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RaAtiNgS....ooeeeiiiiieeiieee e : SOFAR SOFAR SOFAR SOFAR SOFAR
1100TL 1600TL 2200TL 2700TL 3000TL

MPP DC voltage range [V]............... : 110-380 165-380 170-450 210-450 230-450

Input DC voltage range [V] .............. : 90-400, max.450 100-480, max.500

Input DC current [A] coveveeeeeviiiiiinnen. : Max.10 Max.13

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

Output AC current [A]...cccoeeeevveeeennen. : Max.4,5 Max.7,0 Max.9,5 Max.11,5 Max.13,0

Output power [W]....ooovvvveeiiiieeeeenen, : 1000 1500 2000 2500 2800

Tel: +86 769 8593 5656

Fax: +86 769 8599 1080

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

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

Page 2 of 79

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch



@

Report No.: PYDE140508N005
Testing Location ..........ccccceveeeeennns . Burea u Veritas Shenzhen Co., Ltd. Dongguan Branch
AdAreSS ..o : No. 34, Chenwulu Section, Guantai Rd., Houjie Town, Dongguan City,

Guangdong 523942, China

M\
T

ested by _ James Huang / L1
(name and signature).............cc.ee... : J

Al db :
pproved by Corney Zhang

(name and signature)....................... ; [ et
Manufacturer's name..............o.u.... . Shenzhen SOFARSOLAR Co., Ltd.
Factory address ........ccccceeeeiiinvnnnenn. :No. 8, Fulong road, Qingxi town, Dongguan city, Guangdong, China.
Document History
Date Internal reference Modification / Change / Sta  tus Revision
2014-07-21 James Huang Initial report was written 0
Supplementary information:
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
ggfa“u;/rfrgf‘asniﬁenzr‘e” Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 3 of 79 TEST REPORT DIN VDE V 0124-100 VER.O



Report No.: PVDE 140508N005

Test items particulars

Equipment mobility...............cccvveeeee. . Permanent connection

Operating condition............ccc..cceee. : Continuous

Class of equipment ...........ccoccvveeeee. : Class|

Protection against ingress of water..: P65 according to EN 60529

Mass of equipment [kg]..........cvvvee.. . SOFAR 1100TL, SOFAR 1600TL, SOFAR 2200TL: 11kg

SOFAR 2700TL, SOFAR 3000TL: 12kg

Test case verdicts

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

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

Test item does not meet

the requirement............ccooccvieeeeeenn. : F(all)

Testing

Date of receipt of test item............... :  2014-05-08

Date(s) of performance of test......... :  2014-05-08 to 2014-07-01

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 document S:

1. Test Report
5.1. Verification of permissible system perturbations
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

( 1
SeFAR S¢FAR S¥YFAR
=T A || == TN =
PV Grid Inverter SOFAR 1100TL PV Grid Inverter SOFAR 1600TL PV Grid Inverter SOFAR 2200TL
Maximum DC input voltags 450N Manimum DC input voltage Maximum DG input wollage

DC voltage range DC vaoliage range

Maximum DC input current Maximum DC Input current

Medmum PV Isc Maximum PV lsc

Nominal Grid voltage Neminal Grid voliage

Maximum AC output surrent TA Maximum AC output currarit

Nominal Grid frequency 50Hz Nominal Gid fequency. | S0Hz

Maximum AC output power 1500W Maximum AGoutput power. 2000W

Powerfacor 1 R

Ingress protaction 15 ingress pratection | IPes

Opsrating temperaturs range | -3E4E0°C Opersing temperatore range. 25800
Protoctive class Class | Proteclive class Class | Pratective class Class |
Manulacherer: Sherzhen SOFARSOLAR Co., Lid, Manufasturer; Shonzhen SOFARSOLAR Cao., Lid Mamdachures, Shenzhen SOFARSOLAR Co., Lid.

Made in China Made in China Made in China

VDEQ126-1-1,VDE-AR-N 4105,G8 32 ENS0438, VDED126-1-1,VDE-AR-N 4105, GB 32 ENS0438, VDED126-1-1 VDE-AR-N 4105,G83/2 EN5S0438,
C10/11 ASAT77,RD1 693 UTE G157 121 ) C10/11,AS4TTT RD1GID,UTE C15-712-1 C10/11,AS4777 RD1689 UTE C15-F12-1

[HACEASAAE | (NACEASAAL| [HACEASAAER

S¢FAR S¢YFAR
=L S =|OL AR

PV Grid Inverter SOFAR 2700TL PV Grid Inverter SOFAR 3000TL

Maxtmum DC input voltage 500V Meaximum DC input vollage f_)ljtl}.l'_

DT voliage range 100-480V DC voltage rangs

Maximum DC input current 12A Maximum DC input current

Maximum PV Isc 154 Maximum PV Isc

MNaminal Grid voltage L/N/PE 230V~ Maminal Grid voltage

Maximum AC output currant 11.54 Mazimum AC outpul current 13A

Nominal Grid frequeancy 50Hz MNaminal Grid fraquency gg_;-q_z_

Maximum AC output power 2500W Maximum AC output power 2B00W

Power factor 1 Power factor

Ingress protaction =l Ingress pratection

Operating lemperature range -254+B0°C Operaling temperzluse range

Protective class Class | Protective class C;t;ss 1

Manufacturer: Shenzhen SOFARSOLAR Co., Litd, Manufaciurer; Shanchen SOFARSOLAR Co., Lid

Made in China Made in China

VDEQ126-1-1 VDE-AR-N 4105, GB 32 ENSD43E, VIDED 26-1-1,VDE-AR-N 4 105 GENZ ENSM3E,

C10V11.AS47T T, RO1608 LUTE C15T12-1 C10M1,ASATTT RD1699,UTE C15-T1241
LHACEASAAE| (HACEASAAE
L — J
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General product information:

The Solar converter converts DC voltage into AC voltage.
The units are single-phase inverter.

The product connected to grid only single or system <3,68kVA used in Germany area.

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 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.

— r
l - - :I II|
PV e finput |22 § — oo (7o Joupu | L
DC-Switch! P T i P
ﬂnplinn:ﬂ!: EMI :. i I ; E;: In -i i i /_/! I' ': ok _i i N
2 Filter fm Lo L e Filter | | o
; 5 ok ‘ - !
PV- et . : ! 1 i
insulation [~ o A 5 ol ot L GROT
ﬁ! N ‘T'_-: 7] ?:i I i I posiz
T - = = ) g = i
So B & = Z| ‘58 5
J bW L : Lao R, A
’P‘if:ir _ Main-DSP Slave-DSP

RS-485,Dry-relay,
Wi-Fi(optional)

Figure 1 — Block diagram
The internal control is redundant built. It consists of Microcontroller Master DSP (UC34) and Slave DSP
(UC35).

The Master DSP control the relays (RYP2-RYP5) by switching signals; measures the PV voltage, PV current,
Bus voltage, grid voltage and 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 (RYP2-RYP5) 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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The product was tested on:
Hardware version: V1.00

Software version: V1.00

Description of the differences of the models within a series:

The models SOFAR 1100TL, SOFAR 1600TL, SOFAR 2200TL, SOFAR 2700TL and SOFAR 3000TL are
same as in hardware except the components are in the different table. Identical in software the output power
just adjusted by software.

Difference table

SOFAR SOFAR SOFAR SOFAR SOFAR

1100TL 1600TL 2500TL 2700TL 3000TL
Boost inductor 2,6mH 2,6mH 1,9mH 1,9mH 1,9mH
Resistor (RP105, RP108 220o0hm / 220o0hm / 200ohm / 2000hm / 200ohm /
/RP189,RP109) 10Kohm 10Kohm 7,5Kohm 7,5Kohm 7,5Kohm
BUS capacitor (ECP1,
ECP2, ECP3, ECP4) 2 pcs 2 pcs 3 pcs 3 pcs 3 or4pcs
Inverter inductor 3,4mH 2,3mH 2,1mH 1,5mH 1,3mH
Resistor (RP118, RP119, 499 Q, 1 KQ, 1 KQ, 2 KQ, 2 KQ,
RC18 /RP120, 200 Q, 200 Q, 330 Q, 100 Q, 100 Q,
RP121,RC22) 200 Q 100 Q 330 Q 100 Q 100 Q
DC switch and Wi-Fi module are optional.
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Description of the remote control in a typical inst allation:
RS485 connection mode:
| .
r
‘ s"EAg
|
SLELECT
—
RS485/USB
l RS485 -j
Types 1/0a Dry contacts RS485« \
conne % @ @ K
ctore (6pin)e (3pin)e (2pin)e
labels SV GNDe| 14 | 13a| 12| I1e NC«# COM MO« TX -2 T+ |
R5485 R5485
. o Input | Input | Input | Input | Mormally | Common MNormally . ) ) .
functions] source+ | groundd 40 30 20 10 Closede erounde — dl?n:;lear:t-lzl dll‘:‘::;:\zl_zl

