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TEST REPORT 

EN 50438 
Requirements for the connection of micro-generators  

in parallel with public low-voltage distribution ne tworks  
  

  

Report reference number .............. : PV140609N0 58-2 

Date of issue .......................... ……...: 2014-09-24 

Total number of pages ........... ……...: 127 
  

  

Testing laboratory name ............... : Bureau Ve ritas Shenzhen 
Co., Ltd. Dongguan Branch 

 

Address ............................................ : No. 34, Chenwulu Section, 
Guantai Rd., Houjie Town, 
Dongguan City, Guangdong 
523942, China 

  

  

Applicant's name ........................... :  Shenzhen SOFARSOLAR Co., Ltd. 

Address ............................................ : 3A-1, Huake Building, East Technology Park, Qiaoxiang Road, 
Nanshan District, Shenzhen, China. 

  

  

Test specification  

Standard ........................................... : EN 50438:2007 

DIN EN 50438:2008 

with deviations according the national network and system protection 
for Poland 

DIN V VDE V 0126-1-1:2006-02 
  

  

Certificate ....................................... . : Certificate of  compliance  

Test report form number. ................. : EN50438 

Master TRF ...................................... : Bureau Veritas Consumer Products Services Germany GmbH 
  

  

Test item description  ..................... : Grid connected photovoltaic inverter 

Trademark ........................................ : 

 

Model / Type .................................... : SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM, 

SOFAR 4600TLM, SOFAR 5000TLM 
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Ratings ........................................... . : SOFAR 
3000TLM 

SOFAR 
3680TLM 

SOFAR 
4000TLM 

SOFAR 
4600TLM 

SOFAR 
5000TLM 

MPP DC voltage range [V] ............... : 160-500 165-500 175-500 

Input DC voltage range [V] ............... : 100-550, max. 600 

Input DC current [A] ......................... : 10/10 12/12 13/13 15/15 

Output AC voltage [V] ...................... : 230, 50Hz 

Output AC current [A] ....................... : 13 16 17,5 20 22 

Output power [VA] ............................ : 3000 3680 4000 4600 5000 
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Testing Location ............................ : Bur eau Veritas Shenzhen Co., Ltd. Dongguan Branch 

Address ............................................ : No. 34, Chenwulu Section, Guantai Rd., Houjie Town, Dongguan City, 
Guangdong 523942, China 

  

Tested by 
(name and signature) ....................... : 

 
James Huang 

 
Approved by 
(name and signature) ....................... : 

 
Ted Wu 

 

  

  

Manufacturer’s name ..................... : Shenzhe n SOFARSOLAR Co., Ltd.  

Factory address ............................... : No. 8, Fulong road, Qingxi town, Dongguan city, Guangdong, China. 
  

 

Document History 

Date Internal reference Modification / Change / Sta tus Revision  

2014-09-24 James Huang Initial report was written 0 

Supplementary information: 
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Test items particulars  
  

  

Equipment mobility ........................... : Permanent connection 

Operating condition .......................... : Continuous 

Class of equipment .......................... : Class I 

Protection against ingress of water .. : IP65 according to EN 60529 

Mass of equipment [kg] .................... : SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM: 18kg 
SOFAR 4600TLM, SOFAR 5000TLM: 19kg 

  

  

Test case verdicts  

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

Test item does meet 
the requirement ................................ : P(ass) 

Test item does not meet 
the requirement ................................ : F(ail) 

  

  

Testing  

Date of receipt of test item ............... : 2014-06-09  

Date(s) of performance test ............. : 2014-06-09 to 2014-09-18 
  

  

General remarks: 
The test result presented in this report relate only to the object(s) tested. 
This report must not be reproduced in part or in full without the written approval of the issuing testing 
laboratory. 

”(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 document s: 

1. Test Results 

2. Annex No. 1 – EMC Test Report 

3. Annex No. 2 – Pictures of the units 

4. Annex No. 3 – Test equipment list 
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Copy of marking plate: 
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General product information: 
 
The Solar Inverter converts DC voltage into AC voltage.  
The input and output are protected by varistors to Earth. The unit is providing EMC filtering at the PV input 
and output toward mains. The unit does not provide galvanic separation from input to output (transformerless). 
The output is switched off redundantly by the high power switching bridge and two relays. This assures that 
the opening of the output circuit will also operate in case of a single error. 

 
Figure 1 Block digram 

 
The internal control is redundant built. It consists of Microcontroller Master DSP (UC34) and Slave DSP 
(UC35). 
 
The Master DSP control the relays by switching signals; measures the PV voltage, PV current, Bus voltage,  
grid voltage, frequency, AC current with injected DC and the array insulation resistance to ground. In addition 
it tests the current sensors and the RCMU circuit before each start up. 
 
The Slave DSP (UC35) is measures the grid voltage, AC current, grid frequency and residual current, also can 
switch off the relays  independently, and communicate with Master DSP (UC34) each other. 
 
The current is measured by a current sensor. The AC current signal and the injected DC current signal are 
sent to the Master DSP(UC34). The Master DSP(UC34) tests and calibrates before each start up all current 
sensors. 
 
