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Test item description............ccvvueeee : | Photovoltaic (PV) Module(s)
Trade Mark.........ooerviriiemercarnrcresennnns : g

Manufacturer........cceeeeeececrecreeeenens : | Ningbo
NO.181, SHANSHAN ROAD, WANGCHUN INDUSTRIAL
DISTRICT, NINGBO, CHINA

Model/Type reference......c..ccocovenne : | See page 7 - 12 of this report

2E 14111+ LS . | See page 7 - 12 of this report

Responsible Testing Laboratory (as applicable), testing procedure and testing location(s):

X |TUV SUD Branch: TUV SUD Certification and Testing (China) Co., Ltd.
Shanghai Branch
Testing location/address......c..ccceeeeeceernnnens : | No. 151 Heng Tong Road, Shanghai 200070, P. R. China
[X] |Associated Testing Laboratory: Yangzhou Opto-Electrical Products Testing Institute
Testing location/address............ccaauueen.... : |No. 10 West Kaifa Road, Yangzhou, 225009 Jiangsu, P. R.
China. —
Tested by (name + signature) ...................... |Ning Tang M
- == 7
Approved by (name + signature) ................: | Yaozhong Wu \ 7<
|
] ’Testing procedure: TMP/CTF Stage 1:
Testing location/address.......c..cccvecrvenvene.. :
Tested by (name + signature) ......c..............
Approved by (name + signature) .................

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

Testing location/address........ccoevveecercrnnnnnt
Tested by (name + signature) .......cc.eauueenn
/ Witnessed by (name + signature) ...............:
e Approved by (name + signature) ................ :

[] |Testing procedure:

SMT/CTF Stage 3 or 4:
Testing location/address.........cccocevvrveveneinndd
Tested by (name + signature) ........cceecevennnsl
Witnessed by (name + signature) ...............:
Approved by (name + signature) .................
Supervised by (name + signature)..............:

TRF No. IEC61215D_SE
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List of Attachments (including a total number of pages in each attachment):

attachment number / number of pages

Installation manual

Attachment No.3 / 26 pages

Drawings mechanical

Refer to Annex 2 of 704061800602-00
20f 2

Circuit diagram

Refer to Annex 2 of 704061800602-00
2of 2

Photographs

Attachment No.1/ 6 pages

Component datasheets / certificates

Attachment No.2 / 211 pages

Others:

Product Description Sheet (Manufacturers and type references) | Annex 1, _3_ pages

Test table for verifying other stabilization procedure

Annex 2, _2_ pages

Lower and higher output power modules

Annex 3, _3_pages

List of test equipment used

Annex 4, _2_ pages

Summary of testing:

Tests performed (name of test and test clause):

Add below modules with 1500 V DC system
voltage:

UL-xxxM-72HV, xxx stands for power range from
330~375, in step of 5 W, 1956 x 992 x 46mm);

UL-xxxM-60HV, xxx stands for power range from
275~310, in step of 5W, 1650 x 992 x 46mm;

UL-xxxM-54HV, xxx stands for power range from
245~280, in step of 5W, 1479 x 992 x 46mm;

UL-xxxM-48HV, xxx stands for power range from
220~250, in step of 5W, 1321 x 992 x 46mm;

All tests except final stabilization (MQT 19.2)
according to IEC 61215-1:2016, IEC 61215-1-
1:2016, IEC 61215-2 were conducted on model
UL-360M-72HV.

Add below new models with 1000V DC system
voltage coverd by 1500 V DC system voltage
modules:

UL-xxxM-72, xxx stands for power range from
330~375, in step of 5W, 1956 x 992 x 46mm;

UL-xxxM-60, xxx stands for power range from
275~310, in step of 5W, 1650 x 992 x 46mm;

UL-xxxM-54, xxx stands for power range from
245~280, in step of 5W, 1479 x 992 x 46mm;

UL-xxxM-48, xxx stands for power range from
220~250, in step of 5W, 1321 x 992 x 46mm;

No additional tests considered necessary here.

Testing location 1:

Yangzhou Opto-Electrical Products Testing Institute
No. 10 West Kaifa Road, Yangzhou, 225009
Jiangsu, P. R. China

TRF No. IEC61215D_SE
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Besides,

1.Add a new junction box: PV-ZH011-6, used in
1000 V DC system voltage modules, supplied by
Zhejiang Zhonghuan Sunter

PV Technology Co., Ltd, which has been verified,
the details please refer to the junction box CDF
7040712115902-08 provided by TUV SUD. No
additional tests considered necessary here.

2. Add a new junction box: JM13D-1, used in 1000
V DC system voltage modules, supplied by
Zhejiang Jiaming Tianheyuan Photovoltaics
Technology Co., Ltd, which has been verified, the
details please refer to the junction box CDF
704071711905-00 provided by TUV SUD. No
additional tests considered necessary here.

Summary of compliance with National Differences (List of countries addressed):
N/A

[] The product fulfils the requirements of (insert standard number and edition and
delete the text in parenthesis, leave it blank or delete the whole sentence, if not applicable)

TRF No. IEC61215D_SE
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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.

Ningbo Ulica Solar

Science & Technology Co.Ltd.
Tel: 86-574-28828955

Fax: 86-574-28828973
Website: www.ulsolar.com.cn

Ulica Sﬁfa‘i"&f. % E-mail: sales@ulsolar.com.ch

BRI § 8 8§ AddressiNa:181;5hans han Foad; -
Wangchun industrial district.Mingbo,China

UL-360M-72 Mono Crystalline
Maximum Power 3BOW

Power talerance 3%

Maximum Power Current 9.48A
Maximum Power Voltage 380V

Short Circuit Current 9.88t4%A
Open Circuit Voltage 46.7£4%Y

All technical data at Standard Test Condition(STC)  1000W/a ANM.5,25C
Maximum System Voltage 1000VDC

Maximum Series Fuse 154

Nominal module operating Temperature ~ 47£2C

Frame Dimensions 1956mmX992mmX46mm

orintense artificial lights.

Panel Weight 225kg
This product gensrates elsctricity
when exposed to sunlight
Place: Ningbo.china  PVmodulsciassifcation: DO N0t contact wirings
or open the terminal hox!

Ningbo Ulica Solar

Science & Technology Co..Ltd.
Tel: 86-574-28828955

Fax: 86-574-28828973
Website: www.ulsolar.com.cn

Ulica nga’f"&y % E-mail: sales@ulsolar.com.cn

AN RIRE B 8§ & Address:No.181,Shanshan road,

Wangchun industrial district,Ningbo,China
UL-360M-72HV Mono Crystalline

Maximum Power BOW

Power tolerance 3%

Maximum Power Current 9.484
Maximum Power Voltage 380V

Short Circuit Current 9.8814%A
Open Circuit Voltage 46.714%V
Alltechnical data at Standard Test Condition(STC)  1000W/m' AMA.5,.25C
Maximum System Voltage 1500VDC

Maximum Series Fuse 154

Nominal module operating Temperature 4727

Frame Dimensions 1956mmX992mmX46mm
Panel Weight 22.5kg
This product generates electriclty
when exposed to sunlight
Place: Ningbo,china PVmoduleclassification: DD hot COntaCt. Wirings
I or open the terminal box!

or intense artificial lights.

