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Report No.: PVTH190628N073-2
{3 = 10] 4 Lo = : HYD 6000-EP
Input DC voltage [V]....ccccoovriereinenne : 600 Max.
MPP DC voltage range [V]............... : 90-580

Input DC current [A] ..ccooveeveieeeieenne : Max.13/13

ISC PV [A] e : 18/18
Output AC voltage [V] ..ccceevieeeiienne : 230Va.c., 50/60Hz
Max. Output AC current [A].............. : 27,3

Rated Output power [kVA] ............... : 6

Max Output power [KVA]........ccccu.e.. : 6,0
Battery input voltage [V].......cccceennee. : 42-58
Battery current [A] ...cooovieieiiiienee : 100 Max.

Testing Location .........ccccvveemriennnns : Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch
AdAreSS ..o : No. 96, Guantai Road (Houjie Section), Houjie Town, Dongguan City,
Guangdong Province, 523942, People’s Republic of China
{ b
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Report No.: PVTH190628N073-2

Test items particulars

Equipment mobility .........ccocevievennenne : Permanent connection
Operating condition .........c.ccceevueennee : Continuous

Class of equipment .........ccocoeeereennne : Class|

Mass of equipment [Kg]........ccceeenee 215

Test case verdicts

Test case does not apply

to the test object........ccccvvvviieennineen. : N/A

Test item does meet

the requirement .........ccccevvieeeininenn. : P(ass)

Test item does not meet

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

Testing

Date of receipt of test item ............... : 2019-06-28

Date(s) of performance of test ......... : 2019-06-28 to 2020-10-21

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 — Pictures of the unit

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

-
SYFAR
SO AR
Hybrid Inverter
Model No: HYD 6000-EP
MaxDClnputVoltage  _ _ _ __________ 600V
Operating MPPT VoltageRange _ _ _ _ _ _ 90V~580V
MAXPVISc | ____________: 2x18A
DAUery pe s e | Lead-acid Lithium-ion
Baltery Voltag_e_REnge_ ____________ 42-58V
Max Charging Current ____________ _ 100A
Max.Discharging Current e ____100A
Max.Charging&Discharging Power_ _ _ _ _ _ _ 5000W
Nominal Grid Voltage _ _ _ _ _ _ _ _ _ ____ 230Vac
Nominal Output Voltage _ _ _ _ _ _ _ _ _ _ _ _ 230Vac
Max.OutputCurrent _ _ _ _ _ _ _ _ _ _____ 27.3A
Nominal Grid Frequency _ _ _ _ _ _ _ _ _ _ ¢ 50/60Hz
PowerFactor __ _ _ _ _ _ ___1(adjustable+/-0.8)
Elominal Outpul_Pgw_ef_ e _____s000wW
BackupRatedCurrent 22.7A
Ea—t':k-u;R-al—e;Apparenl Power 5000VA
Ingress Protection ___ _~ """ _IP65
Operating Tomperature Range _ _ _ _ _ _ _ _ -30-+60°C
Protective Class Class |

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

BaoAn District, Shenzhen, China

SAA183423 VDE0126-1-1, VDE-AR-N4105

G98,EN50438 AS4777, UTE C15-712-1
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Report No.: PVTH190628N073-2

General product information:

The Solar converter converts DC voltage into AC voltage.

The DC input of Energy storage integrated inverter can be supplied from PV array and batteries.

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

HH Hybrid inverter
—PVi——> EMI [~ MPPTI
— | 7 - EMI 7
T :
1 3 DC Relay GRID
SPV2 [ EMI [ MPPT2 0« <> GECI [0
| AC !
T
! A ! LY
1 5 — "—To—— em > EI
== | bc ? . Relay LOAD
T : EMI > | .
Battery DC . ;
A ! P‘
B ERE: T
PV1 R R a2 M od Grid-tied
6kw
PV2 Main-DSP Slave-DSP
3kw Off-grid
230v/
Battery skw
50v/Skw CAN/485/CT/ SD/USB/Drms/ ,
Wi-F/GPRS/Ethemet EE N 3.5-LCD

Figure 1-Block diagram

The internal control is redundant built. It consists of MCU(U4) and slave MCU(U43).

The Main MCU(U4) can control the relays, measures voltage, and frequency, AC current with injected DC,
insulation resistance and residual current, In addition it tests the array insulation resistance and the RCMU
circuit before each start up.

The slave MCU (U43) is using for controlling the relays, measuring the voltage , frequency, inject a dc AC

current, the residual current, and communicating with the master MCU (U4). And if the communicating with the
master DSP, the slave DSP will disconnect the relays.

The unit provides two relays in series on Line and Neutral conductors. When single-fault applied to one relay,
alarm an error code in display panel, another redundant relay provides basic insulation maintained between
the PV array and the mains. All the relays are tested before start up. Both controllers MCU(U4), Slave slave
MCU(U43) can open the relays.

The product was tested on:

Hardware version: VOO1

Software version: V010000
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Figure 2 — Photo of software version
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Interface protection settings with deviations according the grid-connected inverter regulations of the
Metropolitan Electricity Authority (MEA:2015)

For gird-connected inverter which connected to the grid at low voltage(230/400)
(Thailand MEA)

Parameter Max. clearance time* Trip setting(Line to Neutral)
Over voltage (level 2) 0,05s 311V
Over voltage (level 1) 2,0s 241V
Under voltage (level 1) 2,0s 199V
Under voltage (level 2) 0,1s 114V
Over frequency 0,1s 52,0Hz
Under frequency 0,1s 47,0Hz
Reconnection time at least 120s
Permanent DC-injection 0,5% of rated inverter output current
Loss of main IEC 62116:2008 Inverter shall detect and disconnect within 0,3s

* Trip time refers to the time between the abnormal condition occurring and the inverter ceasing to energize
the utility line. The PV system control circuits shall actually remain connected to the utility to allow sensing of
utility electrical conditions for use by the “reconnect” feature.

