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(2T 1] 4T - : SOFAR SOFAR SOFAR SOFAR
20000TL-G2 25000TL-G2 30000TL-G2 33000TL-G2
Input DC voltage range [V] .............. : 230-1100
Full load MPPT DC voltage range [V]: 480-850 460-850 520-850 580-850
Input DC current [A] ....ccoevveveieeenenen. : 24/24 28/28 30/30 30/30
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Test items particulars

Equipment mobility...........ccccocceeens :  Permanent connection
Operating condition..........ccccceereene :  Continuous

Class of equipment .........cccocoeernene : Class |

Protection against ingress of water..: IP65 according to EN 60529
Mass of equipment [Kg].....c..cccvveeennee : Approx. 37

Test case verdicts

Test case does not apply

to the test object.......ccovvveviieenen, : N/A

Test item does meet

the requirement.........coccceiiiieneenee. . P(ass)

Test item does not meet

the requirement.........coccceeiniieeeenee. : F(ail)

Testing

Date of receipt of test item............... ;. 2018-07-12

Date(s) of performance of test......... : 2018-07-12 t0 2019-04-20

General remarks:

The test result presented in this report relate only to the object(s) tested. The report shall state compliance of
the tested objects with the requirements of DIN VDE V 0124-100. This report shall not be reproduced, except
in full, without the written approval of the applicant.

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

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

This Test Report consists of the following documents:

1. Test Report
5.1. Verification of permissible system perturbations
5.2. Verification of the symmetry characteristics of three-phase inverter modules
5.3. Verification of the characteristics of the power generation unit on the network
5.4. Testing of NS protection
5.5. Testing of connecting conditions and synchronisation

2. Pictures of the unit — Annex No. 1

3. Test equipment list — Annex No. 2
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Copy of marking plate

5 'g. F AH Solar Grid-tied Inverter

Bk AR

Model Na: SOFAR 20000TL-G2
MaxDClnputVoltage 1100V
Operaling MPPT Voltage Range ___ 230-960V
May. Input Current 24A/24A
Max.PVise ______________ J0A/30A
Nominal Grid Voltage _ 3/N/PE,400Vac
Max.Qutput Current __ _ ____ _ 3x32A
Nominal Grid Frequency 50/60Hz
Nominal QutputPower 20000W
Max.QutputPower 22000VA
Power Factor  __ __ : >0.99(adjustable+/-0.8)
Ingress Protection __ IP85
Operating Temperature Range_ __-25'C~ +60°C
Proteclive Calss Class |

Made in China

Manufaciurer : Shenzhen SOFAR SOLAR Co, Lid.
Address ; 407, Building 4, AnTongDa Indusirial Park,
Digtrict 68, XingDong Community, XinAn Strest,

Baoan District, Shenzhen, China

VDEO26-1-1 VDE-AR-N4105,858/3,IECE172T,
IECG2116,C10711.RD1E88 UTE C18-T12-1,A84TTT

[(MACEAD A A E

5 ﬁ FAR SolarGrid-tied Inverter

=1 |

Model Na: SOFAR 25000TL-G2
Max.DCInputVoltage ___________ 1 1100V
Operating MPPT Voltage Range _ _ _ _ 230~960V
Max. Input Current _ __ _____ ____ 2BAJ2BA
Max.PVlse _ __ ___________ 35A/35A
Nominal Grid Voltage  _ _ _ _ _ 3/N/PE,400Vac
Max.Qutput Current _ _ ______ ___ 3x40A
Nominal Grid Frequency ______ __ 50/60Hz
Nominal OutputPower _______ __ 25000W
Max.OutputPower ___________ 27500VA
PowsrFactor >0.99(adjustable+/-0.8)
Ingress Protection _____________IP65
Operating Temperature Range_ _ -25°C~+80°C
Pratactive Calss Class |

Made in China

Manufacturer : Shenzhen SOFAR SOLAR Co. Lid.
Address - 401, Building 4, AnTongDa Industrial Park,
District 68, XingDong Community, XinAn Strest,

BaoAn District, Shenzhen, China
VDEO128-1-1,VDE-AR-M4105,G68/3 |ECB1T2T,
IECE2116,C10/11 RD1699,UTE C15-T12-1,A84777

WA CEAD A AE
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5 ﬁ F AH Solar Grid-tied Inverter

Solar Grid-tied Inverter

SYFAR

j=—j=—=lNy_N ] [ === NSy ]

Model No: SOFAR 30000TL-G2 Madel No: SOFAR 33000TL-G2
Max DClnputVoltage ___________ - 1100V Max DClnputVoltage __ ___ ______ 1 1100V
OperatingMPPT Voltage Range  _ __ 230~-860V Operating MPPT Voltage Range  _ _ _ 230~860V
Max. InputCurvent . 30A/30A Max. Input Current _______ ___ __ 30A/30A
M PIOD o e e I7.5AI37 54 Max PMIse ___ _ _________ 37.5A/37.5A
Nominal Grid Voltage. ____ _ 3/N/PE,400Vac Nominal Grid Voltage ___ _ _ 3/N/PE,400Vac
Mex OuiputCursent. . DxadA B i
Nominal Grid Frequency  __ __ ___ 50/60Hz Nominal Grid Frequency ________ 50/60Hz
Nominal OutputPower  __ ___ _ 30000W Nominal Output Power  33000W
Max.OutputPower 33000VA Max.Output Power 36300VA
PowerFactor _____: >0.99(adjustable+/-0.8) PowerFactor ____ >0.99(adjustable+/-0.8)
IngressProtection ___________ _IP65 Ingress Protection IPE5
Operating Temperature Range _ _-26°C~+60°C Operating Temperature Range__ -25°C~+60°C
ProtectiveCalss _____________ Class | ProtectiveCalss Class |
Madein China Made in China

Manufacturer : Shenzhen SOFAR SOLAR Co. Lid.
Address {207, Building 4, AnTongDa Industrial Park,
Dietrlet 68, XingDong Community, XinAn Strest,

BaoAn District, Shenzhen, China
VDED126-1-1,VDE-AR-N4105.G59/3,|IECE172T,
[ECHZ116,C10/11, RD1S6E, UTE C15-712-1 ASATTT

WA CEAD A AE

Manufacturer : Shenzhen SOFAR SOLAR Co., Lid.
Address ; 401, Building 4, AnTongDa Industrial Park,
Diatrlct 68, XingDong Community, XinAn Strest,

BaoAn District, Shenzhen, China

VDED128-1-1 VDE-AR-M4105,G59/3 IEC81T2T,
IECE62116,C10/11 RD1688.LUTE G15-T12-1.AB4TTT

(WA CEAD AAEZ
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General product information:

The Photovoltaic grid-interactive inverter converts DC voltage, generated by photovoltaic modules, into AC

voltage.
The units are three-phases inverter.

Description of the power circuit (Figure 1):

The input and output are protected by Varistors to Earth. The unit is providing EMC filtering at the output
toward mains. The unit does not provide galvanic separation from input to output (transformer). The output is
switched off redundant by the high power switching bridge and a two relays. This assures that the opening of
the output circuit will also operate in case of one error.

The internal control is redundant built. It consists of Main DSP(UC20) and slave DSP(UC73).

The Main DSP(UC20) can control the relays, measures voltage, and frequency, AC current with injected DC,
insulation resistance and residual current, In addition it tests the array insulation resistance and the RCMU
circuit before each start up.

The slave DSP(UC73) is using for detect residual current, also can open the relays independently and
communicate with Main DSP(UC20).

The unit provides two relays in series on Line conductors. When single-fault applied to one relay, alarm an
error code in display panel, another redundant relay provides basic insulation maintained between the PV
array and the mains. All the relays are tested before start up. Both controllers(Main DSP(UC20), Slave
DSP(UC73) can open the relays.
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Figure 1 — Block diagram
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The unit provides two relays in series in all output conductors. When single fault applied to one relay, alarm an
error code in display panel, another redundant relay provides basic insulation maintained between the PV
array and the mains. All the relays are tested before each start up.

Differences of the models

The models SOFAR 20000TL-G2, SOFAR 25000TL-G2, SOFAR 30000TL-G2 and SOFAR 33000TL-G2 are
almost identical in hardware except the shown in the following table and the output power derated by
software.

The difference in hardware
Item SOFAR 20000TL-G2 SOFAR 25000TL-G2 SOFAR 30000TL-G2 /
SOFAR 33000TL-G2
Number of PV terminal 242 3+3
Number of BUS 8 capacitors: 550V/110uF 10 capacitors:
capacitance 2 capacitors: 1100V/40uF 550V/110pF
24 capacitors:
1100V/40uF
INV inductance 785uH 735uH
BUS board Not the board Have the board
External fan Not the board 2 3
Relay of output board 6pcs T9VV1K15-12S 3pcs AZSR250-2AE-
12D
The product was tested on
Hardware version: V1.00
Software version: V1.40
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Bureau Verlias Shenzhen Go., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
ongguan branc 523942, China Email: customerservice.dg@cn.bureauveritas.com
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Description of the remote control in a typical installation:
The inverter has 3 communication poarts: 2RS485 ports, 1 Wifi port and 1 GPRS port,as show below:

Figure 4-8 WiEI/GPRS, RS485 position
- Zoom in communication port ]

VIFL/GPRS

S
@ 09 e e ©
LF[[H ’ : )

1. WIFI/GPRS Interface 2. RS485 port

Conecting RS485 Communications Cables

By the RS485 communication line, connecting Sofar 20~33KTL-G2 to communication equipment (such as
data acquisition, PC terminal).

You are recommended to use 24 AWG outdoor shielded network cables with the internal resistance less than
or equal to 1.5 ohms/10 m and external diameter of 4.5 mm to 7.5 mm

as RS485 communications cables.

A waterproof RJ45 connector has six parts: plug, screw nut, seals, housing, sealing plug and cable screw nut ,
as shown as follow.

Figure 4-9 Waterproof B145 connector composition

1 2 3 4 5 6

1. Plug 2.5crew nut 3. Seals 4. Housing 5. Sealing Plug 6. Cable Screw nut

When routing communications cables, ensure that commumnications cables are separated from power cables and
away from interference sources to prevent communication ntermuplions.

Procedure

Step 1 Remove the insulation layer of an appropriate length from the shielded network cable using a wire
stripper.

Step 2 Open sofar 20~33KTL-G2 lower cover and insert the shielded network cable into the cable screw nut,
seals, screw nut.

Step 3 Connect the stripped network cable to corresponding pins on the plug, as shown as follow.

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
g‘é;ea“ugﬁrgf:niﬂe“he“ Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
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Figure 4-11 B5485 Connecting Communications Cables{1)

_'___E'__ No. Caolor Function
IIDI'ID 1 White and orange R544%5 B- R5485differentialsignal-
2 Urange R54%5 A- R5485differentialsignal+
TOP 3 White and green RS4%5 A- RS485differentialsipnal+
4 Blue R54%5 A- R5485differentialsignal+
5 White and bloe R5485 B-, RS485differentialsignal-
') Green R54%5 B- RE485differentialsignal-
FRONT ﬁ T White and brown N
8 Brown N

Figure 4-12 R54385 Connecting Communications Cables{2)

Step 4 Crystal plug with RJ45 crimping tool.
Step 5 Insert the plug into the RS485 port on the sofar 20~33KTL-G2.
Step 6 Insert sealing plug into housing, and tighten the screw nut.

Figure 4-13 B54%5 Connecting Communications Cables(3)

WiFi/GPRS communication

Monitor the inverter via WiFi/GPRS module.
Procedure:
Step 1 Remove waterproof cover using screwdriver.
Figure 4-13 WIF] Connecting Communications Cables{ 1)

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
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Step 2 Connect WiFi/GPRS module.

Figure 4- 14 WIFI Connecting Communications Cables(2)

Step 3 Fix the WiFi/GPRS module using two screws.

Figure 4-15 WIF1 Connecting Communications Cables(3)

2 L
Ezﬁ??s?% .

Note: Follow the WiFLSGPRS mamual to stort monitonng vour mverter,

Communications Port Description
This topic describes the functions of the RS485 and WIFI ports.
RS485

By RS485 interface, transfer the inverter power output information, alarm information,operation state to the PC
terminal or local data acquisition device , then uploaded to the server (such as S-WE01S).

1. USB-R5485 2. 5-WEOQ1S

Set the match resistor by the SWT2, the corresponding list as follows (0 OFF, 1 ON).

SWT2_1 SWT2 2 State
[1] Reserve Mo connect
1 Reserve Connect
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
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If only one Sofar 20~33KTL-G2 is used, use a communication cable with waterproof RJ45
connectors, and choose either of the two RS485 ports.

USEM3S5 port

If multiple Sofar 20~33KTL-G2 are used, connect all Sofar 20~33KTL-G2 in daisy chain mode over the RS485
communication cable. Set different Modbus address(1~31) for each inverter in LCD display and set
SWT2(match resistance) at the first and last inverter.

Figure 4-18 Multd Sofar 20~33KTL-(G2 connecting Communications

RE4E54232

_ USEMBES port

Register remote monitoring of Sofar 20~33KTL-G2 at its relevant website or APP according to monitoring
device SN.

Wifi

By the WIFI interface, transfer the inverter power output information, alarm information, operation state to the

PC terminal or local data acquisition device , then uploaded to the server (such as S-WE01S). Register
remote monitoring of Sofar 20~33KTL-G2 at its relevant website or APP according to monitoring device SN.

Figure 4-19 Comnnect multiple Wifi to wireless router

=Ny =1

o ez e a L | =

i ad=aln =

Bureau Veritas Shenzhen Co., Ltd.

Dongguan Branch Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080

523942, China Email: customerservice.dg@cn.bureauveritas.com
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Description of the connection to the ripple control receiver:

[RElcouo

%
s

o @ B A
l—
RS ABERUSE
RE4BE m_-]

Figure 2 — Connection of the ripple control receiver in an installation
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General remarks:

The test results presented in this report relate only to the object(s) tested.
This document may be published or passed on in full only. Extraction of parts needs the written permission of
Bureau Veritas Consumer Products Services GmbH.

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

Throughout this report a comma is used as the decimal separator.
The following suffixes are used for variables in tables and figures:
*  “Pn”for the nominal active power:
Pn = Un X In X cos @n (single-Phase); Pn = v 3 Un X In X cos @n (three-Phase)

* “ EO0,2” for gliding average values over 200 milliseconds
* “ EB0” for gliding average values over 60 seconds.
+ “_E600” for gliding average values over 10 minutes.

e “(c)” for over-excited

e “(i)” for under-excited
Acronyms:
PGU: power generating unit
PGS: power generating system

The regarded system of the voltage and current vectors is the load view (Figure 3):

« If the inverter feeds to the grid the active power is measured with negative sign. For the sake of
reading the document the measured active infeed power has a positive sign

/

P>0 |+—>o0O
lu

» If the inverter consumes inductive reactive power the reactive power is marked “inductive” or has a
positive sign.

« If the inverter consumes capacitive reactive power the reactive power is marked “capacitive” or has a
negative sign.

capacitive 4 Im
-90°> ¢ >-180°
>

90° < ¢ <180°

inductive

Figure 3

pureau Verlias Shenzhen Go., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com
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5 Prifungen

DIN VDE V 0124-100:2012-07

Clause Test Result
5.1 Verification of permissible system perturbations P
5.2 Verification of the symmetry characteristics of three-phase inverter modules P
5.3 Verification of the characteristics of the power generation unit on the network P
5.4 Testing of NS protection P
5.5 Testing of connecting conditions and synchronisation P

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
gz;ea“uzr?rgf:niﬂemhe” Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
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5.1 Verification of permissible system perturbations

DIN VDE V 0124-100:2012-07

Clause Test Result

511 General P

5.1.2 Rapid voltage changes P

5.1.2.1 Tests P

5.1.2.2 Documentation of tests P

5.1.3 Flicker P

5.1.3.1 Tests P

5.1.3.2 Documentation of tests P

5.1.4 Harmonics and interharmonics P

5.1.4.1 Tests P

5.1.4.2 Additional tests P

5.1.4.3 Documentation of tests P
SusavetssShonco, Lo, | M IS socen i, | T
523942, China Email: customerservice.dg@cn.bureauveritas.com
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5.1.1 General
These tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 5.4 P
are met.

The electrical equipment of the customer system has been planned and built, and will be operated, such that
system perturbations affecting the network of the network operator and the installations of other customers are
limited to a permissible level on a permanent basis.

System perturbations are defined as:

- Rapid voltage changes

- Flicker

- Harmonics, interharmonics and higher frequencies (up to 9 kHz)

Note:
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5.1.2 Rapid voltage changes

These tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P
5.4.2 are met.

The purpose of the test is to determine ki and Kimax.
The following three cases must be tested to VDE-AR-N 4105, Annex F.3 (where applicable).

- Switch-on for any capacity

- Unfavourable case when switching the generator step

- Switch-on for nominal capacity
Test conditions:
Frequency: 50 Hz + 0,5%
THD of the voltage supply: < 3 %
Voltage rise of the PGU at 100 Pemax %: <3 %
L1 phase
Switch-on for any capacity (10% Pemax)
Single period effective values of the current [A] 3,613 3,628 3,392
Single period effective values of the voltage [V] 229,97 229,97 229,97
kivalue 0,076 0,076 0,071
Kimax value 0,076
Unfavourable case when switching the generator step
Single period effective values of the current [A] N/A N/A N/A
Single period effective values of the voltage [V] N/A N/A N/A
kivalue N/A N/A N/A
Kimax value N/A
Switch-on for nominal capacity
Single period effective values of the current [A] 9,646 7,102 6,772
Single period effective values of the voltage [V] 229,90 229,92 230,02
kivalue 0,202 0,148 0,142
Kimax value 0,202
L2 phase
Switch-on for any capacity (10% Pemax)
Single period effective values of the current [A] 3,820 3,822 3,561
Single period effective values of the voltage [V] 229,78 229,72 229,79
kivalue 0,080 0,080 0,074
Kimax value 0,080

Unfavourable case when switching the generator step
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Single period effective values of the current [A] N/A N/A N/A
Single period effective values of the voltage [V] N/A N/A N/A
kivalue N/A N/A N/A
Kimax value N/A

Switch-on for nominal capacity

Single period effective values of the current [A] 10,080 7,436 7,062
Single period effective values of the voltage [V] 229,71 229,72 229,67
kivalue 0,211 0,155 0,148
Kimax value 0,211

L3 phase

Switch-on for any capacity (10% Pemax)

Single period effective values of the current [A] 3,778 3,789 3,535
Single period effective values of the voltage [V] 229,97 229,97 229,98
kivalue 0,079 0,079 0,074
Kimax value 0,079

Unfavourable case when switching the generator step

Single period effective values of the current [A] N/A N/A N/A
Single period effective values of the voltage [V] N/A N/A N/A
ki value N/A N/A N/A
Kimax value N/A

Switch-on for nominal capacity

Single period effective values of the current [A] 9,940 7,336 6,973
Single period effective values of the voltage [V] 229,94 229,95 229,95
kivalue 0,208 0,153 0,146
Kimax value 0,208

Highest kimax value for all switching operations

0,211

Note:

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch

No. 34, Chenwulu Section, Guantai Rd.,
Houjie Town, Dongguan City, Guangdong

523942, China
Page 18 of 109

Tel: +86 769 8998 2098

Fax: +86 769 8599 1080

Email: customerservice.dg@cn.bureauveritas.com
TEST REPORT DIN VDE V 0124-100 VER.O




Report No.: PVDE180712N013

Switch-on for any capacity (10% Pemax)
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5.1.3 Flicker
These tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 5.4.3 are met.

The purpose of the test is to determine long-term flicker strength Py.

For power generation systems with rated currents < 75 A, system perturbations are deemed sufficiently limited
when the generation units adhere to the thresholds in norms DIN EN 61000-3-3 (VDE 0838-3) and DIN EN
61000-3-11 (VDE 0838-11).

Test conditions:

Voltage: 86% Un to 109% Un

Frequency: 50 Hz £ 0,5%

THD of the voltage supply: < 3 %

Voltage rise of the PGU at 100 Pemax %: <3 %

Flicker to DIN EN 61000-3-3 (VDE 0838-3) or DIN EN 61000-3-11 (VDE 0838-11) for generator units <75 A

Result:
Flicker to:
P/t Pst dc%
DIN EN 61000-3-11 (SOFAR 33000TL-G2) 0,33 0,34 0,30
DIN EN 61000-3-11 (SOFAR 20000TL-G2) 0,29 0,29 0,17

Assessment criterion:
Long-term flicker strength Py to DIN EN 61000-3-3 (VDE 0838-3) or DIN EN 61000-3-11 must be < 0,5.

Determination of the flicker coefficient:
Cye = PS, X(Sk /Pn)

where Sy is the short-circuit power of the network standby element (during the determination of the appropriate
Pst values)

The following applies according to DIN EN 61000-3-3 (< 16 A) for the network standby element: Sx = 339199
The value for the network standby element must be determined separately with measurements for rated currents
>75A.
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Flicker to DIN EN 61400-21 (VDE 0127-21) (or FGW TR3)

SOFAR 33000TL-G2

Grid impedance angle yk 32°

Flicker coefficient c(w) 5,78

Short-term flicker Pst 0,34
SOFAR 20000TL-G2

Grid impedance angle yk 32°

Flicker coefficient c(wk) 8,13

Short-term flicker Pst 0,29

Assessment criterion:

Long-term flicker strength: Pi<0,5

Note:
The tests had been performed on the SOFAR 33000TL-G2 and SOFAR 20000TL-G2 are valid for the SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.1.4 Harmonics and interharmonics
These tests are designed to provide evidence that the requirements of VDE-AR-N 4015, P

5.4.4 are met.

Adherence to the thresholds for harmonic currents must be verified as followed:
- For nominal currents < 16 A per conductor to DIN EN 61000-3-2 (VDE 0838-2)
- For nominal currents > 16 A and < 75 A per conductor to DIN EN 61000-3-12 (VDE 0838-12)
- For PGUs intended for PGSs with nominal currents > 75 A, the measurements must be conducted as in

5.1.4.2.

