Sungrow Power Supply Co., Ltd.

Add: No. 1699 Xiyou Rd., New & High Tech.
Industrial Development Zone, 230088, Hefei, China
Tel: +86 551 6532 7834

Email: info@sungrow.cn
Website: www.sungrowpower.com

Conformity Declaration

Sungrow Power Supply Co. hereby declares compliance with the operating regulations
to allow the connection and operation of solar photovoltaic plants in the SIN national
interconnected system of Colombia. Specifically with the verification tests of the LVRT
and HVRT performance curves required in CREG 060 of 2019 and CNO1223
agreement. Where it can be verified through the certifying agent performed by DEKRA
and TUVNord accredited under ISO/IEC 17065 for the certification of SG3125HV-30
inverters under IEC62910 and IEC61727 standards.

Verificacion Apartado reporte No0.6092407.51 Resultado

Priorizacion de la inyeccidn de corriente reactiva de forma que
alcanza un 90% del delta de cambio esperado en menos de 50
ms, con una tolerancia del 20%, ante desviaciones de tension 5152 Pasa
que excedan los limites operativos de la tensiéon nominal en la B
planta de generacién. Los 50 ms consideran el tiempo
necesario para detectar la falla.
Limitacion del aporte de potencia reactiva adicional al 100% de

. . 5.1,5.2 Pasa
la corriente nominal de cada generador.
Sostenimiento del aporte de potencia reactiva adicional
siempre que la tension esté por fuera del rango normal de 5.1,5.2 Pasa
operacion.
Sostenimiento de la potencia reactiva durante 500 ms después
de la tension entre a la banda muerta de tensién manteniendo 5152 Pasa
un aporte adicional proporcional a la desviacion de la tension B
con respecto al valor de referencia (1p.u.).
Si la ganancia k es configurable en cada inversor y en qué 5.1, 5.2. Test no muestra el rango de
rango. Debe demostrarse que al menos es configurable entre 0 | este valor. SG3125HV-30 configurable Pasa
y 10. su factor k entre 0 y 10.
El ajuste de la banda muerta. 5.1,5.2 Pasa

Daniel Du

Standard and Certification Engineer.
January 1, 2023



China National Accreditation Service for Conformity Assessment

PRODUCT CERTIFICATION BODY
ACCREDITATION CERTIFICATE

(Registration No. CNAS C183-P)

TUV NORD (Hangzhou) Co., Ltd.
Floor 5, No.50, Jiuhuan Road, Jiang Gan District, Hangzhou, P.R.China, 310019

to ISO/IEC 17065:2012 Conformity Assessment - Requirements for
Bodies Certifying Products, Processes and Services (CNAS-CCO02) for the
competence to undertake the product certification service as described in

the schedule attached to this certificate.

The scope of accreditation is detailed in the attached schedule
bearing the same registration number as above. The schedule forms an

integral part of this certificate.

Date of Issue: 2020-11-10

Date of Expiry: 2025-11-23
Date of Initial Accreditation: 2016-11-24

[
Signed on behalf of China National Accreditation Service for Conformity Assessment f

China National Accreditation Service for Conformity Assessment (CNAS) is authorized by Certification and
Accreditation Administration of the People’s Republic of China (CNCA) to operate the national accreditation schemes
for conformity assessment. CNAS is a signatory of the International Accreditation Forum Multilateral Recognition
Arrangement (IAF MLA) and the Asia Pacific Accreditation Cooperation Mutual Recognition Arrangement (APAC MRA).
The validity of the certificate can be checked on CNAS website at http://www.cnas.org.cn/english/findanaccreditedbody/index.shtml.




Certificate

of Conformity

Registered No.:

COCPVP04005/20B-01

File reference Test report No. Date of issue
PVP04005/20B-01 TRPVP04005/20B/01 2020-04-17

On the basis of the tests undertaken, the samples of the below product(s) have been found to comply
with the essential requirements of the referenced specifications at the time the tests were carried out:
Applicant: Sungrow Power Supply Co., Ltd.

No. 1699 Xiyou Road, New & High Technology Industrial Development Zone
Hefei City, Anhui Province, 230088, P.R China

Manufacturer: Sungrow Power Supply Co., Ltd.

No. 1699 Xiyou Road, New & High Technology Industrial Development Zone
Hefei City, Anhui Province, 230088, P.R China

Product: Grid-connected PV inverter
Type designation: SG3125HV-30
Standard(s): Test according to IEC 61727:2004 for PV Inverter.

See test report for detailed information.

This document is based on the evaluation of the samples of the above mentioned product(s). It does
not imply an assessment of the mass-production of the product(s), and it does not permit the use of a
TUV NORD mark. The holder of this document may use it in connection with the related test report(s)

TUV NORD (HANGZHOU) CO., LTD.
| l I : Member of TUV NORD Group

Tel: +86-571-85386989

Fax: +86-571-85386986

www.tuv-nord.com/cn

P.R. China

Renewable Energy

BOS-T-005 COC Page 1 of 1 Version 1.1



INTERNATIONAL
I AS ACCREDITATION
SERVICE®

CERTIFICATE OF ACCREDITATION

This is to attest that

DEKRA TESTING AND CERTIFICATION (SHANGHAI) LTD.
NO.250, JIANGCHANGSAN ROAD, JING'AN DISTRICT
SHANGHAI, 200436
PEOPLE'S REPUBLIC OF CHINA

Product Certification Agency PCA-141

has met the requirements of the applicable provisions of AC370, IAS Accreditation Criteria for Product Certification
Agencies, has demonstrated compliance with ISO/IEC Standard 17065:2012, Conformity assessment - Requirements for
bodies certifying products, process and services. This third-party product certification agency is accredited to provide the
services specified in the scope of accreditation.

Effective Date February 23, 2022 )
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President

Visit www.iasonline.org for current accreditation information.




SCOPE OF ACCREDITATION

International Accreditation Service, Inc.
3060 Saturn Street, Suite 100, Brea, California 92821, U.S.A. | www.iasonline.org

DEKRA TESTING AND CERTIFICATION (SHANGHAI) LTD.

www.dekra.com.cn

Contact Name Wayne Wang
Accredited to ISO/IEC 17065:2012

Contact Phone +86-2160567603
Effective Date February 23, 2022

Product Category and Sub-Category

Certification Scheme and Scheme Owner / Standard

Low Voltage Electrical Equipment and Appliances

DEKRA

Household and similar electrical appliances

DEKRA Seal Scheme - Scheme Type 5
Certificate of Conformity (CoC) - Scheme Type 1a

Luminaires

Certificate of Conformity (CoC) - Scheme Type 1a

Audio, video and similar electronic apparatus, information and
communication technology equipment

Certificate of Conformity (CoC) - Scheme Type 1a

Switches for appliances and automatic controls for electrical
household appliances

(0}

Measuring relays and protection equipment

Certificate of Conformity (CoC) - Scheme Type 1a

Electrical Engineering

DEKRA

Batteries

(0}
(0}

(0]

(0]

(0]

Primary batteries

Secondary cells and batteries containing alkaline or other
non-acid electrolytes, Nickel systems

Secondary cells and batteries containing alkaline or
other non-acid electrolytes, Lithium systems
Stationary electrical energy storage systems intended for
connection to the low voltage grid

Stationary battery energy storage systems with lithium
batteries

Certificate of Conformity (CoC) - Scheme Type 1a

IT and Office Equipment

Certificate of Conformity (CoC) - Scheme Type 1a

PCA-141
DEKRA Testing and Certification (Shanghai) Ltd.

INTERNATIONAL Effective Date February 23, 2022
ACCREDITATION Page 2 of 5
SERVICE® IAS/PCA/100-1



SCOPE OF ACCREDITATION

International Accreditation Service, Inc.
3060 Saturn Street, Suite 100, Brea, California 92821, U.S.A. | www.iasonline.org

(0}

Uninterruptible power systems (UPS)

Electrical Engineering

DEKRA

e Electrical equipment for measurement, control, and laboratory use

Certificate of Conformity (CoC) - Scheme Type 1a

e Plug, socket outlets, cord extension set

Certificate of Conformity (CoC) - Scheme Type 1a

e Lamp control gear

Certificate of Conformity (CoC) - Scheme Type 1a

e Lamps

Certificate of Conformity (CoC) - Scheme Type 1a

e Transformers, reactors, power supply units and combinations

Certificate of Conformity (CoC) - Scheme Type 1a

e Installation Accessories and Connection Devices

(0]
(0]

Power electronic converter systems and equipment
Bi-directional grid-connected power converters

Certificate of Conformity (CoC) - Scheme Type 1a

e Low voltage, high power switching equipment

Certificate of Conformity (CoC) - Scheme Type 1a

o0 Low-voltage switchgear and control gear assemblies
o PV Combiner Box
e Cables and Cords Certificate of Conformity (CoC) - Scheme Type la

o0 Cable management - Cable tray systems and cable ladder
systems

o0 Cable management systems — Cable ties for electrical
installations

0 Cable cleats for electrical installations

0 Coaxial communication cables

o Communication cable

0 Multicore and symmetrical pair/quad cables for digital

communications
0 Optical fibre cables
o Automotive cables

e Installation Protective Equipment Certificate of Conformity (CoC) - Scheme Type 1a
0 Lightning protection system components (LPSC)
0 SPD multi-function(s) monitoring devices

INTERNATIONAL Effective Date February 23, 2022

ACCREDITATION Page 3 of 5
SERVICE® IAS/PCA/100-1

PCA-141
DEKRA Testing and Certification (Shanghai) Ltd.




SCOPE OF ACCREDITATION

International Accreditation Service, Inc.
3060 Saturn Street, Suite 100, Brea, California 92821, U.S.A. | www.iasonline.org

Energy Efficiency

DEKRA

e Luminaires

Certificate of Conformity (CoC) - Scheme Type 1a

e Lamp control gear

Certificate of Conformity (CoC) - Scheme Type 1a

e Lamps

Certificate of Conformity (CoC) - Scheme Type 1a

e Household and similar electrical appliances

Certificate of Conformity (CoC) - Scheme Type 1a

e Photovoltaics

(0}

OO0OO0OO0Oo

Power converters for use in photovoltaic power systems
PV inverter

Photovoltaic systems - Power conditioners

Grid connected photovoltaic inverters

Grid connected photovoltaic inverters or generator
Battery charge controllers for photovoltaic systems

Certificate of Conformity (CoC) - Scheme Type 1a

Commission Regulation (EU) 2016/631 of 14 April 2016 establishing a network
code on requirements for grid connection of generators.

Rozporzadzenie Komisji (UE) 2016/631 z dnia 14 kwietnia 2016 r. ustanawiajace
kodeks sieci dotyczgcy wymagan dotyczacych przytagczenia wytwoércow do sieci.

General Application Requirements resulting from the EU Commission Regulation
2016/631 of April 14, 2016 (PSE 2018-12-18)

Wymogi Ogdlnego Stosowania wynikajgce z rozporzadzenia komisji UE 2016/631
z dnia 14 kwietnia 2016 r. ustanawiajgcego kodeks sieci dotyczgcy wymogoéw w
zakresie przylgczenia jednostek wytwdrczych do sieci - zatwierdzone Decyzjg
Prezesa Urzedu Regulacji Energetyki DRE.WOSE.7128.550.2.2018.2J z dnia 2
stycznia 2019 r.

Conditions and procedures for the use of certificates in the process of connecting
power generating modules to power grids. (PTPIREE 2021-04-28)

Warunki i procedury wykorzystania certyfikatow w procesie przytgczenia modutéw
wytwarzania energii do sieci elektroenergetycznych

Road Vehicle

DEKRA

e Electrical Vehicles

(0}

(0]
(0]
(0]

[elye]

EV Charging System

EV On-Board Charger

Road Vehicles — Environment Condition

Electrically Propelled Road Vehicles —Electric Propulsion
Components

EV charging coupler

Vehicle connectors

Vehicle high-voltage connectors

Certificate of Conformity (CoC) - Scheme Type 1a

PCA-141

DEKRA Testing and Certification (Shanghai) Ltd.

INTERNATIONAL Effective Date February 23, 2022

ACCREDITATION Page 4 of 5
SERVICE® IAS/PCA/100-1



SCOPE OF ACCREDITATION

International Accreditation Service, Inc.
3060 Saturn Street, Suite 100, Brea, California 92821, U.S.A. | www.iasonline.org

Miscellaneous DEKRA

e Restriction of the use of certain Hazardous Substances in Certificate of Conformity (CoC) - Scheme Type la
electrical and electronic equipment (RoOHS)

Notes:
The product certification used most closely resembles a product certification scheme type as described in ISO/IEC 17067 (2013), Conformity assessment — Fundamentals
of product certification and guidelines for product certification schemes.

a. Type la: In this scheme, one or more samples of the product are subjected to the determination activities. A certificate of conformity or other statement of
conformity (e.g. a letter) is issued for the product type, the characteristics of which are detailed in the certificate or a document referred to in the certificate.
Subsequent production items are not covered by the certification body’s attestation of conformity.

The samples are representative of subsequent production items which could be referred to by the manufacturer as being manufactured in accordance with the
certified type. The certification body may grant to the manufacturer the right to use the type certificate or other statement of conformity (e.g. letter) as a basis for
the manufacturer to declare that subsequent production items conform to the specified requirements.

b.  Type 5: The surveillance part of this scheme allows for the choice between periodically taking samples of the product either from the point of production, or from
the market, or from both, and subjecting them to determination activities to check that items produced subsequent to the initial attestation fulfill the specified
requirements. The surveillance includes periodic assessment of the production process, or audit of the management system, or both. The extent to which the four
surveillance activities are conducted may be varied for a g

OF MULT,
LTiLar,
oy,

INTERNATIONAL Effective Date February 23, 2022

ACCREDITATION Page 5 of 5
SERVICE® IAS/PCA/100-1

PCA-141
DEKRA Testing and Certification (Shanghai) Ltd.



D DEKRA

ATTESTATION OF CONFORMITY

Issued to: Sungrow Power Supply Co., Ltd.
No0.1699 Xiyou Rd., New & High Technology Industrial Development Zone,
230088, Hefei, P. R. China

For the product: Grid-connected PV inverter
fB & & iR
Trade name:
Type/Model: SG3125HV-30, SG3125HV-31, SG3125HV-32
Ratings: See Annex

Manufactured by: Sungrow Power Supply Co., Ltd:
N0.1699 Xiyou Rd., New & ngh Technology Industrial Development Zone
230088, Hefei, P. R. China ‘

Requirements: IEC TS 62910:2020

This Attestation is granted on-account of an’ examination by DEKRA/ the/results/of WhICh are Iald down'in/a
confidential file no. 6092407.51

The examination has been carried ‘out on/one’single/specimen, ot /several Specimehs of the/product,
submitted by the manufacturer, The Attestation does not include’ an/assessment/of/the manufacturer's
production. Conformity of his'production with/the specimen’ tested by DEKRA/ IS/ not the/responsibility of

DEKRA.

Arnhem, 23 December 2020 Number: 6092407 02A0C

DEKRA Testing and Certification (Shanghai) Ltd.

