:15.666020 0.500355
|ui] 5397725 2998936 -23.98T89 50.63296
|uz -592.1589 -620.3498 -28.19085 452.6503
ouzpM 541.0319 48T.65T73 -53.37453 452.83466
@11 [A] 20.36166 -318.8650 -330.2266 237.8430
@12 [A] -202.8404 157.1879 450.0283 122.9112
-z [A] 269.3887 157.4489 -111.9398 126.1310
|U+_PU V] 0.999455 0.703477 -0.295978 0.711015
®1p+_PU [A] 1.016254 0.044905 -0.971259 0.228983
®lg+_PU [A] -1.445e-3 0.526486 0.527931 0.503903
®1p+_PU [W] 1.015743 0.031654 -0.984089 0.189508
®Ig+_PU [var] -1.445e-3 0.370386 0.371831 0.354900
@ P_t@SG220HX [W] 325108.5 T841.801 -317266.7 T3983.00
2 Q_t@SGC320HX [var] 5T08.897 123337.2 117628.3 118691.0

Test no. 2.2.2 Single-pole short circuit with earth (type B)
U/Un = 0.1 p.u, P=100%Pn, Injected reactive Current after 60ms

oo o

9.0 _ 8 .8 90 0
= s mom wem_mos

|
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015,150 m 200 [ & ] 0:15.250 0:15.300 0:15.350 0:18

A B Delta Avg RMS

Time [s] 0:15.164379 0:15.224590 0.060211

®vU1 V] -214.7660 -18.50546 196.2606 0.885612 52.90802
su2 N -430.2001 -452.0034 -21.80326 -2.412217 450.1711
suz N 637.3911 632.6940 -4.69T085 3.187491 462.6543
®11[A] -109.2207 -350.8113 -241.5905 22,79238 191.5844
@12 [A] -218.4842 152.7140 401.1982 -26.86898 153.9251
®12 [A] 323.8150 169.6583 -154.1567 3.952649 140.4960
S U+_PU V] 0.999458 0.701548 -0.257911 0.756735 0.763016
®lp+_PU [A] 1.016594 -0.015286 -1.031880 0.566180 0.658523
®Iig+_PU [A] -1.332e-3 0.506454 0.507826 0.100508 0.201904
®1p+_PU W] 1.016087 -0.010724 -1.026812 0.453006 0.552837
®Ig+_PU [var] -1.332e-3 0.355345 0.356677 0.070359 0.141752
®P_t@5G320HX [W] 325093.6 104817.9 -220275.6 227778.6 248361.4
®Q_t@5G220HX [var] 5615.635 73548.18 E67932.54 36939.94 48549.57
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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, Injected reactive Current after 1220ms
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0:15.150 m 200 0:15.250 B 0:15.200 0:15.350 0:1%
A B Delta Avg RMS
Time [s] 0:15.164379 0:15.285167 0.120788
L LA -214.7660 -2.869845 211.5962 1394406 51.80186
su2 N -430.2001 -534.1312 -103.9311 -3.87T4816 4510164
suz N 637.3911 588.1116 -49.2T957 4717348 453.3980
®I11[A] -109.2207 -360.0933 -250.8725 11.33979 220.2961
@12 [A] -218.4842 185.2466 403.7308 -14.36678 138.3116
®12 [A] 323.8150 176.6071 -147.2079 2.814312 1332771
W U+_PU V] 0.999458 0.703151 -0.296307 0729779 0.733538
®I1p+_PU [A] 1.016594 0.042928 -0.9T3666 0.299280 0.467114
®Iig+_PU [A] -1.332e-3 0.534250 0.535582 0.316424 0.402643
®1p+_PU W] 1.016087 0.030186 -0.985901 0.237885 0.391363
®Ig+_PU [var] -1.332e-3 0.375675 0.377006 0222259 0.282962
@ P_t@5G220HX [W] 325093.6 8153.836 -316939.7 131971.9 187785.4
®Q_t@5G220HX [var] 5615.635 124593.1 118977.5 74574.10 89543.06

Test no. 2.2.2 Single-pole short circuit with earth (type B)
U/Un = 0.1 p.u, P=100%Pn, Active power recovery time
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0:15.00 oi5.25 01550 015,75 0:16.00 Fcas 0:16.50

A B Delta Avg RMS

Time [s] 0:15.663315 0:16.223528 0.560213%
eU1N -41.85087 -354.5177 -312.6579 -1.580601 4516856
sU2 V] 254,933 -306.0509 -51.75758 0.202934 4615147
suz v B46.5560 651.9475 5.300644 0.516522 461.7343
®I11[A] -304.8691 -189.0308 115.8383 -8.243372 185.8736
@12 [A] 150.2441 -161.2727 -311.5168 5.325323 181.9813
®I1z[A] 150.6279 351.3965 200.7686 2.815602 182.3070
BU+_PU V] 0.704162 0.999305 0.295143 0.992807 0.993557
®Ip+_PU [W] 0.030692 1.006823 0.976130 D.708846 0.7659135
®lq+_PU [var] 0.370165 0.012140 -0.358025 0.023082 0.073947
®P_t@5G320HX [W] T284.765 317693.8 310409.0 215007.3 238902.3
®Q_t@5G320HX [var] 125165.0 6932822 -118232.1 24065.71 50T18.64
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Time .
Item No. Parameter Phase reference reference Unit Measured value
0 Test number -- -- -- 231 232
1 Phase 1 461.7 461.6
t1-500ms to t; -
2 Voltage Phase 2 100ms vVrms 461.3 462.9
3 Phase 3 461.5 460.8
4 Phase 1 47.1 232.8
gigfgrte 5 Current Phase 2 u0OPS Ot ams | 474 232.9
1
6 Phase 3 47.0 231.9
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.2 1.01
8 total 100ms w 65078 322046
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.01 0.01
10 total 100ms var 2247 5355
11 Phase 1 460.9 460.8
12 Voltage Phase 2 OIS0 | vims | 234.9 235.0
13 Phase 3 234.8 234.8
14 Phase 1 14.7 12.2
15 Current Phase 2 om0t | ams | 2118 210.0
16 Phase 3 202.8 204.4
During 17 Total fault duration All phase titot ms 501 501
dip t1 to 18 _ Positive sequence p.u. 0.29 0.02
t Reactive power
2 19 total var 104114 103225
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.53 0.03
21 Positive sequence -20ms p.u. 0.02 0.29
Active power
22 total w 7579 4835
23 Active current Positive sequence p.u. 0.05 0.53
24 Reactive Current | Positive sequence t1+60ms p.u. 0.52 0.53
25 Reactive Current | Positive sequence t1+120ms p.u. 0.53 0.53
26 Phase 1 461.4 462.2
27 Voltage Phase 2 to+1s Vrms 461.3 461.2
28 Phase 3 461.9 462.1
29 Phase 1 47.1 233.0
30 Current Phase 2 to+1s Arms 47.0 232.1
After 31 Phase 3 57.0 2325
dip > t2 32 Positive sequence p.u. 0.2 1.01
Active power to+1s
33 total w 65078 322057
34 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
35 total Var 2578 7192
Active power Positive sequence _
36 recovery time ms 572 589
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Test no. 2.3.0 two-pole short circuit without earth (type C)
U/Un = 0.1 p.u, P=0, Fault Duration
I.I|I|T|1|I|I. A A At b R A A ORI A A A ot e P Al AR
o = I T T s T T e e e b e
%ﬁ (ke ki AR AL AR PR RO T et AT O asaagetasmansmap AT TRl AR AR T S BT e O A RO R R
& T e e e e AV
‘\ILI.I| AR S AR A A eeerereemeererreeees A A R A AT R A S b A A A A A
IR G O A 1 ettt A UAH MR SRR A U R R AR

o2[a]

=
®c
0:14.00 0:15.00 oo 0:17.00 0:18.00 [ -]
A B HR HxiE

BYid] [s] 0:15.506043 0:16.001568 0495525
sUL V] 5953572 1565528 7519100 462.3299
su2[V] 521.0836 23.95845 -545.0421 237.1156
suz V] 8183551 -133.5758 2154114 241.5068
®I1[A] -0.430584 -0.391245 0.039339 0485673
o2 -0.356674 -0.377655 -0.020981 0.285881
®I12[A] -0.787973 -0.634670 0.153303 0423628

v

®u-_PU

Ip_PU[A] ®Ip+_PU[A]

150

=
S
X
£
H

1.500

013 .00

0:17.00 0:18.00 0:19.00
A B =15
B8 [s] 0:15.525360 0:16.004516 0.479156
@U+_PUV] 0.694021 0.549230 -0.144791
@U-_PUV] 0.311792 0.449810 0.138018
@ Ip+_PU [A] 9.982e°5 85505 -L423e 5
®Ip-_PU [A] -1.560e-4 -3.239¢5 1236e-4
®lq+_PU [A] 4.69Te-4 271764 1.980e-4
Ig-_PU [A] -1.920e-5 1175e-4 1367e-4
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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, fault duration

< WAWVAYANNNNV ANV VVVVVVVWVWWAAVTAVANA NN ANV ANV ANV Y
| ATAVAV AV W VN W WV PV VTV VY YAV AVAVAVAVAVAYAVAVAVAVA AVAVAVAVAVAVAVAVAVAVAVAY (VAVAVAVAY
I VAV AVAVAVAVAVAVAAVAVAVAYAVAVAVA AN
oy AN AN AVAVAVAVAVAVAVAVAVAVAVAY) VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA
R ARV AVAVAVAVAVAYI VAVAVAVAVAVAVAY Favavae® SAYAYAYAN
s
N AT W W W VS At e W W e W | T i T o RO B A L T e S B R RO P A T T O, L PR P N |
. SN —
s
N i M W S W e N Ve W R WY i i T W e e Wt
. AWV VWAV
. 4
. b
.
o !
o | —
P
o
0:14.00 6/ 01435 01450 B 01475 1500 01525
A B Delta Avg RMS
Time [s] 0:14.1584983 0:14.6596740 0.5011757
suiNM -123.9022 135.9682 250.9604 -0.180233 460.8071
@u2 ] -495,7314 -191.4184 304.3130 -0.475483 236.5004
osuzpNM 614.2646 63.28118 -550.9835 0.675825 2364911
@11 [A] -14.45103 2.992392 17.44342 -0.770889 19.24219
@12 [A] -49.52252 -8.198143 41.32438 2.870047 2064547
w13 [A] 6198836 1756191 -60.23217 -2.018640 1973331
WU+ _PU V] 0.999299 0.554022 -0.445278 0.565519 0.568556
@lp+_PU[A] 0.203464 0.049975 -0.153489 0.059612 0.072558
@ lg+_PU [A] 3222e4 0.530106 0.529784 0.486862 0.507001
@ lp+_PU W] 0.203330 0.027688 -0.175642 0.035466 0.048721
[ ] Iqﬁ_PU [var] 3.21%e-4 0.293703 0.293381 0.270018 0.281145
@ P_t@56G320HX [W] 65029.35 T507.528 -57521.85 13294.88 20807.23
B Q_t@SC320HX [var] 2313464 1038589 1015454 93775.94 98137.24

Test no. 2.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.1 p.u, P=20%Pn, Injected reactive Current after 60ms

.
M AVAV AVAVAVAVAVAVAVAS AVAVAY AVAVAVAVAVAVAVAVAV AVAVAVAVAV AVAVAVAVAV AVAVAVAVAVAVAVAVAVAVA
.
I Y Y A A A Y A e ol A A A A A A A A A A A A AATAVATAVAVAVAVA
Y N A AN A R L Y AV T T A A R A A A A A A A AAE A YAVI VAVAVAVAVIN
R S N e e 4 WAV AV AV A AV AV AYAYA VAV AVAYAVA VAVAVAVAVA VAVAV VS mumu
. 1A ANV VNV NNV NV AN A e
™—1
=
0:14.000 014 100 E_rﬂ/l: ZB 0:14 300 0:14 400 0:14 500 0:14 800 0:14 700 01
A B Delta Avg RMS
Time [s] 0:14.158646 0:14.219408 0.080762
@ul ] -83.31681 89.53441 172.8512 -0.389771 4577738
@uz V] -521.0560 -107.1794 413.8766 -6.991146 2442643
@;uz v 5084880 10.7122T -5BT.TT5T T.151658 2440981
@11 [A] -T.771492 -4.615426 3.156066 -8.06T9TS 38.607T50
@12 [A] -53.77102 -54.60072 -0.8Z2969T 35.83770 161.0114
@iz [A] 60.64582 58.3T179 -2.2T4037 -2T.70377 150.2215
SU+_PU V] 0.999299 0.555469 -0.443830 0.643853 0.65995T7
®lp+_PU [A] 0.203464 0.012736 -0.190728 0.128903 0.158023
®ig+_PU [A] 3.222e-4 0517875 0517553 0.180758 0.296318
®lp+_PU W] 0.203330 T.0T4e-3 -0.196255 0.0291003 0.117436
®Ilg+_PVU [var] 3.219e4 0.28T6T6 0.287354 0.100690 0.164550
@ P_t@5G320HX [W] 65029.38 3725.200 -61304.18 38493.26 456T1.23
®Q_t@S5G320HX [var] 2313464 103336.1 101022.6 48141.99 65431.58
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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, Injected reactive Current after 120ms

AVAYAVAVAVAVAVAVAVAS AVAV AVAVAVAN AV.AVAVAVAVAY AVAVAVAVAV AVAVAVAVAV AVAVAVAVAVAVAVAVAVAN A
VAVAVAVAVAVAVAVVAVAVA VoV P W WV Wl a W Wl VeV W W aVa Pav e UL W o P o VY AVAFAVAVAVAYAY
AN AYAVY

W N N N o W W N N N N N N N VU N N N o W N S VAVAVAVAVAVAY Y

o e oo o

RV AW SN S,y S EPEPT U R PE ERPEREE A S ey B e Wi i S A et o

e B AVAVAVAV, VATAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VAVAVAV .S Bt

.9 9 8 _ 0 0.

e i —
0:14.000 0:14.100 E_':‘_:.zoo [ & BT 0:14.400 0:14.500 0:14.600 0:14.700 0:1
A B Delta Avg RMS

Time [s] 0:14.158646 0114278757 0.120111

|ui] -83.31681 -64.80742 18.50939 -0.597100 460.63TT
|uz -521.0560 -25.31719 495.T388 -2,632340 241.2143
ouzM 598.4880 91.26485 -507.2232 2.99T498 2409211
@11 [A] -T.771492 -16.54542 -8.773923 -4, 202310 29.26420
@12 [A] -53. 77102 3.88860T7 5T.65963 17.32726 188.7620
@Iz [A] 60645382 10.57828 -50.06755 -12.96530 179.1982
@ U+_PU V] 0.999299 0.555165 -0.444135 0.6007T62 0.611202
@ lp+_PU [A] 0.203464 0.049673 -0.153791 0.020120 0.118296
W ig+_PU [A] 3.222e-4 0.529368 0.529045 0.350825 0.426299
@Iip+_PU W] 0.203330 0.027578 -0.175752 0.059999 0.086235
®Iig+_PU [var] 3.21%=-4 0.293859 0.293577 0.125000 0.236757
®P_t@5G220HX [W] B5029.38 T585.807 -5T443.57 29636.00 38806.50
2 Q_t@SGC320HX [var] 2313.484 104602.8 102289.3 B4343.21 T8T32.86

Test no. 2.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.1 p.u, P=20%Pn, Active power recovery time
; MAWAWAWWAAWWWWWWAWAAWAAMAWWAWAAWAAWWAAAAAAWWWWWAMAAAW

%

d
AW WAV
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§

L@ SUL ] OB [A]®I[A]®L[A]8U...]

0:14.00 0:14.25 0:14.50 0:14.75 0:15.00 E.ZS 0:15.50 o
A B Delta Avg RMS

Time [s] 0:14.659341 0:15.230872 0.571531

SU1NV] 70.38618 -360.8853 -431.2715 6.605T86 451.4324
su2 V] -84.31662 650.0557 734.3723 -1.713606 451.1260
suz NV 14.58407 -204.8980 -309.4830 -5.022260 450.8979
®I11[A] -3.204704 -38.80763 -35.60293 -0.054273 43.01407
@12 [A] -49.75742 70.15825 119.9557 -3.067292 51.33604
®13 [A] 52.37246 -33.23078 -85.60324 2.645163 52.13108
W U+_PU [V] 0.554022 0.999232 0.445211 0.989389 0.990855
®lp+_PU W] 0.027688 0.201209 0.173521 0.173588 0.181387
®Ig+_PV [var] 0.293703 25233 -0.291180 0.035264 0.072585
@ P_t@5G220HX [W] 7507.528 6359134 56083.81 54910.93 S5TE0E.62
®Q_t@5G220HX [var] 103858.9 6212.475 -o7646.42 17600.43 34872.09
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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, fault duration

® WMWWMWWWW
o JVVWVANAN I AssnsspasssssAssnsn AN AV
P T T Y R N T R iy
. FOANASN S e A Yy N Y VAV AV AV AVAVAT LWLV ATAVAVL S VAVAYS
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o MAANNNAANNNAAANANANAASABANAAAANAPNAY e A AR NN ANAAANANANNANA
e
®
L ] ;
° |
® |
L - P
e | =
1425 ﬁ 14 50 0:14.75 Y= 0:15.00 :15.25 0:15.50
A B Delta Avg RMS

Time [s] 0:14,3057869 0:14,8067876 0.5010006

@u1 ] 50.7T3176 304,045 253.3330 0.241919 460.9639

ouz] GT.11758 -346. 7575 -T13.8751 -0.206607 236.6731

ouz ] -145.9349 351.5650 ACB. 4500 0496344 2358926

@11 [A] -6.309632 -6.4B6059 -0.0B6427 0.346839 32,50250

@12 [A] -190.4441 -145.3587 345.0854 -2.312084 207.2357

Wiz [A] 501.5432 14E.6707 -352.8725 1.172212 201.61T0

wuU+_PU N 0999769 0.55785T7 -0.441911 056477 0567174

@Ip+_PU [A] 1.006535 0.030520 -0.975045 0.07T3596 0.185613

@ lg+_PU [A] -5.100e-3 0.524771 0.525681 0489699 0.506033

®lp+_PU [W] 1.006345 0.0170GG -0.9892T9 0.050055 0.151573

@ Ilg+_PU [var] -9.090%e-4 0.292760 0.2236T70 0.271693 0.2B0593

®mP hmsGIrnHX W1 I7PNRE.RA AG7R.RA3R -ITI26.R M3ITRT GTIRT. TS

Test no. 2.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.1 p.u, P=100%Pn, Injected reactive Current after 60ms
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cosn _oren_even _ex
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tH
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- R
n:;{ [& ] 0:14.40D 0:14.500 0:14.600 0:14.700 0:14.800
A B Delta Avg RMS
Time [s] 0:14.3049081 0:14.3652693 0.0603612
@®U1 V] -49.01696 5.136252 54.15321 -0.414136 458.8970
|uUz2 V] -547.8708 -61.75602 486.1148 -5.736590 243.6282
"|uz v 594.5058 58.83324 -535.6726 5.984461 243.9604
@11 [A] -20.55681 -10.40685 10.14996 T.212836 87.63686
@12 [A] -271.7410 -7.918358 263.8227 -7.042206 187.8113
®I12 [A] 289.3937 14.45079 -274.9429 -0.783302 181.6806
W U+_PU V] 0.999733 0.554509 -0.445225 0.642927 0.658978
®lIp+_PU [A] 1.006350 0.021717 -0.984634 0.371178 0.535834
®lg+_PU [A] -1.132e-3 0.526655 0.527T787 0.220132 0.318969
®lp+_PU [W] 1.006125 0.012043 -0.994083 0.287919 0.447029
@ Ig+_PU [var] -l.132e-3 0.292047 0.293179 0.123480 0.177082
@ P_t@5G320HX [W] 321922.3 3513.798 -318408.5 1543318 209962.7
®Q_t@5G320HX [var] 5048.048 105028.0 9997993 61133.92 TEET9.43
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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, Injected reactive Current after 1220ms

WAVAV AVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA

N N N N N N B T M I N N N N N N R e NP NI NP

oo

T%

I O e e e T N B N T g Ny

Pl LORR

L

. —
-: § ]
n::{ v1ea00 D 0:14.500 0:14.600 0:14.700 0:14.800
A B Delta Avg RMS
Time [s] 00143045081 0:14.4251192 0.1202110
@u1 v -48.01696 -13.85892 35.15804 -0.544322 460.0006
Uz v -547.8T08 -50.42851 497.4423 -2.716554 24023271
"suz v 554.5058 B4.98599 -529.5198 2.84TT84 240.3118
@11 [A] -20.55681 -10.18405 10.37276 2.169136 62.69T&T
@12 [A] -271.7410 -2.343536 269.3975 -4.021028 199.3500
Wiz [A] 289.3937 10.34093 -279.0528 1.166962 193.7919
WBU+_PU V] 0.995733 0.554806 -0.444827 0.589577 0.509963
@ip+_PU[A] 1.006350 0.033080 -0.873271 0.204704 0.3826T4
Wig+_PU [A] -1.132e-3 0.526515 0.527647 0.371339 0.434280
@Iip+_PU W] 1.006125 0.018357 -0.987768 0.155237 0.318932
®Ig+_PU [var] -1.132e-3 0.292179 0293311 0.206696 0.240284
@ P_t@SGC320HX [W] 3219223 4550.929 -3173714 08142.53 166012.9
2 Q_t@SGC320HX [var] S048.048 103569.5 9852144 TT117.65 &T817.60

Test no. 2.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.1 p.u, P=100%Pn, Active power recovery time