(Note: The marking plate represents all models covered by this report except for difference in electrical ratings
and model designation. See “General product information” for electrical ratings for all models. As there will be
other lower wattages to be covered under same report which follows same back label format.)

TRF No. IEC61215D_SE
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Test item particulars..........ccouvveiiieiiniiieee el

Accessories and detachable parts included in the
evaluation ........coovvvviiiiiiieeeeee

Mounting system used............coiiieiiiiiiiiiiiieeeeeeeeeinnad

Refer to user manual

Other options included..........ccccccvvvveeeeveeeeeeiiiveeeeeeel. 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

Vmp — Maximum power voltage

Imp  — Maximum power current

Isc — Short circuit current

Voc  — Open circuit voltage

FF — Fill factor

STC - Standard Test Conditions (25°C,
1 000 W/m?)

MQT — Module Quality Tests
VFM — Measured diode(s) forward voltage

m1 — the measurement uncertainty in % of laboratory
for Pmax

ms —the measurement uncertainty in % of laboratory
for Isc

> — the manufacturer’s rated upper production
tolerance in % for Voc

r — Pmax measurement reproducibility

HF — Humidity Freeze
DH — Damp Heat
TC

a — Current temperature coefficient

— Thermal Cycling

B — Voltage temperature coefficient
0 — power temperature coefficient

NMOT — Nominal Module Operating Temperature
(20°C, 800 W/m2)

VFMrated — Rated diode(s) forward voltage
NP — Nameplate

m2 — the measurement uncertainty in % of
laboratory for Voc

t1 — the manufacturer’s rated lower production
tolerance in % for Pmax

ts— the manufacturer’s rated upper production
tolerance in % for Isc

Testing Dates (YYYY-MM-DD)
Date of first test item received..........cccoevevveeievncinnnnnen. :

Dates of tests (beginning/end) ........cccccceeeeieieiiiinnnnn. :

2018-04-04
2018-04-04~2018-07-16

TRF No. IEC61215D_SE
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GENERAL REMARKS:

Product Service GmbH.

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

This TRF has been created in cooperation with CTL ETF-9 and German National Committee (DKE).
The originator’s responsibility of this TRF in IECEE CB Scheme has been assigned to TUV SUD

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
Certificate includes more than one factory location
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...........oooiiiii i :

[ Yes
X Not applicable

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

Name and address of factory (factories)................... :

Ningbo Ulica Solar Science&Technology Co.,Ltd
NO.181, SHANSHAN ROAD, WANGCHUN
INDUSTRIAL DISTRICT, NINGBO, CHINA
Factory No.: 83334

TRF No. IEC61215D_SE
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PRODUCT ELECTRICAL RATINGS:

Module type

UL-330M-72HV/

UL-335M-72HV/

UL-340M-72HV/

UL-345M-72HV/

Protection Rating [A]

UL-330M-72 UL-335M-72 UL-340M-72 UL-345M-72
Voc [V] /Tolerance 46+4% 46.2+4% 46.3+4% 46.4+4%
Vmp [V] 37.4 37.5 37.6 37.7
Imax [Adc] 8.83 8.94 9.05 9.16
Isc [Adc] /Tolerance 9.27+4% 9.38+4% 9.49+4% 9.614%
Pmp [W] /Tolerance 330+3% 335+3% 340+3% 345+3%
Maximum system 1500 1500 1500 1500
voltage [V]
Maximum Over-Current 15 15 15 15

UL-350M-72HV/

UL-355M-72HV/

UL-360M-72HV/

UL-365M-72HV/

Protection Rating [A]

Module type

UL-350M-72 UL-355M-72 UL-360M-72 UL-365M-72
Voc [V] [Tolerance 46.5+4% 46.6+4% 46.7+4% 46.8+4%
Vmp [V] 37.8 37.9 38 38.1
Imax [Adc] 9.27 9.37 9.48 9.59
Isc [Adc] /Tolerance 9.71+4% 9.77+4% 9.88+4% 9.93+4%
Pmp [W] /Tolerance 350+£3% 355+3% 360+3% 365+3%
\'\/"O?t’gg”e”g‘/]sysmm 1500 1500 1500 1500
Maximum Over-Current 15 15 15 15

UL-370M-72HV/

UL-375M-72HV/

Protection Rating [A]

Module type - -
UL-370M-72 UL-375M-72
Voc [V] /Tolerance 46.914% 47+4% - -
Vmp [V] 38.2 38.3 - -
Imax [Adc] 9.69 9.8 - -
Isc [Adc] /Tolerance 9.97+4% 10.08+4% - -
Pmp [W] /Tolerance 370+£3% 375+3% - -
i\/"o‘i‘t’gg”e“g‘/]sys‘em 1500 1500 - -
Maximum Over-Current 15 15 } _

UL-275M-60HV/

UL-280M-60HV/

UL-285M-60HV/

UL-290M-60HV/

Module type

UL-275M-60 UL-280M-60 UL-285M-60 UL-290M-60
Voc [V] /Tolerance 38.424% 38.5+4% 38.6+4% 38.7+4%
Vmp [V] 31.2 31.3 31.4 31.5

TRF No. IEC61215D_SE
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Imax [Adc] 8.82 8.95 9.08 9.21
Isc [Adc] /Tolerance 9.25+4% 9.37+4% 9.5+4% 9.63+4%
Pmp [W] /Tolerance 275+3% 280+3% 285+3% 290+3%
Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current 15 15 15 15

Protection Rating [A]

Module type UL-295M-60HV/ UL-300M-60HV/ UL-305M-60HV/ UL-310M-60HV/
UL-295M-60 UL-300M-60 UL-305M-60 UL-310M-60

Voc [V] /Tolerance 38.8t4% 38.9+4% 39.1£4% 39.2+4%

Vmp [V] 31.6 31.7 31.8 31.9

Imax [Adc] 9.34 9.47 9.59 9.72

Isc [Adc] /Tolerance 9.75+4% 9.87+4% 9.91+4% 10.01+4%

Pmp [W] /Tolerance 295+3% 300+£3% 305+3% 310+3%

Maximum system 1500 1500 1500 1500

voltage [V]

Maximum Over-Current

Protection Rating [A] 15 15 15 15

Maximum Over-Current 15 15 15 15

Protection Rating [A]

UL-245M-54HV/

UL-250M-54HV/

UL-255M-54HV/

UL-260M-54HV/

Module type

UL-245M-54 UL-250M-54 UL-255M-54 UL-260M-54
Voc [V] [Tolerance 34.4+4% 34.5+4% 34.6+4% 34.7+4%
Vmp [V] 27.9 28 28.1 28.2
Imax [Adc] 8.79 8.93 9.08 9.22
Isc [Adc] /Tolerance 9.2+4% 9.34+4% 9.49+4% 9.62+4%
Pmp [W] /Tolerance 245+3% 250+3% 255+3% 260+3%
\')"O?t’gg“e“[{‘/]sysmm 1500 1500 1500 1500
Maximum Over-Current 15 15 15 15

