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Test item description..........ccceeenee. | Photovoltaic (PV) Module(s)
Trade Mark .......ccccoveeeiniiiiieeieenns : q]miléa

JOLYWOOD
Manufacturer .........ccccovveeveeeeviccvnnnen, . | Jolywood(Taizhou) Solar Technology Co., Ltd.
ADATESS ..o . |Kaiyang Rd. Jiangyan Economic Development Zone

225500 Taizhou, Jiangsu, PEOPLE'S REPUBLIC OF CHINA

Model/Type reference..........ccuu..... . | See page 8 of this report
RatingsS .....ovveeiiiee e . | See page 8 of this report

Testing procedure and testing location:

X |TUV SUD Branch:

TUV SUD Certification and Testing (China) Co., Ltd.
Shanghai Branch

Testing location/address.......ccccceeveveeiieeenennnns

No. 151 Heng Tong Road, Shanghai 200070, P. R. China

X |Associated Testing Laboratory:

Changzhou HuaYang Inspection and Testing Technology
Co., Ltd.

Testing location/address.......ccccceeveveeiieeinennns

No.8 Lanxiang Road, Wujin Economic Development Zone,
Changzhou, Jiangsu, China

Tested by (name + signature) ...........cceeeeennnn

Qiaoying Li (anping 13

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

Guangxia Fu MC&/
V!

] |Testing procedure: TMP/CTF Stage 1:

Testing location/address........ccccceveevvivcnnnnnnn

Tested by (name + signature) .........cccocceeel

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

[] |Testing procedure: WMT/CTF Stage 2:

Testing location/address........cccccveevenvcnnnnnn

Tested by (name + signature) .........c.cocceeel

Witnessed by (name + signature)...............:

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

[] |Testing procedure:
SMT/CTF Stage 3 or 4:

Testing location/address.........cccccceevvnninnnnnd

Tested by (name + signature) ............cccueeeel

Witnessed by (name + signature)................:

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

Supervised by (name + signature) ..............:

TRF No. IEC61730a
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List of Attachments (including a total number of pages in each attachment):

Photographs: Attachment No.1 /9 pages

Summary of testing:

Based on previous project 70406193402-16,
following modifications were included:

1. Adding following materials:

1) Substrate supplied by Chenzhou Kibing
Photovoltaic & Electronic Glass Co., Ltd.

Type: Heat strengthened glass with inside white
ceramic glaze coating

2) Superstrate supplied by Chenzhou Kibing
Photovoltaic & Electronic Glass Co., Ltd.

3) Frame supplied by Jolywood (Suzhou) Sunwatt
Co., Ltd. Material Aluminum-Magnesium-Zinc (Al-
Mg-Zn), Thickness: 30 mm

4) Half cut cell supplied by Jolywood (Taizhou)
Solar Technology Co., Ltd. Mono-Si, NM1016B, N
Type,182x91mm,16BB.

5). Adhesive MH3668 supplied by Jiangsu
Minghao New Material Sci-tech Corporation.

6). Encapsulation SE-556 Thickness:0.45(-
0.09+0.35)mm supplied by Changzhou Sveck PV
New Material Co., Ltd.

7). Cell connector Cross-sectional area ¢0.25mm
supplied by Suzhou Sanysolar MATERIALS
Technology Co., Ltd.

Full tests according to IEC 61730-2:2016 were
conducted on representative model JW-HD155N-
570

Requirements according to IEC 61730-1:2016
were verified.

Testing location:

Changzhou HuaYang Inspection and Testing
Technology Co., Ltd.

NO.8 Lanxiang Road, Wujin Economic
Development Zone, Changzhou, Jiangsu, China

Summary of compliance with National Differences:

List of countries addressed

The text of IEC 61730-1: 2016 was approved by CENELEC as EN 61730-1: 2018 without any

modification.

The text of IEC 61730-2: 2016 was approved by CENELEC as EN 61730-2: 2018 without any
modification.

X] The product fulfils the requirements of IEC 61730-1: 2016 , IEC 61730-2: 2016

(insert standard number and edition and delete the text in parenthesis, leave it blank or delete the

whole sentence, if not applicable)

TRF No. IEC61730a
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Copy of marking plate:

The artwork below may be only a draft. The use of certification marks on a product must be
authorized by TUV SUD Product Service GmbH that own these marks.

Tast Conditions ETC Power Salaction D=+
@JDLYWD oD Rated Max Power (Pmax TOL£3%) STOW | Maximwn Overcurrent Protection Rating | 30A
Jelywoad (Taizhou) Selar Technslegy Co Ltd Current at Pmax (Tmp) 13328 | Maximwn System Veltage 1500
Model Tyvpe TW-HD144M-570 Voltage at Pmax (Vmp) 42 EV FV Module Classification Class 1
Produet Name Solar Module Shert-Cireuit Current (Ise TOL+3%) 14244
Address:Kaiyang Rd.Jiangyan Economic Open-Circuit Voltage (Voe TOL=4%) 5108V c € @ Il A
Development Zone, Taizhou Jiangsu. China STC-AM=1.5 E=1000W /m? Te=259%C -

TRF No. IEC61730a
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Test item particulars........ccccoevveveivccevcinnieeveeveel. NJA

Accessories and detachable parts included in the N/A

EVAIUALION e

Mounting system used.........c.ccccevvevceevceesneeeneeenns. Specified the user manual
Other options included ........ccccevvvevieiciiienceneene. N/A

Possible test case verdicts:

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

- test object does meet the requirement................. . P (Pass)

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

Abbreviations used in the report:

Pmax — Maximum power PD — Patrtial Discharge

Vmp - Maximum power voltage RTI — Relative Thermal Endurance Index
Imp  — Maximum power current STC - Standard Test Conditions
Isc — Short circuit current TC — Thermal Cycling

Voc - Open circuit voltage CTl  — Comparative Tracking Index
FF — Fill factor MST — Module Safety Test

HF — Humidity Freeze DH - Damp Heat

RTE —Relative thermal endurance index TI — Temperature Index

P1 —Pollution degree 1 P2 —Pollution degree 2

P3 —Pollution degree 3

Testing:

Date of receipt of test item .......ccccceevveiiciieviciieees : 2022-07-10

Date (s) of performance of tests......cccccecevevicienens : 2022-07-12 to 2022-10-23

TRF No. IEC61730a
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General remarks:

"(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.

Manufacturer’s Declaration per sub-clause 4.2.5 of IECEE 02:

The application for obtaining a TUV SUD Test X Yes

Certificate includes more than one factory location ] Not applicable
and a declaration from the Manufacturer stating that
the sample(s) submitted for evaluation is (are)
representative of the products from each factory has
been provided .........cccocciee e :

When differences exist; they shall be identified in the General product information section.

Name and address of factory (ies) ..........ccccuueeene. . 1.Jolywood (Taizhou) Solar Technology Co., Ltd.
No.11 Xingyuan Rd, Jiangyan High-tech Zone,

Jiangyan District 225500 Taizhou, Jiangsu,
PEOPLE'S REPUBLIC OF CHINA

2.FENGYANG JOY ENERGY TECHNOLOGY CO.,
LTD

88 East Yongqging Road, Economic Development
Zone, Fengyang County, 233100 Chuzhou City,
Anhui Province PEOPLE'S REPUBLIC OF CHINA
3. Changzhou RIX Photovoltaic Technology Co.,
Ltd.(117315)

No.21 Changhu Road, Rulin Town, Jintan District
213200 Changzhou, Jiangsu Province, PEOPLE'S
REPUBLIC OF CHINA

TRF No. IEC61730a
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General product information:

PV module type reference.......ccccocevieviciceniieee . See page 8 in part 1 of this report

Product Electrical Ratings at STC

Nominal maximum power (Pmax, tolerance)............... See page 8 in part 1 of this report
Nominal open circuit voltage at (Voc, tolerance)......... See page 8 in part 1 of this report
Nominal short circuit current at (Isc, tolerance) ........... See page 8 in part 1 of this report
Nominal maximum power voltage (Vmp) ..................... See page 8 in part 1 of this report
Nominal maximum power current (Imp) ....................... See page 8 in part 1 of this report

Product Safety Ratings

Maximum systems operating voltage .............cccoceenel 1500vDC

Maximum over-current protection rating ...................... 30A

Safety class in accordance with IEC 61140................. Class I

Fire safety class.........ccccceceeviieviicviie i ssieeve s Class C according to UL790

Recommended maximum series/parallel module Refer to manual document

CONFIQUIALIONS .....eeiiiiiee e

Scope of Module Safety Qualification Testing:

[ Initial module safety qualification
X Extension of module safety qualification
Original test report ref. NO. ......ccccceeveeevievieneeneenl. 704061930402-16

Model differences and modification:

X] Change in cell technology X Change in cell interconnect materials/technique
X Modification to encapsulation system [] Modification to junction box/el. termination
X] Modification to superstrate [] Change in el. circuit of an identical package
X] Modification to backsheet/substrate ] Higher or lower output by 10 %
X] Modification to frame/mounting structure ] Increase in module size
[] Removal of frame [J Modification to bypass diode
] Modification to edge sealing [] Increased max system voltage
[] Modification to cut cells [ ] Others
Module group assignment:
Sample # Type/model Sample S/N Remark
" Azozzmgw-oom JW-HD144N-570 | JW394622090288000296 |  Control module
" 20221 1o15.00 sxy | IW-HDL44N-670 | JW394622090288000277 TT, RT
" A2022L'§A1£215-005X) JW-HD144N-570 | JW394622090287702529 UV sequence
(HA2022L'Y|18415-007X) JW-HD144N-570 JW394622090287702644 TC200
H A2022L'§A1€115-009X) JW-HD144N-570 JW394622090287703146 DH1000
" A2022L'Y|11415-011X) JW-HD144N-570 | JW394622090287703060 Sequence B

TRF No. IEC61730a
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(HA2022L’Y|12415-012X) JW-HD144N-570 JW394622090287703082 Sequence B1
(HA2022LM13;15-013X) JW-HD144N-570 JW394622090287703092 Materials creep test
(HA2022II_V-|315-014X) JW-HD144N-570 JW990202210000101008 Impulse voltage
(H A2022|'_v_| 515_01&() JW-HD144N-570 JW394622090288000297 MB
(HA2022||_\{|]1.4?15-021x) JW-HD144N-570 JW394622090288000209 Ignitability test
(HA2022I|_\{|]]:115-024X) JW-HD144N-570 JW444721030100100017 Fire test
(HA2022I|_\{|]%215—025X) JW-HD144N-570 JW394622090288000226 Fire test
(HAZOZZMiA?lS—OZGX) JW-HD144N-570 JW394622090288000192 Fire test
Supplementary information: N/A

Note (1) Use the “General product information” field to give any information on model differences within a
product type family covered by the test report.

Note (2) Use the “General product information” field to describe the range of electrical and safety ratings,
if the TRF covers a type family of modules.