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch
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Wi-Fi connection mode:

.
L 4 :
I |
\J
&
Figure 2 — Scheme of an installation
Description of the connection to the ripple control receiver:
N/A
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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:
e “Py” for the nominal active power:
P, =U,x I, X cos @, (single-Phase); P, =V 3 U, X I, X cos @, (three-Phase)

e “ EO0,2" for gliding average values over 200 milliseconds
« “ EB60" 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 T—>0
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 Im
-90°>¢ >-18C
»

v
90° < ¢ <180
inductive
Figure 3
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
ggfa“u;/rfrgf‘;niﬁenzr‘e” Co., L. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 10 of 79 TEST REPORT DIN VDE V 0124-100 VER.O



Report No.: PVDE140508N005

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 N/A
5.3 Verification of the characteristics of the power generation unit on the network P
5.4 Testing of NS protection P
55 Testing of connecting conditions and synchronisation P

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
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5.1 Verification of permissible system perturbation

DIN VDE V 0124-100:2012-07

Clause Test Result
5.1.1 General P
5.1.2 Rapid voltage changes P
5121 Tests P
5.1.2.2 Documentation of tests P
5.1.3 Flicker P
5131 Tests P
5.1.3.2 Documentation of tests P
514 Harmonics and interharmonics P
5141 Tests P
5.1.4.2 Additional tests N/A
5143 Documentation of tests P
cusa Ve Shorshnco, Lo, | M S et cumn, | T s
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:

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
gg;ea“u;/r?rgf‘asniﬁe”me” Co., L. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 13 of 79 TEST REPORT DIN VDE V 0124-100 VER.O




9

[BUREAU
VERITAS

Report No.: PVDE140508N005

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 k; 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 Pgyax %: < 3 %

Switch-on for any capacity (10%  Pgmax)

Single period effective values of the current [A] 0,463 0,466 0,445
Single period effective values of the voltage [V] 230,2 230,2 230,2
k; value 0,04 0,04 0,04

Kimax Value 0,04

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

k; value N/A N/A N/A

Kimax Value

Switch-on for nominal capacity

Single period effective values of the current [A] 0,787 0,475 0,462
Single period effective values of the voltage [V] 230,7 230,2 230,2
k; value 0,06 0,04 0,04
Kimax Value 0,06

Highest kinax value for all switching operations

0,06

Note:

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch
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Houjie Town, Dongguan City, Guangdong
523942, China
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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% U, to 109% U,

Frequency: 50 Hz + 0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pgyax %: <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:

Plt Pst dC%
DIN EN 61000-3-3 (SOFAR 1100TL) 0,07 0,07 0,00
DIN EN 61000-3-3 (SOFAR 1600TL) 0,07 0,07 0,00
DIN EN 61000-3-3 (SOFAR 2200TL) 0,07 0,07 0,00
DIN EN 61000-3-3 (SOFAR 2700TL) 0,07 0,07 0,00
DIN EN 61000-3-3 (SOFAR 3000TL) 0,07 0,07 0,00

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

Determination of the flicker coefficient:
Cu = P X(S/PR)

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: S, = 112148

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
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Flicker to DIN EN 61400-21 (VDE 0127-21) (or FGW TR 3)

SOFAR 1100TL

Grid impedance angle yy 32°
Flicker coefficient c(yj) 7,85
Short-term flicker Pg; 0,07
SOFAR 1600TL

Grid impedance angle gy 32°
Flicker coefficient c(yy) 5,23
Short-term flicker Pg; 0,07
SOFAR 2200TL

Grid impedance angle gy 32°
Flicker coefficient c(yy) 3,93
Short-term flicker Pg; 0,07
SOFAR 2700TL

Grid impedance angle yy 32°
Flicker coefficient c(yj) 3,14
Short-term flicker Pg; 0,07
SOFAR 3000TL

Grid impedance angle gy 32°
Flicker coefficient c(yy) 2,80
Short-term flicker Pg; 0,07

Assessment criterion:

Long-term flicker strength: P;<0,5

Note:

Bureau Veritas Shenzhen Co., Ltd.

Dongguan Branch

No. 34, Chenwulu Section, Guantai Rd.,
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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

5.14.2.

Test conditions:

Voltage: 86% U, to 109% U,

Frequency: 50 Hz + 0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pgyax %: <3 %
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5.1.4.1 Tests P

SOFAR 1100TL

Maximum permissible harmonic current as per EN 61000-3-2 Class A

Harmonics 2" 3" 5" 7" o 11" 13" 15th<n<39th
Limit 1,08A 2,3A 1,14A 0,77A 0,4A 0,33A 0,21A 0,15 * (15/n)
Test value See below
Order  Measure[A] Limit[A]  Margin[%] Order  Measure[A] LimitfA]  Margin[%]
1 4.2795 2 1.0800 99.1
3 0.0632 2.3000 97.3 4 0.4300 99.0
5 1.1400 99.2 6 0.3000 99.0
7 0.7700 99.2 8 0.2300 99.0
9 0.4000 99.1 10 0.1840 98.8
" 0.3300 994 12 0.1533 98.5
13 0.2100 99.1 14 0.1314 98.6
15 0.1500 99.0 16 0.1150 98.6
17 0.1324 99.0 18 0.1022 98.3
19 0.1184 98.8 20 0.0920 98.3
21 0.1071 984 22 0.0836 984
23 0.0978 98.6 24 0.0767 98.4
25 0.0900 98.3 26 0.0708 98.0
27 0.0833 98.6 28 0.0657 98.3
29 0.0776 98.5 30 0.0613 98.4
31 0.0726 98.7 32 0.0575 98.1
33 0.0682 98.4 34 0.0541 97.6
35 0.0643 98.3 36 0.0511 97.7
37 0.0608 98.5 38 0.0484 97.6
39 0.0577 98.5 40 0.0460 96.8

SOFAR 1600TL

Maximum permissible harmonic current as per EN 61000-3-2 Class A

Harmonics 2" 3" 5" 7" o 11" 13" 15th<n<39th
Limit 1,08A 2,3A 1,14A 0,77A 0,4A 0,33A 0,21A 0,15 * (15/n)
Test value See below
Order  Measure[A] Limit[A]  Margin[%] Order  Measure[A] LimitfA]  Margin[%]
1 6.5184 2 1.0800 99.6
3 0.0868 2.3000 96.2 4 0.4300 99.2
5 1.1400 97.8 6 0.3000 98.9
7 0.7700 98.0 8 0.2300 98.5
9 0.4000 97.6 10 0.1840 98.1
11 0.3300 98.6 12 0.1533 97.6
13 0.2100 97.9 14 0.1314 97.7
15 0.1500 97.4 16 0.1150 97.8
17 0.1324 96.4 18 0.1022 97.9
19 0.1184 95.2 20 0.0920 97.6
21 0.1071 94.6 22 0.0836 97.9
23 0.0978 93.9 24 0.0767 97.7
25 0.0900 93.2 26 0.0708 97.9
27 0.0833 92.4 28 0.0657 97.9
29 0.0776 91.9 30 0.0613 97.9
31 0.0726 91.2 32 0.0575 97.8
33 0.0682 90.6 34 0.0541 97.4
35 0.0643 89.7 36 0.0511 975
37 0.0608 89.2 38 0.0484 97.8
39 0.0577 88.6 40 0.0460 97.9
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SOFAR 2200TL

