HI PHYSIX LABORATORY INDIA PVT. LTD.
HI PHYS]X B-32/1/2, MIDC, Ranjangaon, Pune, Maharashtra

iestingé.inmgon laoratar info@hiphysix.com, infohplindia@gmail.com
Phone : 02138 - 232901, 232902, 232903

CIN : U74120DL2009PTC194754

Mobile 1 : +91 7768005400

Mobile 2 : +91 7768005411  mmm—m—m

Certificate No: TC-5100

Mobile 3 : +91 7768005422

SUMMARY OF TEST REPORT

TEST REPORT NO: HPLI/Test/2008029501/01 DATE: 01/12/2020
(Number of Pages in Test Report: Page no. 1 to 104)
TEST FORMAT AS PER IS 16221 (Part 2) : 2015/ IEC 62109-2 : 2011
1. Name of the Manufacturer: Maitian Energy Co., Ltd. Wuxi Branch
2. Product: PV Grid-tied Inverter

3. Model: F6000 (Representative model)
F5300, F5000, F4600, F3600, F3000 (Series models)

4. Model differences provided (if applicable): Yes
5. Model differences verified as per MNRE Guidelines for series formulation: Yes

6. Test Results:

SL. NO. TEST REQUIREMENT CLAUSE VERDICT
1. General testing requirements 4.0 P
2. Marking And Documentation 5.0 P
3 Environmental requirements and conditions 6.0 P
4, Protection against electric shock and energy hazards 7.0 P
5. Protection against mechanical hazards 8.0 P
6. Protection against fire hazards 9.0 P
7. Protection against sonic pressure hazards 10.0 P
8. Protection against liquid hazards 11.0 N/A
9. Protection against Chemical Hazards 12.0 N/A
10. Physical requirements 13.0 P
11. Components 14.0 P
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testing & calibration laboratory info@hiphysix.com, infohplindia@gmail.com
Phone : 02138 - 232901, 232902, 232903

CIN: U74120DL2009PTC194754

Cerificate No: TC-5100 Mobile 1: +91 7768005400

Mobile 2 : +91 7768005411
Mobile 3: +91 7768005422 '

TEST REPORT NO: HPLI/Test/2008029501/01 DATE: 01/12/2020

General Information:

1. The conformity certificates of critical components are verified to ensure complete testing of apparatus
under test and details regarding harmonized IEC standards (where |EC standards are not available) are
also provided in the list of critical components.

CONCLUSION:
1. Sample meets all relevant requirements of IS 16221 (Part 2): 2015/ IEC 62109-2: 2011
2. Sample-failsto-meetthe following-testrequirements.

|, hereby undertake that the verdict stated in the test reports for all the test matches with the test results.
The sample meets all relevant requirements of IS 16221 (Part 2): 2015/ IEC 62109-2: 2011 does-not-meet

therequirements-stated above.
" 41 PHYSIX LABORATORY INDIA PVT. m
i hutosh pathak ;
i (Cf;?eqf ?yecgnrcai Manager; |
Date: 01/12/2020 (Slgnature of Authonzed person with Stamp)
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Test Report No: HPLI/Test/2008029501/01

Page 1 of 104

Issue Date: 01/12/2020

—

ULR-TC510020000001653F

Discipline: Electronics Testing

Group: Miscellaneous Products (Power Conversion Equipment)

Manufacturer: Maitian Energy Co., Ltd. Wuxi Branch
No.11, LiJiang Road, Xinwu District, Wuxi City, Jiangsu Province, China

Test item: PV Grid-tied Inverter

Identification: F6000 (Répresentative model) Serial No.: 661F6020063B005,
F5300, F5000, F4600, F3600, 661F60200628010
F3000 (Series models)

Receipt No.: 20080295 Date of receipt: 20/08/2020

Testing laboratory and  Hi Physix Laboratory India Pvt. Ltd.

its address:

B-32/1/2, MIDC, RANJANGAON, PUNE, MAHARASHTRA, PIN-412220.

Test specification:

IS 16221 (Part 2) : 2015/ IEC 62109-2 : 2011

Test Result: The test item passed /Hailed-the test specification(s).
Other Aspects: Ml

This test report relates to the test sample submitted.
Tested by: Appraved by /

Authorized Signatory:

Issued by:

——t _gmm—
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“Ash /
Wief Technical manager)}

(chief
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(Pravin Zaware/
Testing Engineer)

(Ashutosh Pathak/
Chief Technical Manager)

(K. K. Jayaswal
Chief Quality Manager)

Date: 01/12/2020

Date: 01/12/2020

Date: 01/12/2020
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Hi PHYSI(;B

testing & calibration laboratory

TEST REPORT
IS 16221 (Part 2):2015

Safety of Power Converter for use in Photovoltaic Power
Systems Part 2: Particular requirements for inverters
ULR-TC510020000001653F

Report Number........cccocoveiveeninnnnn. : HPLI/Test/2008029501/01

Date of iSSUE ...iveccveeeci e : 01/12/2020

Total number of p'ages 104

Customer Name........ccceeeeveveeereeerenn. : Maitian Energy Co., Ltd. Wuxi Branch
AAresSs.....covuevevereeirereeeeeeesseerione : No.11, LiJiang Road, Xinwu District, Wuxi City, Jiangsu

Province, China

Test specification:

Standard......ccccervniniiecce : IS 16221 (Part 2) : 2015

Test procedure .........cccovvvevvvvvviennnns & Compiliance Report

Non-standard test method............: N/A

Test Report Form No. ......cccceeeuuee. : TRF No. IS 16221 (Part 2) : 2015_V1.0
Test Report Form(s) Originator .... : BIS

Master TRF ..omimmmmaamssmmes - Dated: 03.10.2018

Test item description..................... PV Grid-tied Inverter

Trade Mark......ccccccevveeenvienniniiiinenns !

ManufacCkurer s : Maitian Energy Co., Ltd. Wuxi Branch

F6000 (Representative model)
F5300, F5000, F4600, F3600, F3000 (Series models)

Ratings ......oovoviieecrr e : Input side: Nominal Operating voltage: 360Vdc,
Max. DC current: 12.5A/12.5A, Isc PV: 15A/15A,

MPPT Voltage range: 80-550Vdc, Absolute voltage:
600Vdc, Max. input power: 7800W

Output side: Rated apparent power: 6000VA,

Max. apparent power: 6000VA, Nominal Frequency: 50Hz,
Nominal voltage: 220/230/240Vac,

Nominal output current: 26.1A, Max. output current: 26.1A,
Power factor: 1(+0.8 adjustable)

(Representative model)
(For series models rating see copy of marking plate)

Model/Type reference ..................... :

——
HI PHYSIX LABORATORY INDIA PVT, Lid.
1]
Asfhutosh pPpathak
(Chief Technical manager)
Bt 2 e . R
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HI PHYS%

testing & calibration laboratory

TC-5100
ULR-TC510020000001653F Page 3 of 104 Report No. HPLI/Test/2008029501/01
Testing procedure and testing location:
[X] | Testing Laboratory: Hi Physix Laboratory India Pvt. Ltd.
Testing location/ address............. B-32/1/2, Midc, Ranjangaon, Pune, Maharashtra, Pin-
412220.
[] | Testing procedure:
Tested b (Pravin Zaware/
¥ Testing Engineer) 7R\
(name+ SigNature). ...cusumsssscommspmmsnsans’ s

Ashutosh Pathak €, . o1y s asorarerr gaora pvr. T3
. ¥ i Fansd A5 / LN L o s \
(Chief Technical ;" ’

Manager)

Approved by
(name + signature)................... reenaee

Achurnsh Pathak
(Chiel tecuaical danager)

TRF No. IS 16221 (Part 2) : 2015_V1.0

‘www. hiphysix.com
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ULR-TC5100200000001653F Page 4 of 104 Report No. HPLI/Test/2008029501/01

List of Attachments (including a total number of pages in gach attachment):
Appendix A: User Manual & Installation Manual, pages 26 (page No: 70-95)
Appendix B: List of Critical Component, pages 3 (page No: 96-98)

Appendix C: List of Test and Engineering Rationale, pages 1 (page No: 100)
Appendix D: IS 16221 (Part 2) Test Datasheets, pages 7 {page No: 61-67)
Appendix E: Photos of Equipment, pages 4 (page No: 101-104)

Summary of testing:

Tests performed (name of test and test clause): Testing location:
Hi Physix Laboratory India Pvt. Ltd.
Test (s) Clause | g.32/1/2 M.I.D.C., Ranjangaon, Pune,
(5) Maharashtra-412220
General testing and requirements 4.0
Marking and documentation 5.0
Environmental requirements and conditions 6.0
Protection against electric shock and energy hazards  |7.0
Protection against mechanical hazards 8.0 |
Protection against fire hazards 9.0
Protection against sonic pressure hazards 10.0
Physical requirements 13.0
Components 14.0

CHI PHYSIX LABORATO DIAPYVT, X

TRF No. IS 16221 (Part 2) : 2015_V1.0

www.hiphysix.com




HI PHYSIX

testing & calibration laboratory

ULR-TC5100200000001653F Page 5 of 104 Report No. HPLI/Test/2008029501/01
Copy of marking plate of the equipment: (Representative model)

Y HI PHYSIX LABORATORQY INDIA PVT. L7, W

. ;

TRF No. IS 16221 (Part 2) : 2015_V1.0
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HI PHYSIX

testing & calibration laboratory

ULR-TC5100200000001653F Page 6 of 104 Report No. HPLI/Test/2008029501/01

Copy of marking plate of the equipment: (Series models)

&

FoxESS

F5000

PV Grid-tied Inverter
www fox-ess com

F5300
PV Grid-tied inverter
wwu fox-ess.com

FoxESS

Max. fput power Gaa0w Hax. inpit power 6500W
Absolue max. voltage SO0V = Sbsolute max, voltage OOV
BIPFT voltage range BO-550 ¢ MPET voltage rangs 80550V -

360N T

DC DC

Homlsal opersting voltage Norinal sperating voltage ABOY o
Max. DC current 125A712.54 Max, D current 12.58/12.54
lsc B L5A/15R Isc Y 154/156
Rated apparent power 5300VA Rated apparent power 50004
Ma.apparent power SRIVA Max apparent power SR00VA
Norminat fregquernicy Stz Horningl frequency S0Hz
Ac Neminal voltage 220/230/2400 Ac Nominal voltage 220/230/240vac
Nomting! output current 23.04 MNaornisi| outpart current 2174
Max. output current 25.3A Max. output current 2394
Fewer Factor 1{#® 0.4 adjustable) Power factar 1[* 0.8 adjustable)
tgress profection PGS Ingress protection P65
Operation temperature range L35 ABDPC Operation temperature reange -20..+80°C
Protective class Class 1 Protective class Chass 1
Inverter topology Non-isolated inverter topology Non-isalated
Ower Voltage Categary MSMAINS) TP Quer Voltage Category DMAINS) THPY)

DA DI DAMD DAMI DAM4 DRMS DREMG DAMT DRME

B O 0 000000

DRAE DAEME] DRMZ DRME DRMG DRMS DRMG DRAT DRVG

0D O0OO0O0o0oo0oao.

VEC 62108-1/2 1EC 61000-6-2/3

AAANC X@

AS/MIS 4TTT.Y VOE-ARL-K 4105 GIB-1/G99-1 CEEO-21

Maitian Energy o, L0E Wusd Branch

AAAAC. X@

AS/NES ATIT2 VDE-AR-M 4105 GHE-1,/G5-1 CE6-21
BEC 62909-1/2 IEC S1000-6-2/1

%‘E’g c e  Massian Energy Co. Lid Wasset Branch
L Mo 1 ELEnng Resd, Nives Districs. Wosd Chy,

@ (€

;&:.uﬁ;:mg mm District, Wi Ty, s Sithana Wisrorroiwihiow W’ﬁ :ﬂwﬂ‘*ﬂ'
9 . i PRy J e 7
P ™ (s ]
9 [] !L L lujl”'“ ‘!I [!J”"Im J - lu'o '! ] s! L.

~

i

TRF No. IS 16221 (Part 2) : 2015_V1.0
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Page 7 of 104

HI PHYSIX

testing & calibration laboratory

Report No. HPLI/Test/2008029501/01

Copy of marking plate of the equipment: (Series modelis)

. g 4 e
_ PV Grid-tied Inverter y PV Grid-tied inverter
FQKESS www.fox-ess.com FBXESS www. fox-ess.com
Max. Input power SHRMY I}!&x. input powess AEROW
Absolute mas, voltage GO0V o Absotute ma. voitage GO0V ==
Dc MPPT voltapge range BO-550¢ — Dc MPPT voltage range 83-5500
Haminal aperating voltape G0V - Homingl operating voltage 360V =
Max D current 12 54/1154 flax. DC current 125071284
Isc $Y 1547154 tsc BV 1547154
Rated apparent power AB00VA Rated apparent power 3800VA
Mag.apgarent power S060VA Max apparent power 30GIVA
Neminal frequency S0Hz _ Nemfml FreiEicy T SQ'Hz
AC Hominat voltage 220230/ 240Vac Ac Mol voltage 2207230/ 240vac
Maminal output current 2500 Nominal output carrent 157A
Max. output current 2EA Ma. output current R 17.24
Poveer faztos 1{*0.6 adjustable) - Power factor 10,8 adjustaile)
Ingress protection a5 Ingress protection P55
Operation temperature range BN Operation temperature range =20 AB0°C
Frotectiveclass Class 1 Protective class Class 1
Inverter topology Nom-isolated troverter topoiogy Non-isolated
Cver valtage Category MAING) TPV Dver Voltage Category OEMAIRG) TP
DRIMO DEMI DRMZ DRMI DREG DEMS DEME DEMT DRME DRMO DEKML DEM2Z DEM3Z DEME DRMS DRME DEMT DRME
HOOoODoDoDoOogooo ﬂﬂﬂﬁgmﬁﬁﬁ
ANAMNC, XD ANAAC X
ASIMTS 47772 VOE-AR-M £105 G- ‘EIG?B‘I CEIDZ? AS/NES 4777.2 VDE-AR-N 4105 G95-1/G9%-1 CEI 0-21
AEC 62109172 {EC 61000-6-2/3 c G EC 6210%9-1/2 1EC 61000-6-2/3 h c €
Maivian Energy Co, Lod W Brasch Wiziian Eiargy Co, L8 W Branich :
BT EAfong Rosd, Rinwei: ELstrict, Wiss Gy, NiSALi chiia Mo BLLifang Rosd, Kims Dttt Wusl Cy. g 1o china
angwe Provings Chema V160 Jrangse Prevings Lhms .50
8 n, S
= # ~,
i SN: b SN:
- Il i 1
i :
AR J0 )RR )
% ) £1821019CH i 618y gLEL IR |
|
fr“ PHYSIX LABORATORY TWDIA PVI. L1, § |
f
(¢ )
& R J
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testing & calibration laboratory

TC-5100

ULR-TC5100200000001653F Page 8 of 104 Report No. HPLI/Test/2008029501/01

Copy of marking plate of the equipment: (Series model)

'
. PV Grid-tied Inverter
FOX E5 5 v fox-ess.com
Max. input power 33000
Absalute may, voltage GOV
MPPY voltage range HO-550Y =
DC Nominal operating valtage 360V 00
Max. DT current 12.58/12.54
IscPY 15A/15A
Rated apparent power 3000VA
Max.apparent power 3300V
fominat frequency 5iHz
A c Meminal veltage 230/230/340Vac
Mominal autput current 138
e putput current 14.38
Paswer factor 1{= 0.8 adjustable}
Ingress protection PGS
Operation temperature range -20..+60%C
Protective class Class 1
Inverter topolagy Hon-isolated
OwverVoltage Category TMAINS: I

DRME DRMI DRM2 DRM3 DRMA DRMS DRME DRMT DRME

BEOOOOOaino

ASNIS 47772 VDE-AR-N 4105 GI8-1/635-1 LHI D21

FEC 627089-1/2 HEC 61000-6-2/3 i

Maitises Erergy Oo., L0, Wusl Brandh # i

o IV0irng Road, Wewy Dirtrict Wi City: Py ;

Jtmmgnar Provinge Ching md;:;;ﬂm ;
. o

I

£ ;
§ e

. HI PHYSIX LABORATORY INDIA PVT, 1-. \
: ,

; L [ M3 ’
, Co i Ll Magdyer)

TRF No. IS 16221 (Part 2) : 2015_V1.0 ' ]
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testing & calibration laboratory

TC-5100

ULR-TC5100200000001653F Page 9 of 104 Report No. HPLI/Test/2008029501/01
Warning label equipment: -

"BI PHYSIX LABORATORY INDIA PVT. § 1 |

TRF No. IS 16221 (Part 2) : 2015_V1.0
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Hi PHYSI:Zé

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 10 of 104 Report No. HPLI/Test/2008029501/01
Test item particulars.........ccovveiiirrriivcvinneenne s : PV Grid-tied Inverter
Equipment mobility......cccvceeenineiiicccciccees " [movable [ Jhand-held Dstationary

: Xfixed [transportable [ Ifor

building-in

Connection to the mains...........ccociiiiiiinnld [] pluggable equipment [ ] direct plug-in

permanent connection [_Ifor building-in

Environmental category.......cccovoveiencnninncnccnnnnansd Moutdoor [ Jindoor unconditionai
[ Jindoor conditioned

Over voltage category Mains............. , R I [0\ V e} [Jovci Kovci[ ] ovciv

Over voltage category PV .........ncirccrcinncind [Jovci XKovcei [Jovem[Joveiv

Mains supply tolerance (%) .....ccccoovnrscivicsinnnl .90 [ +110 %

Tested for power SyStems ...l Yeg(TN)

IT testing, phase-phase voltage (V) ....ccccccccees D

Class of equipment .........ccccoieiiiiiicciiccccccccien. ‘ X Class I [] Class It [ ] Class il
[[INot classified
Mass of equipment (KgQ) ...cccccrvmmeeeciinncicencccnie, : 15.6 kg
Pollution degree........ . mmiimsminsisiasssn o . [] Pp1[] PD2 (Inside) [X]PD3 (Outside)
IP profeetion BlHsE. s s : IP65
Possible test case verdicts: |
-test case does not apply to the test N/A
object............
- test object does meet the requirement ..................: P (Pass)

~test object was not evaluated for the requirement N/E

- test object does not meet the requirement............: F (Fail)

TESHINNC:c:covvnvnssassssnnsvissssssssssnwns ssvsssss sivasinvssadesn ssssnssssavs I‘
Date of receipt of test item.......cccccecvevicniiccicceecenne, 1 20/08/2020 , i
Date (s) of performance of tests.........ccceeerrrecninnene : 07/09/2020-25/11/2020

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.