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. 
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Differences of the models 
 
The models SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM, SOFAR 4600TLM and SOFAR 
5000TLM are same as in hardware except the components are in the difference table. Identical in software the 
output power just adjusted by software. 
 

Difference table  

 
SOFAR 

3000TLM 
SOFAR 

3680TLM 
SOFAR 

4000TLM 
SOFAR 

4600TLM 
SOFAR 

5000TLM 
Boost inductor 2,0mH 2,0mH 2,0mH 1,8mH 1,8mH 
BUS capacitor 6 pcs 6 pcs 6 pcs 8 pcs 8 pcs 
Inverter inductor 1035uH 1035uH 1035uH 0,75mH 0,75mH 
DC switch and Wi-Fi module are optional. 

    
The product was tested on: 
Hardware version: V1.00 
Software version: V1.00 
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Default interface protection settings according EN 50438:2007: 
(Poland) 

Parameter Max. clearance time Trip setting 

Over voltage 0,2s 230V +15% (264,5V) 

Under voltage 1,5s 230V -15% (195,5V) 

Over frequency 0,5s 50Hz +2% (51,0Hz) 

Under frequency 0,5s 50Hz -6% (47,0Hz) 

Reconnection time >=20s 

Permanent DC-injection 0,5% of rated inverter output current 

Loss of main  
DIN V VDE V 0126-1-1:2006 Inverter shall detect and disconnect within 5s 

The stated currents and voltages are ‘true r.m.s.’-values. 

The voltages in this table are 

- phase-to-neutral in 230 V single phase systems and 230/400 V systems, 

- phase-to-phase in a multiphase 230 V system. 

*Over voltage – stage1: 10min mean value corrsponding to EN 50160 
Tolerances on trip values: 

- Voltage: +/- 1% of the nominal voltage; 
- Frequency: +/- 0,5% of the nominal frequency 
- Clearance time: +/- 10% 
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EN 50438:2007 

Clause/§  Requirement: Remark: Verdict  

 

1 Scope (Micro-generators up to 16A on the public low -voltage grid) 

 

2 Normative references  

EN 50110 series 

EN 50160 

EN 60255-6 

EN 60664-1 

EN 61000-3-2 

EN 61000-3-3 

EN 61000-6-1 

EN 61000-6-3:2001 + A11:2004 

HD 384 / HD 60364 series 

IEC 60364-5-55 

 

3 Terms and definitions 

 

4 Connection requirements: 

4.1  The electrical installation.......................................: The installation shall be in 
compliance with HD 384 series 
and national and local regulation. 

P 

4.1.1  Installation instructions..........................................: Maintenance in accordance with 
the instructions issued by the 
manufacturer 

P 

4.1.2  Over-current protection……………………………..: The manufacturer recommends 
an over-current protection device 
in the manual 

P 

4.1.3  Earthing……………………………………………....: Earthing shall be according to HD 
384.5.54 / IEC 60364-5-55 and 
the relevant national standards. 

P 

4.2 Interface protection  P 

4.2.1 General……………………………………………….: The interface protection, 
monitoring and control functions 
are integral part of the inverter. 

P 

4.2.1.1 Default settings versus national settings…………: Default settings of table 2 are 
applied 

P 

4.2.1.2 Response to protection operation…………………: See table 4.2.1.2 below P 

4.2.1.3 Accessibility of isolation switching devices……….: The transformerless unit provides 
two disconnection devices in 
series. 

P 
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EN 50438:2007 

Clause/§  Requirement: Remark: Verdict  

4.2.1.4 Place of the interface protection…………………..: The interface protection is integral 
part of the inverter and conform to 
EN 60255-6 or equivalent. The 
manufacturer declares conformity 
of his product to this standard 
within the CE declaration of 
conformity. 

P 

4.2.1.5 Changing settings of the interface protection……: It is not possible for the user to 
alter the interface protection 
settings 

P 

4.2.1.6 Combined protection devices for multiple 
generators……………………………………………: 

The proper combined working of 
the protection is ensured 

P 

4.2.2 Interface protection settings………………………..: Default interface protection 
settings are applied, see table 
4.2.2 below 

P 

4.2.3 Loss of Mains protection…………………………...: Loss of mains protection is 
required (see Annex A) 

P 

4.2.4 Automatic reconnection after a network outage…: >20s, see table 4.2.2 below P 

4.2.5 Synchronisation……………………………………..: Automatic synchronisation of the 
inverter 

P 

 
5 Power quality: 

5.1 Electromagnetic emission / immunity……………..: The inverter complies with the 
requirements of the EMC 
directive, see attached EMC 
report in Annex 1 

P 

EN 61000-6-1 (immunity)  P 

EN 61000-6-3 + A11 (emission)  P 

EN 61000-3-2 (harmonics)  P 

EN 61000-3-3 (voltage fluctuations and flicker)  P 

5.2 DC injection………………………………………….: Nearly no DC injection, see table 
5.2 below 

P 

5.3 Power factor…………………………………………: See table 5.3 below P 

 
6 Operation and safety of the micro-generator  

6.1 General………………………………………………: The unit operates safely over the 
declared operating range 

P 

6.2 Safety…………………………………………………: This standard does not cover 
safety of DNO personnel. 

P 
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EN 50438:2007 

Clause/§  Requirement: Remark: Verdict  

6.3 Information plate…………………………………….: At least information of 
manufacturers name, 
identification, rated power, nom. 
voltage, nom. frequency, phases 
and power factor, see above 
marking plate. 

