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Test Report No: LD190808N030

TEST REPORT
IEC/EN 62109-1:2010, IEC/EN 62109-2:2011

Safety of power converters for use in photovoltaic power systems —
Part 1: General requirements
Part 2: Particular requirements for inverters

Report Number. .......ccccvivmmrmniiacnnnns : LD190808N030

Date of issUe......cccceeemmriiriiiceeees : 2019-08-15

Total number of pages .......cccuvuunes : 121

Testing laboratory ........cccceeeernians :

Test location........ccceececmrrnicnniiianns : Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch

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

Applicant’s name ........ccccoceecmniiinnns : Shenzhen SOFAR SOLAR Co., Ltd.

Address....eeeeeeeeeeeeeeee : 401, Building 4, AnTongDa Industrial Park, District 68,

XingDong Community, XinAn Street, BaoAn District,
Shenzhen, China.

Test specification:

Standard........ccooeieeneeeeeeeeeeee : IEC/EN 62109-1:2010
IEC/EN 62109-2:2011
Non-standard test method........... : N/A
Test Report Form No. ..........ccccuuees : TEST REPORT IEC 62109-2 VER.5
Test Report Form(s) Originator....: Bureau Veritas Shenzhen Co., Ltd. Dongguan Branch
Master TRF .....occcovremnienrierieennaes : Dated 2016-08
Test item description.........cccecevneen : Hybrid inverter
Trade MarkK.......ccccvvremnrenrnssnnsennsseens : S & E_AE
Manufacturer .......eoeeemeeeeeeeeeeeeees : Shenzhen SOFAR SOLAR Co., Ltd.
Model/Type reference...........ccvvrerrne : HYD 6000-ES, HYD 5000-ES, HYD 4600-ES,

HYD 4000-ES, HYD 3600-ES, HYD 3000-ES
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BUREAU

Test Report No: LD190808N030

[2F: 1113 To £ : HYD 6000-ES HYD 5000-ES HYD 4600-ES
Full load MPP DC voltage range [V] : 300-520 250-520 230-520
Input DC voltage range[V]................ : 90 - 580
Input DC current [A] ....ccoeveveeriieennne : Max. 12.0 x 2
Output AC voltage [V]...ccoceeveriiiennne : 230, 50Hz
Output AC current [Al..ccccoeeiveeriennne : Max. 27.3 Max.22.8 Max.21.0
Output power [VA]....cccoiiereiieeiieee : 6000 5000 4600
Output DC volt A7/ [T :
utpu voltage range [V] 42-58Vdc
[Battery charge].......cccccoevvininnninit
Input DC current [A] ....ccoeveieeriienenee :
Max.65A
[Battery charge]........ccccoeevveinnnnt
Output DC current [A] «oeeeeeeveeeeenee. :
. Max. 70A
[Battery discharge]..........c.c...oouiit
Charge and discharge power[VA]....: Max. 3000
Output AC voltage [V]....cocevierriienne : 230Vac, 50Hz
Output AC current [Al..ccccoeeiveeriennne : Max.13.2
Output power [VA].....ccoiieieiieeiieene : 3000
[2F:1{1 3 Yo £ : HYD 4000-ES HYD 3600-ES HYD 3000-ES
Full load MPP DC voltage range [V] : 200-520 180-520 160-520
Input DC voltage range[V]................ : 90 - 580
Input DC current [A] ....coocoeveiieeiiiennne : Max. 12.0 x 2
Output AC voltage [V] ....ccoovveerreenee : 230, 50Hz
Output AC current [A]....ccoevviiieennns : Max.18.2 Max.16.0 Max. 13.7
Output power [VA].....ccccoviveereeee : 4000 3680 3000
Output DC volt V] :
utpu voltage range [V] 42-58Vdc
[Battery charge].......ccccooevvnininnninit
Input DC current [A] ....cooooeveiiieeiiennne :
Max.65A
[Battery charge]........c.ccoevvviiinenns :
Output DC current [A]....ccceevviieennns :
. Max. 70A
[Battery discharge]............c...oou.it
Charge and discharge power[VA]....: Max. 3000
Output AC voltage [V] ..ccceevveeriennee : 230Vac, 50Hz
Output AC current [A]...cccoeveeeriienenne : Max.13.2
Output power [VA]....ccooviieeiiiieeens : 3000

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch

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

523942, China
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Test Report No: LD190808N030

Copy of marking plate (representative)