Interface protection settings with deviations according the grid-connected inverter regulations of the
Metropolitan Electricity Authority (MEA:2015)

For gird-connected inverter which connected to the grid at voltage = 12kV
(Thailand MEA)

Parameter Max. clearance time* Trip setting(Line to Neutral)
Over voltage (level 2) 0,05s 2135%Un (310,5V)
Over voltage (level 1) 2,0s >110%Un(254V)
Under voltage (level 1) 2,0s <85%Un(195V)
Under voltage (level 2) 0,1s <50%Un(114V)
Over frequency 0,1s 52,0Hz
Under frequency 0,1s 47,0Hz
Reconnection time at least 120s
Permanent DC-injection 0,5% of rated inverter output current
Loss of main IEC 62116:2008 Inverter shall detect and disconnect within 0,3s

* Trip time refers to the time between the abnormal condition occurring and the inverter ceasing to energize
the utility line. The PV system control circuits shall actually remain connected to the utility to allow sensing of
utility electrical conditions for use by the “reconnect” feature.
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Report No.: PVTH190628N073-2

IEC61727:2004

Clause ‘ Requirement — Test Result — Remark Verdict

SECTION 4: Utility compatibility

4 General Noticed. P
The quality of power provided by the PV system for the
on-site AC loads and for power delivered to the utility is
governed by practices and standards on voltage, flicker,
frequency, harmonics and power factor. Deviation from
these standards represents out-of-bounds conditions
and may require the PV system to sense the deviation
and properly disconnect from the utility system.

All power quality parameters (voltage, flicker, frequency,
harmonics, and power factor) must be measured at the
utility interface/ point of common coupling unless
otherwise specified.

4.1 Voltage, current and frequency Derived from tests P
The PV system AC voltage, current and frequency shall
be compatible with the utility system.

4.2 Normal voltage operating range Derived from tests P
Utility-interconnected PV systems do not normally
regulate voltage; they inject current into the utility.
Therefore, the voltage operating range for PV inverters
is selected as a protection function that responds to
abnormal utility conditions, not as a voltage regulation
function.

4.3 Flicker See table 4.3 P
The operation of the PV system should not cause
voltage flicker in excess of limits stated in the relevant
sections of IEC 61000-3-3 for systems less than 16 A or
IEC 61000-3-5 for systems with current of 16 A and

above.
4.4 DC injection The following deviations P
The PV system shall not inject DC current greater than were used:
1 % of the rated inverter output current, into the utility Metropolitan Electricity
AC interface under any operating condition. Authority (MEA 2015)
See table 4.4
4.5 Normal frequency operating range The following deviations P
The PV system shall operate in synchronism with the were used:
utility system, and within the frequency trip limits defined | Metropolitan Electricity
in5.2.2. Authority (MEA 2015)
See table 4.5and 5.2.2
No. 96, Guantai Road (Houjie Section), .
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IEC61727:2004

Clause

Requirement — Test

Result — Remark Verdict

SECTION 4: Utility compatibility

4.6

Harmonics and waveform distortion The following deviations P
Low levels of current and voltage harmonics are were used:

desirable; the higher harmonic levels increase the Metropolitan Electricity
potential for adverse effects on connected equipment. Authority (MEA 2015)

Acceptable levels of harmonic voltage and current

depend upon distribution system characteristics, type of | See tables 4.6 (1) and
service, connected loads/apparatus, and established 4.6 (2)

utility practice.

The PV system output should have low current-
distortion levels to ensure that no adverse effects are
caused to other equipment connected to the utility
system.

Total harmonic current distortion shall be less than 5 %
at rated inverter output. Each individual harmonic shall
be limited to the percentages listed in Table 1.

Even harmonics in these ranges shall be less than

25 % of the lower odd harmonic limits listed. (see
Clause 4.6 Table 1 — Current distortion limits)

4.7

Power factor See table 4.7 P

The PV system shall have a lagging power factor
greater than 0,9 when the output is greater
than 50 % of the rated inverter output power.

No. 96, Guantai Road (Houjie Section),
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IEC61727:2004

Clause

Requirement — Test

Result — Remark

Verdict

SECTION 5: Personnel safety and equipment protection

5

General

This Clause provides information and considerations for
the safe and proper operation of the utility-connected
PV systems.

Noticed

P

5.1

Loss of utility voltage

To prevent islanding, a utility connected PV system shall
cease to energize the utility system from a de-energized
distribution line irrespective of connected loads or other
generators within specified time limits.

A utility distribution line can become de-energized for
several reasons. For example, a substation breaker
opening due to fault conditions or the distribution line
switched out during maintenance.

If inverters (single or multiple) have DC SELV input and
have accumulated power below 1 kW then no
mechanical disconnect (relay) is required.

The following deviations
were used:

Metropolitan Electricity
Authority (MEA 2015)

See table 5.3

5.2

Over/under voltage and frequency

Abnormal conditions can arise on the utility system that
requires a response from the connected photovoltaic
system. This response is to ensure the safety of utility
maintenance personnel and the general public, as well
as to avoid damage to connected equipment, including
the photovoltaic system. The abnormal utility conditions
of concern are voltage and frequency excursions above
or below the values stated in this Clause, and the
complete disconnection of the utility, presenting the
potential for a distributed resource island.

The following deviations
were used:

Metropolitan Electricity
Authority (MEA 2015)

See table 5.2.1 and 5.2.2

5.2.1

Over/under voltage

When the interface voltage deviates outside the
conditions specified in Table 2, the photovoltaic system
shall cease to energize the utility distribution system.
This applies to any phase of a multiphase system.