Kreny Lin Z% b

Certification Manager

© Integral publication of this attestation and adjoining reports is allowed Page 10of 2

DEKRA Testing and Certification (Shanghai) Ltd.
3F #250 Jiangchangsan Road Shibei Hi-Tech Park, 200436 Jing'an District, Shanghai, China
T +86 216056 7666 F +86 216056 7555 www.dekra-product-safety.com




Annex to 6092407.02A0C

Ratings of the test product:

Operating temperature range: - 35°C to + 60°C
Protective class: |

Ingress protection rating: IP65 (Optional IP55)

Power factor range (adjustable): 0.8 leading...0.8 lagging

SG3125HV-30:
PV input: Max. 1500 Vdc, MPPT voltage range: 875-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 600V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3437 kVA

SG3125HV-31:
PV input: Max. 1500 Vdc, MPPT voltage range: 915-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 630V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3610 kVA

SG3125HV-32:
PV input: Max. 1500 Vdc, MPPT voltage range: 960-1300 Vdc, max current: 3997 A, Isc PV: 10000 A
Output: 660V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max 3781 kVA

Page 2 of 2



Test Report issued under the responsibility of:

. D DEKRA

TEST REPORT
IEC TS 62910

Utility-interconnected photovoltaic inverters - Test procedure for low voltage
ride-through measurements

Report

Report Number...............ccc. : 6092407.51

Date of iSSUE ......ceevviiiiiiiiieee e, ;. 2020-12-23

Total number of pages ............c......... 81

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

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

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

AdAress ... : No0.1699 Xiyou Rd., New & High Technology Industrial

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

Test specification:

Standard .........ccoooiiiiieee : IEC TS 62910:2020

Test procedure ........cccceeveeeiiiiinneen. : Type test

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

Test Report Form No..................... : IECTS 62910 V2.0

Test Report Form(s) Originator........: DEKRA Testing and Certification (Suzhou) Co., Ltd.
Master TRF ..., . Dated 2020-08

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

Trade Mark ........cccoooveeeiiiiieeiieeees : BB & ®B iR

Manufacturer ..........ccccovveveeeeeiccinne, : Sungrow Power Supply Co., Ltd.

No0.1699 Xiyou Rd., New & High Technology Industrial
Development Zone, 230088, Hefei, P. R. China

Model/Type reference ...................... . SG3125HV-30, SG3125HV-31, SG3125HV-32

TRF No. IEC TS 62910_V1.0



Page 2 of 81 Report No.: 6092407.51

Ratings.......cccceeeeevvieiiiniieeevnneeenn . | Operating temperature range: - 35°C to + 60°C
Protective class: |

Ingress protection rating: IP65 (Optional IP55)

Power factor range (adjustable): 0.8 leading...0.8 lagging

SG3125HV-30:

PV input: Max. 1500 Vdc, MPPT voltage range: 875-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 600V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3437 kVA

SG3125HV-31:

PV input: Max. 1500 Vdc, MPPT voltage range: 915-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 630V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3610 kVA

SG3125HV-32:

PV input: Max. 1500 Vdc, MPPT voltage range: 960-1300 Vdc,
max current: 3997 A, Isc PV: 10000 A

Output: 660V, 3~, 50/60 Hz, max 3308 A, rated 3125 kW, max
3781 kVA

TRF No. IEC TS 62910_V2.0



Page 3 of 81 Report No.: 6092407.51

Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X] |Testing Laboratory:

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

Testing location/ address........cccccooiieneenn. :

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

XI |Associated Testing Laboratory:

Shanghai Testing & Ispection Institute for Electrical
Equipment Co.,Ltd

Testing location/ address........ccc.cccoecvvveeeeennn. :

No.505, Wuning Road, Putuo District,Shanghai, China

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

Albert Liang Al Eaﬁ/ Ug/

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

Jason Guo y"’o é/ﬂ

B} | Festing-procedure- CTF Stage-1:

TRF No. IEC TS 62910_V2.0
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GRO-CONNECTED PV NVERTER | Tt GRID-CONNECTED PV INVERTER
BS Model sa25Hv-30. | 11 B Model SGI125HV-31+
ERNg SN :: FNE s .
HNWA DC-Input . “ HMSA DC-Input e
BASARE Max. put Voltage VCTAOWVA 11 | e AREE Max. Iput Volage DC 1500V
BOAMPPEBE Min. MPP Vorage DCETSVr | 1 | MPPEBEE Min. MPP Vorage DCI15Ve
BAMPPRE Max. MPP Voltage DC1300V. :: BAMPPHRE Max. MPP Voltage DC1300Ve
BAMARE Max. nput Current pcaarac| |y BABARE Max Input Current DCA%ATA
BAERBIN 1sc PV nciocooa- | BAEBEGR 1scPV DC10000A
RARWW AC-Output “| i XRME AC-Output -
HWEREME Rated Output Vorage 00V, 37| 1 | e R Rated Output Votage B3OV, 3
EREWHMATE Rated Output Frequancy SoHABOIL- | ) ERMEME Rated Output Frequency S0HZ/BOH2»
B|ARHBIN Max Output Current acsoen-| BASHRIE Max Output Curent ACIA00A
FEWEE Rated Output Power anaskw-| i EEMENE Rated Cutput Power 3125KVée
BAGTENE Max Apparent Power 3437vA-| 11 BANEDE Max Apparent Power % 106VA-
MEEMEM Power Factor Range tosoa.| | DEEMBY Power Factor Range (0.8, 0.8
1"
REGR Safety Class e | 1| R2BE satery Cines . .
WESH Overvorage Category IIGAC). WOC)-| 11 HESH Overvorage Category IAC), WDC)
BPSM Fnchsure 6. ': BPS®R enciosue 165
IHFEREE Ambiknt Temperature 35T 60T | 1] IEBRMBE Ambient Temperature 351 460D
R Weght 3200kg. | 1! HE Weight 3200kge
R (3 x % x ) Omensons(W xHx D) 2280%2280x1600mm. EE R (88 x & x ) Oimensions(W x Hx D) 2280%2280%1600mme-
1
1]
"
1]
‘ "
Ce@m X | C€ ):¢
fEXaRROHERAS i fEXRRROERATE
SUNGARON POWER SUPPLY COLTD i1 SUNGROW POWER SUPPLY COLTDL
\ viww.SUNgrowpower.com EsiiEMade in China / i \ vivw.sungrowpower.com EREMade in China f
|
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1
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GRID-CONNECTED PV NVERTER _ | |
& Model scanzovaz | |
BRe N & |
RMWA DC-Input - i
BAMABE Max. input Voltage pacessigid I |
BAMPPRE M. MPP Voltage ocssove | |
BAMPPHE Max. MPP Voltage DC1300Vs !
BAWMARR Max. input Curront DCINITA H
WMIIWIWRA 1nc PV nciooooa~ | |
ZRWME AC-Output < 1
BERHBE Rated Cutput Voltage 6oV, 3~ |
SN Rated Cutput Froquency SOHZBOHZ H
MAWMEBVA Mar. Output Current acasosa~ | |
WERHDE Rated Cutput Power 126KV :
BAMEDE Max Apparent Power a7svar | 1
DEERTE Power Factor Range ros osp| |
1
FEWER Safuty Clos . b H
IREFER Overvorage Category AC), wWoCy |
WPWER Encloswe et |
IFRMEN Ambent Temparature 35T 4600w | |
|ME Woight azookg~ | |
R (3 x % x ) Oimensions(w x Hx D) 2200x2200x1600mms: | |
i
1
1
X !
1
Ce @ X |
1
PEARERORARAH !
SUNCROW POWER SUPPLY COLTD. |
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TRF No. IEC TS 62910_V2.0
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Warning Label:
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TRF No. IEC TS 62910_V2.0
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Test item particulars:

Equipment mobility ..........cccccceviiiiiii e movable hand-held stationary
fixed transportable for building-in

Connection to the mains ............ccccocecvvcvecevvneeeenenen . pluggable equipment direct plug-in
permanent connection for building-in

Enviromental category .........cccccoceviiviiiiii et outdoor indoor indoor

unconditional conditional

Over voltage category Mains...........ccccceevvevvevveveens. OVC | ovcCll ove i ovC IV

Over voltage category PV .......ccccocvvivivniinvsecneene:. OVC ovcl ovcli ovC IV

Mains supply tolerance (%).....cccccvvvvvnivncencncenel. £10%

Tested for power systems..........cccocceveevivievienieniens. TN

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

Class of equipment...........cccoccvvivviviinvinsn e se . Class | Class Il Class IlI
Not classified

Mass of equipment (KQ).......cccccceeveeevieecceecceeevieeeeeeenn . 3200

Pollution degree..........ccccevcvvevceeeceeecie e seeseveeeneenns. Outside PD3; Inside PD2

IP protection class...........ccceeevvniicesccisecccsnneeeeennn s IP65 (Optional IP55)

Possible test case verdicts:

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

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

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

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

Testing:

Date of receipt of testitem ..o, : 2020-10-25 (samples provided by applicant)

Date (s) of performance of tests ...........c.cccecvvvrnnen. . 2020-10-25 to 2020-11-30

General remarks:

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

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

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

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

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

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

Throughout this report a [_] comma / [X] point is used as the decimal separator.
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Name and address of factory (ies)

1. Sungrow Power Supply Co., Ltd.

No0.1699 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

No. 85, Kaniminike village, Kengeri hobli Bangalore South Taluk,

560074 Bangalore, India
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General product information:

Brief description:

The PCE under test (EUT) is Grid-Connected PV Inverter which utilizes the advanced power electronics
conversion components such as MosFET, IGBT, IPM to convert the variable DC power generated from
the photovoltaic (PV) arrays to the stable utility AC power which can be fed into the commercial electrical
grid.

The PCE under test is three-phase Grid-Connected PV Inverter for solar power generation with the rated
output power of 3125 kW. The external circuit breakers or fuses for PV array and Grid connection are
required which the statements are provided in the installation manual.

Block Diagram:
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The models SG3125HV-31, SG3125HV-30 are identical to SG3125HV-32 except for the model name and
electrical ratings.

Unless otherwise specified, all the tests were conducted on the basic model of SG3125HV-32 to represent
the others.

The product was tested on:
Firmware version:
DSP_SG3125HV-30_V1_A
LCD_SG3125HV-30_V1_A

Unless otherwise specified, all tests were conducted on basic model of SG3125HV-32 to represent the
other models.
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Clause

Requirement - Test

Result - Remark

Verdict

Test circuit and equipment

P

General

P

The circuits and equipment described in this clause are
developed to allow tests that simulate the full range of
anticipated grid faults, including:

+ Single phase to ground fault (any phase)

» Two phase isolated fault, between any two phases

» Two phase grounded fault, involving any two phases

* Three phase short-circuit fault.

A full discussion of these faults and the resulting impact on
voltage magnitude and phase angles is included in Annex
A

| T0V|TW| V| T©

The short circuit emulator and grid simulator described in
4.3.3 and 4.3.4 are informative examples and are not
intended to restrict design flexibility. Other designs may be
used to achieve equivalent test functionality.

The grid simulator used
to achieve test of 4.3.4.

4.2

Test circuit

The LVRT test circuit includes a DC source, the EUT, a
grid fault simulator and the grid. A PV simulator (or PV
array) provides input energy for the EUT. The output of the
EUT is connected to the grid via a grid fault simulator, as
shown in Figure 1.

Ze )
‘ rd M_p1. Grid fault Mf2. M:’3. =5 PV simulator
‘ i simulator or PV amay

Vi Trangformer
‘ (optional)

IEC

NOTE MP1 is the measurement point between the grid and the grid fault simulator; MP2 is the measurement point
at the high voltage side of the transformer; MP3 is the measurement point at the low voltage side of the
transformer.

Figure 1 - Testing circuit diagram

PV array simulator and
the grid simulator used
in the LVRT test circuit.

4.3

Test equipment

4.31

Measuring instruments

Waveforms shall be measured by a device with memory
function, for example, a storage or digital oscilloscope, or a
high speed data acquisition device. Accuracy of the
oscilloscope or data acquisition system should be at least
0.2% of full scale. The analogue to A/D of the
measurement device shall have at least 12 bit resolution
(in order to maintain the required measurement accuracy).
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Clause Requirement - Test Result - Remark Verdict

Voltage transducers (or voltage transformers) and current P
transducers (or current transformers) are the required
sensors for measurement. The accuracy of the transducers
should be 0.5 % of full scale or better. It is necessary to
select the transducer measuring range depending on the
normal value of the signal to be measured. The selected
measuring range shall not exceed 150 % of the normal
value of the measured signal. The transducer accuracy
requirements are shown in Table 1

Table 1 — Accuracy of measurements

Measurement device Accuracy
Data acquisition device 0,2 % full scale
Voltage transducer 0,5 % full scale
Current transducer 0,5 % full scale
4.3.2 DC source
A PV array, PV array simulator or controlled DC source PV array simulator used
with PV characteristics may be used as the DC power as the DC power source

source to supply input energy for the LVRT test. As the to supply input energy.
EUT input source, the DC power source shall be capable
of supplying the EUT maximum input power and other
power levels during the test, at minimum and maximum
input operating voltages of the EUT.

The PV simulator should emulate the current/voltage P
characteristic of the PV module or PV array for which the
EUT is designed. The response time of a PV simulator
should not be longer than the MPP tracking response time
of EUT.

For a EUT under test without galvanic isolation between P
the DC side and AC side, the output of the PV simulator
shall not be earthed.

The equivalent capacitance between the output of the PV P
simulator and earth should be as low as possible in order
to minimize the impact on the EUT.

A PV array used as the EUT input source shall be capable P
of matching the EUT input power levels specified by the
test conditions. It is necessary to select a period of time in
which the solar irradiance is stable and does not vary by
more than 5 % during the test.

4.3.3 Short-circuit emulator The grid simulator used N/A
to achieve LVRT
function.
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As part of the grid simulator device, the short-circuit
emulator is used to create the voltage drops due to short-
circuits between the two or three phases, or between one
or two phases to ground, via the impedance network Z1
and Zz as shown in the test device layout in Figure 2.

Back to back circuit

- Z Neyr

Connect to PV

Grid inverter

S
(optional) &
Z;

S7'
Sz

(optional)

-

(optional)

Figure 2 — Short-circuit emulator

N/A

The impedance Z1 is used to limit the effect of the short
circuit on the utility service that powers the test circuit. The
sizing of Z1 shall therefore account for all test sequences to
be performed and limit the short-circuit current taken from
the grid to values that do not cause an excessive reduction
of the grid voltage. Considering an acceptable voltage
reduction of at most 5 % when performing the test, the
minimum value of Z shall be at least 20X Zg,, Wwhere Zg,q is
the grid short-circuit impedance measured at the test circuit
connection point.

N/A

To ensure that the test is realistic, however, the apparent
short-circuit power (Seut) available at the EUT connection
node Neut should be at least equal to 3xPn. where Pn is
the rated power of the EUT (minimum value Seur> 3xPn.
recommended Seut = 5 to 6xPn), This means that during
the short-circuit tests, the contribution of current through Z1
and Z from the grid remains dominant compared to the
current contributed by the EUT. In this way, the inverter
current does not create a significant voltage rise for the
duration of the test relative to the no-load drop.

N/A

The two conditions described above define the minimum
and maximum limits of Z1. The two conditions combined
also define the limit criteria for the choice of a grid
infrastructure suitable for performing the test with the
impedance circuit. If the grid infrastructure cannot meet the
above requirements, an alternative test circuit utilizing a
back-to-back converter is allowed, as shown in Figure 2
and may be added to reduce the grid short-circuit
impedance Zgq.

N/A
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Generally, the X/R value of inductor Z1 and Z> for the short-
circuit emulator may close to the transmission line
impedance values for different countries and regions. It is
also appropriate that the inductive impedances Z1 and Z>
should be characterised by an X/R ratio equal to at least 3,
in order to reproduce the typical minimum values of X/R
found in HV as well as MV power lines.

N/A

A bypass connection (Switch S1) of Z1 is usually used to
prevent overheating of the impedance Z1 before and after
the execution of each test sequence.

N/A

The voltage drop is created by connecting the impedance
Z> by the switch S2' If the voltage drop is required to be
created twice in a short period (for double drop tests), a
parallel switch S2' is normally used. The value of Z2/( Z1+
Z>t+Zarig) shall be adjusted to the required voltage
magnitudes. For example, when the required voltage
magnitude is 50 % of the rated voltage, the value of Zz/
(Z1+Z2+Zarid) should be about 0.5.

N/A

The switch Sz shall be able to accurately control the time
between connection and disconnection of Z2 for single
phase, two-phase or three-phase tests. If the phase of
switch Sz cannot be independently controlled, the serial
switch S1 may be used to choose the fault phase. Sz is
used to select whether the fault is to earth or not. All
switches may be either mechanical circuit breakers or
power electronic devices.

N/A

The status of switch S+ and Sz should be set before
performing the test The status of switches corresponding
to fault types is shown in Table 2.

