Test Report issued under the responsibility of:

oo B DEKRA

TEST REPORT
EN 50549-10:2022
Requirements for generating plants to be connected in parallel with distribution networks
- Part 10: Tests for conformity assessment of generating units
Report
Report Number..........ccccoveiiinennn © 6209657.50A
Date of iSSU€ ......ccvviveiiiieeeeiiieee, : 2025-02-25
Total number of pages .........ccccec...... : 259
Testing Laboratory........ccccccveeenee . DEKRA Testing and Certification (Suzhou) Co., Ltd.
AdAress .....oovvveeiiiieeeeee e : No0.99, Hongye Road, Suzhou Industrial Park, Suzhou, Jiangsu,
P.R. China
Applicant’'s name ........................... . Solenso electronic materials Co., LTD.
AdAreSsS ...oovvvvieeeeeeeeeeeeeeeeeeeeeeeeeeaeeeaes . 4F., No. 56, Zili 5th St., Zhongli Dist., Taoyuan City 320, Taiwan
Test specification:
Standard.........ococeeiiiieen : EN 50549-10:2022, EN 50549-1:2019; EN 50549-1:2019/A1:2023,
COMMISSION REGULATION (EU) 2016/631 (NC RfG)
Test procedure .......ccovveeeeviieeeeninen. . Type test
Non-standard test method................ : N/A
Test Report Form No. ..................... EN 50549-10_V1.0
Test Report Form(s) Originator ........ . DEKRA Testing and Certification (Suzhou) Co., Ltd.
Master TRF ... . Dated 2024-07-28
Test item description ..................... . Microinverter
Trade Mark .........cocvrineninininnenns . Selensc*™
Manufacturer ........coeeeeeeeeiieeveiieeeeeenns . Solenso electronic materials Co., LTD.
4F., No. 56, Zili 5th St., Zhongli Dist., Taoyuan City 320, Taiwan
Model/Type reference ...........cc.uuueee. ;. SG1600, SG2000
RALNGS ..o, - Operating temperature range: - 40°C to + 65°C
Protective class: IP67
Power factor range (adjustable): -0.8(lagging)~0.8(leading)
SG1600:
DC: Voltage range:25-55 Vdc, Max Current: 4*14 A,
AC: Max. Output Power: 1.6k VA, rated voltage: 230 Vac, Max.
current: 6.96 A, 50 Hz, LN-PE
SG2000:
DC: Voltage range:25-55 Vdc, Max Current: 4*16 A,
AC: Max. Output Power: 2k VA, rated voltage: 230 Vac, Max.
current: 8.7 A, 50Hz , LN-PE
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Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X |Testing Laboratory:

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

Testing location/ address:

Jiangsu, P.R. China

No0.99, Hongye Road, Suzhou Industrial Park, Suzhou,

Tested by (name, function, signature ):

Shine Yan (ENG)

Shiee Yon

Approved by (name, function, signature):

Sandy Qian (REW)

Som@ K0

[] |Festing-procedure:-CTFStage-1:
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List of Attachments (including a total number of pages in each attachment):
Appendix 1: Datasheet of the relay (9 pages)

Appendix 2: Evaluated protection function and operational capabilities (2 pages)
Appendix 3: Template evaluated parameter and parameter range (5 pages)
Appendix 4: Pictures (4 pages)

Summary of testing:

Tests performed (name of test and test clause): | Testing location:

Original report 6196342.50A: DEKRA Testing and Certification (Suzhou) Co., Ltd.
No0.99, Hongye Road, Suzhou Industrial Park,
All applicable tests were performed. Suzhou, Jiangsu, P.R. China

Amendment 1 Report 6209657.50A:

No testing.

4.8 EMC and power quality — EMC test DEKRA Testing and Certification (Shanghai) Co.,
(The EMC test report provided by the customer) Ltd.

EMC Test report No.: 6196552.50, Issued by No.250, Jiangchangsan Road, Jing’an District,
DEKRA Testing and Certification (Shanghai) Co., Shanghai 200436, China

Ltd.
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Copy of marking plate:

S

Max.Input Voltage

Max. Continuous Input Current
Range of MPPT \lltage
Min./Max. Start Voltage
Max.Short-circuit Current

Max. Continuous Qutput Power

Output Power Factor
Nominal Qutput Voltage

AN &, CE

Tt

Max.Input Voltage

Max. Continuous Input Current
Range of MPPT \bltage
Min./Max. Start Voltage
Max.Short-circuit Current

Max. Continuous Output Power

Oufput Power Factor
Nominal Output Voltage

AN & CE

Smin

Remark:

230Vac and frequency of 50 Hz.

Max. Continuous Qutput Current

Max. Continuous OQutput Current

lense*™ PV Microinverter
Model: SG1600

65V d.c.
14A%4 d.c.
25-55(\/)d.c.
22-60(V)d.c.

MPPT Efficiency

25A% d.c.
1600VA
6.96Aa.c
>0.99(Default)

Protective Rating(IP)
Protective Class
Pollution Degree

230V a.c.

Solenso electronic

Szelense*™ PV Microinverter

Model: SG2000

65V d.c.
16A*4 d.c.
25-55(\)d.c.
22-60(\V)d.c.
25A*4 d.c.
2000vA
8.7Aac
>0.99(Default)
230V a.c.

MPPT Efficiency

Protective Rating(IP)
Protective Class

Pollution Degree

Solenso electronic materials

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

Nominal Output Frequency
Over Voltage Category

Peak Conversion Efficiency

Operating Ambient Temp

Nominal Qutput Frequency
Over Voltage Category

Peak Conversion Efficiency

Operating Ambient Temp

50Hz
PV: 11 ,Mains: Il
99.9%
96.5%
P67
I

-40°C~+657C

materials
Co., Ltd

50Hz
PV.II ,Mains:II

99.9%

96.5%

IPET

I

PD3

-40°C~+65TC

Co., Ltd

TRF No. EN 50549-10_V1.0
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Test item particulars:

Equipment Mobility..........ccoooeiieiieiieeeeee e : movable hand-held stationary
fixed transportable for building-in

Connection to the MaINS........c.ceieeiieneeiee e : pluggable equipment direct plug-in
permanent connection for building-in

Enviromental Category .........ccoovevieiieneeneee e : outdoor indoor indoor

unconditional conditional

Over voltage category Mains.........ccccceveveeevieevieesinnnnns : OvCI ovcll ovc il ovC IV

Over voltage category PV.......ccccocvviieiiiie v : ovCl ovcl ovcl OoVvC IV

Mains supply tolerance (%) ....cccocovevceevieeriee e s T +10%

Tested for pOWer SYStEMS .......cccoovvierieeriee e : TN

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

Class of equipment ..........coveeieeieeniene e : Class | Class Il Class 11l
Not classified

Mass of equipment (Kg) ......ccovvvereenienieneeeese e © 5.4kg

POIIULION dEgree .......cocvieiieieee e : Outside PD3

IP proteCtion ClassS........ccccvevivieieiiieee e : P67

Possible test case verdicts:

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

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

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

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

Testing:

Date of receipt of test item ..o :

Date (s) of performance of testS.........cccccvvvvevcvercennne :

I
2024-12-01 to 2024-12-07

General remarks:

laboratory.

and methods.

The test results presented in this report relate only to the object tested.
This report shall not be reproduced, except in full, without the written approval of the Issuing testing

Determination of the test result includes consideration of measurement uncertainty from the test equipment

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

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

Name and address of factory (ies):
Zhejiang Wellsun Intelligent Technology Co.,Ltd

109 Yongchang Road, Shifeng Street, Tiantai County, Taizhou City, Zhejiang Province

TRF No. EN 50549-10_V1.0
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General product information:

General product information:

This product is a Single-phase grid-connected photovoltaic inverter, which converts the DC voltage of solar
panels into single -phase AC voltage and connects to the 220V/230V/240V grid to achieve power generation
function.

There is an auxiliary power supply inside the product. The AC side has a dedicate relay , whichis to
ensure the safety and reliability of the system. The product can generate full power up to ambient
temperature 45°C. When the temperature exceeds 45°C, the output power derates linearly until maximum
ambient temperature 60°C.

Description of the power circuit:

The internal control of the circuit adopts redundant structure, the booster part and the inverter part are
controlled by the controller U25. U25 detects DC voltage and current, DC side insulation impedance, AC
voltage, current, frequency, leakage current, etc., for boost circuit control and solar power tracking;

Model difference:

Block Diagram

{5

Model difference:
Models SG2000, SG1600 are identical except for different rated output power controlled by software.

Hardware version: WS0512NxA1.V03.
Software version: V2.10-2024.06.15

Amendment 1

The report 6209657.50A was based on the report 6196342.50A issued by DEKRA Testing and
Certification (Suzhou) Co., Ltd., issued on 2024-11-11, and COC No.: 6196342.01, COC No.:
6196342.02 issued by DEKRA Testing and Certification (Shanghai) Ltd., issued on 2024-11-11. It
was issued due to below modifications:

---Update the the applicant, trade mark, model names and the marking plate.

After technical review, tests were not considered necessary.

TRF No. EN 50549-10_V1.0
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technology

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
Test overview:
5.2.1 Frequency operating range Table 5.2.1
5.2.2 Voltage operating range Table 5.2.2
Immunity to disturbances - Rate of change of
53.1 frequency (ROCOF) Table 5.3.1 P
Immunity to disturbances - Fault ride through, list available optional
533 over-voltage (OVRT) and under-voltage (UVRT) modes here P
g 9 Table 5.3.3
54 Active response to frequency deviation Table 5.4.3.2,5.4.3.3 P
55.1 Power capabilities assessment Table 5.5.1.3,5.5.1.6 P
5.5.2 Voltage; support by reactive power - test to list available Modes here P
determine the reactive power control modes
55.2.3 Verification procedure for Set point control Table 5.5.2.3 P
5524 Verification prqcedure for voltage related control Table 5.5.2.4 P
mode for reactive power Q(U)
5525 Verification proqedure for power related control Table 5.5.2.5 P
modes for reactive power
5.6 Voltage related active power reduction - P(U) Table 5.6 P
See EMC report No.
57.1 EMC 6208431.50. which complies P
with EN 61000 series
5.7.2 Power Quality Table 5.7.2.2,5.7.2.3,5.7.2.4 P
Verification procedure for generating plants to be
5.8.3 connected to a LV distribution network with Table 5.8.3.2,5.8.3.3,5.8.34 P
Interface protection as internal device
Verification procedure for generating plants to be | The protection complies with
5.8.4 connected to a LV distribution network with EN 60255-1, EN 60255-26 and P
Interface protection as dedicated device EN 60255-27. See Appendix 1
585 Verification procedure for generating plants to be N/A
o connected to a MV distribution network
. . Table 5.8.6, complies with IEC
5.8.6 Islanding detection 62116 P
5.9.3 Automatic reconnection after tripping Table 5.9 P
594 Starting to generate electrical power Table 5.9 P
5.10 Active power reduction on set point Table 5.10 P
5.11 Remote information exchange Tahle 5'1.1’ t_he applied . P
communication standard is
512 Requwements re_gardlng single ffault toleranc_e of Table 5.12 p
interface protection system and interface switch
Model definition and model validation for
5.13 generating units of synchronous generating N/A

TRF No. EN 50549-10_V1.0
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
521 TABLE: Frequency operating range P
Model SG2000
] Opinion 1: Minimum requirement
Test condition Measurement Limits
Test -
sequence|  yu, f (Hz) U/Un f (Hz) P/P, Coso D“r?;')o” Tl cont. T
1 85% 47.0 - - - - 600 > 300s
2 85% 48.5 - - - - 6000 > 1800s
3 110% 51.0 - - - - 6000 > 1800s
4 110% 51.5 - - - - 1800 = 300s
Note:

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

[] Opinion 2: Stringent requirement

Test Test condition Measurement Limits
sequence | U, f (H2) U/Un f (H2) P/P, Cosg D““’z‘g"” Tl cont. T
1 85% 47.0 84.9% 46.99 95.7% 0.999 300 =220s
2 85% 47.5 84.9% 47.49 95.5% 0.999 7040 = 5400s
3 110% 51.5 109.9% 51.49 96.7% 0.999 6000 = 5400s
4 110% 52.0 109.9% 51.99 96.7% 0.999 1000 >2300s
Note:

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

TRF No. EN 50549-10_V1.0
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EN 50549-10

Clause Requirement - Test Result - Remark Verdict

Graph of Test 1: 85% Un / 47.0 Hz
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EN 50549-10

Clause Requirement - Test Result - Remark Verdict

Graph of Test 3: 110% Un /51.5 Hz
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.2.2 TABLE: Voltage operating range P
Model SG2000
Test condition Measurement
Test Time i

sequence |y, | f(Hz) © UlUn | f(H2) P/Py Cosg D”r"z‘;')o” T

1 100% 50.0 600 99.99% 49.99 98.96% 0.999 600

2 85% 50.0 600 84.99% 49.99 97.44% 0.999 610

3 100% 50.0 600 99.99% 49.99 98.80% 0.999 622

4 110% 50.0 600 109.99% 49.99 99.19% 0.999 610

5 100% 50.0 600 99.99% 49.99 98.88% 0.999 624
Note:

TRF No. EN 50549-10_V1.0




Page 13 of 259

Report No.: 6209657.50A

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
443 TABLE: Minimal requirement for active power delivery at under-frequency P
Model SG2000
] Opinion 1: Minimum requirement
s Test condition Measurement Limits
sequence
Coso AP/Pn AP/Pn
No. U/Un f (Hz) U/Un f (Hz) P/Pn (PF) AP/Pn per 1 Hz | per 1 Hz
1 100% 50.0 - -- - - - - -
2 100% 49.5 - -- - - - -
3 100% 49.0 - -- - - - -- =2 -10%
4 100% | 475 - - - - -- -
] Opinion 2: Stringent requiremen
LIS Test condition Measurement Limits
sequence
Coso AP/Pn AP/Pn
U/Un f (Hz) U/Un f (Hz) P/Pn (PF) AP/Pn per 1 Hz | per1Hz
1 100% 50.0 100% 50.0 97.81% 0.99 -2.19% - -
2 100% 49.5 100% 49.5 97.77% 0.99 -2.23% | 0.08%
3 100% 49.0 100% 49.0 97.79% 0.99 -2.21% | 0.04% = -2%*
4 100% 47.5 100% 47.5 97.88% 0.99 -2.12% | 0.06%
Note:
* Stringent requirement
P-f Diagram
110% 51
100% 50.5
O e ———— 50
N
80% 495 LT
£ g
Q- 70% 49
= -
60% 485 g
LL
50% 48
40% 47.5
30% 47
0 2000 4000 6000 8000 10000 12000 14000
Time[s]
P/Pn ——Frequency(Hz)
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The ROCOF immunity is defined with a sliding measurement window of 500 ms.

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
53.1 TABLE: Rate of change of frequency (ROCOF) immunity P
Model SG2000
Voltage (Vac) 230
Active power (W) 2000
Test condition

SeJ“eeS:‘CE Ramp From To Time [s] Result Himits

1 0 50.0 Hz 50.0 Hz 3.0

2 +2Hz/s 50.0 Hz 51.0 Hz 0.6

3 0 51.0 Hz 51.0 Hz 3.0

4 -2Hz/s 51.0 Hz 49.0 Hz 11 No disconnection | No disconnection

5 0 49.0 Hz 49.0 Hz 3.0

6 +2Hz/s 49.0 Hz 50.0 Hz 0.6

7 0 50.0 Hz 50.0 Hz 3
Note:

Graph of Test
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.3.2 TABLE: Phase jump P
Model SG2000
Test Condition
Cos@ _ Phase Result Limit
P (PF) Uiluts displacement
No damage inverter | No damage inverter
> 90% 1 5min +90° g g
connected connected
. No damage inverter | No damage inverter
> 90% 1 5min -90°
connected connected
) No damage inverter | No damage inverter
> 90% 1 5min +180°
connected connected
) No damage inverter | No damage inverter
> 90% 1 5min -180°
connected connected

Graph of Test

TRF No.

EN 50549-10_V1.0

Testl

S
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EN 50549-10

Clause Requirement - Test Result - Remark Verdict

Test3

TRF No. EN 50549-10_V1.0
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*Most stringent.

Before EUT test, AC grid shall be measured and recorded test data in empty load test at each condition of test
numbers (1.x to 7.x) and VRT fault types (A/D1/D2).

Each case two consecutive tests must be completed successfully.

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.3.3 |TABLE: Fault ride through, over-voltage (OVRT) and under-voltage (UVRT) P
Model |[SG2000
For EN 50549-1 type A
Test Voltage dip VRT fault Fault duration (t2-t1) P/Pn Q/Pn Test No.
U/Un (p.u.) type (ms) (p.u.) (p.u.)
0.98t0 1.02 1.1
A (VD1) 0.1t0 0.5 1.2
0.98 to 1.02 13
1 0.05 D1 (VD6) >200 011005 Oto+0.1 14
0.98t0 1.02 15
*
D2* (VDS) 0.1t0 0.5 16
2 0.25 2630 N - Otox0.1 -
D1 (VD7) 0.98 to 1.02 2.3
0.1t0 0.5 2.4
Ao S0 L0
3 0.50 21260 - - Oto+0.1 :
D1 (VD8) 0.98 to 1.02 33
0.1t0 0.5 34
A VDY 011008 a2
4 0.75 21800 . - Oto+0.1 -
D1 (VD) 0.98 to 1.02 4.3
0.1t0 0.5 4.4
Ao oLt
5 0.90 26000 N - Oto+0.1 -
D1 (VD10) 0.98 t0 1.02 5.3
0.1t0 0.5 5.4
2oLl 3
6 1.15 260000 N - Oto+0.1 -
D1 (VS4.2) 0.98 t0 1.02 6.3
) 0.1t0 0.5 6.4
Avs2 “or00s 2
7 1.20 >5000 N - Oto+0.1 -
D1 (VS4.1 0.98 t0 1.02 7.3
i 0.1t00.5 7.4
0.98 to 1.02 8.1
A (VS1) 0.1t0 0.5 8.2
0.98t0 1.02 8.3
8 1.25 D1 (VS3) =100 0.98 10 1.02 Oto+0.1 8.4
0.1t0 0.5 8.5
D2 (VS3) 0.98 to 1.02 8.6
Note(s):

TRF No. EN 50549-10_V1.0
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
For EN 50549-2:2019 and EN50549-1 type B
Test Voltage VRT fault Fault Pmax/Pn Q/Pmax K factor Test No.
dip/swell type duration [p.u.] [p.u.]
U/Un [p.u.] (t2-t1) [ms]
0.98 to 1.02 1.1
VD1 > 250 11005 5
1 0.05 09810 1.02 Oto+0.1 2 13
VD6 > 250 1005 ”
0.98t0 1.02 21
>
VD2 2910 0.1t0 0.5 22
098w102 | 0©*01 2 23
VD7
=910
2 0.25 0.1t0 0.5 . 2.4
VD2 aCtIVQ p_OWQI‘ 25
priority
2910 0.1t0 0.5 Oto+0.1 I limitation
VD2 configured to 2.6
90 % In
0.98t0 1.02 31
VD3 > 1870 011005 a0
s 050 008102 | 0*01 2 33
. >
VD8 > 1870 011005 2d
Zero current
VD3 = 1870 0.98t0 1.02 O0to+0.1 mode 3.5
0.98t0 1.02 4.1
VD4 = 2690 0105 Otox0.1 2 12
0.98t0 1.02 43
VD9 = 2690 O0to+0.1 2
4 0.75 0.1t0 0.5 4.4
-Qmax 2 45
VD4 = 2690 0.1t0 0.5
Oto+0.1 4 4.7
VD4 > 2675 098101.02 | Otox0.1 | Zerocurent 4.8
mode
0.98t0 1.02 51
VD5 0.1t0 0.5 2 572
5 0.90 VD10 = 60000 0.98101.02 0to+0.1 ) 5.3
0.1t0 0.5 5.4
VD5 01t0.5 5 5.5
0.98t01.02 6.1
VS2.2 0105 Otox0.1 6.2
0.98 t0 1.02 2 6.3
6 1.15 VS4.2 > 60000 011005 Oto+0.1 6.4
0.1t0 0.5 + Qmax 6.5
VS2.2 0.98 10 1.02 Oto+0.1 | Zero current 6.6
mode
0.98t0 1.02 71
VS2.1 011005 O0to+0.1 —
7 1.20 veal > 5000 0.98101.02 01001 2 7.3
+
: 011005 0. 7.4
VS2.1 0.1t0 0.5 + Qmax 7.5

TRF No. EN 50549-10_V1.0
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
For EN 50549-2:2019 and EN50549-1 type B
Test Voltage VRT fault Fault Pmax/Pn Q/Pmax K factor Test No.
dip/swell type duration [p.u.] [p.u.]
U/Un [p.u.] (t2-t1) [ms]
0.98t0 1.02 8.1
Vsl 0.1t0 0.5 8.2
Otox0.1 2
8 198 > 100 0.98t0 1.02 83
VS3 0.1t0 0.5 8.4
098t101.02 | Otox0.1 | Zerocurent 8.5
mode
Note(s):

The two consecutive tests as specified in 5.3.3.3 shall be conducted with different DC input voltages:

One test near the minimum DC input voltage, between 0 % — 20 % of the voltage range;

One test near the maximum DC input voltage, between 80 % — 100 % of the voltage range.
EXAMPLE: If voltage range is 300 V — 900 V: 300 V = 0 %; 900 V = 100 %,
Utestmin =300 V —420 V as 300 V + 0.2 * 600 V = 420 V;
Utest-max = 780 V — 900 V as 300 + 0.8 * 600 V = 780 V

For PV inverter the maximum and minimum DC input voltage shall be the minimum and maximum MPP
voltage according to EN 50524.

