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Detail of reference test report

Test Report NO.......ocovvvvivvininnns :

PVTH200320N031

Total number of pages.............. :

63

Testing Laboratory ................... :

Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch

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

Testing location........................ :

Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch

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

Test specification ..................... :

IEC 61727:2004, |IEC 62116:2008,
Deviations for Thailand according the grid-connected inverter
regulations of the Provincial Electricity Authority (PEA:2016)

Tested by ..oovvvvviiiiii, :

Lukes Zhang

Reviewed by ........c.ccovvvinnennnnn. :

Approved by

James Huang

Date of report issue.................. :

2020-07-07

Test item description ............. :

Solar Inverter

Trademark ......ccoooviviiiiiiinnne. :

SOFAR SOLAR

Model and/or type reference ....:

HYD 10KTL-3PH

Rating

Input DC MPP voltage range [V]: | 220-850

Input DC voltage Max [V].......... 1960

Input DC current [A]..........cceeen. ‘I Max. 25.0 x 2

Output AC voltage [V]............... *| 3/N/PE, 380/400,50Hz
Output AC current [A] ............... ‘I Max. 16

Output power [VA]...........cuvueee 110000

Firmware Version

V2.00 e superiore
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Summary of verification report

Test result of report No. PVTH200320N031 was result of Photovoltaic Grid- Tied Inverter model
HYD 10KTL-3PH. It was verified by Electrical and Electronic Products Testing Center (PTEC) and compiled

according to Requirements on Grid Connection of Provincial Electricity Authority BE 2559 (2016) as following.

1 Active power control PVTH200320N031 PEA Pass
2 Reactive power control - - --

2.1 | A Fixed Displacement Factor cos 6 | PVTH200320N031 PEA Pass
2.2 Qe\;)aerri]%ti)rllz rgﬁ‘;ﬂ‘e’evgﬁ;"geé o) PVTH200320N031 PEA Pass
3 Under/over frequency protection PVTH200320N031 IEC 61727 Pass
4 Voltage fluctuation PVTH200320N031 IEC 61000-3-11 Pass
5 Harmonics PVTH200320N031 IEEE 1547.1 Pass
6 DC injection PVTH200320N031 IEC 61727 Pass
7 Low voltage fault ride through PVTH200320N031 PEA Pass
8 Under/over voltage protection PVTH200320N031 IEC 61727 Pass
9 Anti-islanding PVTH200320N031 IEC 62116 Pass
10 | Response to utility recovery PVTH200320N031 IEC 61727 Pass

This report consists of the following document:
1. Verification Result (10 Page)
2. Attach Document Reference Report No. PVTH200320N031 (63 Page)

Standard Reference;

- |EEE 1547.1 2005 Interconnecting Distributed Resources with Electric Power Systems

- |EC 62116:2008: Utility-interconnected photovoltaic inverters - Test procedure of islanding
prevention measures

- |EC 61727 Photovoltaic (PV) systems - Characteristics of the utility interface

- |EC 61000-3-11: Electromagnetic compatibility (EMC) - Part 3-11: Limits - Limitation of voltage
fluctuations and flicker in low-voltage power supply systems for equipment with rated current > 75 A

- PEA: Thailand according to the grid-connected inverter regulations of the Provincial Electricity
Authority (PEA):2016
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Clause PEA Requirement Result — Remark Verdict
8.1.2 |Active Power Control Active Power Control Pass

The power generating system of VSPP
must be capable of reducing electric power
from 100 %to zero by decreasing 10 %
electric power per one minute .In this
regard, if there is any abnormality occurred
in the grid system or any incident
considered by PEA as an impact affecting
safety and stability of the grid system, PEA
would inform and/or give an order to the
VSPP to reduce electric power as
appropriate.

1) Requirement

The requirements on Grid Connection of Provincial
Electricity Authority

2) Testresult
See Test report no: PVTH200320N031,
Page 43

3) Verification test result

The PV inverter is capable of reducing electric
power from 100 %to zero by decreasing 10 %
electric power per one minute.

-Maximum active power deviation to set point
6.0%

8.1.3

Reactive Power Control

The power generating system of VSPP
must be able to control power factor )PF (or
reactive power to maintain voltage level at
PCC aligned with PEA’s standards .The
power generating system of service
applicants must have capacity as stated in
Table 1.

Reactive Power Control
1) Requirement

The requirements on Grid Connection of Provincial
Electricity Authority

2) Testresult
See Test report no : PVTH200320N031,

- Page 36 Reactive power capability

- Page 37- 38 A Fixed Displacement Factor cos
0 test result

- Page 39- 40 A variable reactive power
depending on the voltage Q(U) test result.

Pass
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e
VERIFICATION REPORT
Clause PEA Requirement Result — Remark Verdict
3) Verification test result Pass

3.1 Reactive power capability

Reactive Capability (Q.P)

Active power P[kW

A variable reactive power depending on the
voltage Q(U) test result

Variable reactive power depending on the voltage Q(U)

Pass
3.2 A Fixed Displacement Factor cos 6 (PF 0.90)
test
PF. PF. Measurement*
Set point Max Min
1.0 1.000 0.994
0.90 lagging 0.905 0.887
0.90 Leading 0.909 0.895
*@Pout =10% to 100%
Pass

- ) ® QMesurement Qexpecte
'
ES L - e . e
o 190 195 200 2 1 2 240
[ ]
L]
Voltage [V]

This test report is test results from the EUT only, not the product’s quality certificate. It shall not be reproduced except in full without the written approval by PTEC.

PTEC-LB-FR-162

Electrical and Electronic Products Testing Center
National Science and Technology Development Agency, Ministry of Science and Technology

REV.0/24-10-17



REPORT No. 162/63-157 Page 6 of 10
VERIFICATION REPORT
Clause PEA Requirement Result — Remark Verdict
8.2 Under and Over Frequency Protection Under and Over Frequency Protection Pass
The power generating system of VSPP 1) Reference Standard
must disconnect itself from the grid system | |ec 61727
within 0.1 seconds if the frequency at PCC
is not in the range of 47 Hz-52 Hz.
2) Test result
See Test report no: PVTH200320N031
Page 27-28
3) Verification test result
Frequency | Measured | Limit
at PCC (Sec) (Sec) e
f<47 0.092 <0.1 Pass
f>52 0.092 <0.1 Pass
8.3 Voltage Fluctuation Voltage Fluctuation Pass

The power generating system of VSPP
must not create voltage fluctuation
exceeding the limit based on the PEA’s
rules concerning the Regulations on Grid
Connection B.E.2559.

Regulations on Grid Connection B.E.2559.
The operation of the inverter should not
cause voltage flicker in excess of limits :

Short-term Severity Values (Pst) not
exceed 1.0

Long-term Severity Values (PIt) not exceed
0.8

1) Reference Standard

IEC 61000-3-5

2) Testresult
See Test report no : PVTH200320N031,

Page 12

3) Verification test result

Test item Limit Result Verdict
Pst 1.0 0.35 Pass
Plt 0.8 0.35 Pass
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VERIFICATION REPORT
Clause PEA Requirement Result — Remark Verdict
8.4 Harmonic Harmonics Pass
The power generating system of VSPP 1) Reference Standard
must not inject harmonic current to the grid | |EEE1547.1-2005
syste’Im exceeding th_e limit based on the Total harmonic current distortion is less than 5 %at
PEA’s rules concerning the Regulations of rated inverter outout
Grid Connection B.E.2559. - p ’ )
Regulations of Grid Connection B.E.2559. Ir_1d|V|d'uaI harmomcs don’t exceed the given
distortion limit
The Inverter output should have low
current-distortion and low voltage distortion
levels to ensure that no adverse effects are |2) Test result
caused to other equipment connected to See Test report no : PVTH200320N031,
the utility system .Each individual harmonic Page 15 to 19
shall be limited to the listed in Table 5.1
and Table 5-2 of attach 4. o
i 3) Verification test result
SaanzuaniuoiindnsudlE i dlagiigadoda «
s;\ﬁmjs{ﬁu'lm’h -.iudnn_ni‘unﬁmmzimim‘.wrum:mn\m-m . Item VerdiCt
NAAnT W (kV) 2345|6789 w]j2f3]a)15{16f17]18]19
S SRS e s || THDIin each harmonic not Pass
:].]-‘imd-‘.‘ I.I TI5|9|a)|6|3)2]2]6 ; 5 ; ; I- ; 1 1 exceed In table 5-1
II‘N::}A}““E N(H -:” ;‘ 7. .‘\13 J:l 1;.‘\ J;h l]:\ -l"! L;ﬁ -1.\] J‘h : : l‘(‘ : : Tota| harmon|c Current PaSS
7 distortion less than 5 %
'i'mn‘lﬁ’ﬂnnmﬁavaﬁunﬁnumm:ﬁ'u;ni‘m]h“lﬂﬁmﬂhqv’iqm’nim THDv in eaCh hal’monic not Pass
(iR og ) exceed in table 5-2
T | ™A™ | || Total harmonic voltage Pass
S Fuing distortion less than 5 %
8.5 DC Injection DC Injection Pass
The power generating system of VSPP 1) Referrence Standard
must not supply direct current to the grid IEC 61727

system exceeding the limit based on the
PEA’s regulations concerning the
Regulations on Grid Connection B.E.2559.

Regulations on Grid Connection B.E.2559.

The inverter shall not inject DC current
greater than 0.5 % of the rated inverter
output current, into the utility AC interface
under any operating condition.