All discussions regarding system voltage refer to the
local nominal voltage. The system shall sense abnormal
voltage and respond. The following conditions should be
met, with voltages in RMS and measured at the point of
utility connection.

(see clause 5.2.1 Table 2 — Response to abnormal
voltages)

The purpose of the allowed time delay is to ride through
short-term disturbances to avoid excessive nuisance
tripping. The unit does not have to cease to energize if
the voltage returns to the normal utility continuous
operation condition within the specified trip time.

The following deviations
were used:

Metropolitan Electricity
Authority (MEA 2015)

See table 5.2.1

No. 96, Guantai Road (Houjie Section),
Houjie Town, Dongguan City, Guangdong
Province, 523942, People’s Republic of
China
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IEC61727:2004

Clause ‘ Requirement — Test Result — Remark Verdict
SECTION 5: Personnel safety and equipment protection
5.2.2 Over/under frequency The following deviations P
When the utility frequency deviates outside the specified | were used:
conditions the photovoltaic system shall cease to Metropolitan Electricity

energize the utility line. The unit does not have to cease | Authority (MEA 2015)
to energize if the frequency returns to the normal utility
continuous operation condition within the specified trip See table 5.2.2
time.

When the utility frequency is outside the range of

+1 Hz, the system shall cease to energize the utility line
within 0,2 s. The purpose of the allowed range and time
delay is to allow continued operation for short-term
disturbances and to avoid excessive nuisance tripping in
weak-utility system conditions.

5.3 Islanding protection The following deviations P
The PV system must cease to energize the utility line were used:
within 2 s of loss of utility. Metropolitan Electricity
Authority (MEA 2015)
See table 5.3(1) and 5.3(2)
5.4 Response to utility recovery See table 5.2.1 and P
Following an out-of-range utility condition that has 5.2.2

caused the photovoltaic system to cease energizing, the
photovoltaic system shall not energize the utility line for
20 s to 5 min after the utility service voltage and
frequency have recovered to within the specified
ranges.

5.5 Earthing Stated in the manual. P
The utility interface equipment shall be
earthed/grounded in accordance with
IEC 60364-7-712.

5.6 Short circuit protection Stated in the manual. P
The photovoltaic system shall have short-circuit
protection in accordance with IEC 60364-7-712.

5.7 Isolation and switching Stated in the manual. P
A method of isolation and switching shall be provided in
accordance with IEC 60364-7-712.
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Test overview:

IEC 61727:2004

Clause Test Result
4 Type test:
4.3 Voltage Fluctuations and Flicker P
4.4 Monitoring of DC-Injection P
4.5 Normal frequency operating range (see 5.2.2 below) P
4.6 Harmonics and waveform distortion P
4.7 Power factor P
5.2.1 Voltage monitoring P
5.2.2 Frequency monitoring P
IEC 62116:2008
Clause Test Result
Type test:
6.1 Islanding protection according table 6 - Load imbalance (real, reactive load) P
' for test condition A (EUT ouput = 100%)
Load imbalance (reactive load) for test condition B (EUT output = 50 % —
6.1 66 %) P
Load imbalance (reactive load) for test condition C (EUT output = 25 % —
6.1 P
33 %)
No. 96, Guantai Road (Houjie Section), .
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Test Results

4.3 Voltage fluctuation and flicker

3.1.2, 4.3.2 Voltage fluctuation and flicker (MEA:2015) P
Test conditions: Maximum permissible voltage fluctuation (expressed as a percentage of
nominal voltage at 100 % power) and flicker as per EN 61000-3-3
Starting Stopping Running

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

Test value * * * *

inverter >16A
Limit dc% = 3,3 Pst=1,0 Pi=0,65

Test value See below

Flicker Mode
Iover:= = = = Flicker:

Count 1212
Interval m—————————0m00s~ 10m00s
Element 1
volt Range 600V~ 30Hz Element1 Judgement: Pass
Un (Set) 230.000 v Total Judgement: Pass
Freq(u1) 49.999 Hz (Element1)

d®ImsT | Pst [ Pt |

L1m11‘. 3.30 4.00 500 0.65
3. 3I](/) N:12

0.08 Pass

Scooooooooooo

0.

I].
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

============
coooooooooo

ndate 3600 202071015 13:49:15
Test value

Note:
*The stationary deviance of dc% is more relevant than the dynamic deviance of dmax at starting and stopping.

Mains Impedance according EN61000-3-3: Rmax = 0,24Q; jXmax= 0,15Q @50Hz (|Zmax| = 0,283 Q)
for single phase inverter use also R, =0,16Q; jX»=0,1Q

Calculation of the maximum permissible grid impedance at the point of common coupling based on dk:
Zmax = Zret * 3,3°/o / dc(Pn)

The tests should be based on the limits of the EN 61000-3-11 for more than 16A.
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4.4 Monitoring of Permanent DC-Injection