§
§
E

0:14.50 0:15.00 _ﬁ 0:15.50 0:16.00
A B Delta Avg RMS

Time [s] 0:14.802101 0:15.390700 0.588599

@®U1 V] -533.5763 640,3813 1173.958 2412117 461.8964
|uUz2 V] 231.9762 -218.0617 -450.0379 -4.679TE8 460.0659
"|uz v 300.7733 -428.2459 -729.0192 2.640119 458.5997
@11 [A] -T.679344 328.9952 336.6746 -4.516900 182.6939
@12 [A] 235.3577 -118.5526 -353.9102 -4.099237 184.6788
®I12 [A] -226.0625 -208.3798 17.68279 6.512004 185.0539
W U+_PU [V] 0.553248 0.999474 0.445527 0.987453 0.989356
®lp+_PU [W] 0.018948 1.003535 0.984587 0.713282 0.772033
®Ig+_PU [var] 0.291565 9.785e-3 -0.281781 0.024804 0.072228
®P_t@5G320HX [W] 4890.363 321870.4 316880.0 2197705 242281.7
®Q_t@5G320HX [var] 103056.4 11720.44 -91335.97 23427.54 4956939

TRF No. G99/1-8_V1.0



Page 184 of 247 Report No.: 6134228.51V1.1

G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference Ulaits Unit Measured value
reference
74 Test number -- -- -- 24.1 242
75 Phase 1 462.6 463.7
76 Voltage Phase 2 L-S00ms oty - | yyhe [T 4509 461.1
100ms
77 Phase 3 461.2 460.6
78 Phase 1 49.6 234.2
Before 79 Current Phase 2 OIS 106 Ams | 494 232.6
dip <t 80 Phase 3 49.5 232.3
81 Positive sequence B B u. 0.21 1.00
Active power t-500mstot,-| P
82 total 100ms w 65622 319568
83 React Positive sequence t,-500ms to ty- | P-U. 0.00 0.00
eactive power
84 P total 100ms var -169 3.82
85 Phase 1 462.8 463.4
86 Voltage Phase 2 t1+1f)200nr1nsst0 2| vims 50.5 50.4
87 Phase 3 50.4 50.3
88 Phase 1 85.1 84.9
89 Current Phase 2 om0k | ams | 2145 214.7
90 Phase 3 207.5 207.0
_ 91 Total fault duration All phase titot ms 451 471
During 92 Positive sequence p.U. 0.19 0.03
diptitots Reactive power
93 total var 59546 10265
94 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.63 0.63
95 Positive sequence -20ms p.u. 0.02 0.01
Active power
96 total w 6147 3942
97 Active current Positive sequence p.u. 0.02 0.01
98 Reactive Current | Positive sequence t1+60ms p.u. 0.63 0.63
99 Reactive Current | Positive sequence t1+120ms p.u. 0.63 0.63
100 Phase 1 461.1 463.5
101 Voltage Phase 2 to+1s Vrms 460.8 460.9
102 Phase 3 462.4 460.9
103 Phase 1 47.1 233.9
104 Current Phase 2 to+1s Arms 47.1 232.0
After 105 Phase 3 47.1 232.1
dip > t2 106 Positive sequence p.u. 0.20 1.02
Active power to+1s
107 total w 63087 325272
108 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
109 total Var 4185 2789
110 Active power Positive sequence . ms 73 564
recovery time
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Test no. 2.4.0 Two phase to earth fault (type E)
U/Un = 0.1 p.u, P=0, Fault Duration

Bl [s) 0c15.3820158 0:16.0406511 0.6586353
®A1UI@TRIONet_782 [V] 597.6511 6535373 55.68624
@Al 1/U2@TRIONet_782 [V] -T8.11141 -339.3984 -261.2870
A 1/UI@TRIONet_782 [V] -523.4294 -315.3370 208.0925

Al 1/11@TRIONet_782 [A] -0.178814 -0.233650 -0.054836
WAI1/12@TRIONet_782 [A] -0.338550 -D30z7e2 0035763
B A 1/13@TRIONet_782 [A] -0.016639 0.102520 0119209

U_fund_SYM+_rc@POWER/0 [V] o827 T98.4465 -1ATEL35
B U_fund_SYM-_rc@POWER/0 [V] 0.862245 3034776 2472531
®1_fund_Q_SYM+_rc@POWER/0 [A] 0139971 0.139185 “T86Te4
®1_fund_Q_SYM-_rc@POWER/0 [A) 163563 -2.013e-3 -3.646e-3
®P_t_rc@POWER/0 [W] 7.004020 5782008 221112
Q_fund_rc@POWER/0 [var] 193.9402 1924811 -1459122

o Do 1573 [:] 1600 (>

A B AR

Bt (s 0c15.4812036 0:15.9528807 QATIETTL
@A 1/UI@TRIONet_782 [V] 6458612 -513.0067 -1158.868
B A1 /U2@TRIONet_782 [V] -23.64922 -9.803057 13.84616
©AI/UI@TRIONet_782 [V] -43.12992 59.74532 102.8752
Al 1/11@TRIONet_782 [A] -0.149012 -0.251532 -0.102520
@A 1/12@TRIONet_782 [A] -0.138283 -0.061989 0076294
SA1/13@TRIONet_782 [A] 0.047684 0.041723 -5.960e-3
U_fund_SYM+_rc@POWER/0 [V] 321.1608 319.6573 -1.503448
B U_fund_SYM-_rc@POWER/0 V] 2392639 2401195 0855560
®1_fund_Q_SYM+_rc@POWER/0 [A] 0.054048 0.053719 -3.200e-4
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.037240 0.036438 -B017e4
_t_rc@POWER/0 [W] 5544020 T.018120 1474091
®Q_fund_rc@POWER/0 [var] 3822000 3472601 -D.494007
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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, fault duration

o]
K VAV EVAVAVAVAVAVAVAVAYATEVAVAVAVAVAY W\/’VV\NV\N\ ’V\NV\/VV\N N N\/V\/\N\v JV\NV\/V\I\N\/\/\J\/\/\NV‘ ARG @
1 TVAVAY. &9, - I A
. J:
L et AVA [AVAVAVAVAVAYAVAYA VAVAVAVAVAVAVAVAVAVAVAVAVAY IV ‘ ! >
i WMVWVM»%/V\W\A{V\/V\MJ\MI\/V\/V\NVV P P S D e P e
| o i R
| i ixi
B T
‘ B e S e Q
N |:
| L ST
01500 [~] 01530 = 1600
A B AR
Bl [s) 0c15.3245544 C1S.TTSETS0 04511255
®A1UI@TRIONet_782 [V] 4698715 -533.0612 -1062.933
B A 1/UI@TRIONet_782 [V] -68.29691 53.68495 1219819
A 1/UI@TRIONet_782 [V] 16.52265 3.106833 -13.41581
Al 1/11@TRIONet_782 [A] -74.45455 30.73335 105.1879
WAI1/12@TRIONet_782 [A] -181.7330 2553463 4371393
B A 1/13@TRIONet_782 [A] 255.7624 -286.8676 -542.6300
U_fund_SYM+_rc@POWER/0 [V] 3252469 3243203 -0.917633
B U_fund_SYM-_rc@POWER/0 [V] 27.0m 23,1498 1022720
®1_fund_Q_SYM+_rc@POWER/0 [A] 1585117 160.8034 2201612
®1_fund_Q_SYM-_rc@POWER/0 (A] 7466910 -T1.32719 -2.658096
@P_t_rc@POWER/0 W) 2749713 s019.521 3269.808
Q_fund_rc@POWER/0 [var] 58640.99 5844550 -195.3084

Test no. 2.4.1 Two phase to earth fault (type E)
U/Un 0 1 .u, P=20%Pn, Injected reactive Current after 60ms

. 4 4Y4TA .WJ\!\MJ\JVU\-J.\J\,NX,M\J.\AN

| e e W N N AN A oo oo oo
| e e s NP A AP PP INAI A A s b smmnrr

| o T \::@"@

3
. * B
R O T T TS & T T S TLCLLLCECELELELEECECECEL e e E e E R P EE PSP EEEEE SR I EE T ‘
T15m =0 O 1550 ] 60 635 [
A B AR
[EL- 18] 0:15.2810248 ©:15.3413727 0.0603479
@A 1LUI@TRIONet_782 [V] -194.9263 -135.3185 50.60679
B A 1/UI@TRIONet_782 [V] ~445.7605 -53.15733 392.6032
S A/UI@TRIONet 782 [V] 632.9706 64.54420 -568.4264
Al 1/11@TRIONet_782 [A] -17.19713 -125.6037 -108.4066
SA1/12@TRIONet_782 [A] ~48.37036 95.57248 143.9428
@A 1/13@TRIONet_782 [A] 65.17053 29.18959 -35.98094
U_fund_SYM+_rc@POWER/0 [V] £00.1316 252123 4748583
B U_fund_SYM-_rc@POWER/0 [V] 0.952839 237.3800 2364272
®1_fund_Q_SYM+_rc@POWER/0 [A] 0049228 161.5306 1615739
®1_fund_Q_SYM-_rc@POWER/0 (A] -0.356834 -76.53929 -76.18246
®P_t_rc@POWER/0 W) 6557281 5147.644 -50425.17
®Q_fund_rc@POWER/D [var] -68.52951 59545.95 5961551
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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, Injected reactive Current after 120ms

wer = =]

10%UN_2ph to earth_20%PN__173811.dmd - OXY¢

@
. =
¥ AVAVAVAVAVAVAVAVAVAVAVAVAVATAVAVEY ®
R S —— Sl S £
&
| : ! ¥
5 ; A ~
et bt UL AVAVAVAYA VAVAVAVAVI VAVAVAVAVAYATAVAVAVAVAY. »
. MVWWN»\;‘V\JNI\‘ S A AT AT AT AT A LA VAVAVAVAYATATETAI VAV
{ | (e g
1 e =
°’o— -
B T B B R T o O OO [ DI PIPOPOPPOITS M Pt oo
. .
P e FrEey = i i = s .)‘
A L} HFE
B (5] 015.2810248 0:15.4007313 0.1197065
@A 1U1@TRIONet_782 [V] -194.9263 -254.1056 -59.17931
B Al 1/U2@TRIONet_782 [V] -445.7605 -47.89758 3978629
@ Al 1/U3@TRIONet_782 [V] 632.9706 7228184 -560.6888
Al 1/1I@TRIONet_782 [A] 1719713 -127a117 -109.9145
BA 1/12@TRIONet_782 [A] -48.37036 155.4012 203.7716
@A 1/13@TRIONet 782 [A] 65.17053 -29.24204 -84.41257
U_fund_SYM+_rc@POWER/0 [V] 8001316 3252733 4748583
B U_fund_SYM-_rc@POWER/0 [V] 0.952839 237.TT62 236.8233
®1_fund_Q_SYM+_rc@POWER/O [A] -0.040228 1607511 160.5003
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.356834 -T1. 4576 7658892
@P_t_rc@POWER/0 (W) 6557281 5822.322 -50650.49
#Q_fund_rc@POWER/0 [var] -68.82051 5aT22.08 5879091

Test no. 2.4.1 Two phase to earth fault (type E)
U/Un = 0.1 p.u, P=20%Pn, Active power recovery time

Hos-~wpmoii of

»
L e L e
b oo leTITIIIIIIIIIIIIIIIIIIIIIIIIIfIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .
JJLEEEEE] EEEE T SRS S SETESS | L ECESSTEEEEEH HE Treerees | EEEEEIETTEn i
e1500 01525 01550 v @ [:] 21600 01625 [|
A ] HR
Bl (s 0£15.7806265 0:15.8538355 0.0732090
@A 1/UI@TRIONet_782 V] -268.3849 -367.0376 9865261
B Al L/U2@TRIONet_782 [V] 4424572 647.5204 E9LTTSL
A L/UI@TRIONet 782 [V] 63.28063 -276.6781 -345.9587
Al 1/11@TRIONet_782 [A] -133.0316 -2T.44794 105.5837
BA1/12@TRIONet_782 [A] 1728344 65.53054 -107.3039
® Al 1/13@TRIONet_782 [A] -40.51686 -38.48434 2032519
U_fund_SYM+_rc@POWER/D [V] 3243480 T99.7660 4754180
8 U_fund_SYM-_rc@POWER/0 [V] 2381629 3978916 -234.1840
®1_fund_Q_SYM+_rc@POWER/0 [A] 160.8410 0651828 -160.1891
®1_fund_Q_SYM-_rc@POWER/o [A] 7734657 0326827 T1.67340
@P_t_rc@POWERj0 W) 6001364 8400172 5800036
®Q_fund_rc@POWER/D [var] 58462.33 905.2068 -57557.12
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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, fault duration

* SG320HX_10%UN_2ph to earth_100%PN_174204,

AmEE

ARV

e A A Y AT A AV AV VAV AV AV AV AVAV AV AVATAVAY A VAV AV ATAVAVAVAVATAYA V“\JW
AT AR N VAN ANAAAANAANAAY

BHeps~wmoii of

Bl (s 0:15.918114 0016.389384. 0.471269
@A 1/UI@TRIONet_782 V] 5200119 6294632 -1149.475
B Al 1/U2@TRIONet_782 V] -66.81562 45.90481 113.7204
B A 1/UI@TRIONet_782 [V] 10.566T1 1647449 5907774

Al 1/11@TRIONet_782 [A] -53.76458 19.55867 7332325
BA1/12@TRIONet_782 [A] -170.2738 2742851 434.5589
® Al 1/13@TRIONet_782 [A] 2236843 -294.5650 -518.2483

U_fund_SYM+_rc@POWER/0 [V] 324,623 3246207 -2.930e-3
B U_fund_SYM-_rc@POWER/0 [V] 237.4960 237.8484 0352417
®1_fund_Q_SYM+_rc@POWER/0 [A] 1142638 160.8470 4558315
®1_fund_Q_SYM-_rc@POWER/O [A] 2085065 -T7.34363 5643298
@P_t_rc@POWER/0 [W) 5419451 6261682 ST19.737
#Q_fund_rc@POWER/0 [var] 5567484 58567.55 2802719

Test no. 2.4.2 Two phase to earth fault (type E)
0.1 p.u, P=100%Pn, Injected reactive Current after 60ms

mk
A Y A AT AT ATV AV AV VA VATAVAVAVAVAVRATAVAVAVATATAVAVAVAVA (o1 ¢ o)
e B
R T YT A A YT T VA AT A AT AV A A T A e A YAV AV AV AA VAV AYATA VAVAVAVAVAVATAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAVA VAWL >
[ AN A R AT A AN W A A S AN N AT
d | f i : | =
N — R =
p g 6 O
Bt (s o:1s;svr)2 0:15.955418 0.059686
@A 1/UI@TRIONet_782 [V] 1230012 5159068 -71.53655
B A1 /U2@TRIONet_782 [V] -476.5358 -66.47063 410.0652
©AI/UI@TRIONet_782 [V] 3824601 63.93147 -318.5287
Al 1/11@TRIONet_782 [A] 64.73542 -118.5763 -183.3117
@A 1/12@TRIONet_782 [A] -396.1671 16.74056 412.5076
SA1/13@TRIONet_782 [A] 3315985 101.3887 -230.2098
U_fund_SYM+_rc@POWER/0 [V] 8006142 325.9688 ~474.6454
B U_fund_SYM-_rc@POWER/0 V] 1188128 2368211 235.6329
®1_fund_Q_SYM+_rc@POWER/0 [A] 0.027490 161.0864 161.0589
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.386408 ~T6.59077 -76.20437
@P_t_rc@POWER;0 [W] 3196565 6784208 3128722
®Q_fund_rc@POWER/0 [var] 3728475 5052379 50486.50
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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, Injected reactive Current after 120ms

. 10%UN_2ph to earth_100%PN_174204.dmd - OX

ATEVAATAVAVAYAVAVATA AVAVATAVA \/\/\1 AATATAY \TAVAVATAVAVATATAVAVANAVE

[ A AN AN A A A A A A AT A A A A AN A N A A A
L MANVANAANV AR AN AN AN A AN AR AN AANAN AT

B8 [s] 0:15.895732 0:16.016347 0.120615
@A 1/U2@TRIONet_782 V] -4T6.5358 -T223416 4043017
® Ml 1/UZ@TRIONet_782 V] 3824601 4027653 -342.1836

A 1/11@TRIONet_782 [A] 6473542 -83.20789 -153.9433
@A 1/12@TRIONet_782 [A] -396.1671 -57.80697 338.3801
@A 1/I3@TRIONet_752 [A] 3315985 146.7168 -184.8817

U_fund_SYM+_rc@POWER/D [V] 8006142 325.5586 475,055
8 U_fund_SYM-_rc@POWER/0 [V] 1.188128 2376474 2364593
®1_fund_Q_SYM+_rc@POWERJO [A] 0.027430 160.8381 160.9106
1_fund_Q_SYM-_rc@POWER/0 [A] -0.386408 -77.39085 -T7.00414
®P_t_rc@POWER/0 W] 319656.5 5570610 3137859
®Q_fund_rc@POWER/O [var] 37.28475 58889.34 58852.06

Test no. 2.4.2 Two phase to earth fault (type E)
U/Un = 0.1 p.u, P=100%Pn, Active power recovery time

X_109%UN_2ph to earth_100%PN_174204.dmd - OX

-'u\,vmﬂ;fwm/\mwmwm T T T R e A AT Vm JW an\f\;
. WAV WJ\/W“\I\MJWW“MJ\A ARG ATV

B (=) 0:16.393114 0:16.957642 0564529
®Al ULETRIONet 782 V] 3947045 4693171 864.1716
B A 1/U2@TRIONet 782 V] -31.62170 -626.7071 -595.0854
® Al 1/UI@TRIONet_752 V] 67.88397 163.0688 95.18481

Al 1/11@TRIONet_782 [A] 1147199 2253509 340.0707
@A L/12@TRIONet_782 [A] 218855 -303.4353 -525.3208
@A 1/13@TRIONet_782 [A] -107.5649 T8.41230 185.9772

U_fund_SYM+_rc@POWER/0 [V] 3206499 8004799 a75.8300
®U_fund_SYM-_rc@POWER/0 [V] 2378707 0937115 -236.9336
®1_fund_Q_SYM+_rc@POWER/0 [A] 160.8458 1778304 ~159.0675
®1_fund_Q_SYM-_rc@POWER/0 [A] -T7.33560 -1.228323 T6.10728
®P_t_rc@POWER/0 [W] e2m0.792 3208932 3146224
®Q_fund_rc@POWER/0 [var] 58575.32 2463.489 -56111.83
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Time .
Item No. Parameter Phase reference B AN Unit Measured value
0 Test number -- -- -- 1.3.1 1.3.2
1 Phase 1 461.9 463.4
2 Voltage Phase 2 0-S00ms o ti- | yyns [ 460.4 459.6
100ms
3 Phase 3 462.2 462.2
4 Phase 1 47.2 233.8
B_efore 5 Current Phase 2 t;-500ms to t; - Arms 47.0 2315
dip<ty 100ms
6 Phase 3 47.1 232.8
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.01
8 total 100ms w 65209 322329
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.01 0.01
10 total 100ms var 2278 5381
11 Phase 1 235.2 235.2
12 Voltage Phase 2 “*1?200Tnsst° 2| vims | 2356 2355
13 Phase 3 234.9 235.2
14 Phase 1 243.6 244.0
15 Current Phase 2 rloms 0k | ams | 2434 2437
16 Phase 3 243.5 243.6
_ 17 Total fault duration All phase titot ms 1501 1502
During 18 Positive sequence p.U. 0.52 0.52
diptitots Reactive power
19 total var 166376 167672
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 1.02 1.03
21 Positive sequence -20ms p.u. 0.13 0.12
Active power
22 total w 43083 38911
23 Active current Positive sequence p.u. 0.26 0.24
24 Reactive Current | Positive sequence t1+60ms p.u. 1.08 1.07
25 Reactive Current | Positive sequence t1+120ms p.u. 1.02 1.02
26 Phase 1 463.0 462.2
27 Voltage Phase 2 to+1s Vrms 460.6 461.5
28 Phase 3 460.9 461.6
29 Phase 1 47.3 233.6
30 Current Phase 2 to+1s Arms 47.9 232.8
After 31 Phase 3 47.0 232.8
dip > t2 32 Positive sequence p.u. 0.20 1.01
Active power to+1s
33 total w 65208 322790
34 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
35 total Var 2876 6956
36 Active power Positive sequence . ms 603 593
recovery time
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Test no. 3.1.0 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=0, Fault Duration

N e R e R A e R
e e e e e e L
g H|H|H|I\II\|\H‘Hu\'H‘H‘\"|||||'|“WH‘\"\‘H”l"l'll'll‘ e AR AR
O 1 a1 bkl Wl (1
g e O (el Rttt et R R L
o 2l llal e e e ) L A A e |||||||h\||||||H\HHHHIlIII
Eﬂ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
=1 O
L et T T e T e ISR R
.-

) 01400 0:16.00 0:18.00 D 0:20.00 02200 =2

A B HE HxiE

B [s] 0:17.057324 0:18.559651 1502327

sUL V] -262.5326 -301.9352 -19.40262 233.2756

su2[V] 649.5048 256.8133 -392.6915 233.1175

suz V] -370.5799 4480505 4153849 232.9580

®I1[A] -0.267143 -0.555515 -0.288367 0475478

®I12[A] -0.419259 -0.268698 0.150561 0.303821

oIz [A] -D.655890 -0.715852 -0.059962 0.420635
st |

1.500-1.500

1.500-1.500

500

1.500-1.500

500

PU[A] ®iq+ PU[A] ®ip PU[A] ®ips PU[A] ®U-_PU[V] ®Us PU

L500-L

Ig-_
-L500

o120 0140 0160 o1z D 0200 020 0240 0:260 =2

A B HE

BYid] [s] 0:17.08347 0:18.56894 148547
SU+_PUV] 0.598615 0.546501 -0.052114
@U-_PU V] 0.073654 0.044579 -0.029075
@1p+_PU [A] -5.276e-6 -2.07%e-4 -2.026e-4
®lp-_PU[A] 223465 545165 7.745¢-5
®lg+_PU [A] 357664 3.623e4 1,696
Ig-_PU [A] 1.068e-4 -5.654¢-5 -1633e-4
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Test no. 3.1.1 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=20%Pn, fault duration