N/A

The test report shall specify the values of impedances Z1
and Z>' the related X/R ratio, and a description of the circuit
used. In addition, the grid short-circuit power available at
the voltage level at which the test is performed shall be
documented.

N/A

The status of switches and fault types are shown in Table
2.

Table 2 - Fault type and switch status

Switch status
Phase A of B, Phase B of B, Phase C of B, B,

Fault type

Phase A to ground Closed Open Open Closed
Phase B to ground Open Closed Open Closed

Phase C to ground Open Open Closed Closed
Phase A and B to ground Closed Closed Open Closed
Phase B and C to ground Open Closed Closed Closed
Phase C and A to ground Closed Open Closed Closed
Phase A and B Closed Closed Open Open
Phase B and C Open Closed Closed Open
Phase C and A Closed Open Closed Open
Phase A, B and C Closed Closed Closed

During the period of voltage drop, S, should be opened first. S, should be closed after S, is opened. The time
interval between the above two actions shall be very short

During the period of voltage recovery, S, should be opened first. S, should be closed after S, is opened. The
time interval between the above two actions shall be very short

N/A

434

Converter based grid simulator
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The test circuit mentioned in 4.3.3 is recommended for
simulation of grid faults. However, if the test conditions
cannot be met, an alternative test circuit utilizing a back-to-
back converter is allowed, as shown in Figure 3.

A

8 z
Programmable voltage

source
c Z

Grid Connect to PV inverter

Converter device

EC
Figure 3 — Converter device example

P

The test circuit essentially comprises a voltage source with
a low internal resistance combined with broadband
amplifiers (linear or forced switching type) capable of
faithfully reproducing three sinusoidal voltages with
controlled harmonic content, and adjustable amplitude,
fundamental frequency and phase relationship within broad
margins.

When the converter is used, it shall meet the following
requirements:

a) It shall be capable of independently controlling the three
phases in terms of amplitude and phase angle.

b) It shall incorporate impedances Za, Zs and Zc, that can
be adjusted in order to reproduce the ohmic and inductive
components of short-circuit impedances that are typical of
the grid.

c) It shall be capable of reproducing the phase voltages
and relative phase angles that occur on the LV side of
transformers in the event of each of the various fault types.
(See Annex A for the vector representations for each fault).

If the programmable voltage source is a bi-directional,
controlled capable of replicating the influence of short-
circuit impedances Za, Zs, Zc may be omitted.

Test

Test protocol

The LVRT test protocol is designed to verify that the EUT
responds appropriately to voltage drops (due to grid faults).
During the test, the EUT shall demonstrate that it can:

* Appropriately detect the simulated fault.

* Ride through the event and continue operation as
specified in the applicable curves.

* Not suffer any damage from the event.
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The response to the voltage drop specified operating P
period with two output power ranges
a) between 0.1 Pnand 0.3 Pr;
b) above 0.9 Px;
and with two fault conditions :
c) three-phase drop;
d) two-phase drop or single-phase drop.
The tests should be carried out at least twice at each test
point listed in Table 3.
Table 3 - Test specification for LVRT (indicative) (1 of 2)
Drop times Drop depth® Drop phase® EUT output conditions®
Full load (above 0,9 P,)
Three-ph
Part load (0,1 P, and 0,3 P,)
- " Full load (above 0,9 P)
A i Part load (0,1 P, and 0,3 P,)
! e Full load (above 0,9 P,)
v . Part load (0.1 P and 0.3 P,)
Full load (above 0,9 P,)
Single-phase to ground
Single drop Part load (0,1 P, and 0,3 P,)
Full load (above 0,9 P,)
Three-ph:
Part load (0,1 P, and 0,3 P,)
= . Full load (above 0,9 )
" Part load (0,1 P, and 0,3 P, )
Full load (above 0,9 P,)
Two-phase to ground
Part load (0,1 P, and 0,3 P,)
R Full load (above 0,9 P,)
Single-phase to ground
Part load (0,1 P and 0,3 P)
Table 3 (2 of 2)
Drop times Drop depth® Drop phase® EUT output conditions?
Full load (above 0.9 P)
Three-phase
Part load (0,1 P, and 0,3 F,)
m " Full load (above 0,9 P)
o ¥ Part load (0,1 P, and 0,3 P,)
: Full load (above 0,9 P,)
Two-phase to ground
Part load (0,1 P and 0,3 P_)
: Full load (above 0,9 P_)
Single-phase to ground
Part load (0,1 P and 0.3 P)
Full load (above 0,9 F’H)
Three-phase
Part load (0,1 P, and 0,3 P,)
Full load (above 0,9 P)
Two-phase
Part load (0,1 P, and 0,3 P)
Double drop®
Full load (above 0,9 P)
Two-phase to ground
Part load (0,1 P, and 0,3 P,))
Full load (above 0,9 P,)
Single-phase to ground
Part load (0,1 P and 0,3 P)
a. Double drop test may be required in some countries or
regions. For devices under test not being required for
double drop test, above testing points can be omitted.
b. Drop depth is the residual voltage during the LVRT
testing period which can be decided according 10 the
requirement specified by different countries or regions
(See Clause B.2 for drop depth ratio calculation.)
c. Drop phase can be decided according 10 the
requirement specified by different countries or regions; the
value of two-phase voltage should be line voltage.
d. The test should be carried out under specified K-factor
provided by local manufacture
5.2 Test curve P
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The LVRT response characteristic shall meet the
requirements of the LVRT curve specified by different
countries and regions as needed. An example LVRT curve
is shown in Figure 4.

12 -
11

VRT
10 Keep connecting to the grid LYRT curve

0,9 frmmmmmmmmm e b e e e

08 - /

07

06
05

Voltage of PCC  (p.u.)

May cut off from the drid
04 i

03 |m-mmmmmm e e

02
Lowest
01 point

0

H
t b t . t 4
Time (s)

Figure 4 — LVRT curve example

P

The example curve shows that the EUT should keep
operating during operating conditions indicated in the area
above the LVRT curve. Specifically, the EUT should keep
operating for (t1 — to) seconds without disconnecting from
the grid when the interconnection voltage drops to 0 % of
rated voltage; for (t2 — to) seconds when the voltage drops
to 30 % of rated voltage; and for (s — to) seconds when the
voltage drops to 70 % of rated voltage. The EUT should
disconnect from the grid during operating conditions
indicated within the shaded areas.

The example shows two types of points on the LVRT
curve: the lowest point and the inflection point. Tests shall
be carried out at both types of points.

5.3

Test procedure

5.3.1

Pre-test

Prior to the fault simulation tests. the EUT should run in
normal operating mode. The selected LVRT curve should
be used to identify voltage drop points. including the lowest
point and the inflection point. as well as other random
points in the curve. Selection of the drop time should

follow the requirement of the applicable country or region.

53.2

No-load test

Prior to the load test, adjust the fault emulator to simulate
symmetrical and asymmetrical voltage drops without EUT
connection. and validate that the measured results are as
intended.

This step ensures that the amplitude of voltage and drop
duration can match the requirements in Figure 5.

5.3.3

Tolerance

The tolerances for drop depth and duration during the no-
load test shall reference the requirement of Figure 6 in IEC
61400-21 :2008, and not exceed the values shown in
Figure 5
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The tolerance for voltage magnitude is +5% of rated
voltage for the period before and during the voltage drop.
The tolerance for voltage magnitude is 10 % of rated

voltage during the period after voltage is recovered. The
tolerances shall be measured between 0 and +5 % of
rated voltage for the lowest point and the inflection point
under no-load conditions.

P

The duration of each voltage drop is determined according
to the requirements of the applicable LVRT curve. The
tolerance range for both drop duration and rise time prefers
40ms.

Amplitude of voltage %
B
o
3
[

Time(s)

Figure 5 — Tolerance of voltage drop

534

Load test

Tests under load shall be carried out after the no-load test
results successfully meet the performance requirements.
The parameters of the grid fault simulator should be
consistent with the no-load test.

With the EUT connected to the grid fault simulator device
and the PV simulator (or PV array), the output power
should be set to (0.1-0.3) Pn and above 0.9P, separately.
Additional load tests at other power levels should be
performed as determined by the specific regional
requirements.

During the LVRT test, MP1, MP2, and MP3 (shown in
Figure 1) shall be selected as the test points for measuring
and recording the values of voltage and current.

The waveform and data of the measured voltage and
current at the measuring points shall be recorded by the
data acquisition device from time A prior to the voltage
drop to time B after the subsequent voltage rise.

For "A" and "B", specific data should be determined by
different countries or regions.

Assessment criteria
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The various assessment criteria is determined by the
requirements of the different countries or regions. The
characteristics and performance criteria for utilization are

shown in Annex B, and can be referenced by a local user.

P
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Annex A

Circuit faults and voltage drops (informative)

A1

Fault types

The grid faults of high voltage power transmission line are
commonly divided into four different types:

single-phase grounded fault,
two-phase short circuit fault,
two-phase grounded fault, and
three-phase short circuit fault.

The most common one is the single-phase grounded fault,
which accounting for over 90 % of the total number of the
faults.

Considering the different fault phases, the short circuit
paths for all types of fault are shown in Table A.1.
Table A.1 - Short-circuit paths for different fault types

Type No. Short chrcult type Equivatent diagram Mathematical fermuise

Single-phane A) aven
drcad! greunded faut

Two-phase (BC) shoet ||

croain wlatec faut

Two-prase (AB] shoet - v
cheur grounded bauk
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P
o ) (
a Two phase (BC) shoa - N I =0
Qrown ded 1 L S <5 ‘8
it ed, | @ T
| ) (
> Two phase (CA) shot Sy 4y r
chroar groandad tust ol W'I. ' 40
3 ; | )
1 Tt E: W, A XLy
NOTE 1 v v, ans 1 maen loull v ¢ of phase A, shise B ant prase C a1 lault puint separatey
NOTE 2 '. Iy wrdd 1, mrase Tl owr fghane A prase B and ghass C ol leull gont separaiely
NOTED TyweNo 1.2 2.7 2 wd s are nee appicabe for IT systan
A.2 Voltage drops
A .21 General

When a fault occurs, the voltage amplitude in the faulted
phase should be decreased. When a fault occurs between
two phases, the phase angle should be changed on
inverter output side. Due to the different types of line-
transformer connections, the magnitude and phase of
inverter AC voltage will vary. Figure A.1 shows the circuit
topology under the fault condition.

PCC

Faul point

= 2

PV inverter

Figure A.1 — Grid fault diagram

As indicated in Table A.1, the value of fault phase voltage
at the fault point is zero. (If the grid fault type is two-phase
short circuit fault without ground, the line voltage between
two fault phases should be zero.) Because PCC is the
common connection point of the infinite grid, Zibetween
the fault point and PCC could be treated as infinite. The
voltage drop amplitude and phase deviation in PV inverter
AC side have been determined by the value of Z, and type

of transformer.
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The transformer "T" represents the voltage and phase
transformation being equivalent to all the transformers
between the fault point and the PV inverter, because one
or more transformers are connected. The equivalent
transformer "T" has only two types -Y/Y or Y/A. In order to
simplify the analysis, the transformer windings could be
considered as one of two types, Yn/Yn12 and A/Yn11, with
a ratio of 1.

P

A22

Three-phase short-circuit fault

Figure A.2 illustrates the change in inverter AC voltage
magnitude and phase when a three phase short-circuit
fault occurs:

s Lig*

Figure A.2 - Diagram of voltage vector for three-phase short-gircuit fault

Figure A.2(a) shows the angle and phase state with a
Yn/Yn12 transformer connection. Figure A.2(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A .2.

Table A.2 - Amplitude and phase changes in three-phase short-circuit fault

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A Phase B I Phase C Phase A Phase B Phase C

% Am. | Ph. | Am. [ Ph. | Am. | Ph. | Am. | Ph. | Am. | Ph. | Am. | Ph

100 1 0 1 0 1 ‘ 0 1 30 1 30 1 30
50 0.5 0 05 | o 05 | o 0.5 30 0.5 30 0.5 30 |
20 0,2 0 0.2 0 0.2

| o | 02| 30 [02] 3 |o2] 30
0 0 - o | - 0o | - 0 - 0 - 0 -

NOTE Am. means amplitude and Ph. means the initial phase.

A23

Two-phase short-circuit fault with ground

There are three possible two-phase short-circuit earth
faults, depending on the fault phases. Taking the two-
phase (BC) short circuit fault with ground for example, the
change in inverter AC voltage amplitudes and phases are
shown below:

ub’

0
Ue (a) Ub (b)
EC

Figure A.3 — Diagram of voltage vector of two-phase (BC) short-circuit fault with ground
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Figure A.3(a) shows the angle and phase state with a P
Yn/Yn12 transformer connection. Figure A.3(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.3.
Table A.3 - Amplitude and phase changes in two-phase (BC)
short-circuit fault with ground
Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of fault
phase Phase A | PhaseB Phase C Phase A Phase B Phase C
% Am Ph. Am Ph. Am Ph. Am Ph Am Ph. Am. Ph.
100 1 0 1 0 1 0 1 30 1 30 1 30
50 1 0 0,5 0 0,5 0 0,76 19 0,5 30 0,76 41
20 1 0 [ 0,2 0 0.2 | 0 0,64 9 0.2 30 0,64 51 [
0 1 0 ¥0 = 0 - gU.SB 0 0 - 0,58 60
NOTE Am. means aimipilrtu:ire a;\d Ph r;\eahs (;o mu;p’h;siei - T B o o
A.24 Two-phase short-circuit fault without ground
There are three possible two-phase short-circuit earth
faults, depending on the fault phases. Taking the two-
phase (BC) short circuit fault for example, the change in
inverter AC voltage amplitudes and phases are shown
below:
Lz
B
3 ._ '.. -\... "'*-1
o ia) Uk B
FIQUI‘E Al - Dlagram af vnltaga wvector of Iwo-phage 1EC] ghor-gcircwit faull
Figure A.4(a) shows the angle and phase state with a P
Yn/Yn12 transformer connection. Figure A.4(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.4.
Table A.4 — Amplitude and phase changes in two-phase (BC) short-circuit fault
;uldual e With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of
fault phase Phase A ’ Phase B Phase C Phnf A Phase B Phase C
% Am. | Ph. | Am. | Ph Am Ph. | Am Ph. | Am T\ Ph. Am. Ph. |
100 1 0o | 1 0 1 o | 1 30 1 | 30 1 30 |
50 | % 0 | 066 19 0,66 -19 ‘ 0.9 | 16 0.5 | 30 09 a4 |
20 1 0 | 0,53 41 0,53 -41 | 0,87 7 0,2 30 0,87 53 |
0 1 0 | 05 60 0.5 60 | 0,866 0 0 - 0,866 60 "
NOTE Am. means amplitude and Ph. means the initial phase.
A .25 Single-phase short-circuit fault with ground P
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There are three possible single-phase short-circuit faults to
ground, depending on the fault phases. Taking the single-
phase A) short circuit fault for example, the change in
inverter AC voltage amplitudes and phases are shown
below:

L8

Ue [CY) U

Figure A.5 — Diagram of voltage vectar of single-phase (A)
shor-cireuit fault with ground

P

Figure A.5(a) shows the angle and phase state with a
Yn/Yn12 transformer connection. Figure A.5(b) shows the
angle and phase state with a A/Yn11 transformer
connection. The corresponding relationship between the
fault phase and the other two phases is shown in the
following Table A.5.

Table A.5 - Amplitude and phase changes in single-phase (A)
short-circuit fault with ground

Residual With the Yn/Yn12 transformer With the A/Yn11 transformer
voltage of
fault phase Phase A Phase B Phase C Phase A Phase B Phase C
% Am Ph. Am Ph Am Ph Am Ph Am Ph. Am Ph
100 71 ”0 717 I 0 j 71 | 0 - 1 50 i 1 4;73(7) ) 7’! i 36 |
50 05 0 1 0 1 0 0,76 41 05 | 30 0,76 19
20 02 | o | 1 | o | 1 | o |o6a | 51 | 02| 3 | oes | 9
0 1 0 1 0 1 0 0,58 60 0 g = 0,58 0
"NOTE Am. means amplitude and Ph. means the initial phase ) |
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Annex B

Determination of critical performance values in LVRT
testing (informative)

P

B.1

General

This Annex provides suggested methods for determining
several of the critical performance values in LVRT testing.
Different countries and regions may choose alternate
methods according to the requirements of their standards.