Protection Rating [A]

Module type UL-265M-54HV/ | UL-270M-54HV/ | UL-275M-54HV/ | UL-280M-54HV/
UL-265M-54 UL-270M-54 UL-275M-54 UL-280M-54

Voc [V] /Tolerance 34.8+4% 34.9+4% 35+4% 35.1+4%

Vmp [V] 28.3 28.4 28.5 28.6

Imax [Adc] 9.37 9.51 9.65 9.79

Isc [Adc] /Tolerance 9.77+4% 9.91+4% 9.94+4% 10.07£4%

Pmp [W] /Tolerance 265+3% 270+3% 275+3% 280+3%

TRF No. IEC61215D_SE
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Maximum system
voltage [V]

1500

1500

1500

1500

Protection Rating [A]

Maximum Over-Current

15

15

15

15

Module type

UL-220M-48HV/

UL-225M-48HV/

UL-230M-48HV/

UL-235M-48HV/

Protection Rating [A]

UL-220M-48 UL-225M-48 UL-230M-48 UL-235M-48
Voc [V] /Tolerance 30.8t4% 31£4% 31.1£4% 31.2+4%
Vmp [V] 25 25.2 25.3 254
Imax [Adc] 8.8 8.93 9.1 9.25
Isc [Adc] /Tolerance 9.27+4% 9.4+4% 9.53+4% 9.65+4%
Pmp [W] /Tolerance 220+3% 225+3% 230+3% 235+3%
Maximum system 1500 1500 1500 1500
voltage [V]
Maximum Over-Current 15 15 15 15

Protection Rating [A]

Module type UL-240M-48HV/ | UL-245M-48HV/ | UL-250M-48HV/ )
UL-240M-48 UL-245M-48 UL-250M-48
Voc [V] /Tolerance 31.3+4% 31.4+4% 31.5+4% -
Vmp [V] 255 25.6 257 -
Imax [Adc] 9.41 9.57 9.73 -
Isc [Adc] /Tolerance 9.7924% 9.88+4% 9.92+4% -
Pmp [W] /Tolerance 240+3% 245+3% 250+3% -
\'\/"O?t";g”e“[{’/]sysmm 1500 1500 1500 -
Maximum Over-Current 15 15 15 )

Note: Further qualification for higher and/or lower output power see annex 4

TRF No. IEC61215D_SE
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GENERAL PRODUCT INFORMATION AND OTHER REMARKS:

Modifications:

X Initial module design qualification

X Extension of module design qualification

[] Original test report ref. NO. ......ccoeeeeieeeeceeeee. : N/A

Model differences and modification:

] Test programs for crystalline silicon PV modules [ ] Test programs for thin-film PV modules

] 4.1.1 Modification to frontsheet
[1 4.1.2 Modification to encapsulation system

[1 4.1.3 Modification to cell technology

[1 4.1.4 Modification to cell and string
interconnect material or technique

] 4.1.5 Modification to backsheet

X 4.1.6 Modification to electrical termination
[1 4.1.7 Modification to bypass diode

(1 4.1.8 Modification to electrical circuitry

1 4.1.9 Modification to edge sealing

[ 1 4.1.10 Modification to frame and/or mounting
structure

[] 4.1.11 Change in PV module size

[] 4.1.12 Higher or lower output power (by
10 % or more) with the identical design and
size and using the identical cell process

[] 4.1.13 Increase of over-current protection
rating

[14.1.14 Increase of system voltage

[ 14.1.15 Change in cell fixing tape

] 4.2.1 Modification to frontsheet
[1 4.2.2 Modification to encapsulation system

(1 4.2.3 Modification to front contact (e. g.
TCO)

[1 4.2.4 Modification to cell technology

[] 4.2.5 Modification to cell layout
[1 4.2.6 Modification to back contact
1 4.2.7 Modification to edge deletion

[] 4.2.8 Modification to interconnect material or
technique

[] 4.2.9 Modification to backsheet

] 4.2.10 Modification to electrical termination

[] 4.2.11 Modification to bypass diode
[] 4.2.12 Modification to edge sealing

[1 4.2.13 Modification to frame and/or mounting
structure

[14.2.14 Change in PV module size

[14.2.15 Higher or lower output power (by
10 % or more) with the identical design and
size

[] 4.2.16 Increase of over-current protection
rating

[] 4.2.17 Increase of system voltage

Note: The clause references modifications extracted from IEC 62915

TRF No. IEC61215D_SE
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MODULE GROUP ASSIGNMENT:

Sample

Sample # Group ID Type/model Sample S/N Remark
M10 A1 UL-360M-72HV us612MW1803T0013B Control module
M11 A2 UL-360M-72HV | U612MW1803T0008B —
M12 A3 UL-360M-72HV | U612MW1803T0007B —
M13 B UL-360M-72HV  |U612MW 1803T0006B OD, BD,HS
M4 C1 UL-360M-72HV U612MW 1803T0022B UV sequence
M5 Cc2 UL-360M-72HV U612MwW1803T0011B UV sequence
M8 D1 UL-360M-72HV | U612MW1803T0029B TC200
M9 D2 UL-360M-72HV | U612MW1803T0025B TC200
M6 E1 UL-360M-72HV | U612MW1803T0026B DH1000
M7 E2 UL-360M-72HV | U612MW1803T0009B DH1000
Higher end | — UL-375M-72HV  |UB12MW1803T00338 -
power class
Higher end | — UL-375M-72HV  |UB12MW1803T0031B -
power class
Lower end power| — UL-330M-72HV  |U612MW1803TO003A -
Lower end power | — UL-330M-72HV | U612MW 1803T0004A -

class

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 and to describe the range of electrical
and safety ratings, if the TRF covers a type family of modules.