The Management System is maintained in accordance with IS/ISO/IEC 17025:2017 and testing
Standards/Instruments are traceable to National / International Standards

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

appended table)” refers to a table appended to the report.

Throughout this report a [ ] comma / [X] point is used as the decimal separator.

e e — ————————————

VST | ABORATORY, [NDIA PVT

TRF No. IS 16221 (Part 2) : 2015_V1.0 i 5
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Hi PHYSI?Z}

testing & calibration laboratory

TC-5100

ULR-TC5100200000001653F Page 11 of 104 Report No. HPLI/Test/2008029501/01
Manufacturer’s Declaration per Standard:

Similarities between the models: Representative models and series models have following similarities
1) Same rated Input/ Output voltage: Input voltage: 360Vdc/Output voitage: 220V/230V/240Vac

2) Same frequency: 50Hz

3) Number of Phases at output: Single phase

4) Same PCB design and layout : Same

5) Same Power Stage topology: Non-isolated

6) Same Insulation Class: Transformer less

7) Same Control Algorithm/firmware: Master/Slave/ARM:V1.10/V1.02/V1.02, Hardware version : V1.6,

DSP maste : U29 DSP slave : U6 ARM : U20

8) Same Cabinet Design: IP65
9) Class of construction: Class |
Differences between the models: Representative models and series models have following differences

Model description, Electrical rating (as mentioned in marking plate).

General product information:
The product covered under this test report is power converters for use in photovoltaic power systems.
The details of the product are stated below:

Manufacturer: Maitian Energy Co., Ltd. Wuxi Branch

input rating: Nominal Operating voltage: 360Vdc, Max. DC current: 12.54/12.5A, Isc PV: 15A/15A,
MPPT Voltage range: 80-550Vdc, Absolute voltage: 600Vdc, Max. input power: 7800W

Output rating: Rated apparent power: 6000VA, Max. apparent power: 6000VA, Nominal Frequency:
50Hz, Nominal voltage: 220/230/240Vac, Nominal output current: 26.1A, Max. output current: 26.1A,
Power factor: 1(x0.8 adjustable)

Class of equipment: Class |

Overvoltage category: OVC Il (PV). OCV llI(Mains)
Pollution degree: PD3

Connection to the mains: Permanent connection
Operating temperature range: -20°C to +60°C

IP protection class: |IP65

Dimensions (W*H*D): 402*476.5*148mm

Sample code by online request is “SC20SPF00524”

-~ - i
ol PHYSIX LABORATORY INDI4 PVT. L

Ashutosh rPathak
(Chief rechnical Manager)

TRF No. IS 16221 (Part 2) : 2015_V1.0
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HI PHYS&B

testing & calibration laboratory

Report No. HPLI/Test/2008029501/01

IS 16221 (PART 2):2015

Clause Requirement + Test Result - Remark Verdict
4 General testing requirements See below P
4.1 /RD General Test carried out under reference test P
conditions and under both normal &
single fault conditions.
4.2/RD General conditions for testing See below P
4.2.1/RD Sequence of tests Considered as per MNRE guidelines P
4.2.2/RD Reference test conditions See below P
4.2.21/RD Environmental conditions Temperature:15 to 40°C P
Relative humidity: not more than 75%
Air pressure: 75kPa to 106kPa
No frost, dew, percolating water, rain,
solar radiation
4.2.2.2/RD State of equipment All tests have been carried out on model P
which represent the future production unit
with complete assemblies
4.2.2.3/RD Position of equipment The equipment were instalied in P
accordance with the manufacturer's
instructions
4.2.2.4/RD Accessories No accessories or operator N/A
Interchangeable parts used.
4.2.2.5/RD Covers and removable parts No covers and removable parts N/A
4.2.2 6/RD Mains supply a) Voltage: b) a) 220V/230V/240Vac P
Frequency: c) Polarity: d) Earthing: b) 50/60Hz .
e) Over-current Protection: c) Not pluggable equipment type A
d) Earthed supply system used
e) 40A
4.2.2.7/RD Supply ports other than the mains See below P
4.2.2.7.1/RD Photovoltaic supply sources a) Open PV array simulator used with suitable P
circuit voltage: b) Short-circuit compatibility
current:
4.2.2.7.2/RD Battery inputs No battery used N/A
4.2.2.8/RD Conditions of loading for output ports DC to AC inverter. A.C. output port was P
loaded with linear loads to obtain the
maximum rated output power.
Continuous operation ratings, until sieady
conditions are established. '
4.2.29/RD Earthing terminals Protective conductor terminal was P
connected to earth. No functional earth
terminal.
4.2.2.10/RD Controls No mains selection devices and N/A
No combinations of settings devices |
4.2.211/RD Available short circuit current Considered P
4.3/RD Thermal testing See appended table 4.3 P
4.3.1/RD General See appended table 4.3 P
4.3.2/RD Maximum temperatures Tests of equipment rated for use in P
' ambient temperatures up to 60°C B
4.3.2.1/RD General P

TRF No. IS 16221 (Part 2): 2015_V1.0

See appended table 4.3

BT PHYSTIX LABORATOR
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Hi PHYSIK)ZB

testing & calibration laboratory

Report No. HPLI/Test/2008029501/01

IS 16221 (PART 2):2015

Clause Requirement + Test Resuit - Remark Verdict
4.3.2.2/RD Touch temperatures See appended table 4.3 P
4.3.2.3/RD Temperatures limits for mounting surfaces [See appended table 4.3 P
4.4/RD Testing in single fault condition See appended table 4.4 P
4.4 1/RD General See appended table 4.4 p
4.4 2/RD Test conditions and duration for testing See below P
under fault conditions
4.4.2.1/RD General Considered P
4.4.2.2/RD Duration of tests Considered P
4.4.3/RD Pass/fail criteria for testing under fault See below P
conditions
4.4.3.1/RD Protection against shock hazard No shock hazards P
4.4.3.2/RD Protection against the spread of fire No spread of fire P
4.4.3.3/RD Protection against other hazards No other hazards P
4.4.3.4/RD Protection against parts expulsion hazards [No expulsion hazards P
4.4.4 Single fault conditions to be applied See below P
4.4.41/RD Component fault tests See appended table 4.4 P
4.4.4.2 IRD Equipment or parts for short-term or For continuous operation N/A
intermittent operation
4.443|RD Motors No motor used N/A
4.4.4 4/RD Transformer short circuit tests See appended table 4.4 P
4.4.45/RD Output short circuit See appended table 4.4 P
4.4.4.6/RD Backfeed current test for equipment with  [Only single source of supply used N/A
more than one source of supply
4.44.7/RD Output overload See appended table 4.4 P
4.4.4 8/RD Cooling system failure See appended table 4.4 P
4.4.4 9/RD Heating devices No heating devices used N/A
4.4.410/RD Safety interlock systems No such system used N/A
4.4.411/RD Reverse d.c. connections Instructions provide in installation manual P
4.4.412/RD Voltage selector mismatch No voltage selector NA ]
4.4.413/RD Mis—vriring with incorrect phase sequence |Instructions provide in installation manual P
or polarity .
4.4.4.14/RD Printed wiring board short-circuit test See appended table 4.4 P
4.4.415 Fault-tolerance of protection for See below P
grid-interactive inverters
4.4.4151 Fault-tolerance of residual current See appended table 4.4.4.15.1 P
monitoring according to 4.8.3.5: the
residual current monitoring system
operates properly
a)-The inverter ceases to operate See above clause 4.4.4.15.1 ) P
-Indicates a fault in accordance with13.9 [See above clause 4.4.4.15.1 P
-Disconnect from the mains : P
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Clause Requirement + Test I Result - Remark Verdict
-not re-connect after any sequence of  [See above clause 4.4.4.15.1 P
removing and reconnecting PV power
-not re-connect after any sequence of  [See above clause 4.4.4.15.1 P
removing and reconnecting AC power
-not re-connect after any sequence of  |See above clause 4.4.4.15.1 P

removing and reconnecting both PV
and AC power

b) The inverter continues to operate Inverter ceases to operate N/A
the residual current monitoring system [See above clause 4.4.4.15.1 N/A
operates properly under single fault

condition

c) The inverter continues to operate Inverter ceases to operate N/A

regardless of loss of residual current
monitoring functionality

-not re-connect after any sequence of  (See above clause 4.4.4.15.1 N/A
removing and reconnecting PV power
-not re-connect after any sequence of  [See above clause 4.4.4.15.1 N/A
removing and reconnecting AC power
-not re-connect after any sequence of  |See above clause 4.4.4.15.1 N/A
removing and reconnecting both PV and
IAC power
-Indicates a fault in accordance with13.9 |See above clause 4.4.4.15.1 N/A
4.4.415.2 Fault-tolerance of automatic Considered P
disconnecting means
4.4.4.15.2.1 The means provided for automatic See below P

disconnection of a grid-interactive
inverter from the mains shall:

-disconnect all grounded Disconnected all grounded current P
current-carrying conductors carrying conductors from the mains

from the mains

-disconnect all ungrounded Disconnected all ungrounded current P
current-carrying conductors carrying conductors from the mains

from the mains

-be such that with a single fault Basic insulation is maintained between P

applied to the disconnection means or [PV array and mains
to any other location in the inverter, at
least basic insulation or simple
separation is maintained between the
PV array and the mains when the
disconnecting means is intended to be
in the open state.

4.4.415.2.2 Design of insulation or Complies P
separation complies with
requirements of 7.3.7 of Part 1:
report here Partl comment and
verdict. ' B

TRF No. IS 16221 (Part 2): 2015_V1.0 HE PIFSER LARONATORY ZHDTR BVT;: L1, §

www.'h.iphysix.'coml e : i | ‘




HI PHYSI(;Z;

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 15 of 104 Report No. HPLI/Test/2008029501/01
IS 16221 (PART 2):2015
Clause Requirement + Test Result - Remark Verdict
4.4.4.15.2.3 | For non-isolated inverter, automatic checking of the ([The inverter automatic checking P
isolation provided by a disconnect means after of the isolation after single fault
single fault. occurred
If the check fail: -any still functions disconnection |Complies P
means shall be left in the open position
-at least basic or simple separation shall be Basic insulation is maintained P
maintained between the PV input and the mains between PV array and mains
-the inverter shall not start operation Complies P
-the inverter shall indicate a fault in accordance with [The screen shows error P
13.9 information
4.4.4.16 A stand-alone inverter with a transfer switch to Not a stand-alone inverter N/A
transfer AC loads from the mains or other AC bypass
source to
the inverter output:
-shall continue to operate normally See above clause no. 4.4.4.16 N/A
-shall not present a risk of fire as the result of an See above clause no. 4.4.4.16 N/A
out-of-phase transfer
- shall not present a risk of shock as the result of an |See above clause no. 4.4.4.16 N/A
out-of-phase transfer
For an inverter employing a bypass switch having a [See above clause no. 4.4.4.16 N/A
control preventing switching, the test is to be
conducted under the condition of a component
malfunction
4.4.417 Cooling system failure — Blanketing test ' |See appended table 4.4.4 17 P
No hazards according to the criteria of sub-clause
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 See appended table 4.4.4.17 P
stabilized temperature ..............ccceviniannnnnnn!
4.5/RD Humidity preconditioning See below P
4.5.1/RD General Considered P
4.5.2/RD Conditions Humidity: 92.5£2.5%RH P
[Temperature: 4022°C
Duration: 48h
4.6/RD Back feed voltage protection See below P
4.6.1/RD Back feed tests under normal conditions Input side: Positive to negative P
6.00mV
4.6.2/RD Back feed tests under single-fault conditions Input side: Positive to negative P
7.16mV
4.6.3/RD Compliance with back feed tests No hazards present after 15s P
4.7 Electrical ratings tests See below P
4.7.1/RD Input ratings See appended table 4.7 P
4.7.1.1/RD | Measurement requirements for DC input ports See appended table 4.7 P
4.7.2/ RD Output ratings See appended tabie 4.7 P
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4.7.3 Measurement requirements for AC output Not a standalone inverter N/A
ports for standalone inverters
4.7.4 Stand-alone Inverter AC output voltage and Not a standalone inverter N/A
frequency
4.7.4.1 General See above clause no. 4.7 .4 N/A
4.7.4.2 Steady state output voltage at nominal DC input See above clause no. 4.7 4 N/A

The steady-state AC output voltage shall not be
less than 90 % or more than 110 % of the rated
nominal voltage with the inverter supplied with its
nominal value of DC input voltage.

4.7.4.3 Steady state output voltage across the DC input See above clause no. 4.7.4 N/A
range 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 Load step response of the output voltage at See above clause no. 4.7.4 N/A
nominal DC input The AC output voltage shall not
be less than 85 % or more than 110% of the rated
nominal voltage for more than1,5 s after
application or removal of a resistive load.

4.7.4.5 Steady state output frequency The steady-state AC  |See above clause no. 4.7 4 N/A
output frequency shall not vary from the nominal
value by more than +4 % or -6 %.

4.7.5 Stand-alone inverter output voltage waveform ~|Not a standalone inverter N/A |
4.7.51 General See above clause no. 4.7.5 N/A
4.7.5.2 The AC output voltage waveform of a sinusoidal See above clause no. 4.7.5 N/A

output stand-alone inverter shall have a total
harmonic distortion (THD) not exceeding of 10 % and
no individual harmonic at a level exceeding 6%.

4.7.5.3 Non-sinusoidal output waveform requirements Not a standalone inverter N/A

4.7.5.3.1 General See above clause no. 4.7.5.3 N/A

4.7.5.3.2 The total harmonic distortion (THD) of the See above clause no. 4.7.5.3 N/A
voltage waveform shall not exceed 40 %.

4.7.5.3.3 The slope of the rising and falling edges of the See above clause no. 4.7.5.3 N/A
positive and negative half-cycles of the voltage : ;

waveform shall not exceed 10 V/us measured
between the points at which the waveform has a
voltage of 10%and90%of the peak voltage for that
half-cycle. .

4.7.5.3.4 The absolute value of the peak voltage of the See above clause no. 4.7.5.3 N/A
positive and negative half-cycles of the waveform
shall not exceed1,414 times 110% of the RMS value
of the rated nominal AC output voltage.

4.7.5.4 Information requirements for non-sinusoidal See above clauseno 4.75.3 N/A
waveforms The instructions provided with a
stand-alone inverter not complying with |
4.7.5.2 shall include the information in 5.3.2.6. , R |
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4.7.5.5 | Output voltage waveform requirements for inverters See above clause no. 4.7.5.3 N/A

For dedicated loads. For an inverter that is intended
only for use with a known dedicated load, the

Following requirements may be used as an alternative to
the waveform requirements in 4.7.5.2 t04.7.5.3.

The combination of the inverter and dedicated load shall [|See above clause no. 4.7.5.3 N/A
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 of See above clause no. 4.7.5.3 N/A
Table C.1 of Part 1. .
The installation instructions provided with the inverter [See above clause no. 4.7.5.3 N/A
Shall include the information in 5.2.3.13
4.8 Additional tests for grid-interactive inverters See below P
4.8.1 General requirements regarding inverter isolation and Non-isolated inverter N/A
array grounding
- Type of Array grounding supported......... : The EUT is intended to be N/A
used with ungrounded array
- Inverterisolation..........ccccooviiiiniinnnnc.lt MNon-isolation inverter N/A
4.8.2 Array insulation resistance detection for inverters for See below P
ungrounded and functionally grounded arrays
4.8.2.1 | Array insulation resistance detection for inverters for See appended table 4.8.2 P
ungrounded arrays _
Inverter shall have means to measure DC insulation Complies P

resistance from PV input (array) to ground before
starting operation

Or Inverter shall be provided with instruction in The inverter can measure DC N/A
accordance with 5.3.2.11. insulation resistance from PV
input array to ground before
starting operation

Measured DC insulation resistance: ...............: See appended table 4.8.2 P
Inverter measurement circuit shall be capable of detecting [Complies P
insulation resistance below the limit value R= V max/30mA
under normal conditions

Inverter measurement circuit shall be capable of detecting [Complies ' P
insulation resistance below the limit value R=

V max / 30mA with ground fault in the PV array

Isolated inverters shall indicate a fault if the insulation The EUT is non-isolated N/A
resistance is less than the limit value inverter

Isolated inverter fault indication maintained until The EUT is non-isolated N/A
insulation resistance has recovered to a value higher inverter

than the limit value

Non-isolated inverters, or inverters with isolation not See below P

complying with the leakage current limits in the
minimum inverter isolation requirements in Table 30: 7
- shall indicate a fault in accordance with13.9 ' [The screen shows fault information P
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- shall not connect to the mains Not connect to the mains P
4.8.2.2 Array insulation resistance detection for inverters for Not a functionally grounded N/A
functionally grounded arrays array
a-1) The value of the total resistance, including the See above clause no. 4.8.2.2 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 See above clause no. 4.8.2.2 N/A
Information required in 5.3.2.12.

b-1) As an alternative to a), or if a resistor value lower  |See above clause no. 4.8.2.2 N/A

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 limit |See above clause no. 4.8.2.2 N/A
the current by other means ...............:
b-3) If the inverter is a non-isolated inverter, or has See above clause no. 4.8.2.2 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 See above clause no. 4.8.2.2 N/A
insulation resistance from the PV input to ground
before starting operation, in accordance with 4.8.2.1.

4.8.3 Array residual current detection See below P

4.8.3.1 General Complies

4.8.3.2 30 mA touch current type test for isolated inverters The EUT is non-isolated N/A
inverter

4.8.3.3 Fire hazard residual current type test for isolated The EUT is non-isolated N/A

inverters inverter

4.8.3.4 Protection by application of RCD’s The EUT provides an integral N/A

RCD

-The requirement for additional protection in4.8.3.1 can [See above clause no. 4.8.3.4 N/A
be met by provision of an RCD with a residual current
setting of 30 mA, located between the inverter and the
mains. ;

-The selection of the RCD type to ensure See above clause no. 4.8.3.4 N/A
compatibility with the inverter must be made
IAccording to rules for RCD selection in Part 1.
-The RCD provided integral to the inverter, or See above clause no. 4.8.3.4 N/A
-The RDC provided by the installer if details of the [See above clauseno. 4834 N/A |
rating, type, and location for the RCD are given in the |
installation instructions per5.3.2.9. |
4.8.3.5 Protection by residual current monitoring - Iseebelow Lr
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4.8.3.5.1 General The EUT provides an integral P
. RCD
Where required by Table 30, the inverter shall The residual current measured P
provide residual current monitoring that functions before EUT start up

whenever the inverter is connected to the mains with
the automatic disconnection means closed.

