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TEST REPORT 

CEI 0-21 
Reference technical rules for the connection of active and passive 

users to the LV networks of electrical distribution companies  
  

  

Report reference number .............. : 13TH0057-CEI0-21_3 

Date of issue .......................... ……...: 2016-09-27 

Total number of pages ........... ……...: 67 
  

  

Testing laboratory name ............... : Bureau Veritas 
Consumer Products Services 
Germany GmbH 

 

Address ............................................ : Businesspark A96 
86842 Türkheim 
Germany 

  

  

Applicant's name ........................... : Bender GmbH & Co. KG 

Address ............................................ : Londorfer Str. 65, 35305 Grünberg, Germany 
  

  

Test specification 

Standard ........................................... : CEI 0-21:2012-06 

CEI 0-21:V1:2012-12 edizione Dicembre 2012 

CEI 0-21:V2:2013-12 edizione Dicembre 2013 

CEI 0-21:2014-09 

CEI 0-21:V1:2014-12 edizione Dicembre 2014 
  

  

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

Test report form number. ................. : CEI0-21 

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

  

Test item description ..................... : Network and system protection (NS-protection) unit 

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

 

Model / Type .................................... : VMD460 

Ratings ............................................ : VMD460 

Supply voltage range [V] .................. : AC / DC 75…300 

Supply frequency range [Hz] ............ : 0 / 40…70 

Monitoring voltage range [V] ............ : 0…300 (L-N) / 0…520 (L-L) 

Monitoring frequency range [Hz] ...... : 45…65 

Description ....................................... : Three-Phase voltage and frequency monitor for wind power stations, 

hydroelectric power plants and photovoltaic systems 
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Testing Location ............................ : Bureau Veritas Consumer Products Services Germany GmbH 

Address ............................................ : Businesspark A96, 86842 Türkheim, Germany 
  

Tested by 

(name and signature) ....................... : 

 

Domenik Koll 
 

Approved by 

(name and signature) ....................... : 

 

Georg Loritz 
 

  

  

Manufacturer’s name ..................... : Bender GmbH & Co. KG 

Factory address ............................... : Londorfer Str. 65, 35305 Grünberg, Germany 
  

 

Document History 

Date Internal reference Modification / Change / Status Revision 

2013-04-04 Ingo Röhr Initial report was written 0 

2013-07-24 Ingo Röhr Software version updated for Messtechnik from D398 
V1.04 to D398 V1.13 and for Display from D403 V2.26 to 
D403 V2.26. The update includes only minor changes that 
have no effect on the performed tests. 

1 

2014-05-28 Ingo Röhr Software version update D398 V1.13 to D398 V1.21 

- Vector jump detection included 

- G59/2, G83/2 and DIN V VDE V 0126-1-1 included 

- Parameter to set delayed contact monitoring for motors 
conductors 

- Set values for df/dt (ROCOF) limits from 0,1Hz/s to 
0,05Hz/s changed 

The update includes only minor changes and affects only 
other country settings. There is no effect on the performed 
CEI 0-21 tests. 

2 

2016-09-27 Domenik Koll Update to CEI 0-21 Revision 2014 3 

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 .. : IP20/30 according to EN 60529 

Mass of equipment [kg] .................... : 360 g 
  

  

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 ............... : 2013-03-04 

Date(s) of performance of test ......... : 2013-03-12 to 2013-03-27 
  

  

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 documents: 

1. Test Results 

2. Annex No. 1 – ISO 9001 certificate 

3. Annex No. 2 – EMC Test Report 

4. Annex No. 3 – Pictures of the unit 

5. Annex No. 4 – Test equipment list 
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Copy of marking plate 
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General product information: 

 

The purpose of the SPI is to disconnect a system of solar inverters from the grid. This occurs, if any kind of 
frequency or voltage rise/fall exceeding the limits of the SPI.  

