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TEST REPORT
Standard G99/1-6: 2020

TUV SUD Test report for Requirements for the connection of generation equipment in
parallel with public distribution networks on or after 27 April 2019

Report reference No. .........cccccceeuveeel 64.290.22.31367.01

Date of ISSU€ ......ccccvvvevrerriiniiniennnnns. 2023-03-16

Project handler................................. Giesen Wan, Charlie Yang

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

AdAress.......ccccceeeveeeeeeeeeeceeeeenenenenen.. TUV SUD Testing Center, D1 building, No. 63 Chuanggi Road,
Shilou Town, Panyu District, Guangzhou 511447, China

Testing location............cc..cceeeevveeneens. Same as above

CHENE «.ovveveveeeeveeeeeeeeeeerseerssenenennnn:. HUAWEI TEChNOlOgIES Co., Ltd

Client number.............cccceevvievveenens. 041829

AQAIESS ....veooeveeevereerecreeeesessresennnnnr:. AAAMNistration Building, Headquarters of Huawei Technologies Co.,
Ltd., Bantian, Longgang District, Shenzhen, Guangdong, 518129,
China

Standard.........c...ccceeeveeniivinsinneenens. This TUV SUD test report form is based on the following

requirements:
ENA Engineering Recommendation, G99/1-6: 2020

TRF number and revision................... TRF G99/1-6: 2020 rev.0/2020

TRF originated by. .............ccccceu.......:. TUV SUD Certification and Testing (China) Co., Ltd. Guangzhou
Branch, Mr. Kennen.Wang

Copyright blank test report .................. This test report is based on the content of the standard (see above).
The test report considered selected clauses of the a.m. standard(s) and
experience gained with product testing. It was prepared by TUV SUD
Product Service GmbH.

TUV SUD Group takes no responsibility for and will not assume liability for

damages resulting from the reader’s interpretation of the reproduced material due to its
placement and context.

This test report may only be quoted in full. Any use for advertising purposes must be
granted in writing. This report is the result of a single examination of the object in
question and is not generally applicable evaluation of the quality of other products in
regular production.

General disclaimer .......cooooveveeiiiiennnnl

} ] without
SChEME ..oooiiiiec e [] TUV Mark o [ Type of confirmaty
certification

L[] GS Mark ] NRTL Mark [] EU-Directive
Non-standard test method................... I No [] Yes, see details under Summary of
National deviations ...........ccccccceeeveeeeeess. N/A
Number of pages (Report)................... 217 pages
Number of pages (Attachments) ......... N/A ,_.,__ —
Compiled by ....: Giesen Wan, Charlie Yang e x*v,)i‘pprq‘& by .... Yunen%Chen
(+ signature) @Wb Wan. M 25015( Mlbhqaturfe) weng C}u;n
TRF No. G99/1-6: 2020 Telephone : +86; ;3:882 _Gﬁ_é_&"j J Tivsup Ceniﬁcation"Lajnd Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 2-0478**5/ Guangzhou Branch, TUV SUD Group
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Test item description .. :................. Converter (Solar inverter)
Trade Mark ........ccccoevvieieiiiiineennn. : g '4‘

HUAWEI
Manufacturer ........ccccccevvevivveeeeeennnn, : Huawei Technologies Co., Ltd
Model/Type reference .................... © SUN2000-330KTL-H1, SUN2000-330KTL-H2
RatiNg(S) .eevveevveeeriie e siee e . See page 6
Manufacturer........cccccceveveeevceesieeenn, : Huawei Technologies Co., Ltd
Manufacturer number............ccccc.e.. : 041829
AdAress ......ccoovevieviee e . Administration Building Headquarters of Huawei Technologies Co.,

Ltd., Bantian, Longgang District, 518129 Shenzhen, PEOPLE'S
REPUBLIC OF CHINA

Sub-contractors/ tests (clause)......... : N/A
NAME .....eiiiiiiiie e : N/A

Order description........ccccceevvenveniennn. : | X | Complete test according to TRF
[] | Partial test according to manufacturer's specifications
] | Preliminary test
[] | Spot check
L] | Others:
Date of order...........cccceeevvivrcvennnnn s 2022-10-13
Date of receipt of test item................ : 2022-10-22
Date(s) of performance of test.......... : 2022-10-22 to 2023-02-20

General remarks:

Defining the sign in the generator sign convention.

"(see remark #)" refers to a remark appended to the report.

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

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

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 testing laboratory.

Attachments:

N/A

TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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Summary of testing:
[] Abweichung festgestellt / deviation(s) found
X keine Abweichung festgestellt / no deviations found
Tests performed (name of test and test clause):
Requirement + Test
Operating Range
Power Quality — Harmonics:
Power Quality — Voltage Fluctuation and Flicker
Power Quality — DC Injection
Power Factor (PF)
Protection — Frequency tests
Protection — Voltage tests
Protection — Loss of Mains Test, Vector Shift Stability test, RoCoF Stability test
Output power with falling frequency
Limited Frequency Sensitive Mode — Overfrequency
Limited Frequency Sensitive Mode — Underfrequency (LFSM-U)
Frequency Sensitive Mode — (FSM)
Protection — Reconnection Timer
Fault Level Contribution
Self-monitoring Solid State Switch
Logic interface (input port)
Communication interface
Fault Ride Through and Phase Voltage Unbalance
Voltage Limits and Control
Reactive capability
Remark: If not special note, SUN2000-330KTL-H1 is the default test model.
During the below test, sign in the generator sign convention to be considered:
Signin the generator sign convention in accordance with IEC Norm 61400-21 Annex C and SDLWindV
Power and current have an identical sign
+Q
Load: Power plant:
Overexcited /Voltage-increasing Overexcited /Voltage-increasing
Grid 2 Grid
g
z
Sign Sign
Agctive current, active power = negative Aetive current, active power = positive
Reactive current, reactive power = positive Reactive current, reactive power = positive
5 Active pcm'er;_rr
Load: Power plant:
Underexcited /Voltage-reducing Underexcited /Voltage-reducing
Grid Grid
Sign Sign
Active current, active power = negative Active current, active power = positive
Reactive current, reactive power = negative Reactive current, reactive power = negative
-
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China

Page: 3 of 217



http://www.tuvps.com.cn/

&

Product Service

Inductive (under-excited)

Capacitive(over-excited)

Generator (Discharge mode)

IV. Quadrant

P > 0, the equipment supplies
active power from the mains
(Discharge mode)

Q < 0, the equipment draws
reactive power

from the mains (inductive
behaviour)

I. Quadrant

P > 0, the equipment supplies
active power from the mains
(Discharge mode)

Q > 0, the equipment supplies
reactive power to the mains
(capacitive behaviour)

Consumer (Charge mode)

11l. Quadrant

P < 0, the equipment supplies
active power from the mains
(Charge mode)

Q < 0, the equipment draws
reactive power

from the mains (inductive

II. Quadrant

P < 0, the equipment draw
active power from the mains
(Charge mode)

Q > 0, the equipment supplies
reactive power to the mains
(capacitive behaviour)

behaviour)

Copy of marking plate:

\V) 2 Model: SUN2000-330KTL-H1
Z¥R Name: KPEAK¥ZEZE SOLAR INVERTER

35 Model: SUN2000-330KTL-H2

AR Name: KPREENKIETERE SOLAR
INVERTER

)

HUAWEI

RAMANBE d.c.Max.Input Voltage: 1500 Vd.c.
BAMAEE d.c.Max.Input Current: 6x65 A
WMNERER Isc: 6x115 A

MPPH EEH d.c.MPP Range: 500 — 1500 Vd.c.
#H#E a.c.Output Nominal Voltage: 800 Va.c; 3 ~ + @
#HL133% a.c.Nominal Operating Frequency: 50 Hz/60Hz
R IhE a.c.Output Rated Power: 300 kW
RAMEINE a.c.Output Max.Apparent Power: 330 kVA
AL HR a.c.0utput Max.Current: 238.2 A

Ih# % Power Factor: 0.8(lagging) — 0.8(leading)
iR 76 M Operating Temperature Range: - 30 — + 60 °C
W /IR Inverter Topology: Non — Isolation

B#P %4 Enclosure: IP66

{R3P %R Protection Class: |

i1 FE 23 Overvoltage Category: Il (DC)III(AC)
i5%%E4R Pollution Degree: IlI

T{E##k Operating Altitude: 5000 m

iR 753 Communication: MBUS/RS485

HUAWE
A
QC PASS

E@m

RAMANRE d.c.Max.Input Voltage: 1500 Vd.c.
BAMAEIA d.c.Max.Input Current: 6x65 A
WMAIEREER Isc: 6X115A

MPPH ESEMH d.c.MPP Range: 500 — 1500 Vd.c.
48 E a.c.Output Nominal Voltage: 800 Va.c; 3 ~ + @
#4355 % a.c.Nominal Operating Frequency: 50 Hz/60Hz
BRI IHE a.c.Output Rated Power: 275 kW
AN E a.c.Output Max.Apparent Power: 330 kVA
&AM ER a.c.Output Max.Current: 238.2 A

Ih¥EE% Power Factor: 0.8(lagging) — 0.8(leading)
2R 78 # Operating Temperature Range: - 30 — + 60 °C
B /IR Inverter Topology: Non — Isolation

B3 ¥R Enclosure: IP66

{R3PB R Protection Class: |

1 68 FE 23 Overvoltage Category: Il (DC)III(AC)
i5%%4 Pollution Degree: Il

i@ 5 Communication: MBUS/RS485

AL
QC PASS

ﬁ@m

EXRBARAMRAE HUAWEI TECHNOLOGIES CO., LTD. 1 E%)i& MADE IN CHINA
HQ of Huawei, Bantian, Longgang District, Shenzhen, 518129, P.R.C

ERFEARAMALE HUAWEI TECHNOLOGIES CO., LTD. s [E#)i& MADE IN CHINA
HQ of Huawel, Bantian, Longgang District, Shenzhen, 518129, PR.C

Remark: For application of this standard, the nominal voltage is 800 Va.c., nominal frequency is 50 Hz,

registered capacity varies with the power factor, dafault power factor range: 0.9 inductive(under-excited) to

0.9 capacitive(over-excited), add test verify power factor adjustable range up to 0.8 inductive(under-

excited) to 0.8 capacitive(over-excited).

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
Rev.: 00

Date: 2023-03-16
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Picture of the product

Back view

Ll

Right side view Left side view

AC side terminal block DC side terminal block
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Purpose of the product

(1) The unitis considered as type B, type C, type D Power Generating Modules according to G99/1-6:
2020.

(2) The testis based on power factor range: 0.8 inductive(under-excited) to 0.8 capacitive(over-
excited). The power factor can be adjustable via the control panel on the inverter.

(3) Inorder to protect the PCE, user and installer, external DC and AC circuit breakers shall be
equipped at the end-use application.

(4) The inverter is designed for fixed mounted on the wall.

(5) The firmware version : V500R023
The software version : V500R023C00

(6) RS485 communication port is used as logic interface of the unit to control active power reduce the
active power to zero within 5 s. By connecting to the SmartLogger which provides display the
protection settings and remoted control function. The remoted control function is realized by
connection pin 1&pin 3 or pin 2&pin 4 of the COM terminal.

—— .~ COM Terminal
o =¥ QOO0000| 10000000 °
° Q000000 | A |FO000000 e
= 000Q000 Q000000 =
Lie slelelsle] Q00000¢
T 1 ( A

1 D G 2
[T MH - o WW
: ST oIl
Tsonew T VAT T
‘l-p--.l-pl- 3 I 2 € 8
‘ ' —+,
| I I T ! \J
o ! - lo 0
\ B SmartLogger I \ J
Port Pin Definition Pin Definition Description
RS485-1 1 RS4B5A IN, RS485 2 RS485A OUT, Used to cascade
differential signal+ RS485 differential SUN2000s or connect
signal+ devices such as the
SmartLogger.
3 RS485B IN, RS485 4 RS485B OUT,
differential signal— RS485 differential
signal—
PE 5 PE, shield layer 6 PE, shield layer
grounding grounding
RS485-2 7 RS485A, RS485 8 RS485B, RS485 Used to connect an
differential signal+ differential signal— RS485 slave device.

(7) The setting of type B, type C and type D can be selected by the DNO on the software.

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
Rev.: 00

Date: 2023-03-16

Page: 7 of 217

Telephone : +86 20 3832 0668
Telefax :+86 20 3832 0478

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch, TUV SUD Group
5F, Communication Building, 163 Pingyun Rd, Huangpu

http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China


http://www.tuvps.com.cn/

&

Product Service
Possible test case verdicts:
- test case does not apply to the test object................. : N(N/A) / not included in the order
- test object does meet the requirement ..................... : P(Pass)
- test object does not meet the requirement ................ : F(Fail)
- test object was not evaluated for the requirement..... : N/E
Possible suffixes to the verdicts:
- suffix for detailed information for the client................: - C(Comment)
- suffix for important information for factory inspection...: - M(Manufacturing)
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China
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ER G99/1-6: 2020

Clause |Requirement — Test Result — Remark Verdict
6 Connection Application P
7 Connection arrangements P
8 Earthing P
9 Network Connection Design and Operation P
10 Protection P
11 Type A Power Generating Module Technical Requirements N/A
11.1 Power Generating Module Performance and The listed models in this report are
Control Requirements — General for connection design as type B, N/A
type C and type D
11.2 Frequency response N/A
11.3 Fault Ride Through and Phase Voltage
N/A
Unbalance
114 Voltage Limits and Control N/A
12 Type B Power Generating Module Technical Requirements P
12.1 Power Generating Module Performance and Long-term parallel operation is P
Control Requirements - General considered
12.2 Frequency response P
12.3 Fault Ride Through and Phase Voltage P
Unbalance
124 Voltage Limits and Control P
125 Reactive Capability P
12.6 Fast Fault Current Injection P
12.7 Operational monitoring Considered by DNO P
13 Type C and Type D Power Generating Module Technical Requirements
13.1 Power Generating Module Performance and Long-term parallel operation P
Control Requirements considered
13.2 Freguency response P
13.3 Fault Ride Through P
134 Voltage Limits and Control P
135 Reactive Capability P
13.6 Fast Fault Current Injection P
13.7 Black Start Capability To be considered at final N/A
installation
13.8 Technical Requirements for Embedded N/A
Medium Power Stations
13.9 Operational monitoring Considered by DNO P
13.10 Steady State Load Inaccuracies P
14 Installation, Operation and Control Interface N/A
15 Common Compliance and Commissioning Requirements for all Power P
Generating Modules
16 Type A Compliance Testing, Commissioning and Operational Notification N/A
17 Type B Compliance Testing, Commissioning and Operational Notification N/A
18 Type C Compliance Testing, Commissioning and Operational Notification N/A
19 Type D Compliance Testing, Commissioning and Operational Notification N/A
20 Ongoing Obligations N/A
21 Manufacturers’ Information applicable to Power Park Modules N/A
22 Type Testing and Annex information P
Annex A | Type A N/A
A.0 Type A Power Generating Module Forms N/A
Cover Sheet
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China
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ER G99/1-6: 2020

Clause |Requirement — Test Result — Remark Verdict

Al Connection Application Forms for Type A N/A
Power Generating Facility (< 50 kW) (Form
Al-1) and Integrated Micro Generation and
Storage (Form Al- 2)

A2 Type A Compliance Verification Report N/A

A3 Installation Document for Type A Power N/A
Generating Modules (Form A3-1) and
Integrated Micro Generation and Storage

(Form A3-2)
A4 Emerging Technologies and other Exceptions N/A
A5 Example calculations to determine if unequal N/A

generation across different phases is
acceptable or not

A.6 Scenario examples in respect of the N/A
application of EREC G59 and EREC G99 to
new or modified sites after 27/04/19

A7 Requirements for Type Testing Power N/A
Generating Modules

Annex B | Type B P
B.1 Application N/A
B.2 Power Generating Module Document Type B | Type testing to the inverter, detail

see explanation in Clause 12 and
relative type test result

B.3 Installation and Commissioning Confirmation N/A
Form

B.4 Simulation Studies for Type B Power Type test method used. N/A
Generating Modules

B.5 Compliance Testing of Synchronous Power N/A
Generating Modules

B.6 Compliance Testing of Power Park Modules N/A

Annex C | Type C and Type D P

C.1 Application N/A

C.2 Power Generating Module Document Type C | Type testing to the inverter, detalil P
and Type D see explanation in Clause 13 and

relative type test result

C.3 Installation and Commissioning Confirmation N/A
Form

C4 Performance Requirements For Continuously N/A

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

C5 Performance Requirements for Continuously N/A
Acting Automatic Voltage Control Systems for
Type C and Type D Power Park Modules

C.6 Functional Specification for Dynamic System N/A
Monitoring, Fault Recording and Power
Quality Monitoring Equipment for Type C and
Type D Power Generating Modules

Cc.7 Simulation Studies for Type C and Type D Type test method used. N/A
Power Generating Modules

TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group

Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
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ER G99/1-6: 2020
Clause |Requirement — Test Result — Remark Verdict
C.8 Compliance Testing of Type C and Type D N/A
Synchronous Power Generating Modules
C.9 Compliance Testing of Type C and Type D Type testing to the inverter, detail N/A
Power Park Modules see explanation in Clause 13 and
relative type test result
C.10 Minimum Frequency Response Capability N/A
Requirement Profile and Operating Range for
Type C and Type D Power Generating
Modules
Annex D N/A
D.0 Power Generating Module Decommissioning Considered by Manufacturers N/A
Confirmation
D.1 Additional Information Relating to System N/A
Stability Studies
D.2 Loss of Mains (LoM) Protection Analysis N/A
D.3 Main Statutory and Other Obligations N/A
D.4 Summary of Reactive Power and voltage N/A
control requirements for Type A, Type B, Type
C and Type D Power Generating Modules
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China
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Table: Operating Range P

Can
" Active Frequency operate
Condition Voltage (V) power (W) (H2) Power factor under the
condition?

Uil _ 678.2

Voltage = 85% of nominal (680.0 V),

Frequency = 47 Hz, 684.4 279607.1 46.98 0.999 ov Yes

Power Factor = 1,

Period of test 20 s 678.2

Test 2* . 681.2

Voltage = 85% of nhominal (680.0 V),

Frequency = 47.5 Hz, 680.5 279445.3 47.49 0.999 ov Yes

Power Factor = 1,

Period of test 90 minutes 679.3

Voltage = 110% of nominal (880.0 V).,

Frequency = 51.5 Hz, 880.0 300908.1 51.50 0.999 ov Yes

Power Factor = 1,

Period of test 90 minutes 878.4

Voltage = 110% of nominal (880.0 V),

Frequency = 52.0 Hz, 879.8 300869.5 52.00 0.999 ov Yes

Power Factor = 1,

Period of test 15 minutes 880.4

Voltage = 100% of nominal (800.0 V),

Frequency = 50.0 Hz, 800.0 300601.5 50.00 0.999 ov Yes

Power Factor = 1,

Period of test = 90 minutes 798.9

Test 6 RoCoF withstand

Confirm that the Power Generating Module is capable of staying connected to the Distribution Yes

Network and operate at rates of change of frequency up to 1 Hzs-1 as measured over a period

of 500 ms. Note that this is not expected to be demonstrated on site.

Remark:*This case limited by the maximum current, active power cannot reach registered capacity.

TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group

Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China
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Tabel: Power Quality — Harmonics P
Power Generating Module tested to BS EN 61000-3-12
Power Generating Module rating per phase (rpp) 100 kVA (H,Srng;(r:a?n; g/leera;#;g XR‘};‘;
At 45-55% of Registered Capacity L'qugnozi?\l
Harmonic Measured Value MV in Amps Harmonic % 3 phase
L1 L2 L3 L1 L2 L3
2 0.364 0.128 0.307 0.08% 0.03% 0.07% 8%
3 0.047 0.062 0.113 0.01% 0.01% 0.03% Not stated
4 0.078 0.072 0.088 0.02% 0.02% 0.02% 4%
5 0.304 0.191 0.320 0.07% 0.04% 0.07% 10.7%
6 0.135 0.083 0.104 0.03% 0.02% 0.02% 2.67%
7 0.428 0.413 0.378 0.10% 0.09% 0.09% 7.2%
8 0.089 0.055 0.117 0.02% 0.01% 0.03% 2%
9 0.202 0.086 0.147 0.05% 0.02% 0.03% Not stated
10 0.066 0.096 0.109 0.02% 0.02% 0.03% 1.6%
11 0.531 0.599 0.530 0.12% 0.14% 0.12% 3.1%
12 0.074 0.068 0.088 0.02% 0.02% 0.02% 1.33%
13 0.510 0.465 0.480 0.12% 0.11% 0.11% 2%
THD -- - -- 1.74% 1.62% 1.68% 13%
PWHD -- -- -- 8.11% 7.59% 7.76% 22%
At 100% of Registered Capacity L'gll(t)é)nOZiEN
Harmonic Measured Value MV in Amps Harmonic % 3 phase
L1 L2 L3 L1 L2 L3
2 0.393 0.186 0.478 0.09% 0.04% 0.11% 8%
3 0.277 0.177 0.158 0.06% 0.04% 0.04% Not stated
4 0.128 0.199 0.190 0.03% 0.05% 0.04% 4%
5 0.298 0.333 0.434 0.07% 0.08% 0.10% 10.7%
6 0.151 0.181 0.193 0.03% 0.04% 0.04% 2.67%
7 1.018 1.015 0.723 0.23% 0.23% 0.17% 7.2%
8 0.220 0.259 0.162 0.05% 0.06% 0.04% 2%
9 0.340 0.197 0.209 0.08% 0.05% 0.05% Not stated
10 0.134 0.157 0.177 0.03% 0.04% 0.04% 1.6%
11 0.408 0.369 0.250 0.09% 0.08% 0.06% 3.1%
12 0.118 0.117 0.120 0.03% 0.03% 0.03% 1.33%
13 0.648 0.636 0.431 0.15% 0.15% 0.10% 2%
THD -- -- -- 1.06% 1.04% 0.95% 13%
PWHD -- - -- 4.55% 4.48% 4.23% 22%
Inter-Harmonics (current)
| At 45-55% of Registered Capacity At 100% of Registered Capacity
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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Active

power L1 L2 L3 L1 L2 L3
P/Pn [%]

F [Hz] Iv/In[%)]

75 0.491% 0.489% 0.503% 0.829% 0.784% 0.800%
125 0.178% 0.193% 0.209% 0.220% 0.178% 0.268%
175 0.142% 0.165% 0.167% 0.188% 0.181% 0.215%
225 0.163% 0.183% 0.185% 0.221% 0.235% 0.277%
275 0.202% 0.220% 0.191% 0.186% 0.204% 0.258%
325 0.198% 0.206% 0.192% 0.206% 0.216% 0.267%
375 0.217% 0.234% 0.238% 0.229% 0.323% 0.351%
425 0.176% 0.174% 0.190% 0.135% 0.172% 0.195%
475 0.104% 0.114% 0.108% 0.098% 0.111% 0.122%
525 0.090% 0.083% 0.087% 0.071% 0.079% 0.084%
575 0.083% 0.073% 0.078% 0.075% 0.083% 0.079%
625 0.063% 0.052% 0.060% 0.041% 0.046% 0.046%
675 0.058% 0.050% 0.058% 0.039% 0.035% 0.044%
725 0.046% 0.037% 0.045% 0.036% 0.039% 0.047%
775 0.033% 0.028% 0.032% 0.034% 0.033% 0.041%
825 0.030% 0.028% 0.029% 0.027% 0.027% 0.032%
875 0.024% 0.025% 0.026% 0.026% 0.029% 0.033%
925 0.024% 0.025% 0.025% 0.021% 0.023% 0.023%
975 0.021% 0.021% 0.022% 0.018% 0.019% 0.022%
1025 0.018% 0.018% 0.020% 0.016% 0.018% 0.020%
1075 0.016% 0.015% 0.016% 0.015% 0.016% 0.018%
1125 0.015% 0.014% 0.014% 0.014% 0.014% 0.016%
1175 0.014% 0.014% 0.014% 0.013% 0.014% 0.016%
1225 0.014% 0.013% 0.013% 0.012% 0.013% 0.014%
1275 0.011% 0.010% 0.011% 0.011% 0.011% 0.012%
1325 0.009% 0.009% 0.010% 0.009% 0.010% 0.011%
1375 0.010% 0.009% 0.011% 0.009% 0.009% 0.010%
1425 0.009% 0.009% 0.009% 0.009% 0.009% 0.010%
1475 0.009% 0.009% 0.009% 0.008% 0.009% 0.009%
1525 0.009% 0.009% 0.009% 0.008% 0.009% 0.009%
1575 0.008% 0.007% 0.008% 0.007% 0.008% 0.008%
1625 0.007% 0.007% 0.008% 0.006% 0.007% 0.007%
1675 0.007% 0.007% 0.007% 0.006% 0.007% 0.007%
1725 0.007% 0.007% 0.007% 0.006% 0.007% 0.007%
1775 0.007% 0.007% 0.007% 0.006% 0.007% 0.007%
1825 0.007% 0.007% 0.006% 0.006% 0.007% 0.007%
1875 0.006% 0.006% 0.006% 0.006% 0.006% 0.006%
1925 0.006% 0.006% 0.006% 0.005% 0.006% 0.006%
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1975 | 0.006% | 0.006% 0.005% 0.005% 0.006% 0.006%
Higher-Harmonics (current)
Active At 45-55% of Registered Capacity At 100% of Registered Capacity
P[?g\:v[%/l;] L1 L2 L3 L1 L2 L3
F [kHz] Iv/In[%)]

2.1 0.020% 0.019% 0.019% 0.013% 0.015% 0.015%
2.3 0.014% 0.017% 0.017% 0.010% 0.013% 0.015%
2.5 0.011% 0.012% 0.011% 0.010% 0.011% 0.011%
2.7 0.020% 0.021% 0.020% 0.012% 0.012% 0.012%
2.9 0.019% 0.019% 0.019% 0.010% 0.011% 0.012%
3.1 0.020% 0.023% 0.021% 0.010% 0.011% 0.011%
3.3 0.043% 0.044% 0.043% 0.012% 0.012% 0.012%
3.5 0.047% 0.042% 0.040% 0.014% 0.015% 0.015%
3.7 0.041% 0.046% 0.046% 0.019% 0.021% 0.020%
3.9 0.056% 0.059% 0.062% 0.051% 0.055% 0.043%
4.1 0.019% 0.018% 0.019% 0.050% 0.063% 0.069%
4.3 0.024% 0.020% 0.021% 0.086% 0.081% 0.072%
4.5 0.013% 0.012% 0.012% 0.057% 0.051% 0.053%
4.7 0.008% 0.008% 0.009% 0.026% 0.023% 0.027%
4.9 0.010% 0.008% 0.010% 0.014% 0.013% 0.013%
51 0.008% 0.007% 0.007% 0.012% 0.011% 0.012%
5.3 0.006% 0.005% 0.006% 0.008% 0.007% 0.008%
55 0.007% 0.007% 0.007% 0.008% 0.007% 0.007%
5.7 0.006% 0.006% 0.006% 0.007% 0.006% 0.007%
59 0.049% 0.050% 0.049% 0.049% 0.049% 0.048%
6.1 0.006% 0.006% 0.006% 0.007% 0.007% 0.007%
6.3 0.006% 0.005% 0.005% 0.006% 0.006% 0.006%
6.5 0.005% 0.004% 0.005% 0.006% 0.006% 0.006%
6.7 0.004% 0.004% 0.004% 0.006% 0.006% 0.006%
6.9 0.005% 0.004% 0.005% 0.006% 0.005% 0.006%
7.1 0.005% 0.004% 0.005% 0.006% 0.006% 0.006%
7.3 0.004% 0.003% 0.004% 0.006% 0.005% 0.005%
7.5 0.004% 0.004% 0.005% 0.005% 0.005% 0.005%
7.7 0.005% 0.005% 0.005% 0.006% 0.006% 0.006%
7.9 0.005% 0.005% 0.005% 0.008% 0.007% 0.008%
8.1 0.006% 0.005% 0.005% 0.009% 0.008% 0.009%
8.3 0.006% 0.006% 0.006% 0.008% 0.008% 0.008%
8.5 0.007% 0.006% 0.006% 0.008% 0.008% 0.008%
8.7 0.006% 0.006% 0.006% 0.007% 0.007% 0.007%
8.9 0.007% 0.006% 0.007% 0.008% 0.008% 0.008%
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Table: Power Quality — Voltage Fluctuation and Flicker P

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

Starting Stopping Running
P 2
Omax de d(t) Omax (ol d(t) Pst hours
Measured L1-L2 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.029 | 0.027
Vf‘é‘;tees dat L2-13 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.029 | 0.028

impedance L3-L1 0.000 0.000 0.000 0.000 | 0.000 | 0.000 | 0.028 0.027

L1-L2 0.000 0.000 0.000 0.000 | 0.000 | 0.000 | 0.029 0.027

Normalised
tostandard | L2-L3 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.029 | 0.028
ISECEES | o 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.028 | 0.027
Hmits selunder BSEN | a6 | 33% | 33% | 4% | 33% | 33% | 10 | 065
Test impedance R 0.24 Q Xl 0.15
. 0.24 * 0.15 *
Standard impedance R 0.4 Q Xl 0.25 A Q

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

~ Applies to single phase Power Generating Module and Power Generating Modules using two phases
on a three phase system

For voltage change and flicker measurements the following formula is to be used to convert the measured
values to the normalised values where the Power Factor of the generation output is 0.98 or above.

Normalised value = Measured value x reference source resistance/measured source resistance at test
point

Single phase units reference source resistance is 0.4 Q
Two phase units in a three phase system reference source resistance is 0.4 Q
Two phase units in a split phase system reference source resistance is 0.24 Q
Three phase units reference source resistance is 0.24 Q

Where the Power Factor of the output is under 0.98 then the Xl to R ratio of the test impedance should be
close to that of the Standard Impedance.

The stopping test should be a trip from full load operation.

The duration of these tests need to comply with the particular requirements set out in the testing notes for
the technology under test. Dates and location of the test need to be noted below
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Table: Power Quality — DC Injection P
10% 55% 100%
Test power
level L1 L2 L1 L2 L3 L1 L2 L3
RO 0.17 0.12 0.10 0.24 0.21 0.18 0.47 0.36 0.41
value in Amps
0,
as%ofrated |  5e00 | 0.06% | 0.04% | 0.11% | 0.10% | 0.08% | 0.21% | 0.17% | 0.19%
AC current
Limit 0.25% 0.25% 0.25%
Table: Power Factor (PF) P
0.94Un (752.0 V) 1.0Un (.800.0 V) 1.1Un (.880.0 V)
Voltage
L1 L2 L3 L1 L2 L3 L1 L2 L3
Measured value 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999
Power Factor Limit >0.95 >0.95 >0.95
Table: Protection — Frequency tests P
For Type B and Type C Power Generating Modules HV Protection Setting
Setting Trip test “No trip tests”
Function Frequenc Time Frequency Time delay Frequency | Confirm no
quency | gelay (H2) (s) Jtime trip
U/F 47.7 Hz .
stage 1 47.5 Hz 20 s 47.45 20.067 3000s No trip
U/F 47.2 Hz No trip
stage 2 47 Hz 0.5s 46.95 0.546 195 s
46.8 Hz No trip
0.45s
51.8 Hz No trip
O/F 52 Hz 05s 52.05 0.551 120.0 s
52.2 Hz No trip
0.45s
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Supplementary information:
Channel 1&2&3: Waveform of three phases voltage signals at grid connection terminals.

Channel 4&5&6: Waveform of inverter three phases output current signals at grid connection
terminals.

Channel 7: Trigger signal of turning into overfrequency or underfrequency state, provided by the
programmable AC grid simulator.

Trip test oscilloscope waveform:
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For Type D Power Generating Modules and Power Generating Facilities with a Registered Capacity > 50

MW Protection Setting

Setting Trip test “No trip tests”
il Frequenc Time Frequency Time delay Frequency | Confirm no
q y delay (Hz) (s) ftime trip
U/F 47.7 Hz .
stage 1 47.5 Hz 20s 47.45 20.088 30.00 s No trip
U/F 47.2 Hz .
stage 2 47 Hz 05s 46.95 0.546 1955 No trip
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46.8 Hz .
No tri
0.45s P
51.8 Hz .
O/F 52 Hz 05s 52.05 0.546 No tri
120.0's P
52.2 Hz .
No tri
0.45s P
Trip test oscilloscope waveform:
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’ 1.079 200 a0m 400 501:() i) 7000 a0m 9263 dt=450.23 ms f=222Hz
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV SUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax : +86 20 3832 0478 Guangzhou Branch, TUV SUD Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China

Page: 24 of 217



http://www.tuvps.com.cn/

=

Product Service
RE L = Deta
E _ - | ”
= 5
= |8
z
=
z |5
=]
= i i
[=1
(=]
o
=
8
=]
= | .
o ER)
< 8 1407 -11848 13258
- o
- e
-
E.';_ 1 | T T | 1 AlS (A)
51.8Hz | = & l | | [ 4693 2531 4224
0 e
120.0s | = &
2y T
e | AlG (A)
z 3 375.0 2406 1344
@ |5
z &
ol I AIT (A)
z & 301 244 57
~ Tt
z &
< g
=] ER)
= 0.072 0.077 0.005
T B8
¥
0.000 .00 140000 02:15.299 dt = 00:02:00
t (m:s)
L L2 Detta
_ LI -
=~ 8 L1 11 Ty 1 L B T T R T T} o
~ a [ I N | FEPrppy HIIII\IIII Bl
- g | [ | | | | LA .|.\M|.I|.'.|. |Iu|u|u| LI L
- OO L 1 I I I o b I LG g o r Ih A g
o
=
8
[=]
=
8
2
=] " " T Al (V)
< 8 1111 111 1111111111 11 1L 41 L | I\' IIIIII L1101 L a1 R -1152.3 -549.3 603.0
= g 11111 111 1111111 11111 A PR R I II IR
b =} 1 11 1 111111 1 1 Y AR N T I e \I\ d oy I |||| T
=T B O 1 111 1 11 11 1 I\IIII Il IIIII|\II N ||.|”I.|||I|I|”I|” a0y b DL \.le |
ol i i i | ALS (A)
B22Hz | = & | 4030 2837 1193
o e
=
045s | = &
T 1 1 T —
r(.l T T T I T A|5(A}
z 3 395.1 -104.9 -500.0
c E
= 3
i |
o | AT (A)
z & 379 -197 76
~ e
= &
S
=1 )
s B 0.078 -0.020 -0.088
@ &
= 8
i
2579 10m 4000 5000 6000 7000 8000 aom 9560 dt=450.74 ms f=222Hz
t(s)
Remrak:

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

Settings for Long-Term Parallel Operation:

Protection
Funcfion

O st

Type A, Type B and Type C Power Type D Power
Generating Modules Generating Modules
and Power
Generating Facilities
LV Protection(1) HV Protection(1) with a Registered
Capacity = 50 MW
Time Time Time
Trp Setting Dielay Trip Setting Dielay Trip Sething | Delay
Setting Setting Saiting
P . P . Vig-gt- .
Wip-nt -20% 258 Vip-pt-20% | 258 265

Vig-nt + 14% 10s Wip-p* + 0% | 1.0s

20%

t
Vest  +li0s

10%

Ofvst2

Vip-n'+ 18%* 05s Wip-pt+ 13% | 05s

WFst1

WFst2

OfF

LoM
{RoCoF)*

475 He 20s 475 He 205

. 47.0 He - 05s 4T0He . 05s

. 2.0 He 05s 520Hz I 05s
1 Hzs' time delay 0.5 5 1 Hzs" time delay 0.5 5

47.5Hz 208

47.0Hz 055

520Hz 05s

Intertripping expected

For Type B and Type C Power Generating Modules intend to connected to HV

Function Setting Trip test No trip tests” All phases at
same voltage
Time Voltage | Time delay . Confirm
Voltage delay W) () Voltage /time no trip
0.80 ULL
L1-L2 (640 V) 25s 635.26 2.557
L2-L3 o(gfolt; 25s 635.26 2.557 0.80 Un + 4V
U/V stage 0.80 U (644 V) no trip
) . L-L 50s
L3-L1 (640 V) 25s 639.24 2.568
0.80 UL
All phases (640 V) 25s 639.24 2.565
0.80 Un - 4V
(636 V) no trip
245s
1.10 U
L1-L2 (880 V) 10s 878.96 1.052
1.10 UL
L2-L3 (@80 \;)L 10s | 878.96 1.036 1.10 Un - 4V
O/V stage 1 110U (876 V) no trip
= L-L
- . 50s
L3-L1 (880 V) 1.0s 886.91 1.038
1.10 UrL
ALL (880 V) 10s 878.96 1.040
O/V stage 2 L1-L2 113U | 05s 903.97 0.548 1.13 Un - 4V no trip
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(904 V) (900 V)
L2-L3 LI3UL | h5g | 90307 0.542 0-95s
) (904 V) ' : :
1.13 UL
L3-L1 (904 V) 0.5s 911.94 0.543
1.13 UL
All phases (904 V) 05s 903.97 0.537
1.13 Un + 4V
(908 V) no trip
0.45s

Supplementary information:

Channel 1&2&3: Waveform of three phases voltage signals at grid connection terminals.