Note (3)

Note (4)

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

The module numbers/identifiers are set in accordance to IEC 62915 Photovoltaic (PV)

modules — Retesting for type approval, design and safety qualification, Annex A3

TRF No. IEC61215D_SE
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11 TEST FLOW (if it is not a full test, strikethrough non-performed test)
Note: Deviations from test sequence are possible but must be documented.
MQT 01
Visual inspection
MQT 19.1
Initial Stabilization
MQT 06.1
Performance at STC
MQT 03
Insulation test
MQT 15
Wet leakage current
M10; M11; M13 M4; M5 M8; M9 M6; M7
M12
A | B | c1 c2 D1 [ D2 E1 [E2
MQT-06-2 MQTos MQT 10 MQT 11 MQT 13
Perfermance Measurement-of UV precondition Thermal cycling test Damp heat test
atNMOT NMOTF test 200 cycles 1000 h
MQT 08 Outdoor 15 kWh/m? —40°Cto85°C 85°C/85%RH
Exposure Test
60 KWh/m2 1 module 1 module
MQT 07 MQT 18.1 MQT 11 MQT 16 MQT 17
Performance Bypass diode Thermal cycling Static Hail test
at low thermal test test mechanical
irradiance 50 cycles load test
—40°Cto85°C
I | |
MQT 04 MQT-19.2 MQT 12
Measurement Einal-Stabilizatien Humidity freeze
of test
temperature 10 cycles
coefficients —-40°Cto85°C
85 % RH
1 module
1 module
MQT 06.1 MQT 14.1
Performance at Retention of
ST|C junction box test
MQT 09 MQT 14.2
Hot-spot Test of cord
endurance test anchorage
MQT 18.2 MQT192
Bypass diode FEinal-stabilization
functionality test |
1 Module MQT 06.1
measured together with modules
from sequences B-E as control and Performance at
to determine reproducibility r STC
2 modules MQT 03 L MQT 15
) Wet leakage current
Insulation test test

TRF No. IEC61215D_SE
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IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
5. MARKING AND DOCUMENTATION P
5.1 Name Plate
All electrical data is shown as relative to standard Marked on label
test conditions (1 000 W/m?, 25 °C, AM 1,5 P
according to IEC TS 61836).
International symbols are used where applicable. Marked on label P
The module includes clear and indelible markings: —
a. Name, registered trade name or registered Ningbo Ulica Solar =
trade mark of manufacturer Science&Technology Co.,Ltd
b. Type or model number designation UL-360M-72HV P
c. Serial number (unless marked on other part of | Provided under superstrate =
product) near the top rail of frame
d. Date and place of manufacture, alternatively serial number allowing to
serial number allowing to trace the date and trace the date and place of P
place of manufacture; manufacture
e. Maximum system voltage 1500V DC P
f. Class of protection against electrical shock Class Il P
g. Voltage at open-circuit or Voc including 46.7 =4%for example P
tolerances.
h. Current at short-circuit or Isc including 9.88+4% for example =)
tolerances
i. Module maximum power or Pmax including 360+3% for example =)
tolerances
5.2 Documentation
5.2.1 Minimum requirements
Modules are supplied with documentation describing
the methods of electrical and mechanical installation P
as well as the electrical ratings of the module
The documentation states the class of protection
against electrical shock under which the module has P
been qualified and any specific limitations required
for that class.
The documentation assures that installers and
operators receive appropriate and sufficient =
documentation for safe installation, use, and
maintenance of the PV modules.
5.2.2 Information given in the documentation P
a. All information required under 5.1 e) to i) Refer to manual document P
b. Overcurrent protection device type and rating Refer to manual document =
are e.g. given in IEC 60269-6
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Maximum series/parallel module configuration is P

recommended

c. Manufacturer’s stated tolerance for Voc, Isc and
maximum power output under standard test P
conditions

d. Temperature coefficient for voltage at open- =
circuit

e. Temperature coefficient for maximum power P

f. Temperature coefficient for short-circuit current P

All electrical data mentioned above shown as

relative to standard test conditions (1 000 W/m?, P

25 °C, AM 1,5 according to IEC TS 61836)

g. Nominal module operating temperature (NMOT) =
is specified

h. Performance at NMOT (MQT 06.2) is specified P

i. Performance at low irradiance (MQT 07) is =
specified

International symbols used where applicable P

Compliance checked by inspection and MQT 04 =

through MQT 07

The electrical documentation includes a detailed description of the electrical .

installation wiring method to be used

j- The minimum cable diameters for modules =
intended for field wiring

k. Any limitations on wiring methods and wire
management that apply to the wiring P
compartment or box;

I.  The size, type, material and temperature rating P
of the conductors to be used

m. Type of terminals for field wiring N/A

n. Specific PV connector model/types and
manufacturer to which the module connectors P
are mated

0. The bonding method(s) to be used (if Refer to manual document
applicable); all provided or specified hardware P
is identified in the documentation

p. The type and ratings of bypass diode to be Refer to manual document =
used (if applicable)

g. limitations to the mounting situation (e.g., slope, | Refer to manual document =
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r. A statement indicating the fire rating(s) and the
applied standard and the limitations to that
rating (e.g., installation slope, sub-structure or
other applicable installation information)

s. A statement indicating the design load per each
mechanical means for securing the module as
evaluated during the static mechanical load test
according to MQT 16. At discretion of the
manufacturer the test load and/or the safety
factor ym may be noted, too

The installation instructions include relevant
parameters specified by manufacturer or the
following statement or the equivalent:

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

5.2.3

Assembly instructions

N/A

Provided with a product shipped in subassemblies,
detailed and adequate to the degree required to
facilitate complete and safe assembly of the product

N/A

Supplementary information: N/A

7. PASS CRITERIA

7.2

Power output and electric circuitry

7.21

Verification of rated label values (Gate No. 1)