2) Test result
See Test report no: PVTH200320N031,
Page 14

3) Verification test result

Output Limit Max.DC | Verdict
Power [%)] [%)]
33% 0.5 0.06 Pass
66% 0.5 0.21 Pass
100% 0.5 0.14 Pass
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VERIFICATION REPORT
Clause PEA Requirement Result — Remark Verdict
12.1 |Low Voltage Fault Ride Through Low Voltage Fault Ride Through Pass

The power system of VSPP must not
disconnect itself from the grid system within
the required period during temporary low
voltage of the grid system .The voltage at
PCC is determined as shown in Table Fault
Ride Through

Duration of Low Voltage Fault Ride
Through

Voltage at PCC Duration
Time
(Second)
1) Low voltage Not
2) Moderate voltage or high | required.

voltage (electrical
installation not exceeding
500 kilowatt).

3) Moderate voltage or high | As

voltage (electrical shown in
installation exceeding 500 Picture 1.
kilowatt).
4  Voltage
fou.)
1.00
0.90

0.50

L L

» Time

Picture 1. Low Voitage Fault Ride Through

1) Requirement

The requirements on Grid Connection of Provincial

Electricity Authority

2) Test result

See Test report no: PVTH200320N031,

Page 44-54

3) Verification test result

3.1) Output Power >0.9Pn

Test V (VIVn) Duration Limit verdict
List (mS) (mS)
Three- 0.7-0.8 Vn 1019 >993.75 P
phase
faults 0.3-0.5Vn 161 >150 P
0-0.049Vn 161 >150 P
Phase 0.7-0.8 Vn 1014 >0993.75 P
to
phase 0.3-0.5Vn 160 >150 P
faults 0-0.049Vn 161 >150 P
Phase 0.7-0.8Vn 1017 >993.75 P
to
ground | 0.3-05Vn 160 >150 P
faults 0-0.049Vn 161 >150 P
3.2) Output Power 0.3Pn
Test V (VIVn) Duration Limit verdict
List (mS) (mS)
Three- 0.7-0.8 Vn 1016 >993.75 P
phase
faults 0.3-0.5Vn 161 >150 P
0-0.049Vn 161 >150 P
Phase 0.7-0.8 Vn 1014 >993.75 P
to
phase 0.3-0.5Vn 161 >150 P
faults 0-0.049Vn 161 >150 P
Phase 0.7-0.8 Vn 1017 >993.75 P
to
ground | 0-3-05Vn 161 >150 P
faults 0-0.049Vn 160 >150 P

This test report is test results from the EUT only, not the product’s quality certificate. It shall not be reproduced except in full without the written approval by PTEC.

Electrical and Electronic Products Testing Center

National Science and Technology Development Agency, Ministry of Science and Technology

PTEC-LB-FR-162

REV.0/24-10-17




REPORT No. 162/63-157 P'I-EC Page 9 of 10
VERIFICATION REPORT
Clause PEA Requirement Result — Remark Verdict
3.3) Output Power 0.1Pn Pass
Test V (VIVn) Duration Limit verdict
List (mS) (mS)
Three- 0.7-0.8 Vn 1013 >993.75 P
phase
faults 0.3-0.5Vn 161 >150 P
0-0.049Vn 161 >150 P
Phase 0.7-0.8 Vn 1019 >993.75 P
}fhase 0.3-0.5Vn 161 >150 P
faults 0-0.049Vn 161 >150 P
Phase 0.7-0.8 Vn 1016 >993.75 P
t
goround 0.3-0.5Vn 161 >150 P
faults 0-0.049Vn 161 >150 p
12.2 |Under and Over Voltage Protection Under and Over Voltage Protection Pass
The power system of VSPP must 1) Reference Standard
disconnect itself from the grid system if IEC 61727
voltage level of line to neutral in the utility
system is out of ranges as stated in Table
3. 2) Test result
Table 3. The Disconnect Duration of Falling Voltage Out of Rated Voltage Ranges See TeSt report no: PVTH200320 N031
Voltage at PCC Disconnect Duration (Second) P ag e 21_2 4
V<50% 03
50% <V<90% 20
90% <V <110% continual voltage 3) Veriﬁcation teSt reSUlt
110% < V< 120% 10
Vz120% 0.16
Max -
Voltage at PCC Meas. Limit Result
(Sec)
(Sec)
V < 50% 0.210 <0.3 Pass
50% < V< 90% 1.680 <2.0 Pass
90% <V <110% | Notrip | CONt. | pass
110% <V < 0.640 | <1.0 | Pass
120%
V 2 120% 0.082 | <0.16 | Pass
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VERIFICATION REPORT

Clause PEA Requirement Result — Remark Verdict
12.3 | Anti-Islanding Anti-Islanding Pass
In order to prevent anti-islanding while 1) Reference Standard
there is no electricity in grid system to be IEC 62116
supplied to the power system of VSPP, the
power generating system of VSPP must 2) Test result
disconnect itself from the utility system See Test report no: PVTH200320N031
within 1 seconds. Page 29-35
3) Verification test result
% Off Maximum Limit | Result
Poutrating Runtime (Sec)
(Sec)
100 0.524 <1.0 | Pass
66 0.530 <1.0 | Pass
33 0.536 <1.0 | Pass
12.4 |Response to Utility Recovery Response to Utility Recovery Pass

After the power generating system of VSPP
disconnect itself from the grid system
because of power outage or
voltage/frequency is out of the ranges,
when the grid system is back to normal, the
power system of VSPP must delay the time
to reconnect itself to the grid system at a
minimum of 20 seconds to 5 minutes.

1) Reference Standard
IEC 61727

2) Test result
See Test report no: PVTH200320N031
Page 21-22, 25-27

3) Verification test result

Limit Max. Result
Recovery time | Mesurement
(Sec) Recovery time
(Sec)
20 - 300 63 Pass

END OF REPORT
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TEST REPORT
IEC 61727 / IEC 62116

Photovoltaic (PV) systems
BUREAU Characteristics of the utility interface

PR IER AR Test procedure of islanding prevention measures for
utility-interconnected photovoltaic inverters

Report reference number .............. : PVTH200320N031

Date of issue ......ccccvevcvvevcveneeeenennr. 2020-07-07

Total number of pages ..................... 63

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

AdAIeSS oo . No. 96, Guantai Road (Houjie Section), Houjie Town, Dongguan City,

Guangdong Province, 523942, People’s Republic of China

Accreditation ... : W,

'-;/-._-"'“x\:-' e -
AZANE [ACCREDITED)

,"!'H’ul.n\l‘\\\ Certificate # 2951.01
Applicant's name........cccccemerriiaenn : Shenzhen SOFAR SOLAR Co., Ltd.
AdAress ....covveeeeeeeeeeeeceeee e, : 401, Building 4, AnTongDa Industrial Park, District 68, XingDong Community,

XinAn Street, BaoAn District, Shenzhen, China

Test specification

Standard........ccoceveeiiiiineeee . IEC 61727:2004, IEC 62116:2008,

Deviations for Thailand according the grid-connected inverter
regulations of the Provincial Electricity Authority (PEA:2016)

Test Report Form No. ....cceevveeinenene . IEC61727/IEC62116_PEA VER.2

TRF Originator .......cccocvvveenieeieene :  Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch
Master TRF ..o, . Dated 2020-03-20

Test item description..................... : Hybrid inverter

Trademark.....cccooeeveeeeeevieeeeeeeeeeeeeenn, : SFAR

S0LAaRFm

Model / TYpe ....oocviiiiiieiececce : HYD 10KTL-3PH

This report is governed by, and incorporates by reference, CPS Conditions of Service as posted at the date of issuance of this report at http.//www.bureauveritas.com/home/about-us/our-
business/cps/about-us/terms-conditions/and is intended for your exclusive use. Any copying or replication of this report to or for any other person or entity, or use of our name or trademark, is permitted
only with our prior written permission. This report sets forth our findings solely with respect to the test samples identified herein. The results set forth in this report are not indicative or representative of
the quality or characteristics of the lot from which a test sample was taken or any similar or identical product unless specifically and expressly noted. Our report includes all of the tests requested by you
and the results thereof based upon the information that you provided to us. Measurement uncertainty is only provided upon request for accredited tests. You have 60 days from date of issuance of this
report to notify us of any material error or omission caused by our negligence or if you require measurement uncertainty; provided, however, that such notice shall be in writing and shall specifically
address the issue you wish to raise. A failure to raise such issue within the prescribed time shall constitute you unqualified acceptance of the completeness of this report, the tests conducted and the
correctness of the report contents.

Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
Dongguan Branch Town, Dongguan City, Guangdong Province, Fax: +86 769 8599 1080
523942, People’s Republic of China Email: customerservice.dg@bureauveritas.com
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wReference test report for PTEC VERI

FICATION REPORT No0.162/63-157 Page 2 of 63

Report No.: PVTH200320N031
Ratings ....ccocrvrmmrrer s : HYD 10KTL-3PH
Full power MPPT voltage range [V] . : 220-850V

MPP DC voltage range [V]............... : 180-960V

Input DC current [A] ..ccooveeeeieeeieenne : Max. 25.0 x 2

ISC PV [A]i i : Max. 30.0 x 2
Output AC voltage [V] ..ccceeeieeeneenne : 3/N/PE, 380/400,50Hz
Max. Output AC current [A].............. : 16

Rated Output power [VA] ............... : 10000

Max Output power [VA] ................. : 11000

Battery input voltage [V]......cccceeenee : 180-800
Battery current [A] ....coovviieiiiiienenns : Max. 25A*2

Testing Location .......ccccecccevriinennn : 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
{ b2
Tested by /\L_t/

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

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

Lukes Zhang
C

James Huang

Manufacturer’s name......ccccccceeeeennn :
Manufacturer’s address............coe.. :
Factory’s name..........cccceecvcccmennnnn. :
Factory address ..........cccecveemennnnn. :

Shenzhen SOFAR SOLAR Co., Ltd.