S¢YFAR
=0 A=
Hybrid Inverter

Model No: HYD 6000-ES
Max.DC Input Voltage 600V
Operating MPPT Voltage Rangs _ _ __90V~580V
MAX PV lsc 2x15A
BatteryType ____ __[Lead-acid Lithium-ion
Battery Voltage Range 42-58V
Max.Charging Current .~~~ 7 65A
Max Discharging Current _________ 70A
Max Charging&Discharging Power _ 3000VA
Noeminal Grid Voltage 230Vac
Norminal Ouiput Voltage ~ ~~~~ _~ 230Vas
Max.Output Current ___ """ " "~ 27.3A
Nominal Grid Frequency . __ _ 50/60Hz
PowerFactor _ __ _____ 1(adjustable+/-0.8)
Nomipal OutputPower _ _____ ___ BO00OVA
Backup Rated Current _ _________13.2A
Backup Raled Apparent Power | _ _ 3000VA
IngressProtection . . . __.___| P65
Operaling Temperalure Range 25-+60°C
Protective Class Class |
Manufacturer : Shenzhen SOFAR SOLAR Co. Ltd.
Address : 401, Buillding 4, AnTangDa Industrial Park,
District 68, XingDong Community XinAn Street,
BacAn District, Shenzhan, China
SAA1B3423
VDEQ126-1-1,VDE-AR-N4105,G89 ENGOA 38,
ASATTT UTE C18-712-1
A CEAD A AE

SYFAR

=0 A

Hybrid Inverter
Model No: HYD 5000-ES

Max.DC InputVoltage

Protective Class

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

BaoAn Districl, Shenzhen, China

SAATB3IAZY

VDEO126-1-1, VDE-AR-N4105,G00 ENGO4 28,

AB4TTT UTECi5-T124

(IACEA AAZ

SYFAR

S0 Aa/m

Hybrid Inverter
Model No: HYD 4600-ES

Max. DC Inpul Vollage

Protective Class

Manufacturer : Shenzhen SOFAR SOLAR Co. Ltd.
Addrass : 401, Building 4, &n TongDa Industrial Park,
District 88, XingDong Community, XinAn Streal,

BaoAn District, Shenzhen, China

SAATE3423

VDEQOT26-1-1,VDE-AR-N4105,Go8 ENS0438,

ASATTT UTE CA5-T124

(IACEAD AAE

SSEAR

Hybrid Inverter

Model No: HYD 4000-ES
Max.DC Input Voltage 600V
Operating MPPT VoltageRange  90V~580V
MAXPVIse __ " """ "~ 2x18A
BatteryType Lead-acid,Lithium-ion
Battery Voltage Range 42-58V
Max.Charging Current " B5A
Max Discharging Current ~~ ~~ ~ ~ " 70A
Max.Charging&Discharging Power _ _ 3000VA
Nominal Grid Voltage 230Vac
Nominal Dutpat Voltage ~ ~ ~~ ~ ~ ~ . 230(Vac
Max.OutputCurrent ___________18.2A
Nominal Grid Frequency _ __ _ __ _ 50/60Hz
PowerFactor . . 1{adjustable+/-0.8)
Mominal Qutput Power . __ __ _ __ _4000VA
Backup Rated Current _ __ _______ 13.2A
Backup Rated Apparent Power _ _ _ _ 3000VA
IngressProtection . ______| IP65
Operating Temperalure Range -25-+60'C
Protective Class Class |

Manufacturer : Shenzhen SOFAR SOLAR Co.,Ltd.
Address ;: 401, Buillding 4, AnTongDa industrial Park,
District 68, XingDong Community XinAn Strast,

BaoAn District, Shenzhen, China

SAATB3423

VDEQ126-1-1 VDE-AR-N4105 G5 ENSO438,
AS4TTT UTE C15-T12-1

LHACEAD AAE

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Bureau Verlias Shenzhen Co., Ltd. Houjie Town, Dongguan City,Guangdong Fax: +86 769 85991080
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SYFAR

=1 . [
Hybrid Inverter

Model No: HYD 3600-ES
Max.DC Input Voltage 600V
Operating MPPT VoltageRange ___ _90V~580V
MAXENISE e e 2x15A
BatteryType . ___ Lond acid, Lt fon
Battery Voltage Range 42-58V
Max.Charging Current _~~ ~ ~~ ~ "~ " 7 B5A
Max.Discharging Carrent. —~ —~ ~ ~ "~ " 7 T0A
Max Charging&Discharging Power __ 3000VA
Nominal Grid Voltage 230Vac
Nominal OutputVoltage =~~~ ~ 230Vac