Channel 4&5&6: Waveform of inverter three phases output current signals at grid connection

terminals.

Channel 7: Trigger signal of turning into overvoltage or undervoltage state, provided by the programmable AC

grid simulator.

Trip test oscilloscope waveform:
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For Type D Power Generating Modules and Power Generating Facilities with a Registered Capacity > 50 MW

Protection Setting

Function Setting Trip test No trip tests” All phases at
same voltage
Time Voltage | Time delay . Confirm

Voltage delay W) () Voltage /time na trip
0.80 UL

L1-12 (640 V) 25s 635.26 2.565
0.80 UL 0.80 UL + 4V() .

U/V stage L2 -L3 (640 V) 25s 635.26 2.569 5.0s no trip

0.80 UL

L3-L1 (640 V) 25s 639.24 2.556
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Table: Loss of Mains Protection, Vector Shift Stability test, RoCoF Stability test P
Protection — Loss of Mains test
33% 66% 100% 33% 66% 100%
;Ir-ssglz(r)\\::veer and 506 Q 506 Q 506 P +5% Q +5% Q +5% P
Test 22 Test 12 Test5 Test 31 Test 21 Test 10
grgp;'me Lmitis | 1500ms | 1042ms | 2444ms | 1136ms | 106.6ms 198.6 ms
Fi0) Reactiv N Qac(% | Run Actual | Actual | Actual | Vbc
No. (% of | eload (% of of on Peut of of of (vd.c. Remarks
EUT (% of nomin | nomin | time (kW) L1 Lo L3 )
rating) Qu) al) al) (ms)
1. 100 100 0 0 252.2 300 0.999 | 0.999 | 1.000 | 1100 | TestA atBL
2. 66 66 0 0 265.2 198 1.001 | 0.999 | 1.001 | 855 Test B at BL
3. 33 33 0 0 267.8 99 1.001 | 1.000 | 0.999 | 600 Test C at BL
4. 100 100 -5 -5 164.4 | 300 | 1.029 | 1.028 | 1.025 | 1100 | TestAatlIB
5. 100 100 -5 0 244 .4 300 1.052 | 1.048 | 1.050 | 1100 Test A at IB
6. 100 100 -5 +5 218.8 300 1.081 | 1.075 | 1.075 | 1100 Test A at IB
7. 100 100 0 -5 193.2 | 300 | 0.990 | 0.985 | 0.979 | 1100 | TestAatlIB
8. 100 100 0 +5 161.2 300 1.030 | 1.021 | 1.023 | 1100 Test A atIB
9. 100 100 +5 -5 192.0 | 300 | 0.940 | 0.935 | 0.928 | 1100 | TestAatlIB
10. 100 100 +5 0 198.6 300 0.958 | 0.951 | 0.953 | 1100 Test A at IB
11. 100 100 +5 +5 185.6 300 0.984 | 0.976 | 0.979 | 1100 Test B at IB
12. 66 66 0 -5 104.2 198 0.969 | 0.974 | 0.970 855 Test B at IB
13. 66 66 0 -4 122.6 198 | 0.981 | 0.987 | 0.984 | 855 Test B at IB
14. 66 66 0 -3 268.6 198 | 0.974 | 0.982 | 0.978 | 855 Test B at IB
15. 66 66 0 -2 134.0 | 198 | 0.986 | 0.993 | 0.990 | 855 Test B at IB
16. 66 66 0 -1 244.8 198 0.995 | 0.991 | 0.996 855 TestB at IB
17. 66 66 0 +1 133.0 198 0.996 | 0.993 | 0.996 855 Test B at BL
18. 66 66 0 +2 176.8 198 | 0.985 | 0.990 | 0.990 | 855 Test B at IB
19. 66 66 0 +3 178.0 198 0.977 | 0.980 | 0.974 855 TestB at IB
20. 66 66 0 +4 188.0 | 198 | 0.980 | 0.988 | 0.984 | 855 Test B at IB
21. 66 66 0 +5 106.6 198 0.970 | 0.974 | 0.972 855 Test B at IB
22. 33 33 0 -5 120.0 99 0.975 | 0.975 | 0.974 600 Test C at IB
23. 33 33 0 -4 152.0 99 0.975 | 0.979 | 0.981 600 Test C at IB
24. 33 33 0 -3 154.0 99 0.981 | 0.982 | 0.981 | 600 Test C at IB
25. 33 33 0 -2 166.0 99 0.983 | 0.984 | 0.984 | 600 Test C at IB
26. 33 33 0 -1 192.0 99 0.995 | 0.995 | 0.996 | 600 Test C at IB
27. 33 33 0 +1 155.6 99 1.004 | 1.003 | 1.005 600 Test C at IB
28. 33 33 0 +2 152.0 99 1.007 | 1.006 | 1.007 600 Test C at IB
29. 33 33 0 +3 147.8 99 1.014 | 1.014 | 1.012 600 Test C at IB
30. 33 33 0 +4 118.0 99 1.014 | 1.016 | 1.014 600 Test C at IB
31. 33 33 0 +5 113.6 99 0.999 | 0.999 | 1.000 | 600 Test C at IB
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Remark (additional info or observation during the test):

For test condition A:

If any of the recorded run-on times are longer than the one recorded for the rated balance condition, then the
non-shaded parameter combinations also require testing.

For test condition B and C:

If run-on times are still increasing at the 95 % or 105 % points, additional 1 % increments is taken until run-on

times begin decreasing.
Applies to all types.

Table: Loss of Mains Protection, Vector Shift Stability test

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

Table: Loss of Mains Protection, RoCoF Stability test

Ramp range Test frequency ramp: Test Duration Confirm no trip
49.0 Hz to 51.0 Hz +0.95 Hzs-1 21s No trip
51.0 Hz to 49.0 Hz -0.95 Hzs-1 2.1s No trip

Table: Output power with falling frequency

P

Test sequence

Meanvalue of measured

Acceptable Active Power

Whether the output
active power lower

Active Power (W) (W) than the acceptable
limit?
49.5 Hz for 5 minutes 302450 300000 No
48.8 Hz for 5 minutes 303000 295800 No
48.0 Hz for 5 minutes 302880 291000 No
47.5 Hz for 5 minutes 302920 288000 No
47.1 Hz for 20 seconds 302790 285600 No
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Table: Limited Frequency Sensitive Mode — Overfrequency P
Active Power response to rising frequency/time plots are attached if frequency injection tests are
: : No
undertaken in accordance with Annex A.7.2.4.
The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10 %.
Test sequence at Registered Capacity above 80% Pret (W) 300000
Measured Calculated AP . :
Test sequence at Active AL Expected from standard U7 S
. . frequency | active B~ Power Power
Registered Capacity >80% | Power (H2) ower (W) characteristic Source Gradient
Output (W) P curve (W)
Step a) 50.00Hz + 0.01Hz 300792.39 50.00 - -
Step b) 50.45Hz + 0.05Hz 297923.94 50.45 297792.39 131.55
Step c) 50.70Hz + 0.10Hz 282605.85 50.70 282792.39 -186.54 PV
Step d) 51.15Hz + 0.05Hz | 256003.22 | 51.15 | 255792.39 210.83 zg?g'tator -
Step e) 50.70Hz + 0.10Hz 282819.90 50.70 282792.39 27.51 100%Pn
Step f) 50.45Hz + 0.05Hz 297541.03 50.45 297792.39 -251.36
Step g) 50.00Hz + 0.01Hz 300495.52 50.00 - -
50.4Hz and Droop of 10% -
100% Registered Capacity
310000 51.3
s 300000 51
= 290000 507 &
g 280000 _l l— 50.4 =
S 270000 e
o 501 4
© 260000 s— — =
S 250000 428 2
< 240000 49.5
230000 49.2
NSINNN®OONO DK ®NHONNOON TN
O S 0N OO S0 M WO SO N O d W A MmN
NTPEISTIILRSIRIRILS
Time (s)
Active power (W) e Frequency (Hz)
Test sequence at Registered Capacity 40% - 60% Pret (W) 300000
Megsured Actual Expected CelievlEies 2 Primary Active
Active : from standard
Test sequence frequency | active o Power Power
POV (Hz) power (W) CEEEEE 3 Source Gradient
Output (W) curve (W)
Step a) 50.00Hz +0.01Hz 150496.27 50.00 -- -- PV
simulator
Step b) 50.45Hz +0.05Hz 146927.80 50.45 147496.27 -568.47 set at
50%Pn =
Step c) 50.70Hz +0.10Hz 132040.66 50.70 132496.27 -455.61 PV
Step d) 51.15Hz +0.05Hz 105177.00 51.15 105496.27 -319.27 simulator
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Step €) 50.70Hz +0.10Hz | 132555.29 | 50.70 | 132496.27 59.02 set at
0,
Step f) 50.45Hz +0.05Hz 147548.30 | 50.45 | 147496.27 52.03 100%Pn
0,
Step g) 50.00Hz +0.01Hz | 303349.61 | 50.00 - - o9 %l
50.4Hz and Droop of 10% -
50% Registered Capacity
350000 51.3
g 300000 51 .
< 250000 507 T
£ 200000 — — 504 3
o
3 150000 50.1 g
2 100000 498 3
(&) L
<< 50000 49.5
0 49.2
NOONSAHOANST AN ®M® QN
O T 0O A 1NN O N O OOMOMNOSON OO 1N D
M O O M WO MmUWOUOMMNOMMNOSMN~NOSMNSNO
T AN NN OO N I TN DN O O O~
Time (s)

Active power (W)

e Frequency (Hz)

The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 2 %.

This test should be carried out in accordance with Annex A.7.1.3, which also contains the measurement

tolerances.

Test sequence at Registered Capacity above 80% Pret (W) 300000

Test sequence . Aoie | Acual | Expected | on angarg | PrmaY | Acive
egistered Capacity >80% | Power (H2) power (W) characteristic Source Gradient

Output (W) curve (W)

Step a) 50.00Hz +0.01Hz 303165.24 50.00 -- -

Step b) 50.45Hz +£0.05Hz 289418.50 50.45 288165.24 1253.26

Step c) 50.70Hz +0.10Hz 213866.61 50.70 213165.24 701.37 P_V

Step d) 51.15Hz +0.05Hz 78761.15 51.15 | 78165.24 595.91 zg?g'tator -

Step e) 50.70Hz £0.10Hz 214337.14 50.70 213165.24 1171.9 100%Pn

Step f) 50.45Hz +0.05Hz 289445.34 50.45 288165.24 1280.1

Step g) 50.00Hz +0.01Hz 303004.22 50.00 -- -
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50.4Hz and Droop of 2% -
100% Registered Capacity
350000 51.3
s 300000 51
= 250000 p— 507 T
£ 200000 r——l_ 504 3
o c
2 150000 50.1 9
q) —— E—— c_
2 100000 498 @
(S} [N
< 50000 49.5
0 49.2
NNNONNNONRINNTMNAONN QDD
O N N <N ONNMNOOOODO A AN MST DLW OIS0 O
NTORgdISZRIILRIANmmmanTY
Time (s)
Active power (W)  e====Frequency (Hz)
Test sequence at Registered Capacity 40% - 60% Pret (W) 300000
Megsured Actual Expected Celienlics] 2 Primary Active
Active : from standard
Test sequence frequency | active — Power Power
RO (Hz) power (W) ClENEEEE 3 Source Gradient
Output (W) curve (W)
Step a) 50.00Hz +0.01Hz 150571.94 50.00 -- -- PV
simulator
Step b) 50.45Hz +0.05Hz 135859.48 50.45 135571.94 287.54 set at
50%Pn
Step ¢) 50.70Hz +0.10Hz 60962.02 50.70 60571.94 390.08 ==
Step d) 51.15Hz +0.05Hz 232.15 51.15 0.00 232.15 PV
Step e) 50.70Hz £0.10Hz 60501.00 50.70 60571.94 -70.94 simulator
Step f) 50.45Hz +0.05H 135887.54 | 50.45 | 135571.94 315.6 Sz El
ep ) z z 100%Pn -
Step g) 50.00Hz +0.01Hz | 303596.44 | 50.00 - - 9'2]?””’/
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50.4Hz and Droop of 2% -
50% Registered Capacity

350000 51.6
_ 300000 51.3
2 250000 51§
@ 200000 50.7 X
c§L150000 — L 50.4 §
@ 100000 501 2
= [J]
£ 50000 498 £
< 0 L—-' 495
N ONNNMNOETOANANOOS OO NS O O N
B0 sy dofTdasoFToaNSdnomn oo 492
N OO N MN~NOMOMMN~NOS~NOSEMNS oS o< 0
A AN NN OO N TN NN OO O
Time (s)

e Active power (W) === Frequency (Hz)

As much as possible of the proportional reduction in Active Power output must result from the frequency
control device (or speed governor) action and must be achieved within 10 s of the time of the frequency
increase above 50.4 Hz. The Power Generating Module shall be capable of initiating a power frequency
response with an initial delay that is as short as possible. If the delay exceeds 2 s the Generator shall justify
the delay, providing technical evidence to the DNO, who will pass this evidence to the NETSO.

gradient s=2%

Actual Measured active .
Frequency Expected active out .
Test sequence frequency output power Response time(s)
(Hz) power Pshai (W)
(HZ) Pmeasure (W)
1 50.00 50.00 302758.48 - ==
2 50.40 50.40 303606.22 - ==
3 51.40 51.40 2253.15 3606.22 1.67
50.4Hz and Droop of 2% Response-
50% Registered capacity
350000 52
= 300000 — [ 515 %
= 250000 51 =
< >
= 200000 )
o 50.5 ¢
2 150000 | o
£ 100000 - 20 &
S 50000 495 &
0 49
NNSTONOOOAd AN LT Mo
o™~V MHMONONO AN HdO DO OIS NnAN O
AN TN ONOOODOO A AN MSTSWmON0O
R I B B o R o O B B O B IR o |
Time (s)
e Active power (W)  e====Frequency (Hz)
Test condition / insallation |Below test just Applies to Type A, B
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Alternatively, simulation results should be noted below:

For deviations in frequency beyond 50.9 Hz the measured rate of change of active Power reduction must
exceed 0.5% s-1 of the initial output.

Test sequence at Registered Capacity >80% Pret (W) 300000
Test sequence SIEY e AEIE Agiizslgtr)(\an(/jer SEEE SEhE Limit
(s) frequency (Hz) Output (W) power (W)

Step a) 50.00Hz +0.01Hz 30 50.00 303115.55 - -
Step b) 52.00Hz +0.01Hz -- Responding times (S) 0.248
Step b) 52.00Hz +0.01Hz 0 52.00 264294.30 - -
Step b) 52.00Hz +0.01Hz 10 52.00 187913.25 < 288115.55 -
Step b) 52.00Hz +0.01Hz 20 52.00 188120.14 < 273115.55 -
Step b) 52.00Hz +0.01Hz 30 52.00 187997.47 < 258115.55 -
Step b) 52.00Hz +0.01Hz 40 52.00 188089.24 <243115.55 -
Step b) 52.00Hz +0.01Hz 50 52.00 188076.50 < 228115.55 -
Step b) 52.00Hz +0.01Hz 60 52.00 188012.25 <213115.55 -
Step b) 52.00Hz +0.01Hz 64 52.00 188085.22 207115.55 -
Step b) 52.00Hz x0.01Hz to 70 50.00 188100.42 207115.55 -

Step g) 50.00Hz +0.01Hz

When frequency less than 50.4Hz, at least half the increase in Active Power must be achieved in 10 seconds

SRR e Measured
after return Actual : Expected active _
Test sequence Active Power Limit
to 50.00Hz | frequency (Hz) o power (W)
(s) utput (W)
Step g) 50.00Hz +0.01Hz 70 50.00 188100.42 207115.55 -
Step g) 50.00Hz +0.01Hz -- Responding times (s) 0.216
Step g) 50.00Hz +0.01Hz 80 50.00 284967.50 >213115.55 -
Step g) 50.00Hz +0.01Hz 90 50.00 287205.03 > 228115.55 -
Step g) 50.00Hz +0.01Hz 100 50.00 289677.33 >243115.55 --
Step g) 50.00Hz +0.01Hz 110 50.00 292322.70 > 258115.55 -
Step g) 50.00Hz +0.01Hz 120 50.00 294769.31 > 273115.55 -
Step g) 50.00Hz +0.01Hz 130 50.00 299480.02 > 288115.55 -
Step g) 50.00Hz +0.01Hz 134 50.00 303143.00 =~ 303115.55 -

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
Rev.: 00

Date: 2023-03-16

Page: 49 of 217

Telephone : +86 20 3832 0668
Telefax :+86 20 3832 0478

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch, TUV SUD Group
5F, Communication Building, 163 Pingyun Rd, Huangpu

http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China


http://www.tuvps.com.cn/

&

Product Service

Limited Freugneyc Sensitive Mode - Overfrequency

350000.00
300000.00
250000.00
200000.00
150000.00

Active Power(W)

100000.00
50000.00
0.00

For deviations in frequency beyond 50.9 Hz

0.20

6.35
12.49
18.64
24.80
30.99
37.07

43.11

61.24
67.34
73.32
79.45
85.44
91.64
97.84

55.22
104.04

49.15

Time(s)
Active Power

52.50
52.00
51.50
51.00
50.50

Frequency(Hz)

50.00

110.18
116.33
122.47

e Frequency

49.50
49.00

128.64

Alternatively, simulation results should be noted below:

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

Test sequence at Registered Capacity >80% Pref (W) 300000
. Measured .
Test sequence Sta;(/st)lme fre Lﬁacr:zal(Hz) Active Power Exp((e)c\;’;g? (%S;Ne Limit
q y Output (W) P

Step a) 50.00Hz +0.01Hz 30 50.00 302848.12 - -
Step b) 50.60Hz £0.01Hz -- Responding times (s) 0.235
Step b) 50.60Hz +0.01Hz 0 50.60 303313.22 - -
Step b) 50.60Hz +0.01Hz 10 50.60 292693.61 <296848.12 -
Step b) 50.60Hz +0.01Hz 20 50.60 290605.81 290848.12 -
Step b) 50.60Hz +0.01Hz 30 50.60 290612.04 290848.12 -

When frequency less than 50.4Hz, at least half the increase in Active Power must

be achieved in 10 seconds

Stay time

Measured .
after return Actual : Expected active _
Test sequence Active Power Limit
to 50.00Hz | frequency (Hz) o power (W)
(s) utput (W)
Step g) 50.00Hz +£0.01Hz 30 50.00 290041.22 290848.12 -
Step g) 50.00Hz +£0.01Hz -- Responding times (S) 0.389
Step g) 50.00Hz +0.01Hz 40 50.00 302621.44 > 296848.12 --
Step g) 50.00Hz +£0.01Hz 50 50.00 302965.28 296848.12 -
Step g) 50.00Hz +£0.01Hz 60 50.00 302920.84 =~302848.12 -
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Limited Frequency Sensitive Mode - Overfrequency
For deviations in frequency up to 50.9 Hz
305000.00 50.80
< 300000.00 50.60
= ~
S z
= 295000.00 50.40 >
[} c
o (]
o 290000.00 50.20 3z
2 9]
4 —
(8] w
<C 285000.00 50.00
280000.00 49.80
OO OO WOOM™~NOUMWMSOMNMHOULMANCOSET T O NI &
NNANN®OS T NW0NOWNOOVNW0RONNS QO
O S 0N OO SO N OO N OO S ONOO T O M
SEH AN AN NN TN N OO ONNMNOOOWOWO O
Time(s)
e ACtive POWer e Frequency
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Table: Limited Frequency Sensitive Mode — Underfrequency (LFSM-U)

P

DC input power is set to 80% of maximum active output power first. After the Power Park Modules step into
frequency range under 49.5Hz, the input power is set to 100% of maximum active output. The output active
power should regulate the active power with gradient of 20% Pmax/Hz (droop=10%) untill technical maximum

power.
Test Frequency | Actual frequency ouvi?sgvﬁ/grasnve Expected active out Deviation of
sequence (HZ) (HZ) putp (W) measure power Pshai (W) Pmeasure (W)
1. 50.00 50.00 240556.48 - --
2. 49.45 49.45 243196.66 243556.48 -359.82
3. 49.00 49.00 270175.81 270556.48 -380.67
4. 48.50 48.50 299727.03 300000.00 -272.97
5. 47.50 47.50 303065.63 300000.00 3065.63
6. 48.50 48.50 299789.91 300000.00 -210.09
7. 49.00 49.00 270342.22 270556.48 -214.26
8. 49.45 49.45 243245.43 243556.48 -311.05
9. 50.00 50.00 240579.89 = -
49.5Hz and Droop of 10%-
80% Registered Capacity
350000 50.5
— 300000 50
= 495 T
< 250000 I 29 T
£ 200000 485 T
o [
S 150000 48 9
Z 100000 758
2 47 [
50000 165
0 46
N <O T AT DO AN AN NOOUMOON WO A
CHANSYORNSASNG I MTON®BS o S o
maﬁﬁﬂﬁﬁgﬁﬁBSB&‘R%%Q%g%ﬁ
Time (s)

Active power (W)

e Frequency (Hz)

DC input power is set to 20% of maximum active output power first. After the Power Park Modules step into
frequency range under 49.5Hz, the input power is set to 100% of maximum active output. The output active
power should regulate the active power with gradient of 20% Pmax/Hz (droop=10%) untill technical maximum

power.
Test Frequency | Actual frequency IBEENTIEE ST Expected active out BRI
H H output power Pmeasure e Pmeasure @and
sequence (Hz) iz (W) TSR R Pshail (W)
1. 50.00 50.00 60047.02 60613.13 --
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Active power (W)

e Frequency (Hz)

2. 49.45 49.45 63276.55 63047.02 229.53
3. 49.00 49.00 90564.22 90047.02 517.20
4, 48.50 48.50 120557.72 120047.02 510.70
5. 47.50 47.50 180680.49 180047.02 633.47
6. 48.50 48.50 120593.03 120047.02 546.01
7. 49.00 49.00 90500.27 90047.02 453.25
8. 49.45 49.45 63377.43 63047.02 330.41
9. 50.00 50.00 60224.24 = -
49.5Hz and Droop of 10%-
20% Registered Capacity
200000 50.5
s 50
— 150000 495 ¢
g 49 =
485 ©
8_ 100000 48 §
2 475 &
< 465 ©
0 46
NN <O O AN NS OWNMNHmO W T 0O - m
capshsgupnsuirssoaddg
YA A AN AN OO TN O ONNNO®
Time (s)

Response time test

DC input power is set to 50% of maximum active output power first. After the Power Park Modules step into
frequency range under 49.5Hz, the input power is set to 100% of maximum active output.

Test Frequency | Actual frequency MIEEEITEE EE0TE Expected active out Response
output power Pmeasure .
sequence (Hz) (Hz) W) power Pshai (W) time (s)
1 50.00 50.00 151182.22 -
2 49.45 49.45 154031.59 154182.22 1.50
3 47.50 47.50 271284.07 271182.22 1.87

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
Rev.: 00

Date: 2023-03-16

Page: 53 of 217

Telephone : +86 20 3832 0668
Telefax :+86 20 3832 0478

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch, TUV SUD Group
5F, Communication Building, 163 Pingyun Rd, Huangpu

http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China


http://www.tuvps.com.cn/

Product Service

49.5Hz and Droop of 10% Response- 50%

300000 50.5
50
— 250000 |
= 49.5
g 200000 49 L
>
3 150000 [ 485 O
o 48 9
£ 100000 475
5} 47 L
< 50000
46.5
0 46
H S NOMOVWOOANNOASTNOMmOVWON N O <
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R o e B B I B B B B B o A
Time (s)
e ACtive power (W) e Frequency (Hz)
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Table: Frequency Sensitive Mode — (FSM) P

Frequency Response with droop s=4%, step test for +0.01Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Test Frequency GILEY agi(\alzs:l;(te;ut Ec):(t?veecfl?t DevEen of Responding Reach times
frequency Pmeasure and | times t1 (ms) t2 (ms)

sequence | (H2) | gy | POWSR | POMRL S| P (W) | (Limit: < 25) | (Limit: < 10'9)
Change the frequency with the step £0.01Hz, the active power should maintain

1. 50.00 50.00 240535.22 = = == —

2. 50.01 50.01 240572.60 240535.22 37.38 N/A N/A

3. 50.02 50.02 240509.66 240535.22 -25.56 N/A N/A

4. 50.03 50.03 240507.09 240535.22 -28.13 N/A N/A

5. 50.04 50.04 240526.73 240535.22 -8.49 N/A N/A

6. 50.05 50.05 240307.86 240535.22 -227.36 N/A N/A

7. 50.00 50.00 240552.09 240535.22 16.87 N/A N/A

8. 49.99 49.99 240573.37 240535.22 38.15 N/A N/A

9. 49.98 49.98 240533.16 240535.22 -2.06 N/A N/A

10. 49.97 49.97 240501.37 240535.22 -33.85 N/A N/A

11. 49.96 49.96 240578.40 240535.22 43.18 N/A N/A

12. 49.95 49.95 240570.93 240535.22 35.71 N/A N/A

13. 50.00 50.00 240513.68 -- -- N/A N/A

Frequency Response with droop s=4%, step test for
+0.01Hz gradient ramp;

262000 50.06
. 50.04
= 212000 50.02 =
Fl 162 p— 50 =
2 162000 _'-L-‘_l_'__ 49.98 T
2 5
2 112000 49.96 3
2 49.94 T
g 62000 49.92 &
49.9
12000 49.88
NMNNOXOANLTONDATONO M0 K
ON < T 0NN MO MNN< 100 0O MO NO O m
N = N AN OO < O N A NN ST O W A NN 0 <
T EH NN NN O OO0 o0 OO
~— =
Time (s)
Active power (W)  e====Frequency (Hz)
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Frequency Response with droop s=4%, step test for £0.02Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

. Reach times
Actual | Measured | Expected | o iion of | Responding
Test Frequency active output | active out : 1 t2 (ms)
(H2) frequency v e P Pmeasure @and | times t1 (ms) (Limit: < 10
sequence - :
M) P W) | (W) Pt (W) | (Limit: <25) | 7,
Change the frequency with the step £0.02Hz, the active power should maintain
1. 50.00 50.00 240517.33 -- -- -- --
2. 50.02 50.02 237675.89 237517.33 158.56 0.087 0.472
3. 50.04 50.04 234688.09 234517.33 170.76 0.137 0.411
4, 50.06 50.06 231615.50 231517.33 98.17 0.121 0.288
5. 50.08 50.08 228609.94 228517.33 92.61 0.071 0.522
6. 50.10 50.10 225579.31 225517.33 61.98 0.082 0.472
7. 50.00 50.00 240472.36 240517.33 -44.97 0.123 0.512
8. 49.98 49.98 243522.73 243517.33 5.40 0.129 1.828
9. 49.96 49.96 246573.64 246517.33 56.31 0.111 0.472
10. 49.94 49.94 249590.08 249517.33 72.75 0.132 0.511
11. 49.92 49.92 252542.95 252517.33 25.62 0.139 0.474
12. 49.90 49.90 255474.30 255517.33 -43.03 0.126 0.582
13. 50.00 50.00 240500.09 240518.33 -18.24 0.093 1.934
Frequency Response with droop s=4%, step test for
10.02Hz gradient ramp;
260000 50.15
< 250000 501
S 50.05 W
g 240000 50 =
& 230000 _l—"—ﬂ_'_\_ 49.95 £
o E
£ 220000 49.9 c
5 49.85 £
< 210000 9.8
200000 49.75
NMINORYAMNLTONO AT ONO M
ON S 40NN N O NSEE d0 L0 MO NS NOYWO M
N A N ANOO T O AN O W NN 0 <
Time (s)

Active power (W)  e====Frequency (Hz)

Frequency Response with droop s=4%, step test for +0.05Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.
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Tos | Foqoney | AL |t ou | oo | S20on of | fespring | )
sequence H2) " | 5 Do) wy | P W) | (Limic < 25) | HMES A0
Change the frequency with the step £0.05Hz, the active power should maintain

1. 50.00 50.00 240296.23 -- -- -- ==

2. 50.05 50.05 232830.51 232796.23 34.28 0.127 0.974

3. 50.10 50.10 225109.64 225296.23 -186.59 0.123 1.022

4, 50.15 50.15 217644.25 217796.23 -151.98 0.152 0.899

5. 50.20 50.20 210192.46 210296.23 -103.77 0.117 0.779

6. 50.25 50.25 210275.95 210296.23 -20.28 0.122 0.942

7. 50.00 50.00 240737.56 240296.23 441.33 0.193 1.270

8. 49.95 49.95 247730.37 247796.23 -65.86 0.217 0.877

9. 49.90 49.90 255208.16 255296.23 -88.07 0.113 0.776

10. 49.85 49.85 262747.13 262796.23 -49.10 0.143 0.873

11. 49.80 49.80 270303.44 270296.23 7.21 0.115 0.921

12. 49.75 49.75 270180.36 270296.23 -115.87 0.128 0.989

13. 50.00 50.00 240279.56 240296.23 -16.67 0.125 1.197

Frequency Response with droop s=4%, step test for
10.05Hz gradient ramp;
282000 50.3

_ 272000 50.2
2 262000 201 &
& 252000 E— 20—
3 242000 49.9 2
o 49.8 g
g 232000 497 3
$ 222000 49.6 T
< 212000 49.5
202000 49.4
N < T OoOM~NMMOOUANOOSSANDDEHOETANS O
A Y S I B S N - I R I S
N O W EHAMNNOWOMOS OWN HWOUANNOOMO
A NN OO ETEF N O O NMNOOOOOOOO -
— -
Time (s)

Active power (W) === Frequency (Hz)

Frequency Response with droop s=3%, step test for +0.01Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Measured Expected - : .
Actual : P Deviation of | Responding | Reach times
Test Frequency active output active out : 1
frequency Pmeasure and | times t1 (ms) t2 (ms)

sequence (HZ) (HZ) pOWer pOWer Pshall P - (W) L t <2 Lo

Pmeasure (W) (W) sha (Limit: s) (Limit: < 10
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s)
Change the frequency with the step £0.01Hz, the active power should maintain
1. 50.00 50.00 240652.96 - - == ==
2. 50.01 50.01 240540.33 240652.96 -112.63 N/A N/A
3. 50.02 50.02 240651.29 240652.96 -1.67 N/A N/A
4. 50.03 50.03 240559.67 240652.96 -93.29 N/A N/A
5. 50.04 50.04 240404.22 240652.96 -248.74 N/A N/A
6. 50.05 50.05 240196.16 240652.96 -456.80 N/A N/A
7. 50.00 50.00 240545.11 240652.96 -107.85 N/A N/A
8. 49.99 49.99 240624.23 240652.96 -28.73 N/A N/A
9. 49.98 49.98 240525.62 240652.96 -127.34 N/A N/A
10. 49.97 49.97 240474.36 240652.96 -178.60 N/A N/A
11. 49.96 49.96 240490.66 240652.96 -162.30 N/A N/A
12. 49.95 49.95 240595.82 240652.96 -57.14 N/A N/A
13. 50.00 50.00 240581.26 240652.96 -71.70 N/A N/A
Frequency Response with droop s=3%, step test for
10.01Hz gradient ramp;
262000 50.06
— 50.04
= 212000 _r-fd-r-‘ 50.02 =
E pusaas 5 ;5
¢ 162000 -"Hﬁ_ﬂ._'—- 49.98 T
o [
= 112000 49.96
2 4994 T
S 62000 49.92 &
< 49.9
12000 49.88
NMINOXROAMTONO AT ONO M o
ON < dT 0O MO NS IO MO NO O mMm
POSREISLALOBRNEL 8
Time (s)

Active power (W)

e Frequency (Hz)

Frequency Response with droop s=3%, step test for +0.02Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Actual LRI Expected | o\ iation of | Responding Reach times
Test Frequency frequenc active output active out P and | times t1 (ms) t2 (ms)
sequence bk qH ’ PO PN Beasurew A fis (Limit: < 10
(H2) Prmeasure (W) (W) shal (W) | (Limit: < 2 s) )

Change the frequency with the step

+0.02Hz, the active power should maintain

1. 50.00 50.00 240340.53 -- -- -- --
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2. 50.02 50.02 236306.44 236340.53 -34.09 0.087 1.089
3. 50.04 50.04 232381.55 232340.53 41.02 0.112 0.974
4, 50.06 50.06 228481.02 228340.53 140.49 0.102 0.804
5. 50.08 50.08 224332.08 224340.53 -8.45 0.089 0.770
6. 50.10 50.10 220282.73 220340.53 -57.80 0.095 0.954
7. 50.00 50.00 240117.33 240340.53 -223.20 0.118 1.105
8. 49.98 49.98 244235.46 244340.53 -105.07 0.117 0.871
9. 49.96 49.96 248049.32 248340.53 -291.21 0.125 0.834
10. 49.94 49.94 252070.94 252340.53 -269.59 0.110 0.879
11. 49.92 49.92 255888.09 256340.53 -452.44 0.138 0.794
12. 49.90 49.90 260049.57 260340.53 -290.96 0.108 0.786
13. 50.00 50.00 240467.29 240340.53 126.76 0.121 1.229
Frequency Response with droop s=3%, step test for
+0.02Hz gradient ramp;
272000 50.15

S 262000 501

%’ 252000 _._,__J—r-‘—- 50.05 T

= 242000 — 50 >

& 232000 4395 G

o 499 3

2 222000 49.85 @

é 212000 498

202000 49.75

0.2

57.3
114.5
171.6
228.8
285.9

343.1
400.3
457.4
514.6
571.7

Active power (W)

628.9

686.1
743.4

Time (s)

800.6

857.7

914.9
972.1
1029.3
1086.5
1143.8

e Frequency (Hz)

Frequency Response with droop s=3%, step test for +0.05Hz gradient ramp.