Note (3) Use Annex 1 to list the used materials and components of the module (manufacturer/supplier and
type reference)

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

Classification, applications and intended use

The PV modules shall be classified according to IEC
61140 (Class 0, H, ) .oceeviiiiiiiicieneeese e :

Class Il

The PV modules are marked in accordance with
5.2.2.

Requirements for design and construction

General

All PV modules are suitable for operation in outdoor
non-weather protected locations,

exposed to direct and indirect (albedo) solar
radiation, in an environmental temperature range

of at least —40 °C to +40 °C and up to 100 % relative
humidity as well as rain.

Compliance is verified by evaluation of materials,
components and PV module construction as well as
tests specified in IEC 61730-2.

The provided assemblies of the product don’t
involve any action that is likely to affect compliance
with the requirements of the IEC 61730 series.

Incorporation of a PV module into the final assembly
doesn’t require any alteration of the PV

module from its originally evaluated form.

N/A

All PV module mounting and wiring methods
specified in the installation instructions are evaluated
for compliance with the IEC 61730 series.

Compliance with the IEC 61730 series assesses the
impact of the mounting and wiring methods on the
safety of the PV modules, but does not assess the
safety or suitability of the mounting or wiring
methods for their intended use, see IEC 61215.
These are subject to additional requirements or local
code requirements.

N/A

The construction of a PV module is such that
equipotential bonding continuity, if applicable, is not
interrupted by installation.

Any adjustable or movable structural part is provided
with a locking device to reduce

the likelihood of unintentional movement, if any such
movement may result in a risk of fire,

electric shock, or injury to persons.

N/A

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

manufacturing tolerances;

Clause Requirement + Test Result - Remark Verdict
PV modules don’t have accessible burrs, sharp
edges or sharp points that can cause injury to users
or service persons. Edges and points that appear to P
be sharp by inspection, comply with the sharp edge
test (MST 06).
Parts are prevented from loosening or turning if such
loosening or turning may result in a risk of fire,
electric shock, or injury to persons. Compliance for
components is verified by P
specific tests described in the relevant standards or
screw connection test (MST 33).
Supplementary information:
5.2 Marking and documentation P
5.2.1 General
Instructions related to safety are in an official In English
language of the country where the equipment is to P
be installed.
5.2.2 Marking P
5221 General p
Each PV module shall include the following clear and indelible markings —
Jolywood(Taizhou) Solar
] ] Technology Co., Ltd.
a) Name, registered trade name, or registered trade p
mark of manufacturer I:l:lm 5'{:@
JOLYWOOD
b) Type or model number designation; JW-HD144N-570 for example P
¢) Serial number Provided under superstrate p
near the top rail of frame
d) Date and place of manufacture; alternatively serial number allowing to
serial number assuring traceability of date and place |trace the date and place of P
of manufacture manufacture;
e) Polarity of terminals or leads “+”and “-’ P
f) “Maximum system voltage” or "Vsys” 1500V DC P
g) Class of protection against electrical shock, in Class Il P
accordance with Clause 4 of IEC 61730-1:2016
h) “voltage gt open-cwcmt. or “Voc” including 51.08V + 4% for example p
manufacturing tolerances;
i) “Current a_ltshort-cwcwt;. or “Isc” including 14.24A + 5% for example p
manufacturing tolerances;
) “PV module maximum power” or “Pmax” including 570W + 3% for example p

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

k) Compliance “Maximum overcurrent protection
rating”, is verified by reverse current overload test
(MST 26).

30A

All electrical data is shown as relative to standard
test conditions (STC) (1 000 W/m2, (25 + 2) °C, AM
1.5 according to IEC 60904-3).

International symbols is used where applicable

Compliance is verified according to visual inspection
(MST 01) and durability of markings (MST 05).

PV connectors or wiring is marked in accordance to
IEC 62852 with a symbol “Do not disconnect under
load”, as given in Annex A in standards IEC 61730-
1:2016. Symbol or warning notice is imprinted or

labelled close to connector. PV connectors is clearly
marked indicating the terminal polarity.

For Class Il and Class 0 PV modules, the A

(IEC 60417-6042: Caution, risk of electric shock)
symbol shall be applied near the PV module
electrical connection means.

marked on label

PV modules shall be marked to indicate the classes
as follows:

Class Il IE

Class 0: No symbol

Class I C

PV modules provided with a functional earth
connection are provided with a symbol

o

according to 5.2.2.2.2, Figure 3:

PV modules provided with terminals for field wiring
rated only for use with copper wire are marked, at or
adjacent to the terminals, with the statement "Use
copper wire only", "Cu only", or the equivalent.

N/A

PV modules provided with terminals for field wiring
rated only for use with a different specific wiring
material is marked with a similar statement referring
to the rated material.

N/A

PV modules provided with terminals for field wiring
rated for use with all types of wiring material do not
need to be marked.

N/A

5222

Symbols

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

52221

Equipotential bonding

A wiring terminal or bonding location of a PV module
intended to accommodate a field installed bonding
conductor for equipotential bonding is identified with
the appropriate symbol IEC 60417-5021 (DB:2002-
10) (IEC 61730-1:2016 Figure 2)). Alternatively IEC
60417-5017 (IEC 61730-1:2016, Figure 1) can be
used. No other terminal or location is identified in
this manner.

52222

Functional earthing

A wiring terminal or bonding location of a PV module
intended to accommodate a field installed functional
earthing conductor is identified with the appropriate
symbol (IEC 60417-5018 (DB: 2002-10) (IEC
61730-1:2016 Figure 3).

N/A

523

Documentation

PV modules are supplied with documentation
describing the methods of electrical and mechanical
installation as well as the electrical ratings of the PV
module.

The documentation states the Class under which
the PV module was qualified and any specific
limitations required for that Class.

The documentation states the environmental
conditions to which the module has been qualified,
which by default includes a temperature range of —
40 °C to +40 °C and wind/snow load including safety
factor.

Designed load:
Positive: 3600 Pa
Negative: 1600 Pa

Safety factor for both side:
15

It is ensured that appropriate documentation for safe
installation, use, and maintenance is available to
installers and operators.

Environmental conditions to which a PV module has
been qualified may include IEC 61701 or

IEC 62716

N/A

The documentation shall contain the following information:

all information required by 5.2.2.1 with exception of
c), d) and e);

recommended maximum series/parallel PV module
configurations;

Refer to manual document

the current rating of overcurrent protection, as
determined in MST 26.

30A

manufacturer’s stated tolerance for Voc, Isc and
maximum power output Pmax under standard test
conditions;

Pmax:+3%
Voc:4%, Isc:x5%

temperature coefficient for voltage at open-circuit

Refer to IEC61215 report

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause Requirement + Test Result - Remark Verdict
temperature coefficient for maximum power; Refer to IEC61215 report P
temperature coefficient for short-circuit current. Refer to IEC61215 report P

All electrical data is shown as relative to standard —
test conditions (1 000 W/m2, (25 £ 2) °C, AM 1,5 P
according to IEC 60904-3).

International symbols are used where applicable — P

The electrical documentation includes a detailed description of the electrical
installation wiring method to be used. This description includes:

the minimum cable diameters for PV modules Refer to manual document
intended for field wiring

any limitations on wiring methods and wire
management that apply to the junction box for =)

the PV module

the size, type, material, and temperature rating of
the conductors to be used

type of terminals for field wiring N/A

specific PV connector model/types and
manufacturer to which the PV module connectors P

can be mated

the bonding method(s) to be used (if applicable) are
specified. All provided or specified hardware are P
identified in the documentation

the type and ratings of bypass diode to be used (if

applicable) P
limitations to the mounting situation (e.g. slope, p
mounting means, cooling)

a statement indicating the fire rating(s) and the

applied standard, or a statement that resistance to

external fire sources was not evaluated, as well as p

the limitations to that rating (e.g. installation slope,
sub structure or other applicable installation
information);

a statement indicating the minimum mechanical
means for securing the PV module (as evaluated P
during the mechanical load test (MST 34));

a statement indicating the maximum altitude the PV | Up to 2000m

module is designed for. De-ratings can be applied. P
The documentation for roof mounting shall include: —
a statement indicating the minimum mechanical

means for securing the PV module to the roof (as p

evaluated during the mechanical load test according
(MST 34);

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

details of the specific parameter(s) when the fire
rating is dependent on a specific mounting structure,
specific spacing, or specific means of attachment to
the roof or structure.

The documentation includes a statement advising
that external or otherwise artificially concentrated
sunlight shall not be directed onto the front or back
face of the PV module (if not qualified for).

Assembly instructions are provided with a product
shipped in subassemblies, and are detailed and
adequate to the degree required to facilitate
complete and safe assembly of the product to
specifications set forth in the IEC 61730 standard
series.

N/A

To facilitate proper system sizing the manufacturer
includes relevant parameters in the installation
instructions that allow system layout based not only
on STC values given in the documentation. For
example a safety factor for Voc and Isc of 1,25 is
recommended since irradiance is often higher then 1
000 W/m2 and temperature below 25 °C may raise
Voc.

The following or equivalent statement are included:

"Under normal conditions, a photovoltaic module is
likely to experience conditions that produce higher
current and/or voltage than reported at standard test
conditions. Accordingly, the values of Isc and Voc.
marked on this PV module should be multiplied by a
factor of 1,25 when determining component voltage
ratings, conductor current ratings, and size of
controls (e.g. inverter) connected to the PV output.”

Supplementary information:

5.3

Electrical components and insulation

531

General

PV modules consist of the following electrical components and insulation:

the internal wiring, e.g. solar cell and cell
interconnects (see 5.3.2)

external wiring and output cables (see 5.3.3)

connectors (see 5.3.4)

junction boxes for PV modules (see 5.3.5)

frontsheet and backsheet (see 5.3.6)

insulation barriers (see 5.3.7)

T| U| ©U| Tl T

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause Requirement + Test Result - Remark Verdict
electrical connections (see 5.3.8) P
encapsulant (see 5.3.9) P
bypass diodes (see 5.3.10) P

5.3.2 Internal wiring P
Internal wiring has sufficient current carrying p
capacity for the relevant application.

Depending on the pollution degree at the place

where the internal wiring is located precautions P
against corrosion have to be taken

In case that insulation for the internal wiring is

necessary it fulfils the relevant requirements for the P
relevant application according t0 5.5.2.3

Compliance is checked by inspection and by reverse p
current overload test (MST 26).

5.3.3 External wiring and cables P
External wires and cables shall fulfil the Certificate according to p
requirements of EN 50618 EN50618 is provided

534 Connectors P
External DC connectors fulfil the requirements of Certificate according to IEC p
IEC 62852. 62852 is provided
Connectors are marked in accordance with 5.2.2. P

535 Junction boxes for PV modules P
Junction boxes for PV modules fulfil the Certificate according to IEC p
requirements of IEC 62790 62790 is provided

5.3.6 Frontsheets and backsheets P
Front- and backsheets are typically compositions of
layered materials, such as films, adhesives or
coatings, in which at least one material layer
delivers the relied upon electrical insulation and P
other layers may provide extended protection of the
relied upon insulation against the environmental
factors.