Nominal Grid Frequency _ __ _ __ _ 50/60Hz
PowerFaclor . .. ... 1{adjustable+/-0.8)
Nominal Qutput Power _ _ _ __ __ __ 3B80VA
Backup Rated Current _ ______ 13.2A
Backup Rated ApparentPower ___ 3000VA
Ingress Protection | IP65
Operaling Temperalure Range -25-+60°C
Protective Class Class |

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

BaoAn Digtrict, Shenzhen, China

SAATE3423

VDED! 26-1-1 VDE-AR-N4105 G858 ENSO4 38,

ABATTT UTE C15-T12-1

S¢YFAR

s0LAam
Hybrid Inverter
Model No: HYD 3000-ES
Max.DC Input Voltage 600V
Operating MPPT VoltageRange _ _ __90V~580V
MAX PV Isc 2x15A
Battery Type ___ __ _Lead-acid,Lithium-ion
Battery Voltage Range 42-58V
Max.Charging Current G5A
Max Discharging Current _ _~_ "~ _ 70A
Max.Charging&Discharging Power _ _ 3000VA
Nominal Grid Voltage 230Vac
Nominal OutputVoltage _ _ _ __ __ _ 230Vac
Max.OutputCurrent  _ _________ 13.7A
Nominal Grid Frequency 50/60Hz
PowerFactor _ ___ _ ___ 1{adjustable+/-0.8)
Nominal QutputPower  _ __ ___ __ 3000VA
BackupRatedCurrent _ _ __ . _ 13.2A
Backup Rated Apparent Power . 3000VA
Ingress Protection . __ | P65
Operaling Temperalure Range . _ _ _ _ 25-+60°C
Protective Class Class |

Manufacturer : Shenzhen SOFAR SOLAR Co,,Lid.
Address 401, Building 4, AnTongDa Industrial Park,
District 68, XingDong Communily, Xin An Streat,

BaoAn District, Shenzhen, China

SAA1B3423

VDEOD126-1-1,VDE-AR-N4105,G08 ENS0428,

ASATTT UTE C15-T121

[IACEAD A A E |

HACEAD A AE
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Test Report No: LD190808N030

Test item particulars................ccooevininininees :

Equi Y v :
quipment mobility [ ] movable []hand-held [] stationary

M fixed [] transportable [] for building-in
Connection to the Mains ..o : . . .

[ pluggable equipment [ direct plug-in

X] permanent connection [ for building-in
Enviromental category .......ccooeveeiennenneeneeeeeeens : [ outdoor [ indoor <] indoor

unconditional conditional

Over voltage category Mains........cccccevcevvvniniceenenne " Jovc!l [Jovcl [XKovcil [JoveIv

Over volt v s Yo S :
ver voltage category [Jovc! [XKovci [Jovcil [JovcIv

Mains supply tolerance (%) ....cooooeeeeeeeieneneeeiieereeene 90/ +110 %
Tested for power SyStems......cocveveeverieerie e : TN
IT testing, phase-phase voltage (V)......cccccevvvveeennnen R
Class of equipment .........ccooiiiiiiieeee e :

X Class | ] Class Il ] Class llI
] Not classified

Mass of equipment (Kg) ...coooovveeeiiiieneinieie e : Approx. 20.5

Pollution degree ........coooueviiiiieie e :  PD2(Reduction of table 5 is considered)
IP protection Class.........cceveiiieiiriiiee e : IP65

Testing

Date of receipt of test item(S)......cccevveviieeiiiiieeeee, ' 2018-09-03 & 2019-08-08

Dates tests performed ... © 2018-09-03 to 2018-12-03 &

2019-08-08 to 2019-08-10

Possible test case verdicts:
— test case does not apply to the test object ........ : N/A
— test object does meet the requirement ............... : Pass (P)

— test object was not evaluated for the requirement: N/E

— test object does not meet the requirement......... : Fail (F)
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Bureau Verlias Shenzhen Co., Ltd. Houjie Town, Dongguan City,Guangdong Fax: +86 769 85991080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com
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Test Report No: LD190808N030

General remarks:

The test results presented in this report relate only to the object tested.

This report shall not be reproduced, except in full, without the written approval of the Issuing testing
laboratory.

"(See Enclosure #)" refers to additional information appended to the report.

"(See appended table)" refers to a table appended to the report.