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

. Reach times
Actual EESEE Expected | o\ iation of | Responding >
Test | Frequency | active output | activeout | 5 d | imes t1 (ms) t2 (ms)
se (Hz) reqll_J|ency power power Pshai Beas“re\,%n (Limit; < 10
guence L :
(H2) Pmeasure (W) (W) shat (W) (Limit: < 2's) S)
Change the frequency with the step £0.05Hz, the active power should maintain
1. 50.00 50.00 240329.66 = = = =
2. 50.05 50.05 230782.94 230329.66 453.28 0.125 0.834
3. 50.10 50.10 220842.36 220329.66 512.70 0.110 0.879
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4. 50.15 50.15 210944.62 210329.66 614.96 0.138 0.794
5. 50.20 50.20 211035.09 210329.66 705.43 0.121 0.899
6. 50.25 50.25 210827.66 210329.66 498.00 0.115 0.974
7. 50.00 50.00 240126.33 240329.66 -203.33 0.127 1.262
8. 49.95 49.95 250519.30 250329.66 189.64 0.113 0.776
9. 49.90 49.90 260153.60 260329.66 -176.06 0.143 0.873
10. 49.85 49.85 270253.93 270329.66 -75.73 0.115 0.921
11. 49.80 49.80 270324.19 270329.66 -5.47 0.131 0.864
12. 49.75 49.75 270455.36 270329.66 125.70 0.126 0.915
13. 50.00 50.00 240360.65 240329.66 30.99 0.104 1.179

Frequency Response with droop s=3%, step test for
10.05Hz gradient ramp;

282000 50.3
g 272000 50.2 =
= 262000 28-1 I
] —— -
$ 252000 499 =
© 242000 c
o 49.8 g
w 232000 49.7 ©
5 222000 496 2
& 212000 495
202000 49.4
N O < OMNMNMOMOOOLOVOUANOOT AN AEHOOTE AN O 0
Ocd N NANGCHOANWOBW S A MO M N
N O W EHANNOOMOAOST OWN—dOWdANANOMO
A H AN AN OMON TN O ONNOOOOO OO OO -
— -
Time (s)

Active power (W)  e====Frequency (Hz)

Frequency Response with droop s=5%, step test for +0.01Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Actual iEzELied] Expected | b iation of | Responding | Reach times t2
Test Freq:ency frequency active output active I:c:ut Pressure and | times t1 (ms) (ms)
sequence | (H2) () | p Py | Py | P W) | imit < 2s) | (Limit: < 10's)

Change the frequency with the step £0.01Hz, the active power should maintain

1. 50.00 50.00 240623.63 == -- -- -
2 50.01 50.01 240484.90 240623.63 -50.32 N/A N/A
3 50.02 50.02 240566.06 240623.63 30.84 N/A N/A
4. 50.03 50.03 240564.93 240623.63 29.71 N/A N/A
5 50.04 50.04 240451.86 240623.63 -83.36 N/A N/A
6. 50.05 50.05 240198.39 240623.63 -336.83 N/A N/A
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7. 50.00 50.00 240585.60 240623.63 50.38 N/A N/A
8. 49.99 49.99 240563.77 240623.63 28.55 N/A N/A
9. 49.98 49.98 240486.33 | 240623.63 -48.89 N/A N/A
10. 49.97 49.97 240622.11 240623.63 86.89 N/A N/A
11. 49.96 49.96 240432.67 240623.63 -102.55 N/A N/A
12. 49.95 49.95 240422.15 240623.63 -113.07 N/A N/A
13. 50.00 50.00 240609.50 240623.63 74.28 N/A N/A
Frequency Response with droop s=5%, step test for
+0.01Hz gradient ramp;
262000 50.1

% 212000 _F_r—i-"'-_‘-— 50.05 E

£ 162000 _\_‘_"—hh_— 0z

o c

= 112000 49.95 S

2 z

T 62000 499 £

<C

12000 49.85
N MWN OO N T OM™NODDA T O™~ OO = M N 0
SRR L ISR IT N89S RINRED
Time (s)

Active power (W)

e Frequency (Hz)

Frequency Response with droop s=5%, step test for +0.02Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Actual M_easured Expected Deviation of | Responding | Reach times t2
Test Frequency f active output active out times t1 (ms) (ms)
(Hz) requency power power Pshai Pmeasure and
sequence H2) | b e (W) w) Pshat (W) | (Limit: <2's) | (Limit: < 10 s)
Change the frequency with the step £0.02Hz, the active power should maintain
1. 50.00 50.00 240092.33 -- == == ==
2 50.02 50.02 237292.43 237692.33 -399.90 0.113 0.776
3 50.04 50.04 234992.13 235292.33 -300.20 0.143 0.873
4 50.06 50.06 232469.57 232892.33 -422.76 0.115 0.921
5. 50.08 50.08 230105.66 230492.33 -386.67 0.128 0.989
6 50.10 50.10 227769.84 228092.33 -322.49 0.207 0.977
7 50.00 50.00 239704.06 240092.33 -388.27 0.164 1.185
8 49.98 49.98 241619.30 242492.33 -873.03 0.117 0.871
9. 49.96 49.96 244016.08 244892.33 -876.25 0.125 0.834
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10. 49.94 49.94 246513.60 247292.33 -778.73 0.110 0.879
11. 49.92 49.92 248717.96 249692.33 -974.37 0.138 0.794
12. 49.90 49.90 251383.39 252092.33 -708.94 0.108 0.786
13. 50.00 50.00 240614.06 240092.33 521.73 0.116 1.256
Frequency Response with droop s=5%, step test for
10.02Hz gradient ramp;
262000 50.15
S 252000 _'__p—'_"—'-_ 201
= 50.05
5 242000 — 50 =
2 232000 —'_'—1_,__'_ 49.95 £
o (]
¢ 222000 23 3
= 49.85 &
£ 212000 49.8
202000 49.75
NOO MO LN O W I~ OFTOAILMOTO LWmMO
SR gEINTesaYIIdgaosda
T NN M <N WOWWONMNOOOCLDO O
Time (s)

Active power (W)

e Frequency (Hz)

Frequency Response with droop s=5%, step test for £0.05Hz gradient ramp

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Test | Frequency | . potual ag/tlisgsgl:?;ut aE():(tFi)veeth;el?t Deviation of | Responding | Reach times t2
requency Pmeasure @and | times t1 (ms) (ms)

segpees| (1 H) | Py | P | PraiW) | (Uimit<2s) | (Limit<105)
Change the frequency with the step £0.05Hz, the active power should maintain

1. 50.00 50.00 240254.36 -- -- -- =

2. 50.05 50.05 234408.70 234092.33 316.37 0.125 0.834

3. 50.10 50.10 228248.76 228092.33 156.43 0.110 0.879

4, 50.15 50.15 222245.30 222092.33 152.97 0.138 0.794

5. 50.20 50.20 216328.01 216092.33 235.68 0.121 0.899

6. 50.25 50.25 210141.70 210092.33 49.37 0.108 0.994

7. 50.00 50.00 240201.73 240092.33 109.40 0.124 1.023

8. 49.95 49.95 246011.09 246092.33 -81.24 0.127 0.974

9. 49.90 49.90 251888.00 252092.33 -204.33 0.123 1.022

10. 49.85 49.85 258095.36 258092.33 3.03 0.152 0.899

11. 49.80 49.80 263844.73 264092.33 -247.60 0.117 0.779

12. 49.75 49.75 269826.33 270092.33 -266.00 0.115 0.842
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13. 50.00 50.00 240350.77 240092.33 258.44 0.130 1.227

Frequency Response with droop s=5%, step test for
+0.05Hz gradient ramp;

282000 50.3
S 272000 502 __
N
< 262000 gg-l T
¢ 252000 —
2 499 T
S 242000 498 &
g 232000 497 2
-5 222000 496 2
& 212000 495 -
202000 49.4
Nt OM~NMMOOUANOOSS AN EHOOETANS O
S BT IMeAN SO BS RS oM S @
N O WA NNOOMOSTOWMW dWOWANNOOMmO <

Time (s)

Active power (W) === Frequency (Hz)

Frequency Response with droop s=4%

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

. Reach times

Test Freg_t:ze:)nCy . QCJEﬁLy axisgjég?sut ?E)%(i/erecgli gi::frifgn%f E;sepsotnldl(r;? | t2. FS)

sequence H2) | p P | P | PeaW) | Limit <25) (L'm';'f 10
1. 50.00 50.00 240026.23 - - - --
Reduce the frequency from 50.00 Hz to 49.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second
2. 49.50 49.50 269557.10 270026.23 -469.13 0.10 1.58
Increase the frequency from 49.50 Hz to 49.80 Hz with step 0.01Hz/s in 30 second, then stay for 60 second
3. 49.80 49.80 269345.16 270026.23 -681.07 N/A N/A
Increase the frequency from 49.80 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second
4, 50.00 50.00 240280.29 240026.23 254.06 0.09 1.32
Increase the frequency from 50.00 Hz to 50.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second
5. 50.50 50.50 210412.13 210026.23 385.90 0.14 1.17
Reduce the frequency from 50.50 Hz to 50.20 Hz with step 0.01Hz/s in 30 second, then stay for 60 second
6. 50.20 50.20 210400.13 210026.23 373.90 N/A N/A

Reduce the frequency from 50.20 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second

7. 50.00 50.00 240346.83 240026.23 320.60 0.11 1.62
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Frequency Response with droop s=4%

300000 50.6
— 250000 204
2 50.2 F
g 200000 50 T
3 150000 498 ¢
o 3
2 100000 496 o
5 494 £
50000 192
0 49
N OO OO0 MN~NLOUINWNOMAN-CTOON OO S
S e NarREMdgr g Gs NS 9O
TN NN O AN OMNIOOE MW OO N < NN
™ ™~ - AN AN ANANANOODOO NN MM
Time (s)

Active power (W)  e====Frequency (Hz)

Frequency Response with droop s=3%

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Test Frequency e axiiisglfr?ut aEc):(t?veeCLeli DIEWEITET € R_esponding Reat(;hél)mes

sequence (Hz) frec(||l_1|§)n cy power power Pshai P;eas”re and tlr.ne-s ) 1) (Limit: < 10
Prmeasure (W) (W) shal (W) | (Limit: < 2's) .

1. 50.00 50.00 240525.03 - - - -

Reduce the frequency from 50.00 Hz to 49.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second

2. 49.50 49.50 270197.63 270525.03 -327.40 0.09 0.84

Increase the frequency from 49.50 Hz to 49.80 Hz with step 0.01Hz/s in 30 second, then stay for 60 second

3. 49.80 49.80 270034.56 270525.03 -490.47 N/A N/A

Increase the frequency from 49.80 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second

4, 50.00 50.00 240394.15 240525.03 -130.88 0.06 1.64

Increase the frequency from 50.00 Hz to 50.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second

5. 50.50 50.50 210477.38 210525.03 -47.65 0.29 1.31
Reduce the frequency from 50.50 Hz to 50.20 Hz with step 0.01Hz/s in 30 second, then stay for 60 second
6. 50.20 50.20 210548.94 210525.03 2391 N/A N/A

Reduce the frequency from 50.20 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second

7. 50.00 50.00 240243.11 240525.03 -281.92 0.09 1.05
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Frequency Response with droop s=3%

300000 50.6
— 250000 204
2 50.2 F
g 200000 50 T
3 150000 498 ¢
o 3
2 100000 496 o
5 494 £
50000 192
0 49
N OO OO0 MN~NLOUINWNOMAN-CTOON OO S
S e NarREMdgr g Gs NS 9O
TN NN O AN OMNIOOE MW OO N < NN
™ ™~ - AN AN ANANANOODOO NN MM
Time (s)

Active power (W)  e====Frequency (Hz)

Frequency Response with droop s=5%

DC input power is set to 80% of maximum active output power first. After open the Frequency Sensitive Mode —
(FSM) function, the input power is set to 100% of maximum active output.

Measured Expected o Respondin Reach times
Test Frequency fr:cﬁjgﬁlcy active output active out gewatlogn%f Ao eps 1 ( s? t2 (s)
sequence (Hz) power power Pspai | D70 o (Limit: < 10
E H2) 1 peasure (W) (W) Ponat (W) | (Limit: < 2s) )
1. 50.00 50.00 240249.66 - - = =
Reduce the frequency from 50.00 Hz to 49.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second
2. 49.50 49.50 270264.15 270249.66 14.49 0.09 1.13
Increase the frequency from 49.50 Hz to 49.80 Hz with step 0.01Hz/s in 30 second, then stay for 60 second
3. 49.80 49.80 264348.93 264249.66 99.27 0.12 1.79
Increase the frequency from 49.80 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second
4, 50.00 50.00 240354.46 240249.66 104.80 0.14 1.24

Increase the frequency from 50.00 Hz to 50.50 Hz with step 0.05Hz/s in 10 second, then stay for 20 second

5. 50.50 50.50 210595.17 210249.66 345.51 0.08 1.42
Reduce the frequency from 50.50 Hz to 50.20 Hz with step 0.01Hz/s in 30 second, then stay for 60 second
6. 50.20 50.20 216583.40 216249.66 333.74 0.06 1.75

Reduce the frequency from 50.20 Hz to 50.00 Hz with step 0.02Hz/s in 10 second, then stay for 30 second

7. 50.00 50.00 240362.76 240249.66 113.10 0.11 1.43
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Frequency Response with droop s=5%

300000 50.6
— 250000 —f 204
2 50.2 F
g 200000 50 T
3 150000 498 ¢©
o g
2 100000 496 o
g 49.4 F
50000 192
0 49
N OO OO0 MN~NLOUINWNOMAN-CTOON OO S
CX O FTNDANINMNDAANLN—ED O N O 0 O
TN NN O AN OMNIOOE MW OO N < NN
™ " A A AN AN AN AN AN OO OO
Time (s)

e Active power (W) === Frequency (Hz)

Enzpire

. iRES @R @ELinEy) HESn 0 fR MR

The software setting droop can

be set to 3%.

The software setting droop can
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Table: Protection — Re-connection timer

P

For Type A, Type B and Type C Power Generating Modules intend to connected to HV, and Type D Power

generating modules

Time delay Measured Checks on no reconnection when voltage or frequency is brought to just
setting delay outside stage 1 limits of Table 10.1.
Atl1.12UnL-L | At0.78UnL-L
20s See below At 47.4 Hz At 52.1 Hz
(896 V) (624 V)

Confirmation that the Power
Generating Module does not
re-connect.

No reconnection

No reconnection

No reconnection

No reconnection

At1.08UnL-L

At0.82UnL-L

At 47.6 Hz At 51.9 Hz
(864 V) (656 V)
Confirmation that the Power
Generating Module Shall re- 62.1s 62.2s 63.1s 62.9s
connect.
Table: Fault Level Contribution P
For Inverter output
Volts (V) Amps (A)
Time after fault
L1-L2 L2-L3 L3-L1 L1-L2 L2-L3 L3-L1
20ms 0 0 0 38.32 39.33 38.21
100ms 0 0 0 0 0
250ms 0 0 0 0 0
500ms 0 0 0 0 0
Time to trip 68 ms In seconds
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Table: Self-monitoring Solid State Switch N/A
Whether the Power Park Modules include solid state switching devices ? N/A
It has been verified that in the event of the solid state switching device failing to disconnect the
Power Park Module, the voltage on the output side of the switching device is reduced to a N/A
value below 50 volts within 0.5 s.
Time of power park modules reduce its output power to 50volts after the switch device N/A

disconnect

Note: This test does not apply beaucse the manufacturer selected the relay as the inverter disco
there are not solid-state switching devices.

nnect device,

Table: Wring functional tests N/A
Confirm that the relevant test schedule is attached (tests to be undertaken at time of N/A
commissioning)

Note: This test does not apply because connectors were designed error-proof connectors.

Table: Logic interface (input port) P
Confirm that an input port is provided and can be used to shut down the module Yes
Provide high level description of logic interface, e.g. details in 11.1.3.1 such as AC or N/A
DC signal (the additional comments box below can be used)

Time of logic interface to shut down the module 132.2 ms

eafu1v]

oAUz [v]

AU V]

oaLA

oAz (Al

eayiAl

sAaILMV]

A B Delta
Time [s] 0:11.10995 0:11.24216 013221
SAIUL Y] 589.8469 2055730 -885.4199
eAU2 Y] 6261422 -360.0576 -297.8427
Al1juz V] -534.4780 6508489 185,327

@A 111 [A] 2802584 3131181 -311.5702
@ AL112 [A] 2566695 4360676 -17.93981
CLBVEY -254.6051 74.90516 3205103
SA1la V] 2.8%e5 196764 295604
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Table: Communication interface P
Confirm that an input port is provided and Confirm the Active Power set point can be adjusted v
. o ; : es
in accordance with instructions issued by the DNO
P/((;S‘ax 200 | 9 | 8 | 70 | e0 | 50 | 40 | 30 | 20 | 10 0
Setting 300.0 | 270.0 | 240.0 | 210.0 | 180.0 | 150.0 | 120.0
value(kw) 0 0 0 0 0 0 0 90.00 | 60.00 | 30.00 | 0.00
Measured | 302.6 | 270.2 | 240.4 | 210.4 | 180.4 | 150.3 | 120.2
value(kw) 1 6 3 8 1 9 5 90.08 | 59.99 | 29.75 | -0.34
Power control curve:
Active Power Control
350000
300000
250000
=
= 200000
Q
2
2 150000
@
= 100000
<
50000
0
-50000
O M W O oW oA S M~O0OMWAOaAEWEEdsS~SOoOmWw oy
mMeaNEaRARB399SAERIEBRER
Time(s)
Tabel: Fault Ride Through and Phase Voltage Unbalance P

Test condition /insallation

Test number Ratio of fault voltage to rated Fault duration (ms)
voltage (U/Un)
1 <0.10 > 140
2 0.50-0.55 > 1376
3 0.75-0.85 > 2200
4 0.86-0.90 > 180000
Test \{j:zﬁ%?ge Phag;;ault duFertjilt)n Load Cosg setting Test Number
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Full load 1 111.a
3 phase :
L <0.10 > 140 Partial load 1 1.1.2.a
ms Full load 1 1.2.1.a
2 phase
Partial load 1 1.2.2.a
Voltage
Test during PrEEs fE Fau'lt Load Cos@ setting Test Number
type duration
fault
Full load 1 21.1.a
Full load Qmin 2.1.1b
3 phase
Partial load 1 212.a
Partial load Qmin 2.1.2.b
2 | 050055 21472
ms Full load 1 22.1a
Full load Qmax 2.2.1.b
2 phase
Partial load 1 222.a
Partial load Qmax 2.2.2.b
Voltage
Test during PraEE i Fau_lt Load Cos@ setting Test Number
type duration
fault
Full load 1 3.11a
3 phase
Partial load 1 3.1.2.a
3 | 075-0.85 22200
ms Full load 1 3.2.1.a
2 phase
Partial load 1 3.2.2.a
Voltage
Test during s Fau_lt Load Cos@ setting Test Number
type duration
fault
Full load 1 41.1.a
3 phase
2> Partial load 1 41.2.a
4 0.85-0.90 180000
ms Full load 1 42.1a
2 phase
Partial load 1 4.2.2.a
Test Record/Data
Test Number 1.1.1a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - 1.1.1a
General
information
1 Date - [dd.mm.yyyy] 2022.09.26
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. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
12 | Fault occurrence(tl) Pos. seq. - [ms] 16060.000
13 Fault clearance(t2) Pos. seq. - [ms] 16216.000
Fault duration
151 determined from test | F 0% S€d i [ms] 141.000
16 _ Pos. seq. | t1+100ms to [p.u.] 0.973
Determined voltage
. t2 and t1-
dip depth
17 Neg. seq. 10s totl [p.u.] N/A
22 Pos. seq. t1-10s to tl [p.u.] 1.000
23 Neg. seq. t1-10s to t1 [p.u.] N/A
t1-500ms to
24 Voltage Pos. seq. 1-100ms [p.u.] 1.000
25 Pos. seq. t1-1stotl [p.u.] 1.000
26 Neg. seq. t1-1stotl [p.u.] N/A
t1-500ms to
27 Current Pos. seq. 1-100ms [p.u.] 1.009
28 Pos.seq. | t1-10s totl [p.u.] -0.002
Before t1
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.002
30 Neg. seq. tl-1stotl [p.u.] N/A
31 Active current Pos. seq. tl-1stotl [p.u.] 1.009
32 Total t1-10s to tl [p.u.] 1.008
33 Active power Total t1-2stotl [p.u.] 1.008
t1-500ms to
34 Pos. seq. £1-100ms [p.u.] 1.008
. t1-500ms to
35 Reactive power Pos. seq. 1-100ms [p.u.] -0.002
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proportionality
38 constant K-factor Neg. seq. - - 2.500
39 ] ) Pos. seq. - [ms] 30.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) Pos. seq. - [ms] 30.000
Reactive current
settling time
42 Neg. seq. - [ms] N/A
t1+100ms to
43 Pos. seq. 12-20ms [p.u.] 0.027
Voltage 14100
t1+100ms to
44 Neg. seq. 12-20ms [p.u.] N/A
t1+100ms to
45 . Pos. seq. 12-20ms [p.u.] 0.951
Reactive current 14100
t1+100ms to
46 Neg. seq. 12-20ms [p.u.] N/A
t1+100ms to
t1 to t2 47 Pos. seq. 12-20ms [p.u.] 1.008
Apparent current 14100
t1+100ms to
48 Neg. seq. £2-20ms [p.u.] N/A
t1+100ms to
49 _ Total 12-20ms [p.u.] 0.008
Active power 14100
t1+100ms to
50 Pos. seq. 12-20ms [p.u.] 0.009
51 Phase 1 t1+10ms [A] 253.439
Short-circuit currents
52 Half-period rms Phase 2 t1+10ms [A] 230.938
values
53 Phase 3 t1+10ms [A] 228.225
tlto
54 Phase 1 11420ms [A] 237.970
Short-circuit currents tl to
55 Peak values Phase 2 1420ms [A] 232.170
tlto
56 Phase 3 1420ms [A] 229.890
Short-circuit currents tl to
54 1-period rms value Phase 1 t1+20ms [Al 237.845
TRF N0, GOOr672020 Te T Vst fficat | i
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55 Phase 2 tli]é(g%"ns Al 232,173
56 Phase 3 tlilztt)%qs Al 226.844
57 Phase 1 t1+t::LLOt(())ms Al 237.845
58 Phase 2 t1+t::LLOt(())ms Al 232.173
59 Phase 3 tl:iot(())ms Al 229.893
60 Phase 1 t1+150ms [A] N/A
61 Phase 2 t1+150ms [A] N/A
62 Phase 3 t1+150ms [A] N/A
63 Phase 1 t1+300ms [A] N/A
64 Phase 2 t1+300ms [A] N/A
65 Phase 3 t1+300ms [A] N/A
66 Phase 1 t1+500ms [A] N/A
67 Phase 2 t1+500ms [A] N/A
68 Phase 3 t1+500ms [A] N/A
69 Phase 1 t1+1000ms [A] N/A
70 Phase 2 t1+1000ms [A] N/A
71 Phase 3 t1+1000ms [A] N/A
72 Phase 1 t2-20ms [A] 224.664
73 Phase 2 t2-20ms [A] 220.939
74 Phase 3 t2-20ms [A] 224.369
After t2 75 Active power Total t2+5s [p.u.] 1.009
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t2+1s to
76 Total 12410 [p.u.] 1.009
77 Total t2+10s [p.u.] 1.009
78 Actwe current rise Pos. seq. - [ms] 384.000
time
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
‘ EATE
i (X Curl Curll Delta
2 i 02
e A N L
< e T U A T A R
A R AR N EATRVAVAVAARATRTATIITATAN A A A L RN R ARV R YRR TR R RN
g/ VIVINTVVVVRVTETvY LA R I e
- I AR . N S .
g | T ARARRSSAN MSSRRRAAS MARRRRARRE MR
gi | A ?s%]e -39.9 901.9
= SAARAARAAAAARARARARA, L AAARAAAAARARAARAARANAANARRARARARARANN
zg}UUUUIH.HJU\,H.UU\.H.HUU VYV VYV VUV
5
8l
g
B .
H
ﬁ‘ Al 2/RMS (V)
E §‘ 800.1 248 -775.5
g
: =
I\ﬁﬂ 15,800 16.000 16.200 L) 18.400 16 600 16.800 16.946 dt=3568.54ms f=2.79 Hz
e Phase currents and RMS phase currents as moving averages over 20 ms:
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e Positive sequence active & reactive power and voltage, active & reactive current:
é_ N
§
:é c;;égg 2298
j g 0.000 5000 5000 15000 20000 25,000 30,000 34.140 dt=8166s f= 0122 Hz

tis)
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e Negative sequence active & reactive power and voltage, active & reactive current:
it e ‘ Cur | %‘Sl"'lrli Delta
;I I A ] E I-F'-Nelg .
g 1_Q_Neg
g
3
0.000 5000 10 000 15.000 ts) 20,000 25000 30,000 34.140 dt=15.455s f=0.0647 Hz
Test Number 1.1.2
No Parameter Phase Ref(_erence Unit Value
reference time
0 Test Number - - - 1.1.2a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
General phases)
information
12 Fault occurrence(tl) Pos. seq. - [ms] 15637.000
13 Fault clearance(t2) Pos. seq. - [ms] 15792.000
Fault duration
151 getermined from test Pos. seq. i (ms] 145.000
Determined voltage dip t1+100ms
16 depth Pos. seq. 10 2 and [p.u.] 0.972
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t1-10s to
17 Neg. seq. t1 [p.u.] N/A
22 Pos. seq. tl-lt(is o [p.u.] 1.000
23 Neg. seq. tl-lt(is o [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.200
100ms
28 Pos. seq. t1—1tols o [p.u.] 0.000
Before t1
29 Reactive current Pos. seq. tl-1stotl [p.u.] 0.000
30 Neg. seq. tl-1stotl [p.u.] N/A
31 Active current Pos. seq. tl-1stotl [p.u.] 0.200
32 Total tl'ltcl’s to [o.u] 0.200
33 Active power Total t1-2stotl [p.u.] 0.200
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.200
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.268
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
t1 to t2 39 ) ) Pos. seq. - [ms] 27.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 Reactlye cgrrent Pos. seq. - [ms] 27.000
settling time
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China

Page: 77 of 217



http://www.tuvps.com.cn/

&

Product Service

42 Neg. seq. - [ms] N/A
43 Pos. seq. ttg:zl(;%r:fs [p.u.] 0.028
Voltage
J t1+100ms
44 Neg. seq. t0 £2-20ms [p.u.] N/A
45 Pos. seq. t%:;g%Tnz [p.u.] 0.993
Reactive current 14100
t1+ ms
46 Neg. seq. 10 12-20ms [p.u.] N/A
47 Pos. seq. ttjtzl_g%mss [b.u] 1.049
Apparent current 14100
t1+100ms
48 Neg. seq. t0 12-20mMs [p.u.] N/A
t1+100ms
49 ' Total t0 12-20ms [p.u.] 0.009
Active power 14100
t1+100ms
50 Pos. seq. {0 12-20ms [p.u.] 0.009
51 Phase 1 t1+10ms [A] 224522

gp | Shortcireuiteurrents | ppo 0o | t1+10ms Al 215.915
Half-period rms values

53 Phase 3 t1+10ms [A] 214.148
tlto
54 Phase 1 1420ms [A] 240.730
Short-circuit currents tlto
55 Peak values Phase 2 t14+20ms [A] 236.760
tlto
56 Phase 3 1420ms [A] 232.190
tlto
54 Phase 1 1420ms [A] 234.276
tlto
55 Phase 2 t1+20ms [A] 229.795
56 o Phase 3 tlto (Al 226.653
Short-circuit currents t1+20ms
1-period rms value t1 to
57 Phase 1 t1+100ms [A] 234.837
tlto
58 Phase 2 t1+100ms [A] 229.795
tlto
59 Phase 3 t1+100ms [A] 228.065
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60 Phase 1 t1+150ms [A] N/A
61 Phase 2 t1+150ms [A] N/A
62 Phase 3 | t1+150ms [A] N/A
63 Phase 1 t1+300ms [A] N/A
64 Phase 2 t1+300ms [A] N/A
65 Phase 3 t1+300ms [A] N/A
66 Phase 1 t1+500ms [A] N/A
67 Phase 2 t1+500ms [A] N/A
68 Phase 3 t1+500ms [A] N/A
69 Phase 1 t1+1000ms [A] N/A
70 Phase 2 t1+1000ms [A] N/A
71 Phase 3 t1+1000ms [A] N/A
72 Phase 1 t2-20ms [A] 240.694
73 Phase 2 t2-20ms [A] 236.754
74 Phase 3 t2-20ms [A] 231.989
75 Total t2+5s [p.u.] 0.207
76 Active power Total tt22++1lsotso [p.u.] 0.200

After t2
77 Total t2+10s [p.u.] 0.200
78 | Active current rise time Pos. seq. - [ms] 683.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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Positive sequence active & reactive power and voltage, active & reactive current:
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e Negative sequence active & reactive power and voltage, active & reactive current:
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No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 1.2.1a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. ) ) 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i 2 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 11782.000
13 Fault clearance(t2) Pos. seq. - [ms] 11974.000
Fault duration
15 determined from test Pos. seq. - [ms] 172.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.473
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.475
22 Pos. seq. tl'ltcl’s 0 [p.u.] 1.001
23 Neg. seq. tl'ltcl’s 0 [p.u.] 0.000
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 1.001
100ms
25 Pos. seq. t1-1stotl [p.u.] 1.001
26 Neg. seq. t1-1stotl [p.u.] 0.001
Before t1 1-500ms
27 Current Pos. seq. to t1- [p.u.] 1.007
100ms
28 Pos. seq. tl'ltols 0 [p.u.] 0.002
29 Reactive current Pos. seq. t1-1stotl [p.u.] 0.003
30 Neg. seq. t1-1stotl [p.u.] 0.002
31 Active current Pos. seq. t1-1stotl [p.u.] 1.007
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32 Total tl'lt(is o [b.u] 1.001
33 Active power Total t1-2stotl [p.u.] 1.001
t1-500ms
34 Pos. seq. to t1- [p.u.] 1.001
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.002
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ] Pos. seq. - [ms] 27.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) Pos. seq. - [ms] 27.000
Reactive current
settling time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. t0 12-20ms [p.u.] 0.528
Voltage 1+100
t1+100ms
44 Neg. seq. t0 12-20ms [p.u.] 0.475
tltot2 14100
t1+100ms
45 . Pos. seq. {0 12-20ms [p.u.] 0.498
Reactive current 14100
t1+100ms
46 Neg. seq. t0 12-20mMs [p.u.] -0.541
t1+100ms
47 Pos. seq. {0 12-20ms [p.u.] 0.509
Apparent current 14100
t1+100ms
48 Neg. seq. {0 12-20ms [p.u.] 0.552
t1+100ms
49 _ Total {0 12-20mMs [p.u.] 0.105
Active power 14100
t1+100ms
50 Pos. seq. {0 12-20mMs [p.u.] 0.051
51 o Phase 1 t1+10ms [A] 218.868
Short-circuit currents
Half-period rms values
52 Phase 2 t1+10ms [A] 217.578
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53 Phase3 | t1+10ms Al 217.863
54 Phase 1 tl-tkjé(t)?‘ns Al 227.989
oo | omosmuterens oy | 88 T | s
56 Phase 3 tlilzct)?ns Al 220.214
54 Phase 1 t14t-12(t)?ns (Al 218.867
55 Phase 2 tl-f-12;)cr)ns N 217.570
56 Phase 3 tl-f-12;)cr)ns N 217.852
57 Phase 1 tl+t11(;8ms (Al 226.193
58 Phase 2 tl+t11(;8ms (Al 217.570
59 Phase 3 t1+t110t§ms N 217.852
60 Phase 1 t1+150ms [A] 226.193
61 Phase 2 t1+150ms [A] 217.570

62 Short-_cwcun currents Phase 3 t1+150ms [A] 217.852
1-period rms value

63 Phase 1 t1+300ms [A] N/A
64 Phase 2 t1+300ms [A] N/A
65 Phase 3 t1+300ms [A] N/A
66 Phase 1 t1+500ms [A] N/A
67 Phase 2 t1+500ms [A] N/A
68 Phase 3 t1+500ms [A] N/A
69 Phase 1 t1+1000ms [A] N/A
70 Phase 2 t1+1000ms [A] N/A
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71 Phase 3 | t1+1000ms [A] N/A
72 Phase 1 t2-20ms [A] 226.062
73 Phase 2 t2-20ms [A] 76.380
74 Phase 3 t2-20ms [A] 152.395
75 Total t2+5s [p.u.] 0.101
. t2+1sto
76 Active power Total 24105 [p.u.] 0.101
After t2
77 Total t2+10s [p.u.] 0.101
78 | Active current rise time Pos. seq. - [ms] 306.000
Graphic:

Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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@ 12_tRMS_rc@POWER/0 [A] 217.5390 96.7T708 -120.7619
®13_tRMS_rc@POWER/0 [A] 217.8750 97.26008 -120.6148

e Positive sequence active & reactive power and voltage, active & reactive current:
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¢ Negative sequence active & reactive power and voltage, active & reactive current:
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Test Number 1.2.2a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 1.2.2a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected ) i i 2 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 11796.000
13 Fault clearance(t2) Pos. seq. - [ms] 11989.000
Fault duration
151 determined from test Pos. seq. i [ms] 173.000
16 . . Pos. seq. | t1+100ms [p.u.] 0.471
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.475
22 Pos. seq. tl_lt(is to [p.u.] 1.000
23 Neg. seq. t1-1t(1)s o [p.u.] 0.000
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
Before t1 26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.199
100ms
28 Pos. seq. t1-1t(is o [p.u.] -0.002
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.002
30 Neg. seq. t1-1stotl [p.u.] 0.000
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31 Active current Pos. seq. t1-1stotl [p.u.] 0.199
32 Total tl'lt(is o [b.u] 0.199
33 Active power Total t1-2stotl [p.u.] 0.199
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.199
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.001
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 27.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) Pos. seq. - [ms] 27.000
Reactive current
settling time
42 Neg. seq. - [ms] N/A
43 Pos. seq. ttolle_g%r:fs [b.u] 0.528
Voltage
9 t1+100ms
tltot2 44 Neg. seq. t0 12-20ms [p.u.] 0.475
45 Pos. seq. ttoltzl_g%r:]ss [b.u] 0.498
Reactive current 14100
t1+100ms
46 Neg. seq. t0 £2-20ms [p.u.] -0.541
47 Pos. seq. tt()lrzlg%':]ss [p.u.] 0.509
Apparent current 14100
t1+100ms
48 Neg. seq. {0 12-20mMs [p.u.] 0.553
t1+100ms
49 _ Total {0 12-20mMs [p.u.] 0.107
Active power
50 Pos. seq. ttjt;g%rr?; [p.u.] 0.053
51 | Short-circuit currents Phase1 | t1+10ms [A] 82.725
Half-period rms values
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52 Phase 2 t1+10ms [A] 43.218
53 Phase 3 t1+10ms [A] 58.702
54 Phase 1 tl-tkjé(t)?‘ns Al 227.580
o | Storsmomarens oy | B0 T | oo
56 Phase 3 t14t-12(t)?ns (Al 156.180
54 Phase 1 tl-f-12;)cr)ns N 124.950
55 Phase 2 tl-f-12;)cr)ns N 57.533
56 Phase 3 tl-f-12;)cr)ns N 77.820
57 Phase 1 tl+t11(;8ms N 226.275
58 Phase 2 t1+t110tgms N 87.867
59 Phase 3 t1+t110tgms Al 152.051
60 Phase 1 t1+150ms [A] 226.275
61 Phase 2 t1+150ms [A] 87.867

Short-circuit currents

1-period rms value

62 Phase 3 t1+150ms [A] 153.270
63 Phase 1 t1+300ms [A] N/A
64 Phase 2 t1+300ms [A] N/A
65 Phase 3 t1+300ms [A] N/A
66 Phase 1 t1+500ms [A] N/A
67 Phase 2 t1+500ms [A] N/A
68 Phase 3 t1+500ms [A] N/A
69 Phase 1 t1+1000ms [A] N/A
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70 Phase 2 | t1+1000ms [A] N/A
71 Phase 3 | t1+1000ms [A] N/A
72 Phase 1 t2-20ms [A] 225.884
73 Phase 2 t2-20ms [A] 75.013
74 Phase 3 t2-20ms [A] 153.804
75 Total t2+5s [p.u.] 0.199
. t2+1sto
76 Active power Total 124105 [p.u.] 0.199
After t2
77 Total t2+10s [p.u.] 0.199
78 | Active current rise time Pos. seq. - [ms] 446.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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©11_tRMS_rc@POWER/0 [A] 4362248 2261120 182.4895
@ 12_tRMS_rc@POWER/0 [A] 4321700 T5.65532 32.43832
®12_tRMS_rc@POWER/0 [A] 4322692 152.5749 109.3480

e Positive sequence active & reactive power and voltage, active & reactive current:
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fo[A]
800.0