Maximum permissible harmonic current as per EN 61000-3-2 Class A

Harmonics 2" 3" 5" 7" o 11" 13" 15th <n<39th
Limit 1,08A 2,3A 1,14A 0,77A 0,4A 0,33A 0,21A 0,15 * (15/n)
Test value See below
Order  Measurg[A] Limit[A]  Margin[%] Order  Measure[A] Limit[A]  Margin[%]
1 8.7596 2 1.0800 99.8
3 0.1216 2.3000 94.7 4 0.4300 99.8
5 1.1400 98.8 6 0.3000 99.2
7 0.7700 99.1 8 0.2300 98.5
9 0.4000 98.9 10 0.1840 98.5
11 0.3300 99.1 12 0.1533 98.7
13 0.2100 98.1 14 0.1314 98.9
15 0.1500 98.0 16 0.1150 99.0
17 0.1324 97.4 18 0.1022 99.1
19 0.1184 96.4 20 0.0920 98.9
21 0.1071 96.2 22 0.0838 99.1
23 0.0978 96.7 24 0.0767 99.0
25 0.0%00 96.5 26 0.0708 98.8
27 0.0833 96.6 28 0.0857 98.9
29 0.0776 97.2 30 0.0613 99.0
31 0.0726 97.6 32 0.0575 98.9
33 0.0682 977 34 0.0541 99.0
35 0.0643 97.7 36 0.0511 98.9
37 0.0608 97.9 38 0.0484 98.5
39 0.0577 98.3 40 0.0460 98.5
SOFAR 2700TL
Maximum permissible harmonic current as per EN 61000-3-2 Class A
Harmonics 2" 3" 5" 7" o 11" 13" 15th<n<39th
Limit 1,08A 2,3A 1,14A 0,77A 0,4A 0,33A 0,21A 0,15 * (15/n)
Test value See below
Order  Measure[A] Limit[A]  Margin[%] Order  Measure[A] Limit[A]  Margin[%]
1 10.7939 2 1.0800 99.5
3 0.1149 2.3000 95.0 4 0.4300 99.0
5 1.1400 97.8 6 0.3000 98.7
7 0.7700 97.9 8 0.2300 98.4
9 0.4000 97.9 10 0.1840 97.8
11 0.3300 98.6 12 0.1533 974
13 0.2100 97.7 14 0.1314 97.5
15 0.1500 97.0 16 0.1150 97.5
17 0.1324 95.6 18 0.1022 97.7
19 0.1184 94.4 20 0.0920 97.6
21 0.1071 93.8 22 0.0836 97.8
23 0.0978 92.9 24 0.0767 97.6
25 0.0900 91.8 26 0.0708 97.7
27 0.0833 90.9 28 0.0657 97.7
29 0.0776 90.1 30 0.0613 97.9
31 0.0726 88.7 32 0.0575 97.8
33 0.0682 88.0 34 0.0541 97.1
35 0.0643 86.4 36 0.0511 96.8
37 0.0608 85.2 38 0.0484 96.9
39 0.0577 83.9 40 0.0460 96.1
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SOFAR 3000TL
Maximum permissible harmonic current as per EN 61000-3-2 Class A
Harmonics 2" 3" 5" 7" o 11" 13" 15th<n<39th
Limit 1,08A 2,3A 1,14A 0,77A 0,4A 0,33A 0,21A 0,15 * (15/n)
Test value See below
Order Measure[A] LimitfA]  Margin[%] Order Measure[A] Limit[A] Margin[%]
1 11.9330 2 1.0800 98.7
3 0.1150 2.3000 95.0 4 0.4300 99.2
5 1.1400 96.8 6 0.3000 99.3
7 0.7700 98.6 8 0.2300 98.2
9 0.4000 98.7 10 0.1840 98.2
11 0.3300 97.9 12 0.1533 97.4
13 0.2100 94.9 14 0.1314 97.5
15 0.1500 92.4 16 0.1150 97.5
17 0.1324 89.8 18 0.1022 97.6
19 0.1184 87.0 20 0.0920 97.4
21 0.1071 86.1 22 0.0836 97.7
23 0.0978 84.7 24 0.0767 97.7
25 0.0900 83.1 26 0.0708 97.2
27 0.0833 824 28 0.0657 97.4
29 0.0776 834 30 0.0613 97.3
31 0.0726 834 32 0.0575 97.5
33 0.0682 82.5 34 0.0541 97.5
35 0.0643 83.0 36 0.0511 97.5
37 0.0608 83.7 38 0.0484 97.3
39 0.0577 84.2 40 0.0460 97.1
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
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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 N/A
5.2.2 Test in the test laboratory: N/A
5.2.2.1 Calculation of asymmetry N/A
5.2.2 Additional tests for communicatively coupled inverter N/A
modules
5221 Failure of individual inverter modules N/A
5.2.2.2 Power drop of individual inverter modules N/A
2.3 Tests in the field N/A
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5.3 Verification of the characteristics of the powe  r generation unit on the network

DIN VDE V 0124-100:2012-07

Clause Test Result
53.1 General P
5.3.2 Measurement of the active reactive power range P
5.3.3 Active power reduction by specifying setpoints N/A
5.3.3.1 Setpoint control N/A
5.3.3.2 Measurement of setting accuracy N/A
5.3.3.3 Measurement of setting time N/A
5.34 Active power feed-in for overfrequency P
534.11 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)
535 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/ N/A
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:
Uy = between 86 % Un and 109% Un until the test
Frequency: 50 Hz +/- 0,5%

Test Condition:

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
Setting values COS @ max. over-excited: N/A

€0s @ max. under-excited: N/A
Test: SOFAR 1100TL
600 s mean value U, 1,09 U,
a) cos @ 1 at 100% Pgmax
U [V]: 230,51 250,78
Pemaxe00 a) [KW] 1,015 1,015
Semaxs00 ) [KVa] 1,015 1,015
COS PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pgnax
U [V]: N/A N/A
Pemaxeoo by [KW] N/A N/A
Semaxeoo by [KVa] N/A N/A
COS PEmax600-under-excited N/A N/A
¢) maximum over-excited (c) at 100% Pgmax
U V] N/A N/A
Pemaxe0o ¢) [KW] N/A N/A
Skmaxeoo o) [KVa] N/A N/A
COS Pemax600-over-excited N/A N/A
d) maximum under-excited (i) at 20-30% Pgmax
U V] N/A N/A
Pemaxeo ) [KW] N/A N/A
S Emaxeo ¢y [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A
e) maximum over-excited (c) at 20-30% Pgmax
U V] N/A N/A
Pemaxeo e)[KW] N/A N/A
Semaxeo ) [KVa] N/A N/A
COS PEmax60-over-excited N/A N/A
Semaxs0o @Nd Pemax 600
Semax600= MaX(Semax600 a), SEmax600 b), SEmax600 ¢)) 1,015 kVA
Pemax 600= MaX(Pemax600 a), PEmax600 b), PEmaxsoo ¢)) 1,015 kw
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Test: SOFAR 1600TL

600 s mean value U, 1,09 U,
a) cos @ 1 at 100% Pgmax

U [V]: 230,64 250,88
Pemaxe00 a) [KW] 1,509 1,515
Semaxs00 ) [KVa] 1,510 1,516
COS PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pgnax

U [V]: N/A N/A
Pemaxeoo by [KW] N/A N/A
Semaxeoo by [KVa] N/A N/A
COS PEmax600-under-excited N/A N/A

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

U [V]: N/A N/A
Pemaxsoo ¢y [KW] N/A N/A
Skmaxsoo o) [KVa] N/A N/A
COS Pemax600-over-excited N/A N/A

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

U V] N/A N/A
Pemaxso a) [KW] N/A N/A
S emaxeo o [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

e) maximum over-excited (c) at 20-30% Pgmax

U V] N/A N/A
Pemaxso e)[KW] N/A N/A
Semaxeo e) [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

Semaxs0o aNd Pemax 600

Semax600= MaX(Semax600 a), SEmax600 b), SEmax600 ¢)) 1,516 kVA

Pemax 600= Max(Pemax600 a), PEmaxe0o b), Pemaxe00 ¢)) 1,515 kw
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Test: SOFAR 2200TL

600 s mean value U, 1,09 U,
a) cos @ 1 at 100% Pgmax

U [V]: 230,76 250,76
Pemaxe00 a) [KW] 1,993 2,025
Semaxs00 ) [KVa] 1,994 2,026
COS PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pgnax

U [V]: N/A N/A
Pemaxeoo by [KW] N/A N/A
Semaxeoo by [KVa] N/A N/A
COS PEmax600-under-excited N/A N/A

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

U [V]: N/A N/A
Pemaxsoo ¢y [KW] N/A N/A
Skmaxsoo o) [KVa] N/A N/A
COS Pemax600-over-excited N/A N/A

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

U V] N/A N/A
Pemaxso a) [KW] N/A N/A
S emaxeo o [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

e) maximum over-excited (c) at 20-30% Pgmax

U V] N/A N/A
Pemaxso e)[KW] N/A N/A
Semaxeo e) [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

Semaxs0o aNd Pemax 600

Semax600= MaX(Semax600 a), SEmax600 b), SEmax600 ¢)) 2,026 kVA

Pemax 600= Max(Pemax600 a), PEmaxe0o b), Pemaxe00 ¢)) 2,025 kw
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Test: SOFAR 2700TL