3.1.3, 4.3.3 Direct Current Injection (MEA 2015) P

MEA Limit: 0,5% of l.om: = 130mA
Output power: 33% 66% 100%
Max. test value (mA): 32 50 72
Average test value (mA): 15 21 27
Diagram
7000 r 0.150
6000 0.100
5000
0.050
4000
0.000
3000
-0.050
2000
1000 . r -0100
0 T T T T T T T T _0.150
0 100 200 300 400 500 600 700 800 900
Time[s]
P[W] Idc[A] Idc-limit[A] e |dc-limit[A]
Note:/
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Report No.: PVTH190628N073-2
4.6 Harmonic Current Limit Test P
3.1.1, 4,3,1 Harmonic Current Limit Test (MEA 2015)
33% Output Power
Watts (kW) 2,023
VA (kVA) 2,025
Vrms (V) 229,48
Arms (A) 8,823
PF 0,9990
Frequency (Hz) 50,00
THD50 (%) 1,260
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 8,819 33,806 Single Phase --
2nd 0,011 0,120 Single Phase 1
3rd 0,149 1,691 Single Phase 4
4th 0,005 0,057 Single Phase 1
5th 0,074 0,844 Single Phase 4
6th 0,004 0,043 Single Phase 1
7th 0,040 0,458 Single Phase 4
8th 0,003 0,032 Single Phase 1
9th 0,021 0,237 Single Phase 4
10th 0,002 0,028 Single Phase 1
11th 0,014 0,156 Single Phase 2
12th 0,002 0,022 Single Phase 0,5
13th 0,008 0,088 Single Phase 2
14th 0,002 0,018 Single Phase 0,5
15th 0,005 0,057 Single Phase 2
16th 0,001 0,013 Single Phase 0,5
17th 0,005 0,060 Single Phase 1,5
18th 0,001 0,013 Single Phase 0,375
19th 0,005 0,054 Single Phase 1,5
20th 0,001 0,011 Single Phase 0,375
21th 0,006 0,063 Single Phase 1,5
22th 0,001 0,009 Single Phase 0,375
23th 0,005 0,057 Single Phase 0,6
24th 0,001 0,009 Single Phase 0,15
25th 0,005 0,062 Single Phase 0,6
26th 0,001 0,007 Single Phase 0,15
27th 0,005 0,060 Single Phase 0,6
28th 0,001 0,007 Single Phase 0,15
29th 0,005 0,058 Single Phase 0,6
30th 0,001 0,006 Single Phase 0,15
31th 0,005 0,060 Single Phase 0,6
32th 0,000 0,005 Single Phase 0,15
33th 0,005 0,060 Single Phase 0,6
34th 0,000 0,005 Single Phase 0,15
35th 0,005 0,056 Single Phase 0,3
36th 0,001 0,006 Single Phase 0,075
Bureau Veritas Shenzhen Co., Ltd. Hl;lgjig ?o?v%?gihgg::n(g?;{%ﬁ:ﬁg?ﬂg)r;g FTa f(l :gg ;gg Sggg ?ggg

Dongguan Branch

Province, 523942, People’s Republic of
China
Page 15 of 45

Email: customerservice.dg@bureauveritas.com
TRF No. IEC61727/IEC62116_MEA VER.2




(é‘i@

Report No.: PVTH190628N073-2
37th 0,005 0,054 Single Phase 0,3
38th 0,000 0,005 Single Phase 0,075
39th 0,005 0,054 Single Phase 0,3
40th 0,000 0,005 Single Phase 0,075
41th 0,004 0,049 Single Phase N/A
42th 0,000 0,005 Single Phase N/A
43th 0,004 0,048 Single Phase N/A
44th 0,000 0,005 Single Phase N/A
45th 0,004 0,043 Single Phase N/A
46th 0,000 0,005 Single Phase N/A
47th 0,004 0,041 Single Phase N/A
48th 0,001 0,006 Single Phase N/A
49th 0,004 0,042 Single Phase N/A
50th 0,004 0,051 Single Phase N/A

66% Output Power
Watts (kW) 4,024
VA (kVA) 4,025
Vrms (V) 229,98
Arms (A) 17,503
PF 0,9996
Frequency (Hz) 50,00
THDS50 (%) 1,048
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 17,499 67,079 Single Phase -
2nd 0,020 0,114 Single Phase 1
3rd 0,158 0,902 Single Phase 4
4th 0,010 0,056 Single Phase 1
5th 0,070 0,403 Single Phase 4
6th 0,007 0,038 Single Phase 1
7th 0,039 0,221 Single Phase 4
8th 0,006 0,032 Single Phase 1
9th 0,024 0,137 Single Phase 4
10th 0,004 0,025 Single Phase 1
11th 0,012 0,071 Single Phase 2
12th 0,004 0,020 Single Phase 0,5
13th 0,008 0,047 Single Phase 2
14th 0,003 0,016 Single Phase 0,5
15th 0,009 0,052 Single Phase 2
16th 0,002 0,014 Single Phase 0,5
17th 0,011 0,061 Single Phase 1,5
18th 0,002 0,011 Single Phase 0,375
19th 0,009 0,052 Single Phase 1,5
20th 0,001 0,008 Single Phase 0,375
21th 0,009 0,049 Single Phase 1,5
22th 0,001 0,008 Single Phase 0,375
23th 0,008 0,049 Single Phase 0,6
24th 0,001 0,007 Single Phase 0,15
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Report No.: PVTH190628N073-2
25th 0,008 0,046 Single Phase 0,6
26th 0,001 0,005 Single Phase 0,15
27th 0,008 0,044 Single Phase 0,6
28th 0,001 0,006 Single Phase 0,15
29th 0,006 0,037 Single Phase 0,6
30th 0,001 0,005 Single Phase 0,15
31th 0,006 0,037 Single Phase 0,6
32th 0,001 0,004 Single Phase 0,15
33th 0,006 0,034 Single Phase 0,6
34th 0,001 0,004 Single Phase 0,15
35th 0,005 0,030 Single Phase 0,3
36th 0,001 0,004 Single Phase 0,075
37th 0,005 0,030 Single Phase 0,3
38th 0,001 0,004 Single Phase 0,075
39th 0,006 0,032 Single Phase 0,3
40th 0,001 0,003 Single Phase 0,075
41th 0,004 0,023 Single Phase N/A
42th 0,001 0,003 Single Phase N/A
43th 0,004 0,025 Single Phase N/A
44th 0,001 0,003 Single Phase N/A
45th 0,004 0,025 Single Phase N/A
46th 0,001 0,003 Single Phase N/A
47th 0,004 0,021 Single Phase N/A
48th 0,001 0,006 Single Phase N/A
49th 0,004 0,020 Single Phase N/A
50th 0,005 0,028 Single Phase N/A