Test conditions:

Voltage: 86% Un to 109% Un

Frequency: 50 Hz + 0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pemax %: <3 %
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5.1.4.1 Tests P
Note:
The tests should be based on the limits of the EN61000-3-2 for less than 16A.
Covered by EMC Report 13.7.6.8
Maximum permissible harmonic current as per EN 61000-3-12
Harmonic 2nd 3rd 4th 5th 6t 7th 8t oth 10t 11th 12t 13t
Limit [.%] 8,00 | N/A | 4,00 | 10,70 | 2,67 | 7,20 | 2,00 | N/A | 1,60 | 3,10 | 1,33 2,00
3phasig
-[I;Z]St value See below
THD PWHD
Limit [%]
3-phase 13 22
-[I;Z]St value See below
Order Measure[%] Limit[%]  Margin[%] Order Measure[%] Limit[%]  Margin[%]
2 8.0000 88.0 2 8.0000 98.0
3 21.9800 898.9 3 21.8800 88.5
A 4.0000 86.1 4 4.0000 975
5 11.3200 87.9 5 11.3200 898.9
6 2.6667 894.8 6 2.6667 86.0
7 7.3250 87.0 7 7.3250 96.9
8 2.0000 83.9 8 2.0000 85.2
9 3.8250 97.3 9 3.8250 a97.2
10 1.6000 94.3 10 1.6000 g4.2
" 3.1600 92.8 1 3.1600 91.9
12 1.3333 93.1 12 1.3333 93.3
13 2.0600 90.7 13 2 0600 a(.8
THD 23.4750 96.7 THD 23 4750 96.9
PWHD  2.5497 23.4750 89.1 PWHD 25510 23.4750 89.1

SOFAR 20000TL-G2: L1 phase

SOFAR 20000TL-G2: L2 phase
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Order Measure[%] Limit[%] Margin[%] Order Measure[%] Limit[%]  Margin[%]
2 2493 8.0000 96.9 2 1.054 8.0000 99.3
3 21.9800 899.3 3 21.9800 99.4
4 4.0000 894.6 4 4.0000 98.5
5 11.3200 98.8 5 11.3200 976
6 2.6667 86.0 6 2.6667 98.6
7 7.3250 98.6 7 7.3250 a7.0
8 0.107 2.0000 94.6 8 1455 2.0000 ar.7
9 "G 3.8250 95.3 9 07T 3.8250 94.6
10 1135 1.6000 92.9 10 102 1.6000 97 .4
1" 205 3.1600 893.5 1" 54 3.1600 g7.0
12 196! 1.3333 92.7 12 318 1.3333 976
13 ! 2.0600 90.6 13 734 2.0600 81.6
THD 614 23.4750 06.8 THD 5264 23.4750 ar.8
PWHD 2.5960 23.4750 88.9 PWHD 9824 23.4750 958
SOFAR 20000TL-G2: L3 phase SOFAR 25000TL-G2: L1 phase

Order Measure[%]  Limit[%] Margin[%]  Order Measure[%]  Limit[%] Margin[%]

2 57F 8.0000 g99.3 2 354 8.0000 99.5

=% 21.9800 09.3 3 21.9800 898.8

4 4.0000 08.8 4 4.0000 98.5

5 11.3200 98.5 3 11.3200 97.5

5] 2.6667 a98.7 6 2.6667 98.4

Fii 7.3250 895.5 7 7.3250 896.3

8 )50 2.0000 a7.5 8 : 2.0000 a97.5

9 J.1284 3.86250 96.6 a ] 3.8250 g7.0

10 0452 1.6000 a7.2 10 0523 1.6000 96.7

11 0.2357 3.1600 925 1 0.2909 3.1600 80.8

12 235 1.3333 98.2 12 0212 1.3333 898.4

13 2.0600 96.8 13 T4E 2.0600 891.5

THD LY 234750 ar.7 THD 67 7L 23.4750 971

PWHD 1.0347 234750 956 PWHD 1.5002 23.4750 83.6

SOFAR 25000TL-G2: L2 phase SOFAR 25000TL-G2: L3 phase
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Order Measure[%] Limit[%]  Margin[%] Order Measure[%)] Limit[%a] Margin[%:]
2 ).064 8.0000 99.2 2 624 8.0000 99.2
3 21.9800 99.4 3 21.9800 99.3
4 4.0000 99.2 4 4.0000 99.0
5 11.3200 98.0 5 11.3200 98.4
6 2.6667 98.6 6 26667 98.7
3 7.3250 96.7 7 7.3250 95.3
8 2.0000 97.3 8 2.0000 97.4
9 200 3.8250 04.8 9 5¢ 3.8250 96.0
10 BT 1.6000 97.2 10 {5y 1.6000 g95.9
M 1018 3.1600 96.8 11 2369 31600 g2 .5
12 ' 1.3333 98.1 12 0§ 1.3333 98.4
13 HE 2.0600 92.3 13 )B7E 2.0600 96.7
THD 4921 23.4750 97.8 THD : 23.4750 97.6
PWHD 877 23.4750 96.6 PWHD AR 43 23.4750 95.2

SOFAR 30000TL-G2: L1 phase SOFAR 30000TL-G2: L2 phase

Order Measure[%] Limit[%]  Margin[%] Order Measure[%)] Limit{%]  Margin[%]
2 4aC 8.0000 99.5 2 571 8.0000 96.8
3 21.9800 991 3 21.9800 99.8
4 4.0000 98.9 4 4.0000 95.4
5 11.3200 98.0 5 11.3200 98.8
6 2.6667 98.5 6 2 6667 96.8
7 7.3250 96.7 7 7.3250 95.7
8 2.0000 97.0 8 2.0000 94.6
9 8B 3.8250 97.7 9 18 3.8250 95.2
10 ).0554 1.6000 96.5 10 74 1.6000 95.4
1 273 3.1600 91.3 11 ' 3.1600 96.7
12 ).0188 1.3333 98.6 12 18€ 1.3333 96.4
13 1557 2.0600 92.4 13 ). 136! 2.0600 93.4
THD 5765 23.4750 97.5 THD % 23.4750 97.5
PWHD  1.1667 23.4750 95.0 PWHD ). 76 23.4750 96.7

SOFAR 30000TL-G2: L3 phase SOFAR 33000TL-G2: L1 phase
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Order Measure[%)] Limit%]  Margin[%] Order Measure[%)] Limit[%]  Margin[%]
2 3¢ 8.0000 98.9 2 ).107 8.0000 98.7
3 21.9800 99.6 3 21.9800 99.5
4 4.0000 97.4 4 4.0000 94.7
5 11.3200 0g8.9 5 11.3200 gg9.2
6 2 6667 97.4 6 2.6667 g95.8
7 7.3250 g5.1 7 7.3250 a7.8
8 2.0000 96.4 8 : 2.0000 93.4
9 7 3.8250 95.4 9 ).0669 3.8250 98.3
10 B4 1.6000 96.4 10 ! 1.68000 94.7
11 20482 3.1600 93.4 1 }.2197 3.1600 93.1
12 X 1.3333 95.2 12 ' 1.3333 95.8
13 Dol 2.0600 956 13 1191 2.0600 04.2
THD 23.4750 97.4 THD 5754 23.4750 97.5
PWHD 1.6734 23.4750 929 PWHD 1.7267 23.4750 92.6
SOFAR 33000TL-G2: L2 phase SOFAR 33000TL-G2: L3 phase
Note:

The tests should be based on the limits of the EN 61000-3-12 for more than 16A.
Covered by EMC Report 13.7.6.8
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5.1.4.2 Additional measurements for PGUs intended for PGSs with nominal currents > 75 A

The currents of the interharmonics to 2 kHz must be measured in accordance with DIN EN 61000-4-7 (VDE
0817-4-7), Annex A. The measurements of higher-frequency harmonic currents between 2 kHz and 9 kHz must

be conducted in line with DIN EN 61000-4-7 (VDE 0847-4-7), Annex B.

Test: SOFAR 33000TL-G2

P/Py [%] 0 10 20 30 40 50 60 70 80 90 100
Order 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 11%] | %]
1 2,949 | 9,590 | 19,208 | 30,528 | 42,973 | 48,038 | 60,882 | 67,202 | 76,749 | 86,500 | 96,031
2 0,081 | 0,086 | 0,096 | 0,101 | 0,109 | 0,111 | 0,117 | 0,120 | 0,126 | 0,135 | 0,285
3 0,142 | 0,114 | 0,110 | 0,127 | 0,163 | 0,176 | 0,199 | 0,208 | 0,212 | 0,214 | 0,197
4 0,062 | 0,075 | 0,087 | 0,097 | 0,099 | 0,102 | 0,105 | 0,108 | 0,108 | 0,109 | 0,169
5 0,247 | 0,143 | 0,089 | 0,137 | 0,170 | 0,173 | 0,192 | 0,202 | 0,224 | 0,227 | 0,176
6 0,047 | 0,064 | 0,080 | 0,092 | 0,093 | 0,092 | 0,092 | 0,091 | 0,090 | 0,089 | 0,110
7 0,241 | 0,129 | 0,081 | 0,106 | 0,129 | 0,142 | 0,168 | 0,184 | 0,218 | 0,254 | 0,360
8 0,038 | 0,041 | 0,054 | 0,062 | 0,065 | 0,065 | 0,069 | 0,071 | 0,078 | 0,079 | 0,128
9 0,099 | 0,066 | 0,060 | 0,055 | 0,071 | 0,083 | 0,102 | 0,113 | 0,126 | 0,146 | 0,170
10 0,037 | 0,035 | 0,038 | 0,037 | 0,037 | 0,038 | 0,039 | 0,042 | 0,048 | 0,051 | 0,068
11 0,237 | 0,140 | 0,072 | 0,086 | 0,107 | 0,122 | 0,165 | 0,186 | 0,203 | 0,214 | 0,236
12 0,035 | 0,029 | 0,027 | 0,029 | 0,032 | 0,034 | 0,034 | 0,035 | 0,034 | 0,034 | 0,049
13 0,120 | 0,078 | 0,055 | 0,068 | 0,088 | 0,097 | 0,116 | 0,121 | 0,126 | 0,138 | 0,134
14 0,035 | 0,029 | 0,028 | 0,028 | 0,028 | 0,028 | 0,028 | 0,027 | 0,028 | 0,028 | 0,038
15 0,032 | 0,030 | 0,033 | 0,052 | 0,059 | 0,064 | 0,076 | 0,083 | 0,084 | 0,082 | 0,066
16 0,031 | 0,028 | 0,027 | 0,029 | 0,029 | 0,029 | 0,030 | 0,030 | 0,029 | 0,028 | 0,034
17 0,097 | 0,089 | 0,054 | 0,039 | 0,068 | 0,079 | 0,097 | 0,103 | 0,108 | 0,107 | 0,097
18 0,031 | 0,031 | 0,029 | 0,028 | 0,026 | 0,026 | 0,026 | 0,025 | 0,025 | 0,025 | 0,028
19 0,045 | 0,059 | 0,041 | 0,034 | 0,057 | 0,066 | 0,084 | 0,092 | 0,098 | 0,106 | 0,105
20 0,031 | 0,032 | 0,032 | 0,032 | 0,030 | 0,028 | 0,028 | 0,025 | 0,025 | 0,024 | 0,024
21 0,040 | 0,038 | 0,030 | 0,042 | 0,049 | 0,053 | 0,054 | 0,056 | 0,057 | 0,052 | 0,052
22 0,026 | 0,025 | 0,026 | 0,026 | 0,025 | 0,026 | 0,026 | 0,023 | 0,022 | 0,021 | 0,022
23 0,056 | 0,052 | 0,043 | 0,030 | 0,049 | 0,057 | 0,064 | 0,071 | 0,078 | 0,084 | 0,083
24 0,026 | 0,026 | 0,025 | 0,025 | 0,023 | 0,023 | 0,024 | 0,024 | 0,023 | 0,024 | 0,023
25 0,053 | 0,049 | 0,043 | 0,028 | 0,044 | 0,050 | 0,056 | 0,060 | 0,064 | 0,070 | 0,067
26 0,024 | 0,024 | 0,024 | 0,026 | 0,024 | 0,024 | 0,025 | 0,023 | 0,022 | 0,022 | 0,022
27 0,028 | 0,027 | 0,027 | 0,030 | 0,034 | 0,038 | 0,043 | 0,044 | 0,045 | 0,042 | 0,035
28 0,026 | 0,026 | 0,027 | 0,026 | 0,025 | 0,024 | 0,023 | 0,022 | 0,022 | 0,021 | 0,022
29 0,057 | 0,048 | 0,041 | 0,030 | 0,036 | 0,043 | 0,046 | 0,049 | 0,051 | 0,053 | 0,053
30 0,025 | 0,025 | 0,023 | 0,024 | 0,023 | 0,022 | 0,022 | 0,021 | 0,021 | 0,020 | 0,020
31 0,047 | 0,042 | 0,035 | 0,025 | 0,034 | 0,040 | 0,047 | 0,052 | 0,056 | 0,061 | 0,058
32 0,024 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,025 | 0,023 | 0,023 | 0,022 | 0,021
33 0,027 | 0,026 | 0,027 | 0,028 | 0,031 | 0,033 | 0,034 | 0,035 | 0,034 | 0,031 | 0,028
34 0,024 | 0,024 | 0,025 | 0,025 | 0,024 | 0,025 | 0,025 | 0,022 | 0,022 | 0,022 | 0,021
35 0,035 | 0,043 | 0,034 | 0,031 | 0,031 | 0,036 | 0,045 | 0,051 | 0,055 | 0,056 | 0,056
36 0,025 | 0,024 | 0,023 | 0,022 | 0,021 | 0,021 | 0,023 | 0,023 | 0,022 | 0,021 | 0,020
37 0,042 | 0,043 | 0,031 | 0,029 | 0,030 | 0,033 | 0,035 | 0,038 | 0,039 | 0,040 | 0,040
38 0,024 | 0,025 | 0,026 | 0,027 | 0,026 | 0,026 | 0,025 | 0,023 | 0,023 | 0,024 | 0,023
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39 0,024 | 0,026 | 0,024 | 0,025 | 0,025 | 0,027 | 0,027 | 0,028 | 0,027 | 0,026 | 0,024
40 0,025 | 0,026 | 0,027 | 0,027 | 0,025 | 0,025 | 0,024 | 0,023 | 0,022 | 0,022 | 0,022
Interharmonics : SOFAR 33000TL-G2
P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
F [HZ] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
75 0,174 | 0,225 | 0,262 | 0,301 | 0,321 | 0,323 | 0,349 | 0,365 | 0,388 | 0,413 | 0,443
125 0,129 | 0,225 | 0,271 | 0,288 | 0,287 | 0,288 | 0,291 | 0,297 | 0,299 | 0,298 | 0,301
175 0,104 | 0,192 | 0,262 | 0,275 | 0,279 | 0,286 | 0,288 | 0,290 | 0,295 | 0,304 | 0,314
225 0,084 | 0,156 | 0,212 | 0,239 | 0,246 | 0,259 | 0,267 | 0,273 | 0,273 | 0,270 | 0,273
275 0,064 | 0,118 | 0,153 | 0,164 | 0,177 | 0,174 | 0,178 | 0,185 | 0,201 | 0,222 | 0,236
325 0,059 | 0,084 | 0,115 | 0,115 | 0,121 | 0,124 | 0,142 | 0,152 | 0,166 | 0,175 | 0,184
375 0,049 | 0,064 | 0,091 | 0,080 | 0,081 | 0,075 | 0,074 | 0,077 | 0,088 | 0,104 | 0,118
425 0,045 | 0,057 | 0,069 | 0,061 | 0,060 | 0,061 | 0,066 | 0,075 | 0,087 | 0,099 | 0,112
475 0,042 | 0,049 | 0,049 | 0,046 | 0,048 | 0,050 | 0,051 | 0,052 | 0,056 | 0,066 | 0,075
525 0,048 | 0,045 | 0,043 | 0,043 | 0,047 | 0,049 | 0,054 | 0,058 | 0,065 | 0,077 | 0,092
575 0,052 | 0,043 | 0,040 | 0,042 | 0,045 | 0,044 | 0,045 | 0,042 | 0,043 | 0,043 | 0,043
625 0,042 | 0,038 | 0,035 | 0,038 | 0,038 | 0,037 | 0,038 | 0,037 | 0,037 | 0,036 | 0,036
675 0,043 | 0,036 | 0,037 | 0,038 | 0,037 | 0,036 | 0,036 | 0,036 | 0,037 | 0,037 | 0,037
725 0,037 | 0,034 | 0,037 | 0,037 | 0,035 | 0,034 | 0,034 | 0,033 | 0,034 | 0,034 | 0,033
775 0,036 | 0,036 | 0,038 | 0,036 | 0,034 | 0,034 | 0,034 | 0,033 | 0,033 | 0,033 | 0,030
825 0,033 | 0,034 | 0,036 | 0,033 | 0,032 | 0,032 | 0,032 | 0,032 | 0,032 | 0,030 | 0,030
875 0,035 | 0,035 | 0,034 | 0,035 | 0,034 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,034
925 0,033 | 0,033 | 0,033 | 0,032 | 0,033 | 0,033 | 0,033 | 0,032 | 0,031 | 0,031 | 0,031
975 0,034 | 0,034 | 0,032 | 0,033 | 0,034 | 0,033 | 0,033 | 0,032 | 0,032 | 0,031 | 0,031
1025 0,036 | 0,037 | 0,034 | 0,035 | 0,034 | 0,033 | 0,031 | 0,032 | 0,032 | 0,030 | 0,031
1075 0,035 | 0,036 | 0,036 | 0,038 | 0,034 | 0,033 | 0,032 | 0,031 | 0,030 | 0,029 | 0,029
1125 0,032 | 0,032 | 0,031 | 0,032 | 0,030 | 0,028 | 0,029 | 0,030 | 0,029 | 0,029 | 0,027
1175 0,034 | 0,033 | 0,034 | 0,033 | 0,032 | 0,031 | 0,030 | 0,030 | 0,031 | 0,033 | 0,033
1225 0,031 | 0,030 | 0,032 | 0,031 | 0,030 | 0,030 | 0,030 | 0,030 | 0,030 | 0,030 | 0,028
1275 0,031 | 0,031 | 0,031 | 0,032 | 0,035 | 0,037 | 0,041 | 0,040 | 0,044 | 0,047 | 0,044
1325 0,032 | 0,030 | 0,032 | 0,032 | 0,032 | 0,031 | 0,031 | 0,030 | 0,030 | 0,030 | 0,030
1375 0,033 | 0,033 | 0,033 | 0,033 | 0,032 | 0,032 | 0,031 | 0,029 | 0,030 | 0,030 | 0,029
1425 0,032 | 0,032 | 0,032 | 0,032 | 0,031 | 0,028 | 0,029 | 0,029 | 0,029 | 0,028 | 0,028
1475 0,031 | 0,031 | 0,031 | 0,031 | 0,030 | 0,029 | 0,029 | 0,029 | 0,029 | 0,029 | 0,028
1525 0,030 | 0,030 | 0,030 | 0,031 | 0,029 | 0,029 | 0,028 | 0,027 | 0,027 | 0,026 | 0,026
1575 0,031 | 0,031 | 0,032 | 0,031 | 0,030 | 0,030 | 0,031 | 0,030 | 0,029 | 0,029 | 0,029
1625 0,030 | 0,032 | 0,031 | 0,031 | 0,032 | 0,031 | 0,031 | 0,031 | 0,029 | 0,028 | 0,028
1675 0,032 | 0,033 | 0,033 | 0,034 | 0,032 | 0,033 | 0,031 | 0,030 | 0,030 | 0,029 | 0,027
1725 0,031 | 0,032 | 0,031 | 0,032 | 0,031 | 0,031 | 0,031 | 0,030 | 0,029 | 0,027 | 0,026
1775 0,032 | 0,032 | 0,031 | 0,031 | 0,029 | 0,029 | 0,029 | 0,029 | 0,029 | 0,029 | 0,027
1825 0,030 | 0,030 | 0,030 | 0,030 | 0,030 | 0,030 | 0,031 | 0,029 | 0,028 | 0,027 | 0,027
1875 0,032 | 0,033 | 0,033 | 0,033 | 0,031 | 0,030 | 0,030 | 0,030 | 0,030 | 0,031 | 0,029
1925 0,029 | 0,029 | 0,030 | 0,031 | 0,031 | 0,030 | 0,030 | 0,029 | 0,029 | 0,028 | 0,027
1975 0,031 | 0,031 | 0,032 | 0,032 | 0,032 | 0,031 | 0,032 | 0,032 | 0,032 | 0,030 | 0,029
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Higher Frequencies : SOFAR 33000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
f [kHZz] | [%] | [%] | [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
2,1 0,042 | 0,045 | 0,034 | 0,026 | 0,028 | 0,034 | 0,039 | 0,044 | 0,048 | 0,052 | 0,051
2,3 0,022 | 0,031 | 0,027 | 0,022 | 0,026 | 0,031 | 0,037 | 0,041 | 0,044 | 0,045 | 0,046
2,5 0,020 | 0,035 | 0,026 | 0,021 | 0,019 | 0,022 | 0,027 | 0,031 | 0,033 | 0,035 | 0,035
2,7 0,031 | 0,040 | 0,033 | 0,029 | 0,025 | 0,028 | 0,034 | 0,038 | 0,040 | 0,044 | 0,044
29 0,028 | 0,057 | 0,042 | 0,028 | 0,020 | 0,025 | 0,032 | 0,037 | 0,038 | 0,039 | 0,039
3,1 0,021 | 0,037 | 0,029 | 0,028 | 0,042 | 0,033 | 0,025 | 0,026 | 0,026 | 0,027 | 0,027
3,3 0,024 | 0,029 | 0,022 | 0,016 | 0,033 | 0,043 | 0,051 | 0,043 | 0,040 | 0,041 | 0,041
3,5 0,018 | 0,019 | 0,018 | 0,014 | 0,023 | 0,033 | 0,050 | 0,050 | 0,047 | 0,043 | 0,041
3,7 0,011 | 0,012 | 0,011 | 0,011 | 0,014 | 0,019 | 0,039 | 0,046 | 0,037 | 0,028 | 0,026
3,9 0,015 | 0,015 | 0,011 | 0,009 | 0,011 | 0,013 | 0,027 | 0,043 | 0,074 | 0,071 | 0,059
4.1 0,012 | 0,012 | 0,009 | 0,009 | 0,009 | 0,010 | 0,017 | 0,026 | 0,076 | 0,077 | 0,064
43 0,011 | 0,011 | 0,010 | 0,008 | 0,008 | 0,008 | 0,011 | 0,015 | 0,027 | 0,045 | 0,050
45 0,014 | 0,011 | 0,010 | 0,008 | 0,009 | 0,009 | 0,010 | 0,012 | 0,016 | 0,031 | 0,058
47 0,010 | 0,013 | 0,011 | 0,008 | 0,008 | 0,008 | 0,008 | 0,009 | 0,012 | 0,021 | 0,045
49 0,010 | 0,010 | 0,009 | 0,008 | 0,008 | 0,008 | 0,008 | 0,010 | 0,010 | 0,012 | 0,014
5,1 0,012 | 0,016 | 0,011 | 0,010 | 0,009 | 0,008 | 0,008 | 0,010 | 0,010 | 0,012 | 0,012
5,3 0,008 | 0,011 | 0,010 | 0,008 | 0,008 | 0,007 | 0,008 | 0,008 | 0,009 | 0,011 | 0,013
55 0,009 | 0,009 | 0,009 | 0,009 | 0,008 | 0,007 | 0,007 | 0,008 | 0,009 | 0,011 | 0,010
5,7 0,012 | 0,011 | 0,010 | 0,010 | 0,010 | 0,008 | 0,008 | 0,008 | 0,009 | 0,011 | 0,011
5,9 0,009 | 0,011 | 0,010 | 0,009 | 0,009 | 0,007 | 0,008 | 0,008 | 0,009 | 0,011 | 0,011
6,1 0,009 | 0,010 | 0,010 | 0,009 | 0,009 | 0,008 | 0,007 | 0,008 | 0,009 | 0,010 | 0,010
6,3 0,011 | 0,014 | 0,012 | 0,008 | 0,010 | 0,009 | 0,008 | 0,008 | 0,010 | 0,011 | 0,011
6,5 0,011 | 0,014 | 0,012 | 0,012 | 0,015 | 0,009 | 0,008 | 0,007 | 0,009 | 0,011 | 0,011
6,7 0,011 | 0,013 | 0,012 | 0,008 | 0,014 | 0,018 | 0,015 | 0,008 | 0,010 | 0,010 | 0,010
6,9 0,013 | 0,019 | 0,015 | 0,010 | 0,011 | 0,011 | 0,019 | 0,018 | 0,017 | 0,013 | 0,011
7,1 0,016 | 0,020 | 0,016 | 0,011 | 0,012 | 0,009 | 0,010 | 0,015 | 0,019 | 0,020 | 0,018
7,3 0,018 | 0,020 | 0,017 | 0,011 | 0,011 | 0,009 | 0,008 | 0,008 | 0,012 | 0,019 | 0,018
7,5 0,020 | 0,025 | 0,021 | 0,015 | 0,017 | 0,013 | 0,012 | 0,011 | 0,012 | 0,012 | 0,014
7,7 0,041 | 0,038 | 0,032 | 0,021 | 0,020 | 0,016 | 0,013 | 0,011 | 0,012 | 0,011 | 0,010
7,9 0,067 | 0,063 | 0,047 | 0,026 | 0,025 | 0,018 | 0,015 | 0,011 | 0,012 | 0,012 | 0,011
8,1 0,057 | 0,073 | 0,060 | 0,039 | 0,041 | 0,028 | 0,022 | 0,018 | 0,018 | 0,017 | 0,014
8,3 0,086 | 0,081 | 0,062 | 0,050 | 0,048 | 0,036 | 0,027 | 0,021 | 0,020 | 0,019 | 0,016
8,5 0,060 | 0,074 | 0,064 | 0,050 | 0,054 | 0,047 | 0,037 | 0,027 | 0,025 | 0,022 | 0,018
8,7 0,038 | 0,052 | 0,051 | 0,040 | 0,042 | 0,042 | 0,041 | 0,039 | 0,036 | 0,031 | 0,024
8,9 0,027 | 0,034 | 0,032 | 0,039 | 0,028 | 0,025 | 0,033 | 0,037 | 0,035 | 0,032 | 0,027
Note:

The normalization current is 47,82A for SOFAR 33000TL-G2
The stated harmonics are maximum values of all 3 phases.
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Test: SOFAR 30000TL-G2

P/P [%] 0 10 20 30 40 50 60 70 80 90 100
Order 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | %]
1 2,924 10,901 | 19,129 | 30,207 | 38,389 | 48,022 | 62,066 | 67,240 | 79,170 | 90,476 | 96,181
2 0,090 | 0,093 | 0,104 | 0,110 | 0,112 | 0,120 | 0,127 | 0,130 | 0,138 | 0,147 | 0,152
3 0,166 | 0,143 | 0,113 | 0,129 | 0,156 | 0,184 | 0,209 | 0,221 | 0,238 | 0,237 | 0,233
4 0,061 | 0,087 | 0,096 | 0,106 | 0,107 | 0,112 | 0,117 | 0,118 | 0,125 | 0,126 | 0,123
5 0,237 | 0,194 | 0,095 | 0,134 | 0,166 | 0,184 | 0,199 | 0,208 | 0,241 | 0,253 | 0,254
6 0,057 | 0,072 | 0,088 | 0,101 | 0,105 | 0,105 | 0,101 | 0,099 | 0,099 | 0,099 | 0,099
7 0,228 | 0,177 | 0,093 | 0,105 | 0,139 | 0,149 | 0,166 | 0,180 | 0,215 | 0,264 | 0,309
8 0,049 | 0,045 | 0,057 | 0,064 | 0,071 | 0,071 | 0,073 | 0,076 | 0,082 | 0,086 | 0,086
9 0,118 | 0,080 | 0,067 | 0,064 | 0,066 | 0,083 | 0,098 | 0,106 | 0,127 | 0,148 | 0,165
10 0,042 | 0,040 | 0,040 | 0,040 | 0,039 | 0,041 | 0,042 | 0,043 | 0,048 | 0,054 | 0,055
11 0,202 | 0,154 | 0,043 | 0,085 | 0,106 | 0,118 | 0,161 | 0,178 | 0,214 | 0,232 | 0,243
12 0,041 | 0,038 | 0,029 | 0,029 | 0,032 | 0,033 | 0,036 | 0,037 | 0,038 | 0,039 | 0,039
13 0,064 | 0,107 | 0,043 | 0,064 | 0,086 | 0,102 | 0,118 | 0,128 | 0,139 | 0,149 | 0,161
14 0,038 | 0,035 | 0,030 | 0,030 | 0,031 | 0,032 | 0,031 | 0,029 | 0,028 | 0,030 | 0,031
15 0,036 | 0,038 | 0,036 | 0,055 | 0,058 | 0,066 | 0,079 | 0,086 | 0,093 | 0,091 | 0,086
16 0,033 | 0,031 | 0,030 | 0,030 | 0,031 | 0,031 | 0,031 | 0,030 | 0,031 | 0,030 | 0,030
17 0,118 | 0,102 | 0,045 | 0,035 | 0,056 | 0,077 | 0,098 | 0,104 | 0,114 | 0,119 | 0,113
18 0,033 | 0,033 | 0,032 | 0,033 | 0,031 | 0,030 | 0,029 | 0,027 | 0,027 | 0,026 | 0,026
19 0,058 | 0,075 | 0,041 | 0,034 | 0,046 | 0,068 | 0,084 | 0,093 | 0,107 | 0,112 | 0,119
20 0,034 | 0,036 | 0,034 | 0,034 | 0,032 | 0,032 | 0,032 | 0,029 | 0,027 | 0,026 | 0,025
21 0,054 | 0,048 | 0,032 | 0,040 | 0,051 | 0,056 | 0,059 | 0,062 | 0,063 | 0,061 | 0,060
22 0,030 | 0,029 | 0,028 | 0,027 | 0,027 | 0,028 | 0,028 | 0,027 | 0,026 | 0,024 | 0,022
23 0,086 | 0,064 | 0,047 | 0,037 | 0,039 | 0,057 | 0,067 | 0,070 | 0,081 | 0,090 | 0,094
24 0,031 | 0,030 | 0,027 | 0,028 | 0,026 | 0,026 | 0,025 | 0,024 | 0,023 | 0,023 | 0,024
25 0,061 | 0,061 | 0,042 | 0,032 | 0,035 | 0,050 | 0,059 | 0,061 | 0,069 | 0,073 | 0,079
26 0,026 | 0,026 | 0,025 | 0,026 | 0,026 | 0,026 | 0,025 | 0,025 | 0,025 | 0,023 | 0,022
27 0,032 | 0,030 | 0,029 | 0,031 | 0,034 | 0,039 | 0,046 | 0,048 | 0,047 | 0,048 | 0,042
28 0,029 | 0,028 | 0,028 | 0,028 | 0,027 | 0,027 | 0,027 | 0,026 | 0,025 | 0,023 | 0,021
29 0,041 | 0,060 | 0,038 | 0,035 | 0,029 | 0,045 | 0,050 | 0,053 | 0,054 | 0,059 | 0,059
30 0,028 | 0,028 | 0,026 | 0,026 | 0,025 | 0,025 | 0,025 | 0,023 | 0,021 | 0,021 | 0,020
31 0,028 | 0,058 | 0,031 | 0,029 | 0,027 | 0,041 | 0,048 | 0,053 | 0,059 | 0,064 | 0,067
32 0,027 | 0,027 | 0,026 | 0,025 | 0,025 | 0,027 | 0,026 | 0,026 | 0,025 | 0,024 | 0,023
33 0,030 | 0,029 | 0,029 | 0,028 | 0,031 | 0,036 | 0,037 | 0,037 | 0,038 | 0,036 | 0,031
34 0,028 | 0,027 | 0,026 | 0,026 | 0,026 | 0,026 | 0,025 | 0,025 | 0,024 | 0,022 | 0,022
35 0,061 | 0,058 | 0,037 | 0,035 | 0,029 | 0,036 | 0,044 | 0,048 | 0,059 | 0,062 | 0,064
36 0,029 | 0,028 | 0,026 | 0,027 | 0,024 | 0,024 | 0,023 | 0,022 | 0,022 | 0,023 | 0,023
37 0,060 | 0,051 | 0,032 | 0,032 | 0,028 | 0,033 | 0,037 | 0,037 | 0,042 | 0,043 | 0,043
38 0,027 | 0,027 | 0,027 | 0,028 | 0,028 | 0,029 | 0,028 | 0,026 | 0,026 | 0,024 | 0,025
39 0,027 | 0,029 | 0,027 | 0,026 | 0,027 | 0,028 | 0,029 | 0,028 | 0,029 | 0,029 | 0,026
40 0,030 | 0,029 | 0,029 | 0,030 | 0,029 | 0,028 | 0,027 | 0,025 | 0,025 | 0,024 | 0,023
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Interharmonics : SOFAR 30000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 | 100
f [Hz] 1[%] | 1[%] | 1[%] | 1[1%] | 1[1%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%]
75 0,183 | 0,250 | 0,281 | 0,314 | 0,325 | 0,345 | 0,377 | 0,382 | 0,414 | 0,443 | 0,453
125 0,136 | 0,245 | 0,290 | 0,309 | 0,314 | 0,317 | 0,317 | 0,318 | 0,326 | 0,328 | 0,324
175 0,110 | 0,210 | 0,276 | 0,299 | 0,302 | 0,311 | 0,315 | 0,315 | 0,321 | 0,330 | 0,333
225 0,090 | 0,172 | 0,221 | 0,259 | 0,262 | 0,275 | 0,290 | 0,293 | 0,300 | 0,301 | 0,299
275 0,073 | 0,127 | 0,164 | 0,174 | 0,188 | 0,196 | 0,194 | 0,197 | 0,213 | 0,235 | 0,243
325 0,067 | 0,091 | 0,124 | 0,125 | 0,127 | 0,133 | 0,146 | 0,153 | 0,170 | 0,186 | 0,192
375 0,051 | 0,068 | 0,100 | 0,091 | 0,086 | 0,086 | 0,083 | 0,082 | 0,090 | 0,105 | 0,114
425 0,050 | 0,062 | 0,078 | 0,068 | 0,065 | 0,065 | 0,070 | 0,073 | 0,086 | 0,102 | 0,109
475 0,045 | 0,053 | 0,056 | 0,051 | 0,049 | 0,053 | 0,055 | 0,055 | 0,058 | 0,067 | 0,071
525 0,048 | 0,050 | 0,045 | 0,043 | 0,046 | 0,050 | 0,057 | 0,059 | 0,067 | 0,078 | 0,085
575 0,054 | 0,048 | 0,044 | 0,046 | 0,047 | 0,048 | 0,047 | 0,046 | 0,046 | 0,046 | 0,047
625 0,043 | 0,042 | 0,037 | 0,040 | 0,040 | 0,041 | 0,040 | 0,040 | 0,041 | 0,039 | 0,038
675 0,046 | 0,043 | 0,039 | 0,041 | 0,040 | 0,040 | 0,039 | 0,037 | 0,037 | 0,038 | 0,038
725 0,040 | 0,039 | 0,039 | 0,039 | 0,038 | 0,037 | 0,037 | 0,036 | 0,036 | 0,036 | 0,036
775 0,039 | 0,039 | 0,041 | 0,039 | 0,037 | 0,036 | 0,036 | 0,035 | 0,036 | 0,034 | 0,033
825 0,037 | 0,038 | 0,038 | 0,035 | 0,034 | 0,034 | 0,033 | 0,033 | 0,033 | 0,032 | 0,031
875 0,039 | 0,040 | 0,039 | 0,038 | 0,038 | 0,037 | 0,037 | 0,033 | 0,035 | 0,035 | 0,036
925 0,037 | 0,037 | 0,036 | 0,034 | 0,035 | 0,035 | 0,035 | 0,035 | 0,035 | 0,034 | 0,033
975 0,040 | 0,039 | 0,035 | 0,036 | 0,037 | 0,036 | 0,035 | 0,033 | 0,033 | 0,033 | 0,032
1025 0,042 | 0,042 | 0,039 | 0,039 | 0,038 | 0,037 | 0,037 | 0,034 | 0,033 | 0,033 | 0,031
1075 0,041 | 0,040 | 0,039 | 0,039 | 0,039 | 0,038 | 0,036 | 0,034 | 0,033 | 0,031 | 0,030
1125 0,037 | 0,036 | 0,035 | 0,034 | 0,032 | 0,032 | 0,032 | 0,030 | 0,030 | 0,029 | 0,029
1175 0,037 | 0,038 | 0,036 | 0,036 | 0,035 | 0,034 | 0,034 | 0,032 | 0,033 | 0,032 | 0,033
1225 0,035 | 0,035 | 0,034 | 0,034 | 0,033 | 0,033 | 0,032 | 0,030 | 0,031 | 0,032 | 0,031
1275 0,034 | 0,035 | 0,033 | 0,032 | 0,034 | 0,037 | 0,043 | 0,040 | 0,041 | 0,039 | 0,038
1325 0,036 | 0,035 | 0,034 | 0,033 | 0,034 | 0,033 | 0,033 | 0,032 | 0,031 | 0,031 | 0,030
1375 0,038 | 0,038 | 0,036 | 0,036 | 0,035 | 0,035 | 0,035 | 0,033 | 0,032 | 0,031 | 0,029
1425 0,036 | 0,036 | 0,035 | 0,035 | 0,034 | 0,033 | 0,031 | 0,030 | 0,029 | 0,029 | 0,029
1475 0,036 | 0,036 | 0,034 | 0,033 | 0,032 | 0,032 | 0,031 | 0,030 | 0,029 | 0,029 | 0,029
1525 0,034 | 0,033 | 0,032 | 0,032 | 0,031 | 0,032 | 0,031 | 0,031 | 0,030 | 0,028 | 0,028
1575 0,035 | 0,035 | 0,033 | 0,033 | 0,032 | 0,033 | 0,033 | 0,032 | 0,032 | 0,030 | 0,029
1625 0,033 | 0,033 | 0,033 | 0,032 | 0,033 | 0,034 | 0,033 | 0,034 | 0,033 | 0,031 | 0,029
1675 0,036 | 0,036 | 0,035 | 0,036 | 0,036 | 0,036 | 0,035 | 0,033 | 0,032 | 0,029 | 0,028
1725 0,035 | 0,036 | 0,034 | 0,033 | 0,033 | 0,032 | 0,031 | 0,030 | 0,031 | 0,030 | 0,029
1775 0,036 | 0,035 | 0,034 | 0,034 | 0,033 | 0,032 | 0,033 | 0,032 | 0,030 | 0,029 | 0,029
1825 0,034 | 0,034 | 0,032 | 0,032 | 0,032 | 0,031 | 0,031 | 0,030 | 0,030 | 0,029 | 0,029
1875 0,036 | 0,036 | 0,035 | 0,035 | 0,034 | 0,033 | 0,034 | 0,032 | 0,032 | 0,031 | 0,030
1925 0,033 | 0,033 | 0,031 | 0,032 | 0,031 | 0,032 | 0,032 | 0,031 | 0,031 | 0,029 | 0,028
1975 0,036 | 0,036 | 0,035 | 0,035 | 0,034 | 0,034 | 0,034 | 0,033 | 0,034 | 0,033 | 0,032
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Higher Frequencies : SOFAR 30000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
f [kHZz] | [%] | [%] | [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
2,1 0,025 | 0,059 | 0,032 | 0,030 | 0,023 | 0,033 | 0,039 | 0,043 | 0,051 | 0,054 | 0,056
2,3 0,037 | 0,043 | 0,026 | 0,027 | 0,021 | 0,030 | 0,039 | 0,041 | 0,046 | 0,048 | 0,049
2,5 0,035 | 0,042 | 0,018 | 0,022 | 0,017 | 0,023 | 0,027 | 0,029 | 0,035 | 0,036 | 0,037
2,7 0,027 | 0,039 | 0,021 | 0,033 | 0,023 | 0,030 | 0,034 | 0,039 | 0,044 | 0,045 | 0,048
2,9 0,033 | 0,058 | 0,027 | 0,034 | 0,019 | 0,022 | 0,033 | 0,037 | 0,041 | 0,042 | 0,043
3,1 0,027 | 0,034 | 0,024 | 0,026 | 0,044 | 0,043 | 0,035 | 0,026 | 0,029 | 0,028 | 0,029
3,3 0,014 | 0,026 | 0,017 | 0,017 | 0,024 | 0,038 | 0,053 | 0,053 | 0,048 | 0,043 | 0,046
3,5 0,017 | 0,017 | 0,017 | 0,016 | 0,016 | 0,023 | 0,055 | 0,058 | 0,054 | 0,047 | 0,045
3,7 0,015 | 0,012 | 0,011 | 0,013 | 0,012 | 0,016 | 0,035 | 0,046 | 0,045 | 0,030 | 0,029
3,9 0,013 | 0,014 | 0,009 | 0,012 | 0,009 | 0,012 | 0,024 | 0,031 | 0,059 | 0,089 | 0,075
41 0,017 | 0,014 | 0,011 | 0,010 | 0,009 | 0,011 | 0,014 | 0,017 | 0,049 | 0,091 | 0,082
43 0,015 | 0,014 | 0,012 | 0,010 | 0,008 | 0,009 | 0,011 | 0,012 | 0,022 | 0,038 | 0,049
45 0,013 | 0,015 | 0,011 | 0,010 | 0,009 | 0,010 | 0,010 | 0,011 | 0,014 | 0,024 | 0,033
47 0,012 | 0,011 | 0,013 | 0,010 | 0,009 | 0,009 | 0,009 | 0,010 | 0,012 | 0,018 | 0,023
49 0,009 | 0,010 | 0,010 | 0,010 | 0,009 | 0,008 | 0,008 | 0,010 | 0,011 | 0,011 | 0,012
5,1 0,011 | 0,012 | 0,014 | 0,011 | 0,011 | 0,010 | 0,009 | 0,010 | 0,010 | 0,011 | 0,012
5,3 0,009 | 0,012 | 0,014 | 0,011 | 0,009 | 0,009 | 0,008 | 0,009 | 0,009 | 0,010 | 0,012
5,5 0,010 | 0,011 | 0,013 | 0,011 | 0,010 | 0,008 | 0,008 | 0,008 | 0,009 | 0,010 | 0,011
5,7 0,012 | 0,014 | 0,013 | 0,010 | 0,011 | 0,010 | 0,008 | 0,009 | 0,009 | 0,010 | 0,011
5,9 0,009 | 0,014 | 0,011 | 0,009 | 0,010 | 0,009 | 0,008 | 0,009 | 0,009 | 0,010 | 0,011
6,1 0,011 | 0,014 | 0,011 | 0,010 | 0,010 | 0,009 | 0,008 | 0,008 | 0,009 | 0,010 | 0,011
6,3 0,014 | 0,019 | 0,014 | 0,011 | 0,010 | 0,010 | 0,009 | 0,009 | 0,009 | 0,011 | 0,012
6,5 0,011 | 0,014 | 0,013 | 0,012 | 0,013 | 0,011 | 0,009 | 0,008 | 0,009 | 0,010 | 0,011
6,7 0,013 | 0,015 | 0,013 | 0,010 | 0,010 | 0,017 | 0,017 | 0,009 | 0,009 | 0,010 | 0,011
6,9 0,015 | 0,019 | 0,014 | 0,011 | 0,011 | 0,011 | 0,019 | 0,020 | 0,020 | 0,019 | 0,019
7,1 0,017 | 0,021 | 0,015 | 0,014 | 0,012 | 0,012 | 0,011 | 0,014 | 0,017 | 0,020 | 0,021
7,3 0,020 | 0,022 | 0,016 | 0,013 | 0,012 | 0,011 | 0,010 | 0,009 | 0,010 | 0,012 | 0,014
7,5 0,020 | 0,027 | 0,020 | 0,018 | 0,017 | 0,016 | 0,014 | 0,013 | 0,012 | 0,013 | 0,012
7,7 0,047 | 0,045 | 0,034 | 0,028 | 0,021 | 0,021 | 0,017 | 0,013 | 0,012 | 0,013 | 0,012
7.9 0,075 | 0,075 | 0,045 | 0,035 | 0,027 | 0,024 | 0,020 | 0,014 | 0,013 | 0,013 | 0,013
8,1 0,064 | 0,072 | 0,064 | 0,053 | 0,046 | 0,040 | 0,031 | 0,021 | 0,020 | 0,019 | 0,016
8,3 0,095 | 0,094 | 0,063 | 0,056 | 0,051 | 0,050 | 0,039 | 0,025 | 0,024 | 0,021 | 0,019
8,5 0,068 | 0,080 | 0,061 | 0,051 | 0,055 | 0,058 | 0,051 | 0,032 | 0,030 | 0,025 | 0,022
8,7 0,041 | 0,057 | 0,058 | 0,050 | 0,042 | 0,049 | 0,047 | 0,044 | 0,043 | 0,035 | 0,029
8,9 0,029 | 0,034 | 0,036 | 0,040 | 0,036 | 0,027 | 0,033 | 0,039 | 0,038 | 0,037 | 0,033
Note:

The normalization current is 43,48A for SOFAR 30000TL-G2
The stated harmonics are maximum values of all 3 phases.
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Test: SOFAR 25000TL-G2

P/P [%] 0 10 20 30 40 50 60 70 80 90 100
Order 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | %]
1 2,906 | 9,588 | 19,213 | 28,625 | 38,287 | 47,927 | 57,540 | 69,516 | 76,733 | 86,283 | 95,840
2 0,097 | 0,105 | 0,121 | 0,127 | 0,133 | 0,138 | 0,144 | 0,152 | 0,154 | 0,159 | 0,165
3 0,227 | 0,159 | 0,138 | 0,143 | 0,160 | 0,192 | 0,223 | 0,248 | 0,262 | 0,279 | 0,289
4 0,060 | 0,100 | 0,111 | 0,120 | 0,129 | 0,131 | 0,135 | 0,142 | 0,143 | 0,145 | 0,148
5 0,276 | 0,176 | 0,118 | 0,120 | 0,168 | 0,208 | 0,227 | 0,239 | 0,253 | 0,269 | 0,293
6 0,068 | 0,077 | 0,096 | 0,115 | 0,124 | 0,126 | 0,124 | 0,121 | 0,118 | 0,120 | 0,118
7 0,222 | 0,154 | 0,103 | 0,106 | 0,137 | 0,154 | 0,177 | 0,206 | 0,240 | 0,251 | 0,288
8 0,048 | 0,050 | 0,063 | 0,076 | 0,081 | 0,086 | 0,085 | 0,087 | 0,090 | 0,094 | 0,098
9 0,089 | 0,092 | 0,083 | 0,071 | 0,073 | 0,073 | 0,093 | 0,117 | 0,131 | 0,147 | 0,164
10 0,045 | 0,044 | 0,046 | 0,048 | 0,048 | 0,048 | 0,049 | 0,051 | 0,051 | 0,053 | 0,058
11 0,129 | 0,204 | 0,099 | 0,069 | 0,108 | 0,127 | 0,140 | 0,183 | 0,208 | 0,244 | 0,267
12 0,051 | 0,039 | 0,036 | 0,035 | 0,036 | 0,038 | 0,040 | 0,041 | 0,042 | 0,044 | 0,046
13 0,143 | 0,162 | 0,080 | 0,053 | 0,085 | 0,102 | 0,121 | 0,140 | 0,155 | 0,165 | 0,176
14 0,041 | 0,038 | 0,037 | 0,036 | 0,037 | 0,038 | 0,038 | 0,036 | 0,035 | 0,034 | 0,034
15 0,072 | 0,044 | 0,042 | 0,052 | 0,068 | 0,069 | 0,078 | 0,089 | 0,096 | 0,109 | 0,111
16 0,037 | 0,038 | 0,035 | 0,035 | 0,036 | 0,037 | 0,036 | 0,035 | 0,036 | 0,036 | 0,037
17 0,116 | 0,140 | 0,081 | 0,052 | 0,048 | 0,070 | 0,091 | 0,114 | 0,124 | 0,135 | 0,141
18 0,041 | 0,041 | 0,039 | 0,039 | 0,038 | 0,037 | 0,036 | 0,036 | 0,035 | 0,031 | 0,030
19 0,089 | 0,109 | 0,065 | 0,046 | 0,040 | 0,060 | 0,081 | 0,097 | 0,106 | 0,119 | 0,135
20 0,042 | 0,043 | 0,041 | 0,041 | 0,041 | 0,040 | 0,039 | 0,038 | 0,035 | 0,034 | 0,032
21 0,056 | 0,044 | 0,039 | 0,039 | 0,052 | 0,062 | 0,065 | 0,072 | 0,074 | 0,074 | 0,076
22 0,035 | 0,034 | 0,034 | 0,033 | 0,032 | 0,032 | 0,033 | 0,032 | 0,032 | 0,031 | 0,031
23 0,087 | 0,080 | 0,057 | 0,050 | 0,040 | 0,050 | 0,067 | 0,078 | 0,081 | 0,093 | 0,099
24 0,036 | 0,036 | 0,036 | 0,034 | 0,033 | 0,033 | 0,030 | 0,030 | 0,029 | 0,028 | 0,027
25 0,055 | 0,083 | 0,050 | 0,046 | 0,039 | 0,043 | 0,059 | 0,069 | 0,072 | 0,077 | 0,085
26 0,030 | 0,031 | 0,031 | 0,031 | 0,032 | 0,031 | 0,031 | 0,030 | 0,029 | 0,029 | 0,029
27 0,040 | 0,037 | 0,037 | 0,035 | 0,038 | 0,040 | 0,046 | 0,052 | 0,055 | 0,058 | 0,058
28 0,033 | 0,034 | 0,033 | 0,034 | 0,033 | 0,032 | 0,031 | 0,032 | 0,032 | 0,031 | 0,029
29 0,075 | 0,095 | 0,056 | 0,047 | 0,041 | 0,038 | 0,052 | 0,059 | 0,061 | 0,064 | 0,066
30 0,032 | 0,032 | 0,032 | 0,030 | 0,030 | 0,030 | 0,030 | 0,030 | 0,028 | 0,027 | 0,025
31 0,079 | 0,099 | 0,053 | 0,043 | 0,034 | 0,035 | 0,048 | 0,056 | 0,060 | 0,068 | 0,071
32 0,032 | 0,031 | 0,031 | 0,030 | 0,031 | 0,031 | 0,032 | 0,032 | 0,030 | 0,031 | 0,029
33 0,034 | 0,035 | 0,034 | 0,035 | 0,034 | 0,038 | 0,041 | 0,044 | 0,044 | 0,044 | 0,044
34 0,033 | 0,032 | 0,031 | 0,031 | 0,031 | 0,030 | 0,030 | 0,031 | 0,030 | 0,030 | 0,028
35 0,043 | 0,088 | 0,054 | 0,045 | 0,040 | 0,036 | 0,044 | 0,050 | 0,055 | 0,067 | 0,074
36 0,036 | 0,035 | 0,032 | 0,030 | 0,029 | 0,029 | 0,028 | 0,027 | 0,026 | 0,025 | 0,027
37 0,040 | 0,073 | 0,043 | 0,037 | 0,039 | 0,034 | 0,040 | 0,043 | 0,044 | 0,048 | 0,051
38 0,032 | 0,033 | 0,033 | 0,034 | 0,034 | 0,033 | 0,034 | 0,033 | 0,033 | 0,032 | 0,031
39 0,035 | 0,033 | 0,031 | 0,031 | 0,032 | 0,032 | 0,032 | 0,034 | 0,033 | 0,034 | 0,035
40 0,034 | 0,035 | 0,035 | 0,035 | 0,034 | 0,034 | 0,033 | 0,032 | 0,032 | 0,031 | 0,029
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Interharmonics : SOFAR 20000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 | 100
f [Hz] 1[%] | 1[%] | 1[%] | 1[1%] | 1[1%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%]
75 0,214 | 0,280 | 0,324 | 0,356 | 0,382 | 0,393 | 0,415 | 0,440 | 0,453 | 0,473 | 0,496
125 0,152 | 0,270 | 0,336 | 0,361 | 0,373 | 0,377 | 0,378 | 0,380 | 0,382 | 0,385 | 0,390
175 0,113 | 0,219 | 0,307 | 0,348 | 0,358 | 0,362 | 0,374 | 0,379 | 0,379 | 0,382 | 0,387
225 0,089 | 0,185 | 0,244 | 0,292 | 0,311 | 0,315 | 0,330 | 0,348 | 0,354 | 0,359 | 0,363
275 0,082 | 0,127 | 0,182 | 0,202 | 0,210 | 0,227 | 0,236 | 0,232 | 0,233 | 0,242 | 0,254
325 0,081 | 0,090 | 0,137 | 0,151 | 0,150 | 0,154 | 0,159 | 0,168 | 0,180 | 0,191 | 0,205
375 0,062 | 0,065 | 0,117 | 0,112 | 0,105 | 0,103 | 0,102 | 0,100 | 0,094 | 0,099 | 0,108
425 0,060 | 0,066 | 0,092 | 0,086 | 0,077 | 0,076 | 0,078 | 0,080 | 0,085 | 0,093 | 0,104
475 0,052 | 0,061 | 0,069 | 0,064 | 0,058 | 0,060 | 0,063 | 0,066 | 0,066 | 0,067 | 0,069
525 0,051 | 0,059 | 0,058 | 0,054 | 0,054 | 0,056 | 0,060 | 0,066 | 0,070 | 0,074 | 0,079
575 0,055 | 0,052 | 0,050 | 0,052 | 0,055 | 0,057 | 0,058 | 0,057 | 0,055 | 0,056 | 0,054
625 0,055 | 0,053 | 0,046 | 0,046 | 0,047 | 0,048 | 0,047 | 0,048 | 0,048 | 0,049 | 0,049
675 0,052 | 0,049 | 0,044 | 0,049 | 0,048 | 0,047 | 0,046 | 0,046 | 0,045 | 0,045 | 0,045
725 0,047 | 0,047 | 0,045 | 0,050 | 0,048 | 0,046 | 0,045 | 0,044 | 0,044 | 0,044 | 0,044
775 0,047 | 0,049 | 0,048 | 0,048 | 0,046 | 0,043 | 0,043 | 0,043 | 0,042 | 0,042 | 0,042
825 0,046 | 0,046 | 0,045 | 0,046 | 0,041 | 0,041 | 0,040 | 0,040 | 0,039 | 0,040 | 0,040
875 0,049 | 0,047 | 0,047 | 0,045 | 0,044 | 0,044 | 0,044 | 0,042 | 0,042 | 0,041 | 0,040
925 0,047 | 0,044 | 0,044 | 0,043 | 0,041 | 0,042 | 0,042 | 0,041 | 0,041 | 0,041 | 0,040
975 0,048 | 0,046 | 0,043 | 0,042 | 0,043 | 0,042 | 0,043 | 0,041 | 0,040 | 0,040 | 0,039
1025 0,050 | 0,049 | 0,047 | 0,046 | 0,046 | 0,046 | 0,044 | 0,043 | 0,042 | 0,041 | 0,039
1075 0,047 | 0,048 | 0,047 | 0,048 | 0,047 | 0,046 | 0,044 | 0,043 | 0,042 | 0,041 | 0,038
1125 0,044 | 0,043 | 0,041 | 0,041 | 0,040 | 0,039 | 0,038 | 0,037 | 0,036 | 0,036 | 0,035
1175 0,045 | 0,045 | 0,043 | 0,044 | 0,042 | 0,042 | 0,041 | 0,040 | 0,039 | 0,039 | 0,038
1225 0,042 | 0,042 | 0,041 | 0,041 | 0,039 | 0,039 | 0,038 | 0,038 | 0,036 | 0,037 | 0,037
1275 0,044 | 0,042 | 0,040 | 0,039 | 0,039 | 0,040 | 0,042 | 0,049 | 0,048 | 0,046 | 0,044
1325 0,043 | 0,042 | 0,041 | 0,040 | 0,040 | 0,040 | 0,040 | 0,039 | 0,039 | 0,038 | 0,037
1375 0,047 | 0,046 | 0,045 | 0,043 | 0,044 | 0,042 | 0,042 | 0,041 | 0,040 | 0,040 | 0,038
1425 0,043 | 0,042 | 0,042 | 0,042 | 0,041 | 0,040 | 0,039 | 0,038 | 0,036 | 0,036 | 0,035
1475 0,042 | 0,043 | 0,041 | 0,040 | 0,039 | 0,039 | 0,037 | 0,037 | 0,036 | 0,036 | 0,036
1525 0,042 | 0,040 | 0,039 | 0,039 | 0,039 | 0,038 | 0,037 | 0,036 | 0,036 | 0,035 | 0,035
1575 0,041 | 0,041 | 0,040 | 0,039 | 0,040 | 0,039 | 0,038 | 0,039 | 0,038 | 0,038 | 0,037
1625 0,039 | 0,039 | 0,040 | 0,041 | 0,039 | 0,040 | 0,041 | 0,040 | 0,040 | 0,039 | 0,037
1675 0,042 | 0,045 | 0,044 | 0,043 | 0,043 | 0,042 | 0,041 | 0,041 | 0,040 | 0,038 | 0,035
1725 0,042 | 0,042 | 0,040 | 0,039 | 0,039 | 0,038 | 0,038 | 0,039 | 0,037 | 0,037 | 0,038
1775 0,043 | 0,042 | 0,042 | 0,041 | 0,041 | 0,040 | 0,039 | 0,039 | 0,039 | 0,037 | 0,036
1825 0,041 | 0,041 | 0,039 | 0,039 | 0,038 | 0,037 | 0,037 | 0,037 | 0,036 | 0,037 | 0,036
1875 0,043 | 0,043 | 0,043 | 0,042 | 0,041 | 0,040 | 0,040 | 0,040 | 0,040 | 0,039 | 0,038
1925 0,039 | 0,039 | 0,038 | 0,038 | 0,038 | 0,038 | 0,038 | 0,038 | 0,037 | 0,037 | 0,037
1975 0,042 | 0,043 | 0,043 | 0,042 | 0,041 | 0,041 | 0,041 | 0,041 | 0,041 | 0,041 | 0,040
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Higher Frequencies : SOFAR 20000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
f [kHZz] | [%] | [%] | [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
2,1 1,270 | 1,032 | 0,754 | 0,743 | 0,712 | 0,795 | 0,840 | 0,812 | 0,678 | 0,621 | 0,533
2,3 4,399 | 5,220 | 3,547 | 2,936 | 2,688 | 2,304 | 2,042 | 2,088 | 2,133 | 2,121 | 2,081
2,5 1,969 | 2,346 | 3,575 | 3,153 | 2,797 | 2,756 | 2,562 | 2,268 | 1,540 | 1,408 | 1,210
2,7 3,050 | 2,126 | 1,802 | 1,814 | 1,473 | 1,252 | 1,207 | 1,127 | 0,830 | 0,744 | 0,613
2,9 6,549 | 7,872 | 6,148 | 9,851 | 7,721 | 4,732 | 2,820 | 2,635 | 2,525 | 2,438 | 2,234
3,1 4,360 | 7,335 | 8,719 | 6,728 | 8,558 | 11,654 | 8,612 | 5,824 | 1,982 | 1,698 | 1,284
3,3 1,698 | 1,836 | 1,796 | 1,802 | 2,047 | 3,240 | 4,534 | 4,212 | 2,259 | 1,809 | 1,151
3,5 3,197 | 3,682 | 3,156 | 4,303 | 4,096 | 3,724 | 4,684 | 9,131 | 9,483 | 7,558 | 4,620
3,7 1,478 | 0,984 | 1,989 | 1,339 | 1,013 | 1,886 | 2,703 | 3,356 | 3,724 | 5,037 | 4,220
3,9 1,005 | 0,847 | 0,840 | 0,692 | 0,598 | 0,610 | 0,829 | 1,250 | 1,433 | 1,993 | 3,068
41 2,579 | 1,554 | 2,138 | 1,711 | 1,208 | 0,959 | 0,810 | 1,417 | 2,235 | 3,663 | 6,471
43 1,239 | 1,520 | 1,293 | 0,840 | 0,647 | 0,976 | 1,076 | 1,013 | 0,863 | 1,063 | 1,534
45 1,081 | 0,913 | 0,789 | 0,569 | 0,421 | 0,429 | 0,424 | 0,502 | 0,534 | 0,636 | 0,808
47 1,647 | 1,933 | 1,930 | 1,458 | 0,946 | 0,653 | 0,476 | 0,694 | 0,960 | 1,229 | 1,524
49 0,805 | 1,800 | 1,479 | 0,922 | 0,534 | 0,770 | 0,753 | 0,670 | 0,470 | 0,533 | 0,679
5,1 0,473 | 0,665 | 0,887 | 0,734 | 0,464 | 0,397 | 0,340 | 0,342 | 0,350 | 0,394 | 0,475
5,3 0,382 | 1,022 | 1,806 | 1,419 | 1,032 | 0,736 | 0,405 | 0,483 | 0,671 | 0,785 | 0,873
5,5 0,266 | 0,320 | 0,611 | 0,601 | 0,691 | 0,812 | 0,723 | 0,601 | 0,375 | 0,409 | 0,517
5,7 0,227 | 0,201 | 0,262 | 0,382 | 0,533 | 0,498 | 0,351 | 0,321 | 0,312 | 0,330 | 0,394
5,9 0,252 | 0,222 | 0,307 | 0,359 | 0,737 | 0,747 | 0,492 | 0,423 | 0,563 | 0,611 | 0,634
6,1 0,121 | 0,257 | 0,248 | 0,339 | 0,506 | 0,696 | 0,794 | 0,679 | 0,413 | 0,416 | 0,500
6,3 0,603 | 0,749 | 0,944 | 0,614 | 0,269 | 0,367 | 0,461 | 0,405 | 0,432 | 0,424 | 0,458
6,5 0,112 | 0,210 | 0,274 | 1,227 | 1,556 | 1,404 | 0,814 | 0,669 | 0,549 | 0,599 | 0,604
6,7 0,082 | 0,110 | 0,117 | 0,135 | 0,243 | 1,881 | 2,560 | 2,836 | 1,287 | 1,189 | 1,224
6,9 0,070 | 0,083 | 0,097 | 0,095 | 0,132 | 0,187 | 0,336 | 1,233 | 2,870 | 3,072 | 2,980
7,1 0,052 | 0,083 | 0,116 | 0,106 | 0,120 | 0,178 | 0,195 | 0,343 | 0,424 | 0,478 | 0,828
7,3 0,055 | 0,086 | 0,099 | 0,087 | 0,084 | 0,152 | 0,198 | 0,234 | 0,241 | 0,224 | 0,273
7,5 0,319 | 0,323 | 0,324 | 0,323 | 0,326 | 0,330 | 0,337 | 0,343 | 0,371 | 0,386 | 0,396
7,7 0,066 | 0,108 | 0,098 | 0,090 | 0,086 | 0,110 | 0,118 | 0,127 | 0,159 | 0,168 | 0,182
7,9 0,118 | 0,129 | 0,127 | 0,116 | 0,108 | 0,131 | 0,153 | 0,151 | 0,147 | 0,156 | 0,174
8,1 0,323 | 0,325 | 0,329 | 0,324 | 0,325 | 0,328 | 0,331 | 0,329 | 0,334 | 0,337 | 0,338
8,3 0,114 | 0,115 | 0,094 | 0,073 | 0,065 | 0,087 | 0,100 | 0,094 | 0,101 | 0,095 | 0,109
8,5 0,072 | 0,110 | 0,099 | 0,080 | 0,068 | 0,068 | 0,074 | 0,084 | 0,082 | 0,077 | 0,091
8,7 0,046 | 0,061 | 0,076 | 0,069 | 0,057 | 0,065 | 0,059 | 0,059 | 0,070 | 0,073 | 0,081
8,9 0,041 | 0,045 | 0,045 | 0,042 | 0,051 | 0,061 | 0,053 | 0,048 | 0,055 | 0,054 | 0,068
Note:

The normalization current is 36,23A for SOFAR 25000TL-G2
The stated harmonics are maximum values of all 3 phases.
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Test: SOFAR 20000TL-G2