Report history:

Remark 1 This test report is to replace the original test report LD180903N042-R1. issue by Bureau
Veritas Shenzhen Co., Ltd. Dongguan Branch, on 04, Feb., 2018.

Remark 2 The modification applied on this report is:

- Add new model HYD 4600-ES.

- Change all the lables: the product parameters has not changed.
- Change the applicant’s address.

Remark 3 For the above “Remark 2” described changes, clause 4.2.2.6 mains supply electrical
data in normal condition were considered necessary.

Throughout this report a [ | comma/ [X] point is used as the decimal separator.
Name and address of factory (ies)........ccuarvrerserserans : Dongguan SOFAR SOLAR Co.,Ltd.

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

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Bureau Verlias Shenzhen Co., Ltd. Houjie Town, Dongguan City,Guangdong Fax: +86 769 85991080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com
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Test Report No: LD190808N030

General product information:
The Hybrid inverter is a single-phase type and only one machine is allowed on each line conductor.

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

s
—PV1- EMI [ MPPT1
|
|- . P ... @
1T
1 DC Relay GRID
—PV2 EMI [ MPPT2 O« > GFCI
11
I e
S DC == EMI [
T > Rela LOAD
T = em [ PR . y
Battery DC .
N >
o o ) i .
5 5 I 5
£ E K 2 —
PV1 L e - R z 84 3 7 & & Grid-tied
3kw G EEELHERES 32 % 1 230v/
“yTy vV Y Y v Y 2 Y Y A 6kw
PV2 Main-DSP Slave-DSP )
3kw Off-grid
230v/
Battery 3kw
148v/3kw CAN/485/CT/ SD/NTC/Drms/ ,
Wi-Fi/GPRS/Ethernet ARM-Controller 3.5-LCD

Figure 1 — Block diagram
The internal control is redundant built. It consists of Microcontroller Main DSP (U4) and slave DSP (U22).

The Main DSP (U4) control the relays by switching signals; measures the PV voltage, PV current, Bus
voltage, grid voltage, frequency, AC current with injected DC and the array insulation resistance to ground.
In addition it tests the current sensors and the RCMU circuit before each start up.

The slave DSP (U22) is measures the grid voltage, grid frequency and residual current, also can switch off
the relays independently, and communicate with Main DSP (U4) each other.

The current is measured by a current sensor. The AC current signal and the injected DC current signal are
sent to the Main DSP(U4). The Main DSP(U4) tests and calibrates before each start up all current sensors.
The unit provides two relays in series in all output conductors. When single fault applied to one relay, alarm
an error code in display panel, another redundant relay provides basic insulation maintained between the
PV array and the mains. All the relays are tested before each start up.

The models HYD 3000-ES, HYD 3600-ES, HYD 4000-ES, HYD 4600-ES ,HYD 5000-ES and HYD 6000-
ES are completely identical and output power derated by software, except for the following table.

Bureau Veritas Shenzhen Co.. Ltd No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
Dongguan Branch o Houjie Town, Dongguan City,Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com

Page 8 of 121 TESTREPORT IEC 62109-2 VER.5



Test Report No: LD190808N030

Modle HYD 6000- | HYD 5000- | HYD 4600- | HYD 4000- | HYD 3600- HYD 3000-
ES ES ES ES ES ES
Resistance
(R332,R334,R (0Q, NC, 0Q,0Q) (NC, 0Q, NC, 0Q)
336,R338)
Bus capcitance 8 pcs 6pcs
INV inductor 0.75mH 1.035mH
(R190) 30kQ 40.2kQ
(R123,R132) (1.5kQ, 1.5kQ) (499Q, 499Q)

The product was tested on:
Hardware version: V1.0
Software version: V1.00

Test condition:

Temperature: 20+5°C
Relative humidity: 60%
Air pressure: 950 mbar

The test samples were pre-production samples without serial number.

. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
ggrneauu\;ﬁrlBt?asninenzhen Co., Ltd. Houjie Town, Dongguan City,Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com
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Test Report No: LD190808N030

This testreport includes the following Appendixes:
Appendix o
p?\l% d Description Page(s)
1 4.8.2 TABLE: Array insulation resistance detection for inverters for ungrounded and 1
functionally grounded arrays (page 106).
2 4.8.3.5Protection by residual current monitoring (page 107-108). 2
. No. 34, Chenwulu Section, Guantai Rd., Tel: +86 769 8998 2098
ggrneauu\éﬁrg?asninenzhen Co., Ltd. Houjie Town, Dongguan City,Guangdong Fax: +86 769 8599 1080
99 523942, China Email: customerservice.dg@cn.bureauveritas.com
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BUREAU