The residual current monitoring means shall Complies P
measure the total (both a.c. and d.c. components)
RMS current.

As indicated in Table 30 for different inverter types, Considered P
array types, and inverter isolation levels, detection may
be required for excessive continuous residual current,
excessive sudden changes in residual current, or both,
according to the following limits:

a) Continuous residual current: The inverter shall See appended table 4.8.3.5 P
disconnect within 0.3 s and indicate a fault in
accordance with 13.9 if the continuous residual
current exceeds:

-maximum300mAforinverterswithcontinuous Complies P
output power rating<30kVA;
-maximum 10 mA per kVA of rated continuous output [See above N/A

power for inverters with continuous output power
rating > 30 kVA.

The inverter may attempt to re-connect if the array - |Complies P
insulation resistance meets the limit in 4.8.2.
b) Sudden changes in residual current: The inverter See appended table 4.8.3.5 P

shall disconnect from the mains within the time
specified in Table 31

The inverter indicates a fault in accordance with 13.9, if |See appended table 4.8.3.5 P
a sudden increase in the RMS residual current is
detected exceeding the value in the table.

The inverter may attempt to re-connect if the array Complies =
insulation resistance meets the limit in 4.8.2.
4.8.3.5.2 [Test for detection of excessive continuous residual See appended table 4.8.3.5.2 P

current: test repeated 5 times and time to disconnect
ishall not exceed 0.3 s.

4.8.3.5.3 [Test for detection of sudden changes in residual See appended table 4.8.3.5.3 P
current repeated 5 times and each of the 5 results shalil
not exceed the time limit indicated in for each row
(30mA, 60mA and150mA) of Table 31.

4.8.3.6  [Systems located in closed electrical operating areas  |Not located in the closed N/A
electrical operating area |
The protection against shock hazard is not required if [See above clause no. 4.8.3.6 N/A

the installation information provided with the inverter |
indicates the restriction for use in a closed elactrical :
operating area, and
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Clause Requirement + Test Result - Remark Verdict
Installation information indicates what forms of shock See above clause no. 4.8.3.6 N/A
hazard protection are and are not provided integral to
the inverter, in accordance with 5.3.2.7.

The inverter shall be marked as in 5.2.2.6. See above clause no. 4.8.3.6 N/A

5 MARKING AND DOCUMENTATION See below P

5.1 Marking See below P

5.1.1/RD General See below P

Equipment shall bear markings as specified in 5.1 and 5.2 [The marking plate is on the outer P
surface of enclosure

Graphic symbols may be used and shall be in accordance  |All used graphical symbols are in P

with Annex C or IEC 60417 as applicable accordance with annex C

Graphic symbols shall be explained in the documentation The explanations are provided in P

provided with the PCE the manual

5.1.2/RD Durability of markings See below P

Markings required by this clause to be located on the PCE  [The label was subjected to the P
shall remain clear and legible under conditions of NORMAL |permanence of marking test. The
USE and resist the effects of cleaning agents specified by  [label was rubbed with cloth
the manufacturer soaked with water for 30 sec. and
then again for 30 sec. with the
cloth soaked with petroleum spirit.
After the test, the markings are
clearly legible There was neither
loose nor curling on the edge of
the label. )
5.1.3/RD Identification See below P
The equipment shall, as a minimum, be permanently marked [See below P
with:
a) the name or trade mark of the manufacturer or supplier P
Trade mark : " marked on
the label
b) model number, name or other means to identify the Model no.: F6000 marked on P
equipment _ the label
c) a serial number, code or other marking allowing Serial no.: 661F6020063B005, P
identification of manufacturing location and the manufacturing{661F6020062B010
batch or date within a three month time period. marked on the label
5.1.4 Equipment ratings See below P
PV input ratings: See below P
- Vmax PV (absolute maximum) (d.c. V) 600Vdc P
- |Isc PV (absolute maximum) (d.c. A) 15A/15A P
a.c. output ratings: See below P |
- Voltage (nominal or range) (a.c. V) 220Vac/ 230Vac/240Vac P
- Current (maximum continuous) (a.c. A) 26.1A P
-  Frequency (nominal or range)(Hz) 50Hz P
-  Power (maximum continuous) (W or VA) 6000VA P
- Power factor range 1 (0.8 Adjustable) P
a.c input ratings: No ac input used NIA
7 C— "
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- Voltage (nominal or range) (a.c. V) No ac input used N/A
- Current (maximum continuous) (a.c. A) No ac input used N/A
- Frequency (nominal or range)(Hz) No ac input used N/A
d.c. output ratings: No dc output used N/A
- Voltage (nominal or range) (d.c. V) No de output used N/A
- Current (maximum continuous) (d.c. A) No dc output used N/A
Protective class (l or |l or lll) Class | P
Ingress protection (IP) rating per part 1 IP 65 P
An inverter that is adjustable for more than one No such application N/A
nominal output voltage shall be marked to indicate
the particular voltage for which it is set when
shipped from the factory.

5.1.5/RD | Fuse identification No fuse used N/A |
Marking shall be located adjacent to each fuse or fuse See above N/A
holders, or on the fuse holders, or in another location
provided that it is obvious to which fuse the marking
applies, giving the fuse current rating and where fuses of
different voltage rating value could be fitted, the fuse
voltage rating.
Where fuses with special fusing characteristics such as - |See above N/A
time delay or breaking capacity are necessary, the type
shall also be indicated
For fuses not located in operator access areas and for See above N/A
soldered-in fuses located in operator access areas, it is
permitted to provide an unambiguous cross-reference
(for example, F1, F2, etc.) to the servicing instructions
which shall contain the relevant information.

5.1.6/RD | Terminals, Connections, and Controls See below P
If necessary for safety, an indication shall be given of the |[Symbol 9 are marked on the P
purpose of Terminals, connectors, controls, and EUT and user manual indicate
indicators, and their various positions, including any the installation and safety of
connections for coolant fluids such as water and connection of connector, control
drainage. The symbols in Annex C may be used, and and indicator
where there is insufficient space, symbol 9 of Annex C
may be used.
Push-buttons and actuators of emergency stop devices, [No such devices used N/A
and indicator lamps used only to indicate a warning of ‘
danger or the need for urgent action shall be colored red. B
A multiple-voltage unit shall be marked to indicate the The EUT is not intended to N/A
particular voltage for which it is set when shipped from the [connect to muitipie-voltage and
factory. The marking is allowed to be in the form of a there is no voltage setting
paper tag or any other nonpermanent material. device
A unit with d.c. terminals shall be plainly marked indicating|See below P |
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— the sign “+* for positive and “-, for negative; or The “+" and “-” marking were P
: provided adjacent to the DC
input terminals
— a pictorial representation illustrating the proper No pictorial representation N/A
polarity where the correct polarity can be illustration used
unambiguously determined from the representation
5.1.6.1/RD| Protective Conductor Terminals See below P
The means of connection for the protective earthing See below P
conductor shall be marked with:
— symbol 7 of Annex C; or The symbol 7 of Annex C was P
marked adjacent to the heat
sink
— the letters “PE"“;or Marked on AC connector P
- the colour coding green-yellow Symbol 7 of Annex C was used N/A
5.1.7/RD | Switches and circuit-breakers See below P
The on and off-positions of switches and circuits breakers Marked P
shall be clearly marked. If a push-button switch is used as
the power switch, symbols 10 and 16 of Annex C may be
used to indicate the on position, or symbols 11 and 17 to
indicate the off position, with the pair of symbols (10 and
16, or 11 and 17) close together. e
5.1.8/RD | Class Il Equipment _ Class | equipment N/A
Equipment using Class Il protective means throughout See above cl. no. 5.1.8 N/A
shall be marked with symbol 12 of Annex C. Equipment
which is only partially protected by DOUBLE
INSULATION
or REINFORCED INSULATION shall not bear symbol
12 of Table Annex C.
Where such equipment has provision for the See above cl. no. 5.1.8 N/A
connection of an earthing conductor for functional
reasons (see 7.3.6.4) it shall be marked with symbol 6
of Annex C
5.1.9/RD | Terminal boxes for External Connections See below P
Where required by note 1 of Table 2 as a result of high Complies P
temperatures of terminals or parts in the wiring . '
compartment, there shall be a marking, visible beside the |
terminal before connection, of either: |
a) the minimum temperature Rating and size of the cable [See below b) N/A
to be connected to the TERMINALS; or
b) a marking to warn the installer to consult the installation [Symbol 9 -marked on label P ‘
instruction. Symbol 9 of Table D-1 is an acceptable _f
marking
5.2 Warning markings See below =
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5.2.1/RD | Visibility and legibility requirements for warning markings [Warning markings are be P
) Visible and legible.
Warning markings shall be legible, and shall have See below P
minimum dimensions as follows:
- Printed symbols shall be at least 2.75 mm high Complies P
-Printed text characters shall be at least 1.5 mm high Complies P
and shall contrast in colour with the background
-Symbols or text that are moulded, stamped or No such symbols. N/A
engraved in a material shall have a character height of
at least 2.0 mm, and if not contrasting in colour from
the background, shall have a-depth or raised height of
at least 0.5 mm.
If it is necessary to refer to the instruction manual to The manual provide necessary P
preserve the protection afforded by the equipment, the information for the warning
equipment shall be marked with symbol 9 of Annex C marking
Symbol 9 of Annex C is not required to be used adjacent |All symbols are explained in the P
to symbols that are explained in the manual manual
5.2.2 Content for warning markings See below P
5.2.2.1/RD| Ungrounded heat sinks and similar parts Grounded heat sink & metal N/A
enclosure
An ungrounded heat sink or other part that may be See above cl. no. 5.2.2.1 N/A
mistaken for a grounded part and involves a risk of )
electric shock in accordance with 7.3 shall be marked
with symbol 13 of Annex C, or equivalent. The marking
maybe on or adjacent to heat sink and shall be clearly
visible when the PCE is disassembled to the extent that a
risk of contact with the heat sink exists.
5.2.2.2/RD| Hot Surfaces See below P
A part of the PCE that exceeds the temperature limits The symbol 14 of Annex C P
specified in 4.3.2 shall be marked with symbol 14 of provided on the warning label
Annex C or equivalent.
5.2.2.3/RD| Coolant No coolant contained within the N/A
equipment
A unit containing coolant that exceeds 70 °C shall be See above cl. no. 5.2.2.3 N/A
legibly marked externally where readily visible after
installation with symbol 15 of Annex C. The
documentation shall provide a warning regarding the risk
of burns from hot coolant, and either: _
a) statement that coolant system servicing is to be done  |See above cl. no. 5.2.2.3 N/A
only by SERVICE PERSONNEL, or
LI PHYEIX LABORATORY INDIA PVT. L.
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b) instructions for safe venting, draining, or otherwise See above cl. no. 52.2.3 N/A
working on the cooling system, if these operations can be
performed without OPERATOR access to HAZARDS
internal to the equipment
5.2.2.4/RD| Stored energy See below P
Where required by 7.3.9.2 or 7.4.2 the PCE shall be Symbol 21 of annex C and P
marked with Symbol 21 of Annex C and the time to “ 5min " were provided on the
discharge capacitors to safe voltage and energy levels  |label
shall accompany the symbol.
5.2.2.5/RD| Motor guarding No such devices N/A
Where required by 8.2 a marking shall be provided where |See above N/A
it is visible to service personnel before removal of a
guard, warning of the hazard and giving instructions for
safe servicing (for example disconnection of the source
before removing the guard).
5.2.2.6 Inverters for closed electrical operating areas Not located in closed electrical N/A
operating area
Where required by 4.8.3.6, an inverter not provided See above cl. no. 5.2.2.6 N/A
with full protection against shock hazard on the PV
array shall be marked with a warning that the inverter
is only for use in a closed electrical operating area,
and referring to the installation instructions.
5.2.3/RD | Sonic hazard markings and instructions No sonic hazard N/A
If required by 10.2.1 a PCE shall: |See above cl. no. 5.2.3 N/A
a) be marked to warn the operator of the sonic pressure  [See above cl. no. 5.2.3 N/A
hazard; or
b) be provided with installation instructions that specify User manual provided that noise| N/A
how the installer can ensure that the sound pressure level femission <30dB
from equipment at its point of use after installation, will
not reach a value, which could cause a hazard. These
instructions shall include the measured sound pressure
level, and shall identify readily available and practicable
Protective materials or measures which may be used.
5.2.4/RD | Equipment with multiple sources of supply No multiple source of supply N/A
used :

£
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A PCE with connections for multiple energy sources shall |See above cl. no. 5.2.4 N/A
be marked with symbol 13 of Annex C and the manual
shall contain the information required in 5.3.4.

The symbol shall be located on the outside of the unit or |See above cl. no. 5.2.4 N/A
shall be prominently visible behind any cover giving
access to hazardous parts.

5.2.5/RD | Excessive touch current See below P
Where required by 7.3.6.3.7 the PCE shall be marked Symbol 15 of Annex C P
with symbol 15 of Annex C. See also 5.3.2 for Provided on the marking plate.
information to be provided in the installation manual.

5 Documentation See below P

5.3.1/RD | General All related information’s P

Provided in the user's manual.
The documentation provided with the PCE shall provide [See above ¢l. no. 5.3.1 P
the information needed for the safe operation, installation,
and (where applicable) maintenance of the equipment.
The documentation shall include the items required in
5.3.2 through 5.3.4, and the following:
a) explanations of equipment makings, including symbols |See above cl. no. 5.3.1 P
used
b) location and function of terminals and controls See above cl. no. 5.3.1 P
c) all ratings or specifications that are necessary to safely [See above cl. no. 5.3.1 P
install and operate the PCE, including the following
environmental ratings along with an explanation of their
meaning and any resulting installation requirements:
-ENVIRONMENTAL CATEGORY as per 6.1 Outdoor used P
-WET LOCATIONS classification fort he intended Yes =
external environment as per 6.1
-POLLUTION DEGREE classification for the intended PD3 P
external environment as per 6.2
-INGRESS PROTECTION rating as per 6.3 IP65 P
-Ambient temperature and relative humidity ratings (-) 20°C-(+) 60°C, (0%-100%) P
-MAXIMUM altitude rating 3000m P
-OVERVOLTAGE CATEGORY assigned to each input PV side (OVCII), P
and output port as per 7.3.7.1.2, accompanied by AC side (OVCIII)
guidance regarding how to ensure that the installation
complies with the required overvoltage categories;
d) a warning that when the photovoltaic array is exposed [Considered P
to light, it supplies a d.c. voltage to the PCE

5.3.1.1/RD| Language ; Instructions related to safety P

provided in english.
Instructions related to safety shall be in a language that is |[See above ¢l. No. 5.3.1.1 P
acceptable in the country where the equipment is to be
installed.

5.3.1.2/RD| Format ' See below P
In general, the documentation must be provided in printed |Hardcopy provided with the P
form and is to be delivered with the equipment. equipment o

e G§TORY ‘014 P
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For equipment which requires the use of a computer for  |Also provided in electronic P

both installation and operation, documentation may be format
provided in electronic format without accompanying
printed format.

5.3.2/RD Information related to installation All below related information’s P
Provided in the user's manual.
The documentation shall include installation and where See above cl. no. 5.3.2 P

applicable, specific commissioning instructions and, if
necessary for safety, warnings against hazards which
could arise during installation or commissioning of the
equipment. The information provided shall include:

a) assembly, location, and mounting requirements: See above ¢l. no. 5.3.2 P
b) ratings and means of connection to each source of See above cl. no. 5.3.2 P
supply and any requirements related to wiring and
external controls, colour coding of leads, disconnection
means, or over current protection needed, including
instructions that the installation position shall not prevent
access to the disconnection means;

c) ratings and means of connection of any outputs from  |See above ¢l. no. 5.3.2 P
the PCE, and any requirements related to wiring and
externals controls, colour coding of leads, or over current
protection needed;

d) explanation of the pin-out of connectors for external See above cl. no. 5.3.2 P
connections, unless the connector is used for a standard .

purpose (e.g. RS 232)

e) ventilation requirements; See above cl. no. 5.3.2 P

f) requirements for special services, for example cooling |No special service N/A
liquid; ¥
g) instructions and information relating to sound pressure |[No sound pressure hazard N/A
level if required by 10.2.1;

h) where required by 14.8.1.3, instructions for the No battery used N/A

adequate ventilation of the room or location in which PCE
containing vented or valve regulated batteries is located,
to prevent the accumulation of hazardous gases;

i) tightening torque to be applied to wiring terminals; Provided P
J) Values of back feed short-circuit currents available from [No backfeed short-circuit N/A
the PCE on input and output conductors under fault current

conditions, if those currents exceed the max. rated current
of the circuit, as per 4.4.4.6;

k) for each input to the PCE, the max value of short-circuit |Considered P
current available from the source, for which the PCE is
designed; and

1) compatibility with RCD and RCM; Provided

m) instructions for protective earthing, including the Provided P
information required by 7.3.6.3.7 if a second protective
earthing conductor is to be installed: B
n) where required by 7.3.8, the installation instructions RCD is build in the EUT N/A
shall include the following or equivalent wording: : : —

A1 PHYSIX LABORATORY I7DIA PVT. 1
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“This product can cause a d.c. current in the external Instruction provided in manual P
protective earthing conductor. Where a residual current-
operated protective (RCD) or monitoring (RCM) device is
used for protection in a case of direct or indirect contact,
only an RCD or RCM of Type B is allowed on the supply
side of this product.”

o) for PCE intended to charge batteries, the battery No battery used N/A
nominal voltage rating, size, and type

p) PV array configuration information, such as ratings, Information given in user P
whether the array is to be grounded or floating, any manual

external protection devices needed, etc.

5.3.21 Ratinas : Sub clause 5.3.2 of Part 1 requires the See below P
documentation to include ratings information for
each input and output. For inverters this information
shall be as in Table 33 below. Only those ratings that
are applicable based on the type of inverter are
required.