Layers of frontsheets and backsheets which are

relied upon for insulation withstand all relevant

mechanical, electrical, thermal, and environmental P
stresses, with compliance demonstrated at the

material or component level.

Layers which represent a part of a tracking path

(creepage) are classified into a material group (see P
5.6.3.3).

TRF No. IEC61730a
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IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

In general polymeric frontsheets and backsheets
meet the relevant requirements of section 5.5.2,

with compliance demonstrated by the tests in IEC
61730-2.

If these sheets are used as relied upon insulation
they at a minimum fulfil the requirements of 5.6.4.3
for insulation in thin layers.

In addition, polymeric front- and backsheets used as
relied upon insulation meet the requirements of
55.2.3.

The values for Tl or RTE (RTI) according to
5.5.2.3.3 are evaluated under consideration of
particular requirements for flexible multilayer sheets
given in IEC 60216-2. Relevant RTI values
evaluated in accordance to UL 746B are accepted
as an alternative to RTE.

N/A

Adhesion of the front- and backsheet, e.g. to the
encapsulant or glass, are appropriate.Compliance is
checked by passing the IEC 61730-2 test sequence.

5.3.7

Insulation barriers

N/A

An insulation barrier withstand all relevant
mechanical, electrical, thermal, and environmental
stresses.

N/A

In general a polymeric insulation barrier meet the
relevant requirements of 5.5.2.

N/A

It is held in place and is not adversely affected to the
extent that its required electrical and mechanical
properties fall below the minimum acceptable values
for the application.

N/A

The removal of the insulation barrier is only possible
by using a tool.

N/A

Compliance is checked by passing the IEC 61730-2
test sequence.

N/A

5.3.8

Electrical connections

5.3.8.1

General

Electrical connections are designed that contact
pressure is not transmitted through insulating
material other than ceramic, pure mica or other
material with suitable characteristics, unless there is
sufficient resiliency in the metallic parts to
compensate for any shrinkage or yielding of the
insulating material.

Prevention is taken that connections do not become
loose, e.g. by using a washer.
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Clause

Requirement + Test

Result - Remark

Verdict

Compliance is checked by visual inspection (MST
01), continuity test of equipotential bonding

(MST 13) and screw connection test (MST 33), if
applicable.

The end of a stranded conductor is not consolidated
by soft soldering in places where the conductor is
subject to contact pressure unless the method of
clamping is designed so as to reduce the likelihood
of a bad contact or if the soldered portion is
maintained outside the contact area of the
connection.

Precautions are taken that under operation clamping
units or other terminations are prevented from
thermal and mechanical stress which might impair
electrical conductivity.

5.3.8.2

Terminals for external cables and PV connector ri

bbons

N/A

Terminals for electrical connections are suitable for
the type and range of conductor cross-sectional
areas according to specification of the manufacturer.

N/A

They meet the requirements of IEC 62790.

N/A

Insulated terminals is designed in a manner where a
possible displacement that may result in a reduction
of clearances and creepage distances is prevented

N/A

5383

Splices and connections inside a PV module

Splices and connections inside a PV module other
than those for terminals of external cables and PV
connector ribbons are mechanically secured and
shall provide electrical continuity.

Electrical connections is soldered, welded,
conductively adhered, crimped, or otherwise
securely connected.

A soldered or conductively adhered joint is
additionally mechanically secured.

5.3.9

Encapsulants

The technical properties of encapsulant are suitable for the intended application. In

particular:

the rated operating temperature range include the
temperature range of the intended application;

the material group, the insulation resistance and the
dielectric strength is suitable for the intended
application.

Compliance is checked by passing the IEC 61730-2
test sequence.

5.3.10

Bypass diodes
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Clause

Requirement + Test

Result - Remark

Verdict

Bypass diodes is rated to withstand the current and
voltage for their intended use.

Compliance is checked by bypass diode thermal test
(MST 25), hot-spot endurance test (MST 22),
bypass diode functionality test (MST 07) and visual
inspection (MST 01).

Supplementary information:

54

Mechanical and electromechanical connections

541

General

Typically found in a PV module are the following mechanical connections:

connections within a frame

PV module mounting interfaces such as frame or
backrail to glass or backsheet via adhesive (silicone,
rubber, etc.);

frame to clamp of a mounting system;

frame to clamp

means for equipotential bonding;

means for the attachment of junction box to the PV
modules (silicone, tape, etc.);

mechanical connections within the laminate

Mechanical connections are able to durably
withstand the thermal, mechanical, and

environmental stresses occurring in the application
without decreasing the integrity of the connection
below safe levels.

Compliance is checked by inspection and during the
mechanical load test (MST 34), module breakage
test (MST 32), materials creep test (MST 37) and, if
applicable, continuity of equipotential bonding tests
(MST 13).

Individual material requirements are given in 5.5

Parts intended to be removed is only detachable
with the aid of tools.

Lids that are attached without screws has one
orseveral detectable facilities, e.g. recesses, which
enable tools to be deployed in order to remove
them. If the lid is removed correctly, the tool shall not
come into contact with the active parts.
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Clause

Requirement + Test

Result - Remark

Verdict

For mechanical connections friction between
surfaces, such as simple spring pressure, is not
acceptable as the sole means to inhibit the turning
or loosening of a part. Physical properties or
constructions that provide an interference or form fit
to prevent unintended movement or rotation of the
component comply with this requirement.

N/A

54.2

Screw connections

Screws and mechanical connections, the failure of
which might cause the PV module to become
unsafe, withstand the mechanical stresses occurring
in normal use.

N/A

Screws are not made of a material which is soft or
liable to creep.

N/A

Screws which are operated for maintenance
purposes are not insulating material if their
replacement by a metal screw could impair
supplementary or reinforced insulation.

N/A

Screws used to provide mechanical stability and
continuity for equipotential bonding, e.qg. fixing
screws in frames and other components, comply
with the requirement in the first paragraph of this
subclause. At least one screw per electrical
mechanical connection shall ensure the electrically
connection between the metallic components.
Compliance is checked by inspection and by test for
general screw connection (MST 33a).

N/A

Screws used for mechanical and electrical
connections with a nominal diameter of less than

3 mm is screw into metal.

Only found in junction box,
which is certified according to
IEC 62790

For screws used for mechanical and electrical
connections two full threads engage into

the metal.

Only found in junction box,
which is certified according to
IEC 62790

Screwed and other fixed connections between
different parts of the PV module are made in such a
way that they do not come loose through torsion,
bending stresses, vibration, etc.,as may occur in
normal use. Compliance is checked by inspection
and by test for locking screws (MST 33b).

Only found in junction box,
which is certified according to
IEC 62790

543

Rivets

N/A

Rivets which serve as electrical as well as
mechanical connections are locked against
loosening. A noncircular shank or an appropriate
notch may be sufficient.

N/A

544

Thread-cutting screws

N/A
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Clause

Requirement + Test

Result - Remark

Verdict

Thread-cutting screws and self-tapping screws are
not be used for the interconnection of current-
carrying parts made of metal which is soft or liable to
creep, such as zinc or aluminum.

N/A

Thread-forming screws (sheet metal screws) are not
be used for the connection of current carrying parts,
unless they clamp these parts directly in contact with
each other, and are provided with suitable locking
means.

N/A

Thread-cutting (self-tapping) screws are not be used
for the connection of current-carrying parts unless
they generate a full form standard machine screw
thread. However, screws of the latter type shall not
be used if they are likely to be operated by the user
or installer.

N/A

Thread-cutting and thread-forming screws, used to
provide continuity for equipotential bonding, are
such that it is not necessary to disturb the
connection in normal use.

N/A

For equipotential bonding one screw is permitted if
two full threads engaged the metal.

N/A

545

Form/pressitight fit

Form/press/tight fits of metallic components not
separately equipotentially bonded is electrically
connected.

N/A

Compliance is checked by inspection and module
breakage test (MST 32) and static mechanical load
test (MST 34) and test of continuity of equipotential
bonding (MST 13) pre and post the MST 32 and
MST 34 tests.

5.4.6

Connections by adhesives

Compliance is checked with mechanical load test
(MST 34), test of continuity of equipotential bonding
(MST 13) and module breakage test (MST 32) for
mounting means adhesives and with robustness of
termination test (MST 42 and MST 17) for junction-
box adhesives.

Adhesion of a polymer relied upon for insulation to
another insulating layer is appropriate for the
application.

Verified by IEC 61215/61730-
2 tests

If the connection by adhesive should be considered
as cemented joint the requirements according to
5.6.4.2 are applied. A peel test (MST 35) and a lap
shear test (MST 36) are applied in 5.6.4.2 for
verification of cemented joints.

N/A

547

Other connections

TRF No. IEC61730a




Page 21 of 53 Report No. 704061930402-17 part 2 of 2

IEC 61730-1: Part 1: Requirements for construction

If relevant for clearance and creepage distance
evaluation insulating materials are assigned a
materials group designation based on a CTI rating.

Clause Requirement + Test Result - Remark Verdict
Other connections such as, for example, welded or
soldered, are investigated by visual inspection (MST — P
01).

Other connections which are relied upon for

equipotential bonding are checked with test of — P
continuity of equipotential bonding (MST 13).

Materials and processes for creating the Verified by IEC 61215/61730- p
connections are appropriate for the intended use. 2 tests

Supplementary information:

55 Materials P

551 General p
General compliance is checked with tests in p
accordance to IEC 61730-2.

55.2 Polymeric materials P

5521 General P
Polymeric materials are able to durably and safely
withstand the electrical, mechanical, thermal,
environmental, and corrosive stresses occurring in P
the application, and are resistant to electrical and
mechanical property degradation.

Polymeric parts which ensure either the electrical or

mechanical safety of the PV module, or both, are

resistant to electrical and mechanical property p
degradation and comply with the requirements of the

materials creep test (MST 37) depending on their

constructive function in the PV module.

Polymeric materials used in PV modules as part of a N/A
cemented joint additionally comply with 5.6.4.2.

5522 Endurance to weathering stress P
Polymeric materials are durable to weathering stress p
occurring in the application
Components are evaluated to the relevant

. . - P
requirement in the applicable component standard.

55.2.3 Polymeric materials used as electrical insulation P

55.2.2 Endurance to electrical stress =]
Materials used as electrical insulation withstand
electrical stresses which occur in the application P
both in the unconditioned and preconditioned cases.

P
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Clause

Requirement + Test

Result - Remark

Verdict

Insulating materials between conductive parts of
different polarity or between conductive parts and
accessible surfaces are assessed according to their
material group designation based on their CTI rating
(see B.2.2.4.2), if those materials are a part of a
creepage distance.

P

CTl rating is required from each surface, on which
tracking could occur, e.g. at inner front and/

or backsheet layer surface to encapsulant, if
applicable. See Clause B.9. Figures B.2, B.3

and B.4.

Whenever electrical stress is present through a
material layer (not along an interface or surface) the
concept of distance through insulation is applicable
and CTI is not required.