 

 

 

The product was tested on  
software version: 
Display:  D 403, V2.26 
Messtechnik : D398, V1.21 
Watchdog: D397, V1.03 

 

TOPOLOGY OF THE DEVICE, WHICH THIS CERTIFICATE IS BASED ON 

Disconnection 
Device 

Interface Protection 
Device 

Device For  
Static Conversion 

Rotating Generator 
Device 

 X   
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CEI 0-21 (2012-06) 

 

Clause Test Result 

A.3.1-3.4 Adjustable ranges of the interface protection system P 

A.4.3 Functional tests on the interface protection system (SPI) P 

A.4.4 Self-test P 

A.4.5 EMC compatibility tests P 

A.4.6 Climatic compatibility tests P 

A.4.7 Insulation tests  P 

A.4.8 Tests for the overload capacity of measuring circuits P 

A.4.9 Compliance of equipment P 

A.4.10 Automatic mechanism to prevent current imbalance during production N/A 
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A3.1-3.4 
 

P 

Adjustable ranges 

A.3 All thresholds must be adjustable  P 

Voltage values 

Threshold 
85% 

(27.S1) 
tmin 

(27.S1) 
40% 

(27.S2) 
tmin 

(27.S2) 
110% 

(59.S1) 
tmax 

(59.S1) 
115% 

(59.S2) 
tmax 

(59.S1) 

Range 0,2-1,0 Un 0,05-5s 0,0-1,0 Un 0,05-5s 1,0-1,2 Un 0,2-10s 1,0-1,3 Un 0,2-10s 

Steps 0,05 Un 0,05s 0,05 Un 0,05s 0,01 Un 0,1s 0,01 Un 0,05s 

Frequency values 

Threshold 
49,50Hz 
(81<.S1) 

tmin 
(81<.S1) 

47,50Hz 
(81<.S2) 

tmin 
(81<.S2) 

50,50Hz 
(81>.S1) 

tmax 
(81>.S1) 

51,50Hz 
(81>.S2) 

tmax 
(81>.S2) 

Range 
47,0-

50,0Hz 
0,05-5s 

47,0-
50,0Hz 

0,05-5s 
50,0-

52,0Hz 
0,05-5s 

50,0-
52,0Hz 

0,05-5s 

Steps 0,1 Hz 0,05s 0,1 Hz 0,05s 0,1 Hz 0,05s 0,1 Hz 0,05s 

A.1 External SPI stays in operation conditions for 5s after disconnecting the mains voltage P 

A.3.3/3.4 Insensitive against 40ms frequency transients, so that the unit will not trip P 

A.4.4 Control of the Self-test function P 

Note: 
 
The external SPI need a separate USV-system for the 5s mains disconnection. A relevant note is placed in the 
user manual in chapter 2.1. 
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A.4.3 Functional tests on the interface protection system (SPI) 
 CEI 0-21 (2012-06) 
 

Clause Test Result 

A3.1-3.4 Checking the adjustable values and the describtion in the user manual P 

A.4.3.1 Checking of connection and reconnection conditions P 

A.4.3.2 Checking gradual supply of active power P 

A.4.3.3 Additional requirements for functional tests P 

 A.4.3.3.1 Insensitivity to harmonics of the frequency relay P 

 A.4.3.3.2 Remote trip signal P 

 A.4.3.3.3 Communication signal P 
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A.4.3 Functional tests on the interface protection system (SPI)  
 

P 

 

Purpose of testing: 

The tests for checking the functions and the measurement of accuracy are listed below: 

a) checking all functions; 

b) measuring the accuracy of tripping thresholds; 

c) measuring the accuracy of trip times; 

d) measuring the accuracy of the falling ratio (not required for an interface protection system (SPI) 
integrated into the inverter up to a maximum of 6 kW); 

e) Measuring accuracy of the falling time (not required for an interface protection system (SPI) integrated 
into the inverter up to a maximum of 6 kW).. 
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A.4.3.1 and A4.3.2 Test procedure for maximum/minimum frequency 
 