P/P [%] 0 10 20 30 40 50 60 70 80 90 100
Order 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | %]
1 3,010 | 9,631 | 19,145 | 28,884 | 38,271 | 47,958 | 57,623 | 69,618 | 76,895 | 86,516 | 96,135
2 0,118 | 0,132 | 0,145 | 0,155 | 0,161 | 0,165 | 0,172 | 0,180 | 0,183 | 0,189 | 0,196
3 0,341 | 0,235 | 0,188 | 0,174 | 0,181 | 0,203 | 0,234 | 0,275 | 0,292 | 0,312 | 0,336
4 0,077 | 0,114 | 0,131 | 0,142 | 0,152 | 0,158 | 0,162 | 0,167 | 0,172 | 0,177 | 0,181
5 0,440 | 0,283 | 0,189 | 0,142 | 0,161 | 0,212 | 0,249 | 0,291 | 0,295 | 0,313 | 0,328
6 0,073 | 0,092 | 0,111 | 0,128 | 0,144 | 0,155 | 0,156 | 0,155 | 0,154 | 0,151 | 0,150
7 0,292 | 0,225 | 0,151 | 0,138 | 0,138 | 0,173 | 0,198 | 0,224 | 0,237 | 0,271 | 0,319
8 0,059 | 0,059 | 0,077 | 0,086 | 0,095 | 0,102 | 0,105 | 0,106 | 0,108 | 0,109 | 0,110
9 0,140 | 0,124 | 0,111 | 0,106 | 0,092 | 0,089 | 0,095 | 0,116 | 0,133 | 0,154 | 0,173
10 0,054 | 0,055 | 0,057 | 0,056 | 0,059 | 0,060 | 0,059 | 0,062 | 0,063 | 0,063 | 0,062
11 0,257 | 0,294 | 0,200 | 0,085 | 0,096 | 0,137 | 0,157 | 0,178 | 0,197 | 0,236 | 0,269
12 0,054 | 0,048 | 0,057 | 0,050 | 0,049 | 0,048 | 0,048 | 0,050 | 0,053 | 0,052 | 0,052
13 0,220 | 0,235 | 0,167 | 0,075 | 0,075 | 0,107 | 0,128 | 0,150 | 0,164 | 0,180 | 0,205
14 0,046 | 0,045 | 0,046 | 0,042 | 0,043 | 0,046 | 0,046 | 0,047 | 0,048 | 0,046 | 0,044
15 0,070 | 0,066 | 0,056 | 0,055 | 0,073 | 0,084 | 0,087 | 0,096 | 0,107 | 0,114 | 0,124
16 0,046 | 0,050 | 0,048 | 0,047 | 0,044 | 0,045 | 0,046 | 0,046 | 0,046 | 0,044 | 0,044
17 0,087 | 0,210 | 0,156 | 0,078 | 0,055 | 0,059 | 0,082 | 0,111 | 0,125 | 0,145 | 0,160
18 0,050 | 0,052 | 0,045 | 0,044 | 0,046 | 0,047 | 0,045 | 0,047 | 0,046 | 0,046 | 0,043
19 0,126 | 0,166 | 0,124 | 0,065 | 0,055 | 0,051 | 0,069 | 0,096 | 0,109 | 0,121 | 0,137
20 0,051 | 0,052 | 0,049 | 0,048 | 0,050 | 0,050 | 0,049 | 0,050 | 0,050 | 0,048 | 0,045
21 0,073 | 0,058 | 0,049 | 0,045 | 0,051 | 0,065 | 0,076 | 0,081 | 0,086 | 0,090 | 0,093
22 0,043 | 0,043 | 0,044 | 0,041 | 0,041 | 0,041 | 0,040 | 0,044 | 0,041 | 0,041 | 0,040
23 0,072 | 0,133 | 0,091 | 0,068 | 0,058 | 0,045 | 0,058 | 0,079 | 0,093 | 0,100 | 0,103
24 0,043 | 0,041 | 0,039 | 0,039 | 0,038 | 0,040 | 0,040 | 0,040 | 0,040 | 0,040 | 0,037
25 0,119 | 0,130 | 0,092 | 0,063 | 0,056 | 0,044 | 0,052 | 0,070 | 0,081 | 0,087 | 0,093
26 0,043 | 0,041 | 0,041 | 0,039 | 0,040 | 0,039 | 0,040 | 0,039 | 0,039 | 0,038 | 0,038
27 0,048 | 0,048 | 0,043 | 0,044 | 0,042 | 0,048 | 0,050 | 0,055 | 0,061 | 0,066 | 0,068
28 0,044 | 0,044 | 0,041 | 0,040 | 0,041 | 0,041 | 0,040 | 0,041 | 0,039 | 0,040 | 0,039
29 0,094 | 0,137 | 0,097 | 0,059 | 0,056 | 0,049 | 0,045 | 0,061 | 0,070 | 0,072 | 0,079
30 0,039 | 0,040 | 0,037 | 0,035 | 0,036 | 0,037 | 0,036 | 0,037 | 0,037 | 0,037 | 0,036
31 0,055 | 0,137 | 0,094 | 0,050 | 0,050 | 0,040 | 0,040 | 0,056 | 0,065 | 0,070 | 0,076
32 0,042 | 0,040 | 0,042 | 0,041 | 0,040 | 0,039 | 0,040 | 0,039 | 0,039 | 0,038 | 0,038
33 0,044 | 0,044 | 0,040 | 0,044 | 0,043 | 0,043 | 0,045 | 0,051 | 0,054 | 0,056 | 0,055
34 0,039 | 0,039 | 0,039 | 0,040 | 0,039 | 0,039 | 0,039 | 0,039 | 0,038 | 0,037 | 0,038
35 0,080 | 0,114 | 0,082 | 0,058 | 0,055 | 0,051 | 0,044 | 0,050 | 0,057 | 0,063 | 0,070
36 0,036 | 0,037 | 0,036 | 0,036 | 0,036 | 0,036 | 0,036 | 0,035 | 0,037 | 0,037 | 0,034
37 0,082 | 0,084 | 0,065 | 0,049 | 0,046 | 0,049 | 0,043 | 0,049 | 0,053 | 0,054 | 0,055
38 0,043 | 0,042 | 0,042 | 0,042 | 0,042 | 0,043 | 0,042 | 0,042 | 0,042 | 0,041 | 0,041
39 0,042 | 0,041 | 0,040 | 0,041 | 0,038 | 0,040 | 0,041 | 0,041 | 0,042 | 0,043 | 0,042
40 0,043 | 0,043 | 0,041 | 0,041 | 0,043 | 0,043 | 0,042 | 0,042 | 0,041 | 0,042 | 0,040
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Interharmonics : SOFAR 20000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 | 100
f [Hz] 1[%] | 1[%] | 1[%] | 11%] | 1[1%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%] | 1[%]
75 0,265 | 0,329 | 0,384 | 0,421 | 0,448 | 0,468 | 0,485 | 0,519 | 0,528 | 0,544 | 0,566
125 0,181 | 0,304 | 0,394 | 0,433 | 0,456 | 0,466 | 0,470 | 0,476 | 0,472 | 0,473 | 0,478
175 0,137 | 0,244 | 0,343 | 0,413 | 0,439 | 0,448 | 0,451 | 0,462 | 0,472 | 0,474 | 0,477
225 0,104 | 0,210 | 0,276 | 0,330 | 0,373 | 0,388 | 0,394 | 0,409 | 0,421 | 0,435 | 0,443
275 0,096 | 0,144 | 0,207 | 0,246 | 0,254 | 0,264 | 0,280 | 0,294 | 0,291 | 0,285 | 0,289
325 0,081 | 0,096 | 0,156 | 0,183 | 0,189 | 0,186 | 0,191 | 0,197 | 0,203 | 0,210 | 0,226
375 0,073 | 0,073 | 0,130 | 0,147 | 0,139 | 0,128 | 0,128 | 0,131 | 0,126 | 0,121 | 0,119
425 0,076 | 0,075 | 0,107 | 0,113 | 0,106 | 0,096 | 0,093 | 0,098 | 0,099 | 0,100 | 0,105
475 0,064 | 0,074 | 0,083 | 0,082 | 0,075 | 0,071 | 0,073 | 0,077 | 0,081 | 0,083 | 0,082
525 0,064 | 0,078 | 0,074 | 0,070 | 0,067 | 0,068 | 0,071 | 0,075 | 0,079 | 0,082 | 0,086
575 0,063 | 0,067 | 0,065 | 0,065 | 0,067 | 0,069 | 0,070 | 0,072 | 0,070 | 0,069 | 0,070
625 0,065 | 0,072 | 0,062 | 0,057 | 0,059 | 0,061 | 0,060 | 0,060 | 0,059 | 0,058 | 0,061
675 0,065 | 0,065 | 0,061 | 0,059 | 0,061 | 0,061 | 0,060 | 0,059 | 0,058 | 0,057 | 0,056
725 0,063 | 0,065 | 0,060 | 0,060 | 0,060 | 0,057 | 0,058 | 0,057 | 0,056 | 0,054 | 0,054
775 0,063 | 0,062 | 0,061 | 0,062 | 0,062 | 0,057 | 0,057 | 0,056 | 0,054 | 0,054 | 0,052
825 0,058 | 0,059 | 0,057 | 0,057 | 0,055 | 0,052 | 0,051 | 0,051 | 0,050 | 0,050 | 0,050
875 0,061 | 0,061 | 0,058 | 0,055 | 0,055 | 0,055 | 0,055 | 0,056 | 0,055 | 0,054 | 0,052
925 0,056 | 0,056 | 0,057 | 0,056 | 0,054 | 0,052 | 0,053 | 0,054 | 0,054 | 0,051 | 0,052
975 0,055 | 0,057 | 0,057 | 0,052 | 0,052 | 0,053 | 0,055 | 0,053 | 0,052 | 0,052 | 0,050
1025 0,058 | 0,061 | 0,056 | 0,054 | 0,055 | 0,056 | 0,057 | 0,055 | 0,054 | 0,053 | 0,053
1075 0,060 | 0,061 | 0,058 | 0,057 | 0,058 | 0,058 | 0,059 | 0,056 | 0,054 | 0,054 | 0,053
1125 0,052 | 0,053 | 0,053 | 0,050 | 0,050 | 0,049 | 0,049 | 0,048 | 0,048 | 0,049 | 0,046
1175 0,057 | 0,056 | 0,053 | 0,052 | 0,053 | 0,053 | 0,051 | 0,051 | 0,050 | 0,050 | 0,049
1225 0,053 | 0,052 | 0,051 | 0,052 | 0,051 | 0,049 | 0,049 | 0,048 | 0,048 | 0,048 | 0,047
1275 0,056 | 0,054 | 0,054 | 0,052 | 0,052 | 0,051 | 0,051 | 0,053 | 0,057 | 0,061 | 0,060
1325 0,054 | 0,053 | 0,051 | 0,051 | 0,051 | 0,050 | 0,051 | 0,050 | 0,050 | 0,049 | 0,049
1375 0,054 | 0,055 | 0,053 | 0,052 | 0,051 | 0,054 | 0,053 | 0,053 | 0,052 | 0,053 | 0,050
1425 0,054 | 0,055 | 0,051 | 0,051 | 0,050 | 0,051 | 0,050 | 0,050 | 0,048 | 0,047 | 0,046
1475 0,052 | 0,053 | 0,052 | 0,053 | 0,050 | 0,049 | 0,047 | 0,047 | 0,047 | 0,046 | 0,046
1525 0,051 | 0,051 | 0,048 | 0,049 | 0,050 | 0,048 | 0,047 | 0,047 | 0,046 | 0,045 | 0,044
1575 0,053 | 0,052 | 0,050 | 0,049 | 0,050 | 0,049 | 0,050 | 0,049 | 0,049 | 0,048 | 0,048
1625 0,050 | 0,051 | 0,051 | 0,050 | 0,050 | 0,049 | 0,051 | 0,051 | 0,050 | 0,050 | 0,050
1675 0,054 | 0,055 | 0,051 | 0,051 | 0,053 | 0,054 | 0,053 | 0,053 | 0,052 | 0,051 | 0,050
1725 0,052 | 0,052 | 0,053 | 0,052 | 0,050 | 0,050 | 0,049 | 0,049 | 0,049 | 0,047 | 0,046
1775 0,050 | 0,052 | 0,052 | 0,049 | 0,048 | 0,049 | 0,049 | 0,049 | 0,050 | 0,049 | 0,047
1825 0,050 | 0,050 | 0,051 | 0,050 | 0,049 | 0,048 | 0,048 | 0,047 | 0,047 | 0,046 | 0,046
1875 0,055 | 0,053 | 0,051 | 0,051 | 0,051 | 0,051 | 0,051 | 0,051 | 0,051 | 0,050 | 0,050
1925 0,051 | 0,051 | 0,052 | 0,051 | 0,051 | 0,049 | 0,048 | 0,048 | 0,048 | 0,046 | 0,046
1975 0,053 | 0,053 | 0,052 | 0,052 | 0,051 | 0,051 | 0,051 | 0,052 | 0,051 | 0,051 | 0,052
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Higher Frequencies : SOFAR 20000TL-G2

P/Pn [%] 0 10 20 30 40 50 60 70 80 90 100
f [kHZz] | [%] | [%] | [%] I [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
2,1 1,389 | 1,247 | 1,021 | 0,808 | 0,849 | 0,871 | 0,991 | 1,050 | 1,059 | 0,989 | 0,890
2,3 6,276 | 4,943 | 3,352 | 4,522 | 4,036 | 3,260 | 2,892 | 2,573 | 2,568 | 2,606 | 2,665
2,5 3,181 | 7,201 | 6,998 | 4,324 | 3,371 | 3,479 | 3,438 | 3,353 | 2,954 | 2,590 | 2,130
2,7 4119 | 3,395 | 2,963 | 2,553 | 2,285 | 1,633 | 1,530 | 1,540 | 1,456 | 1,324 | 1,134
29 6,339 [17,759 | 16,249 | 11,891 | 10,893 | 8,338 | 6,015 | 3,736 | 3,323 | 3,211 | 3,173
3,1 4813 | 5,049 (11,937 | 8,047 | 7,130 | 10,725| 14,325 |12,772| 7,759 | 5,386 | 3,213
3,3 1,783 | 2,326 | 2,566 | 2,301 | 2,410 | 2,541 | 3,605 | 5,352 | 5,620 | 4,871 | 3,542
3,5 3,896 | 3,163 | 6,856 | 4,937 | 5,634 | 5,067 | 4,657 | 5,435 | 7,615 | 12,526 | 12,103
3,7 1,707 | 3,022 | 2,587 | 2,079 | 1,355 | 1,249 | 2,103 | 3,165 | 3,659 | 4,146 | 4,629
3,9 1,133 | 1,190 | 1,148 | 0,872 | 0,713 | 0,724 | 0,754 | 0,954 | 1,218 | 1,587 | 1,789
4.1 2,168 | 3,661 | 3,614 | 2,103 | 1,611 | 1,470 | 1,206 | 0,986 | 1,148 | 1,711 | 2,821
43 1,649 | 1,578 | 1,661 | 1,290 | 0,843 | 0,786 | 1,140 | 1,314 | 1,300 | 1,182 | 1,097
45 1,203 | 1,182 | 0,987 | 0,746 | 0,593 | 0,506 | 0,555 | 0,529 | 0,574 | 0,630 | 0,658
47 2,501 | 2,222 | 1,870 | 1,496 | 1,298 | 1,087 | 0,800 | 0,574 | 0,639 | 0,857 | 1,209
49 0,863 | 2,210 | 2,198 | 1,489 | 0,827 | 0,648 | 0,920 | 0,964 | 0,868 | 0,744 | 0,628
5,1 0,572 | 0,786 | 0,917 | 0,913 | 0,726 | 0,481 | 0,507 | 0,433 | 0,425 | 0,429 | 0,422
5,3 0,557 | 1,087 | 1,277 | 2,282 | 1,805 | 1,238 | 0,887 | 0,550 | 0,484 | 0,590 | 0,852
5,5 0,348 | 0,620 | 0,965 | 1,186 | 0,975 | 0,823 | 0,969 | 0,966 | 0,787 | 0,635 | 0,523
5,7 0,251 | 0,343 | 0,349 | 0,496 | 0,600 | 0,667 | 0,622 | 0,479 | 0,421 | 0,386 | 0,369
5,9 0,233 | 0,413 | 0,453 | 0,568 | 0,564 | 1,007 | 0,985 | 0,745 | 0,498 | 0,504 | 0,720
6,1 0,154 | 0,310 | 0,339 | 0,383 | 0,466 | 0,690 | 0,890 | 0,957 | 0,896 | 0,745 | 0,629
6,3 0,791 | 0,902 | 1,084 | 1,362 | 0,426 | 0,390 | 0,489 | 0,578 | 0,655 | 0,558 | 0,472
6,5 0,145 | 0,229 | 0,275 | 1,133 | 1,800 | 2,237 | 2,582 | 1,494 | 1,361 | 1,180 | 0,986
6,7 0,104 | 0,166 | 0,172 | 0,163 | 0,188 | 0,343 | 0,607 | 3,241 | 3,785 | 3,869 | 3,939
6,9 0,076 | 0,111 | 0,117 | 0,106 | 0,128 | 0,167 | 0,215 | 0,352 | 0,459 | 0,513 | 1,098
7,1 0,074 | 0,173 | 0,154 | 0,123 | 0,117 | 0,153 | 0,228 | 0,251 | 0,265 | 0,446 | 0,441
7,3 0,070 | 0,108 | 0,133 | 0,109 | 0,102 | 0,111 | 0,158 | 0,256 | 0,282 | 0,322 | 0,343
7,5 0,410 | 0,412 | 0,418 | 0,417 | 0,416 | 0,417 | 0,418 | 0,422 | 0,424 | 0,424 | 0,431
7,7 0,074 | 0,124 | 0,134 | 0,115 | 0,108 | 0,104 | 0,140 | 0,157 | 0,154 | 0,167 | 0,203
7.9 0,160 | 0,161 | 0,169 | 0,158 | 0,149 | 0,145 | 0,163 | 0,190 | 0,197 | 0,196 | 0,203
8,1 0,417 | 0,417 | 0,423 | 0,426 | 0,417 | 0,414 | 0,414 | 0,421 | 0,415 | 0,414 | 0,411
8,3 0,142 | 0,142 | 0,131 | 0,104 | 0,083 | 0,079 | 0,104 | 0,127 | 0,124 | 0,122 | 0,122
8,5 0,082 | 0,116 | 0,114 | 0,097 | 0,083 | 0,085 | 0,084 | 0,095 | 0,101 | 0,111 | 0,102
8,7 0,060 | 0,074 | 0,077 | 0,087 | 0,082 | 0,067 | 0,081 | 0,079 | 0,071 | 0,077 | 0,077
8,9 0,049 | 0,078 | 0,080 | 0,059 | 0,054 | 0,063 | 0,078 | 0,074 | 0,061 | 0,063 | 0,063
Note:

The normalization current is 28,99A for SOFAR 20000TL-G2
The stated harmonics are maximum values of all 3 phases.
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5.2 Verification of the symmetry characteristics of three-phase inverter modules

DIN VDE V 0124-100:2012-07

Clause Test Result
5.2.1 General P
5.2.2 Test in the test laboratory: P
5.2.2.1 Calculation of asymmetry P
5.2.2 Additional tests for communicatively coupled inverter N/A
modules
5.2.2.1 Failure of individual inverter modules N/A
5222 Power drop of individual inverter modules N/A
523 Tests in the field N/A
Susn Vs Shoven o, s, | Mo S SIS o, | T o
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5.2.1 General
These tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 5.5 P
and 5.6 are met.

The phase angles are specified by the distribution network and so only the power symmetry is discussed.

Note:
5.2.2 Test in the test laboratory P
The measurements were performed in the testing laboratory.
. at the grid-simulator:
Test Condition: Un = between 86 % Un and 109% Un until the test
Frequency: 50 Hz +/- 0,5%
Note:

If an examination is required for any other requirements, these apply to this test.
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5.2.2.1 Calculation of asymmetry P
cos @ =1: 1,00
Setting values cos ¢ over-excited: 0,80
cos ¢ under-excited: 0,80

Test:

1-min mean value L1 L2 L3 L1-L2 L2-13 L3 — L1

a)cos @ =1 at 100 % Pn £ 5 % PEmax

Seeo [KVA]: 4,902 4,934 4,901 -0,032 0,033 0,000
4,900 4,933 4,900 -0,033 0,033 0,000
4,901 4,933 4,900 -0,032 0,033 -0,001
4,900 4,933 4,900 -0,033 0,033 0,000
4,900 4,932 4,900 -0,032 0,033 -0,001

COS (PE6o0: 0,995

max. asymmetry [KVA]: -0,033

b) maximum under-excited (i) at 100 % Pn £ 5 % PEemax

Seeo [KVA]: 5,391 5,361 5,337 0,030 0,025 -0,055
5,390 5,360 5,336 0,030 0,025 -0,054
5,390 5,360 5,335 0,030 0,024 -0,054
5,392 5,361 5,337 0,030 0,024 -0,054
5,390 5,360 5,335 0,030 0,024 -0,054

COS PE60: 0,794

max. asymmetry [KVA]: -0,055

¢) maximum over-excited (c) at 100 % Pn £ 5 % Pemax

Seso [KVA]: 5,452 5,484 5,485 -0,032 0,000 0,033
5,451 5,483 5,484 -0,033 -0,001 0,033
5,451 5,484 5,485 -0,033 -0,001 0,034
5,452 5,485 5,486 -0,033 -0,001 0,034
5,452 5,485 5,486 -0,033 -0,001 0,034

COS PE60: 0,796

max. asymmetry [kKVA]: 0,034

d)cos @ =1 at50 % Pn x5 % Pemax

Seeo [KVA]: 2,480 2,515 2,480 -0,035 0,035 0,000
2,480 2,515 2,480 -0,035 0,035 0,000
2,480 2,516 2,480 -0,036 0,036 0,000
2,480 2,516 2,480 -0,036 0,036 0,000
2,480 2,514 2,480 -0,034 0,034 0,000

COS (PE6o0: 0,999

max. asymmetry [KVA]: 0,036
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e) maximum under-excited (i) at 50 % Pn £ 5 % Pemax

Seeo [KVA]: 3,107 3,146 3,107 -0,039 0,039 0,000
3,105 3,144 3,105 -0,039 0,039 0,000
3,106 3,145 3,106 -0,039 0,039 0,000
3,106 3,144 3,106 -0,039 0,039 0,000
3,105 3,145 3,105 -0,040 0,040 0,000

COS (PE6o0: 0,791

max. asymmetry [KVA]: 0,040

f) maximum over-excited (c) at 50 % Pn £ 5 % Pemax

Seeo [KVA]: 3,050 3,092 3,050 -0,042 0,042 0,000
3,047 3,089 3,047 -0,042 0,042 0,000
3,047 3,089 3,047 -0,042 0,042 0,000
3,046 3,089 3,046 -0,042 0,042 0,000
3,046 3,088 3,046 -0,042 0,042 0,000

COS PE6o0: 0,808

max. asymmetry [kKVA]: 0,042

Limit [kVA]: < 5 % Semax and 4,6 kVA

Test:

The maximum absolute difference between the apparent powers of the three phases is determined for each of the
five measurements (1-min means) in the respective operating point. The maximum of these five values is again
determined.