B.2

Drop depth ratio.

As the voltage of the test circuit may deviate from the
nominal voltage of system, the rated voltage of the EUT
should be used as the reference voltage for calculations of
the voltage drop depth ratio, as shown in Formula B.1. As
such it is not recommended to use the value of the actual
voltage measured prior to the drop test to calculate drop
depth.

.
PR

B (B.1)
Uj
where
An is the residual voltage ratio;
Udip is the actual voltage during the drop test;
Un is the rated AC voltage of EUT.

8.3

Ride-through time

Over the voltage drop period, the EUT shall meet the ride
through time requirements corresponding with the
applicable voltage drop depths. These requirements will
differ depending on countries and regions, however, the
LVRT performance should meet or exceed the most
demanding requirements for the specified region. LVRT
functions tested successfully according to specific ride
through requirements should only be applied in
corresponding countries and regions where those
requirements are applicable.

B.4

Reactive current

As require by applicant,
reactive current is not
requirement over the
duration of the voltage
drop.

N/A

If the EUT generates reactive current as a function of
voltage drop depth over the duration of the voltage drop,
the incremental voltage changes in the un-fault phases
caused by the increased reactive current shall not exceed
any values specified by the most demanding requirements
of the different countries or regions.

N/A
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If it is required that the reactive output current of the EUT
should change dynamically according to the voltage
change during the drop period, the time period for
estimating the value of reactive current should be selected
between the beginning of the voltage drop and the
beginning of the voltage recovery. This is shown as the
time between t1 and t2 in Figure B.1. In general, time period
between t2 and ts is not over 20 ms.

A
RMS Ia

e
-

o f t s

IEC
Figure B.1 — Determination of reactive current output

The output of reactive current may fluctuate during test.
This fluctuation may result in reactive current values that
are higher or lower than the standard requirement during
the test, especially during the voltage drop period.
Therefore, the reactive current value measurement should
be averaged over the whole drop period.

N/A

B.5

Active power

If active power control characteristics are required by the
local standard during LVRT events, it is necessary to
characterize active powers (po) before, during (p1) and after
(p2) the voltage drop, as shown in Figure B.2.

Active power (p1) may fluctuate during the voltage drop
interval, especially at point (ps) where system voltage
recovery begins. It is therefore misleading to use the value
of active power recorded at ps for active power control
assessment. It is suggested instead that an average value
of active power be determined over the time between ti
and t2 to assess the characteristics of active power
recovery

P2
rust P

™ B

—Ps

-

O ff f2 LTS

Figure B.2 — Determination of active power recovery

TRF No. IEC TS 62910_V2.0




Page 25 of 81 Report No.: 6092407.51

5.3.1 Pre-test (Grid simulator setting) P
Figure Eault Eitrjgtion l - = Pos.pu
epth (ms) pu Degree pu Degree pu Degree

5% 250 0.05 0 0.05 240 0.05 120 0.050
A2 2 20% 770 0.20 0 0.20 240 0.20 120 0.200
(b) 50% 1800 0.50 0 0.50 240 0.50 120 0.500
85% 3000 0.85 0 0.85 240 0.85 120 0.850
5% 250 0.05 0 0.59 268 0.59 92 0.366
A2.3 20% 770 0.20 0 0.64 261 0.64 29 0.467
(b) 50% 1800 0.50 0 0.76 251 0.76 109 0.666
85% 3000 0.85 0 0.93 243 0.93 117 0.900
5% 250 0.05 0 0.87 268 0.87 92 0.521
A24 20% 770 0.20 0 0.87 263 0.87 97 0.600
(b) 50% 1800 0.50 0 0.90 254 0.90 106 0.750
85% 3000 0.85 0 0.97 244 0.97 116 0.925
5% 250 1.00 0 0.59 212 0.59 148 0.683
A25 20% 770 1.00 0 0.64 218 0.64 142 0.733
(b) 50% 1800 1.00 0 0.76 229 0.76 131 0.833
85% 3000 1.00 0 0.92 237 0.92 123 0.950

Note:

A/Yn11 transformer connection shows the angle and phase state of A.2.2(b), A.2.3(b), A.2.4(b), A.2.5(b).
SC: short circuit

SC-GND: short circuit with ground

SC(no ground): short circuit without ground
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5.3.2(b) No load Test (A/Yn11 transformer) P

Model: SG3125HV-32

Test \égg?ﬁ?pu] Fault type N\I/i?tzlé;ﬁd Fault durat|o.n [ms] Verdict

Pos [pu] Drop Maintain Restore

211 A.2.2 (b) 0.048 16.1 321 19.0 P
21.2 0.05 A.2.3 (b) 0.365 19.8 431 17.5 P
21.3 A.2.4 (b) 0.520 16.0 419 19.7 P
214 A.2.5 (b) 0.677 18.4 415 19.7 P
221 A2.2(b) 0.211 19.6 870 16.8 P
222 0.20 A.2.3 (b) 0.460 14.7 961 18.3 P
223 A.2.4 (b) 0.593 18.2 962 15.9 P
224 A.2.5 (b) 0.722 18.2 950 18.2 P
2.31 A2.2(b) 0.500 13.2 1930 275 P
232 0.50 A.2.3 (b) 0.658 13.2 1920 17.5 P
233 A.2.4 (b) 0.745 19.3 1890 19.2 P
234 A.2.5 (b) 0.829 14.0 1860 17.5 P
241 A.2.2 (b) 0.850 14.9 3110 14.9 P
242 0.85 A.2.3 (b) 0.899 14.0 3103 14.1 P
243 A.2.4 (b) 0.925 16.1 3082 14.1 P
244 A.2.5 (b) 0.947 16.7 3085 16.7 P
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5.4.3(b) LVRT Test (Load test - A/Yn11 transformer connection) P
Model: SG3125HV-32
Appendix: Annex D (Load test)
Voltage Fault P set point Set point
Test Depth [pu] Fault type duration [ms] | [P:£] [Ki] PIF
511 20% P
A.2.2 (b) 250
5.1.2 100% P
51.3 20% P
A.2.3 (b) 250
514 100% P
0.05 2
515 20% P
A.2.4 (b) 250
516 100% P
51.7 20% P
A.2.5 (b) 250
51.8 100% P
5.2.1 20% P
A.2.2 (b) 770
5.2.2 100% P
523 20% P
A.2.3 (b) 770
5.2.4 100% P
0.20 2
525 20% P
A.2.4 (b) 770
526 100% P
527 20% P
A.2.5 (b) 770
5.2.8 100% P
5.3.1 20% P
A.2.2 (b) 1800
53.2 100% P
533 20% P
A.2.3 (b) 1800
534 100% P
0.50 2
5.3.5 20% P
A.2.4 (b) 1800
5.3.6 100% P
5.3.7 20% P
A.2.5 (b) 1800
5.3.8 100% P
541 20% P
A2.2b 3000
54.2 100% P
543 20% P
A2.3b 3000
544 100% P
0.85 2
545 20% P
A2.4b 3000
546 100% P
547 20% P
A25b 3000
5438 100% P
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5.1(b) LVRT Test (A/Yn11 transformer) P
Model SG3125HV-32
Required fault Measured fault Percentage of Durati_on of

Test number ;ﬁ}tage pos. P s E:)oul]tage pos. Duration [ms] aftefl;e:[;eltnf%lr] ;Z?ttﬁr:g?ms]
5.1.1 0.061 359 103 82
5.1.2 0.053 338 104 243
51.3 0.390 399 69.2 257
51.4 0.389 385 67.0 298
51.5 005 250 0.539 421 44 .2 43
5.1.6 0.539 394 46.1 267
51.7 0.693 371 49.4 110
51.8 0.693 371 50.5 277
5.21 0.211 827 107 65
522 0.231 834 108 272
523 0.487 919 68.8 111
524 0.486 923 66.0 306
5.2.5 020 70 0.613 916 49.8 142
5.2.6 0.611 912 49.6 247
5.2.7 0.742 914 51.4 108
5.2.8 0.742 905 51.6 292
5.31 0.513 1880 103 140
5.3.2 0.525 1912 100 237
5.3.3 0.687 1910 64 135
534 0.689 1864 64 282
5.3.5 050 1650 0.764 1873 49 145
5.3.6 0.764 1870 49 255
5.3.7 0.839 1834 30 105
5.3.8 0.841 1810 31 130
5.4.1 0.850 3022 29 215
54.2 0.855 3080 31 145
543 0.909 3045 19 175
54.4 0.912 3093 19 102
54.5 085 3000 0.930 3028 141 178
5.4.6 0.937 3057 14.2 122
54.7 0.952 3088 10.1 156
54.8 0.957 3082 10.1 114
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Test 2.1.1
A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 0% load

Time 2] 0:26.48881 02681012 032131

|ALajua ) ) 1717329 . 6264687 . 7982016
la ajuz vy 4243381 18,7352 14,5636

18t ajua v -2.587319 -25.08474 240742

|u+_pu(l 0.015085 0.020012 0.010927
U-_pull 0.014733 3.207e4 -0.014413
I+_pu] : i : 509506 : 111025 : ; 217706
I-_pufl -5.653e-6 241766 1507e5
iP+_pu[] ' 10976 ' 1.6052-7 " 936le7

Test 2.1.2

A.2.3(b): Depth of fault phase:5%, two-phase SC-GND, A/Yn11, 0% load

VALY

T enl] U] AL NTAT

L 70 I - et § e ot | =

A B Delta

Time([s] 0:29.06300 0:29.49956 0.43155
Al 3/ [V] P — -270.5646 ss40213 : 624.5859
{A1ajuz [V] -253.3233 4858171 739.2405
AlLajuz V] e ) ; 5237449 HGp -840.1547 ¥ ¢ -1363.900
WU+ _puf] 0.365295 0.366630 1.396e-3
U-_pull 0.315333 0.318808 347523
I+_pu[l 7.892e-5 672865 -1.164e-5
I_pull 2.705&-5 6.153e-5 3.448e-5
P+_pu[] -8317e-6 -9.641e-6 -13242-6
P-_pul] ] 4.939¢-6 i 2.112e-6 ; -2.828=-6
Q+_pull o 2.883e-5 ) 2.467e-5 o -4.157e-6
1Q—_pu[] 853226 1.962e 5 1.109e-5
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Test 2.1.3
A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 0% load

Tl AL AL AL

Tl Ol Pl Pl Tl

= 4]

A B Delta
Time [s] 0:20.03215 0:20.45204 0.41089
LAl afUL V] -221.1535 -208.8676 1228585
Al 8/U2 [V] ‘ -153.0242 -1maTe2 5548022
Al a{Uz-[V] o i 3741820 i 353.3507 J v 2083135
U+ _pufl : 0520508 0.525687 | 50803
lu-_pup 0.469828 0475398 55713
I+_pull 1.067e-4 1.092e-4 2.480e-6
I-_pu] 9.174e5 1.008e-4 9.030e-6
P+ pull -624Te5 -7.453e5 -1.206e-5
P-_pull . . : 374465 . . -4757e5 . 101365
Q+_pull 55545 57395 1.851e-6
Q- pufl 4311e5 4791e5 ' 480426

Test 2.1.4
A.2.5(b): Depth of fault phase:5%, si_ngle-phase SC-GND, A/Yn11, 0% load

o T po [ WSV 0T,

=

g

e

n %liiiiiiiiiiiiiiiiiiiiii AR R | ] o I Al A

T s S R R e [ e L
0:24.00 02450 0:25.00 B 0:29.50 0:26.00 0:26.50 =

A B Delta

Time [s] . . 0:24.80277 . 0:25.21860 . 041584

Al4JUL V] . 3000732 ] -288.0438 . 5871170

Al 4/U2 [V] -228.9180 -488.6837 -258.7647

Al 4/U3 V] -80.18733 T76.5642 856.7515

U+_puf] D.677585 0.677857 2.616e-4

U-_pufl 0.312820 0.314620 1.801e-3

I+_pu [] 1.461e-4 1.561e-4 5.830e-6

I_pu[] 5.903e-5 7.285e5 1.382%e5

P+_pu[] -3.154e-5 -2487e-5 6.573e-6
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Test 2.2.1
A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 0% load

pu-[] Ur_pu-[] Al%... V] Al

T

R TR TRIRG
50 76.80-1330

.................................................................... B L e e =
023 GRS 02400 02450 (2] 02500 02550 [

A B Delta

[ Time [s] . . 0:23.83533 ) 0:24.70588 . 0.87055

Al 4/U1 V] : 79.63801 ) -99.94531 : -179.5833

a1 4/U2 V] -160.7227 167.3643 3285871

Al4/UZ V] 8113790 -67.80219 -148.9401

U+_pu [l 0211224 0.200097 -0.011127

U-_pul] 4.585e-3 126823 -3.317e-3

I+_pu [] i i i 3.805e-5 ; 4387e5 f g 5.818¢-6

I- pull 2.785e-5 5.953e-6 -2.18%e-5

P+_pull ) 619566 ' 3.144e-6 | 933%6

Test 2.2.2

_A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 0% load

T AL NTALNTAL VT |

o

|

25 I JO% [ i o i o

Time [s] 0:23.6728%4 0:24.634272 0.961378
|AlafuL V] 312.7067 254272 -87.28457
|1 4ju2 v ‘ 2062115 339.1369 ) 42.92536
Al 4JUz [V] C . gozaTES e -564.9798 i © 0 4389906
|U+_pull 0.460938 0.462343 1.405e-3
U-_puf] 0.263133 0.265204 2.071e-3
|+_puli 1.047e-4 1121e-4 7.496e-6
l-pufi 4851e-5 6.013-5 106285
1P+ _pul -1.387e-5 -1.499¢-5 1124e6
P-_puf] . i 55717 . 436567 . 9.941e7
|Q+_pull 4.824e-5 5.185e-5 36136
Q-_pull ' o 130365 ' 159565 o 2.920e-6
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Test 2.2.3

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 0% load

T O AL

Tl Ol Pl ol Tl

A.2.5(b): Depth of fault phase:20%, sirlglle-phase SC-GND, AlYn11, ‘0% load

02500 0:26.00 o27.00 02500 [&] 0:31.00 00)
A B Delta
Time [s] 0:27.58375 0:28.54629 0.96254
[ A1a/uL V] 4275100 3616178 -65.89222
|1 a/u2 v 298.2900 446.8004 148.6104
AL 4juz V] -725.9055 -808.6201 -82.72362
\U+_pull 0.593701 0.595437 173503
U-_pull 0393626 0:396410 278363
li+_pufl 1.228e-4 1.552e-4 323825
I-_puf] 4.411e-5 6.118e-5 1.707e-5
IP+_pu [] -5.790e-5 -9.300e-5 -3.600e-5
P-_pufl 374305 -4.750e-5 -5.071e-6
lQ+ pull 7.294e5 924385 1.949e-5
Q- pull 17375 242665 68806
Test 2.2.4

“pu- [ U_pu-[] e_pu-[] Al%... [V] Al4... (W] AlA...|

— Prpu || Fpu []
1000 1.500-1000 1.

| Time [s]

Al /U1 V]
|A4/U2 V]
Al'ajuz [V
U+_pu[]
U-pull
_pul[]

- pull
P_pull

-341.1837
818.4302
0.722162
0265540
1.586e-4
4.382e-5

-2.511e-5

0:26.23820 0.95066
415.0355 8921753
4255367 T66.7704
-840.8647 -1659.295
0.726784 46233
‘0264504 103663
1641e4 ‘ 5.595¢-6
5.073e-5 6.912e-6
3.537e-5 C -L027e-5
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Test 2.3.1