N A A A A A A VA A ARV
. i
B A A AU 4
.: ' v"ulu" mﬂmﬂmﬂmm
ff e e
® TR
‘|
o ! / =
< '
.
° g |
0:17.00 0:18.00 [ =] 0:15.00 0:20.00 [ ]
A B Delta Avg RMS
Time [s] 0:16.828799 0:18.329948 1.501150
|ui] -TT.25442 158.2673 235.5217 0. 730005 235.0717
@|uzpM -525.6934 -563.9093 -38.21588 -0.565921 235.9257
"suz v 556.0549 409.5291 -186.5258 0207721 235.4080
@11 [A] -5.617261 -294.5622 -288.9450 -1.464T90 241.0173
@12 [A] -53.34890 43.74028 o97.08918 -0.200e-3 240.6925
"Iz [A] 61.92243 250.6451 188.7226 0.809123 240.5531
|uU+_PU V] 0.999051 0.508706 -0.420345 0.513085 0.514395
@ip+_PU[A] 0.203685 0.264375 0.060680 0.261612 0.261948
Wig+_PU [A] -2.075e-4 1.019935 1.020142 0.988529 1.003249
®lp+_PU [W] 0.203511 0.134495 -0.069016 0.134087 0.134376
®Ig+_PU [var] -2.073e-4 0.518869 0.512076 0.503490 0.510991
@ P_t@SGC320HX [W] B5290.28 43006.61 -22283.68 43305.15 43492.99
2 Q_t@SGC320HX [var] 2454678 166168.4 183713.7 158855.4 162333.2
Test no. 3.1.1 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=20%Pn, Injected reactive Current after 60ms
o :W\/\J\JWAWWWJ
. ir"\/\/\/ N e e T T e T e e T e T T T e T e e T e T T T T T
H )|
S arae v WAL VAVAVAVAVIVAVAVAVAVAVAVYAVAVAVAN
. i
<
- |
.
.
0:16.800 [ & BEE) 0:17.000 0:17.100 o:17 i
A B Delta Avg RMS
Time [s] 0:16.828239 0:16.888034 0.059795
|ui] -179.1207 -110.0823 62.03340 0.594972 235.0014
|uz -457. 7264 -219.5636 238.1628 -5.383234 245.5147
ouzM 6304504 3292821 -301.1784 5636243 246.5605
@11 [A] -19.02461 -351.1493 -332.1247 -10.68750 157.0732
@12 [A] -47.55T95 206.0733 253.6312 T.144775 162.3T716
@Iz [A] 62.57379 146.3868 84.31304 3263741 158.6998
S U+_PU V] 0.999051 0.512088 -0.436963 0.603939 0.624406
@ lp+_PU [A] 0.203685 0.183353 -0.020342 0.210634 0.212383
W ig+_PU [A] -2.075e-4 1.079635 1.079843 0.221102 0.410678
@Iip+_PU W] 0.203511 0.093897 -0.109613 0.128416 0.134724
®Iig+_PU [var] -2.073e-4 0.552892 0.553100 0.112779 0209669
®P_t@5G320HX [W] 65290.28 36541.58 -28748.70 50914.61 528T75.85
2 Q_t@SGC320HX [var] 2454678 5284477 50390.09 17r23.18 2T7284.11
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Test no. 3.1.1 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=20%Pn, Injected reactive Current after 120ms

J\/WMWWW
N AN AN N N e I NP e N e I e N T L
PN S N T N N NI N T N Nl e N N N o
SaVAVIAVAVAVAVAVIVAVAVAVAVIAVAVAVAVAY
el W VA A A Y A Y AV AV AV AYAVAY
Y N Y A Y A Y A A A A AT ATAYS

e s o

I

N2EDIZN

L DS D D DY

.
0:16.800 0:16.900 D 0:17.000 0:17.100 o7l
A B Delta Avg RMS

Time [s] 0:16.828239 0:16.948368 0.120129

[ 1'sNi] -179.1207 -T9.21496 @9,90621 0547671 235.1T707
au2z N -A57.7264 -241.5925 216.1338 -3.302834 241.0130
-uz 6304604 318.1493 -312.3111 3.493990 241.4057
@11 [A] -19.,02461 -358.7T218 -339.6971 -6.158397 205.7T2T9
[ 1)1} [ﬂ.] -47.55T95 175.5122 223.0702 3.7T85526 2072084
L k] [.ﬂ.] 62.5T3T0 1837287 121.1549 1.833354 2056133
[ ] U+_PU M 0.999051 0.510363 -0.488688 05572325 0.570164
[ ] |p+_Pu [A] 0.203695 0.263003 0.059308 0232173 0.234812
[ ] |q"_Pu [A] -2.075e-4 1.019825 1.020032 0.630040 0.788110
[ ] |p+_Pu ] 0.203511 0.134233 -0.069278 0.128957 0.132522
[ ] |I"’_Pu [war] -2.073e-4 0.520503 0.520710 0.321985 0.402863
®P_t@5G320HX [W] 65290.28 43377.29 -21912.99 45810.26 47653.99
.Q_t@SGBZOHX [war] 2454678 166180.2 163725.5 83042.28 114T718.6

Test no. 3.1.1 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=20%Pn, Active power recovery time

|
;

i

™

=

=

L

=,

]

.

=

.

E

™

o i—

° | ! '\

T

e i .

(=

A

0:17.00 0:17.50 0:15.00 0:18.50 [ & LT 0:15.50 [}
A B Delta Avg RMS

Time [s] 0:18.323496 0:18.926142 0.60264T7
[ LTERLY) -325.4852 -511.1323 -185.8470 -2.839325 450.3168
@Suz ] 217.5465 -99.33645 -316.9329 1.605619 458.9542
Uz 11&.3210 B01.83626 435.5416 -0.014933 458.6621
@I1[A] -28.52345 -4T.42599 -18.20254 -3.536933 59.78873
@2 [A] 302.0752 -14.55879 -316.6340 1.837321 60.68514
Wiz [A] -2T74.9406 60.95493 335.8956 0.704124 58.97395
|uU+_PU V] 0.508757 0.999305 0490548 0.984374 0.98T063
®Ip+_PU [W] 0.134320 0.202627 0.068307 0.207511 0.213767
®Ig+_PU [var] 0.519135 1.915=3 -0.517220 0.041481 0.115650
@ P_t@SG220HX [W] A42928.29 B4045.88 21117.58 B5641.65 BTES9.07
2 Q_t@SGC320HX [var] 166295.1 5604.298 -160690.8 24526.06 53260.77
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Test no. 3.1.2 Three phase symmetrical fault type A)
U/Un = 0.5 p.u, P=100%Pn, fault duration

.o
R T N L
B e e A ) o
® i
e
oA A A Aot YA A A A AN A
.
e \,— o
. i /
.| A
e
e i
0:14.00 0:15.00 [& ] 0:16.00 017 i
A B Delta Avg RMS
Time [s] 0:13.845597 0:15.347256 1.501659
|ui] -141.0654 199.7631 340.8284 0.855045 235.1632
@|uzpM -487.8346 -590.6638 -102.8292 -0.732636 2361730
Uz B1T.T369 395.1757 -222.6112 0.3484337 2357721
@11 [A] -67.44564 -314.9325 -24T7.4368 -0.528651 2424362
@1z [A] -241.9077 AT.25015 280.1579 -1.343757 2421685
w2 [A] 3121627 266.0115 -46.15116 1.061962 2416913
|uU+_PU V] 0.999658 0.508486 -0.491212 0.513579 0.515013
@ip+_PU[A] 1.007615 0.224877 -0.782738 0.250665 0.264214
Wig+_PU [A] -1.854e-3 1.02958T7 1.031440 0.997700 1.011580
®Ip+_PU [W] 1.007354 0.114352 -0.893002 0.131585 0.152671
®Ig+_PU [var] -1.853e-3 0.523553 0.525406 0.508395 0.515453
@ P_t@SG220HX [W] 322325.7 3657126 -285754.4 4T244,15 B5E20.60
2 Q_t@SGC320HX [var] 5666.141 167T756.6 162090.5 161045.9 163895.1

Test no. 3.1.2 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=100%Pn, Injected reactive Current after 60ms

. :/\WMW\JWWA
. ﬁ\/’\f\/\/\/\j’\/\/m#mmw
N N N N N N N N e W N N Y N N Y N Y VAV VN
. 0:12.700 0:12.800 r/-/n_;ﬁ 0:14.000 0:14.100 LB

A B Delta Avg RMS

Time [s] 0:13.845942 0:13.906574 0.060632

®vU1 V] -53.34866 30.76112 84.10979 1408370 233.6750
su2 N -543.2326 -305.6569 23T.5757 -7.448573 243.9340
suz N 589.5933 275.7960 -314.0973 6.9725T7 243.2870
®11[A] -16.46686 -329.2530 -312.7861 -7.618685 202.4347
@12 [A] -276.0899 48.97225 325.0622 5.342526 201.5261
®12 [A] 290.8660 282.0270 -8.839012 1.802269 188.1799
S U+_PU V] 0.995709 0.514049 -0.485660 0.602006 0.621815
®lp+_PU [A] 1.007542 0.185179 -0.522364 0.520556 0.596136
®Iig+_PU [A] -1.920=-3 1.074344 1.076264 0311014 0.524286
®1p+_PU W] 1.007292 0.095195 -0.912057 0.352216 0.455648
®Ig+_PU [var] -1.920=-3 0.552289 0.554209 0.159663 0.268729
®P_t@5G320HX [W] 322325.7 31399.94 -290925.7 167198.3 211222.9
®Q_t@5G220HX [var] 5666.141 178177.6 172511.4 65328.60 93412.95
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Test no. 3.1.2 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=100%Pn, Injected reactive Current after 1220ms

N N N N N N Y e D D D D
" |
P B Tl L N N I N I
- ANV AV AVAVAYIAVAYE L] [~
P R e N G N S T P P
NV AVAVAVAVAY AVaws ] —~—
B O N N R I N N Y A Y Y AV AY LAY
N N Y Y A A Y S N A Y A AN A A AAN Y.
.
.j P
.j i
.j i
.j i
. —
. =
0:13.700 0:13.800 0:12.900 B 0:14.000 0:14.100
A B Delta Avg RMS
Time [s] 0:13.8459432 0:13.966T08 0.12076T
|ui] -53.34866 5443728 107.7859 1.362894 2349309
|uz -543.2326 -311.5599 231.6727 -4,139599 240.T8T2
ouzM 589.8933 259.0379 -330.8554 3632116 2402144
@11 [A] -16. 46686 -316.6824 -300.2155 -4,073T6T 224.5911
@1z [A] -2T6.0899 30.14302 306.2329 1.455509 224.1845
@iz [A] 290.8660 283.8476 -T.218481 1.990394 2181121
@ U+_PU V] 0.999709 0.512349 -0.487360 0.55T601 0.5T0093
@ lp+_PU [A] 1.007542 0266726 -0.740817 0.323706 0.462007
W ig+_PU [A] -1.5920e-3 1.020577 1.022497 0.66T987T 0.814097
@Iip+_PU W] 1.007292 0.136662 -0.8T0630 0.244584 0.336491
®Iig+_PU [var] -1.5920e-3 0.522913 0.524833 0.342847 0.417703
@ P_t@5G320HX [W] 322325.7 43726.31 -278599.3 1212447 169212.2
2 Q_t@SGC320HX [var] 5666.141 1674352 161769.0 103887.0 126716.0
Test no. 3.1.2 Three phase symmetrical fault (type A)
U/Un = 0.5 p.u, P=100%Pn, Active power recovery time
3, ANV AAWAWVAWWVWVWWWWANWANAAWWIVWAANVANWWV
5 PV % AN

A ATATATAT VAR ATAVVAVAVAVIVAVAVAVATAVAVAVAVIVAVAVAVAVAY FAVAV FAVAVAAVAVAVAVAVAVAVAVAVAVAVAVAVAVANAY!
AWV AN
AVATIVAY P VARV VAVIVATAY VAVAVAVAVAVAVAVIVE FVAVLEAVAVAVAVAVAVAVAVAVAVIVAF VAVIVAVIVAVAVL
AN A~ AN AN W WWNVY
VA~ A A ANV AN,

L@ SUL ] OB [A]®I[A]®L[A]8U...]

N

.

e i e |

e \kk

0:15.00 0:15.25 0:15.50 0:15.75 _ﬁ 0:16.00 0:16.25
A B Delta Avg RMS

Time [s] 0:15.343975 0:15.937361 0.593387
@uiv] -216.6662 -250.5376 -33.8T141 3735672 450.3731
@suz V] -118.6102 645.5421 TE4.1522 -2.510615 4500799
"suz v 326.25T8 -400.6168 -T26.8746 -2 A83780 450.3241
@11 [A] -284.4308 -132.9225 161.5082 -4,800671 191.6283
@12 [A] 2TT.6290 340.3288 62.69980 0.178685 189. 7270
w2 [A] 15.15246 -206.4105 -221.5630 3.028343 191.2627
|uU+_PU V] 0.508611 0.999323 0490713 0.986811 0.988931
®1p+_PU [W] 0.114612 1.005808 0.891196 0.763291 0.801014
®Ig+_PU [var] 0524011 T.611e-3 -0.516400 0.031960 0.109938
@ P_t@SGC320HX [W] 3T035.83 318314.3 2812785 235447.5 250950.6
2 Q_t@SGC320HX [var] 167633.9 12217.98 -155415.9 28430.51 57553.22
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Time .
Item No. Parameter Phase reference reference Unit Measured value
0 Test number -- -- -- 331 3.3.2
1 Phase 1 461.4 460.6
t1-500ms to t; -
2 Voltage Phase 2 100ms Vrms 460.2 462.7
3 Phase 3 462.9 462.0
4 Phase 1 47.1 2324
g)igfgrte 5 Current Phase 2 t1-501%r8;sn;0 1 Arms 47.0 233.9
1
6 Phase 3 47.2 232.7
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.01
8 total 100ms w 65170 32351
9 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.01 0.01
10 total 100ms var 2468 5469
11 Phase 1 234.0 233.9
12 Voltage Phase 2 im0k | vims | 4621 462.8
13 Phase 3 462.2 462.4
14 Phase 1 167.4 210.9
15 Current Phase 2 om0t | ams | 487 88.2
16 Phase 3 125.2 207.5
During 17 Total fault duration All phase titot ms 1501 1500
dip t1 to 18 _ Positive sequence p.u. 0.30 0.29
t Reactive power
2 19 total var 102099 90723
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.35 0.34
21 Positive sequence -20ms p.u. 0.20 0.51
Active power
22 total w 62429 162539
23 Active current Positive sequence p.u. 0.23 0.61
24 Reactive Current | Positive sequence t1+60ms p.u. 0.38 0.37
25 Reactive Current | Positive sequence t1+120ms p.u. 0.35 0.34
26 Phase 1 460.3 462.5
27 Voltage Phase 2 to+1s Vrms 461.6 462.4
28 Phase 3 462.7 460.5
29 Phase 1 47.9 233.1
30 Current Phase 2 to+1s Arms 47.1 233.1
After 31 Phase 3 47.2 231.2
dip > t2 32 Positive sequence p.u. 0.20 1.01
Active power to+1s
33 total w 65185 322692
34 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
35 total Var 2805 7102
Active power Positive sequence _
36 recovery time ms 680 582
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Test no. 3.2.0 single-pole short circuit with earth (type B)
U/Un = 0.5 p.u, P=0, Fault Duration

E ||"\"\|\| R AL "\”|"|\|\ L) W"\"U Iy |\"\"\| (RN R AN
L b b el L Lt bt
T e ey
Bt bl b b b L
= (RS AL L L L R
E ot L Lt gl Al
EQ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
=1 |
L R T e e S e B
Eﬂ ____________________________________________________________________________________________________________________________________________________________________________

) 0140 0160 [~] [ &) 0200 0220 = |

A B HE HxiE

BYid] [s] 0:16.52691 0:18.02887 150197

sUL V] 217.3809 630.1054 412.7245 231.9289

su2[V] -638.1160 -447.3384 1907777 4615823

suz V] 2102580 -189.6702 -399.9292 461.2031

®I1[A] 0254273 -0.391960 -0.646234 0471135

®I12[A] -0.211477 -0.367641 -0.156164 0309919

oIz [A] 0.404239 -0.108600 -0.512838 0471050

01400 01600 oo 0:20.00 02200 =2

A B HE

BYid] [s] 0:16.547533 0:18.006995 1459462
®U+_PU V] 0833979 0.832560 -1.419e-3
®U-_PUV] 0.164966 0.165954 9.879e-4
®1p+_PU [A] 2.589e-5 2.301e-5 -2.880e-6
®1p_PU [A] 16334 1.696e-4 6.315-6
®lg+_PU [A] 5.206e-4 5.083e-4 -1.225e-5

1g_PU [A] 3.272¢4 3.241e4 -3.078e-6
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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, fault duration

A A A A rneneneansnsnnrnens
"
S
-
! .
e
o
n{ 0:16.00 [ & ] 017,00 0:18.00 [}
A B Delta Avg RMS
Time [s] 0:15.003567 0:16.504521 1.500954
|ui] 115.1298 404.0343 288.9044 1.058236 233.9860
@|uzpM -641.6054 -647.1298 -5.524397 -0.526190 452.5348
Uz 43T T390 2427144 -185.0255 0.20T082 4523877
@11 [A] 36.81159 -125.0237 -161.8353 -0.309537 166.1462
@1z [A] -T0.18936 2.372384 T2.56175 -5 72e-3 4866266
w2 [A] 36.58140 1250627 8848131 0.120501 1244094
|uU+_PU V] 0.998758 0.839904 -0.158854 0.837174 0.83T7242
@ip+_PU[A] 0.204019 0.231330 0.027311 0.233497 0.233659
Wig+_PU [A] -1.198=-3 0.358376 0.358574 0.344386 0.348587
[ ] |p+_P|J ] 0.203775 0.194304 -9.471e-3 0.195465 0.195595
®Ig+_PU [var] -1.196e-3 0.301015 0302211 0287979 0.291493
@ P_t@SG220HX [W] 6507461 B2391.14 -2B683.469 B62185.53 BZ2202.52
2 Q_t@SGC320HX [var] 2584.175 101753.1 ‘99168.93 99392.70 100562.3
Test no. 3.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.5 p.u, P=20%Pn, Injected reactive Current after 60ms
.
.: ai/'_“\/_'\_/_\_/ I T T o B, R N
.
S e B
i ]
1 e
e
o
014,850 PR - ] s IED 0:15.100 0:15.150 [ ]
A B Delta Avg RMS
Time [s] 0:15.003295 0:15.06335T7 0.060082
|ui] 89.12874 94,37991 5251170 1.399076 2340135
|uz -626.0116 -631.6623 -5.6506840 -2.143776 451. 7953
ouzM A68.08TT 451.T95T -16.29198 1.969528 4651.8482
@11 [A] 3449273 -165.6839 -200.1766 -10.39316 129.5187
@1z [A] -T6.13051 15.52308 91.65359 -1.308871 45 4TTES
@iz [A] 43.38634 147.2219 103.8356 11.51737 ‘G8.56563
@ U+_PU V] 0.999041 0.836408 -0.162633 0.863324 0.864T35
@ lp+_PU [A] 0.203539 0.208304 4. Te6e-3 0.157038 0.198190
W ig+_PU [A] 1.042e-4 0.377930 0.377825 0.123709 0.195600
@Iip+_PU W] 0.203352 0.174235 -0.029117 0.170516 0172181
®Iig+_PU [var] 1.041e-4 0.316117 0.316013 0.103401 0.163536
®P_t@5G220HX [W] B5074.61 56240.12 -8834.492 S5TT02.46 57864.76
2 Q_t@SGC320HX [var] 2584.175 109275.4 106691.3 50512.74 BBET5.91
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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, Injected reactive Current after 120ms

i m/wmmvw
o
.: *JW\MW\_/\/—\_/%
i =
H 8 S
-
ey e e—— e ]
® i
e S A U [ S NUS— e
dw
.
P
014,850 PR - ] 0:15.050 0:15.100 [ & ] 0:15.150
A B Delta Avg RMS
Time [s] 0:15.003295 0:15.123620 0.120325
|ui] 89.12874 123.8401 24.T1136 1475592 2344133
|uz -626.0116 -648,9939 -22.98224 -2.T1TZ18 462.31T4
ouzM A68.08TT 411.8525 -56.23520 2.250553 451.8884
@11 [A] 3449273 -152.3010 -186.7937 -5.011472 149.6T724
@1z [A] -T6.13051 15.65695 91.7T8746 -0.686350 47.85325
@iz [A] 43.38634 136.4609 93.07457 5432612 1127141
@ U+_PU V] 0.999041 0.836522 -0.162519 0.849904 0.850752
@ lp+_PU [A] 0.203539 0.235281 0.031742 0.215414 0.216T65
W ig+_PU [A] 1.042e-4 0.353654 0.353650 0.238928 0.286087
@Iip+_PU W] 0.203352 0.196826 -6.526e-3 0.183043 0.184282
®Iig+_PU [var] 1.041e-4 0.295852 0.295748 0.199826 0.239288
®P_t@56G320HX [W] 65074.61 62557.20 -2517.414 59834.00 59974.06
2 Q_t@SGC320HX [var] 2584.175 102069.00 ‘99484.84 TZT718.38 83923.43