P 

Operating time of the monitoring device 

 Under frequency: Over frequency: 

A) STEPS for trip value  
[Hz to Hz]: 

1,01 threshold -> decrease by max 
10mHz steps 

0,99 threshold -> increase by max 
10mHz steps 

D) STEP trip time [Hz to Hz]: 1,01 threshold -> 0,99 threshold 0,99 threshold -> 1,01 threshold 

 Ambient temperature 

Limit [Hz]: 47,50 Hz 51,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

47,50 Hz 47,50 Hz 47,50 Hz 51,51 Hz 51,51 Hz 51,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  98 ms 98 ms 98 ms 105 ms 105 ms 105 ms 

 -10°C temperature 

Limit [Hz]: 47,50 Hz 51,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

47,50 Hz 47,50 Hz 47,50 Hz 51,51 Hz 51,51 Hz 51,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  98 ms 98 ms 100 ms 105 ms 106 ms 106 ms 

 +55°C temperature 

Limit [ms]: 47,50 Hz 51,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

47,50 Hz 47,50 Hz 47,50 Hz 51,51 Hz 51,51 Hz 51,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  87 ms 87 ms 87 ms 105 ms 104 ms 106 ms 

Test: 
To measure the disconnection time a step of 1%fn is taken from the nominal frequency for underfrequency and 
overfrequency. 
 

Assessment criterion:  
 
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  100 ms 
Frequency increase protection  f< 51,5 Hz  100 ms 
 
For each repetition of the tests, the max tolerances of the values are: 
Voltage: 2% 
Frequency: ±20mHz 
Trip times: 1%±20ms 
 
 

Note: 
The setting value and the trip value of the frequency may not vary by more than ±20mHz and 3%±20ms. 
Differences between the test values: ±20mHz and 1%±20ms. 
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Under frequency (ambient) 

 

 
 

 
Over frequency (ambient) 
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Under frequency (-10°C) 

 

 
 

 
Over frequency (-10°C) 
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Under frequency (55°C) 

 

 
 

 
Over frequency (55°C) 
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A.4.3.1 and A4.3.2 Test procedure for maximum/minimum frequency 
 

P 

Operating time of the monitoring device 

 Under frequency: Over frequency: 

A) STEPS for trip value  
[Hz to Hz]: 

1,01 threshold -> decrease by max 
10mHz steps 

0,99 threshold -> increase by max 
10mHz steps 

D) STEP trip time [Hz to Hz]: 1,01 threshold -> 0,99 threshold 0,99 threshold -> 1,01 threshold 

 Ambient temperature 

Limit [Hz]: 49,50 Hz 50,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

49,50 Hz 49,50 Hz 49,50 Hz 50,51 Hz 50,51 Hz 50,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  99ms 98 ms 98 ms 97 ms 97 ms 95 ms 

 -10°C temperature 

Limit [Hz]: 49,50 Hz 50,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

49,51 Hz 49,51 Hz 49,51 Hz 50,51 Hz 50,51 Hz 50,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  97 ms 96 ms 99 ms 96 ms 96 ms 97 ms 

 +55°C temperature 

Limit [ms]: 49,50 Hz 50,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

49,50 Hz 49,50 Hz 49,50 Hz 50,51 Hz 50,51 Hz 50,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  97 ms 97 ms 96 ms 96 ms 98 ms 97 ms 

Test: 
To measure the disconnection time a step of 1%fn is taken from the nominal frequency for underfrequency and 
overfrequency. 
 