Manufacturer’s tolerances and Laboratory uncertainties

T| V|0V

t1 o

13

manufacturer’s rated lower/upper 3 4
production tolerance in %

m1 mz2

measurement uncertainty in % of 1.9 0.43
laboratory

1.8

Laboratory reproducibility r................. : 1+0.28%

After stabilization, each individual module meets the requirements

P +eeeeeee ettt e e e e eeeeeeeae e ——————— See Table 03

NG ettt ettt ettt e e e e e e ranas See Table 03

0 ettt See Table 03

| TV| V| T
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After stabilization the arithmetic average P max of |See Table 03 =
all modules meet the requirements.
7.2.2 Maximum power degradation during type approval testing (Gate #2) P
At the end of each test sequence or for sequence B
after bypass diode test, each test sample meets the P
requirements for Pmax
7.2.3 Electrical circuitry P
Samples do not exhibit an open-circuit during the =
tests
7.3 Visual defects P
There is no visual evidence of a major defect. P
7.4 Electrical safety P
The insulation test (MQT 03) requirements are met =
after the tests
The wet leakage current test (MQT 15)
requirements met at the beginning and at the end of P
each sequence
Specific requirements of the individual tests are met P
Supplementary information: N/A
4. TESTING OVERVIEW
Initial examination All modules P
4.1 Visual inspection (MQT 01)) ...coveviiiiiiiiiiiieeeeeenn. . | See Table 01 p
4.19.5 Initial stabilization (MQT 19.1).....ccoiiiiiiiiiiennnnnn. . | See Table 02 P
4.6 Performance at STC (MQT 06.1) See Table 03 P
4.3 Insulation test (MQT 03) ......coeeeieiiiiiiiiieieeeeeeee . | See Table 04 P
4.15 Wet leakage current test (MQT 15) .....cccceeeveennnn. : | See Table 05 P
Seqtz‘ence 3 Modules Samples M10; M11; M12 P
4.6 Performance at NMOT (MQT 06.2)...........cccuuu... : | See Table 06 N/A
4.7 Performance at low irradiance (MQT 07)............. . | See Table 07 —
4.4 I(\)/I4e;asurement of temperature coefficients (MQT See Table 08 —
Setuence 3 Module Sample M13 P
4.5 Measurement of nominal module operating — N/A
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4.8 Outdoor exposure test (MQT 08) ......ccceeeeeerininnee . | See Table 10 P
4.18.1 Bypass diode thermal test (MQT 18.1) P
Maximum allowed junction temperature.............. ;| 200°C —
Calculated junction temperature ......................... . | Seetable 4.18.1B —
Final measurements.........ccccccvvvvvveineneeniinnnnnnnn. : | See Table 11 P
4.18.2 Bypass diode functionality test (MQT 18.2) ........ : | See Table 12 P
4.19.6 Final stabilization (MQT 19.2) .........cccoviicnnnrrnennn. . | See Table 12.1-12.3 N/A
4.9 Hot spot endurance test (MQT 09)..........cccuvveeeen. . | See Table 13.1-13.5 P
Sequence | 2 Modules Samples M4; M5 P
C
4.10 UV preconditioning test (MQT 10)........cccccuveeeenn. . | See Table 14.1 - 14.4 P
4.11 Thermal cycling test 50 cycles (MQT 11) ............ : | See Table 15.1 - 15.4 P
4.12 Humidity-freeze test (MQT 12)........cevvveeiennnnnnnnn. : | See Table 16.1 - 16.4 P
Sequence | 1 Module Sample M4 P
Cc1
4.14 Robustness of terminations test (MQT 14) —
4.14.2 Retention of junction box on mounting surface See Table 17.1 - 17.7 P
(MQT 14.1) e :
4.14.3 Test of cord anchorage (MQT 14.2) N/A
4.14.3.1 | This test omitted if junction box is qualified to IEC | See list of attachments P
B2790 ... et :
4.14.3.2.1 | Junction boxes intended to be used with cables See Table 17.4 N/A
specified by the manufacturer.........................
4.14.3.2.2 | Junction boxes intended to be used with genenc See Table 17.4 N/A
Cables. .. .o
Sequence | 2 Modules Sample M8; M9 P
D
4.11 Thermal cycling test 200 cycles (MQT 11) .......... : | See Table 18.1 - 18.2 P
Sequence | 2 Modules Samples M6; M7 P
E
4.13 Damp heat test (MQT 13) ....cccviiieeiiiieieeee, . | See Table 19.1 -19.4 P
Sequence | 1 Module Sample M6 P
E1
4.16 Static mechanical load test (MQT 16) ................. : | See Table 19.5 - 19.7 P
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Sequence | 1 Module Sample M7 P
E2
417 Hail test (MQT 17) See Table 19.8 - 19.10 —
Final measurement All modules for Sequence C, P
D, E; Control module for
Sequence A
4.19.6 Final stabilization (MQT 19.2) .....ccoceiiiiiiiiiiieenn. : | See Table 20.1 - 20.2 N/A
4.6 Performance at STC (MQT 06.1) ......oooicuinvineenn. . | See Table 20.3 P
4.3 Insulation test(MQT 03) .....ccevvviiiiiiiiiiieieeeeeieeeeees . | See Table 21 P
4.15 Wet leakage current test(MQT 15) ......cccceeeeennnn. . | See Table 22 P
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TABLE 01: MQT 01 ini: Initial Visual inspection P
Test Date [YYYY-MM-DD]......cccvvevvinnnnnn. : | 2018-04-04 —
Sample # Nature and position of initial findings — comments or attach photos —
M10 No major visual defects found P
M11 No major visual defects found P
M12 No major visual defects found P
M13 No major visual defects found P
M4 No major visual defects found P
M5 No major visual defects found P
M8 No major visual defects found P
M9 No major visual defects found P
M6 No major visual defects found P
M7 No major visual defects found P

Supplementary information: N/A
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TABLE 02: MQT 19.1 ini: Initial stabilization

TABLE 02.1: MQT 06.1 ini: Performance at STC before initial stabilization

Test Date [YYYY-MM-DD].......ccueevenneee : 12018-04-04 —

Test Method .....cc.oceeeeeeeeeeeeee e : | X Simulator [] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
M10 9.728 47.879 9.245 39.319 363.513 78.05 —
M11 9.743 47.964 9.315 39.153 364.691 78.04 —
M12 9.627 47.952 9.227 39.193 361.634 78.34 —
M13 9.735 47.973 9.336 39.081 364.868 78.13 —
M4 9.758 47.907 9.302 39.083 363.545 77.77 —
M5 9.761 48.002 9.324 39.143 364.986 77.90 —
M8 9.794 47.993 9.356 39.054 365.398 77.74 —
M9 9.794 47.939 9.335 39.181 365.763 77.90 —
M6 9.810 47.940 9.299 39.344 365.867 77.80 —
M7 9.804 47.994 9.310 39.307 365.958 77.78 —

Supplementary information: N/A

TABLE 02.2: MQT 19.1 ini: Initial Stabilization procedure P

Light exposure method

] Simulator

X Natural sunlight

Abbreviation; Regarding light source “S” for Solar simulator and “N” for Natural sunlight