Test Report No: LD180903N042-R1

IEC/EN 62109-1, IEC/EN 62109-2

Clause  |Requirement — Test | Result — Remark | Verdict
4 GENERAL TESTING REQUIREMENTS P
4.1 General P
4.2 General conditions for testing See appended table. P
4.3 Thermal testing See appended table. P
4.3.1 General P
4.3.2 Maximum temperatures See appended table. P
4.3.2.1 General P
4.3.2.2 Touch temperatures P

In order to limit the touch temperatures of Considered. P

accessible parts of PCE, the maximum temperature

for accessible parts of the PCE shall be in

compliance with Table 3.

It is permitted that accessible parts that are Considered. P

required to get hot as part of their intended function

(for example heatsinks) may have temperatures up

to 100 °C, if the parts are marked with the hot

surface marking of symbol 14 of Annex C. For

products only for use in a closed electrical

operating area the 100 °C limit does not apply.

These limits are in addition to the applicable limits | Considered. P

in4.3.2.1.
4.3.2.3 Temperature limits for mounting surfaces P

In order to protect against long-term degradation of | Considered. P

building materials, surfaces of the PCE that will be

in contact with the mounting surface shall not

exceed a maximum total temperature of 90 °C.

This limit is in addition to the applicable limits in

4.3.2.1and 4.3.2.2.

Compliance is checked by the testing in 4.3.2.1

with the PCE mounted according to the

manufacturer’s instructions, on a softwood surface.
4.4 Testing in single fault condition See appended table. P
4.4.1 General P
442 Test conditions and duration for testing under fault | Considered. P

conditions
4421 General P
4.4.2.2 Duration of tests Considered. P
4.4.3 Pass/falil criteria for testing under fault conditions P
4.4.31 Protection against shock hazard No shock hazard. P
4.4.3.2 Protection against the spread of fire No spread of fire. P
4.4.3.3 Protection against other hazards No other hazards. P
4.4.3.4 Protection against parts expulsion hazards No expulsion hazard. P
4.4.4 Single fault conditions to be applied Considered. P
4.4.41 Component fault tests See appended table. P
4442 Equipment or parts for short-term or intermittent Continue-operation. N/A

operation

Components such as motors, relays, other N/A

electromagnetic devices and heaters, which are

normally operated only intermittently, shall be

operated continuously if continuous operation could

occur in a single fault condition.
4.4.4.3 Motors P
4444 Transformer short circuit tests See appended table. P

Bureau Veritas Shenzhen Co., Ltd.
Dongguan Branch

523942, China
Page 11 of 121
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BUREAU

Test Report No: LD180903N042-R1

IEC/EN 62109-1, IEC/EN 62109-2

Clause

| Requirement — Test

| Result — Remark

| Verdict

4.445

Output short circuit

See appended table.

P

4446

Backfeed current test for equipment with more than
one source of supply

Considered.

P

For equipment intended to be connected
simultaneously to more than one source of supply,
each input of the PCE shall be tested one at a time,
to determine if hazardous conditions can result
from current from one source of supply flowing into
the wiring for another source under fault conditions.

Considered.

P

With the PCE operating under normal conditions, a
short circuit shall be applied at the field wiring
terminals of the circuit under consideration, with all
intended other sources connected to the PCE
through the overcurrent protective devices (if any)
intended to be present in the installation.

Considered.

In addition to the requirements of 4.4.3, the short-
circuit currents are to be recorded and if they
exceed the maximum rated current for the port, the
maximum measured current shall be provided in
the installation manual for the purpose of
coordination of overcurrent protection of the
external circuit conductors (see 5.3.2).

N/A

4.44.7

Output overload

Considered.

4.44.8

Cooling system failure

Equipment cooling shall be faulted as follows, one
fault at a time:

See below.

a) air-intakes shall be blocked or partially blocked;

Considered.

b) cooling fans shall be stopped or disconnected,
one at a time;

Considered.

c) cooling by circulation of water or other coolant
shall be stopped or partially restricted.

devices.

No such coolant circulation N/A

4.4.4.9

Heating devices

No heating devices.

N/A

In equipment incorporating heating devices, the
following faults shall be applied one at a time:

N/A

a) timers which limit the heating period shall be
overridden to energize the heating circuit
continuously;

N/A

b) temperature control devices or circuits shall
have single fault conditions applied such that
control over the heater is lost. Over-
temperature protection devices meeting the
requirements of 14.3 are left operational during
the test.