PV input quantities : See below P
- Vmax PV (absolute maximum) (d.c. V) 600Vdc P
- PV input operating voltage range (d.c. V) 80-550Vdc P
- Maximum operating PV input current (d.c. A) 12.5A/12.5A P
- Isc PV (absolute maximum) (d.c. A) 15A/15A P
- Max. inverter backfeed current to the array (a.c. or [0A P

d.c. A) :

a.c. output quantities: See below P
- Voltage (nominal or range) (a.c. V) 220Vac/ 230Vac/240Vac P
- Current (maximum continuous) (a.c. A) 26.1A P
- Current (inrush) (a.c. A, peak and duration) 25.2A/1.75ms P
- Frequency (nominal or range)(Hz) 50HZz P
- Power (maximum continuous) (W or VA) 6000VA P
- Power factor range 1 (0.8 Adjustable) P
- Maximum output fault current (a.c. A, peak 26.1A P

- Maximum output overcurrent protection (a.c. A) |40A P

a.c. input quantities: No a.c input N/A
- Voltage (nominal or range) (a.c. V) See above N/A
- Current (maximum continuous) (a.c. A) ISee above N/A
- Current (inrush) (a.c. A, peak and duration) See above N/A
- Frequency (nominal or range)(Hz) See above N/A
d.c input (other than PV) quantities: No d.c input N/A
- Voltage (nominal or range) (d.c. V) See above N/A
- Nominal battery voltage (d.c. V) See above N/A
- Current (maximum continuous) (d.c. A) See above N/A

TRF No. IS 16221 (Part 2): 2015_V1.0




Hi PHYS&E’

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 28 of 104 Report No. HPLI/Test/2008029501/01
IS 16221 (PART 2):2015
Clause Requirement + Test | Result - Remark Verdict
d.c. output quantities: No d.c output N/A
- Voltage (nominal or range) (d.c. V) See above N/A
- Nominal battery voltage (d.c. V) See above N/A
- Current (maximum continuous) (d.c. A) See above N/A
Protective class (I or Il or Ill) Class | P
Ingress protection (IP) rating per part 1 IP65 P
5.3.2.2 Grid-interactive inverter set points See below N/A
For a grid-interactive unit with field adjustable trip No adjustable setting available. N/A
points, trip times, or reconnect times, the presence  [Only the factory default values
of such controls, the means for adjustment, the
factory default values, and the limits of the ranges of
adjustability shall be provided in the documentation
for the PCE or in other format such as on a website.
Provided SOIUHON: ovanvssassmmicisiims v
The setting of field adjustable set points shall be See above N/A
accessible from the PCE
53.2.3 Transformers and isolation [Transformerless EUT N/A
Whether an internal isolation transformer is See above cl. no. 5.3.2.3 N/A
provided, and if so, what level of insulation
(functional, basic, reinforced, or double) is provided
by that transformer. The instructions shall also
indicate what the resulting installation requirements
are regarding such things as earthing or not earthing
the array, providing external residual current
detection devices, etc.
An inverter shall be provided with information to the [See abovecl.no. 5.3.2.3 N/A
installer regarding:
-providing of internal isolation transformer See above cl. no. 5.3.2.3 N/A
-the level of insulation (functional, basic, See above cl. no. 5.3.2.3 N/A
reinforced, or double) 7
The instructions shall also indicate what the resulting |See above ¢l. no. 5.3.2.3 N/A
Installation requirements are regarding:
-earthing or not earthing the array See above cl. no. 5.3.2.3 N/A
-providing external residual current detection See above cl. no. 5.3.2.3 N/A
devices ' 7
requiring an external isolation transformer, See above cl. no. 5.3.2.3 N/A
5.3.24 Transformers required but not provided [Transformer less EUT N/A
IAn inverter that requires an external isolation See above ¢l. no. 5.3.2.4 N/A
transformer not provided with the unit, shall be
provided with instructions that specify, and for
the external isolation transformer with which it is |
intended to be used: 7 N
-the configuration type ISee above cl. no. 5.3.2.4 N/A
-electrical ratings See above cl. no. 5324 N/A
-environmental ratings ) See above cl. no. 5.3.2.4 o N/A
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If the maximum AC mains operating voltage is higher |[AC mains voltage not more than|  N/A
than the PV array maximum system voltage then the [PV array maximum system
instructions shall require PV modules that have a voltage
maximum system voltage rating based upon the AC
mains voltage.
5.3.2.5 PV modules for non-isolated inverters See below P
Non-isolated inverters shall be provided with Complies P
installation instructions that require PV modules that
have an IEC 61730 Class A rating
5.3.2.6 Non-sinusoidal output waveform information Grid connected inverter N/A
The instruction manual for a stand-alone inverter not [See above cl. no. 5.3.2.6 N/A
complying with 4.7.5.2 shall include a warning that:
- the waveform is not sinusoidal, See above cl. no. 5.3.2.6 N/A
- some loads may experience increased heating, See above cl. no. 5.3.2.6 N/A
-the user should consult the manufacturers of the See above ¢l. no. 5.3.2.6 N/A
intended load equipment before operating that load
with the inverter
The inverter manufacturer shall provide information [See above cl. no. 5.3.2.6 N/A
regarding:
-what types of loads may experience increased See above cl. no. 5.3.2.6 N/A
heating
-recommendations for maximum operating times See above cl. no. 5.3.2.6 N/A
with such loads
-The inverter manufacturer shall specify for the " See above ¢l. no. 5.3.2.6 N/A
waveforms as determined by the testing in 4.7.5.3.2
through 4.7.5.3.4.:
- THD See above cl. no. 5.3.2.6 N/A
- slope See above cl. no. 5.3.2.6 N/A
- peak voltage See above cl. no. 5.3.2.6 N/A
5.3.2.7 Systems located in closed electrical operating areas  |Not located in the closed N/A
electrical operating area
Where required by 4.8.3.6, an inverter not provided See above ¢l no. 5.3.2.7 N/A
with full protection against shock hazard on the PV
array shall be provided with installation instructions:
-requiring that the inverter and the array must be See abovecl. no. 5327 N/A
installed in closed electrical operating areas
-indicating which forms of shock hazard protection See above cl. no. 5.3.2.7 N/A
are and are not provided integral to the inverter (for
example the RCD, isolation transformer complying
with the 30 mA touch current limit, or residual current
monitoring for sudden changes)
5.3.2.8 Stand-alone inverter output circuit bonding Grid connected inverter N/A
Where required by 7.3.10, the documentation for an See above cl. no. 5.3.2.8 N/A
inverter shall include the following:

g / Iy LA IRATORY I//DTA /’1"7'.7 “—-\-\.
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- if output circuit bonding is required buit is not See above cl. no. 5.3.2.8 N/A

provided integral to the inverter, the required
means shall be described in the installation
instructions, including which conductor is to
be bonded and the required current carrying
capability or cross-section of the bonding
means;

- if the output circuit is intended to be floating, See above cl. no. 5.3.2.8 N/A
the documentation for the inverter shall indicate
that the output is floating.

5.3.29 Protection by application of RCD’s See below N/A

Where the requirement for additional protection in The RCD protection is N/A
4.8.3.1 is met by requiring an RCD that is not provided integrated with inverter
integral to the inverter, as allowed by 4.8.3.4, the

installation instructions shall state the need for the

RCD
and shall specify its rating, type, and required circuit [The RCD protection is N/A
location integrated with inverter

5.3.2.10 Remote indication of faults See below P
The installation instructions shall include an Com/ External wifi connectivity P

explanation of how to properly make connections to |provided
(where applicable), and use, the electrical or
electronic fault indication required by 13.9.

5.3.2.11 External array insulation resistance measurement and [Clause 4.8.2.1 complies N/A
response
The installation instructions for an inverter for use EUT incorporates array N/A

with ungrounded arrays that does not incorporate all |insulation resistance
the aspects of the insulation resistance measurement |measurement
and response requirements in 4.8.2.1, must include:

- for isolated inverters: an explanation of what See above cl. no. 5.3.2.11 N/A

aspects of array insulation resistance

measurement and response are not provided, and

- an instruction to consult local regulations to See above cl. no. 5.3.2.11 N/A
determine if any additional functions are
required or not;

- for non-isolated inverters: an explanation of See above cl. no. 53.2.11 N/A
what external equipment must be provided in
the system, and

- what the set points and response implemented by |See above cl. no. 5.3.2.11 N/A
that equipment must be, and: '
- how that equipment is to be interfaced with See above cl. no. 5.3.2.11 N/A
the rest of the system. ,
5.3.2.12 | Array functional grounding information No functicnal grounding N/A
Where approach a) of 4.8.2.2 is used, the installation [See above ¢l. no. 5.3.2.12 N/A

instructions for the inverter shall include ali
of the following: :

{Y INOTA PVT. L
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a) the value of the total resistance between the PV See above cl. no. 5.3.2.12 N/A
circuit and ground integral to the inverter .........
b) the minimum array insulation resistance to See above cl. no. 5.3.2.12 N/A

ground that system designer or installer must
meet when selecting the PV panel and system
design, based on the minimum value that the
design of the PV functional grounding in the
inverter was based on ...........ccocvvveinennnnn.e. :
¢) the minimum value of the total resistance R = See above ¢l. no. 5.3.2.12 N/A
VMAX PV/30 mA that the system must meet,
with an explanation of how to calculate the total

d) a warning that there is a risk of shock hazard if See above cl. no. 5.3.2.12 N/A
the total minimum resistance requirement is
not met.
5.3.2.13 Stand-alone inverters for dedicated loads Grid connected inverter N/A
Where the approach of 4.7.5.5 is used, the See above cl. no. 5.3.2.13 N/A

installation instructions for the inverter shall include
a warning that the inverter is only to be used with the
dedicated load for which it was evaluated, and

shall specify the dedicated load. See above cl. no. 5.3.2.13 N/A
5.3.2.14 Identification of firmware version(s) The firmware version is P
displayed on LCD display
panel ;
An inverter utilizing firmware for any protective See above cl. no. 5.3.2.14 P
functions shall provide means to identify the firmware
version.
This can be a marking, but the information can also [See above cl. no. 5.3.2.14 P

be provided by a display panel, communications
port or any other type of user interface

5.3.3 Information related to operation All below related information P
Provided in the user’'s manual.
Instructions for use shall include any operating instructions |See above cl. no. 5.3.3 P

necessary to ensure safe operation, including the following,
as applicable:

- Instructions for adjustment of controls including the effects|See above cl. no. 5.3.3 P
of adjustment;
- Instructions for interconnection to accessories and other [See above c¢l. no. 5.3.3 P

equipment, including indication of suitable accessories,
detachable parts and any special materials;

- Warnings regarding the risk of burns from surfaces The temperature of the surfaces N/A
permitted to exceed the temperature limits of 4.3.2 and not exceed the limit of 4.3.2, |
required operator actions to reduce the risk; and however the symbol 14 marked |
on the label |
- Instructions, that if the equipment is used in a manner not (See above cl. no. 5.3.3 P

specified by the manufacturer, the protection provided by
the equipment may be impaired.
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5.3.4 Information related to maintenance IAll below related information P
provided in the user's manual.
Maintenance instructions shall include the following: See above cl. no. 5.3.4 P
- Intervals and instructions for any preventive maintenance|See above cl. no. 5.3.4 P
that is required to maintain safety (for example air filter
replacement or periodic re-tightening of terminals);
- Instructions for accessing operator access areas, if any [See above cl. no. 5.3.4 P
are present, including a warning not to enter other areas of
the equipment;
- Part numbers and instructions for obtaining any required |No any operator replaceable N/A
operator replaceable parts; Part.
- Instructions for safe cleaning (if recommended) See above cl. no. 5.3.4 P
- Where there is more than one source of supply Only single source of supply N/A
energizing the PCE, information shall be provided in the
manual to indicate which disconnect device or devices are
required to be operated in order to completely isolate the
equipment.
5.3.4.1 Battery maintenance The EUT is Grid-connected N/A
inverter without battery energy
Storage function.
\Where required by 14.8.5, the documentation See above cl. no. 5.3.4.1 N/A
shall include the applicable items from the following list of
instructions regarding maintenance of batteries:
- Servicing of batteries should be performed or See above cl. no. 5.3.4.1 N/A
supervised by personnel knowledgeable about batteries -
and the required precautions
- When replacing batteries, replace with the same See above cl. no. 5.3.4.1 N/A
type and number of batteries or battery packs
- General instructions regarding removal and installation of|See above cl. no. 5.3.4.1 N/A
batteries
- CAUTION: Do not dispose of batteries in a fire. See above cl. no. 5.3.4.1 N/A
The batteries may explode.
- CAUTION: Do not open or damage batteries. See above cl. no. 5.3.4.1 N/A
Released electrolyte is harmful to the skin and eyes. It
may be toxic.
- CAUTION: A battery can present a risk of See above cl. no. 5.3.4.1 N/A
electrical shock and high short-circuit current.
'The following precautions should be observed
when working on batteries:
a) Remove watches, rings, or other metal objects. See above cl. no. 5.3.4.1 N/A
b) Use tools with insulated handles. See above cl. no. 5.3.4.1 N/A
c) Wear rubber gloves and boots. See abovecl. no. 534.1 N/A
d) Do not lay tools or metal parts on top of See above cl. no 53,41 N/A

e) Disconnect charging source prior to connecting
or disconnecting battery terminals

See above cl. no. 5.3.4.1

N/A
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f) Determine if battery is inadvertently grounded. If See above cl. no. 5.3.4.1 N/A
inadvertently grounded, remove source from ground.

Contact with any part of a grounded battery can result in
electrical shock. The likelihood of such shock can be
reduced if such grounds are removed during installation
and maintenance (applicable to equipment and

remote battery supplies not having a grounded

supply circuit).

6 Environmental requirements and conditions See below P

6.1/RD Environmental categories and minimum See below P

environmental conditions

6.1.1/RD Outdoor EUT is for outdoor use P

6.1.2/RD Indoor, unconditioned EUT is for outdoor use N/A

6.1.3/RD Indoor, conditioned EUT is for outdoor use N/A

6.2/RD Pollution degree PD3 P

6.3/RD Ingress Protection IP65 P

6.4/RD UV exposure Certified component used P

outside the enclosure

6.5/RD Temperature and humidity (-20°C to 60°C), (0%-100%) P

7 Protection against electric shock and energy hazards [See below P

7.1/RD General Both normal and singe fault P

condition considered

7.3 Protection against electric shock See below | P

7.3.1/RD General _1See cl. no. 7.3.2.1 P

7.3.2/RD Decisive voltage classification See below p

7.3.2.1/RD | Use of decisive voltage class (DVC) \Working voltage and protective P

measures are considered.

7.3.2.2/RD | Limits of DVC (according table 6) Considered P

7.3.2.3/RD | Short-terms limits of accessible voltages under fault Voltage not exceeding at DVC N/A

conditions under fault _

7.3.2.4/RD | Requirements for protection (according table 7) Complies P

7.3.2.5/RD | Connection to PELV and SELV circuits The external signal P

communication interface are
considered as SELV

7.3.2.6/RD | Working voltage and DVC See below P

7.3.2.6.1/R | General Considerad P

D

7.3.2.6.2/R | AC working voltage (see Figure 2) Considered P

D

7.3.2.6.3/R | DC working voltage (see Figure 3) Considered P

D

7.3.2.6.4/R | Pulsating working voltage (see Figure 4) Not considered NIA

D

7.3.3/RD Protective separation See below P

Protective separation shall be achieved by: See below P
- double or reinforced insulation, or Double or reinforced insulation P
was provided
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-protective screening, i.e. by a conductive screen All accessible metal parts were P
connected to earth by protective bonding in the PCE, or learthed and separated from live
connected to the protective earth conductor itself, parts by at least basic insulation

where by the screen is separated from live parts by at
least basic insulation, or

-protective impedance comprising limitation of current No such device N/A
per 7.3.5.3 and of discharged energy per 7.3.5.4,0r

-limitation of voltage according t07.3.5.4. No such device N/A
The protective separation shall be fully and Complies P

effectively maintained under all conditions of
intended use of the PCE

7.3.4/RD Protection against direct contact See below P
7.3.4.1/RD | General See below P
Protection against direct contact is employed to prevent |[Complies with the required of P

persons from touching live parts that do not meet the Cl. No. 7.3.4.2 and 7.3.4.3.
requirements of 7.3.5 and shall be provided by one or
more of the measure given in 7.3.4.2 (enclosures and
barriers) and 7.3.4.3 (insulation).

Open type sub-assemblies and devices do not require  |No such device N/A
protective measures against direct contact but the
instruction provided with the equipment must indicate that
such measures must be provided in the end equipment or]
in the installation.
Product intended for installation in CLOSED No such device N/A
ELECTRICAL OPERATING AREAS, (see 3.9) need not-
have protective measures against direct contact, except
as required by 7.3.4.2.4

7.3.4.2/RD | Protection by means of enclosures and barriers See below P

The following requirements apply where protection Enclosure provided B
against contact with live parts is provided by enclosures
or barriers, not by insulation in accordance with 7.3.4.3.

7.3.4.21/R | General See below P
D
Parts of enclosures and barriers that provide protection  |Not removable without a tool and P
in accordance with these requirements shall not be secured by screw.
removable without the use of a tool (see 7.3.4.2.3).
Polymeric materials used to meet these requirements Certified component used P
shall also meet the requirements of 13.6
7.3.4.2.2/ | Access probe criteria See below p
RD
Protection is considered to be achieved when the Complies =

separation between the test probes and live parts, when |
tested as described below, is as follows: ‘
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| Result - Remark

| Verdict

| Requirement + Test

a) decisive voltage classification A, (DVC A) - the prabe
may touch the live parts

may touch such parts.

The communication interface is
considered as DVC A and probe

=]

b) decisive voltage classification B, (DVC B) - the probe
must not touch bare live parts

'The DVC B circuit is not
accessible by probe.

c) decisive voltage classification C, (DVC C) - the probe
must have adequate clearance to live parts, based on the
clearance for Basic insulation using the recurring peak
working voltage involved,

The DVC C circuit is not
accessible by probe

7.3.4.23/R
D

Access probe tests

See below

Compliance with 7.3.4.2.1 is checked by all of the
following: :

Complies

a) Inspection; and

Complies

b) Tests with the test finger (Figure D.1) and test pin
(Figure D.2) of annex D, the results of which shall
comply with the requirements of 7.3.4.2.1 a), b), and c)
as applicable. Probe tests are performed on openings in
the enclosures after removal of parts that can be
detached or opened by an operator without the use of a
tool, including fuse holders, and with operator access
doors and covers open. It is permitted to leave lamps in
place for this test. Connectors that can be separated by
an operator without use of a tool, shall also be tested
during and after disconnection. Any movable parts are
to be put in the most unfavorable position.

Complies

The test finger and the test pin are applied as above,
without appreciable force, in every possible position,
except that floor-standing equipment having a mass
exceeding 40 kg is not tilted

Complies

Equipment intended for building-in or rack mounting, or
for incorporation in larger equipment, is tested with
access to the equipment limited according to the method
of mounting detailed in the installation instructions.