...R/0[A] ® I_fund_...Rf0
800.0-800.0

1.500e+5-800.0

..R[0[W] ® I_fund

-..0 [var] @ P_fund
1.000e+6-8.000e+4

-
i
‘-l g _________________________________________________________________________________________________________________________
g
2§
e B N
S0 N EE ! U N L S O D
-
s
;l 2 -------------------------------------------------------------------------------------------------------------------------
* 3
0:10.50 0:11.00 01150 D B cuw 0:12.50
A B Delta
Time [s] 0:11.65989 0:11.89361 0.23372
@ 1_fund_P_SYM+_rc@POWER/0 [A] 43.11856 21.81334 -21.30522
@1_fund_Q_SYM+_rc@POWER/o0 [A] 0417176 108.3292 108.7464
®P_fund_SYM+_rc@POWER/0 [W] 59726.01 15948.53 4377748
Q_fund_SYM+_rc@POWER/0 [var] -577.8543 79203.45 79781.30
@ U_fund_SYM+_rc@POWER/0 [V] 799.7213 4721219 -377.5084

¢ Negative sequence active & reactive power and voltage, active & reactive current:

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
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=§
.
=g
=k
23
n;él 1 N AN (N (RO [ -
¢
] e e e e B e
e 0:11.25 S - 0:1175 D 0:12.00 0:12.25 0:12.50 [}
A B Delta
Time [s] 0:11.576854 0:11.895807 0.318852
©®U_fund_SYM-_rc@POWER/0 [V] 0.134569 379.6569 379.5223
I_fund_P_SYM-_rc@POWER/0 [A] -0.250877 24.55161 24.80248
®1_fund_Q_SYM-_rc@POWER/0 [A] -0.087591 -117.3926 -117.3050
@ P_fund_SYM-_rc@POWER/0 [W] -0.058474 1614477 16144.83
®Q_fund_SYM-_rc@POWER/0 [var] -0.020416 -T7195.62 -T7195.60
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Test Number 2.1.1a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 2.1.1a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 15756.000
13 Fault clearance(t2) Pos. seq. - [ms] 17248.000
Fault duration
15 determined from test Pos. seq. - [ms] 1472.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.500
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
22 Pos. seq. tl-lt(is o [p.u.] 1.000
23 Neg. seq. tl-lt(is o [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p-u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 1.000
Before t1 26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 1.009
100ms
28 Pos. seq. tl-ltols 0 [p.u.] -0.003
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.003
30 Neg. seq. t1-1stotl [p.u.] N/A
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31 Active current Pos. seq. t1-1stotl [p-u.] 1.009
32 Total tl'lt(is o [b.u] 1.001
33 Active power Total t1-2stotl [p.u.] 1.001
t1-500ms
34 Pos. seq. to t1- [p.u.] 1.001
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.002
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] N/A
43 Pos. seq. tt;tzlg%r;z [b.u] 0.500
Voltage
9 t1+100ms
tltot2 44 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
45 . Pos. seq. 10 12-20ms [p.u.] 0.997
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20Ms [p.u.] N/A
a7 Pos. seq. ttolJtrzlc;(())nr:]z [p.u.] 1.005
Apparent current 14100
t1+100ms
48 Neg. seq. 10 12-20Ms [p.u.] N/A
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.061
Active power
50 Pos. seq. :(;L:Zl(;(())r:qss [p.u.] 0.062
51 | Shortcircuit currents Phase 1 | t1+10ms A] 223.335
Half-period rms values
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52 Phase 2 t1+10ms [A] 228.778
53 Phase3 | t1+10ms A] 224.061
54 Phase 1 tlfrlzgr’m A 229.590
55 Shog'gglf‘\‘/i;‘;“eze”ts Phase 2 tlilzé‘;qs [A] 224.700
56 Phase 3 tlilzé%qs Al 226.970
54 Phase 1 tlilzé?ns Al 229.592
55 Phase 2 tlilzé?ns Al 224.194
56 Phase 3 tlilzé?ns Al 225.390
57 Phase 1 t1+t110tgms Al 229.592
58 Phase 2 tl-rtiL()t(())ms Al 224.194
59 Phase 3 tl-rtll()t(())ms A 226.961
60 Phase 1 t1+150ms [A] 229.592
61 Phase 2 t1+150ms [A] 224.194

Short-circuit currents

1-period rms value

62 Phase 3 | t1+150ms [A] 226.961
63 Phase 1 t1+300ms [A] 229.592
64 Phase 2 t1+300ms [A] 224.194
65 Phase 3 t1+300ms [A] 226.961
66 Phase 1 t1+500ms [A] 229.592
67 Phase 2 t1+500ms [A] 224.194
68 Phase 3 t1+500ms [A] 226.961
69 Phase 1 t1+1000ms [A] 229.592
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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70 Phase 2 t1+1000ms [A] 224,194
71 Phase 3 t1+1000ms [A] 226.961
72 Phase 1 t2-20ms [A] 227.216
73 Phase 2 t2-20ms [A] 224.593
74 Phase 3 t2-20ms [A] 220.360
75 Total t2+5s [p.u.] 1.009
. t2+1s to
76 Active power Total 24105 [p.u.] 1.009
After t2
77 Total t2+10s [p.u.] 1.009
78 | Active current rise time Pos. seq. - [ms] 370.000
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
(20ms)
Ea0
iu,-.ml |; ctrl Curll Delta |
g
ol
o
g
g Aljﬂ(gé 7 -594.8 5449
é A gSRQMSS v 4008 -3988
%_ I Y
o =
-
14.812 0 16.000 ‘tr(s)n 18.000 119174 dt=1.497s f=0668 Hz
e Phase currents and RMS phase currents as moving averages over 20 ms:
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28252000 |771.6 47820
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Al 7/IRMS (A)
-188 100 ’ji‘ias

1481270

17.000
t(s)

119174 dt=2.421s f=0413Hz

e Positive sequence active & reactive power and voltage, active & reactive current:

TARE
iR Curl Curll Delta
5 ‘ |_p1p_per(A)
=z 3 2183 270 -191.3
38
2
2 2
e
_ ;i\
= I_q1p_per (A)
> [l 06 2158 216.4
=5l
@
2 gl |
2 5l L
—
|
2 U_1p_per (V)
g © 799.9 4002 -399.8
iR
S A
CLI o
=B
D
[=}
~
o
~
0
©
s}

Q_1p_per (var)
-898 149548 150446

1

L

Q_1p_per (var)
-151444 316565 -241534

e e e e
&
o
=

17
t(s)

19.174 dt=1.040s f= 0962 Hz

¢ Negative sequence active & reactive power and voltage, active & reactive current:
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Test Number 2.1.1b
No Parameter Phase Ref(_arence Unit Value
reference time
0 Test Number - - - 2.1.1b
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10:59:19
3 Fault type (affected i i i 3 phase
phases)
General 12 Faul 1 P 11701.000
information ault occurrence(tl) 0S. seq. - [ms] .
13 Fault clearance(t2) Pos. seq. - [ms] 13213.000
Fault duration
15 determined from test Pos. seq. - [ms] 1492.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.493
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
Before t1 22 Voltage Pos. seq. tl_lgs o [p.u.] 0.997
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23 Neg. seq. tl-lt(is o [p.u.] N/A
t1-500ms
24 Pos. seq. to t1- [p.u.] 0.997
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.996
26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 1.102
100ms
28 Pos. seq. t1—1tols o [p.u.] -0.666
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.666
30 Neg. seq. t1-1stotl [p.u.] N/A
31 Active current Pos. seq. tl-1stotl [p.u.] 0.877
32 Total tl'lgs o [o.u] 0.874
33 Active power Total t1-2stotl [p.u.] 0.874
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.874
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.664
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
tltot2 40 Neg. seq. - [ms] N/A
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Voltage Pos. seq. {0 12-20mMs [p.u.] 0.503
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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t1+100ms

44 Neg. seq. t0 £2-20ms [p.u.] N/A
45 Pos. seq. ttg:zl(;%r:fs [p.u.] 0.329
Reactive current 14100
t1+100ms
46 Neg. seq. t0 £2-20ms [p.u.] N/A
a7 Pos. seq. ttgrzl(;%r:]nss [p.u.] 1.006
Apparent current 11100ms
48 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
49 . Total t0 12-20ms [p.u.] 0.478
Active power 14100
t1+100ms
50 Pos. seq. t0 12-20ms [p.u.] 0.478
51 Phase 1 t1+10ms [A] 239.497

5p | Shortcircuit currents Phase 2 | t1+10ms N 240.612
Half-period rms values

53 Phase 3 t1+10ms [A] 239.050
54 Phase1 | 20 [A] 242.710
55 | SNOMCIOU CUTEN'S | ppasen | 0O [A] 230.880
56 Phase3 | 120 [A] 244.581
54 Phase1 | 20 [A] 238.952
55 Phase 2 tlilzg)?T]s Al 239.820
56 Phase3 | 1O (Al 238.695
> Short-circuit currents Phase 1 t1+t110tgm5 A 298.952
gg | [ Perodrmsvalue Phase 2 t1+t110tcc))ms Al 239.820
59 Phase 3 tl+t11(;8ms Al 238.695
60 Phase 1 t1+150ms [A] 238.952
61 Phase 2 t1+150ms [A] 239.820
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certifcation and Testing (Chin) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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62 Phase 3 t1+150ms [A] 238.695
63 Phase 1 t1+300ms [A] 238.952
64 Phase 2 t1+300ms [A] 239.820
65 Phase 3 t1+300ms [A] 238.695
66 Phase 1 t1+500ms [A] 238.952
67 Phase 2 t1+500ms [A] 239.820
68 Phase 3 t1+500ms [A] 238.695
69 Phase 1 t1+1000ms [A] 238.952
70 Phase 2 t1+1000ms [A] 239.820
71 Phase 3 t1+1000ms [A] 238.695
72 Phase 1 t2-20ms [A] 218.055
73 Phase 2 t2-20ms [A] 219.202
74 Phase 3 t2-20ms [A] 217.850
75 Total t2+5s [p.u.] 0.875
76 Active power Total tt22++1lsotso [p.u.] 0.875
After t2
77 Total t2+10s [p.u.] 0.875
78 | Active current rise time Pos. seq. - [ms] 368.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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0:10.00 0:11.00 REEY & | 0:13.00 0:14.00 o500 I
A B =]
B [s] 0:11.28763 0:12.13747 0.84984
QU2 V] -1042.291 532,146 1574.435
eu2V] 151.9486 -115.9403 -267.8889
su3V] 593.5091 -432.1860 -1325.695
U12_tRMS_rc@POWER/0 [V] 797.3817 402.5143 -3094.8674
@ U23_tRMS_rc@POWER/0 [V] 797.1837 402.5017 -304.6819
@U21_tRMS_rc@POWERjo [V] 797.3970 402.5738 -394.8232

Phase currents and RMS phase currents as moving averages over 20 ms:

[A
500.0

(R OO g s R
0 A P A o A A e e A

[A] ® Al...[A]

500.0-500.0

Al @Al
500.05000

S B e B B B B L A MR N R A R R NI
Iy 1 I_.l L1 |I||l| LA l_lull l. _l..l L l.. Iul.. .I L I'.'l ||I|| 1 l.
N A A A A A A A e

]
L
= - T S e e L T e
Galb R B EEEEE SN R iR R B
=1 I e e o 0t e ety
= 1 R SN B F
el e R
@ |
=1 D R U DR DU
I L
) e R F M R R I R E
0:09.00 0:10.00 01100 vizoo 0:13.00 0:14.00 0:15.00 [ ]
A B (=]
B8 [s] 0:11.39468 0:12.41336 1.01868
@Al 1)1 [A] 341.7239 92.12763 2495963
SAI112 [A] -136,7173 -298.6476 -161.9303
@Al 112 [A] -205.0221 206.5909 411.6130
®11_tRMS_rc@POWER/0 [A] 239.0608 219.3362 -19,72466
@ 12_tRMS_rc@POWER/0 [A] 238.3650 217.9549 -20.41014
®13_tRMS_rc@POWER/0 [A] 2384503 218.1702 -20.28808

e Positive sequence active & reactive power and voltage, active & reactive current:
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400.0-2000

600.0-100.0

0:08.0 0:10.0 0izo B 0140 ®160 ®18.0
A B HiE
i [s] 0:10.71727 0:12.44612 172885
® U_fund_SYM+_rc@POWER/0 [V] 797.2948 402.4438 -394.8510
®1_fund_P_SYM+_rc@POWER/0 189.9778 206.1626 16.18483
®1_fund_Q_SYM+_rc@POWERf0 -144.7196 71.82941 216.0490
®P_fund_SYM+_rc@POWER/0 [W] 262350.8 143706.3 -118644.5
Q_fund_SYM+_rc@POWER/0 -199160.3 50068.91 249230.7
¢ Negative sequence active & reactive power and voltage, active & reactive current:
sal
E e T I F N N R N A S R A
il = ey s P Reppe Epp—— —— r-——
e
0 =1 IR ISR (RIS U RS AU DR NI SRR AR RUPRUPRY U
s ¥
el e e e e
=s 1 I I I
s ¥
_—
L
18| O e I A v A N A I N
=1 UUUUURURN SUUUUURUUY (SUUUUUUD U ST | fooee S AU SUUUUIUS SUUUURU RUUUUUU ST
L L T
o g
e
0.03.0 0:05.1 0.07.3 noss 0 o1t ) 0137 0158 0:15.0 0:20.1 e o:24.421 ]
A B =]}
B [s] 0:10.2707 0:12.7340 2.4633
@ U_fund_SYM-_rc@POWER/0 [V] 0.107097 0.094217 -0.012880
I_fund_P_SYM-_rc@POWER/0 [A] 0.424887 0.635424 0.210537
®1_fund_Q_SYM-_rc@POWER/0 -0.313868 -0.297592 0.016276
@ P_fund_SYM-_rc@POWER/0 [W] 0.078816 0.103694 0.024878
®Q_fund_SYM-_rc@POWER/0 -0.058222 -0.048564 9.658e-3
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Test Number 2.1.2a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 2.1.2a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. ) ) 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
General
information 12 Fault occurrence(t1) Pos. seq. - [ms] 15834.000
13 Fault clearance(t2) Pos. seq. - [ms] 17326.000
Fault duration
15 determined from test Pos. seq. - [ms] 1472.000
16 _ _ Pos.seq. | t1+100ms [p.ul] 0.499
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
22 Pos. seq. | t1-10stotl [p.u.] 1.000
23 Neg.seq. | t1-10stotl [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p-u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p-u.] 0.999
Before t1 26 Neg. seq. tl-1stotl [p-u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.200
100ms
28 Pos. seq. tl-ltols o [p.u.] -0.001
29 Reactive current Pos. seq. t1-1stotl [p.u.] -0.001
30 Neg. seq. t1-1stotl [p.u.] N/A
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31 Active current Pos. seq. tl-1stotl [p.u.] 0.201
32 Total t1-10s to t1 [p.u.] 0.200
33 Active power Total t1-2stotl [p.u.] 0.200
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.200
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p-u.] -0.734
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) Pos. seq. - [ms] 25.000
Reactive current
settling time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. 10 12-20ms [p.u.] 0.500
Voltage 1+100
t1+100ms
tltot2 44 Neg. seq. t0 12-20ms [p.u.] N/A
t1+100ms
45 . Pos. seq. {0 12-20ms [p.u.] 0.991
Reactive current 14100
t1+100ms
46 Neg. seq. t0 £2-20ms [p.u.] N/A
t1+100ms
47 Pos. seq. {0 12-20mMs [p.u.] 1.005
Apparent current 14100
t1+100ms
48 Neg. seq. t0 £2-20ms [p.u.] N/A
t1+100ms
49 _ Total {0 12-20mMs [p.u.] 0.082
Active power 14100
t1+100ms
50 Pos. seq. {0 12-20mMs [p.u.] 0.083
51 |  Shortcircuit currents Phase 1 | tl1+10ms A] 213.171
Half-period rms values
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52 Phase 2 | t1+10ms A] 199.544
53 Phase3 | t1+10ms A] 208.666
54 Phase 1 tlilzé%s A 229.390
55 Shog'gglf‘\‘/i;‘;“eze”ts Phase2 | 1Jtrjéécr)ns A 226.790
56 Phase 3 tl:—lzg)cr)ns [A] 227.100
54 Phase 1 tl-f-lZé%s Al 225.478
55 Phase 2 tl-f-lZé%s Al 222.229
56 Phase 3 tl-f-lZé%s Al 221.621
57 Phase 1 t1+t110t§ms Al 225.813
58 Phase 2 tl-fiLOt(())ms Al 223.219
59 Phase 3 t1+tllotgms [A] 222.941
60 Phase 1 t1+150ms [A] 225.813
61 Phase 2 t1+150ms [A] 223.219

Short-circuit currents
1-period rms value

62 Phase 3 t1+150ms [A] 222.941
63 Phase 1 t1+300ms [A] 225.813
64 Phase 2 t1+300ms [A] 223.219
65 Phase 3 t1+300ms [A] 222.941
66 Phase 1 t1+500ms [A] 225.813
67 Phase 2 t1+500ms [A] 223.219
68 Phase 3 t1+500ms [A] 222.941
69 Phase 1 t1+1000ms [A] 225.813
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70 Phase 2 t1+1000ms [A] 223.391
71 Phase 3 | t1+1000ms [A] 222.941
72 Phase 1 t2-20ms [A] 225.819
73 Phase 2 t2-20ms [A] 224.594
74 Phase 3 t2-20ms [A] 221.087
75 Total t2+5s [p.u.] 0.205
. t2+1sto
76 Active power Total 24105 [p.u.] 0.199
After t2
77 Total t2+10s [p.u.] 0.199
78 | Active current rise time Pos. seq. - [ms] 293.000
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
R
i ) | ‘C!.Il' 1 Curll Delta

5794 5543
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25
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3
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<8
8
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e Phase currents and RMS phase currents as moving averages over 20 ms:

FeF T
e Cur | Curll Delta
] i i
g
8 |
= i ATB(A)
E 76.2 ans 295.7
<.
“ b
E " g:: 374 291
S
S a+
: Al 5/RMS (A)
T E 453 2237 178.4
2 g
ig /]
E
5
£
5
o Al TIRMS (A)
T w 45 220 176
= 8 f
2 é ! —
- 13.129 14 000 15.000 16.000 ') 17.000 18 000 19 000 19.945 dt=3.031s f=0.33 Hz
e Positive sequence active & reactive power and voltage, active & reactive current:
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e Negative sequence active & reactive power and voltage, active & reactive current:
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Test Number 2.1.2b
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 2.1.2b
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 11536.000
13 Fault clearance(t2) Pos. seq. - [ms] 13048.000
Fault duration
15 determined from test Pos. seq. - [ms] 1492.000
16 . _ Pos. seq. | t1+100ms [p.u.] 0.493
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
22 Pos. seq. tl_lt(is o [p.u.] 0.996
23 Neg. seq. tl-lt?Ls to [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 0.996
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.995
Before t1 26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.697
100ms
28 Pos. seq. t1-1t(is o [p.u.] -0.668
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.668
30 Neg. seq. t1-1stotl [p.u.] N/A
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31 Active current Pos. seq. t1-1stotl [p.u.] 0.198
32 Total tl'lt(is o [b.u] 0.196
33 Active power Total t1-2stotl [p.u.] 0.196
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.196
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.664
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. {0 12-20ms [p.u.] 0.502
Voltage 1+100
t1+100ms
tltot2 44 Neg. seq. {0 12-20ms [p.u.] N/A
t1+100ms
45 . Pos. seq. {0 12-20mMs [p.u.] 0.315
Reactive current 14100
t1+100ms
46 Neg. seq. t0 £2-20ms [p.u.] N/A
t1+100ms
47 Pos. seq. {0 12-20mMs [p.u.] 0.507
Apparent current 14100
t1+100ms
48 Neg. seq. t0 £2-20ms [p.u.] N/A
t1+100ms
49 _ Total {0 12-20mMs [p.u.] 0.199
Active power 14100
t1+100ms
50 Pos. seq. {0 12-20ms [p.u.] 0.199
51 | Shortcircuit currents Phase 1 | t1+10ms [A] 151.915
Half-period rms values

TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group

Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China

Page: 113 of 217



http://www.tuvps.com.cn/

&

Product Service

52 Phase2 | tl+10ms A] 151.032
53 Phase3 | t1+10ms A] 152.042
54 Phase 1 tlilzé‘;]s Al 153.661
| Srorsmomrens oy | B0 T | s
56 Phase 3 t14t-12(t)?ns (Al 154.672
54 Phase 1 tl-f-lzg:ns N 151.766
55 Phase 2 tl-f-lzg:ns N 150.721
56 Phase 3 tl-f-lzg:ns N 151.290
57 Phase 1 t1+t110t§ms (Al 151.766
58 Phase 2 t1+t110t§ms (Al 150.721
59 Phase 3 t1+t110tgms Al 151.290
60 Phase 1 t1+150ms [A] 151.766
61 Phase 2 t1+150ms [A] 150.721

Short-circuit currents

1-period rms value

62 Phase 3 t1+150ms [A] 151.290
63 Phase 1 t1+300ms [A] 151.766
64 Phase 2 t1+300ms [A] 150.721
65 Phase 3 t1+300ms [A] 151.290
66 Phase 1 t1+500ms [A] 151.766
67 Phase 2 t1+500ms [A] 150.721
68 Phase 3 t1+500ms [A] 151.290
69 Phase 1 t1+1000ms [A] 151.766
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70 Phase 2 t1+1000ms [A] 150.721
71 Phase 3 | t1+1000ms [A] 151.290
72 Phase 1 t2-20ms [A] 110.173
73 Phase 2 t2-20ms [A] 109.190
74 Phase 3 t2-20ms [A] 109.455
75 Total t2+5s [p.u.] 0.197
. t2+1sto
76 Active power Total 24105 [p.u.] 0.197
After t2
77 Total t2+10s [p.u.] 0.197
78 | Active current rise time Pos. seq. - [ms] 180.000
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
I|I| LTI AT S B CE emeee et S ey o e b T e A b 8 N S RN
o3 AR EA A AR A A AR A T RIMTA R AR A A AT |...||I||..|
||||'.".".||||||"'.||I|||'II A A i ] e R b R R S R
I|||II||| Lo Ll b gl by WLl I|I| AN RN AT A AT N T R
||III L O N N .l'.'II!lII TN A R b e N
"II||||.||..|||I||.|.|.I||||I||| AL ek AU WELUULILILIL TR A R R AR T AR
?.E .........................
5.'“ ............ e
@ B[ e
sel
g'” ........................................ R O SRR S e e
. ﬂ """""""""""""""""""""""""""""""""""""""""""""""""""""""
0:19.00 0:20. 0:21.00 0:22.00 0:23.00 0:24.00
A B (=]
i [s] 0:20.18341 0:21.41192 1.22850
|V1 V] 24.55449 -90.56569 -115.1202
|uz V] 266.6421 -71.04707 -337.6892
2u3 V] -293.2015 157.8724 451.0739
@ U1_RMS 20ms [V] 230.2176 115.1087 -115.1088
@ U2_RMS 20ms [V] 230.0880 115.1500 -114.9380
U3_RMS 20ms [V] 230.1765 115.0050 -115.0815

e Phase currents and RMS phase currents as moving averages over 20 ms:
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% AT RVER R RN R EATAT) RO ARSI RS TR AT U ST EAANCPRTERCTY TRRNTETAREPRRARIOTT R AR ERL AR R BT A R
*i 1 SO A i Y TGt S RECS L RS L A S e 0 e
3%1 Y Y Lo 1 1
0:20.00 0:21.00 0:22.00 0:23.00 0:24.00 [ ]
A B 2]}
i [s] 0:21.44895 0:22.77363 1.32468
#11_RMS 20ms [A] 227.3020 177.0661 -50.23582
12_RMS 20ms [A] 226.6289 174.9914 -51.63754
@ 12_RMS 20ms [A] 218.5625 175.7991 -42.76331
11[A] -7.129908 53.84863 60.97854
@12 [A] 255.0358 -192.3561 -447.3919
13 [A] -299.3405 228.1082 527.4487
e Positive sequence active & reactive power and voltage, active & reactive current:
e e e e - e
8 .....................................................................................................
:'g _______________________________________________________________________________________________________
U
gl |
¥ S R REEEEEEE) EREERERE RE S e e e e R
| A N N S e A A A
e [ ] BN e e ey B
=g oo o e T
n: off e L e e A
4 I e e et
=l
S ey Moo . e
I R I e e
0:14.0 0:16.0 0:18.0 [y o:z0.0 B o0 0:24.0 0:26.0 0:28.0 [ ]
A B HiR
AHiEl [s] 0:19.53330 0:21.43001 1.80621
®U_POS[V] 398.6164 199.3458 -199.2706
®P_POS [kW] 148.5270 -2.263983 -150.7910
Q_POS [kvar] -14.13591 77.18595 91.32185
®1_P_POS[A] 215.1244 -6.557004 -221.6814
®1_Q POS[A] -20.47425 223.5479 244.0221
¢ Negative sequence active & reactive power and voltage, active & reactive current:
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] ®U_NEG[V]

3| A U At SR SO IR SO R |
P S Y ES ! DY RS B AR
: L=
0:19.50 0:20.00 n 0:20.50 0:2L.00 0:21.50 0
A B (=] =)
B iE [s] 0:20.192945 0:20.912415 0.719469
@ U_NEG V] 0.200861 0.511186 0.310326
P_NEG [kW] 3.964e-4 2.006e-4 -1.85Te-4
®0Q_NEG [kvar] -1.435e-4 -1.153e-4 2.817e-5
@ I_P_NEGI[A] 1.139280 0.22T674 -0.911606
@ 1_Q_MNEG[A] -0.41241T7 -0.130235 0.282182
Test Number 2.2.1a
No Parameter Phase Reft_erence Unit Value
reference time
0 Test Number - - - 2.2.1a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. I 10:58:51 to
2 Time - - [hh:mm:ss.f] 10:59:19
3 Fault type (affected i i i 2 phase
phases)
General 12 Faul 1 P 11564.000
information ault occurrence(tl) 0s. seq. - [ms] .
13 Fault clearance(t2) Pos. seq. - [ms] 13066.000
Fault duration
15 determined from test Pos. seq. - [ms] 1482.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.250
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.248
Before t1 22 Voltage Pos. seq. tl-ltcl)s to [p.u.] 1.001
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23 Neg. seq. tl—lt(is 0 [p.u.] 0.000
t1-500ms
24 Pos. seq. to t1- [p.u.] 1.001
100ms
25 Pos. seq. tl-1stotl [p.u.] 1.000
26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 1.007
100ms
28 Pos. seq. t1—1tols o [p.u.] -0.004
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.004
30 Neg. seq. t1-1stotl [p.u.] -0.024
31 Active current Pos. seq. tl-1stotl [p.u.] 1.004
32 Total tl'lgs o [o.u] 1.007
33 Active power Total t1-2stotl [p.u.] 1.007
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.727
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.002
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
tltot2 40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 27.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
t1+100ms
43 Voltage Pos. seq. {0 12-20mMs [p.u.] 0.750
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t1+100ms

44 Neg. seq. t0 £2-20ms [p.u.] 0.248
45 Pos. seq. ttg:zl(;%r:fs [p.u.] 0.384
Reactive current
t1+100ms
46 Neg. seq. {0 12-20mMs [p.u.] -0.200
47 Pos. seq. ttgrzl(;%r:]nss [p.u.] 0.384
Apparent current
PP t1+100ms
48 Neg. seq. 10 12-20ms [p.u.] 0.598
t1+100ms
49 . Total t0 12-20ms [p.u.] 0.106
Active power 14100
t1+100ms
50 Pos. seq. t0 12-20ms [p.u.] 0.073
51 Phase 1 t1+10ms [A] 220.120

5p | Shortcircuit currents Phase 2 | t1+10ms N 217.658
Half-period rms values

53 Phase 3 t1+10ms [A] 218.060
54 Phase1 | 20 [A] 221534
55 Shogggﬁ‘\‘glﬁgems Phase 2 tlilzé%]s [A] 220.234
56 Phase3 | 120 [A] 220.089
54 Phase1 | 20 [A] 219.369
55 Phase2 | 20 [A] 217.665
56 Phase3 | 1O [A] 218.109
> Short-circuit currents Phase 1 t1+t110tgm5 A 219309
gg | [ Periodrmsvalue Phase 2 t1+t110tcc))ms Al 217.665
59 Phase 3 tl+t11(;8ms Al 218.109
60 Phase 1 t1+150ms [A] 219.369
61 Phase 2 t1+150ms [A] 217.665
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62 Phase 3 | t1+150ms [A] 218.109
63 Phase 1 t1+300ms [A] 219.369
64 Phase 2 t1+300ms [A] 217.665
65 Phase 3 t1+300ms [A] 218.109
66 Phase 1 t1+500ms [A] 219.369
67 Phase 2 t1+500ms [A] 217.665
68 Phase 3 t1+500ms [A] 218.109
69 Phase 1 t1+1000ms [A] 219.369
70 Phase 2 t1+1000ms [A] 217.665
71 Phase 3 t1+1000ms [A] 218.109
72 Phase 1 t2-20ms [A] 207.728
73 Phase 2 t2-20ms [A] 75.260
74 Phase 3 t2-20ms [A] 152.966
75 Total t2+5s [p.u.] 1.008
76 Active power Total tt22++1lsotso [p.u.] 1.008
After t2
77 Total t2+10s [p.u.] 1.008
78 | Active current rise time Pos. seq. - [ms] 747.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :

TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group

Rev.: 00 5F, Communication Building, 163 Pingyun Rd, Huangpu
Date: 2023-03-16 http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China

Page: 120 of 217



http://www.tuvps.com.cn/

Product Service

® u3..v] @ uz.V]

0.000

U1..v] ®u31[v] ®u23[v] ®u12[Vv]

2000000

20000000

B [s]

fu12 V]

su22 V]

|u3 v
U12_tRMS_rc@POWER/0 [V]

®U22_tRMS_rc@POWER/0 [V]

@®U321_tRMS_rc@POWER/0 [V]

0:10.27865

3130978
Triaizy
-1101.782
800.68591
800.6603
B800.6990

B Ak

0:12.17852 1.89988

199.6509 -141.7069
832.0266 5891396
-1015.659 86.12385
526.1778 -274.5114
T98.6082 -2.052124
533.8324 -266.8666

..[a] @

B00.0

[A] @ Al

B00. 05000

Al @Al
80005000

...[A]® Al

®3_..[A]®12_...[a] 81

0.000

Phase currents and RMS phase currents as moving averages over 20 ms:

500.0-500.0

.000

500.00.

500.00.000

BiE [s]

@A 1/11 [A]

@Al 1/12 [A]

@Al 1/12 [A]

@ I11_tRMS_rc@POWER/0 [A]
@ 12_tRMS_rc@POWER/0 [A]
®13_tRMS_rc@POWER/0 [A]

-299.3557
T0.01251
2283110
218.6796
217.4386
217.8224

0:12.282492 165737
123.2368 432 50925
-81.97159 -151.9841
-41.01068 -2T0.3217
208.0822 -10.58737
T4.08523 -143.3493
154.1704 -63.65204

Positive sequence active & reactive power and voltage, active & reactive current:
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-[v1
2000

-[A] ® u_fu..

2500-1000

... [A] @ I_fu..