600 s mean value U, 1,09 U,
a) cos @ 1 at 100% Pgmax

U [V]: 230,07 250,75
Pemaxe00 a) [KW] 2,510 2,513
Semaxsoo ) [KVa] 2,511 2,514
COS PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pgnax

U [V]: N/A N/A
Pemaxeoo by [KW] N/A N/A
Semaxeoo by [KVa] N/A N/A
COS PEmax600-under-excited N/A N/A

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

U [V]: N/A N/A
Pemaxsoo ¢y [KW] N/A N/A
Skmaxsoo o) [KVa] N/A N/A
COS Pemax600-over-excited N/A N/A

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

U V] N/A N/A
Pemaxso a) [KW] N/A N/A
S emaxeo o [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

e) maximum over-excited (c) at 20-30% Pgmax

U V] N/A N/A
Pemaxso e)[KW] N/A N/A
Semaxeo e) [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

Semaxs0o aNd Pemax 600

Semax600= MaX(Semax600 a), SEmax600 b), SEmax600 ¢)) 2,514 kVA

Pemax 600= Max(Pemax600 a), PEmaxe0o b), Pemaxe00 ¢)) 2,513 kw
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Test: SOFAR 3000TL

600 s mean value U, 1,09 U,
a) cos @ 1 at 100% Pgmax

U [V]: 230,79 250,72
Pemaxsoo a) [KW] 2,849 2,844
Semaxsoo a) [KVa] 2,850 2,845
COS PEmax600 0,999 0,999
b) maximum under-excited (i) at 100% Pgnax

U [V]: N/A N/A
Pemaxeoo by [KW] N/A N/A
Semaxeoo by [KVa] N/A N/A
COS PEmax600-under-excited N/A N/A

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

U [V]: N/A N/A
Pemaxsoo ¢y [KW] N/A N/A
Skmaxsoo o) [KVa] N/A N/A
COS Pemax600-over-excited N/A N/A

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

U V] N/A N/A
Pemaxso a) [KW] N/A N/A
S emaxeo o [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

e) maximum over-excited (c) at 20-30% Pgmax

U V] N/A N/A
Pemaxso e)[KW] N/A N/A
Semaxeo e) [KVa] N/A N/A
COS Pemaxs0-over-excited N/A N/A

Semaxs0o aNd Pemax 600

Semax600= MaX(Semaxs00 ), SEmax600 b), SEmax600 c)) 2,850 kVA
Pemax 600= MaX(Pemax600 a), PEmax600 b), PEmaxsoo ¢)) 2,849 kW
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% Pgax-

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

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

Semaxsoo @aNd Pemax s00 are determined by the highest value measured.
Semax600 = MaX(Semaxe00a), SEmax600b), SEmax600c))
Pemaxs0o = MaX(Pemaxso0a), PEmaxsoob), 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
cuens verasSheavn o, s, | 0,34 Shenuly St sumene, To e T v et
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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 a  djustable PGUs P
Test:
1-min mean value a) 50,00 Hz | b) 50,25 Hz | ¢) 50,70 Hz | d) 51,15 Hz | €) 50,70 Hz | f) 50,25 Hz | g) 50,00 Hz
1. Measurement a) to g): Active power output > 80% Pgmax
Frequency [Hz]: 50,00 50,25 50,70 51,15 50,70 50,25 50,00
Psetpoint [KW]: N/A 2,747 2,243 1,738 2,243 2,747 N/A
Peso [kKW]: 2,803 2,761 2,262 1,761 2,262 2,762 2,790
APg60/Psetpoint [%0]: N/A 0,50 0,68 0,80 0,69 0,51 N/A
2. Measurement a) to g): Active power output 40% and 60% after freezing > 80% Pgax
Frequency [Hz]: 50,00 50,25 50,70 51,15 50,70 50,25 N/A
Psetpoint [KW]: N/A 1,393 1,137 0,881 1,137 1,393 N/A
Pego [KW]: 1,421 1,415 1,158 0,903 1,157 1,411 N/A
APego/Psetpoint [Y0]: N/A 0,81 0,73 0,78 0,73 0,65 N/A
Limit APeeo/Psetpoint : +10 % of Pgnax
Graph of Measurement 1.: Active power output > 80% Pemax
3500 51. 40
2000 - 7 51.20
51.00
2500 - 50.80
2000 7 50.60
(W] 1 50.40 [Hz]
1500 1 50. 20
1000 F 50. 00
7 49.80
000 7 49.60
0 49. 40
1 101 201 301 401 501 601 701 801 901
Time [s]
=—Power [W] ==Limit power [W] ==Frequency [Hz] ‘
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Graph of Measurement 2.:Active power output 40% and 60% after freezing > 80% P gmax

1800 51.40
1600 - 51.20
1 400 B B 51.00
1200 - 50.80
- 50.60
1000
[w] - 50.40 [Hz]
800
- 50.20
600 - 50.00
400 - 49.80
200 - 49.60
O T T T T T T T T T T T T T 49;40
1 51 101 151 201 251 301 351 401 451 501 551 601 651
Time [s]
=—Power [W] == Limit power [W] =———Frequency [Hz]

Graph of power gradient:

3500
3000 /I

2000
[w]

1500

1000

500

0 T T T T T T T T T T T T
1 51 101 151 201 251 301 351 401 451 501 551 601

Time [s]

Power [W]  =—Limit power [W]
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Test:

The test is conducted for two powers. First, the test must start at a power > 80% Pgemax ("Measurement 1"), and in
a second test, for a power between 40% to 60% Pgnax ("Measurement 2). In the second test, after freezing of the
PM, the available active power output must be increased to a value > 80% Pgnax, 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 €very 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 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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5.3.4.1.2 Test cycle for all PGUs (adjustable, cond itionally adjustable and non-adjustable) P

Graph of frequency g) to j):

3500

3000

2500

2000
(w]

1500

1000

500

- 52.00
/ 10?_; 51. 50
/ / ~ 51,00
/ / - 50.50  [Hz]
224s / /
(4 L 3
e 50. 00
- 49. 50
298s
y T T T T 49 00
150 300 450 600 750 900 1, 050
Time [s]
Power [W] Limit power [W] Frequency [Hz]

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]: 176

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 Pgnax €very 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 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as 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):

3500 50. 50
3300 - 129 -+ 50.00
3100 ¢ 1 49.50
2900 L ~C 49. 00
2100 N | 48.50
(W] 2500 \ 1 48 00 [Hz]
2300 '
2100 |- 47.50
1900 272s -2 47.00
1700 = 46. 50
1500 46. 00
1 51 101 151 201 251 301 351
Time [s]
= Power [W] = Frequency [Hz] ‘
Test:
Switch to:

1-min mean value a) 50 £ 0,01 [HZz] b) - 2,4to - 2,5 [HZ]

Frequency [Hz]: 50,00 47,55

Peoo [KW]: 2,830 2,830

AP,)/Py, [%)]: 0

Test:

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

With a programmable AC source, the PGU is operated at 100% Pgnax 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% Pgmax -

Note:
The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as 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

SOFAR 1100TL

Setting values COS ¢ over-excited: N/A
cos ¢ under-excited: N/A

a) PGUs used in PGSs < 3,68 kVA
Test: oder von 20-100% Pemax (ist auch richtig)
30 s mean value U, 1,09 U,
Active power SEmax 40 — 60 %Pgmax SEmax 40 — 60 %Pgmax
a) no specification of cos ¢
U [V]: 230,30 230,18 250,90 250,79
Peso [KW]: 1,015 0,523 1,015 0,522
Qezo [kKVAT]: 0,013 0,013 0,013 0,014
COS Pe30-over-excited: 1,000 1,000 1,000 1,000
P./P [%] 10 20 30 40 50 60 70 80 90 100
30 s mean value no specification of cos ¢ @ U,
U [VI: N/A | 230,09 | 230,12 | 230,15 | 230,18 | 230,20 | 230,23 | 230,26 | 230,28 | 230,30
Peso [KW]: N/A 0,201 | 0,308 | 0,416 | 0,523 | 0,629 | 0,736 | 0,842 | 0,949 | 1,015
Qezo [KVAT]: N/A 0,013 | 0,012 | 0,012 | 0,013 | 0,013 | 0,011 | 0,012 | 0,012 | 0,013
COS Peso-over-excited: N/A | 0,998 | 0,999 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000

no specification of cos @ @ U; oo
U [V]: N/A 250,71 | 250,74 | 250,76 | 250,79 | 250,81 | 250,84 | 250,86 | 250,88 | 250,90
Pnso [KWTI: N/A 0,200 | 0,308 | 0,414 | 0,522 | 0,629 | 0,735 | 0,842 | 0,949 | 1,015
Qezo [KVAT]. N/A 0,016 | 0,014 | 0,014 | 0,014 | 0,015 | 0,016 | 0,013 | 0,013 | 0,013
COS Pe30-over-excited: N/A 0,997 | 0,999 | 0,999 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000