Not a building-in and rack
mounting equipment

N/A

¢} Openings preventing the entry of the jointed test finger
(Figure E-1 of OE) during test b) above, are further
tested by means of straight un jointed test finger (Figure
E-3 of OE), applied with a force of 30 N. If the unjointed
finger enters, the test with the jointed finger is repeated
except that the finger is applied using any necessary
force up to 30 N.

Complies

d) In addition to a) — ¢) above, top surfaces of enclosure
shall be tested with the IP3X probe of IEC 60529. The
test probe shall not penetrate the top surface of the
enclosure when probed from the vertical direction

+5 ° only.

Complies
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7.3.4.2.4/R| Service access areas The EUT is not allowed to N/A
D : remove the covers during

installation and maintenance
when EUT energized.

Symbol 21 of Annex C are
marked on EUT and explained
in user manual.

7.3.4.3/RD| Protection by means of insulation of live parts Complies %
Where the requirements of 7.3.4.2 are not met, live parts  [Communication ports provided P
shall be provided with insulation if: with decisive voltage class A.
— their working voltage is greater than the maximum limit  [See above P
of decisive voltage class A, or
—for a DVC A or B circuit, protective separation from See above P

adjacent circuit of DVC C is not provided (see note “1*
under Table 7)

7.3.5/RD | Protection in case of direct contact See below P
7.3.5.1/RD| General See below P
Protection in case of direct contact is required to ensure  |[Complies P
that contact with live parts does not produce a shock
hazard.
The protection against direct contact according to 7.3.4 is  [See below P

not required if the circuit contacted is separated from
other circuits according to 7.3.2.3, and:

— is of decisive voltage class A and complies with 7.3.5.2, |Only DVC-A classified circuits P
or " _|can be touch directly

— is provided with protective impedance according to No such parts N/A
7.3.5.3, or

— is limited in voltage according to 7.3.5.4 No such parts N/A
In addition to the measures as givenin 7.3.5.2t0 7.3.5.4, |Complies P

it shall be ensured that in the event of error or polarity
reversal of connectors no voltages that exceed DVC A
can be connected into a circuit with protective separation.
This applies for example to plug-in-sub-assemblies or
other plug-in devices which can be plugged-in without the
use of a tool (key) or which are accessible without the use

of a tool. :
Compliance is checked by visual inspection and trial Complies P
insertion.
7.3.5.2/RD| Protection using decisive voltage class A Complies P
7.3.5.3/RD| Protection by means of protective impedance No such parts N/A
Circuits and conductive parts do not require protection See above cl. no. 7.3.5.3 N/A

against direct contact if any connection to circuits of DVC-
B or DVC-C is through protective impedance, and the
accessible circuit or part is otherwise provided with
protective separation from circuits of DVC-B or DVC-C
according 7.3.3.
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7.3.5.3.1/RD

Limitation of current through protective impedance

No such parts

N/A

The current available through protective impedance to
earth and between simultaneously accessible parts,
measured at the accessible live parts, shall not exceed a
value of 3.5 mA a.c. or 10 mA d.c. under normal and
single-fault conditions.

See above cl. no. 7.3.5.3.1

N/A

7.3.56.3.2
/RD

Limitation of discharging energy through protective
impedance

No such parts

N/A

The discharging energy available between
simultaneously accessible parts protected by protective
impedance shall not exceed the charging voltage and
capacitance limits given in Table 9, which applies to both
wet and dry Locations, under normal and single fault
conditions. Refer to figure 8.

See above ¢l. no. 7.3.5.3.2

N/A

7.3.5.4/RD

Protection by means of limited voltages

No such parts

N/A

That portion of a circuit that has its voltage reduced to
DVC-A by a voltage divider that complies with the _
following requirements, and that is otherwise provided
with protective separation from circuits of DVC-B or
DVC-C according to 7.3.3, does not require protection
against direct contact.

See above ¢l. no. 7.3.5.4

N/A

The voltage divider shall be designed so that under
normal and single fault conditions, including faults in the
voltage division circuit, the voltage across the output of
the voltage divider does not exceed the limit for DVC-A.

See above ¢l no. 7.3.5.4

N/A

This type of protection shall not be used in case of
protective class Il or unearthed circuits, because it relies
on protective earth being connected.

See above cl. no. 7.3.5.4

N/A

7.3.6/ RD

Protection against indirect contact

See below

7.3.6.1/ RD

General

See below

Protection against indirect contact is required to prevent
shock- hazardous current being accessible from
conductive parts during an insulation failure. This
protection shall comply with the requirements for
protective class | (basic insulation plus protective
earthing), class Il (double or reinforced insulation) or
class lll (limitation of voltages)

Protective Class I.

That part of a PCE meets the requirements of 7.3.6.2 and
7.3.6.3 is defined as protective class |

Class |

That part of a PCE meets the requirements of 7.3.6.4 is
defined as protective class II.

Class |

N/A

That part of PCE which meets the requirements of
decisive voltage class A and in which no hazardous
voltages are derived, is defined as proteciive class lll. No
shock hazard is present in such circuits

Class |

N/A
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Where protection against indirect contact is dependent Information provided P
on means provided during installation, the installation
instructions shall provide details of the required means
and shall indicate the associated hazards.

7.3.6.2/ Insulation between live parts and accessible conductive  [See below P

RD parts
Accessible conductive parts of equipment shall be Complies. P
separated from live parts by insulation meeting the See Cl. 7.3.74and Cl. 7.3.7.5
requirements of Table 7 or by clearances as specified in
7.3.7.4 and creepages as specified in 7.3.7.5

7.36.3/ Protective class | — Protective bonding and earthing See below P

RD

7.3.6.3.1/ | General See below P

RD
Equipment of protective class | shall be provided with Protective earthing is to be P
protective earthing, and with protective bonding to connected to terminal near AC
ensure electrical contact between accessible conductive  fterminal block
parts and the means of connection for the external
protective earthing conductor, except bonding is not
required for:

a) accessible conductive parts that are protected by one |DVC A circuit considered P
of the measures in 7.3.5.2 to 7.3.5.4, or

b) accessible conductive parts are separated from live Communication circuit are P
parts of DVC-B or -C using double or reinforced separated from live parts used
insulation. . |[doubled or reinforced insulation

7.3.6.3.2/R| Requirements for protective bonding See helow P

D

Electrical contact with the means of connection of the See below P
external protective earthing conductor shall be achieved
by one or more of the following means:
a) through direct metallic contact; Complies P
b) through other conductive parts which are not removed [See above a) N/A
when the PCE or sub-units are used as intended ;
c¢) through a dedicated protective bonding conductor; Complies N/A
d) through other metallic components of the PCE See above a) N/A
Where direct metallic contact is used and one or both of  |No painted and coated P
the parts involved is painted or coated, the paint or
coating shall be removed in the area of contact, or
reliably penetrated, to ensure metal to metal contact.
For moving or removable parts, hinges or sliding contacts [No such parts N/A
designed and maintained to have a low resistance are
examples of acceptable means if they comply with the
requirements of 7.3.6.3.3.

" PHYSIX LABORATQRY IDIA pyT, ¢
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Metal ducts of flexible or rigid construction and metallic
sheaths shall not be used as protective bonding
conductors, unless the device or material has been
investigated as suitable for protective bonding purposes.

No such parts

N/A

7.3.6.3.3/
RD

Rating of protective bonding

See below

Protective bonding shall withstand the highest thermal and
dynamic stresses that can occur to the PCE item(s)
concerned when they are subjected to a fault connecting
live parts to accessible conductive parts. The protective
bonding shall remain effective for as long as a fault to the
accessible conductive parts persists or until an upstream
Protective device removes power from the part.

Complies

Protective bonding shall meet following requirements:

See below

a) For PCE with an over current protective device rating of
16 A or less, the impedance of the protective bonding
means shall not exceed 0,1 Q during or at the end of the
test below

>16A

NA |

b) For PCE with an overcurrent protective device rating
of more than 16A,thevoltagedropintheprotectivebonding
test shall not exceed 2,5 V during or at the end of the test
below.

Complies
(see appended table 7.3.6.3.3)

As alternative to a) and b) the protective bonding may
designed according to the requirements for the
external Protective earthing conductor in 7.3.6.3.5, in
which case no testing is required.

Above test is carried out

N/A

The impedance of protective bonding means shall be
checked by passing a test current through the bond for a
period of time as specified below. The test current is
based on the rating of the overcurrent protection for the
equipment or part of the equipment under consideration,
as follows:

Complies

a) For pluggable equipment type A, the overcurrent
protective device is that provided external to the
equipment (for example, in the building wiring, in the
mains plug or in an equipment rack);

Not a pluggable equipment type
A

N/A

b) For pluggable equipment type B and fixed equipment,
the maximum rating of the overcurrent protective device
specified in the equipment installation instructions to be

provided external to the equipment;

Not a pluggable equipment type
B

N/A

c¢) For a circuit or part of the equipment for which an
overcurrent protective device is provided as part of the
equipment, the rating of the provided overcurrent device.

Complies

7.3.6.3.3.1
/RD

Test current, duration, and acceptance criteria

See below

The test current, duration of the test and acceptance

See below

criteria are as follows:
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a) For PCE with an overcurrent protective device rating of [See below b) N/A
16 A or less, the test current is 200% of the overcurrent
protective device rating, but not less than 32 A, applied for
120s. The impedance of the protective bonding means
during and at the end of the test shall not exceed 0,1 Q.
b) For PCE with an overcurrent protective device rating  |Complies P
of more than 16 A, the test current is 200% of the (see appended table 7.3.6.3.3)
overcurrent protective device rating and the duration of
the test is as shown in Table 10 below. The voltage drop
in the protective bonding means, during and at the end of
the test, shall not exceed 2,5 V.

¢) During and after the test, there shall be no melting, No melting, loosening, or other P
loosening, or other damage that would impair the damage after the test
effectiveness of the protective bonding means.
The test current is derived from an a.c or d.c supply Complies P
source, the output of which is not earthed.
As an alternative to Table 10, where the time current No such application N/A
characteristic of the overcurrent protective device that
limits the fault current in the protective bonding means is
known because the device is either provided in the
equipment or fully specified in the installation
instructions, the test duration may be based on that
specific device’s time-current characteristic,. The tests
are conducted for a duration corresponding to the 200%
current value on the time-current characteristic.
7.3.6.3.4/R| Protective bonding impedance (routine test) Above test is carried out N/A
D

If the continuity of the protective bonding is achieved at  [See above cl. no. 7.3.6.3.4 N/A
any point by a single means only (for example a single
conductor or single fastener), or if the PCE is assembled
at the installation location, then the impedance of the
protective bonding shall also be tested as a routine test.
The test shall be as in 7.3.6.3.3, except for the following:
- the test current may be reduced to any convenient value [See above cl. no. 7.3.6.2.4 N/A
greater than 10 A sufficient to allow measurement or
calculation of the impedance of the protective bonding
means: ,
- the test duration may be reduced to no less than 2s  |See above ¢l. no. 7.3.6.3.4 N/A
For equipment subject to the type test in 7.3.6.3.3.1a), the |See above ¢l. no. 7.3.6.3.4 N/A
impedance during the routine test shall not exceed 0,10).
For equipment subject to the type testin 7.3.6.3.3.1b) the |See above cl. no. 7.3.6.3.4 N/A
impedance during the routine test shall not exceed 2,5 V
divided by the test current required by 7.3.6.3.3.1b). )
7.3.6.3.5/ | External protective earthing conductor See below P \
RD ‘
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A protective earthing conductor shall be connected at |Instruction regarding connection P
all times when power is supplied to PCE of protective |of earthing conductor provided
class I. Unless local wiring regulations state in user manual.
otherwise, the protective earthing conductor cross-
sectional area shall be determined from Table 11 or
by calculation according to IEC 60364-5-54.
If the external protective earthing conductor is routed  [No such construction. N/A
through a plug and socket or similar means of
disconnection, it shall not be possible to disconnect it
unless power is simultaneously removed from the part
to be protected.
- 2.5 mm?® if mechanical protection is provided,; See above N/A
- 4 mm? if mechanical protection is not provided. See above N/A
For cord-connected equipment, provisions shall be Not a cord-connected N/A
made so that the external protective earthing equipment
conductor in the cord shall, in the case of failure of the
strain-relief mechanism, be the last conductor to be
interrupted.
7.3.6.3.6/ RD | Means of connection for the external protective External protective earthing P
earthing conductor conductor connected to
enclosure body
7.3.6.3.6.1/ | General Properly connected P
RD
The means of connection for the protective earthing  |See below . P
conductor shall be permanently marked with:
s Bymivol Fel Anneiy pr Earthing symbol marked @ P
- the colour coding green-yellow See above N/A
Marking shall not be done on easily changeable Complies P
parts such as screws.
7.3.6.3.7/ RD | Touch current in case of failure of the protective See below P
earthing conductor
For pluggable equipment type A, the touch current Not a pluggable equipment P
measured in accordance with 7.5.4 shall not exceed  |type A
3,5mA a.c. or mA d.c.
For all other PCE, one or more of the following measure Not exceeding the limit of P
shall be applied, unless the touch current measured in 3.5mA ac. ;
accordance with 7.5.4 using the test network of IEC 60990
test figure 4 shall not excee?d 3.56mAac.or10 mAd.c. (RECApeDdia 1able 2.5, 5.57)
a) Permanently connected wiring, and: See above N/A
-a cross-section of the protective earthing conductor of at See ahove N/A
least 10 mm? Cu or 16 mm?2 Al; or .
~automatic disconnection of the supply in case of See above N/A
discontinuity of the protective earthing conductor; or
TRF No. IS 16221 (Part 2): 2015_V1.0 M |

www. hiphysix.com




HI PHYST;@

testing & calibration laboratory

TC-5100

Report No. HPLI/Test/2008029501/01

ULR-TC5100200000001653F Page 42 of 104

IS 16221 (PART 2):2015 7
] Result - Remark

Clause Requirement + Test Verdict

provision of an additional terminal for a second protective
learthing conductor of the same cross- sectional area as the
original protective earthing conductor and installation
instruction requiring a second protective earthing conductor to
be installed or

See above

N/A

b) Connection with an industrial connector according to
IEC 60309 and a minimum protective earthing conductor
cross-section of 2,56 mm? as part of a multi-conductor
power cable. Adequate strain relief shall be provided.

See above

N/A

7.3.6.4/ RD

Protective Class Il — Double or Reinforced Insulation

Protective Class |

NA

Equipment or parts of equipment designed for
protective class Il shall have insulation between live
parts and accessible surfaces in accordance with
7.3.4.3. The following requirements also apply:

No such application

N/A

-Equipment designed to protective class Il shall not
have means of connection for the external protective
earthing conductor. However this does not apply if the
external protective earthing conductor is passed
through the equipment to equipment series-connected
beyond it. In the latter event, the external protective
earthing conductor and its means for connection shall
be insulated with basic insulation from the accessible
surface of the equipment and from circuits that employ
protective separation, extra-low voltage, protective
impedance and limited discharging energy, according
to 7.3.5. This basic insulation shall correspond to the
rated voltage of the series-connected equipment;

No such application

N/A

-metal-encased equipment of protective class Il may
have provision on its enclosure for the connection of
an equipotential bonding conductor;

No such application

N/A

-equipment of protective class Il may have provision
for the connection of an earthing conductor for
functional reasons or for damping of overvoltages; it
shall, however, be insulated as though it is a live part;

No such application

N/A

-Equipment employing protective class Il shall
be marked according t05.1.8.

No such application

N/A

7.3.7/IRD

Insulation Including Clearance and Creepage Distance

See below

7

7.3.7.1/RD

General

Considered

Insulation shall be selected after consideration of the
following influences:

Considered

pollution degree

PD3

overvoltage category

The mains circuit: Il
PV circuit : 1l

supply earthing system

For TN system only.

insulation voltage

Considered
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location of insulation Considered P
type of insulation Considered P
Compliance of insulation, creepage distances, and Considered P
clearance distances, shall be verified by measurement or
visual inspection, and the tests of 7.5.
7.3.7.1.3/R| Supply earthing systems See below P
D
Three basic types of earthing system are described in See below P
IEC 60364-1. They are:
TN system: has one point directly earthed, the accessible [For TN system only P
conductive parts of the installation being connected to
that point by protective conductors. Three types of TN
systems, TN-C, TN-S and TN-C-S, are defined according
to the arrangement of the neutral and protective
conductor.
TT system: has one point directly earthed, the accessible |See above N/A
conductive parts of the installation being connected to
earth electrodes electrically independent of the earth
electrodes of the power system;
IT system: has all live parts isolated from earth or one See above N/A
point connected to earth through an impedance, the
accessible conductive parts of the installation being
earthed independently or collectively to the earthing
system. : ]
7.3.7.1.4 | Insulation voltages - PV supply circuits: 4000V P
/RD (VMAX PV : 600VDC)
AC mains circuits: 4000V
(Rated: 220V/230V/240AC)
7.3.7.2/RD| Insulation between a circuit and its surroundings See below P
7.3.7.21/ | General Considered P
RD
7.3.7.2.2 / | Circuits connected directly to the mains Clearances and solid insulation P
RD required according to the
impulse voltage, temporary
overvoltage, or working
voltage, whichever gives the
most severe requirement. -
7.3.7.2.3/ | Circuits other than mains circuits Clearances and solid insulation P
RD required according fo the
impulse voltage and recurring
' peak voltage.
7.3.7.2.4/R| Insulation between circuit Clearances and solid insulation P
D according to the higher impulse
voltages. Creepages according
to the r.m.s. working voltage.
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7.3.7.3/ Functional insulation Considered P
RD
7.3.7.4/RD| Clearance distances See appended table 7.3.7.4 p
7.3.7.4.1/R| Determination Altitude: 3000m. P
D
7.3.7.4.2 Electric field homogeneity Not considered N/A
/RD
7.3.7.4.3/R| Clearance to conductive enclosures Refer to subclause 7.3.7.4.1 p
D and 13.7.
7.3.7.5/RD| Creepage distances See appended table 7.3.7.5 P
7.3.7.5.1 | General See below P
/RD .
7.3.7.5.2/ | Voltage The max. voltage: P
RD 220V/230/240Vac,600Vd.c
7.3.7.5.3/ | Materials Insulating material group lilb P
RD
7.3.7.6/ Coating No such parts NA |
RD
7.3.7.7/ PWB spacings for functional insulating Certified PCB used P
RD
7.3.7.8/ | Solid insulating Certified component used P
RD
7.3.7.8.1/ | General See above cl. no. 7.3.7.8 P
RD
7.3.7.8.2/ | Requirements for electrical withstand capability of solid ~ [See below P
RD insulation
7.3.7.8.2.1| Basic, supplemental, reinforced, and double insulation Passed the impulse withstand P
/' RD voltage and a.c. or d.c.

voltage tests.(See appended

table 7.5.1, 7.5.2 & 7.5.3)
7.3.7.8.2.2| Functional insulation Complies P
/RD
7.3.7.8.3/ | Thin sheet or tape material See below P
RD
7.3.7.8.3.1| General The transformer primary and P
/RD secondary windings were

separated by thin insulation

sheet
7.3.7.8.3.2| Material thickness not less than 0.2 mm See appended table 7.3.7 P
! RD
7.3.7.8.3.3| Material thickness less than 0.2 mm Not used. N/A
/RD :
7.3.7.8.3.4| Compliance See appended table 7.5.1,7.5.2 P
/RD &7.5.3 _
7.3.7.8.4/ | Printed wiring boards Certified PCB used P
RD
7.3.7.8.4.1| General See above cl. no. 7.3.7.8.4 P
/ RD ' B
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Clause Requirement + Test Result - Remark Verdict
7.3.7.8.4.2| Use of coating materials No coating material used. N/A
/RD

7.3.7.8.5/ | Wound components No such wound components. N/A

RD

7.3.7.8.6/ | Potting materials No potting material used N/A

RD

7.3.7.9/ Insulation requirements above 30 kHz Considered P

RD

7.3.8/ RD | Residual Current-operated protective (RCD) or monitoring [The RCD is inbuilt within EUT P
(RCM) device compatibility

7.3.9/ RD | Protection against shock hazard due to stored energy Considered P

7.3.9.1/ Operator access area See below P

RD
Equipment shall be so designed that there is no risk of The pins of connector cannot be P
electric shock in operator access areas from charge touch by test finger due to
stored on capacitors after disconnection of the PCE. design protection

7.3.9.2/RD| Service access areas See below P
Capacitors located behind panels that are removable for [The symbol 21 of annex C with P
servicing, installation, or disconnection shall present no  [5min was provided on the labal.
risk of electric shock or energy hazard from charge stored
on capacitors after disconnection of the PCE.