Table A.1 — Phase vectors on the LV side of a Dy transformer in the presence of asymmetric two-
phase fault on the primary MV side

Phase-earth voltages (LV side) Phase angles
u/Un (MV

sidé) ul/ui,n u2/u2,n U3/u3,n QU1 ouU2 oU3

VD6 0,05+0,05 | 0,05+0,05 0,87 £ 0,05 0,87 £ 0,05 0° 92° 268

VD7 0,25+0,05 | 0,25+0,05 0,88 + 0,05 0,88 + 0,05 0° 98 262

VD8 0,50+0,05 | 0,50+0,05 0,90 + 0,05 0,90 + 0,05 0° 106 254

VD9 0,75+0,05 | 0,75+0,05 0,94 £ 0,05 0,94 £ 0,05 0° 113° 247°

VD10 0,9+0,05 0,90 £ 0,05 0,98 £ 0,05 0,98 £ 0,05 0° 117° 243°
normal conditions 1 1 1 1 0° 120° 240°

Table A.2 — Phase vectors on the LV side of a Dy transformer in the presence of asymmetric two-
phase overvoltage event on the primary MV side

u/Un (MV Phase-earth voltages (LV side) Phase angles
side) ul/ui,n u2/u2,n U3/u3,n QU1 QU2 oU3
VS3 1,25+0,05 | 1,25+0,05 1,07 £ 0,05 1,07 £ 0,05 0° 126° 234°
VsS4 1,15+0,05 | 1,15+0,05 1,04 £ 0,05 1,04 £ 0,05 0° 124° 236°
normal 1 1 1 1 0° 120° 240°
conditions
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Condition
ltem No. Parameter P?(:gse Time ref. unit Measured value
0 Test number -- -- -- 1.1 1.2
1 Date -- -- yyyy.mm.dd 2024.12.7 2024.12.7
2 T'mete(zg"” of - - hh:mm:ssf | 16:15:13.9 16:59:13.4
Fault type
3 (phase) B B B A A
Setting voltage | Lineto
4 depth line -- p.u. 0.05 0.05
5 Setting dip - - - 2200 2200
duration
General i
g | Pointoffault | 4o - ms 9216.53 9216.53
entry
7 | Pointoffault | o - ms 9469.08 9469.08
clearance
Fault duration
8 in empty load Total -- ms 253.90 253.90
test
9 Voltage Total 0.049 0.049
depth/height in t1+100ms u
10 | empty load Pos. | tot2and p-u. 0.049 0.049
test
L1to 0.999 0.999
neutral
12 Voltage L2 to t1-10s to t1 p.u 1.000 0.999
neutral h ) '
L3 to 0.999 0.999
neutral
Before t1-500ms
dip <t1 13 Current Pos. to t1- p.u. 0.996 0.200
100ms
14 . Total 0.994 0.199
15 Active power Pos. t1-10s to t1 p.u. 0.994 0199
16 Reactive Total -0.006 0.004
17 power pos, | 1l0stotd p-u. -0.006 0.004
18 Coso -- t1-10s to t1 -- 0.999 0.995
L1to 0.049 0.999
neutral
L2 to
19 Voltage neutral t1+100ms DU, 0.050 0.999
L3 to to t2-20ms
0.049 0.999
neutral
. 20 Pos. 0.049 0.999
During
dip tl to 22 Phase 1 0.006 0.006
2 23 Line current | Phase2 | t1+60ms p.u. 0.023 0.022
24 Phase 3 0.017 0.018
25 Phase 1 0.006 0.006
26 Line current Phase 2 | t1+100ms p.u. 0.023 0.022
27 Phase 3 0.017 0.018
28 Active power Total t1+100ms U 0.000 0.000
29 P Pos. | tot2-20ms p-u. 0.000 0.000
L1to 1.000 0.999
neutral
L2 to t2+3s to
After dip 30 Voltage neutral 2+10s p.u. 1.000 0.999
L3 1o 1.000 1.000
neutral
31 Active power Total p.u. 0.994 0.199
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Clause Requirement - Test Result - Remark Verdict
t2+3s to
32 Pos. 2+105s 0.994 0.199
33 | Activepower | 5,0 - s 0513 0.598
rising time
34 Reactive Total t2+3s to U -0.006 0.004
35 power Pos. 12+10s p-u. ~0.006 0.004
Reactive
36 power rising Pos. -- s - -
time
PGU does not
disconnect t2 to
37 from grid till - t2+60s Yes/No es Yes
60s after fault

TRF No. EN 50549-10_V1.0



Page 23 of 259 Report No.: 6209657.50A

EN 50549-10

Clause Requirement - Test Result - Remark Verdict

Test 1.1&1.2 Depth of fault phase: 0.05 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltages

Test 1.1&1.2 Depth of fault phase: 0.05 p.u., three-phase SC (type A), No load,
Positive sequence voltage
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]

SAIUL[V] @AIL/UZ[V] ®AILUZ[V]
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Verdict

SA111[A] SAIL/I2[A] ®AILIZ[A

0:11.00 01150 0:12.00

@®I11_tRMS [p.u.] ®I12_tRMS[p.u.] 13_tRMS [p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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Verdict

SA1i1[A] eAIL/I2[A] SAILI3[A]

30,
0:10.50 0:11.00 0:11.50 0:12.00 0:12.50 0:13.00 0:13.50 0:14.00 0:14.50 [ ]
@®I11_tRMS [p.u.] ®I12_tRMS[p.u.] 13_tRMS [p.u.]
e e B e i ] e e e R
[ e e T e et e T i DR S i e TR
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 1.3 1.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 16:25:13.9 16:39:13.4
3 Fault type (phase) - -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 0.05 0.05
5 Setting dip duration -- -- -- 2200 2200
General 6 Point of fault entry Total -- ms 43275 43275
7 Point of fault Total - ms 43528 43528
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 252.666 252.666
9 Total 0.596 0.596
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.049 0.049
11 Neg. - --
L1 to neutral 0.999 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 0.999 0.999
L3 to neutral 0.999 0.999
setore | 13 Current Pos. Hoooms 10 p.U. 0.995 0.202
dip <t1 14 . Total 0.995 0.201
15 Active power Pos. t1-10s to t1 p.u. 0995 0201
16 . Total -0.004 0.003
17 Reactive power Pos. t1-10s to t1 p.u. 20.002 0003
18 Cos@ - t1-10s to t1 - 0.999 0.995
L1 to neutral 0.049 0.050
19 L2 to neutral {1+100ms to 0.869 0.869
Voltage L3 to neutral £2-20ms p.u. 0.869 0.869
20 Pos. 0.596 0.596
21 Neg. -- --
During 22 Phase 1 0.017 0.017
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.034 0.034
t2 24 Phase 3 0.042 0.042
25 Phase 1 0.017 0.017
26 Line current Phase 2 t1+100ms p.u. 0.044 0.045
27 Phase 3 0.043 0.042
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 0.999 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 0.999 0.999
L3 to neutral 0.999 0.999
31 Active power Total t2+3s to p.u 0.995 0.201
32 Pos. t2+10s o 0.995 0.201
33 | Active powerrising Pos. - s 0.758 0.434
After dip time
34 Reactive power Total t2+3s to p.u -0.004 0.003
35 Pos. t2+10s o -0.004 0.003
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes

till 60s after fault
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Test 1.3&1.4 Depth of fault phase: 0.05 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages

1.0002

Test 1.3&1.4 Depth of fault phase: 0.05 p.u., three-phase SC (type D1), No load,
Positive sequence voltage

e ey
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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SA1i1[A] eAIL/I2[A] S®AILI3[A]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 1.5 1.6
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 17:27:13.9 17:36:13.4
3 Fault type (phase) - -- -- D2 D2
4 Setting voltage depth Line to line -- p.u. 0.05 0.05
5 Setting dip duration -- -- -- 2200 2200
General 6 Point of fault entry Total -- ms 34517 34517
7 Point of fault Total - ms 35330 35330
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 813 813
9 Total 0.868 0.868
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0201 0.201
11 Neg. - --
L1 to neutral 0.999 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 0.999 0.999
setore | 13 Current Pos. Hoooms 10 p.U. 0.995 0.200
dip <t1 14 . Total 0.995 0.200
15 Active power Pos. t1-10s to t1 p.u. 0995 0200
16 . Total -0.004 0.004
17 Reactive power Pos. t1-10s to t1 p.u. 20.002 0.004
18 Cos@ -- t1-10s to t1 -- 0.999 0.996
L1 to neutral 0.868 0.868
19 L2 to neutral {1+100ms to 0.868 0.868
Voltage L3 to neutral £2-20ms p.u. 0.869 0.869
20 Pos. 0.201 0.201
21 Neg. -- --
During 22 Phase 1 1.041 1.025
diptlto 23 Line current Phase 2 t1+60ms p.u. -- --
t2 24 Phase 3 -- --
25 Phase 1 0.014 0.014
26 Line current Phase 2 t1+100ms p.u. -- --
27 Phase 3 -- --
28 Active power Total t1+100ms to p.u 0.220 0.220
29 Pos. t2-20ms o 0.220 0.220
L1 to neutral 0.999 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 0.999 0.999
31 Active power Total t2+3s to p.u 0.995 0.200
32 Pos. t2+10s o 0.995 0.200
33 Active power rising Pos. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u -0.004 0.004
35 Pos. t2+10s o -0.004 0.004
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes

till 60s after fault
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vvvvv

Test 1.5&1.6 Depth of fault phase: 0.05 p.u., three-phase SC (type D2), No load,

TRF No. EN 50549-10_V1.0

Instantaneous and RMS values of phase voltages

«

Test 1.5&1.6 Depth of fault phase: 0.05 p.u., three-phase SC (type D2), No load,
Positive sequence voltage

1.00001
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 2.1 2.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 17:27:13.9 17:36:13.4
3 Fault type (phase) - -- -- A A
4 Setting voltage depth Line to line -- p.u. 0.25 0.25
5 Setting dip duration -- -- -- 2630 2630
General 6 Point of fault entry Total -- ms 34418 34418
7 Point of fault Total - ms 35330 35330
clearance
8 Zﬁg&‘fégﬂc’t’;g? Total - ms 912 912
9 Total 0.249 0.249
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0249 0.249
11 Neg. - --
L1 to neutral 0.999 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 0.999 0.999
setore | 13 Current Pos. Hoooms 10 p.U. 0.995 0.200
dip <t1 14 . Total 0.995 0.200
15 Active power Pos. t1-10s to t1 p.u. 0995 0200
16 . Total -0.004 0.004
17 Reactive power Pos. t1-10s to t1 p.u. 20.002 0.004
18 Cos@ - t1-10s to t1 -- 0.999 0.996
L1 to neutral 0.249 0.250
19 L2 to neutral {1+100ms to 0.250 0.250
Voltage L3 to neutral £2-20ms p.u. 0.250 0.250
20 Pos. 0.249 0.250
21 Neg. -- --
During 22 Phase 1 0.014 0.014
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.025 0.026
t2 24 Phase 3 0.020 0.020
25 Phase 1 0.014 0.014
26 Line current Phase 2 t1+100ms p.u. 0.024 0.025
27 Phase 3 0.020 0.020
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 0.999 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 0.999 0.999
31 Active power Total t2+3s to p.u 0.995 0.200
32 Pos. t2+10s o 0.995 0.200
33 | Active powerrising Pos. - s 0.541 0.398
After dip time
34 Reactive power Total t2+3s to p.u -0.004 0.004
35 Pos. t2+10s o -0.004 0.004
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes

till 60s after fault
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Test 2.1&2.2 Depth of fault phase: 0.25 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltages
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Test 2.1&2.2 Depth of fault phase: 0.25 p.u., three-phase SC (type A), No load,
Positive sequence voltage
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Condition Measured value
ltem No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 2.3 2.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 17:33:13.9 17:49:13.4
3 Fault type (phase) - -- -- D D
4 Setting voltage depth Line to line -- p.u. 0.25 0.25
5 Setting dip duration -- -- -- 2630 2630
General 6 Point of fault entry Total -- ms 20316 20316
7 Point of fault Total - ms 21229 21229
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 913 913
9 Total 0.249 0.669
Voltage depth/height t1+100ms to
10 in e?npty Irt))ad tesgt Pos. t2 and p-u. 0.669 0.249
11 Neg. - --
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 0.999
setore | 13 Current Pos. Hoooms 10 p.U. 0.996 0.201
dip <t1 14 . Total 0.996 0.201
15 Active power Pos. t1-10s to t1 p.u. 0996 0201
16 . Total -0.007 0.005
17 Reactive power Pos. t1-10s to t1 p.u. 20.007 0,005
18 Cos@ - t1-10s to t1 -- 0.999 0.996
L1 to neutral 0.249 0.249
19 L2 to neutral {1+100ms to 0.879 0.880
Voltage L3 to neutral £2-20ms p.u. 0.879 0.879
20 Pos. 0.669 0.670
21 Neg. -- --
During 22 Phase 1 0.024 0.024
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.045 0.045
t2 24 Phase 3 0.043 0.043
25 Phase 1 0.024 0.024
26 Line current Phase 2 t1+100ms p.u. 0.045 0.045
27 Phase 3 0.043 0.043
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms h 0.000 0.000
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 1.000 0.999
31 Active power Total t2+3s to p.u 0.996 0.201
32 Pos. t2+10s h 0.996 0.201
33 | Active powerrising Pos. - s 0.439 0.251
After dip time
34 Reactive power Total t2+3s to p.u -0.007 0.005
35 Pos. t2+10s h -0.007 0.005
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes

till 60s after fault
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Test 2.3&2.4 Depth of fault phase: 0.25 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltag
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Test 2.3&2.4 Depth of fault phase: 0.25 p.u., three-phase SC (type D1), No load,
Positive sequence voltage
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 3.1 3.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 18:11:13.9 18:15:13.4
3 Fault type (phase) - -- -- A A
4 Setting voltage depth Line to line -- p.u. 0.50 0.50
5 Setting dip duration -- -- -- 21260 21260
General 6 Point of fault entry Total -- ms 26.808 26.808
7 Point of fault Total - ms 28.682 28.682
clearance
8 Zﬁg&‘fégﬂc’t’;g? Total - ms 1873.720 | 1873.720
9 Total 0.499 0.499
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.499 0.499
11 Neg. - --
L1 to neutral 1.004 1.001
12 Voltage L2 to neutral | t1-10stotl p.u. 1.003 1.002
L3 to neutral 1.003 1.001
setore | 13 Current Pos. Hoooms 10 p.U. 0.997 0.335
dip <t1 14 . Total 1.001 0.335
15 Active power Pos. t1-10s to t1 p.u. 1001 0335
16 . Total 0.004 0.006
17 Reactive power Pos. t1-10s to t1 p.u. 0,004 0.006
18 Cos@ - t1-10s to t1 - 0.996 0.960
L1 to neutral 0.521 0.521
19 L2 to neutral {1+100ms to 0.521 0.521
Voltage L3 to neutral £2-20ms p.u. 0.521 0.521
20 Pos. 0.521 0.521
21 Neg. -- --
During 22 Phase 1 0.022 0.042
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.042 0.042
t2 24 Phase 3 0.042 0.043
25 Phase 1 0.042 0.042
26 Line current Phase 2 t1+100ms p.u. 0.042 0.042
27 Phase 3 0.042 0.043
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 1.004 1.001
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.003 1.002
L3 to neutral 1.003 1.001
31 Active power Total t2+3s to p.u 1.001 0.335
32 Pos. t2+10s o 1.001 0.335
33 | Active powerrising Pos. - s 0.768 0.392
After dip time
34 Reactive power Total t2+3s to p.u 0.004 0.006
35 Pos. t2+10s o 0.004 0.006
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 3.1&3.2 Depth of fault phase: 0.50 p.u., three-phase SC (type A), No load,

Instantaneous and RMS values of
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Test 3.1&3.2 Depth of fault phase: 0.50 p.u., three-phase SC (type A), No load,
Positive sequence voltage
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®1_s_pos[p.u.] ®I_P_pos[pu] ®1_Q_pos[p.u.
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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SA1i1[A] @AIL/I2[A] ®AILI3[A]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 3.3 3.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 18:25:13.8 18:34:13.2
3 Fault type (phase) - -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 0.50 0.50
5 Setting dip duration -- -- -- 21260 21260
General 6 Point of fault entry Total -- ms 27330 27330
7 Point of fault Total - ms 29207 20207
clearance
8 Zﬁg&‘fégﬂc’t’;g? Total - ms 1877 1877
9 Total 0.499 0.499
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.766 0.766
11 Neg. - --
L1 to neutral 1.004 1.002
12 Voltage L2 to neutral | t1-10stotl p.u. 1.003 1.001
L3 to neutral 1.004 1.002
setore | 13 Current Pos. Hoooms 10 p.u. 0.996 0.335
dip <t1 14 . Total 1.000 0.335
15 Active power Pos. t1-10s to t1 p.u. 1,000 0335
16 . Total 0.004 0.006
17 Reactive power Pos. t1-10s to t1 p.u. 0,004 0.006
18 Cos@ - t1-10s to t1 -- 0.995 0.960
L1 to neutral 0.501 0.501
19 L2 to neutral {1+100ms to 0.902 0.902
Voltage L3 to neutral £2-20ms p.u. 0.902 0.902
20 Pos. 0.768 0.769
21 Neg. -- --
During 22 Phase 1 0.041 0.041
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.074 0.074
t2 24 Phase 3 0.074 0.074
25 Phase 1 0.041 0.041
26 Line current Phase 2 t1+100ms p.u. 0.074 0.074
27 Phase 3 0.074 0.074
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 1.004 1.002
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.003 1.001
L3 to neutral 1.004 1.002
31 Active power Total t2+3s to p.u 1.000 0.335
32 Pos. t2+10s o 1.000 0.335
33 | Active powerrising Pos. - s 0.477 0.364
After dip time
34 Reactive power Total t2+3s to p.u 0.004 0.006
35 Pos. t2+10s o 0.004 0.006
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
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Test 3.3&3.4 Depth of fault phase: 0.50 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages
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Test 3.3&3.4 Depth of fault phase 0.50 p.u., three-phase SC (type D1), No load,
Positive sequence voltage
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Clause Requirement - Test Result - Remark
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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SA1i1[A] eAIL/12[A] ®AILI3[A]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Clause Requirement - Test Result - Remark Verdict
Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 4.1 4.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 18:14:13.8 18:16:12.4
3 Fault type (phase) - -- -- A A
4 Setting voltage depth Line to line -- p.u. 0.75 0.75
5 Setting dip duration -- -- -- 21800 21800
General 6 Point of fault entry Total -- ms 24067 24067
7 Point of fault Total - ms 26762 26762
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 2695 2695
9 Total 0.750 0.750
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.750 0.750
11 Neg. - --
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 0.999
setore | 13 Current Pos. Hoooms 10 p.U. 0.993 0.208
dip <t1 14 . Total 0.991 0.200
15 Active power Pos. t1-10s to t1 p.u. 0991 0200
16 . Total 0.079 0.055
17 Reactive power Pos. t1-10s to t1 p.u. 0079 0.055
18 Coso -- t1-10s to t1 -- 0.996 0.960
L1 to neutral 0.750 0.749
19 L2 to neutral {1+100ms to 0.750 0.750
Voltage L3 to neutral £2-20ms p.u. 0.750 0.750
20 Pos. 0.750 0.750
21 Neg. -- --
During 22 Phase 1 1.312 0.268
diptlto 23 Line current Phase 2 t1+60ms p.u. 1.312 0.268
t2 24 Phase 3 1.309 0.067
25 Phase 1 1.312 0.268
26 Line current Phase 2 t1+100ms p.u. 1.312 0.268
27 Phase 3 1.309 0.067
28 Active power Total t1+100ms to p.u 0.981 0.198
29 Pos. t2-20ms o 0.981 0.198
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 1.000 0.999
31 Active power Total t2+3s to p.u 0.991 0.200
32 Pos. t2+10s o 0.991 0.200
33 Active power rising Pos. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.079 0.055
35 Pos. t2+10s o 0.079 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
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Test 4.1&4.2 Depth of fault phase: 0.75 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltages
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Test 4.1&4.2 Depth of fault phase: 0.75 p.u., three-phase SC (type A), No load,
Positive sequence voltage
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®1_s_pos[p.u.] ®I_P_pos[pu] ®1_Q_pos[p.u.

$ 4

TRF No. EN 50549-10_V1.0



Page 83 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remar k Verdict

___________ I S N N
i”ﬂn%W‘I\”ﬂlﬂl”ﬂh‘l”l‘W\’W\N]M‘lWlNr'lfl”ﬂh‘l’l'ﬂl’1’\'1‘1“‘1””1'5"\1‘1 AL VMMMMWJW M’ I N‘ﬂ”ﬂ N ‘MM ‘\”Mu‘th'ﬂx”ﬂy ]

B e e e E i e e B e R R B

& - - & o "
T 9 q T q T T 9
j
@ I =
= L [=]
51 5
[=] [=]
=) =]
E E
b= =
= =
| & w
= =
= =]
[=] [=]
2 =1
[=] [=]
L]
o
=] I ]
. 5 E =
E [=] [=]
c
= o
= g
=
B
: : o
= 5 = =
'E' =] =}
5] [ ]
= =
= =)
= - e =
€ i =~ i
= b =
= =
.
=
&
=] [=]
& &
[=] [=]
=) =]
i i
& =
= =
= =
= i
= =]
_ I~ £
=——= . |
= =
I ]
53 53
[=] [=]
e —— =] [=]
|

TRF No. EN 50549-10_V1.0



Page 84 of 259

Report No.: 6209657.50A

EN 50549-10

Clause

Requirement - Test

Result - Remark

Verdict

SA1i1[A] eAIL/12[A] SAILI3[A]

10

-0

15

104

0:11.00

0:14.00

014 50

@ U_pos [p.u.]
e B R e T e B e e i R R - -
1
s e ettt EEEEEEPEEPPEY EEP TR
[ T e B Rt P R B S s R R P PP C PP - -
0.04.0 0:06.0 0:08.0 0:10.0 0:12.0 0:14.0 0:16.0 0:18.0 0:200 czd 3
@P_pos[pu] ®Q_pos[p.u.
T R T e T B BT R B B R - - -
[ et e R e A B e e B ekt tEEEE LR TP ----
|
A,
o
R LT e LT T P s LT T e B R TR ----
0040 0:06.0 0:08.0 0100 0120 0:140 0:16.0 0:18.0 0:200 ond

TRF No. EN 50549-10_V1.0



Page 85 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict

®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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EN 50549-10
Clause Requirement - Test Result - Remark Verdict
Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 4.3 4.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 18:55:23.9 18:59:13.6
3 Fault type (phase) - -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 0.75 0.75
5 Setting dip duration -- -- -- 21800 21800
General 6 Point of fault entry Total -- ms 24782 24782
7 Point of fault Total - ms 24477 24477
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 2695 2695
9 Total 0.749 0.749
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.876 0.876
11 Neg. -- --
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
setore | 13 Current Pos. Hoooms 10 p.u. 0.995 0.207
dip <t1 14 . Total 0.992 0.200
15 Active power Pos. t1-10s to t1 p.u. 0992 0200
16 . Total 0.081 0.055
17 Reactive power Pos. t1-10s to t1 p.u. 0081 0.055
18 Coso -- t1-10s to t1 -- 0.996 0.961
L1 to neutral 0.750 0.750
19 L2 to neutral {1+100ms to 0.940 0.940
Voltage L3 to neutral £2-20ms p.u. 0.940 0.940
20 Pos. 0.877 0.876
21 Neg. -- --
During 22 Phase 1 1.216 0.257
diptlto 23 Line current Phase 2 t1+60ms p.u. 1.059 0.222
t2 24 Phase 3 1.153 0.234
25 Phase 1 1.216 0.257
26 Line current Phase 2 t1+100ms p.u. 1.059 0.222
27 Phase 3 1.153 0.234
28 Active power Total t1+100ms to p.u 0.986 0.199
29 Pos. t2-20ms o 0.991 0.200
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.u 0.992 0.200
32 Pos. t2+10s o 0.992 0.200
33 Active power rising Pos. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.081 0.055
35 Pos. t2+10s o 0.081 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
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Test 4.3&4.4 Depth of fault phase: 0.75 p.u., three-phase SC (type D1), No load,
Positive sequence voltage
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LGRS A A GG B R GG ARG GG GG G R GLAAAATAD
r| T T U o T T e e e |r\1|1|1|||1mm!mul[m[1|1[1[mnmunmnmu

% A NSRS EPUIIPURIUES ISR SUPUIUPUR AU PSRRI USRS APUPRIIUUIRY USIUPNIUN SRR SNSRI R
0:13.75 0:14.00 0:14.25 0:14.50 0:14.75 0:15.00 0:15.25 0:15.50 0:1575 0:16.00 0:6.25 01650 L3
@®I11_tRMS [p.u.] ®I12_tRMS[p.u.] 13_tRMS [p.u.]