Additionally, the following PV module tests apply:

— Insulation test (MST 16) before and after
preconditioning, and

— Impulse voltage test (MST 14).

55.2.33

Endurance to thermal stress — RTE (RTI) or Tl (mechanical/electrical)

Materials used as relied upon insulation have a
minimum relative thermal endurance, relative
thermal index or temperature index (RTE/RTI or Tl)
in accordance with IEC 60216-5 or IEC 60216-1
equal to or greater than the maximum normalized
operating temperature of the material as measured
in the particular mounting situation (e.g. roof
mounted) during the temperature test (MST 21), or
90 °C, whichever is higher. For open rack mounted
PV modules, the normalized measured maximum
PV module operating temperature can be assumed
to be 90 °C, so the insulation RTE/RTI or Tl rating
shall be at least 90 °C. To ensure that the electrical
and mechanical properties are provided through the
expected lifetime the Tl and RTE (RTI) values have
to be evaluated as mechanical and electrical ones
according to IEC 60216-2. Relevant RTI values
evaluated in accordance to UL 746B are accepted
as an alternative to RTE.

RTI(Str) for J-Box adhesive is
105°C

55234

Polymeric insulating materials used as external parts

External polymeric parts of the PV module whose deterioration could impair the

safety meet the following additional requirements:

a) flammability class minimum V-1 according to IEC
60695-11-10 (not applicable to insulation in thin
layers; those are covered only by MST 24);

Junction box meet the IEC
62790 requirements

Connector meet the IEC
62852 requirements

Cable meet the EN50618
requirements

N/A
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b) ball pressure test according to IEC 60695-10-2 Junction box meet the IEC
with a temperature of 75 °C (not applicable to 62790 requirements
62852 requirements N/A
Cable meet the EN50618
requirements
c) ignitability test (MST 24) in final application p
(laminated or the PV module);
d) peel test for proof of cemented joints according to N/A
IEC 61730-2 (MST 35), where applicable;
e) lap shear strength test (MST 36), where N/A
applicable.
55.2.3.5 Polymeric insulating parts supporting live parts P
Polymeric parts which are not components of the
laminate whose deterioration could impair the safety p
of the PV module are evaluated with the module
level ignitability test MST 24.
Other than elastomeric polymeric materials (e.g. duroplastic) shall meet the following .
additional requirements:
a) Flammability class minimum HB according to IEC | Junction box meet the IEC
60695-11-10. 62790 requirements N/A
Connector meet the IEC
62852
b) Ball pressure test according to IEC 60695-10-2 Junction box meet the IEC
with a temperature of 125 °C. 62790 requirements NIA
Connector meet the IEC
62852
¢) Materials creep test (MST 37). Junction box meet the IEC
62790 requirements N/A
Connector meet the IEC
62852
5524 Polymeric materials used for mechanical functions P
Materials used for mechanical functions have a
minimum mechanical relative thermal endurance,
relative thermal index or temperature index
(RTE/RTI or TI) in accordance with IEC 60216-5 or
IEC 60216-1 equal to or greater than the maximum | RTI(Str) for adhesive is
normalized operating temperature of the material as 105°C P
measured in the particular mounting situation (e.g.
roof mounted) during the temperature test (MST 21),
or 90 °C, whichever is higher.
5.5.3 Metallic materials P
553.1 General P
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Clause

Requirement + Test

Result - Remark

Verdict

In accordance with IEC 60950-1 metal parts
designed for applications in climates with wet or
humid ambient conditions are not in contact to metal
parts that have a difference of their electrochemical
potentials of more than 600 mV.

Larger electrochemical potential differences are
permissible if the contact points of these materials
are designed to remain dry.

N/A

Electrochemical potentials for specific material
combinations are taken into consideration.

Junction box meet the IEC
62790 requirements

N/A

Iron or mild steel as a part of the product are plated,
painted, or enamelled for protection against
corrosion.

Junction box meet the IEC
62790 requirements

N/A

The corrosion protection at a minimum shall be at
least equivalent to a zinc coating of 0,015 mm
thickness.

N/A

Simple sheared or cut edges and punched holes are
not required to be additionally protected, provided
these features do not affect the mechanical bonding,
mounting or structural performance of the PV
module.

Compliance is checked by inspection.

55.3.2

Current carrying parts

Under normal operation current-carrying parts have
a sufficient mechanical strength and electrical
conductivity.

If environmental conditions may cause corrosion
current-carrying materials (metal, polymeric based,
etc.) are protected against corrosion, e.g. by
coating.

In case of current-carrying parts consisting of
corrosion protective coated metal the coating are
capable of preventing corrosion according to either
one of ISO 1456, 1ISO 1461, 1ISO 2081 or ISO 2093.

N/A

If the current-carrying parts may be stressed by
abrasion, coated metal parts are not allowed.

N/A

Other materials are protected accordingly.

N/A

554

Adhesives
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Clause

Requirement + Test

Result - Remark

Verdict

Adhesives are appropriate for the application.
Compliance is checked by relevant tests of

IEC 61730-2, including lap shear strength test (MST
36), peel test (MST 35), robustness of

terminations test (MST 42), mechanical load test
(MST 34), and visual inspection (MST 01),
accessibility test (MST 11), wet leakage current test
(MST 17) pre- and post- test sequences, where
applicable.

If an adhesive is part of the relied upon electrical
insulation it has to meet the requirements of
5.5.2.3.3.

N/A

Supplementary information: Specific requirements for adhesives are under consideration.

5.6

Protection against electric shock

5.6.2

Protection against accessibility to hazardous live parts

56.21

General

PV modules are constructed to provide adequate
protection against accessibility to hazardous live
parts (> 35V DC).

For Class 0 PV modules, accessible parts shall be
separated from hazardous live parts by at least
basic insulation.

N/A

Class Il PV modules shall be so constructed and
enclosed that only parts separated from hazardous
live parts by double or reinforced insulation are
accessible.

In Class Ill PV modules live parts are not considered
as hazardous, so a separation from

accessible parts is not needed.

N/A

To ensure sufficient functionality and protection
against hazardous lighting arc, live parts of different
polarity are separated by at least functional
insulation.

N/A

Compliance is checked by visual inspection (MST
01) and by accessibility test (MST 11).

Materials used for realizing protection against
accessibility of hazardous live parts by means

of enclosure, insulation barrier or relied upon
insulation comply with the requirements of

5.5.2 due to their application.

5.6.2.2

Protection by means of enclosures and insulation barriers
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Requirement + Test

Result - Remark

Verdict

Enclosures or insulation barriers are so designed
that, after mounting, the live parts are not
accessible. This requirement is fulfilled even if there
is any deformation of the housing and/or cover as a
result of mechanical and thermal stress, which can
occur during normal use. Furthermore, the degree of
protection of the housing is not be impaired by this
possible deformation.

Parts of enclosures and insulation barriers that
provide protection in accordance with these
requirements are not removable without the use of a
tool. Lids which are attached without screws have
one or several detectable features, e.g. recesses,
which enable tools to be deployed in order to
remove them. If the lid is removed correctly the tool
may not come into contact with the live parts.

An insulation barrier is held in place and is not
adversely affected by influences expected during
normal operation to the extent that its necessary
electrical and mechanical properties fall below the
minimum acceptable values for the application.

N/A

Parts shall be prevented from loosening or turning if
such loosening or turning may result in a risk of fire,
electric shock, or injury to persons.

5.6.2.3

Protection by means of insulation of live parts

An insulation material providing the sole insulation
between a live part and an accessible metal part, or
between uninsulated live parts not of the same
potential, is of adequate thickness and of a material
appropriate for the application.

If the maximum power dissipation between two
neighbouring cells is less than 15 W (based on solar
cell rating), neighbouring solar cells connected in
series have no special insulation requirements

Required type of insulation as defined in IEC 61140 is as below:

For class 0, Protection required against direct
contact is required. Besides, basic insulation
between live parts and accessible metal parts, basic
insulation between live parts and accessible
surfaces, and basic insulation between live parts of
different potential of the same circuit are required

N/A

For class Il, Protection required against direct
contact is required. Besides, reinforce insulation
between live parts and accessible metal parts,
reinforce insulation between live parts and
accessible surfaces, and basic insulation between
live parts of different potential of the same circuit are
required
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For class Ill, Protection required against direct
contact is not required. Besides, function insulation
between live parts and accessible metal parts, N/A
function insulation between live parts and accessible
surfaces, and function insulation between live parts
of different potential of the same circuit are required
Supplementary information:
5.6.3 Insulation coordination =)
5.6.3.2 Pollution degree Macro-environment for an
entire PV module is P3. .
For parts enclosed or
encapsulated, P1.
5.6.3.3 Material groups _
5.6.34 Clearances (cl) and creepage distances (cr) P
Minimum clearances (cl) and creepage distances
(cr) between internal live parts and outer accessible 11.2mm P
surfaces
Minimum clearances (cl) and creepage distances
(cr) between live parts of different potential inside a 1.0 mm P
PV module
Minimum clearances (cl) and creepage distances
(cr) between terminals of different polarity of N/A
rewireable junction boxes
Supplementary information:
5.6.4 Distance through insulation (dti) P
5.6.4.2 Cemented joints —
Distance through cemented joints —
Dry volume resistivity as measured according to IEC .
62788-1-2 , method A.
Wet volume resistivity as measured according to .
IEC 62788-1-2 , method A.
5.6.4.3 Insulation in thin layers P
a) Single-layer sheet providing relied upon insulation —
Thickness of single layer —
RTI/ RTE /Tl as defined in 5.5.2.3.3 —
Dielectric strength for reinforced insulation —
b) Multi-layer sheets providing relied upon insulation if single layers are -
characterized individually :
Thickness of each layer, and sum thickness —
RTI/ RTE / Tl for each layer as defined in 5.5.2.3.3 —

TRF No. IEC61730a




Page 28 of 53 Report No. 704061930402-17 part 2 of 2

IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test

Result - Remark

Verdict

Dielectric strength for basic insulation for each layer

¢) Multi-layer sheets providing relied upon insulation if single layers are not

characterized individually:

Thickness of combined thickness of all layers

N/A

RTI/ RTE / Tl for combined layers as defined in
55.2.3.3

N/A

Dielectric strength of entire multi-layer sheet
providing relied upon insulation fulfill requirements
for reinforced insulation.