401, Building 4, AnTongDa Industrial Park, District 68, XingDong
Community, XinAn Street, BaoAn District, Shenzhen, China.

Dongguan SOFAR SOLAR Co.,Ltd.

1F - 6F, Building E, No. 1 JinQi Road, Bihu Industrial Park, Wulian
Village, Fenggang Town, Dongguan City

Document History

Date Internal reference

Modification / Change / Status Revision

2020-07-07 Lukes Zhang

Initial report was written 0

Supplementary information:

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch

No. 96, Guantai Road (Houjie Section), Houjie

Tel: +86 769 8998 2098

Fax: +86 769 8599 1080

Email: customerservice.dg@bureauveritas.com
TRF No. IEC61727/IEC62116_PEA VER.2

Town, Dongguan City, Guangdong Province,
523942, People’s Republic of China
Page 2 of 63
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Report No.: PVYTH200320N031

Test items particulars

Equipment mobility..........cccccveeennee :  Permanent connection
Operating condition .........ccccceeevueennee : Continuous

Class of equipment .........ccccceeeveennne : Class|

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

Test case verdicts

Test case does not apply

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

Test item does meet

the requirement ........cccccevviieeieninenn. . P(ass)

Test item does not meet

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

Testing

Date of receipt of test item ............... : 2020-03-20

Date(s) of performance of test ......... : 2020-03-20 to 2020-07-07

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 —Test equipment list

3. Annex No. 2 —Test equipment list

Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
Dongguan Branch Town, Dongguan City, Guangdong Province, Fax: +86 769 8599 1080
523942, People’s Republic of China Email: customerservice.dg@bureauveritas.com
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Report No.: PVTH200320N031

Copy of marking plate:

SOEAR

Hybrid inverter
Model No: HYD 10KTL-3PH
Rax, DT Vollpgs 1000
MPFT VollageRangs . 180~960V
Max tnput Currant ~ — 7 7 77 7 77 7 7 7 7 "25/35A
Mex, PV isc J0FI0A
BattoryType __ ____ _ _ _ _ _ _ _____ Lo
Battary Voltags Range 1AD-8a00Y
Battery Max_ Gharglng Current 25/IEA
Battery Max. Discharging Currant 251264
HNominal Grid/Back-up Veltage _ _ _3/N/PE, 380400V
Mominal Grid/Back-up Frequancy B0/E0Hz
Max. CurrentQutputto Grid _ —~ _~ """ " " " 16A
T Pﬂwchl...'Ipqu:.l-Grid 11 000 A
Max CurrentfromGrd. . o 284
My Power FromiGrid —— — "~ " 77~ 7~ “20000WA
Back-up Max, Dutput Current, 164
Back-up Max. Output Power 11000 A
PowerFactor = __ _ Y sdjustablet/-0.8)
Operating femperatureRange “A0—HE0L
Imgross Protection IPES
ProteotiveClpes = 0 T s i s g
Tnverter Topalogy Mon-isolated
‘Overvoltage Categery ACTILDCT
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General product information:

The Solar converter converts DC voltage into AC voltage.

The DC input of Solar converter can be supplied from PV array and Batteries.

The charging current to batteries from PV array or grid, battery management unit is integrated in External
Energy storage.

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.

Three Phase Hybrid Inverter

BUS;

dp

DbC

©
1=
Z _
=

1
=
1=
% _

iy

BUS-

BUS+

V GRID-R/S/T

4= = == —— ===
|

PWM BB3
Slave relay ABC

V BUSL/V BUS2

g g
i l | 2 & iL RL s¢ TL
Yy 1 >y
PV Insulation |visq | ﬁ_
= Slave DSP o ver S
‘ Check }‘ DC Pover Supply
2 (5
2 2
RS485, WIFT. KEY - 920V /9
PVL 10KW. PV2 10KV i, G o Grid-tied igi:x 230V/230V
. - P ARM Controller LCD
BAT1 10KW. BAT2 10KW SPD detection i Of f-grid 230V/230V/230V
- 20KW

Figure 1-Block diagram

The internal control is redundant built. It consists of Main DSP (U37) and slave DSP (U39).

The Main MCU(U37) 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 (U39) is using for controlling the relays, measuring the voltage , frequency, inject a dc AC

current, the residual current, and communicating with the master MCU (U37). 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 Main MCU(U39), Slave
MCU (U37) can open the relays.

The product was tested on:

Hardware version: V1.0

Software version: V2.00 e superiore

Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
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Interface protection settings with deviations according the grid-connected inverter regulations of the
Provincial Electricity Authority (PEA:2016)

(Thailand PEA)

Parameter Max. clearance time* Trip setting
Over voltage (level 2) 0,16s 220V +20% (264V)
Over voltage (level 1) 1,0s 220V +10% (242V)
Under voltage (level 1) 2,0s 220V -10% (198V)
Under voltage (level 2) 0,3s 220V -50% (110V)
Over frequency 0,1s 50Hz +4% (52,0Hz)
Under frequency 0,1s 50Hz -6% (47,0Hz)

Reconnection time

20s - 5min

Permanent DC-injection

0,5% of rated inverter output current

Loss of main IEC 62116:2008

Inverter shall detect and disconnect within 1s

* 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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IEC61727:2004

Clause

Requirement — Test

Result — Remark

Verdict

SECTION 4: Utility compatibility

General

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.

Noticed

41

Voltage, current and frequency
The PV system AC voltage, current and frequency shall
be compatible with the utility system.

Derived from tests

4.2

Normal voltage operating range
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.

Derived from tests

4.3

Flicker

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.

See table 4.3

4.4

DC injection

The PV system shall not inject DC current greater than
1 % of the rated inverter output current, into the utility
AC interface under any operating condition.

The following deviations
were used:

Provincial Electricity
Authority (PEA:2016)

See table 4.4

4.5

Normal frequency operating range

The PV system shall operate in synchronism with the
utility system, and within the frequency trip limits defined
in5.2.2.

The following deviations
were used:

Provincial Electricity
Authority (PEA:2016)

See table 5.2.2
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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

potential for adverse effects on connected equipment. Authority (PEA:2016)

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)

Provincial Electricity

4.7

Power factor See table 3.4 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.

Bureau Veritas Shenzhen Co., Ltd.
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IEC61727:2004

Clause

Requirement — Test

Result — Remark

Verdict

SECTION 5: Personnel safety and equipment protection

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 SELYV input and
have accumulated power below 1 kW then no
mechanical disconnect (relay) is required.

The following deviations
were used:

Provincial Electricity
Authority (PEA:2016)

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:

Provincial Electricity
Authority (PEA:2016)

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:

Provincial Electricity
Authority (PEA:2016)

See table 5.2.1
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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 Provincial Electricity
energize the utility line. The unit does not have to cease | Authority (PEA:2016)
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. Provincial Electricity
Authority (PEA:2016)
See table 6.1
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 Type 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 Type Test Result
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 o P
33 %)
Deviations for Thailand according the grid-connected inverter regulations of the
Provincial Electricity Authority (PEA:2016)
Clause Type Test Result
3.4 Reactive power control
3.4.1, . .
812 A fixed displacement factor cos@ P
g?g A variable reactive power depending on the voltage Q(U) N/A
3.5,12.1 Active power control P
3.6,12.2 Low voltage fault ride through capability N/A
Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
Dongguan Branch Town, Dongguan City, Guangdong Province, Fax: +86 769 8599 1080
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Test Results

4.3 Voltage fluctuation and flicker p
3.2,8.3 Voltage Fluctuation Regulation (PEA 2016)
Test conditions: Maximum permissible voltage fluctuation (expressed as a percentage of
nominal voltage at 100 % power) and flicker as per EN 61000-3-11
Starting Stopping Running
Limit 3,3% 3,3% Pst=1,0 Pit=0,65
Test value * * * *

inverter >16A

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

Test value See below

Flicker Mode Uover:=m = = =
Iover:= = = = Flicker:

Count 12712
Interval =————]0m00s~10m00s
Element 1
Volt Range 600w 50Hz Element1 Judgement: Pass
Un (Set) 220.000 v Total Judgement: Pass
Freq(u1) 49.998 Hz (Element1.2,3)

| [ del#] [ dmaxIz] [ d(t)ImsT| pPst | PIt |

Limit | 3.30 4.00 500 0.63
3. 30(/) N:12

============
============

0.
l].
0.
0.
0.
0.
0.4
0.4
0.
0.
0.4
0.

coooooooooooo

pdate 3600 2020-06-10 16:23:08
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Flicker Mode Upver:= = = =
Toveri=m = = = Flicker:

Count 1212
Interval =—— e {0m00s~ 10m00s
Element 2
volt Range  600v-50Hz Element2? Judgement: Pass
Un (Set) 220.000 v Total Judgement: Pass
Freq(u2) (Element1.2.,3)

dt)ims1| Pst | PIt |

500 0.65
3.3002) N:12

LTI --R - R B g FLN L LR
oo oooooooooa
============

0.22 Pass

pdate 3600 2020-06-10 16:23:24

Flicker Mode Uover:=m = = =
Iover:= = = = Flicker:

Count 12712
Interval =—————]0m00s~ 10m00s
Element 3
Volt Range 600w 50Hz Element3d Judgement: Pass
Un (Set) 220.000 v Total Judgement: Pass
Frequ3) (Element1.2,3)

_ dt)Ims1 [ Pst [ PIt |

0 500 0.63
3. 30(/) N:12

============
[—N— N — N — N — N —]
============

coooooooooooo

0.23 Pass

pdate 3600 20200610 16:23:41

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 Rn=0,16Q; jX,=0,1Q

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

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

3.3,8.5 Direct Current Dispatch to the Power Network System (PEA:2016) a
PEA Limit: 0,5% of l,om : 76MA
L1 Output power: 33% 66% 100%
Max. test value (mA): 8 8 9
Mean test value(mA) : 1 1 1
L2 Output power: 33% 66% 100%
Max. test value (mA): 30 32 30
Mean test value(mA) : 24 25 24
L3 Output power: 33% 66% 100%
Max. test value (mA): 5 7 21
Mean test value(mA) : 14 14 13
Diagram of permanent DC-injection
12000 - - 0.100
- 0.080
10000 7 - 0.060
8000 - - 0.040
0.020
6000 - 0.000
- -0.020
4000~ - -0.040
2000 4 - -0.060
- -0.080
0 . . . . . -0.100
0 200 400 600 800 1000
Time[s]
P[W] s [ 1-DCI[A] s L2-DCI[A] L3-DCI[A] e DCI-LIMIT[A] e DCI-LIMIT[A]
Note:
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4.6 Harmonic Current Limit Test P
the grid-connected inverter regulations of the Provincial Electricity Authority (PEA:2016)

33% Output Power

Watts (W) 1088 1095 1098
VA (VA) 1091 1100 1097
Vrms (V) 220,20 220,21 220,26
Arms (A) 4,953 4,997 4,982
PF 0,9976 0,9975 0,9983
Frequency (Hz) 50,00
THD50 (%) 1,007 | 0,887 | 0,895
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 4,941 4,985 4,973 0,326 0,329 0,328 Three Phase -
2nd 0,009 0,014 0,010 0,060 0,090 0,067 Three Phase 1
3rd 0,016 0,016 0,030 0,109 0,105 0,198 Three Phase 4
4th 0,005 0,005 0,004 0,035 0,033 0,028 Three Phase 1
5th 0,085 0,062 0,068 0,561 0,407 0,446 Three Phase 4
6th 0,004 0,008 0,009 0,029 0,050 0,062 Three Phase 1
7th 0,023 0,020 0,013 0,154 0,133 0,083 Three Phase 4
8th 0,009 0,007 0,009 0,060 0,044 0,057 Three Phase 1
9th 0,022 0,013 0,029 0,143 0,087 0,190 Three Phase 4
10th 0,007 0,005 0,007 0,049 0,033 0,043 Three Phase 1
11th 0,050 0,041 0,032 0,332 0,271 0,212 Three Phase 2
12th 0,003 0,008 0,007 0,022 0,052 0,047 Three Phase 0,5
13th 0,072 0,066 0,064 0,478 0,437 0,424 Three Phase 2
14th 0,007 0,004 0,006 0,049 0,028 0,039 Three Phase 0,5
15th 0,013 0,009 0,020 0,086 0,060 0,131 Three Phase 2
16th 0,005 0,004 0,006 0,032 0,023 0,037 Three Phase 0,5
17th 0,014 0,031 0,025 0,095 0,202 0,164 Three Phase 1,5
18th 0,003 0,005 0,003 0,021 0,032 0,019 Three Phase 0,375
19th 0,048 0,039 0,040 0,314 0,259 0,263 Three Phase 1,5
20th 0,004 0,002 0,004 0,029 0,015 0,027 Three Phase 0,375
21th 0,005 0,004 0,008 0,035 0,026 0,054 Three Phase 1,5
22th 0,004 0,002 0,005 0,023 0,016 0,030 Three Phase 0,375
23th 0,022 0,029 0,020 0,145 0,194 0,134 Three Phase 0,6
24th 0,003 0,002 0,002 0,020 0,016 0,013 Three Phase 0,15
25th 0,019 0,014 0,017 0,126 0,095 0,114 Three Phase 0,6
26th 0,003 0,002 0,002 0,019 0,016 0,015 Three Phase 0,15
27th 0,008 0,004 0,008 0,051 0,025 0,054 Three Phase 0,6
28th 0,003 0,003 0,004 0,021 0,018 0,026 Three Phase 0,15
29th 0,032 0,031 0,026 0,208 0,208 0,173 Three Phase 0,6
30th 0,002 0,002 0,003 0,015 0,016 0,017 Three Phase 0,15
31th 0,010 0,010 0,010 0,065 0,067 0,065 Three Phase 0,6
32th 0,003 0,003 0,002 0,017 0,017 0,016 Three Phase 0,15
33th 0,005 0,005 0,007 0,033 0,033 0,049 Three Phase 0,6
34th 0,004 0,002 0,004 0,026 0,010 0,027 | Three Phase 0,15
35th 0,015 0,020 0,018 0,102 0,132 0,121 Three Phase 0,3
Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
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36th 0,003 0,002 0,003 0,020 0,011 0,018 | Three Phase 0,075
37th 0,007 0,004 0,007 0,048 0,027 0,043 Three Phase 0,3
38th 0,003 0,003 0,002 0,022 0,017 0,012 Three Phase 0,075
39th 0,007 0,007 0,010 0,045 0,044 0,064 Three Phase 0,3
40th 0,003 0,002 0,002 0,017 0,011 0,015 Three Phase 0,075
41th 0,011 0,009 0,009 0,071 0,063 0,059 Three Phase N/A
42th 0,003 0,002 0,002 0,017 0,014 0,011 Three Phase N/A
43th 0,012 0,016 0,017 0,079 0,108 0,109 Three Phase N/A
44th 0,004 0,003 0,003 0,027 0,018 0,020 Three Phase N/A
45th 0,007 0,006 0,005 0,043 0,038 0,036 Three Phase N/A
46th 0,009 0,010 0,008 0,061 0,063 0,054 Three Phase N/A
47th 0,028 0,029 0,026 0,182 0,192 0,168 Three Phase N/A
48th 0,011 0,010 0,008 0,070 0,066 0,056 Three Phase N/A
49th 0,012 0,013 0,015 0,079 0,086 0,101 Three Phase N/A
50th 0,004 0,002 0,004 0,026 0,016 0,026 Three Phase N/A
66% Output Power
Watts (W) 2200 2207 2204
VA (VA) 2201 2208 2205
Vrms (V) 220,41 220,37 220,45
Arms (A) 9,987 10,020 10,004
PF 0,9994 0,9994 0,9997
Frequency (Hz) 50
THD50 (%) 0,863 \ 0,802 \ 0,802
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 9,982 10,015 | 10,000 0,659 0,661 0,660 Three Phase -
2nd 0,012 0,010 0,008 0,078 0,064 0,051 Three Phase 1
3rd 0,012 0,013 0,022 0,076 0,084 0,146 Three Phase 4
4th 0,005 0,006 0,003 0,035 0,041 0,023 Three Phase 1
5th 0,063 0,054 0,058 0,416 0,355 0,382 Three Phase 4
6th 0,005 0,004 0,006 0,032 0,026 0,041 Three Phase 1
7th 0,015 0,017 0,014 0,099 0,112 0,090 Three Phase 4
8th 0,006 0,004 0,006 0,040 0,026 0,040 Three Phase 1
9th 0,012 0,008 0,015 0,080 0,055 0,102 Three Phase 4
10th 0,006 0,004 0,004 0,039 0,029 0,029 Three Phase 1
11th 0,039 0,030 0,033 0,258 0,198 0,220 Three Phase 2
12th 0,003 0,003 0,004 0,018 0,023 0,029 Three Phase 0,5
13th 0,046 0,042 0,041 0,301 0,275 0,273 Three Phase 2
14th 0,006 0,003 0,005 0,042 0,019 0,034 Three Phase 0,5
15th 0,008 0,006 0,012 0,050 0,040 0,078 Three Phase 2
16th 0,004 0,003 0,003 0,029 0,021 0,017 Three Phase 0,5
17th 0,025 0,024 0,018 0,165 0,157 0,118 Three Phase 1,5
18th 0,002 0,002 0,003 0,012 0,015 0,018 Three Phase 0,375
19th 0,044 0,040 0,039 0,290 0,267 0,254 Three Phase 1,5
20th 0,005 0,002 0,004 0,030 0,013 0,023 Three Phase 0,375
21th 0,004 0,004 0,007 0,024 0,024 0,043 Three Phase 1,5
22th 0,003 0,002 0,002 0,022 0,016 0,015 Three Phase 0,375
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23th 0,044 0,044 0,040 0,289 0,292 0,261 Three Phase 0,6
24th 0,002 0,001 0,002 0,010 0,009 0,011 Three Phase 0,15
25th 0,014 0,011 0,012 0,090 0,071 0,079 Three Phase 0,6
26th 0,003 0,002 0,002 0,018 0,012 0,015 Three Phase 0,15
27th 0,005 0,003 0,005 0,031 0,019 0,030 Three Phase 0,6
28th 0,003 0,002 0,002 0,017 0,013 0,011 Three Phase 0,15
29th 0,035 0,035 0,032 0,232 0,229 0,211 Three Phase 0,6
30th 0,002 0,002 0,002 0,012 0,011 0,012 Three Phase 0,15
31th 0,028 0,026 0,027 0,182 0,169 0,178 Three Phase 0,6
32th 0,002 0,002 0,002 0,010 0,011 0,012 Three Phase 0,15
33th 0,007 0,005 0,007 0,049 0,034 0,045 Three Phase 0,6
34th 0,002 0,001 0,002 0,016 0,010 0,013 Three Phase 0,15
35th 0,016 0,021 0,019 0,105 0,137 0,123 Three Phase 0,3
36th 0,002 0,002 0,002 0,013 0,010 0,013 Three Phase 0,075
37th 0,011 0,011 0,010 0,073 0,070 0,064 Three Phase 0,3
38th 0,002 0,002 0,002 0,011 0,011 0,011 Three Phase 0,075
39th 0,009 0,011 0,008 0,059 0,072 0,051 Three Phase 0,3
40th 0,002 0,002 0,002 0,014 0,011 0,011 Three Phase 0,075
41th 0,010 0,012 0,011 0,069 0,080 0,070 Three Phase N/A
42th 0,002 0,002 0,002 0,014 0,010 0,012 Three Phase N/A
43th 0,015 0,019 0,018 0,100 0,124 0,117 Three Phase N/A
44th 0,002 0,002 0,002 0,011 0,011 0,011 Three Phase N/A
45th 0,005 0,004 0,005 0,032 0,029 0,034 Three Phase N/A
46th 0,010 0,009 0,008 0,063 0,061 0,052 Three Phase N/A
47th 0,026 0,028 0,026 0,173 0,184 0,168 Three Phase N/A
48th 0,010 0,009 0,009 0,068 0,061 0,056 Three Phase N/A
49th 0,009 0,010 0,011 0,062 0,065 0,071 Three Phase N/A
50th 0,002 0,002 0,002 0,012 0,010 0,012 Three Phase N/A