B R R i R B R S
o o e |l
______________________________________________________________________ ——— L]

I s e A T e e T e B e T B TSI EPP
I R B ] sl A B I R e e B R s EE TR PR
01375 0:14.00 0:14.25 0:14.50 0:14.75 0:15.00 01525 0:15.50 0:1575 01600 0:16.25 01650 (L

®u_pos [p.u.]
 —
0:120 0:14.0 0:16.0 0:18.0 0:20.0 0:22.0 0:24.0 026003
®P_pos[pu.] @Q pos[p.u.]
——— T I
0:120 0:14.0 0:16.0 0:18.0 0:20.0 D:22.0 0:24.0 o260

TRF No. EN 50549-10_V1.0



Page 90 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict

®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®1_s_pos[p.u.] @I_P_pos[pu] ®1_Q_pos[p.u.]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 5.1 5.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 19:20:13.7 19:29:15.4
3 Fault type (phase) - -- -- A A
4 Setting voltage depth Line to line -- p.u. 0.9 0.9
5 Setting dip duration -- -- -- 26000 26000
General 6 Point of fault entry Total -- ms 34548 34548
7 Point of fault Total - ms 40556 40556
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 6008 6008
9 Total 0.900 0.900
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.899 0.899
11 Neg. - --
L1 to neutral 1.000 1.000
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.001
L3 to neutral 1.000 1.001
setore | 13 Current Pos. Hoooms 10 p.U. 0.994 0.333
dip <t1 14 . Total 0.991 0.333
15 Active power Pos. t1-10s to t1 p.u. 0991 0333
16 . Total 0.082 -0.011
17 Reactive power Pos. t1-10s to t1 p.u. 0082 20011
18 Coso -- t1-10s to t1 -- 0.995 0.960
L1 to neutral 0.900 0.900
19 L2 to neutral {1+100ms to 0.900 0.900
Voltage L3 to neutral £2-20ms p.u. 0.900 0.900
20 Pos. 0.900 0.900
21 Neg. -- --
During 22 Phase 1 1.105 0.375
diptlto 23 Line current Phase 2 t1+60ms p.u. 1.102 0.367
t2 24 Phase 3 1.100 0.373
25 Phase 1 1.105 0.375
26 Line current Phase 2 t1+100ms p.u. 1.102 0.367
27 Phase 3 1.100 0.374
28 Active power Total t1+100ms to p.u 0.988 0.331
29 Pos. t2-20ms o 0.988 0.331
L1 to neutral 1.000 1.000
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.001
L3 to neutral 1.000 1.001
31 Active power Total t2+3s to p.u 0.991 0.333
32 Pos. t2+10s o 0.991 0.333
33 Active power rising Pos. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.082 -0.011
35 Pos. t2+10s o 0.082 -0.011
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
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Test 5.1&5.2 Depth of fault phase: 0.90 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltag
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Test5.1&5.2 Depth of fault phase: 0.90 p.u., three-phase SC (type A), No load,
Positive sequence voltage
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 5.3 5.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) -- -- hh:mm:ss.f | 19:25:16.9 19:28:15.4
3 Fault type (phase) - -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 0.90 0.90
5 Setting dip duration -- -- -- 26000 26000
General 6 Point of fault entry Total -- ms 25412 25412
7 Point of fault Total - ms 31413 31413
clearance
8 Zﬁg&‘ggﬂ";s‘? Total - ms 6001 6001
9 Total 0.900 0.900
Voltage depth/height t1+100ms to
10 in e?npty IF:)ad tegt Pos. t2 and p-u. 0.953 0.953
11 Neg. - --
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
setore | 13 Current Pos. Hoooms 10 p.U. 0.995 0.207
dip <t1 14 . Total 0.992 0.200
15 Active power Pos. t1-10s to t1 p.u. 0992 0200
16 . Total 0.084 0.056
17 Reactive power Pos. t1-10s to t1 p.u. 0084 0,056
18 Coso -- t1-10s to t1 -- 0.996 0.959
L1 to neutral 0.900 0.899
19 L2 to neutral {1+100ms to 0.980 0.979
Voltage L3 to neutral £2-20ms p.u. 0.980 0.979
20 Pos. 0.953 0.952
21 Neg. -- --
During 22 Phase 1 1.079 0.227
diptlto 23 Line current Phase 2 t1+60ms p.u. 1.014 0.212
t2 24 Phase 3 1.041 0.215
25 Phase 1 1.079 0.227
26 Line current Phase 2 t1+100ms p.u. 1.014 0.212
27 Phase 3 1.041 0.215
28 Active power Total t1+100ms to p.u 0.990 0.200
29 Pos. t2-20ms o 0.990 0.200
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3lsots° p.u. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.u 0.992 0.200
32 Pos. t2+10s o 0.992 0.200
33 Active power rising Pos. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.084 0.056
35 Pos. t2+10s o 0.084 0.056
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
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Test 5.3&5.4 Depth of fault phase: 0.90 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages

“ R “ R Gt e il " ' o Pa— “‘1“ "“ ‘\ ] ‘w A T L ‘ i ‘\‘ | w ‘; ” “‘ " “ “

1A 1 1 1 I IS IR M 1011 1Sl P R

Time 31.396 6. 1 5 31.3965 Urms_a_pu
ul ’ : ¢ 6 Urms_b_pu 1.00013 09!
u2 . 74897 5.2 5 Urms_c_pu

u3

Test 5.3&5.4 Depth of fault phase: 0.90 p.u., three-phase SC (type D1), No load,
Positive sequence voltage
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QAIL/IL[A] SAILIZ[A] ®AIL/I3[A]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]

TRF No. EN 50549-10_V1.0



Page 107 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict
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I R e i e R e e e L A s El e S i D o=
e e e e [E—
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0:04.0 0:06.0 0:08.0 0:10.0 0:12.0 0:14.0 0:16.0 0:18.0 0:20.0 0:22.0 0:24.0 o

T e B T B S e R Ry S

S IRORRSUUNON S SRRy APURRRURIY JRURPRR AU SNSRI ISP AR RO RSP IR RSP S

e e T TN EES -
0:02.0 0:040 0:06.0 0:08.0 0100 0:12.0 0:14.0 0:160 0:180 0:200 0220 0240 0:26.0 0:28.881
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 6.1 6.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 19:45:16.9 19:49:17.4
3 Fault type (phase) -- -- -- A A
4 Setting voltage depth Line to line -- p.u. 1.15 1.15
5 Setting dip duration -- -- -- 260000 >60000
General 6 Point of fault entry Total -- ms 25362 25362
7 Point of fault Total - ms 85376 85376
clearance
8 Zﬁg&‘féiﬂﬂg;‘ Total - ms 60013 60013
9 . Total 1.150 1.150
10 V_oltage depth/height Pos. t1+100ms to b.U. 1150 1150
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
serore | 13 Current Pos. to00ms o p.U. 0.995 0.207
dip <t1 14 . Total 0.991 0.199
15 Active power Pos, t1-10s to t1 p.u. 0.991 0199
16 . Total 0.084 0.056
17 Reactive power Pos, t1-10s to t1 p.u. 0,082 0.056
18 Cos@ - t1-10s to t1 - 0.995 0.959
L1 to neutral 1.150 1.149
19 L2 to neutral 1.150 1.150
Voltage L3 to neutral tl;rzl_%%r:qssto p.u. 1.150 1.150
20 Pos. 1.150 1.150
21 Neg. - -
During 22 Phase 1 0.874 0.189
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.874 0.189
t2 24 Phase 3 0.873 0.189
25 Phase 1 0.874 0.189
26 Line current Phase 2 t1+100ms p.u. 0.874 0.189
27 Phase 3 0.873 0.189
28 Active power Total t1+100ms to p.u 0.994 0.201
29 Pos. t2-20ms o 0.995 0.201
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3150ts° p.u. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.U 0.991 0.199
32 Pos. t2+10s o 0.991 0.199
33 Active power rising Pos. N S _ _
After dip time
34 Reactive power Total t2+3s to b 0.084 0.056
35 Pos. t2+10s o 0.084 0.056
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 6.1&6.2 Depth of fault phase: 1.15 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltages

Test 6.1&6.2 Depth of fault phase: 1.15 p.u., three-phase SC (type A), No load,
Positive sequence voltage

-«

60.0136 1 LC 5 1.15046 0.1502 0.c 1.00005
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®A11/11[A)

®{AI1/12} [A] @ {AI1/13} [A]

@®I11_tRMS [p.u.] ®I12_tRMS[p.u.]

13_tRMS [p.u.]

___________ R T b |
110 [T}

=

10

®F_pos[p.u.]

®Q_pos [p.u]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®a1jin[a]  ®{a1/iz}[a] ®{a11/13}[A]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 6.3 6.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 20:12:14.8 20:15:18.2
3 Fault type (phase) -- -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 1.15 1.15
5 Setting dip duration -- -- -- 260000 >60000
General 6 Point of fault entry Total -- ms 29962 29962
7 Point of fault Total - ms 89976 89976
clearance
8 Zﬁg&‘féiﬂﬂg;‘ Total - ms 60013 60013
9 . Total 1.150 1.150
10 V_oltage depth/height Pos. t1+100ms to b.U. 1150 1150
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 0.999
L3 to neutral 1.000 1.000
serore | 13 Current Pos. tlt'l?ggméo D.U. 0.998 0.207
dip <t1 14 . Total 0.996 0.199
15 Active power Pos, t1-10s to t1 p.u. 0.995 0199
16 . Total 0.087 0.055
17 Reactive power Pos, t1-10s to t1 p.u. 0037 0.055
18 Cos@ - t1-10s to t1 - 0.996 0.962
L1 to neutral 1.150 1.149
19 L2 to neutral 1.040 1.040
Voltage L3 to neutral tlg%%r:fs o p.u. 1.040 1.040
20 Pos. 1.077 1.076
21 Neg. - -
During 22 Phase 1 0.876 0.180
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.970 0.203
t2 24 Phase 3 0.940 0.203
25 Phase 1 0.876 0.180
26 Line current Phase 2 t1+100ms p.u. 0.970 0.203
27 Phase 3 0.940 0.203
28 Active power Total t1+100ms to p.u 0.995 0.200
29 Pos. t2-20ms o 0.995 0.200
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3150ts° p.u. 1.000 0.999
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.U 0.996 0.199
32 Pos. t2+10s o 0.995 0.199
33 Active power rising Pos. N S _ _
After dip time
34 Reactive power Total t2+3s to b 0.087 0.055
35 Pos. t2+10s o 0.087 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 6.3&6.4 Depth of fault phase: 1.15 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages

Test 6.3&6.4 Depth of fault phase: 1.15 p.u., three-phase SC (type D1), No load,
Positive sequence voltage

e ey

0.999831
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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OAI1/I1[A] ®{AI1/12}[A] @{AI11/13}[A]
T e e o ) g e R
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]

TRF No. EN 50549-10_V1.0



Page 123 of 259

Report No.: 6209657.50A

EN 50549-10

Clause

Requirement - Test

Result - Remark Verdict

@®1_P_pos [p.u.]

®1_Q_pos [p.u.]

®U_pos [p.u.]

@UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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SAa1/I1[A]  @{A1/iz}[A]  @{AI1/I3}[A]

Rttt Ry e EEEE L EE LS EEEPEEEEPEEE

T et e et R

@®I11_tRMS [p.u.] ®I12_tRMS[p.u.] 13_tRMS [p.u.]

e I e Rt BEEEEEEEEE
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Requirement - Test

®1_s_pos[p.u.] ®I_P_pos]

p.u] @®1_Q_pos[p.u.]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 7.1 7.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 20:45:18.9 20:47:15.4
3 Fault type (phase) -- -- -- A A
4 Setting voltage depth Line to line -- p.u. 1.20 1.20
5 Setting dip duration -- -- -- =>5000 25000
General 6 Point of fault entry Total -- ms 15874 15874
7 Point of fault Total - ms 20877 20877
clearance
8 Zﬁg&‘féiﬂﬂg;‘ Total - ms 5003 5003
9 . Total 1.200 1.200
10 V_oltage depth/height Pos. t1+100ms to b.U. 1200 1.200
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
serore | 13 Current Pos. to00ms o p.U. 0.996 0.208
dip <t1 14 . Total 0.993 0.200
15 Active power Pos, t1-10s to t1 p.u. 0993 0200
16 . Total 0.084 0.055
17 Reactive power Pos, t1-10s to t1 p.u. 0,082 0.055
18 Cos@ - t1-10s to t1 - 0.996 0.960
L1 to neutral 1.199 1.199
19 L2 to neutral 1.199 1.199
Voltage L3 to neutral tl;rzl_%%r:qssto p.u. 1.199 1.199
20 Pos. 1.199 1.199
21 Neg. - -
During 22 Phase 1 0.060 0.060
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.062 0.062
t2 24 Phase 3 0.061 0.061
25 Phase 1 0.060 0.060
26 Line current Phase 2 t1+100ms p.u. 0.062 0.062
27 Phase 3 0.061 0.061
28 Active power Total t1+100ms to p.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3150ts° p.u. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.U 0.993 0.200
32 Pos. t2+10s o 0.993 0.200
33 | Active powerrising Pos. - s 0.837 0.423
After dip time
34 Reactive power Total t2+3s to b 0.084 0.055
35 Pos. t2+10s o 0.084 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 7.1&7.2 Depth of fault phase: 1.20 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltages

PSR PR A

Start

Urms_a_pu 0.999811 1.20013 0.200324 0.0400377 0.9 39 1.20021

Urms_b_pu 1.00014 1.20033 0.20019 0.0400109 99 1.20049

Urms_c_pu 0.999776 1.20002 0.200246 0.0400221 .9 9 1.20013
71.8833 391.353

Test 7.1&7.2 Depth of fault phase: 1.20 p.u., three-phase SC (type A), No load,
Positive sequence voltage

Time 1 u _pu 0.9 6 4 0.0400237

TRF No. EN 50549-10_V1.0




Page 128 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict

@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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SA111[A] SAIL/I2[A] ®AILI3[A

®P_pos[pu] @Q pos[p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 7.3 7.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 20:55:15.4 | 20:58:12.8
3 Fault type (phase) -- -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 1.20 1.20
5 Setting dip duration -- -- -- =>5000 25000
General 6 Point of fault entry Total -- ms 21191 21191
7 Point of fault Total - ms 26194 26194
clearance
8 Zﬁg&‘féiﬂﬂg;‘ Total - ms 5003 5003
9 . Total 1.200 1.200
10 V_oltage depth/height Pos. t1+100ms to b.U. 1100 1.100
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 1.000
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 0.999
serore | 13 Current Pos. tlt'l?ggméo D.U. 0.996 0.207
dip <t1 14 . Total 0.992 0.200
15 Active power Pos, t1-10s to t1 p.u. 0992 0200
16 . Total 0.085 0.056
17 Reactive power Pos, t1-10s to t1 p.u. 0,085 0.056
18 Cos@ - t1-10s to t1 - 0.996 0.961
L1 to neutral 1.199 1.199
19 L2 to neutral 1.049 1.049
Voltage L3 to neutral tlg%%r:fs o p.u. 1.049 1.049
20 Pos. 1.099 1.099
21 Neg. - -
During 22 Phase 1 0.058 0.058
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.056 0.056
t2 24 Phase 3 0.055 0.055
25 Phase 1 0.058 0.058
26 Line current Phase 2 t1+100ms p.u. 0.056 0.056
27 Phase 3 0.055 0.055
28 Active power Total t1+100ms to p.u 0.060 0.000
29 Pos. t2-20ms o 0.060 0.000
L1 to neutral 1.000 1.000
30 Voltage L2 to neutral tt22++3150ts° p.u. 1.000 1.000
L3 to neutral 1.000 0.999
31 Active power Total t2+3s to p.U 0.992 0.200
32 Pos. t2+10s o 0.992 0.200
33 | Active powerrising Pos. - s 0.635 0.426
After dip time
34 Reactive power Total t2+3s to b 0.085 0.056
35 Pos. t2+10s o 0.085 0.056
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 7.3&7.4 Depth of fault phase: 1.20 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages
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26.196 5.00339 21.1926 Urms_a_pu 99982 1.20013 0.20031 0.0400348
264.692 Urms_b_pu 5 1.0502

100.839 3 19 -3 98 Urms_c_pu 0.999773 1.04978

332.636

Test 7.3&7.4 Depth of fault phase: 1.20 p.u., three-phase SC (type D1), No load,
Positive sequence voltage

e g

0.999911 1.10003 0.100119 0.02 0.999629
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@®I_P_pos[pu.] ®1_Q_pos[p.u. ®U_pos [p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]

TRF No. EN 50549-10_V1.0



Page 139 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict

@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 8.1 8.2
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 18:18:14.2 18:24:15.6
3 Fault type (phase) -- -- -- A A
4 Setting voltage depth Line to line -- p.u. 1.25 1.25
5 Setting dip duration -- -- -- 2100 2100
General 6 Point of fault entry Total -- ms 26258 26258
7 Point of fault Total - ms 26362 26362
8 Zﬁg&‘fégﬂﬂg;‘ Total - ms 104 104
9 . Total 1.25 1.25
10 V_oltage depth/height Pos. t1+100ms to b.U. 125 125
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 1.000
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
serore | 13 Current Pos. to00ms o p.U. 0.996 0.208
dip <t1 14 . Total 0.993 0.200
15 Active power Pos, t1-10s to t1 p.u. 0993 0200
16 . Total 0.082 0.056
17 Reactive power Pos, t1-10s to t1 p.u. 0,082 0.056
18 Cos@ - t1-10s to t1 - 0.996 0.958
L1 to neutral 1.249 1.250
19 L2 to neutral 1.250 1.250
Voltage L3 to neutral tlg%%r:fs o p.u. 1.250 1.249
20 Pos. 1.250 1.250
21 Neg. - -
During 22 Phase 1 0.062 0.063
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.065 0.066
t2 24 Phase 3 0.064 0.065
25 Phase 1 0.062 0.063
26 Line current Phase 2 t1+100ms p.u. 0.065 0.066
27 Phase 3 0.064 0.065
28 Active power Total t1+100ms to b0 0.000 -0.004
29 Pos. t2-20ms 0.000 -0.004
L1 to neutral 1.000 1.000
30 Voltage L2 to neutral tt22++3150ts° p.u. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to p.U 0.993 0.200
32 Pos. t2+10s o 0.993 0.200
33 | Active powerrising Pos. - s 0.732 0.256
After dip time
34 Reactive power Total t2+3s to b 0.082 0.056
35 Pos. t2+10s o 0.082 0.056
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Test 8.1&8.2 Depth of fault phase: 1.25 p.u., three-phase SC (type A), No load,
Instantaneous and RMS values of phase voltag

I r [

Time 26.2589 26.3631 0.104209 1 26.2589 26.3631 Urms_a_pu 1.00021 1.24977 0.249556 2.39477 0.999226 1.24985
ul 42.35713 403.432 361.074 3464.9 -407.282 407.248 Urms_b_pu 1.0008 1.25005 0.249256 2.39189 0.999618 1.25008
V7] 306.378 246.544 59.8348 574.18 407.291 407.205 Urms_c_pu 1.00079 1.25018 0.249392 239319 0.999509 1.25033
u3 263.858 -156.357 -420.216 -4032.43 -407.484 407.487

Test 8.1&8.2 Depth of fault phase: 1.25 p.u., three-phase SC (type A), No load,
Positive sequence voltage

26.2582 26.3624 0.104209 26.2582 26.3624 U_pos_pu 1.00039 0.24961 239528 0.999574 1.25004
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@®I_P_pos[pu] ®1_Q_pos[pu] ®U_pos[p.u.] @UZ_tRMS [p.u.] @UL_tRMS [p.u.]
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Verdict

Clause Requirement - Test Result - Remark
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 8.3 8.4
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 18:46:15.8 18:53:19.4
3 Fault type (phase) -- -- -- D1 D1
4 Setting voltage depth Line to line -- p.u. 1.25 1.25
5 Setting dip duration -- -- -- =100 =100
General 6 Point of fault entry Total -- ms 27793 27793
7 Point of fault Total - ms 27898 27898
clearance
8 Zﬁg&‘fégﬂﬂg;‘ Total - ms 104 104
9 . Total 1.250 1.250
10 V_oltage depth/height Pos. t1+100ms to b.U. 1129 1129
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
serore | 13 Current Pos. to00ms o p.U. 0.995 0.207
dip <t1 14 . Total 0.993 0.200
15 Active power Pos, t1-10s to t1 p.u. 0993 0200
16 . Total 0.078 0.055
17 Reactive power Pos, t1-10s to t1 p.u. 0078 0.055
18 Cos@ - t1-10s to t1 - 0.996 0.961
L1 to neutral 1.250 1.249
19 L2 to neutral 1.069 1.069
Voltage L3 to neutral tlg%%r:fs o p.u. 1.069 1.068
20 Pos. 1.129 1.129
21 Neg. - -
During 22 Phase 1 0.059 0.059
diptlto 23 Line current Phase 2 t1+60ms p.u. 0.058 0.058
2 24 Phase 3 0.057 0.057
25 Phase 1 0.059 0.059
26 Line current Phase 2 t1+100ms p.u. 0.058 0.058
27 Phase 3 0.057 0.057
28 Active power Total t1+100ms to b.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3150f50 D.U. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to DU 0.993 0.200
32 Pos. t2+10s o 0.993 0.200
33 Active power rising PoS. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.078 0.055
35 Pos. t2+10s o 0.078 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Clause Requirement - Test

Verdict

Test 8.3&8.4 Depth of fault phase: 1.25 p.u., three-phase SC (type D1), No load,
Instantaneous and RMS values of phase voltages

«

Y

27.7941 0. 3 21.8976 Urms_a_pu 0.999733
3882 3 3546.28 407.12 Urms_b_pu 1.00007 06965
193.914 34¢ 348.544 Urms_c_pu 0.999781 1.06941
-2833.57

Test 8.3&8.4 Depth of fault phase: 1.25 p.u., three-phase SC (type D1), No load,
Positive sequence voltage

«

Time 7 0.104549 U_pos_pu
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Verdict

Clause Requirement - Test Result - Remark
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Verdict
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Verdict

Clause Requirement - Test Result - Remark
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]
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Condition Measured value
Item No. Parameter Phase ref. Time ref. unit
0 Test number -- -- -- 8.5 8.6
1 Date -- -- yyyy.mm.dd | 2024.12.7 2024.12.7
2 Time (start of test) - -- hh:mm:ss.f | 18:46:15.8 18:53:19.4
3 Fault type (phase) -- -- -- D2 D2
4 Setting voltage depth Line to line -- p.u. 1.25 1.25
5 Setting dip duration -- -- -- =100 =100
General 6 Point of fault entry Total -- ms 27793 27793
7 Point of fault Total - ms 27898 27898
clearance
8 Zﬁg&‘fégﬂﬂg;‘ Total - ms 104 104
9 . Total 1.250 1.250
10 V_oltage depth/height Pos. t1+100ms to b.U. 1129 1129
in empty load test t2 and
11 Neg. - -
L1 to neutral 1.000 0.999
12 Voltage L2 to neutral | t1-10stotl p.u. 1.000 1.000
L3 to neutral 1.000 1.000
serore | 13 Current Pos. to00ms o p.U. 0.995 0.207
dip <t1 14 . Total 0.993 0.200
15 Active power Pos, t1-10s to t1 p.u. 0993 0200
16 . Total 0.078 0.055
17 Reactive power Pos, t1-10s to t1 p.u. 0078 0.055
18 Cos@ - t1-10s to t1 - 0.996 0.961
L1 to neutral 1.069 1.069
19 L2 to neutral 1.250 1.250
Voltage L3 to neutral tlg%%r:fs o p.u. 1.069 1.069
20 Pos. 1.129 1.129
21 Neg. - -
During 22 Phase 1 0.059 0.059
diptl to 23 Line current Phase 2 t1+60ms p.u. 0.058 0.058
2 24 Phase 3 0.057 0.057
25 Phase 1 0.059 0.059
26 Line current Phase 2 t1+100ms p.u. 0.058 0.058
27 Phase 3 0.057 0.057
28 Active power Total t1+100ms to b.u 0.000 0.000
29 Pos. t2-20ms o 0.000 0.000
L1 to neutral 1.000 0.999
30 Voltage L2 to neutral tt22++3150f50 D.U. 1.000 1.000
L3 to neutral 1.000 1.000
31 Active power Total t2+3s to DU 0.993 0.200
32 Pos. t2+10s o 0.993 0.200
33 Active power rising PoS. _ S _ _
After dip time
34 Reactive power Total t2+3s to p.u 0.078 0.055
35 Pos. t2+10s o 0.078 0.055
36 Reactive power rising PoS. _ S _ _
time
PGU does not
37 disconnect from grid - t2 to t2+60s Yes / No Yes Yes
till 60s after fault
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Clause Requirement - Test