Assessment criterion:  
 
For frequencies of between 49,5 Hz and 50,5 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< 49,5 Hz  100 ms 
Frequency increase protection  f< 50,5 Hz  100 ms 
 
For each repetition of the tests, the max tolerances of the values are: 
Voltage: 2% 
Frequency: ±20mHz 
Trip times: 1%±20ms 
 
 

Note: 
The setting value and the trip value of the frequency may not vary by more than ±20mHz and 3%±20ms. 
Differences between the test values: ±20mHz and 1%±20ms. 
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Under frequency (ambient) 

 

 
 

 
Over frequency (ambient) 
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Under frequency (-10°C) 

 

 
 

 
Over frequency (-10°C) 
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Under frequency (55°C) 

 

 
 

 
Over frequency (55°C) 
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A.4.3.1 and A4.3.2 Test procedure for maximum/minimum voltage 
 

P 

Operating time of the monitoring device 

 Under voltage: Over voltage: 

A) STEPS for trip value  
[V to V]: 

1,1 threshold -> decrease by max 5V 
steps 

0,9 threshold -> increase by max 5V 
steps 

D) STEP for trip time [V to V]: 1,1 threshold -> 0,9 threshold 0,9 threshold -> 1,01 threshold 

 Ambient temperature 

Limit [V]: 195,5 V (27.S1) 264,5 V (59.S2) 

Measurement accuracy of the 
tripping value [V]: 

195,8 V 195,8 V 195,8 V 264,3 V 264,3 V 264,3 V 

 400 ms 200 ms 

Measurement the trip time [ms]:  413 ms 414 ms 417 ms 186 ms 188 ms 189 ms 

 -10°C temperature 

Limit [V]: 195,5 V (27.S1) 264,5 V (59.S2) 

Measurement accuracy of the 
tripping value [V]: 

195,7 V 195,7 V 195,7 V 263,8 V 263,8 V 263,8 V 

 400 ms 200 ms 

Measurement the trip time [ms]:  412 ms 411 ms 411 ms 193 ms 193 ms 193 ms 

 +55°C temperature 

Limit [V]: 195,5 V (27.S1) 264,5 V (59.S2) 

Measurement accuracy of the 
tripping value [V]: 

195,8 V 195,8 V 195,8 V 264,3 V 264,3 V 264,3 V 

 400 ms 200 ms 

Measurement the trip time [ms]:  412 ms 414 ms 418 ms 192 ms 193 ms 194 ms 

Test: 
To measure the disconnection time a step of 84%Un is taken from the nominal voltage and of 116%Un from 
the nominal voltage for undervoltage and overvoltage. 
The voltages should be measured per phase conductor, in which current is fed between the line conductor 
and the neutral conductor. 
 

Assessment criterion:  
Limit values: 
Voltage drop protection   59.S2 0.85 Un  400 ms 
Rise-in voltage protection  27.S1 1.15 Un  200 ms 
 
The setting value and the trip value of the frequency may not vary by more than ≤5%Vn and 3%±20ms. 
 
For each repetition of the tests, the max tolerances of the values are: 
Voltage: 2% 
Frequency: ±20mHz 
Trip times: 1%±20ms 
 

Note: 
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Under voltage (ambient) 

 

 
 

 
Over voltage (ambient) 
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Under voltage (-10°C) 

 

 
 

 
Over voltage (-10°C) 
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Under voltage (55°C) 

 

 
 

 
Over voltage (55°C) 
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A.4.3.1 and A4.3.2 Test procedure for maximum/minimum voltage 
 

P 

Operating time of the monitoring device 

 Under voltage: 

A) STEPS for trip value  
[V to V]: 

1,1 threshold -> decrease by max 5V steps 

D) STEP for trip time [V to V]: Un -> 0,4 Un 

 Ambient temperature 

Limit [V]: 92 V (27.S2) 

Measurement accuracy of the 
tripping value [V]: 

92 V 92 V 92 V 

 200 ms 

Measurement the trip time [ms]:  186 ms 187 ms 187 ms 

 -10°C temperature 

Limit [V]: 92 V (27.S2) 

Measurement accuracy of the 
tripping value [V]: 

92 V 92 V 92 V 

 200 ms 

Measurement the trip time [ms]:  186 ms 187 ms 184 ms 

 +55°C temperature 

Limit [V]: 92 V (27.S2) 

Measurement accuracy of the 
tripping value [V]: 

92 V 92 V 92 V 

 200 ms 

Measurement the trip time [ms]:  184 ms 184 ms 184 ms 

Test: 
To measure the disconnection time a step of 84%Un is taken from the nominal voltage and of 116%Un from 
the nominal voltage for undervoltage and overvoltage. 
The voltages should be measured per phase conductor, in which current is fed between the line conductor 
and the neutral conductor. 
 