100% Output Power

Watts (kW) 3336 3325 3327
VA (kVA) 3338 3326 3328
Vrms (V) 220,76 220,76 220,68
Arms (A) 15,121 15,070 15,081
PF 0,9997 0,9996 0,9997
Frequency (Hz) 50,00
THD50 (%) 1,514 1,514 \ 1,459
Harmonic
Harmonics Current Magnitude [A] % of Rated Current Phase Current
Limits [%]
1st 15,144 | 15,178 | 15,162 0,999 1,002 1,001 Three Phase --
2nd 0,011 0,008 0,006 0,070 0,055 0,042 | Three Phase 1
3rd 0,010 0,013 0,020 0,063 0,088 0,132 | Three Phase 4
4th 0,006 0,007 0,003 0,037 0,044 0,023 | Three Phase 1
5th 0,059 0,051 0,054 0,393 0,336 0,356 | Three Phase 4
6th 0,004 0,004 0,005 0,029 0,024 0,035 | Three Phase 1
7th 0,012 0,014 0,014 0,078 0,094 0,090 | Three Phase 4
8th 0,005 0,004 0,005 0,036 0,026 0,034 | Three Phase 1
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9th 0,013 0,009 0,013 0,083 0,056 0,085 Three Phase 4
10th 0,005 0,004 0,004 0,036 0,028 0,027 Three Phase 1
11th 0,041 0,032 0,036 0,269 0,213 0,239 Three Phase 2
12th 0,003 0,004 0,004 0,017 0,026 0,028 Three Phase 0,5
13th 0,036 0,035 0,034 0,237 0,233 0,225 Three Phase 2
14th 0,005 0,003 0,004 0,033 0,019 0,024 Three Phase 0,5
15th 0,009 0,007 0,012 0,058 0,048 0,077 Three Phase 2
16th 0,004 0,003 0,003 0,027 0,019 0,019 Three Phase 0,5
17th 0,012 0,008 0,008 0,077 0,054 0,054 Three Phase 1,5
18th 0,002 0,003 0,003 0,012 0,022 0,021 Three Phase 0,375
19th 0,028 0,027 0,025 0,182 0,179 0,165 Three Phase 1,5
20th 0,004 0,002 0,002 0,025 0,016 0,016 Three Phase 0,375
21th 0,004 0,004 0,008 0,030 0,025 0,055 Three Phase 1,5
22th 0,003 0,002 0,002 0,019 0,016 0,015 Three Phase 0,375
23th 0,024 0,024 0,022 0,161 0,156 0,146 Three Phase 0,6
24th 0,002 0,002 0,002 0,010 0,012 0,012 Three Phase 0,15
25th 0,013 0,012 0,013 0,085 0,079 0,083 Three Phase 0,6
26th 0,002 0,002 0,002 0,015 0,012 0,013 Three Phase 0,15
27th 0,007 0,002 0,006 0,048 0,016 0,039 Three Phase 0,6
28th 0,002 0,002 0,002 0,010 0,013 0,010 Three Phase 0,15
29th 0,022 | 0,021 0,021 0,142 0,139 0,141 | Three Phase 0,6
30th 0,002 0,001 0,001 0,011 0,010 0,010 Three Phase 0,15
31th 0,036 0,035 0,034 0,239 0,232 0,223 Three Phase 0,6
32th 0,001 0,001 0,002 0,009 0,009 0,011 Three Phase 0,15
33th 0,009 0,004 0,008 0,058 0,024 0,054 Three Phase 0,6
34th 0,002 0,001 0,001 0,010 0,009 0,009 Three Phase 0,15
35th 0,009 0,007 0,009 0,062 0,045 0,059 Three Phase 0,3
36th 0,002 0,002 0,002 0,012 0,011 0,011 Three Phase 0,075
37th 0,017 0,016 0,013 0,112 0,108 0,089 Three Phase 0,3
38th 0,002 0,002 0,002 0,013 0,010 0,012 Three Phase 0,075
39th 0,007 0,010 0,005 0,045 0,066 0,031 Three Phase 0,3
40th 0,002 0,002 0,002 0,012 0,013 0,012 Three Phase 0,075
41th 0,011 0,010 0,012 0,073 0,068 0,080 Three Phase N/A
42th 0,002 0,002 0,002 0,013 0,011 0,011 Three Phase N/A
43th 0,021 0,025 0,021 0,139 0,165 0,135 Three Phase N/A
44th 0,002 0,002 0,002 0,012 0,012 0,011 Three Phase N/A
45th 0,005 0,004 0,004 0,032 0,028 0,026 Three Phase N/A
46th 0,009 0,009 0,008 0,059 0,057 0,051 Three Phase N/A
47th 0,028 0,027 0,026 0,182 0,180 0,169 Three Phase N/A
48th 0,010 0,009 0,008 0,063 0,061 0,054 Three Phase N/A
49th 0,009 0,009 0,007 0,062 0,062 0,046 Three Phase N/A
50th 0,002 0,002 0,002 0,013 0,012 0,011 Three 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 Provincial Electricity Authority (PEA:2016).
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4.6 Harmonic Voltage Limit Test P
the grid-connected inverter regulations of the Provincial Electricity Authority (PEA:2016)

Vrms (V) 220,005 | 220922 | 220,822
Frequency (Hz) 50,00
THD50 (%) 1,199 \ 1,333 | 1,327
Harmonics Voltage Magnitude [V] % of Rated Voltage Phase Limits [%]
2nd 0,113 0,134 0,227 0,051 0,061 0,103 | Three Phase 0,2
3rd 2,424 2,696 2,660 1,102 1,226 1,209 | Three Phase 4
4th 0,124 0,148 0,101 0,056 0,067 0,046 | Three Phase 0,2
5th 0,599 0,701 0,739 0,272 0,318 0,336 | Three Phase 4
6th 0,081 0,093 0,083 0,037 0,042 0,038 | Three Phase 0,2
7th 0,501 0,573 0,594 0,228 0,260 0,270 | Three Phase 4
8th 0,075 0,078 0,074 0,034 0,036 0,034 | Three Phase 0,2
9th 0,274 0,329 0,371 0,124 0,149 0,168 | Three Phase 2
10th 0,070 0,054 0,058 0,032 0,024 0,027 | Three Phase 0,2
11th 0,210 0,204 0,191 0,095 0,093 0,087 | Three Phase 0,1
12th 0,060 0,064 0,055 0,027 0,029 0,025 | Three Phase 0,1
13th 0,208 0,197 0,198 0,094 0,090 0,090 | Three Phase 0,1
14th 0,056 0,058 0,053 0,025 0,026 0,024 | Three Phase 0,1
15th 0,089 0,109 0,131 0,041 0,050 0,059 | Three Phase 0,1
16th 0,066 0,070 0,058 0,030 0,032 0,026 | Three Phase 0,1
17th 0,111 0,146 0,150 0,051 0,066 0,068 | Three Phase 0,1
18th 0,050 0,054 0,046 0,023 0,024 0,021 Three Phase 0,1
19th 0,123 0,135 0,150 0,056 0,061 0,068 | Three Phase 0,1
20th 0,039 0,041 0,040 0,018 0,019 0,018 | Three Phase 0,1
21th 0,055 0,044 0,060 0,025 0,020 0,027 | Three Phase 0,1
22th 0,039 0,041 0,039 0,018 0,019 0,018 | Three Phase 0,1
23th 0,089 0,105 0,101 0,040 0,048 0,046 | Three Phase 0,1
24th 0,036 0,044 0,036 0,016 0,020 0,016 | Three Phase 0,1
25th 0,084 0,082 0,083 0,038 0,037 0,038 | Three Phase 0,1
26th 0,036 0,040 0,039 0,016 0,018 0,018 | Three Phase 0,1
27th 0,050 0,053 0,041 0,023 0,024 0,019 | Three Phase 0,1
28th 0,040 0,041 0,036 0,018 0,019 0,016 | Three Phase 0,1
29th 0,102 0,099 0,099 0,046 0,045 0,045 | Three Phase 0,1
30th 0,041 0,040 0,044 0,019 0,018 0,020 | Three Phase 0,1
31th 0,154 0,177 0,155 0,070 0,080 0,070 | Three Phase 0,1
32th 0,045 0,047 0,043 0,021 0,021 0,020 | Three Phase 0,1
33th 0,075 0,051 0,049 0,034 0,023 0,022 | Three Phase 0,1
34th 0,060 0,058 0,048 0,027 0,027 0,022 | Three Phase 0,1
35th 0,160 0,177 0,168 0,073 0,080 0,077 | Three Phase 0,1
36th 0,065 0,071 0,076 0,030 0,032 0,034 | Three Phase 0,1
37th 0,193 0,181 0,177 0,088 0,082 0,080 | Three Phase 0,1
38th 0,170 0,165 0,160 0,077 0,075 0,073 | Three Phase 0,1
39th 0,175 0,081 0,124 0,080 0,037 0,056 | Three Phase 0,1
40th 0,121 0,133 0,105 0,055 0,061 0,048 | Three Phase 0,1
Note: The harmonics are tested and evaluated according the IEEE1547.1-2005 clause 5.11.1 according the
grid-connected inverter regulations of the Provincial Electricity Authority (PEA:2016).
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4.7 Power factor(PEA)