Verdict

Test 8.5&8.6 Depth of fault phase: 1.25 p.u., three-phase SC (type D2), No load,
Instantaneous and RMS values of phase voltages

«

Y

27.7941 0. 3 21.8976 Urms_a_pu 0.999733
3882 3 3546.28 407.12 Urms_b_pu 1.00007 06965
193.914 34¢ 348.544 Urms_c_pu 0.999781 1.06941
-2833.57

Test 8.5&8.6 Depth of fault phase: 1.25 p.u., three-phase SC (type D2), No load,
Positive sequence voltage

«

Time 7 0.104549 U_pos_pu
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®1_s_pos[p.u.] @®I_P_pos[pu] ®1_Q_pos[p.u]

TRF No. EN 50549-10_V1.0



Page 163 of 259 Report No.: 6209657.50A
EN 50549-10

Clause Requirement - Test Result - Remark Verdict
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®1_s_pos[p.u.] @I_P_pos[pu] @1_Q_pos[p.u]
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Clause Requirement - Test

Result - Remark Verdict

5.4.3.2 |TABLE: Power response to over-frequencies (LFSM-O) P

Model SG2000

Available P adjust to follow droop during the over-frequency transient- For other generating unit Setting (a)

Starting frequency fi: 50.2Hz
Deactivation threshold fstop: Deactivated
Intentional delay [s] 0

Droop: 5% (40%Pret / HZ) P, = P,
Test No. 1:
Power level at start of test 100% Pn
Test condition Measurement Limit
f (Hz) Tglrgnet [Hfz] P/Pn T[Ss]r [Ts? [Ts‘; APIPn | AP/Pq
50.00 100% 50.00 99.05% -- -- -- -0.95%
50.10 100% 50.10 99.04% -- -- 0.5 -0.86%
50.80 76% 50.80 76.51% 1.2 1.6 0.6 0.51%
51.40 52% 51.40 52.06% 1.3 2.0 0.6 0.06%
fmaxa(52.0) 28% 52.00 27.62% 1.3 1.9 0.6 -0.38% +10%
51.40 52% 51.40 52.07% 1.0 2.0 0.5 0.07%
50.80 76% 50.80 76.55% 15 2.1 0.5 0.55%
50.10 100% 50.10 99.14% 0.7 4.3 0.6 -0.86%
50.00 100% 50.00 99.11% -- -- -- -0.89%
Test condition Measurement Limit
50.80 to 50.10 Max. power gradient (%Pn/min): -- <10% Pn/min
Test No. 2:
Power level at start of test 50% Pn®
Test condition Measurement Limit
f (Hz) T;‘;gnet [HfZ] P/Pn T[Ss]r E [TS? AP/Pn | AP/Pn
50.00 50% 50.00 51.03% -- -- -- 1.03%
50.10 50% 50.10 50.78% 0.3 0.3 0.3 0.78%
50.80 38% 50.80 39.15% 0.7 13 0.6 1.15%
51.40 26% 51.40 26.53% 1.3 1.6 0.4 0.53%
fra(52.0) | 14% 52.00 18.01% 0.5 0.7 0.3 4.01% . 10%
51.40 26% 51.40 26.55% 0.9 1.2 0.3 0.55%
50.80 38% 50.80 39.18% 0.7 1.1 0.5 0.18%
50.10 50% 50.10 50.82% 1.3 1.6 0.6 0.82%
50.00 50% 50.00 50.77% -- -- -- 0.77%
g) 50 50% 50.00 50.54% -- -- -- 0.54%
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Test condition Measurement Limit
50.80 to 50.10 Max. power gradient (%Pn/min): -- <£10% Pn/min

Note(s):

af ,ax @S maximum frequencies limits as specified in 5.2.1.

b or minimum regulation level +35 % P,,,,, Whichever is higher
Deactivate the frequency protection function if needed.

PPy [%]
P, P,
100% - - e e e ——— power level at start of test 100%

11 ~

| T s - — — power level at start of test 50%
J -~ P

- "I,,i

l [
4 | ~ -~

! - i - o P,

278 : 1<
50% Pt ‘W : ; ~o
T . - .
Do -~ :'-P-‘?.... : ~a.
! . - -
' i . --5'3:“' = -.,PE
1 ! - ;

i i | —_— + P's

H ! : i

1500, f, (50,2} f, f, £,(52) f(Hz)

Figure 19 — Other non-synchronous generating technology (P, = Py) without configured
deactivation threshold, setting (a), example
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Graph of Measurement test 1
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5.4.3.2 TABLE: Power response to over-frequencies (LFSM-O) P
Model SG2000
Available P adjust to follow droop during the over-frequency transient- For other generating unit Setting (b)
Starting frequency f: 50.5Hz
Dea.lctlvatlon threshold 50.5/1s
fstop.
Intentional delay [s] 0

threshold, setting (b), example

Droop: 2% (100%Pret / Hz) P = P,
Test No. 1
Power level at start of test 60% Pn b
Test condition Measurement Limit
Target f Tsr Ts Td AP/P
f (Hz) P/P. Hz] P/Pn Is] [s] [s] A P/Pn n
50.00 60% 50.00 61.29% - - - 1.29%
50.25 60% 50.25 61.05% - - - 1.05%
51.00 30% 51.00 30.46% 0.9 1.7 0.6 0.46%
51.50 0% 51.50 2.33% 0.5 0.9 0.5 2.33%
a
fma 0% 52.00 2.35% 0.6 0.1 0.6 2.35% + 10%
(52.0)
51.50 0% 51.50 2.34% 0.1 0.2 0.1 2.34%
51.00 0% 51.00 2.32% 0.6 0.7 0.6 2.32%
50.25 60% 50.25 60% - - 0.5 0.00%
50.00 60% 50.00 61.3% - - - 1.30%
Test condition Measurement Limit
51.00-50.25 Max. power gradient (%Pn/min): 9.87 £10% Pn/min
Note(s):
& fmax as maximum frequencies limits as specified in 5.2.1.
b or minimum regulation level +25 % Pmax, whichever is higher
Deactivate the frequency protection function if needed.
PIPyax [%]
P, P
60% P— —? —_— ?\
I AN
: ‘ N\,
i NP
| N
s N
= LN
i NP Ps
f(50) 1,(50,5) f f._ .msz) f(Hz)

Figure 20 — Other non-synchronous generating technology (P, ; = Py) with configured deactivation

TRF No. EN 50549-10_V1.0




Page 170 of 259 Report No.: 6209657.50A

EN 50549-10

Clause Requirement - Test Result - Remark Verdict

Graph of Measurement Test No. 1
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5.4.3.2 |TABLE: Power response to over-frequencies (LFSM-O) P
Model SG2000

Available P adjust to follow droop during the over-frequency transient- For other generating unit Setting (c)

Starting frequency fi: 50.2Hz
]E)Stffctlvatlon threshold 50.05/6005
Intentional delay [s] 2

a fmax as maximum frequencies limits as specified in 5.2.1.
b or minimum regulation level +25 % Pmax, whichever is higher
Deactivate the frequency protection function if needed.

PIPyax [%]

40% - .— Pa

28%

£,(50) fugp  £(50.,2) f

Figure 21 — Other non-synchronous generating technology (P

f, 1:(52)

ref

threshold, setting (c), example

Droop: 12% (16.67%Pret / Hz) P, = Py,
Test No. 1
Power level at start of test 40% Pn b
Test condition Measurement Limit
f (Hz) Tglrgnet “_{Z] P/Pn T[i]r [TS? [TS? AP/Pn | APIP:
50.00 40% 50.00 40.39% -- -- -- 0.39%
50.10 40% 50.10 40.41% 1.4 2.0 0.6 0.41%
50.80 36% 50.80 37.26% 1.6 21 0.5 1.26%
51.40 32% 51.40 33.00% 1.0 1.6 0.6 1.00%
Iggf(oi 28% 52.00 28.76% 1.3 1.6 0.6 0.76% +10%
51.40 28% 51.40 28.72% 0.7 0.7 0.5 0.72%
50.80 28% 50.80 28.80% 0.1 0.1 0.6 0.80%
50.10 28% 50.10 28.76% 0.1 0.1 0.3 0.76%
50.00 40% 50.00 40.16% -- -- 0.6 0.16%
Test condition Measurement Limit
50.10-50.00 Max. power gradient (%Pn/min): 7.92 <£10% Pn/min
Note(s):

= Pyy) with configured deactivation
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Graph of Measurement Test No. 1
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af,in @ minimum frequencies limits as specified in 5.2.1.

b or minimum regulation level, whichever is higher
Deactivate the frequency protection function if needed.

. P!PMAX [0/0]

Ps

.-—-_—--—_.‘-ipa ........................................ 100%

| o~

1 ' -~

1 ' S
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I 1 ~ 3

: : *

: : LTS o . PP (0%)
H : X "\; 21 .
f, (46) f f fo (50

f{;-lz)

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.4.3.3 TABLE: Power response to under-frequency (LFSM-U) P
Model SG2000
Available P adjust to follow droop during the over-frequency transient - For other generating unit Setting (a)
Starting frequency f: 49.8Hz
]E)Stfjctivation threshold Deactivated
Intentional delay [s] 0
Droop: 5% (40%Prer / Hz) P, = Py
Test No. 1
Power level at start of test 0% Pn®
Test condition Measurement Limit
f (Hz) Tglrgnet “_{Z] P/Pn T[i]r [TS? [TS? AP/Pn | APIP:
50.00 0% 50.00 1.86% -- -- - 1.86%
49.90 0% 49.90 1.93% -- -- -- 1.93%
48.80 40% 48.80 42.52% 4.0 4.5 0.5 2.52%
47.80 80% 47.80 83.88% 2.7 3.3 0.5 3.88%
(T(iir?oa) 100% 46.00 99.53% 1.7 3.6 0.6 -0.47% +10%
47.80 80% 47.80 83.84% 0.9 1.4 0.5 3.84%
48.80 40% 48.80 42.78% 11 1.4 0.5 2.78%
49.90 0% 49.90 2.25% 0.8 1.1 0.5 2.25%
50.00 0% 50.00 2.25% -- -- - 2.25%
Note(s):

Figure 25 — Other generators: default values, example for interval frequency 46 — 50 Hz, setting (a)
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Graph of Measurement Test No. 1
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5.4.3.3 TABLE: Power response to under-frequency (LFSM-U) P
Model SG2000

Available P adjust to follow droop during the over-frequency transient - For other generating unit Setting (b)

Starting frequency f: 49.5Hz
]Ici)ea.lctlvatlon threshold Deactivated
stop.

Intentional delay [s] 0

b or minimum regulation level, whichever is higher
Deactivate the frequency protection function if needed.

af,in @ minimum frequencies limits as specified in 5.2.1.

Droop: 2% (100%Pret / HZ) P, = Py,
Test No. 1
Power level at start of test 0% Pn®
Test condition Measurement Limit
f (Hz) Tglrgnet “_{Z] P/Pn T[i]r [TS? [TS? AP/Pn | APIP:
50.00 0% 50.00 1.33% -- -- -- 1.33%
49.75 0% 49.75 1.33% -- -- -- 1.33%
49.25 25% 49.25 24.51% 4.8 51 0.5 -0.49%
48.70 80% 48.70 81.21% 4.7 55 0.5 1.21%
(fi"é'.‘oa) 100%  |f.i, 2(46.0)| 99.61% 1.7 2.8 0.6 -0.49% +10%
48.70 80% 48.70 81.16% 2.1 2.6 0.5 1.16%
49.25 25% 49.25 24.50% 1.7 1.9 0.3 -0.50%
49.75 0% 49.75 1.33% 0.8 1.4 0.6 1.33%
50.00 0% 50.00 1.33% -- -- -- 1.33%
Note(s):

setting (b)

P/Puax [%]
Ps
e+ Qenennneeememmnmnnnnneed 100%
| .\.F'4
i N
i AN
E NG
E E : \ P, P,
15 (46) f, f o b (G0) HHz)

Figure 23 — Pref = Pmax, s = 2 %, fth = 49,5Hz, example for interval frequency 46 — 50 Hz,
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Graph of Measurement Test No. 1
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5.4.3.3 TABLE: Power response to under-frequency (LFSM-U) P
Model SG2000
Available P adjust to follow droop during the over-frequency transient - For other generating unit Setting (c)
Starting frequency f: 49.8Hz
]Ici)ea.lctlvatlon threshold Deactivated
stop.
Intentional delay [s] 2
Droop: 12% (16.67%Pret / HZ) P, = Py
TestNo. 1
Power level at start of test 50% Pn
Test condition Measurement Limit
Target f Tsr Ts Td AP/P
f (Hz) P/P: Hz] P/Pn [s] [s] [s] A P/Pn ¥
50.00 50% 50.00 50.56% - - - 0.56%
49.90 50% 49.90 50.87% 1.6 1.8 0.5 0.87%
49.20 60% 49.20 61.81% 2.0 1.8 0.2 1.81%
47.40 90% 47.40 92.58% 2.0 2.4 0.5 2.58%
. a
fmin 100% 46.00 99.56% 1.6 3.5 0.5 0.56% + 10%
(46.0)
47.40 90% 47.40 92.54% 1.7 2.3 0.5 2.54%
49.20 60% 49.20 61.76% 1.8 2.4 0.5 1.76%
49.90 50% 49.90 51.72% 1.7 2.3 0.5 1.72%
50.00 50% 50.00 51.71% - - - 1.71%
Note(s):
& fmin as minimum frequencies limits as specified in 5.2.1.
b or minimum regulation level, whichever is higher
Deactivate the frequency protection function if needed.
P [%]
e
: DS “TPL C— %
s | T B
i e~ P Pg
: : e S0%
2 (46) f, s fin fo | F:(50) f(Hz)

Figure 24 — Pref = Pmax, s = 12 %, fth = 49,8Hz, example for interval frequency 46 — 50 Hz,

setting (c)
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Graph of Measurement Test No. 1
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5513 TABLE: Verification prpcedure to determine.the power capability (active, p
reactive, apparent) at nominal voltage
Model [SG2000
e under-excited over-excited
-43.6 43.6
Values at set point Q = 0 (Initial and final condition)
or [96] P Q cos(®) U
U P.U. [VAr] P.U. [] V] P.U.
oa - - - - - - -
108 203.36 0.10 23.50 0.01 0.99 229.99 0.99
204a 397.57 0.19 25.49 0.01 0.99 229.99 0.99
30a 610.33 0.30 25.05 0.01 0.99 229.99 0.99
408 815.36 0.40 29.30 0.01 0.99 229.99 0.99
50a 1010.31 0.50 31.02 0.01 0.99 229.99 0.99
602a 1214.58 0.60 35.55 0.01 0.99 229.99 0.99
70a 1417.19 0.70 39.80 0.01 0.99 229.99 0.99
goa 1616.85 0.80 35.68 0.01 0.99 229.99 0.99
goa 1822.88 0.91 31.95 0.01 0.99 229.99 0.99
100 @ 1988.73 0.99 39.13 0.01 0.99 229.99 0.99
Values at set point Qmax under
o [56] P Q cos(¢) U
W] P.U. [VAI] P.U. [ V] P.U.
oa - - - - - - -
108 187.59 0.09 -876.95 -0.43 0.21 229.99 0.99
20a 402.75 0.20 -912.30 -0.45 0.40 229.99 0.99
304 599.83 0.29 -893.40 -0.44 0.55 229.99 0.99
408 806.34 0.40 -881.35 -0.44 0.67 229.99 0.99
50a 1001.46 0.50 -876.42 -0.43 0.75 229.99 0.99
60 2 1205.31 0.60 -866.60 -0.43 0.81 229.99 0.99
704 1423.99 0.71 -863.29 -0.43 0.85 229.99 0.99
goa 1628.17 0.81 -867.61 -0.43 0.88 229.99 0.99
goa 1829.25 0.91 -869.62 -0.43 0.90 229.99 0.99
Pmax 1945.31 0.97 -637.85 -0.31 0.95 229.99 0.99
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Values at set point Qmax over

- P Q cos(¢) U

\ P.U. [VA(] P.U. [] V] P.U.
oa - - - - - - -
104 210.88 0.10 863.51 0.10 0.23 229.99 0.99
20a 389.92 0.19 860.16 0.43 0.41 229.99 0.99
30@ 604.22 0.30 890.28 0.44 0.56 229.99 0.99
408 809.49 0.40 886.37 0.44 0.67 229.99 0.99
50 @ 1005.66 0.50 881.87 0.44 0.75 229.99 0.99
60 @ 1209.41 0.60 894.79 0.44 0.80 229.99 0.99
70@ 1429.91 0.71 880.46 0.44 085 229.99 0.99
g0 a 1635.65 0.81 877.64 0.43 0.88 229.99 0.99
90 @ 1813.72 0.90 879.74 0.43 0.89 229.99 0.99
Pmax 1933.20 0.96 596.48 0.29 0.95 229.99 0.99
NOTE

Uz refers to the positive sequence voltage as defined in EN 50549-1:2019 and EN 50549-2:2019.

I Default requirement

] stringent Requirement

Po{_ __ ________ poan% 2 B3] Design freedom area

— Further requirement
in some countries

02Ppf————==———=4 — )
0,1Pp.| - — == b
I ! ! Q/Pp
| | ] 3 | ’
-0,484 -0,33 0 0,33 0,484
Absorption of reactive energy Provision of reactive energy
(under-excited) (over-excited)

a Only tested power levels according 5.3.1.3 to be documented.
Figure 26 — reactive power capability at nominal voltage
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cosphi=0.4 when P<20%P,,
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Pmax Smax Qmax over Qmax under]

Parameter

W] P.U. [VATr] P.U. [VATr] P.U. [VATr] P.U.
cos(p)=1 2029.45 1.01 2030.12 1.01 N/A N/A N/A N/A
cos(¢p)=max under 1784.21 0.89 1983.71 0.99 N/A N/A -867.00 -0.43
cos(¢p)=max over 1847.12 0.92 2044.63 1.02 876.74 0.43 N/A N/A

NOTE

The values Pmax, Smax and Qmax over and Qmax under shall be measured over a period of 10 min.

A== cosp=0.9&0.95under-excited

==~ cosp=0.9&0.950ver-excited
————— Limit

diagram
120%
110%
100% ATTTTTTTTT o  TTTmm=- -
90% 4::"’ $ T
80% n S i
= 70 Y 3 »
S 60 $ [
£ 50 n $ »
T 40% ‘A $ o
30% b ¢ o
20% w6 oo
10% a om
o AB
~60% -40% ~20% 0% 20% 40% 60%
Q/Pn [p.u]
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5516 TABLE: Verification procedure for reactive power capability considering P
T voltage range
Model SG2000
) under-excited over-excited
setpoint for constant Q
-43.6% 43.6%
Test Conditions Measurements LETiefSls A Limit
value
n [%] n n n n n n n n
iU QIR p/P QP SIS n UUn | AQ/Pn | QiPn | AQIP
85% 97.52% | -1.71% | 97.56% | 114.98% | 84.99% | -1.71% -
90% 98.20% | -1.77% 98.24% | 109.35% | 89.99% | -1.77% -
95% 98.73% | -1.44% | 98.76% | 104.14% | 94.99% | -1.44% -
100% 0 98.94% | -1.44% | 98.97% | 99.15% | 99.99% | -1.44% - -
105% 99.00% | -1.39% 99.03% | 94.49% | 104.99% | -1.39% --
110% 99.32% | -1.48% 99.35% 00.48% | 109.99% | -1.48% -
85% 90.15% | -42.51% | 99.68% | 117.48% | 84.99% 1.08% | -43.6%
90% 90.22% | -43.02% | 99.95% | 111.26% | 89.99% | -0.58% | -43.6% -
95% 0 90.13% | -43.53% | 100.10% | 105.56% | 94.99% | -0.20% | -43.6%
100% | ~mMaxunder "o 1605-44.06% | 100.29% | 100 48% | 99.99% | -0.46% | -43 6% o
105% 89.90% | -44.53% | 100.33% | 95.729% | 104.99% | -0.93% | -43.6% =en
110% 89.70% | -45.07% | 100.38% | 91.42% | 109.99% | 1.47% | -43.6%
85% 91.11% | 45.49% | 101.93% | 120.14% | 84.99% | 1.89% | 43.6%
90% 91.44% | 43.68% | 102.34% | 113.92% | 89.99% | 1.09% | 43.6%
95% 9 91.79% | 43.17% | 102.76% | 108.36% | 94.99% | 0.43% | 43.6% | =-2%
100% | ~MaXOVer "95 160 | 43.35% | 103.15% | 103.34% | 99.99% | 0.25% | 43.6%
105% 92.54% | 43.42% | 103.53% | 98.78% | 104.99% | -0.18% | 43.6%
110% 92.96% | 43.38% | 103.89% | 94.62% | 109.99% | 0.22% | 43.6% -
Note(s): The diagrams show the operative limits.
UlU, U/UC Due to the rated current limit, the active

Limit of minimum
requirement with
active factor = 0,9

Absorption of reactive energy
(under-excited)

Figure 30 — Example: U-Q normalized diagram

Q/Py = V((U/Uy/0,9)-1)

0,484 0412 {0,484 S/PD

G —

taken from the EN 50549-1

Limit of minimum
= requirement with
active factor = 0,9

Provision of reactive energy
(over-excited)

A Due to the rated current limit, the active
power in this area can be smaller than Py

110 (1=lmax=constant)
Area is limited by the curve:

0,33

1,10

power in this area can be smaller than Pp

(I=lmax=constant)

Areais

0,33

Absorption of reactive energy

(under-excited)

(over-excited)

taken from the EN 50549-2

limited by the curve:

Q/Py = V((U/Un/0,8/0,95)-1)

Q/Pp

Provision of reactive energy

Figure 31 — Example of U-Q normalized diagram
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Diagram:
115%
110% (R 1 1
] ] ] | |
i | |
105% 1| ] =
] ] ] | )
il | L
< 100% 1o ! I
5 i | |
D
95% 'm! ! P
] ] ] | )
] ] ] | |
90% gt 1 ]
] ] ] | )
] ] ] | )
85% 'm! ' |
80%
-60% -40% -20% 0% 20% 40% 60%
Q/Sn
—@— Q/Sn (cosp=0.9 under-excited) —4A— Q/Sn (cosp=0.9 over-excited)
----- Q/Sn (cosp=0.9 under-excited) limit ====-Q/Sn (cosp=0.9 over-excited) limit
—— Q/Sn (cosp=1) === Q/Sn (cosp=1) limit