Limit cos @g3o:

cos ¢= 0,95 (c) to cos ¢= 0,95 (i)
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Graph of no specification of cos ¢ @ U,
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Graph of no specification of cos @ @ U, o9

1.2 1.01
"0, 1.00
10 P
- 0.99
0.8 0.98
- 0.97
0.6
- 0.96
0.4 0.95
- 0.94
0.2
- 0.93
0.0 | L 4 4 r——0—¢ (2

20% 30% 40% 50% 60% 70% 80% 90% 100%

——P_E30 [KW] =—e—Q_E30 [Kvar] Cos phi_E30 =—Limit_cosphi

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
gg;ea“u;/r?rgf‘:niﬂenzr‘e” Co., Ltd. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 38 of 79 TEST REPORT DIN VDE V 0124-100 VER.O




9

[BUREAU
VERITAS

Report No.: PVDE140508N005

SOFAR 3000TL

Setting values COS ¢ over-excited: N/A
cos ¢ under-excited: N/A

a) PGUs used in PGSs < 3,68 kVA
Test: oder von 20-100% Pemax (ist auch richtig)
30 s mean value U, 1,09 U,
Active power Semax 40 — 60 %Pgmax Semax 40 — 60 %Pgmax
a) no specification of cos ¢
U [VI: 230,65 230,38 251,66 251,35
Peso [KW]: 2,838 1,429 2,846 1,423
Qezo [KVAT]: 0,069 0,063 0,081 0,075
COS Pe30-over-excited: 1,000 0,999 1,000 0,999
P./P [%] 10 20 30 40 50 60 70 80 90 100
30 s mean value no specification of cos ¢ @ U,
U [V]: N/A 230,19 | 230,26 | 230,31 | 230,38 | 230,46 | 230,51 | 230,59 | 230,58 | 230,65
Peso [KW]: N/A 0,565 | 0,854 | 1,142 | 1,429 | 1,716 | 2,001 | 2,285 | 2,566 | 2,838
Qezo [KVAT]: N/A 0,061 | 0,062 | 0,062 | 0,063 | 0,064 | 0,065 | 0,065 | 0,067 | 0,069
COS Peso-over-excited: N/A | 0,994 | 0,997 | 0,999 | 0,999 | 0,999 | 1,000 | 1,000 | 1,000 | 1,000

no specification of cos @ @ U; o9
U [V]: N/A 251,16 | 251,22 | 251,29 | 251,35 | 251,41 | 251,48 | 251,54 | 251,60 | 251,66
Pnao [KW]: N/A 0,555 | 0,845 | 1,135 | 1,423 | 1,710 | 1,994 | 2,278 | 2,563 | 2,846
Qezo [KVAT]. N/A 0,073 | 0,073 | 0,074 | 0,075 | 0,076 | 0,077 | 0,078 | 0,079 | 0,081
COS Pe30-over-excited: N/A 0,992 | 0,996 | 0,998 | 0,999 | 0,999 | 0,999 | 0,999 | 1,000 | 1,000

Limit cos @g3o:

cos ¢= 0,95 (c) to cos ¢= 0,95 (i)
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Graph of no specification of cos ¢ @ U,
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Test:

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

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

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

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 1100TL and SOFAR 3000TL are valid for the SOFAR 1600TL,
SOFAR 2200TL and SOFAR 2700TL, since it is same as 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 synchronis ation

DIN VDE V 0124-100:2012-07

Clause Test Result
General
541 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
5451 General P
5.4.5.2 Functional safety P
5.4.5.3 Voltage control P
5.4.5.3.3 Measurement of the rise-in voltage protection as a running P
10-min mean value
5454 Frequency measurement P
5455 Reporting NS protection P
5.4.6 Islanding detection P
55 Connecting conditions and synchronisation P
5.5.2 Short interruption P
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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 >.
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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 8593 5656
ggfa“u;/rfrgf‘;niﬁenzr‘e” Co., L. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 44 of 79 TEST REPORT DIN VDE V 0124-100 VER.O




a
ez )
1828

BUREAU
VERITAS

Report No.: PVDE140508N005

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 galvanically separated inverter has a galvanic separating break device

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= 13 A, 230 Vac

max. switching current relay=

(1) 31 A, 277 Vac;
(2) 31 A, 250 Vac.

Datasheet of the relay:

@)

CONTACT DATA colL

Contact arangement 1A Coll power Approx. 1.4W

Contact msisnca 100m mac(at 1A BVDC) 35% 1o 120%Uy (at 23'C)
Holding woltage . "

Contact materal AgSnds 45% lo 80%Us (at BS'C)

Resistive: 264 2504AC

Gontart. rmiing Induchive: 31A 250VAC (casee.d) 015108
Max. switching vollage ZITVAC
Max. switching cument na
Mazx. switching power TraivA
Machanical endurance 1 x 10°%es

3 x 10%ors

Electncal andurance

[See approval reports for more detsils)

Notes: 1) The coll holding veltage s e vollage of col after being
applied raled voltage for 100ma.

Z) By lower ool holding voitage, the purposs of aaving powsr
conssmption could be achieved. The magnetic system i
degignad fior thia reduced holding power When the nolding
voltsge was lowered 10 35% mat of rated voitage, he power

consumpbon could be decressed to aporoe 1 TOmW. Continuoss
aparation without power sducton is notpenmitied for ambient
lemperatures of > 25C!

CHARACTERISTICS COIL DATA at23'c
Insulation resislance 1000MO (at S00VDC) | Momina | Plekup |Dropout | Max. Cail
Voltage Vollage | Allowable Rl
Disleciric| Batween cof & contecs 4500VAC 1min v% VO© Voltage ce
lrength VOE | max. | min VDE a
sy Betwesnopen contacts 2500VAC 1min 2 z
oL
S Vol Wi i) 10KV (1.2/5038) k] 6.3 08 108 58 (1+10%)
Operate time (a1 nomi. voll.) 20ms max. 12 B.4 12 144 103 (1210%)
Release ime {ai nomi. volt) 10ms max. 18 12.6 18 216 230 x [1410%)
BEK max. |C % bad aFrent A,
i S 24 16.8 2.4 288 410 (1410%)
Tempemiume Asa

(al nomi. volt.)

e vedta e emcstafion, & 60C)

TOK max. (Contacd bad current 1A
Bi0% of slerd voltage sxeitlion,  85C)

Shock Funclional 196m/s’
resistance| pesiciive 980mJs’
Vibration resistance 10Hz 1o 55Hz 1.5mm DA
40°C o BOC

{Apply rated volage ia oof)

Ambient temperature 40°C to B5C

{Apply holding witage ko ool which
s 45% b B0% thalof mied voltage )

Humidity 5% to B5% RH
Termination PCB
Uinit weight Approx. 21g
Construclion Flux pracled

Mobes: The dats shown shove are inital walees

Notes: The maximum voitage s tha voltags value of ool over voltags,
wiich is e instantansos voltage relay could Dear within very

ahort funcion Eme pesiod.