7.3.10 Additional requirements for stand-alone inverters Not a stand-alone inverter N/A
One circuit conductor bonded to earth to create a See above cl. no. 7.3.10 N/A
grounded conductor and an earthed system. :

The means used to bond the grounded conductor to [See above cl. no. 7.3.10 N/A
protective earth provided within the inverter or

as part of the installation See above cl. no. 7.3.10 N/A
If not provided integral to the inverter, the required  |See above ¢l. no. 7.3.10 N/A
means shall be described in the installation

instructions as per 5.3.2.8. N
The means used to bond the grounded conductor to |See above cl. no. 7.3.10 N/A
protective earth shall comply with the requirements

for protective bonding in Part 1,

If the bond can only ever carry fault currents in stand- |[See above cl. no. 7.3.10 N/A
alone mode, the maximum current for the bond is

determined by the inverter maximum output fault

current.

Output circuit bonding arrangements shall ensure See above cl. no. 7.3.10 N/A
that in any mode of operation, the system only has

the grounded circuit conductor bonded to earth in

one place at a time.. 7

Switching arrangements may be used, in which case [See above cl. no. 7.3.10 N/A
the switching device used is to be subjected to the

bond impedance test along with the rest of the

bonding path )
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Clause Requirement + Test ’ Result - Remark Verdict
Inverters intended to have a circuit conductor bonded See above cl. no. 7.3.10 N/A
to earth shall not impose any normal current on the
bond except for leakage current.

Outputs that are intentionally floating with no circuit (See above cl. no. 7.3.10 N/A
conductor bonded to ground, must not have any

voltages with respect to ground that are a shock

hazard in accordance with Clause 7 of Parts 1 and 2.

The documentation for the inverter shall indicate that |See above cl. no. 7.3.10 N/A
the output is floating as per 5.3.2.8.

7.3.11 Functionally grounded arrays No such parts N/A
All PV conductors in a functionally grounded array  [No such parts N/A
shall be treated as being live parts with respect to
protection against electric shock.

7.4/RD Protection against energy hazards See below P

7.41/RD |Determination of hazardous energy level Hazardous energy level not N/A

present.
A hazardous energy level is considered to exist if See below N/A
a) The voltage is 2 V or more, and power available after No such hazardous energy level] N/A
60 s exceeds 240 VA. exist.
b) The stored energy in a capacitor is at a voltage. U of 2 [No such hazardous energy level|  N/A
V' or more, and the stored energy. E, calculated from the  lexist.
following equation, exceeds 20J: E = 0.5 CU?

7.4.2/ RD |Operator Access Areas See below P
Equipment shall be so designed that there is no risk of ~ |All hazardous energy parts P
energy hazard in operator access areas from accessible  jwere enclosed within sarthed
circuits. heat sink

7.4.3/ RD [Services Access Areas The symbol 21 of annex C with P

5 min was provided on the label
7.5/ RD |Electrical tests related to shock hazard See below P
7.5.1/ RD |[Impulse voltage test (type test) During the test no puncture, P
flashover, or spark over ocours.
(See appended table 7.5)

7.5.2/ RD |Voltage test (dielectric strength test) See below P

7.5.2.1/ |Purpose of test To verify the clearances and P

RD solid insulation and of

assembled PCE has adequate
dielectric strength to resist
overvoltage's.

7.5.2.2/ |Value and type of test voltage See appended table 7.5 P

RD ‘

7.5.2.3/ |Humidity pre-conditioning Test performed as per cl. no. P

RD 4.5

7.5.2.4/ |Performing the voltage test See appended table 7.5 P

RD N

—,
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7.5.2.5/ |Duration of the a.c. or d.c. voltage test Tested for 60s P

RD

7.5.2.6/  |Verification of the a.c. or d.c. voltage test No electrical breakdown ocecurs P

RD and no abnormal current flow

: during the test
7.5.3/ RD |Partial discharge test Certified component used P
7.5.4/ RD [Touch current measurement (type test) See below P
'The touch current shall be measured if required by See appended table 7.3.6.3.7 P
7.3.6.3.7 and shall not be greater than 3.5 mA a.c. or 10
mA d.c. or special measures of protection as given in
7.3.6.3.7 are required.
For type tests on PCE for which wet locations See appended table 7.3.6.3.7 P
requirements apply according to 6.1, the humidity pre-
conditioning of 4.5 shall be performed immediately prior to
the touch current test.

7.5.5/RD |Equipment with multiple sources of supply No multiple source of supply N/A

used

8 Protection against mechanical hazards See below P

8.1/ RD |General See below P
Operation shall not lead to a mechanical HAZARD in No mechanical hazards under P
NORMAL CONDITION or SINGLE FAULT CONDITION. |normal and single Fault
Edges, projections, corners, openings, guards, handles  [condition
and the like, that are accessible to the operator shall be
smooth and rounded so as not to cause injury during
normal use of the equipment. :

Conformity is checked as specified in 8.2 to 8.6. See 8.2 10 8.6 P

8.2/ RD Moving parts See below P
Moving parts shall not be able to crush, cut or pierce parts [No moving parts are P
of the body of an OPERATOR likely to contact them, nor [accessible from outside
severely pinch the OPERATOR's skin. Hazardous moving
parts of equipment, that is moving parts which have the
potential to cause injury, shall be so arranged, enclosed or
guarded as to provide adequate protection against the risk
of personal injury.

8.2.1/ RD | Protection of service persons No such parts N/A
Protection shall be provided such that unintentional See above cl.no. 821 N/A
contact with hazardous moving parts is unlikely during
servicing operations. If a guard over a hazardous moving
part may need to be removed for servicing, the marking
of symbol 15 of Table D-1 shall be applied on or near the
guard. ‘ _ _

8.3/ RD Stability [The EUT for wall mounting N/A
Equipment and assemblies of equipment not secured to  [See above ¢l no. 8.3 N/A
the building structure before operation shall be
physically stable in NORMAL USE. i ) ]

HI PHUTIX LARORATORY INDIA PYT. e
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mounted on a material of FLAMMABILITYCLASS

\V-1;

Clause Requirement + Test Resuit - Remark Verdict

8.4/ RD Provisions for lifting and carrying No lifting and carrying N/A
If carrying handles or grips are fitted to, or supplied with, [See above N/A
the equipment, they shall be capable of withstanding a
force of four times the weight of the equipment.

Equipment or parts having a mass of 18 kg or more shall [See above N/A
be provided with a means for lifting and carrying or

directions shall be given in the manufacturer's

documentation.

8.5/ RD Wall mounting See below P
Mounting brackets on equipment intended to be No any damage after the test P
mounted on a wall or ceiling shall withstand a force of
four times the weight of the equipment.

8.6/RD Expelled parts See below N/A
Equipment shall contain or limit the energy of parts that  [No such parts N/A
could cause a HAZARD if expelled in the event of a fault. §

9 Protection against fire hazards See below P

9.1/ RD Resistance to fire Considered P
This subclause specifies requirements intended to reduce ([Components are verified at P
the risk of ignition and the spread of flame, both within the [normal and abnormal tests
equipment and to the outside, by the appropriate use of
materials and components and by suitable construction.

9.1.1/RD | Reducing the risk of ignition and spread of flame Use of material with required P

flammability classes
For equipment or a portion of equipment, there are two ~ [Method 1 is used P
alternative methods of providing protection against ignition
and spread of flame that could affect materials, wiring,
wound components and electronic components such as
integrated circuits, transistors, thyristors, diodes, resistors
and capacitors.

9.1.2/RD | Conditions for a fire enclosure See below P
A FIRE ENCLOSURE is required for equipment or parts  |Fire enclosure is used P
of equipment for which Method 2 is not fully applied and
complied with.

9.1.2.1/ Parts requiring a fire enclosure See helow P

RD
-Except where Method 2 is used, or as permitted in |Considered P
9.1.2.2, the following are considered to have a risk of
ignition and, therefore, require a FIREENCLOSURE:

-components in PRIMARYCIRCUITS Considered P
-components in SECONDARY CIRCUITS supplied by |Considered F
power sources which exceed the limits for a LIMITED

POWER SOURCE as specified in 9.2; ]
-components in SECONDARY CIRCUITS supplied by a |[No such devices N/A
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-components within a power supply unit or assembly [No such devices N/A
having a limited power output complying with the criteria
for a LIMITED POWER SOURCE as specified in 9.2,
including  overcurrent  protective  devices, limiting
impedances, regulating networks and wiring, up to the
point where the LIMITED POWER SOURCE output criteria
are met;

-components having unenclosed arcing parts, such as |[No such devices NIA

open switch and relay contacts and commutators, in a

circuit at HAZARDOUS VOLTAGE or at a HAZARDOUS

ENERGY LEVEL; and

-insulated wiring, except as permitted in9.1.2.2 No such devices N/A

9.1.2.2/ Parts not requiring a fire enclosure Connectors. P
RD
9.1.3/RD | Materials requirements for protection against fire hazard |See below P
9.1.3.1/RD| General See below P

ENCLOSURES, components and other parts shall be so [Metal enclosure and certified P

constructed, or shall make use of such materials, that the [components used.

propagation of fire is limited.
9.1.3.2/ Materials for fire enclosures Metal enclosure is used. P
RD

If an enclosure material is not classified as specified See above cl. no. 9.1.3.2 P

below, a test may be performed on the final enclosure or

part of the enclosure, in which case the material shall

additionally be subjected to periodic SAMPLE testing.

9.1.3.3/ Materials for components and other parts inside fire Certified component used P

RD enclosures

9.1.3.5/ Materials for air filter assemblies No such material used N/A

RD

9.1.4/ RD | Openings in fire enclosures No opening in fire enclosure N/A

9.1.4.1/ General See above cl. no. 9.1.4.1 N/A

RD

For equipment that is intended to be used or installed in  |See above cl. no. 9.1.4 .1 N/A
more than one orientation as specified in the product
documentation, the following requirements apply in each
orientation. ;
These requirements are in addition to those in the See above cl. no. 9.1.4.1 N/A
following sections:
- 7.3.4, Protection against direct contact; See above cl. no. 9.1.4.1 N/A
- 7.4, Protection against energy hazards; See above cl. no. 9.1.4.1 N/A
- 13.5, Openings in enclosures See above cl. no. 9.1.4.1 N/A
9.1.4.2/ Side openings treated as bottom openings No side opening N/A
RD
9.1.4.3/ Openings in the bottom of a fire enclosure No bottom opening N/A
RD
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adequate breaking capacity to interrupt the maximum
short circuit current specified for the port to which they are
connected. If protection that is provided integral to the
PCE for an input port is not rated for the short-circuit
current of the circuit in which it is used, the installation
instructions shall specify that an upstream protective
device, rated for the prospective short-circuit current of
that port, shall be used to provide backup protection.

Clause Requirement + Test Resuit - Remark Verdict
siisigind
The bottom of a FIRE ENCLOSURE or individual barriers, [See above cl. no. 9.1.4.3 N/A
shall provide protection against emission of flaming or
molten material under all internal parts, including partially
enclosed components or assemblies, for which Method 2
of 9.1.1 has not been fully applied and complied with.
9.1.4.4/ Equipment for use in a CLOSED ELECTRICAL Not intend use at this area N/A
RD OPERATING AREA
The requirements of 9.1.4.3 do not apply to FIXED See above 9.1.4 .4 N/A
EQUIPMENT intended only for use in a CLOSED
ELECTRICAL OPERATING AREA and to be mounted on
a concrete floor or other noncombustible surface. Such
equipment shall be marked as follows:
WARNING: FIRE HAZARD SUITABLE FOR MOUNTING [See above 9.1.4.4 N/A
ON CONCRETE OR OTHER NONCOMBUSTIBLE
SURFACE ONLY
9.1.4.5/ Doors or covers in fire enclosures No any door or covers in fire N/A
RD enclosure.
9.1.4.6/ Additional requirements for openings in transportable Not a transportable equipment N/A
RD equipment o
9.2/ RD LIMITED POWER SOURCES No limited power source used. N/A
9.2.1/ RD | General See above cl. no. 9.2 N/A
9.2.2/ RD | Limited power source tests See above cl. no. 9.2 N/A
9.3 Short-circuit and overcurrent protection See below P
9.3.1/RD | General Considered P
The PCE shall not present a hazard, under short circuit or [The short circuit and over P
overcurrent conditions at any port, including phase-to- current are protected by circuit
phase, phase-to-earth and phase-to-neutral, and design. When short-circuit or
adequate information shall be provided to allow proper over current of components
selection of external wiring and external protective occurred. the EUT will shut
devices. down from grid immediately
9.3.2/ RD | Protection against short-circuits and over currents shall be [See above cl. no. 9.3 P
provided for all input circuits, and for output circuits that do
not comply with the requirements for limited power
sources in 9.2, except for circuits in which no over current
hazard is presented by short circuits and overloads.
9.3.3/ RD | Protective devices provided or specified shall have See above cl. no. 9.3 P
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Clause Requirement + Test Result - Remark 'L Verdict
9.3.4 Inverter backfeed current onto the array See below P
The backfeed current testing and documentation See below P
requirements in Part 1 apply, including but not
limited to the following.
Inverter backfeed current onto the PV array maximum [<0A P
VAU cviiississmsmmnnvmsiziss s s on v 55
This inverter backfeed current value shall be provided [<0A provided in user manual P
in the installation instructions regardless of the value
of the current, in accordance with Table 33,
10 Protection against sonic pressure hazards No sonic pressure hazards. P
10.1/RD General See below P
The equipment shall provide protection against the effect  [No sonic pressure hazards. P
of sonic pressure. Conformity tests are carried out if the
equipment is likely to cause such HAZARDS.
10.2/ RD | Sonic pressure and Sound level See below P
10.2.1/ RD| Hazardous noise levels Less than<30dB(A) P
11 Protection against liquid hazards No liquid containment system N/A
used
11.1/RD Liquid Containment, Pressure and Leakage See above cl. no. 11 N/A
The liquid containment system components shall be See above cl. no. 11 N/A
compatible with the liquid to be used.
There shall be no leakage of liquid onto live parts as a See above cl. no. 11 N/A
result of:
a) Normal operation, including condensation; See above cl. no. 11 N/A
b) Servicing of the equipment; or See above cl. no. 11 N/A
c) Inadvertent loosening or detachment of hoses or other  |See above cl. no. 11 N/A
cooling system parts over time. _
11.2/RD Fluid pressure and leakage See above c¢l. no. 11 N/A
11.2.1/RD | Maximum pressure See above cl. no. 11 N/A
11.2.2/RD | Leakage from parts See above cl. no. 11 N/A
11.2.3/RD | Overpressure safety device See above cl. no. 11 NIA
11.3/ RD | Oil and grease See above cl. no. 11 N/A
12 Protection against Chemical Hazards No chemical hazards N/A
12.1/RD | General No chemical hazards N/A
13 Physical requirements See below P
13.1/RD Handles and manual controls Complies P
Handles, knobs, grips, levers and the like shall be reliably [Complies P
fixed so that they will not work loose in normal use, if this :
might result in a hazard. Sealing compounds and the like,
other than self-hardening resins, shall not be used to
prevent loosening. If handles, knobs and the like are used
to indicate the position of switches or similar components,
it shall not be possible to fix them in a wrong position if this
might result in hazard.
TRF No. IS 16221 (Part 2): 2015_V1.0
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Clause Requirement + Test Result - Remark Verdict
13.1.1/ RD| Adjustable controls No adjustable control N/A
13.2/RD Securing of parts All screws locked with star P

washer
13.3/RD Provisions for external connections See below P
13.3.1/ RD| General Complies P
13.3.2/RD | Connection to an a.c. Mains supply Connector provided P
13.3.2.1/R | General Certified AC connectors are P
D used. Installation manual
provide information for the
disconnection means
For safe and reliable connection to a MAINS supply, See below P
equipment shall be provided with one of the following:
— terminals or leads or a non-detachable power Screw terminal for permanent P
supply cord for permanent connection to the supply; connection to supply
or
—a non-detachable power supply cord for connectionto  [See above N/A
the supply by means of a plug
— an appliance inlet for connection of a detachable power [See above N/A
supply cord; or :
—a mains plug that is part of direct plug-in equipment as in|See above N/A
13.3.8

13.3.2.2/ | Permanently connected equipment Connector is used for AC P
RD connection
13.3.2.3/ | Appliance inlets " INo appliance inlet used N/A
RD
13.3.2.4/ | Power supply cord No such supply cord used N/A
RD
13.3.2.5/R | Cord anchorages and strain relief No such supply cord used N/A
D

For equipment with a non-detachable power supply cord, |See above cl. no. 13.3.2.5 N/A
a cord anchorage shall be supplied such that:

— the connecting points of the cord conductors are See above cl. no. 13.3.2.5 N/A
relieved from strain; and

— the outer covering of the cord is protected from See above cl. no. 13.3.2.5 N/A
abrasion.