A.2.2(b): Depth of fault phase:50%, three-phase SC fault, A/Yn11, 0% load

T po- 1T UFpu- 1T A8 [V A4 0] A8 [T ]

n -.ilﬁ . SO o
o e e e ] e e B
- §& B T i B BB GO e Ao B D D B i e | Do P e i B G0 [ Bl B Do B Do A B i B i B | o b i B oo B Do A Do B B e
I edersrs cennnss nermsnsr peasn s e lvsnss meerasn s e e nse s s e e e R R RS e e e S | S R e O S B R e
P e P B P PP
| 027.00 0:28.00 [ 2] 025.00 0:30.00 [2] 0:31.00 2
X A B Delta

Time [s] 0:28.40636 0:30.35348 184711

|AL4/UL V] -367.8193 63.08338 4308827

Al 4/U2 [V] 366.5679 -393.9464 -760.5143

Al ajuz V] 1243115 330.8974 3296542

|U+_pu ] 0.485005 0.499165 0.014160

U-_puf] 16T1e3 7.001e-4 -9.709e-4

{1+_pul) 1.010e-4 1.121e-4 1.113e5

|I-_pu] 233626 -1.297e5 -1.083e-5

|P+_pul] -0.901e6 82926 16996

Test 2.3.2

A.2.3(b): Depth of fault phase:so%, tvLc:phase SC-GND, AIYn11, 0% load

L2700 B+ F o § e e

A B Delta
Time [5] 0:25.30845 0:27.25207 1.84362

Al 4/ V] 4932037 3032127 -189.9910

Al 4/U2 V] -122.9498 3963015 5192514

- ||arauz v -370.0015 -699.9200 -320.8285

U+_pull 0659886 0664693 470823

U-_puf 0.170741 0.168298 -2.442e-3

I+_pu ] 15144 1.596e-4 817426

_pull 368825 28535 -8.35426

P+_pu[] -2.327e5 -2.314e 5 1.292e-7

. P-_pull 142866 12106 2.178e T
Q+_pull 9.892e-5 1.061e-4 6.146e-6

1 Q_pull 629826 4,802e-6 -1496=-6
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Test 2.3.3

A.2.4(b): Depth of fault phase:50%, two-phase SC(no ground), A/Yn11, 0% load

U T A VAL TR VY

02200 02400 P D

0:28.00 ©:30.00 [> ]
A B Delta |
Time [s] 0:24.86869 0:26.80338 1.93468
ALajuL V] o -167.8996 5304907 7073904
Al 4/U2 [V] 505.2369 198.7822 -306.4547
|ALajUz V] LI { -337.3783 (e -T3B.A046 -401.0263
\U+_pull , 0739270 , 0.745312 6.141e3
|U-_pufl 0.247659 0246243 -1.416e-3
[1+_pufl 185264 1.866e-4 142726
ll_pufl 494485 9.873e-7 -4.8466-5
|P+_pull -8.071e5 -1.331e4 -4.242e-5
P-_pull . o o -1.99%e-5 . ] -1.965e-5 3393e-7
|Q+_pull 13694 1.301e-4 2.201e-6
1@-_pul) 129585 243167 -1200e-5
Test 2.3.4
A.2.5(b): Depth of fault phase:50%, single-phase SC-GND, A/Yn11, 0% load
i;: T T TR RATR A T T R TR T TR e Rt (SR A AN T AR R TR AT TR TR TR TR AT .1
~ ORI AN TTO I OB BRI | UITIEICIOETIO b WUk R G L L i)
=
=
<
S
3
i,
B

L

B pu- 1] Topu-[ 1

Time [s] 0:27.98237 0:29.84335
|A14/U1 V] . ) 6847604 ) . 7093263
“Al 4/U2 V] -274.1473 -58.69079
|A14u3 V) -410.8444 -650.7402

U+_pu(] 0.829791 0.833101

U-_pufl 0.167719 0.167443

I+_pu ] 2.091e-4 2.188e4 .

I-_pul] 9.925¢-6 1.796e-5

P+_pu(] ) 44515 ) -5.016e-5
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Test 2.4.1
A.2.2(b): Depth of fault phase:85%, three-phase SC fault, A/Yn11, 0% load

ST ATV AV A VT

-

BT ]

|Time [s] ) ) 0:24.54710 . 0:27.88700 . 3.13990

|l 4fu1 V] : 3289197 ) 3207846 ) -8.135081
Al 4/U2 V] -T15.4582 -T21.08T5 -5.629301
(Al 4jUz V] 386.3776 400.4543 1407671
\U+_pufl 0.340715 0348372 7.658e-3
u—_pull 65344 12383 5.858e-4
|+_punl ; i ; 2.040e-4 . 19054 . g : 135265
- pufi -4.051e6 13396 5.300e-6
1P+_pull 4321e5 ) 3.521e5 © 0 7996e6

Test 2.4.2
A.2.3(b): Depth of fault phase:85%, two-phase SC-GND, A/Yn11, 0% load

Qe Qeae] Pena [ P

| Time [3] 0:25.46485 0:28.58847 3.12351

Al 4/U3 [V] -712.1220 -143.8555 568.4685
a1 4/u2 V] - 124.9800 se98576 724.3466
Al4jU3 [V] 3 i 587.0400 T 743.8119 : T 156.7719
U+_pu[] : 0891460 . 0.396110 . 485083
U-_pul 0048220 0.047336 -8.8456-4
+_pul] 2.084e-4 1.984e-4 -1.093e-5
I-_pull -1.060e-5 -6.257e-6 4.330e-6
P+_pul[] -3.683e-5 -3.535e5 1.47%e-6
P-_pu | ; 1.030e-6 9.261e-7 -1.038e-7
Q+_pull 1.866e-4 177804 ‘ -B.A20e-6
(Q_pull -5.110e-7 -2.962e-7 214867
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Test 2.4.3
A.2.4(b): Depth of fault phase:85%, two-phase SC(no ground), A/Yn11, 0% load

] Uen] AL VTAL.VTAL.NT|

I
L
=]
5150 [ 2] 0200 (=] 0250

A B Delta
Time [s] 0:18.83597 0:21.89007 3.05409
Al 4jU1 [V] 444.8874 -897.3751 -1142.263
Al /U2 V] 71217475 9.608269 737.3558
A1ajua V] o ! 2827847 T 687.8102 ! 0y 405.0255
U+ pufl ) 0918856 . 0920119 | 1268e3
U-_pu[] 0.070052 0.069323 7.2950-4
I+_pu [] 2.015e-4 2.084e-4 B.841e-6
I-_pull 93076 2.280e 5 -1.358e 5
P+_pu[] -1.337e-4 -1.550e-4 -2.134e-5
P- pull i i i -5.019¢-6 i i 448656 : 5.336e-T
Q+_pufl 185204 1917e-4 ‘ 6.54%e-6
|Q-—_pull -6.520e-7 -L587e6 -9.350e-7

Test 2.4.4

A.2.4(b): Depth of fault phase:85%, s-in:gle-phase SC-GND, A/Yn11, 0% load

E
.:r:
R
E
I
15
E
=
=

|Timel[s] : : 0:24,04933 i 0:27.22504 ; i 317571

Al ajus V] . 6633139 ) -742.3990 | 3037304
Al a/u2 V] -730.4218 9175468 8221765
1AL 47Uz V] £64.3335 650.7936 -13.58435
U+_pu[] 0.955724 0.942434 -0.013290
(U-_pull 0.040611 0.049758 9.186e-3
fle_pul] i i 1.967e-4 ' i 2.160e-4 | i 1 1.933e-5
_puf] : o 309265 ! -1.007e-5 _ 2.085e-5
:P + puf] -3.095e-5 -5.382e-5 -2.3287e-5
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Test 5.1.1
A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 20% load

T

BRI

Time [s] i i 0:26.14651 i 0:26.50560 i 0.35910
Al aU2 [V] ‘ -48.30003 ) -48.037T7 : 0262260

Al ajU3 V] 3122477 40.04121 2.816439

11.60407 8.520604 -3.083468

0.082595 0.061148 -1.44%9e-3

u-n 6.694e-3 8.1%4e-3 1.499e-3
=0 ' " 1030429 . 1.062584 . . 0.032154 .

-0 -0.058743 6.302e-3 0.066051

|P_fund_SYM+_rc@POWER/0 [W] 7sezaol : 8937.549 " 1652965

Test 5.1.1

A.2.2(b): Depth of fault phase:5%, three-pha_ss SC fault, AlYn11, 20% load, restoring time

W\ﬂ

T

B

oW F

 Time [s] E i 0:26.51076 i 0:26.59276 W 0.08200
Al 4/U2 V] -12,89558 7604640 7733596
LAl 4/U3 [V] 5026508 702.1156 6518505
62.84025 -59,03554 -121.8758
0.061570 1.000%88 0.938418
u-1 5.270e-3 3.509e-3 -5.761e-3
I+ : i ) 1.064443 . 0116609 i . 0047834
-1 -0.015911 -8.933e-3 6.978e-3
P_fund_SYM+_rc@POWER/0 [W] 8608075 3138272 | 3052183
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Test

5.1.2

A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 100% load

-

o=

T

15001000 15001000 1500

Time [s]
Al 4/U2 [V]
1Al 4/U3 [V]

-1

\+0

-1
P_fund_SYM+_rc@POWER/O [W]

0:23.78765
-35.11548
2753115
7141820
0.053108
0.010815
1.047319
0.039633
7962915

5.885e-3
1.005351
8.8992-3
2630092

Test

5.1.2

A.2.2(b): Depth of fault phase:5%, three-phase SC fault, A/Yn11, 100% load, restoring time

000 O 0 O
=0

g
|
1t =

;
LR
B
| :Q:
E |
B
{Time [s] 0:24.12633 02437027 0.24334
:Al 4juz V] -4.715920 337.6076 3423236
|AL /U2 ] 3224111 -847.5643 -815.3232

37.14857 509.7027 472.5561

} 0.045750 1.012666 0.962916
u-n 6.026e-3 6.085e-3 5.896e-5
=[] 1.005098 0.012428 . -0.992670
-0 6.429e-3 26803 -3.740e-3
|P_fund_SYM+_rc@ POWER/0 [W] 26266.68 1.573et6 1.546et6

TRF No. IEC TS

62910_V2.0




Page 39 of 81 Report No.: 6092407.51

Test 5.1.3

0:42.50 : 0:43.50 044,00 =
A B Delta
Time [s] 0:43.020386 0:43.419548 0.399154
Al ajU1 [V] -262.7006 -293.0682 -30.36761
Al aUz [V} S -277.8804 sag0 -11.14249
Al 4/U3 [V] o : 540,7300 - 583.4415 : - 42,71150
U+_pul] ) 0.390831 0.392648 . 18ITe3
U-_pufl 0.301559 0.304483 293323
I+_pufl 0.692891 0667462 -0.025422
I_puf] -0.327187 -0.:325641 1545e-3
P+_puf] -0.013343 0.014167 0.027510
P-_puf] 5 i ] 0.010847 i ] 191663 | 5 -8.931e-3
Q+_pull 0270818 0.262085 -8.723e-3
Q puf] ~0.098672 -0.099161 : 459704

Test 5.1.3
A.2.3(b): Depth of fault phase:5%, two-phase SC-GND, A/Yn11, 20% load, restoring time

A B Delta

Time [s] 0043421751 0:43.679645 0.2578%4
Al4JUL V] 4161468 2561601 6723150
Al 4fU2 [V] o _1028.234 s73ssas 454.3803
Al ajuz (V] C : 612,542 Co 2300657 ‘ Co 217.3095
U+_puf] ) 0392572 ) 0.999097 . D0.608526
U-_pufl 0.304453 3946e4 -0.304088
1+ pul] 0.667455 6.4332-4 0.666506
I-_pull -0:325630 687364 0.324845
F+7pu 1] 0.014228 0.1834038 0.169811
P-_pull ! ) ; 201503 ; ‘ 2381e8 . : 2.015¢3
Q+_pull 0.262038 64524 0261390
Q-_pul] -0.099154 2712e7 ' 0009154
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Test 5.1.4
5%, two-phase SC-GND, A/Yn11, 100% load

A.2.3(b)

Depth of fault phase

ARARARAN AL

ALELE S LILL

ARAMARA R SRR A AR s

AR SN ENSRATLELS SR

Delta

0.385620

-542.5561
9493344
4.236e-3
3.018e4

-1.711e-3
0.010830
0.070532

-1.362e-3

2.16Te-3
3.

-406.5011

=
=
=
=
=
=
=
=
=
.
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

EAAR AT A SRR R AR AR A AR e A R AARRA AR AR T ERan i RGN A

L

AR ARRE AR faana f A

ARV oY

CARAAE S AR AR AR AR bR f EEARN T AAEATCAn R 5T CaAR T
VIR UV N T MUy Y TV U Y

A A AR AR A AN AR AR A AR ERANAT ARG A SARRRR AT AR R AL SN AT
U A Y U eV ) O e S D T o M Y T

0:46.028854
5833838
0.393572

-314.0350
-269.5797

Ada

WA

R

272.9764
-365.9508

0:45.643233
0.389336

AR AR A AR AR S AR AR AR AR A AR ARG

AT A A T G AR Y A P T RO Y D AR

v A R AT AR DA

" e Y O B Y Y MY S U N Y N Y Y TV VY Y T

ERARNARRAR AR ann R AA RN ARS R AN HEAEANRAAA SRR AN A AXAANTA L S ENAARAA A ahnn g

i AL AR LALRRRRS LA SRALAAAR AL AN ERRY Lt RRASAALLRRRILLLES R LLRAREE L2

>—; AR AT A AR AR DR AT B A RAAA R A ﬂ(ﬂ]]"i\ﬁ.ﬁﬁn'n'rlkhﬁﬁr\'l'!'AM AR AR

E
=
=

Time [s]
1Al 4/u1 [v]
AT /U2 [V]
Al aju3 v
U+_pu[]
U-_pull

0.668703
-0.322655

0.670414

-0.333485
-0.050023

4.671e-3

i

I1+_pu

pufll

195e-3

0.020509
-2.681e-3
0.263138

-0.098175

4

1

Test 5.
phase SC

0.261031
-0.101370

[P+_pull
;P-_])u o
|@+_pull
Q- pull

time

, 100% load

GND, A/Yn11

two

A

, restoring

Depth of fault phase:5%,

.2.3(b)

ARAAACAARRE L

Delta
0.298106

KARTAA SRR E AL n R R LS TANAR GG AT A AL
SEESRLLLAL S ARRCELTLR R Al S LEE LA Rl LS UL LBV RRRE (]

T
Lipahs

AR
RS AL

fAARRA LR

=7
=
=
=

K|

Y

i

fix
¥

1

ARG ASERRANE S S an A A A an

ki kel PLEL b

AR A

AATRBARA

y

5

4

.