SAFETY APPROVAL RATINGS
i AgSnO 2EATTVAC At T5'C
U UL iy
22AZTTVAC al B5'C
2BAZTIVAC AL T5'C
VDE AgSnCs 22ATTVAC at B5'C
IAZE0VAC cose =08 0.1s10s

Notes: Onfy some typecal ratings are Bsted above. |f more detals are

reusned, pleage Contad us
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@
LF-G (ALFG)

W Coil data
| Mowied | (aicaen | | (davcmn | e | Otee | Meaesiy | e speteiige |
wBG | 55mA, BB
12V DG TRV or kess of 10%V or more of 117maA 1030 4 AW 120V of
{18V OC mominal voltags nomina voitags TEmA 00 : mominal voltage
24V DG EOma, 4408y
W Specifications
Characteristics fiem rpe. Hogh capasily ype
. Sortact B {8 mm 050 081922 | Contact B 1.5 mm 053 1y | Gontct Gap 1.8:mm 71 inc e
Arrangsmeant { Form A
Contact Contact resistance (lnitial) Max. 100 mil (By voltage drop 6 V DG 1A}
Contact matenal AgsnCh type
Nominal swiching capacity 228 250V AC A 2ROV AC 33A 250V AC
Max swrching power 5, 500VA, 7. T50VA B.250VA
Mz ewitching voltage 26500 AC
Rating Max swilching cument Z2A(AT) A (ALY 334 (AC)
Hominal operating power 1,400mW
Min. switching capacity 2
(Reference value|™ 100maA 5V OC
Insulation resistance [Initiaf) Min. 1,000Mc (at 500V DC) Maaswrement st same kocation as "Breakdown voltage” section.
a : 2,500 Vrms for 1 min. (Detection cument. 10 mA}
aa el e 4,000 Vrms far 4 min, (Detection cument: 10 mé}
Surge breakdown voltage™ 5.000Y
{Between contact and coll} (Inital} K
Max. 85"C 203°F (By resistive Maoc. 85°C 203°F (By resistive Max 85°C 203°F (By resistive
method, nominal coil voltags meethod, nomanal cod voltags migthod. nomenal cod voftage
- applied to the coil; contact camying | applied 1o the coil; contact camying | applied to the coil: contact camying
Hlactrical current: 224 at 60°C 140°F) cumant: 31 A, at 80°C 1407F) current 334, at B0°C 140°F}
charactanslics | Temparaturs riss*® {coil) Max. 70°C 158°F {By resistive Mao. 70°C 158°F (By resistive Max 70°C 158°F By resistive
method, B0%V of nominsd cod method, BO%V of nominal coil method, B0%\ of rominal coil
voltzge applied 1o the coil; contact | voltage applied to the coil; contact | volage appled to the cof; contact
carrying current: 224 =t BEC camying current: 31 A, at 85°C carmying cirrent: 334, a1 B5°C
1B5°F) 186°F) 185°F)
35 to 120%:V (contact camymg 35 1o 1205V (contact carmyng 35 fo 120%V (contact carmying
2 current: 224, at 20°C 68"F) cument: 31 A, al 20°C 88'F) current: 334, at 20°C 68°F)
Bt holfing voliaget ! 45 to B0V (contact camying 45 o BIACV {comtact camying 45 to BO%Y {contact camying
current: 22A_ at B5°C 186°F) curment: 314, sl B5C 185°F) current 334, at B5°C 185°F)
Operats fime (51 207C 68'F) Mecx. 20 me (&l nominal cod voitage excluding contact bouncs time_)
Rl tirma {at 20°C 68'F) Max. 10 ms {at nominal coil voitage excheding contac! bounca time, without diode)
Shook Functional Min. 100 mJs* (Hal-wave pulse of sing wave: 11 me; detection fime: 10ps.)
Mechanical reistance Destructive Min_ 1,000 m's? (Half-wave pulss of sine wave: 6 ms))
charactensics | yibration Functiomal 10110 55 Hz at doubie ampBtuds of 1.5 mm (Detection tima: 10us.)
igtance Destructive 10 to 55 Hz at double amplude of 1.5 mm
= Contact Gap 1.5 mm 052 inch type: Min. 10° {at 180 tEmes/min.)
Mechanical Contact Gap 1.8 mm 071 inch type: Min_ 5.10% {at 180 tmes'min_}
Reciati 22A 250V AC, Min. 310
. {ait 20 fimes/min.) B -
Expected s Destroctive: 224 2500 AC Destructive: 31A 2504 AC Destructive: 334 2500 AC
Electrical [cose = 0.8). (come =0.8), f{cosg = (LB,
ircchiva load Min. 340" {onoff = D.18:110s8) Min 340" (oncoff = 0.18:108) Min. 3x:10* [omoff = 0.1ec10s)
Ower boad: 35A 250V AC Over load: 474 250V AC Over load: 504 250V AC
(cosé = 0.8), [cose = 0L8), {cosg = (LB},
Min_ 50 {oncofi = 0. 1s:10s) Mim. 50 {orcolt = 0.4s:10s) Min. 50 [oncoff = DLis:10s)
Ambient temperaturs: —40°C o +60°C A0°F ko +140°F (When nominal coil woltags applied)
. : —40°C fo +85°C —40°F to +185°F (Cail holding voliage i when 45 to B0%V
Conditiorss w ol S G T of nominal cail voltags is applisd.)
e Hurnidity: 5 to B5% AL.H. (Mot freezing and condensing at low temperaturs)
Air pressure: BB to 106 kPa
Unit waight Approx. 23 g 81 oz

Note:
(1) Relay manufacture: HONGFA, type number: HF161F-W, Max. release time: 10ms
(2) Relay manufacturer: Panasonic, type number: ALFG2P, Max. release time: 10ms.
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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:

Uy = 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

Component Fault condition: Test Fuse condition Result

No. time no.
AC DC AC DC

PV voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from

UC1C Pin 9 12,63 | 6,62 0,17A |0,02A |9rid immediately, error message:
A A ID09. (PV voltage over range)

PV current detect | Open 230V | 450V | 2 Min. -- 230V |[450V | PV inverter disconnected from

UC1B Pin 5 12,63 | 6,6A 0,16A |0,02A |9rid immediately, error message:
A ID14. (PV current over range)

GFCI detect UC2D | Short 230V | 450V | 2 Min. -- 230V | 450V [PV inverter disconnected from

Pin 12-13 12,63 | 6,62 0,16A |0,02A |9rid immediately, error message:
A A ID12. (GFCI fault)

GFCI detect Short 230V | 450V | 2 Min. -- 230V | 450V [PV inverter disconnected from

UC2C Pin 10 12,63 | 6,62 0,16A |0,02A |9rid immediately, error message:
A A ID52. (GFCI fault)

Grid voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from

UC2A Pin 3 12,64 | 6,67 0,17A |0,02A |9rid immediately, error message:
A A ID15. (Grid current or voltage

over range)

Grid voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V [PV inverter disconnected from

RC17 12,63 | 6,62 0,17A |0,01A |9rid immediately, error message:
A A ID02, D49, ID70. (Grid current or

voltage under range)