P 

6.4 Labelling……………………………………………...: The unit provides the following 
warning label: 

 

P 

6.5 Maintainance and routine testing………………….: The manufacturer provides 
information for maintainance in 
the manual. The units are routine 
tested in the factory. 

P 

 
7 Commissioning 

7.1 General  P 

 The micro-generator (including the interface 
protection) shall fulfil the requirements of this 
standard and the other applicable standards…….: 

Noticed - 

 The manufacturer shall provide an installation 
instruction in accordance with this standard and 
national or regional requirements…………………: 

Verified, see manual. - 

 Access to the interface protection shall be 
tamper-proof…………………………………………: 

Access just via password, 
provided by the manufacturer 

- 

 The micro-generator shall be type tested against 
the interface requirements of this standard………: 

Noticed, see test tables below - 

 The installation shall be carried out by installer 
with recognised and approved qualification 

Not scope of investigation - 

7.2 Installation Not scope of investigation N/A 

7.3 Notification   N/A 

7.4 Decommissioning arrangements   N/A 

7.5 Replacement arrangements  N/A 

 Annex 
A 
(normative) 

Interface protection settings, national 
deviations 

No specific national settings are 
supplied, the default settings in 
4.2.2, table 2 are applicable 

N/A 

B 
(informative) 

Notification sheets  N/A 

C 
(informative) 

Interface protection Noticed P 
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EN 50438:2007 

Clause/§  Requirement: Remark: Verdict  

D 
(informative) 

Type certification test results sheet Noticed P 

E 
(informative) 

Countries allowing extensions of the 
scope >16A 

 N/A 

F 
(informative) 

Abbreviations Noticed P 

G 
(informative) 

A-deviations  N/A 
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EN 50438:2007 

Clause Test Result 

4.2.1.2 Response to protection operation P 

4.2.2 Interface protection settings P 

4.2.3 Loss of Mains protection P 

4.2.4 Automatic reconnection after a network outage P 

5.1 Harmonic current emission P 

5.1 Voltage fluctuation and flicker N/A 

5.2 DC injection P 

5.3 Power factor P 
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Test Results 
 

 
4.2.1.2 Response to protection operation - fault co ndition tests according DIN V VDE V 
0126-1-1:2006-02 
 

P 

 ambient temperature [°C] : 24,8  

 model/type of power supply : 
DC : 62150H-1000S 
AC : 61512  

 manufacturer of power supply : Chroma  

 rated markings of power supply : DC: 0-1000V, 15kW 
AC: 0-300V, 18kW  

 
component  
No. 

fault 
test condition test 

time 
fuse 
No. 

fault condition 
result 

AC DC AC DC 

PV voltage 
detect R4 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID09. (PV voltage 
over range) 

PV voltage 
detect R30 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID11. (PV voltage 
fault) 

PV voltage 
detect R13 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
19,94

A 

500V 
9,46A 

PV inverter normal working. 

PV voltage 
detect R18 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
19,94

A 

500V 
9,46A 

PV inverter normal working. 

PV current 
detect R85 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID10. (PV current 
fault) 

PV current 
detect R100 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID10. (PV current 
fault) 

Bus voltage 
detect R44 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, Q14, 
Q15, Q13, D40, C163 
damaged, error message: 
ID02 (Grid voltage), ID04 
(Grid frequency fault), ID14, 
ID15 (PV current fault), ID23 
(BUS voltage fault).  
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component  
No. fault 

test condition test 
time 

fuse 
No. 

fault condition 
result 

AC DC AC DC 

Bus voltage 
detect R75 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, Q14, 
Q15, Q13, D40 damaged, 
error message: ID02 (Grid 
voltage), ID04 (Grid 
frequency fault), ID14, ID15 
(PV current fault), ID23 (BUS 
voltage fault). 

ISO detect 
R37 

Open before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID56. (ISO 
fault) 

ISO detect 
R239 

Open before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID56. (ISO 
fault) 

AC current 
detect R170 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID15, ID16, ID70. 
(AC current over range) 

AC current 
detect R172 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID15, ID16, ID70. 
(AC current over range) 

DC current 
detect R108 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID28. (DC current 
fault). 

DC current 
detect RC39 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID14. (DC current 
over range). 

DC current 
detect R112 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID10, ID30. (DC 
current fault). 

AC current 
detect RC40 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID28. (DC current 
over range). 

DC current 
detect R117 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID10. (DC current 
fault). 

DC current 
detect R118 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID10. (DC current 
fault). 

DC current 
detect R123 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID30. (DC current 
over range). 
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component  
No. fault 

test condition test 
time 

fuse 
No. 

fault condition 
result 

AC DC AC DC 

AC current 
detect RC21 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID15. (AC current 
over range). 

AC current 
detect RC61 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID15. (AC current 
over range). 

GFCI detect 
R151 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID12. (GFCI fault). 

GFCI detect 
R161 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID12. (GFCI fault). 