N/A

4.4.4.10

Safety interlock systems

No such systems.

N/A

4.4.4.11

Reverse d.c. connections

Considered.

Unless the means of connection prevents reversal,
external d.c. connections shall be connected with
reverse polarity.

N/A

4.4412

Voltage selector mismatch

No such devices.

N/A

Equipment employing a voltage selector intended
to be adjusted or set to match the supply voltage, is
to have its voltage selector set in any position with
the equipment connected to any of its rated supply
circuits.

N/A
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44413 Mis-wiring with incorrect phase sequence or No any hazard occurred. P
polarity
If connection to the a.c. supply with incorrect phase P
sequence or incorrect polarity of an earthed single-
phase supply could result in a hazard, a mis-wiring
test shall be applied.
4.4.4.14 Printed wiring board short-circuit test See appended table. P
Where permitted by 7.3.7.7, functional insulation on P
PWBs, provided by spacings that are less than
those specified in Table 7 and Table 8 (see 7.3.7.7)
shall be type tested as described below.
Each location of decreased spacings shall be short- P
circuited one at a time, and the shortcircuit shall be
maintained until no further damage occurs.
Overcurrent protection integral to the PCE, or
required to be used with the PCE, is allowed to
open. During and after each test, the PCE shall
comply with the requirements of 4.4.3.
4.4.4 15 of |Fault-tolerance of protection for grid-interactive See below. P
IEC 62109- |inverters
2
4.4.4.15.1 |Fault-tolerance of residual current monitoring See appended table. P
of IEC according to 4.8.3.5: the residual current monitoring
62109-2 system operates properly
a) .- The inverter ceases to operate See appended table. P
- Indicates a fault in accordance with §13.9 P
- Disconnect from the mains P
- not re-connect after any sequence of P
removing and reconnecting PV power
- not re-connect after any sequence of P
removing and reconnecting AC power
- not re-connect after any sequence of P
removing and reconnecting both PV and AC
power
b) .- The inverter continues to operate The inverter ceases to N/A
operate.
- the residual current monitoring system N/A
operates properly under single fault condition
- Indicates a fault in accordance with §13.9 N/A
¢)..- The inverter continues to operate regardless of N/A
loss of residual current monitoring functionality
- not re-connect after any sequence of N/A
removing and reconnecting PV power
- not re-connect after any sequence of N/A
removing and reconnecting AC power
- not re-connect after any sequence of N/A
removing and reconnecting both PV and AC
power
- Indicates a fault in accordance with §13.9 N/A
4.44.15.2 |Fault-tolerance of automatic disconnecting means Two series relay in each line P
of IEC and may independent
62109-2 operation for each relay.
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4.4415.2. |General P
1 of IEC
62109-2
The means provided for automatic disconnection of P
a grid-interactive inverter from the mains shall:
- disconnect all grounded current-carrying Disconnected all line P
conductors from the mains conductors from the mains.
- disconnect all ungrounded current-carrying P
conductors from the mains
- be such that with a single fault applied to the The least basic insulation is P

disconnection means or to any other location in | maintained between the PV
the inverter, at least basic insulation or simple array, battery and the mains
separation is maintained between the PV array |when the relay on the open

and the mains when the disconnecting means is | state.

intended to be in the open state.
4.4.4.15.2. |Design of insulation or separation complies with Considered. P
2 of IEC requirements of 7.3.7 of Part 1: report here Part 1
62109-2 comment and verdict.

4.4.415.2. |For non-isolated inverter, automatic checking of the | The inverter automatic P
3of IEC isolation provided by a disconnect means after checking of the isolation after
62109-2 singlefault. single fault occurred.

If the check fail: P

- any still-functional disconnection means shall be
left in the open position

- at least basic or simple separation shall be P
maintained between the PV input and the mains
- the inverter shall not start operation P
- theinverter shall indicate a fault in accordance | The screen shown error P
with 13.9 information.
4.4.4.160f |A stand-alone inverter with a transfer switch to No such transfer switch N/A
IEC 62109- | transfer AC loads from the mains or other AC
2 bypass source to the inverter output:
- shall continue to operate normally N/A
- shall not present a risk of fire as the result of an N/A
out-of-phase transfer
- shall not present a risk of shock as the result of N/A
an out-of-phase transfer
- And having control preventing switching: N/A
components for malfunctioning ................:
4.4.4170f |Cooling system failure — Blanketing test See appended table. P
IEC 62109- | No hazards according to the criteria of sub-clause
2 4.4.3 of Part 1 shall result from blanketing the
inverter

This test is not required for inverters restricted to use
only in closed electrical operating areas.