Grid voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from

RC25 12,64 | 6,62 0,18A |0,01A |9rid immediately, error message:
A A ID55. (Relay fault)
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Bus voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RP3 12,61 | 6,63 0,6A |0,02A |9rid immediately, error message:
A A ID23. (Bus voltage zero fault)
Bus voltage detect | Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
UC1A Pin2-3 12,56 | 6,65 0,17A |0,02A |9rid immediately, error message:
A A ID66. (Bus voltage over range)
Bus voltage detect | Short 230V | 450V | 2 Min. -- 230V | 450V |PV inverter disconnected from
RC82 12,56 | 6,69 0,16A |0,02A |9rid immediately, error message:
A A ID25. (Bus voltage under range)
ISO detect RC105 | Open 230V | 450V | 2 Min. -- 230V | 450V [PV inverter can not start up, error
before (0,17 |0,18 0,17A |0,02A | message: ID56. (ISO fault)
start A A
AC current detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RC22 12,56 | 6,68 0,17A |0,02A |9rid immediately, error message:
ID15. (AC current over range),
QP2, QP6, QP9, RP26,
RP28, RP11 damaged.
AC current detect | Open 230V | 450V | 2 Min. -- 230V |[450V | PV inverter disconnected from
RC21 12,62 | 6,63 0,16A |0,02A |9rid immediately, error message:
A A ID15. (AC current over range).
DC current detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RC33 12,67 | 6,69 0,17A |0,02A |9rid immediately, error message:
A A ID28. (DC current over range).
DC current detect | Open 230V | 450V | 2 Min. -- 230V |[450V | PV inverter disconnected from
RC37 12,54 | 6,67 0,17A |0,02A |9rid immediately, error message:
A A ID28. (DC current over range).
DC current detect | Open 230V | 450V | 2 Min. -- 230V |[450V | PV inverter disconnected from
RC42 12,62 | 6,66 0,16A |0,02A |9rid immediately, error message:
A A ID51. (DC current fault).
AC current detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RC61 12,66 |6,7A 0,16A |0,02A |9rid immediately, error message:
A ID15, ID65. (AC voltage or
current over range).
AC current detect | Open 230V | 450V | 2 Min. -- 230V | 450V |PV inverter disconnected from
RC80 12,67 | 6,8A 0,16A |0,02A |9rid immediately, error message:
A ID15, ID65. (AC voltage or
current over range).
GFCI detect RP70 | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
12,63 | 6,66 0,16A |0,02A |9rid immediately, error message:
A A ID12. (GFCI fault).
GFCI detect RP80 | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
12,63 | 6,66 0,16A |0,02A |9rid immediately, error message:
A ID12. (GFCI fault).
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GFCI detect Short 230V [450V | 2 Min. - 230V |450V | PV inverter disconnected from
UP7A Pin2-3 12,56 | 6,67 0,17A |0,02A |9rid immediately, error message:
A A ID12. (GFCI fault).
PV voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RP115 12,62 | 6,67 0,16A |0,02A |9rid immediately, no display, and
A A reconnect to grid, error message:
ID56. (1ISO fault).
PV voltage detect | Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RP115 12,63 | 6,63 0,16A |0,02A |9rid immediately, error message:
A A ID09. (PV voltage over range)
ISO detect RP99 | Open 230V | 450V | 2 Min. -- 230V | 450V |PV inverter can not start up, error
before (0,16 |0,02 0,16A |0,02A | message: ID56. (ISO fault).
start A A
Relay detect RYP2 | Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter can not start up, error
Pin3-4 before |0,16 |0,02 016A |0,02A |message: IDS5, ID77. (Relay
start A A fault).
Relay detect Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter can not start up, error
RYP3 Pin3-4 before 0,16 |0,02 0,16A |0,02A | message: IDS5, ID77. (Relay
start A A fault).
Relay detect Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter can not start up, error
RYP4 Pin3-4 before 0,16 |0,02 0,16A |0,02A | message: IDS5, ID77. (Relay
start A A fault).
Relay detect Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter can not start up, error
RYP5 Pin3-4 before |0,16 |0,02 0,16A |0,02A | message: IDS5, ID77. (Relay
start A A fault).
Grid voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RP150 0,62 |6,67 0,16A |0,02A |9rid immediately, error message:
A A ID02. (Grid voltage under range)
Grid voltage detect | Short 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
RP150 12,64 | 6,66 0,16A |0,02A |9rid immediately, error message:
A A IDO1. (Grid voltage over range)
Grid voltage detect | Short 230V | 450V | 2 Min. -- 230V |450V | PV inverter disconnected from
RP135 12,64 | 6,67 0,16A |0,02A |9rid immediately, error message:
A A IDO1. (Grid voltage over range)
Grid voltage detect | Open 230V | 450V | 2 Min. -- 230V | 450V |PV inverter disconnected from
RP135 12,61 | 6,66 0,16A |0,02A |9rid immediately, error message:
A A ID02. (Grid voltage under range)
Loss of control Short 230V [450V | 2 Min. - 230V |450V | PV inverter disconnected from
CC100 12,61 | 6,67 0,16A |0,02A |9rid immediately, error message:
A A DSP communicate fail
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Loss of control Short 230V [450V | 2 Min. - 230V | 450V [PV inverter disconnected from
XLC 12,63 | 6,65 0,16A |0,02A |9rid immediately, error message:
A A DSP communicate fail

Communication Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
microcontroller 12,64 | 6,66 0,16A |0,02A |9rid immediately, error message:
defect UC34 Pin A A ID 53 (SPI Communication fault)
31

Communication Open 230V | 450V | 2 Min. -- 230V | 450V | PV inverter disconnected from
microcontroller 12,64 | 6,66 0,17A |0,02A |9rid immediately, error message:
defect UC34 Pin A A ID 53 (SPI Communication fault)
37

Communication Open 230V | 450V | 2 Min. -- 230V |[450V | PV inverter disconnected from
microcontroller 12,63 | 6,66 0,17A |0,02A |9rid immediately, error message:
defect UC34 Pin A A ID 53 (SPI Communication fault)
44

Communication Open 230V | 450V | 2 Min. -- 230V |[450V [PV inverter disconnected from
microcontroller 12,64 | 6,67 0,17A |0,02A |9rid immediately, error message:
defect UC34 Pin A A ID 53 (SPI Communication fault)
47

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 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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5.4.5.3 Voltage control P
Integrated NS protection single phase  <30kVA

Setting U< [V]: 184,0V
Setting_va!ues of the NS Setting U>>[V]; 2645V
protection:

Setting Tgisconnection [MS]: 140 ms
Operating time of the monitoring device:

Under voltage: Over voltage:

L1to N:
Step [V to V]: 230,0Vto 177,21V 230,0Vto271,4V
Limit [V]: 184,0V 2645V
Measurement [V:] 1840V | 1840V | 1840V | 2642V | 2641V | 2641V
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 167 ms | 168 ms | 163 ms 152 ms ‘ 181 ms ‘ 186 ms

Test:

To measure the disconnection time a step of 77%, is taken from the nominal voltage and of 118%,, from the
nominal voltage for undervoltage and undervoltage.
The voltages should be measured per phase conductor, in which current is fed between the line conductor and

the neutral conductor.

Assessment criterion:

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

Limit values:
Voltage drop protection U <
Rise-in voltage protection

u>>

200 ms
200 ms

0.8 U,
1.15 U,

Note:

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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Under voltage:

Agilent Technologies MON JUN 16 18:24:38 2014

+> Mode 2 Y1 L Y2
Manual 1 325.000V 382.500V

Over voltage:

Agilent Technologies MON JUN 16 18:20.08 2014

AY(1) = -67.500V
> Mode D Y ©_ Y2 “ Y1 Y2
Manual 1 Vv 325.000V 257500V
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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% U, and held for 600 s. Thereafter the voltage is set to 112% U,. Disconnection
must take place within 600 s.

a) |Phase1: 500 s
Phase 2: N/A 600 s
Phase 3: N/A
The voltage is set to U, for 600 s and then to 108% U,, for 600 s. No disconnection should take place.
b) Phase 1: No disconnected
Phase 2: N/A Disconnection should not take place.
Phase 3: N/A
The voltage is set to 106 % U, and held for 600 s. Thereafter the voltage is set to
114 % U,. *The disconnection should last for half the period as in Point a)
c) |Phasel: 283 s
Phase 2: N/A 300 s
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.
) 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> 11U, 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 U,, may not be changed.

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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a) Voltage setto 112 % U

3400 260

’ _I
2900 L 611s 1110s 1 255
% 1 245

1900 1 240 Vi

1400 = 235
900 - 1 230
4 225
400 |- | 990
-100 215

1 151 301 451 601 751 901 1051 1201

Time [s]
— Power [W] —\oltage [V] \

b) Voltage setto 108% U ,:

3000 255
2500 - 250
41 245

2000 r
1 240

(W] 1500 [V]
1 235
1000
. 6018 ] 230
500 1 225
0 220
1 101 201 301 401 501 601 701 801 901 1001 1101
Time [s]
= Power [W] —Voltage [V] ‘
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¢) Voltage set to 106 % U ,, thereafter 114% U ,:

3400 265
2900 e 260
2400 - 884s | | 955
1900 r <1 250
(W] [V]
1400 60Ts 245
900 240
400 235
-100 T 230
1 101 201 301 401 501 0601 701 801 901
Time [s]
—Power [W] —Voltage [V] ‘
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5.4.5.4 Frequency measurement P

Setting f< [Hz]: 47,5 Hz
Eg:;”c%gs:'“es of the NS Setting f>[Hz]: 51,5 Hz

Setting T gisconnection [MS] 140 ms
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 [HZz]: 47,50 Hz 51,50 Hz
Measurement [Hz]: 47,50 Hz 47,50 Hz 47,50 Hz 51,52 Hz 51,52 Hz 51,52 Hz
Limit [ms]: 200 ms 200 ms
Disconnection time [ms]: 166 ms 158 ms 164 ms 174 ms 163 ms 176 ms

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 % f, .

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

Limit values:
Frequency decrease protection
Frequency increase protection

f< 47,5 Hz

f<

51,5 Hz

200 ms
200 ms

Note:

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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+> Mode

Manual

Under frequency:

Agilent Technologies

< Xl
-3.61200s

MON JUN 16 18:33:12 2014

L X2
-2.94600s

Manual

Over frequency:

Agilent Technologies

« Xl
v -3.01300s

MON JUN 16 18:41:42 2014

X2

5
-2.31700s K1 X2

Bureau Veritas Shenzhen Co., Ltd.