TRF No. EN 50549-10_V1.0




Page 185 of 259

Report No.: 6209657.50A

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.5.2.3 TABLE: Verification procedure for Set point control P
Model SG2000
Test no.1: Test for reactive power set point control accuracy
P=50%Pn
Measured value eV
Reactive Voltage Set point value : (Measured value | A Limit
(1-min average) .
power step - Set point)
V p.u. VAr p.u. VAr p.u. VAr p.u.
Q=0 229.99 0.99 0.0 0.0 12.07 0.011 12.07 0.011
Q max (over | 55999 | 0.99 436 | 0.436 | 430.42 | 043 | 558 | 0.005
eXCIted) +2%Smax
Qmax(under | 55999 | 099 | -436 | -0.436 | -422.06 | 042 | 13.94 | 0013
excited)
Q=0 229.99 0.99 0.0 0.0 -12.07 0.011 12.07 0.011

Test no.2: Test for dynamic response

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

Generating unit

Measured response behaviour

Reactive power set point step p.u. response time setting dead time response t_ime /
settling time
Q=0 — 80% Qmax over 9s 0.1s 9.3s
80% Qmax over— 80% Qmax 9s 0.1s 9.98
under
80% Qmax under— Q=0 9s 0.1s 9.4s

Tau= longest time (if longest time>6

0s, then test 60s) 60s

Generating unit

Measured response behaviour

Reactive power set point step p.u. response time setting dead time response time /
settling time a
Q=0 — 80% Qmax over 180s 0.2s 187.5s
80% Qmax over— 80% Qmax 180s 0.2s 190.75
under '
80% Qmax under— Q=0 180s 0.2s 181.5s

a Due to the definition of dynamic accuracy as first order filter step response time and settling time are

identical if the specified tolerance b

and is maintained.
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Diagram
Tau= 3s
60%
40% Vommemmmeem==
(
]
I
20% !
]
5 o ottt : ok e
> 0% == . —
-20%
-40%
-60%
0 100 200 300 400 500
time(s)
Q/Sn Taget Q/Sn  ====- Q/Sn lower limit  ====- Q/Sn upper limit
Tau= 60s
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¢/ e )
v/, \]
P h“
20% I' l’ ‘|\
UF4 1)
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TABLE: Verification procedure for voltage related control mode for reactive
5.5.2.4 P
power Q(U)
Model SG2000
Test procedure for Q(U) -Setting (a)
S X1 X2 X3 X4 Time | Mincos | b geriin | P Lock-out
points constant (0]
U/Un 93% 94% 106% 108%
3s 0.4 deactivated | deactivated
Q/Qmax 100% 0 0 -100%
Test procedure for accuracy
Test Conditions Measurements U] A Limits
value
U/Un P/Pn P/Pn Q/Pn U/Un Coso SAm(%a/x Q/Pn* AQ/ Smax Coso
100% | 100% | 101.44% | 0.90% 99.99% | 0.999 0.90% 0%
103% | 100% | 101.50% | 0.60% | 102.99% | 0.999 0.60% 0%
105% | 100% | 101.42% | 0.61% | 104.99% | 0.999 0.61% 0%
107% | 100% | 98.62% | -21.85% | 106.73% | 0.976 | -0.05% | -21.80%
108% | 100% | 89.06% | -43.87% | 107.99% | 0.897 | -0.27% | -43.60%
111% | 100% | 89.07% | -44.14% | 110.99% | 0.896 | -0.54% | -43.60%
114% | 100% | 89.09% | -44.36% | 113.99% | 0.895 | -0.76% | -43.60%
115% | 100% | 89.09% | -44.45% | 114.99% | 0.894 0.85% | -43.60%
114% | 100% | 89.08% | -44.35% | 113.99% | 0.895 | -0.75% | -43.60%
111% | 100% | 89.07% | -44.14% | 111.00% | 0.896 | -0.54% | -43.60%
108% | 100% | 89.06% | -43.88% | 107.99% | 0.897 | -0.28% | -43.60%
107% | 100% | 98.41% | -22.19% | 106.73% | 0.975 | -0.39% | -21.80%
105% | 100% | 100.04% | 0.60% | 104.99% | 0.999 0.60% 0%
103% | 100% | 99.83% 0.54% | 102.99% | 0.999 0.54% 0%
100% | 100% | 99.63% 0.90% 99.99% | 0.999 0.90% 0%
97% | 100% | 99.40% 0.84% 96.99% | 0.999 0.84% 0%
94% | 100% | 99.22% 0.87% 93.99% | 0.999 0.87% 0%
93% | 100% | 91.16% | 41.99% | 92.73% | 0.908 | -1.61% | 43.60%
90% | 100% | 90.00% | 43.81% | 89.95% | 0.899 0.21% | 43.60% | <+2Smax% | =20.4
87% | 100% | 89.68% | 43.56% | 86.99% | 0.899 | -0.04% | 43.60%
85% | 100% | 89.45% | 43.39% | 84.99% | 0.899 | -0.21% | 43.60%
87% | 100% | 89.61% | 43.52% | 86.99% | 0.899 | -0.08% | 43.60%
90% | 100% | 89.39% | 43.36% | 84.99% | 0.899 | -0.24% | 43.60%
93% | 100% | 91.16% | 41.99% | 92.73% | 0.908 | -1.61% | 43.60%
94% | 100% | 99.46% 0.89% 93.99% | 0.999 0.89% 0%
97% | 100% | 99.40% 0.84% 96.99% | 0.999 0.84% 0%
100% | 100% | 99.63% 0.90% 99.99% | 0.999 0.90% 0%
100% | 20% | 20.19% 0.91% 93.99% | 0.993 0.91% 0%
103% | 20% | 20.18% 1.33% | 102.99% | 0.997 1.33% 0%
105% | 20% | 19.99% 1.38% | 104.99% | 0.997 1.38% 0%
107% | 20% | 20.01% | -22.76% | 107.21% | 0.584 | -0.96% | -21.80%
108% | 20% | 19.57% | -42.64% | 108.17% | 0.417 0.96% | -43.60%
111% | 20% | 19.52% | -42.70% | 110.99% | 0.415 0.90% | -43.60%
114% | 20% | 19.76% | -44.02% | 113.99% | 0.409 | -0.42% | -43.60%
115% | 20% | 19.53% | -43.91% | 114.99% | 0.406 | -0.31% | -43.60%
114% | 20% | 20.06% | -44.17% | 113.99% | 0.413 | -0.57% | -43.60%
111% | 20% | 19.88% | -44.01% | 110.99% | 0.411 | -0.41% | -43.60%
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108% | 20% | 19.89% | -43.24% | 107.99% | 0.417 0.36% | -43.60%

107% | 20% | 20.07% | -22.86% | 107.21% | 0.584 | -1.06% | -21.80%

105% | 20% | 19.73% 1.39% | 104.99% | 0.997 1.39% 0%

103% | 20% | 20.19% 1.34% | 102.99% | 0.997 1.34% 0%

100% | 20% | 19.84% 1.30% 99.99% | 0.997 1.30% 0%

97% 20% | 19.70% 1.25% 96.99% | 0.997 1.25% 0%

94% 20% | 20.21% 1.21% 93.99% | 0.998 1.21% 0%

93% 20% | 19.62% | 43.32% | 92.99% | 0.412 | -0.28% | 43.60%

90% 20% | 19.09% | 43.11% | 89.99% | 0.404 | -0.49% | 43.60%

87% 20% | 19.55% | 42.82% | 86.99% | 0.415 | -0.78% | 43.60%

85% 20% | 19.55% | 42.63% | 84.99% | 0.416 | -0.97% | 43.60%

87% 20% | 19.06% | 42.80% | 86.99% | 0.406 | -0.80% | 43.60%

90% 20% | 19.40% | 44.19% | 89.99% | 0.402 0.56% | 43.60%

93% 20% | 19.55% | 44.47% | 92.99% | 0.402 0.87% | 43.60%

94% 20% | 20.20% 1.21% 93.99% | 0.998 1.21% 0%

97% 20% | 20.25% 1.24% 96.99% | 0.998 1.24% 0%

100% | 20% | 19.82% 1.29% 99.99% | 0.997 1.29% 0%
Note(s):

Time constant: as fast as possible but not slower as 3 s.
* The accuracy exceeding 2% Smax is due to prioritizing the requirement of Min cos ¢: 0.4.

Deactivate the voltage protection function if needed.

Control

set point: Q 4

CQmax char over

(e 33 % Pp)

Control input
Qmax char over B 110% U, Signal: g
O char inder]- 90 % Uy : e "
Dead band -6 % Up to +6 % Uy, k
‘\steepness 50 % Quax / 1 % U,

Qmaxcharunder |
(.. -33 % Pp)

Figure 33 — Q(U) example characteristics for setting (a) and (b) for the test
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Diagram
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2 150 — 0% =
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Test procedure for dynamic behaviour
N o Target Compliance o
Test Conditions Measurements Deviation e to the PT-1 | A Limits
curve
U/Un P/Pn Q[(/)/Ij]n P[(/)Z]n U[(/)/L:]n Aﬁgn Q/Pn* Yes/No AQ/Pn
100% 100% -1.59% | 99.50% | 99.99% -1.59% 0% N/A
107% 100% -22.31% | 98.34% | 106.99% | -0.51% -21.80% Yes
109% 100% -42.93% | 89.62% | 108.99% 0.67% -43.60% Yes
109% 18% -40.43% | 16.98% | 108.99% 3.17% -43.60% N/A
109% 3% -0.67% 2.63% 108.99% | -0.67% 0% Yes
109% 22% -43.51% | 22.17% | 108.99% 0.09% -43.60% Yes
109% 100% -42.98% | 89.76% | 108.99% 0.62% -43.60% N/A
100% 100% -2.67% | 99.28% | 99.99% -2.67% 0% Yes < 5%
92% 100% 44.79% | 91.70% | 91.99% 1.30% 43.60% Yes
92% 18% 46.36% | 18.86% | 91.99% 2.76% 43.60% N/A
92% 3% 2.47% 1.85% 91.99% 2.47% 0% Yes
92% 22% 44.22% | 21.99% | 91.99% 0.62% 43.60% Yes
92% 100% | 44.86% | 91.84% | 91.99% 1.26% 43.60% N/A
93.5% 100% | 20.25% | 98.70% | 93.49% 1.55% 21.80% Yes
100% 100% 2.59% | 99.33% | 99.99% 2.59% 0% Yes
Note(s):
P lock-in: 20%Pn; P lock-out: 5%Pn.
Diagram
120% 80%
110% 60%
100% 40%
90% 20%
g 80% 0% %C-J
70% -20%
60% -40%
50% -60%

-80%
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Time[s]

40%

U/Un Q/Pn
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TABLE: Verification procedure for voltage related control mode for reactive
5524 P
power Q(U)
Model SG2000
Test procedure for Q(U) -Setting (b)

Set Time . . P Lock-
points X1 X2 X3 constant Min cos ¢ | P Lock-in out
u/Un 90% 100% 110%

20 deactivated | 20%Pn 5%Pn

Q/Qmax 10% 0% -10%

Test procedure for accuracy

Test Conditions Measurements Target A Limits

vlaue

U/Un P/Pn P/Pn Q/Pn U/Un Coso SAm(%a/x Q/Pn* AQ/ Smax Coso
100% | 100% | 99.89% 1.78% | 99.99% 0.999 1.78% | 0.00%
103% | 100% | 99.48% | -1.28% | 102.99% | 0.991 0.03% | -1.31%
106% | 100% | 97.63% | -2.59% | 105.99% | 0.996 0.03% | -2.62%
109% | 100% | 91.94% | -3.95% | 108.99% | 0.998 -0.03% | -3.92%
112% | 100% | 88.89% | -4.51% | 111.99% | 0.991 -0.15% | -4.36%
115% | 100% | 88.70% | -4.55% | 114.99% | 0.989 -0.19% | -4.36%
112% | 100% | 88.92% | -4.51% | 111.99% | 0.991 -0.15% | -4.36%
109% | 100% | 92.03% | -3.94% | 108.99% | 0.999 -0.02% | -3.92%
106% | 100% | 97.66% | -2.60% | 105.99% | 0.996 0.02% | -2.62%
103% | 100% | 99.55% | -1.30% | 102.99% | 0.991 0.01% | -1.31%
100% | 100% | 99.98% 0.56% | 99.99% 0.999 0.56% | 0.00%
97% 100% | 99.75% 1.50% | 97.17% 0.988 0.19% | 1.31%
94% 100% | 98.81% 2.80% | 94.24% 0.991 0.18% | 2.62%
91% 100% | 94.06% 4.08% | 91.21% 0.997 0.16% | 3.92%
88% 100% | 91.56% 454% | 87.99% 0.995 0.18% | 4.36%
85% 100% | 91.33% 4.52% | 84.99% 0.995 0.16% | 4.36%
88% 100% | 91.55% 4.54% | 87.99% 0.995 0.18% | 4.36%
91% 100% | 94.11% 4.07% | 91.21% 0.997 0.15% | 3.92% <+2 Smax% | 204
94% 100% | 98.86% 2.78% | 94.25% 0.993 0.16% | 2.62%
97% 100% | 99.55% 1.47% | 97.21% 0.989 0.16% | 1.31%
100% | 100% | 99.96% 0.27% | 99.99% 0.999 0.27% | 0.00%
100% | 20% 19.83% 0.37% | 99.99% 0.982 0.37% | 0.00%
103% | 20% 19.70% | -1.41% | 102.99% | 0.812 0.10% | -1.31%
106% | 20% 19.44% | -2.65% | 105.99% | 0.973 0.03% | -2.62%
109% | 20% 19.51% | -3.89% | 108.99% | 0.448 -0.03% | -3.92%
112% | 20% 19.60% | -4.38% | 111.99% | 0.408 0.02% | -4.36%
115% | 20% 19.56% | -4.37% | 114.99% | 0.407 0.01% | -4.36%
112% | 20% 19.64% | -4.38% | 111.99% | 0.408 0.02% | -4.36%
109% | 20% 19.69% | -3.90% | 108.99% | 0.450 -0.02% | -3.92%
106% | 20% 19.67% | -2.66% | 105.99% | 0.594 0.04% | -2.62%
103% | 20% 19.59% | -1.42% | 102.99% | 0.808 0.11% | -1.31%
100% | 20% 19.78% 0.36% | 99.99% 0.983 0.36% | 0.00%
97% 20% 19.62% 1.34% | 96.99% 0.825 0.03% | 1.31%
94% 20% 19.45% 2.77% 94.12% 0.574 0.15% 2.62%
91% 20% 19.27% 4.30% | 91.21% 0.408 0.08% | 3.92%
88% 20% 19.17% 471% | 87.99% 0.473 0.35% | 4.36%
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85% 20% 19.21% 4.67% | 84.99% 0.483 0.31% | 4.36%
88% 20% 19.22% 4.71% | 87.99% 0.480 0.35% | 4.36%
91% 20% 19.28% 4.28% | 91.25% 0.410 0.36% | 3.92%
94% 20% 19.45% 2.76% | 94.12% 0.575 0.14% | 2.62%
97% 20% 19.69% 1.33% | 96.99% 0.827 0.02% | 1.31%
100% | 20% 19.74% 0.36% | 99.99% 0.983 0.36% | 0.00%
Note(s):

Time constant: as slow as possible but not slower as 20 s.
Deactivate the voltage protection function if needed.

Control
set point: Q 4

Qmax charover | (a)

(e.g. 33 % Pp)

Umax char overf —— —

Control input
110% U, Signal: g

Omax char underf- 90 % Uy, E Un

Cmax char under 18 e 18 1 8 8RR e

(e.0.-33 % Py)

Dead band -6 % U, to +6 % U,

‘steepness 50 % Qmag / 1 % Uy

Figure 33 — Q(U) example characteristics for setting (a) and (b) for the test

Diagram

300

250 "JIrn_LLL"‘-_\_HI J_.—'—"'Irn_‘_\_‘_“'-w_r w

6%

200 2%
>,
S a
150 0%
® ~
= (o4
>
100 -2%
50 -4%
0 -6%
0 1000 2000 3000 4000 5000
Time[s]
—\oltage(V) P/Pn
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Test procedure for dynamic behaviour
Target Compliance
Test Conditions Measurements Deviation 9 to the PT-1 | A Limits
vlaue 5
curve’
Q/Pn P/Pn U/Un AQ/Pn
U/Un P/Pn /Pn* Yes/No AQ/Pn
v | ra | o | pa | © 0
100% 100% -0.29% | 99.69% | 99.99% -0.29% 0.0% N/A
105% 100% -2.13% | 99.05% | 104.99% | 0.05% -2.18% Yes
110% 100% -4.34% | 99.01% | 109.99% | 0.02% -4.36% Yes
110% 18% -4.13% | 18.79% | 109.99% | 0.23% -4.36% N/A
110% 3% -1.03% 3.50% | 109.99% | -1.03% 0.0% Yes
110% 22% -4.33% | 22.45% | 109.99% | 0.03% -4.36% Yes
110% 100% -4.34% | 99.84% | 109.99% | 0.02% -4.36% N/A < +5%
100% 100% -0.26% | 99.65% | 99.99% -0.26% 0.0% Yes
90% 100% 4.39% | 92.36% | 89.99% 0.03% 4.36% Yes
90% 18% 4.54% | 17.83% | 89.99% 0.18% 4.36% N/A
90% 3% 0.61% 3.57% | 89.99% 0.10% 0.61% Yes
90% 22% 451% | 22.58% | 89.99% 0.15% 4.36% Yes
90% 100% 4.40% | 92.42% | 89.99% 0.04% 4.36% N/A
100% 100% 0.27% | 99.75% | 99.99% 0.27% 0.0% Yes
Note(s):
P lock-in: 20%Pn; P lock-out: 5%Pn.
Diagram
120% 8%
110% 6%
100% 4%
90% 2%
[ e
2 80% o Q-
- a
70% -2%
60% -4%
50% -6%
40% -8%
0 2000 4000 6000 8000 10000 12000 14000 16000
Time[s]
U/Un Q/Pn
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5525 TABLE: Verification procedure for power related control modes for reactive p
power
Model SG2000
Test procedure for cosg (P) -Setting (a)
Set points 1 2 3 4
cos¢ (P) P/Pn 15% 20% 80% 90%
curve
settings: 0 100%Q max 0 0 100%Q max
over under
Test procedure for accuracy
Test Conditions Measurements Target A Limits
vlaue
P/Pn U/Un P/Pn Q/Pn U/Un Ccos® SAn?a>/< Q/Pn | AQ/Smax
10% 100% 10.86% | 43.46% | 99.99% 0.243 -0.14% | 43.60%
15% 100% 15.69% | 43.26% | 99.99% 0.343 -0.34% | 43.60%
20% 100% 19.74% 1.64% 99.99% 0.982 1.64% 0%
30% 100% 30.17% 1.31% 99.99% 0.993 1.31% 0%
40% 100% 40.49% | 0.76% 99.99% 0.997 0.76% 0%
50% 100% 50.71% | 0.39% 99.99% 0.998 0.39% 0%
60% 100% 61.22% 1.26% 99.99% 0.999 1.26% 0%
70% 100% 71.43% 1.17% 99.99% 0.999 1.17% 0%
80% 100% 81.58% 1.18% 99.99% 0.999 1.18% 0%
85% 100% 86.59% | -23.13% | 99.99% 0.966 -1.33% | -21.80%
90% 100% 89.76% | -43.02% | 99.99% 0.901 0.58% | -43.60%
100% 100% 89.72% | -43.00% | 99.99% 0.901 0.60% | -43.60% +2%
90% 100% 89.67% | -42.99% | 99.99% 0.901 0.61% | -43.60%
85% 100% 86.46% | -23.13% | 99.99% 0.965 -1.33% | -21.80%
80% 100% 81.47% 1.17% 99.99% 0.999 1.17% 0%
70% 100% 71.61% 1.12% 99.99% 0.999 1.12% 0%
60% 100% 60.95% 1.29% 99.99% 0.999 1.29% 0%
50% 100% 53.53% 1.42% 99.99% 0.998 1.42% 0%
40% 100% 40.39% 1.76% 99.99% 0.997 1.76% 0%
30% 100% 30.06% 1.33% 99.99% 0.993 1.33% 0%
20% 100% 19.74% 1.65% 99.99% 0.983 1.64% 0%
15% 100% 15.15% | 43.52% | 99.99% 0.990 -0.08% | 43.60%
10% 100% 10.26% | 44.00% | 99.99% 0.226 0.40% | 43.60%
Note:
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Control set point:

QorCos @4

Ia'nai-c char over |

(2.9 33 %P,)

Qmax char over

(b) steepness 2 %Qma [ 10 %P,

' steepness 200 %05 10 %P,

100 %Py

Control input
signal: P

Omax char undert

Umax char under

(B0, 33 Sy [

T T

. (c) steepness 20 %Qpmg /10 %U,

. vsteepness 100 %CQma [ 10 %P,

Figure 36 — Q (P) and cos ¢ (P) and example characteristics for setting (a), (b) and (c) for the test

Diagram
100% 50%
R — pr——
90% 40%
80% 30%
70% 20%
o=
o 60% 10%
a2
o c
50% o &
o4
40% -10%
30% -20%
20% -30%
10% -40%
0% -50%
0 500 1000 1500 2000 2500 3000
Time[s]

—P/Pn ——Q/Pn
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Test procedure for dynamic behaviour
Time constant: 3 s
Measurements
Test Conditions T T Td Reactive Active Grid
power/Pn power/Pn | voltage/Un
& ] ] [%] [%] [%]
20%Pn - -- - -1.85% 19.94% 99.99%
20%Pn -> 50%Pn - -- - -1.40% 50.31% 99.99%
50%Pn -> 90%Pn 5.4 6.1 0.4 -42.97% 89.50% 99.99%
90%Pn -> 50%Pn 4.3 4.5 0.7 -1.41% 50.33% 99.99%
50%Pn -> 20%Pn - -- - -1.65% 19.55% 99.99%
Diagram
50%Pn -> 90%Pn:
120% 10%
100% 0%
\;
80% -10%
c e
o o -20% -
o o
40% -30%
20% -40%
0% -50%
0 500 1000 1500 2000
Time([s]
—P/Pn Q/Pn
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90%Pn -> 50%Pn:
120% 10%
100% 0%
80% -10%
e e
o 60% -20% &
o
40% -30%
20% -40%
0% -50%
0 500 1000 1500 2000 2500
Time([s]
—P/Pn Q/Pn
Time constant: 60 s
Measurements
Test Conditions Tsr Ts Td Reactive Active Grid
power/Pn power/Pn | voltage/Un
= . . %] [%] %
20%Pn - - - -1.46% 19.63% 99.99%
20%Pn -> 50%Pn - - - -1.48% 50.70% 99.99%
50%Pn -> 90%Pn 33.9 58.8 0.6 -42 27% 90.13% 99.99%
90%Pn -> 50%Pn 317 60.5 0.8 -1.20% 50.30% 99.99%
50%Pn -> 20%Pn - -- - -1.19% 19.89% 99.99%
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Diagram

50%Pn -> 90%Pn:

120% 10%
100% 0%
80% -10%
c o
o o -20% -
o
40% -30%
20% -40%
0% -50%
0 1000 2000 3000 4000 5000
Time[s]
P/Pn Q/Pn
90%Pn -> 50%Pn:
120% 10%
100% 0%
80% -10%
: g
O 6o -20% &-
a o
40% -30%
20% -40%
0% -50%
0 1000 2000 3000 4000 5000 6000
Time[s]
P/Pn Q/Pn
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5525 TABLE: Verification procedure for power related control modes for reactive P
power
Model SG2000
Test procedure for cosg (P) -Setting (c)
cos (P) Set points 1 2 3 4
curve P/Pn 20% 40% 50% 100%
settings: Q 0 0 0 “Omax
Test procedure for accuracy
Test Conditions Measurements E?;ggt A Limits
P/Pn U/Un P/Pn Q/Pn U/Un cos® SAn?a>/< Q/Pn A Q / Smax
10% 100% 10.68% 1.51% 99.99% 0.991 1.51% 0.00%
20% 100% 19.74% 1.65% 99.99% 0.983 1.65% 0.00%
30% 100% 30.07% 1.33% 99.99% 0.993 1.33% 0.00%
40% 100% 40.46% 1.76% 99.99% 0.997 1.76% 0.00%
50% 100% 50.64% 1.61% 99.99% 0.997 1.61% 0.00%
60% 100% 61.10% | -10.42% | 99.99% 0.985 -1.70% | -8.72%
70% 100% 71.60% | -16.26% | 99.99% 0.975 1.18% | -17.44%
80% 100% 81.44% | -25.79% | 99.99% 0.953 0.37% | -26.16%
90% 100% 92.09% | -33.30% | 99.99% 0.940 1.56% | -34.88%
100% 100% 89.90% | -42.61% | 99.99% 0.903 0.99% | -43.60%
90% 100% 92.01% | -33.27% | 99.99% 0.940 1.61% | -34.88%
80% 100% 81.32% | -25.75% | 99.99% 0.953 0.41% | -26.16% +2%
70% 100% 71.45% | -16.22% | 99.99% 0.975 1.22% | -17.44%
60% 100% 60.97% | -8.31% | 99.99% 0.990 0.41% | -8.72%
50% 100% 50.63% 1.39% 99.99% 0.998 1.39% 0.00%
40% 100% 40.35% 1.78% 99.99% 0.997 1.78% 0.00%
30% 100% 30.07% 1.22% 99.99% 0.994 1.22% 0.00%
20% 100% 19.68% 1.66% 99.99% 0.983 1.66% 0.00%
10% 100% 10.37% 1.65% 99.99% 0.985 1.65% 0.00%
30% 100% 30.09% 1.32% 99.99% 0.993 1.32% 0.00%
20% 100% 19.69% 1.66% 99.99% 0.983 1.66% 0.00%
15% 100% 14.76% 1.75% 99.99% 0.983 1.75% 0.00%
10% 100% 10.92% 1.73% 99.99% 0.976 1.73% 0.00%
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Test procedure for dynamic behaviour
Time constant: 3.33s
Test Conditions Measurements
Tsr Ts Td Reactive Active Grid
P U/Un power power voltage
[s] [s] [s] [var] [W] V]
20%Pn 107% - - - -1.19% 20.11% 106.99%
20%Pn -> o _ _ _ i o o o
50%Pn 107% 1.34% 51.12% 106.99%
0 -
50%Pn -> 107% 3.9 5.5 0.5 -33.99% 92.22% 106.99%
90%Pn
90% 103% - - - -34.09% 92.58% 102.99%
90% 98% 3.0 3.4 0.3 1.60% 92.56% 97.99%
90% 107% 4.4 5.8 0.5 -34.34% 92.64% 106.99%
90% 100% 3.5 4.0 0.3 -1.07% 92.11% 99.99%
90%Pn -> o _ __ __ i o o o
50%Pn 100% 1.08% 51.08% 99.99%
50%Pn -> o _ __ __ i o o o
20%Pn 100% 1.09% 19.95% 99.99%
Note:

Lock-in voltage: 105%Un
Lock out voltage: 100%Un
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Diagram
Steady
100% 5%
— e
90% 0%
80% -5%
70% -10%
60% -15%
o e
Q504 20% Q-
o o
40% -25%
30% -30%
20% -35%
10% -40%
0% -45%
0 500 1000 1500 2000 2500
Time[s]
——P/Pn ——Q/Pn
Dynamic
100% 10%
90% -
0%
80% [t
70%
-10%
60%
g a
O 504 20% &
a o
40%
-30%
30%
20% fewee— by
-40%
10%
0% -50%
0 2000 4000 6000 8000 10000 12000
Time[s]
P/Pn Q/Pn
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5.6 TABLE: Voltage related active power reduction - P(U) P
Model SG2000
Set points 1 2
u/Un 110% 115%
P/Pn 100% 0%
Ps(léjt)tiﬁlétsv:e Q(V) function activated and configured the QU function to setting (a).
Set points X1 X2 X3 X4 Tau
uU/Un 93% 94% 106% 108%
Q/Qmax 100% 0 0 -100% 3¢
Test procedure for steady-state behaviour
Test Conditions Measurements Target vlaue A Limits
APISM | AQ/SM apis | A

U/Un P/Pn U/Un P/Pn Q/Pn ax ax P/Pn Q max Sr)?a

100% 99.99% 99.85% -1.61% | -0.15% | -1.61% | 100% 0%

103% 102.99% | 99.95% -1.64% | -0.05% | -1.64% | 100% 0%

106% 105.99% | 100.02% -1.65% | 0.02% | -1.65% | 100% 0%

109% 108.99% | 88.82% | -44.65% | -1.18% | -1.05% | 90% | - Qmax

112% 111.99% | 60.33% | -44.64% | -0.33% | -1.06% | 60% | - Qmax

115% | 100% | 115.21% | 1.08% | -44.66% | 1.08% | -1.06% | 0% | - Qmax izs% izs%

112% 111.99% | 60.74% | -44.40% | 0.74% | -0.80% | 60% | - Qmax

109% 108.99% | 88.85% | -44.66% | -1.15% | -1.06% | 90% | - Qmax

106% 105.99% | 99.66% -1.88% | -0.34% | -1.88% | 100% 0%

103% 102.99% | 99.92% -1.66% | -0.08% | -1.66% | 100% 0%

100% 99.99% 99.80% -1.65% | -0.20% | -1.65% | 100% 0%

Note:

*: Due to the influence of the maximum current limit, it is allowed to reduce the active power under the

condition that | reaches Imax.

**: the reactive power is continuity with min Cos¢=0.4.
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Diagram
116% 140%
114% 120%
112% ‘_ ‘r— 100%
110% 80%
c 108% 60%
=2 e
D 106% a0% O
104% 20%
102% 0%
100%  p— e -20%
98% -40%
0 2000 4000 6000 8000 10000 12000
Time[s]
—U/Un ——P/Pn
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Test procedure for dynamic behaviour-Tau 23s (eg.5s)
P=100%Pn; Q(U) function activated and configured the QU function to setting (a).
Test Conditions Measurements Target value Limits
U/Un P/Pn U/Un P/Pn Q/Pn Tsr_90% P/Pn Q AP/Pn Tsr_90%
100%Un -> 112.49% | 49.31% | -43.49% 7.6 o
112.5%Un 0% | - Qmax
112.5%Un -> 115.21% | 1.89% | -43.47% 7.0 0 0
115%Un max
100% <+5%| =23s
115%Un -> 112.49% | 48.91% | -44.47% 7.8 50% Q
112.5%Un 0| T emax
112.5%Un -> 99.99% | 99.66% | -1.82% 5.6 0
100%Un 100% | 0
Diagram
116% 120%
114%
100%
112%
110% 80%
— 108% c
=2 60% Q-
D 106% o

104%

102%

100%

98%

100 200 300 4
Time([s]

—U/Un

00

P/Pn

40%

20%

500

0%
600
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5.7.2.2 TABLE: Power quality - Harmonic emission P
Model SG2000

[] Opinion 1: Power generating unit (individual device) and power generating system which is In < 75A

Test: Each phase output current < 16A, it shall be complied with EN 61000-3-2.

Measurements
Parameter U (V) f (Hz) 1 (A) P (W) S (VA) Power Factor
THD (%)
Phase L1 229.9 50 4.31 988.9 989.2 3.74%
Phase L2 - - -- - __ —
Phase L3 - -- -- - - —
Harmonic odd Current Magnitude (%) c Harrr;cl)_r_ﬂc_t
no. Phase L1 Phase L2 Phase L3 Ufre(r;@ imits
1 0.17 - — =
2 1.01 - - )
3 0.10 - - 21.6
4 0.04 = = 7
> 0.02 - - 10.7
6 0.02 - - 5
7 0.09 - - =5
8 0.10 = = 5
9 0.07 - — 38
10 0.10 - - 16
11 0.06 - - 31
12 0.11 = = 13
13 0.06 - - 5
14 0.10 - - =
15 0.05 - - —
16 0.10 = = —
17 0.05 - - —
18 0.10 - - —
19 0.04 - - —
20 0.11 - — -
21 0.04 - — —
22 0.12 - - —
23 0.04 - - —
24 0.10 = = —
25 0.03 - - —
26 0.07 - - —
27 0.03 - - —
28 0.07 - — —
29 0.03 - - —
30 0.12 - - —
31 0.03 - - —
32 0.08 - - —
33 0.03 - - —
34 0.11 - - —
35 0.04 - - —
36 0.12 - — -
37 0.04 - — —
38 0.03 - - —
39 0.06 - - —
40 0.08 - - —
THDi 2.469 - - —
Note(s):
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5.7.2.3 TABLE: Power quality - Flicker P
Model SG2000

[] Opinion 1: Generation units with a rated current < 75A

Test:
Measurements
Parameter Pst d(t) (%) de (%) dmax (%0)
L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3
1 0128 | -- - 0 - - 10044 | - - |0286| - -
2 0.128 | -- - 0 - - 0037 | - - 0255 - -
3 0.126 -- -- 0 -- -- 0.048 -- -- 0.289 -- --
4 0.125 - -- 0 -- -- 0.093 -- -- 0.281 -- --
5 0.124 | -- -- 0 - -- 0.045 -- -- 0.26 -- --
6 0124 | - - 0 - - 0041 | - - 0267 | - -
7 0.123 - -- 0 -- -- 0 -- -- 0 -- --
8 0122 | -- - 0 - - 0 - - 0 - -
9 0.119 -- -- 0 -- -- 0 -- -- 0 -- --
10 0.12 - -- 0 -- -- 0 -- -- 0 -- --
11 0129 | - - 0 - - 10143 | - - 0307 | - -
12 0.131 - -- 0 -- -- 0 -- -- 0 -- --
Measurements Limit
Parameter
Pst Pt d(t) (%) | dc (%) |dmax (%)| Pst Pt d(t) (%) | dec (%) |dmax (%)

L1 0.131 0.125 0 0.143 0.307
L2 -- -- -- -- -- <1.0 £0.65 <33 <33 <4.0
L3 -- -- -- -- --

Note(s):

Each phase output current < 16A, it shall be complied with EN 61000-3-3.
Each phase output current > 16A and < 75A, it shall be complied with EN 61000-3-11.
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5.7.2.3.5 |TABLE: Power quality - Rapid voltage changes P
Model SG2000
Each phase output current < 75A
Switch-on for any capacity (10% PEmax)
Phase L1 L2 L3
Single period - - - - -
effective values of 0.61 1.18 1.05 --
the current [A]
Single period - - - - - -
effective values of 229.9 | 230.0 | 230.0
the voltage [V]
ki value [1] 0.070 | 0.135 | 0.120 - - - - - -
kimax value [1] 0.036

Unfavorable case when switching the generator step (not necessary for electronic inverter)

Phase L1 L2 L3

Single period

effective values of N/A N/A N/A N/A N/A N/A N/A N/A N/A
the current [A]

Single period

effective values of N/A N/A N/A N/A N/A N/A N/A N/A N/A
the voltage [V]

ki value [1] N/A N/A N/A N/A N/A N/A N/A N/A N/A
Kimax Value [1] N/A

Switch-on for nominal capacity

Phase L1 L2 L3

Single period - - - - - -
effective values of 0.46 0.68 0.46

the current [A]

Single period - - - - - -

effective values of 230.0 229.9 229.9
the voltage [V]

ki value [1] 0.052 | 0.078 | 0.052 - -- -- - -- -

kimax value [1] 0.117

Switch-off for nominal capacity

Phase L1 L2 L3

Single period - - - - - -
effective values of 4.86 8.10 7.77
the current [A]

Single period - - - - - -
effective values of 229.9 229.9 230.1
the voltage [V]

ki value [1] 0.559 | 0.932 | 0.894 - -- -- - -- -

kimax value [1] 0.997
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Grid Frequency [Hz] 50
Grid voltage [V] 230
Rated current Ir [A] 8.69A
Highest kimax value for all switching operations [1] 0.932
Note:
Limits:

kimax = 1,2 for synchronous generators with fine synchronization, converter; (electronic inverter)

kimax = 4 for asynchronous generators, which are switched on at 95% to 105% of their synchronous speed, if
no further details are available regarding the type of current limitation, With regard to short-term
compensation processes, the condition mentioned below for very short voltage changes must also be
observed,

Kimax = 8 for asynchronous generators that are powered up by the network if la is unknown,

(la = starting current)

Environmental condition (ambient)
Temperature (°C) :25,0

Humidity (%rh):47,1

Pressure (hPa) : 1018
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5.7.2.4 TABLE: Power quality - DC Injection P
Model SG2000
Test Target .
o Measurements 9 Limits
Conditions value
P/P U/ 1 P/P lacln lael| lael|
n n n n Cos @ L1 L2 L3 dc/In dc/In
30-40% | 99.99% | 36.33% | 36.18% | 0.995 0.00% -- -- 0%
< +0.5% or
60-70% | 99.99% | 64.96% | 64.95% | 0.999 0.00% -- -- 0% 20 m;\
2 95% 99.99% | 98.84% | 98.86% | 0.999 0.00% -- -- 0%
Note(s):
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5.8.3.2 TABLE: Interface protection (Voltage protection) p

Model SG2000

Accuracy of the setting values:

Measurement Trip value [V]

Condition Setting Limitation
L123 L1-N L2-N L3-N
- 46.12 - -
U< 20%Un - 46.19 - -
- 45.99 - -
- 103.59 - -
U< 45%Un - 103.58 - -
- 103.58 - -
— 149.69 — — *+ 1% of Un
U< 65%Un - 149.69 - -
- 149.68 - -
- 229.99 - -
U< 100%Un - 228.99 - -
- 228.99 - -
. : Measurement Trip value [V] L
Condition Setting Limitation
L1-L2 L2-L3 L3-L1
U< 20%Un - - -
U< 45%Un - - -
— — — *+ 1% of Un
U< 65%Un - - -
U< 100%Un - - -

Notes: Ramp signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P

Model SG2000

Accuracy of the setting values:

Measurement Trip value [V]

Condition Setting e oo e s Limitation
N 46.19 - -
U<< 20%Un - 46.19 ” -
N 46.20 - ”
N 103.59 - ”
U<< 45%Un - 103.48 ” -
N 103.59 - ”
- _ — *+ 1% of Un
149.67
U<< 65%Un - 149.58 - -
N 149.58 - ”
N 230.99 - ”
U<< 100%Un - 230.89 - -
N 230.88 - ”
Condition Setting Measurement Trip value [V} Limitation
L1-L2 L2-L3 L3-L4
U<< 20%Un - -- -
U<< 45%Un -- -- -
+ 1% of Un
U<< 65%Un -- -- -
U<< 100%Un -- -- -

Notes: Ramp signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P

Model SG2000

Accuracy of the setting values:

Measurement Trip value [V]

Condition Setting e oo T s Limitation
- 229.99 h h
u> 100%Un - 228.99 - -
- 228.99 h h
- 243.98 N N
u> 106%Un - 243.97 - -
- 243.98 h h
— — — + 1% of Un
258.08
u> 112%Un - 257.98 - -
N 257.98 N N
- 276.19 - -
u> 120%Un - 276.18 h h
- 276.18 h h
Condition Setting Measurement Trip value [V] Limitation
L1-L2 L2-L3 L3-L4
u> 100%Un - - -
u> 106%Un -- -- --
+19% of Un
u> 112%Un -- -- --
u> 120%Un =" =" ="

Notes: Ramp signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P

Model SG2000

Accuracy of the setting values:

Measurement Trip value [V]

Condition Setting e oo s o Limitation
N 230.19 - -
U>> 100%Un - 229.79 ” -
N 229.88 - ”
N 250.58 - ”
U>> 109%Un - 250.57 -~ -
N 250.59 - ”
- __ — *+1% of Un
271.88
U>> 118%Un - 271.87 - -
N 271.88 - ”
N 299.69 - -
U>> 130%Un - 299.59 ” -
N 299.49 - ”
Condition Setting Measurement Trip value [V} Limitation
L1-L2 L2-L3 L3-L1
U>> 100%Un - - -
u>> 109%Un -- -- -
+ 1% of Un
U>> 118%Un -- -- -
U>> 130%Un -- - -

Notes: Ramp signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P
Model SG2000
Time measurements:
" Setting Measurement Trip time [ms] Limitation
Condition
[ms] L123 L1-N L2-N L3-N [ms]
- 125 - -
U< 100 - 134 - - 100-200
- 133 - -
- 30060 - -
- - _ 30000-
U< 30000 30080 30100
- 30080 - -
- 60040 - -
- - _ 60000-
U< 60000 60041 60100
- 60040 - -
- 100040 - -
- - _ 100000-
U< 100000 100041 100100
- 100042 - -
. Setting Measurement Trip time [ms] Limitation
Condition
[ms] L1-L2 L2-L3 L3-L1 [ms]
U< 100 - - - 100-200
— — — 30000-
U< 30000 30100
- - _ 60000-
U< 60000 60100
_ _ _ 100000-
U< 100000 100100

Note(s): Jump signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P
Model SG2000
Time measurements:
" Setting Measurement Trip time [ms] Limitation
Condition
[ms] L123 L1-N L2-N L3-N [ms]
- 136 - -
U<< 100 - 128 - - 100-200
- 105 - -
- 1552 - -
U<< 1500 - 1544 - - 1500-1600
- 1538 - -
- 3020 - -
U<< 3000 - 3040 - - 3000-3100
- 3030 - -
- 5050 - -
U<< 5000 - 5040 - - 5000-5100
- 5040 - -
o Setting Measurement Trip time [ms] Limitation
Condition
[ms] L1-L2 L2-L3 L3-L1 [ms]
U<< 100 - - - 100-200
U<< 1500 - - - 1500-1600
U<< 3000 - - - 3000-3100
U<< 5000 - - - 5000-5100

Note(s): Jump signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P
Model SG2000
Time measurements:
" Setting Measurement Trip time [ms] Limitation
Condition
[ms] L123 L1-N L2-N L3-N [ms]
- 121 - -
u> 100 - 124 - - 100-200
- 125 - -
- 30060 - -
u> 30000 - 30040 - - 30000-30100
- 30060 - -
- 60020 - -
u> 60000 - 60040 - - 60000-60100
- 60040 - -
- 100080 - -
- - _ 100000-
u> 100000 100020 100100
- 100020 - -
o Setting Measurement Trip time [ms] Limitation
Condition
[ms] L1-L2 L2-L3 L3-L1 [ms]
u> 100 - - - 100-200
u> 30000 - - - 30000-30100
u> 60000 - - - 60000-60100
_ _ _ 100000-
u> 100000 100100

Note(s): Jump signal test
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5.8.3.2 TABLE: Interface protection (Voltage protection) P
Model SG2000
Time measurements:
" Setting Measurement Trip time [ms] Limitation
Condition
[ms] L123 L1-N L2-N L3-N [ms]
- 132 - -
U>> 100 - 122 - - 100-200
- 132 - -
- 1548 - -
U>> 1500 - 1536 - - 1500-1600
- 1548 - -
- 3030 - -
U>> 3000 - 3040 - - 3000-3100
- 3040 - -
- 5040 - -
U>> 5000 - 5040 - - 5000-5100
- 5034 - -
o Setting Measurement Trip time [ms] Limitation
Condition
[ms] L1-L2 L2-L3 L3-L1 [ms]
U>> 100 - - - 100-200
u>> 1500 - - - 1500-1600
u>> 3000 - - - 3000-3100
U>> 5000 - - - 5000-5100

Note(s): Jump signal test
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5.8.3. TABLE: Interface protection (Frequency protection) P
Model SG2000
Accuracy of the setting values:
Condition Setting Measurement Trip value [Hz] Limitation
49.99
F> 50Hz 49.99
49.98
50.49
F> 50.5Hz 50.49
50.49
+0.1% of fn
51.49
F> 51.5Hz 51.49
51.49
52.00
F> 52Hz 51.99
51.99
Condition Setting Measurement Trip value [Hz] Limitation
49.99
F>> 50Hz 49.99
49.99
50.49
F>> 50.5Hz 50.49
50.49
149 +0.1% of fn
F>> 51.5Hz 51.49
51.49
51.99
F>> 52Hz 51.99
51.99

Note(s): Ramp signal test

TRF No. EN 50549-10_V1.0




Page 219 of 259

Report No.: 6209657.50A

EN 50549-10
Clause Requirement - Test Result - Remark Verdict
5.8.3.2 TABLE: Interface protection (Frequency protection) P
Model SG2000
Accuracy of the setting values:
Condition Setting Measurement Trip value [Hz] Limitation
46.99
F< 47Hz 46.99
46.99
47.99
F< 48Hz 47.99
47.99
+0.1% of fn
48.98
F< 49Hz 48.99
48.99
49.99
F< 50Hz 49.98
49.98
Condition Setting Measurement Trip value [Hz] Limitation
46.98
F<< 47Hz 46.99
46.99
47.99
F<< 48Hz 47.99
47.99
+0.1% of fn
48.99
F<< 49Hz 48.99
48.98
49.89
F<< 50Hz 49.98
49.99

Note(s): Ramp signal test
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5.8.3.2 TABLE: Interface protection (Frequency protection) P
Model SG2000
Time measurements:
Condition ST Measurement Trip time [ms] e
[ms] [ms]
139
F> 100 149 100-200
149
30040
F> 30000 30040 30000-30100
30060
60080
F> 60000 60040 60000-60100
60040
100040
F> 100000 100010 188288
100040
Condition [Sne:;t]ing Measurement Trip time [ms] I[_rinn;;tation
154
F>> 100 141 100-200
143
1532
F>> 1500 1532 1500-1600
1528
3050
F>> 3000 3060 3000-3100
3040
5090
F>> 5000 5090 5000-5100
5080

Note(s): Jump signal test
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5.8.3.2 TABLE: Interface protection (Frequency protection) P
Model SG2000
Time measurements:
Condition ST Measurement Trip time [ms] e
[ms] [ms]
141
F< 100 138 100-200
144
30060
F< 30000 30080 30000-30100
30060
60080
F< 60000 60080 60000-60100
60040
100040
F< 100000 100040 188288
100020
Condition [Sne:;t]ing Measurement Trip time [ms] I[_rinn;;tation
154
F<< 100 148 100-200
131
1530
F<< 1500 1532 1500-1600
1528
3050
F<< 3000 3060 3000-3100
3060
5040
F<< 5000 5050 5000-5100
5040

Note(s): Jump signal test
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5.8.3.2.4 | TABLE: Interface protection (Reset time and reset ratio) P
Model SG2000
: Measurement o
» Setting Limitation

Condition U/Un UL1-N, UL2-N, UL3-N

[ms] Reset time Result Reset time Result
u> 2984 Trip
Un- -
1.13Un(2940ms) | 1.1Un/ 3277 No trip
- 3000
1.08Un(3200ms)
-Un
U>> 43.6 Trip
un- 1.2Un/ :
1.23Un(40ms)- | Jo0 310 No trip
1.18Un(300ms)-
Un - <50ms No trip
U< 2950 Trip
Un- -
0.87Un(2940ms) | 0.9Un/ 3200 No trip
- 3000
0.92Un(3200ms)
-Un
U<< 55.6 Trip
un- 0.8Un/ :
0.77Un(40ms)- | oo 320 No trip
0.82Un(300ms)-
Un

» Setting Measurement Limitation

Condition Hz/ - -

[ms] Reset time Result Reset time Result
F< 2970 Trip
50HZ- .
49.2HZ(2940ms) | 49.5/ 3200 No trip
- 3000
49.7HZ(3200ms)
-50HZ
F<< 77.6 Trip
50HZ- 485/ -
48.2HZ(40MS)- | [ - 320 No trip
48.7HZ(300ms)-
S0HZ - <50ms No trip
F> 3020 Trip
50HZ- -
50.8HZ(2940ms) | 50.5/ 3200 No trip
- 3000
50.3HZ(3200ms)
-50HZ
F>> .
50HZ- 515 50.0 Trip
51.8HZ(40ms)- 106
51.3HZ(300ms)- 320 No trip
50HZ
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5.8.3.2.6 | TABLE: Interface protection (Immunity to voltage harmonics)

Model SG2000

The test item f < 1 shall be repeated under the voltage conditions as described in EN IEC 60255-181.