Stabilization criterion x per IEC 61215-1-x

Sample # M10 Test Date (YYYY-MM-DD) start/end ...........: 2018-04-04/ 2018-04-09
Integrated . Module _ Pmax (W) at A Stabl
Test cycle | irradiation Irrs\c/j}anzce temperature ReIS|sgve the end of PF";aX - Pm;/") / abie
(kWh/m2) ( m ) (OC) oa cycle average ( 0) (Yes/No)
Initial — — — — 363.513 — —
1 5 Above 500 N/A 4.4 363.375 — —
2 5 Above 500 N/A 4.4 363.298 0.06 Yes
Sample # M11 Test Date (YYYY-MM-DD) start/end .......... : 2018-04-04/ 2018-04-09
Integrated . Module _ Pmax (W) at = Stabl
Test cycle | irradiation '"?A‘,’/'ar;ce temperature ReIS|sgve the end of PFr,”aX P"‘;;) J avie
(kWh/mz) ( m ) (OC) oa cycle average ( 0) (Yes/No)
Initial — — — — 364.691 — —
1 5 Above 500 N/A 4.4 364.539 — —
2 5 Above 500 N/A 4.4 364.569 0.04 Yes
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Sample # M12 Test Date (YYYY-MM-DD) start/end ...........: 2018-04-04/ 2018-04-09
Test cvcle | Integrated . Module i Pmax (W) at = Stabl
4 irradiation Ir;s\c/i}%rlc):e temperature ReI(S)':gve the end of PFr,”aX PT;/"))/ > 2 /Ne
(KWh/m?) (°C) cycle average (7o) | (Yes/No)
Initial — — — — 361.634 — —
1 5 Above 500 N/A 4.4 361.640 — —
2 5 Above 500 N/A 4.4 361.526 0.03 Yes
Sample # M13 Test Date (YYYY-MM-DD) start/end .......... : 2018-04-04/ 2018-04-09
Integrated . Module i Pmax (W) at
. -~ Irradiance Resistive Pmax — Pmin) / | Stabl
Test cycle |rrad|at|02n (W/m?) temp?rature load the end of F’,T‘:VGrage (%)) (Yeleeo)
(KWh/m?) (°C) cycle
Initial — — — — 364.868 — —
1 5 Above 500 N/A 4.4 364.866 — —
2 5 Above 500 N/A 4.4 364.706 0.04 Yes
Sample # M4 Test Date (YYYY-MM-DD) start/end ...........: 2018-04-04/ 2018-04-09
Test cvcle | Integrated . Module _ Pmax (W) at =
Y irradiation Irliss};r;;:e temperature Relilggve the end of P;‘ax P'(";/"))/ (\22211%)
kWh/m? °C cycle S W
( y
Initial — — — — 363.545 — —
1 5 Above 500 N/A 4.4 363.517 — —
2 5 Above 500 N/A 4.4 363.538 0.01 Yes
Sample # M5 Test Date (YYYY-MM-DD) start/end .......... : 2018-04-04/ 2018-04-09
Integrated . Module i Pmax (W) at
Test cycl — Phi
eSLEYE® | irradiation Ir;?/\(/j/l;r;‘):e temperature Relz'::j've the end of PF";aX Pr(";/"))/ ($ ;2;’,11%)
kWh/m? EC cycle e
( y
Initial — — — — 364.986 — —
1 5 Above 500 N/A 4.4 363.879 — —
2 5 Above 500 N/A 4.4 363.752 0.34 Yes
Sample # M8 Test Date (YYYY-MM-DD) start/end ........... : 2018-04-04/ 2018-04-09
Integrated . Module i Pmax (W) at _
Test cycle | irradiation Ir?‘;ﬁ/‘;r;():e temperature Rel(s)lz(tjlve the end of PFr,”ax a PT;/”))/ (\?ézlbrll%)
kWh/m? ie cycle sl b
( y
Initial — — — — 365.398 — —
1 5 Above 500 N/A 4.4 365.461 — —
2 5 Above 500 N/A 4.4 365.373 0.02 Yes
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Sample # M9 Test Date (YYYY-MM-DD) start/end ...........: 2018-04-04/ 2018-04-09
Testcycle | Integrated | - jionce el Resistive |-r>Wat) o Pmin) / | Stable
|rrad|at|02n (W/m?) temp?rature load the end of Paverage (%) | (Yes/No)
(kWh/m?) (°C) cycle
Initial — — — — 365.763 — —
1 5 Above 500 N/A 4.4 365.712 — —
2 5 Above 500 N/A 4.4 365.859 0.04 Yes
Sample # M6 Test Date (YYYY-MM-DD) start/end ...........: 2018-04-04/ 2018-04-09
Testcycle | Integrated - ionce igell Resistive | mxWat| o Pmin) / | Stable
|rrad|at|02n (W/m?) temp:arature load the end of Paverage (%) | (Yes/No)
(KWh/m#) (°C) cycle
Initial — — — — 365.867 — —
1 5 Above 500 N/A 4.4 364.810 — —
2 5 Above 500 N/A 4.4 364,.930 0.29 Yes
Sample # M7 Test Date (YYYY-MM-DD) start/end ........... : 2018-04-04/ 2018-04-09
Testcycle | Integrated |\ ionce izellfe Resistive | Fmex (W) at (Pmax — Pmin) / | Stable
|rrad|at|02n (W/m?) tempf:rature load the end of Paverage (%) | (Yes/No)
(kWh/m#) (°C) cycle
Initial — — — — 365.958 — —
1 5 Above 500 N/A 4.4 365.405 — —
2 5 Above 500 N/A 4.4 365.319 0.17 Yes
Supplementary information: N/A
] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description: —
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE 03: MQT 06.1 ini: Performance at STC after initial stabilization P

Test Date [YYYY-MM-DD].......ccccvvunennnen :

2018-04-09

TRF No. IEC61215D_SE

Pmax(lab) lower limit (W) ...................... :

See table below: Pmax [W] — Min calc.




Page 24 of 58

Report No. 704061806602-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
Prax (Lab) lower limit (W) ....coccoverevnene. : 352.941 —
Voc(lab) upper limit (V) .....oooviiiiniiienen. : See table below: Voc [V] Max. calc. —
Isc (lab) upper limit (A) ....oeeeeeeeiniiiiinnee. : See table below: Isc [A] Max. calc. —
TestMethod ........ooeeveeeeeieeeeeeeeeee X Simulator [] Natural sunlight —
Isc [A] Voc [V] Pmax [W]
Sample #| \1eas Max. | Meas Max. Imp [A] | Vmp [V] Meas. Min. FF [%] Result
calc. calc. calc.
M10 | 9.557| 10.084 | 47.973| 48.183 | 9.265 | 39.214 | 363.298 | 342.689 79.24 P
M11 [9.750| 10.084 | 47.950 | 48.183 | 9.328 | 39.083 | 364.569 | 342.689 77.98 P
M12 |9.626| 10.084 | 47.952| 48.183 | 9.288 | 38.922 | 361.526 | 342.689 78.32 P
M13 [9.739| 10.084 | 47.953 | 48.183 | 9.363 | 38.953 | 364.706 | 342.689 78.09 P
M4 9.755| 10.084 | 47.896| 48.183 | 9.321 | 39.001 | 363.538 | 342.689 77.81 P
M5 9.631| 10.084 | 47.995| 48.183 | 9.309 | 39.075 | 363.752 | 342.689 78.69 P
M8 9.792| 10.084 | 47.986| 48.183 | 9.312 | 39.236 | 365.373 | 342.689 77.76 P
M9 9.793| 10.084 | 47.930| 48.183 | 9.311 | 39.294 | 365.859 | 342.689 77.94 P
M6 9.790| 10.084 | 47.923 | 48.183 | 9.364 | 38.972 | 364.930 | 342.689 77.78 P
M7 9.793| 10.084 | 47.966| 48.183 | 9.313 | 39.225 | 365.319 | 342.689 77.77 P
Average — 364.287 | 352.941 — P

Supplementary information: The limit values are calculated considering manufacturer’s tolerances t of rated
nameplate values and laboratory measurement uncertainties m.