100% Output Power
Watts (kW) 6,042
VA (kVA) 6,045
Vrms (V) 230,50
Arms (A) 26,226
PF 0,9996
Frequency (Hz) 50,00
THDS50 (%) 1,260
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 26,221 100,513 Single Phase -
2nd 0,029 0,112 Single Phase 1
3rd 0,264 1,007 Single Phase 4
4th 0,014 0,054 Single Phase 1
5th 0,154 0,585 Single Phase 4
6th 0,010 0,036 Single Phase 1
7th 0,097 0,371 Single Phase 4
8th 0,007 0,028 Single Phase 1
9th 0,057 0,216 Single Phase 4
10th 0,006 0,022 Single Phase 1
11th 0,022 0,085 Single Phase 2
12th 0,005 0,020 Single Phase 0,5
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13th 0,012 0,044 Single Phase 2
14th 0,005 0,018 Single Phase 0,5
15th 0,018 0,069 Single Phase 2
16th 0,003 0,013 Single Phase 0,5
17th 0,018 0,067 Single Phase 1,5
18th 0,003 0,011 Single Phase 0,375
19th 0,010 0,040 Single Phase 1,5
20th 0,002 0,009 Single Phase 0,375
21th 0,006 0,021 Single Phase 1,5
22th 0,002 0,009 Single Phase 0,375
23th 0,006 0,021 Single Phase 0,6
24th 0,002 0,007 Single Phase 0,15
25th 0,007 0,027 Single Phase 0,6
26th 0,002 0,006 Single Phase 0,15
27th 0,008 0,032 Single Phase 0,6
28th 0,001 0,005 Single Phase 0,15
29th 0,005 0,019 Single Phase 0,6
30th 0,002 0,007 Single Phase 0,15
31th 0,005 0,018 Single Phase 0,6
32th 0,001 0,005 Single Phase 0,15
33th 0,003 0,013 Single Phase 0,6
34th 0,001 0,005 Single Phase 0,15
35th 0,003 0,012 Single Phase 0,3
36th 0,001 0,003 Single Phase 0,075
37th 0,004 0,016 Single Phase 0,3
38th 0,001 0,004 Single Phase 0,075
39th 0,005 0,018 Single Phase 0,3
40th 0,001 0,004 Single Phase 0,075
41th 0,003 0,012 Single Phase N/A
42th 0,001 0,003 Single Phase N/A
43th 0,003 0,011 Single Phase N/A
44th 0,001 0,004 Single Phase N/A
45th 0,003 0,011 Single Phase N/A
46th 0,001 0,004 Single Phase N/A
47th 0,002 0,008 Single Phase N/A
48th 0,003 0,011 Single Phase N/A
49th 0,004 0,014 Single Phase N/A
50th 0,008 0,029 Single Phase N/A

Note:

The harmonics are tested and evaluated according the IEEE1547.1-2005 clause 5.11.1 according the grid-

connected inverter regulations of the Metropolitan Electricity Authority (MEA).
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Report No.: PVTH190628N073-2
4.7 Power factor P
Test conditions:
Output power ~10% ~25% ~50% ~75% ~100%
0,2kW 0,5kW 1,0kW 1,5kW 2,0kW
Test model:
230 0,9996 0,9995 0,9992 0,9987 0,9981
Note:

the letter “c” is used instead.

The PV system shall have a lagging power factor greater than 0,95 when the output is greater than 50% of
the rated inverter output power.

The letter “i” is short for “inductive” and indicates inductive power factor. In case of capacitive power factor
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5.2.1 Voltage monitoring

3.2.1, 4.3.4 Operating Voltaga Range (MEA 2015) P
(For gird-connected inverter which connected to the grid at low voltage(230/400))
First Level
Test Output power: 3,0kW
conditions: Frequency: 50Hz
Under Voltage Over Voltage
Voltage [V] Voltage [V]
Set value 241V
All L1 L2 L3 All L1 L2 L3
198,9 - - - 241.,8 - - -
Measured trip 198,9 - — - 241.8 - — —
value 1989 | - - - 2418 | - - -
198,9 - - - 241,8 - - -
198,9 - - - 241.,8 - - -
Parameter Time [ms] Time [ms]
Limit <=2,0s <=2,0s
All L1 L2 L3 All L1 L2 L3
1,66 - - - 1,66 - - -
230V 230V
Disconnetion to204v | 169 | - - ~ | tozsev| 166 | - - -
time (4s min) | 1,66 - - - (4s min) | 166 - - -
to 198V to 242V
1,65 - - - 1,66 - - -
1,66 - - - 1,65 - - -
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Second Level

Test Output power: 3,0kW
conditions: Frequency: 50Hz
Under Voltage Over Voltage
Parameter Voltage [V] Voltage [V]
Set value 114V 311V
All L1 L2 L3 All L1 L2 L3
113,5 311,0
Measured trip 1135 31,1
value 113,7 311,1
113,5 3111
114,0 311,1
Parameter Time [ms] Time [ms]
Limit <=100ms <= 50ms
All L1 L2 L3 All L1 L2 L3
230v | 88,0 230v | 130
Disconnection to ?8‘;\; 81,0 to ?861\; 8,6
time min) | 79.0 min) | 98
to 113V | 735 t0296V | g
74,5 10,0

Note:

The tests according to the grid-connected inverter regulation Metropolitan Electricity Authority 2015.