Dongguan Branch

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

Page 57 of 79

Tel: +86 769 8593 5656

Fax: +86 769 8599 1080

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




)

Report No.: PVDE140508N005
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)
Frequency: 50+/-0,01 Hz
Uy = 230+/-1% V4
Test condition: RLC consumes inverter real power within +/-3%
Distortion factor of chokes <3%
Quality Q>2
Disconnection limit: 5s

ut power: 25% 50% 100%

Osc. parame
- 5% 0,158 0,204 0,180
- 4% 0,146 0,128 0,071
-3% 0,202 0,108 0,104
- 2% 0,235 0,384 0,391
- 1% 0,420 0,394 0,452
0% 0,489 0,378 0,468
+1% 0,422 0,431 0,485
+2% 0,130 0,115 0,109
+3% 0,190 0,202 0,111
+4% 0,167 0,203 0,140
+5% 0,170 0,048 0,100

L=120,02 mH L=59,48 mH L=29,87 mH
Parameter at 0% R=76,12 Q R=37,84 Q R=18,93 Q
C=84,66 uF C=169,75 uF C=338,59 uF

Test:
The capacitors and the chokes of the resonant circuit were adjusted in order to reach a quality of >2. Poc+Pg =-
Powr- The resistors of the resonant circuit consumed the real power of the inverter (Pyg) within +/-3%.

- Uz ____PIQ
27 (B0Hz [P [Q - 207B0HzZ W2
Assessment criterion:
Limit values:
Quality factor Q >2
Disconnection t <5s
Note:

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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Oscillating circuit test: 25% output power

0D Toy T——e i
CH1 = 50.00a/div [ i "2 | e
Position = 0.00 div "‘

AcqMode : Normal
Wain:20.0M MS/s AsAdiv

10.000 <Main>

-10000000, 0us 0.0us
i1 <Zoonl> «100ms/div

X1 -2.8194995s

: X2 =2.3304995s
3119999 5us : ik 489.0000ms _2119999 5us
= g
2014/06/26 16:11:34.599554 Auto 2014/06/26 16:12:28

Oscillating circuit test: 50% output power
CH1 © 100.00A7div ) bt Acqhode : Normal
Position : 0.00 div ! | ! Wain:20.0H 2HS/s 1s/div

chi 20.000 Hain>

-10000000.0us 0.0us
] <Zount> «100ms/div

X1 -2 .3994995s
X2 -1.96849955
2749999 5us F—:Lt 431.0000ms ~1749999 5us
g
Auto 2014/06/26 15:48:02
! No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8593 5656
gg;‘zzuu;/ﬁrgf‘;niﬁenzr‘e” Co., L. Houjie Town, Dongguan City, Guangdong Fax: +86 769 8599 1080
523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 61 of 79 TEST REPORT DIN VDE V 0124-100 VER.O




Report No.: PVDE140508N005

Oscillating circuit test: 100% output power

cHz 20.004/div bt Acqhode : Normal

Position = 0.00 div ! § ! Main:20.0M 2HS/s 1s/div

40.000 <Main>

-10000000, 0us 0.0us
i1 4 <Zoonl> «100ms/div

-2 .8739995s
; -2.3894995s
3189999 5us 484.5000ms 2199999 5us
...... g .
2014/06/26 15:21:03.400924 2014/06/26 15:21:46
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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 synchronis ation

DIN VDE V 0124-100:2012-07

Clause Test Result
55 Connecting conditions and synchronisation P
5.5.2 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 Treconnection 6os [S]: 60 s
Setting f< [Hz]: 47,5 Hz
Fs)gfenc%(‘)’g:'“es of the NS Setting > [Hz]: 51,5 Hz
Setting V< [V]: 184,0V
Setting V>> [V]: 264,5V
Test:
fist Reset time: Limit:

Connecting conditions for frequencies:

a) 47,45 Hz No reconnection No resetting allowed
Switch to:

b) 247,55 Hz 74 s 260s

C) 50,06 Hz No reconnection No resetting allowed
Switch to:

d) =2 50,0 Hz 74 s 260s

Connecting conditions for voltages:

e) 84% No reconnection No resetting allowed
Switch to:

f) > 86% 74s >60s

0) 111 % No reconnection No resetting allowed
Switch to:

h) <109% 74 s =260s

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 ((80% U,< U <110% U,) 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 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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a) 47,50 Hz to b) 2 47,55 Hz:

3200 -‘ r 50.50
2800 = - 50.00
2400 1 - 49.00

- 48.50

2000 |
- 48.00
[W] 1600 | #5s [Hz]

& - 47.50
1200 o /S

T I - 47.00
800 | - 46.50
- 46.00
400
- 45.50
239;

0 : : T T T T T T T 45.00

1 201 401 601 801 1001 1201 1401 1601

Time [s]
e Power [W] e imit power [W] Frequency [Hz]
¢) 50,10 Hz to d) < 50,00 Hz:

3200 - - 52.50

2800 / 52.00
/ / 1004
2400 | 51.50

2000 - + 51.00

[W] 1600 - - 50.50 [Hz]
165s

1200 - 445 // 50.00
800 / 49.50
400 49.00

0 : - 238s T T T T T T T T T T 48.50
1 101 201 301 401 501 601 701 801 901 1001 1101 1201 1301
Time [s]
e POWeEr [W] === Limit power [W] Frequency [Hz]
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€)84% U, tof) 286 % U,:

3,200 - 240
2,800 / - 230
896s
2,400 - - 220
2,000 A0
/ . 200
[W] 1,600 - | 164s / V]
44s - 190
1,200
- 180
800 - 170
400 - 160
238s
0 T T T T T T T T T T T 150
1 101 201 301 401 501 601 701 801 901 1001 1101
Time [s]
e Power [W] == Limit power [W] «=—\oltage [V]
0) 111 % U, to h) €109 % U,:
3,200 280
/ 993s
2,800 ™ - 270
2,400 -
00 - 260
2,000 - 44s y
164s 250
[wW] 1,600 [V]
/// 240
1,200
= - 230
800 -
400 - 220
238s
0 T T T T T T T T T T 210
1 101 201 301 401 501 601 701 801 901 1001
Time [s]
e Power [W] e=Limit power [W] ==\/oltage [V]
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5.5.2 Short interruption P

Setting Tdisconnection 5s [S]: 60 S
Setting values of the NS .
protecgtion: Settlng Treconnection 60s [S]: 60 S

Setting V< [V]: 184V

Step 1: Step 2:

Step [V to V] 230Vto 177,11V 230Vto 177,11V
Jump Duration [s]: 2s 4s
Limit [s]: 25s 260s
Reconnection Time [s]: 74 s 74 s
Test:

After providing evidence of a short interruption the network voltage is reduced from the nominal voltage with a
surge of 77% U,. 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% U,. 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% P, is not necessary after short interruptions.

The tests had been performed on the SOFAR 3000TL is valid for the SOFAR 1100TL, SOFAR 1600TL, SOFAR
2200TL and SOFAR 2700TL, since it is same as in hardware and just power derated by software.
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Step 1: 230 Vto177,1Vin2s:

3,500 240
—1 36s
3,000 1 8495 - 220
2,500 - 200
2,000 180
1,500 160
1,000 - - 140
500 - - 120
109s
O \‘ T T T T T T T 100
0 100 200 300 400 500 600 700 800 900
Time [s]
—— Power [W] ——Limit power [W] ——Voltage [V]
Step 2: 230Vto177,1Vin4s:
3500 240
36s
3000 B ¢ 230
2500
- 210
2000 - - 200
4 V]
1500 - 190
- 180
1000 -
- 170
500
110s A/ - 160
0 \‘ T T T T T T T 150
0 100 200 300 400 500 600 700 800 900
Time [s]
—Power [W] =—Limit power [W] =——Voltage [V]
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Annex No. 1

Pictures of the unit
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Enclosure rear view
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Enclosure bottom view

VT ¢ U e g Ry

G e T T

Internal view-1
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Internal view-2
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Internal view-4
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Main power board solder side view

e
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Control board solder side view
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Display board solder side view
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Annex No. 2

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 | Vionitored by Power
Analyzer
AC Source A7040020DG Chroma 61512 61512000438 | Vionitored by Power
Analyzer
DC Simulation |2 40015DG Chroma 62150H-1000S | 62150EF004gs | MOnitored by Power
Power Supply Analyzer
DC Simulation | \240016DG Chroma 62150H-1000S | 62150EF00490 | MOnitored by Power
Power Supply Analyzer
Four Channel | A4089003DG Tektronix DPO4104B C010624 Oct, 17, 2013
Digital
Phosphor
Oscilloscope
Current
A1060007DG | YOKOGAWA CT200 1130700012 Jan 20, 2014
transducer
. Monitored by Power
RLC Load A7150027DG Qunling ACLT-3803H | 93v002869
Analyzer
E;‘;!‘I)SCO‘)G A4089010DG Tektronix TPP1000 C008228 Dec. 20, 2013
S;‘Egcl’scc’pe A4089011DG Tektronix TPP1000 C008229 Dec. 20, 2013
LCR Hitester | A1060006DG HIOKI 3535 120112505 Mar. 06, 2014
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