2019, Table 26

Condition

Setting

Measurement Trip value [Hz]

Limitation

F>

50Hz

49.99

49.99

49.99

F>

50.5Hz

50.49

50.49

50.49

F>

51.5Hz

51.49

51.49

51.49

F>

52Hz

51.99

52.00

51.99

+ 0.1% of fn

The test item U < 1 shall be repeated under the voltage conditions as described in EN IEC 60255-181:

2019, Table 26

Condition

Setting

Measurement Trip value [Hz]

Limitation

U<

20%Un

46.09

46.09

45.98

U<

45%Un

103.56

103.64

103.58

U<

65%Un

149.86

149.87

149.88

U<

100%Un

230.73

230.66

230.67

+ 0.1% of fn
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5.8.3.3 Table: Overvoltage 10 min mean protection (OV) P
Model SG2000
Setting values: Setting U > (V) :
U>(59>) Setting Tdisconnection (s) :
Parameter Measurement (V) Limit:
Phase 1 253.38
Phase 2 - 110% Un
Phase 3 --
Parameter Disconnection time: Limit:

a) Disconnection must take

lace within 600 s.

The voltage is set to 100% Un and held for 600 s. Thereafter the voltage is set to 112% Un.

UL1-N, UL2-N, UL3-N

476 s [--/--

450-550s

by |Place.

The voltage is set to Un for 600 s and then to 108% Un for 600 s. No disconnection should take

UL1-N, UL2-N, UL3-N

600/--/--

Disconnection should not take place.

The voltage is set to 106% Un and held for 600 s. Thereafter the voltage is set to 114% Un.
Disconnection must take place within 300 s or about 50% of the disconnection time measured in

375 s.

point a).*
©) UL1-N 293.2s The disconnection time should be
UL2-N -- about 50% of the value measured in
*
UL3-N - 2).
Note(s):

*If the setting value is set to 600 s, then the disconnection time can be in the range between 225 s and
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5.8.3.4 Table: ROCOF protection P
Model SG2000
] Setting ROCOF(Hz/s): 2
Setting values: :
Setting Toperate time (S): 1
Test item ROCOF Test signal start |ROCOF ofthe| Testsignal end |Step remain| Disconnection Limit:
direction frequency (Hz) test (Hz/s) frequency (Hz) times time: ’
RVAL POS No Disconnection
Increase | fn ~ROCOF x0,5s | Gg + 2 x A | fn+ ROCOF x0,5s| 1s+200ms . . |should not take
1 Disconnection
place.
RVALPOS| Increase | fn~ROCOF x0,5s | Gg ~ 2% A |fn ~ROCOF x0,55| 1s+200ms 0.034's <1s
RVAL NEG No Disconnection
Decrease | fn+ ROCOF x0,5s | Gg + 2 x A |fn+ROCOF x0,5s| 1s+200ms . .| should not take
1 Disconnection
place.
RVAIZNEG Decrease |fn+ROCOF x 0,55 g = 2 A |fn -ROCOF x0,55| 15+200ms 0.031s <ls
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5.8.6 Table: Islanding detection (According to EN 62116) P
Model SG2000
Test condtion A (EUT output P/Pn = 100%)
No. | Peur (% of | Reactive | Pac? | Qac® | Run-on Peut Actual Vbc Which load is
EUT load (% of time (W) Qs (V) selected to be
rating) @ normial (ms) adjusted
(BL¥)) (R, L, or C)

1 100 100 0 0 406 2000 1.000 48 BL Y

2 100 100 -5 -5 352 2000 0.98 48 B9/

3 100 100 -5 0 344 2000 1.05 48 B9/

4 100 100 -5 +5 480 2000 1.02 48 B9/

5 100 100 0 -5 396 2000 1.01 48 B9/

6 100 100 0 +5 333 2000 0.97 48 B9/

7 100 100 +5 -5 451 2000 0.92 48 B9/

8 100 100 +5 0 431 2000 1.05 48 B9/

9 100 100 +5 +5 348 2000 1.08 48 B9/

10 100 100 -10 +10 346 2000 1.02 48 B9/

11 100 100 -5 +10 326 2000 1.06 48 B9/

12 100 100 0 +10 332 2000 1.10 48 B9/

13 100 100 +10 +10 338 2000 1.09 48 B9/

14 100 100 +10 +5 359 2000 1.06 48 B9/

15 100 100 +10 0 408 2000 1.02 48 B9/

16 100 100 +10 -5 354 2000 1.12 48 B9/

17 100 100 +10 -10 323 2000 1.10 48 B9/

18 100 100 +5 -10 326 2000 1.06 48 B9/

19 100 100 0 -10 309 2000 1.00 48 B9/

20 100 100 -5 -10 328 2000 0.95 48 B9/

21 100 100 -10 -10 306 2000 0.90 48 B9/

22 100 100 -10 -5 348 2000 0.94 48 B9/

23 100 100 -10 0 382 2000 0.96 48 B9/

24 100 100 -10 +5 357 2000 1.02 48 B9/

25 100 100 -10 +10 342 2000 1.08 48 B9/
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Test condtion B (EUT output P/Pn = 50 to 66%)
No. | Peutr (% of | Reactive Pac Qac | Run-on Peut Actual Vbc Which load is
EUT load (% of time (W) Qs (V) selected to be
rating) normial (ms) adjusted
(BL*)) (R, L, or C)
1 66 66 0 -5 343 1320 0.99 42 IBY/
2 66 66 0 -4 347 1320 0.99 42 IBY/
3 66 66 0 -3 351 1320 1.00 42 IBY/
4 66 66 0 -2 362 1320 1.01 42 IBY/
5 66 66 0 -1 385 1320 0.99 42 B9/
6 66 66 0 0 429 1320 1.03 42 BL®
7 66 66 0 +1 349 1320 1.04 42 B9/
8 66 66 0 +2 342 1320 1.02 42 B9/
9 66 66 0 +3 321 1320 1.01 42 B9/
10 66 66 0 +4 315 1320 1.00 42 B9/
11 66 66 0 +5 269 1320 0.99 42 B9/
Test condtion C (EUT output P/Pn = 25 to 33%)
No. | Peut (% of | Reactive Pac Qac | Run-on Peut Actual Vbc Which load is
EUT load (% of time (W) Qs (V) selected to be
rating) normial (ms) adjusted
(BL%) (R, L, or C)
1 33 33 0 -5 36 660 1.10 36 B9/
2 33 33 0 -4 43 660 1.08 36 B9/
3 33 33 0 -3 46 660 1.07 36 B9/
4 33 33 0 -2 204 660 1.05 36 B9/
5 33 33 0 -1 243 660 1.03 36 B9/
6 33 33 0 0 264 660 1.07 36 BL®
7 33 33 0 +1 38.4 660 1.04 36 B9/
8 33 33 0 +2 37.8 660 1.06 36 B9/
9 33 33 0 +3 35.2 660 1.07 36 B9/
10 33 33 0 +4 35 660 1.05 36 B9/
11 33 33 0 +5 29.8 660 1.04 36 B9/
Note:

a) Peur: EUT output power
b) P..: Active power. Positive means power from EUT to utility. Nominal is the 0 % test condition value.
° Qac: Reactive power Positive means power from EUT to utility. Nominal is the 0 % test condition value.

d BL: Balance condition, IB: Imbalance condition.
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Graph of disconnection at Pac 0% and Qac 0% reactive load and 100% nominal power
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Graph of disconnection at Pac 0% and Qac 0% reactive load and 33% nominal power
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5.9 TABLE: Connection and starting P
Model SG2000

Parameter Range Default setting

Starting connection Reconnection

Lower frequency 47,0Hz - 50,0 Hz 49,5 Hz 49,5 Hz
Setting Upper frequency 50,0 Hz - 52,0 Hz 50,1 Hz 50,2 Hz
values Lower voltage 50 %U,—100%U,, | 85% U2 /90% UL | 85% U2 /90 % UP

Upper voltage 100 % — 120 % U, 110 %U,, /110 %U. | 110 %U,, /110 %U.

Observation time 10s-600s 60 s 60 s

Active power 6% — 30009/min disabled 10%/min

Test condition

Measurement

Limitation

Observation time

[s]

Power gradient
[P/Pn per mimute]

Observation time

Power gradient

Starting connection:

a In case of EN 50549-1:2019
b In case of EN 50549-2:2019

uU> 63.9 --
U< 61.3 --
60s --
f> 60.6 --
f< 61.9 --
Reconnection:
u> 80.8 9.49
U< 80.4 9.51
60s < 10%Pn / minutes
f> 64.9 9.36
f< 82.8 9.72
Note(s):
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Graph of Starting connection for U>

120% 112%
100% 112%
111%
80%
111%
- 60% c
% 110% 2
404 102.2, 110.00% -
110%
20%
166.1, -0.01% 109%
0% 109%
-20% 108%
0 50 100 150 200
Time([s]
P/Pn U/Un
Graph of Starting connection for U<
120% 87%
100% e
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80%
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60%
oy o
a =)
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40%
84%
20%
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0%
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Time([s]
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Graph of Starting connection for f>
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100% 50.20
80% 50.00
N
98.5, 50.0471 E.
o 60% 4980 >
g 5
0 aow 4960 =
o
LL
20% 49.40
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-20% 49.00
0 50 100 150 200 250 300
Time([s]
—P/Pn Frequency(Hz)
Graph of Starting connection for f<
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40% o
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204
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Graph of Reconnection for U>
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80% 115%
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40% 105%
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Graph of Reconnection for f>
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N
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c 3
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5.10 TABLE: Active power reduction on set point P
Model SG2000
Test 1: Verification of the accuracy
Active power Requested set point Actual value accuracy Actual value - Limit
step [p.u. of value Set point
Pn] w P/Pn [p.u.] w P/Pn [p.u.] w P/Pn [p.u.] | P/Pn [p.u.]
0.9 1800 0.9 1815.5 0.907 155 0.007
0.8 1600 0.8 1619.2 0.809 19.2 0.009
0.7 1400 0.7 1420.7 0.709 20.7 0.010
0.6 1200 0.6 1218.7 0.607 18.7 0.009
0.5 1000 0.5 1005.3 0.502 5.3 0.002
0.4 800 0.4 804.8 0.402 4.8 0.002
0.3 600 0.3 600.5 0.294 0.5 0.000 005
0.2 400 0.2 391.9 0.196 -8.1 -0.004
0.1 200 0.1 201.6 0.100 1.6 -0.000
0.3 600 0.3 593.7 0.297 -6.3 -0.003
0.6 1200 0.6 12104 0.605 10.4 0.005
1 2000 1 1969.2 0.984 -30.8 -0.015
Test 2: Verification of the dynamic behaviour
Test Conditions Measurements Limit
P/Pn Gradient Gradient
90% to 10% 0.49% Pn/s 0.33-0.66%Pn/s
Note(s):
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Diagram for test 1
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511 TABLE: Remote information exchange P
Model SG2000
Reducing the active power form 100% PAmax to 0
Measured max power [W] Ceasing power [W] Ceasing time [s] Limit [s]
2000 2000 2.2 <5
Note:
Graph for test
120%
88, 99.82%
100%
80%
— 60%
a
O 0%
20%
% 90.2, -0.03%
-20%
0 20 40 60 80 100 120 140 160
Time[s]
P/Pn
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413 TABLE: Requirements regarding single fault tolerance of interface protection =
) system
Model SG2000
ambient temperature (°C) .......ccccceeviiiiieeeniiieeeennnnl [ 25 -
Component | Fault test voltage Test |fuse | fuse current (A) | Result
No. (V) time | No.
AC DC AC DC
EUT can't be connected to
R158 Short 230V 30V |10min| -- -- -~ [the grid, no damage, no
danger, no fire
EUT can't be connected to
Cl24 Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire
EUT operates normally,
u1s (14) Short 230V |30V [10min| -- -- --  [without damage, danger or
fire
EUT can't be connected to
u27 (13) Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire
EUT can't be connected to
R132 Short 230V |30V [10min| -- -- -~ [the grid, no damage, no
danger, no fire
EUT can't be connected to
R130 Open 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire
EUT operates normally,
R131 Short 230V |30V [10min| -- -- --  [without damage, danger or
fire
EUT operates normally,
C178 Open 230V [30V [ 10min - - - without damage, danger or
fire
EUT can't be connected to
C119 Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire
EUT operates normally,
R154 Short 230V | 30V 10min -- -- -- without damage, danger or
fire
EUT can't be connected to
R154 Open 230V |30V [10min| -- -- -~ [the grid, no damage, no
danger, no fire
EUT can't be connected to
R161 Open 230V |30V |[10min| -- - -~ [the grid, no damage, no
danger, no fire
EUT can't be connected to
C195 Short 230V |30V |10min| -- -- -~ [the grid, no damage, no
danger, no fire
EUT operates normally,
C195 Open 230V |30V | 10min -- -- -- without damage, danger or
fire
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EUT can't be connected to

M1 Short 230V |30V | 10min| -- - --  [the grid, no damage, no
danger, no fire

EUT can't be connected to
M3 Short 230V |30V | 10min -- -- -- the grid, no damage, no
danger, no fire

EUT operates normally,
K1 (2,3) Short 230V | 30V 10min -- -- -- without damage, danger or
fire

EUT operates normally,
K1 (4,5) Short 230V | 30V 10min -- -- -- without damage, danger or
fire

EUT can't be connected to
K1 (1,6) Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
ul2 (12) Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
Uiz (78) Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
ul4 (12) Short 230V |30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
Uld (34) Short 230V |30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
T1pin 9-10 | Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
T1 pin 3-5 Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
T2 pin 3-4 Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
L. N Short 230V | 30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT can't be connected to
L. PE Short 230V |30V 10min -- -- -- the grid, no damage, no
danger, no fire

EUT operates normally,
N. PE Short 230V | 30V 10min -- -- -- without damage, danger or
fire

EUT operates normally,
PE Open 230V | 30V 10min -- -- -- without damage, danger or
fire

EUT can't be connected to
DC DCEP 230V |30V | 10min -- -- -- the grid, no damage, no
danger, no fire
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EUT operates normally,
AC ACEP 230V | 30V 10min -- -- -- without damage, danger or
fire
DC sid EUT can't be connected to
side -

AC short i the grid, no damage, no
feedbatck circuit 230V [30V [ 10min -- -- -- danger, no fire,Breaker.
curren F1. F2damaged
AC side DC short EUT operates normally,
feedback circuit 230V |30V | 10min -- -- -- without damage, danger or
current fire

Supplementary information:
Tests performed under abnormal or fault conditions shall be tested with a source capable of 1,25 to 1,5
times the PCE rated maximum input current (Isc PV) for that input.

TRF No. EN 50549-10_V1.0




Page 241 of 259

Report No.: 6209657.50A

Appendix 1: Datasheet of the relay

B Customer:

1.2 H4 Part NO.:
1.3 #EFSF outline dimensions:
1.4 fhofEs Contact Form:
1.5 MhsHE Contact Material: _ ApSniy

1 S# Type Model

1.1 3% Type: REEHPES Electromagnetic Relay

HE115F/014—4H54

At o 1, Jmmn > 15, 7mm

2 EF 2 Form A

2 &\ Safety Approvals

EA RN B

Certification Agency

il 5 File Ko

UL/ CUL E154517
VIE 1 1G4
(WA CRCI Vo021 GE3R1

wa supplied for detail information.

3 HREWMTESE Coil Rating

B AE S8 % fh IS 20AE, B R AIE A 3l B R SR A EE TS

k. The above certificate Noois just a license Mo, Please refer to the certificates

at 23 C

MR | SR | WERIE | PRk R s £5 1t 2 P R ThHE
Ratead ' ' : Coil Resistance Coil Power
Voltage Dperate Kelease | Max Al lowable Coil o2 Approx.
V. c. Voltage Vol tage Voltage 4] [
V. . Vd. c. Vd. c.
12 = H. 4 =1.2 18 J60 {1 £ 10%) 0.4

ik (1) _ERR NS
U2 F T AR Al O e R 0 el 2 PO A X ] ] M (1 o el P

Mote: (1 The data shown above are initial values

(2} Maximun allowable coil valtage refers to the mximun vo
w short pericd of tine.

ltage which relar coil could endure in

5 f#¢ Performance

4 #MiE#% Contact Parameters

4,1 fhswiEmd Contact Rating: 8 A 250 Va. e

4.2 R B Max Switching Current:_8 A
4.3 EEEE Max Switching Yoltage: 250 Ya. c.
4.4 ffEAaER i Min Applicable Load: 6 ¥, 1 A
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5.1 M Contact Resistance: 100 m©D max {at 6 Vd. e, 14).

Method 3

5.2 =zhiketa) Operate Time: = 15 ms .

5.3 ¥R Release Time:

5.4 fatE Endurance

s Four Probe

5.4.1 HWEEAME Electrical Endurance
. . JERET 3 HHER R e i 2
EE ik B i 5 i B M L, i -
| . Contact . . Ambient - Electrical
Version . Contact Hating . O: OFF .
Material lemperature Endurance
4 [HER G Y ) R NO B 5102
b ;1 Agsntl, Resistive Load Boom l5:9s {ons) :
L g A 250 Ve c. Temperature s

T - SR L A1 G T R R L For plastic sealed type. the venting-hele should be excized.
5.4.2 HUEE 2P Mechanical Endurance

. . . e — CEL G
SR e 1 A i e
Version Contact Rating | Ambient Temperature Oy OFF N e
Endurance
49 X R 7y
’ I 1s: 0. 1= 121048, Cops)
tyvpe 4 Mo load Koom Temperature K Cop

5.5 JrMEE Diclectric Strength (WM Leakage Current: 1 md }

§.5.1 W FFaeh s B BRI -5 6 2 7] Between terminals of each opened contact cireuit:
1000 Va. c. (5060 Hz 1 min) .

§.5.2 FUATERIES] S AT et B BE 5| HH 8% 2 (7] Between all coil
contact cireuit terminals: 5000 Va. ¢, (50460 Hz 1 min) .

5. 5.3 b Ah S R B S 8 22 A) Between terminals of separate contact circuits:
2500 Va.c. (5060 Hz 1 min) .

terminals and all

5.6 fEMEME Insulation Resistance

S.6.1 TP Ah b A BRI 95 5] 8 2 18] Between terminals of each opened contact circuit:
1000 M (500 V.. ) .

5.6.2 BT S| g S AT Aok AR BR | HH 8 2 (7] Between all coil
1000 M (500 Vo) .

5.6.3 3BT e BRI S 862 (7] Between terminals of separate contact circuits:
1000 ML (500 V. e.) .

terminals and all

contact circuit terminals:

5.7 #MEEEH Coil Temperature Rise: 55 K max,
LL 1 owse R h, Ao Gl 8 A BRHEIEAR, 85 C.

110% of the rated coil voltage,

Coil voltage; Contact load: 8 4. Environmental

temperature is 85 T,
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5.8 {E=h Vibration
AR, S e s R TIRE ], 865 10 He~150 He hoigiff 49 w/s
HE e g ST TEs A ], 45% 10 Hz~150 Hz Boidirf 14, 7 w's’.

No energized: Vibration direction vertical to the relay length, frequency

10 He—~150 He acceleration 49 m/s’;

Vibration direction parallel to the relay length, frequency

10 Hz~—~150 Hz acceleration 147 m/s’.

EEEARS: 4% 10 Ha—~150 He BN 98 w/s’

Energized: Frequency 10 Hz~150 Hz acceleration 98 m/s’,
g, SRR . It shall be no abnormalities in appearance,
construction and performance.
5.9 P Shock

BsE 98 w/s” CHfpPERebad (] 11 ms) | 6 B (= AR T R 04— A ] 6 i

S 36 100, (A 0 B 0 P B U () A £ e [ A 100 w s

Functional : 98m/s’ (Duration 1lms), 6 shocks (six ops in both directions of each

of the three mutually perpendicular axes, totallv 36 ops), No opening or closing

of any closod or opened contact circnit respectively shall exeeed 100 w s,
DFE OB w/s” (PR [A] 6 med 6 O E IR SRR AR 6 . B
Pt AT B L R s o ) o I s

Destructive: 980 m/s"(Duration 6 ms), B shocks (six ops in both directions of

each of the three mutually perpendicular axes, totally 36 ops)  There should be no

abnormalities in appearance, construction and performance.
5.10 G| HMEEEA Terminal Strength
PCB 5 HOEE . 72 PCB S ETRER i bitidn 5 N ek, FREEEt) 6 s, SRR RS

PCB Terminals: No damage on the relav when applving 5N tension or pressure for

6 s on the axis direction of terminals.

S.11 R Soldering Heat Kesistance

.11.1 S Soldering Temperature: {26045) T

5.11.2 IR4Eeti Soldering Time: (3~5) s

5.12 fR4EMERE Solderbility
B S A) SR (250+3) CF, S (340.3) s 2 5. BRSHAR

A —

Terminal s dipped into the soldering bath should be 90% tin plated at (250432 T

for (34+0.3) s.

5.13 iRt Temperature Resistance

§.13.1 @ Heat Hesistance
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(B543) CHIE P ME 16 h ETHER 2 h 5. SR RR0EH EERER SR .
At (85421 T for 16h storage follow by 2 hours at room temperature, no damage

on internal structure, all parameters conform.
£.13.2 HIE Cold Resistance
(-4042) CRPIE 16 b EEHER2 b IS, S
At (—404+2) T for 16h storage follow by 2 hours at room temperature, no damage

an internal structure, all parameters conform.
5.14 FHEHE Moisture Resistance

FEMIF(404+2) CHPMT 90%—~a5% RH M 16 h, BN 20 b5, SR SRA9ETHE R
R . A AR AT 10 MO (500 Vd.c. ).

The humidity was 90%—95% RH at (404+2) T for 16h storage follow by 2 hours

at room temporature, no damage on internal structure, all parameters conform

Insulation resistance should be not less than 10 MO (500 V. c. ).