3.1,8.4 Harmonic Regulation (PEA: 2016) P
Test conditions:
Output power [kW] ~10% ~25% ~50% ~75% ~100%
Test AC voltage [V]
220 0,9926 0,9995 0,9999 0,9999 0,9999

Note:

the letter “c” is used instead.

Test result refer to table 3.4.1, 8.1.2 1.

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
3.7,12.3 Under and Over Voltage Protection (PEA:2016) P
3.10, 12.5 Response to utility recovery (PEA:2016)

First Level (Phase to Neutral)

Test Output power: 10KW
conditions: Frequency: 50Hz
Under Voltage Over Voltage
Voltage [V] Voltage [V]
Set value 198V 242V
All L1 L2 L3 All L1 L2 L3
Measured trip 197,8 | 197,8 | 197,7 | 197,9 2423 | 243,0 | 242,5 | 243,2
value 197,8 | 197,7 | 197,9 | 197,7 2423 | 243,6 | 242,6 | 242,7
197,8 | 197,9 | 197,8 | 197,8 2423 | 243,1 | 242,3 | 2421
Parameter Time [s] Time [s]
Limit <=2,0s <=1,0s
All L1 L2 L3 All L1 L2 L3
220V 220V
Disconnetion 0 203V 1,68 1,62 1,64 | 1,62 to237v | 064 | 063 | 064 | 0,62
time (4smin) | 166 | 1,64 | 1,64 | 1,62 | (@smin) | 064 | 062 | 0,64 | 0,62
to 193V to 247V
1,66 1,64 1,64 | 1,64 0,64 | 064 | 0,63 | 0,63
peconnection | 9o - smin 62s 20s - 5min 63s
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Second Level (Phase to Neutral)

Test Output power:10KW
conditions: Frequency: 50Hz
Under Voltage Over Voltage
Parameter Voltage [V] Voltage [V]
Set value 110V 264V
All L1 L2 L3 All L1 L2 L3
Measured trip 109,0 | 109,7 | 109,3 | 109,7 264,2 | 265,2 | 265,0 | 265,0
value 109,5 | 109,4 | 109,5 | 109,7 264,1 | 265,3 | 265,1 | 265,3
109,8 | 109,4 | 109,7 | 109,6 264,1 | 265,2 | 264,9 | 265,0
Parameter Time [ms] Time [ms]
Limit <= 300ms <= 160ms
220V All L1 L2 L3 220V All L1 L2 L3
Disconnection t0 203V 188 206 192 194 to( 3%721 80 78 80 82
time (0-t631f(7)“5@ 190 | 204 | 192 | 190 min) | 82 78 76 80
0
192 | 198 | 210 | 210 | 1©26V | g | 78 | 72 | 80
Reconnection | 545 _ 5min 60s 20s - 5min 625
time
Note:
Note:

The tests are according PEA 8/9/2556. The voltage settings of the EUT are set for the tests as stated to
198V, 110V for undervoltage and 242V, 264V for overvoltage.

Response to utility recovery is according to the appropriate IEEE or IEC standard test methods.
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Under Voltage First Level

KEYSIGHT

TECHMOLOGIES

1 SO0

Over voltage First Level

'IKEEXQ%IL(O;(!-IIE-IS- DS0-X 30147, Mr59243083, 07.30.2019051434: Fri Jun 12 09:37:10 2020

Note: CH1: grid voltage(300V/div); CH2: Current of EUT(15A/div); CH3: Current of EUT(15A/div)
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Under Voltage Second Level

'IKEELSOII.?(!-ILI DS0-X 30147, Mrs9243083, 07.30.2019051434: Fri Jul 03 14:53:28 2020

B 1 S000Y 2 S0.047 a0.047

Over voltage Second Level

'IKEEXQ%IL(O;(!-IIE-IS- DS0-X 30147, Mr59243083, 07.30.2019051434: Fri Jul 03 15:08:11 2020

Note: CH1: grid voltage(300V/div); CH2: Current of EUT(15A/div); CH3: Current of EUT(15A/div)
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Reconnection after Under Voltage First Level

12000 - - 225.00
127s
10000 % 220.00
8000 - 215.00
6000 - 210.00
4000 - 205.00
2000 - 200.00
0 . . . 195.00
50 T00 150 200 250
-2000 - . L 190.00
Time|[s]
s P[] s L [ V]
Reconnection after Over Voltage First Level
12000 - 250.00
148s
8000 - - 240.00
6000 - - 235.00
4000 - - 230.00
2000 - - 225.00
0 T . p 2115 5 220.00
50 100 150 200 250 300
-2000 - L 215.00
s P[] s L [ V]
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Reconnection after Under Voltage Second Level
12000 - 250.00
10000 F 139s |
- 200.00
8000
6000 - 150.00
4000 - 100.00
2000
- 50.00
0 . . . - 199s ;
50 100 150 200 250 300
-2000 L 0.00
s P[] s L [ V]
Reconnection after Over Voltage Second Level
12000 - 300.00
10000 —_—-—P, \ -
139 /| 250.00
8000
- 200.00
6000
- 150.00
4000
- 100.00
2000
0 : : : 4 201s — - 5000
50 100 150 200 250 300
-2000 . L 0.00
Time|[s]
s P[] s L [ V]
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5.2.2 Frequency monitoring P
IEC 61727
8.2 Under and Over Frequency Protection (PEA:2016)
3.10, 12.5 Response to utility recovery (PEA:2016)
Test
conditions: Any output power level
Under frequency Over frequency
Parameter Frequency [Hz] Frequency [Hz]
Output Voltage UN Un
Set value 47,00Hz 52,00Hz
Measured trip
value(V 46,98 52,01
Time [ms] Time [ms]
Limit <= 100ms <= 100ms
0 47,2 50,0 Ha
Disconnection L to 51,80 Hz
. (0,25 min), 92 . 92
time(ms) 10 46.5 Hz (0,25 min)
’ to 52,5Hz
Reconnection . ,
time (Sec) 20s — 5min 63s 20s-5min 63s
Note:
The frequency which inverter stops feeding power to electrical system in each test must be in the range of
the frequency trip setting +/- 0,1Hz and the time it takes to cut off the power must be within 0.1 second.
The tests are performed according the IEEE 1547.1-2005, annex A.
Response to utility recovery is according to the appropriate IEEE or IEC standard test methods.
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Under Frequency:
KEYSISHT DS0-¥ 30147, MYS9243053, 07.30.2019051434: Fri Jun 12 11:34:54 2020
Over Frequency:
KEYSISHT DS0-¥ 30147, MY59243053, 07.30.2019051434: Fri Jun 12 11:40:25 202
Note:
CH1: grid voltage(300V/div); CH2: Current of EUT(15A/div); CH3: Current of EUT(15A/div) CH4: trip signal
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6.1 Islanding protection

3.9,12.4 Anti-Islanding (PEA:2016)

Test circuit and parameters

\sz

Ir I lf’c

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 \Y
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

1 3

g

|

DC power | Voc Ioc EUT Veutr Ieut " Iac AC power
source (inverter) -~ source
(PV) Ppc Peutr  OeuT S1 Pac Oac (utility)

IEC 1567/08

Figure 1 — Test circuit for islanding detection function in a power conditioner (inverter)
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6.1 Islanding protection according table 6 - Load imbalance (real, reactive load) for test
condition A (EUT ouput = 100%) P
3.9,12.4 Anti-Islanding (PEA:2016)