Assessment criterion:
The test is passed if the maximum value from the above measurements does not exceed 5 % Semax and 4,6 kVA.

Note:
The maximum inductive and capacitive values are specified by the manufacturer.

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3 Verification of the characteristics of the power generation unit on the network

DIN VDE V 0124-100:2012-07

Clause Test Result
5.3.1 General P
5.3.2 Measurement of the active reactive power range P
5.3.3 Active power reduction by specifying setpoints P
5.3.3.1 Setpoint control P
5.3.8.2 Measurement of setting accuracy P
5.3.3.3 Measurement of setting time P
534 Active power feed-in for overfrequency P
5.3.4.1.1 Test cycle for adjustable/conditionally adjustable PGUs P
5.3.4.1.2 Test cycle for all PGUs (adjustable, conditionally adjustable p
and non-adjustable PGUSs)
5.3.5 Active power feed-in for underfrequency P
5.3.6 Reactive power output P
5.3.6.1 Tests of the cos ¢ setting accuracy P
5.3.6.4 Test for a displacement factor/ p
active power characteristic curve cos ¢ (P)
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5.3.1 General

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P

5.7 are met)

The measurements were performed in the testing laboratory.
— at the grid-simulator:
Test Condition: Un = between 86 % Un and 109% Un until the test
Frequency: 50 Hz +/- 0,5%

Note:

If an examination is required for any other requirements, these apply to this test.
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5.3.2 Measurement of the active power and reactive power range

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P

5.7.5 are met)

cos ¢ =1: 1,00
Setting values COs ¢ max. over-excited: 0,80

€os ¢ max. under-excited: 0,80
Test: SOFAR 33000TL-G2
600 s mean value Un 1,09 Un
a) cos @ 1 at 100% Pemax
U [V]: 230,14 250,82
Pemax600 a) [KW] 33,060 33,010
Semaxs00 a) [kVa] 33,066 33,016
COS (PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% PEgmax
U [V]: 229,95 250,78
Pemaxs00 b) [KW] 29,763 29,715
Semaxs00 b) [kVa] 36,933 36,863
COS (PEmax600-under-excited 0,806 0,806
¢) maximum over-excited (c) at 100% PEemax
U [V]: 229,95 250,71
Pemaxs00 c) [KW] 29,763 29,080
SEmaxs00 ¢) [kVa] 36,933 36,179
COS (PEmax600-over-excited 0,806 0,804
d) maximum under-excited (i) at 20-30% Pemax
U I[V]: 230,04 250,72
Pemaxeo d) [KW] 8,243 8,265
S Emaxe0 o) [kVa] 10,252 10,289
COS (PEmax60-over-excited 0,804 0,803
e) maximum over-excited (c) at 20-30% Pemax
U I[V]: 229,61 250,72
Pemaxeo e) [KW] 8,254 8,262
Semaxeo e) [kVa] 10,207 10,203
COS (PEmax60-over-excited 0,809 0,809
Semaxeoo and Pemax 600
SEmax600= Max(Semax600 a), SEmax600 b), SEmaxs00 ¢)) [kVa] 36,933
PEmax 600= Max(PEemaxs00 a), PEmax600 b), PEmaxe00 c)) [KW] 33,060
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Test: SOFAR 30000TL-G2

600 s mean value Un 1,09 Un
a) cos @ 1 at 100% Pemax

U [V]: 229,90 250,75
Pemax600 a) [KW] 33,029 30,076
Semax600 a) [KVa] 33,039 30,086
COS (PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pemax

U [V]: 230,27 250,72
Pemaxe00 b) [KW] 29,496 29,137
SEmaxs00 b) [kVa] 36,858 36,239
COS (PEmax600-under-excited 0,800 0,804
¢) maximum over-excited (c) at 100% Pemax

U [V]: 230,01 250,80
Pemaxs00 c) [KW] 29,253 29,406
Semaxeo0 o) [kVa] 36,393 36,735
COS (PEmax600-over-excited 0,804 0,801
d) maximum under-excited (i) at 20-30% Pemax

U [V]: 230,12 250,87
Pemaxs0 d) [kW] 7,476 7,490
S Emaxe0 d) [kVa] 9,375 9,403
COS (PEmax60-over-excited 0,797 0,797
€) maximum over-excited (c) at 20-30% Pemax

U [V]: 229,76 250,72
PEmaxs0 e) [kKW] 7,505 7,516
SEmaxe0 ¢) [kVa] 9,272 9,427
COS (PEmax60-over-excited 0,809 0,797
Semaxe00 @nd Pemax 600

SeEmaxs00= Max(Semax600 a), SEmax600 b), SEmaxs00 ¢)) [kVa] 36,858

Pemax 600= Max(PEemaxs00 a), PEmax600 b), PEmax600 c)) [KW] 30,076
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Test: SOFAR 25000TL-G2

600 s mean value Un 1,09 Un
a) cos @ 1 at 100% Pemax

U I[V]: 229,91 250,80
Pemax600 a) [kKW] 25,020 25,045
SEmaxe00 a) [kVa] 25,030 25,057
COS (PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pemax

U I[V]: 230,21 250,86
Pemaxe00 b) [KW] 25,022 24,977
SEmaxs00 b) [kVa] 31,256 31,204
COS (PEmax600-under-excited 0,801 0,800
¢) maximum over-excited (c) at 100% Pemax

U [V]: 229,66 250,74
Pemaxs00 c) [KW] 25,069 25,027
Semaxeo0 o) [kVa] 31,190 31,099
COS (PEmax600-over-excited 0,804 0,805
d) maximum under-excited (i) at 20-30% Pemax

U [V]: 230,11 250,77
Pemaxso d) [KW] 6,259 6,244
S Emaxe0 d) [kVa] 7,859 7,853
COS (PEmax60-over-excited 0,796 0,795
€) maximum over-excited (c) at 20-30% Pemax

U [V]: 230,00 250,72
Pemaxso ) [KW] 6,246 6,249
SEmaxe0 ¢) [kVa] 7,828 7,821
COS (PEmax60-over-excited 0,798 0,799

Semax600 and PEmax 600

SEmax600= MaX(SEmax600 a), SEmax600 b), SEmax600 ¢)) [kVa]

31,256

Pemax 600= Max(PEemaxs00 a), PEmax600 b), PEmax600 c)) [KW]

25,045
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Test: SOFAR 20000TL-G2

600 s mean value Un 1,09 Un
a) cos @ 1 at 100% Pemax

U I[V]: 230,09 250,78
Pemax600 a) [kKW] 20,020 20,045
SEmaxe00 a) [kVa] 20,025 20,050
COS (PEmax600 1,000 1,000

b) maximum under-excited (i) at 100% Pemax

U I[V]: 230,06 250,76
Pemaxe00 b) [KW] 17,864 17,831

SEmaxs00 b) [kVa] 22,345 22,305
COS (PEmax600-under-excited 0,799 0,799

¢) maximum over-excited (c) at 100% Pemax

U [V]: 230,08 250,79
PEmaxs00 ¢) [KW] 17,784 17,764
Semaxeo0 o) [kVa] 22,069 22,036
COS (PEmax600-over-excited 0,806 0,806

d) maximum under-excited (i) at 20-30% PEgmax

U [V]: 230,03 250,72
Pemaxso d) [KW] 4,987 4,999

S Emaxe0 d) [kVa] 6,270 6,296

COS (PEmax60-over-excited 0,795 0,794

€) maximum over-excited (c) at 20-30% Pemax

U [V]: 230,01 250,71
PEmaxs0 e) [kKW] 5,026 5,026

Semaxeo e) [kVa] 6,291 6,288

COS (PEmax60-over-excited 0,799 0,799

Semax600 and PEmax 600

SEmax600= MaX(SEmax600 a), SEmax600 b), SEmax600 ¢)) [kVa]

22,345

Pemax 600= Max(PEemaxs00 a), PEmax600 b), PEmax600 c)) [KW]

20,045
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Test:

The PGU is operated in all of the following, possible operating points. Every operating point must be retained for
at least 600s after the transient effect has faded. During the measurements, there may be no power limitation by
the primary energy source.

a) For cos ¢, the maximum active power possible in this range is set.

b) For maximum under-excited operation, the maximum active power possible in this operating point is set
C) For maximum over-excited operation, the maximum active power possible in this operating point is set.
d) For maximum under-excited operation, the power set to 20-30% PEemax.

e) For maximum over-excited operation, the power set to 20-30% Pemax.

The operating points d) and e) must be retained for at least 60 s.

Assessment criterion:

Semaxe00 and Pemax s00 are determined by the highest value measured.
SEmax600 = MaxX(SEmaxe00a), SEmax600b), SEmax600c))
Pemax600 = Mmax(Pemax600a), PEmaxs0ob), PEmaxsooc))

Note:
The maximum settable cos ¢ must be set.

No specification: PGU = 3,68 kVA not in PGS > 3,68 kVA

¢ 0,95 (i) and (c): PGU > 3,68 kVA and < 13,8 kVA not in PGS > 13,8 kVA and for
PGU = 3,68 kVA also in PGS < 13,8 kVA

¢ 0,90 (i) and (c): PGU > 13,8 kVA and for PGU = 13,8 kVA also in PGS > 13,8 kVA
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5.3.3 Active power reduction by specifying setpoints P

The following tests apply for PGUs >100 kW and PGSs that, according to the manufacturers, can participate in
feed-in management / network security management.

Note:

The EEC also stipulates this test for PGUs with lower power ratings.

5.3.3.1 Setpoint control

The following procedure must be used for the setpoint control test for the active power:

RIS NRC)

The test must be conducted with a chronologically coherent test procedure;

The available active power output must be at least 90% Pemax during the entire duration of the test
The active power must be measured at the three-phase/AC current connector of the PGU

If the PGU has several different interfaces for setpoint specification, the interface returning the most

unfavourable results must be tested.

Communications Port Description
This topic describes the functions of the R5485 and WIFI ports.

RS485

By RS485 interface, transfer the inverter power output information, alarm information,
operation state to the PC terminal or local data acquisition device , then uploaded to the

server (such as 5-WED15).

1. UsB-R5485

2. 5-WEOQ15

Set the match resistor by the SWT2, the corresponding list as follows (0 OFF, 1 ON).

SWT2_1 SWT2.2 State
i Beseve Mo connect
1 Beserye Connect
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
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1f only one Sofar 20~33KTL-G2? is used, use a communication cable with waterproof RI45
connectors, and choose either of the two R5485 ports.

Figure 4=16 A single Sofar 2-33KTL=02 connecting Communicatons

RELBEME IR

. \UEBMBS port

If multiple Sofar 20~33KTL-G2 are used, connect all Sofar 20~33KTL-G2 in daisy chain mode
over the RS485 communication cable. Set different Modbus address{1~31) for each inverter
in LCD display and set SWT2|match resistance) at the first and last inverter.

Figure 4=18 Multi Sofar 2-33KTL-G2 comnecting Commmumicatioms

.. USBMES port

Register remote monitoring of Sofar 20 33KTL-G2 at its relevant website or APP according to
monitoring device SN,

WIFI

By the WIFI interface, transfer the inverter power output information, alarm information,
operation state to the PC terminal or focal data acquisition device , then uploaded to the
server (such as S-WED15).

Register remote monitoring of Sofar 20~33KTL-G2 at its relevant website or APP according to

maonitoring device SM.
Figure =19 Connect mubtiple Wifi 1o wireless. router

Note:
See 5.3.3.2 for measurements.
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5.3.3.2 Measurement of setting accuracy P
Graph of the setting accuracy:
40000
35000
—
30000 L
|
25000 '
;
20000
15000 |
10000 !
5000 | —
0 T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600
= P-SigmaA-Total ==—=P setting[W] P_limit[W]
Test:
1-min mean value /
Pu/P [%] 100 90 80 70 60 50 40 30 20 10
Psetpoint[KW]: 33,000 | 29,700 | 26,400 | 23,100 | 19,800 | 16,500 | 13,200 | 9,900 | 6,600 | 3,300
P eso [KW]: 32,987 | 29,554 | 26,346 | 22,623 | 19,695 | 15,799 | 12,224 | 9,064 | 6,051 | 3,298
AP £60/Psetpoint [%6]: -0,040 | -0,442 | -0,164 | -1,446 | -0,318 | -2,123 | -2,957 | -2,534 | -1,665 | -0,006
Limit APEGO/PSetpoint: + 5 O/O Of PEmax

Test:

The setpoint signal must be reduced from 100% to 10% Pemax:

a)

measured as a 1-min mean value.

for adjustable PGUs in increments of 10% Pemax. 1 minute must elapse after every change to the setpoint
setting so that the PGU can settle at the new setpoint. Then the active power of the PGU must be

For all other PGUs, in line with their adjustable steps. 5 minutes must elapse after the setpoint setting is

changed so that the PGU can settle at the new setpoint. Then the active power of the PGU must be
measured as a 1-min mean value.
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Assessment criterion:
a) for adjustable PGUs:
- no network disconnection
- the active power value does not exceed the setpoint by more than 5% Pemax
- the setting time determined this way is < 1min
b) For all other PGUs:
- the active power value does not exceed the setpoint by more than 5% PEmax or
- the setpoint is fallen below within 5 minutes or the PGU has switched off

Note:
The setting time is < 1min. See below “Graph of the setting accuracy”.

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3.3.3 Measurement of setting time P

Graph of the adjustment time:

40000

35000

30000

25000

20000

15000

10000

5000

0

0 20 40 60 80 100 120

Time(s)

‘ ——P[W] ——P_limitW]
Test:
1-min mean value 100% of Pemax 30% of Pemax
Psetpoint[KW]: 33,000 9,900
P eso [KW]: 33,042 9,907
AP £80/Psetpoint [%6]: 0,127 0,021
Limit AP gso/Psetpoint: + 5 % of Pemax
To[s]: 2s
Limit To: <60s
Test:

The setting time is measured with a setpoint change from 100% to 30% of nominal active power Pemax at time to.
The setting time of the PGU must be determined in this test.

Assessment criterion:

a) for adjustable PGUs:
- no network disconnection
- the active power value does not exceed the setpoint by more than 5% Pemax
- the setting time determined this way is < 1min

b) For all other PGUs:
- the active power value does not exceed the setpoint by more than 5% Pemax or
- the setpoint is fallen below within 5 minutes or the PGU has switched off

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
g‘é;ea“ugsrgf:niﬂe“me“ Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 54 of 109 TEST REPORT DIN VDE V 0124-100 VER.O




Report No.: PVDE180712N013

5.3.4 Active power feed-in for overfrequency
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105,
5.7.3.3 are met)

5.3.4.1.1 Test cycle for adjustable/conditionally adjustable PGUs P
Test:
1-min mean value a) 50,00 Hz | b) 50,25 Hz | ¢) 50,70 Hz | d) 51,15 Hz | e) 50,70 Hz | f) 50,25 Hz | g) 50,00 Hz
1. Measurement a) to g): Active power output > 80% Pemax
Frequency [Hz]: 50,00 50,25 50,70 51,15 50,70 50,25 50,00
Psetpoint [KW]: N/A 32,355 26,412 20,502 26,407 32,355 N/A
Peso [KW]: 33,013 32,602 26,629 20,698 26,599 32,599 33,015
AP £60/Psetpoint [%6]: N/A 0,749 0,659 0,594 0,580 0,742 N/A
2. Measurement a) to g): Active power output 40% and 60% after freezing > 80% Pemax
Frequency [Hz]: 50,00 50,25 50,70 51,15 50,70 50,25 N/A
Psetpoint [KW]: N/A 16,216 13,235 10,258 13,234 16,215 N/A
Peso [KW]: 16,545 16,312 13,325 10,361 13,329 16,325 N/A
AP £60/Psetpoint [%6]: N/A 0,293 0,274 0,314 0,286 0,332 N/A
Limit APEGO/PSetpoint: + 10 O/O Of PEmax
Graph of Measurement 1.: Active power output > 80% Pemax

51.40 40000

51.20 35000

51.00 30000

| I

50.80 25000

50.60 = 20000

50.40 15000

50.20 10000

50.00 5000

19.80 ; : ; : 0

0 100 200 300 a00 500
Time(s)
‘ ——F[Hz] =——P[W] P setpoint|W| =P limit|W]
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Graph of Measurement 2.:Active power output 40% and 60% after freezing > 80% Pemax

51,40 40000
51,20 35000
51,00 30000
50,80 25000
50,60 — 20000
50,40 15000

!
50,20 A 10000
50,00 5000
49,80 ; ; ; ; ; ; ; ; — 0
0 50 100 150 200 250 300 350 400 450
Time(s)
==—=F[Hz] =——=P[W] =P setpoint[W] =P _l[imit[W]

Graph of power gradient:

51,40 40000
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51,00 /—— 30000
50,80 // 25000
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Time(s)
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Test:

The test is conducted for two powers. First, the test must start at a power > 80% Pemax ("Measurement 1"), and in
a second test, for a power between 40% to 60% Pemax ("Measurement 2"). In the second test, after freezing of the
PM, the available active power output must be increased to a value > 80% Pemax, and after the network frequency
of 50,2 Hz is fallen below, the rise of the active power gradient must be recorded.

Point g) must be held until the PGU is again feeding in with the active power output available.

Assessment criterion:
For f=50,2 Hz, the value of the PM active power currently being generated is "frozen".

a) For adjustable PGUs when:
1) the active power reduces between measuring points b) and f) given above with a gradient of 40% PM
per Hz for a decreasing frequency (or rises for a frequency decreasing again).
2) the maximum active power gradient occurring in point g) is lower than 10% of maximum active power
Pemax every minute, and
3) the reaction value of the setpoint determined by the gradient characteristic curve does not differ from
Pemax by more than + 10%.

b) For conditionally adjustable PGUs
1) when they behave as in a) within their adjustment range, and
2) when, outside the adjustable range, the power fed in on leaving the adjustment range remains constant
until shutdown. Shutdown must be no later than at 51,5 Hz.

The PGU must have disconnected from the network no later than 200ms after frequency h) is reached.

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3.4.1.2 Test cycle for all PGUs (adjustable, conditionally adjustable and non-adjustable) P

Graph of frequency g) to j):

52.00 40000
- 35000
-“ /v-
51.50 : 30000
- 25000
51.00
~ 20000
- 15000
50.50
- 10000
468
50.00 41% - 5000
678 0
49.50 T T T T T T -5000
0 200 400 600 800 1000 1200
Time(s)
=—F[Hz] =——P[W] P_limit[w]

Test:

1-min mean value g) 50,00 £ 0,01 Hz

h) 51,65 + 0,05 Hz

i) 50,06 Hz £ 0,01 Hz | j) 50,00 Hz + 0,01 Hz

1) g) 50,00 + 0,01 Hz to h) 51,65 + 0,05 Hz

Disconnection time [ms]:

156

Limit [ms]:

200

Test:

Following tests a) to g), frequency h) 51,65 Hz + 0,05 Hz must be set for at least 200ms. Afterwards, frequency i)
50,06 Hz £ 0,01 Hz is enabled and kept for at least 3 minutes.
Afterwards, frequency j) 50,00 Hz £ 0,01 Hz is enabled and kept until transient oscillation of the active power at

the earliest.
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Assessment criterion:

The PGU must have disconnected from the network no later than 200ms after frequency h) is reached.
Thereafter, also whilst frequency i) is being held, there may be no resynchronisation or active power feed-in, i.e.
not on the characteristic curve as tested before in a) to g).

a) For adjustable PGUs when:
ab) the maximum active power gradient occurring in point j) is lower than 10% of maximum active
power Pemax every minute, and
ac) the reaction value of the setpoint determined by the gradient characteristic curve does not differ from
Pemax by more than + 10%.

b) For conditionally adjustable PGUs
ba) when they behave as in a) within their adjustment range, and
bb) when, outside the adjustable range, the power fed in on leaving the adjustment range remains
constant until shutdown. Shutdown must be no later than at 51,5 Hz.

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3.5 Active power feed-in for underfrequency P

Graph of frequency a) to b):
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Test:
Switch to:

1-min mean value a) 50 £ 0,01 [HZ] b) - 2,4 to - 2,5 [HZ]
Frequency [Hz]: 50,00 47,60
P eso [KW]: 33,026 32,996
AP2)/Py) [%]: -0,089
Test:

Operating point b) must be kept for at least 1 minute.
The test must be carried out at 100% Pemax-

With a programmable AC source, the PGU is operated at 100% Pemax and 50 + 0,01 Hz, thereafter the frequency
is reduced by 1 Hz/min. to - 2,4 to - 2,5 Hz. A 1-min mean value is recorded both before and after the frequency
change.

Assessment criterion:
The test is passed when the PGU does not disconnect from the network on a network frequency change and
continues to feed in 100% Pemax .