Relay detect 
RY1 Pin3-4  

Short before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID55, ID77. 
(Relay fault). 

Relay detect  
RY2 Pin3-4  

Short before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID55, ID77. 
(Relay fault). 

Relay detect  
RY3 Pin3-4  

Short before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID55, ID77. 
(Relay fault). 

Relay detect  
RY4 Pin3-4  

Short before 
start 

230V 
0,02

A 

500V 
0,02

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter can not start up, 
error message: ID55, ID77. 
(Relay fault). 

Grid voltage 
detect R179 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID02 (AC voltage 
under range), ID55 (Relay 
fault). 

Grid voltage 
detect R179 

Short 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID01 (AC voltage 
over range).  

Grid voltage 
detect R189 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID02 (AC voltage 
under range), ID55 (Relay 
fault). 

Grid voltage 
detect R189 

Short 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID01 (AC voltage 
over range). 

Grid voltage 
detect RC14 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID02 (AC voltage 
under range), ID55 (Relay 
fault). 
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component  
No. fault 

test condition test 
time 

fuse 
No. 

fault condition 
result 

AC DC AC DC 

Grid voltage 
detect RC20 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID02 (AC voltage 
under range), ID55 (Relay 
fault). 

Grid voltage 
detect RC16 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID01, ID02, ID04, 
ID49 (Grid voltage fault). 

Loss of 
control  
CC100 

Short 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: DSP communicate 
fail 

Loss of 
control XLC 

Short 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: DSP communicate 
fail 

Communicatio
n 
microcontrolle
r defect  
UC34 Pin 31 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID 53 (SPI 
Communication fault) 

Communicatio
n 
microcontrolle
r defect  
UC34 Pin 37 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID 53 (SPI 
Communication fault) 

Communicatio
n 
microcontrolle
r defect  
UC34 Pin 44 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID 53 (SPI 
Communication fault) 

Communicatio
n 
microcontrolle
r defect  
UC34 Pin 47 

Open 230V 
19,94

A 

500V 
9,46

A 

2 Min. -- 230V 
0,02A 

500V 
0,02A 

PV inverter disconnected 
from grid immediately, error 
message: ID 53 (SPI 
Communication fault) 

The errors in the control circuit simulate that the safety is even ensured during single fault. 
The tests had been performed on the SOFAR 5000TLM is valid for the SOFAR 3000TLM, SOFAR 3680TLM, 
SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated by software. 

Addendum – Shutdown device 

Each active phase can be switched. (L and N) P 

If no galvanic separation between AC and DC (PV):  
Two relays in series on each active phase are necessary to fulfil the basic 
insulation or simple separation based on the PV working voltage. 

P 
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4.2.2 Interface protection settings – Over / under voltage 
(4.2.3) Automatic reconnection after a network outa ge 
 

P 

Test Condition Output power: 960W 
Frequency: 50+/-0,2Hz 

Phase Limit 
[V] 

Trip value 
[V] 

Voltage step 
[V] 

Reconnection 
time [s] 

Disconnection 
time [ms] 

Limit 
[ms] 

L1 

85% of Un 
= 195,5 

196,5 

201V to 191V 

78 

1414 

1500 
201V to 191V 1421 
201V to 191V 1426 
201V to 191V 1410 
201V to 191V 1427 

115% of 
Un 

= 264,5 
263,5 

258V to 268V 

78 

167 

200 
258V to 268V 170 
258V to 268V 157 
258V to 268V 146 
258V to 268V 149 

Note:  
Lower and upper threshold voltage shall not fall or rise below or above 2,3V of the trip value itself. The 
measurement shall take place at nominal frequency and any power. 
 
The oscilloscope pictures below show the measured worst case disconnection times. 
 
The tests had been performed on the SOFAR 5000TLM is valid for the SOFAR 3000TLM, SOFAR 3680TLM, 
SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated by 
software. 
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Undervoltage 
 

 
 
 

Overvoltage 
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4.2.2 Measuring the rise-in voltage protection as a  running 10-minute mean value 
Overvoltage protection according to DIN EN 50160:20 00-03, 2.3 
 

P 

Setting values of the 
protection: 

Trip value Setting [V] 264,5 

Setting Tdisconnection trip value [s] 600 

Setting Tdisconnection [ms] 140 

Test: 

 Disconnection time [s] Limit [s] 

a) 

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. 

Phase 1: 487 s 

600 s Phase 2: N/A 

Phase 3: N/A 

b) 

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 disconnection 
Disconnection should not take 

place. Phase 2: N/A 

Phase 3: N/A 

c) 

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)* 

Phase 1: 287 s 

300 s Phase 2: N/A 

Phase 3: N/A 

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. 
c) 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 1,1 UN after a max. 600 s, the switch off after 200 ms. 
 
Note:  
If only one integrated protection is used for the power generation systems, the value of the rise-in voltage 
protection of 1,1 UN may not be changed. 
 