1000-2500

£-1000

e I bbb hhihihiets Rl bk Mtk bl bbbt R bbbl R bbbty
! t
A 0120 ) 0:14.0 0:16.0 0:18.0 [ ]
A B HE
i [s] 0:10.51182 0:12.54073 2.02891
@ U_fund_SYM+_rc@POWER/0 [V] 800.6626 600.3943 -200.2683
®1_fund_P_SYM+_rc@POWER/0 217.9932 24.61856 -193.3746
®1_fund_Q_SYM+_rc@POWERf0 -0.578299 80.13523 80.71353
®P_fund_SYM+_rc@POWER/0 [W] 302310.4 25601.17 -276708.2
Q_fund_SYM+_rc@POWER/0 _801.9780 83333.70 84135.67

e Negative sequence active & reactive power and voltage, active & reactive current:

0.0

S0

B [s] 0:10.89611 0:12.11683 122072
@ U_fund_SYM-_rc@POWER/0 [V] 0.012425 198.1583 198.14509
I_fund_P_SYM-_rc@POWER/o -0.475960 27.84447 28.32043
@ 1_fund_Q_SYM-_rc@POWER/0 -0.553889 -127.1576 -126.6037
@ P_fund_SYM-_rc@POWER/0 [W] -0.010243 9556,785 9556,795
©Q_fund_SYM-_rc@POWER/0 -0.011820 -43643.07 -43643.05
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Test Number 2.2.1b
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 2.2.1b
1 Date - - [dd.mm.yyyy] | 2022.09.26
. . 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 2 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 14098.000
13 Fault clearance(t2) Pos. seq. - [ms] 15681.000
Fault duration
15 determined from test Pos. seq. - [ms] 1563.000
16 . , Pos. seq. | t1+100ms [p.ul] 0.252
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.248
22 Pos. seq. tl-lt(is o [p.u.] 1.004
23 Neg. seq. t1-1t(is o [p.u.] 0.000
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 1.004
100ms
25 Pos. seq. tl-1stotl [p.u.] 1.004
Before t1 26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 1.001
100ms
28 Pos. seq. tl—ltols o [p.u.] 0.651
29 Reactive current Pos. seq. tl-1stotl [p.u.] 0.661
30 Neg. seq. t1-1stotl [p.u.] -0.032
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31 Active current Pos. seq. t1-1stotl [p-u.] 0.092
32 Total tl'lt(is o [b.u] 0.877
33 Active power Total t1-2stotl [p.u.] 0.877
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.631
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] 0.472
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
43 Pos. seq. tt;tzlg%r;z [b.u] 0.752
Voltage
9 t1+100ms
tltot2 44 Neg. seq. 10 12-20ms [p.u.] 0.248
45 Pos. seq. tt;:zlg%r:]z [b.u] 0.691
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20mMs [p.u.] -0.133
47 Pos. seq. :()1:21(;%?;2 [p.u.] 1.161
Apparent current 14100
t1+100ms
48 Neg. seq. 10 12-20mMs [p-u.] -0.686
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.093
Active power
50 Pos. seq. :(;L:Zl(;(())r:qss [p.u.] 0.070
g1 | Shortcircuitcurrents | o 00q | t1410ms Al 240.062
Half-period rms values
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52 Phase 2 | tl+10ms A] 236.175
53 Phase3 | t1+10ms A] 236.342
54 Phase 1 tlfrlz(t)?ns Al 244.999
o | Srorsmomarens oy | B0 T | oo
56 Phase 3 tlilzé%qs Al 237.386
54 Phase 1 tlilzé?ns Al 238.269
55 Phase 2 tlilzé?ns Al 236.163
56 Phase 3 tlilzé?ns Al 236.334
57 Phase 1 t1+t110tgms Al 238.269
58 Phase 2 tl-rtiL()t(())ms Al 236.163
59 Phase 3 t1+t110t(())ms [A] 236.334
60 Phase 1 t1+150ms [A] 238.269
61 Phase 2 t1+150ms [A] 236.163

Short-circuit currents

1-period rms value

62 Phase 3 | t1+150ms [A] 236.334
63 Phase 1 t1+300ms [A] 238.269
64 Phase 2 t1+300ms [A] 236.163
65 Phase 3 t1+300ms [A] 236.334
66 Phase 1 t1+500ms [A] 238.269
67 Phase 2 t1+500ms [A] 236.163
68 Phase 3 t1+500ms [A] 236.334
69 Phase 1 t1+1000ms [A] 238.269
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70 Phase 2 t1+1000ms [A] 236.163
71 Phase 3 t1+1000ms [A] 236.334
72 Phase 1 t2-20ms [A] 228.216
73 Phase 2 t2-20ms [A] 100.242
74 Phase 3 t2-20ms [A] 158.350
75 Total t2+5s [p.u.] 0.876
. t2+1s to
76 Active power Total 24105 [p.u.] 0.876
After t2
77 Total t2+10s [p.u.] 0.876
78 | Active current rise time Pos. seq. - [ms] 384.000
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
=1 L

20000.000

...[V] @ U3..V] @ u2..V]
20000.000

V] ® a1
2000-2000

V] ® Al
2000-2000

N e T e e R e fFo-ne s
0100 r120 0140 D r160 0:18.0 0:20.0
A B (=] 5]

B i [s] 0:12.64461 0:15.11186 2.46725
U12_tRMS_rc@POWER/0 [V] 03.5056 528.7208 2747849

®VU232_tRMS_rc@POWER/0 [V] 803.6659 800.5062 -3,150668

@ U31_tRMS_rc@POWER/0 [V] 803.4113 533.4902 -269.9210

S AI1/VL V] 5321384 241.6663 188.4525

@ AI1/U2 V] -590.5838 274.0243 864.6081
Al1/Uz [V] 536.5589 -506.6247 -1043.184

e Phase currents and RMS phase currents as moving averages over 20 ms:
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0:10.0 0:12.0 0:14.0 0:16.0 0:18.0 0:20.0 d
A B HE
B [s] 0:13.40969 0:14.59548 1.18579
@ 11_tRMS_rci@POWER/0 [A] 237.03588 228.1224 -8.917358
®12_tRMS_rc@POWER/0 [A] 236.1141 99.87525 -136.2388
@ 12_tRMS_rc@POWER/0 [A] 236.3136 156.0264 -80.28725
@Al 111 [A] 289.4116 304.9192 15.50764
@Al 1/12 [A] -294,6437 -56.46706 238.1766
@Al 112 [A] 5165339 -248.5514 -253.7T167

Positive sequence active & reactive power and voltage, active & reactive current:

2000

0-2000

600,

B00.0-600.0

-5-B00.0

B E [=]

®U_fund_SYM+_rc@POWER/0 [V]

@ _fund_P_SYM+_rc@POWER/0

®1_fund_Q SYM+_rc@POWER/0

®FP_fund_SYM+_rc@POWER/O [W]
Q fund_SYM+_rc@POWER/0

001289175

8034917
189.3172
141.7054
2634705
197215.3

0:14.88869

601.7361
2097071
143.5811
21856.46
1496457

1.99654

-201.7556
-168.3464

1.871780
-241614.0
-47569.61

Negative sequence active & reactive power and voltage, active & reactive current:
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I 1
_____ . e g
_____ .t_____ _____________}______________________________________________________
0:14.00 [a] 0:16.00 0:18.00
A B (=] 5]
B idl [s] 0:13.54670 0:14.62472 1.07802
®U_fund_SYM-_rc@POWER/0 [V] 0.149959 198.7015 1985516
I_fund_P_SYM-_rc@POWER/0 [A] -0.500405 1758771 18.08812
@®1_fund_Q_SYM-_rc@POWERj0 -0.245008 -83.92589 -83.68088
@ P_fund_SYM-_rc@POWER/0 [W] -0.129973 6053.007 6053.137
©Q_fund_SYM-_rc@POWER/0 -0.063637 -28884.03 -28883.96
Test Number 2.2.2a
No Parameter Phase Ref_erence Unit Value
reference time
0 Test Number - - - 2.2.2a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. ) ) 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected ) i i 2 phase
phases)
General 12 | Fault t)y | P 11423.000
information ault occurrence(tl) 0s. seq. - [ms] .
13 Fault clearance(t2) Pos. seq. - [ms] 12925.000
Fault duration
15 determined from test Pos. seq. - [ms] 1482.000
16 _ . Pos. seq. | t1+100ms [p.u.] 0.249
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.247
Before t1 22 Voltage Pos. seq. tl-lt(is o [p.u.] 1.000
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUOv sUD Certification and Testing (China) Co., Ltd.
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23 Neg. seq. tl—lt(is 0 [p.u.] 0.000
t1-500ms
24 Pos. seq. to t1- [p.u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 0.199
100ms
28 Pos. seq. tl—ltols o [p.u.] -0.002
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.002
30 Neg. seq. t1-1stotl [p.u.] 0.000
31 Active current Pos. seq. tl-1stotl [p.u.] 0.199
32 Total tl'lgs o [0.u] 0.199
33 Active power Total tl-2stotl [p.u.] 0.199
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.199
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.001
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
tltot2 40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
t1+100ms
43 Voltage Pos. seq. 10 12-20mMs [p.u.] 0.750
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
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t1+100ms

44 Neg. seq. 10 12-20Ms [p.u.] 0.248
45 Pos. seq. :;:;%%T; [b.u] 0.372
Reactive current
t1+100ms
46 Neg. seq. 10 12-20mMs [p-u.] -0.583
47 Pos. seq. :()1:21%%?:; [p-u.] 0.385
Apparent current
PP t1+100ms
48 Neg. seq. 10 12-20ms [p.u.] 0.596
t1+100ms
49 ' Total 10 12-20ms [p.u.] 0.104
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20ms [p.u.] 0.072
51 Phase 1 t1+10ms [A] 146.552

5p | Short-circuit currents Phase 2 | t1+10ms Al 44.550
Half-period rms values

53 Phase 3 t1+10ms [A] 117.959
54 Phase1 | 700 IA] 212.970
| smammarons [y | e T | s
56 Phase3 | 200 [A] 155.720
54 Phase1 | 200 [A] 205.741
55 Phase2 | 200 [A] 70.056
56 Phase3 | 1O [A] 152.853
> Short-circuit currents Phase 1 tl:llotgms A 210369
gg | L Periodmsvalue Phase 2 tl-i-tllOt(())ms Al 77.907
59 Phase 3 t1+t110tgms Al 152.853
60 Phase 1 t1+150ms [A] 210.368
61 Phase 2 t1+150ms [A] 78.294
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certiication and Testing (China) Co., Ltd.
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62 Phase 3 t1+150ms [A] 152.853
63 Phase 1 t1+300ms [A] 210.368
64 Phase 2 t1+300ms [A] 79.244
65 Phase 3 t1+300ms [A] 152.853
66 Phase 1 t1+500ms [A] 210.368
67 Phase 2 t1+500ms [A] 79.637
68 Phase 3 t1+500ms [A] 152.853
69 Phase 1 t1+1000ms [A] 210.368
70 Phase 2 t1+1000ms [A] 79.637
71 Phase 3 t1+1000ms [A] 152.853
72 Phase 1 t2-20ms [A] 207.984
73 Phase 2 t2-20ms [A] 77.484
74 Phase 3 t2-20ms [A] 150.182
75 Total t2+5s [p-u.] 0.199
76 Active power Total t§2++1lso';o [p-u.] 0.199

After t2
77 Total t2+10s [p-u.] 0.199
78 | Active current rise time Pos. seq. - [ms] 270.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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Ul..V] ®U13[V] ®U23[V] ®U12[V]

1500-1500 1500

A A LA AR SR M )
[ AR

(1A Ttk A

1500-1500 1500-1500

g o
52
®=
)
Sgl T
e Tt
B [s] 0:10.78120 0:12.06032 1.27912
ou12 V] -855.3840 -283.1809 572.2130
SU V] 1065.540 930.3218 -135.2186
|1z V] -223.9123 -542.28T0 -418.3748
U12_tRMS_rc@POWERj0 [V] 799.6639 526.2109 -273.4580
@®U22_tRMS_rc@POWER/f0 [V] 799.8989 T98.6569 -1.241943
®U21_tRMS_rc@POWER/f0 [V] T99.7474 533.8550 -265.8924
e Phase currents and RMS phase currents as moving averages over 20 ms:
Z2
ol
=g
.-
zs
e
=l
T i i\
I = e e e [ I
¢ !
0= e e O A
] L I EEEEEEEETrrrF e
= R A
.-
T Y (S SN SRR N
8] o etelstetstelsetebstele e s e —— i i ettt eleiets Wl
R i e A § SR S i
0:10.00 oo o 0:13.00 (SO
A B =]}
B8l [s] 0:10.89777 0:12.03220 1.03443
@Al 1/11 [A] 13.12465 -90,29508 -112.4206
B Al 112 [A] 45.69620 94.56814 48.87194
@Al 1/13 [A] -58.84529 4524201 63.36958
P I1_tRMS_rc@PQWER/0 [A] 43.62406 208.5936 164.9696
@ 12_tRMS_rc@POWER/0 [A] 43.25871 71.92348 34.66378
® 13_tRMS_rc@POWER/0 [A] 43,24602 150.0818 106.8357

Positive sequence active & reactive power and voltage, active & reactive current:
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@ 1_fund_P_SYM+_rc@POWER/0 4313313 21.12613 -22.00701
®|_fund_Q_SYM+_rc@POWER/0 -0.406361 B0.53626 80.94262
®P_fund_SYM+_rc@POWER/0 [W] 59747.89 21969.26 -37778.63
Q_fund_SYM+_rc@POWER/0 5628907 83750.43 84313.32
@ U_fund_SYM+_rc@POWER/0 [V] 799.7439 6003921 -199.3518
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[=2
o i L .
0:06.0 0:08.0 0:20.0 6 o 0:14.0 0:16.0 0:18.0 L
A B [=]5]
B8] [s] 0:10.46808 0:12.12191 1.65382
®VU_fund_SYM-_rc@POWER/0 [V] 0.141861 198.1948 198.0530
I_fund_P_SYM-_rc@POWER/0 [A] -0.256887 27.35390 27.61079
®1_fund_Q_SYM-_rc@POWER/0 -0.088163 -125,9324 -125,8443
®P_fund_SYM-_rc@POWER/0 [W] -0.063120 9390144 9390207
® Q_fund_SYM-_rc@POWER/0 -0.021662 -43230,52 -43230,50
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Test Number 2.2.2b
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 2.2.2b
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 2 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 11560.000
13 Fault clearance(t2) Pos. seq. - [ms] 13142.000
Fault duration
15 determined from test Pos. seq. - [ms] 1562.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.251
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.247
22 Pos. seq. tl-lt(is o [p.u.] 1.003
23 Neg. seq. tl-lt(is o [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p-u.] 1.003
100ms
25 Pos. seq. tl-1stotl [p.u.] 1.003
Before t1 26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 1.003
100ms
28 Pos. seq. tl-ltols 0 [p.u.] 0.658
29 Reactive current Pos. seq. tl-1stotl [p.u.] 0.664
30 Neg. seq. t1-1stotl [p.u.] N/A
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31 Active current Pos. seq. t1-1stotl [p-u.] 0.302
32 Total tl'lt(is o [b.u] 0.218
33 Active power Total t1-2stotl [p.u.] 0.218
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.157
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] 0.476
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
43 Pos. seq. tt;tzlg%r;z [b.u] 0.752
Voltage
9 t1+100ms
tltot2 44 Neg. seq. 10 12-20ms [p.u.] 0.248
45 Pos. seq. tt;:zlg%r:]z [b.u] 0.694
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20mMs [p-u.] 0.384
47 Pos. seq. :()1:21(;%?;2 [p.u.] 1.166
Apparent current 14100
t1+100ms
48 Neg. seq. 10 12-20mMs [p.u.] 0.682
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.092
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20mMs [p.u.] 0.070
g1 | Shortcircuitcurrents | o 00q | t1410ms Al 212.203
Half-period rms values
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52 Phase 2 | tl+10ms A] 150.391
53 Phase3 | t1+10ms A] 150.117
54 Phase 1 tlfrlzgr’m [A] 231.515
o | Sorgmomarens oy | B0 T | e
56 Phase 3 tlilzé%qs Al 163.738
54 Phase 1 tlilzé?ns Al 229.087
55 Phase 2 tlilzé?ns Al 150.135
56 Phase 3 tlilzé?ns Al 150.602
57 Phase 1 t1+t110tgms Al 229.087
58 Phase 2 tl-rtiL()t(())ms Al 150.135
59 Phase 3 t1+t110t(())ms [A] 155.809
60 Phase 1 t1+150ms [A] 229.087
61 Phase 2 t1+150ms [A] 150.135

Short-circuit currents

1-period rms value

62 Phase 3 t1+150ms [A] 155.812
63 Phase 1 t1+300ms [A] 229.087
64 Phase 2 t1+300ms [A] 150.135
65 Phase 3 t1+300ms [A] 155.995
66 Phase 1 t1+500ms [A] 229.087
67 Phase 2 t1+500ms [A] 150.135
68 Phase 3 t1+500ms [A] 155.995
69 Phase 1 t1+1000ms [A] 229.087
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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70 Phase 2 t1+1000ms [A] 150.135
71 Phase 3 | t1+1000ms [A] 156.428
72 Phase 1 t2-20ms [A] 228.351
73 Phase 2 t2-20ms [A] 101.249
74 Phase 3 t2-20ms [A] 157.629
75 Total t2+5s [p.u.] 0.217
. t2+1s to
76 Active power Total 24105 [p.u.] 0.217
After t2
77 Total t2+10s [p.u.] 0.217
78 | Active current rise time Pos. seq. - [ms] 154.000
Graphic:
e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
sel ] ]
s e T
Y | D i L Sttt Rttt ettt B
| R R RERRCEEEEEEE s f e R e B R R EEEEEERE
oc i s 1 I R R
PP PSPy D LI B R P T TPPPPPSee -
e
S D e T PP PSS TPPPTTTeY -
e
e N e NN W
SR [ [ N [ P i
0:0B8.0 0100 i) ek B 0:14.0 0:16.0 0:18.0
A B HEE
B [s] 0:10.48750 0:12.15860 1.70110
U12_tRMS_rc@POWER/O [V] 802.6008 528.7064 -273.8044
®U22_tRMS_rc@POWER/0 [V] 802.9978 800.4300 -2.517761
®U31_tRMS_rc@POWER/0 [V] 802.5891 533.4789 -268.1102
@Al /UL V] 413.4583 279.0353 -134.4240
@Al 1jU2 [V] -648.9358 -433.3821 215.5538
Al 1jU2 [V] 236.2425 157.9611 -T8.28141

e Phase currents and RMS phase currents as moving averages over 20 ms:

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01

Rev.: 00
Date: 2023-03-16
Page: 137 of 217

Telephone : +86 20 3832 0668
Telefax : +86 20 3832 0478

http://www.tuv-sud.cn

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

5F, Communication Building, 163 Pingyun Rd, Huangpu
Ave. West, Guangzhou 510656, P. R. China



http://www.tuvps.com.cn/

...[A]

.[A]®12_..[A]®1

...[A] @ AL [A] ®13

[A] ® Al

Al..

V]

[A] ® 1_fu...[A] ® U_fu..

oo [W] @ I_fu..

500.00.000 500.00.000 500.00.000 500.0

___________________________________________________ R TR
. [ ] 0:05.0 0:10.0 0:15.0
A B HE

B [s] 9.3385 0:12.7534 3.4149

@ 11_tRMS_rci@POWER/0 [A] 151.1820 228.5119 Tr.32999

®12_tRMS_rc@POWER/0 [A] 149,8600 101.2805 -48.58347

@ 12_tRMS_rc@POWER/0 [A] 150.1066 155.7515 5.644882

@Al 1/11 [A] 65.71085 268.5049 202.8341

@Al 1/12 [A] 143.3995 -186.7730 -330.1725

@Al 112 [A] -208.9137 -81.98113 126.9326

Positive sequence active & reactive power and voltage, active & reactive current:
e

0:10.0 D 0:15.0 0:20.0

A B ] ]

AiEl [=] 9.3562 0:12.1906 2.8344
@ U_fund_SYM+_rc@POWER/0 [V] 802.7216 601.7362 -200.9854
®1_fund_P_SYM+_rc@POWER/0 47.29914 20.91978 -26.37936
®|1_fund_Q_SYM+_rc@POWER/0 142.7268 144.1016 1374771
@ P_fund_SYM+_rc@POWER/0 [W] 6576257 21803.38 -43959,19
Q_fund_SYM+_rc@POWERf0 198440.9 150188.1 -48252.78

Negative sequence active & reactive power and voltage, active & reactive current:
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____________ T B ..
ISR DUUSUUUUUTSRUY IS U e
. I A N o 1 I I Y A
- Rl IRl b Ee ety bl At R bbbt Rk
o
o 1
0:05.0 “:‘_D.D 0:15.0 0:20.0 0:25.0
A B ]
B8l [s] 9.5667 0:12.5323 2.9656
®U_fund_SYM-_rc@POWER/0 [V] 0.243090 198.7218 1984787
I_fund_P_SYM-_rc@POWER/0 -0.167771 17.17908 17.34685
®1_fund_Q_SYM-_rc@POWER/0 -0.826494 -83.31285 -82.43636
@ P_fund_SYM-_rc@POWER/0 [W] -0.070632 5912.975 50913.045
©Q_fund_SYM-_rc@POWER/0 -0.347991 -28675.96 -28675.62
Test Number 3.1l.1a
No Parameter Phase Ref_erence Unit Value
reference time
0 Test Number - - - 3.1.1a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. ) ) 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
General 12 | Faul 1 P 15863.000
information ault occurrence(tl) 0s. seq. - [ms] .
13 Fault clearance(t2) Pos. seq. - [ms] 18063.000
Fault duration
15 determined from test Pos. seq. - [ms] 2200.000
16 . _ Pos. seq. | t1+100ms [p.u.] 0.200
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
Before t1 22 Voltage Pos. seq. tl-lt(is o [p.u.] 1.000
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23 Neg. seq. tl_lt(:)LS o [p.u.] N/A
t1-500ms
24 Pos. seq. to t1- [p.u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 0.951
100ms
28 Pos. seq. tl—ltols 0 [p.u.] -0.002
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.002
30 Neg. seq. tl-1stotl [p.u.] N/A
31 Active current Pos. seq. tl-1stotl [p.u.] 0.951
32 Total tl'lgs o [0.u] 0.950
33 Active power Total tl-2stotl [p.u.] 0.950
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.950
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.002
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
tltot2 40 Neg. seq. - [ms] N/A
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Voltage Pos. seq. 10 12-20mMs [p.u.] 0.800
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TUV sUD Certification and Testing (China) Co., Ltd.
Project No: 64.290.22.31367.01 Telefax :+86 20 3832 0478 Guangzhou Branch, TUV SUD Group
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t1+100ms

44 Neg. seq. 10 12-20Ms [p.u.] N/A
45 Pos. seq. | o0 [p.u.] 0.240
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20Ms [p.u.] N/A
47 Pos. seq. :()1:21%%?:; [p-u.] 0.998
Apparent current 19100ms
48 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
49 . Total 10 12-20ms [p.u.] 0.773
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20ms [p.u.] 0.775
51 Phase 1 t1+10ms [A] 229.627

5p | Shortcircuit currents Phase 2 | t1+10ms Al 227.058
Half-period rms values

53 Phase 3 t1+10ms [A] 225.684
54 Phase 1 tlilzé?m [A] 235.320
55 Shogggﬁ‘\‘glﬁgems Phase 2 tlilzé‘:ns [A] 228.600
56 Phase3 | 1200 [A] 227.150
54 Phase1 | 1200 [A] 235.316
55 Phase 2 tlilzé‘:ns [A] 228.598
56 Phase3 | 100 [A] 227.145
> Short-circuit currents Phase 1 tl:llotgms A 295316
gg | [ Periodrmsvalue Phase 2 tl-i-tllOt(())ms Al 228.598
59 Phase 3 tl-i-tllotgms Al 227.145
60 Phase 1 t1+150ms [A] 235.316
61 Phase 2 t1+150ms [A] 228.598
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certifcation and Testing (Chin) Co., Ltd.
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62 Phase 3 t1+150ms [A] 227.145
63 Phase 1 t1+300ms [A] 235.316
64 Phase 2 t1+300ms [A] 228.598
65 Phase 3 | t1+300ms [A] 227.145
66 Phase 1 t1+500ms [A] 235.316
67 Phase 2 t1+500ms [A] 228.598
68 Phase 3 t1+500ms [A] 227.145
69 Phase 1 t1+1000ms [A] 235.316
70 Phase 2 t1+1000ms [A] 228.598
71 Phase 3 t1+1000ms [A] 227.145
72 Phase 1 t2-20ms [A] 226.479
73 Phase 2 t2-20ms [A] 221.484
74 Phase 3 t2-20ms [A] 222.156
75 Total t2+5s [p-u.] 0.975
76 Active power Total t§2++1lso';o [p-u.] 0.951
After t2
77 Total t2+10s [p-u.] 0.952
78 | Active current rise time Pos. seq. - [ms] 238.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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o
4
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t(s)

e Phase currents and RMS phase currents as moving averages over 20 ms:
| JeFRiL
ik Curl Curll Delta
g‘ L. \
= [ |
@® | | AlB(A)
g 3335 3937 80.1
Ej | ‘ A 73‘?& 385 50
3 : Al 5/RMS (A)
- 209.4 2254 180
£%
=K
1 ‘
e
8
<o ATTIRNS (A)
EL 207 222 15
s 11.075 12.000 14.000 16.000 e 18 20000 21815 dt=4.169s f=024 Hz
e Positive sequence active & reactive power and voltage, active & reactive current:
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e Negative sequence active & reactive power and voltage, active & reactive current:

e
RFE Curl Curll Delta
o |-P-Neg
_7 0 1 0
¥ " r
q s
2|
Ni I_Q_Neg
=0 A 0 1
Z o lr I "
9
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JE
‘11.(}75 12 14 16 © 18 20 21915 dt=2023s f=0494 Hz
t(s
Test Number 3.1.2a
Phase Reference .
No Parameter . Unit Value
reference time
General
. - 0 Test Number - - - 3.1.2a
information
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1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 3 phase
phases)
12 Fault occurrence(tl) Pos. seq. - [ms] 15670.000
13 Fault clearance(t2) Pos. seq. - [ms] 17889.000
Fault duration
15 determined from test Pos. seq. - [ms] 2299.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.200
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] N/A
22 Pos. seq. t1-1t(is o [p.u.] 1.000
23 Neg. seq. tl-lt(is o [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 0.200
Before t1 100ms
28 Pos. seq. tl—ltols o [p.u.] 0.000
29 Reactive current Pos. seq. tl-1stotl [p-u.] 0.000
30 Neg. seq. tl-1stotl [p.u.] N/A
31 Active current Pos. seq. t1-1stotl [p.u.] 0.200
32 Total tl'lgs to [b.u] 0.200
Active power
33 Total t1-2sto tl [p.u.] 0.200
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t1-500ms
34 Pos. seq. to t1- [p.u.] 0.200
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.001
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] N/A
41 . _ Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. 10 12-20ms [p.u.] 0.800
Voltage 14100
t1+100ms
44 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
45 . Pos. seq. 10 12-20ms [p.u.] 0.247
tltot2 Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
47 Pos. seq. 10 12-20ms [p.u.] 0.352
Apparent current 14100
t1+100ms
48 Neg. seq. 10 12-20ms [p.u.] N/A
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.201
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20Ms [p.u.] 0.201
51 Phase 1 t1+10ms [A] 79.167
gp | Shortcircuiteurrents | pp o005 | t1410ms Al 72.465
Half-period rms values
53 Phase 3 t1+10ms [A] 74.619
Short-circuit currents tlto
54 Peak values Phase 1 t1+20ms [Al 82.460
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tlto

55 Phase2 | . o0 A] 81.500
56 Phase 3 tlilzé%s Al 83.360
54 Phase 1 tlfrlz(t)?ns Al 77.908
55 Phase 2 tlilzé‘;qs Al 75.024
56 Phase 3 tlilzé%qs Al 77.387
57 Phase 1 t1+t110tgms Al 81.765
58 Phase 2 t1+t110tgms Al 81.183
59 Phase 3 t1+t110tgms Al 81.290
60 Phase1 | t1+150ms Al 81.765
61 Phase2 | t1+150ms Al 81.183
62 Phase 3 t1+150ms [A] 81.290

63 Short—qrcmt currents Phase 1 t1+300ms [A] 81.765
1-period rms value

64 Phase 2 t1+300ms [A] 81.183
65 Phase 3 t1+300ms [A] 81.290
66 Phase 1 t1+500ms [A] 81.765
67 Phase 2 t1+500ms [A] 81.183
68 Phase 3 t1+500ms [A] 81.290
69 Phase 1 t1+1000ms [A] 81.765
70 Phase 2 t1+1000ms [A] 81.183
71 Phase 3 t1+1000ms [A] 81.290
72 Phase 1 t2-20ms [A] 80.101
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73 Phase 2 t2-20ms [A] 77.702
74 Phase 3 t2-20ms [A] 78.581
75 Total t2+5s [p.u.] 0.204
. t2+1s to
76 Active power Total 24105 [p.u.] 0.200
After t2
77 Total t2+10s [p.u.] 0.199
78 | Active current rise time Pos. seq. - [ms] 247.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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¢ Negative sequence active & reactive power and voltage, active & reactive current:
B | ppﬁé‘é | fgf\ﬁ Delta
? 0 0 1]
é I_-]_réeg 0 o
. g I"mﬁpseﬂ: 0 0.0
= g B 0.0
k E‘ 0.000 00 10.000 15.000 I(ém) 00 00 38 864 di=37.309 s = 0.0268 Hz
Test Number 3.21la
No Parameter Phase Unit Value
reference
0 Test Number - - 3.21la
1 Date - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i 2 phase
phases)
General 12 Faul 1 P 11327.000
information ault occurrence(tl) 0s. sed. [ms] .
13 Fault clearance(t2) Pos. seq. [ms] 13567.000
Fault duration
15 determined from test Pos. seq. [ms] 2220.000
16 _ ) Pos. seq. [p.u.] 0.128
Determined voltage dip
depth
17 Neg. seq. [p.u.] 0.124
Before t1 22 Voltage Pos. seq. [p.u.] 1.001
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23 Neg. seq. tl—lt(is o [p.u.] 0.000
t1-500ms
24 Pos. seq. to t1- [p.u.] 1.001
100ms
25 Pos. seq. tl-1stotl [p.u.] 1.000
26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 1.006
100ms
28 Pos. seq. tl—ltols 0 [p.u.] -0.003
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.003
30 Neg. seq. tl1-1stotl [p.u.] -0.036
31 Active current Pos. seq. tl-1stotl [p.u.] 1.006
32 Total tl'lgs o [0.u] 1.007
33 Active power Total tl-2stotl [p.u.] 1.007
t1-500ms
34 Pos. seq. to t1- [p.u.] 1.007
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p-u.] -0.003
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
tltot2 40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
t1+100ms
43 Voltage Pos. seq. 10 12-20mMs [p.u.] 0.873
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t1+100ms

44 Neg. seq. 10 12-20Ms [p.u.] 0.124
45 Pos. seq. :é:zlg%nn:z [p-u.] 0.065
Reactive current
t1+100ms
46 Neg. seq. 10 12-20mMs [p.u.] -0.299
47 Pos. seq. :()1:21%%?:; [p-u.] 0.698
Apparent current
PP t1+100ms
48 Neg. seq. 10 12-20ms [p.u.] 0.307
t1+100ms
49 . Total 10 12-20ms [p.u.] 0.614
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20ms [p.u.] 0.607
51 Phase 1 t1+10ms [A] 219.985

5p | Shortcircuit currents Phase 2 | t1+10ms Al 217.881
Half-period rms values

53 Phase 3 t1+10ms [A] 217.737
54 Phase1 | 200 [A] 220.876
55 Shogggﬁ‘\‘glﬁgems Phase 2 tlilzé‘:ns [A] 219.982
56 Phase3 | 1200 [A] 210.755
54 Phase 1 tlilzé‘:ns Al 217.757
55 Phase 2 tlilzé‘:ns [A] 219.333
56 Phase3 | 100 [A] 217.590
> Short-circuit currents Phase 1 tl:llotgms A 27157
gg | [ Periodrmsvalue Phase 2 tl-i-tllOt(())ms Al 219.333
59 Phase 3 t1+t110tgms Al 217.590
60 Phase 1 t1+150ms [A] 217.757
61 Phase 2 t1+150ms [A] 219.333
TRF No. G99/1-6: 2020 Telephone : +86 20 3832 0668 TOV SUD Certifcation and Testing (Chin) Co., Ltd.
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62 Phase 3 | t1+150ms [A] 217.590
63 Phase 1 | t1+300ms [A] 217.757
64 Phase 2 t1+300ms [A] 219.333
65 Phase 3 t1+300ms [A] 217.590
66 Phase 1 t1+500ms [A] 217.757
67 Phase 2 t1+500ms [A] 219.333
68 Phase 3 t1+500ms [A] 217.590
69 Phase 1 t1+1000ms [A] 217.757
70 Phase 2 t1+1000ms [A] 219.333
71 Phase 3 t1+1000ms [A] 217.590
72 Phase 1 t2-20ms [A] 213.577
73 Phase 2 t2-20ms [A] 188.529
74 Phase 3 t2-20ms [A] 187.905
75 Total t2+5s [p-u.] 1.008
76 Active power Total t§2++1lso';o [p-u.] 1.007
After t2
77 Total t2+10s [p-u.] 1.007
78 | Active current rise time Pos. seq. - [ms] 358.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :
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0:08.00 0:10.00 [ & TX 0:14.00 01600 L
A B (=]
B [s] 0:10.80181 0:11.85255 1.05074
U2 V] -1047.451 707.1079 1754,559
U] 170.7896 217.9265 47.13695
su3V] 892.3661 -903.7140 -1796.080
U12_tRMS_rc@POWER/0 [V] 800.7061 653.5656 -147.1404
@U22_tRMS_rc@POWER/o0 [V] 800.6555 797.5687 -3.086731
@U21_tRMS_rc@POWER/0 [V] 800.6615 655.8774 -144.7841

e Phase currents and RMS phase currents as moving averages over 20 ms:

.000

®i3_..[A]®2_...[A]#I1_...

0.000 700.00.000 &00.00

B8 [s] 0:10.54880 0:12.21954 1.67074

@Al 1)1 [A] 268.9511 -132.4612 -401.4123
@Al 112 [A] -266.5627 79.03937 346.5021
@Al 112 [A] -2.399683 52.54686 54,94655
@ 11_tRMS_rc@POWER/0 [A] 218.6165 159,2691 -59,34734
@ 12_tRMS_rc@POWER/0 [A] 217.4440 105.0908 -112.3532
@ 12_tRMS_rc@POWER/0 [A] 217.7771 213.5264 -3.950623

e Positive sequence active & reactive power and voltage, active & reactive current:
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[A] ® u_fu
500.0-300.0

[A] @ 1_fu
100.0-300.0

=+2-30.00

Al [s] 9.3697 0:12.2825 20127
@ U_fund_SYM+_rc@POWER/0 [V] &00.6414 698.5458 -102.0956
@ _fund_P_SYM+_rc@POWER/f0 217.8706 150.5351 -67.33549
@1_fund_Q_SYM+_rc@POWER/0 -0.710431 14.10821 14.81864
@®P_fund_SYM+_rc@POWER/0 [W] 302132.4 182135.0 -119997.4
Q_fund_SYM+_rc@POWER/0 -085.1919 17069.77 18054.96
e Negative sequence active & reactive power and voltage, active & reactive current:
el
I e o B N O FOP
3z
8= S O U N
el |
=d I
el oo T
o8
E

B4 [s]

®U_fund_SYM-_rc@POWERJ0 [V]
I_fund_P_SYM-_rc@POWERJo [A]

®1_fund_Q_SYM-_rc@POWER/0

@ P_fund_SYM-_rc@POWER/0 [W]

2 Q_fund_SYM-_rc@POWER/0

9.5244

0.025Te4
-0.314818
-0.631959
-0.016230
-0.032579

0:12.0383 25149

99.00351 58.597415
13.29636 1361118
-64.86465 -64.23270
2280.058 2280.074
-11122.98 -11122.95
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Test Number 3.2.2a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 3.2.2a
1 Date - - [dd.mm.yyyy] | 2022.09.26
. N 10:58:51 to
2 Time - - [hh:mm:ss.f] 10'59:19
3 Fault type (affected i i i 2 phase
phases)
General
information 12 Fault occurrence(tl) Pos. seq. - [ms] 12232.000
13 Fault clearance(t2) Pos. seq. - [ms] 14472.000
Fault duration
15 determined from test Pos. seq. - [ms] 2220.000
16 _ _ Pos.seq. | t1+100ms [p.u.] 0.127
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] 0.124
22 Pos. seq. tl-lt(is o [p.u.] 1.000
23 Neg. seq. t1-1t(is o [p.u.] 0.000
t1-500ms
24 Voltage Pos. seq. to t1- [p-u.] 1.000
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.999
Before t1 26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 0.198
100ms
28 Pos. seq. tl-ltols 0 [p.u.] -0.002
29 Reactive current Pos. seq. tl-1stotl [p.u.] -0.002
30 Neg. seq. t1-1stotl [p.u.] -0.001
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31 Active current Pos. seq. t1-1stotl [p-u.] 0.199
32 Total tl'lt(is o [b.u] 0.198
33 Active power Total t1-2stotl [p.u.] 0.198
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.198
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.002
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.500
39 ) ) Pos. seq. - [ms] 25.000
Reactive current rise
time
40 Neg. seq. - [ms] 25.000
41 ) ) Pos. seq. - [ms] 25.000
Reactive current settling
time
42 Neg. seq. - [ms] 25.000
43 Pos. seq. tt;tzlg%r;z [b.u] 0.872
Voltage
9 t1+100ms
tltot2 44 Neg. seq. 10 12-20ms [p.u.] 0.125
45 Pos. seq. tt;:zlg%r:]z [b.u] 0.069
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20mMs [p.u.] -0.289
47 Pos. seq. :()1:21(;%?;2 [p.u.] 0.214
Apparent current 14100
t1+100ms
48 Neg. seq. 10 12-20mMs [p.u.] 0.295
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.184
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20Ms [p.u.] 0.177
51 | Shortcircuit currents Phase 1 | t1+10ms A] 82.103
Half-period rms values
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52 Phase 2 t1+10ms [A] 43.427
53 Phase 3 t1+10ms [A] 96.581
54 Phase 1 tlilzé%s Al 89.001
oo | oo oy |80 T | e
56 Phase 3 tlilzé%qs Al 113.586
54 Phase 1 tlilzé?ns Al 84.487
55 Phase 2 tlilzé?ns Al 43.202
56 Phase 3 tlilzé?ns Al 99.556
57 Phase 1 t1+t110tgms Al 86.678
58 Phase 2 tl-rtiL()t(())ms Al 43.202
59 Phase 3 tl-rtll()t(())ms Al 102.256
60 Phase 1 t1+150ms [A] 86.678
61 Phase 2 t1+150ms [A] 43.202

Short-circuit currents

1-period rms value

62 Phase 3 t1+150ms [A] 103.234
63 Phase 1 t1+300ms [A] 86.678
64 Phase 2 | t1+300ms [A] 43.202
65 Phase 3 t1+300ms [A] 108.269
66 Phase 1 t1+500ms [A] 87.736
67 Phase 2 t1+500ms [A] 43.202
68 Phase 3 t1+500ms [A] 110.555
69 Phase 1 t1+1000ms [A] 87.847
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70 Phase 2 | t1+1000ms [A] 43.202
71 Phase 3 t1+1000ms [A] 110.555
72 Phase 1 t2-20ms [A] 87.491
73 Phase 2 t2-20ms [A] 55.538
74 Phase 3 t2-20ms [A] 110.670
75 Total t2+5s [p.u.] 0.201
. t2+1s to
76 Active power Total 24105 [p.u.] 0.198
After t2
77 Total t2+10s [p.u.] 0.198
78 | Active current rise time Pos. seq. - [ms] 163.000
Graphic:
[ ]

v] ®uiz[v] ®u3[v] @uiz[v]