N/A

Supplementary information:N/A
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10 Test Procedures
Safety qualification testing includes the following Module Safety Tests (MST) of IEC 61730-2:
10.2 MST 01 — Visual inspection ..............cceeevvennee.n... | S€€ table 10.2 P
10.3 MST 02 — Performance at STC .........c.cceeuenenene..d | S€E table 10.3 P
104 MST 03 — Maximum power determination .............: | See table 10.4 P
10.5 MST 04 — Insulation thickness test ......................... | see table 10.5 N/A
10.6 MST 05— Durability of markings ............c.cccceve.e...: | S€€ table 10.6 P
10.7 MST 06— Sharp edge test........ccccccevevrerevsieneenenne.n | S€E table 10.7
10.8 MST 07- Bypass diode functionality test................. | See table 10.8
10.9 MST 11 — Accessibility teSt........ccccceevrcvrecvrnreennn.n | S€€ table 10.9 P
10.10 MST 12 — Cut susceptibility test ............c.evneene..n.l | S€€ table 10.10 N/A
10.11 MST 13 - Continuity test of equipotential bonding.: | see table 10.11 P
10.12 MST 14 — Impulse voltage test...........cccceevrvreenen.n | S€E table 10.12 P
10.13 MST 16 — Insulation test...........cccccvevrvreicrereennnens | S€€ table 10.13 P
10.14 MST 17 — Wet leakage current test.......................... | see table 10.14 P
10.15 MST 21 — Temperature test ...........c.cveevrverrerennnnnnns | S€E table 10.15 P
10.16 MST 22 — Hot-spot test........cccccceveevivciiiieeiee s seeennnes | SEE FEPOIT NO. P
704061930402-17 part 1 of 2
10.17 MST 23 — Fire teSt .....ceoeveeererierec e | S€€ table 10.17
10.18 MST 24 — Ignitability test ...........cccceevvevrverierinne.nnnl | S€€ table 10.18 P
10.19 MST 24 5- Bypass diode thermal test...................... | S€e report no.:
704061930402-17 part 1 of 2
10.20 MST 26 — Reverse current overload Test................ | see table 10.20 P
10.21 MST 32 — Module breakage test...............c.c............ | SEE table 10.21 P
10.22 MST 33 — Screw connections test............c............... | See table 10.22 N/A
10.23 MST 34 — Static mechanical load test.....................: | see table 10.23 P
10.24 MST 35 — Peel tesSt ....cccvevvvvvicieri sl | SEE-table-10-24 N/A
10.25 MST 36 — Lap shear strength test........................... | See-table-10:25 N/A
10.26 MST 37 — Materials creep test ........cc.ccecvrvervrernnnn.n. | S€E table 10.26 P
10.27 MST 42 — Robustness of terminations test.............. | See report no.: P
704061930402-17 part 1 of 2
10.28 MST 51 — Thermal cycling test..............cccceenneeeee..t | SEE FEPOIT NO.: P
704061930402-17 part 1 of 2
10.29 MST 52 — Humidity freeze test ...............cceeee........s | SEE rEPOIt NO.: P
704061930402-17 part 1 of 2

TRF No. IEC61730a



Page 30 of 53 Report No. 704061930402-10 part 2 of 2

IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict

10.30 MST 53 — Damp heat test........ccccccceeevcvvvineere..n.nll | SEE report no.: P
704061930402-17 part 1 of 2

10.31 MST 54 — UV preconditioning test......................... | S€e report no.: P
704061930402-17 part 1 of 2

10.32 MST 55 — Cold conditioning................cceeveenen....... | S€E table 10.32

10.33 MST 56 — Dry heat conditioning ............................ | See table 10.33 P

Supplementary information:N/A
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10.2 TABLE: Visual Inspection - MST 01 (Initial) P
Test Date [YYYY-MM-DDJ .......c.ccccvvvenne.t | 2022-07-12 —
Sample No. Nature and position of findings —
M10 No major visual defects found P
M13 No major visual defects found P
M4 No major visual defects found P
M8 No major visual defects found P
M6 No major visual defects found P
M1 No major visual defects found P
M2 No major visual defects found P
M3 No major visual defects found P
M14 No major visual defects found P
M15 No major visual defects found P
M16 No major visual defects found P
M17 No major visual defects found P
M18 No major visual defects found P
M19 No major visual defects found P
Supplementary information: N/A
10.3 TABLE: Performance at STC — MST 02 P
Test Date [YYYY-MM-DD].......ccccevveennen. : 2022-07-12 —
Irradiance (W/m?) 1000 —
Module temperature (°C) 25 —
TEStMENOM. ...t .| X Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] vmp [V] Pmax [W] FF [%0]
M10 13.836 51.452 13.179 42.794 563.978 79.22
M13 13.814 51.533 13.139 42.986 564.792 79.34
M4 13.816 51.576 13.090 43.238 565.997 79.43
M8 13.790 51.498 13.107 43.107 564.986 79.56
M6 13.785 51.456 13.155 42.906 564.445 79.58
M1 13.817 51.260 13.162 42.657 561.447 79.27
M2 13.814 51.242 13.162 42.609 560.821 79.23
M3 13.694 51.561 13.011 43.218 562.306 79.64
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M14 13.753 51.567 13.062 43.284 565.363 79.72
Supplementary information: Isc within the tolerances +5%, Voc within the tolerances tolerance: +4%.
10.9 TABLE: Accessibility Test - MST 11 (Initial) P
Test Date [YYYY-MM-DD].......c.cccoooiiiil 2022-07-27 —
Maximum system voltage [Voc] c.ooooeeevveernnnnnd 1500 —
Sample No. Result [MQ] —
M4 >100 P
M8 >100 P
M6 >100 P
M1 >100 P
M2 >100 P
M3 >100 P
M14 >100 P
Supplementary information: The maximum resistance measurement range is 100MQ
10.11 TABLE: Continuity Test of Equipotential Bonding - MST 13 (Initial) P
Test Date [YYYY-MM-DD]........cccceiininnil 2022-07-27 —
Maximum system voltage [Vbc].....cccoeeevvieieeiienns : 1500 —
Current applied [A]....ccooeeiiireeccee e : 75 —
Location of designated grounding point.................. : | On the middle of the longest —
frame
Location of second contacting point.............ccc.e..... : On the other middle of the
longest frame
Sample No. Voltage [Voc] Resistance [Q] —
M4 0.109 0.001 P
M8 0.120 0.002 P
M6 0.108 0.001 P
M1 0.090 0.001 P
M2 0.119 0.002 P
M3 0.119 0.002 P
Supplementary information: N/A
10.13 TABLE: Insulation Test - MST 16 (Initial) P
Test Date [YYYY-MM-DD]...........ccc......t 2022-07-27 —
Maximum system voltage [Voc].....c.ccovvereereenennnnn. : 11500 —
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Test voltage applied Vrest [Vbc]....ooooeviiiiiiicinn. : 1 8000/1500 —
Module area A [M2] .....cccoveiiiiiiire e 1 12.58 —

Sample No. bIrDei:ZIIfo(I:g\j\(/:n relsr:lizl':;t(i:%nat Insulaticirlzﬂgj;sz';ance XA —

Vrest [MQ]

M10 ] >10000 >25800 P
M13 ] >10000 >25800 P
M4 ] >10000 >25800 P
M8 ] >10000 >25800 P
M6 ] >10000 >25800 P
M1 ] >10000 >25800 P
M2 ] >10000 >25800 P
M3 ] >10000 >25800 P
M14 ] >10000 >25800 P
M10-2 ] >10000 >25800 P
M13-2 ] >10000 >25800 P

Supplementary information: the maximum resistance measurement range is 10000MQ

10.14 TABLE: Wet Leakage Current Test - MST 17 (Initial) P
Test Date [YYYY-MM-DD].........cccovvereenn. 2021-04-21 —
Maximum system voltage [Vboc]......ccccccovvrvreecernnnnn. : 11500 —
Test voltage applied VTest [VbC]..oooveieeieeneciecinenns : 11500 —
Module area A [M?] .....cccoviieeiiiieee e . 12.58 —
Resistivity of wetting agent [Q-cm] ........cccccevvcieeens 12154 —
Average wetting agent temperature [°C]................. 1 122.3 —

Sample No. Insulation resistance at Vrest [MQ] Insulatio[rlc/lr(()a.sri]szt]ance XA _
M10 3760 9700.8 P
M13 5220 13467.6 P

M4 3460 8926.8 P
M8 4540 11713.2 P
M6 5260 13570.8 P
M1 5460 14086.8 P
M2 6570 16950.6 P
M3 3990 10294.2 P
M14 3760 9700.8 P

Supplementary information: N/A
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10.17 TABLE: Fire Test - MST 23 P
Test Date [YYYY-MM-DD]........ccccevvenennnid 2022-10-19 —
Module fire resistance class .......c...cccceceevceereeennt |C —
No. of modules provided to create the test 3 —
ASSEMDIY .
Testing method ..........cccccevcvviiviiveiesieseeneeeenn . | According to UL790
Sample No. Observations —
M17
M18 X] Modules comply with the requirements for the fire resistance class P
M19
Supplementary information: M19 is for the burning brand test, M17/18-1 are for the spread-of-flame test

10.18 TABLE: Ignitability Test- MST 24 P
Test Date [YYYY-MM-DD]..........ccovvenninnt 2022-10-19
Testing OPeration........cccoceceeeeeeeessssseneneenent. | X Surface exposure —
[ ] Edge exposure
Sample No. Observations —
] Ignition occurs;
M16 [] the flame tip reaches a height of 150 mm above the flame P
application point with 20s
Supplementary information: No ignition
10.21 TABLE: Module Breakage Test - MST 32 P
Test Date [YYYY-MM-DD]..........cccvvennnnnt 2022-07-27 —
Weight of impactor [Kg] .......cccocvvvviviiniiniiinieennt |45.5 —
Thickness of sample [mMm].......c..cccoceevivvienienen s |30 —
Mounting teChNiqUE USEd.......c.coevvrerrerrerennnnnnn: | ACCOrdING to the installing _
manual
Sample No. —

M15

No break occurred

The PV module separate from the mounting structure or from the framing

OO X

Breakage occurred, but no shear or opening large enough for a 76 mm
diameter sphere to pass freely has developed.

from the sample.