The tests had been performed on the SOFAR 5000TLM is valid for the SOFAR 3000TLM, SOFAR 3680TLM, 
SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated by software. 
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4.2.2 Interface protection settings – Over / under frequency 
(4.2.4) Automatic reconnection after a network outa ge 
 

P 

Test 
conditions 

Output power: 960W 
UN = 230Vac 

 Under frequency Over frequency 

Parameter Frequency Time Frequency Time 

Output 
Voltage 

 ~85% of 
UN 

UN 
~115% of 

UN 

 ~85% of 
UN 

UN 
~115% of 

UN 

Limit 47,00Hz 500ms 500ms 500ms 51,00Hz 500ms 500ms 500ms 

Trip value [Hz]  47,00Hz 47,00Hz 47,00Hz  50,99Hz 50,99Hz 50,99Hz 

Disconnection 
time [ms] 

47,5Hz to 
46,5Hz 

413 418 404 

50,5Hz to 
51,5Hz 

418 432 426 

406 418 414 428 418 424 

402 416 416 424 426 434 

412 412 418 430 416 433 

413 404 412 428 430 436 

Reconnection 
time [s]: >= 20 78s >= 20 78s 

Note:  
It was measured at a continuous change of frequency of 1Hz/s at lower, nominal and upper UN and arbitary 
output power. The trip value was determined manually by reducing the frequency in 10mHz steps. When the 
trip value is known (e.g. 48,02Hz), the ac-source is programmed to run from e.g. 48,50Hz to 47,50Hz with 
1Hz/s. The disconnection time is calculated by the measured time minus the 480ms from 48,50Hz to 
48,02Hz. 
 
The oscilloscope pictures below show the measured worst case disconnection times. 
 
The tests had been performed on the SOFAR 5000TLM is valid for the SOFAR 3000TLM, SOFAR 3680TLM, 
SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated by software. 
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Under frequency  
 

 
 
 

Over frequency   
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4.3.2. Loss of Mains according DIN V VDE V 0126-1-1 :2006-02 
 

P 

 
Test conditions 

Frequency 50+/-0,1Hz 
UN = 230+/-3Vac 

Distortion factor of chokes <2% 
Quality Q>2 

Disconnection limit 5s 

Output power 
 
Osc. Parameter 

Min. ~25% 
disconnect time [s] 

Medium ~50% 
disconnect time [s] 

Max. ~100% 
disconnect time [s] 

- 5% 0,402   0,230   0,208   

- 4% 0,413   0,275   0,270   

- 3% 0,404   0,268   0,239   

- 2% 0,305   0,270   0,371   

- 1% 0,364   0,354   0,377   

0 % 0,304   0,295   0,286   

+1 % 0,228   0,292   0,349   

+2 % 0,385   0,320   0,347   

+3 % 0,281   0,266   0,268   

+4 % 0,274   0,260   0,226   

+5 % 0,247   0,190   0,226   

Parameter at 0% 

L=71,20 mH 
 

R=46,28 Ω 
 

C=138,58 uF 

L=35,82 mH 
 

R=23,20 Ω 
 

C= 277,15 uF 

L=18,28 mH 
 

R=11,71 Ω 
 

C=545,04 uF 
Note:  
The oscilloscope pictures below show the measured worst case disconnection times. 
 
The tests had been performed on the SOFAR 5000TLM is valid for the SOFAR 3000TLM, SOFAR 3680TLM, 
SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated by 
software. 
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25% Power 

 

 
 
 

50% Power 
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100% Power 
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5.1 Harmonic current emission (EN 61000-3-2) (SOFAR  3000TLM) 
 

P 

Watts [kW] 3,004 

Vrms [V] 231,0 

Arms [A] 13,015 

Frequency [Hz] 50,00 

THD [%] 1,93 

Harmonics Current Magnitude [A] % of Fundamental Phase 
Harmonic Current 

Limits [A] 
1st 13,012  -- Single Phase N/A 
2nd 0,023  0,18  Single Phase 1,080 
3rd 0,191  1,47  Single Phase 2,300 
4th 0,020  0,15  Single Phase 0,430 
5th 0,051  0,39  Single Phase 1,140 
6th 0,014  0,11  Single Phase 0,300 
7th 0,048  0,37  Single Phase 0,770 
8th 0,010  0,08  Single Phase 0,230 
9th 0,053  0,40  Single Phase 0,400 
10th 0,009  0,07  Single Phase 0,184 
11th 0,054  0,41  Single Phase 0,330 
12th 0,008  0,06  Single Phase 0,153 
13th 0,054  0,42  Single Phase 0,210 
14th 0,007  0,06  Single Phase 0,131 
15th 0,055  0,42  Single Phase 0,150 
16th 0,007  0,06  Single Phase 0,115 
17th 0,050  0,39  Single Phase 0,132 
18th 0,007  0,06  Single Phase 0,102 
19th 0,044  0,34  Single Phase 0,118 
20th 0,006  0,05  Single Phase 0,092 
21th 0,040  0,30  Single Phase 0,107 
22th 0,005  0,04  Single Phase 0,084 
23th 0,036  0,27  Single Phase 0,098 
24th 0,006  0,05  Single Phase 0,077 
25th 0,031  0,24  Single Phase 0,090 
26th 0,005  0,04  Single Phase 0,071 
27th 0,026  0,20  Single Phase 0,083 
28th 0,005  0,04  Single Phase 0,066 
29th 0,022  0,17  Single Phase 0,078 
30th 0,005  0,04  Single Phase 0,061 
31th 0,020  0,15  Single Phase 0,073 
32th 0,004  0,03  Single Phase 0,058 
33th 0,018  0,14  Single Phase 0,068 
34th 0,004  0,03  Single Phase 0,054 
35th 0,014  0,11  Single Phase 0,064 
36th 0,007  0,06  Single Phase 0,051 
37th 0,012  0,09  Single Phase 0,061 
38th 0,003  0,03  Single Phase 0,048 
39th 0,011  0,08  Single Phase 0,058 
40th 0,004  0,03  Single Phase 0,046 