Assessment criterion:  
Limit values: 
Voltage drop protection   59.S2 0.85 Un  400 ms 
Rise-in voltage protection  27.S1 1.15 Un  200 ms 
 
The setting value and the trip value of the frequency may not vary by more than ≤5%Vn and 3%±20ms. 
 
For each repetition of the tests, the max tolerances of the values are: 
Voltage: 2% 
Frequency: ±20mHz 
Trip times: 1%±20ms 
 

Note: 
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Under voltage (ambient) 

 

 
 

 
Under voltage (-10°C) 
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Under voltage (55°C) 
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A.4.3.1 and A4.3.2 Test procedure for falling time  
 

P 

Operating time of the monitoring device 

 Falling time at under voltage Falling time at over voltage: 

B) STEP [V to V]: 
real threshold (of A)-> increase by 

one step to 1,1 threshold 
real threshold (of A)-> decrease by 

one step to 0,9 threshold 

 Ambient temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 42 ms 40 ms 49 ms 49 ms 49 ms 48 ms 

 -10°C temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 47 ms 46 ms 44 ms 42 ms 50 ms 42 ms 

 +55°C temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 43 ms 42 ms 51 ms 43 ms 48 ms 51 ms 

 

 Falling time at under frequency Falling time at over frequency: 

B) STEP [Hz to Hz] 
real threshold (of A)-> increase by 

one step to 1,01 threshold 
real threshold (of A)-> decrease by 

one step to 0,99 threshold 

 Ambient temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 64 ms 64 ms 64 ms 63 ms 64 ms 64 ms 

 -10°C temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 59 ms 60 ms 60 ms 70 ms 70 ms 69 ms 

 +55°C temperature 

Limit [ms]: 40-100ms 40-100ms 

Falling time [ms]: 67 ms 66 ms 66 ms 67 ms 66 ms 67 ms 

Note: 
The measuring points are the trip signal of the AC source and the output of the SPI to control the relays (DDI). 
 
For each repetition of the tests, the max tolerances of the values are: 
Voltage: 2% 
Frequency: ±20mHz 
Trip times: 1%±20ms  
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Falling time (under voltage ambient) 

 

 
 

 
Falling time (over voltage ambient) 
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Falling time (under voltage -10°C) 

 

 
 

 
Falling time (over voltage -10°C) 
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Falling time (under voltage +55°C) 

 

 
 

 
Falling time (overvoltage +55°C 
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Falling time (under frequency ambient) 

 

 
 

 
Falling time (over frequency ambient) 
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Falling time (under frequency -10°C) 

 

 
 

 
Falling time (over frequency -10°C) 
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Falling time (under frequency +55°C) 

 

 
 

 
Falling time (over frequency +55°C) 
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A.4.3.1 and A4.3.2 Test procedure for falling ratio (voltage) 
 

P 

Operating time of the monitoring device 

 Falling ratio at under voltage Falling ratio at over voltage: 

C) STEP [V to V]: 
0,8 threshold -> increase by max 5V 

steps until reset value is reached 
1,2 threshold -> decrease by max 5V 

steps until reset value is reached 

 Ambient temperature 

Limit of ratio: 1.03-1.05 0.95-0.97 

Measurement reset value [V]: 203,8 V 203,7 V 203,7 V 253,3 V 253,4 V 253,3 V 

   