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3.6 Reactive power output
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105,

5.7.5 are met

)

The PGU has:

- passed for use for the adjustable cos ¢ range
- not passed for use for the adjustable cos ¢ range
- limitations for use in PGSs > 3,68 kVA or £ 13,8 kVA

5.3.6.1 Tests of the cos ¢ setting accuracy P
) cos ¢ over-excited: 0,80
Setting values -
Cos ¢ under-excited: 0,80
d) and e) PGUs used in PGSs > 13,8 kVA
Test: SOFAR 33000TL-G2
30 s mean value Un 1,09 Un

Active power Semax 40 — 60 %PEemax Semax 40 — 60 %Pemax

d) cos ¢ 0,8 over-excited

U [VI: 230,08 229,93 250,71 250,73

Peso [kW]: 29,331 16,583 29,361 16,556

Qeso [KVAr]: 21,967 12,400 21,963 12,409

COS (PE30-over-excited: 0,801 0,801 0,801 0,800

e) cos ¢ 0,8 under-excited

U [V]: 230,12 230,05 250,82 250,77

Prso [kWT]: 29,240 16,495 29,123 16,517

Qeso [KVAr]. -21,891 -12,314 -21,824 -12,326

COS (PE30-under-excited: 0,800 0,801 0,800 0,801

Limit cos @Ee3o: cos ¢= 0,79 t0 0,81 (¢) and cos ¢= 0,79 to 0,81 (i)

Pn/P [%] 10 20 30 40 50 60 70 80 80 80

30 s mean value cos @ over-excited (¢) @ Un

U [V]: N/A | 230,04 | 230,03 | 229,98 | 229,93 | 229,91 | 229,94 | 230,00 | 230,08 | 230,08

Peso [KW]: N/A 6,605 | 9,940 | 13,268 | 16,583 | 20,002 | 23,096 | 26,434 | 29,377 | 29,331

Qeso [KVAr]: N/A 4,996 | 7,474 | 9,948 | 12,400 | 14,991 | 17,300 | 19,799 | 21,999 | 21,967

COS (PE30-over-excited: N/A 0,798 | 0,799 | 0,800 | 0,801 | 0,801 | 0,801 | 0,801 | 0,801 | 0,801

cos @ over-excited (c) @ U1,09

U [V]: N/A | 250,71 | 250,72 | 250,72 | 250,73 | 250,70 | 250,70 | 250,71 | 250,72 | 250,71

Prso [kWI: N/A 6,605 | 10,019 | 13,242 | 16,556 | 19,856 | 23,141 | 26,413 | 29,460 | 29,361

Qeso [KVAr]: N/A 5,013 | 7,547 | 9,943 | 12,409 | 14,866 | 17,322 | 19,758 | 22,035 | 21,963

COS (PE30-over-excited: N/A 0,797 | 0,799 | 0,800 | 0,800 | 0,800 | 0,801 | 0,801 | 0,801 | 0,801
To o rea e 20
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30 s mean value

cos ¢ under-excited (i) @ Un

U [VI: N/A | 230,03 | 230,06 | 230,08 | 230,05 | 230,09 | 230,12 | 230,11 | 230,11 | 230,12
Peso [KW]: N/A 6,592 | 9,039 | 13,208 | 16,495 | 18,485 | 23,034 | 27,297 | 29,444 | 29,240
Qeso [KVAr]: N/A | -4993 | -6,819 | -9,822 |-12,314|-13,790 |-17,268 | -20,440 | -21,851 | -21,891
COS (PE30-under-excited: N/A 0,797 | 0,798 | 0,802 | 0,801 | 0,801 | 0,800 | 0,800 | 0,803 | 0,800
cos ¢ under-excited (i) @ U109
U [V]: N/A | 250,70 | 250,86 | 250,73 | 250,77 | 250,80 | 250,80 | 250,80 | 250,81 | 250,82
Peso [kW]: N/A 6,590 | 9,910 | 13,219 | 16,517 | 19,515 | 23,073 | 26,331 | 29,124 | 29,123
Qeso [KVAr]: N/A | -4,962 | -7,442 | -9,809 |-12,326 |-14,557 |-17,289 | -19,780 | -22,082 | -21,824
COS (PE30-under-excited: N/A 0,799 | 0,800 | 0,803 | 0,801 | 0,802 | 0,800 | 0,800 | 0,797 | 0,800

Limit cos @eso:

cos ¢= 0,79 t0 0,81 (¢) and cos ¢= 0,79 to 0,81 (i)
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Graph of cos ¢ over-excited (c) and under-excited (i) @ U,: SOFAR 33000TL-G2
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Graph of cos ¢ over-excited (c) and under-excited (i) @ U1,09: SOFAR 33000TL-G2
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Test: SOFAR 20000TL-G2

30 s mean value Un 1,09 Un

Active power Semax 40 — 60 %PEemax Semax 40 — 60 %Pemax

d) cos ¢ 0,8 over-excited

U [VI: 230,06 230,04 251,15 250,71

Peso [KW]: 17,851 10,021 17,856 10,058

Qeso [KVAr]: 13,384 7,541 13,311 7,417

COS (PE30-over-excited: 0,800 0,799 0,802 0,805

e) cos ¢ 0,8 under-excited

U [V]: 230,32 230,08 250,76 250,73

Prso [kW]: 17,884 10,049 17,667 10,024

Qeso [KVAr]. -13,300 -7,432 -13,259 -7,559

COS (PE30-under-excited: 0,802 0,804 0,800 0,798

Limit cos @ezo: cos ¢= 0,79 t0 0,81 (c) and cos ¢= 0,79 to 0,81 (i)

Pn/P [%] 10 20 30 40 50 60 70 80 90 100

30 s mean value cos ¢ over-excited (¢) @ Un

U [V]: N/A | 230,01 | 230,02 | 230,02 | 230,04 | 230,02 | 230,05 | 230,05 | 230,06 | 230,06

Peso [kW]: N/A 4,037 | 6,045 | 8,036 | 10,021 | 12,027 | 14,032 | 16,032 | 17,851 | 17,851

Qeso [KVAr]: N/A 3,083 | 4,578 | 6,061 | 7,541 | 9,042 | 10,539 | 12,025 | 13,385 | 13,384

COS (PE30-over-excited: N/A 0,795 | 0,797 | 0,798 | 0,799 | 0,799 | 0,800 | 0,800 | 0,800 | 0,800
cos @ over-excited (c) @ U1,09

U [V]: N/A | 250,71 | 250,74 | 250,76 | 250,71 | 250,74 | 250,77 | 251,11 | 251,15 | 251,15

Prso [kWI: N/A 3,987 | 6,015 | 8,036 | 10,058 | 12,071 | 14,081 | 16,436 | 17,849 | 17,856

Qeso [kVAr]: N/A 2,997 | 4,520 | 6,097 | 7,417 | 8,940 | 10,464 | 12,254 | 13,326 | 13,311

COS (PE30-over-excited: N/A 0,799 | 0,799 | 0,797 | 0,805 | 0,804 | 0,803 | 0,802 | 0,801 | 0,802

30 s mean value cos ¢ under-excited (i) @ Un

U [V]: N/A | 230,00 | 230,05 | 230,04 | 230,08 | 230,10 | 230,05 | 230,11 | 230,32 | 230,32

Peso [kW]: N/A 3,999 | 6,043 | 8,069 | 10,049 | 12,060 | 14,065 | 16,064 | 17,884 | 17,884

Qeso [kVAr]: N/A | -3,008 | -4,557 | -6,149 | -7,432 | -8,950 |-10,464 |-11,976|-13,301 | -13,300

COS (PE30-under-excited: N/A 0,799 | 0,798 | 0,795 | 0,804 | 0,803 | 0,802 | 0,802 | 0,802 | 0,802
cos @ under-excited (i) @ U1,09

U [V]: N/A | 250,72 | 250,72 | 250,72 | 250,73 | 250,74 | 250,75 | 250,74 | 250,74 | 250,76

Peso [KW]: N/A 3,954 | 5,982 | 8,004 | 10,024 | 12,035 | 14,047 | 16,048 | 17,880 | 17,667

Qeso [KVAr]: N/A | -3,039 | -4,549 | -6,055 | -7,559 | -9,061 |-10,564 |-12,052|-13,414 |-13,259

COS (PE30-under-excited: N/A 0,793 | 0,796 | 0,798 | 0,798 | 0,799 | 0,799 | 0,800 | 0,800 | 0,800

Limit cos @Eezo:

cos ¢= 0,79 t0 0,81 (c) and cos ¢= 0,79 to 0,81 (i)
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Graph of cos ¢ over-excited (c) and under-excited (i) @ U,: SOFAR 20000TL-G2
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Test:

a) With no specification of cos @, the active power must be adjust between 40 % Pemax and 60 % Pemaxand
to SEmax

b) & c) For cos ¢ 0,95 over-excited and ¢ 0,95 under-excited, the active power must be adjust between 40 %
Pemax and 60 % Pemax and to Semax

d) & e) For cos ¢ 0,90 over-excited and ¢ 0,90 under-excited, the active power must be adjust between 40 %
Pemax and 60 % Pemax and to Semax

For measurements a) to c), there may be no power limitation by the primary energy source.

Assessment criterion:

a) Applicable for PGUs < 3,68 kVA that cannot be used in PGSs > 3,68 kVA:
The test is passed when all operating points of a) of the PGU lie in range cos ¢= 0,95 over-excited to
cos ¢= 0,95 under-excited.

b) and c¢) For PSUs > 3,68 kVA and < 13,8 kVA that cannot be used in PGSs > 13,8 kVA, and for PGUs < 3,68
kVA that can be used in PGSs < 13,8 kVA, the following applies:
The test is passed when all measurement points of b) lie within range cos ¢= 0,94 to 0,96 over-excited
and of c) in range cos ¢= 0,94 to 0,96.

d) and e) For PGUs > 13,8 kVA and for PGUs < 13,8kVA also in PGSs > 13,8 kVA
The test is passed when all measurement points of d) lie within range cos ¢= 0,89 to 0,91 over-excited
and of e) in range cos ¢= 0,89 to 0,91.

Note:
The tests had been performed on the SOFAR 33000TL-G2 and SOFAR 20000TL-G2 are valid for the SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.3.6.4 Test for a displacement factor/active power characteristic curve cos ¢ (P) P
Test a):

Pemax/P [%] 10 20 30 40 50 60 70 80 90 100
30 s mean value 20% to 100% Pemax

U [VI: N/A | 230,03 | 230,09 | 230,14 | 230,19 | 230,24 | 230,27 | 230,33 | 230,39 | 230,43
Peso [kW]: N/A 6,573 | 9,914 | 13,227 | 16,529 | 19,776 | 23,003 | 26,212 | 29,403 | 32,576
Peso of Pemax [%]: N/A 19,92 | 30,04 | 40,08 | 50,09 | 59,93 | 69,71 | 79,43 | 89,10 | 98,71
Qe3o [kVAr]: N/A 0,317 | 0,368 | 0,439 | 0,535 | -3,228 | -6,277 | -9,264 |-12,378 |-15,620
COS @Es0: N/A 0,999 | 0,999 | 0,999 | 0,999 | 0,987 | 0,965 | 0,943 | 0,922 | 0,902
COS Psetpoint Of Peso: N/A 1,0 1,0 1,0 1,0 0,98 0,96 0,94 0,92 0,92
Limit cos @ eso: COS Psetpoint £ 0,01

Test b):

Pemax/Pn [%] 20 50 90

30 s mean value 20% to 50% to 100% Pemax

U [VI: 230,00 230,05 230,10

Peso [kW]: 6,616 16,575 32,868

Peso of Pemax [%]: 20,05 50,23 99,60

Qezo [KVAr]: 0,868 0,897 -15,556

COS @ E30: 0,991 0,998 0,904

COS Psetpoint Of Pe3o: 1,0 1,0 0,90

To[s]: <1s 2s

30 s mean value 100% to 50% to 20% Pemax

U [VI: 230,00 230,09 230,11

Peso [KW]: 6,615 16,557 32,841

Peso [%]: 20,05 50,17 99,52

Qe3o [KVAr]: 0,866 0,894 -15,531

COS @ E30: 0,991 0,998 0,904

COS Psetpoint Of PE3o: 1,0 1,0 0,90

To[s]: <1s 2s

Limit Ty [s]: 10s

Limit cos @ eso:

COS Psetpoint £ 0,01
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Graph of cos @(P): Test a)
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Test:

Test 1: Using the standard characteristic curve increases the active power from 20% Pemax in increments of 10%
Pemax 10 Pemax. The test is carried out in reverse.

Test 2: Using the standard characteristic curve increases the active power from 20% Pemax to 50% Pemax and to
Pemax. The test is carried out in reverse. After the PGU has settled, the end value reached is determined
as a 30 s mean value.

Characteristic curve cos @ (P’
cos ¢ A

0,900,095 ) - .,

over-excited

P’"PEmax

under-excited

0,9/0,95*) -

*) Depending on Samay

Assessment criterion:
Test 1: cos ¢ accuracy cos ¢ (£0,01)
Test 2: cos ¢ accuracy cos ¢ (£0,01)

For the test to be passed, the cos ¢ setpoint from the active power must be measured at the terminals of the PGU
within a settling time of 10 s.

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.4 Testing of NS protection
5.5 Testing of connecting conditions and synchronisation

DIN VDE V 0124-100:2012-07

Clause Test Result
General
5.4.1 These tests are designed to provide evidence that the requirements of VDE- P
AR-N 4105 are met
5.4.2 Central NS protection N/A
5.4.3 Integrated NS protection P
5.4.4 Interface switch
5.4.4.1 General P
5.4.4.2 Integrated interface switch P
545 Protection devices for the interface switch
5.4.5.1 General P
5452 Functional safety P
5.45.3 Voltage control P
5.45.3.3 Measurement of the rise-in voltage protection as a running p
10-min mean value
5.45.4 Frequency measurement P
5.4.55 Reporting NS protection P
5.4.6 Islanding detection P
5.5 Connecting conditions and synchronisation P
5.5.2 Short interruption P
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Bureau Verlias Shenzhen Go., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
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5.4.2 Central NS protection
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 6.2 N/A
are met)

NS protection provides the possibility for sealing
or
Password protection is given for protection functions.

The interface switch is triggered when the switch in the "NS protection interface switch” circuit is actuated (only
relevant for external NS protection).

Actuation of the interface switch is displayed on the power generation unit. Display is provided by warning light or
display text .

5.4.3 Integrated NS protection
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 6.3 P
are met)

Password protection is given for protection function U >.

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
g‘;}ea“u;/ﬁrgf‘:niﬂe”Zhe” Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 71 of 109 TEST REPORT DIN VDE V 0124-100 VER.O




Report No.: PVDE180712N013

5.4.4 Interface switch

5.4.4.1 General
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P
6.4.1 are met)

The interface switch consists of two electrical break devices connected in series and is therefore designed with
redundancy.

See 5.4.5.2 Functional safety for the test for single-fault tolerance and fault finding with subsequent disconnection
for the entire functional chain.

An all-pole galvanic break device is provided.

Note:
For synchronous machines, the break device for synchronisation is designed three pole instead of four pole.

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
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5.4.4.2 Integrated interface switch

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105,

6.4.3 are met)

The inverter that is not galvanically separated has two independent galvanically separating breaking devices

See 5.4.5.2 Functional safety for the test for single-fault tolerance of the interface switch
The interface switch is short-circuit proof for the maximum short-circuit current of the power generation unit.
max. short-circuit current of the power generation unit= 50A, 250 Vac

max. switching current relay=

50 A, 440Vac

Datasheet of the relay:

AZSR235/250

50 A (35A) RoHS compliant !

MINIATURE POWER RELAY

FEATURES ZETTLER
] ﬂgazsoani—i’m

= 50 Amp switching (AZSR250)

= 35 Amp switching (AZSR235)

= Wide contact gap > 1.85mm (AZSR250)
= Wide contact gap > 2.05mm (AZSR235)
= Holding power <100 mW

= Dielectric strength 5000 Vrms

* Isolation spacing greater than 10 mm

* Reinforced insulation, EN 60730-1 (VDE 0631, part 1),

EN 60335-1 (VDE 0700, part 1)
* UL, CUR file E44211

LTI L
9 04 250VAC
e
I*, 24 VOO
cmlﬁ

"

B

+ VDE certificate 40033251 L]
CONTACTS GENERAL DATA
Arrangement | SPST (1 Form A) Life Expectancy Minimum operations
DPST (2 Form A) Mechanical 1x 108
5 x 104 at 35 A 250 VAC Res. (AZSR235)
Ratings Resistive load: 5x 104 at 50 A 250 VAC Res. (AZSR250)
AZSR235 Operate Time (typical) | 40 ms at nominal eol voltage
Max. switched er: 1050 W or 9695 VA F
Mase switchad an B A Release Time (typical) | 5 ms at nominal eoll voltage
Max. switched voltage: 150 VDC* or 440 VAC fot 50 col suppragsion)
Dislectric Strength 5000 Vrms coil to contact
AZSRZS_G {at sea level for 1 min.)| 2500 Vrms between contact sels
Max._ switched power: 1500 W or 13850 VA 2500 Vrms between open contacts
Max. switched current: 50 A
Max. switched valtage: 150 VDC* or 440 VAC Insulation 1000 megehms min. at 20°C
Resistance 500 VDC 50% RH
* Note: If switching voitage is greater than 30VDC,
spedial precautions must be taken. Insulation c250
Please contact the faciory. 0 Ovarvoliage category: |il
Rated Load DIN VDE 0110, Pollution degrae: 3
uL AZSR235 IEC 60664-1) Nominal voltage: 250 VAC
35 Aat 277 VAC, resistive Dropout Greater than 5% of nominal coil voltage
AZSR250 Ambient Temperature | At nominal coil voltage
50 A at 277 VAC, resistive Operating -40°C («40°F) 1o 85°C (185°F)
Vibration 0.062% (1.5 mm) DA at 10-55 Hz
VDE AZSR235
35 Aal 263 VAC, test referring to AC-7a, 85°C Shock 10g
AZSR250 Enclosure PB.T. polyester
50 A at 263 VAC, tes! referring o AC-Ta, 85°C Tinned copper alloy, P.C.
Material Silver tin oxide
Max. Solder Temp. 270°C (518°F)
Resistance < 50 millishms [nitially
Max. Solder Time 5 seconds
COoIL Waeight 105 grams
Power Packing unit in pcs 10 per inner carton / 100 par carton box
At Pickup Voltage 270 mW (AZSR250)
(typical)
Max. Continuous 2.0 W al 20°C (88°F) ambient MNOTES
Dissipation
1. All values at 20°C (68°F).
Temperature Rise 15°C (27°F) at nominal cail voltage 2. Relay may pull in with less than *Must Operate” value
Temperature Max_ 155°C (311°F) Class F 3. Specifications subject o change withoul notice.

ZETTLER electronics

GmbH

Junkersstr. 3, D-82178 Puchheim, Germany

This product specification o be used only togather with tha spplication notes
which can be downioaded from hitp:/Awww ZETTL

phone: +49 B9 800 97-0
+49 89 800 97-200  www.ZETTLERelectronics.com

fax:

pdt

office@ZETTLERelectronics.com

2013-06-27
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[ ’ E RELAY General Purpose Relays
R PRODUCTS =
connectivity Power Relays Potter & Brumfield
Power PGB Relay T9V Solar
u 1 pole 404, 1 form A (NO) contact f
| | Contact gap >1.8mm (suffix 5) I
| ] 350mW hold power L
| | Ambient temperature up to 85°C at 35A P
u The appliance is able to meet VDE V 0126-1-1 @ ¢ ,% »
i v &
| Praduct in accordance to IEC 60335-1 %
| | ENG61095: AG7a at 85°C l
|
Typical applications
Electrical vehicle loading stations ) s
Electrical vehicle @ s 5
Photovaltaic inverter
Approvals Insulation Data
VDE 40030974, UL E58304, CQC16002145203, TUV R50369970 Initial dielectric strength
Tachnical data of approved types on request between open contacts 2500V;ms
between contact and coil 4000V,
Contact Data Clearance/creepage
Contact arrangement 1 form A (NO) between contact and coil 3/4mm
Contact gap >1.8mm Material group of insulation parts 1]
Rated voltage 277VAC (1.8mm gap) Tracking index of relay base PT1 325
Rated current 40A7)
Breaking capacity max. 10 000 VA
Contact material i Other Data
Initial contact resistance 75mQ max. at 1A BVDC Material compliance: EU RoHS/ELV, China RoHS, REACH, Halogen content
Frequency of aperation, with/without load 6/300min”" refer to the Product Compliance Support Center at
Operate/release time max., incl bounce time 18/15ms www.te.com/customersupport/rohssupportcenter
Ambient temperature -40 to +85°C"
Contact rzltings“J Category of environmental protection
Type Contact Load Cycles IEC 61810 RTI - flux proof
IEC 61810 Vibration resistance (functional) 10g
TIWIK15-128 A (NO) 35A, 250VAC, cosp=1, 85°C 20x10° Shock resistance (functional) 10g
UL 508 Shock resistance (destructive) 100g
TAVV1IK15-12S A (NO) 35A, 250VAC, resistive, 85°C 20x10° Terminal type PCB-THT
TIWIKI5-125 A (NO) 40A, 30VDC, resistive, 70°C 60x10° Mounting see note’
cac Mounting distance =10mm
TOVV1K15-128 A (NO) 40A, 250VAC, resistive, 60°C 20x10° Weight appr. 30g
TUV Resistance to soldering heat TH
TOWI1K15-128 A (NO) 40A, 30VDC, resistive, 70°C 60x10° IEC 60068-2-20 260°C/5s
Packaging unit box/500 pcs.
Mechanical endurance, DC coil 1x106 operations 1) Tha relay connections and wiring have to be designed with an adequate cross sections
1) The relay connections and wiring have 1o be designed with an adequate cross sections to ensure the current flow and heat dissipation.
to ensure the current flow and heat dissipation.
2) Contact ratings with relay properly verted.
Coil Data
Rated coil voltage 12vDC
Coil insulation system according UL class F
Coil versions, DC coil
Cail Rated Operate Release Caoil Rated coil
code voltage voltage voltage resistance power
VvDC VDC VDC Q+10% W
12 122 9.6 0.8 64+10% 225/
min. 0.35
hold
2) After the energization time of 100 ms with 12 VDC the coil requires a reduction of the coil
voltage t0 4.7...6.0 VDC.
Al figures are given for coil without pre-energization, at ambient temperature +23°C.
Other coil voltages on request.
1
12-2016, Rev. 1216 Datasheets and product specification Datasheets and product data is subject to the ~ Datasheets, product data, ‘Definitions’ sec-
www.te.com according to IEC 61810-1 and to be used terms of the disclaimer and all chapters of tion, application notes and all specifications
© 2015 Tyco Electronics Corporation, only together with the ‘Definitions’ section the ‘Definitions’ section, available at are subject to change.
aTE Connectivity Ltd. company hiip://relays.te.com/definifions
Note:

AZSR250-2AE-12D for SOFAR 30000TL-G2, SOFAR 33000TL-G2

T9VV1K15-12S for SOFAR 20000TL-G2, SOFAR 25000TL-G2-G2
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5.4.5 Protection devices for the interface switch

5.4.5.1 General

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P
6.5.1 are met)

Test condition:

The measurements were performed in the testing laboratory.
at the grid-simulator:
Un = between 86 % Un and 109% Un until the test
Frequency: 50 Hz +/- 0,5%

Note:

If an examination is required for any other requirements, these apply to this test.