Test stop condition: time duration value or stabilized | Considered. P
temperature ...l

4.5 Humidity preconditioning P

451 General P

452 Conditions P

4.6 Backfeed voltage protection Considered. P

4.6.1 Backfeed tests under normal conditions P
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Each input source shall be tested separately by first P
disconnecting the source and then by deenergizing
the source (if possible).

4.6.2 Backfeed tests under single-fault conditions Considered. P
The tests in 4.6.1 are repeated for each single fault P
condition under consideration. Faults to be applied
are selected based on analysis of schematics of the
circuitry with particular attention to devices that
control or transfer energy between different

sources.
4.6.3 Compliance with backfeed tests Considered. P
The PCE is compliant with the requirements if P

during the tests in 4.6.1 and 4.6.2 no hazardous
voltage or energy is present on the PCE terminals
for the source under test. Measurements are taken
15 s or 1 s after the source is de-energized or
disconnected, as follows:

— 15 s for sources that are permanently P
connected;
— 1 s for sources that are cord-connected or use | Pérmanently connected. N/A
connectors that can be opened withoutthe use
of a tool.
4.7 Electrical ratings tests See appended table. P
4.7.1 Input ratings See appended table. P
While operating under the reference test conditions | See appended table. P

of 4.2.2, the measured continuous input current or
power, as applicable, shall not exceed the marked
input ratings by more than 10 %.

4711 Measurement requirements for DC input ports P
4.7.2 Output ratings P
While operating under the reference test conditions | Considered. P

of 4.2.2, each output port of the PCE shall be
capable of providing its marked output power or
current ratings, as applicable, without overcurrent
protective devices operating and without shutdown
due to operation of overtemperature protection
systems. The measured continuous output current
or power, as applicable, shall not exceed the
marked output ratings by more than 10 %.

4.7.3 of Measurement requirements for AC output ports for P
IEC 62109- | stand-alone inverters

2

4.7.4 of Stand-alone Inverter AC output voltage and P
IEC 62109- | frequency

2

4741 of |General P
IEC 62109-

2

4.7.4.2 of |Steady state output voltage at nominal DC input See appended table. P
IEC 62109- | The steady-state AC output voltage shall not be less

2 than 90 % or more than 110 % of the rated nominal

voltage with the inverter supplied with its nominal
value of DC input voltage.
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4.7.4.3 of |Steady state output voltage across the DC input See appended table. P
IEC 62109- |range
2 The steady-state AC output voltage shall not be less

than 85 % or more than 110 % of the rated nominal

voltage with the inverter supplied with any value

within the rated range of DC input voltage.
4.7.4.4 of |Load step response of the output voltage at nominal |See appended table. P
IEC 62109- | DC input
2 The AC output voltage shall not be less than 85 % or

more than 110 % of the rated nominal voltage for

more than 1,5 s after application or removal of a

resistive load.
4.7.45 of |Steady state output frequency See appended table. P
IEC 62109- | The steady-state AC output frequency shall not vary
2 from the nominal value by more than +4 % or —6 %.
4.7.5 of Stand-alone inverter output voltage waveform P
IEC 62109-
2
4.75.1 of |General P
IEC 62109-
2
4.7.5.2 of |The AC output voltage waveform of a sinusoidal See appended table. P
IEC 62109- | output stand-alone inverter shall have a total
2 harmonic distortion (THD) not exceeding of 10 %

and no individual harmonic at a level exceeding 6 %.
4.7.5.3 of |Non-sinusoidal output waveform requirements N/A
IEC 62109-
2
4.7.5.3.1 of | General N/A
IEC 62109-
2
4.7.5.3.2 of | The total harmonic distortion (THD) of the voltage N/A
IEC 62109- | waveform shall not exceed 40 %.
2
4.7.5.3.3 of | The slope of the rising and falling edges of the N/A
IEC 62109- | positive and negative half-cycles of the voltage
2 waveform shall not exceed 10 V/us measured

between the points at which the waveform has a

voltage of 10 % and 90 % of the peak voltage for

that half-cycle.
4.7.5.3.4 of | The absolute value of the peak voltage of the N/A
IEC 62109- | positive and negative half-cycles of the waveform
2 shall not exceed 1,414 times 110 % of the RMS