Calculated falling ratio Vin/Vend:  1,04 1,04 1,04 0,96 0,96 0,96 

 -10°C temperature 

Limit of ratio: 1.03-1.05 0.95-0.97 

Measurement reset value [V]: 203,6 V 203,7 V 203,6 V 253,0 V 252,9 V 253,0 V 

   

Calculated falling ratio Vin/Vend:  1,04 1,04 1,04 0,96 0,96 0,96 

 +55°C temperature 

Limit of ratio: 1.03-1.05 0.95-0.97 

Measurement reset value [V]: 203,7 V 203,8 V 203,8 V 253,5 V 253,5 V 253,5 V 

   

Calculated falling ratio Vin/Vend:  1,04 1,04 1,04 0,96 0,96 0,96 

Test: 
To measure the falling ratio, the voltage or frequency brought out the operation range by 20%of the nominal 
and in-/decrease in maximal 10mHz or 5V steps until the SPI connects. 
 

Assessment criterion:  
Calculation: 
 
  Vin (reset value)  fin (reset value) 
  __________________________________________________________________  ________________________________________________________________ 

  Vend (trip value)   fend (trip value) 
 
Limit values: 
 
The setting value and the trip value of the frequency may not vary by more than ≤5%Vn and ±20ms. 
The value of the falling ratio may not vary by more than ≤2%. 
The ratio limits:  85% (27.S1) between 1.03 and 1.05 
  115% (59.S2) between 0.95 and 0,97 
  49,50Hz (81<S1) 1,001-1,003 
  50,50Hz (81>S1) 0,997-0,999 
 

Note: 
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A.4.3.1 and A4.3.2 Test procedure for falling ratio (frequency) 
 

P 

Operating time of the monitoring device 

 Falling ratio at under frequency Falling ratio at over frequency: 

C) STEP [Hz to Hz] 
0,8 threshold -> increase by max 
10mHz steps until reset value is 

reached 

1,2 threshold -> decrease by max 
10mHz steps until reset value is 

reached 

Limit of ratio: Ambient temperature 

 1,001-1,003 0,997-0,999 

Measurement reset value [Hz]: 49,60 Hz 49,60 Hz 49,60 Hz 50,40 Hz 50,40 Hz 50,40 Hz 

   

Calculated falling ratio fin/fend:  1,002 1,002 1,002 0,998 0,998 0,998 

 -10°C temperature 

Limit of ratio: 1,001-1,003 0,997-0,999 

Measurement reset value [Hz]: 49,60 Hz 49,60 Hz 49,60 Hz 50,40 Hz 50,40 Hz 50,40 Hz 

   

Calculated falling ratio fin/fend:  1,002 1,002 1,002 0,998 0,998 0,998 

 +55°C temperature 

Limit of ratio: 1,001-1,003 0,997-0,999 

Measurement reset value [Hz]: 49,60 Hz 49,60 Hz 49,60 Hz 50,40 Hz 50,40 Hz 50,40 Hz 

   

Calculated falling ratio fin/fend:  1,002 1,002 1,002 0,998 0,998 0,998 

Test: 
To measure the falling ratio, the voltage or frequency brought out the operation range by 20%of the nominal 
and in-/decrease in maximal 10mHz or 5V steps until the SPI connects. 
 

Assessment criterion:  
Calculation: 
 
  Vin (reset value)  fin (reset value) 
  __________________________________________________________________  ________________________________________________________________ 

  Vend (trip value)   fend (trip value) 
 
Limit values: 
 
The setting value and the trip value of the frequency may not vary by more than ≤5%Vn and ±20ms. 
The value of the falling ratio may not vary by more than ≤2%. 
The ratio limits:  85% (27.S1) between 1.03 and 1.05 
  115% (59.S2) between 0.95 and 0,97 
  49,50Hz (81<S1) 1,001-1,003 
  50,50Hz (81>S1) 0,997-0,999 
 

Note: 
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Measuring the rise-in voltage protection as a running 10-minute mean value 
 

P 

Test: 

 Disconnection time: Limit: 