Frequency: 50+/-0,1Hz
Un=220+/-3Vac

Test conditions Distortion factor of chokes < 2%

Quality = 1
Disconnection limit 1s
Peur 1 Icl?ae da?j/i:/ce)f Pac 2 Qac® Runon | Peur Actual Voo
No | (% of EUT QLin (%. of (%.Of Time | (W per Qr V) Remarks®
rating) 6.1.d) 1) nominal) | nominal) (ms) phase)
1 100 100 0 0 524 3333 1,001 745 Test AatBL
4 100 100 -5 -5 380 3333 1,027 745 TestAatIB
5 100 100 -5 0 436 3333 1,054 745 Test A atIB
6 100 100 -5 +5 490 3333 1,080 745 Test A atIB
7 100 100 0 -5 482 3333 0,976 745 TestAatIB
8 100 100 0 +5 416 3333 1,026 745 TestAatIB
9 100 100 +5 -5 408 3333 0,929 745 TestAatIB
10 100 100 +5 0 484 3333 0,953 745 TestAat B
11 100 100 +5 +5 402 3333 0,977 745 TestAatIB
Parameter at 0% per phase L= 50,45mH R= 15,87Q C= 200,67uF
IAC fundamental current(A) 102 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 %)
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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Disconnection at Pac 0% and Qac 0% reactive load No. 1
n 09131112 2020
50.08/ 50,04/ -2 1865 : Roll
HE
Channels
i[H 100:1
oc 100:1
+1.0084Hz
+0.0%
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,CH2,CH3: Current of EUT(20A/div); CH4: trip signal
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6.1 Islanding protection according Table 7 — Load imbalance (reactive load) for test
condition B (EUT output = 50 % — 66 %) P
3.9,12.4 Anti-Islanding (PEA:2016)

Frequency: 50+/-0,1Hz
Un=220+/-3Vac

Test conditions Distortion factor of chokes < 2%

Quality =1
Disconnection limit 1s
Reactive
1) 2) 3)
. Peur load (% of F:AC CE)AC Ruln on Peut Actual Voo .
No | (% of EUT Quin (% of (% of Time (W per af (V) Remarks®
rating) 6.1 t:i nominal) | nominal) (ms) phase)
dd)1)

1 66 66 0 -5 420 2200 0,976 525 TestBat IB
2 66 66 0 -4 482 2200 0,981 525 TestBat IB
3 66 66 0 -3 490 2200 0,986 525 TestBat B
4 66 66 0 -2 474 2200 0,991 525 TestBat B
5 66 66 0 -1 446 2200 0,996 525 TestBat IB
6 66 66 0 0 530 2200 1,001 525 Test B at BL
7 66 66 0 1 432 2200 1,006 525 TestBat IB
8 66 66 0 2 394 2200 1,011 525 TestB at IB
9 66 66 0 3 380 2200 1,016 525 TestBatIB
10 66 66 0 4 412 2200 1,021 525 TestBat IB
11 66 66 0 5 330 2200 1,026 525 TestBat IB
Parameter at 0% per phase L= 76,19mH R= 23,97Q C=132,98uF

IAC fundamental current(A) 98 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 B:

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

EUT input voltage 9 = 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, 50 % 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 +0% reactive load No. 6

DS0- 301 647 Wed Jun 10 08:51:35 2020
A Li 20.04 a0.0%/¢ -1.954s 1 Rall

KEYSIGHT
TECHMC

Channels
oc
([ 100:1

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,CH2,CH3: Current of EUT(20A/div); CH4: trip signal
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6.1 Islanding protection according Table 7 — Load imbalance (reactive load) for test
condition C (EUT output = 25 % — 33 %) P
3.9,12.4 Anti-Islanding (PEA:2016)

Frequency: 50+/-0,1Hz
Un=220+/-3Vac

Test conditions Distortion factor of chokes < 2%

Quality =1
Disconnection limit 1s
No (°A>P§lfJTE1l)JT IE% ((:t/lv o l(D?Cozf) ((%263 R‘Il'Ji?nzn (vF\)/E;Ier Actual [ Voo | pomakst
rating) 6.1 :j')n1 ) nominal) | nominal) (ms) phase) Q (V)

1 33 33 0 -5 432 1100 0,975 305 Test C at IB
2 33 33 0 -4 468 1100 0,980 305 Test C at IB
3 33 33 0 -3 484 1100 0,985 305 TestC at IB
4 33 33 0 -2 430 1100 0,990 305 TestC at IB
5 33 33 0 -1 430 1100 0,995 305 TestC at IB
6 33 33 0 0 536 1100 1,000 305 | TestCatBL
7 33 33 0 1 414 1100 1,005 305 Test C at IB
8 33 33 0 2 458 1100 1,010 305 TestC at IB
9 33 33 0 3 394 1100 1,015 305 TestC at IB
10 33 33 0 4 520 1100 1,020 305 Test C at IB
11 33 33 0 5 424 1100 1,025 305 TestC at IB
Parameter at 0% per phase L= 152,39mH R= 47,87Q C= 66,49uF
IAC fundamental current(A) 102 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 C:

EUT output power PEUT = 25 % — 33 % 5 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, 10 % 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 +0% reactive load No. 6

7 Wed Jun 10 14:37:42 2020

2004/ a0.0v/ -1.028s ] Roll

KEYSIGHT
ES

TEC OLOG

Channels
([ LIL:
([ 100:1

-57.00004 -20.00004

100:1 | DC 100:1

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,CH2,CH3: Current of EUT(20A/div); CH4: trip signal
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PEA:2016 additional test P
3.4 Reactive power control(PEA:2016) P
Test conditions: | Output: 220 Vac,50Hz
P (seting) | P(kW)ind | P(kW)cap Q(kmi”d’ Q(k\r/nag(cap’ PFind, max | PFcap, max
0% 0,454 0,455 0,237 0,172 0,8380 0,9332
10% 0,968 0,970 0,428 0,444 0,8869 0,9091
20% 1,987 1,985 -0,992 0,963 0,8945 0,8997
30% 3,002 3,003 -1,459 1,423 0,8994 0,9037
40% 4,020 4,018 -1,929 1,940 0,9016 0,9005
50% 5,030 5,030 -2,395 2,456 0,9029 0,8986
60% 6,038 6,039 -2,860 2,970 0,9037 0,8974
70% 7,043 7,046 -3,324 3,483 0,9043 0,8965
80% 8,050 8,052 -3,788 3,996 0,9048 0,8958
90% 9,054 9,055 -4,253 4,508 0,9051 0,8952
100% 10,047 10,032 -4,713 5,004 0,9053 0,8949
Note:
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PEA:2016 additional test P
3.4.1, 8.1.2 1) A fixed displacement factor coso P

Test conditions: | Output: 220 Vac, 50Hz
P (setting) PF (setting) P (kW) Q(kVar) PF
0% 0,90 lagging 0,454 0,237 0,8380
10% 0,90 lagging 0,968 0,428 0,8869
20% 0,90 lagging 1,987 -0,992 0,8945
30% 0,90 lagging 3,002 -1,459 0,8994
40% 0,90 lagging 4,020 -1,929 0,9016
50% 0,90 lagging 5,030 -2,395 0,9029
60% 0,90 lagging 6,038 -2,860 0,9037
70% 0,90 lagging 7,043 -3,324 0,9043
80% 0,90 lagging 8,050 -3,788 0,9048
90% 0,90 lagging 9,054 -4,253 0,9051
100% 0,90 lagging 10,047 -4,713 0,9053
P (setting) PF (setting) P(kW) Q(kVar) PF
0% 0,90 leading 0,455 0,172 0,9332
10% 0,90 leading 0,970 0,444 0,9091
20% 0,90 leading 1,985 0,963 0,8997
30% 0,90 leading 3,003 1,423 0,9037
40% 0,90 leading 4,018 1,940 0,9005
50% 0,90 leading 5,030 2,456 0,8986
60% 0,90 leading 6,039 2,970 0,8974
70% 0,90 leading 7,046 3,483 0,8965
80% 0,90 leading 8,052 3,996 0,8958
90% 0,90 leading 9,055 4,508 0,8952
100% 0,90 leading 10,032 5,004 0,8949
P (setting) PF (setting) P(kW) Q(kVar) PF
0% 1,00 0,449 0,124 0,9547
10% 1,00 0,972 0,108 0,9935
20% 1,00 1,992 0,090 0,9989
30% 1,00 3,010 0,070 0,9997
Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
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40% 1,00 4,026 0,066 0,9999
50% 1,00 5,039 0,069 0,9999
60% 1,00 6,053 0,078 0,9999
70% 1,00 7,064 0,086 0,9999
80% 1,00 8,073 0,099 0,9999
90% 1,00 9,081 0,114 0,9999
100% 1,00 10,078 0,131 0,9999
Note:
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PEA:2016 additional test P
3.4.2,8.1.22) A variable reactive power depending on the voltage Q(U) (PEA:2016) P

(Power generation system is greater than 500kW)

The purpose of the test is to ensure that the converter complies with the methods for automatically supplying
reactive power according to the standard characteristic curve Q(U) indicated in 1.5.

Activation must be at the Distributor's request, when the Operating Regulations are issued. The Distributor
shall also specify the values of the parameters that uniquely characterise the curve, i.e.: V1i, V2i, Vis and V1s
as well as the lock-in value of active power (default value P = 0,2 Pn).

The parameters V1i, V2i, Vi1s and V1s should be set in the range between 0,9 and 1,1 with 0,01 Vn steps. In
order to facilitate execution of the type tests, the characterising parameters are conventionally set as follows:

V1s =1,08 Vn; V2s = 1,1 Vx
V1i =0,92 Vn; V2i = 0,9 Vn
and the active power lock-in value (default value P = 0,2 Py).