value of the rated nominal AC output voltage.
4.7.5.4 of |Information requirements for non-sinusoidal N/A
IEC 62109- | waveforms
2 The instructions provided with a stand-alone inverter

not complying with 4.7.5.2 shall include the

information in 5.3.2.6.
4.7.5.5 of |Output voltage waveform requirements for inverters N/A
IEC 62109- | for dedicated loads
2
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For an inverter that is intended only for use with a N/A
known dedicated load, the following requirements
may be used as an alternative to the waveform
requirements in 4.7.5.2 10 4.7.5.3.
The combination of the inverter and dedicated load | Grid-interactive inverter. N/A
shall be evaluated to ensure that the output
waveform does not cause any hazards in the load
equipment and inverter, or cause the load
equipment to fail to comply with the applicable
product safety standards.
The inverter shall be marked with symbols 9 and 15 | Grid-interactive inverter. N/A
of Table C.1 of Part 1.
The installation instructions provided with the Grid-interactive inverter. N/A
inverter shall include the information in 5.3.2.13.
4.8 of IEC |Additional tests for grid-interactive inverters Considered. P
62109-2
4.8.1 of General requirements regarding inverter isolation Non-isolation inverter. N/A
IEC 62109- | and array grounding
2
- Type of Array grounding supported .........: N/A
- Inverterisolation ...........ccooiiiiiiiiil N/A
4.8.2 of Array insulation resistance detection for inverters Inverter checks the array P
IEC 62109- | for ungrounded and functionally grounded arrays isolation resistance before
2 start up.
4.8.2.1 of |Array insulation resistance detection for inverters Considered. P
IEC 62109- | for ungrounded arrays
2
Inverter shall have means to measure DC Considered. P
insulation resistance from PV input (array) to
ground before starting operation
Or Inverter shall be provided with instruction in P
accordance with 5.3.2.11.
Measured DC insulation resistance: ...............: See appended table. P
Inverter measurement circuit shall be capable of Considered. P
detecting insulation resistance below the limit value
R= Vmax/30mA under normal conditions
Inverter measurement circuit shall be capable of Considered. P
detecting insulation resistance below the limit value
R= Vmax/30mA with ground fault in the PV array
Isolated inverters shall indicate a fault if the The product is a non-isolated N/A
insulation resistance is less than the limit value inverter.
Isolated inverter fault indication maintained until P
insulation resistance has recovered to a value higher
than the limit value
Non-isolated inverters, or inverters with isolation not P
complying with the leakage current limits in the
minimum inverter isolation requirements in Table 30:
- shall indicate a fault in accordance with 13.9 Screen shown the error P
information.
- shall not connect to the mains Relay keep up opened. P
4.8.2.2 of |Array insulation resistance detection for inverters for |Inverter did not intend N/A
IEC 62109- | functionally grounded arrays connected functionally
2 grounded arrays.
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a-1)The value of the total resistance, including the N/A
intentional resistance for array functional grounding,
the expected insulation resistance of the array to
ground, and the resistance of any other networks
connected to ground (for example measurement
networks) must not be lower than R = (VMAX PV/30
mA) ohms.
a-2) The installation instructions shall include the N/A
information required in 5.3.2.12.
b-1) As an alternative to a), or if a resistor value N/A
lower than in a) is used, the inverter shall incorporate
means to detect, during operation, if the total current
through the resistor and any networks (for example
measurement networks) in parallel with it, exceeds
the residual current values and times in Table 31
b-2) Inverter shall either disconnect the resistor or N/A
limit the current by other means ...............:
b-3) If the inverter is a non-isolated inverter, or has N/A
isolation not complying with the leakage current
limits in the minimum inverter isolation requirements
in Table 30, it shall also disconnect from the mains.
c) The inverter shall have means to measure the DC N/A
insulation resistance from the PV input to ground
before starting operation, in accordance with 4.8.2.1.
4.8.3 of Array residual current detection P
IEC 62109-
2
4.8.3.10f General See below. P
IEC 62109-
2
4.8.3.20f |30 mA touch current type test for isolated inverters | Non-isolated inverters. N/A
IEC 62109-
2
4.8.3.30f Fire hazard residual current type test for isolated Non-isolated inverters. N/A
IEC 62109- | inverters
2
4.8.3.40f Protection by application of RCD’s The PCE provides an N/A
IEC 62109- integrated RCDs.
2
- The requirement for additional protection in N/A
4.8.3.1 can be met by provision of an RCD with
a residual current setting