2000-2000 2000

2000-2000

-2000

Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms

__________________ e e e S O —
A 0120 5] 0:14.0 0:16.0 0:18.0 [ ]
A B HFa
B ] [s] 0:10.441666 0:13.104507 2.662841
Bu1 V] -168.2020 723.1965 554.0045
suz V] 1049.075 848.3503 200.7159
U1V -881.9002 1415343 T40.3650
U12_tRMS_rc@POWER/0 [V] 799.6500 6507393 148.9197
®U23 tRMS_rc@POWER/D [V] 799.8705 T96.0142 2.056200
@ U31_tRMS_rc@POWER/0 [V] 799.7109 656.0986 1436123

e Phase currents and RMS phase currents as moving averages over 20 ms:
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-y B Y N,
0:120 D 0:140 0:16.0 0:18.0 (> ]
A B AR
Al [s] 0:11.66842 0:12.96106 120264
@Al1/11[A] -39.20943 121.2654 160.4748
@Al 112 [A] -27.23664 9.762943 3699958
WAIL/13 [A] 6652207 -131.0313 -197.5533
@ I11_tRMS_rc@POWER/O [A] 43.43021 87.10625 43.67604
@ 12_tRMS_rc@POWER/0 [A] 43.05580 28.38368 -14.67212
@ 12_tRMS_rc@POWER/0 [A] 42.97898 108.1904 65.21137

e Positive sequence active & reactive power and voltage, active & reactive current:

B8 [s]

®U_fund_SYM+_rc@POWER/0 [V]
®1_fund_P_SYM+_rc@ POWER/0 [A]
@1_fund_Q_SYM+_rc@POWER/0 [A]
®P_fund_SYM+_rc@POWER/0 [W]
Q_fund_SYM+_rc@POWER/0 [var]

4298629
-0.450972
59543.41
-624.6737

0:12.81527 1.58097
697.8057 -101.9238
4112612 -1.860165
15.19461 15.64559
49706.47 -0836.941
18364.74 18989.41

e Negative sequence active & reactive power and voltage, active & reactive current:
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i [s] 0:10.7174 0:13.4239 2.7065
@ U_fund_SYM-_rc@POWERjO [V] 0.128029 9995731 99.82928
I_fund_P_SYM-_rc@POWER/0 [A] -0.303654 14.33564 1463830
@ P_fund_SYM-_rc@POWER/0 [W] -0.067336 2481.946 2482.013
®Q_fund_SYM-_rc@POWER/0 [var] -0.010250 10968.95 10968.94
@ 1_fund_Q_SYM-_rc@POWER/0 [A] -0.046221 63.35634 63.31012
Test
Number 4.1.1a
No Parameter Phase Ref_erence Unit Value
reference time
0 | Test Number - - - 4.1.1a
1 Date - - [dd.mm.yyyy] 2023.03.17
2 Time - - [hh:mm:ss.f] 16:43:58 to 16:50:15
Fault type
3 (affected - - - 3 phase
phases)
General Fault
information | 2 occurrence(tl) Pos. seq. - [ms] 20308.000
Fault
13 clearance(t2) Pos. seq. - [ms] 2003008.000
Fault duration
15 determined Pos. seq. - [ms] 180000.000
from test
16 | Determined Pos.seq. | 1+100ms [p.u.] 0.155
voltage di 10 2 and
ge dip t1-10s to
17 depth Neg. seq. 1 [p.u.] N/A
22 Pos. seq. tl-lt(is o [p.u.] 0.997
Before t1 Voltage
23 Neg. seq. tl-lt(is o [p.u.] N/A
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t1-500ms
24 Pos. seq. to t1- [p.u.] 0.997
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.996
26 Neg. seq. tl-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.999
100ms
28 Pos. seq. tl—ltols o [p.u.] 0.008
Reactive
29 Pos. seq. tl1-1stotl [p.-u.] 0.008
current
30 Neg. seq. t1-1stotl [p.u.] N/A
31 | Active current Pos. seq. tl-1stotl [p.-u.] 0.999
32 Total tl'lgs 0 [b.u] 0.996
33 | Active power Total t1-2stotl [p.u.] 0.996
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.996
100ms
Reactive t1-500ms
35 Pos. seq. to t1- [p-u.] 0.008
power 100ms
37 | Determined Pos. seq. - - 6.000
proportionality
constant K-
38 factor Neg. seq. - - 6.000
39 Reactive Pos. seq. - [ms] 20.000
current rise
40 time Neg. seq. - [ms] N/A
tltot2
41 Reactive Pos. seq. - [ms] 20.000
current
42 | settling time Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. 10 12-20mMs [p.u.] 0.840
Voltage 14100
t1+100ms
44 Neg. seq. 10 12-20Ms [p.u.] N/A
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t1+100ms
45 Reactive Pos. seq. 10 12-20Ms [p-u.] 0.048
current t1+100ms
46 Neg. seq. 10 12-20Ms [p.u.] N/A
t1+100ms
a7 Apparent Pos. seq. 10 12-20Ms [p-u.] 0.973
current t1+100ms
48 Neg. seq. 10 12-20ms [p.u.] N/A
49 Total ttjtzl_g%r:fs [b.u] -0.029
Active power 00
t1+100ms
50 Pos. seq. 10 12-20ms [p.u.] -0.029
tlto
54 Phase 1 1420ms [A] 231.786
Short-circuit 1o
55 currents Phase 2 1420ms [A] 232.001
Peak values
tlto
56 Phase 3 1420ms [A] 231.782
tlto
54 Phase 1 1420ms [A] 233.162
tlto
55 Phase 2 1420ms [A] 226.959
tlto
56 Phase 3 1420ms [A] 218.793
tlto
57 Phase 1 1+100ms [A] 233.162
tlto
58 Phase 2 14100ms [A] 226.959
Short-circuit tlto
59 currents Phase 3 14100ms [A] 218.793
1-period rms
60 value Phase 1 t1+150ms [A] 233.162
61 Phase 2 t1+150ms [A] 226.959
62 Phase 3 t1+150ms [A] 218.793
63 Phase 1 t1+300ms [A] 233.162
64 Phase 2 t1+300ms [A] 226.959
65 Phase 3 t1+300ms [A] 218.793
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66 Phase 1 t1+500ms [A] 233.162
67 Phase 2 t1+500ms [A] 226.959
68 Phase 3 t1+500ms [A] 218.793
69 Phase 1 t1+1000ms [A] 233.162
70 Phase 2 t1+1000ms [A] 226.959
71 Phase 3 t1+1000ms [A] 218.793
72 Phase 1 t2-20ms [A] 217.364
73 Phase 2 t2-20ms [A] 216.524
74 Phase 3 t2-20ms [A] 206.076
75 Total t2+5s [p.u.] 0.996
76 | Active power Total tt22++1lsotso [p-u.] 0.996
After t2
77 Total t2+10s [p-u.] 0.996
78 rﬁceti;;gurrent Pos. seq. - [ms] 119.000
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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Positive sequence active & reactive power and voltage, active & reactive current:
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¢ Negative sequence active & reactive power and voltage, active & reactive current:

| FEtRE
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Test
Number 4.1.2a
No Parameter Phase Refgrence Unit Value
reference time
0 | Test Number - - - 4.1.2a
1 Date - - [dd.mm.yyyy] 2023.03.17
2 Time - [hh:mm:ss.f] 17:05:28 to 17:16:18
Fault type
3 (affected - - 3 phase
phases)
General Fault
information | 12 occurrence(tl) Pos. seq. - [ms] 23122.000
Fault
13 clearance(t2) Pos. seq. - [ms] 203122.000
Fault duration
15 determined Pos. seq. - [ms] 180000.000
from test
16 | Determined Pos.seq. | t1+100ms [p.u.] 0.076
voltage di tot2 and
ge dip t1-10s to
17 depth Neg. seq. . [p.u.] N/A
22 Pos. seq. tl'lgs 0 [p.u.] 0.996
23 Neg. seq. tl—lt(is 0 [p.u.] N/A
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 0.996
100ms
25 Pos. seq. tl-1stotl [p-u.] 0.995
Before t1
26 Neg. seq. tl1-1stotl [p.u.] N/A
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.201
100ms
28 _ Pos. seq. t1-10s to [p.u.] -0.004
Reactive t
current
29 Pos. seq. t1-1stotl [p.u.] -0.004
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30 Neg. seq. t1-1stotl [p.u.] N/A
31 | Active current Pos. seq. t1-1stotl [p.u.] 0.201
32 Total tl'lt(is 0 [b.u] 0.200
33 | Active power Total t1-2stotl [p.u.] 0.200
t1-500ms
34 Pos. seq. to t1- [p.u.] 0.200
100ms
Reactive t1-500ms
35 Pos. seq. to t1- [p.-u.] -0.004
power 100ms
37 | Determined Pos. seq. - - 2.000
proportionality
constant K-
38 factor Neg. seq. - - N/A
39 Reactive Pos. seq. - [ms] 3.000
current rise
40 time Neg. seq. - [ms] N/A
41 Reactive Pos. seq. - [ms] 3.000
current
42 | settling time Neg. seq. - [ms] N/A
t1+100ms
43 Pos. seq. 10 12-20mMs [p.u.] 0.880
tltot2 Voltage 14100
t1+100ms
44 Neg. seq. 10 12-20mMs [p.u.] N/A
+
45 ) Pos. seq. t1+100ms [p-u.] 0.005
Reactive to t2-20ms
current t1+100ms
46 Neg. seq. 10 12-20Ms [p.u.] N/A
47 Pos. seq. t1+100ms [p.u.] 0.405
current t1+100ms
48 Neg. seq. 10 12-20Ms [p.u.] N/A
t1+100ms
49 _ Total 10 12-20mMs [p.u.] 0.199
Active power 14100
t1+100ms
50 Pos. seq. 10 12-20ms [p.u.] 0.198
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tlto
54 Phase 1 1420ms [A] 233.783
Short-circuit 1o
55 currents Phase 2 [A] 255.615
t1+20ms
Peak values
tlto
56 Phase 3 1420ms [A] 229.226
tlto
54 Phase 1 t1+20ms [A] 221.573
tl to
55 Phase 2 t1+20ms [A] 221.451
tlto
56 Phase 3 t1+20ms [A] 220.014
tlto
57 Phase 1 t1+100ms [A] 221.573
tlto
58 Phase 2 t1+100ms [A] 221.451
tlto
59 Phase 3 t1+100ms [A] 220.014
60 Phase 1 t1+150ms [A] 221.573
61 Phase 2 t1+150ms [A] 221.451
62 | Short-circuit Phase 3 | t1+150ms [A] 220.014
currents
1-period rms
63 value Phase 1 t1+300ms [A] 221.573
64 Phase 2 t1+300ms [A] 221.451
65 Phase 3 t1+300ms [A] 220.014
66 Phase 1 t1+500ms [A] 221.573
67 Phase 2 t1+500ms [A] 221.451
68 Phase 3 t1+500ms [A] 220.014
69 Phase 1 t1+1000ms [A] 221.573
70 Phase 2 t1+1000ms [A] 221.451
71 Phase 3 t1+1000ms [A] 220.014
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72 Phase 1 t2-20ms [A] 42.181
73 Phase 2 t2-20ms [A] 66.098
74 Phase 3 t2-20ms [A] 45.714
75 Total t2+5s [p.u.] 0.200
. t2+1s to
76 | Active power Total 24105 [p.u.] 0.200
After t2
77 Total t2+10s [p.u.] 0.200
7g | Activecurrent | 50 ceq. - [ms] 87.000
rise time
Graphic:

e Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms :

i | Eul Curll Delta
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e Phase currents and RMS phase currents as moving averages over 20 ms:
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¢ Positive sequence active & reactive power and voltage, active & reactive current:
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¢ Negative sequence active & reactive power and voltage, active & reactive current:
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i X | Curl xcl:?;(lgll Delta |
Bl B 0 0
2
b _Q_Neg
g 0 0 0
g
M
=3
= Q_1n_per (kvar)
-~ = 0.0 0.0 0.0
"B
0.000 30.000 01:00.000 01:30.000 t(mis) 02:00.000 02:30.000 03:00.000 03:32.650 dt=00:01:41
Test
Number 4.2.1a
No Parameter Phase Refgrence Unit Value
reference time
0 Test Number - - - 4.2.1a
1 Date - - [dd.mm.yyyy] | 2023.03.18
. ) ) 10:15:25 to
2 Time - - [hh:mm:ss.f] 10'36:19
3 Fault type (affected i i i 2 phase
phases)
ceneral |, |kl 1 P 19707.000
information ault occurrence(tl) 0S. seq. - [ms] .
13 Fault clearance(t2) Pos. seq. - [ms] 199707.000
Fault duration
15 determined from test Pos. seq. - [ms] 180000.000
16 _ . Pos. seq. t1+100ms [p.u.] 0.075
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] -0.075
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22 Pos. seq. t1-10s to t1 [p-u.] 0.996
23 Neg. seq. t1-10s to t1 [p.u.] 0.001
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 0.996
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.995
26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p.u.] 0.301
100ms
28 Pos. seq. t1—1tols o [p.u.] -0.004
Before t1
29 Reactive current Pos. seq. tl1-1stotl [p-u.] -0.004
30 Neg. seq. tl-1stotl [p.u.] -0.001
31 Active current Pos. seq. tl-1stotl [p.u.] 0.301
32 Total t1-10sto tl [p.u.] 0.300
33 Active power Total tl-2stotl [p.u.] 0.300
t1-500ms
34 Pos. seq. to t1- [p-u.] 0.300
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p-u.] -0.004
100ms
proportionality constant
38 K-factor Neg. seq. - - 2.000
39 ) ) Pos. seq. - [ms] 2.000
t to 12 Reactlve_current rise
time
40 Neg. seq. - [ms] 0.000
41 . _ Pos. seq. - [ms] 2.000
Reactive current settling
time
42 Neg. seq. - [ms] 0.000
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t1+100ms
43 Pos. seq. t0 £2-20ms [p.u.] 0.921
Voltage 14100
t1+100ms
44 Neg. seq. {0 12-20mMs [p.u.] 0.075
t1+100ms
45 . Pos. seq. {0 12-20mMs [p.u.] 0.001
Reactive current 14100
t1+100ms
46 Neg. seq. 10 12-20ms [p.u.] -0.153
t1+100ms
47 Pos. seq. 10 12-20ms [p.u.] 0.156
Apparent current 00
t1+100ms
48 Neg. seq. t0 12-20ms [p.u.] 0.153
t1+100ms
49 . Total t0 12-20ms [p.u.] -0.010
Active power 14100
t1+100ms
50 Pos. seq. t0 12-20ms [p.u.] -0.011
t1to
54 Phase 1 1420ms [A] 135.156
Short-circuit currents tlto
55 Peak values Phase 2 1420ms [A] 139.464
tlto
56 Phase 3 1420ms [A] 113.289
tlto
54 Phase 1 t1420ms [A] 71.140
tlto
55 Phase 2 1420ms [A] 82.762
tlto
56 Phase 3 1420ms [A] 70.222
tlto
57 Phase 1 14100ms [A] 71.140
tlto
58 Phase 2 [A] 82.762
Short-circuit currents t1+100ms
1-period rms value t1to
59 Phase 3 114100ms [A] 70.222
60 Phase 1 t1+150ms [A] 71.140
61 Phase 2 t1+150ms [A] 82.762
62 Phase 3 t1+150ms [A] 70.222
63 Phase 1 t1+300ms [A] 71.140
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64 Phase 2 t1+300ms [A] 82.762
65 Phase 3 t1+300ms [A] 70.222
66 Phase 1 t1+500ms [A] 71.140
67 Phase 2 t1+500ms [A] 82.762
68 Phase 3 t1+500ms [A] 70.222
69 Phase 1 t1+1000ms [A] 71.140
70 Phase 2 t1+1000ms [A] 82.762
71 Phase 3 t1+1000ms [A] 70.222
72 Phase 1 t2-20ms [A] 42.241
73 Phase 2 t2-20ms [A] 65.752
74 Phase 3 t2-20ms [A] 45.909
75 Total t2+5s [p-u.] 0.300

76 Active power Total tfzillsotso [p-u.] 0.300

After t2
77 Total t2+10s [p-u.] 0.299
78 | Active current rise time Pos. seq. - [ms] 118.000
Graphic:

¢ Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms
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V]

V] @ Al

Y

Al

1500-1000 1000-1000 1000-1000 1000

UL..v]

15000.000

® uz..v] @ vz.v]
15000.000

D D ox 00 130 2:00 2:30 3:00 [ ]
A B HEE
A il [s] 8,775 0:22.432 0:13.657
WAl /U1 V] 575.2149 10.96296 -564.2519
@AI1/U2 [V] -541.2767 -560.1838 -18.90707
Al1/U2 V] -34.48940 5482004 582.6808
U12_tRMS_rc@POWER/0 [V] 800.7195 709.6962 -91.02332
@ U23_tRMS_rc@POWER/D [V] 800.6613 TOT7.0707 -3.590515
@ U31_tRMS_rc@POWER/D [V] 800.6671 T10.7695 -80.89758

e Phase currents and RMS phase currents as moving averages over 20 ms:

]
™
L= I [ (e O O O A B
o ||
30 I I [ O e B B
N1 R B R R R R SRR AR =
°:
=l
) o St Ut OO SOt SO
= i fal e E i A E e B A
D Box L00 130 200 230 300 [ ]
A B HiE
B [s] 7.850 0:25.837 0:17.987
@Al 111 [A] -166.7553 243.1527 409.9080
@Al 112 [A] -140.1734 -37.45318 102.7208
@Al 1/12 [A] 3069234 -205.7198 -512,6432
@ 11_tRMS_rc@POWER/0 [A] 2186563 1747619 43,9436
@ 12_tRMS_rc@POWER/0 [A] 217.2863 149.7292 -67.55704
®12_tRMS_rc@POWER/0 [A] 217.7447 215.8634 -1.881241

e Positive sequence active & reactive power and voltage, active & reactive current:
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sel Lo L ol
E"——| 1
7 1 SRR S AU SRS ISR AU SR R
® =
L= O O U S PO A R
b= U O O S S RO I B
=gl
°
ER T T e T e
""""""""""""""""""""""""""""""""""""""""""""""""""" —
0:20 1:00 1:30 00 230 3:00
A B HE
A8 [s] 9,625 0:23.278 0:13.652
@ U_fund_SYM+_rc@POWER/0 [V] B00.6567 T37.9347 -62.72198
@ I_fund_P_SYM+_rc@POWER/D 217.8848 177.5848 -40.29999
@1_fund_Q SYM+_rc@POWER/0 -0.649414 0.146434 0.795848
@ P_fund_SYM+_rc@POWER/0 [W] 302157.8 2260T8.3 -T5179.52
Q_fund_SYM+_rc@POWER/0 -900,5930 187.1634 1087.756
¢ Negative sequence active & reactive power and voltage, active & reactive current:
=g |t .
S N
B A o) AP UL SRS D PR
=1 I e Y I
b= U e A O I e SR DR S
s 1 1 1 I
1] ] S S S S S S S
.-
=S
oI I DO S R D D B S
. -
J o T
& -
D 0:30 100 130 2:00 30 3:00
A B =]
B [s] 7.371 0:44.268 0:36.897
@ U_fund_ SYM-_rc@POWER/f0 [V] 0047316 5911073 59.06341
I_fund_P_SYM-_rc@POWER/0O 0.091892 T.930648 T.838755
@ 1_fund_Q_SYM-_rc@POWER/0 0.782618 -33.93146 -39.71408
@ P_fund_SYM-_rc@POWER/0 [W] 7.531e-3 B811.9619 811.9543
©Q_fund_SYM-_rc@POWER/0 0.064138 -3085.911 -3985.976
Test
4.2.2a
Number
Phase Reference .
No Parameter . Unit Value
reference time
General
. . 0 Test Number - - - 4.2.2a
information
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1 Date - [dd.mm.yyyy] | 2023.03.18
. N 10:45:28 to
2 Time - [hh:mm:ss.f] 11:00:11
3 Fault type (affected i i 2 phase
phases)
12 Fault occurrence(tl) Pos. seq. - [ms] 20612.000
13 Fault clearance(t2) Pos. seq. - [ms] 200612.000
Fault duration
15 determined from test Pos. seq. - [ms] 180000.000
16 _ _ Pos. seq. t1+100ms [p.u.] 0.074
Determined voltage dip to t2 and
depth t1-10s to
17 Neg. seq. t1 [p.u.] -0.073
22 Pos. seq. t1-10s to t1 [p.u.] 0.996
23 Neg. seq. t1-10s to tl [p.u.] 0.001
t1-500ms
24 Voltage Pos. seq. to t1- [p.u.] 0.996
100ms
25 Pos. seq. tl-1stotl [p.u.] 0.995
26 Neg. seq. tl-1stotl [p.u.] 0.001
t1-500ms
27 Current Pos. seq. to t1- [p-u.] 0.301
Before t1 100ms
28 Pos. seq. t1-1t(is o [p.u.] -0.004
29 Reactive current Pos. seq. tl-1stotl [p-u.] -0.004
30 Neg. seq. t1-1stotl [p.u.] -0.002
31 Active current Pos. seq. t1-1stotl [p.u.] 0.301
32 Total t1-10s to t1 [p.u.] 0.300
Active power
33 Total t1-2stotl [p.u.] 0.299
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t1-500ms
34 Pos. seq. to t1- [p.u.] 0.299
100ms
t1-500ms
35 Reactive power Pos. seq. to t1- [p.u.] -0.004
100ms
proportionality constant
38 K-factor Neg. seq. - - 6.000
39 ) ) Pos. seq. - [ms] 11.000
Reactive current rise
time
40 Neg. seq. - [ms] 11.000
41 . _ Pos. seq. - [ms] 11.000
Reactive current settling
time
42 Neg. seq. - [ms] 11.000
t1+100ms
43 Pos. seq. t0 12-20ms [p.u.] 0.921
Voltage 1+100
t1+100ms
44 Neg. seq. t0 12-20ms [p.u.] 0.074
t1+100ms
45 . Pos. seq. t0 12-20ms [p.u.] 0.001
tltot2 Reactive current 14100
t1+100ms
46 Neg. seq. {0 12-20ms [p.u.] -0.454
t1+100ms
47 Pos. seq. {0 12-20ms [p.u.] 0.457
Apparent current 14100
t1+100ms
48 Neg. seq. {0 12-20mMs [p.u.] 0.455
t1+100ms
49 _ Total {0 12-20mMs [p.u.] -0.016
Active power 14100
t1+100ms
50 Pos. seq. {0 12-20mMs [p.u.] -0.018
tlto
54 Phase 1 1420ms [A] 98.763
Short-circuit currents tlto
55 Peak values Phase 2 1420ms [A] 219.564
tlto
56 Phase 3 1420ms [A] 102.476
Short-circuit currents tlto
54 1-period rms value Phase 1 t1+20ms Al 89.432
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tlto

55 Phase 2 1420ms [A] 222.057
56 Phase 3 tlfrlzé%s (A 85.261
57 Phase 1 t1+t110tcc))ms [A] 94.287
58 Phase 2 t1+t110tgms Al 222.057
59 Phase 3 t1+t110t(c))ms Al 98.466
60 Phase 1 t1+150ms [A] 96.515
61 Phase 2 t1+150ms [A] 222.057
62 Phase 3 t1+150ms [A] 100.695
63 Phase 1 t1+300ms [A] 98.380
64 Phase 2 t1+300ms [A] 222.057
65 Phase 3 t1+300ms [A] 102.205
66 Phase 1 t1+500ms [A] 98.721
67 Phase 2 t1+500ms [A] 222.057
68 Phase 3 t1+500ms [A] 102.515
69 Phase 1 t1+1000ms [A] 98.721
70 Phase 2 t1+1000ms [A] 222.057
71 Phase 3 t1+1000ms [A] 102.518
72 Phase 1 t2-20ms [A] 98.970
73 Phase 2 t2-20ms [A] 204.941
74 Phase 3 t2-20ms [A] 102.305
After t2 75 Active power Total t2+5s [p.u.] 0.300
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t2+1sto
76 Total 124105 [p.u.] 0.300
77 Total t2+10s [p.u.] 0.300
78 | Active current rise time Pos. seq. - [ms] 99.000

Graphic:

Phase-to-Phase voltages and RMS Phase-to-Phase voltages as moving averages over 20 ms

U1..v] ®u31[v] ®U23[v] ®uU12([V]

® uz..v] ® uz.v]

A8 [s] 0:10.476 0:40.245 0:29.772
au12 V] 537.1541 -500.3960 -1437.550
CTFEY Y -1132.407 784.5837 1916.991
LUES R 602.0543 110.3464 -491.7078

U12_tRMS_rc@POWER/0 [V] 798.6580 707.3758 9228217
@ U23_tRMS_rc@POWER/0 [V] 798.8811 796.8536 -3.027466
@ U31_tRMS_rc@POWER/0 [V] 799.7354 711.0407 -88.69470

e Phase currents and RMS phase currents as moving averages over 20 ms:
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1A [s]

@Al 111 [A]

SAI1/12[A]

@Al 113 [A]

@ 11_tRMS_rc@POWER/O [A]
@ 12_tRMS_rc@POWER/0 [A]
®12_tRMS_rc@POWER/0 [A]

19.77056
-55.10629
35.34645
4344439
43.03730
4304885

040,320
6421388
38.78832
-102.9815
5584821
31.56070
85.98206

Positive sequence active & reactive power and voltage, active & reactive current:

v

.[A] ® U_fu..
2000

200.00.000

... [A] @ 1_fu..

200.0-100.0

-100.0

B4l [s]

@ U_fund_SYM+_rc@POWER/0 V]

@ |_fund_P_SYM+_rc@POWER/0

®1_fund_Q_SYM+_rc@POWER/0

®P_fund_SYM+_rc@POWER/0 [W]
Q_fund_SYM+_rc@POWER/0

TA11

T99.7359
42,96495
-0.417572
58514.32
-5T8.4141

5E480.08
-340.4040

2.837833
0.150961
-1034.238
238.0100

Negative sequence active & reactive power and voltage, active & reactive current:
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LoD L2 200 220 00
A B Hi
Bl [s] 2,005 0:47.484 0:37.580
@ U_fund_SYM-_rc@POWER/0 [V] 0.136574 59.7T2871 59.59213
I_fund_P_SYM-_rc@POWER/0 [A] -0.247775 5991344 9239120
@ 1_fund_Q_ SYM-_rc@POWER/0 -0.056302 -38.96206 -38.91276
@ P_fund_SYM-_rc@POWER/0 [W] -0.058612 930.1829 930.2415
®Q_fund_SYM-_rc@POWER/0 -0.013318 -4134.625 -4134.912
Table: Voltage Limits and Control & Reactive capability P

a) Reactive power capacity and accuracy measurement — Test #1

Test Model SUN2000-330KTL-H1

Registered capacity Pmax (W) 264000

Case A: Tested at Nominal voltage Un

Fixed Power Factor

Power factor (cos¢=__-0.8 )

Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power [var] | power [VA] | factor[cos®] [cosop £0.01]
[10]% Pmax 26499.98 -20083.01 33250.23 0.785 un -0.758 -0.015
[20]1% Pmax 52951.51 -39729.97 66199.17 0.797 un -0.750 -0.003
[30]% Pmax 79406.54 -59758.14 99380.37 0.798 un -0.753 -0.002
[40]% Pmax 105824.75 -79546.88 132387.67 0.798 un -0.752 -0.002
[50]% Pmax 132233.59 -99322.33 165380.00 0.799 un -0.751 -0.001
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[60]% Pmax 158111.16 | -118669.87 | 197690.86 0.799 un -0.751 -0.001
[70]% Pmax 184441.03 -138407.21 230597.28 0.799 un -0.750 -0.001
[80]% Pmax 210731.06 -158094.72 263442.09 0.799 un -0.750 -0.001
[90]% Pmax 237045.75 | -177672.89 | 296240.63 0.800 un -0.750 0.000
[100]% Pmax 264110.07 | -198196.64 | 330206.25 0.799 un -0.750 -0.001
Power factor (cos¢=_0.8 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power[var] power[VA] | factor[cosq] [cosg £0.01]
[10]% Pmax 26569.29 19874.82 33180.37 0.787 ov 0.748 0.013
[20]% Pmax 52874.07 39548.66 66028.51 0.796 ov 0.748 0.004
[30]% Pmax 79156.43 59264.47 98883.85 0.798 ov 0.749 0.002
[40]% Pmax 105647.27 78983.27 131907.91 0.799 ov 0.748 0.001
[50]% Pmax 132136.50 98930.91 165067.80 0.799 ov 0.749 0.001
[60]% Pmax 158598.36 118640.02 198062.85 0.800 ov 0.748 0.000
[70]% Pmax 185057.64 | 138408.80 | 231091.60 0.800 ov 0.748 0.000
[80]% Pmax 211448.24 158334.38 264159.25 0.800 ov 0.749 0.000
[90]% Pmax 237802.65 178054.62 297074.98 0.800 ov 0.749 0.000
[100]% Pmax 264321.73 | 197670.76 | 330059.93 0.800 ov 0.748 0.000
Fixed Reactive power
Reactive power Q= Qmax (_0.6 _Smax)

Poeprrse [ pover] Sectve | avearem | gy | 4Q/Qnw | aQumN
[10]% Pmax 26979.47 198579.30 200403.60 0.135 ov 0.29% < %5 % Qmax
[20]% Pmax 52937.61 198495.30 205433.10 0.258 ov 0.25% <+ 5 % Qmax
[30]% Pmax 79425.58 198399.60 213707.30 0.371 ov 0.20% <+ 5 % Qmax
[40]% Pmax 105874.03 198297.10 224791.10 0.471 ov 0.15% < %5 % Qmax
[50]% Pmax 132349.00 198218.20 238341.60 0.555 ov 0.11% <5 % Qmax
[60]% Pmax 158805.39 198152.60 253936.30 0.625 ov 0.08% <+ 5 % Qmax
[70]% Pmax 185204.25 198014.50 271127.90 0.683 ov 0.01% <% 5 % Qmax
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[80]% Pmax 211601.51 197935.80 309557.27 0.730 ov -0.03% < %5 % Qmax
[90]% Pmax 238006.56 197933.50 289749.90 0.769 ov -0.03% < %5 9% Qmax
0 Pmax . . . . ov -0. 0 <z* 0 Qmax
[100]% P 264319.00 197674.20 330060.00 0.800 0.16% 5%Q
Reactive power Q= Qmin (_-0.6 Smax)

Power range | Active power Reactive Apparent Power -
(P/ Pmax) W] power[var] | power[VA] | factor[cosg] AQ / Qmx AQ i
[10]% Pmax 26289.50 -198076.00 | 199812.90 0.131 un -0.04% < %5 % Qmax

0 Pmax . - . . . un -0. 0 <z* 0 Omax
[20]% P 52773.99 198443.00 | 205340.00 0.257 0.22% 5%Q
[30]% Pmax 78430.83 -198165.00 | 213120.80 0.368 un -0.08% <+ 5 % Qmax

0 Pmax 104892. -1 . 4267. 467 un -0.11% <+ 5 % Qmax
401% P 04892.89 98226.00 | 224267.80 0.46 0.119 % Q

0 Pmax . - . . . un . 0 <z* 0 Omax
50]% P 131349.40 197951.00 | 237565.40 0.553 0.02% 5%Q
[60]% Pmax 157771.96 | -197982.00 | 253157.70 0.623 un 0.01% <+ 5 % Qmax
[70]% Pmax 184180.13 | -197984.00 | 270407.10 0.681 un 0.01% <+ 5 % Qmax
[80]% Pmax 210535.48 | -198018.00 | 289026.30 0.728 un -0.01% < %5 % Qmax
[90]% Pmax 236902.29 | -198081.00 | 308801.40 0.767 un -0.04% <+ 5 % Qmax
[100]% Pmax 264232.69 | -198035.00 | 330207.60 0.800 un -0.02% <+ 5 % Qmax

Reactive power (Q=0)

Power range | Active power Reactive Apparent Power o
(P/ Pmax) [W] power[var] | power[VA] | factor[cos®] AQ / Qmax AQ) M
[10]% Pmax 26510.03 -268.97 26511.41 0.999 un -0.14% <+ 5 % Qmax
[20]% Pmax 52480.24 -387.75 52481.65 0.999 un -0.20% < %5 % Qmax
[30]% Pmax 79051.28 -497.65 79052.78 0.999 un -0.25% < %5 % Qmax
[40]% Pmax 105546.82 -530.77 105548.20 0.999 un -0.27% <+ 5 % Qmax
[50]% Pmax 132039.48 -550.52 132040.60 0.999 un -0.28% < %5 % Qmax
[60]% Pmax 158574.73 -652.30 158576.10 0.999 un -0.33% < %5 % Qmax
[70]% Pmax 184988.99 -698.67 184990.30 0.999 un -0.35% < %5 % Qmax
[80]% Pmax 211394.17 -701.69 211395.40 0.999 un -0.35% < %5 % Qmax
[90]% Pmax 237815.24 -784.07 237816.50 0.999 un -0.40% < %5 % Qmax
[100]% Pmax 265930.08 -854.02 265931.50 0.999 un -0.43% < %5 % Qmax
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Case B: Tested at Nominal voltage 0.95Un
Fixed Power Factor
Power factor (cos¢=-_0.8 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cos®] [cosgp £0.01]

[10]% Pmax 26766.54 -20066.40 33453.04 0.789 un -0.750 0.011
[20]% Pmax 52951.83 -39790.50 66235.87 0.797 un -0.751 0.003
[30]% Pmax 79132.98 -59252.60 98857.97 0.799 un -0.749 0.001
[40]% Pmax 105248.24 -78947.10 131566.90 0.799 un -0.750 0.001
[50]% Pmax 131651.69 -98792.50 164596.80 0.799 un -0.750 0.001
[60]% Pmax 158032.68 | -118514.00 | 197534.50 0.799 un -0.750 0.001
[70]% Pmax 184355.17 | -138194.00 | 230400.30 0.800 un -0.750 0.000
[80]% Pmax 210642.70 -157923.00 263268.10 0.800 un -0.750 0.000
[90]% Pmax 236827.11 | -177600.00 | 296021.50 0.799 un -0.750 0.001

*[100]% Pmax 252892.82 -189724.00 316149.10 0.799 un -0.750 0.001

Power factor (cos¢=_0.8 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos@] [cosop £0.01]

[10]% Pmax 26316.33 19762.07 32910.38 0.789 ov 0.751 -0.011
[20]% Pmax 52865.76 39618.19 66063.52 0.797 ov 0.749 -0.003
[30]% Pmax 79407.89 59364.41 99145.08 0.799 ov 0.748 -0.001
[40]% Pmax 105877.05 79229.49 132239.40 0.799 ov 0.748 -0.001
[50]% Pmax 132085.55 98840.78 164973.00 0.800 ov 0.748 0.000
[60]% Pmax 158547.48 118659.60 198033.90 0.800 ov 0.748 0.000
[70]% Pmax 184994.00 | 138483.50 | 231085.40 0.800 ov 0.749 0.000
[80]% Pmax 211368.99 158297.00 264073.40 0.800 ov 0.749 0.000
[90]% Pmax 237279.87 177983.90 296614.30 0.799 ov 0.750 -0.001

*[100]% Pmax 253608.80 | 189997.60 | 316885.80 0.799 ov 0.749 -0.001
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Fixed Reactive power
Reactive power Q= Qmax (_0.6 _Smax)