[] Breakage occurred, but no particles larger than 65 cm? have been ejected

Supplementary information:N/A

10.13

TABLE: Continuity Test of Equipotential Bonding - MST 13
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Test Date [YYYY-MM-DDJ........cccovvvenennill 2022-07-27

Maximum system voltage [Voc].....c.ccvvvereerenrvnnnnn. : 11500

Current applied [A]......cccoviiiiiic e 2175

Location of designated equipotential bonding point: | On the middle of the longest

frame

Location of second contacting point............ccccccue.. : On the other middle of the
longest frame

Sample No. Voltage [Voc] Resistance [Q]

M15 0.113

0.002

Supplementary information:N/A

10.24

TABLE: Peel test - MST 35

N/A

Sample #

(unconditioned / after sequence B)

Width of cemented joint (<10 mm/> 10 mm

Location of test strip

Top left / Top right / Left Top / Right Top / Left middle / Right middle /
Left bottom / Right bottom / Bottom left / Bottom right

Interface of test strip

[] Interface between flexible backsheet and cemented joint material
[ Interface between rigid backsheet and cemented joint material

Force-deflexion Test strip [Top left]
graph

---Force-deflexion graph----

Test strip [Top right]

---Force-deflexion graph----

Arithmetic mean M1 of adhesion force of unconditioned samples [N]

Arithmetic mean M2 of adhesion force of samples conditioned with sequence B [N]

Pass criteria:

T Mz

Loss of adhesion force: 0.3 = =—

M1

Supplementary information:

10.24

TABLE: Lap shear strength test - MST 36

N/A

Sample #
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Width of cemented joint 25 mm —
Number of test coupons 20 (10 unconditioned / 10 conditioned with sequence B) —
Force-deflexion Test coupon 1
graph

---Force-deflexion graph----

Test coupon 2

---Force-deflexion graph----

Arithmetic mean M1 of breaking force of unconditioned samples [N]

Arithmetic mean M2 of adhesion force of samples conditioned with sequence B [N]

10 a2

Pass criteria:Loss of breaking force: 0.3 <

Ei0ar1
Supplementary information:
10.26A TABLE: Materials Creep Test- MST 37 P
Test Date [YYYY-MM-DD] start/end....................... 1 |2022-08-17/2022-08-26 —
Module temperature [°C].......cccoceerieerieenieenieeneeneene : 110545 —
Mounting technique USed ..........c..cocoevrvrvrrsnerrens . | Be mounted vertically in the
test chamber. o
Sample No. M3 —
Meet the cr and cl distances as specified
Minimum cl and cr in either Table 3 or Table 4 of IEC 61730-
1:2016
Between internal live parts and outer accessible XYes ] No P
surfaces after MST 37
Between live parts of different potential inside a PV XYes ] No P
module after MST 37
Between terminals of different polarity of rewireable [JYes ] No N/A
junction boxes after MST 37
(10.2 Visual inspection after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD].....c.cccovevvrnernnnnn : 2022-08-26 —
Sample # Nature and position of initial findings — comments or attach photos —
M3 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after Materials Creep Test MST37) P
TestDate [YYYY-MM-DD].......cccceviiiiiiiiiiieiiieeeeenn.anal | 2022-08-26
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Maximum system voltage [Voc]........cocveeevveiniiiiininiienenen... | 1500 —
Test voltage applied Vrest [Vbc]..vovvvviiviiiiiiiiiiiiiiieeeenn... | 8000/1500 —
Module area A [M?]. ...l 2.58 —
Sample No. Dielectric breakdown relgiz?z!\it::znat Insulation resistance x A —
V1est [MQ] [MQ-m?]
M3 U] >10000 >25800 P
Supplementary information: The maximum resistance measurement range is 10000MQ
(10.14 Wet leakage current test after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD].......ccccccevvvenieniiiiieneniieeenennn.n | 2022-08-26 —
Test Voltage applied [V] ....cccovvviniiniiinieevieeenennnl | 1500 —
Solution resistivity [Q cm)...............ccceeeeeeenl | <3500Q cm at 22 + 2°C 2256 P
Solution temperature [°Cl.........cooiiiiiiit 225 P
Sample # Measured [MQ] Insulation resistance x A [MQ-mZ?] Result
M3 3410 15.50 P
Supplementary information: N/A
(10.9 Accessibility Test after Materials Creep Test MST37) P
TestDate [YYYY-MM-DD].....cooiiiiiiiiiiiiieeeee 2022-08-26
Maximum system voltage [Voc]........covviiiiiiiiiiiin et 1500 —
Sample No. Result [MQ] —
M3 >100 P
Supplementary information: the maximum resistance measurement range is 100MQ
(10.11 Continuity Test of Equipotential Bonding after Materials Creep Test) P
Test Date[YYYY-MM-DD]......ccoviiiiiiiiiiiiiiiieeeeeeenn..l | 2022-08-26 —
Maximum system voltage [Voc] 1500 —
Current applied [A] 75 _
IF;gicna:i.(?T .c.)ffj.efi.g:gnated equipotential bonding On the middle of the longest frame T
Location of second contacting point On the other middle of the longest frame o
Sample No. Voltage [Voc] Resistance [Q] —
M3 0.115 0.002 P

Supplementary information: N/A
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10.30B TABLE: Damp heat 200 test- MST53 P
Test Date [YYYY-MM-DD] start/end ............: 2022-07-28/2022-08-06 —
Total hours (200).........ccoeveveiiiiiiienne, : 200 —
(10.2 Visual inspection after MST53)
Test Date [YYYY-MM-DD].......ccoevvevvennnnnns 2022-08-06 P
Sample # Nature and position of initial findings — comments or attach photos —
M1 No major visual defects found P
Supplementary information: N/A
10.31B TABLE: UV preconditioning test- MST54 P
Test Date (YYYY-MM-DD) start/end ..................: | 2022-08-09/2022-08-25 —
Module temperature [°C] ......ccocvveerevreennennn. . | 6045
UV irradiance (280-400nm) [W/m2] ................ : [156.1 —
Ratio of UV irradiance (280-320nm) (%) ........ ‘lae p
UV irradiation (280-400nm) [kWh/ m?] ........... C 160 —

Module operation condition ...........cccceevvcveennn

X Short circuited [ ] Pmax

Supplementary information: Light sources not emitting a significant portion of light in the visible spectrum
where the module exhibits a power equal to or larger than 20 % of its STC measured power. Front was

exposed
(10.2 Visual inspection after MST 54) P
Test Date [YYYY-MM-DD].......ccoevvrnivinenns 2022-08-25 —
Sample # Nature and position of initial findings — comments or attach photos —
M1 No major visual defects found P
Supplementary information:N/A
10.29B TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end ............ 2022-08-30/2022-09-09 —
Total cycles (10) ..oocvvevevviiiieiiiee e, : 110 —
Applied current (A) ..o : 10.05 —
Sample # Open circuits (yes/no) —
M1 No P
Supplementary information:N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD].......cccoceviiiriennnnn 2022-09-09 —
Sample # Nature and position of initial findings — comments or attach photos —
M1 No major visual defects found P

Supplementary information: N/A
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10.31B TABLE: UV preconditioning test- MST54 P
Test Date (YYYY-MM-DD) start/end...................: [ 2022-09-13/2022-09-29 —
Module temperature [°C] ....cccocvvevieevieevieeene 60+5 —
UV irradiance (280-400nm) [w/ m?] ................ . |155.7 —
Ratio of UV irradiance (280-320nm) (%) ........ “las =
UV irradiation (280-400nm) [kWh/ m?] ........... " 160 —

Module operation condition ..........c.cccecveieennn.

X Short circuited ] Pmax

Supplementary information: Light sources not emitting a significant portion of light in the visible spectrum
where the module exhibits a power equal to or larger than 20 % of its STC measured power. back was

exposed
(10.2 Visual inspection after MST 54) P
Test Date [YYYY-MM-DD].......cccocevvevriennnn 2022-09-29 —
Sample # Nature and position of initial findings — comments or attach photos —
M1 No major visual defects found P
Supplementary information: N/A
10.29B TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end ............: 2022-10-08/2022-10-18 —
Total cycles (10) ...ocvvveeviiiiieeiiieie e : 110 —
Applied current (A) ..o : 10.05 —
Sample # Open circuits (yes/no) —
M1 No P
Supplementary information:N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD].......ccccvvvrrrerrrrnnnns 2022-10-18 —
Sample # Nature and position of initial findings — comments or attach photos —
M1 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST52) P
Test Date [YYYY-MM-DD].........ccooiiiiiiiiiiiinieaeien 2022-10-18 —
Maximum system voltage [Voc].......covvveviiiiiiiiiiind 1500 —
Test voltage applied VTesT [VDC]...vovveveeiiiiiiiiciend 8000/1500 —
Module area A [M2]. ...l 2.58 —
Sample No. b[r)ézllfgg\jsn rcelgizl::i\itci:%nat InsulaticJ[RAgsrLsz';ance XA —
V1est [MQ]
M1 ] >10000 >25800 P

TRF No. IEC61730a




Page 40 of 53

Report No. 704061930402-10 part 2 of 2

IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
Supplementary information: The maximum resistance measurement range is 10000MQ
(10.14 Wet leakage current test after MST52) P
TestDate [YYYY-MM-DDJ.......cocviviiiiiiiiiieieeneedd 2022-10-18 —
Test Voltage applied [V] .o e 1500 —
Solution resistivity [Qcm).............c.oooeeees 2405 P
Solution temperature [°Cl........cccocviviieieinn: |22.8 P
Sample # Measured [MQ] Insulation resistance x A [MQ-m?] Result
M1 4520 11661.6 P
Supplementary information: Size of module 2.58[m?].
10.32B1 |TABLE: Cold Conditioning - MST55 P
Test Date [YYYY-MM-DD] start/end ............ : 2022-07-28/2022-07-30 —
Total hours (48h).......cccoviiiiiiiiien.al |48 —
Module temperature (-40£3°C)................... |-40£3°C
(10.2 Visual inspection after MST55) P
Test Date [YYYY-MM-DDJ.......ccccoovvrvrrnnnnnn. : 2022-07-30 —
Sample # Nature and position of initial findings — comments or attach photos —
M2 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST55) P
TestDate [YYYY-MM-DD].....cooiiiiiiiiiiiienll 2022-07-30 —
Maximum system voltage [Voc].......coveveviviniiiiiiiiined 1500 —
Test voltage applied V1est [Voc]. .. ovveveniiiiiieieed 8000/1500 —
Module area A [M2].. ...l 2.58 —
Sample No. b?;glfgg\j\?n relgizlt!litci:(()anat Insulatio[rlc/lr(()a.sri]szt]ance XA —
Vrest [MQ]
M2 U] >10000 >25800 P
Supplementary information: the maximum resistance measurement range is 10000MQ
10.33B1 |TABLE: Dry Heat Conditioning- MST56 P
Test Date [YYYY-MM-DD] start/end ............ : 2022-08-02/2022-08-11 —
Total hours (200)........cccoeieiiiiiiilt 200 —
Module temperature (°C)................... 105+5
(10.2 Visual inspection after MST56) P
Test Date [YYYY-MM-DD].......cccceevvrerrennnnn. : 2022-08-11 —

Sample #

Nature and position of initial findings — comments or attach photos
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M2 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST56) P
TestDate [YYYY-MM-DD]....cooiiiiiiiiiieeeeea 2022-08-11 —
Maximum system voltage [Voc]...........cocoviiiiinid 1500 —
Test voltage applied VTesT [VDC].vuvnvviiiiiiiiiiiieead 8000/1500 —
Module area A[MZ]......coviiiiiiiii e 2.58 —
oo | Doeee | SR | idasonrcomarcoxa |
Vrest [MQ]
M2 ] >10000 >25800 P
Supplementary information: the maximum resistance measurement range is 10000MQ
10.29B1 TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end........... : 2022-08-30/2022-09-09 —
Total cycles (10) .vvvvevriiieeiiiiee e {10 —
Applied current (A) ..o :10.05 —
Sample # Open circuits (yes/no) —
M2 No P
Supplementary information:N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD]......ccoccevivinnnennnn. : 2022-09-09 —
Sample # Nature and position of initial findings — comments or attach photos —
M2 No major visual defects found P
Supplementary information: N/A
10.32B1 |TABLE: Cold Conditioning - MST55 P
Test Date [YYYY-MM-DD] start/end........... : 2022-09-21/2022-09-23 —
Total hours (48).......ccccevviiiiiiiiiiiieel |48 —
Module temperature (-40£3°C)................... |-40£3°C
(10.2 Visual inspection after MST55) P
Test Date [YYYY-MM-DD]......ccocceviiinnrennnnn. : 2022-09-23 —
Sample # Nature and position of initial findings — comments or attach photos —
M2 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST55) P

Test Date [YYYY-MM-DD].......cccccveennnnnne.