The voltage settings of the EUT are set for the tests as stated to 199V, 114V for undervoltage and 241V,
311V for overvoltage.

Set all other parameter to the normal operating conditions for inverter.

Suddenly increase testing voltage to overvoltage trip setting -1V/+1 V and maintain this value until the
inverter stop energize.

For 3 phase inverter, the test must perform on each phase and all 3 phases together. During the test in each
phase, the voltage in other phase shall be at normal operating condition.
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Under Voltage First Level for single phase

I soov/ @ 2004/ § @l so0v/ 1.000s/  Stop

X Y flo X X2 :
I ] -366000s W -1.97000s X1 X2

Mode J | Source
Mgnual

Over voltage First Level for single phase

1.000s/  Stop Roll

B oso0v/ 5

0 so0o0v/ B 2008/ §

X1 X2

23 Xl
1 v |__-4.53000s -2.87000s

Note: CH1: grid voltage(500V/div); CH2: Current of EUT(20A/div); CH4: trip signal
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Under Voltage SecondLevel for single phase

@ 500v/ 10002/  Stop Roll
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|AX = B8.00000000ms 1/A% = 11.364Hz

Made I Source ‘ X Y X1 " X2 %1 X2
Manual 1 v . -2.59000s -2.50200s

Over voltage Second Level for single phase

500v/ @ 2004/ @ 0 500/ 50008/ Stop
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“Mﬂ (\lf\
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A
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| ﬁl,_ AAAAA ﬂ
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AX = 13.00000000ms {1/AX = 76.923Hz AY{1) = ! _
Mode ] Source | X Y X1 13 X2 X1 %2
Manual 1 v -1.74300s -1.73000s

Note:
CH1: grid voltage(500V/div); CH2: Current of EUT(20A/div); CH4: trip signal
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5.2.1 Voltage monitoring
3.2.4, 4.3.7 Response to Utility Recovery (MEA 2015)

Response to Utility Recovery Test:
The test methods shall be in accordance with IEEE 1547.1-2005 clause 5.10 and evaluation criteria refer to
clause 3.2.4 in this regulation.

First Level

Test Output power: 3,0kW

conditions: Frequency: 50Hz

Reconnection at least at least

time(Sec) 120s 124 s 120s 125s
Second Level

Test Output power: 15,0kW

conditions: Frequency: 50Hz

Reconnection at least at least

time(Sec) 120s 125s 120s 125s
Note:
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Reconnection after Under Voltage First Level

3500 235.00
3000 Z 1356 A 230.00
2500 225.00
2000 220.00
1500 215.00
1000 210.00
500 205.00
0 259s 200.00
-500 T T T T T T 195.00
100 200 300 400 500 600
e P[] e Urmis[V]
Reconnection after Over voltage First Level
3500 248.00
3000 246.00
244.00
2500 242.00
2000 240.00
1500 238.00
236.00
1000 234.00
232.00
500
152s 230.00
0 ——— )77s 228.00
-500 T T T T T T 226.00
100 200 300 400 500 600
Time[s]
e P[] e Urmis[V]
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Reconnection after Under Voltage Second Level
3500 - 250.00
3000 == 129s 4
- 200.00
2500
2000 L 150.00
1500
1000 - 100.00
500
- 50.00
0 £ 2545
-500 . . . . . . 0.00
100 200 300 400 500 600
Time[s]
e P[] e Urmis[V]
Reconnection after Over voltage Second Level
3500 - 350.00
3000 L 300.00
2500 L 250.00
2000 181s
L 200.00
1500
 150.00
1000
00 - 100.00
0 7 3065 - 50.00
_500 T T T T T T 0.00
100 200 300 400 500 600 700
Time[s]
e P[] e Urmis[V]
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5.2.2 Frequency monitoring
3.22,435 Operating Voltaga Range (MEA 2015) P
3.24,4.3.7 Response to Utility Recovery

Test Any output power level
conditions: y output p
Under frequency Over frequency

Parameter Frequency [Hz] Frequency [HZz]

Output Voltage Un Un

Set value 47,00Hz 52,00Hz
46,97 52,02
46,97 52,01

Measured trip

value(Hz) 46,97 52,02
46,97 52,02
46,96 52,02

Time [ms] Time [ms]
Limit <=100ms <=100ms

98,5 93,0
96,0 88,0

Disconnection 49,40 Hz 50,60 Hz

time(ms) to 94,0 To 81,0

48,80 HZ 93,0 51,20 Hz 92,0

86,5 85,0

Reconnection at least at least

time (Sec) 120s 124s 120s 124s

Note:

Set all other parameter to the normal operating conditions for inverter.
Suddenly increase testing frequency to overfrequency trip setting +/-0.1 Hz and maintain this value until the
inverter stop energize. And the time it takes to cut off the power must be within 0.1 second.

The tests according to the grid-connected inverter regulation Metropolitan Electricity Authority 2015. The
frequency settings are set for the test as stated to 47,0Hz and 52,0Hz.