3
==
| =
- | S
==
==
=l Bl
o el
==
b= =
= | =
==
==
==
===
==
==
= =
==
= =
==
= | =
o= | =
= | =
=|=
- | =
AE
= | =
=|=
==
== =
o= | =
==
o) b
—_ =
==

=
= | ==
==
==
P =t
_ =
==
= | ==
= —
= | =
2 =
==
==
=l B
- | =
=i E=
==
_ T
A=
= | =
= =
==
= | S
==
= | 2
==
==
= =
= =
==

i

T

<

Time [s]

0:46.330119

0:46.032014

-52.08206
-373.8654

-202.0609

-619.4051

HEH

m
L
=]

|Alafur V]

Al 4/U2 [V]
AlajU3 V]
U+ _pull
U—_pull

0.606100

1.000172

-0.297443

7.356e-3

8.578e-3

-2.210e-3

-0.661882
287623
-0.255644
0.095002

0.886153

0.906413
1.070e-5
8.580e-3
-1626e5

3

-0.324842
0.020265
0.264225

-0.095018
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Test 5.1.5

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 20% load

0:29.50

‘Time[s]

Al 4/U1 V]
FAL4/U2 [V]
Al4jU3 V]
WU+ pull

U-_pull

I+ _pull
{F_pull
|P+_pull
P-_pull
Q+_pull
|Q-—pull

A B Delta
0:28.19034 0:25.60062 041227
47,4655 4859231 138.4575
4204627 8404875 -1260.950
T7eTAGE o 353.4746 : C 1130221
053185 : 0.576791 . 0037626
0.451805 0.418365 -0.033440
0.442945 0.516555 0.073609
0454784 0489745 -0.044960
21453 65613 241603
0.030370 ; 0024037 -0.054407
0.235834 0.297961 0059126
-0.205485 -0.209587 ' -4.102e3

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/'Yn11, 20% load, restoring time

. o

=

U] ARV AL N AT

029

50 l_}
A B Delta |
Time [3] 0:28.58774 0:28.64165 0.04391
|Al'aju1 V] -437.6618 255.7233 693.3852
Al 4/U2 [V] -326.1874 ss0a10 -503.9256
FPYOER 7642060 A 5746410 : C -189.5850
U+_pufl 0542748 1.009242 . 0456493
|U-_pufl 0.450850 7.059=-3 -0.443831
I+_pu [l 0501212 0072335 0428877
I-_pul] -0.491944 -0.040069 0.451874
P+ pull 0.033646 0.188798 0.165152
P-_pull 450063 : ; 7.107e4 ) 5311e3
Q+_pufl 0.272047 0.073008 -0.199040
Q-_pull

0221825 28294 0221542
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Test 5.1.6
A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 100% load

T U T AL NTAL VAN

L 0% [ JO I v | i e

A B Delta
Time (=] 0:26.78497 02717971 033472
|a1apu1 v -139.1118 2699558 -250.8440
|1 apu2 vy - -237.1030 seor:z -33.97520
|n1aju3 v oo : 3765564 T 7170832 : - 3404918
U*_pull ! 0530215 ) 0543548 | 43333
U-_puf] 0447209 0451540 433163
b pull 0451165 0504712 0.043547
l_pul 0535485 -n.4TI181 0.056305
1P+ pup] -0.042037 0022315 0.064352
P—_pull i i f 0.023466 . i 1.190e-3 . . -0.022276
1Q+_pull 0.248651 0.274350 0.025669
|_pull -0.230488 0216382 ' 0.023106

A.2.4(b): Depth of fault phase:5%, two-phase SC(no ground), A/Yn11, 100% load, restoring time

02500 02600 o27.00 (=] 02800 029.00 o L3

A B Delta

Time [s] 0:27.17163 0:27.43865 0.26702
Al U1 V] 414.9840 -841.6291 -1256.613
Al 4/U2 [V] 433.4240 262.5141 -170.9099
Al /U3 [V] o I -847.8718 ] 578.6660 ¢ | 1426.533
lu+_pup 0543589 1.004300 . 0460711
lu-_pull 0.451641 40673 -0.447574
I+_puf] 0.506377 9.648e-3 -0.496728
I-_pufl -0.479067 15484 0479262
P+_pul] 0.020723 0.904657 0.883934
|P-_pull 2.376e-3 0 -1627e-5 ‘ . 23923
Q+_pull 0.275276 9.690e-3 -0.265586
lQ-_pull -0.216378 7.925e 7 0216378

TRF No. IEC TS 62910_V2.0




Page 43 of 81 Report No.: 6092407.51

Test 5.1.7
A.2.5(b): Depth of fault phase:5%, single-phase SC-GND, A/Yn11, 20% load

B 7l
- 1.
B ﬁ} ....................................................................................................................................................
13‘ - .
I WU e e _
02000 0200 [~ = EX 0:26.00 [
o A ! B ! t Delta |
TimeIs] i . 0:23.49578 . 0:23.86777 . i 037189
A ajuz V] -308.6162 : 505.6074 . 8142236
Al 4/U2 [V] 2TA8TTT 10.32090 -269.5568
|ALafuz V) 27.51613 -516.6087 -544.1249
{U+_pu[] 0.693457 0.696454 3.037e-3
U-_pufl 0.290152 0,230829 67714
I+_puf] i 0 0494358 . . 0.501676 . . . B.&17e-3
lI_pu[l ~0.510600 -0.479856 0.030744
P+ pull -0.034532 0023788 0.058320

T 0 pu- [ G_pu-1] A4,

TR

B

[

Time [s]

AL a/u1 V] ; 3440037 -91.20370 4361074
1A apu2 v 470.7642 -678.7T75 -1149.542
A1ajua V] -815.3220 76093561 1584.678
U+ pull 0.683901 0.995761 0311860
|U-—_puql 0271617 2.45823 -0.269159
|+_pul) y : 0494408 ’ 40253 ) . -DA4SE432
|_pull -0.486171 4,403 0470611
P+ _pufl ' ' 0026334 ' 0.220616 - 0.194282
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Test 5.1.8

A.2.5(b): Depth of fault phase:5%, single-phase SC-GND, A/Yn11, 100% load

Pu- [ A W ATV AT

s

e

S T e Yt

ITime [s]
|arajua v
| vz v
AUz V)
EEU*-_ pu[]
U-—_pufl

0:25.21563

430.5611
405.6173
-835.8360
0.693193
0.289756
0.482403
-0.502474
-0.062318

0:25.58709

-317.0514
-484.8055
00,7117
D.698T33
0.291746

0.508985 .

-0.4333845
0.033025

Delta
0.37146

-TAT.6125
-890.5228
1636.549
5.58%¢-3
1.98%¢-3
0.026581
0.018630
0.025341

Test 5.1.8

I
:E
E
<
=
L
-
<
E
-

His

B Rl
2. ;
| 8
3
= E\
Ia i
k' §
A B Delta
 Time [s] 0:25.59285 0:25.87070 0.27785
|AlLajus (V] 478.9629 7174751 238.5128
LAl 4/U2 [V] -5.009175 ~TAB2TTS -T43.2683 |
Al ajuz v -474.4242 29.02746 5034516
U+ pul] 0.697220 1.002219 0.305000
(U-_pu[] 0.238849 3218e3 -0.286631
b+ _pu [l 0.505083 87973 -0.496286
-—_pu[] -D.4T7873 3323%3 0.481162 |
P+ _pul] 0.025127 0.801994 0.876867
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Test 5.2.1
A.2.2(b): Depth of fault phase:Zp%, three-phase_SC fault, AIYn1__1, 20% load

VAT

A

- [T

T

-

T T

pu

i

Time [s] § ; 0:24.90157
AU V] ; AL
| A1 apu2 v 2268721
\Alajuz V] -161.0000
\U+_puf] 0.211482
|U-_puf] 3.430e-3
[1+_puT] i ; . 1077738
-_pul} 0.035290
1P+ _puf] -0.046420

Test 5.2.1

A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/Yn11, 20% load, restoring time

Pl G po LAY
000 15001000 1.500-2000

i

L5004

Pr_pu-[] F_pu-1] F_pu

-1000 LODO0-1000

A : : B : : : ' : Delta
| Time [s] ; i 0:25.74364 ; 0:25.50910 0.06545
[ALa/UL V] . 67.73019 . -857.2226 ‘ -924.9528
A1 4/u2 v 119,8833 533.3404 4134571
|ALajuz V] -188.0601 317.7376 505.7977
[U+ pul] 0.218779 1.012322 0.793543
U-_puf] 7.381e-3 584423 -1.538e-3
i+ _pull . 1 1 1.067050 i 0.167002 . . ; -0.900048
1-_pu [l 22293 -0.012952 -0.015180
P _pu ] ) 78163 ' 0207763 © oasess2
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Test 5.2.2
A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 100% load

T 0P [ g T AV A

L'
=
él -
L 8
=R
P
B

A ) B : ) ) : | Delta
Time [s] ) , 0:23.97942 0:24.81412 ) 053470
AL ajUL [V] : 119.7026 ; 1796847 . 9982110
Al 4fuz V] 7254863 -181.7479 -254.2966
Alafuz V] -193,0080 5118370 2441917
U+_pufl 0231526 0.220910 -0.010617
U-pull 5.629e3 741023 1781e3
I+_pull : ) 3 1082111 ! 1067180 . 3 7 0.035070
I pufl -0.019422 22773 0.021699
P+_pull -0.057099 77963 0064395

A.2.2(b): Depth of fault phase:20%, three-phase SC fault, A/'Yn11, 100% load, restoring time

e

=3

2

= ﬁl

s A
s 8

A ' ' B : ' : : : Delta

Time [s] i f 0:24.81662 . 0:25.08932 f 0.27z70
Al 47U V] ) 1894357 . ~446.0604 . -635.4962
Al 4fU2 [V] -85.99472 -407.9478 -311.8531
Al 4/U3 V] -93.86182 854.3368 943.1986
U+ pul] 0.220549 0.999199 0.778650
U-_pu [] 6.459e-3 3.362e3 -3.088e-3
I+_pu[] . . . 1.066713 . 8.693e-3 . . . -1.058020
|—Tpu ] 824SE3I ; -3498e-3 : -0.011746
P+_pu[] 7.545e-3 0903290 0.895745
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A.2.3(b): Depth of fault phase

Test 5.2.3

Yn11, 20% load

:20%, two-phase SC-GND, A

g 5 I o - o

Tl B P Pl Tl

0:24.00 0:25.00 0:26.00 E :28.00 L)

A B Delta
| Time [s] 0:26.52026 0:27.44011 0.91985
AL 4/U1 [V] 144.0120 148.1068 2004839
fal a/uz (V] 343.1895 as5.2029 12.01344
Al /U3 V) 4872728 ~503.6369 -16:36410
lu+_pup 0.487399 0.433583 L1843
U-_pufl 0247862 0248222 350804
I+_pu ] 0683643 0652759 -0.035883
I pufl 0343021 0369712 -0.026691
P+ pull -0.040285 0034530 0074825
P-_pull 0.016762 223123 . 0014531
Q+_pull 0335662 0318945 0016718
Q-_pufl _0.085027 ~0.091776 674963

A.2.3(b): Depth of fault phase:20%,

two-phase SC-GND, A/Yn11, 20% load, restoring time

U] AL VTAL

i
i
=3
=
=2

 Time [s]
Al 4/UL [V]
[AI 4/U2 [V]
LALa/Uz [V]
|U+_pull

0:27.57569
813.8063

-185.2036

0.999830

1.607e-3
-6.4T3e-3
0.013025
0.208474

2615e5 .

-6.472e-3
2.093e-5
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Test 5.2.4

A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 100% load

= ==

L

<

=

=

g

e

=

nn':

s

= e I

=380 0400 (=] 0420 0440 [T [ ]
A B Delta

Time [s] 0:40.31675 0:41.23982 0.92307
|AtajuL V] 288.0294 -34.55472 -322.5842
|A1 4/U2 V] 3244501 287.1289 -37.33015
|ALaua V] ‘ -612.5077 o -252.2366 ‘ K 360.3611
Us_pufl ) 0486371 ) 0.491168 . 479%e3
lU-_puf] 0247102 0.251364 426203
I+ punl 0.664980 0.682520 0.017541
I_puf] -0.369943 -0.330341 0.039603
|P+_pufl -0.052499 0.025326 0.077825
P—_pull i 7 : 0.017085 I ; -4.34%e3 i -0.021434
1Q+_pull 0323445 0335251 ) 0.011805
1Q—_pull -0.091419 -0.083040 83783

A.2.3(b): Depth of fault phase:20%, two-phase SC-GND, A/Yn11, 100% load, restoring time

[ U] AN AL TAL VT

=

i

5

0‘ e e ey == e s e |
03800 040,00 ERETNN - B | B Ta300 0:44.00 [ b |

A B Delta

Time [g] 04124771 0:41.55376 0.20804

Al 4/U1 [V] -199.2366 B02.7425 1001.979

A afU2 [V] -351.6853 -155.3786 196.3167

A1 au3 v I f 5518451 e 6469477 ] £ -1198.793

U+_pu[] 0491172 1.000412 0509240

|U—_pupl 0.251829 484423 -0.246084

I+_puf] 0.683748 0.010088 -0.673661

- pu -0.324758 -5.710e-4 0324187

;P*_pu 1] 0.028827 0.204389 D.ATE042

P_pufl ] ! ! -5.368e-3 : ‘ 14845 ; 535363

1@+ pull 0.335857 0.010092 -0.325764

1Q—_pull -D.0B1788 -2.766e-8 0.081735

TRF No. IEC TS 62910_V2.0




Page 49 of 81 Report No.: 6092407.51

Test 5.2.5

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 20% load

|Time[s] 0:25.33708 0:26.25399 091690
(ALajuL (V] -202.9562 2057831 4287443
1a1 aju2 V] 162.6654 4351819 2725165
Al 5/U3 V] i . 40.58147 R -660.8386 i OH ~T01.4201
U+ _puf] . 0.6135% ‘ 0.616589 2.093e-3
(U-_pull 0371559 0.375953 438423
I+_pu [] 0493592 0495519 30733
I_pul] -0.544165 -0.493997 0.05016%
P+ _pufl -0.011011 0.032628 0.043640
|P-_pull . . . 0.023461 . . 122403 . . -0.024655
1Q+ _pull 0.305851 0.305548 -4.024e-4
Q-_pull -0.202201 -0.185730 ' 0.016471
A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/'Yn11, 20% load, restoring time

U] AL VT AL VALV

1]

Time [s] 0:26.25300 0:26.30508 0.14200
Al 4jU1 V] 2057881 6034502 529.2783
Al 3{U2 V) o 4351819 w2074 3863045
Al ajuz V] TR : -660.8388 o ~218.8060 . QZE 4420326
U+_pull ! 0.616580 ; 0.996041 . 037453
U-puf] 0.375953 2.330e-3 -0.373623
+_pu[] 0.495519 423404 -0.495042
[I-_pu [l -0.493997 -1.305e-3 0486692
P+_pul] 0.032629 0.181686 0.149058
P_pull . . . 122483 . . 3.795¢5 ! 126263
Q+_pufl 0.305548 4217e-4 -0.305970
Q-_pufl -0.185730 -1.703e-5 : 0185713
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Test 5.2.6

A.2.4(b): Depth of fault phase:20%, two-phase SC(no ground), A/Yn11, 100% load

U T AN AL NTALNT)

L
a
‘:o-‘.
e

Time [=]
(ALajus V]
(Al afua V]
(ALajUz V]
u+_puf]
U-_puf]
b_pu ]
_pull

0:23.43933

4332453
137.0821
-575.1410
0611510
0370152
0.406955
0519875
-0.038855
0.012657
0303928
-0.192465

Delta
0.21261

-856.7033
-564.5516
1419538
3.534e-3
6.520e-3
5.795e-3
0.048487
0.061233
-0.011371
5.321e-3
0.015252

o L P

Tl Ol Pl Tl

Time [5]
|ALa/U1 V]
har a/u2 v]
lAL&fuz ]
\U+_pull
U= pu]
fi+—pull
I-_pull
[P+ _pu[]
|P—_puf]
Q+_pull
Q_pull

0:24.62641

-677.0058
7317111
-104.4874
1.002151
37343
0.010221
438823
0.809078

9558a7 .