2022-09-23
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Maximum system voltage [Voc]...........coovviiiiiiniid 1500 —
Test voltage applied V1est [Vboc]. ..o ovveieniiiiiii 8000/1500 —
Module area A [M2].. ...l 2.58 —
oo, | pilare [ M| suon esstamexa | _
Vrest [MQ]
M2 U] >10000 >25800 P
Supplementary information: the maximum resistance measurement range is 10000MQ
10.29 B1 TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end ............ : 2022-10-08/2022-10-18 —
Total cycles (10) ..oeeeeeeeriiiiiiiieeeee e, 1110 —
Applied current (A) ..o :10.05 —
Sample # Open circuits (yes/no) —
M2 No P
Supplementary information: N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD].......ccccoovvrvrrvnnnn : 2022-10-18 —
Sample # Nature and position of initial findings — comments or attach photos —
M2 No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST52) P
TestDate [YYYY-MM-DD].....cocoiiiiiiiiiiiieen 2022-10-18 —
Maximum system voltage [Voc]......ccovvveveiniiiiiiiind 1500 —
Test voltage applied V1est [Voc]. .. ovveviniiieiiieeed 8000/1500 —
Module area A [M2]. ...l 2.58 —
Sample No. blrjciglfgg\j\?n relgizlt!litci:%nat Insulatio[rlc/lr(()e.sri]szt]ance XA —
Vrest [MQ]
M2 U] >10000 >25800 P
Supplementary information: the maximum resistance measurement range is 10000MQ
(10.14 Wet leakage current test after MST52) P
TestDate [YYYY-MM-DD]......coiiiiiiiiid 2022-10-18 —
Test Voltage applied [V] ..coooevevieeiiiiiiies veveieieeeeeeel - [ 1500 —
Solution resistivity [Q cm)........coooviiiiiiiinll < 3500Q cm at 22 + 2°C 2376 P
Solution temperature [°CJ.........cocovvniiiiid 22.8 P
Sample # Measured [MQ] Insulation resistance x A [MQ-m?] Result
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M2 5890 15196.2 P
Supplementary information: the maximum resistance measurement range is 10000MQ
10.15F TABLE: Temperature Test - MST 21 P
Test Date [YYYY-MM-DD].......c.cocoveininnnl 2022-09-07 —
SAMPIE NO. oo : | M13 —
Reference solar irradiance [W/m32].........ccccccovevvene 1 |1225 —
Reference ambient temperature [°Cl.........cccceveveene © |45.3 —
Test method ] Outdoor method —
X] Solar simulator method
Component Normalised Component
Measuring location temperature temperature | temperature —
Toss [°C] Tcon [°C] limit [°C]
Module superstrate above the centre cell 90.1 84.8 — —
Module substrate below the centre cell 94.8 89.5 90
Terminal enclosure interior surface 86.7 81.4 90
Field wiring terminals N/A N/A N/A N/A
Insulation of the field wiring leads 84.4 79.1 90 P
External connector bodies 87.5 82.2 85 P
Diode bodies 92.7 87.4 200 P
Frame — — — —
Supplementary information: Tcon = Toss + (40 °C — Taws),
Thermal material requirements are given in 5.5 of IEC 61730-1:2016.
10.1 TABLE: Visual Inspection - MST 01 (after MST 21) P
Test Date [YYYY-MM-DD]...........cccccoeeet 2022-09-07
Sample No. Nature and position of findings —
M13 No major visual defects found P
Supplementary information:N/A
10.6 TABLE: Insulation Test- MST 16 (after MST 21) P
Test Date [YYYY-MM-DD]...........ccccoeeiit 2022-09-07
Maximum system voltage [Voc] ...oooeeveeeiieeiiinnns : |1500 —
Test voltage applied Vtest [Voc] «ovveeveeeeiveeiiieennne : |18000/1500 —
Module area A [M2] .....c.covoieeicieieiee e se e . |2.58 —
Sample No. b?(lzllfc‘i::)rivxfn resisltr::\?:cjzlcil t;.?:Q/TEST Insulatio[rlz/lgeiszt]ance XA —
MQ]
M13 Ol >10000 >25800 P
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Supplementary information: the maximum resistance measurement range is 10000MQ
10.14 TABLE: Wet Leakage Current Test - MST 17 (after MST 21) P
Test Date [YYYY-MM-DD].......cocoeveveneinnnl 2021-06-29 —
Maximum system voltage [Vboc] ......cccooevrvrrvennennne. : 11500 —
Test voltage applied V1est [Vbc] ..ocoovviiiiiiiicine : 11500 —
Module area A [MZ]......ccccevvieevcieiier e . 12.58 —
Resistivity of wetting agent [Q-cm]........ccccveveiienns .| 2347 P
Average wetting agent temperature [°C]................ . |22.6 P
Sample No. Insulation resistance at Vtest [MQ] Insulatio[ls/lrg.sr:]szt]ance XA _
M13 4590 11842.2 P
Supplementary information: N/A
10.2F TABLE: Reverse Current Overload Test - MST 26 P
Test Date [YYYY-MM-DD]........cccovvvenennnil 2022-10-19 —
Module over-current protection rating [A]......... : |30 —
TeSt CUITeNt [A].cciee e . |40.5 —
Range of applied voltage [V] ......cccoveeveviieniienienns . |55.1-59.8 —
Test duration[n] ...ccceeveeiiinieniee e D2 —
Sample No. —
M13 X No flaming of the module b
X No flaming or charring of the tissue paper
Supplementary information: N/A
10.1 TABLE: Visual Inspection - MST 01 (after MST 26) P
Test Date [YYYY-MM-DD].............ccccuee 2022-10-19
Sample No. Nature and position of findings —
M13 No major visual defects found P
Supplementary information: N/A
10.6 TABLE: Insulation Test- MST 16 (after MST 26) P
Maximum system voltage [Voc].....ccccoeeereereeneen. : | 1500 —
Test voltage applied Vrest [Voc] ceeeeeeeeeerenenees : 1800071500 —
Module area A [MZ].....c.oeeeeeeeeeereeeeeeeeeeeeeeseeseseone . |2.58 —
Sample No. Diclecrc resis't';?[fcﬂ'i: -~ el
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M13 ] >10000 >25800 P
Supplementary information: The maximum resistance measurement range is 10000MQ
10.14 TABLE: Wet Leakage Current Test - MST 17 (after MST 26) P
Test Date [YYYY-MM-DD]...........cooiiinnil 2022-10-19 —
Maximum system voltage [Voc] .....ccovveereereeieenenns : 11500 —
Test voltage applied Vrest [Vboc] ...ccovvviiieicecinnnnne : | 1500 —
Module area A [M.....cccceceeeiieeiie e :12.58 —
Resistivity of wetting agent [Q-cm].......cccccccvvvvieenee : 12280 -
Average wetting agent temperature [°C]................ 1 122.2 —
Sample No. Insulation resistance at Vrest [MQ] lnsulatic)[rlcﬂrgisz';ance XA _
M13 4410 11377.8 P
Supplementary information: The maximum resistance measurement range is 10000MQ
10.12G TABLE: Impulse Voltage Test - MST 14 P
Test Date [YYYY-MM-DD]......ccovvevivenninnnnl 2022-09-16 —
Maximum system voltage [Vbc].......cccevveerveriiennne : 11500 —
Impulse voltage [V] ....ccooevviee e, : 120000 —
Conductivity of conducting glue [Q/625 mmZ]........... : 10.065 P
Sample No.
M14 X] No evidence of dielectric breakdown or surface tracking observed P
Supplementary information: N/A
10.1 TABLE: Visual Inspection - MST 01 (after Impulse Voltage Test) P
Test Date [YYYY-MM-DD]........................: [2022-09-16 —
Sample No. Nature and position of findings —
M14 No major visual defects found P
Supplementary information: N/A
10.6 TABLE: Insulation Test- MST 16 (after Impulse Voltage Test) P
Maximum system voltage [Vpc] -...ccocoeevnieeennennne.s | 1500 —
Test voltage applied Vtest [Voc] veevveeeeveeineeennne s | 8000/1500 —
Module area A [M2] .....ccccvvvieevieeiiie e sieeseeennees | 2.58 —
Sample No. b[r)ézll?g(gr\jfn resisltr::\ilcjzlg1 t;.?r:/TEST Insulatio[rlz/lgeiszt]ance XA —
MQ]
M14 ] >10000 >25800 P

Supplementary information: the maximum resistance measurement range is 10000MQ
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10.10 TABLE: Cut Susceptibility Test - MST 12 N/A
Test Date [YYYY-MM-DD]........ccooveininindt — —
Applied force [N]....ooocee e sseeenens |7 —
Sample No. _
Supplementary information: —
10.6 TABLE: Insulation Test- MST 16 (after Cut Susceptibility Test) —
Maximum system voltage [Voc].....cccoveereereeniennn A —
Test voltage applied Vrest [Voc] «vvevevereeieninennnn, A —
Module area A [M?]......ccocceeiieiiieiieieeneesee e i —
. . Insulation ; .
Dielectric ; Insulation resistance x A
Sample No. resistance at . —
breakdown Vrest [MQ] [MQ-m?]
Supplementary information: —
MST 17 TABLE: Wet Leakage Current Test - MST 17 (after Cut Susceptibility Test) —
Maximum system voltage [Voc]....cccooeeerverriienanne O —
Test voltage applied V1est [Vbc] «ooveeeveeeeiveeiiienns S —
Module area A [M32] ... i —
Resistivity of wetting agent [Q-cm] .........ccceueee. N —
Average wetting agent temperature [°C] ........... N —
. . Insulation resistance x A
Sample No. Insulation resistance at Vrtest [MQ] MQ-m?] —
Supplementary information: —
10.13 Final | TABLE: Continuity Test of Equipotential Bonding - MST 13 P
Test Date [YYYY-MM-DD]........c.ccoveininni 2022-10-19 —
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Clause Requirement + Test Result - Remark Verdict
Maximum system voltage [Vboc] ..........ccoeeeeernreeeenl [ 1500 —
Current applied [A] .....cccocvvinininiceeeee el | 15 —
Location of designated grounding point................... |On the middle of the longest —

frame
Location of second contacting point......................... |On the other middle of the —
longest frame
Sample No. Voltage [Vbc] Resistance [Q] —
M4 0.105 0.001 P
M8 0.117 0.002 P
M6 0.106 0.001 P
M1 0.089 0.001 P
M2 0.110 0.001 P