Power range | Active power Reactive Apparent Power _—
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
[10]% Pmax 26564.41 198423.20 200193.40 0.133 ov -0.24% < %5 % Qmax
[20]% Pmax 53035.42 198366.60 205334.00 0.258 ov -0.22% < %5 % Qmax
[30]% Pmax 79241.46 198290.40 213537.50 0.371 ov -0.04% < %5 % Qmax
[40]% Pmax 105699.27 198238.30 224656.90 0.470 ov -0.11% < %5 % Qmax
[50]% Pmax 132134.46 198128.30 238147.70 0.555 ov 0.06% < %5 % Qmax
[60]% Pmax 158554.11 198065.90 253711.50 0.625 ov 0.01% < %5 % Qmax
[70]% Pmax 184959.05 198013.60 270959.80 0.682 ov 0.02% < %5 % Qmax
[80]% Pmax 211341.03 198066.60 289647.40 0.729 ov -0.01% < %5 % Qmax
[90]% Pmax 237235.95 197996.30 309004.10 0.767 ov -0.04% < %5 % Qmax
*[100]% Pmax 254575.32 198219.70 317154.60 0.779 ov -0.03% < %5 % Qmax

Reactive power Q= Qmin (_-0.6 _Smax)
Power range | Active power Reactive Apparent Power —
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ/ Qmax A it
0 Pmax . - . . . un -0. 0 <z* 0 Omax
10]% P 26248.34 198053.00 | 199784.70 0.131 0.03% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Omax
20]% P 52698.64 198108.00 | 204996.80 0.257 0.05% 5%Q
0 Pmax . - . . . un -0. (] <z 0 Qmax
[30]% P 78916.58 198152.00 | 213288.90 0.370 0.08% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Omax
40]% P 105101.43 198203.00 | 224344.60 0.468 0.10% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Omax
50]% P 131091.93 198285.00 | 237701.50 0.551 0.14% 5%Q
0 Pmax . - . . . un -0. (] <z 0 Qmax
[60]% P 157604.25 198337.00 | 253330.40 0.622 0.17% 5%Q
[70]% Pmax 184005.48 | -198493.00 | 270661.30 0.679 un -0.25% < %5 % Qmax
[80]% Pmax 210382.13 | -198566.00 | 289290.60 0.727 un -0.29% < %5 % Qmax
[90]% Pmax 236730.76 | -197938.00 | 308578.20 0.766 un 0.03% <+ 5 % Qmax
*[100]% Pmax 252734.98 | -197951.00 | 317107.90 0.780 un 0.02% < %5 % Qmax
Reactive power (Q=0)
Power range | Active power Reactive Apparent Power -
(P/ Pmax) W] power[var] | power[VA] | factor[cosg] AQ / Qmax A0l
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[10]% Pmax 26242.29 -273.62 26243.69 0.999 Un -0.14% < %5 % Qmax
[20]1% Pmax 52483.07 -351.41 52484.26 0.999 Un -0.18% < %5 9% Qmax
[30]% Pmax 79022.15 -451.62 79023.46 0.999 Un -0.23% <+ 5 % Qmax
[40]% Pmax 105521.26 -504.96 105522.50 0.999 Un -0.26% <+ 5 % Qmax
[50]% Pmax 131928.50 -576.34 131929.70 0.999 Un -0.29% <+ 5% Qmax
[60]% Pmax 158375.20 -561.92 158376.20 0.999 Un -0.28% <+ 5 % Qmax
[70]% Pmax 184813.39 -632.19 184814.50 0.999 Un -0.32% <+ 5% Qmax
[80]% Pmax 211208.06 -723.09 211209.30 0.999 Un -0.37% <+ 5% Qmax
[90]% Pmax 237566.83 -850.12 237568.40 0.998 Un -0.43% <+ 5 % Qmax
[100]% Pmax 266505.40 -815.30 266506.70 0.998 Un -0.41% <+ 5% Qmax
Case C: Tested at Nominal voltage 1.05Un
Fixed Power Factor
Power factor (cos¢=_-0.8 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power [var] | power [VA] | factor[cosg] [cosp +0.01]
[10]% Pmax 26224.87 -19704.19 32802.44 0.784 un -0.751 0.016
[20]1% Pmax 52675.47 -39606.06 65904.03 0.796 un -0.752 0.004
[30]% Pmax 79127.74 -59558.44 99037.87 0.797 un -0.753 0.003
[40]% Pmax 105842.13 -79643.02 132459.93 0.798 un -0.752 0.002
[50]% Pmax 132280.63 -99373.19 165448.57 0.799 un -0.751 0.001
[60]% Pmax 158678.44 -119157.31 198437.31 0.799 un -0.751 0.001
[70]1% Pmax 184996.18 -138845.48 231303.89 0.799 un -0.751 0.001
[80]% Pmax 211304.22 -158766.41 264303.69 0.799 un -0.751 0.001
[90]% Pmax 237115.38 | -177981.86 | 296480.86 0.799 un -0.751 0.001
[100]% Pmax 264338.60 -198451.63 330542.06 0.799 un -0.751 0.001
Power factor (cos¢=_0.8 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos@] [cosop £0.01]
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[10]% Pmax 26308.70 19704.64 32869.74 0.781 ov 0.749 -0.019
[20]% Pmax 52890.47 39581.33 66061.24 0.795 ov 0.748 -0.005
[30]% Pmax 79449.67 59317.93 99150.78 0.798 ov 0.747 -0.002
[40]% Pmax 106001.12 79127.32 132277.61 0.799 ov 0.746 -0.001
[50]% Pmax 132281.55 98704.30 165048.32 0.800 ov 0.746 0.000
[60]% Pmax 158776.67 118530.65 198140.23 0.800 ov 0.747 0.000
[70]% Pmax 185212.44 138429.58 231228.04 0.800 ov 0.747 0.000
[80]% Pmax 211639.25 | 158219.16 | 264243.20 0.800 ov 0.748 0.000
[90]% Pmax 238035.52 178062.80 297266.28 0.800 ov 0.748 0.000
[100]% Pmax 264263.69 | 197698.07 | 330030.53 0.800 ov 0.748 0.000
Fixed Reactive power
Reactive power Q= Qmax (_0.6 Smax)
e | Ao o | Remtve | e | g | 4@/ Qe | aQim
[10]% Pmax 26666.38 198537.64 | 200321.00 0.133 ov 0.27% <+ 5 % Qmax
[20]% Pmax 53153.26 198462.36 | 205456.91 0.259 ov 0.23% <+ 5 % Qmax
[30]% Pmax 79638.90 198380.07 213768.41 0.372 ov 0.19% <+ 5 % Qmax
[40]% Pmax 106047.74 198264.02 224844.09 0.471 ov 0.13% < %5 % Qmax
[50]% Pmax 132475.68 198167.48 238369.73 0.555 ov 0.08% < %5 % Qmax
[60]% Pmax 158883.29 198127.57 253965.28 0.625 ov 0.06% <+ 5 % Qmax
[70]% Pmax 185256.58 198003.59 271155.45 0.683 ov 0.00% < %5 % Qmax
[80]% Pmax 211669.50 197922.76 289788.24 0.730 ov -0.04% < %5 % Qmax
[90]% Pmax 238040.20 197787.57 309488.04 0.768 ov -0.11% <+ 5 % Qmax
[100]% Pmax 264289.83 | 197701.86 | 330053.52 0.800 ov -0.15% <+ 5% Qmax
Reactive power Q= Qmin (_-0.6 Smax)

Poeprnge [P porer| e | oo | gy | 4@/ Qnwr | AQUm
[10]% Pmax 26248.33 -199218.11 200939.86 0.131 un -0.62% <5 % Qmax
[20]% Pmax 52417.74 -199256.78 | 206036.10 0.254 un -0.63% <+ 5% Qmax
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[30]% Pmax 79156.14 -199319.42 214461.94 0.369 un -0.67% < %5 % Qmax
[40]% Pmax 105656.68 | -199349.16 | 225617.85 0.468 un -0.68% <+ 5 % Qmax
[50]% Pmax 132107.15 -199428.22 239215.17 0.552 un -0.72% <+ 5 % Qmax
[60]% Pmax 158268.66 | -199479.31 | 254638.88 0.621 un -0.75% <+ 5 % Qmax
[70]% Pmax 184712.53 -199551.64 271918.33 0.679 un -0.78% < %5 % Qmax
[80]% Pmax 211125.66 -199598.59 290540.23 0.726 un -0.81% <+ 5 % Qmax
[90]% Pmax 237232.02 | -199633.09 | 310052.26 0.765 un -0.82% <+ 5% Qmax
[100]% Pmax 263375.81 | -199723.09 | 330539.10 0.796 un -0.87% <+ 5 % Qmax
Reactive power (Q=0)

e Ao o | Remetve | ) | rcuomoqy | 5@/ Qe | AQim
[10]% Pmax 26261.60 -316.97 26263.50 0.966 un -0.16% <+ 5 % Qmax
[20]1% Pmax 52745.42 -431.15 52747.16 0.957 un -0.22% < %5 % Qmax
[30]% Pmax 79314.73 -433.86 79315.91 0.972 un -0.22% <+ 5 % Qmax
[40]% Pmax 105759.08 -568.22 105760.60 0.998 un -0.29% <+ 5 % Qmax
[50]% Pmax 132220.12 -669.85 132221.78 0.950 un -0.34% < %5 % Qmax
[60]% Pmax 158701.19 -738.26 158702.89 0.981 un -0.37% <+ 5 % Qmax
[70]% Pmax 185061.36 -790.61 185063.06 0.924 un -0.40% <+ 5% Qmax
[80]% Pmax 211428.20 -926.35 211430.22 0.827 un -0.47% < %5 % Qmax
[90]% Pmax 237835.40 -1010.80 237837.54 0.882 un -0.51% <+ 5 % Qmax
[100]% Pmax 265982.00 -910.63 265983.53 0.984 un -0.46% <+ 5% Qmax

a) Reactive power capacity and accuracy measurement — Test #2

Test Model

SUN2000-330KTL-H1

Registered capacity Pmax (W)

300000

Case A: Tested at Nominal voltage Un

Fixed Power Factor

Power factor (cos¢=__-0

9 )
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Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cosq] [cosg £0.01]
[10]% Pmax 30114.19 -14567.87 33452.80 0.900 un -0.484 0.000
[20]1% Pmax 60284.14 -28978.94 66887.42 0.901 un -0.481 -0.001
[30]% Pmax 90463.44 -43343.88 100310.98 0.902 un -0.479 -0.002
[40]% Pmax 119841.40 -59017.01 133585.12 0.897 un -0.492 0.003
[50]% Pmax 150612.39 -72369.47 167096.99 0.901 un -0.481 -0.001
[60]% Pmax 179656.25 -88241.99 200157.51 0.898 un -0.491 0.002
[70]% Pmax 209519.44 -102914.75 233430.37 0.898 un -0.491 0.002
[80]% Pmax 239580.83 | -116226.31 | 266284.52 0.900 un -0.485 0.000
[90]% Pmax 269853.42 -131012.76 299975.45 0.900 un -0.485 0.000
[100]% Pmax 297412.29 -135301.75 327173.25 0.902 un -0.479 -0.002
Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos®] [cosp +0.01]
[10]% Pmax 29862.79 14420.96 33162.58 0.900 ov 0.483 0.000
[20]% Pmax 59823.59 29181.29 66561.03 0.899 ov 0.488 -0.001
[30]% Pmax 89849.00 44037.38 100060.86 0.898 ov 0.490 -0.002
[40]% Pmax 120071.13 57538.17 133145.18 0.902 ov 0.479 0.002
[50]% Pmax 149767.87 73516.23 166838.21 0.898 ov 0.491 -0.002
[60]% Pmax 179876.25 86451.53 199572.96 0.901 ov 0.481 0.001
[70]1% Pmax 209816.78 100910.03 232821.40 0.901 ov 0.481 0.001
[80]% Pmax 240101.26 117327.08 267234.45 0.898 ov 0.489 -0.002
[90]% Pmax 270138.27 131832.59 300590.37 0.899 ov 0.488 -0.001
[100]% Pmax 295304.88 140964.11 328229.44 0.897 ov 0.494 -0.003
Fixed Reactive power
Reactive power Q= Qmax (_0.484 Smax)
Ponrrge [t | Remitve | v | scomngy | 4Q/Qm | SQumS
[10]% Pmax 30210.90 137704.41 140979.45 0.214 ov 0.51% <5 % Qmax
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[20]% Pmax 60269.74 137639.95 150257.09 0.401 ov 0.47% <+ 5 % Qmax
[30]% Pmax 90318.10 137585.22 164581.45 0.548 ov 0.43% <+ 5 % Qmax
[40]% Pmax 120299.14 137510.14 182704.46 0.658 ov 0.37% < x5 % Qmax
[50]% Pmax 150299.15 137454.13 203674.89 0.737 ov 0.33% <+ 5 % Qmax
[60]% Pmax 180257.68 137376.60 226638.80 0.795 ov 0.27% <+ 5 % Qmax
[70]% Pmax 210158.85 137303.30 251035.75 0.837 ov 0.22% < £ 5 % Qmax
[80]% Pmax 240087.20 137173.36 276511.06 0.868 ov 0.13% <+ 5 % Qmax
[90]% Pmax 269998.97 137066.80 302798.19 0.891 ov 0.05% <+ 5 % Qmax
[100]% Pmax 299794.80 136924.61 329583.32 0.909 ov -0.06% <+ 5 % Qmax

Reactive power Q= Qmin (=_-0.484 Smax)

Power range | Active power Reactive Apparent Power o
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ/ Qmax A i
[10]% Pmax 29533.56 -137088.63 | 140233.80 0.210 un -0.06% < %5 % Qmax
[20]% Pmax 59601.92 -137173.12 | 149562.21 0.398 un -0.13% <+ 5 9% Qmax
[30]% Pmax 89640.05 -137237.90 | 163919.43 0.546 un -0.17% < %5 % Qmax
[40]% Pmax 119670.53 | -137307.96 | 182138.73 0.657 un -0.22% < %5 % Qmax
[50]% Pmax 149655.20 | -137366.86 | 203141.12 0.736 un -0.27% <+ 5 % Qmax
[60]% Pmax 179640.91 | -137428.11 | 226179.90 0.794 un -0.31% < %5 % Qmax
[70]% Pmax 209529.92 | -137442.30 | 250585.65 0.836 un -0.32% < %5 % Qmax
[80]% Pmax 239456.09 | -137487.56 | 276119.59 0.867 un -0.36% <+ 5 % Qmax
[90]% Pmax 269389.64 | -137519.70 | 302460.65 0.890 un -0.38% < %5 % Qmax
[100]% Pmax 299772.59 | -137551.07 | 329824.04 0.908 un -0.40% < %5 % Qmax

Reactive power (Q=0)

Power range | Active power Reactive Apparent Power o
(P/ Pmax) [W] power[var] | power[VA] | factor[cos®] AQ / Qmax A Tt
[10]% Pmax 30371.51 -120.12 30371.75 1.000 un -0.34% <% 5 % Qmax
[20]1% Pmax 60294.24 -239.09 60294.71 1.000 un -0.30% <5 % Qmax
[30]% Pmax 90148.64 -361.16 90149.36 1.000 un -0.26% <+ 5 % Qmax
[40]% Pmax 120524.11 -470.23 120525.02 1.000 un -0.34% <% 5 % Qmax
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[50]% Pmax 150277.30 -606.54 150278.52 1.000 un -0.44% < %5 % Qmax
[60]% Pmax 180074.26 -645.75 180075.42 1.000 un -0.47% < %5 9% Qmax
[70]% Pmax 210063.86 -696.74 210065.02 1.000 un -0.51% <+ 5 % Qmax
[80]% Pmax 240141.13 -744.45 240142.28 1.000 un -0.54% < %5 % Qmax
[90]% Pmax 270159.86 -810.23 270161.08 1.000 un -0.59% < %5 9% Qmax
[100]% Pmax 300001.23 -861.33 300002.47 1.000 un -0.63% <+ 5 % Qmax
Case B: Tested at Nominal voltage 0.95Un
Fixed Power Factor
Power factor (cos¢=_-0.9 )
Power range | Active power Reactive Apparent Power Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cosg] i [cosgp £0.01]
[10]% Pmax 29901.96 -13425.16 32777.50 0.900 un -0.449 0.000
[20]% Pmax 59939.32 -28681.23 66447.99 0.902 un -0.479 -0.002
[30]% Pmax 90001.22 -43099.53 99788.77 0.902 un -0.479 -0.002
[40]% Pmax 119965.24 -57496.89 133032.19 0.902 un -0.479 -0.002
[50]% Pmax 149909.32 -72216.07 166397.03 0.901 un -0.482 -0.001
[60]% Pmax 179797.47 -86655.86 199590.45 0.901 un -0.482 -0.001
[70]% Pmax 209732.67 -101089.14 232823.52 0.901 un -0.482 -0.001
[80]% Pmax 239601.26 -115370.45 265930.58 0.901 un -0.482 -0.001
[90]% Pmax 269423.27 -129618.79 298981.49 0.901 un -0.481 -0.001
*[100]% Pmax 285388.25 | -137324.58 | 316708.79 0.901 un -0.481 -0.001
Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos@] [cosop £0.01]
[10]% Pmax 29953.70 13443.96 32832.36 0.912 ov 0.449 0.012
[20]1% Pmax 60136.24 28749.15 66654.94 0.902 ov 0.478 0.002
[30]% Pmax 90267.44 43235.03 100087.35 0.902 ov 0.479 0.002
[40]% Pmax 120313.17 57825.38 133487.92 0.901 ov 0.481 0.001
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[50]% Pmax 150343.73 72391.80 166864.62 0.901 ov 0.482 0.001
[60]% Pmax 180321.58 86854.57 200148.94 0.901 ov 0.482 0.001
[70]% Pmax 210235.20 101356.97 233392.52 0.901 ov 0.482 0.001
[80]% Pmax 240171.60 115822.23 266640.55 0.901 ov 0.482 0.001
[90]% Pmax 270111.87 130316.85 299904.79 0.901 ov 0.482 0.001
[100]%* Pmax 286128.36 138128.58 317724.62 0.901 ov 0.483 0.001
Fixed Reactive power
Reactive power Q= Qmax (_0.484 Smax)

Power range | Active power Reactive Apparent Power I
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
[10]% Pmax 30184.87 137706.66 140976.09 0.214 ov 0.52% <5 % Qmax
[20]% Pmax 60248.05 137648.00 150255.78 0.401 ov 0.47% < %5 % Qmax
[30]% Pmax 90265.32 137572.47 164541.78 0.549 ov 0.42% < %5 % Qmax
[40]% Pmax 120256.97 137533.47 182694.29 0.658 ov 0.39% <5 % Qmax
[50]% Pmax 150211.25 137445.03 203603.92 0.738 ov 0.32% < %5 % Qmax
[60]% Pmax 180188.14 137382.07 226586.82 0.795 ov 0.28% < %5 % Qmax
[70]% Pmax 210057.63 137265.71 250930.40 0.837 ov 0.19% <%+ 5 % Qmax
[80]% Pmax 239981.04 137158.96 276411.78 0.868 ov 0.12% < %5 % Qmax
[90]% Pmax 269877.35 137041.04 302678.06 0.892 ov 0.03% < %5 % Qmax
[100]%* Pmax 286686.87 136951.24 317718.39 0.902 ov -0.04% <5 % Qmax

Reactive power Q= Qmin (=_-0.484 Smax)

Power range | Active power Reactive Apparent Power —
(P/ Pma) W] power[var] | power[VA] | factor[cosg] AQ / Qmx A0 Tt
[10]% Pmax 29417.90 -137049.31 | 140171.04 0.210 un -0.04% <5 % Qmax
[20]% Pmax 59488.04 -137129.17 | 149476.50 0.398 un -0.09% <5 % Qmax
[30]% Pmax 89493.00 -137189.34 | 163798.39 0.546 un -0.14% <+ 5 % Qmax
[40]% Pmax 119507.57 | -137281.64 | 182011.80 0.657 un -0.21% <5 % Qmax
[50]% Pmax 149443.36 | -137311.12 | 202947.35 0.736 un -0.23% <5 % Qmax
[60]% Pmax 179465.21 | -137361.91 | 226000.12 0.794 un -0.26% <5 % Qmax
[70]% Pmax 209421.66 | -137399.88 | 250471.85 0.836 un -0.29% <+ 5 % Qmax
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[80]% Pmax 239338.68 | -137433.28 | 275990.73 0.867 un -0.32% <+ 5% Qmax
[90]% Pmax 269252.21 -137477.42 302318.98 0.891 un -0.35% < %5 % Qmax
[100]%* Pmax 284321.25 -137487.69 315818.66 0.900 un -0.36% <+ 5 % Qmax
Reactive power (Q=0)
Poernde | Aciveonr| Remctve | e | g | 40/ Qe | aQum
[10]% Pmax 29913.88 -324.85 29915.68 1.000 un -0.24% <+ 5 % Qmax
[20]% Pmax 60002.00 -408.62 60003.43 1.000 un -0.30% <+ 5 % Qmax
[30]% Pmax 90103.31 -484.46 90104.59 1.000 un -0.35% <+ 5 % Qmax
[40]% Pmax 120196.94 -537.89 120198.16 1.000 un -0.39% < %5 % Qmax
[50]% Pmax 150176.59 -604.22 150177.79 1.000 un -0.44% <+ 5 % Qmax
[60]% Pmax 180080.84 -662.00 180082.06 1.000 un -0.48% <+ 5 % Qmax
[70]% Pmax 210076.53 -714.76 210077.77 1.000 un -0.52% < %5 % Qmax
[80]% Pmax 240041.87 -784.35 240043.17 1.000 un -0.57% <+ 5 % Qmax
[90]% Pmax 269927.06 -852.84 269928.37 1.000 un -0.62% <+ 5 % Qmax
[100]% Pmax | 302771.97 -943.00 302773.41 1.000 un -0.69% | <+*5 % Qmax
Case C: Tested at Nominal voltage 1.05Un
Fixed Power Factor
Power factor (cos¢=__-0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power [var] | power [VA] | factor[cosg] [cosop £0.01]
[10]% Pmax 29883.89 -13017.65 32596.13 0.917 un -0.436 -0.017
[20]% Pmax 59962.02 -28361.82 66331.30 0.904 un -0.473 -0.004
[30]% Pmax 90076.81 -43024.49 99824.53 0.902 un -0.478 -0.002
[40]% Pmax 120112.89 -57563.65 133194.72 0.902 un -0.479 -0.002
[50]% Pmax 150074.08 -72777.98 166789.88 0.900 un -0.485 0.000
[60]% Pmax 179989.74 -87252.30 200023.16 0.900 un -0.485 0.000
[70]% Pmax 209947.28 | -101728.72 | 233295.08 0.900 un -0.485 0.000
[80]% Pmax 239811.81 -116105.19 266439.63 0.900 un -0.484 0.000
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[90]% Pmax 269656.57 | -130671.15 | 299649.12 0.900 un -0.485 0.000

[100]% Pmax 297173.31 | -143828.76 | 330149.49 0.900 un -0.484 0.000

Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power[var] power[VA] | factor[cosq] [cosg £0.01]
[10]% Pmax 29930.27 12871.41 32580.60 0.919 ov 0.430 0.019
[20]% Pmax 60086.21 28006.80 66292.77 0.906 ov 0.466 0.006
[30]% Pmax 90011.68 43211.62 99846.62 0.901 ov 0.480 0.001
[40]% Pmax 120305.12 57765.73 133454.86 0.901 ov 0.480 0.001
[50]% Pmax 150337.13 72210.00 166779.86 0.901 ov 0.480 0.001
[60]% Pmax 180282.89 86903.19 200135.48 0.901 ov 0.482 0.001
[70]% Pmax 210343.43 101440.41 233526.39 0.901 ov 0.482 0.001
[80]% Pmax 240335.55 | 115840.39 | 266795.97 0.901 ov 0.482 0.001
[90]% Pmax 270286.14 130306.24 300056.90 0.901 ov 0.482 0.001
[100]% Pmax 297242.58 | 143314.05 | 329987.88 0.901 ov 0.482 0.001
Fixed Reactive power
Reactive power Q= Qmax (_0.484 Smax)

Poeprrse [ pover] Sectve | avearem | gy | 4Q/Qnw | aQumN
[10]% Pmax 30242.10 137691.03 140973.09 0.215 ov 0.50% < %5 % Qmax
[20]% Pmax 60283.17 137607.66 150232.87 0.401 ov 0.44% <+ 5 % Qmax
[30]% Pmax 90334.24 137586.72 164591.55 0.549 ov 0.43% <+ 5 % Qmax
[40]% Pmax 120229.45 137502.23 182652.57 0.658 ov 0.37% < %5 % Qmax
[50]% Pmax 150183.53 137449.39 203586.43 0.738 ov 0.33% <+ 5 % Qmax
[60]% Pmax 180187.59 137363.91 226575.43 0.795 ov 0.27% <+ 5 % Qmax
[70]% Pmax 210201.79 137274.42 251055.86 0.837 ov 0.20% < %5 % Qmax
[80]% Pmax 240139.56 137147.99 276543.93 0.868 ov 0.11% <5 % Qmax
[90]% Pmax 270067.32 137048.23 302850.74 0.892 ov 0.04% <+ 5 % Qmax
[100]% Pmax 299922.28 136919.42 329697.25 0.910 ov -0.06% <% 5 % Qmax
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Reactive power Q= Qmin (_-0.484 Smax)

Power range | Active power Reactive Apparent Power -
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ [ Qmax A I
[10]% Pmax 29555.84 -137107.59 | 140257.04 0.211 un -0.08% < %5 % Qmax
[20]% Pmax 59610.45 -137183.98 | 149575.57 0.399 un -0.13% < %5 % Qmax
[30]% Pmax 89668.79 -137287.10 | 163976.32 0.547 un -0.21% < %5 % Qmax
[40]% Pmax 119590.39 | -137309.99 | 182087.60 0.657 un -0.23% < %5 % Qmax
[50]% Pmax 149573.95 | -137401.28 | 203104.60 0.736 un -0.29% < %5 % Qmax
[60]% Pmax 179567.57 | -137443.04 | 226130.66 0.794 un -0.32% < %5 % Qmax
[70]% Pmax 209572.76 | -137491.65 | 250648.55 0.836 un -0.36% < %5 % Qmax
[80]% Pmax 239527.55 | -137528.90 | 276202.18 0.867 un -0.39% < %5 % Qmax
[90]% Pmax 269478.84 | -137582.21 | 302568.53 0.891 un -0.42% < %5 % Qmax
[100]% Pmax 299894.41 | -137620.54 | 329963.73 0.909 un -0.45% < %5 % Qmax

Reactive power (Q=0)

Power range | Active power Reactive Apparent Power _—
(P/ Pmax) [W] power[var] | power[VA] | factor[cos®] AQ / Qmax A0 N
[10]% Pmax 29895.75 -355.86 29897.89 1.000 un -0.26% < %5 % Qmax
[20]% Pmax 60022.49 -452.64 60024.21 1.000 un -0.33% < %5 % Qmax
[30]% Pmax 90214.06 -539.14 90215.66 1.000 un -0.39% < %5 % Qmax
[40]% Pmax 120303.18 -594.76 120304.67 1.000 un -0.43% <+ 5 % Qmax
[50]% Pmax 150283.92 -650.19 150285.36 1.000 un -0.47% < %5 % Qmax
[60]% Pmax 180333.91 -706.37 180335.28 1.000 un -0.52% < %5 % Qmax
[70]% Pmax 210244.23 -776.40 210245.63 1.000 un -0.57% <+ 5 % Qmax
[80]% Pmax 240223.96 -834.63 240225.45 1.000 un -0.61% < %5 % Qmax
[90]% Pmax 270136.91 -902.90 270138.42 1.000 un -0.66% < %5 % Qmax
[100]% Pmax 302991.14 -978.09 302992.75 1.000 un -0.71% < %5 % Qmax

a) Reactive power capacity and accuracy measurement — Test #3
Test Model SUN2000-330KTL-H2
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Registered capacity Pmax (W) 264000

Case A: Tested at Nominal voltage Un

Fixed Power Factor

Power factor (cos¢=_-0.9 )

Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cos®] [cosgp £0.01]

[10]% Pmax 30114.19 -14567.87 33452.80 0.900 un -0.484 0.000
[20]% Pmax 60284.14 -28978.94 66887.42 0.901 un -0.481 -0.001
[30]% Pmax 90463.44 -43343.88 100310.98 0.902 un -0.479 -0.002
[40]% Pmax 119841.40 -59017.01 133585.12 0.897 un -0.492 0.003
[50]% Pmax 150612.39 -72369.47 167096.99 0.901 un -0.481 -0.001
[60]% Pmax 179656.25 -88241.99 200157.51 0.898 un -0.491 0.002
[70]% Pmax 209519.44 -102914.75 233430.37 0.898 un -0.491 0.002
[80]% Pmax 239580.83 -116226.31 266284.52 0.900 un -0.485 0.000
[90]% Pmax 269853.42 | -131012.76 | 299975.45 0.900 un -0.485 0.000
[100]% Pmax 297412.29 -135301.75 327173.25 0.902 un -0.479 -0.002

Power factor (cos¢=_0.9 )

Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos@] [cosop £0.01]
[10]% Pmax 29862.79 14420.96 33162.58 0.900 ov 0.483 0.000
[20]% Pmax 59823.59 29181.29 66561.03 0.899 ov 0.488 -0.001
[30]% Pmax 89849.00 44037.38 100060.86 0.898 ov 0.490 -0.002
[40]% Pmax 120071.13 57538.17 133145.18 0.902 ov 0.479 0.002
[50]% Pmax 149767.87 73516.23 166838.21 0.898 ov 0.491 -0.002
[60]% Pmax 179876.25 86451.53 199572.96 0.901 ov 0.481 0.001
[70]% Pmax 209816.78 100910.03 232821.40 0.901 ov 0.481 0.001
[80]% Pmax 240101.26 117327.08 267234.45 0.898 ov 0.489 -0.002
[90]% Pmax 270138.27 131832.59 300590.37 0.899 ov 0.488 -0.001
[100]% Pmax 295304.88 140964.11 328229.44 0.897 ov 0.494 -0.003
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Fixed Reactive power
Reactive power Q= Qmax (_0.484 Smax)

Power range | Active power Reactive Apparent Power _—
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
[10]% Pmax 30210.90 137704.41 140979.45 0.214 ov 0.51% < %5 % Qmax
[20]% Pmax 60269.74 137639.95 150257.09 0.401 ov 0.47% < %5 % Qmax
[30]% Pmax 90318.10 137585.22 164581.45 0.548 ov 0.43% < %5 % Qmax
[40]% Pmax 120299.14 137510.14 182704.46 0.658 ov 0.37% < %5 % Qmax
[50]% Pmax 150299.15 137454.13 203674.89 0.737 ov 0.33% < %5 % Qmax
[60]% Pmax 180257.68 137376.60 226638.80 0.795 ov 0.27% < %5 % Qmax
[70]% Pmax 210158.85 137303.30 251035.75 0.837 ov 0.22% < %5 % Qmax
[80]% Pmax 240087.20 137173.36 276511.06 0.868 ov 0.13% < %5 % Qmax
[90]% Pmax 269998.97 137066.80 302798.19 0.891 ov 0.05% < %5 % Qmax
[100]% Pmax 299794.80 136924.61 329583.32 0.909 ov -0.06% < %5 % Qmax

Reactive power Q= Qmin (-0.484 Smax)

Power range | Active power Reactive Apparent Power —
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ/ Qmax A it
[10]% Pmax 29533.56 -137088.63 | 140233.80 0.210 un -0.06% < %5 % Qmax
[20]% Pmax 59601.92 -137173.12 | 149562.21 0.398 un -0.13% < %5 % Qmax
[30]% Pmax 89640.05 -137237.90 | 163919.43 0.546 un -0.17% <+ 5 % Qmax
[40]% Pmax 119670.53 | -137307.96 | 182138.73 0.657 un -0.22% < %5 % Qmax
[50]% Pmax 149655.20 | -137366.86 | 203141.12 0.736 un -0.27% < %5 % Qmax
[60]% Pmax 179640.91 | -137428.11 | 226179.90 0.794 un -0.31% <+ 5 % Qmax

0 Pmax . - . . . un -0. 0 <z* 0 Omax
70]% P 209529.92 137442.30 | 250585.65 0.836 0.32% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Omax
80]% P 239456.09 137487.56 | 276119.59 0.867 0.36% 5%Q
0 Pmax . - . . . un -0. (] <zt 0 Qmax
[90]% P 269389.64 137519.70 | 302460.65 0.890 0.38% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Qmax
100]% P 299772.59 137551.07 | 329824.04 0.908 0.40% 5%Q
Reactive power (Q=0)
Power range | Active power Reactive Apparent Power -
(P/ Pmax) W] power[var] | power[VA] | factor[cosg] AQ / Qmax A0l
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[10]% Pmax 30371.51 -120.12 30371.75 1.000 un -0.34% <+ 5 % Qmax
[20]% Pmax 60294.24 -239.09 60294.71 1.000 un -0.30% <+ 5 % Qmax
[30]% Pmax 90148.64 -361.16 90149.36 1.000 un -0.26% < x5 % Qmax
[40]% Pmax 120524.11 -470.23 120525.02 1.000 un -0.34% <+ 5 % Qmax
[50]% Pmax 150277.30 -606.54 150278.52 1.000 un -0.44% <+ 5 % Qmax
[60]% Pmax 180074.26 -645.75 180075.42 1.000 un -0.47% <+ 5 % Qmax
[70]% Pmax 210063.86 -696.74 210065.02 1.000 un -0.51% <+ 5 % Qmax
[80]% Pmax 240141.13 -744.45 240142.28 1.000 un -0.54% <+ 5 % Qmax
[90]% Pmax 270159.86 -810.23 270161.08 1.000 un -0.59% <+ 5 % Qmax
[100]% Pmax 300001.23 -861.33 300002.47 1.000 un -0.63% <+ 5 % Qmax

a) Reactive power capacity and accuracy measurement — Test #4

Test Model SUN2000-330KTL-H2

Registered capacity Pmax (W) 275000

Case A: Tested at Nominal voltage Un

Fixed Power Factor

Power factor (cos¢=-_0.9 )

Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cosg] [cosp +0.01]
[10]% Pmax 27336.92 -13251.16 30379.29 0.900 un -0.485 0.000
[20]% Pmax 54897.15 -26568.72 60988.44 0.900 un -0.484 0.000
[30]% Pmax 82495.08 -39722.36 91560.39 0.901 un -0.482 0.001
[40]% Pmax 110003.69 -53153.17 122172.28 0.900 un -0.483 0.000
[50]% Pmax 137529.78 -66311.46 152681.49 0.901 un -0.482 0.001
[60]% Pmax 165016.16 -79400.47 183124.94 0.901 un -0.481 0.001
[70]1% Pmax 192220.29 -93016.67 213543.31 0.900 un -0.484 0.000
[80]% Pmax 219661.13 | -106197.20 | 243985.34 0.900 un -0.483 0.000
[90]% Pmax 247051.27 | -119631.98 | 274492.52 0.900 un -0.484 0.000
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[100]% Pmax 277177.71 | -134118.50 | 307920.66 0.900 un -0.484 0.000
Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cosq] [cosg £0.01]
[10]% Pmax 27393.01 13221.19 30416.78 0.901 ov 0.483 0.001
[20]% Pmax 55033.20 26503.44 61082.63 0.901 ov 0.482 0.001
[30]% Pmax 82654.32 39929.19 91793.70 0.900 ov 0.483 0.000
[40]% Pmax 110237.38 53197.64 122402.55 0.901 ov 0.483 0.001
[50]% Pmax 137794.51 66312.55 152920.42 0.901 ov 0.481 0.001
[60]% Pmax 165275.79 79546.36 183421.94 0.901 ov 0.481 0.001
[70]% Pmax 192718.35 92901.82 213941.70 0.901 ov 0.482 0.001
[80]% Pmax 220157.93 106091.82 244387.52 0.901 ov 0.482 0.001
[90]% Pmax 247562.01 119480.73 274886.79 0.901 ov 0.483 0.001
[100]% Pmax 277716.71 134193.09 308437.33 0.900 ov 0.483 0.000
Fixed Reactive power
Reactive power Q= Qmax (__0.553 Smax)