Test no. 3.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.5 p.u, P=20%Pn, Active power recovery time

s W AWWAIIAMAAAAAMAAAAA AW AAAAWAAAVAAAWAMAAAAAN
.
s (WIWAWWWWWWWWRWWWWWWWWWWWWWWWWWWWWWWIRAWWWWWWWAWAAWVWAAWWAN
3 JVWWWWWAWWWAWWWWWWWWWWAWWWAWWWIAWWWWWWAWWAWWWAWWWWY
s 1
=g
S AAAMAAAMAAAAAA R A b ]
.
I
= B i i i T e L Bl i o i L B i e Y
®
=i
FRMLLY LY VYV TV VU iyt Mytgipiysgiyyigaypyiy Iigiyiyypupny yiyipn ptpppyageyagayiguyayl GRpayapapaysgpsgupys SyRgEyIgagappaegappny
=4
T4
e | |-
—~
° ! hu
&
e | Ea
2
e !
016,25 oll¥o 0:16.75 017,00 ) oriras 0:17.50 017,75 o
A B Delta Avg RMS
Time [s] 0:16.500467 0:17.180018 0.679552
[ LTERLY) -184.6722 -43T7.4573 -242. 7851 -1.421124 451.1235
@Suz ] -2T4.0060 -206.0406 &T7.96539 0.240933 451.5993
Uz B50.5143 B36.6389 -13.876537 -0.400912 451.5993
@I1[A] -235.0358 -40.27415 124. 7616 -0.7972838 4997737
@2 [A] 629.45580 -24.10042 -93.56022 0.741699 465.56258
Wiz [A] 165.8710 B63.69698 -102.1740 0.027127 48. 70482
|uU+_PU V] 0.836091 0.999197 0.163106 0.996065 0.996251
®Ip+_PU [W] 0.195980 0.204172 B.197e-3 0.199832 0.200109
®Ig+_PU [var] 0294753 2.523e-3 -0.292230 0.023146 0.050410
@ P_t@SG220HX [W] 62492.39 B5358.50 2866.113 B3B689.26 B3T21.22
2 Q_t@SGC320HX [var] 102215.3 4893.504 -9T7321.79 15206.22 28693.81
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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, fault duration

T
P AAAAAAAAAMAAANAAAR ANV AAAAAAARARAAAARANANAANA WAAAAAAAAAAAAAAAAAA
& AWM pananamanasnanainnig e
< VAW A A A A A AR AN
B N R
o IIAAAAA AV AW A AWV AV AWMV AN
o MWAAAAAMAMANAAAAAAARAAAAAWWAAAAAAAAAAAAAA AW AWM A AAAARAAAAAANRAY
.l
S ,
. "
.
. i
N ,“-\'—l—-—--"_"‘-.-h
e
* i i
visoo 09 01550 016,00 [ : ] 017,00 01750
A B Delta Avg RMS
Time [s] 0:15.089693 0:16.589890 1.500197
[ 118011 37.05967 4761899 10.55932 1.115003 2341510
U2 -581.5367 -608.3984 -26.86167 -0.107957 4624750
U] 546.3426 515.7510 -30.59161 0.044046 462.3723
@I1[A] 13.08310 -163.4629 -176.5460 0487114 211.6087
@12 [A] -284.8405 -81.05183 203.7887 -0.117768 94.91916
@12 [A] 2728467 245.4964 -27.45032 -0.307130 207.8103
@S U+_PU V] 0.999704 0.835920 -0.163784 0.837546 0.837628
@Ip+_PU [A] 1.007593 0.610116 -0.397477 0.621093 0.624575
©lg+_PU [A] -4.142e-4 0.342064 0.342478 0.332472 0.337914
®lp+_PU [W] 1.007338 0.510030 -0.497308 0.520660 0.524420
@ lg+_PU [var] -4.141e-4 0.285951 0.286365 0.278110 0.282660
@P_t@5G320HX [W] 3223585 162587.8 -159770.7 166960.6 168498.2
8 Q_t@SG320HX [var] 5288.900 90352.57 B85063.67 89080.16 89852.75

Test no. 3.2.2 Single-pole short circuit with earth (type B)
U/Un = 0.5 p.u, P=100%Pn, Injected reactive Current after 60ms

O N AN N N N e e N N N N N I P e I e N e S

0:15.000 ﬁ?s’.‘_oo D 0:15.200 0:15.300 0:15.400 015500 (L
A B Delta Avg RMS

Time [s] 0:15.001647 0:15.151555 0.059908

suL V] 212.5505 2013353 -1121521 1423321 234.0138
su2 V] -644.8834 -646.5191 -1.635671 0.392071 4615832
suzM 237.3886 253.5825 16.19387 -0.448699 4613831
0114 2283200 -42,99569 2713157 1070406 226.0405
0124 -337.5787 -114.4639 223.1147 1060071 183.0872
013 4] 1113181 154.0468 4272867 -21.30259 214.4362
BU+_PU V] 0.997563 0.837066 -0.160496 0.858199 0.859402
®lp+_PU[A] 1.008320 0.621911 -0.386409 0.878904 0.897020
®lg+_PU[A] -8.567e-3 0.366485 0375053 0.065030 0.123893
®lp+_PU W] 1.005905 0.520603 -0.485302 0.757539 0777112
®lg+_PU [var] -8.547e-3 0.306786 0315333 0.054491 0.103727
®P_t@5G320HX W] 3223585 166922.1 -155436.5 2462139 252562.2
8Q_t@SG320HX [var] 5288.900 97832.11 9254321 60073.85 7311791
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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, Injected reactive Current after 120ms

A R

RN

|. 1

.
0:15.000 ﬁ;‘,m 015 2000 0:15.300 0:15.400 01550 (L3

A B Delta Avg RMS

Time [s] 0:15.001647 0:15.211796 0.120149
LI 2125505 2146058 2.055287 1927535 2346721
suUz M -644.8834 -639.3115 5571962 -0.725619 4623049
suzV] 237.3886 218.7809 -18.60774 -0.061868 4615378
®i1[4] 228.3200 -27.80056 ~256.1206 5.151933 2184513
e2[A] -337.5787 -122.1945 2153841 5703261 1469417
ez A 111.3181 1493571 38.03897 -10.56726 2114571
BU+_PUV] 0.897563 0.837134 -0.160428 0.847741 0.848420
®Ip+_PU[A] 1.008320 0613631 -0.354589 0.748315 0768828
®lg+_PU[A] -8.567e-3 0.342900 0.351467 0.205325 0.260507
®lp+_PU W] 1005905 0513713 0492192 0.635745 0659099
®Ig+_PU [var] -8.547e-3 0.287066 0.295612 0.171913 0.218085
®P_t@SG320HX (W] 322358.5 163777.5 -158581.1 2108195 218916.8
®Q_t@56320HX [var] 5288900 90538.12 85249.22 7291152 8080146

Test no. 3.2.2 Single-pole short circuit with earth (type B)
U/Un = 0.5 p.u, P=100%Pn, Active power recovery time

L
= i
= AMANW RAATAUVAVAIV TAYAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY ATATAVAVIVAVAVAVAVAVAVAVATAVAVAVAVAVAVIVAVAVAVAVAV AVAVAVAVAVAY]
$ A e
= 8
N e e g A VTV AVAAV FIVAVIVAVAVAVIVA HATAVAVAVAVAVAVAVAVAYAVAY (VAVAVAVAVAVAVAVIVAVAVAVAFAVAVAVAVAVA)
Hl AV
= &
=
3 YVVWWWAWWWWANMWAWWWWWWWAAAAAAWWVWWIAMNWIANAVNWNAVNVWVAWAAANNV
74
e
— &
; 8
-
e | e
| e
016,50 01675 o17.00 B o5 0:17.50 01775 [}
A B Delta Avg RMS
Time [s] 0:16.589289 0:17.171568 0.582279
[ LTERLY) -16.55603 411.2420 4ZT7.T981 -2.099530 451.1533
@Suz ] -547T. 2572 -642.3619 -95.10971 -2, 460065 4523357
|uz V] 581.7608 238.3011 -343.36097 1.742249 451.5057
@1 [A] -240.1756 200.6081 440.7838 -1.549268 216.0716
@2 [A] -39.96182 -327.3212 -287.3504 -0.175218 2157843
Wiz [A] 279.3799 125.5448 -153.8351 1.456390 216.8182
®U+_PU V] 0.835920 0.999770 0.163850 0.996238 0.996424
®Ip+_PU [W] 0.510030 1.007225 0.497195 0.921352 0.926651
®Ig+_PU [var] 0.285951 T.130e-3 -0.278820 0.017346 0.048892
@ P_t@SG220HX [W] 162587.8 321169.3 158581.4 292993.4 295120.4
®Q_t@SGC320HX [var] 90352.57 13750.55 -Te602.02 13325.67 25658.13
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Item No. Parameter Phase reference Ulaits Unit Measured value
reference
0 Test number -- -- -- 331 3.3.2
1 Phase 1 461.0 461.8
t1-500ms to t; -
2 Voltage Phase 2 100ms Vrms 460.3 460.9
3 Phase 3 463.3 462.4
4 Phase 1 47.1 233.0
Before t1-500ms to t; -
dip <ty 5 Current Phase 2 100ms Arms 47.0 232.1
6 Phase 3 47.2 232.9
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.01
8 total 100ms w 65208 322315
9 Positive sequence B B u. 0.01 0.01
Reactive power t-500mstot,-| P
10 total 100ms var 2435 6047
11 Phase 1 461.5 461.6
12 Voltage Phase 2 t1+1?200”r‘nsst° 21 vims | 307.6 307.4
13 Phase 3 307.5 307.8
14 Phase 1 27.7 26.0
15 Current Phase 2 im0t | ams | 2167 219.0
16 Phase 3 190.8 194.2
17 Total fault duration All phase titot ms 1499 1499
During P
; 18 Positive sequence u. 0.39 0.39
diptitots Reactive power P
19 total var 135110 13635
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.52 0.52
21 Positive sequence -20ms p.u. 0.09 0.09
Active power
22 total w 28978 27689
23 Active current Positive sequence p.u. 0.12 0.11
24 Reactive Current | Positive sequence t1+60ms p.u. 0.51 0.51
25 Reactive Current | Positive sequence t1+120ms p.u. 0.52 0.52
26 Phase 1 461.4 461.9
27 Voltage Phase 2 to+1s Vrms 461.5 461.0
28 Phase 3 461.6 462.4
29 Phase 1 47.2 233.3
30 Current Phase 2 to+1s Arms 47.2 232.4
After 31 Phase 3 47.9 233.1
dip > t2 32 Positive sequence p.u. 0.20 1.01
Active power to+1s
33 total w 65199 322667
34 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
35 total Var 2837 7362
Active power Positive sequence _
36 recovery time ms 585 570
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Test no. 3.3.0 two-pole short circuit without earth (type C)
U/Un = 0.5 p.u, P=0, Fault Duration

2 e o et e et b st el st
o A M E S A e e e e R T N M e A
N 11 R R e e o T PRIV EOMRET LAY PSSR PR RO PR TR ITARRE
i I I |

| L s s e ] A e
= " Wi e (PR PRE PO PR PR L e P AR AT Attt St Nt S b
B L i i it i bbb (it 1 i L i
L I [ R
L I e
Eﬂ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
o
=1 e
L e S T e
22 ____________________________________________________________________________________________________________________________________________________________________________

e 0140 0160 D 0180 0200 =2

A B HE HxiE

BYid] [s] 0:15.470819 0:16.974820 1.504001

sUL V] 319.8010 639.7548 319.9538 4617562

su2[V] -649.2905 -257.3831 3919074 307.6839

suz V] 3327749 -379.7740 712.5489 307.6721

®I1[A] -0.336170 0513315 0.849485 0476549

o2 -0.196338 0.190496 0386834 0281131

®I12[A] -0.028372 0467777 0.496149 0413723
=%

L5

1.500-1.500

-1.500

PU[A] ®iq+ PU[A] ®ip PU[A] ®ips PU[A] @U._PU[V] @Us PU

L1501

Ig-_
-L500

o120 0140 0160 D 0180 0200 020 4=
A B HE
BYid] [s] 0:15.53701 0:16.98043 144342
®U+_PU V] 0.751008 0749112 -1.896e-3
®U-_PUV] 0.249623 0.250102 474204
®1p+_PU [A] 1714e-5 271565 1.000e-5
®1p_PU [A] 1213e4 -1.258¢-4 -4.520e-6
®lg+_PU [A] 36164 3.604e-4. 117066
1g-_PU [A] 1.575e-5 4.961e-6 1.079e-5
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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, fault duration

s
-3
B T T T T e
T T T e
; e 1l ]
P '|'|
T e A L o
vy
NIV
-
- Ine
I
/ i
; e
e -
e i i .
0:15.00 o 016,00 016,50 o 2 0:17.50 0:15.00 [}
A B Delta Avg RMS
Time [s] 0:15.517639 0:17.017007 1.499369
[ 1'sNi] TEe.8e4TTE -32.T6730 -109.4151 -9.508e-3 461.7017
auz N -508.2221 -271.7785 236.4437 0.158976 307.5662
Uz 4221818 304.7378 -117.4439 -0.222008 307.6206
@11 [A] 13.19575 -23.18275 -36.3T851 0.535417 28.35T89
@1z [A] -147.4962 -10.16820 137.3280 -0.694251 215.2438
w2 [A] 138.4400 35.44581 -102.9942 -0.101330 189.5074
|uU+_PU V] 0.999538 0.753598 -0.245940 0.755577 0.755775
@ip+_PU[A] 0.203602 0.121516 -0.082086 0.123400 0.124092
Wig+_PU [A] -1.041e-4 0.517206 0.517310 0.505855 0.511141
[ ] |p+_P|J ] 0.203517 0.091578 -0.111939 0.093404 0.094274
®Ig+_PU [var] -1.041e-4 0.389782 0.389886 0.381327 0.385313
@ P_t@SG320HX [W] 65116.66 28529.56 -36587.10 29562.24 29931.04
2 Q_t@SGC320HX [var] 2506.243 134864.2 132357.9 131930.3 133357.2
Test no. 3.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.5 p.u, P=20%Pn, Injected reactive Current after 60ms
.
.
.. *\NMAN‘VWWW&N
.: *‘V\/W\/J‘W%MMW‘W
N ) [ (| IS S
L
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N
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.
0:15.450 0:15.500 ﬁ.sm [E ] 0:15.600 015,650 0:15.700 [}
A B Delta Avg RMS
Time [s] 0:15.516892 0:15.566923 0.050032
[ 1'sNi] -86.42281 63.8650T7 150.2879 82.52330 460.5208
au2z N -517.9690 256.8553 TT4.8243 -49.6T98T 313.9308
-uz 601.0286 -319.6566 -920.6852 -32.61942 314.0166
@11 [A] -10.00071 20.49840 30.49910 11.84832 41.07315
@1z [A] -52.60122 0.575662 53.17688 -20.8T7432 163.0836
@iz [A] 61.83827 -20.82360 -82.66187 17.88434 144.3505
@ U+_PU V] 0.999193 0.75461T7 -0.244576 0.810999 0.815187
@ lp+_PU [A] 0.203728 0.075426 -0.128301 0.155875 0.167759
W ig+_PU [A] -1.102e-4 0.530151 0.530261 0.166229 0.267508
@Iip+_PU W] 0.203572 0.056920 -0.146652 0.129708 0.142736
®Iig+_PU [var] -1.101e-4 0.400078 0.400188 0.125245 0.201705
@ P_t@5G320HX [W] 65205.90 19924.82 -45281.07 48928.15 52335.63
2 Q_t@SGC320HX [var] 2466.681 136215.9 133749.2 42194.26 69513.04
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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, Injected reactive Current after 120ms

N N Y YA N D S A A YAY Y e e AN
eV —

e i
.
0:15.450 0:15.500 ﬁ.sm 0:15.600 B cseso :15.700
A B Delta Avg RMS

Time [s] 0:15.516892 0:15.637266 0.120374
®U1 V] -86.42281 -0.344276 86.07853 -0.108648 460.4520
|uU2 V] -517.9690 -290.8718 227.0973 -2.725631 310.6406
"z v 601.0286 287.4896 -313.5390 2.906092 310.6070
@11 [A] -10.00071 -13.84177 -3.941059 2.445283 34,60765
@12 [A] -52.60122 -28.69189 23.90933 2.909414 196.5717
w12 [A] 61.83827 40.59911 -21.23916 -5.487T95 172.5480
@ U+_PU V] 0.999193 0.754413 -0.244781 0.778394 0.780732
@ lp+_PU [A] 0.203728 0.127671 -0.076056 0.137555 0.144426
®lg+_PU [A] -1.102e-4 0.516675 0.516785 0.370156 0.431089
®lp+_PU [W] 0.203572 0.096321 -0.107251 0.108898 0.117094
®Ig+_PU [var] -1.101e-4 0.389803 0.389913 0.279282 0.325286
®P_t@5G320HX [W] 65205.90 30243.31 -34962.59 39384.50 42603.65
®Q_t@5G320HX [var] 2466,681 1355918 133125.1 88881.23 107728.5

Test no. 3.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.5 p.u, P=20%Pn, Active power recovery time
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0:16.50 EE A wirso D 0:18.00 0:18.50
A B Delta Avg RMS
Time [s] 0:17.013570 0:17.599022 0.585452
[ 1V5N [\'] -583.6072 361.6518 855.3490 -1. 700894 A60.T462
auz [\f] 1835762 -650.82T76 -834.4038 -2.617T698 A60.1565
auz [\'] 414.3304 2920134 =122 3260 4019688 AB0.6T29
@I1[A] -38.13082 36.54587 T4.68570 -1.082196 A6.26120
@2 [A] 275.9698 -68.50708 -344. 4768 -0.615088 53.88521
Wiz [A] -240.2368 30.88141 2711182 1.274055 51.82490
|uU+_PU V] 0.753587 0.999252 0.245664 0.992504 0.2993106
.|p+_P|J [W] 0.091505 0.200195 0.108689 0.196859 0.198316
.ll"—_Pu [war] 0.389728 1.992e-3 -0.387736 0.031610 0077743
@ P_t@SG320HX [W] 285290.56 64025.40 35405,84 6191201 62840.65
.Q_t@mZOHX [war] 134864.2 5664.876 -129199.3 1978293 4A0782.85
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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, fault duration

i

e ! |

° A

Y - ) 0:16.00 [ 5] o:17.00 0:18.00 [}
A B Delta Avg RMS

Time [s] 0:15.003272 0:16.502015 1.498743
|ui] -177.2243 -384.8671 -207.6428 0.203720 4651.6554
@|uzpM -457.8746 -43.14995 4147246 -0,133931 307.9103
Uz 6252312 4232205 -202.0106 -0.291927 307.9457
@11 [A] -86.66122 -21.T1588 54.94534 1.377810 33.13818
@1z [A] -234.1143 137.8909 3T2.0052 -1.433319 217.7388
w2 [A] 318.0335 -118.8594 -436.8929 -0.252853 193.1820
|uU+_PU V] 0.999641 0.753680 -0.245960 0.755763 0.756003
@ip+_PU[A] 1.007213 0.114977 -0.892236 0.133078 0.16669T7
Wig+_PU [A] -T.150e-4 0.519203 0.519918 0.503476 0.511237
®Ip+_PU [W] 1.006894 0.086659 -0.920235 0.102194 0.137097
®Ig+_PU [var] -T.147e-4 0.391330 0.392045 0.379522 0.385366
@ P_t@SG220HX [W] 322196.3 2TBBL.T0 -294534.6 3TBE9.42 B1969.23
2 Q_t@SGC320HX [var] 5863.304 136436.0 1305727 131622.8 133559.0

Test no. 3.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.5 p.u, P=100%Pn, Injected reactive Current after 60ms

e e N I I e I e S

o e o

%
?
|
5

I ——
. —
. ]
0:14.975 o ;s.ﬁ.nzs 0:15.050 (& ] 0:15.075 0:15.100 o1l
A B Delta Avg RMS
Time [s] 0:15.003640 0:15.063825 0.060185
®U1 V] -94.47742 -59.22330 35.25412 -0.160307 459.8324
|uU2 V] -513.2879 -260.2989 252,9891 -5.172954 312.6113
"z v 602.5379 316.5845 -285.9534 5.197340 313.5892
@11 [A] -44,70325 -17.47286 27.23038 20.17766 105.0259
@12 [A] -258.2497 -9.333134 248.9165 -7.242287 178.4474
w12 [A] 302.5028 25.71976 -276.7830 -13.20092 161.7761
@ U+_PU V] 0.999641 0.754312 -0.245329 0.802208 0.806264
@ lp+_PU [A] 1.007213 0.082952 -0.924261 0.504223 0.594995
®lg+_PU [A] -7.150e-4 0.512694 0.513409 0.123807 0.235542
®lp+_PU [W] 1.006894 0.062575 -0.944320 0.425548 0.523338
®Ig+_PU [var] -7.14Te-4 0.386748 0.387463 0.093477 0.177521
®P_t@5G320HX [W] 322196.3 T5754.88 -246441.4 218225.0 243253.5
®Q_t@5G320HX [var] 5863.304 107387.0 101523.7 44845.65 B1736.14
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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, Injected reactive Current after 120ms

NN VAN AV AV AW A VAN Y AV AV AV AV AV A VA YVAYAN
VAN AN \ W e e e e NI B N NP N NI s P N
N N N NP i N N NI NI g Ny

ooss _oren e e

f

: P N i N N N i N ) N e Nl NI N P SO ar P S N S ot NI N i NPt N

SMATZIAN

el et

0:14.500 o::r/_> 0:15.100 [ & ] 0:15.200 0:15.