13.3.2.6/ | Protection against mechanical damage No sharp points or cutting N/A
RD edge at the bushing.
13.3.3/RD | Wiring terminals for connection of external conductors See below P
13.3.3.1/ | Wiring terminals Complies P
RD ' _
13.3.3.2/ | Screw terminals Complies P
RD
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13.3.3.3/ | Wiring terminal sizes Complies P
RD :
13.3.3.4/ | Wiring terminal design Terminal design with P
RD appropriate fixing hardware for

conductor so that can't slip out
13.3.3.5/ | Grouping of wiring terminals Input and output terminals P
RD located in proximity to each
other.
13.3.3.6/ | Stranded wire Not used. N/A
RD
13.3.4/ RD| Supply wiring space Complies P
13.3.5/RD | Wire bending space for wires 10 mm? and greater No such application N/A
13.3.6/RD | Disconnection from supply sources Installation manual instruct the P
disconnect device shall be
provided before connecting AC
mains and PV array
13.3.7/RD | Connectors, plugs and sockets AC connector used. Plug and P
sockets not used.
13.3.8/RD | Direct plug-in equipment Not a direct plug-in equipment N/A
13.4/RD Internal wiring and connections See below P
13.4.1/RD | General - All wires were used suitably and P
are fixed well to prevent
mechanical damaged during
installation
13.4.2/RD | Routing All wires were routed away from P
all parts which would abrade
the insulation of wires
13.4.3/RD | Colour coding Green/yellow wire only used for P
protective earthing conductor
13.4.4/RD | Splices and connections All wire with core cable ends. P
13.4.5/RD | Interconnections between parts of the PCE Special construction of P
connectors to prevent from
misconnection.,
13.5/RD Openings in enclosures IP65 enclosure without N/A
openings
13.5.1/RD | Top and side openings IP65 enclosure without N/A
openings -
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Openings in the top and sides of ENCLOSURES shall be |See above cl. no. 13.5.1 N/A
so located.or constructed that it is unlikely that objects
will enter the openings and create hazards by contacting
bare conductive parts
13.6/RD Polymeric Materials Metal enclosure used and P
Certified connector, Certified DC
Switch used outside the
enclosure.
13.6.1/RD | General See above cl. no. 13.6 P
13.6.1.1/R | Thermal index or capability See above ¢l no. 13.6 P
D
13.6.2/RD | Polymers serving as enclosures or barriers preventing See above cl. no. 13.6 N/A
access to hazards
13.6.2.1/R | Stress relief test See above cl. no. 13.6 P
D
13.6.3/RD | Polymers serving as solid insulation See above cl. no. 13.6 P
13.6.3.1/R | Resistance to arcing See above cl. no. 13.6 P
D
13.6.4/RD | UV resistance Certified Component used P
outside the enclosure
Polymeric parts of an OUTDOOR ENCLOSURE required |See above ¢l. no. 13.6.4 P
for compliance with this standard shall be sufficiently
resistance to degradation by ultra-violet (UV) radiation
13.7/RD Mechanical resistance to deflection, impact, or drop See below - P
13.7.1/RD | General Complies P
13.7.2/RD | 250-N deflection test for metal enclosures No hazard P
13.7.3/RD | 7-J impact test for polymeric enclosures No hazard P
13.7.4/RD | Drop test Not a hand-held, direct-plug in N/A
and transportable equipment
13.8/RD Thickness requirements for metal enclosures Complies with 13.7 N/A
13.8.1/RD | General See above cl. no. 13.8 N/A
13.8.2/RD | Cast metal See above cl. no. 13.8 N/A
13.8.3/RD | Sheet metal See above cl. no. 13.8 N/A
13.9 Fault indication See below P
Where this Part 2 requires the inverter to indicate a LCD display and interface - P
fault, both of the following shall be provided: connected to PC as fault indication
a) a visible or audible indication, integral to the inverter, L.CD display shows fault indication P
and detectable from outside the inverter,
and
b) an electrical or electronic indication that can be RS485 connectivity provided P
remotely accessed and used.
The installation instructions shall include information The instructions are specified in P
regarding how to properly make connections (where the manual
applicable) and use the electrical or electronic means in b)
above, in accordance with 5.3.2.10.

TRF No. IS 16221 (Part 2): 2015_V1.0 ‘ )@(
I

www. hiphysix.com



TC-5100

ULR-TC5100200000001653F

Page 55 of 104

Hi PHYSI(‘)?;‘)

testing & calibration laboratory

Report No. HPLI/Test/2008029501/01

IS 16221 (PART 2):2015

TRF No. IS 16221 (Part 2): 2015_V1.0

www. hiphysix.com

Clause Requirement + Test Result - Remark Verdict
14 Components See below P
14.1/RD General Considered P

Where safety is involved, components shall be used in See below P
accordance with their specified RATINGS unless a
specific exception is made. They shall conform to one of
the following:
a) Applicable safety requirements of a relevant IEC Certified component used P
standard. Conformity with other requirements of the according to their relevant
component standard is not required. If necessary for the [safety standards.
application, components shall be subjected to the test of |(see list of critical component)
this standard, except that it is not necessary to carry out
identical or equivalent tests already performed to check
conformity with the component standard;
b) the requirements of this standard and, where Certified component used P
necessary for the application, any additional applicable  ((see list of critical component)
safety requirements of the relevant IEC component
standard;
c) if there is no relevant IEC standard, the requirements of [Certified component used and P
this standard; also verified/tested according to

this standard.

(see list of critical component)
d) applicable safety requirements of a non-IEC standard [Certified component used which P
which are at least as high as those of the applicable IEC |are harmonized to relevant IEC
standard, provided that the component has been standards.
approved to the non-IEC standard by a recognized testing ((see list of critical component)
authority.
Components such as optocouplers, capacitors, Certified component used P
transformers, and relays connected across basic, (see list of critical component)
supplemental, reinforced, or double insulation shall
comply with the requirements applicable for the grade of
insulation being bridged, and if not previously certified to
the applicable component safety standard shall be
subjected to the voltage test of 7.5.2 as routine test.

14.2/ RD | Motor Over temperature Protection See below P
Motors which, when stopped or prevented from starting  [Power limited by temperature P
(see 4.4.4.3), would present an electric shock HAZARD, a [control in single fault condition
temperature HAZARD, or a fire HAZARD, shall be or high temperature ‘
protected by an over temperature or thermal protection  |environment condition
device meeting the requirements of 14.3.

14.3/RD Over temperature protection devices Impedance protected motor
14.4/RD Fuse holders No such device N/A
14.5/RD MAINS voltage selecting devices See below P
14.6/RD Printed circuit boards V-0 class of PCBs used P
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Printed circuit boards shall be made of material with a
flammability classification of V-1 of IEC 60707 or better

See above

P

This requirement does not apply to thin-film flexible
printed circuit boards that contain only circuits powered
from limited power sources meeting the requirements of
9.2.

No such PCBs used

N/A

Conformity of the flammability RATING is checked by
inspection of data on the materials. Alternatively,
conformity is checked by performing the V-1 tests
specified in IEC 60707 on three samples of the relevant
parts.

See cl. no. 14.6

14.7/RD

Circuits or components used as transient overvoltage
limiting devices

Certified components used.

If control of transient overvoltage is employed in the
equipment, any overvoltage limiting component or circuit
shall be tested with the applicable impulse withstand
voltage of Table 7-10 using the test method from 7.5.1
except 10 positive and 10 negative impulses are to be
applied and may be spaced up to 1 min apart.

See above

14.8/RD

Batteries

No battery used

N/A

Equipment containing batteries shall be designed to
reduce the risk of fire, explosion and chemical leaks
under normal conditions and after a single fault in the
equipment including a fault in circuitry within the
equipment battery pack.

See above cl.

no.

14.8

N/A

14.8.1/RD

Battery Enclosure Ventilation

See above cl.

no.

14.8

N/A

14.8.1.1/
RD

Ventilation requirements

See above cl.

no.

148

N/A

14.8.1.2/
RD

Ventilation testing

See above cl.

no.

14.8

N/A

14.8.1.3]
RD

Ventilation instructions

See above cl.

no.

14.8

N/A

14.8.2/ RD

Battery Mounting

See above cl.

no.

14.8

N/A

Compliance is verified by the application of the force to
the battery's mounting surface. The test force is to be
increased gradually so as to reach the required value in
5 to 10 s, and is to be maintained at that value for 1 min.
A non-metallic rack or tray shall be tested at the highest
normal condition operating temperature

See above ¢l.

no.

14.8

N/A

14.8.3/RD

Electrolyte spillage

See above cl.

no.

14.8

N/A

Battery trays and cabinets shall have an-
electrolyte resistant coating.

See above cl.

no.

14.8

N/A

14.8.4/RD

Battery Connections

See above cl.

no.

14.8

N/A

TRF No. IS
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Reverse battery connection of the terminals shall be See above cl. no. 14.8 N/A
prevented’if reverse connection could result in a hazard
within the meaning of this Standard

14.8.5/RD | Battery maintenance instructions See above cl. no. 14.8 N/A
The information and instructions listed in 5.3.4.1 shall be [See above ¢l. no. 14.8 N/A
included in the operator manual for equipment in which
battery maintenance is performed by the operator, or in
the service manual if battery maintenance is to be
performed by service personnel only.

14.8.6/RD | Battery accessibility and maintainability ISee above cl. no. 14.8 N/A
Battery terminals and connectors shall be accessible for [See above cl. no. 14.8 N/A
maintenance with the correct TOOLS. Batteries with
liquid electrolyte, requiring maintained shall be so located
that the battery cell caps are accessible for electrolyte
tests and readjusting of electrolyte levels.

TRF No. IS 16221 (Part 2): 2015_V1.0
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4.2.2.6/4.7 RD TABLE: mains supply electrical data in normal condition/ Electrical P
ratings tests
Type U (V)DC I (A)DC P(kW)DC |U(V)AC |I{A)AC P (kW) AC
F6000 250 23.56 5.88 198.00 26.21 5.01
23.46 5.85 207.00 25.10 5.10
23.20 5.80 216.11 24 .36 5.16
23.40 5.85 220.10 23.85 5.18 T
23.23 5.80 230.00 22.20 5.05
23.78 5.92 240.00 21.19 5.01 I
23.65 5.90 242.13 21.07 5.02
23.64 5.90 253.20 19.80 4.96
360 17.60 6.31 198.06 25.55 5.04
17.63 6.30 207.13 25.14 5.19 i
17.59 6.59 216.00 23.33 5.02
17.65 6.33 220.05 23.11 5.07
17.66 6.35 230.15 23.00 5.26 ]
17.62 6.34 240.18 22.16 5.30
17.64 6.33 242.07 21.98 5.31
17.28 6.22 253.19 21.00 5.29
550 12.00 6.52 198.13 26.50 5.23
12.06 6.60 207.10 26.00 5.36
12.13 6.64 216.13 25.96 5.59
12.04 6.61 220.14 25.88 5.65
12.25 6.69 230.11 25.00 5.70
12.02 6.56 240.22 24.66 5.86
12.15 6.65 242.00 2419 5.83 ]
12.11 6.63 253.09 24.03 5.97

TRF No. IS 16221 (Part 2): 2015_V1.0 ' ' ‘

Www.hiphysix.gzom ‘



@

Hi PHYSI?ZE)

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 59 of 104 Report No. HPLI/Test/2008029501/01
IS 16221 (PART 2):2015
Clause Requirement + Test Result - Remark Verdict

4.3/RD TABLE: Thermal Testing _ F
Type/Model: F6000 ' -
Temperature t of t 1(°C): 55.3,t 1(°C): 55.4 Permitted 7t (°C)
part/at
Test Condition DC |pC DC DC [pC |[pC |pC DC ]

Input: [Input:  (Input:  |[Input: |Input: |Input:  [Input:  (Input:

360Vdc|360Vdc [360Vdc [360Vdc(360Vdc(360Vdc|360Vde [360Vde

AC AC AC AC AC AC AC AC

Output: [Output: (Output: [Output: [OQutput: Output: |[Output: [Output:

198.10 [207.22 [216.08 [220.11 [230.15 [240.00 [242.10 253.11
Ambient (°C) 55 55 55 55 55 55 55 55
Metal enclosure 651 | 65.0 | 63.0 | 639 | 655 | 653 | 66.6 66.8 70 g
Internal wire to AC 68.2 68.4 675 | 686 | 67.9 | 699 70.3 71.0 105
connector o |
Internal wire to DC 66.8 | 67.0 666 | 700 | 705 | 71.3 | 69.8 70.6 105
connector "
PCB 74.0 76.1 735 | 737 | 75.0 | 744 | 733 754 130 |
Relay (RY5) 722 | 725 73.0 | 728 | 70.7 | 740 | 744 74.8 85 -
Optocoupler (U22) 71.0 72.2 73.4 746 | 751 | 756 | 764 77.0 115
Varistor (MOV1) 68.3 | 67.7 682 | 68.7 | 69.0 | 706 | 71.1 71.0 85
Inductor (L1) 786 | 76.0 | 792 | 788 | 780 | 796 | 79.9 80.0 130 |
[Transformer (TX1) 80.4 79.7 790 | 81.0 | 824 | 827 | 850 83.3 110
[Transformer (TX2) 83.7 | 83.9 843 | 825 | 80.7 | 810 | 86.9 88.1 110 R
Supplementary information: Temperature test of transformer winding is determined by thermocouple
T1 is start temperature and T2 is the end of test temperature

TRF No. IS 16221 (Part 2): 2015_V1.0

www. hiphysix.com




Hi PHYS%

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 60 of 104 Report No. HPLI/Test/2008029501/01
IS 16221 (PART 2):2015
Clause Requirement + Test Result - Remark Verdict

4.3/RD TABLE: Thermal Testing o P
Type/Model: F6000 s |
Temperature t of t 1(°C): 55.2, t 1(°C): 55.1 Permitted t (°C)
part/at

Input: |Input:  [Input:  [Input: |Input: |Input: |Input:  |Input:

550Vdc|550Vde 550Vde [550Vdc(550Vde 550Vde|550Vde [550Vde

AC IAC AC AC AC AC AC AC

Output: [Output: |Output: [Output: Qutput: Qutput: [Output: |Qutput:

198.00 207.11 [216.00 [220.33 [230.10 [240.05 [242.15 [253.06
Ambient (°C) 55 55 55 55 55 55 55 55
Metal enclosure 65.0 | 653 | 63.5 | 637 | 66.0 | 658 | 67.0 67.0 70 ]
Internal wire to AC 68.3 68.6 67.6 68.7 | 676 | 69.7 | 704 711 105
connector
Internal wire to DC 66.5 67.3 66.8 702 | 70.3 | 71.2 69.7 70.3 105
connector _
PCB 73.3 75.8 733 | 736 | 744 | 746 | 735 75.6 130
Relay (RY5) 72.1 72.4 732 | 726 | 705 | 737 | 742 74.3 85 i
Optocoupler (U22) 70.0 721 73.1 743 | 740 | 755 | 76.2 76.5 115
Varistor (MOV1) 68.1 67.5 68.1 684 | 67.7 | 704 | 71.0 69.7 85
Inductor (L1) 784 | 755 79.0 786 | 762 | 794 | 79.2 79.6 130
Transformer (TX1) 80.0 79.5 782 | 802 | 821 | 826 | 844 83.0 110
[Transformer (TX2) 83.5 83.6 84.0 821 | 80.2 | 805 86.5 87.7 110
Supplementary information: Temperature test of transformer winding is determined by thermocouple
T1 is start temperature and T2 is the end of test temperature
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4.4.4 TABLE: Single fault condition to be applied P ]

Ambient temperature 25°C =
() e

Power source for EUT: Manufacturer, [Maitian Energy Co., Ltd Wuxi =
model/type, output Branch, F6000, 6000W
rating.........coeevveneieiiniinincens ;

4.4.4.15.1 Fault-tolerance of residual current monitoring

Component Fault Supply voltage [Test Fus Fuse Observation
No. (V) time e# | current
. (A)

Output Line-Earth [Short PV input : 360Vdc|10min - [Inverter cut off

sircuited IAC output: Immediately after short- circuit,
253.03 No damage, no hazard, no fire.

Output Overload PV input : 360Vdc[30min - - Unit works in fault mode,

AC output: No damage, no hazard, no fire.
253.30 .

Input Over- PV input :555Vdc [5min - - Inverter cannot start up. No

\voltage AC output: damage ,no hazard ,no fire
253.12

Relay (RY5) Contact Short [PV input :360Vdc [5 min —- |Unit does not start-up, the
circuited before |z - inverter did not connect to the
startup inverter ' grid. No damage, no hazard, no

253.00 fire.

Relay (RY5) Contact Short [PV input :360Vdc |5 min - [Unit does not start-up, the
circuited before |z Bifplit inverter did not connect to the
startup inverter ) grid. No damage, no hazard, no

253.09 fire.
PV+ to PV- Short-circuited Py input :360Vdc [10 min - - |Inverter cannot start up. No

AC output: output no power feed into grid.