TABLE 04: MQT 03 ini: Initial Insulation test P
Test Date [YYYY-MM-DD]........... : [2018-04-11 —
Test Voltage applied [V] .............. : [8000/1500 —
Size of module [M?] ...cccvvvvveeeenns 1 11.94 —
Required Resistance [MQ)]...........: 20.62 —
Sample # Measured Dielectric breakdown
MQ Yes (description) No Result
M10 >5000 No dielectric breakdown No P
M11 >5000 No dielectric breakdown No P
M12 >5000 No dielectric breakdown No P
M13 >5000 No dielectric breakdown No P
M4 >5000 No dielectric breakdown No P
M5 >5000 No dielectric breakdown No P
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M8 >5000 No dielectric breakdown No P
M9 >5000 No dielectric breakdown No P
M6 >5000 No dielectric breakdown No P
M7 >5000 No dielectric breakdown No P
Supplementary information: the maximum resistance measurement range is 5000MQ.
TABLE 05: MQT 15 ini: Initial Wet leakage current test P
Test Date [YYYY-MM-DD].....ccccvveveriieeieiinenn. : |2018-04-11 —
Test Voltage applied [V]......cceuveemmmmmieerinnnnennnnns : 1500 —
Solution temperature [°C].........cccovvvvviiiiiiieennnnn. : 22.5 —
Size of module [M?] ..o, : 1.94 —
Sample # Required Resistance [MQ] Measured [MQ] Result
M10 20.62 585.6 P
M11 20.62 486.5 P
M12 20.62 529.3 P
M13 20.62 738.1 P
M4 20.62 663.5 P
M5 20.62 798.0 P
M8 20.62 682.0 P
M9 20.62 568.2 P
M6 20.62 255.9 P
M7 20.62 426.8 P
Supplementary information: Solution resistivity 2718 [Q-cm].
TABLE 06: MQT 06.2 - Performance at NMOT N/A
Test Date [YYYY-MM-DD].......ccccevuuenenes — —
Module temperature (°C) ......cccceeeeeeeen = —
Testmethod ......c.ooeeeeeeeeeeeeee e, : | [ Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result

Supplementary information: —
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TABLE 07: MQT 07 - Performance at low irradiance —
Test Date [YYYY-MM-DD]......cccvveeviiieeeniineeeeneee: | 2018-06-11 —
Test method.. : |[] Outdoor measurement
Ambient air temperature [°C]: —
Irradiance [W/m?]: — —
Module temperature [°C]: —
[] Data corrected to a 25°C cell temperature and 200 W/m? irradiance
X Directly measured —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
M10 1.830 44.254 1.923 38.233 69.243 81.37
M11 1.825 44.260 1.924 37.011 69.316 81.39
M12 1.832 44.274 1.927 38.211 69.172 81.09
Supplementary information: N/A
TABLE 08: MQT 04 - Measurement of temperature coefficients —
Test Date [YYYY-MM-DD].....coocuvirriiiieeeeiiinenn. : |2018-06-11 —
Ambient air temperature [°C] high/low................. . 125125 —
Irradiance [W/m?] high/low...........ccceevvvevcreeennnen. : 11000/1000 —
Module temperature [°C] high/low...................... . 1557125 —
Sample # a [%/°C] B [%/°C] 0 [%/°C] —
M10 0.046 -0.294 -0.380 —
M11 0.039 -0.281 -0.375 —
M12 0.045 -0.296 -0.394 —
Supplementary information: N/A
TABLE 09: MQT 05 - Measurement of Nominal Module Operating Temperature (NMOT, °C) N/A

Test Date [YYYY-MM-DD]

Electrical load:

[] Restive load

J MPPT
All details for the measurements are kept on file and are available on request.
Sample # _
Calculated u0 [W/(m2.°C))] —

Calculated u1 [W.s/(m3.°C)]
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Calculated NMOT —
Supplementary information: —
TABLE 10: MQT 08 - Outdoor exposure test P
Test Date [YYYY-MM-DD] start/end........... : |2018-04-24/ 2018-05-14 —
Sample # M13 —
Total irradiation dosage [kWh/m?] ............. ;| =60 —
Angle of tilt the test module....................... : [37° angle —
Electrical load: X Restive load —
J MPPT
Supplementary information: N/A
Table 10.1: MQT 01: Visual inspection after outdoor exposure test P
Test Date [YYYY-MM-DD].....cccvveereiienane : |2018-05-14 —
Sample # |Nature and position of initial findings — comments or attach photos —
M13 No major visual defects found P
Supplementary information: N/A
Table 10.2: MQT 15: Wet leakage current test after outdoor exposure test P
Test Date [YYYY-MM-DD] ........ccccceeuveennnnnnal | 2018-05-14 —
Test Voltage applied [V] .....cccccceeeeeeeeeel: | 1500 —
Solution temperature [°C] .........cccuuvvuennn..l | 22.6 —
Size of module [M?] .....ccovvveiiiiiiiiieel [ 1.94 —
Required Resistance [MQ)]...........................: | 20.62 —
Sample # Measured [MQ] Limit [MQ] Result
M13 3221 20.62 P
Supplementary information: Solution resistivity 2704 [Q-cm].
Table 10.3: MQT 02 - Maximum power determination after outdoor exposure test - Optional —
Test Date [YYYY-MM-DD].....cccvveeriiienane : |2018-05-14 —
Module temperature [°C] ........cceeeeveeeennnnnee. ;|25 —
Irradiance [W/M?2) .......c.cccocveeeeceeeeieeieee, : 1000 —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%]
M13 9.672 47.818 9.253 38.791 358.937 77.61

Supplementary information: N/A
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Table 10.4: MQT 03 - Insulation test after outdoor exposure test - Optional N/A
Test Date [YYYY-MM-DD].......cccceeerirnnnnnl — —
Test Voltage applied [V] ......ovvvvevneneeiinnnnnnnnndd — —
Size of module [M?] ..o — —
Required Resistance [MQ]...........coevviieinnn: — —
Sample # | Measured Required (MQ) Dielectric breakdown Result
(MQ) (MQ) Yes (description) No
Supplementary information: —
TABLE 11: MQT 18: Bypass diode thermal test P
Test Date [YYYY-MM-DD] start/end.............. 2018-05-27 —
Sample # M14 —
Module temperature [°C] .......cooeeiiiiiiiinnnnl: 75+5 —
Number of diodes in junction box..................: 3 —
Diode manufacturer..........ccoooevveieieniiiiinnnendd Zhejiang Zhonghuan Sunter PV Technology -
Co., Ltd.
Diode type designation............ccccceeveeernnnnll 20SQ045 —
Max. permissible junction temperature ijax[ C] 200 —
(according to diode datasheet)..........ccceeeee:
Detailed description of sample preparation Standard production module —
ProCedUre ......ccovviieeiiiieeeeecee et
Step 1, Determination of VD versus TJ characteristic —
30£2°C 50+2°C 70+2°C 90+2°C

Ambient temperature of the junction box... : 30.5 50.4 70.3 90.2
Pulsed current ........ccooooiiiiiiiiiiiiee, : 9.671 9.683 9.702 9.711
Voltage drop [V] ...ccceeeeeiiieeeeiiieiee e : 0.416 0.387 0.356 0.328
VD versus TJ characteristiC.............cccuueeee. : VD= -0.0015* TJ + 0.4647 —
Max. permissible junction temperature ijax[ C] 200 —
(according to diode datasheet)................... :
Step 2, Bypass diode thermal test P