Note:  
The tests should be based on the limits of the EN61000-3-2 for less than 16A and on EN 61000-3-12 for 
more than 16A. 
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5.1 Harmonic current emission (EN 61000-3-2) (SOFAR  3680TLM) 
 

P 

Watts [kW] 3,570 

Vrms [V] 230,9 

Arms [A] 15,472 

Frequency [Hz] 50,00 

THD [%] 1,83 

Harmonics Current Magnitude [A] % of Fundamental Phase 
Harmonic Current 

Limits [A] 
1st 15,469  -- Single Phase N/A 
2nd 0,036  0,23  Single Phase 1,080 
3rd 0,230  1,49  Single Phase 2,300 
4th 0,027  0,18  Single Phase 0,430 
5th 0,051  0,33  Single Phase 1,140 
6th 0,021  0,14  Single Phase 0,300 
7th 0,040  0,26  Single Phase 0,770 
8th 0,024  0,15  Single Phase 0,230 
9th 0,070  0,45  Single Phase 0,400 
10th 0,018  0,12  Single Phase 0,184 
11th 0,047  0,30  Single Phase 0,330 
12th 0,010  0,07  Single Phase 0,153 
13th 0,048  0,31  Single Phase 0,210 
14th 0,014  0,09  Single Phase 0,131 
15th 0,062  0,40  Single Phase 0,150 
16th 0,016  0,10  Single Phase 0,115 
17th 0,038  0,25  Single Phase 0,132 
18th 0,011  0,07  Single Phase 0,102 
19th 0,041  0,27  Single Phase 0,118 
20th 0,007  0,05  Single Phase 0,092 
21th 0,036  0,23  Single Phase 0,107 
22th 0,008  0,05  Single Phase 0,084 
23th 0,028  0,18  Single Phase 0,098 
24th 0,009  0,06  Single Phase 0,077 
25th 0,024  0,16  Single Phase 0,090 
26th 0,006  0,04  Single Phase 0,071 
27th 0,022  0,14  Single Phase 0,083 
28th 0,006  0,04  Single Phase 0,066 
29th 0,016  0,11  Single Phase 0,078 
30th 0,006  0,04  Single Phase 0,061 
31th 0,014  0,09  Single Phase 0,073 
32th 0,004  0,03  Single Phase 0,058 
33th 0,010  0,07  Single Phase 0,068 
34th 0,006  0,04  Single Phase 0,054 
35th 0,008  0,05  Single Phase 0,064 
36th 0,004  0,03  Single Phase 0,051 
37th 0,006  0,04  Single Phase 0,061 
38th 0,004  0,03  Single Phase 0,048 
39th 0,006  0,04  Single Phase 0,058 
40th 0,003  0,02  Single Phase 0,046 

Note:  
The tests should be based on the limits of the EN61000-3-2 for less than 16A and on EN 61000-3-12 for 
more than 16A. 
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5.1 Harmonic current emission (EN 61000-3-12) (SOFA R 4000TLM) 
 

P 

Watts [kW] 4,027 

Vrms [V] 231,0 

Arms [A] 17,442 

Frequency [Hz] 50,00 

THD [%] 1,81 

PWHD [%] 2,91 

Harmonics Current Magnitude [A] % of Fundamental Phase 
Harmonic Current 

Limits [%] 
1st 17,440  -- Single Phase N/A 
2nd 0,029  0,16  Single Phase 8  
3rd 0,262  1,50  Single Phase 21,6  
4th 0,030  0,17  Single Phase 4  
5th 0,066  0,38  Single Phase 10,7  
6th 0,025  0,14  Single Phase 2,67  
7th 0,048  0,27  Single Phase 7,2  
8th 0,013  0,07  Single Phase 2  
9th 0,044  0,25  Single Phase 3,8  
10th 0,024  0,14  Single Phase 1,6  
11th 0,076  0,44  Single Phase 3,1  
12th 0,018  0,10  Single Phase 1,33  
13th 0,057  0,33  Single Phase 2  
14th 0,014  0,08  Single Phase N/A 
15th 0,040  0,23  Single Phase N/A 
16th 0,018  0,10  Single Phase N/A 
17th 0,055  0,31  Single Phase N/A 
18th 0,010  0,06  Single Phase N/A 
19th 0,047  0,27  Single Phase N/A 
20th 0,012  0,07  Single Phase N/A 
21th 0,032  0,18  Single Phase N/A 
22th 0,011  0,06  Single Phase N/A 
23th 0,030  0,17  Single Phase N/A 
24th 0,008  0,05  Single Phase N/A 
25th 0,030  0,17  Single Phase N/A 
26th 0,013  0,08  Single Phase N/A 
27th 0,024  0,14  Single Phase N/A 
28th 0,007  0,04  Single Phase N/A 
29th 0,018  0,10  Single Phase N/A 
30th 0,009  0,05  Single Phase N/A 
31th 0,015  0,09  Single Phase N/A 
32th 0,008  0,05  Single Phase N/A 
33th 0,010  0,06  Single Phase N/A 
34th 0,005  0,03  Single Phase N/A 
35th 0,008  0,05  Single Phase N/A 
36th 0,007  0,04  Single Phase N/A 
37th 0,009  0,05  Single Phase N/A 
38th 0,005  0,03  Single Phase N/A 
39th 0,006  0,03  Single Phase N/A 
40th 0,005  0,03  Single Phase N/A 