Response to Utility Recovery Test:
The test methods shall be in accordance with IEEE 1547.1-2005 clause 5.10 and evaluation criteria refer to
clause 3.2.4 in this regulation.
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Under Frequency:
500v/ H 200A7 @ B 500v/ = 50.008/ Stop
i w,q/\rwnxpmww
|
wv Uu\J V' VUV
II-I
:':t-i I . . IIIII | -I
TR || . Il | YR
i'.fuh’\.ru\-‘uh' H'U\.r'uu"'uhh
[AX = 98.50000000ms | EGR,
Mode soee [ XY D 1 O e s
Manual ] 1 v -1.46850s -1.37100s
Over Frequency:
0 soov/ B 2004/ @ g so0v/ s 50.008/  Stop
\ [\ f ﬁ f\ /\ ﬂ 'A' ﬂ A ﬁ 'ﬁ\ P |
i f / \] v r J U | U n i
VUV VUV VYV
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UV VYV MU Wu MMJ
/A% = 10,7532 V(T =00V
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Reconnection after Under Frequency:

3500 50.50

3000 < 1365 50.00

2500 49.50

2000 49.00

1500 48.50

1000 48.00

500 47.50

0 Z 261s L 47.00

-500 : : . : : . 46.50

100 200 300 400 500 600
Time[s]
e P[\/] e Freq[Hz]
Reconnection after Over Frequency:

3500 52.50

3000 52.00
2500

5000 51.50

1500 51.00

1000 50.50

500 183s
0 £ 307s 20.00
-500 ; ; ; ; ; ; 1 49.50
200 400 600 800 1000 1200 1400
Time[s]

e P[\/] e Freq[Hz]
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6.1 Islanding protection

3.2.3, 4.3.6 Islanding Protection (MEA:2015)

Test circuit and parameters

\32

Ir I lfc

AC loads

Parameter Symbol Units
EUT DC Input
DC voltage Voc \'%
DC Current Ioc A
DC Power Poc W
EUT AC ouput
AC voltage Veur \
AC current leut A
Real power Peur W
Reactive power Qeur VAr
Test Load
Resistive load current Ir A
Inductive load current I A
Capacitive load current Ic A
AC (utility) power source
Utility real power Pac W
Utility reactive power Qac VAr
Utility current lac A
Block diagram test circuit IEC 62116:2008
Waveform
monitor : -
1§
|
DC power | 'oc Ioc EUT Veur Ieur + Iac AC power
source (inverter) -~ source
(PV) Ppc Peut  Orut $1 pac Oac (utility)

IEC 1567/08

Figure 1 — Test circuit for islanding detection function in a power conditioner (inverter)
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Report No.: PVTH190628N073-2

6.1 Islanding protection according table 6 - Load imbalance (real, reactive load) for test
condition A (EUT ouput = 100%) P
3.2.3, 4.3.6 Islanding Protection (MEA:2015)

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

Test conditions Distortion factor of chokes < 2%

Quality = 1
Disconnection limit 0,3s for MEA
No (%P(E):‘JTE1L)JT I(?:g?((:;:ce)f 22002; ((:3’20031‘) R'IEjir:nzn (VF\)IE[LJ]Ter Actual Ve Remarks*
rating) 6.1 .Ldl)n1) nominal) | nominal) (ms) phase) Q (V)
1 100 100 0 0 225 6000 1,000 383 Test A at BL
4 100 100 -5 -5 208 6000 1,026 383 Test A atIB
5 100 100 -5 0 216 6000 1,053 383 Test A atIB
6 100 100 -5 +5 206 6000 1,079 383 TestAatIB
7 100 100 0 -5 207 6000 0,975 383 TestAatIB
8 100 100 0 +5 210 6000 1,025 383 Test A atIB
9 100 100 +5 -5 148 6000 0,928 383 Test A atIB
10 100 100 +5 0 208 6000 0,952 383 TestAatIB
11 100 100 +5 +5 200 6000 0,976 383 TestAatIB
Parameter at 0% per phase L= 28,05 mH R=8,81Q C=1361,21 pF
IAC fundamental current 110 mA
Note:

RLC is adjusted to min. +/-1% of the inverter rated output power

Y Peut: EUT output power

2) Pac: Real power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 % test
condition value.

3) Qac: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

4 BL: Balance condition, IB: Imbalance condition.

Condition A:
EUT output power PEUT = Maximum 9
EUT input voltage ® = >90% of rated input voltage range

5 Maximum EUT output power condition should be achieved using the maximum allowable input power.
Actual output power may exceed nominal rated output.

6) Based on EUT rated input operating range. For example, If range is between X volts and Y volts, 90 % of
range =X + 0,9 x (Y —X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum allowable
array open circuit voltage). In any case, the EUT should not be operated outside of its allowable input voltage
range.
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Report No.: PVTH190628N073-2

Disconnection at Pac 0% and Qac 0% reactive load No.1

e
50,04/

225.000000000ms

4.4444Hz
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Attention:
For Thailand only picture with all three current phases L1, L2 and L3 are accepted
All relays are direct coupled and open directly by receiving the islanding signal from the controller.

Note:
CH1: grid voltage(500V/div); CH2: Current of EUT(50A/div); CH4: trip signal
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Report No.: PVTH190628N073-2

6.1 Islanding protection according Table 7 — Load imbalance (reactive load) for test
condition B (EUT output = 50 % — 66 %) P
3.2.3, 4.3.6 Islanding Protection (MEA:2015)

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

Test conditions Distortion factor of chokes < 2%

Quality =1
Disconnection limit 0,3s for MEA
Reactive
1) 2) 3)
. Peur load (% of F:,AC CE,AC Runon | Peut | aActial | Voo .
No | (% of EUT ; (% of (% of Time (W per Remarks®
) QLin . . Qf (V)
rating) nominal) | nominal) (ms) phase)
6.1.d) 1)
1 66 66 0 -5 149 3960 0,975 285 TestB at IB
2 66 66 0 -4 222 3960 0,980 285 TestB at IB
3 66 66 0 -3 200 3960 0,985 285 TestB at IB
4 66 66 0 -2 199 3960 0,990 285 TestB at IB
5 66 66 0 -1 201 3960 0,995 285 TestB at IB
6 66 66 0 0 197 3960 1,000 285 Test B at BL
7 66 66 0 1 217 3960 1,005 285 TestB at IB
8 66 66 0 2 203 3960 1,010 285 TestB at IB
9 66 66 0 3 213 3960 1,015 285 TestB at IB
10 66 66 0 4 215 3960 1,020 285 TestB at IB
11 66 66 0 5 154 3960 1,025 285 TestB at IB
Parameter at 0% per phase L=42,10 mH R=13,23 Q C= 240,69 pF
Iac fundamental cgrrent at 145 mA
balance condition

Note:

RLC is adjusted to min. +/-1% of the inverter rated output power

Y Peut: EUT output power

2) Pac: Real power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 % test
condition value.