Power range | Active power Reactive Apparent Power o
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ ] Qmax e
[10]% Pmax 27400.73 183791.79 185822.99 0.147 ov -0.88% <5 % Qmax
[20]% Pmax 54970.63 183747.97 191794.55 0.287 ov -0.89% <£5 % Qmax
[30]% Pmax 82536.38 183655.75 201349.83 0.410 ov -0.86% <5 % Qmax
[40]% Pmax 110080.60 183580.47 214055.18 0.514 ov -0.85% <5 % Qmax
[50]% Pmax 137607.67 183511.10 229373.89 0.600 ov -0.82% < %5 % Qmax
[60]% Pmax 165129.80 183465.98 246835.05 0.669 ov -0.83% <%+ 5 % Qmax
[70]% Pmax 192618.47 183396.15 265962.19 0.724 ov -0.81% <%+ 5 % Qmax
[80]% Pmax 220110.53 183315.85 286449.37 0.768 ov -0.76% <+ 5 % Qmax
[90]% Pmax 247537.14 183180.10 307943.69 0.804 ov -0.61% <5 % Qmax
[100]% Pmax 274243.65 183092.46 329746.31 0.832 ov -0.63% <5 % Qmax

Reactive power Q= Qmin (_-0.553 Smax)
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Power range | Active power Reactive Apparent Power _—
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
0 Pmax . - . . . un -0. 0 <t 0 WUmax
10]% P 27219.79 183099.53 | 185111.71 0.147 0.60% 5%Q
[20]% Pmax 55071.74 -183137.90 | 191239.03 0.288 un -0.63% < %5 % Qmax
0 Pmax . - . . . un -0. 0 <z* 0 Omax
[30]% P 82624.12 183173.03 | 200945.50 0.411 0.64% 5%Q
[40]% Pmax 110153.65 | -183205.93 | 213771.46 0.515un -0.66% < %5 % Qmax
0 Pmax . - . . . un -0. 0 <t 0 WUmax
50]% P 137677.23 183276.11 | 229227.29 0.601 0.70% 5%Q
0 Pmax . - . . . un -0. 0 <z* 0 Omax
[60]% P 164944.31 183310.74 | 246595.74 0.669 0.72% 5%Q
[70]% Pmax 192436.03 | -183319.98 | 265777.78 0.724 un -0.73% < %5 % Qmax
[80]% Pmax 219867.26 | -183374.35 | 286300.11 0.768 un -0.76% < %5 % Qmax
0 Pmax . - . . . un -0. 0 <z* 0 Omax
90]% P 247274.62 183410.20 | 307870.40 0.803 0.77% 5%Q
[100]% Pmax 274298.07 | -183528.44 | 330033.95 0.831 un -0.84% < %5 % Qmax
Reactive power (Q=0)

Power range | Active power Reactive Apparent Power I
(P/ Pmax) [W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
[10]% Pmax 27343.03 -251.68 27344.16 1.000 un -0.14% < %5 % Qmax
[20]% Pmax 54964.02 -394.33 54965.43 1.000 un -0.22% < %5 % Qmax
[30]% Pmax 82590.59 -400.67 82591.54 1.000 un -0.22% < %5 % Qmax
[40]% Pmax 110112.08 -521.06 110113.32 1.000 un -0.29% < %5 % Qmax
[50]% Pmax 137658.67 -545.75 137659.76 1.000 un -0.30% <%+ 5 % Qmax
[60]% Pmax 164921.54 -520.34 164922.38 1.000 un -0.29% < %5 % Qmax
[70]% Pmax 192465.57 -639.53 192466.64 1.000 un -0.35% < %5 % Qmax
[80]% Pmax 219918.58 -740.44 219919.79 1.000 un -0.41% <%+ 5 % Qmax
[90]% Pmax 247408.34 -723.22 247409.38 1.000 un -0.40% < %5 % Qmax
[100]% Pmax 277602.89 -727.77 277603.86 1.000 un -0.40% < %5 % Qmax
Case B: Tested at Nominal voltage 0.95Un
Fixed Power Factor
Power factor (cos¢=-_0.9 )
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Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) [W] power [var] | power [VA] | factor[cosq] [cosg £0.01]
[10]% Pmax 27340.88 -13210.10 30364.95 0.900 un -0.483 0.000
[20]% Pmax 54958.61 -26596.99 61056.15 0.900 un -0.484 0.000
[30]% Pmax 82457.38 -39736.31 91532.43 0.901 un -0.482 0.001
[40]% Pmax 109981.46 -53259.77 122198.54 0.900 un -0.484 0.000
[50]% Pmax 137244.68 -66536.81 152522.86 0.900 un -0.485 0.000
[60]% Pmax 164714.78 -79797.67 183025.58 0.900 un -0.484 0.000
[70]% Pmax 192161.30 -92936.88 213455.15 0.900 un -0.484 0.000
[80]% Pmax 219558.04 | -106277.28 | 243927.04 0.900 un -0.484 0.000
[90]% Pmax 246920.13 -119424.19 274284.02 0.900 un -0.484 0.000
[100]% Pmax 276932.36 | -134036.18 | 307664.02 0.900 un -0.484 0.000
Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos®] [cosp +0.01]
[10]% Pmax 27701.06 13325.64 30739.61 0.901 ov 0.481 0.001
[20]% Pmax 55031.49 26455.91 61060.47 0.901 ov 0.481 0.001
[30]% Pmax 82640.48 39881.42 91760.40 0.901 ov 0.483 0.001
[40]% Pmax 110194.69 53155.37 122345.22 0.901 ov 0.482 0.001
[50]% Pmax 137483.74 66349.08 152656.40 0.901 ov 0.483 0.001
[60]% Pmax 165028.87 79712.95 183272.17 0.900 ov 0.483 0.000
[70]1% Pmax 192520.76 92794.67 213717.31 0.901 ov 0.482 0.001
[80]% Pmax 220022.52 106183.71 244304.89 0.901 ov 0.483 0.001
[90]% Pmax 247447.50 119358.32 274730.19 0.901 ov 0.482 0.001
[100]% Pmax 277501.76 133884.68 308110.96 0.901 ov 0.482 0.001
Fixed Reactive power
Reactive power Q= Qmax (_0.553 Smax)
Ponrrge [t | Remitve | v | scomngy | 4Q/Qm | SQumS
[10]% Pmax 27439.60 182116.24 184171.80 0.149 ov 0.06% <5 % Qmax
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[20]% Pmax 54990.84 182047.64 190171.84 0.289 ov 0.03% <+ 5 % Qmax
[30]% Pmax 82480.61 182202.16 200001.64 0.412 ov 0.11% <+ 5 % Qmax
[40]% Pmax 110019.90 182232.96 212869.02 0.517 ov 0.13% < x5 % Qmax
[50]% Pmax 137548.99 182190.50 228282.93 0.603 ov 0.10% <+ 5 % Qmax
[60]% Pmax 165066.90 182136.89 245806.69 0.672 ov 0.08% <+ 5 % Qmax
[70]% Pmax 192565.79 182045.80 264994.78 0.727 ov 0.03% < £ 5 % Qmax
[80]% Pmax 220019.58 181939.00 285500.27 0.771 ov -0.03% <+ 5 % Qmax
[90]% Pmax 247463.16 182106.54 307247.14 0.805 ov 0.06% <+ 5 % Qmax
[100]% Pmax 260867.97 182084.72 318130.37 0.820 ov 0.05% <+ 5 % Qmax

Reactive power Q= Qmin (_-0.553 Smax)

Power range | Active power Reactive Apparent Power —
(P/ Pmax) W] power[var] | power[VA] | factor[cosg] AQ / Qmx A it
[10]% Pmax 27465.42 -182395.95 184452.23 0.149 un -0.22% <£5 % Qmax

0 Pmax . - . . . un -0. 0 <zt 0 Omax
20]% P 55006.78 182417.11 190530.37 0.289 0.23% 5%Q
[30]% Pmax 82571.99 -182484.75 200296.38 0.412 un -0.27% <£5 % Qmax
[40]% Pmax 110101.16 -182523.59 213159.34 0.517 un -0.29% <+ 5 % Qmax

0 Pmax . - . . . un -0. 0 <t 0 Omax
50]% P 136814.49 182570.50 228145.08 0.600 0.31% 5%Q

0 Pmax . - . . . un -0. 0 <t 0 Omax
60]% P 164310.03 182627.14 245663.49 0.669 0.34% 5%Q

0 Pmax . - . . . un -0. (] <z 0 Omax
[70]% P 191789.93 182657.08 264852.96 0.724 0.36% 5%Q

0 Pmax . - . . . un -0. (] <z 0 Omax
[80]% P 219231.56 182667.87 285359.20 0.768 0.37% 5%Q

0 Pmax . - . . . un -0. 0 <zt 0 Omax
90]% P 246551.03 182585.98 306798.27 0.804 0.32% 5%Q

0 Pmax . - . . . un -0. (] <z 0 Omax

[100]% P 258191.20 182655.08 316268.17 0.816 0.36% 5%Q

Reactive power (Q=0)

Power range | Active power Reactive Apparent Power o
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A
[10]% Pmax 27375.81 -310.89 27377.57 1.000 un -0.17% <5 % Qmax
[20]% Pmax 54991.49 -384.91 54992.90 1.000 un -0.21% <% 5 % Qmax
[30]% Pmax 82595.48 -512.69 82597.01 1.000 un -0.28% <5 % Qmax
[40]% Pmax 110144.75 -486.21 110145.98 1.000 un -0.27% <+ 5 % Qmax
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[50]% Pmax 137652.29 -560.96 137653.09 1.000 un -0.31% <+ 5 % Qmax
[60]% Pmax 165140.90 -609.10 165141.93 1.000 un -0.33% < %5 9% Qmax
[70]% Pmax 192548.01 -710.37 192549.17 1.000 un -0.39% <+ 5 % Qmax
[80]% Pmax 219983.19 -701.10 219984.09 1.000 un -0.39% < %5 % Qmax
[90]% Pmax 247385.78 -704.19 247386.68 1.000 un -0.39% < %5 9% Qmax
[100]% Pmax 277535.68 -728.67 277536.78 1.000 un -0.40% <+ 5 % Qmax
Case C: Tested at Nominal voltage 1.05Un
Fixed Power Factor
Power factor (cos¢=-_0.9 )
Power range | Active power Reactive Apparent Power Deviation
(P/ Pmax) W] power [var] | power [VA] | factor[cosq] Ch [cosp +0.01]
[10]% Pmax 27368.50 -11655.66 29747.13 0.920 un -0.426 0.020
[20]% Pmax 54901.46 -25658.59 60601.44 0.906 un -0.467 0.006
[30]% Pmax 82488.53 -39666.85 91530.40 0.901 un -0.481 0.001
[40]% Pmax 109963.12 -52978.83 122060.21 0.901 un -0.482 0.001
[50]% Pmax 137426.76 -66566.53 152699.77 0.900 un -0.484 0.000
[60]% Pmax 164904.24 -79935.64 183256.97 0.900 un -0.485 0.000
[70]% Pmax 192287.19 -93112.16 213645.13 0.900 un -0.484 0.000
[80]% Pmax 219641.20 -106388.42 244050.68 0.900 un -0.484 0.000
[90]% Pmax 246953.00 | -119578.25 | 274380.67 0.900 un -0.484 0.000
[100]% Pmax 277119.84 | -134192.91 | 307901.17 0.900 un -0.484 0.000
Power factor (cos¢=_0.9 )
Power range | Active power Reactive Apparent Power QP Deviation
(P/ Pmax) W] power[var] power[VA] | factor[cos@] [cosop £0.01]
[10]% Pmax 27339.74 11389.92 29617.44 0.923 ov 0.417 0.023
[20]1% Pmax 55022.88 25844.08 60790.05 0.905 ov 0.470 0.005
[30]% Pmax 82664.28 39578.25 91650.53 0.902 ov 0.479 0.002
[40]% Pmax 110164.92 52871.93 122195.55 0.902 ov 0.480 0.002
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[50]% Pmax 137625.46 66212.98 152724.99 0.901 ov 0.481 0.001
[60]% Pmax 165110.73 79455.53 183234.08 0.901 ov 0.481 0.001
[70]% Pmax 192544.45 92821.34 213750.25 0.901 ov 0.482 0.001
[80]% Pmax 220074.00 106132.43 244329.01 0.901 ov 0.482 0.001
[90]% Pmax 247498.94 119468.23 274824.24 0.901 ov 0.483 0.001
[100]% Pmax 277704.49 133978.67 308334.36 0.901 ov 0.482 0.001
Fixed Reactive power
Reactive power Q= Qmax (_0.553 Smax)

e | Ao | Remtve | e | g | 4@/ Qe | aQim
[10]% Pmax 27628.57 182699.80 184777.04 0.150 ov 0.38% <+ 5 % Qmax
[20]% Pmax 55176.51 182640.96 | 190793.59 0.289 ov 0.35% <+ 5 % Qmax
[30]% Pmax 55176.51 182640.96 | 190793.59 0.289 ov 0.35% <+ 5 % Qmax
[40]% Pmax 110205.68 182505.02 213197.94 0.517 ov 0.28% <+ 5 % Qmax
[50]% Pmax 137663.69 | 182387.18 | 228509.37 0.602 ov 0.21% <+ 5 % Qmax
[60]% Pmax 165171.13 182360.50 246042.62 0.671 ov 0.20% < %5 % Qmax
[70]% Pmax 192611.66 182256.18 265172.56 0.726 ov 0.14% <+ 5 % Qmax
[80]% Pmax 219999.70 182136.78 285611.00 0.770 ov 0.08% < %5 % Qmax
[90]% Pmax 247444.45 182064.52 307206.84 0.805 ov 0.04% < %5 % Qmax
[100]% Pmax 274794.62 181929.60 329561.30 0.834 ov -0.04% <+ 5 % Qmax

Reactive power Q= Qmin (_-0.553 Smax)

Poerrnde | Aeiveonr| Remctve | e | g | 40/ Qe | aQim
[10]% Pmax 26702.32 -182039.92 183987.88 0.145 un -0.02% <+ 5 % Qmax
[20]% Pmax 54262.77 -182095.40 190008.32 0.286 un -0.05% <+ 5 % Qmax
[30]% Pmax 81761.56 -182174.74 199681.24 0.409 un -0.10% < %5 % Qmax
[40]% Pmax 109249.40 -182221.73 212462.21 0.514 un -0.12% <+ 5 % Qmax
[50]% Pmax 136768.76 -182258.76 227868.24 0.600 un -0.14% <5 % Qmax
[60]% Pmax 164305.81 | -182304.33 | 245420.56 0.669 un -0.17% <+ 5% Qmax
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[70]% Pmax 191797.41 | -182294.57 | 264608.29 0.725 un -0.16% < %5 % Qmax

[80]% Pmax 219250.08 | -182381.79 | 285190.61 0.769 un -0.21% < %5 % Qmax

[90]% Pmax 246679.63 | -182359.88 | 306766.92 0.804 un -0.20% < %5 % Qmax

[100]% Pmax 274910.60 | -182372.96 | 329902.69 0.833 un -0.20% < %5 % Qmax
Reactive power (Q=0)

Power range | Active power Reactive Apparent Power _—
(P/ Pmax) W] power[var] | power[VA] | factor[cos®] AQ / Qmax A it
[10]% Pmax 27356.46 -341.68 27358.59 1.000 un -0.19% < %5 % Qmax
[20]% Pmax 54916.91 -403.54 54918.39 1.000 un -0.22% < %5 % Qmax
[30]% Pmax 82604.52 -464.61 82605.86 1.000 un -0.26% < %5 % Qmax
[40]% Pmax 110104.89 -445.35 110105.79 1.000 un -0.24% < %5 % Qmax
[50]% Pmax 137629.48 -535.48 137630.54 1.000 un -0.29% < %5 % Qmax
[60]% Pmax 165145.67 -604.76 165146.78 1.000 un -0.33% < %5 % Qmax
[70]% Pmax 192548.52 -630.42 192549.54 1.000 un -0.35% < %5 % Qmax
[80]% Pmax 219972.31 -651.57 219973.26 1.000 un -0.36% < %5 % Qmax
[90]% Pmax 247401.19 -694.64 247402.14 1.000 un -0.38% < %5 % Qmax
[100]% Pmax 277637.20 -882.42 277638.64 1.000 un -0.48% < %5 % Qmax

Remark: *This case limited by the maximum apparent power, active power cannot reach the set point.

b) Steady State Voltage Control and Transient Voltage Control — Test #1

Qmax =__ 0.6 _Smax & Qmin =-0.6__Smax

Test Model SUN2000-330KTL-H1
P/ Pmax [%] Set-point <10%
Vac [V] set- AQ / Qmax
_po_int Vi V] Active Reactive Q [Var] (Limit A Q sznsep ([Jr?;e tirigaf(r:':s
[Limit< + power [W] | power[var] expected <+5% <200ms]’ <1000ms’]
0.25 %Vn] Qmax)
799.63
100% Vn@10s | 799.86 | 29201.01 -220.90 0 -0.11% -- --
799.68
792.56
99% Vn@10s 792.44 | 29450.30 39560.35 39600 -0.02% 60 120
792.68
784.46
98% Vn@10s 784 55 29188.14 79164.10 79200 -0.02% 40 110
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784.69

777.59
97% Vn@10s 777.93 | 29535.41 | 119007.11 118800 0.10% 20 80
777.67

768.55
96% Vn@10s 768.86 | 29580.50 | 158403.40 158400 0.00% 30 60
768.44

763.07
95% Vn@10s 763.41 | 29313.25 | 198403.24 198000 0.20% 20 50
763.09

754.99
94% Vn@10s 755.30 | 29321.18 | 198431.19 198000 0.22% 20 20
754.99

763.08
95% Vn@10s 763.41 | 29327.79 | 198445.46 198000 0.22% 20 20
763.11

768.56
96% Vn@10s 768.81 | 29355.90 | 158805.20 158400 0.20% 40 60
768.41

777.61
97% Vn@10s 777.94 | 29393.60 | 118942.20 118800 0.07% 30 60
777.69

784.26
98% Vn@10s 784.45 | 29400.30 79188.59 79200 -0.01% 30 50
784.29

792.36
99% Vn@10s 792.54 | 29450.30 39560.35 39600 -0.02% 30 50
792.28

799.63
100% Vn@10s | 799.86 | 29199.23 -259.01 0 -0.13% 20 30
799.68

808.44
101% Vn@10s | 808.66 | 29180.55 | -39621.09 -39600 -0.01% 30 50
808.41

816.22
102% Vn@10s | 816.46 | 29175.29 | -79188.69 -79200 0.01% 30 40
816.24

823.79
103% Vn@10s | 823.95 | 28985.00 | -118229.95 -118800 0.29% 30 40
823.80

832.11
104% Vn@10s | 832.45 | 28991.15 | -158366.77 -158400 0.02% 20 30
832.16

838.36
105% Vn@10s | 838.51 | 28536.63 | -199021.98 -198000 -0.52% 30 60
838.42

846.33
106% Vn@10s | 846.51 | 28505.22 | -199022.23 -198000 -0.52% 20 20
846.42

836.36

105% Vn@10s | 836.50 | 28511.31 | -199037.75 -198000 -0.52% 20 20
836.40
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832.12
832.45
832.18

104% Vn@10s 28991.15 | -158366.77 -158400 0.02% 20 30

823.78
823.94

823.78

103% Vn@10s 28833.36 | -118256.69 -118800 0.27% 30 40

816.22
816.46
816.24

102% Vn@10s 29175.29 | -79188.69 -79200 0.01% 30 40

808.44
808.66
808.41

101% Vn@10s 29180.55 | -39625.09 -39600 -0.01% 30 50

799.64
799.84
799.68

100% Vn@10s 29205.07 -364.90 0 -0.18% 20 30

P/ Pmax [%] Set-point >50 %

Vac [V] set- AQ / Qmax

Response | Reach

point
[Limit< +
0.25 %Vn]

Vi [V]

Active
power [W]

Reactive
power[var]

Q [var]

expected

(Limit A Q
<+50%

Qmax)

time [ms,
<200ms]

time [ms,
<1000ms]

100% Vn@10s

800.19

800.35

800.21

180254.70

-716.30 0

-0.36%

99% Vn@10s

792.56

792.44

792.68

180154.30

39560.35 39600

-0.02%

60

120

98% Vn@10s

784.46

784.55

784.69

180021.70

79164.10 79200

-0.02%

40

110

97% Vn@10s

788.21

788.42

788.21

180212.23

118582.55 118800

-0.11%

20

80

96% Vn@10s

768.55

768.86

768.44

180117.93

158403.40 158400

0.00%

30

60

95% Vn@10s

763.75

763.97

763.72

180187.90

198025.24 198000

0.01%

20

50

94% Vn@10s

755.67

755.91

755.61

180123.29

197984.57 198000

-0.01%

20

20

95% Vn@10s

763.70

763.92

763.72

180151.57

198006.90 198000

0.00%

20

20

96% Vn@10s

768.56

768.81

768.41

180117.93

158403.40 158400

0.00%

40

60

778.23

180153.56

118673.29 118800

-0.06%

30

60

0
97% Vn@10s 778 45
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778.25

784.26
98% Vn@10s 784.45 |180021.70 | 79164.10 79200 -0.02% 30 50
784.29

792.36
99% Vn@10s 792.54 |1180154.30 | 39560.35 39600 -0.02% 30 50
792.28

800.22
100% Vn@10s | 800.33 |180233.02 -650.98 0 -0.33% 20 30
800.31

808.44
101% Vn@10s | 808.66 |180154.43 | -39625.09 -39600 -0.01% 30 50
808.41

816.22
102% Vn@10s | 816.46 |180077.76 | -79188.69 -79200 0.01% 30 40
816.24

824.35
103% Vn@10s | 824.41 |179693.02 | -118553.00 -118800 0.12% 30 40
824.32

832.11
104% Vn@10s | 832.45 |179458.29 | -158403.20 -158400 0.00% 20 30
832.16

838.89
105% Vn@10s | 838.95 |[179373.20 | -199319.09 -198000 -0.67% 30 60
838.94

846.87
106% Vn@10s | 846.94 |[179397.08 | -199311.70 -198000 -0.66% 20 20
846.92

838.92

105% Vn@10s | 838.97 |[179391.91 | -199980.58 -198000 -1.00% 20 20
838.97

832.11
104% Vn@10s | 832.45 |[179455.29 | -158403.20 -158400 0.00% 20 30
832.16

824.33

103% Vn@10s | 824.40 |179686.59 | -118567.44 -118800 0.12% 30 40
824.34

816.22
102% Vn@10s | 816.46 |179899.24 | -79188.69 -79200 0.01% 30 40
816.24

808.44
101% Vn@10s | 808.66 |179951.05| -39625.09 -39600 -0.01% 30 50
808.41

800.21
100% Vn@10s | 800.36 |180227.01 -607.77 0 -0.31% 20 30
800.19

b) Steady State Voltage Control and Transient Voltage Control — Test #2

Qmax =_ 0.6 _Smax & Qmin =_-0.6__Smax
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Test Model SUN2000-330KTL-H2
P/ Pmax [%0] Set-point <10%
Vac [V] set- AQ / Qmax
po_int Vi V] Active Reactive Q [Var] (Limit A Q Ftei?nsg ([)rrrlze tirﬁgatcr:r:]s
[Limit< + power [W] | power[var] expected <+*5% <200ms]’ <1000m§]
0.25 %Vn] Qmax)
799.63
100% Vn@10s | 799.86 | 24864.27 -308.29 0 -0.16% -- --
799.68
792.56
99% Vn@10s 792.44 | 24966.89 39546.03 39600 -0.03% 60 120
792.68
784.46 0
98% Vn@10s 784.55 25013.22 79188.22 79200 -0.01% 40 110
784.69
777.59 0
97% Vn@10s 777.93 25133.28 | 118879.21 118800 0.04% 20 80
777.67
768.55
96% Vn@10s 768.86 25121.87 | 158140.36 158400 -0.13% 30 60
768.44
763.07 25138.65 | 198290.44 198000 0.15%
95% Vn@10s 763.41 ’ ’ ' 20 50
763.09
754.99 24881.54 | 198308.98 198000 0.15%
94% Vn@10s 755.30 ’ ’ ' 20 20
754.99
763.08
95% Vn@10s 763.41 24913.51 | 198251.33 198000 0.14% 20 20
763.11
768.56 25125.87 | 158156.36 158400 -0.13%
96% Vn@10s 768.81 ' ‘ ' 40 60
768.41
777.61 24915.26 | 118942.55 118800 0.07%
97% Vn@10s | 777.94 - - S0 30 60
777.69
784.26
98% Vn@10s 784 45 25013.22 79178.22 79200 -0.01% 30 50
784.29
792.36
99% Vn@10s 792 54 24966.89 39536.03 39600 -0.03% 30 50
792.28
799.63
100% Vn@10s | 799.86 24765.80 -311.10 0 -0.16% 20 30
799.68
808.44
101% Vn@10s | 808.66 24699.51 | -39422.66 -39600 0.09% 30 50
808.41
816.22
102% Vn@10s | 816.46 24683.11 | -79188.60 -79200 0.01% 30 40
816.24
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823.79 .
823.95 24550.22 | -117788.03 -118800 0.51% 30 40

823.80

103% Vn@10s

832.11 .
832.45 24543.05 | -158048.23 -158400 0.18% 20 30

832.16

104% Vn@10s

838.36
838.51 24284.59 | -198940.88 -198000 -0.48% 30 60

838.42

105% Vn@10s

846.33
- - - 0
84651 24100.42 | -198961.21 198000 0.49% 20 20

846.42

106% Vn@10s

836.36 .
836.50 | 24074.55 | -198944.55 -198000 -0.48% 20 20

836.40

105% Vn@10s

832.12
- - 0
83245 24545.05 | -158058.23 158400 0.18% 20 30

832.18

104% Vn@10s

823.78 .
823.94 | 24396.55 | -118159.29 -118800 0.32% 30 40

823.78

103% Vn@10s

816.22
- - 0
816.46 24683.11 79192.60 79200 0.01% 30 40

816.24

102% Vn@10s

808.44
- - 9
808.66 24699.51 39428.66 39600 0.09% 30 50

808.41

101% Vn@10s

799.64
799.84
799.68

100% Vn@10s 24762.55 -302.80 0 -0.16% 20 30

P/ Pmax [%0] Set-point >50 %

Vac [V] set- AQ / Qmax

point
[Limit< +

Vi [V]

Active
power [W]

Reactive
power[var]

Q [var]

expected

(LimitAQ
<t5%

Response
time [ms,
<200ms]

Reach
time [ms,
<1000ms]

0.25 %Vn] Qmax)

800.19
800 35 | 165291.32 |  -815.99 0 -0.41% ~ ~

800.21

100% Vn@10s

792.56
200 44 | 165874.33 | 39546.03 39600 -0.03% 60

792.68

99% Vn@10s 120

784.46 .
78455 |165231.16 | 79188.22 79200 -0.01% 40

784.69

98% Vn@10s 110

788.21 .
788.42 | 165726.30 | 118722.31 118800 -0.04% 20 80

788.21

97% Vn@10s

- 0
96% Vn@10s ;2222 165327.59 | 158140.36 158400 0.13% 30 60
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768.44

95% Vn@10s

763.75

763.97

763.72

165298.20

198117.99

198000

0.06%

20

50

94% Vn@10s

755.67

755.91

755.61

165281.33

198144.71

198000

0.07%

20

20

95% Vn@10s

763.70

763.92

763.72

165295.81

198121.21

198000

0.06%

20

20

96% Vn@10s

768.56

768.81

768.41

165211.71

158156.36

158400

-0.13%

40

60

97% Vn@10s

778.23

778.45

778.25

165277.25

118632.44

118800

-0.08%

30

60

98% Vn@10s

784.26

784.45

784.29

165214.66

79178.22

79200

-0.01%

30

50

99% Vn@10s

792.36

792.54

792.28

165321.20

39536.03

39600

-0.03%

30

50

100% Vn@10s

800.22

800.33

800.31

165173.20

-701.20

-0.35%

20

30

101% Vn@10s

808.44

808.66

808.41

165144.70

-39422.66

-39600

0.09%

30

50

102% Vn@10s

816.22

816.46

816.24

165188.91

-79188.60

-79200

0.01%

30

40

103% Vn@10s

824.35

824.41

824.32

164725.25

-118632.71

-118800

0.08%

30

40

104% Vn@10s

832.11

832.45

832.16

164774.21

-158048.23

-158400

0.18%

20

30

105% Vn@10s

838.89

838.95

838.94

164458.84

-199417.21

-198000

-0.72%

30

60

106% Vn@10s

846.87

846.94

846.92

164462.44

-199421.23

-198000

-0.72%

20

20

105% Vn@10s

838.92

838.97

838.97

164455.20

-199404.21

-198000

-0.71%

20

20

104% Vn@10s

832.11

832.45

832.16

164711.20

-158058.23

-158400

0.18%

20

30

103% Vn@10s

824.33

824.40

824.34

164734.11

-118516.30

-118800

0.14%

30

40

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01

Rev.: 00
Date: 2023-03-16
Page: 213 of 217

Telephone : +86 20 3832 0668
Telefax :+86 20 3832 0478

http://www.tuv-sud.cn

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

5F, Communication Building, 163 Pingyun Rd, Huangpu
Ave. West, Guangzhou 510656, P. R. China



http://www.tuvps.com.cn/

&

Product Service

816.22 .
102% Vn@10s | 816.46 164750.30 | -79192.60 -79200 0.01% 30 40

816.24
808.44 .
101% Vn@10s | 808 66 | 16478010 | -39428.66 | -39600 0.09% 20 -
808.41
800.21
100% Vn@10s | 800.36 | 165287.30 | -694.80 0 -0.35% 20 30
800.19

c) Voltage Limits and Control - reactive power regarding active power reduce — Test#1

Test Model SUN2000-330KTL-H1

Qmin = -0.66 Pmax

i [;/g]instet_ m:a[s\ﬁ/r]ed Q1Y) messuee egp[evc&':;]d SAW?(SZ;) Ul JEIIETLS

*100% Pmax | 264340.29 -197704.77 -198000 0.15% -0.749 --
80% Pmax 211544.21 -197998.50 -198000 0.00% -0.750 --
50% Pmax 132358.18 -198249.68 -198000 -0.13% -0.751 --
40% Pmax 105923.38 -145260.22 -144000 -0.64% -0.550 --
30% Pmax 79511.57 -90151.22 -90000 -0.08% -0.341 --
20% Prmax 53049.01 -36151.29 -36000 -0.08% -0.137 --
10% Pmax 26569.96 -609.30 0 -0.31% -0.002 --

Qmax =__0.66 Pmax

*100% Pmax | 264340.29 197704.77 198000 -0.15% 0.749 --
80% Pmax 211544.28 197998.41 198000 0.00% 0.750 --
50% Prmax 132358.17 198249.65 198000 0.13% 0.751 --
30% Pmax 79512.31 198395.74 198000 0.20% 0.751 --
20% Pmax 53049.23 198460.73 198000 0.23% 0.752 --
10% Pmax 26569.62 -399.30 0 -0.20% -0.133 --

c) Voltage Limits and Control - reactive power regarding active power reduce — Test#2

Test Model SUN2000-330KTL-H1

Qmin = -0.458 Pmax
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100% Pmax | 299949.28 -137919.42 -137477 -0.32% -0.460 --
80% Pmax 239338.68 -137433.28 -137477 0.03% -0.458 -
50% Pmax 149443.36 -137311.12 -137477 0.12% -0.458 -
40% Pmax 120570.03 -103490.00 -103600 0.08% -0.345 -
30% Pmax 90490.70 -69700.26 -69800 0.07% -0.232 -
20% Pmax 60370.55 -35860.85 -36000 0.10% -0.120 -
10% Prmax 30130.29 -580.02 0 -0.42% -0.002 -
Qmax =__0.33 Pmax

100% Pmax | 286686.90 136951.20 137477 -0.04% 0.457 --
80% Pmax 239981.00 137159.00 137477 0.12% 0.457 --
50% Pmax 150211.30 137445.00 137477 0.32% 0.458 --
30% Pmax 90265.32 137572.50 137477 0.42% 0.459 --
20% Pmax 60248.05 137648.00 137477 0.47% 0.459 --
10% Prmax 30184.87 -328.02 0 -0.17% -0.239 --

c) Voltage Limits and Control - reactive power regarding active power reduce — Test#3

Test Model SUN2000-330KTL-H2

Qmin = -0.72 Pmax

*100% Pmax | 264232.70 -198035.00 -198000 -0.02% -0.750 --
80% Pmax 210535.50 -198018.00 -198000 -0.01% -0.750 --
50% Pmax 131349.40 -197951.00 -198000 0.02% -0.750 --
40% Pmax 105830.00 -143330.00 -143000 0.18% 0.543 --
30% Pmax 79310.00 -88010.00 -88000 0.01% 0.333 --
20% Pmax 52770.00 -33260.00 -33000 0.14% 0.126 --
10% Pmax 26380.00 -580.00 0 -0.32% -0.002 --

TRF No. G99/1-6: 2020

Project No: 64.290.22.31367.01
Rev.: 00

Date: 2023-03-16

Page: 215 of 217

Telephone : +86 20 3832 0668
Telefax :+86 20 3832 0478

TUV SUD Certification and Testing (China) Co., Ltd.
Guangzhou Branch, TUV SUD Group
5F, Communication Building, 163 Pingyun Rd, Huangpu

http://www.tuv-sud.cn Ave. West, Guangzhou 510656, P. R. China


http://www.tuvps.com.cn/

&

Product Service
Qmax =_0.72 Pmax
i [;/?)]instet_ m:agﬁlr]ed O Ve mesauree egp[;ggd SA%Q(S;) QfPmax FEIEN
*100% Pmax | 264319.00 197674.20 198000 -0.16% 0.749 --
80% Pmax 211601.50 197935.80 198000 -0.03% 0.750 -
50% Pmax 132349.00 198218.20 198000 0.11% 0.751 -
30% Pmax 79425.58 198399.60 198000 0.20% 0.752 -
20% Pmax 52937.61 198495.30 198000 0.25% 0.752 -
10% Pmax 26979.47 -478.43 0 0.24% -0.24 --
c) Voltage Limits and Control - reactive power regarding active power reduce — Test#4
Test Model SUN2000-330KTL-H2
Qmin = -0.663 Pmax
i [;/g]instet_ m:a[s\ﬁ/r]ed Q1Y) messuee egp[evc&':;]d SAW?(SZ;) Ul JEIIETLS
100% Pmax | 274298.07 -183528.44 -182414 -0.84% -0.667 --
80% Pmax 219867.26 -183374.35 -182000 -0.76% -0.667 --
50% Pmax 137677.23 -183276.11 -182000 -0.70% -0.666 --
40% Pmax 110320.00 -132670.00 -132550 0.07% 0.482 -
30% Pmax 82900.03 -82640.00 -82775 -0.07% 0.301 --
20% Pmax 55310.00 -33580.00 -33000 0.32% 0.122 -
10% Prmax 27570.00 --580.00 0 -0.32% -0.002 --
Qmax =__0.33 Pmax
i [;g]instet- mga[sVLYr]ed [l mzzEuee eSp[(X:etl(re]d SA%Q(S::;) QfPmax JFOET
100% Pmax | 274243.70 183092.50 182414 -0.63% 0.666 --
80% Pmax 220110.50 183315.90 182414 -0.76% 0.667 --
50% Pmax 137607.70 183511.10 182414 -0.82% 0.667 --
30% Pmax 82536.38 183655.80 182414 -0.86% 0.668 --
20% Pmax 54970.63 183748.00 182414 -0.89% 0.668 --
10% Pmax 27400.73 391.80 0 0.21% 0.131 --
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---- End of test report -----
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