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 1 503 s 

≤ 600 s Phase 2 509 s 

Phase 3 509 s 

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 No disconnection 

Phase 3 No disconnection 

c) 

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

Phase 1 302 s 
The disconnection time should be 
about 50 % of the value measured 

in a). * 
Phase 2 310 s 

Phase 3 229 s 

Note: 
*If the setting value is set to 600 s, then the disconnection time can be in the range between 225 s and 375 s. 
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A.4.3.3.2  Remote trip signal 
 

P 

Operating time of the monitoring device 

Test: Remote tripping signal for the external disconnection 

Limit [ms]: 50 

Reaction time of the tripping 
value [ms]: 

28 ms 

Note: 
The protection interface has to have a maximum delay of the remote tripping signal from receiving to 
transmitting to the DDI of 50ms. 
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A.4.3.3.1  Insensitivity to harmonics of the frequency relay 
 

P 

Operating time of the monitoring device 

 Under frequency: Over frequency: 

A) STEPS for trip value  
[Hz to Hz]: 

1,01 threshold -> decrease by max 
10mHz steps 

0,99 threshold -> increase by max 
10mHz steps 

D) STEP trip time [Hz to Hz]: 1,01 threshold -> 0,99 threshold 0,99 threshold -> 1,01 threshold 

  

Limit [Hz]: 47,50 Hz 51,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

47,50 Hz 47,50 Hz 47,50 Hz 51,51 Hz 51,51 Hz 51,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  100 ms 98 ms 98 ms 106 ms 105 ms 104 ms 

Test: 
 
The test setup for the harmonics distortion, was set with the fallowing values: 

Harmonics order: 2nd 3rd 5th 7th 9th 11th 13th 17th 

%Un: 4,0 10,0 12,0 10,0 3,0 7,0 6,0 4,0 

The frequency test was performed as in A.4.3 
 

Note: 
The setting value and the trip value of the frequency may not vary by more than ±20mHz and 3%±20ms. 
Differences between the test values: ±20mHz and 1%±20ms. 
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Under frequency (harmonics) 

 

 
 

 
Over frequency (harmonics) 
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A.4.3.3.1  Insensitivity to harmonics of the frequency relay 
 

P 

Operating time of the monitoring device 

 Under frequency: Over frequency: 

A) STEPS for trip value  
[Hz to Hz]: 

1,01 threshold -> decrease by max 
10mHz steps 

0,99 threshold -> increase by max 
10mHz steps 

D) STEP trip time [Hz to Hz]: 1,01 threshold -> 0,99 threshold 0,99 threshold -> 1,01 threshold 

  

Limit [Hz]: 49,50 Hz 50,50 Hz 

Measurement accuracy of the 
tripping value [Hz]: 

49,50 Hz 49,50 Hz 49,50 Hz 50,51 Hz 50,51 Hz 50,51 Hz 

 100 ms 100 ms 

Measurement the trip time [ms]:  100 ms 101 ms 99 ms 99 ms 97 ms 98 ms 

Test: 
 
The test setup for the harmonics distortion, was set with the fallowing values: 

Harmonics order: 2nd 3rd 5th 7th 9th 11th 13th 17th 

%Un: 4,0 10,0 12,0 10,0 3,0 7,0 6,0 4,0 

The frequency test was performed as in A.4.3 
 

Note: 
The setting value and the trip value of the frequency may not vary by more than ±20mHz and 3%±20ms. 
Differences between the test values: ±20mHz and 1%±20ms. 
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Under frequency (harmonics) 

 

 
 

 
Over frequency (harmonics) 
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A.4.3.3.3  Communication Signal 
 

P 

Enlargement of the frequency limits: 

Without communication signal 

fsoll fist Limit: 

49,50 Hz 49,50 <81.S1 

50,50 Hz 50,51 >81.S1 

With communication signal 

47,50 Hz 47,50 <81.S2 

51,50 Hz* 51,51 >81.S2 

Note: 
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A.4.4  Self-test 
 

N/A 

 