Supplementary information: N/A

10.2 Final |TABLE: Accessibility Test - MST 11 P
Test Date [YYYY-MM-DD]........cccooveiinni 2022-10-19 —

Maximum system voltage [Voc]......oceeeevvirveeennnnen. : 11500 —

Sample No. Result [MQ] —

M4 >500 P

M8 >500 P

M6 >500 P

M1 >500 P

M2 >500 P

Supplementary information: The maximum resistance measurement range is 500MQ

10.3 Final | TABLE: Max. power determination— MST 02 (Final) =)
Test Date [YYYY-MM-DDJ.......ccocecvvrnennn : 2022-10-22 —
Irradiance (W/m?) 1500 —
Module temperature (°C) 25 —
TSt MENOU ... vttt ettt .| X Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
M10 13.680 51.520 13.124 42.916 563.211 79.91 P
M13 13.570 51.668 12.824 43.293 555.205 79.18 P
M4 13.573 51.603 12.798 43.370 555.044 79.24 P
M8 13.545 51.477 12.906 43.132 556.672 79.83 P
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M6 13.620 51.416 12.834 43.120 553.389 79.02 P
M1 13.570 51.295 12.891 42.601 549.155 78.89 P
M2 13.562 | 51.222 12.883 42.642 549.355 79.08 P
Supplementary information: The IV curves (didn’t not) show any additional kinks or other unusual
characteristics as compared to the initial IV curve.
10.2 Final TABLE: Visual Inspection - MST 01 (Final) P
Test Date [YYYY-MM-DD]........ccccevennne 1 12022-10-22 —
Sample No. Nature and position of findings —
M10 No major visual defects found P
M13 No major visual defects found P
M4 No major visual defects found P
M8 No major visual defects found P
M6 No major visual defects found P
M1 No major visual defects found P
M2 No major visual defects found P
M10-2 No major visual defects found P
M13-2 No major visual defects found P
Supplementary information:N/A
10.6 Final | TABLE: Durability of markings- MST 05 P
Test Date [YYYY-MM-DD].................. 2022-10-22 —
Aromatics content in petroleum spirits by 0.08 P
volume [%] (S0.1%) .....ccooverieiiiiiieie i :
Kauri-butenol value in petroleum spirits by 27 P
volume [%](S29%)) ......cccvrereeiiiiiieie s :
Initial boiling point [°C] (about 65)............ccccu.... 1|67 P
Dry point [°C] (@bout 69) ..........cccoervrereerrerrrreenen. . 166 P
Mass per unit volume [kg/I] (about 0.7) ............. 1 10.7 P
RUBDING tIME ..ot : | 15s with water P
15s with petroleum spirits
Sample No. Nature and position of findings —
M10 Marking is legible, not be removed easily, no curling P
M13 Marking is legible, not be removed easily, no curling P
M4 Marking is legible, not be removed easily, no curling P
M8 Marking is legible, not be removed easily, no curling P
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M6 Marking is legible, not be removed easily, no curling P
M1 Marking is legible, not be removed easily, no curling P
M2 Marking is legible, not be removed easily, no curling P
Supplementary information: N/A
10.7 Final | TABLE: Sharp edge test-MST 06 P
Test Date [YYYY-MM-DD].................. 2022-10-22 —
Sample No. Nature and position of findings —
M10 No sharp edges P
M13 No sharp edges P
M4 No sharp edges P
M8 No sharp edges P
M6 No sharp edges P
M1 No sharp edges P
M2 No sharp edges P
Supplementary information: N/A
10.8 Final |TABLE Bypass diode functionality test - MST 07 P
Test Date [YYYY-MM-DD].........c.ceeennnit 2022-10-22
(] Method A
Ambient temperature [°C] ........ccoeiveennill
Current flow applied [A] ....ccovoeveiiiiinennt
Sample # VFM VFMrated VFM = (N x VFMrated) = 10 % Result
[1Yes ] No
Supplementary information:
X] Method B —
Sample # IV curve bend after shading Result
M10 X P
M13 X P
M4 2 P
M8 2 P
M6 X P
M1 2 P
M2 2 P

Supplementary information: N/A

TRF No. IEC61730a




Page 50 of 53 Report No. 704061930402-10 part 2 of 2

IEC 61730-2: Part 2: Requirements for testing

characterized individually :
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10.22 Final |TABLE: Screw Connections Test- MST 33 N/A
10.22.1 TABLE: Test for general screw connections - MST 33a —
Test Date [YYYY-MM-DDJ........cccovvvenennnll — —
Nominal outer thread diameter of screw [mm].: | — —
TOIQUE LYPE vt . | Typel [] Type2 [] Type3 —
Sample No. _
H During the test, no Qamage impairing the further use of the fixing L
. or screwed connection occur
H Aft_er the test, itis §ti||_possil_3|e to introduce the screw or nut made L
of insulation material in the intended manner.
Supplementary information:
10.22.2 TABLE: Test for Locking Screws- MST 33b N/A
Test Date [YYYY-MM-DD].....ccccocviviniiinniil —
Thread SiZe .....cccvvevieiii s : —
TOPQUE ottt st : |J2.5Nm[]5.0Nm —
Sample No. —
] No loosening shall occur.
Supplementary information:
10.5 Final | TABLE: Insulation thickness test— MST 04 N/A
Test Date [YYYY-MM-DD]......c..cccvuuneee. i —
Sample NO. ....cccoevee e, N —
a) Single-layer sheet providing relied upon insulation N/A
Thickness of single layer _
b) Multi-layer sheets providing relied upon insulation if single layers are N/A

Thickness of each layer, and sum thickness

c¢) Multi-layer sheets providing relied upon insulation if single layers are not
characterized individually:

Thickness of combined thickness of all layers

Supplementary information: N/A
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ANNEX 1: CONSTRUCTIONAL DETAILS
Al.1l MODULE TYPE/S
JW-HD144N-570
MODULE DESIGN
Module dimensions (L x W x H) [mm] .................. : |2278*1134*30
WEIGNES ... : | 32.5kg
Front/Rear cover bonding classification............... .| [ rigidlexible
X rigid/rigid
[ flexible/flexible
Al1.3 SOLAR CELL
Cell type reference .........ooceeevveeeeeeevererenenennan, . | Supplier: Jolywood (Taizhou) Solar
Technology Co., Ltd.
Model: NM1016B
Cell type: N type
Cell dimensions L X W X T (x %) [MM] ...ccveeneeee. : [182x91£0.25mm
Cell thickness [UM] ....ccveeiivrieeieecie e, : |140%14
Cell area [CM2] ......ccccvvieeeeieesie e : |165.07
Al4 IDENTIFICATION OF MATERIALS

FroNt COVEN ..onieie s :

Chenzhou Kibing Photovoltaic &
Electronic Glass Co., Ltd.

Material: Heat strengthened glass with
external AR coating, Thickness: 2.0 (mm)

REAI COVEI .t :

Chenzhou Kibing Photovoltaic &
Electronic Glass Co., Ltd.

Material: Heat strengthened glass with
inside white ceramic glaze, Thickness:
2.0 (mm), Thickness of glace: 25+10um

Encapsulation material front side ......................... :

Changzhou Sveck PV New Material Co.,
Ltd. Type: SE-556, Material: POE
Thickness:0.45 (-0.09 ~ 0.35) mm

Encapsulation material back side........................ :

Changzhou Sveck PV New Material Co.,
Ltd. Type: SE-556, Material: POE
Thickness:0.45 (-0.09 ~ 0.35) mm

Frame partsS ......cccccccooii :

Jolywood (Suzhou) Sunwatt Co., Ltd.
Material: Aluminum-Magnesium-Zinc (Al-
Mg-Zn)

Cross-section graph:30mm

MOUNEING PAIMS.....eeeeiiiiiieee e :

N/A
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Adhesive for frame ......cccoooeiiiiiiiiiie e, :

Jiangsu Minghao New Material Sci-tech

Corporation
Model: MH3668
Edge SEaliNg......ceeeeeeeeeeeeeeeeeeeeeeeeee e . |N/A
INternal WiriNG .........cvcveveveeerereeeiereeeeeeeeeeeeessneans . |N/A

Cell CONNECLON ..cceveiiiee e :

Suzhou Sanysolar MATERIALS
Technology Co., Ltd.

Model: Copper belt with tin plated,
Cu(299.97%),Sn60Pb40
Cross-sectional area: ¢0.25

StriNG CONNECTON .....eeeiiiiiiiieieeee e :

Suzhou Sanysolar MATERIALS
Technology Co., Ltd.

Model: Copper belt with tin plated,
Cu(299.97%),Sn60Pb40
Cross-sectional area: 4.0/7.0mm*0.3mm

Soldering material .........cccccoviiiiiiiiiiii e, :

N/A

FIUXING A0ENT......viiiiiiiiiee e :

Asahi solder Technology (Wuxi) Co., Ltd.
Type: SF56

JUNCHON DOX i :

QC Solar (Suzhou) Corporation.
Model: 3Qxy(x= 2 or 4 or 6; y=1), DC
1500V, 30 A or 25A, IP68, -40 °C to
85°C

CADIE ... : | QC Solar (Suzhou) Corporation.
Type:H1Z2272-K 1*4.0mm?2, 1500 V DC, -
40 to +90 °C

CONNECLON ...t : | QC Solar (Suzhou) Corporation.

Type: QC4.10-cd, 1500VDC, 41A, IP68,
-40°Cto85°C

Bypass diode.......ccccccvevvviiiiiiiii :

QC Solar (Suzhou) Corporation.
Type: QCMK5045

Max. peak reverse voltage 50 V,

Max. average forward current 50A,
Junction temperature in bypass mode
200°C(t=<1h)

Potting material ...........ccccveeiiee i :

H.B. Fuller (Suzhou) Advanced Material
Co., Ltd
Type: 1521, Material: Silicon

Adhesive for junction boX ........cccccoviiiiiiiiiiennn :

Hangzhou Zhijiang Silicone Chemicals
Co., Ltd
Type: JS-606, Material: Silicon

Additional material (e. g. fixing tape, insulation

EAPE) weeeeiieeee :

Fixing tape

Supplier: Suzhou Rongzhi Electronic
Technology Co.,Ltd.

Model: D60F6-2
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Al5 MODULE DESIGN - MINIMUM DISTANCES
BEtWEEN CEIIS ....o.voveeeeeeeceee e : 1.0 mm
Between cell and accessible surfaces ................. : |12.0 mm
Between any current carrying part and acceSS|bIe 11.2 mm
SUMACES ...t :

Al.6 MODULE DESIGN - ELECTRICAL CONFIGURATION
Total number of CellS .........ccoeveeveeeeeeeeeeeeeeeeenees 144
Serial-parallel connection of cells........................ . |SPS
Cells per bypass diode.............cccceeveveeeeercrereenen. ;|48
No. of bypass diodes............ccccevevevereevirererenenennes : |3

----------------- End of TRF No. IEC61703a series------------------
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