6 FER#FIE Narking

6.1 #oififs Case Color: H{& Black

6.2 EI{® Marking Position:_JHIAl Top Face
6.3 El==fim Ink Color: f'g: i, Laser

6.4 EIFHE

e @ HF115F

012-2HS4
:’5‘-=,"E\, s 1VDG

CHINA FXOOOOOMK[A] —L.  8A 250VAQ

7 HFHENHEFEE Standard Test Conditions

7.1 @ Temperature: 23T 45T
7.2 B Humidity: _25%—75% RH
7.3 I Direction of Measurement: {T¥% Free

8§ {HEHFS%ES Operate Ambient Conditions

8.1 HHIEME Ambient Temperature: —40 T~ 85 T
8.2 HH{RE Ambient Humidity: 5%—H5% KH
8.3 E¥HM Mounting Direction: {£EE Free
i WS PG SR A e i, SRR, WM R EE B R, Wb, AR
el BET# ), (M R T R R
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AnTHEE (%RH
|
3
B

e f/"../.
41 WAoo |
Tl {

Y
bl ELTT IS Y
ras 'qmmrunqummzﬁ_.__.
0 | s e o w Wl
40 220 0«20 Al wgD 35100
HRARER (T

Mote:The ambient environment of application shall not cause any dewing or icing inside the
relay. Otherwise, the relay may not work properly. The humidity range varies with the temperature.

U'se within the range indicated in the graph bel ow.

-
o

iel, humidity ( RRH

T Y
Ambient Semperalum [T )

9 BIE&E Storage Conditions

8.1 EFf Temperature: 0 T ~ 40 T

9.2 A Humidity: 20%—80% RH

9.3 HH[ Environment

.31 mEEFEHAEER S E Store in locations where the product is not
exposed to corrosive gas.

9.3.2  WfE b R R G G ERE R Avoid sunshine during storage.

9.3.3 HEERANE Stacking Height: = 7 E! lavers

10 PRESH Configuration

10.1 #-FEE Qutline Dimensions
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10.2 Bkl OEMED Wiring Diagram (Bottom View)

@ @ @
Q@ e @

10.3 Z¥FLRTE (EWED PCB Layout (Bottom View)

FEe AR S R R T A 2 B POB R R 2 B T 6T -
Mote: ALl unspecified tolerance(including outline dimensions and PC board

dimensions) please refer to the following table.

_ ] PCH R A R a3
ki ) Bl i o o S e = = : : ;
. . : 'l"f I \‘ FHIER ) o PC board dimensions with no tolerance
Outline dimensions with no tolerance specified o
specitied
mm
nm
PHIEERST BE
utline Dimensions lolerance
=1 0.2 0.1
=1--5 £0.3
=5 +0.4

11 T#HEE Ordering Information

HF115F 7 012 - 2H 5 4

@ @ @ @ 6
L PSR Product part N HF115F
2 tEMEE Coil voltage M2:12 ¥d. e
3 S IER Conteet form 2H: PHEHRHF (2 Form A)
@ HEED Construction S5 ¥EB (Plastic sealed)
B HRIEL Yersion |

4 5. Iu:li'” BA (5. (mm 2 |‘.ll'l||." HA )

12 EEHEHE Inportant Parts And Components
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H iy BRI R HEE it
Serial Parts And Components Material Remark
Kin. Mame Name

1 EEHE Basze CHEME plastic

2 SR 42 Bobbin LEMEl plastic

] E#E ) Hing spring &5k Copper alloy

4 T Armature s Fe

b gt?ll'._ Yoke !'-_?1'._ Fe

fi #F7E Cover CEME plastic

7 HEshEr Card LHESE plastic

H SN Mov., spring &3 Copper alloy

] shighss Mov., contact R AxSnd

10 fipfgh s Stat. contact RS AxSni

11 P H Stat. spring W Copper

12 25 Terminal 4 Copper

15 HEEEE Coil wire HW Copper

14 £ 85 HM Coil Terminal &3 Copper al loy

&4 Construction Schematic

13 HAhiffH Others

13.1 3T 8EE>, EREERE, R BT S8R G R . Regarding
the plastic sealed relay, if cleaning is necessary after soldering, please contact
Hongta R&D center.

13.2 ELERBHFHATENHEES, R EEH SRS R R FnERSe i ET
ff. Avoidusing relays in strong magnetic field because it will change the parameters
af relay such as operate and release voltage.

13.3 MRS, ATREITE Sk i S ee -5 Al Wil . R EREL M AR AT R Re S sl [
T, 3 AR R I S MR S 2 ARVCRS ™ dh, BT RER], SRR R
A g (B S R R & P . We could not evaluate all the performance

and all the parameters for every possible application field and enviroenment. Thus
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the user should be in a right position to choose the suitable produce for their own
application. If there is any query, please contact Hongfa for the technical
service. However, it is the use” s responsibility to determine which product should
be used only.

134 A= G AURE 35 chobr B o B0 UL BE S FR R i) i v R PE R T S 1 T i i 52
ol S T AR 7 o (1 {50 P A 50 e 4 ot By M U GIETE F 35 . Operating
temperature range in this specification refers to the maximum tolerable tomporature
range under specific load conditions. To explosion-proof product, the ambient
temperature should conform to regulations in related explosion—proof certification.
13.5 30 R e T BE SR ER LR AR R RT3 0. 3T #lar i, ik
R EAF AR APERE, WATFAREAES L. PSR AT A AR VRS R AR . A
i FERE S e e A R B R S 1 e AT HE AR B FFENEIE Tk, 2 B R 14
SUAEEMAFER, Bk s i B R, . Differences in relay electrical
endurance cycles would exist due to difference in operating ambient conditions, To
some products, in order to better perform in electrical endurance, vent hole is
required to be opened. The electrical endurance of the products detailed in the safety
certificates. The test condition and contact rating for electrical endurance in this
specification may not be included in the safety certificates, in case that the
condition in real applications is different from safety certificates, the electrical
endurance of the relay must be confirmed by tests.

13.6 & @EAUE R R e S, b, RETRAUES ERRN, B8 CAIRARIE
WRE R HIER " (W https://source en. hongfa. com/pdf/web/viewer, himl 2file='Upla

ads \Down W PIFAGRI00L. pdf) . The specification is for reference only. See to “Term

inology and Guidelines” (see https://source cn. hongfa. com/pdf/web/viewer. himl ?1i

le='Upl oadshDown PIFAGRLI005, pdf) for more information.
13.7 AT{RFFESBIMERE, R B A 3R iR e E b o . 96 IS (4 e 58 a8

WAHS M. To maintain the performances of relays, please do not make the relay

drop or be shocked strongly. Suggest that the relays dropped not be used.
13,8 AURED N P) 5 T A 2 O B T E eI L R T RIS M WEEE - ALL the performance
data listed in the datasheot are the initial values tested under standard testing

condition,
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13.9 il G ik R PE ST HLREMERHE T AE ], A AT HLRERE A e B8 B fS, AT T ES:
SECE AR R L M FES P, MBS AR HSL S0 NOL O P $r
HLEHRMAOTERE. oE, URsSREaBER RS, sk R, &
MR R, BLEWR T, iR R . 0 E A R T (o ] 5 kel R A
HalbiT A A B, TRV R R . Please avoid using the relay in an
environment containing organic silicon, otherwise the entry of organic silicon into
the relay may acceleration contact failure. [T there are harmful substances and
elements such as water vapor, H.S, Sk, N, C1, P, dust, ete. . as well as unknown harmful
substances and elements, In the use of environmental gases, it may lead to increased
contact resistance and poor contact during the use of relays. In the above
situations, please control the materials that produce harmful substances and elements
ar use plastic sealed tvpe, and arrvange relevant tests to confirm that it meet the
reguirements for actual use.
13.10 H{#44#E Environmental Protection

ook e B S RoHS B, Hongfa products are all RoHS compliant.
13.11 FEREEN™mERMER, FPEE TR MEAERE T NE, BT
B I w R T RS 5. Hongfa reserves the right to make changes. Customers should
recanfirm the contents of the specification before first orders and ask for us to
supply a new specification if necessary.
13.12 EHEIEHYEIE Priority Consultation

i
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Appendix 2: Evaluated protection function and operational capabilities

Clause(s) / subclause(s) of EN applicable Clause(s) / F(Q)ergg:;sl,
50549-1:2019 subclause(s) mo%es g | Verdict
or EN 50549-2:2019 of this document X
constraints
4.4.2 Operating frequency range 5.2.1 Frequency operating range P
4.4.3 Minimal requirement for active 5.2.1 Frequency operating range P
power delivery at underfrequency
4.4.4 Continuous operating voltage 5.2.2 Voltage operating range P
range
4.5.2 Rate of change of frequency 5.3.1 Immunity to disturbances - P
(ROCOF) immunity Rate of change of frequency
(ROCOF)
4.5.3.2 Generating plant with non- 5.3.3 Immunity to disturbances - P
synchronous generating technology Fault ride through, over-voltage
(OVRT) and under-voltage (UVRT)
4.5.3.3 Generating plant with 5.3.3 Immunity to disturbances - P
synchronous generating technology Fault ride through, over-voltage
(OVRT) and under-voltage (UVRT)
4.5.4 Over-voltage ride through (OVRT) | 5.3.3 Immunity to disturbances - P
Fault ride through, over-voltage
(OVRT) and under-voltage (UVRT)
4.6.1 Power response to overfrequency | 5.4 Active response to frequency P
deviation
4.6.2 Power response to 5.4 Active response to frequency P
underfrequency deviation
4.7.2.2 Voltage support by reactive 5.5.1 Power capabilities P
power, Capabilities assessment
4.7.2.3 Voltage support by reactive 5.5.2 Voltage support by reactive list available P
power, Control modes power - test to determine the Modes here
reactive power control modes
4.7.2.3.2 Set point control modes 5.5.2.3 Verification procedure for P
Set point control
4.7.2.3.3 Voltage related control modes | 5.5.2.5 Verification procedure for P
power related control modes for
reactive power
4.7.2.3.4 Power related control mode 5.5.2.5 Verification procedure for P

power related control modes for
reactive power

NOTE1 EN 50549-2:2019 evaluates reactive power delivery of generating plants above a defined power
threshold at the POC. In this case, the accuracy chain for reactive power delivery for a specific generating
plant is excluded from the scope of this conformity assessment but must be considered during design and
tested during commissioning of a specific plant.

only EN 50549-2:2019 5.3.3 Immunity to disturbances - P
4.7.4.2.1.1 Voltage support during faults | Fault ride through, over-voltage
and voltage steps — General (OVRT) and under-voltage (UVRT)
only EN 50549-2:2019 5.3.3 Immunity to disturbances - list available P
4.7.4.2.1.2 Voltage support during faults | Fault ride through, over-voltage optional modes
and voltage steps - Optional Modes (OVRT) and under-voltage (UVRT) | here
4.7.4.2.2 Zero current mode for | 5.3.3 Immunity to disturbances - P
converter connected generating | Fault ride through, over-voltage
technology (OVRT) and under-voltage (UVRT)
only EN 50549-1:2019 5.8.3 Verification procedure for | if not all P
4.9.3 Requirements on voltage and | generating plants to be connected | functions are
frequency protection to a LV distribution network with | tested: list

Interface protection as internal | available
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Clause(s) / subclause(s) of EN applicable Clause(s) / F(Q)ergg:;sl,
50549-1:2019 subclause(s) mo%es g | Verdict
or EN 50549-2:2019 of this document X
constraints
device protection
5.8.4 or functions here
Verification procedure for
generating plants to be connected
to a LV distribution network with
Interface protection as dedicated
device
only EN 50549-2:2019, 4.9.3. 5.8.5 Verification procedure for | if not all P
Requirements on voltage and frequency | generating plants to be connected | functions are
protection to a MV distribution network tested: list
available
protection

functions here

NOTE 2 If the interface protection is designed as dedicated device, the disconnection chain and the
accuracy of the measuring chain including voltage transformers for a specific generating plant is excluded
from the scope of this conformity assessment but must be considered during design and tested during

commissioning of a specific plant.

4.9.4 Means to detect island situation Islanding detection indicate applied P
method here
4.10.2 Automatic reconnection after | 5.9.3 Automatic reconnection after P
tripping tripping
4.10.3 Starting to generate electrical | 5.9.4 Starting to generate electrical P
power power
4.11.1 Ceasing active power 5.10 Active power reduction on set P
point
4.11.2 Reduction of active power on set | 5.10 Active power reduction on set P
point point
4.12 Remote information exchange 5.11 Remote information exchange | indicate applied P
standard here
only EN 50549-1:2019, 4.13 single fault | 5.12 Requirements  regarding P
tolerance of interface protection system | single fault tolerance of interface
and interface switch protection system and interface
switch
5.13 Model definition and model | Indicate model P

validation for generating units of
synchronous generating
technology

identification
when model is
used
(generating unit
model,
component
model)
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Appendix 3: Evaluated parameter and parameter range

Name of parameter set

indicate name of parameter set here

specific technical requirement (e.g. grid

codes)

indicate additional applicable requirement documents here

Clause(s) / subclause(s)
of EN 50549-1:2019

Parameter &

Remarks/
additional

configurable

default value

or EN 50549-2:2019 R L
47,0—4?,5 Hz 0-20s 0s
Duration
47,5-48,5Hz 30 — 90 min 30 min
Duration
48,5—-49,0 Hz . .
4.4.2 Operating frequency Duration 3090 min 30 min
range 49.0-51,0Hz not configurable unlimited
Duration
51,0-51,5Hz 30 — 90 min 30 min
Duration
51,5-52Hz 0 — 15 min 0s
Duration
4.4.3 Minimal requirement | Reduction threshold not configurable 49,5 Hz

for active power delivery at

Maximum reduction

not configurable

10 % PM/Hz

underfrequency rate
4.4.4 Continuous Upper limit not configurable 110 % Un
operating voltage range Lower limit not configurable | 85 % Un, 90 % Uc
ROCOF withstand
capability (defined
with a sliding
4.5.2 Rate of change of |measurement window 2 Hz/s
frequency (ROCOF) of 500 ms) non- not configurable
; . 1 Hz/s
immunity synchronous
generating technology:
synchronous
generating technology:
MaX|mum power not configurable 1ls
resumption time
, U
Time [s
4.5.3.2 Under-voltage ride IS [p.u.]
h h (UVRT .
Genetrart(i)r:Jgg plg;l]t Witf)1 non- ) see Figure 6 of EN o0 02
. Voltage-Time- 50549-1:2019 0,15 0,2
synchronous generating .
technology Diagram and 15 0,85
EN 50549-2:2019 ! ’
180 0,85
180 0,9
4.5.3.3 Under-voltage ride| Maximum power not confiaurable 3s
through (UVRT) resumption time 9
. U
Time [s
Y
. 0,0 0,3
. . see Figure 7 of EN ! !
Generating plant with Voltage-Time- 50549-1:2019 0,15 03
synchronous generating .
technology Diagram and 0,15 0,7
EN 50549-2:2019 ! !
0,7 0,7
15 0,85
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Name of parameter set

indicate name of parameter set here

specific technical requirement (e.g. grid

codes)

indicate additional applicable requirement documents here

Clause(s) / subclause(s)

of EN 50549-1:2019

Parameter &

Remarks/
additional

configurable

default value

or EN 50549-2:2019 informationb | VAlUErange
180 0,85
180 0,9
: U
Time [s
[s] [p.u.]
0,0 1,25
not configurable 0,1 1,25
. ) see Figure 8 of EN
4.5.4 Over-voltage ride Voltage-Time- . 0,1 1,20
through (OVRT) Diagram 50549-1:2019
9 9 and 5,0 1,20
EN 50549-2:2019 5.0 115
60 1,15
60 1,10
Thresm":lfreq“e”cy 50,2 Hz — 52 Hz 50,2 Hz
Droop 2%-12% 5%
Pmax, for
synchronous
generating
technology and
Power reference PM | Pmax EESS
4.6.1 Power response to PM for other non-
overfrequency synchronous
generating
technology
Intentional delay 0-2s Os
Deactivation threshold 50.0 Hz — f1 deactivated
fstop
Deactivation time tstop 0-600s -
Acceptance of staged es | no s
disconnection Y Y
Threshold 49,8 Hz — 46 Hz 49,8 Hz
frequency f1
4.6.2 Power response to Droop 2-12% 5%
underfrequency
Power reference PM | Pmax Pmax
Intentional delay 0-2s 0s
Active factor / 0,9—1/48 %Py -
Reactive 0
power (%Pd) 0,95-1/ 33 %Pg-0
range 0,95 -1 / 33 %Pd
4.7.2.2 vo!tage support overexcited -0
by reactive power - )
Capabilities Active factor / 0,9—1/48 %Py -
Reactive 0
power (%Pd) 0,95-1/ 33 %Pg-0
range 0,95 -1 / 33 %Pd
underexcited -0
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Name of parameter set

indicate name of parameter set here

codes)

specific technical requirement (e.g. grid

indicate additional applicable requirement documents here

Clause(s) / subclause(s)
of EN 50549-1:2019

Parameter &

Remarks/
additional

configurable

default value

undervoltage

generator

Un

or EN 50549-2:2019 iemeton D || e g
Q
setp.
4.7.2.3 vo!tage support Enabled o) .
by reactive power - Q set point
control mode QP
Control modes
cos ¢ setp.
cos ¢ (P)
4.7.2.3.2 voltage support Q setpointand 0-48% Pp,0- 0
by excitation 33 %Pp
reactive power - Set cos o set point and
point control modes qc)excitaption 1-09 1
indicate
Characteristic curve default
4.7.2.3.3 voltage support characteristic
by Time constant 3s-60s 10s
reactive power - Voltage Min cos @ 00-1 09
related control modes
Lock-in power 0% -20% deactivated
Lock-out power 0% -20% deactivated
4.7.2.3.4 voltage support
by indicate
reactive power - Characteristic curve default
Power related control characteristic
mode
Enabling enable | disable disabled
only EN 50549-2:2019, | Static voltage range 100 % U¢ - 110 % U
4.7.4.2.1Voltage overvoltage 120 % Ug ¢
support during faults Stati
tatic voltage range 80 % U — 100 % 90 % U
and cht;?;;reps B undervoltage Uc e
/ Generating Plantwith | Insensitivity range of 0% — 15 % 5%
non-synchronous AUS0per
generator Gradient k1 0-6 2
Gradient k2 0-6 2
Active power priority enable | disable disable
only EN 50549-2:2019, Reactive current
4.7.4.2.1.2 Optional Modes| . = "=~ 0 0 .
/ Generating Plant with Ilmltaggrr;grﬁ]rated 0 %-100 % disable
non-synchronous
20 % U — 100 %
generator Zero current threshold (l:J disable
o
4.7.4.2.2 Zero current Enabling enable | disable disable
mode for converter o vol 100 % U —
connected generating Static voltage range 0 n 120 % Up,
technology overvoltage 120 % Up,
/ Generating Plant with Static voltage range 20 % Uy — 100 % .
non-synchronous 50 % Up

TRF No. EN 50549-10_V1.0




Page 255 of 259 Report No.: 6209657.50A

Name of parameter set indicate name of parameter set here
SpEelie techmca(!(;gg:)lrement Eg- gt indicate additional applicable requirement documents here
Clause(s) / subclause(s) Remarks/ confiqurable

of EN 50549-1:2019 Parameter & additional value?ran o default value
or EN 50549-2:2019 information P J
Threshold for
protection as _
dedicated device [in A 16 A —250kVA 250 kVA
or kW, kVA]
Undervoltage
02Up-1U 1U
threshold stage 1 n n n
Unde_rvoltage operate 01s-100s 100's
time stage 1
Undervoltage 0,2Un -1 Up 1 Up
threshold stage 2
Unde_rvoltage operate 01s-5s 55
time stage 2
Overvoltage threshold 1,0Up - 1,2 Up 1,2 Up
stage 1
Over_voltage operate 01s-100s 100's
time stage 1
Overvoltage threshold 1,0Up - 1,3 Up 1,3 Up
stage 2
4.9.3 Requirements on Over'voltage operate 01s-5s 55
voltage and frequency time stage 2
protection Overvoltage threshold
10 min mean 1,0Un-1,15Un 1,15 Un
protection
Underfrequency
threshold stage 1 47,0 Hz- 50,0 Hz 50,0 Hz
Underfrequency 01s—100s 100's
operate time stage 1
Underfrequency
threshold stage 2 47,0 Hz - 50,0 Hz 50,0 Hz
Underf_requency 01s-5s 55
operate time stage 2
Overfrequency
threshold stage 1 50,0 Hz - 52,0 Hz 52,0 Hz
Overfrequency 0,1s-100s 100's
operate time stage 1
Overfrequency
threshold stage 2 50,0 Hz - 52,0 Hz 52,0 Hz
Overfr_equency 01s-5s 55
operate time stage 2
Positive sequence
under-voltage 20 % — 100 % 100 %
protection threshold
Positive sequence
only EN 50549-2:2019, under-voltage 0,2s-100s 100s
4.9.3 Requirements on |protection operate time
voltage and frequency Negative sequence
protection over-voltage protection 1% — 100 % 100 %
threshold
Negative sequence
over-voltage protection 0,2s-100s 100s
operate time
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Name of parameter set

indicate name of parameter set here

codes)

specific technical requirement (e.g. grid

indicate additional applicable requirement documents here

Clause(s) / subclause(s)
of EN 50549-1:2019
or EN 50549-2:2019

Parameter &

Remarks/
additional

information P

configurable

default value
value range

Zero sequence over-

gradient

voltage protection 1% — 100 % 100 %
threshold
Zero sequence over-
voltage protection 0,2s-100s 100s
operate time
Lower frequency 47,0 Hz - 50,0 Hz 49,5 Hz
Upper frequency 50,0 Hz - 52,0 Hz 50,2 Hz
50 % Up —
Lower voltage 100 % B 85 % Up, 90 % Uc
4.10.2 Automatic 1009% U n
reconnection after tripping oYn— 110 % U
Upper voltage 120 % Up, 0 Un
Observation time 10s-600s 60 s
Active power increase 6 % — 3000 %/min 10 % /min
gradient
Lower frequency 47,0 Hz - 50,0 Hz 49,5 Hz
Upper frequency 50,0 Hz — 52,0 Hz 50,1 Hz
Lower voltage 50 % — 100 % U | 85 % UR90 % Ug
4.10.3 Starting to generate 100 % —
electrical power Upper voltage 120 % Up, 110 % Up,
Observation time 10s-600s 60 s
Active power increase 6 % — 3000 %/min disabled

4.11.1 Ceasing active
power

activation option

e.g. digital input, IEC 61850, sunspec

4.11.2 Reduction of active
power on set point

activation option

e.g. digital input, IEC 61850, sunspec

4.12 Remote information available
. communication e.g. IEC 61850, sunspec
exchange
standards

Note:

table.

@ |f additional parameters have been evaluated during the test, these shall be added as additional lines in the

b This column should be used for manufacturer specific parameter descriptions.
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Appendix 4: Pictures of the products

Enclosure — Front View

Enclosure — Rear View

’L?SVY.L|mu§L9'§'ili(‘l’68L‘lhvidl[‘]déBL?SViCI(I"cuLY:“
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Enclosure — Left side view

Enclosure — Right side view

S 4557809/ 7354547809k 23
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Enclosure — Top View

| b

Internal view

--- End of test report---
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