Self-test function 

If the interface protection functions are integrated in the inverter, at least one self-test system must be 
provided which checks the maximum/minimum frequency and maximum/minimum voltage functions provided 
in the interface protection system (SPI), as described below: 

 for each frequency and voltage protection function, the tripping threshold varies linearly upward or 
downward with a slope of ≤ 0.05 Hz/s or ≤ 0.05 Vn/s respectively for the frequency and voltage 
protection; 

 This will determine, at a certain point in the test, whether the threshold and the actual value of the 
controlled parameter (frequency or voltage) coincide, and thus whether the protection was triggered 
and the interface device subsequently opened. 

For each test, the person conducting the test must be able to view the quantity and trip time values, in 
addition to the current value of the voltage and frequency detected by the converter. 

The tests must measure the: 

 accuracy of tripping thresholds; 

 accuracy of trip times. 

After each test, the inverter must exit the test mode, reset the normally used settings and automatically 
reconnect to the network when the conditions are appropriate. 

Any user must be able to activate the procedure and it must be clearly described in the converter user 
manual. 

 

Note: 
The SPI is external. 
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A.4.6  Climatic compatibility tests 
 

P 

Testing in non connected state of the unit: 

Temperature  Relative humidity Test time 

70°C 50% 16h 

40°C 93% 4 giorni 

-25°C 10% 10h 

-25°C -> +70°C --- 3h @ -25°C, 3h @ +70°C 

Testing, while unit is running. 

Temperature  Relative humidity Test time 

55°C 50% 16h 

40°C 93% 4 giorni 

-25°C 10% 10h 

-25°C -> +55°C --- 3h @ -25°C, 3h @ +55°C 

Note: 
The unit was not damaged during testing. 
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A.4.7  Insulation tests 
 

P 

Rigidity of electricity: 

Location Test voltage Result 

AC to PE 2kVac / 2,8kVdc No damage at 2kVas 

DC to PE 2kVac / 2,8kVdc No damage at 2kVas 

Impulse test: 

AC and DC inputs 4kV (1,2/50µs) No breakthrough 

Measurement of the insulation resistance: 

AC and DC inputs >100MΩ at 500Vdc More than 200MΩ at 500Vdc 

Note: 
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A.4.8  Tests for the overload capacity of measuring circuits 
 

P 

Voltage Test time Result: 

≥130%UN permanente No damage 

≥150%UN 1s No damage 

Note: 
The unit is not allowed to be damaged while testing. The measurement circuit must show after the test the 
same values like before the test. 
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A.4.10  Automatic mechanism to prevent current imbalance during production 
 

N/A 

Voltage Test time Result: 

6kW to 10kW 30min  

>10kW 1min  

Note: 
The SPI will not be used in systems, which are not capable to prevent current imbalance via communication 
or through their symmetical behavior. A relevant note is placed in the user manual in chapter 2.1. 
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Annex 1 
ISO 9001 certificate 
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Annex 2 
The EMC Test Report is stored at Bureau Veritas Consumer Products 

Services Germany GmbH Türkheim in the project 13TH0057 
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Annex 3 
Pictures of the unit 
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Enclosure front 
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Enclosure 

(connectors) 
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Enclosure left side 

 

Enclosure right side 
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Enclosure back 
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Annex 4 
Test equipment list 
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Equipment Internal 

no.: 
Manufacturer: Type: Serial no.: Last 

calibration 

Power Meter 948 
ZES Zimmer 
Electronic Syst. LMG-500-3 2441006 Okt. 12 

AC Source 944 Chroma 61705 617050000142  
Oscilloscope 984 Yokogawa DLM2022 91L512341 Jul. 11 

Differential Probe 1050 
Saphire 
Instruments SI-9002 118138 Aug. 12 

Differential probe 
head 496 Yokogawa 19/7019-21 71237 Sep. 11 

 