5.4.5.2 Functional safety P
Test Fault
(NDEmponent Fault condition: ;Ii—r?lset rljgse condition Result
' AC DC ' AC DC
Relay defect Short 230V [ 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB1 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Relay defect Short 230V [ 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB2 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Relay defect Short 230V 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB3 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Relay defect Short 230V [ 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB4 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Relay defect Short 230V [ 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB5 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Relay defect Short 230V [ 850V | 10min. |-- 230V | 850V [Error message"Relay test fail",
RYB6 pin4-pin5 before |<1A [<1A <1A |<1A |PVinverter do not connect to the
start up grid.
Grid voltage Open 230V | 850V | 10min. |-- 230V | 850V |Inverter disconnected from grid
monitoring 47.7 |40A <1A [<1A immediately. Error message:"The
RB137 A grid voltage error”.
Grid voltage Short 230V 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The
RB 139 A grid voltage error”.
Grid voltage Open 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |40A <1A [<1A immediately. Error message:"The
RB 131 A grid voltage error”.
suoasVorts Srampenco, Lo, | oSS st o, | T e
523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 75 of 109 TEST REPORT DIN VDE V 0124-100 VER.O




[BUREAU |
VERITAS

Report No.: PVDE180712N013

Grid voltage Short 230V 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The
RB 128 A grid voltage error”.
Grid voltage Open 230V (850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The
RB 122 A grid voltage error”.
Grid voltage Short 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |40A <1A [<1A immediately. Error message:"The
RB 120 A grid voltage error”.
Grid voltage Open 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The
RB 112 A grid voltage error”.
Grid voltage Short 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
monitoring 47.7 |40A <1A [<1A immediately. Error message:"The
RB 110 A grid voltage error”.
RCMU detect Short 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect 47.7 |[40A <1A |<1A |immediately. Error
RB 96 A message:"GFCI error”.
RCMU detect Open 230V | 850V |10min. |-- 230V [ 850V |Inverter disconnected from grid
defect 47.7 |[40A <1A |<1A |immediately. Error
RB 11 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
RB 8 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
UB1 PIN5 to 6 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
QB1 PIN21to 3 A message:"GFCI error”.
RCMU detect 230V (850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
QB3 PIN21to 3 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
UB2 PIN5to 7 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
RB23 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
CB17 A message:"GFCI error”.
RCMU detect 230V 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Short 47.7 |[40A <1A |<1A |immediately. Error
UB2 PIN12 to 14 A message:"GFCI error”.
RCMU detect 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid
defect Open 47.7 |[40A <1A |<1A |immediately. Error
RB25 A message:"GFCI error”.

o 12070 s 00
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RCMU detect 230V 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

defect Short 47.7 |[40A <1A |<1A |immediately. Error

UB2 PIN10 to 8 A message:"GFCI error”.

Grid voltage Short 230V (850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The

RC6 A gird voltage error”. No
damaged.No hazard.

Grid voltage Open 230V | 850V | 10min. |-- 230V | 850V |Inverter disconnected from grid

monitoring 47.7 |[40A <1A |<1A |immediately. Error message:"The

RC19 A gird voltage error”. No
damaged.No hazard.

Grid voltage Short 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring 47.7 |40A <1A [<1A immediately. Error message:"The

UC627 PIN2to 3 A gird voltage error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

UC627 PIN5 to 7 A gird voltage sample error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

UC627 PIN8 to 10 A gird voltage sample error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

RC73 A gird voltage error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

UC629 PIN2to 3 A gird voltage error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

RC70 A gird voltage error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

UC629 PIN8 to 10 A gird voltage sample error”. No
damaged.No hazard.

Grid voltage 230V [ 850V | 10min. |-- 230V | 850V [Inverter disconnected from grid

monitoring Short 47.7 |[40A <1A |<1A |immediately. Error message:"The

UC629 PIN5 to 7 A gird voltage sample error”. No
damaged.No hazard.

ISO detect defect | Short 230V | 850V |10min. |-- 230V [850V |Inverter did not start-up.

RC167 before |<1A [<1A <1A |<1A | Error message:"The ISO error”.

start-up
ISO detect defect | Short 230V [ 850V | 10min. |-- 230V |850V |[Inverter did not start-up.
RC98 before |<1A [<1A <1A |<1A | Error message:"The ISO error”.
start-up
o 12070 s 00
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ISO detect defect | Short 230V | 850V |10min. |-- 230V [850V |Inverter did not start-up.
RC113 before |<1A |<1A <1A |<1A | Error message:"The ISO error”.

start-up

ISO detect defect | Short 230V [ 850V | 10min. |-- 230V |[850V |[Inverter did not start-up.
RC116 before |<1A |<1A <1A |<1A | Error message:"The ISO error”.

start-up

ISO detect defect | Short 230V | 850V |10min. |-- 230V [850V |Inverter did not start-up.
UC634 PIN6to7 |before |<1A |<1A <1A |<1A | Error message:"The ISO error”.

start-up

DSP Short 230V | 850V |10min. |-- 230V |[850V |[Inverter did not start-up.
communication 47.7 |40A <1A |<1A | Error message:"The SPI error”
defect A
XLC1 PIN1to2

Note:

The errors in the control circuit simulate that the safety is even ensured during a single fault.

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.4.5.3 Voltage control P

Integrated NS protection three phase < 30kVA (phase to neutral)

Setting U< [V]: 184,0
Setting_ va!ues of the NS Setting Us> [V]: 264.5
protection:

Setting Tdisconnection [MS] 150
Operating time of the monitoring device:

Under voltage: Over voltage:

L1 to N:
Step [V to V] 230,0Vto177,1V 230,0 Vto 271,4V
Limit [V]: 184,0V 264,5V
Measurement [V:] 183,7 183,7 183,7 264,9 264,9 264,9
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 160,5 161,5 174,7 196,1 198,1 197,7
L2 to N:
Step [V to VI 230,0Vto177,1V 230,0 Vto 2714V
Limit [V]: 184,0V 2645V
Measurement [V] 183,6 183,6 183,6 263,9 263,9 263,9
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 184,7 160,7 162,7 193,7 197,7 199,7
L3 to N:
Step [V to V]: 230,0Vto177,1V 230,0Vto 271,4V
Limit [V]: 184,0V 2645V
Measurement [V:] 183,1 183,1 183,1 264,6 264,6 264,6
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 182,7 172,7 168,7 193,7 199,7 198,5

Test:

The voltages per phase conductor are measured, into which current is fed between the line conductor and the

neutral conductor.

To measure the disconnection time a surge of 77%n is taken from the nominal voltage and of 118%n from the
nominal voltage for undervoltage and undervoltage.

Assessment criterion:

The permitted tolerance between setting value and trip value of the voltage may not exceed + 1% of Un.

Limit values:
Voltage drop protection

Rise-in voltage protection

U<

U>>

0,8 Un
1,15 Un

200 ms
200 ms

Note:

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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5.4.5.3.3 Measuring the rise-in voltage protection as a running 10-minute mean value P

Test:

Disconnection time: Limit:

The voltage is set to 100% Un and held for 600 s. Thereafter the voltage is set to 112% Un. Disconnection
must take place within 600 s.

a) |Phase1: 484 s
Phase 2: 530 s 600 s
Phase 3: 482 s
The voltage is set to Un for 600 s and then to 108% Un for 600 s. No disconnection should take place.
Phase 1: No disconnected
b) Phase 2: No disconnected Disconnection should not take place.
Phase 3: No disconnected
The voltage is set to 106 % Un and held for 600 s. Thereafter the voltage is set to
114 % Un. *The disconnection should last for half the period as in Point a)
c) Phase 1: 302 s
Phase 2: 245s *
Phase 3: 271s
Test:

a) This test serves as proof of the measurement accuracy and the maximum set time.
b) This test serves as proof of the measurement accuracy.
¢) This test serves as proof of the correct formation of the 10 minute running mean value.

Assessment criterion:
The permitted tolerance between setting value and trip value of the voltage may not exceed + 1 % of Un.

Limit values:
Rise-in voltage protection U> 1,1 Un after a max. 600 s, the switch off after 200 ms.

Note:
If only one integrated NS protection is used for the power generation systems <30kVA, the value of the rise-in
voltage protection U> of 1,1 Un may not be changed.

* The disconnection time for test ¢) may vary due to tolerances of the measurement accuracy of the voltage of the
NS protection. For a setting value 600 s a range from 225 s to 375 s is within the permissable tolerance.

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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Graph of test a) Voltage set to 112 % Un:
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Graph of test c) Voltage set to 106 % U,, thereafter 114% U,:
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5.4.5.4 Frequency measurement P

Setting f< [Hz]: 47,50
Setting_va!ues of the NS Setting f>[Hz]: 5150
protection:

Setting Tdisconnection [MS] 150
Operating time of the monitoring device

Under frequency Over frequency

Ramp [Hz to Hz]: 48,00 Hz -> 47,00 Hz 51,00 Hz -> 52,00 Hz
Limit [Hz]: 47,50 Hz 51,50 Hz
Measurement [Hz]: 47,50 47,50 47,50 51,50 51,50 51,50
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 181 199 198 156 152 156

Test:

The measuring is performed at a continuous change of frequency of 1 Hz/s. The trip value was determined
manually by reducing the frequency in 10 mHz steps. When the trip value is known (e.g. 47,50 Hz), the grid
simulator is programmed to run from e.g. 48,00 Hz to 47,00 Hz with 1 Hz/s. The disconnection time is calculated
by the measured time minus the 500 ms from 48,00 Hz to 47,50 Hz.

Assessment criterion:
The setting value and the trip value of the frequency may not vary by more than 0.1 % fn.

For frequencies of between 47,5 Hz and 51,5 Hz (£0,1% fn) automatic disconnection from the network as a result
of a deviation in frequency is not permitted.

Limit values:

Frequency decrease protection f< 47,5 Hz 200 ms
Frequency increase protection f< 51,5Hz 200 ms
Note:

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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Graph of under frequency:
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5.4.5.5 Reporting NS protection P

The last 5 dated failure reports on the NS protection can be read. An interruption in the supply voltage of < 3s
does not result in any loss of failure reports.

Central NS protection:
It is possible to read the setting values and the failure reports of the NS protection independently of the
operational state and without any additional aids.

Integrated NS protection:
It is possible to read out the values of the NS protection via the data interface, if the values are not directly
readable.

Note:
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5.4.6 Islanding detection
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, 6.5.3 are met)

For power generation systems, islanding detection must be carried out using one of the following processes:
a) active method, e.g. by means of frequency — shift process (oscillating circuit)
b) passive method with the help of the three-phase voltage control (only possible for power generation
systems without converters or for single-phase generation units with converters).
(see 5.4.5.3 3-phase voltage control)
With the passive process, it is important to provide evidence that the power generation unit can be set
not equal to 120°.
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5.4.6.1 Active method

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P

D.1 are met)

Test condition:

Frequency: 50+/-0,01 Hz

Un=230+/-1% Vac

RLC consumes inverter real power within +/-3%
Distortion factor of chokes <3%

Bureau Veritas Shenzhen Co., Ltd.

Dongguan Branch

Houjie Town, Dongguan City, Guangdong

523942, China
Page 90 of 1

Quality Q>2
Disconnection limit: 5s
L1 phase
o :;g?r‘:"j“ 25% 50% 100%
- 5% 77,4 194,2 120,2
-4% 92,4 190,2 229,2
- 3% 98,4 151,2 219,2
-2% 87,4 180,2 230,2
-1% 89,4 196,2 220,2
0% 98,8 197,2 2342
+1% 89,4 147,2 216,2
+2% 87,8 168,2 136,2
+3% 88,8 181,2 201,2
+4% 76,8 149,2 210,2
+5% 85,8 151,6 135,2
L=32,26 mH L= 14,93 mH L= 7,34 mH
Parameter at 0% R= 20,27 Q R=9,38 Q R=4,61Q
C=314,10uF C= 678,74 uF C=1380,35 uF
L2 phase
o ;’;&?T‘:"j“ 25% 50% 100%
- 5% 90,2 1492 1452
- 4% 84,2 134,2 138,2
- 3% 79,2 106,2 143,2
-2% 85,2 108,2 119,2
-1% 88,2 133,2 470,2
0% 92,2 153,2 652,2
+1% 82,2 120,2 138,2
+2% 92,2 120,2 155,2
+3% 83,2 146,2 147,2
+4% 91,2 136,2 137,2
+5% 88,2 137,2 121,2
L=32,38 mH L= 16,64 mH L= 8,34 mH
Parameter at 0% R=20,35Q R=10,45Q R=5,24Q
C=312,89uF C= 608,94 uF C=1215,47 uF
No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
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L3 phase
S ut power: 25% 50% 100%
SC. parame
-5% 97,4 128,6 94,6
- 4% 77,4 128,4 216,0
-3% 87,2 139,4 2240
-2% 72,6 129,4 218,0
-1% 79,4 131,6 210,0
0% 88,4 143,4 268,6
+1% 80,4 123,6 210,6
+2% 87,4 123,6 217,6
+3% 86,4 110,6 194,6
+4% 82,4 95,4 226,6
+5% 88,4 137,6 202,6
L=32,13 mH L= 16,64 mH L= 8,44 mH
Parameter at 0% R=20,19Q R=10,45Q R=5,31Q
C= 315,30uF C= 608,94uF C=1199,83 uF
Test:

The capacitors and the chokes of the resonant circuit were adjusted in order to reach a quality of >2. Pac+PaL=-
Pawr. The resistors of the resonant circuit consumed the real power of the inverter (Pwr) within +/-3%.

L= U* C= P [Q
2Lr50Hz [P [ 2r(30Hz 2
Assessment criterion:
Limit values:
Quality factor Q >2
Disconnection t <5s
Note:

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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Oscillating circuit test: 100% output power
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5.4.6.1 Passive method N/A

Three-phase voltage control is permitted for islanding detection, as the currents of the power generation unit are
controlled independently, so that arbitrary phase relationships can develop.

Test:
The test is performed according to the voltage disconnection testing clause 5.4.5.3.1 a). The test is passed, if the
current follows without phase displacement of the voltage on the displaced phase.

For test results, see clause 5.4.5.3.1 a) above.

Note:
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5.5 Testing of connecting conditions and synchronisation

DIN VDE V 0124-100:2012-07
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Clause Test Result
5.5 Connecting conditions and synchronisation P
55.2 Short interruption P
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5.5 Connecting conditions and synchronisation
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105, P
8.3.1 are met)
Setting T reconnection 60s [S]Z 70
' Setting f< [Hz]: 47,5
Settlng_va!ues of the NS Setting f> [Hz]: 51,5
protection:
Setting V< [V]: 184,0
Setting V>> [V]: 264.,5
Test:
‘ fist ‘ Reset time: ‘ Limit:

Connecting conditions for frequencies:

a) 47,45 Hz | No reconnected. | No resetting allowed
Switch to:

b) > 47,55 Hz 65s 260s

c) 50,06 Hz No reconnected. No resetting allowed
Switch to:

d) >50,0Hz | 75s | >60s

Connecting conditions for voltages: L1 phase

e) 84% | No reconnected. | No resetting allowed
Switch to:

f) > 86% 67 s >260s

g) 111 % No reconnected. No resetting allowed
Switch to:

h) <109% | 71s | 260 s

Connecting conditions for voltages: L2 phase

e) 84% | No reconnected. | No resetting allowed
Switch to:

f) 2 86% 66 s 260s

g) 111 % No reconnected. No resetting allowed
Switch to:

h) <109% | 66 s | 260s

Connecting conditions for voltages: L3 phase

e) 84% | No reconnected. | No resetting allowed
Switch to:

f) > 86% 66 s 260s

g) 111 % No reconnected. No resetting allowed
Switch to:

h) <109% | 67's | 260 s

Bureau Veritas Shenzhen Co., Ltd.
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Test:

see points a) to h) for the test process.

The measurement was carried out with a programmable AC source.

e.g. connecting conditions for frequencies: Point a) and b). The AC source was programmed in such a way that
the first step of 230 V /50 Hz to 200 V / 47,0 Hz resulted in a faulty disconnection. Thereafter the voltage and
frequency for 100 s is set to 215 V / 47,45 Hz. Switching on again is not permitted. After a lapse of 100 s the
voltage is set to 230 V / 47,55 Hz. Setting again after 60 s is permitted.

Assessment criterion:

After actuating the NS protection it should be checked that the system can only be switched within the tolerance
ranges ((85% Un< U <110% Un) and (47,5 Hz < f < 50,05Hz)) at the earliest after 60 s after voltage and
frequency has remained within the tolerance ranges.

Note:
The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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e) 84 % U, to f) 2 86 % Un: L1 phase
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e) 84 % U, to f) 2 86 % Un: L2 phase
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e) 84 % U, to f) 2 86 % Un: L3 phase
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5.5.2 Short interruption P

Setting T disconnection 5s [S]Z 30
sreotrencgti(\')/r?!ues of the NS Setting T reconnection 60s [S]: 70

Setting V< [V]: 184,0

Step 1: Step 2:

Step [V to V] 230Vto 1771V 230 Vto 177,11V
Jump Duration [s]: 2s 4s
Limit [s]: 25s 260s
Reconnection Time [s]: 36 67

Test:

After providing evidence of a short interruption the network voltage is reduced from the nominal voltage with a
surge of 77% Un. A surge to the nominal voltage takes place after 2 s.

After providing evidence of a short interruption the network voltage is reduced from the nominal voltage with a
surge of 77% Un. A surge to the nominal voltage takes place after 4 s.

Assessment criterion:

Limit values:

Short interruption < 2 s Reset time 25s
Short interruption = 3 s Reset time 260s
Note:

A short interruption is characterised by exceeding or not reaching the NS protection settings for the network
frequency and/or network voltage for a maximum period of 3 seconds.

A ramp of 10% Pn is not necessary after short interruptions.

The tests had been performed on the SOFAR 33000TL-G2 is valid for the and SOFAR 20000TL-G2, SOFAR
25000TL-G2 and SOFAR 30000TL-G2, since it is similar in hardware and just power derated by software.
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Step 1: 230 Vto 177,1 Vin 2 s:

250.00 40000
/_
200.00 30000
- 25000
150.00
- 20000
- 15000
100.00
~ 10000
50.00 - 5000
I 0
0.[:[] T T T T T T T T T —5000
0 10 20 30 40 50 60 70 80 90 100
Time(s)
——U[V] =——P[W]

Step 2: 230 Vto 177,1 Vin 4 s:

250.00 40000
/ - 35000
i ~
200.00 L 30000
- 25000
150.00
- 20000
- 15000
100.00
- 10000
50.00 - 5000
-0
39 106
0.00 . ; ; ; ; ; ; . -5000
0 100 200 300 400 500 600 700 800
Time(s)

m——[V] =——=P[W] =—=P_limit[W]
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Annex No. 1

Pictures of the unit

The full pictures refer to PHOTO DOCUMENT
Project No.: 180712N013
Date: 20190424
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Enclosure front view: SOFAR 20000TL-G2
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Enclosure front view: SOFAR 25000TL-G2
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Enclosure front view: SOFAR 30000TL-G2, SOFAR 33000TL-G2
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Annex No. 2

Test Equipment list
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Test location: Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch

Dates of performance test: 2018-07-12 to 2019-04-20

.. PVDE180712N013

Equipment Internal No. | Manufacturer | Type Serial No. Last Calibration

Power Analyzer A4080002DG | YOKOGAWA | WT3000 91M210852 Dec. 13, 2018

AC Source A7040019DG | Chroma 61512 61512000439
A7040020DG | Chroma 61512 61512000438

DC Simulation A7040015DG | Chroma 62150H-1000S | 62150EF00488 Monitored by

Power Supply A7040016DG | Chroma 62150H-1000S 62150EF00490 Power Analyzer
A7040017DG | Chroma 620028 620028EF00120

RLC Load A7150027DG | Qunling ACLT-3803H 93v002869

Eight Channel A4089017DG | YOKOGAWA | DL850 91N726247 Sep. 14,2018

Digital Phosphor

Oscilloscope

Four Channel A4089003DG | Tektronix DP0O4104B C010624 Oct. 25, 2018

Digital Phosphor

Oscilloscope

Oscilloscope A1490009DG | YOKOGAWA | 701901 / Nov. 01, 2018

probel A1490010DG | YOKOGAWA | 701901 / Nov. 01, 2018
A1490011DG | YOKOGAWA |701901 / Nov. 01, 2018

Current transducer | A1060008DG | YOKOGAWA | CT200 1130700017 Nov. 17, 2018
A1060009DG | YOKOGAWA | CT200 1130700019 Nov. 17, 2018
A1060009DG | YOKOGAWA | CT200 1130700019 Nov. 17, 2018
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