0.010244
1.638e-5

TRF No. IEC TS 62910_V2.0




Page 51 of 81

Report No.: 6092407.51

Test 5.2.7

A.2.5(b): Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 20% load

T

=4
E
=
=]
H
=
Al
a
N
A
i
=)

o

3 Al

o B
-

g‘ i
4! 5} --
o
[ Time [s] 02779171 0:28.70623 091452
8] 4/u1 V] -409.6072 412.7250 8223322
A1 a/U2 [V] 283.5386 4346113 1510727
Al 47Uz [V 126.0445 -8AT1511 973.1756
.U+_pu o 0.74219%6 0.745752 3.556e-3
U-pufl 0241489 0.244767 327863
I+_pu[] 0.514674 0.495644 -0.019031
|—7p|.l (1] -0.521443 -0.453524 0.067919
P+_ pu 0o -0.015031 0.018593 0.033624

A.2.5(b):

Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 20% load, restoring time

T o T Fpo- [T WA V] AE. 0] A3

L

F

|2

i

=

e
[&

A

3

Time [5] 0:28.68780 0:23.80624 0.10844
IAlafUT [V] -184.0322 458.8187 652.8509
JA1 ajuz V] -533.9588 384.8121 928.7711
| Al 4jU3-[V] 7285433 -854.3416 -1582.885
|U+_pull 0.746306 0.898914 0.252608
Ju-_pufl 0.246331 201323 0244318
fie_pull 0.504313 -0.010398 . -0.514710
|1-_pu [l -0.459752 0.034329 0.494081
|P+_pull 0.031438 0.229511 0.198072
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Test 5.2.8
A.2.5(b): Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 100% load

=
T T T T e B e N T e ] T T IR e N A
il il it I bl
L Ll Ll U e ittt Ll D s Ll Ll Ll
- T L | e LT e P | P T TP T

: i " i ! i i
i ! i ji ; ' i |
i it i i Wttt i st g s g s i |

2

1000 L500-1000 1.500-

P T Epo T Foro ] Upo-l O pu ] A5 1V] A%

 Time [s]
lA14/u1 V]
L1 8/U2 [v]
Al-ajuz V]
Us_pull
|U-_puD
ji+_pull
|—pull
P+_pull

A.2.5(b):

Depth of fault phase:20%, single-phase SC-GND, A/Yn11, 100% load, restoring time

15001000 L500-z000 20

T U_pu-[] r_pu-[] AlA... [V] AlA... [V] Al4...[V] |
Ly

e e e L s R 1 Mo | Ot et B (bt
B
e P B e 1 e e B e o I e e AU e R
™ 2
=B
[ SiaaeR b S M
L g
- 2|
P
[ el =
' Bl -
e =

0:23.00 0:24.00 0:25.00

A

Time [s] 0:25.604044 0:25.896805 0.292761
Al ajus V] 271.8110 556.2656 284.4546
[l ajuz [v] 5354872 -836.7687 -1372.256
Al 4jU3 V] -807.4313 280.8342 1088.265
U+_pu[] 0.746857 1003360 0.256502
U-_pufl 0.244832 3.175e-3 -0.241457
1+_pu ] 0489313 9.973e-3 -0.489339
I-_pull -0.4677338 1.881e3 0.469669
P+_pul] 0.027761 0.906365 0.873604
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Test 5.2.1

2000

20003000 20002000

TR TV AV AT VT

5001000 1.500-2000

T

T
11000

Time[s] 0:26.28693 0:28.17452 188759
|ALauL V] ) -300.7021 : 4654627 : 766.1643
AL afuz V] -170.4724 -159.6174 10.85436
JLETER| 4709642 -304.5209 -775.4851
|u+_pull 0513251 0.503474 4TTTe3
|U—_pup 7.156e-3 5.503e-3 -1.654e-3
| ; 1.034288 : 0.992668 ; ; -0.041620
- pufll -9.532e5 46213 47173
[Pe_pull ‘ ‘ 274523 ‘ 0.013164 ‘ 0.016419

Test 5.2.1

T AT VT

TU o T O pa- T A% V] A13

oo Epo ] T

Time [3] . . 0:28.18727 L 0:28.32731 . . 0.14004
lAIa/UL [V] . -219.4851 . -445.6847 . -226.1896
LAl 8/U2 [V] -257.5278 -499,0521 2415242
Al-ajuz V] 4754231 944.8653 469.4422
U+_pu ] 0.508951 1.007336 0.498384
JU-_pull 5.400e-3 2.052e-3 -3.348e-3
I+ pull . . 1.008325 . -6.148e-3 . ; -1.015474
l1—_pull -6.830e-3 1.029¢-3 7.860e-3
lP+_pufl 0.026782 0212376 0.185594
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Test 5.2.2

A.2.2(b): Depth of fault phase:_0.50 p.u,_three_-phase SC, AlYn11, 100% load

2000

L1500-1000 15002000 2000-2000 20002000

T 1 O po- 1] A2 [V RT3 V] A1V

1,000

pu-1]

B+_pu-[] I

Time [s] ; 0:24.48001 ] 0:26:37348 191258
Al 4/UL [V] 4831205 350.2448 : . 8423744
a1 ajuz v 265.4011 98.53030 -166.5708
AL ajuz V] 2191732 -458.6029 -671.T761
lu+_pull 0525517 0.518626 680123
U puf] 7.326e-3 574183 158563
li+_pun : 1.001757 . 0.986102 -5.655¢-3
l-_pufl 0.013347 -6.431e-3 -0.019828
|P+_pu [l ' o 0014156 ' 008517 " pozeeTs

Test 5.2.2
A.2.2(b): Depth of fault phase:0.50 p.u, three-phase SC, A/Yn11, 100% load, restoring time

2000|

T R Ao VT
20005000

2000-2

T (e
1000 15001000 1.500-2000

Time [s] o . 0:26.37348 S 0:26.61114 ) 0.23766
|Ala/u1 [V] 3592448 937.0437 . . 577888
a1 ajuz p 98.53030 -417.0664 -515.5067
A1 4/U3 [V] -458.6029 -510.8584 -61.25546
|U+ pull 0.518626 1.005994 0.487368
lU—_pu (] 5.741e3 658523 84454
l1+_pul ] ] 0.996102 ! 0.010753 . -0.985349
l1-_pu ) -6.481e-3 9.471e-4 7.428e-3
|P~_pull ) - 0025517 ‘ 0915808 © pamser
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Test 5.2.3
A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 20% load

B 4 o o o o o i T s 1 o T \III.!"""
= O e 0 3 ) = e 6 L5 1 1 B R |
F 2 -
;—: '|" A e e T T A O o 10 Tl o T T T i 0 O
[+ e e L 0 . o g e L 0 e o o L v
(= I
17 0 O o i O g |
= T T e e T L S
= = |
e >
| AU SOOI - (v
e e
:E[ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
g S e

=

o
@
B i
=
- g
2 s‘ e DL L N LTRE ST e FR POITE. . pxwa s |
] f |
01500 0:20.00 «2m D o24.00 02600 [
: A : B Delta '
Time [s] . . 02156847 . 0:2347938 . ... 1sl0s0
AL ajU1 [V] ’ 28.26452 . -191.9804 -220.2449
lar a/uz V] -577.1258 567.8466 1144972
|A1'4u3 V] 5477677 -377.0118 -924,7795
U+ pull 0.687721 0.692801 5.080e-3
U-_pu ) 0.157291 0.159923 263203
I+ _pup . . 0678159 . . 0.633989 . . -0.044170
l-—_pu ] -0.349136 -0.314617 0.034570
P+_pul] -6.540e-3 0.023510 0.040050

Test 5.2.3
A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 20% load, restoring time

E 8
"l‘ \\||"'||".|\|||"‘|"J\‘||||\|"|“|'||\|'|" -------------------- o e I [ ‘l'l".‘l'l‘ ‘l'll"l'l‘ |"||""l'l"||'|“|'|\||!"|‘"‘
e A T 68 O B B o e
| -
Ca
S b 5 e i w1 a4 0T a 0 Tt e L o 0 i ol T 2 T a " T "
[ | W Aok A O 0 A T T A
| -3 9 1] 0 1) 0 L 1 L 900 L P o P e 0 e 5 S 5 Y
E
120 5 i g i r ar g B 40 T 10 A ol e i i B 8T 1 I 18 A 10
(T L [ R A
e e A L , N O 10 e o o o T

T pu= [ T _pu- [T A%,
100 L5010 1500200

Time[s] ) . 0:2347036 . 0:23.60557 . . passzt

laraus ; 3778072 ) -544.1192 -921.9263
faraju2 -509.2557 -386,3936 112.8621
|AL4jU3 [V] 1322894 S40.8775 808.5881
(U+_pul 0.692636 1.007306 0.315119
fU-_pufl 0.159492 1.660e-3 -0.157832
ll+ pull A i 0633841 . ;i -5350e3 . ? . -0.639191
H—_pufl -0.315041 0.017349 0332391
IP+_puf 0.032628 0.225350 0.192722
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Test 5.2.4

A.2.3(b): Depth of fault phase:0.50 p.u, two-phase SC-Gnd, A/Yn11, 100% load

E
li
o
B
=)
g
E
=
iﬁ
=
B
5
=)
E

IE
|5

Time [s]
|aagua v
|ataua v
|Araguz vy
|U+_puf]
i‘l.lf_pu 0
|e_pull
::I-_pu 1}
{P+_pull

443.5218
3415175
7864712
0.692990
0.159928
0.641682
-0.315400
0.032239

Test 5.2.4

Time [s]
(Alajur V]
[Al 4/U2 [V]
| Al 4/Uz V]
\U+_pull
|U-_pull
fl+_pull
|pull
|P+_pull

443.5218
3415175
-T86.4712
0.692920
0.159928
0641682
-0.315400
0.032239

-796.1810
1.010417
3.691e-3

0011634 .

-1,505e-3
0.915503

Delta
0.28211

-488.6856
499,6109
~9.709836
0.317427
-0.156237
-0.630048
0.313805
0.333264
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Test 5.2.5
A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 20% load

1000 1.500-2000 20002000 2

T pu-11 Ur_pu-[] A4... (VI AT, VT A&TE.. VT

T =

=

BRI

| Time [s] o . 0:26.98610 . 0:28.85572 . . 1.87362
(ALajUL V] . -12.30904 ] 604.9636 ) BITITTE |
1A ajuz v 617.1525 -177.2792 -T94.4317
1AL /U3 V] -604.1170 -428.0148 176.1022
U+_pufl 0.764913 0.767977 3.064e-3
(U-_pull 0.230878 0.232468 1.590e-3
f+_pull 0485127 0.471796 ; -0.023330
I_puf] -0.504341 -0.456001 0.043340
P+ _pull -1922e-3 0.041372 0.049294

A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 20% load, restoring time

;-§

1 A A L A R N ek R R e R R L R
et LLLLUL DL LU LR G UL LR LB CLLELLL LI (1 ettty oatoubb bl bl ol J LU LG LU G LG Lt
E 8

B R e e e o o e e i e e e e o o e e e [
T B N o R AR " " T " B R A R R RN A Y
| .I\|I.| A A R A AR R AR A AR AR AN it L e LELEELL bt LLLL b LLLLLE i
E §

T R A N KR A R R R o M LN R
el L bt Lt L LR bt ULt LU L o LA b L LR i OLLELLAY b L LUt L LG WL b LR LU
=

T e I N ———
T

| Time [5] ¥ o i 0:27.98649 i 0:28.13160 i : 0.14511

|ALafU1 V] . -521.3659 . 799.1672 . 1320.533
112Uz V] -411.239 -819.2175 -407.9778
IALafU3 V] 933.1837 20.00499 913.1787
[U+_pull 0.767825 1005637 0237811
|U—_pull 0.232643 152323 -0.231120
|+ pull i i 0.468988 i 244283 i ; 0471430
|1_pufl 0456892 66623 0.463554
IP+pul] 0.041622 0214830 0.173308
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Test 5.2.6
A.2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 100% load

po—1

I
AN A R e RN R A R A AR A e AN A

15001000 15002000 2000000 2000-p00 20004

T_pa 1 Ur_pu ] ... V] AA... 0] AIA..1V]

Pl

R | =

=R

(2 - ' i

N

-

| 2200 02400 0:26.00 [=] 02500 0:30.00
A B k g ! Delta

| Time [s] § ; 0:25.18896 ] 0:27.05972 ; : 1.87075

|AlLajU1 [V] ; -486.7816 335.9628 8227404

Al 4/U2 [V] -450.1963 566.5684 1016765

Alajuz V] 936.9243 -902.7529 -1839.67T

(U+_pu ] 0.764332 0.768091 3.758e-3

U-_puf] 0.230504 0233142 25493

I+ _pu [] : ; 0.486951 7 0482086 : I -0.014865

—_pu[] -0.507915 -0.453266 0.054849

[P+ pull -0.039018 0.031949 0.070967

2.4(b): Depth of fault phase:0.50 p.u, two-phase SC(no ground), A/Yn11, 100% load, restoring time

................................. o 41
s o BB |
LU

0e1 2000200 20008

DNNAR L LA L A AR LA A T w0 R R T P O ] O PP T o
= [N A RN e WL LU LU LB LD LU 0 A A A A A A A P A R MR A A R T RITND |

| |
Lt .|mi|. SRR A AT AR R AR A R A R R R AT AN A A A N AR RN A

L.500:100 1500505 2000

T pa- 1T pa-1] A8 V] W] WE 0]

| Time [s] § W i 0:27.10092 ¢ 0:27.35640 ; i 0.25548

|AL4U1 V] : 1283543 914.0950 7857407
1Al 4/U2 [V] 612.9980 -242.2033 -855.2013
Al 8/u3 [v] -T40.8784 -673.0034 67.78503
|U+_pu[] 0.763891 1.011485 0.242594
U- puf] 0234705 38213 -0.230884
li+_pu ) i : 0487369 i 0.011875 ; ; -0.475493
1-_pu[] : ‘ -0.453290 ! 11783 ‘ 0.452112
P+ pull 0.036266 0.909274 0.873008
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Test 5.2.7
A.2.5(b): Depth of fault phase:0.50 p.u, single-phase SC-Gnd, A/Yn11, 20% load

P R A R e e i s A TR ) LN ‘
;‘ Ll I PN TTRRARATTTEA NATRARA IO ARARATTORRAAATT) U BN A AT RAR AT RRA NI \Lhb l ) LLLLG UL AN RANAARCT AR AAB AR AN TERAAA AT LLLLbILLL ;
>:: JEN MR TN M T Ty ] PN T I N R A R N R RN “
I;' &M LLLGh UL binbELL EEL LilLLELR il LLL b bl iy A Ll LLLLL UL LLL L (NGLLELRBIRGELEL i LELD bty LLLLLUL) LLLLB il LLEB UL LB LLL LRt ||..|I.l.|.
] I
| 11T | il T TR 1] CTTTTTRTTT O ] T 1T AN | I
I+ g AR T EAARAT AR UTRERAARATRRAN] Lbjil ORI ERRA AT RN L LLER UL i LD UL L Ll LU UL LELE RG] L LERb L bR ELLE L L {
S 4

—T

Time [s] ; 0:26.86359 0:28.69852 183494

A1 4/U1 V) ; ) 3966217 | ) ) -609.1619 | 212540
Al /U2 V] -529.1570 507.6440 1036.801
A1 4/U2 (V] 9253555 1014695 -823.8860
U+_pul] 0.339938 0345731 5.793e3
(U-_pul] 0159365 0.158494 8717e4
I+_pu (] . 0.308380 . 0314052 . 5.671e-3
I-_pull 0204774 0308433 -0.013659
P+_pu(] ' 0.187444 ' 0201450 0.014006

Test 5.2.7
A.2.5(b): Depth of fault phase:0.50 p.u, single-gllase SC-Gnd, AIYn11, 20% load, restoring time

2000

,,,,,,,,,,,,,,, i
L O A N T A B
bt Lt L LRl b L b G B R AR A R AR A e R e AR R AT

2000-2000

N L R A R R R Wi v L M L WA AL A R R N L B R R R |
B UL LA UL LR LB LU LA L LU LU L b L L L A AR A M R A AN o A A R A A A A A A AR

B R R
LLELRLLLL B LU LR LR LA LR DL AL L L L Ll LUt LEL L L LLLLE iy LELL L ) L {10 LUnbLLLGEELL L LUL UL L

15001000 1.500:0000 2000

511 U_pu- 1] Ur_pu-[] AIA... (V] AT4... V] Al8... V]

Bepu [l Fpu [] =

Time [5] . 0:27.68251 0:27.78769 } 010538

A U1 V) : ; 004525 : : 716.1353 13668
a1 02 V] -301.4431 -882.1240 -580.6809
Al ajuz v 502.9549 167.0079 7359870
U+ pull 0845841 1.005926 0.160155
U-_pull 0.156745 31153 -0.153632
i+ pup) . . 0324753 . -1075e3 . -0.325828
I-_pull -0.302019 0.033590 0.335609
[P+ pu ] ' 0.199781 ‘ 0.200926 ‘ 1.145¢-3
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Test 5.2.8