3) Qac: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

4 BL: Balance condition, IB: Imbalance condition.

Condition B:

EUT output power PEUT = 50 % — 66 % of maximum

EUT input voltage ® = 50 % of rated input voltage range, £10 %

5 Based on EUT rated input operating range. For example, If range is between X volts and Y volts, 90 % of
range =X + 0,5 x (Y —X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum allowable
array open circuit voltage). In any case, the EUT should not be operated outside of its allowable input voltage
range.
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Disconnection at Pac 0% and Qac -4% reactive load No. 2
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Attention:
For Thailand only picture with all three current phases L1, L2 and L3 are accepted
All relays are direct coupled and open directly by receiving the islanding signal from the controller.

Note:
CH1: grid voltage(500V/div); CH2: Current of EUT(50A/div); CH4: trip signal
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Report No.: PVTH190628N073-2

6.1 Islanding protection according Table 7 — Load imbalance (reactive load) for test
condition C (EUT output = 25 % — 33 %) P
3.2.3, 4.3.6 Islanding Protection (MEA:2015)

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

Test conditions Distortion factor of chokes < 2%

Quality =1
Disconnection limit 0,3s for MEA
No (%PS:‘JTEL)JT "?aeg ((:t/lv o T;\Co? ((?Q,Cg R'Il'Ji?nzn (vF\)/E;;r Actual |y o | Remarks®
rating) 6.1 .Ld')n” nominal) | nominal) (ms) phase) Qx

1 33 33 0 -5 114 1980 0,973 168 Test C at IB
2 33 33 0 -4 195 1980 0,978 168 TestC at IB
3 33 33 0 -3 130 1980 0,983 168 TestC at IB
4 33 33 0 -2 216 1980 0,988 168 TestC at IB
5 33 33 0 -1 209 1980 0,993 168 Test C at IB
6 33 33 0 0 214 1980 0,998 168 | Test C at BL
7 33 33 0 1 264 1980 1,003 168 | TestCatlIB
8 33 33 0 2 211 1980 1,008 168 TestC at IB
9 33 33 0 3 138 1980 1,013 168 TestC at IB
10 33 33 0 4 208 1980 1,018 168 TestC at IB
11 33 33 0 5 129 1980 1,023 168 TestC at IB
Parameter at 0% per phase L= 83,583 mH R= 26,21 Q C=121,31 pF

lac fundamental current at 91 mA

balance condition

Note:

RLC is adjusted to min. +/-1% of the inverter rated output power

Y Peut: EUT output power

2) Pac: Real power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 % test
condition value.

3) Qac: Reactive power flow at S1 in Figure 1. Positive means power from EUT to utility. Nominal is the 0 %
test condition value.

4 BL: Balance condition, IB: Imbalance condition.

Condition C:

EUT output power PEUT = 25 % — 33 % 9 of maximum

EUT input voltage ® = <10 % of rated input voltage range

5 Or minimum allowable EUT output level if greater than 33 %.

6) Based on EUT rated input operating range. For example, If range is between X volts and Y volts, 90 % of
range =X + 0,1 x (Y —X). Y shall not exceed 0,8 x EUT maximum system voltage (i.e., maximum allowable
array open circuit voltage). In any case, the EUT should not be operated outside of its allowable input voltage
range.
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Disconnection at Pac 0% and Qac 1% reactive load No. 7
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Attention:
For Thailand only picture with all three current phases L1, L2 and L3 are accepted

All relays are direct coupled and open directly by receiving the islanding signal from the controller.

Note:
CH1: grid voltage(500V/div); CH2: Current of EUT(20A/div); CH4: trip signal
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General view - 1
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Enclosure terminal view
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Internal view-2
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J828.
Test equipment list
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Report No.: PVTH190628N073-2
Date(s) of performance of test 2019-06-28 to 2020-10-21
Equipment Internal No. Manufacturer Type Serial No. Last Calibration
Chroma 62150H-1000S | 62150EF01653
Chroma 62150H-1000S | 62150EF00450
Chroma A620028 620028E00098
DC power Chroma A620028 620028E00102
supply SB9540/02 Chroma A620028 620028E00104 _
Chroma A620028 620028E00106 | Monitored by Power
Chroma A620028 620028E00107 Analyzer
Chroma A620028 620028E00108
Chroma A620028 620028E00109
RLC Load SB9605 Qunling ACLT-3830H --
AC Simulator SB14325 Chroma 61860 618603800236
/ Chroma 61860 618603800387
Power SB11178 YOKOGAWA WT3000 91P215776 2021-03-18
analyzer / DEWETRON DEWE2-PA7 | C7190048-CHN 2021-03-03
SB14641 YOKOGAWA CT200 8173420022 2020-12-03
Current sensor SB14642 YOKOGAWA CT200 8173420030 2020-12-03
SB14643 YOKOGAWA CT200 8173420024 2020-12-03
Oscilloscope SB9149 TEKTRONIX P5100A -- 2021-03-12
probel SB9155 TEKTRONIX P5100A -- 2020-12-26
SB9159 TEKTRONIX P5100A -- 2020-12-26
Four Channel 1l Agilent DS05014A MY5007288 2020-11-21
Digital
Phosphor
Oscilloscope
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