Note:  
The tests should be based on the limits of the EN61000-3-2 for less than 16A and on EN 61000-3-12 for 
more than 16A. 
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5.1 Harmonic current emission (EN 61000-3-12) (SOFA R 5000TLM) P 

Watts [kW] 4,998 

Vrms [V] 233,2 

Arms [A] 21,450 
Frequency [Hz] 50,00 

THD [%] 1,69 
PWHD [%] 3,16 

Harmonics Current Magnitude [A] % of Fundamental Phase 
Harmonic Current 

Limits [%] 
1st 21,446  -- Single Phase N/A 
2nd 0,050  0,23  Single Phase 8  
3rd 0,287  1,34  Single Phase 21,6  
4th 0,041  0,19  Single Phase 4  
5th 0,074  0,34  Single Phase 10,7  
6th 0,029  0,14  Single Phase 2,67  
7th 0,057  0,26  Single Phase 7,2  
8th 0,022  0,10  Single Phase 2  
9th 0,051  0,24  Single Phase 3,8  
10th 0,034  0,16  Single Phase 1,6  
11th 0,089  0,42  Single Phase 3,1  
12th 0,021  0,10  Single Phase 1,33  
13th 0,072  0,33  Single Phase 2  
14th 0,017  0,08  Single Phase N/A 
15th 0,047  0,22  Single Phase N/A 
16th 0,018  0,08  Single Phase N/A 
17th 0,065  0,30  Single Phase N/A 
18th 0,011  0,05  Single Phase N/A 
19th 0,065  0,30  Single Phase N/A 
20th 0,017  0,08  Single Phase N/A 
21th 0,040  0,19  Single Phase N/A 
22th 0,011  0,05  Single Phase N/A 
23th 0,041  0,19  Single Phase N/A 
24th 0,014  0,06  Single Phase N/A 
25th 0,043  0,20  Single Phase N/A 
26th 0,014  0,07  Single Phase N/A 
27th 0,029  0,14  Single Phase N/A 
28th 0,009  0,04  Single Phase N/A 
29th 0,025  0,12  Single Phase N/A 
30th 0,016  0,07  Single Phase N/A 
31th 0,025  0,12  Single Phase N/A 
32th 0,015  0,07  Single Phase N/A 
33th 0,018  0,08  Single Phase N/A 
34th 0,012  0,05  Single Phase N/A 
35th 0,016  0,08  Single Phase N/A 
36th 0,012  0,06  Single Phase N/A 
37th 0,016  0,07  Single Phase N/A 
38th 0,008  0,04  Single Phase N/A 
39th 0,011  0,05  Single Phase N/A 
40th 0,008  0,04  Single Phase N/A 

Note:  
The tests should be based on the limits of the EN61000-3-2 for less than 16A and on EN 61000-3-12 for 
more than 16A. 
The tests had been performed on the SOFAR 5000TLM, SOFAR 4000TLM, SOFAR 3680TLM, and SOFAR 
3000TLM are valid for the SOFAR 4600TLM, since it is same as in hardware and just power derated by 
software. 
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5.1 Voltage fluctuation and flicker 
 

N/A 

Test conditions Maximum permissible voltage fluctuation (expressed as a percentage of 
nominal voltage at 100 % power) and flicker as per EN 61000-3-3/ 
EN61000-3-3 

 Starting Stopping Running 

Limit 3,3% 3,3% Pst=1,0 Plt=0,65 

Test value ** 

Note:  
*The stationary deviance of dc% is bigger than the dynamic deviance of dmax at starting and stopping. 
 
Mains Impedance according EN61000-3-3 / EN61000-3-11:  Rmax =  Ω; jX max=  Ω @50Hz (|Zmax | =  Ω) 
Bei Einphasigen Invertern Zmax sowie Rn und jxn angeben Rn =  Ω; jXn=  Ω 
 
 
Calculation of the maximum permissible grid impedance at the point of common coupling based on dc: 
Zmax = Zref * 3,3% / dc(Pn) 
 
The tests should be based on the limits of the EN61000-3-3 for less than 16A and on EN 61000-3-11 for 
more than 16A. 
 