A B Delta Avg RMS

Time [s] 0:15.0042002 0:15.1245023 0.1203022

®vU1 V] 32.02605 9219194 60.16589 0.386320 4650.2384
su2 N -586.8751 -333.7342 253.1409 -1.545445 3087744
suz N 553.2185 242.7513 -310.4673 1.08T666 308.9022
®11[A] 8483053 3.480554 -5.002499 10.73297 76.247T1
@12 [A] -282.6170 -72.80541 209.5116 -3.946595 199.6191
®12 [A] 2705712 66.7693T -204.2018 -7.073354 177.1425
S U+_PU V] 0.999646 0.75457T -0.245069 0776897 0.779154
®lp+_PU [A] 1.007167 0.122533 -0.884634 0.311394 0.425044
®Iig+_PU [A] -7.576e-4 0.517620 0.518448 0.321303 0.403143
®1p+_PU W] 1.006853 0.092464 -0.914389 0.256021 0.365204
®Ig+_PU [var] -T.574e-4 0.390654 0391411 0.242454 0.304108
®P_t@5G320HX [W] 322184.5 28924.21 -293260.3 94941.81 139469.1
®Q_t@5G220HX [var] 5750.257 136796.6 131046.4 103791.7 114441.8

Test no. 3.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.5 p.u, P=100%Pn, Active power recovery time

=
-

s MY
3 AWM AWWWAWAAAAWAWAAWAWWAWARAAWAVWAAAAANANY]
s 1
=i s A AAAAANAAA AV VWAV AMAAAAWVWAAWAAAAAAWANWIAAAY
i) SR
®
I
o
5 MWW~ A AW IAWAWAAAAAAAAAAAAAWAAAAWAWWAAAMAMAANA
=i
2 MR A A AWMV AAAAAAWAYWWAAAWAAAWWAWAWAWAWPAAN
—_ f
e i "
®
7y —
e | L\\J
£ —— pr——
&
o W
2
e !
oll¥o oir.oo (29 0:17.50 018,00
A B Delta Avg RMS
Time [s] 0:16.502619 0:17.072792 0.57T0173
[ LTERLY) -282.5253 250.9304 533.4558 6.586305 4520661
@Suz ] -132.5511 390.9768 522.5278 -5.200881 4500549
Uz 397.9938 -644.9162 -1042.910 -1.132543 460.3914
@I1[A] -17.26556 141.7880 159.0536 0.649166 176.1312
@2 [A] 83.95350 194.3169 110.3634 -3.432487 177.2019
Wiz [A] -67.81507 -337.5528 -269.7377 2.588712 176.5015
|uU+_PU V] 0.753680 0.999551 0.245870 0.992961 0.993505
®Ip+_PU [W] 0.086659 1.001160 0.914500 0.705494 0.741674
®Ig+_PU [var] 0.391330 T.281e-3 -0.334049 0.023513 0.0Te043
@ P_t@SG220HX [W] 2TeB1.T0 316739.3 28907T.6 217524.9 231956.6
2 Q_t@SGC320HX [var] 138436.0 10836.63 -1255599.4 25902.51 51665.70
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Time .
Item No. Parameter Phase reference B AN Unit Measured value
111 Test number -- -- -- 341 3.4.2
112 Phase 1 462.0 462.6
113 Voltage Phase 2 0-S00ms o ti- | g [ 4617 462.1
100ms
114 Phase 3 462.1 462.1
115 Phase 1 46.3 231.0
Before 116 Current Phase 2 tl'sq%rg;g’ bl Arms 47.9 230.5
dip <t 117 Phase 3 47.2 230.2
118 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.00
119 total 100ms w 65584 319554
120 React Positive sequence t,-500ms to ty- | P-U. 0.00 0.00
eactive power
121 P total 100ms var -322 -198
122 Phase 1 463.1 463.4
123 Voltage Phase 2 OIS0t | vims | 235.9 237.7
124 Phase 3 235.5 237.6
125 Phase 1 83.3 82.8
126 Current Phase 2 im0k | ams | 2131 2127
127 Phase 3 210.2 209.4
_ 128 Total fault duration All phase titot ms 1445 1460
During 129 Positive sequence p.u. 0.42 0.42
diptitots Reactive power
130 total var 133052 133481
131 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.63 0.63
132 Positive sequence -20ms p.u. 0.02 0.02
Active power
133 P total w 6896 6959
134 Active current Positive sequence p.u. 0.02 0.02
135 Reactive Current | Positive sequence t1+60ms p.u. 0.64 0.64
136 Reactive Current | Positive sequence t1+120ms p.u. 0.63 0.63
137 Phase 1 462.0 462.7
138 Voltage Phase 2 to+1s Vrms 461.8 462.1
139 Phase 3 462.0 462.2
140 Phase 1 48.0 230.6
141 Current Phase 2 to+1s Arms 48.7 229.8
After 142 Phase 3 46.8 229.9
dip > t2 143 Positive sequence p.u. 0.26 1.01
Active power to+1s
144 total w 83398 322411
145 Positive sequence p.u. 0.01 0.01
Reactive power to+1s
146 total Var 4352 4479
147 Active power Positive sequence . ms 84 523
recovery time
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Test no. 3.4.0 Two phase to earth fault (type E)
U/Un = 0.5 p.u, P=0, Fault Duration

N_2p dm iewer o

AR

2y rth_0%PN_1 md fiewe =

T L e

g

HPos-~wemoiie

B [s] 0:17.399486 0019.326081 1.926595
WA 1/V1@TRIONet_782 [V] 577.1995 -29.12045 -606.3199
B A 1L/U2@TRIONet_782 V] -551.1184 5784002 1129.528
® Al LUI@TRIONet_782 V] -21.75021 -549.7480 5279978

Al 1/11@TRIONet_782 [A] -0.309944. 476863 0314713
BAI1/12@TRIONet_782 [A] -0.228882 -0.218153 0.010729
SA1/13@TRIONet_782 [A] 0132322 -0.108480 -0.240803

U_fund_SYM+_rc@POWER/0 [V] 799.8942 799.3576 -0.536621
®U_fund_SYM-_rc@POWER/0 [V] 0.800270 1837317 1037108
®1_fund_Q_SYM+_rc@POWER/0 [A] 0143169 0.141953 121663
#1_fund_Q_SYM-_rc@®POWER/0 [A) 2.308e-3 20763 -3218e4
@P_t_rc@POWER;0 [W] 5.147664 3009017 2081747
#Q_fund_rc@POWER/0 [var] 198.3296 196.4986 -1.831085

| o FERER K

Bl [s) 0:17.648079 0:19.098204 1450125
®AI1/UI@TRIONet_782 V] -396.9050 4366849 8335898
B A 1/UI@TRIONet_782 [V] 3268774 -318.6565 -645.5338
® Al 1/UI@TRIONet_782 [V] 1203774 1021214 2321008

Al 1/11@TRIONet_782 [A] -0.056028 0329018 -0.272089
WAI1/12@TRIONet_782 [A] -0.128746 0131130 23843
B A 1/13@TRIONet_782 [A] -0.129938 0.054835 0.184774

U_fund_SYM+_rc@POWER/0 [V] 5362414 5336435 -2.591858
B U_fund_SYM-_rc@POWER/0 [V] 1321626 133.3082 1.235565
®1_fund_Q_SYM+_rc@POWER/0 [A] 0.095279 0.005480 201604
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.026840 0.027108 268264
@P_t_rc@POWERj0 [W] 6.350822 6188557 0161266
®Q_fund_rc@POWER/0 [var] 99.75963 99.66919 -0.090637
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U/Un =0.5

Test no. 3.4.1 Two phase to earth fault (type E)
p.u, P=20%Pn, fault duration

&
s AR AR AR ATARAATATA MWNNLWNU\!W&W WAWWAAAAVARMAMRAAA AN ©
L _ £
, PR AR ARAARARAT AN +N VAR AWAAARA A VAAWIAAAAAY >
| e AN AR AN A VARV
JiTIIIIIIIIIIIIIIIIIIIIIIIIIINI . R froooriiiis e EE Joorziiiiiz B e
e Bl SE— — i
[3-10] 0:16.017606 017462231 1484625
@A LU1@TRIONet_782 [V] -344.5T18 -587.7416 -243.1698
S Al L/UI@TRIONet_782 [V] 3363044 22.19558 -314.1089
S AIL/UI@TRIONet_782 [V] -161.8834 274.1308 436.0142
Al 1/11@TRIONet_782 [A] 9593011 -B0.976T5 -156.9060
BAI1/12@TRIONet_782 [A] 1145184 3061414 1916230
SA1/13@TRIONet 782 [A] -211.3783 -245.9753 -34.59682
U_fund_SYM+_rc@POWER/0 [V] 5402726 538.5846 -1.688049
B U_fund_SYM-_rc@POWER/0 [V] 1295197 1311154 1.595627
®_fund_Q_SYM+_rc@POWER/0 [A] 1638143 160.7388 -3.075439
#1_fund_Q_SYM-_rc@POWER/0 [A] 78,7861 -18.37410 0403908
@P_t_rc@POWER/0 [W] 6376.373 7001450 2507715
®Q_fund_rc@POWER/0 [var] 1356218 13221456 -3476.156

U/Un —05

Test no. 3.4.1 Two phase to earth fault (type E)
.u, P=20%Pn, Injected reactive Current after 60ms

&
[ T e T e e T e e O e e e T T [
P £
} £ ¢ ¥
, prasna R A AW AR A A AW ARAY »
, R AT A A A A AT A A A AT AT AR :
L.
P | = =
R *:‘ m """""""""""""" j'";"""'"""""""""""""‘::5.0.::::::::::::::::::::::::::::::::.‘.;.j.(.._;::::::;;
A B AR
[EL- 18] 0:15.961175 0x16.021368 0.060193
@A 1/UI@TRIONet_782 [V] 6491878 -BATAL26 1745224
B A 1/UI@TRIONet_782 [V] 2782514 123.8689 -154.3884
O AI/UI@TRIONet_782 [V] 375.8257 204.8869 -170.9387
Al 1/11@TRIONet_782 [A] -67.82413 -26.63136 4118277
@A 1/12@TRIONet_782 [A] 30.20644 306.4585 2762520
A 1/13@TRIONet_782 [A] 37.24933 -280.8523 -318.1017
U_fund_SYM+_rc@POWER/0 [V] 800.1072 540.2885 -259.8187
B U_fund_SYM-_rc@POWER/0 [V] 0.897045 129.6465 128.7495
®_fund_Q_SYM+_rc@POWER/O [A] -0.054567 163.9314 163.9859
®1_fund_Q_SYM-_rc@POWER/0 (A] -0:902285 -78.06114 -77.15886
@P_t_rc@POWERj0 [W] 66030.12 6576719 -50453.40
®Q_fund_rc@POWER/0 [var] -T7.02898 1358795 135956.5
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Verdict

u/un=0

50%UN_2ph to earth_20%PN__174628.dmd - OXYC

Test no. 3.4.1 Two phase to earth fault (type E)

.5 p.u, P=20%Pn, Injected reactive Current after 120ms

8 AT

AR

;
AAANARAA VVL"M\/’\M_T_NNMW WAV AW AMARAARAY
ARt At i

T D B e P oy e Py oo

BiE (s
@A 1/UI@TRIONet_782 V]
Al 1/U2@TRIONet_782 [V]
Al L/UI@TRIONet_782 [V]
Al 1/11@TRIONet_782 [A]
@A L/12@TRIONet_782 [A]
@A 1/3@TRIONet_782 [A]
U_fund_SYM+_rc@POWER/0 [V]
#U_fund_SYM-_rc@POWER/0 [V]
®1_fund_Q_SYM+_rc@POWERJ0 [A]
®1_fund_Q_SYM-_rc@POWER/O [A]
@P_t_rc@POWER/0 [W]
Q_fund_rc@POWER/0 [var]

0:15.961175

-649.1878
2782574
375.8257
-67.82413
30.20644
37.24933
800.1072
0.897045
-0.054567
-0.902285
66030.12
-TT.02898

0:16.081561

-638.9816
100.0190
236338

3171444
310107

-280.1001
539.8517
1302246
1611015

-T7.96160
6896.090
133052.3

Hos~wmoii of

Test no. 3.4.1 Two phase to earth fault (type E)
U/Un = 0.5 p.u, P=20%Pn, Active power recovery time

- OXYGEN V

WARAAAMATAMANAN J};’}"J\f‘ ARARA

BHos~wmoii of

[3-10] 0:17.460350 :17.544996
WA /U1@TRIONet_782 V] 40,6175 -1788743
S Al L/UI@TRIONet_782 [V] 2063823 -458.7803
S AIL/UI@TRIONet_782 [V] 125.0107 629.0T20
Al 1/11@TRIONet_782 [A] 4513264 -30.20048
BAI1/12@TRIONet_782 [A] 2835429 -32.16982
SA1/13@TRIONet 782 [A] -289.0480 61.94582
U_fund_SYM+_rc@POWER/0 [V] 5385735 798.6042
B U_fund_SYM-_rc@POWER/0 [V] 1311064 4.900264
®1_fund_Q_SYM+_rc@POWER/O [A] 160.7102 5138750
#1_fund_Q_SYM-_rc@POWER/0 [A] -78.34600 -0.144574
@ P_t_rc@POWERj0 [W] 6998.813 63526.39
®Q_fund_rc@POWER/0 [var] 1221237 T107.615
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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, fault duration

%UN_2ph to earth_100%PN_174951.dmd - OXYGEN V

mE s 31

. WVVNMM%WUWMN N\A'WfL’VWUWJ'MMMNEWVNNJW\MWVNNNMMMNWMMJ\FNVWWN AR AAAAAAAAAAVAARARAA

o e e e e e T P e T e e e
L AW M%WWW\N ’VWWW\JWW\MM“JWUWV‘MJ\%WWWWNNNJWWW NNNMJWWN N W WMWWWV\NWU\%%VWNJ\HMJW\MW VAR

Beos~wpoii of

@Al 1/UI@TRIONet_782 [V] 560.5703 542.3816
B A 1/UI@TRIONet_782 [V] 10.20789 26.95709
® Al 1/UI@TRIONet_782 [V] -292.4285 -296.3565

Al 1/11@TRIONet_782 [A] 5025864 842422
SAI1/12@TRIONet_782 [A] -276.1293 -293.0939
SAI1/13@TRIONet_782 [A] 2255476 2146113

U_fund_SYM+_rc@POWER/D [V] 539.8261 538.3617
®U_fund_SYM-_rc@POWER/0 [V] 130.3264 1312690
®1_fund_Q_SYM+_rc@POWER/0 [A] 140.7345 161.0324
#1_fund_Q_SYM-_rc@POWER/0 [A] -53.39296 -T8.03510
@ P_t_rc@POWER/0 [W] 12585.87 7062.356

#Q_fund_rc@POWER/0 [var] 1195801 1324155

Test no. 3.4.2 Two phase to earth fault (type E)
U/Un = O 5 p u, P=100%Pn, Injected reactive Current after 60ms

mk
RARARRAAATARAY DWVNMN‘MMVNN‘NMWW WAV ANV WIARAY 4l ®
: a
W/ g ; : ol AR F
b LAV WP AR WA VAWV ARV VA~ s AAVNASAVV AN VRS WAV
s AR AR AR A AR A AN AR~ s A AR AT AR AVIMATATAAR
d ! ] g
. L S =
: S : n
Bt (s 0:15.235157 0c15.295012 0.060TSS
@Al /UI@TRIONet_782 [V] -asTaT -1834328 1422799
B A1 /U2@TRIONet_782 [V] -336.7722 -237.2680 99.50424
©AI/UI@TRIONet_782 [V] 49,1061 325.0904 -324.0156
Al 1/11@TRIONet_782 [A] -158.2326 -119.3428 39.88981
@A 1/12@TRIONet_782 [A] ~164.9070 116.7905 2816975
SA1/13@TRIONet_782 [A] 324.1956 1.845360 -322.3503
U_fund_SYM+_rc@POWER/0 [V] 8006473 5414795 -259.1678
Lot @ SV rePOWERO s o s
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.507173 -T7.26014 -76.75297
@P_t_rc@POWER/0 [W] 319851.6 6000237 -313851.4
.Qﬁf\.ﬂirramm!m [war] -163.1588 135990.2 136153.3
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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, Injected reactive Current after 1220ms

509%UN_2ph to earth_100%PN__174951.dmd - OXYGEN Viewer

WA WA R%WWWNMUMWJ‘JWMNWMWVWN\MMWV

AT A

s AR %W\WF‘N\IWNWN‘JW.&%V\W e e T
e WAV WA A A A A AV A AV AARARATY J’h\WNW\WMWWWWMWWWVWWWWWJ\ AT

DR @ Qiji ¢«

[y

B8 (=]
@Al 1/U1@TRIONet_782 [V] -325.7127 -414.5468 -B8.83405
@Al 1/U2@TRIONet_782 [V] 3387722 -124.4514 212.3208
® Al UI@TRIONet_752 V] £49.1061 329.1686 -319.9375
Al 1/11@TRIONet_782 [A] -150.2326 -§7.92878 7130385
@A 1/12@TRIONet_T82 [A] -164.9070 2009225 3658205
@A 1/@TRIONet_782 [A] 324.1956 -113.5266 -43rm22
U_fund_SYM+_rc@POWER/0 [V] 8006473 5415875 -259.0499
@ U_fund_SYM-_rc@POWER/0 [V] 1.074614 1298776 128.8030
®1_fund_Q_SYM+_rc@POWER/0 [A] 0116953 161.0348 1611517
®1_fund_Q_SYM-_rc@POWER/0 [A) 0507173 -78.14636 -T7.63919
®P_t_rc®POWER/0 [W] 3198516 6959.030 -312802.6
#Q_fund_re@POWER/O [var] -161.1588 1334812 1336443

Test no. 3.4.2 Two phase to earth fault (type E)
U/Un = 0.5 p.u, P=100%Pn, Active power recovery time

TRV

UL

O e L e A AL SO
L AW WAAAMAAA A AW AWV AT <%MWW\PN\MMWWWU\“JW VAARAPAVIMATATAN

TN R v @O i &g

B [s] 0:16.725684 0:17.284631 0558947
@Al 1/UL@TRIONet_782 [V] 274816 3028135 1653319
SAl 1/U2@TRIONet_782 [V] 2163425 2617116 45.36915
® A1 JUI@TRIONet_782 [V] -321.2290 -649.1692 -327.9402

AN 111 @TRIONet_782 [A] 114.7080 195.0967 80.38879
@A 1/12@TRIONet_752 [A] -137.5115 123.9002 2614117
@A 1/1I3@TRIONet_752 [A] 2266765 -319.3522 -342.0198

U_fund_SYM+_rc@POWER/0 [V] 538.3637 8004526 262.0889
®U_fund_SYM-_rc@POWER/0 [V] 131245 1013092 -1302215
®1_fund_Q_SYM+_rc@POWER/0 [A] 161.0601 0.609707 ~160.4504
®1_fund_Q_SYM-_rc@POWER/0 [A] -T8.0299T -0.336530 T7.69344
@P_t_rc@POWER/0 [W] 072523 3210079 3140254
®Q_fund_rc@POWER/O [var] 132447.7 844.6560 -131603.0
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Time .
Item No. Parameter Phase reference B AN Unit Measured value
0 Test number -- -- -- 411 4.1.2
1 Phase 1 460.8 462.4
2 Voltage Phase 2 0-S00ms o ti- | g [ 460.8 462.5
100ms
3 Phase 3 462.2 460.4
4 Phase 1 49.4 232.7
(Ijai(;)fgrte 5 Current Phase 2 t1-501%r8;sn;0 1 Arms 49.6 232.5
1
6 Phase 3 40.5 231.3
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.01
8 total 100ms w 62869 321722
9 React Positive sequence t,-500ms to ty- | P-U. 0.06 0.01
eactive power
10 P total 100ms var 21840 6576
11 Phase 1 393.3 394.3
12 Voltage Phase 2 t1+1?200rpnsst° 2| yims | 3937 393.6
13 Phase 3 393.2 393.7
14 Phase 1 78.8 2324
15 Current Phase 2 wHoms 0k | ams | 78.4 2317
16 Phase 3 78.9 232.1
_ 17 Total fault duration All phase titot ms 2401 2401
During 18 Positive sequence p.u. 0.22 0.27
diptitots Reactive power
19 total var 69719 85849
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.25 0.31
21 Positive sequence -20ms p.u. 0.19 0.83
Active power
22 P total w 61470 260462
23 Active current Positive sequence p.u. 0.22 0.95
24 Reactive Current | Positive sequence t1+60ms p.u. 0.23 0.26
25 Reactive Current | Positive sequence t1+120ms p.u. 0.25 0.31
26 Phase 1 462.6 463.7
27 Voltage Phase 2 to+1s Vrms 459.9 461.1
28 Phase 3 461.2 460.6
29 Phase 1 49.6 234.2
30 Current Phase 2 to+1s Arms 49.4 232.6
After 31 Phase 3 49.5 232.3
dip > t2 32 Positive sequence p.u. 0.20 1.01
Active power to+1s
33 total W 65099 322814
34 Positive sequence p.u. 0.06 0.01
Reactive power to+1s
35 total Var 21221 6991
36 Active power Positive sequence . ms 592 580
recovery time
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G99/1-8

Clause

Requirement - Test

Result - Remark

Verdict

Test no. 4.1.0 Three phase symmetrical fault (type A)

U/Un = 0.85 p.u, P=0, Fault Duration

euiv]

eu2[v
1000-1000

=
s
*z
L B [ A 1 HE e I RIS IR
L O S N N H N K I IS
L R B B S e e B RERSSEEE
F]
=1 e I O
] E ] B e SR e HE T T HTEERrS
*s
o120 0140 Doso EXt 5 ) 0200 0220 0240 =2
A B HE HxiE
BYid] [s] 0:15.75819 0:18.13131 237312
suU1V] -384.5326 5357671 930.2097 3925226
a2 V] 533.5538 -147.9358 6814895 302.1724
suUzV] -141.3194 -384.5070 253.1876 392.1489
®L[A] -0.455380 -0.459552 4172¢3 0.472314
®i2[A] -0.107765 -0.442863 -0.335097 0293998
oA 0.777260 0257730 0.520229 0.447541
=5

1.500-1.500

L5

1.500-1.500

-1.500

PU[A] ®iq+ PU[A] ®ip PU[A] ®ips PU[A] @U._PU[V] @Us PU

L1501

ga
0100 0150 D 0200 0250 =2

A B HE

BYid] [s] 0:15.76401 0:18.16426 240025
®U+_PU V] 0571693 0.983615 0.111922
®U-_PUV] 0.019461 0.016539 2.921e-3
®1p+_PU [A] 3.693e-5 -4.424e-5 -8.116e-5
®1p_PU [A] -2.153¢-5 517265 3.019¢-5
®lq+_PU [A] 5.048e4 5.905e-4 B.5T6e-5
1g-_PU [A] 2.557e-4 -2.483e-4 5.040e-4
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G99/1-8