A.2.5(b): Depth of fault phase:0.50 p.u,fi_ngle-phase SC-Gnd, A/Yn11, 100% load

[ A AR

X
=
2

Al
i

d :
d p

0:26.00 0:27.00 0:28.00 [ A 2R B o0 0:31.00 0:32.00 [ ]
A ; = o ; ; Detta

Time [s] 0:28.85418 0:30.66434 . 181016
Al 4/U1 V] . . -185.1301 | . . 2329142 . 4180444
Al 4/U2 [V] 715.2482 -715.5109 -1430.759
Al 4/U3 [V] -530.3955 481.7596 1012.155
U+_pu[] 0.841565 0.846344 47793
U-_pul] 0.158075 0.157620 -4.554e-4
I+_pul] ; ; 0323893 . 0.328554 . : 4.661e-3
I-_pul] -0.324227 -0.302196 0.022031
P+_pull 0.221206 0.302749 0.081543

Test 5.2.8

_A.2_.5(b): Depth of fault phase:0.50 p-u, si_ngle-p_hasg SC__-Gnd, AlYn11, 1_00% load, restoring ti_me

AL VAT Y

2000

pu-[[ AT,

(I
000 15001000 1.500.20m

=i

L= migas iy

A ' ' B ' ' Delta
|Time [s] : 0:26.22320 0:26.35419 1 0.13099
|A1ajus V) ; ; 7166114 . . -748.5404 . -l486.152
Al 4ju2 [v] -11.71756 -118.7310 -107.0135
1A 4/U3 V] 7034657 867.3365 1571.302
U+ pufl 0.846104 1.008260 0.163156
\U-—_pull 0.154872 3.756e-3 -0.151116
|#+_pu [l i i 0315338 i 9.27T1e3 . ; -0.306068
pull -0.302182 99753 0312157
|P+_pull ‘ 0.304161 ) 0.905185 ) 0601033
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Test 5.3.1
A.2.2(b): Depth__ of fault phase:_q.85 p.u, three-phase SC, AI__Yn11, 20% load

“U-_pu- [ UF_pu- [J AE V] ATE VT AIETIVT)

L1000 15004000 1500005 20003000 2000

PE_pu-|] F_pu-[] %

0:15.0 0:20.0
' A

Time [g] W : 0:23.65496

AT U1 V] ; 4141217 |
1Al a/U2 V] -802.3689 |
1Al 4/u3 (V] 3888674 -316.0811 7049485 |
U+ _pul 0.855076 0.862882 3.806e-3 |
U-_pull 1.660e-3 1.868e-3 2.081e-4

I+_pul ; : 0.280457 ; 0277866 ; ; -0.012620 " |
_pull 2.004e-3 12373 -1.667e-4 ,‘
P=_pull ‘ ‘ 0:208961 0203199 576203 |

Test 5.3.1

A.2.2(b): Depth of fault phase:0.85 p.u, three-phase_§C, AlYn11, 20% load, restoring time

0002000

20002000

1.5001000 1.5002000

n ﬁ £

1% 8

| .-

is

P

| Time [s] 0:26.69751 0:26.91304 0.21553

1Al aju V] ; 7863176 ; 6151152 ; _247.2002
1 aju2 v -544,5357 -T76.5284 -231.9927
1Al ajuz V) 2410841 239.1032 1080.237
?EU*_pu 1] 0.862747 1.006082 0.143334
|U-_pun] 183463 8.818e-4 -9.521e-4
|F+_pull . ] 0279413 i 5.262e-4 7 7 -0.278887
_pull 726024 3.920e-4 161823
[P+_puf] i ) 0203386 ) 0203135 i 251204
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Test 5.3.2
A.2.2(b): Depth of fault phase:0.85 p.u, three-phase SC, A/Yn11, 100% load

20002007 20004

20002000

100 15001000 £.500-20m

—E TR T

[Time [s] o . 0:24.20391 L 0:27.28748 . 3.08357
1AL ajus v] STI5.1148 -485.2753 ; . 289.8385
a1 ajua v 540.9994 -311.6651 -852.6645
|Al'aju3 (v 2344315 796.0594 561.6279
U+_pull 0.854396 0.857078 2.683e-3
U-_pup] 342103 408563 664404
|+_pun . . 0.317027 . 0300029 . -7.998e-3
_pull -5.158e-3 -5941e-4 456423
P+_pull ‘ - 0533584 ' osszrz " o594

Test 5.3.2
A.2.2(b): Depth of fault phase:0.85 p.u, three-phase SC, AIY_n11, 100% load, restoring time

IV ATV AL

00-1000 15003000  2000-2000 20003000

“pu- [0 _pu- [ ATE

Liow 1

B+ _pu-[| F_po- 1T F_pu-[] OF

0200 =T 0240 0360 0280 o300 om0 [> |
A B Delta
Time [s] i@ i 0:27.28748 . m 0:27.43342 3 0.14594
AL V] 4852753 B8TA31T 1372707
|A1 41U2 [V] -311.6651 -718.8340 -407.1689
|1 apu3 V] 796.05094 -167.8114 -963.3708
|U+_pupl 0.857078 1.010282 0.153204
U-_pufl 408563 4,850e-3 5.648e-4 |
[1+_pul ’ y 0.300029 ] 498523 ; -0.304044
l_pull -5.941e-4 1.969-4 7.909e-4
|P+_punl 0.592732 0.380302 0387570
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Test 5.3.3

A.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 20% load

OCOf

VI e L e
2000-0000 20002008

5001000 15000

pu- [ T+ _pu- [T AI¥.

o

[Time [s]
ALajuL V)
|a14u2 V)
|ALajuz (v
;U‘Lpu 1]
U-_puf]
.!lt_pu 1]
E.If_pu o
[P+ pull

0911764
0.049730

0.182423 .

-2.663e-3
0.204063

Delta
3.04527
-872.0320

1158.344
-286,6352
2.619e-3
-3.515e-4
-8.111e-3
8.488e-3
-0.010380

Test 5.3.3

.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 20% load, restoring time

T A TV
2000500

00-2000  2000-3000

T pu- 1T U _pu-1] AA— V] ATE.

L1000 L500-1000 1.500-2000

oo T Epo T

' Time [g]
lar afua v
A auz (v
Al4/U3z V]
U+ _pul
|U-_pull
I+_pu ]
=-pull
P+_pu[]

Delta
0.17506
-380.1607
-856.7334
1248,674
0.093322
-0.049351
-0.183592
280423
-1361e-3
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Test 5.3.4
A.2.3(b): Depth of fault phase:0.85 p.u, two-phase SC-GND, A/Yn11, 100% load

3;‘} S G ) L) ) 0 Tl B ) Rl L6 Lt T Tk e R AR '!"'\"“‘
|..\.|.‘.u..u.‘\..|\|||\||\\I|\\II ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, wdli el gl gl el ettt gl el st |
=1 N | F—— O O — B - FTSTERREITIN Mup—
7% T 10 ) ) o O D )
e O o ) 1 1 e 0 0 X 1 N L
= A |
= = : - - - - - - |
'I\II\\|I\\||\| T ) L i i i e Tl T (AT T O A O

5 0 o e o e gl el ottt bl gl gl al bl ol [l ot o el il gttt alt e lt el el il il il gl sl sl ot it

] |

1 U-Ju‘-'l]'lﬁ;;iﬁ;'l]'ﬁi{.‘..

T T o

0220 PR - ] 0260 D 0280 CETI > |
R A : B T Delta : I
Time [s] . i 02410133 i 0:27.28526 ; ... 309303
| Al aju1 (V] X -337.0435 ; -601.4336 -264.3800
I aua v) -547.9613 TT2.6026 1320.564
|ALajua V] 8850625 -171.3679 -1056.430
U+ puf] 0.912046 0915283 323663
U-_pufl 0.050523 0.050199 3.243e-4
1+ pull y ) 088281 : 0190612 y . -T.66%e3
l_pull -0.066944 -0.049312 0.017631
\P+_pufl 0.629616 0673719 0.044103

Test 5.3.4

A 2.3(b): Depth of fault phase:0.85 p.u, two- phase SC-GND, A/Yn11, 100% load, restoring time

—
II"\"l AL G ) |‘I"\\|I\\||\\| """""""""""" i AT i | 'I"I||\|I|\||\\||\\I|\"'“1
ettt ol e bl gl e e gl sl il e el gl el ol gl gl el gl ol il il ol ol il g il el ale el et ol el el gl bl ol it -
= =

5 e 0 S0 o i T Tl o
) 1 " e 1 g O S N Y O
E g | Ll f Al 0 T 0 .
3 % B Tl e i i 4 e i ) \‘|-|-w-\-|-||w-u--nw-
2 O S e o I\ Il el el
Eﬁ I
74 0 S 0 O O
I T SN RN RREIS SRS FUSORRUSEUSRERRRRA N DU SRR I
! o i AT e AT e i A S e AT e A e ) e e A e AP S AT S A T e e A b e A R s Ay e e S i e B AR S S D A T e ]

kB2

o | T | e

w220 0240 0260 0280 0300 LD
: : ' A : B ' ' : Delta '

Time [s] , 0:27.27506 . . 0:27.37802 . . . . 0.10205

| Al a/uz v . 715.8542 i 9263561 2105019
A1 afuz v -§74.5558 -306.4008 368,553
|A1ajuz V] -39.77630 6201718 -580.3950
lu+_pup 0.915447 1010811 0.085364
lu- pull 0.050241 40173 -0.046224
li<_pull . 0190263 -6.075e-3 . -0.108338
I puf] -0.049356 2.350e-4 0.049591
|P+_pul ) ' 0.670082 ' 0985608 ) 0315608
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Test 5.3.5
A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/Yn11, 20% load

000}

2000-200

T _pu- [] Ur_pu-[] AIA... (V[ ¥V A4 0T
Clioon 1500-1000 1500000 2000-2000

Time[s] B o® i 0:23.51581 Lo 0:26.54402 i ; 3.02822

|A1 8/U1 V] ; 7043257 ] -843.1724 i -1547.498

|AI 4ju2 V] 1410167 326.5650 185.5483 |
1Al aju3 V] -847.1346 5163110 1363.445

|u+_pull 0.930479 0.933953 347423 |
|U-_pull 0.088022 0.086849 -1173e3 |
|t+_pull . ‘ 0.141737 ] 0.135582 . ) -6.155e-3 ! |
Il-—pufl -0.140796 -0.128488 0.012287

P=_pu[] 0.2060758 0.202027 -4.051e-3 |

A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/'Yn11, 20% load, restoring tim

2000-2050  2000-2000 200

15001000 15002000

pu- |1 U _pu- [T ATV ATE [V &S

T

o

5001000 15001000 15

B pu-|] Fpu-[I

Time [s] oW . 0:26.54402 o 0:26.72279 i : 0.17876

ALajUL V] 1 -843.1724 . -885.7952 : 4262281
|A14jUz [V] 3265650 T13.2948 386.7297
SAI 4/uz V] 516.3110 171.2649 -345.0461
|u+_pull 0933953 1.005570 0.071417
U-_puf] 0.066349 9.176e-4 -0.065931
|i_pull ¥ ' 0.135582 ; -6.463e3 ¥ ) -0.142046
ll—_pull -0.128499 -1.633e-3 0.126885
P+_pu] ' 0202027 : 0.200507 -1.520e-3
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Test 5.3.6
A.2.4(b): Depth of fault phase:0.85 p.u, two-phase SC(no ground), A/Yn11, 100% load

;Time [s] . . . 0:23.80297 . . 0:26.86001 . . 3.05704
|Ala/us ) -52.39839 . -686.3004 : -6334105 |
1AL aju2 V] -751.8161 -196.8427 5549734
| |
Al &/uz v B05.7845 883.8676 78.08304
U+_pull 0.837200 0.937713 5.125¢-4
U_pu[] 0.068277 '0.069086 -1913e-4

|
1#_pufl i . 0.146654 i 0.145144 i ] -1.550e-3 |
| |
Il_puf] ‘ ‘ 0147172 : -0.134088 : 0.013085
\P+_pu ] 0.665848 0.672887 7.039e-3 |

A.2.4(b):

Depth of fault phase:0.85 p.u, two-phase SC(no grouwnd), AlYn11, 100% load, restoring time

2000

i 15001000 15005000 20005000 20003000

Time [s]

Al aju1 [V]
A1 a/u2 (v
Al ajuz V]

i+ pu )
l1-_pull
|P+_pull
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Test 5.3.7
A.2.5(b): Depth of fault phase:0.85 p.u, single-phase SC-GND, A/Yn11, 20% load

|Time [s]
|Al4jUL V]
|ALafu2 [V]
|Alajuz V]
Us_pu]
U-_pull
|+ pull
{_pu[]
P+ pull

0:26.46085 0:29.54954 3.08369
-228.0832 525.0147 T53.0078
-658.9311 413.8677 1072.799
S3T.6091 -338.3102 -1826.419
0952522 0.955545 272463
0.050506 0.050459 -4.682e-5
0.081977 0.092183 2.066e-4
-0.069181 -0.038752 0.030430
0203098 0203276 12184

TRR

A.2.5(b): Depth of fault phase:0.85 p.u, sing

Test 5.3.7
le-phase SC-GND, A/Yn11, 20% load, restoring

L L ey |

Time [s]
(Al a/u1 V]
Al 4/U2 [V]
Al 4/03 [V]
U+_pu[]
U-pull
I+_puf]
:I—_pu 1]
P+_pu[]

02053146 : 0:20.68815 : R T
48.10643 i 8014255 7533191
7613790 13.64470 7477348
-810.5851 -814.2088 -3.623724
0.955477 1004381 0.045905
0.05p418 3.098e4 -0.050110
0092663 : 61173 : . -0,008780
-0.038557 271563 0.036842
0201083 0200757 : 255164
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Test 5.3.8
A.275(b): Depth of fault phasg:0.85 p-u, sing. le-phase SC-GND, AIYn11, 100% load ‘

2000)

02000

200

500000 L500-000 _ 2000-2008

TU pa- 1T U pa-l AA. V] ATV AT

Bi_po-[] F_pu-1] F_
oo 1.500-1007 L300

| Time [s] i i 02811708 i 0:31.19932 i . zoms

Al 4/U1 [V] i -355.6986 i -805.6300 -449.9314
%N a/uz V] 8705247 639.8073 -230.7174
Al /U3 V] -514.6041 164.3407 678.9449
\U+_pull 0.957183 0.953442 224823
\U-_pul] 0.051822 0.051163 -6.583e-4
li+_pull . ] 0098762 ' 0.097386 . . -1376e3
I_pufl -0.108047 -0.003210 0.014837
|P+_pull ) ) 0.721620 ' 0.788538 ' 0.046918

Test 5.3.8
A.2.5(b): Depth of fault phase:0.85 p.u, single-phase SC-GND, A/Yn11, 100% load, restoring time

5

P+ pu-[] F_pu-|] F_pu-|| U_pu-|] U_pu-|] Al4.. [V] Al4..|V] Al4.. V]

-1000 15001000 150010

A ¥ B k g k Delta
Time [s] ; i 03118853 | ; 0:31.31425 i L. oaem
Alajua v . 8218177 ; 3526838 1174501
Al 4{U2 [V] 504.5304 5818346 -12.69579
Al ajUz V] 2283185 -934.6436 -1162.962
U+_pul] 0953499 1.009578 0.050080
U-_puf] 0.051095 446363 0.046632
I+ pull ; ’ 0097505 : 222083 : . -0.089735
_pull -0.093060 2310e3 0.095370
P+_pu[] ' 0.768650 ' 1.000994 ' 0232345
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Appendix: Pictures

Overall view —front
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Overall view - right

Overall view — left
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Inside view -3

Isolating switch |
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Isolating switch Il

Breaker FRABRE
000
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FUSE

 IGBT
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Inductor
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Control and communication board —compo
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Power supply board- component side
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 Power supply board- solder side
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Detection board- component side
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_ Detection board —component side
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Internal FAN
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