Q Ve=11WVs
Vis=1,08V,
4 Omax
Wes Vo
v
V=092V,
Vg =09V,
-Qmax f--eeesemeeee- N
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Qmin reactive power in accordance to standard characteristic curve Q=f(V)
P(setting) SVac [\(] P[KW] Vac [V]measured Q [kVar] Q [kVar] AQ
et point | measured L1 L2 L3 measured expected [kVar]
<20% 1,07Vn 1,470 235,00 | 235,00 | 235,00 0,115 =0(<+2,5%Pn) | 0,115
<20% 1,09Vn 1,473 239,98 | 239,98 | 239,98 0,115 =0(<+2,5%Pn) | 0,115
<20%-30% | 1,09Vn 2,469 240,00 | 240,00 | 240,00 -2,358 -2,422 0,064
40% 1,09Vn 3,999 240,00 | 240,00 | 240,00 -2,420 -2,422 0,002
50% 1,09Vn 5,024 240,00 | 240,00 | 240,00 -2,403 -2,422 0,019
60% 1,09Vn 6,030 240,00 | 240,00 | 240,00 -2,425 -2,422 -0,003
70% 1,09Vn 7,042 240,00 | 240,00 | 240,00 -2,454 -2,422 -0,032
80% 1,09Vn 8,051 240,00 | 240,00 | 240,00 -2,471 -2,422 -0,049
90% 1,09Vn 9,075 240,00 | 240,00 | 240,00 -2,401 -2,422 0,021
100% 1,09Vn 10,100 240,00 | 240,00 | 240,00 -2,436 -2,422 -0,014
100% 1,10Vn 10,100 242,00 | 242,00 | 242,00 -4,847 -4,843 -0,004
100%-10% 1,10Vn 0,894 242,00 | 242,00 | 242,00 -4,840 -4,843 0,003
10%— <5% | 1,10Vn 0,347 242,00 | 242,00 | 242,00 0,076 =0(<+2,5%Pn) | 0,076
Qmax reactive power in accordance to standard characteristic curve Q=f(V)
P(setting) SVaC [V] PIKW] Vac [V]measured Q [kVar] Q [kVar] AQ
et point | measured L1 L2 L3 measured expected [kVar]
<20% 0,93Vn 1,464 204,62 | 204,63 | 204,62 0,085 =0(<+2,5%Pn) | 0,085
<20% 0,91Vn 1,465 200,22 | 200,23 | 200,23 0,080 =0(<+2,5%Pn) | 0,080
< 20%-30% 0,91Vn 2,478 200,29 | 200,29 | 200,31 2,464 2,422 0,042
40% 0,91Vn 4,002 200,38 | 200,39 | 200,35 2,438 2,422 0,016
50% 0,91Vn 5,012 200,00 | 200,00 | 200,00 2,426 2,422 0,004
60% 0,91Vn 6,021 200,41 | 200,38 | 200,36 2,475 2,422 0,053
70% 0,91Vn 7,016 200,00 | 200,00 | 200,00 2,443 2,422 0,021
80% 0,91Vn 8,031 200,51 | 200,48 | 200,49 2,409 2,422 -0,013
90% 0,91Vn 9,034 200,57 | 200,55 | 200,53 2,371 2,422 -0,051
100% 0,91Vn 10,033 200,48 | 200,47 | 200,48 2,471 2,422 0,049
100% 0,90Vn 10,010 198,32 | 198,30 | 198,30 4,804 4,843 -0,039
100%-10% 0,90Vn 0,906 198,00 | 197,98 | 198,00 4,844 4,843 0,001
10%— <5% | 0,90Vn 0,349 197,94 | 197,96 | 197,96 0,086 =0(<+2,5%Pn) | 0,086
Note:
The lock-in value is adjustable between Vn and 1.1V, and the lock-out value between Vi and 0.9V in 0,01Vx
steps.
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Graph: Lock-in at 1,08Vn
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Graph: Lock-in at 0,92Vn
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PEA:2016 additional test P
3.5, 12.1 Active power control (PEA:2016) P
Setpoint in power bin [%)] Psetpoint [KW] Pso [kKW] Decrease time (s)

100% 10,00 10,08

90% 9,00 9,12 7

80% 8,00 8,12 7

70% 7,00 7,11 8

60% 6,00 6,10 7

50% 5,00 5,09 8

40% 4,00 4,08 7

30% 3,00 3,08 7

20% 2,00 2,07 8

10% 1,00 1,06 7

0% 0,00 0,56 6

Graph of the setting accuracy

12000 ~
10000 ~
8000 A
6000 -
4000 A
2000 -
0 T T T T T T T
0 200 400 600 800 1000 1200 1400
Time|[s]
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Bureau Veritas Shenzhen Co., Ltd. No. 96, Guantai Road (Houjie Section), Houjie Tel: +86 769 8998 2098
Dongguan Branch Town, Dongguan City, Guangdong Province, Fax: +86 769 8599 1080

523942, People’s Republic of China
Page 43 of 63

Email: customerservice.dg@bureauveritas.com
TRF No. IEC61727/IEC62116_PEA VER.2




[BUREAU |
VERITAS

wReference test report for PTEC VERIFICATION REPORT No.162/63-157

Page 44 of 63

Report No.: PVYTH200320N031

PEA:2016 additional test P
3.6,12.2 Low voltage fat,lt Ride thro.ugh capability (PEA:2016) P
(Power generation system is greater than 500kW)
Test List V(V/Vn) Duration time (Sec)
Test P>0,9Pq*
Three-phase faults 0,7-0,8V» (166,4V) 1,019
0,3-0,5Vn (100,4V) 0,161
0-0,05Vn (10,5V) 0,161
Phase to phase faults 0,7-0,8Vn (165,0V) 1,014
0,3-0,5Vn (97,9V) 0,160
0-0,05Vn (9,8V) 0,161
Single phase to ground faults 0,7-0,8Vn (165,0V) 1,017
0,3-0,5Vn (100,4V) 0,160
0-0,05Vn (9,8V) 0,161
Test P=0,3Pn
Three-phase faults 0,7-0,8Vn (165,0V) 1,016
0,3-0,5Vn(97,9V) 0,161
0-0,049Vx(10,6V) 0,161
Phase to phase faults 0,7-0,8Vn(165,0V) 1,014
0,3-0,5Vn(97,9V) 0,161
0-0,049Vn(9,8V) 0,161
Single phase to ground faults 0,7-0,8Vn(166,4V) 1,017
0,3-0,5Vn(97,9V) 0,161
0-0,049Vn(9,8V) 0,160
Test P=0,1 Pn
Three-phase faults 0,7-0,8Vn(166,1V) 1,013
0,3-0,5Vn(100,4V) 0,161
0-0,049Vx(10,5V) 0,161
Phase to phase faults 0,7-0,8Vn(164,0V) 1,019
0,3-0,5Vn(100,4V) 0,161
0-0,049Vn(9,8V) 0,161
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Single phase to ground faults 0,7-0,8Vn(166,4V) 1,016
0,3-0,5Vn(100,4V) 0,161
0-0,049Vnx(9,8V) 0,161

Note:

The PGS must not disconnected from gird while the PCC voltage dip period less than below curve limit.

a) install and connect the PGS and recommendation of the technical requirements of the equipment
manufacturer .

b) Check all parameters of power supply in normal conditions, the operation of power system equipment .

c) testing by simulation the voltage . ( | try to short-circuit in the power network ) in the electricity network to
balance the pressure between 70-80%Vn , 30-50%Vn, and less than 5 percent of the normal operating
pressure .

d) Record the maximum time power system can still connect to the electricity network as shown on above
table.
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Three-phase faults graph at 100%Px: 0,7-0,8U,
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L1 phase-L2 phase faults 0,7-0,8Vn-Voltage graph at 100%P,
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L1 phase-ground faults 0,7-0,8Vn-Voltage graph at 100%P,
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Three-phase faults graph at 30%P,: 0.7-0.8U,
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L1 phase-L2 phase faults graph at 30%Pn: 0.7-0.8U,
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L1 phase-ground faults graph at 30%P,: 0.7-0.8U,
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Three-phase faults graph at 10%P,: 0.7-0.8U,
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L1 phase-L2 phase graph at 10%P,: 0.7-0.8U,
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L1 phase-ground faults graph at 10%P,: 0.7-0.8U,
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Annex No. 1

Test equipment list
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Date(s) of performance of test: 2020-03-20 to 2020-07-07
Equipment Internal No. | Manufacturer Type Serial No e
: : Calibration
Power Analyzer A4080002DG | YOKOGAWA WT3000 91M210852 2019-09-12
AC Source A7040019DG | Chroma 61512 61512000439 Monitored by
AC Source A7040020DG | Chroma 61512 61512000438 | Power Analyzer
DC Simulation A7040015DG | Chroma 62150H-1000S | 62150EF00488
Power Supply A7040016DG | Chroma 62150H-1000S | 62150EF00490
RLC Load A7150027DG | Qunling ACLT-3803H 93v002869
Eight Channel MY57231269 | KEYSIGHT DS0OX3014T HK200110222 2020-01-14
Digital Phosphor
Oscilloscope
Four Channel A4089003DG | Tektronix DP0O4104B C010624 2019-09-24
Digital Phosphor
Oscilloscope
Oscilloscope A1490008DG | YOKOGAWA 701901 I 2019-09-20
probel A1490009DG | YOKOGAWA 701901 I 2019-09-20
A1490010DG | YOKOGAWA 701901 / 2019-09-20
Current transducer | Al 060008DG | YOKOGAWA CT200 1130700017 2019-09-12
A1060009DG | YOKOGAWA CT200 1130700019 2019-09-12
A1060010DG | YOKOGAWA CT200 1130700016 2019-09-12
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Annex No. 2

Pictures of the unit
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Enclosure front view

Enclosure side view
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Enclosure bottom view
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Report No.: PVTH200320N031
Internal view
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Power board-component side view

Power board-component side view
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Control board solder side view

Control board solder side view
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LCD display board solder side view

LCD display board solder side view
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