Clause Requirement - Test Result - Remark Verdict

Test no. 4.1.1 Three phase symmetrical fault (type A)
U/Un = 0.85 p.u, P=20%Pn, fault duration

;
B
il
. i
o
E ¥
- i
E ¥
. i
E ¥
®
N ul
T
® |
e i A
01 0:15.00 016,00 [ 5] 0:17.00 0:15.00 [}
A B Delta Avg RMS
Time [s] 0:14.0629350 0:16.4T70258 2400908
|ui] -285.43T4 -T4.65744 210.7799 0.096682 393.42093
@|uzpM -3T0.7925 -442,1604 -T1.36786 -0.219129 393.4609
Uz B4T.5991 5139175 -133.6817 0.206219 303.5182
@11 [A] -T.5T2175 -110.2313 -102.6591 -0.231287 T8.48059
@1z [A] -56.56588 3.259182 59.82507 -0.338484 T8.10364
w2 [A] 66.23960 106.3942 40.15458 0.244236 T2.46501
|uU+_PU V] 0.998567 0.851760 -0.146807 0.852555 0.852607
@ip+_PU[A] 0.203660 0.225418 0.021757 0.224456 0.224553
Wig+_PU [A] -0.067898 0.252292 0.320190 0.247207 0.251055
[ ] |p+_P|J ] 0.203377 0.192010 -0.011367 0.191357 0.191438
®Ig+_PU [var] -0.067803 0214901 0282705 0210518 0.213364
@ P_t@SG220HX [W] 65019.20 B61520.36 -3498.840 B61292.51 B81321.74
2 Q_t@SGC320HX [var] 21963.56 B9361.90 4T398.34 BE280.96 BETTE.36
Test no. 4.1.1 Three phase symmetrical fault (type A)
U/Un = 0.85 p.u, P=20%Pn, Injected reactive Current after 60ms
.
.
N A Y A Y A AV A AV Y A Y Y A Y A Y AV AV AV AV AYAVAYAYAYS
N N A Y Y Y AN Y A A A A Y A Y Y A Y Y Y Y N Y AV AV AV AN Yy
. fmwmmm e e T e T P T e T e e T e e e T e T T e e [
i
i
4
[
—
. | b
e i —]
0:12.900 0: 14.000 o100 (D 0:14.200 0:14.300 0:14.400 L)
A B Delta Avg RMS
Time [s] 0:14.0684236 0:14.124835 0.060400
|ui] -5T75.4556 -520.5342 5492139 -10.75937 403.8652
|uz 5529430 A2T.B2TT -125.1153 3090975 398. 7674
ouzM 27.50600 OT.6T962 T0.17363 8.108839 4020395
@11 [A] -66,14590 -30.1668T 35.97903 9413167 58.06T83
@1z [A] 42.864TT2 S84, 72603 52.07920 -10.56506 57.54827
@iz [A] 23.98405 -61.12600 -85.09005 1.087213 59.99036
@ U+_PU V] 0.9938563 0.852417 -0.146145 0.894298 0.896172
@ lp+_PU [A] 0.203543 0175695 -0.027348 0.120201 0.191317
W ig+_PU [A] -0.067753 0.235630 0.303384 -0.023807 ‘0.087438
@Iip+_PU W] 0.203259 0.149772 -0.053487 0.170342 0.172913
®Iig+_PU [var] -0.067659 0.200864 0.268523 -0.023141 0.07T6301
@ P_t@5G320HX [W] 65019.20 42410.36 -22608.84 57199.06 57943.29
2 Q_t@SGC320HX [var] 21963.56 32T780.66 10817.10 24120.55 24548.32
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Clause Requirement - Test Result - Remark Verdict

Test no. 4.1.1 Three phase symmetrical fault (type A)
U/Un = 0.85 p.u, P=20%Pn, Injected reactive Current after 120ms

oo o

mgs
;

)(\%(S

ISR

.9 9 8 _ 0 0.

i
°
0:13.900 0:14.000 0:14.100 =30 14 200 0:14.300 0:14.400
A B Delta Avg RMS
Time [s] 0:14.064236 0:14.184247 0.120012
[ 1'sNi] -575.4556 -494,9624 80.49322 -3.315645 398.4959
au2z N 552.9430 465.1053 -87.83770 0.086303 396.1056
-uz 27.50600 29.4T021 1.964212 3.691258 3098.5969
@11 [A] -66.14590 -27.9284T7 38.21743 4, 760761 69.01029
@1z [A] 42.864TT2 100.83354 B58.18773 -5.852230 B68.655T3
@iz [A] 23.98405 -T2.33739 -96.30144 1.000368 69.92128
@ U+_PU V] 0.998563 0.852456 -0.146107 0.873996 0.8T5226
@ lp+_PU [A] 0.203543 0225795 0.022252 0.205307 0.206520
W ig+_PU [A] -0.067753 0.251770 0.319523 0.113694 0.190999
@Iip+_PU W] 0.203259 0.1952489 -0.010771 0.179500 0.180816
®Iig+_PU [var] -0.067659 0.214632 0.282291 0.095492 0.163399
®P_t@5G320HX [W] 65019.20 61653.83 -3365.363 58555.41 50014.34
2 Q_t@SGC320HX [var] 21963.56 B9154.73 47191.17 44788.81 50973.19

Test no. 4.1.1 Three phase symmetrical fault (type A)

U/Un = 0.85 p.u, P=20%Pn, Active power recovery time
AWM WA AWM
MMMV

=
-

e
5 WWAMAMAWAMAAMAAAAMWAAAAAWAAAAAA WA AAMAAMAAAY
=i
= A B L LA A A A A AR T U U AU VA
e
=i
oA A P A A U W A A VAN
.
= i
L L A P A A P L L U A A A AP
=
34
e i
° i
o i ',
< 0"
e |
&
e !
0:15.50 0:16.00 [ » EES LR 0750
A B Delta Avg RMS
Time [s] 0:16.469045 0:17.061504 0.592458
@uiv] -275.5209 -190.4345 85.0864T 5.658472 450.5311
@suz V] -286.1165 632.1751 918.2916 -3.493076 451.1441
"suz v 5541478 -447.8532 -1002.001 -2. 786068 451.5026
@11 [A] -108.2655 -43.08033 65.18519 0.739194 48.06600
@12 [A] 29.61874 T0.42039 40.80165 -0.36T7337 48.10535
w2 [A] T5.67207 -29.00100 -104.6801 -0.439500 48.31212
S U+_PU V] 0.851756 0.998663 0.145907 0.985410 0.995586
®lp+_PU [W] 0.192008 0.204135 0.012128 0.198421 0.198667
®Ig+_PU [var] 0.214944 -0.065582 -0.280526 -0.041223 0.060889
@ P_t@SGC320HX [W] 61520.36 B5272.34 3751.980 63415.95 B3485.53
2 Q_t@SGC320HX [var] B9361.90 21816.71 —47545.18 21656.99 25439.96
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Clause Requirement - Test Result - Remark Verdict

Test no. 4.1.2 Three phase symmetrical fault type A)
U/Un = 0.85 p.u, P=100%Pn, fault duration

e i

. i

.

.

® i

. -

ol [

. /

H =

. [y

. [

'

.. 1

014,00 0:15.00 1600 B oix 0:18.00 [ ]
A B Delta Avg RMS

Time [s] 0:14.402344 0:16.803052 2.400708
suip -33.71453 134.0679 167.7824 0.221617 394.2129
suzpM -549,6400 -620.5715 -70.93156 -0.142176 393.7283
suzpM 5759819 490.7732 -85.21867 -0.036556 3938225
B[ -8.044487 -25.07413 -17.02964 -0.154458 2322508
B12[A] -272.0312 -213.7730 58.25818 0.051249 2314882
w13 [A] 276.7450 238.7617 -37.88330 -0.027958 2319195
BU+_PUN] 0.999677 0.852641 -0.147036 0.853482 0.853524
®Ip+_PU[A] 0.993875 0.954164 -0.039710 0.853745 0.953867
@lg+_PU[A] -2.914e-3 0312761 0.315675 0.305546 0.308524
®lp+_PU W] 0.993596 0.813595 -0.180001 0.814071 0.814251
@ Ig+_PU [var] -2.913e-3 0.266685 0.269598 0.260554 0.263473
@P_t@5G320HX W] 320510.0 260370.3 -60139.69 2681225.2 2613754
B8 Q_t@SGC320HX [var] 6242174 85921.95 T96T9.7T7 8375025 B84963.66

Test no. 4.1.2 Three phase symmetrical fault (type A)
U/Un = 0.85 p.u, P=100%Pn, Injected reactive Current after 60ms

. i
.
® 1
'
. I
0:14.300 vl D 0:14.500 0:14.600 0:14.700 0:14.800 o1
A B Delta Avg RMS
Time [s] 0:14.402334 0:14.463016 0.060632
suip -33.71453 98.99414 132.7087 1.083406 3912842
suzpN -549.6400 -522.1972 2744281 -6.884775 3956090
suzpNM 5759919 425.7918 -150.2001 6410613 3953654
BI11[A] -8.044482 -60.44019 -52.39570 -14.23665 2282255
B12[A] -272.0312 -243.9673 28.06389 1877425 222.0246
LlER| 276.7450 301.2657 24.52076 -4.621436 225.0239
@ U+_PU V] 0.999677 0.851862 -0.147815 0.878299 0.879524
@®lp+_PU[A] 0.993875 0.776725 -0.217150 0.840310 0.944379
@ lg+_PU [A] -2.914e-3 0.262718 0.265632 0.031633 0.070546
@lp+_PU W] 0.993596 0.661691 -0.331905 0.827503 0.833764
@ Ig+_PU [var] -2.913e-3 0.223809 0.226722 0.027069 0.060104
®P_t@5G320HX W] 320510.0 2117475 -108762.6 2793005 2821029
B8 Q_t@SGC320HX [var] 6242174 132897.1 126655.0 3431551 60194.56
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Test no. 4.1.2 Three phase symmetrical fault (type A)
U/Un = 0.85 p.u, P=100%Pn, Injected reactive Current after 120ms

|
5
|
|
|
|

'
. I
0:14.300 vl [T : ] 0:14.600 0:14.700 0:14.800 o1
A B Delta Avg RMS
Time [s] 0:14.402334 0:14.523130 0.120746
suip -33.71453 118.8920 152.6065 0.921057 392.7981
suzpN -549.6400 -526.5519 23.08810 -3.681991 394.9911
suzpNM 5759919 4157728 -160.2191 3.286059 304.7827
BI11[A] -8.044482 -17.64333 -8,588852 -8.865732 230.0214
82 -272.0312 2735790 1547814 5823350 2373079
LlER| 276.7450 289.4195 12.67457 -0.124821 228.88T0
BU+_PUV] 0.999677 0853540 -0.146137 0.366047 0.866755
®lp+_PU[A] 0.993875 0.955315 -0.038559 0.843899 0.946265
@ lg+_PU [A] -2.914e-3 0311220 0.314133 0.177136 0.234204
@lp+_PU W] 0.993596 0.815435 -0.178161 0.818249 0.821749
®lq¢_PU [var] 25133 0.265650 0.268563 0151277 0.159961
®P_t@5G320HX W] 320510.0 260946.7 -59563.30 272403.1 7743466
B8 Q_t@SGC320HX [var] 6242174 85534.11 T9291.94 53829.97 7114221

Test no. 4.1.2 Three phase symmetrical fault (type A)

U/Un = 0.85 p.u, P=100%Pn, Active power recovery time
VWWWWWWWWWWWWWWWAWWWAAWAAWNY
AWWWAYWYWWWWWWWWAWWWWAWA
WAWWAWAVAVAWWWWAWW WY

AN
|~
01550 01700 [ ] 01750 018,00 [ ]
A B Delta Avg RMS

Time [s] 0:16.800512 0:17.380152 0.579639
su1p] -307.0375 -416.7732 -109.7357 -0.707108 462.0362
suz -256.4852 -234.46683 22.01891 0.297178 460.8459
suzpM 555.0688 B540.4525 85.38378 -0.188139 460.8750
@11 [A] -258.2258 -217.9958 40.22992 -0.333424 2278313
@12 [A] -49.94345 -116.2223 -66.27882 0.058552 2265193
w13 [A] 3055777 329.9210 24.34337 0.208243 2268817
BU+_PUN] 0.852649 0.999985 0.147336 0.985875 0.996056
®lp+_PU W] 0.813620 1.007177 0.193557 0.977141 0.977411
@ Ig+_PU [var] 0.266597 0.013582 -0.253015 0.015461 0.045522
@P_t@5G320HX W] 280439.1 3177716 5733250 310173.4 310465.1
B8 Q_t@SGC320HX [var] 85883.34 12484.88 -73398.46 13118.69 24780.T1
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Item No. Parameter Phase reference Ulaits Unit Measured value
reference
0 Test number -- -- -- 421 4.2.2
1 Phase 1 460.5 460.9
t1-500ms to t; -
2 Voltage Phase 2 100ms Vrms 461.5 462.2
3 Phase 3 462.5 462.4
4 Phase 1 47.1 2324
Before t1-500ms to t; -
dip < t, 5 Current Phase 2 100ms Arms 47.2 232.6
6 Phase 3 47.1 232.7
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.01
8 total 100ms w 65219 322173
9 Positive sequence B B u. 0.001 0.002
Reactive power t-500mstot,-| P
10 total 100ms var 2476 6241
11 Phase 1 392.6 393.2
12 Voltage Phase 2 im0k | vims | 4615 461.6
13 Phase 3 461.3 461.4
14 Phase 1 50.3 246.7
15 Current Phase 2 im0t ams | 50.1 246.4
16 Phase 3 49.5 244.9
17 Total fault duration All phase titot ms 2400 2401
During P
; 18 Positive sequence u. 0.21 0.003
diptitots Reactive power P
19 total var 3295 7069
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.0001 0.003
21 Positive sequence -20ms p.u. 0.21 1.01
Active power
22 total w 65647 323210
23 Active current Positive sequence p.u. 0.22 1.06
24 Reactive Current | Positive sequence t1+60ms p.u. - -
25 Reactive Current | Positive sequence t1+120ms p.u. - -
26 Phase 1 461.1 463.5
27 Voltage Phase 2 to+1s Vrms 460.8 460.9
28 Phase 3 462.4 460.9
29 Phase 1 47.1 233.9
30 Current Phase 2 to+1s Arms 47.1 232.0
After 31 Phase 3 47.1 232.1
dip > t2 32 Positive sequence p.u. 0.20 1.01
Active power to+1s
33 total w 65220 322311
34 Positive sequence p.u. 0.001 0.002
Reactive power to+1s
35 total Var 2272 5501
Active power Positive sequence _
36 recovery time ms 301 714
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Test no. 4.2.0 single-pole short circuit with earth (type B)
U/Un = 0.85 p.u, P=0, Fault Duration
gn IR R RN R R R AR N RN
B L b b b b b L b b b b L
%ﬂ A I S B R R AR RN RS AR N RN SRR R RN RS
OO b L g i G L
‘l\ll‘l\ll‘l\ll‘l\ll‘\IIW'\II\"\IIW'\II\‘"llll‘lwl‘lwll‘lul‘|H|“|\"‘|\"‘|\"" \"‘||| |\|| |\|| |w|| |\|| ‘IH‘IH‘IH‘IH""l‘"l‘"l‘"
ER L L b b Db i G b L g o b b L A L
3 B
L O O
0 A Ot SO SO
N 0140 EEY -] 0180 D 0200 020 =2
A B HE HxiE
BYid] [s] 0:16.171926 0:18.596385 2.424459
suU1V] -430.0368 5518779 -121.8411 3934327
su2[V] 638.7610 3166044 -670.4214 4613433
suUzV] 2106213 576.8018 787.4232 461.2481
®lL[A] 0.791669 0721812 1513481 0.492951
®i2[A] 0221849 0499368 0721216 0334171
ez [A] 0.272393 -0.896096 -1.168490 0.466862
H
3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L ) I O O RO
L]
| A —
O S ) O Y SO ESS
*d
! 0050 0100 0150 D 0200 0250 0300 =2
A B HE
BYid] [s] 0:16.20043 0:18.59379 239335
BU+ PUV) 0.949486 0578134 0028549
®U-_PUN 0.050386 0.022950 -0.027435
®lip+_PU [A] 35815 62295 264865
®lp_PU[A] 79465 1.576c-4 7811e-5
®ig+_PU [A] 62714 643624 1.657e5
Ig_PU[A] 23794 1528c-4 85045
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Test no. 4.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.85 p.u, P=20%Pn, fault duration

.
. i
s

® i

.

.

.

o |

.

. i

®

1300 Y . ] 01500 0:16.00 (5] 017.00 018,00 015,00 [ ]
A B Delta Avg RMS

Time [s] 0:14.092610 0:16.491875 2.399265
U1 187.4169 65.76670 -121.6502 0.172723 392.5918
suzp -639.7217 -600.7665 3895521 0.169164 461.2801
osuzpM 426.3901 524.9391 98.54901 -0.192555 461.4995
@11 [A] 2621293 11.08468 -15.12826 0.046105 50.28513
@12 [A] -69.41082 -66.76209 2.648831 -0.101983 50.05129
w13 [A] 42,10580 53.10428 10.99849 -0.035870 49,50690
BU+_PU N 0.999177 0.948255 -0.049922 0.849436 0.948450
®lp+_PU[A] 0.204037 0.216523 0.012485 0.215949 0.215954
®lg+_PU [A] 2.901e-4 15294 13734 8.780e-5 2.6T7e4
@lp+_PU W] 0.203878 0.205544 1.666e-3 0.205047 0.205051
@ lg+_PU [var] 2.89%e-4 1451e4 -1448e-4 8.333e5 2.563e4
®P_t@5G320HX W] 65239.44 65746.86 507.4219 65588.43 65580.62
8 Q_t@5G320HX [var] 2428216 3350489 922.2727 3305.345 3310.835

Test no. 4.2.1 Single-pole short circuit with earth (type B)
U/Un = 0.85 p.u, P=20%Pn, Active power recovery time

MWWAWAWWIANWVWANVNAAANMBVMAAAAAMNNANVAAAAWVANVAVWANWIAN
;MWW AWV
e i
=i
R ST N N W Y VP vy v
®
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s i

o !

=

ﬂE o \/—-—-—.___-7

=i

=

.

01625 = o6 72D 017,00 01725 o1rs0
A B Delta Avg RMS

Time [s] 0:16.483813 0:16.789627 0.300814
[ LTERLY) -410.0454 -356.3460 53. 70033 -2.563838 450.83990
@Suz ] -147.9615 -300.8552 -152.8937 -0. 705549 4507121
Uz 621.5427 B49.438F 27.89545 1.837786 462.1678
@I1[A] -53.85733 -37.86409 15.99324 -0.112780 4792764
@Iz [A] -16.07466 -29.03056 -12.95590 -0.141731 4767359
Wiz [A] 67.03544 66.58829 -0.447154 0.155846 4T7.65421
|uU+_PU V] 0.845201 0.999103 0.045902 0.996481 0.996524
@Iip+_PU W] 0.205419 0.203871 -1.548e-3 0.205067 0.205209
®Ig+_PU [var] 8.286e-5 6.050e-4 5221e-4 5.281le-4 1.437e-3
@ P_t@SG220HX [W] B5639.50 B5288.90 -350.5977 B5B37.53 B5E20.49
2 Q_t@SGC320HX [var] 3432.263 2480.09T7 -952.1660 5179.658 TO26.465
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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, fault duration

I
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®
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e |
0:13.00 0:14.00 0:15.00 BY & ) 017,00 [}

A B Delta Avg RMS

Time [s] 0:13.630107 0:16.031517 2401410
|ui] 98.T6156 391.6356 292.8740 0.386228 393.1238
@|uzpM -613.0838 -644,9317 -31.84796 -0.410365 451.7137
Uz 501.6827 259.1114 -242.5T712 0.185289 451.5048
@11 [A] 6192316 187.4483 125.5201 0.080033 248.3927
@1z [A] -308.1178 -308.553T7 -0.435948 -0.27T&8T2 245.1549
w2 [A] 2421111 1201722 -121.9390 0111241 2447705
|uU+_PU V] 0.999783 0.950703 -0.049080 0.950163 0.8950168
@ip+_PU[A] 1.000%90 1.061012 0.060022 1.062217 1.062251
Wig+_PU [A] -3.49%=-3 T.4559e-4 4.245e-3 -2.612e-3 2.T68e-3
®Ip+_PU [W] 1.000815 1.008750 7.935e-3 1.009309 1.009331
®Ig+_PU [var] -3.499-3 T.092e-4 4.208e-3 -2.482e-3 2.634e-3
@ P_t@SG220HX [W] 320120.4 323479.2 3358.813 322902.5 322910.1
2 Q_t@SGC320HX [var] 5982.434 BT41.599 T59.1650 T118.850 T142.586

Test no. 4.2.2 Single-pole short circuit with earth (type B)
U/Un = 0.85 p.u, P=100%Pn, Active power recovery time

o moos o

= mas

IR

UL DO D D DR D

.. ®
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-
e |
o168 016,25 016,50 d=N s 0:17.00 o725 [ ]
A B Delta Avg RMS