** see Annex No. 1 – EMC Test report 
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5.2 Monitoring of DC-Injection 
 

P 

Protection limit tested at three power levels limit 0,5% of IAC;nom 

Output power ~25% ~50% ~100% 

SOFAR 3000TLM 

max. test value (phase L1) [mA] 19,1 mA 17,3 mA 16,4 mA 

SOFAR 5000TLM 

max. test value (phase L1) [mA] 5,1 mA 5,5 mA -7,1 mA 

 
Diagram of permanent dc-injection: SOFAR 3000TLM 
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Diagram of permanent dc-injection: SOFAR 5000TLM 
 

 
 

Note:  
Testing must be performed according to WI 10.4.-03.doc rev D. The internal temperature of the EUT must be 
stabilized. No temperature drift of more than 2K within 1 hour is allowed. 
 
The tests had been performed on the SOFAR 5000TLM and SOFAR 3000TLM are valid for the SOFAR 
3680TLM, SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated 
by software. 
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5.3 Power factor 
 

P 

SOFAR 3000TLM 

Test conditions Uinput = 500V 

 Output power 
 
Test voltage 

~20% ~40% ~60% ~80% ~100% 

210V 0,994c 0,998c 0,999c 0,999c 0,999c 

230V 0,991c 0,998c 0,999c 0,999c 0,999c 

250V 0,987c 0,997c 0,999c 0,999c 0,999c 

SOFAR 5000TLM 

Test conditions Uinput = 500V 

 Output power 
 
Test voltage 

~20% ~40% ~60% ~80% ~100% 

210V 0,998c 0,999c 0,999c 0,999c 0,999c 

230V 0,998c 0,999c 0,999c 0,999c 0,999c 

250V 0,997c 0,999c 0,999c 0,999c 0,999c 

Note:  
The power factor of the micro-generator at normal steady-state operating conditions across the statuary 
tolerance band of normal voltage shall be between 0,95 leading and 0,95 lagging, provided the output active 
power of the mirco-generator is above 20% the rated output of the unit. 
 
The tests had been performed on the SOFAR 5000TLM and SOFAR 3000TLM are valid for the SOFAR 
3680TLM, SOFAR 4000TLM and SOFAR 4600TLM, since it is same as in hardware and just power derated 
by software. 
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Annex 1 
EMC Test Report  
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Annex 2  
Pictures of the unit   
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Enclosure front view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM, 
 SOFAR 4600TLM, SOFAR 5000TLM  

 

Enclosure rear  view  
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM, 

 SOFAR 4600TLM, SOFAR 5000TLM  
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Enclosure bottom  view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM, 
 SOFAR 4600TLM, SOFAR 5000TLM 

 

Internal  view -1 
SOFAR 4600TLM, SOFAR 5000TLM  
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Internal  view -2 

SOFAR 4600TLM, SOFAR 5000TLM 

 

Internal  view -3 
SOFAR 4600TLM, SOFAR 5000TLM  
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Internal  view -4 

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM 

 

Internal  view -5 
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM  
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Internal  view -6 

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM  

 

Main power board component side view  
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  

SOFAR 4600TLM, SOFAR 5000TLM  
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Main power board solder side view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  
SOFAR 4600TLM, SOFAR 5000TLM 

 

Cap board component side view  
SOFAR 4600TLM, SOFAR 5000TLM  
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Cap bo ard solder side view  

SOFAR 4600TLM, SOFAR 5000TLM 

 

Cap board component side view  
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM  
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Cap board solder side view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM 

 

Control board component side view  
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  

SOFAR 4600TLM, SOFAR 5000TLM  
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Control board solder side view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  
SOFAR 4600TLM, SOFAR 5000TLM 

 

Display board component side view  
SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  

SOFAR 4600TLM, SOFAR 5000TLM  
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Display board solder side view  

SOFAR 3000TLM, SOFAR 3680TLM, SOFAR 4000TLM,  
SOFAR 4600TLM, SOFAR 5000TLM 
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Annex 3  
Test equipment list  
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Equipment Internal No. Manufacturer Type Serial No. Last Calibration 

Power Analyzer A4080002DG YOKOGAWA WT3000 91M210852 Mar. 12, 2014 

AC Source A7040019DG Chroma 61512 61512000439 
Monitored by Power 

Analyzer 

AC Source A7040020DG Chroma 61512 61512000438 
Monitored by Power 

Analyzer 
DC Simulation 
Power Supply 

A7040015DG Chroma 62150H-1000S 62150EF00488 
Monitored by Power 

Analyzer 
DC Simulation 
Power Supply 

A7040016DG Chroma 62150H-1000S 62150EF00490 
Monitored by Power 

Analyzer 
Four Channel 
Digital 
Phosphor 
Oscilloscope 

A4089003DG Tektronix DPO4104B C010624 Oct. 17, 2013 

Current 
transducer 

A1060007DG YOKOGAWA CT200 1130700012 Jan 20, 2014 

RLC Load A7150027DG Qunling ACLT-3803H 93VOO2869 
Monitored by Power 

Analyzer 
Oscilloscope 
probel 

A4089010DG Tektronix TPP1000 C008228 Dec. 20, 2013 

Oscilloscope 
probel 

A4089011DG Tektronix TPP1000 C008229 Dec. 20, 2013 

LCR Hitester A1060006DG HIOKI 3535 120112505 Mar. 06, 2014 

 
 