253 11 No damage ,no hazard ,no fire
Transformer Short-circuited Py input :360Vdec [10min 2 - |Unit shut down, No damage , no
(TX2) IAC output: hazard ,no fire

253.06

Inverter Cooling . PV input :360Vdc |7 hour e -.  [No damage, no hazard, no fire.
system.fallure, AC output:
blanketing

253.16

Printed wiring Short-circuited PV input :360Vdc [10 min - Inverter cut off

board AC output: Immediately after short- circuit,
253.00 N ___|No damage, nc hazard, no fire.

|Yes

Supplementary information: Nil

TRF No. IS 16221 (Part 2): 2015_V1.0
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4.4.417| Cooling system failure — Blanketing test P
Test voltage
(Vdc).....: 360 R
Test current (Idc) 17.26 12.10 .
Test voltage 253.10 253.05 -
(Vac)......:
Test current (lac)-- 20.98 2400
. 55 55 -
(°C)ueeerireerinnet
tamb2 55 55 —
()
maximum temperature T of T (°C) Tonax (°C)
part/at::
Enclosure top 66.9 68.6 a0
Enclosure side 67.7 875 90
Enclosure bottom 68.0 69.1 90
Supplementary information: Nil _ |
4.7.4 TABLE: Steady state Inverter AC output voltage and frequency NIA
Nominal DC input (V) —
Nominal output AC voltage (V) :
AC output| Frequency (Hz) Condition/status Comments
u(v)
e =P Without load =
- - Resistive load application -
- - " Resistive load removal e
Supplementary information: The PCE is not a standalone unit; therefore, the Steady State Inverter AC
output voltage and frequency is not deemed applicable.
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4.8.2 TABLE: Array insulation resistance detection for inverters for ungrounded P N
and functionally grounded arrays
4.8.21 Array insulation resistance detection for inverters for ungrounded arrays P
DC Voltage below DC Voltage for Resistance Required Resuiit
minimum inverter begin between ground Insulation
operating voltage operation and PV input resistance
(V) v) terminal R = (Vmax ev/
(kQ) 30mA)
(k)
DC+
80 360 18 20 Unit can't start up, Error

message on display
Isolation fault

80 550 18 20 Unit can’t start up, Error
message on display
Isolation fauit

DC-

80 360 18 20 Unit can’t start up, Error
message on display
Isolation fault -
80 550 18 ‘ 20 ~ Unit can't start up, Error
message on display
Isolation fauit

Note:

For isolated inverters, shall indicate a fault in accordance with 13.9 (operation is ailowed); the fault
indication shall be maintained until the array insulation resistance has recovered to a vaiue higher than the
limit above

For non-isolated inverters, or inverters with isolation not complying with the leakage current limits in the
minimum inverter isolation requirements in Table 30, shall indicate a fault in accordance with 13.9, and
shall not connect to the mains; the inverter may continue to make the measurement, may stop indicating a
fault and may connect to the mains if the array insulation resistance has recovered to a value higher than
the limit above. ‘

It is not required to test all PV input terminals if analysis of the design indicates that one or more terminais
can be expected to have the same result, for example where multiple PV string inputs are in parailel.

Supplementary information: Nil

TRF No. IS 16221 (Part 2): 2015_V1.0
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4.8.3.2 TABLE: 30mA touch current type test for isolated inverters _ N/A
Condition Current (mA) Limit { 30mA)
DC+to PE
DC- to PE )

Supplementary information:
¢ ThetouchcurrentmeasurementcircuitoflEC60990, Figure 4 is connected from each terminal of the
array to ground, one at a time.

4.8.3.3 TABLE: Fire hazard residual current type test for isolated inverters N/A
Condition Current (mA) Limit { 300mA or 10mA per kVA)
DC+ to PE
DC-to PE )

Supplementary information:

TRF No. IS 16221 (Part 2): 2015_V1.0
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4.8.3.5 TABLE: Protection by residual current monitoring [

Output power (W) : 6000

Input voltage (Vpc):360
Frequency (Hz): 50

Output AC Voltage ( Vac): 230.0

Test conditions:

4.8.3.5.2 Test for detection of excessive continuous residual current P
Fault Current (mA) Disconnection time (ms) =
Limit
Mins el 300mA for output power £30
Fault Clrront kVA Measured Disconnection time Limit
10mA per kVA for output power
> 30 kVA
+ PV to N:
220 300 173 300 i
218 300 180 300 [
222 300 175 300
233 300 183 300
225 300 188 300 i
- PVto N: g
226 300 - 170 300
230 300 166 300
229 300 164 300
228 300 160 300
227 300 168 300 |

Note:

— maximum 300mA for inverters with continuous output power rating <30kVA;

— maximum 10mA per kVA of rated continuous output power for inverters with continuous output

power rating > 30kVA.

This test shall be repeated 5 times, and for all 5 tests the time to disconnect shall not exceed 0.3s.

The test is repeated for each PV input terminal. It is not required to test all PV input terminals if analysis of
the design indicates that one or more terminals can be expected to have the same result, for example
where multiple PV string inputs are in parallel.

Supplementary information: Nil
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4.8.3.5.3 |TABLE: Test for detection of sudden changes in residual current P
+PVto N
N Un Limit
Limit (mA) Disconnection time (ms) {ms)
30 185 300
30 180 300
30 183 300
30 179 300
30 178 300 |
60 100 150 |
60 103 150
60 99 150
60 101 150
60 105 150 |
150 30 40 |
150 20 40
150 28 40
150 24 40
150 ' 26 . 40
-PVto N
e - Uy _ Limit
Limit (mA) ~ Disconnection time (ms) {ms)
30 182 300
30 176 300
30 190 300
30 187 300
30 195 300 |
60 93 150
60 86 150
60 92 150
60 928 150
60 100 o 150 |
e
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150 20 _ ' 40 |
150 ] 15 40
150 13 40
150 18 40
150 22 40

Note: The capacitive current is risen until disconnection.
Test condition: I, + 30/60/150mA <= |.,.... R is set that 30/60/150mA Flow and switch S is ciosed.
Supplementary information: Nil

7.3.6.3.3/RD TABLE: Protective equipotential bonding P
Measured betweén Test Current Voltage drop (V) | Resistance (mQ) Result

(A)
Earth terminal to ' 80 0.55 6.88 No melting, No loosening,
metal screw No damage
(nearest distance) -
Earth terminal to 80 0.56 7.00 No melting, No loosening,
metal screw No damage
(longest distance)

Supplementary information: Nil

7.3.6.3.7/RD |TABLE: Touch current measurement ‘ “ P
Measured between Measured (mA) Limiit (mA) Comments/Conditions
External protective 1.50 3.5 —

earthing conductor
and earthing
terminal of PCE
Supplementary information: Nil
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7.3.7/RD TABLE: Clearance and creepage measurements ‘ P
Measured between Up (V) |Urm.s (V) |Require cl Required | Cr(mm)
7 (mm) cr {mm)
dcl
(mm)
PV 1+ to ground across capacitor 600 - 3.42 5.72 3.42 5.72
(C237) (Bl)
PV1+ to PV- (FI) 600 --- 3.42 4.56 3.42 4.56
AC mains terminal to ground (Bl) 326 230 3.42 5.90 3.42 5.90
Terminal GL to Terminal GN (FI) 326 230 3.42 6.93 3.42 6.93
Optocoupler (U37) Primary to 600 - 6.27 7.89 6.27 7.89
secondary on PCB (RI)

Supplementary information: Bl: Basic insulation, RI: Reinforced insulation

7.3.7/RD TABLE: Distance through insulation measurement P
Distance through insulation Urm.s |Test volatge (V) Required Di (mm)
V) .
di (mm)
Transformer insulation tape 230.0 3000 0.2 >0.2

Supplementary information: Nil

7.5/RD TABLE: electric strength measurements, impulse voltage test and partial discharge P
test

Test voltage applied between Test Impuise Partial Results

wvolatg | withstand Nich

e (V) |voltage (V) senage

voltage (V)
PV input terminal to PE (BI) . 1500 4000 - Pass
AC mains terminal to PE (BI) 1500 4000 Lm Pass
PV terminal to communication port 3000 6000 e Pass
(RI)
AC mains terminal to communication 3000 6000 - Pass
ort (RI)

Supplementary information: Bl: Basic insulation, Rl: Reinforced insulation

TS
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9.2/RD TABLE; Limited power sources N/A
Circuit output tested - .

Components Uoc (V) Isc (A) VA

Meas. Limit

Supplementary information:
¥ i “E¥ | AR ATORY I'0 TA 2t !
‘.’. . '-‘ _'-""_-.J(':f I‘.d l”\" Mn
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Appendix A
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Appendix B
14 TABLE: List of critical components P
Object/part no. | Manufacturer/ Type/model Technical data Standard Mark(s) of
trademark conformity
Whole Unit
Metal Jiaxing ZLIA ADC12 370%360*120mm |[1S 16221 Tested with
enclosure Electric Co. LTD (Part 2):2015/ IEC | equipment
62109-2:2011
PV Dongguan Vaconn | VP-D4B-PHSMO-N | -40~85C .
connector Electr%nic VP-D4B-PHSFO-N 1100Vdc IEC 62662:2014 | TUV Rh.
Technology Co., (R 50396796)
Ltd.
Internal wire SHENZHEN 1015 105°C, 600V UL 758 (IEC UL (E227566)
connected to WOER HEAT- Standard not
(PV connector) | SHRINKABLE available)
MATERIAL CO
LTD
AC connector | Dongguan VPACO3EP-3P5-00 | -40~85°C EN 61984:2009 TUV Rh.-
Vaconn 500Vac (Harmonized with ,
Electronic IEC 61984) (R 50235418)
Technology Co.,
Internal wire SHENZHEN 1015 105°C, 600V UL 758 (IEC UL (E227566)
connected to WOER HEAT- Standard not
(AC connector) | SHRINKABLE available)
MATERIAL CO
DC Load Santon XBE+3310/6 1000V, 8A EN 60947- TUV Rh.
Switch International BV 3:2009+A1+A2
(Harmonized with (R 50423069)
IEC 60947-3)
Internal wire SHENZHEN 1015 105°C, 600V UL 758 (IEC UL (E227566)
connected to | WOER HEAT- Standard not
(DC Switch) SHRINKABLE available)
MATERIAL CO
LTD
Boost inductor | HUIZHOU T305-13497A 1mH 130°C 1S 16221 Tested with
INDUCTANCE : (Part 2):2015/'\EC | equipment
ELECTRONIC 62109-2:2011
TECHNOLOGY
CO.,LTD
Internal wire GUANGDONG 1015 105°C, 600V UL 758 (IEC UL (E300956)
(To boost HAERKN NEW Standard not
inductor) ENERGY CO available)
LTD )

TRF No. 1S 16221 (Part 2}: 2015_V1.0
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(20-011-10001-00) Board
PCB ZHEJIANG JH-1 V-0, 130°C UL 796 UL (E250425)
JUNHAO (IEC standard not
ELECTRONICS available)
CO., LTD
Transformer BO LUO DA XIN |KB2341-26813 1.11mH 155°C IS 16221 Tested with
(TX1) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.LTD 62109-2:2011
Transformer BO LUO DA XIN |KB2341-26838 1.0mH 155C 15 16221 Tested with
(TX2) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.LTD 62109-2:2011
Transformer BO LUO DA XIN | KB2341-26879 >1.6mH 155°C IS 16221 Tested with
(TX3) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.LTD -62109-2:2011
Inductor BO LUO DA XIN |HX2341-DX2063 |130°C IS 16221 Tested with
(L1) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.LTD 62109-2:2011
Inductor BO LUO DA XIN |HX2341-DX2058 |1.58mH IS 16221 Tested with
(L2) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.LTD 62109-2:2011
Inductor BO LUO DA XIN | HX2341-DX2059 |0.6mH IS 16221 Tested with
(L12) ELECTRONIC (Part 2):2015/ IEC | equipment
CO.,LTD 62109-2:2011
Relay Xiamen Hongfa | HFD3-VI/12 2A, 30vVDC - :
(RYS, RY6) ipleiniiteias IEC 61810-1:2015 | TUV Rheinland
Co., Ltd. (R 50433438)
Relay Xiamen Hongfa [HF161F-W 31A, 250VAC IEC 61810-1:2015 VDE
(RY1, RYZ, Electroacoustic (40031410)
RY3, RY4) Co., Ltd.
&ﬁtgcggg‘er Fairchild ABTT MaXithTO'SP‘K IEC 60747-5-5: VDE
,U22, : current: mA,
U34. U35, U36U IEteem[-lizc?nductor Cr: 27.0mm, 220&2' AMD1 (40026857)
37) Cl: 27.0mm, )
Operating
temperature:
-55 to 115°C
Capacitor Xiamen MKP63 300V, 4700pF EN 60384-14; ENEC-SEMKO
(C20, C32, Faratronic 2013 (0366-2D)
C138, C201, +A1(Harmonized
C204, with IEC 61071)
C217,C228,
C237,C238) i
Capacitor Xiamen MKP63 300V, 33nF EN 60384-14: ENEC-SEMKO
(C18, C30) Faratronic 2013 (0366-2D)
+A1(Harmonized
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Capacitor Xiamen Faratronic | C3D 800VDC, 10 uF IEC 61071:2007 | TUV Rheinland
(C208, C230) [Co,, Ltd. (AN 50267748)
Capacitor Xiamen CBA 8.0 uF, 350VAC, [IEC 61071:2007 | TUV Rheinland
(C167) Faratronic Co., 40/85/56 IEC 61881-1:2010 | (R 50266136)
Ltd.
Capacitor Xiamen C4B 350V, 1.5uF EN 61071:2007 ENEC-SEMKO
(C25) Faratronic (Harmonized with | (0366-6B)
IEC 61071)
Current LEM HLSR32-P 32A UL 508 UL (E189713)
transducer SWITZERLAND S {Harmonized IEC
(HCT1) A standard not
available)
Varistor Brightking 561KD10 560V, IEC 61051- VDE
(MOV1, (Shenzhen) Co., Withstanding 2:1991/AMD1:200 | (40027827)
MOV4, mgﬁ Current: I (A)
MOVe, Standard: 2500,
I (A) High Surge:
3500
DIODE Fairchild FFH60UPG0S High Speed IS 16221 Tested with
(D53,D59) semiconductor Switching, trr < | (Part 2):2015/IEC | equipment
80ns , Low 62109-2:2011
Forward
Voltage, VF <
1.7V
IGBT ON FGH75T65SHD | 650V, 75A IS 16221 Tested with
(Q28,Q34, semiconductor (Part 2):2015/ IEC | equipment
Q101,Q102,Q1 62109-2:2011
03,
Q201,Q202,Q2
03)
(20-011-10009-00) Board
PCB ZHEJIANG JH-1 V-0, 130°C UL 796 UL (E250425)
JUNHAO (IEC standard net
ELECTRONICS available)
CO., LTD

Supplementary information: '. Evidence provided by the manufacturer for the listed components are verified by
us and the evidence are conforming to the requirement of relevant standard
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List of measurement units used for investigation ]
Sr. no. |Unit Type Calibration date 5:5; faton Fixtures-No.
1 Solar array simulator PVS1200 08/01/2020 07/01/2021  |HPLI/T-E/535
2 )Anti-islanding test load PV-RLC385-200K |13/01/2020 12/01/2021  HPLI/T-E/533
3 Grid simulator Programmable AC|PVS7200T 13/01/2020 12/01/2021 HPLI/T-E/532 |
Power source
4 Digital power harmonic Analyzer PW3337 03/10 to 02/10/2021 & HPLI/T-E/518
with CT 06/10/2020 & 23/03/2021
24/03/2020
Power quality analyser PQ3100-94 18/01/2020 17/01/2021  HPLIT-E/579
6 Data Logger (16 Chanel) DL-35W 23/12/2019 122/12/2020  HPLI/T-E/336
7 Data Logger (16 Chanel) DL-35W 23/12/2019 22/12/2020  |HPLYT-E/334
3 H.V. Breakdown Tester-2 Digital 16/12/2019 15/12/2020  HPLI/T-E/007
9 Humidity Conditioning Chamber |--- 06/02/2020 05/02/2021  |HPLIT-E/36-A
10 Stop Watch Digital 25/12/2019 24/12/2020  |HPLIT-E/023
11 Oscilloscope TBS1102 25/01/2020 25/01/2021  HPLIT-E/M73
12 Digimatic Caliper Digital 18/12/2019 1711212020  |HPLI/T-E/306
13 Dust Proof Chamber --- 17/12/2019 16/12/2020  HPLI/T-E/052
14 IP machine with Standard nozzle 17/12/2019 & 16/12/2020 & [HPLI/T-E/087 &
26/08/2019 25/08/2021  |HPLI/T-E/088(a)
15 PAES Test Apparatus Digital 19/12/2019 18/12/2020  |HPLI/T-E/340
16 Impulse tester IT16kV 03/08/2020 02/08/2021 HPLI/U2/T-E/052
17 Jointed Test Finger - 20/04/2019 19/04/2021 HPLI/T-E/295
18 Test Pin --- 31/01/2019 30/01/2021 HPLI/T-E/299
19 [Touch current network Analog 18/12/2019 17/12/2020  |HPLI/T-E/308
Figure 4 of IEC
60990: 1999 with multimeter
20 Sonic pressure and sound level [SL-4001 18/07/2020 17/07/2021 HPLI/T-E/253
measuring instrument
21 Residual current meter with DM3058E 13/01/2020 12/01/2021 HPLI/T-E/534
Adjustable resistances
22 D.C. High Voltage tester Digital 18/12/2019 17/12/2020  [HPLI/U2/TEST/151
23 Hot air oven Digital 27/12/2019 26/12/2020  HPLI/U2/TEST/190
Supplementary information: Nil o B
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Appendix C
Block diagram of Inverter
DL Swiich Boos BUS Inverter Lo Retay
e 3
T Ll T ‘
Py }W F'?i:i;l { : /{\ : BFC) (:];::. ]:x_i
pV2s E 1 i n -
= ot i i ol B T N
= £ i H |
T x ]
: I Er i T ¥ i PE
T gk i e S oo
PV S ..._g_:._...,.....,_' 1 H ; | :
T by i : ! I b
i
| ey | B ]
: "v Iij....w”......._.._._..._';,;-.l
————————— -
e - Master DSP + i Slaver DSP
: .
| ry %
!
1
i 3 Munsger -
i
E
* v v v v
Emergency Euth usp LCn/
i Meter/CT - DRMO §:;; Updste KEY

X RORATORY Iv0QIA PVT. I

TRF No. IS 16221 (Part 2): 2015_V1.0

www. hiphysix.com




Hi PHYSI(()?;‘)

testing & calibration laboratory

TC-5100
ULR-TC5100200000001653F Page 101 of 104 Report No. HPLI/Test/2008029501/01
IS 16221 (PART 2):2015
Clause Requirement + Test Result - Remark Verdict

Appendix D
PHOTO DOCUMENTS

FRONT VIEW

REAR VIEW
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PCB BOARD COMPONENT SIDE VIEW

WI PHYCIX LABORATORY IMpIA PV
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DISPALY BOARD COMPONENT SIDEVIEW
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PV CONNECTORS, DC SWITCH, COM,WIFI/GPRS, AC OUTPUT PORT

--- End of Test Report ---

TRF No. IS 16221 (Part 2): 2015_V1.0

www. hiphysix.com