Time [s] 0:16.031710 0:16. 745050 0.714340
|ui] 4249807 -580.7059 -1005.687 3.45%9e-3 453.1118
|uz -638.2088 24,3321T7 662.5410 3.393918 451.3938
ouzM 221.4093 552. 7640 331.3546 -4, 294092 450.8196
@11 [A] 203.6650 -290.6368 -494,3018 0470904 2334295
@1z [A] -303.3450 2.88605T7 306.2310 1.784420 231.9167
@iz [A] 100.4853 287.1692 186.6339 -2.296841 231.6556
@ U+_PU V] 0.950703 0.999891 0.049188 0.999117 0.999127
@ lp+_PU [A] 1.061012 1.006886 -0.054126 1.006001 1.006045
W ig+_PU [A] T.4558e-4 -2.100e-3 -2.846e-3 -2.4T9e-3 3.585e-3
@Iip+_PU W] 1.008750 1.006820 -1.2930e-3 1.005143 1.005184
®Iig+_PU [var] T.092e-4 -2.100e-3 -2.809e-3 -2.4T6e-3 3.573e-3
®P_t@56G320HX [W] 323479.2 321855.8 -1623.375 321662.5 321676.5
2 Q_t@SGC320HX [var] BT741.599 5873.565 -868.0337 9Z284.746 11852.25
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Time .
Item No. Parameter Phase reference reference Unit Measured value
0 Test number -- -- -- 43.1 432
1 Phase 1 460.8 458.3
t1-500ms to t; -
2 Voltage Phase 2 100ms Vrms 461.1 463.9
3 Phase 3 462.5 462.9
4 Phase 1 47.1 231.4
Before t1-500ms to t; -
dip <ty 5 Current Phase 2 100ms Arms 47.2 233.8
6 Phase 3 47.1 233.5
7 Active power Positive sequence t,-500ms to ty- | P-U. 0.20 1.00
8 total 100ms w 65220 322605
9 Positive sequence B B u. 0.003 0.01
Reactive power t-500mstot,-| P
10 total 100ms var 2288 5872
11 Phase 1 461.6 462.0
12 Voltage Phase 2 t1+1f)200nr1nssto 2| vims | 4118 411.2
13 Phase 3 411.4 412.1
14 Phase 1 48.9 193.7
15 Current Phase 2 im0t ams | 979 228,57
16 Phase 3 59.3 168.6
17 Total fault duration All phase titoty ms 2402 2402
During P
; 18 Positive sequence u. 0.15 0.15
diptitots Reactive power P
19 total var 62317 58226
20 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.17 0.15
21 Positive sequence -20ms p.u. 0.19 0.77
Active power
22 total w 61108 246324
23 Active current Positive sequence p.u. 0.20 0.83
24 Reactive Current | Positive sequence t1+60ms p.u. 0.18 0.10
25 Reactive Current | Positive sequence t1+120ms p.u. 0.17 0.15
26 Phase 1 460.8 462.1
27 Voltage Phase 2 to+1s Vrms 461.0 461.8
28 Phase 3 462.7 461.5
29 Phase 1 47,1 233.4
30 Current Phase 2 to+1s Arms 47.1 232.7
After 31 Phase 3 47.2 232.6
dip > t2 32 Positive sequence p.u. 0.20 1.00
Active power to+1s
33 total w 65207 322678
34 Positive sequence p.u. 0.003 0.01
Reactive power to+1s
35 total Var 2778 7079
Active power Positive sequence _
36 recovery time ms 7054 578
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Test no. 4.3.0 two-pole short circuit without earth (type C)
U/Un = 0.85 p.u, P=0, Fault Duration

L 1 I
® ol e
L R R E T B B T SRSl SIS PR
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=1 L
L e L B S e
®c
0050 0100 [ » B D 0200 0250 0300 =2
A B HE HxiE
BYid] [s] 0:14.67953 0:17.09091 241137
sUL V] -247.2500 495.1973 7434472 4614054
su2[V] 646.5609 -616.7953 -1263.356 410.9669
suz V] -402.0030 1245294 5265323 410.8965
®I1[A] -0.497580 -0.014782 0.482798 0478274
o2 0319123 -0.187755 0.131369 0.290752
®I12[A] -0.820160 0.302792 1122952 0434182
=5
>
2
+\
3
L ]
ol I I st D
S
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0050 0100 [ - XX D 0200 0250 0300 [ 0:35.902 ]
A B HE
BYid] [s] 0:14.72776 0:17.14534 241758
®U+_PU V] 0.924739 0.998460 0.073721
®U-_PUV] 0.074961 6.600e-4 -0.074300
®1p+_PU [A] -3.453e-5 -3277e-5 1.750e-6
®1p_PU [A] -L422e-4 2.121e4 -6.988e-5
®lq+_PU [A] 5.063e-4 5.621e-4 5.583e-5
1g-_PU [A] -1.099e-4 1.255e-4 2.354e-4
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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, fault duration

.
.
L
L
. |
e B
. |
. d
. ! [
L /
® | —
e | B
0:14.00 0:15.00 0:16.00 [ = X T - ]
A B Delta Porg RMS
Time [s] 01443062 r16.83300 2.4024T7
U1 [v] -433.4013 37.098819 AT1.47T9 -0.25659T0 451.54449
mu2v] -211.5440 -495.5211 -284.9763 -0.440202 411.5260
muz v B36.2550 459.85T1 -176.3988 0.63TEE3 411.9256
@11 [A] -45.4633T -0.452304 45.9935T7 0.033573 458.04861
iz [A] —20.290655 -56.24560 -35.33900 -0.507812 ST.357T34
Wiz Al B3.4077T8 ET.9T26T -5.435109 0. 190749 50.025T73
" uU+_PU V] 0.999195 0925782 -0.073413 0.926154 0926167
W lp+_PU [A] 0203928 0.205893 1.965=-3 0205840 0205847
W lg+_PU [A] 1.332=4 0.168829 DL168696 0166060 01675529
wilp+_PU W] 0203773 0.190620 -0.013153 0190648 0.190657
@ lg+_PU [wvar] 1.331e4 0.156306 0156173 0153734 0.155121
@ P_t@SGa20HX [W] B5191.69 B1116.31 -40T5.37T9 B1112.69 B1117.29
»Q_t@sSGa20HX 2355.T19 62220.5T 59864.85 B0T39.43 651421.56
Test no. 4.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.85 p.u, P=20%Pn, Injected reactive Current after 60ms
. *MNVW—\N\_/W
. 4 T — ]
.
.; fwm#ﬂw O S IS
N IS S U S ——— S R —————

.

® |

e |

014,400 0:14.450 B ciasm 0:14.550 [ ]
A B Delta Avg RMS

Time [s] 0:14.431309 0:14.491693 0.059884
|ui] -226.5566 -265,9822 -39.42561 0.239273 461.9921
|uz -420,1066 -309.8725 110.2340 -1.063983 4139274
ouzM B41.4893 568.30922 -T3.09711 0.689102 413.9052
@11 [A] -21.84487 -29.33044 -T.535577 -3.117162 49,09545
@1z [A] -41.9T288 -2.871990 39.10089 8.103494 T4.56081
@12 [A] 65.54842 29.04082 -36.50761 -5.030498 50.30655
@ U+_PU V] 0.999192 0925844 -0.073348 0.841103 0.841423
@ lp+_PU [A] 0.203911 0.184678 -0.019233 0.201896 0.202061
W ig+_PU [A] 1.247e-4 0.179879 0.179754 0.04T662 0.084280
@Iip+_PU W] 0.203755 0.170991 -0.032765 0.120081 0.190366
®Iig+_PU [var] 1.246e-4 0.16654T 0166422 0.044128 0.078021
®P_t@56G320HX [W] 65191.69 58433.51 -6758.180 62430.08 62497.18
2 Q_t@SGC320HX [var] 2355.719 40250.49 3789477 13622.26 20749.28
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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, Injected reactive Current after 120ms

o oo

LOLe 0 0 0 0

.

® |

e |

014,400 0:14.450 014,500 FEY )
A B Delta Avg RMS

Time [s] 0:14.431309 0:14.551740 0.119931
|ui] -226.5566 -247.523T -20.96713 -0.175T80 451.T198
|uz -420,1066 -325.2211 94.88547 -0,613470 A412. 7227
ouzM B41.4893 565.7T361 -T5. 75322 0723421 412.8924
@11 [A] -21.84487 -2T7.20499 -5.360127 -1.434239 49,02373
@1z [A] -41.9T288 -4.443715 37.53066 2.883856 B8T7.18T08
@iz [A] 65.54342 33.5707T7 -31.97766 -1.504704 55.10829
@ U+_PU V] 0.999192 0.925743 -0.073449 0.933529 0.933722
@ lp+_PU [A] 0.203911 0.205923 2.011e-3 0.203169 0.203278
W ig+_PU [A] 1.247e-4 0.169357 0.169232 0.108481 0.134036
@Iip+_PU W] 0.203755 0.190640 -0.013116 0.189696 0.189862
®Iig+_PU [var] 1.246e-4 0.15678T7 0.156663 0.100438 0.124096
®P_t@56G320HX [W] 65191.69 61192.77 -3998.922 61187.20 61266.15
2 Q_t@SGC320HX [var] 2355.719 B2379.16 B00Z23.44 34829.00 44190.98

Test no. 4.3.1 Two-pole short circuit without earth (type C)
U/Un = 0.85 p.u, P=20%Pn, Active power recovery time

T T M
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=i
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016,75 0:17.00 o725 ERLE G | 01775 018,00
A B Delta Avg RMS
Time [s] 0:16.831966 0:17.537437 0.705470
@uiv] -180.1391 B4T.62T2 837.7T662 2.480974 451.3036
@suz V] -369.5463 -392.2625 -22. 71617 -4.360840 452.0953
"suz v 555.9280 -259.8142 -815.7422 1.732789 450.7T31
@11 [A] -26.97623 64.84785 91.22408 0.317487 45.23846
@12 [A] -10.05232 -36.33797 -26.28565 -0.20T168 AT.00095
w2 [A] 38.25891 -30.84707 -69.10599 -0.072631 4545017
S U+_PU V] 0.925788 0.999271 0.073482 0.987837 0.9978T3
@lp+_PU W] 0.120647 0203817 0.013170 0.198792 0.198844
®Ig+_PU [var] 0.156335 2.935e-3 -0.153400 0.017791 0.028413
@ P_t@SGC320HX [W] 61144.93 B5260.6T 4115.734 63647.34 B36T0.46
2 Q_t@SGC320HX [var] B2377.03 3607T.161 -58TE0.8T7 10855.74 16969.45
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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, fault duration

;
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o i
B L N
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A o
. | [
|
o
.
0:1 0:15.00 0:16.00 [&] 017,00 [}
A B Delta Avg RMS
Time [s] 0:14.04911 01645118 240207
|ui] -535.87T05 -198.3217 337.5488 -0.384685 462.1013
@|uzpM -60.02689 -366.4553 -306.4285 -0,629193 411.4140
Uz 591.6987 B5T.2T725 -34.42621 0.86T509 412.19437
@11 [A] -2T73.1340 -86.833098 186.3030 -0.192536 1947630
@1z [A] -26.53861 -152.3538 -125.8152 -2.424T60 2287432
w2 [A] 2882449 234.7248 -63.52008 1.636145 170.3064
|uU+_PU V] 0.995700 0.926290 -0.073411 0.926631 0.926645
@ip+_PU[A] 1.008177 0.831372 -0.176805 0.835166 0.835653
Wig+_PU [A] 1.226e-4 0.157305 0.157182 0.153428 0.155376
®lp+_PU [W] 1.007918 0.770124 -0.237793 0.774001 0.774560
®Ig+_PU [var] 1.226e-4 0.145716 0.145593 0142111 0.143914
@ P_t@SG220HX [W] 322851.3 246613.3 -Te038.03 248643.3 248931.7
2 Q_t@SGC320HX [var] 5TZ28.665 S5T926.50 52197.83 56T719.95 5T290.42
Test no. 4.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.85 p.u, P=100%Pn, Injected reactive Current after 60ms
;
NV ANV A VAN VA VANV AVANAVAVANVA VAN A TS
. B N N N I N N B N N N NP (e N Nl S g N
™ N N N ] N B D N N g
. I | I I N N e
X
—
. ! ]
.|
. |
. | —
0:14.000 REY -3 oit100 D 0:14.150 014,200 014,250 [ ]
A B Delta Avg RMS
Time [s] 0:14.052323 0:14.113266 0.060943
|ui] 31.08T788 216.407T9 185.3200 1.981938 458. 7401
|uz -583.0665 -560,9072 22.15934 -8.854520 4137721
ouzM 549.1584 350.5293 -198.6290 6611877 4121724
@11 [A] 10.34319 89.72407 T9.38087 5.288683 2274506
@1z [A] -282.8055 -280.4108 2304676 -0.744911 2323827
@iz [A] 2726367 188.0121 -84.62453 -4,630282 2207582
@ U+_PU V] 0.999T02 0.926105 -0.073597 0.939701 0.939985
@ lp+_PU [A] 1.0038509 0.894501 -0.113908 1.003640 1.003955
W ig+_PU [A] -1.963e-4 0.096390 0.096586 S.600e-3 0.026513
@Iip+_PU W] 1.008252 0.828530 -0.179722 0.2843234 0.943882
®Iig+_PU [var] -1.963e-4 0.089271 0.085457 8.936e-3 0.024568
[ ] Q_t@ 5G220HX [var] 5951.724 57941.48 51989.75 26972.27 33048.T6
@ P_t@SG220HX [W] 3226434 287T923.1 -24T20.34 29T7T876.9 298525.6
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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, Injected reactive Current after 120ms

.

B N N B | N B N e N N

L) N i NI i N N~ Gl N i N L N D T P e NP SN N N P Ny

P N I | RN
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.

P

P

0:14.000 REY -3 014,100 0:14.150 [ & ] 014,200 014,250
A B Delta Avg RMS

Time [s] 0:14.052323 0:14.172021 0.119698
eU1N 31.08788 -31.86089 -62.95TTT -0.100729 462.54332
eU2 V] -583.0865 -468.0385 115.0280 0.821114 4115213
suz M 549.1584 493.6688 -55.48954 -1.030816 4133575
®11[A] 10.34319 -23.65017 -33.99337 0.924887 212.5406
@12 [A] -282.8055 -222.8855 59.91996 0.925797 229.6625
®I1z2[A] 2726367 247.688T -24.94800 -1.936497 196.1632
SU+_PU V] 0.995702 0.926054 -0.072749 0.933435 0.933604
®lp+_PU [A] 1.008509 0.832344 -0.176166 0.919576 0.923845
®lq+_PU [A] -1.963e-4 0.155732 0.155928 0.07TB044 0.106895
®Ip+_PU [W] 1.008252 0.FT1STT -0.236675 0.858930 0.863744
®lq+_PU [var] -1.963e-4 0.144362 0.144559 0.072358 0.099082
®Q_t@5G220HX [var] 5951.724 584TE.06 52526.33 36684.54 42183.26
® P_t@SGC320HX [W] 322643.4 246072.6 ~T5ET0.84 280423.3 281966.5

Test no. 4.3.2 Two-pole short circuit without earth (type C)
U/Un = 0.85 p.u, P=100%Pn, Active power recovery time

APV

=
-

[A]@12 [A]@1L [A]® U...]

Ré?%%?i
?di%ii

S

0:16.00 o625 0:16.50 016,75 PR G | 01725
A B Delta Avg RMS

Time [s] 0:16.445235 0:17.027790 0.578556

[ LTERLY) -509.1648 -636.4236 -137.2588 1.382641 451.8366
@Suz ] -46.4T851 202.9474 249.4250 0.610762 451.6T06
Uz 556.1006 A438.0756 -118.0251 -2.004054 450. 7069
@I1[A] -198.8422 -323.2194 -124.3773 0.573620 226.6069
@2 [A] 11.56574 109.4333 S7.86356 2.519051 226.5325
Wiz [A] 188.4900 214.3216 25.83158 -3.400858 2257081
|uU+_PU V] 0.926300 0.999956 0.073656 0.997716 0.997T6T
®Ip+_PU [W] 0.770281 1.005144 0.234863 0.973856 0.974510
®Ig+_PU [var] 0.145548 9.814e-3 -0.135734 0.011744 0028207
®Q_t@SGC320HX [var] 5T926.50 10143.14 -47T83.36 10710.96 17295.30
@ P_t@SG220HX [W] 248613.3 315242.9 B8629.56 308832.0 309331.1
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G99/1-8
Clause Requirement - Test Result - Remark Verdict
Time .
Item No. Parameter Phase reference B AN Unit Measured value
148 Test number -- -- -- 441 442
149 Phase 1 462.0 462.6
150 Voltage Phase 2 0-S00ms o ti- | g [ 4618 461.9
100ms
151 Phase 3 462.0 462.2
152 Phase 1 47.7 231.0
Before 153 Current Phase 2 0PSOt ams | 481 230.3
dip <ty 154 Phase 3 46.5 230.5
155 Positive sequence ) ) u. 0.20 1.00
Active power t-500mstot,-| P
156 total 100ms w 65497 319577
157 Reactive power Positive sequence t,-500ms to ty- | P-U. 0.00 0.00
158 total 100ms var -391 240
159 Phase 1 462.8 463.8
160 Voltage Phase 2 OIS0 | vims | 303.7 394.3
161 Phase 3 393.9 394.6
162 Phase 1 78.7 228.8
163 Current Phase 2 om0t ams | 782 2287
164 Phase 3 78.7 229.5
_ 165 Total fault duration All phase titot ms 2233 2247
During 166 Positive sequence p.u. 0.24 0.24
diptitots Reactive power
167 total var 76247 76735
168 Reactive current | Positive sequence |t;+100mstot, | P-U. 0.24 0.24
169 Positive sequence -20ms p.u. 0.19 0.86
Active power
170 total w 60787 276191
171 Active current Positive sequence p.u. 0.19 0.86
172 Reactive Current | Positive sequence t1+60ms p.u. 0.24 0.24
173 Reactive Current | Positive sequence t1+120ms p.u. 0.24 0.24
174 Phase 1 462.0 462.7
175 Voltage Phase 2 to+1s Vrms 461.8 462.0
176 Phase 3 462.2 462.2
177 Phase 1 46.9 231.2
178 Current Phase 2 to+1s Arms 47.7 230.4
After 179 Phase 3 48.9 230.3
dip > t2 180 Positive sequence p.u. 0.20 0.98
Active power to+1s
181 total w 63403 312133
182 Positive sequence p.u. 0.01 0.02
Reactive power to+1s
183 total Var 3981 5010
184 Active power Positive sequence . ms 107 531
recovery time
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Test no. 4.4.0 Two phase to earth fault (type E)
U/Un = 0.85 p.u, P=0, Fault Duration

Bt 5 0:16.164013 019.259853 3.095841
WA 1/U1@TRIONet_782 V] -619.8309 3804612 2393606
S Al L/UI@TRIONet_782 [V] 1339946 6523474 5183528
Al 1/UI@TRIONet_782 V] 490.3264 -267.8280 -T58.1544

AlL/1I@TRIONet_782 [A] -0.317037 0011921 0329018
@A 1/12@TRIONet_782 [A] 0.082254 -D.056028 0138283
S Al 1/13@TRIONet_782 [A] -0.199080 -0.200272 -1.192e-3

U_fund_SYM+_rc@POWER/0 [V] T99.9290 799.8450 0016052
8 U_fund_SYM-_rc@POWER/0 [V] 0.848684 0.967747 0119063
®1_fund_Q_SYM+_rc@POWER/0 [A] 0143953 0142680 -1.273e3
®1_fund_Q_SYM-_rc@POWER/0 [A] 1.953¢-3 5.054e-3 3.101e-3
@P_t_rc@POWER/0 [W] 4537858 2.766T17 -1771141

#Q_fund_rc@POWER/0 [var] 199.4268 197.6897 1737244

Hos ~wmoii

L =16] 0:16.539266 0:18.798604 2250338
@A 1/UI@TRIONet_782 [V] -250.7501 -156.1363 8462286
S Al 1/U2@TRIONet_782 [V] 5506766 5305238 -20.15281
©AI/UI@TRIONet_782 [V] -341.2304 -399.4835 -58.25305

Al 1/11@TRIONet_782 [A] 0.019073 0.000000 -0.019073
S A1/12@TRIONet_782 [A] -0.116825 -0.145435 -0.028610
SA1/13@TRIONet_782 [A] -0.189543 -0.127554 0.061989

U_fund_SYM+_rc@POWER/0 [V] 7205260 719.6647 -0.861267
B U_fund_SYM-_rc@POWER/0 V] 3084722 20.46629 0519072
®1_fund_Q_SYM+_rc@POWER/0 [A] 0128904 02791 -L112e3
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.012818 0.013921 1103e-3
@P_t_rc@POWER;0 [W] 5210240 2796208 -2.423041
#Q_fund_rc@POWER/0 [var] 1635735 1618056 -1.767853
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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, fault duration

Hl]ﬁ*\@@iii@'

Bt 5 016824713 019.057820 2233107
WA 1/U1@TRIONet_782 V] 380.0817 8529322 -1041.964
S Al L/UI@TRIONet_782 [V] -551.6268 243.3603 796.9871
S Al 1/UI@TRIONet_782 [V] 2242062 3164342 0222794

Al 1/11@TRIONet_782 [A] -30.90263 -76.33025 -45.43662
@A 1/12@TRIONet_782 [A] -80.72496 106.8854 187.6104
S Al 1/13@TRIONet_782 [A] 1113057 -30.65071 -142.1654

U_fund_SYM+_rc@POWER/0 [V] T220994 T21.6464 0453064
8 U_fund_SYM-_rc@POWER/0 [V] 40.02850 4081130 0.782803
®1_fund_Q_SYM+_rc@POWER/0 [A] 6222355 6129737 -0.926178
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.536028 0.507419 -0.028609
@P_t_rc@POWER/0 [W] 60068.18 60959.31 B91.1328
@ Q_fund_rc@POWER/0 [var] 77859.33 76651.34 -1207.992

Test no. 4.4.1 Two phase to earth fault (type E)
U/Un = O 85 .u, P=20%Pn, Injected reactive Current after 60ms

* $G320HX_85%UN_2ph to earth_20%PN_180454.dmd - OXY:

FuEa

‘MWMWM‘&WNWWL \ NIHF.NMJ‘MNMWMWM“WM’MNFMWW'MvWJ‘MWG‘MWJ‘MWVLWAW.‘A”L’&\“.’W.’W‘L“.’WLMWL’&IWHIW

>Dﬁ*\@®iii@“‘

-8 0:16.759121 0:16.818750 0.059629
®AI1/UI@TRIONet_782 V] -587.9352 -620.0383 -32.10306
B Al 1/U2@TRIONet_782 [V] 5185318 1124327 6057954
©Al1/UI@TRIONet_782 [V] 5402561 4159689 -1242871

Al 1/11@TRIONet_782 [A] -62.13546 -96.92073 -34.78527
SAI1/12@TRIONet_782 [A] 471949 110.0469 1053274
@A 1/13@TRIONet_782 [A] 57.11913 -13.60655 ~70.72568

U_fund_SYM+_rc@POWER/0 [V] 800.1340 722.0450 7808899
B U_fund_SYM-_rc@POWER/0 [V] 1.046353 40.09413 39.04778
®1_fund_Q_SYM+_rc@POWER/O [A] 0271357 62.39305 62.66441
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.744350 0.158948 -0.585402
®P_t_rc@POWER/O (W] 6520097 58399.86 -6810.113
©Q_fund_rc@POWER/O [var] -374.6744 78039.16 7841383
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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, Injected reactive Current after 120ms

: -———-———

=
A R A A Jmmx«ﬁﬁfmﬁwwmmmwwmw«wmwmwm»ﬁmwwmwwwmmmwwwmmww@l

»mﬁv\@lgﬁi@*-

HE [ 0:16.759121 0:16.878379 0.119258
®A1/UI@TRIONet_782 V] -587.9352 6424919 5455661
Al 1/U2@TRIONet_782 [V] 5185318 177.38% 1255324
@Al 1/U3@TRIONet_782 [V] 540.2561 3684378 -171.8183

Al 1/11@TRIONet_782 [A] -62.13546 -85.54817 -2341271
@A 1/12@TRIONet_782 [A] 471949 109.0133 1042938
@A 1/13@TRIONet_782 [A] 57.11913 -23.66662 -80.78576

U_fund_SYM+_rc@POWER/0 [V] 800.1340 T21.9979 7813611
B U_fund_SYM-_rc@POWER/0 [V] 1.046353 4027214 39.22579
®1_fund_Q_SYM+_rc@POWER/O [A] 0271357 6094733 6121869
®1_fund_Q_SYM-_rc@POWER/0 [A] 0.744350 0465038 -0279312
®P_t_rc@POWER/O [W] 6520097 60787.18 4422785
©Q_fund_rc@POWER/O [var] -374.6744 76247.66 7662234

Test no. 4.4.1 Two phase to earth fault (type E)
U/Un = 0.85 p.u, P=20%Pn, Active power recovery time

OHX_85%UN_2ph to earth 20%PN__180454.dmd - OXY

A

: -————————

[ T

Hmﬁv\@l@iii@'

il

@A 1/UI@TRIONet_782 [V]

@Al 1/U2@TRIONet_782 [V]

Al 1/U3@TRIONet_782 [V]
Al 1/11@TRIONet_782 [A]

@A 1/12@TRIONet_782 [A]

S A 1/3@TRIONet_782 [A]

U_fund_SYM+_rc@POWER/0 [V]
U_fund_SYM-_rc@POWER/0 [V]
®_fund_Q_SYM+_rc@POWER/O [A]
®1_fund_Q_SYM-_rc@POWER/O [A]
®P_t_rc@POWER/0 (W]
#Q_fund_rc@POWER/0 [var]
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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, fault duration

&
o TVANTA AT AR i UWJWNWUWWWW AR AR ANV AN \N@ ®
f 7B
THARYE i ALY A T WRANVIVATATWAN A #
s VAVANAAAVANVIA e AR AR VARV RTANT AR WIVAARANERVANTY
s AR AAARVATA e R
7: =iZ sIIIiiiiii es--deccess es---sscess tissccsszzzs memmsssssnns I Tef--zil < [_.»
= e E
P 6 . & 5 i Le G
A ] L]
B (s 01586016 0:18.10784 2241688
®ALUI@TRIONet_752 V] -350.6897 -88.51481 262.1749
N ek 752 1 ey o pns
Al 1/11@TRIONet_782 [A] -90.51800 -135.9677 -45.44974
@A 1L/12@TRIONet_782 [A] 39762 -189.7228 -500.4850
@Al 1/13@TRIONet_782 [A] -230.165T 256142 555.7800
U_fund_SYM+_rc@POWER/0 [V] T23.1706 7223123 -0.858276
1m0 SV rePONGRO prped e s
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.380455 0257306 0.637761
@P_t_rc@POWER/o [W] 2679782 27158T8.7 7901563
®Q_fund_rc@POWER/0 [var] 79335.63 T7263.48 -2072.156

Test no. 4.4.2 Two phase to earth fault (type E)
U/Un = 0.85 p.u, P=100%Pn, Injected reactive Current after 60ms

e N I O =
L AWMV AARANANY, ’WWMJ\f1WuMJWUWMM’4&MQPfhWU\’WNJWﬁuWFW‘JUW'V%WMIMMIUWM&WMW&WW@ ®
g B

TV il R HY AT AT f ! VAR TN VAT
e B A A RN VA WA TR ARWIAAAANENIVAY
o AN A AVARAAY A A A A A A A A A A A A AR

7: =iz cIIIiiiiiiii e es---scscss < tissccsszzzs P2 eey I 3 [_.»
3 L s S a
p e . — . S ok o B

A ] HE

B [s] ®15.82812 0:15.88763 0.05951
WA 1VI@TRIONet_782 V] 4564023 -152.7472 -107.1069
<N TRONG T2 awzer s suam
Al 1/11@TRIONet_782 [A] -12.74109 -164.5462 -152.1051
WA 1/12@TRIONet_782 [A] -276.5143 -165.5614 1109520
@Al 1/13@TRIONet_782 [A] 2801815 3303242 4L14270
U_fund_SYM+_rc@POWER/0 [V] 8005709 7231473 -T7.42358
1t SV PN o Py P
#1_fund_Q_SYM-_rc@POWER/0 [A] -0.382064 0534215 0916279
@P_t_rc@POWER/0 [W] 319743.7 61256 -43518.06
®Q_fund_rc@POWER/0 [var] 3848948 T7823.90 TITES AL
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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, Injected reactive Current after 120ms

ph to earth_100%PN__180815.dmd - O

,,,,,,,,,,,,,,,,,,,,,,,,,,, O
0 : a
] i ; ‘ { i ¥
B O e e e e N
s A A A A A A A A A A A A A A A A A A A A A A A A A A MR
g —— @
== S : : T =
A ] 1
Bdid (5] 0:15.82812 0:15.94714 0.11902
@Al 1/U1@TRIONet_782 [V] 4564023 -248.9667 -203.3265
B A 1/U2@TRIONet_782 [V] -545.4557 -348.4028 197.0530
® Al 1/UI@TRIONet_782 [V] 5842147 5518933 3232146
Al 1/11@TRIONet_782 [A] -12.74109 -203.6905 -190.9495
®AI1/12@TRIONet_782 (A] 2765143 -123.9300 1525843
@Al 1/13@TRIONet_782 [A] 2891815 327.3368 3815532
U_fund_SYM+_rc@POWER/0 V] 800.5709 7227884 -TL.TR2S3
® U_fund_SYM-_rc@POWER/0 [V] 0918131 4024570 39.32757
®1_fund_Q_SYM+_rc@POWER/0 [A] 0028245 6127657 6124833
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.382064 0.262827 0.644891
®P_t_rc@POWER/0 [W] 3197437 2761919 4355181
#Q_fund_rc@POWER/0 [var] 38.48948 76725.08 76686.59

Test no. 4.4.2 Two phase to earth fault (type E)
U/Un = 0.85 p.u, P=100%Pn, Active power recovery time

BE:
®
v EEVIVVA @
j i ! f A ! HLE ‘ f } ¥
L A VA A A A S
O e e
| a [ - ; 5 -
== : =
R e 5 5 L= T i o T o
A 8 21
Bl s 0:18.12158 0:18.65334 053176
B A 1UI@TRIONet_782 V] -565.0392 6528109 1217.850
s = == ==
Al 1/11@TRIONet_782 [A] -231.3841 324.4341 555.8181
S A 1/12@TRIONet_782 [A] 3054261 -149.8795 -455.3056
@A 1/13@TRIONet_752 [A] ~74.95761 -174.5832 -99.62559
U_fund_SYM+_rc@POWER/0 [V] T22.3187 800.8940 7857538
®U_fund_SYM-_rc@POWER/0 [V] 40.78459 1205349 -39.48904
®1_fund_Q_SYM+_rc@POWER/0 [A] 6176072 2348561 -5941215
®1_fund_Q_SYM-_rc@POWER/0 [A] 0227144 1493265 -1.720409
O P_t_rc@POWER/0 (W] 2758464 3205190 4467256
®Q_fund_rc@POWER/O [var] TIZTT.98 3254497 7402349
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13.5.4, TABLE: Reactive Power capability requirements — Versus Voltage (For Type =
13.5.5 C and Type D)

Model: SG350HX

Inductive supply reactive power

Rating voltage Active power | Reactive Power Q/Pn Power factor Voltage
[%] [kw] [kVar] [%] [cos @] V]
100% 281.314 212.438 66% 0.80 800.26
99% 277.664 211.753 66% 0.80 792.40
98% 272.793 211.330 66% 0.79 784.13
97% 267.999 210.657 66% 0.79 776.15
96% 263.874 211.324 66% 0.78 768.19
95% 259.792 211.024 66% 0.78 760.19
94% 254.412 210.540 66% 0.77 752.22
93% 249.766 210.940 66% 0.76 744.27
92% 244.551 211.213 66% 0.76 736.29
91% 239.465 211.093 66% 0.75 728.30
90% 235.905 210.598 66% 0.75 718.98
87.5% 204.225 211.195 66% 0.70 700.02
100% 280.692 211.568 66% 0.80 800.20
101% 280.638 212.317 66% 0.80 808.21
102% 281.747 210.021 66% 0.80 816.17
103% 282.076 209.935 66% 0.80 824.15
104% 281.907 211.458 66% 0.80 832.18
105% 281.703 209.986 66% 0.80 840.09
106% 281.998 210.944 66% 0.80 848.19
107% 281.634 210.955 66% 0.80 856.20
108% 282.231 211.190 66% 0.80 864.19
109% 281.753 211.137 66% 0.80 872.19
110% 281.227 210.209 66% 0.80 880.17
Capacitive supply reactive power

Rating voltage Active power | Reactive Power Q/Pn Power factor Voltage
[%] [kW] [kVar] (%] [cos 9] [V]
100% 282.358 -211.255 -66% 0.80 800.81
99% 277.771 -211.403 -66% 0.80 792.15
98% 273.051 -210.877 -66% 0.79 784.13
97% 268.055 -211.292 -66% 0.79 776.10
96% 262.811 -211.150 -66% 0.78 768.08
95% 259.325 -211.975 -66% 0.78 760.03
94% 254.963 -210.947 -66% 0.77 752.02
93% 250.544 -211.103 -66% 0.76 744.04
92% 245.816 -211.631 -66% 0.76 735.98
91% 240.851 -211.656 -66% 0.75 727.87
90% 236.093 -210.986 -66% 0.75 719.84
87.5% 205.120 -210.687 -66% 0.70 700.38
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100% 281.832 -211.026 -66% 0.80 800.91
101% 281.632 -211.207 -66% 0.80 808.80
102% 282.084 -211.146 -66% 0.80 816.86
103% 281.790 -211.493 -66% 0.80 824.84
104% 281.628 -211.069 -66% 0.80 832.85
105% 281.346 -210.853 -66% 0.80 840.86
106% 281.521 -211.178 -66% 0.80 848.85
107% 281.625 -211.645 -66% 0.80 856.85
108% 282.008 -211.686 -66% 0.80 864.87
109% 281.702 -211.212 -66% 0.80 872.90
110% 281.577 -211.172 -66% 0.80 880.87

Note:
The PV inverter maximum reactive power set point Q more than 33%Pn.

Connection Point
Voltage (p.u)

a

1.100

0.225

- -
-0.95 1.00 095 Power Factor

Consumption (lead) Production (lag)

Figure 13.11 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage above 33 kV)

Connection Point
Voltage (p.u)
.

1.05

AL00 1o A e

e
v

»
0.95 1.00 0.95 Power Factor

Qmin Consumption Production Qmax
(lead) (lag)

Figure 13.12 Reactive Power capability requirements (Power Park
Modules operating at Registered Capacity, voltage at or below 33 kV)
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1356 TABLE: Reactive Power capability requirements — Q setpoint mode (For Type C =
and Type D)
Model: SG350HX
Inductive supply reactive power
Rating power Active power | Reactive Power Q/Pn Power factor Voltage
[%] [KW] [kvar] [%] [cos g] V]
10% 32.023 210.098 65.66 0.15 799.87
20% 64.078 210.279 65.71 0.29 800.03
30% 96.097 210.391 65.75 0.42 800.05
40% 127.986 210.368 65.74 0.52 800.08
50% 160.092 210.112 65.66 0.61 800.11
60% 192.233 209.866 65.58 0.68 800.13
70% 224.037 209.606 65.50 0.73 800.15
80% 256.147 209.348 65.42 0.77 800.18
90% 287.956 198.774 62.12 0.82 800.19
100% 319.794 142.216 44.44 0.91 800.18
Capacitive supply reactive power
Rating power Active power | Reactive Power Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos @] V]

10% 31.855 -210.734 -65.85 0.15 799.87
20% 63.868 -210.477 -65.77 0.29 799.89
30% 95.881 -210.344 -65.73 0.41 799.92
40% 127.993 -210.296 -65.72 0.52 799.94
50% 160.179 -210.477 -65.77 0.61 799.97
60% 192.205 -210.736 -65.86 0.67 799.99
70% 224.152 -210.926 -65.91 0.73 800.02
80% 257.094 -211.147 -65.98 0.77 800.05
90% 287.737 -195.796 -61.19 0.83 800.10
100% 320.101 -138.076 -43.15 0.92 800.16

Note:
The PV inverter maximum reactive power set point Q more than 33%Pn.
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13.5 TABLE: Voltage Control and Reactive power Stability =
C.74 (For Type C and Type D)
Model: SG350HX
Inductive supply reactive power(100%Pn)
Rating Voltage Active power | Reactive Power Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos @] V]
100% 320.168 0.314 0.10 1.00 801.04
(1) 95% 316.029 105.587 33.00 0.95 761.73
(iii) 93% 308.879 105.499 32.97 0.95 745.81
Capacitive supply reactive power(100%Pn)
Rating Voltage Active power | Reactive Power Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos @] V]
100% 320.147 0.606 0.19 1.00 800.93
(i) 105% 319.856 -104.432 -32.64 0.95 840.36
(iv)107% 319.712 -105.196 -32.87 0.95 856.37

Note:

Connection Poi
“oltage

:

rt

Setpoint Voltage
A0 <= West < 1054

Slope

Thi=isthe
percertage change
inVoltageba=don
nominzal, that results

in achange of
rea oive poweer from
Oto Gmin or Oto
Glrnas

Qmin 0

Readtive capability
corresponding to 0,95
le=ading Power Factor at
Registered Capacity

Gmax

Reactiwe capability
corresponding to 095
lagging Power Factor at
Registered Capacity

Figure C.5.1 Setpoint Yoltage and Slope Characteristic

For step injection into the Power Park Module voltage Setpoint, steps of £1% and +2% (or larger if
required by the DNO) shall be applied to the voltage control system Setpoint summing junction. The
injection shall be maintained for 10 s as per Figure C.9.2.

The PV inverter maximum reactive power set point Q = 33%Pn.
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13.5 ) ; .

Cc93 TABLE: Reactive power output capability (For Type C and Type D) P

Model: SG350HX

Power level Active power Reactive Power | Q/Pn Power factor Duration

[%] [kW] [kVar] [%] [cos @] [mins]
i.60% 193.876 -211.222 -66.01 0.676 30
ii.60% 192.778 213.116 66.60 0.671 30
iii.50% 161.064 213.738 66.79 0.602 30
iv.50% 160.9157 -210.948 -65.90 0.606 30
v.20% 65.309 -211.227 -66.01 0.296 60
vi.20% 65.258 213.943 66.86 0.292 60
Vii.<20% 50.488 213.922 66.85 0.230 5
Viii.0% -2.531 214.657 67.08 0.012 5
ix.0% -2.743 -210.179 -65.68 0.013 5

Note:

(i) Operation in excess of 60% Registered capacity and maximum continuous lagging Reactive Power for
30 minutes.

(ii) Operation in excess of 60% Registered capacity and maximum continuous leading Reactive Power
for 30 minutes.

(iii) Operation at 50% Registered capacity and maximum continuous leading Reactive Power for 30
minutes.

(iv)Operation at 50% Registered capacity and maximum continuous lagging Reactive Power for 30
minutes.

(v) Operation at 20% Registered capacity and maximum continuous leading Reactive Power for 60
minutes.

(vi) Operation at 20% Registered capacity and maximum continuous lagging Reactive Power for 60
minutes.

(vii) Operation at less than 20% Registered capacity and unity Power Factor for 5 minutes. This test only
applies to systems which do not offer voltage control below 20% of Registered capacity.

(viii) Operation at the lower of the Minimum Generation or 0% Registered capacity and maximum
continuous leading Reactive Power for 5 minutes. This test only applies to systems which offer voltage
control below 20% and hence establishes actual capability rather than required capability.

(ix) Operation at the lower of the Minimum Generation or 0% Registered capacity and maximum
continuous lagging Reactive Power for 5 minutes. This test only applies to systems which offer voltage
control below 20% and hence establishes actual capability rather than required capability.
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TABLE: Voltage and Frequency Controller Model Verification and Validation
(For Type C and Type D)

Model: SG350HX
Test (80%Pn)

C.7.8.2

Frequency Active power Reactive Power | Q/Pn Power factor Time
[HZ] [kW] [kvar] [%] [cos @] [s]

50.0 256.381 0.290 0.09 1.000 10
50.0->49.5 256.474 0.141 0.04 1.000 10
49.5 256.384 0.207 0.06 1.000 20
49.5->49.8 256.330 0.201 0.06 1.000 30
49.8 256.368 0.388 0.12 1.000 60
49.8->50.0 256.340 0.205 0.06 1.000 10
Note:

Power Park Module operating at 80% of Registered Capacity.

(i) a ramped reduction in the measured system frequency of 0.5Hz in 10 s followed by

(i) 20 s of steady state with the measured system frequency depressed by 0.5Hz followed by

(iii) a ramped increase in measured system frequency of 0.3Hz over 30 s followed by

(iv) 60 s of steady state with the measured system frequency depressed by 0.2Hz as illustrated in Figure
C.7.4 below.

Frequency (Hz)

I
1
1
I
I
I
I
1
1
1
I
'
L
1
I

Time (seconds)

Figure C.7.4 Controller simulation
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TABLE: Voltage and Frequency Controller Model Verification and Validation
C.7.8.4 P
(For Type C and Type D)
Model: SG350HX
Test (100%Pn)
Rated Voltage | Active power Reactive Power | Q/Pn Power factor Voltage
[%] (kW] [kvar] [%] [cos 9] [V]
100 321.281 1.324 0.41% 1.000 800.53
102 321.504 0.713 0.22% 1.000 816.51
104 321.875 1.160 0.36% 1.000 832.61
106 322.630 1.271 0.40% 1.000 848.57
108 321.338 1.029 0.32% 1.000 864.58
110 321.416 1.479 0.46% 1.000 880.69
Note:

the Power Park Module operating at Registered Capacity and unity Power Factor at the Connection
Point to a 2% step increase in the voltage reference. The simulation study shall show the terminal voltage,
Active Power, Reactive Power and Power System Stabiliser output signal as appropriate.

10. Protection — Re-connection timer P

Model: SG350HX

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. Both the time delay setting and the
measured delay should be provided in this form; both should be greater than 20 s to pass. Confirmation
should be provided that the Power Generating Module does not reconnect at the voltage and frequency
settings below; a statement of “no reconnection” can be made.

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.
241.3 At 1.16 pu At 0.78 pu
240 s S (928V) (624V) At 47.4 Hz At 52.1 Hz

Confirmation that the Power
Generating Module does not
re-connect.

No No No No
Reconnection Reconnection Reconnection Reconnection
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Fault level contribution: P

These tests shall be carried out in accordance with EREC G99 Annex A.7.1.5. Please complete each
entry, even if the contribution to the fault level is zero.

Model: SG350HX

For Inverter output

Time after fault Volts Amps
20ms 153.8V 20.8 A
100ms 53.7V 0.9A
250ms 321V 0.5A
500ms 195V 0.1A
Time to trip 0.05 In seconds

12.7/13.9 Self-Monitoring solid state switching: No specified test requirements. Refer to Annex A.7.1.7.

It has been verified that in the event of the solid state switching device failing to disconnect the N/A
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.

15.2 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 N/A
commissioning)

11.1.3.1/12.1.3.1/ 13.1.3.1Logic interface (input port).

Confirm that an input port is provided and can be used to shut down the module. P

9.1.7 Cyber security

Confirm that the Power Generating Module has been designed to comply with cyber security P
requirements, as detailed in 9.1.7.

Additional comments.

The inverter communication terminal COM2 is located at the bottom of the inverter, as shown in the figure
below. To short or open pin3 and pin4 of logic interface port (COM2 port) to control the inverter to normal
or shutdown active power of output. A logic interface is provided that can be operated by an external
switch or contactor. Users can install by themselves. Users install the switch connected to pin4 and pin6 of
COM2 port and just need control the switch signal causing the switch to open or short. When the switch is
closed, the inverter will operate normally. When the switch is opened, the inverter will cease to export
active power within 5 seconds.
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1 2
3 4
5 6
7 8
S$319-E016
table 5-7 Communication terminal COM2 definition
Port PIN Definition Description
/ 1 !
/ 2 !
DI 3 Dl emergency stop dry contact
4 PGND
5 COM
DO 6 NC fault output dry contact
7 NO
8
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Appendix 2: Photo documentation

Enclosure Front View
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Enclosure Left Side View
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Enclosure Top Side View

Enclosure Bottom Side View
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--- End of test report---
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