Diode 1 Diode 2 Diode 3 Result
Current flow applied [A] ..o 9.68 9.68 9.68 —
Max. diode surface temperature Tjmax [°C] : 114.52 113.71 117.49 —
Voltage drop [V] after Th..........eeeeeeiiiiiiiiiiiiiiiiiiinnndd 0.28 0.28 0.28 —
Calculated max. junction temperature Tjcac [°C] ....: 123.13 123.13 123.13 P
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Tjcalc < Tjmax (test passed)? yes/no .........cccceeeeeees: yes yes yes P
Current flow (1.25 * ISC) [A] .eveeeieeeiiiiiiieeieeeeel 12.10 12.10 12.10 —
Bypass diode remain(s) functional (yes/no) ..........: yes yes yes P
Remarks: See Table 12 for the test details of bypass diode functionality test.
3 Diodes are considered as representative number. These diodes have to be selected as worst case. In case
that additional bypass diodes tests are performed the results shall be listed in an attachment.
TABLE 11.1: MQT 01 - Visual inspection after bypass diode thermal test P
Test Date [YYYY-MM-DD].....cooouviriiiiieiiiiineeens : 12018-05-22 —
Sample # | Nature and position of initial findings — comments or attach photos —
M13 No major visual defects found P
Supplementary information: N/A
TABLE 11.2: MQT 15 - Wet leakage current test after bypass diode thermal test P
Test Date [YYYY-MM-DD] ....ccccuieiiiiieeeiiieeeene : |2018-05-27 —
Test Voltage applied [V].......cuveveummmmreimninninininninnn : (1500 —
Solution temperature [°C] .....ccevvivveciiiieeeeeeeeeeeen, ;224 —
Size of module [M?] ..ceeeeviiiiiieeeee e, ©[1.94 —
Required Resistance [MQ]........cccooovimiiiiiiiieenennnn, . 120.62 —
Sample # Measured [MQ] Limit [MQ] Result
M13 268.3 20.62 P
Supplementary information: Solution resistivity 2704 [Q-cm].
TABLE 11.3: MQT 02 — Max. power determination after bypass diode thermal test - Optional N/A
Test Date [YYYY-MM-DD].......cccuvverennnee D= —
Module temperature [°C] ......ceevvvrvevennnnnn. = —
Irradiance [W/M?2) ......ccovevceeeeeee e - —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] —
Supplementary information; —
TABLE 11.4: MQT 03 - Insulation test after bypass diode thermal test - Optional N/A

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

Test Voltage applied [V] ................

Size of module [M?] ......ccovvvnees
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Required Resistance [MQ)]..........cccccceess | —
Sample| Measured Required Dielectric breakdown Result
# MQ MQ Yes (description) No
Supplementary information; —
TABLE 12: MQT 18.2 - Bypass diode functionality test after bypass diode thermal test P
Test Date [YYYY-MM-DD] ......cccccceeeeeieiinnnn. :12018-05-27 —
] Method A N/A
Ambient temperature [°C] ........................: — —
Current flow applied [A] ....ccoveeniiiiiiill — —
Sample # VFEM VFMrated VEM = (N x VFMrated) = 10 % Result
M13 - - [] Yes [ ] No P
Supplementary information:
X Method B —
IV curve after shading Result
Diode 1 Turn on P
Diode 2 Turn on P
Diode 3 Turn on P
Supplementary information: N/A
TABLE 12.1: MQT 19.1 Fin: Final stabilization N/A
TABLE 12.2: MQT 06.1: Performance at STC before final stabilization —
Test Date [YYYY-MM-DD] .......cccooeeeeeeeeeeennn | — —
Testmethod ..........ccccceeeeeeeeeeeeeeeeeveenennenn s | L] Simulator 1 Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] —
Supplementary information: —
TABLE 12.3: MQT 19.1 Final Stabilization procedure N/A

Light exposure method ...........ccooeeeiiiiiiiinnnn. :

] Simulator

1 Natural sunlight

Stabilization criterion x per IEC 61215-1-x...:

Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight

M13

Sample #

Test Date (YYYY-MM-DD) start/end.......... :
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Test cycle :?::(%;?sg Irradianzce terwsgrglti o | Resistive Tﬁgxéx\é);t Prnax — Pm;n) / | Stable
(KWhim?) (W/m?) °C) load cycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Supplementary information: —
[] Other stabilization procedures
Sample# |M13 Test Date (YYYY-MM-DD) start/end...........: —
Test method description:
Supplementary information: See Annex 3 for verification of this alternative stabilization procedure
TABLE 13: MQT 09 - Hot-spot endurance test P
Test Date [YYYY-MM-DD] start/end................... : 12018-07-11 —
Sample # M13 —
Procedure of technology...........ccccovveeiiiiicnnnne. . | X wafer-based technologies (WBT) MQT 09.1 —
] monolithically integrated (MLI) thin film
technologies MQT 09.2
Cell interconnection Gircuit................ccccceeueunen... | XIs  [sp [Ps —
X Pulse Simulator —
Type of light SOUrCe.........cuvviviiiiineiiiiiiiiaieeeaieens . | X Steady state Simulator
1 Natural sunlight
Module temperature at thermal equilibrium [°C]. : |50.0/50.1/50.0/50.0 —
TABLE 13.1: MQT 09 - Hot-spot endurance test for WBT —
Selected hot-spot cells ...t LOW LOW Low HicH a
/ / /
Shading rate [%)] ...cceveeeeeeeeeeeee e 10 10 10 10 —
Max. measured cell temperature in each cell [°C]: 135.2 135.7 138.2 124.4 —
Test duration of each shading [N] .........cccvvveene: 1 1 1 —
Irradiance during shading [W/m?] ............... .....: 1000 1000 1000 1000 —
TABLE 13.2: MQT 09 - Hot-spot endurance test for MLI N/A

Selected hot-spot cells ......coovvvvriiiiiiiiiiiieeeeeee, :

Number of cells shaded...........c.coooveiiieiiiiniennnees :
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Max. measured cell temperature [°C]................. o —
Test duration during shading [h] .......cccevvuiinnnn. o —
Irradiance during shading [W/m?] ............o.. e, o —
Supplementary information: —
TABLE 13.3: MQT 01 - Visual inspection after hot-spot endurance test P
Test Date [YYYY-MM-DD].....cccovviiiiiiiiaeiiieeeene : 12018-07-11 —
Sample # [Nature and position of initial findings — comments or attach photos —
M13 No major visual defects found P
Supplementary information: N/A
TABLE 13.4: MQT 02 - Maximum power determination after hot-spot endurance test P
Test Date [YYYY-MM-DD]......ccocoeveeiieiaeiiienene : 12018-07-11 —
Module temperature [°C] ..ccoooveieeeeeeiiiicceeeeeeeeenn 0125 —
Irradiance [W/M?) ......c.eeceeeeeee e : | 1000 —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] —
M13 9.757 47.725 9.240 38.721 357.781 76.83 P
Supplementary information: N/A
TABLE 13.5: MQT 03 - Insulation test after hot-spot endurance test P
Test Date [YYYY-MM-DD]......ccocoeveriiieaeiiieaene : 12018-07-11 —
Test Voltage applied [V] .......ovvveemeeeeiiiiniiiniiiinnnnn. : {8000/1500 —
Size of module [M?] ..., 1 11.94 —
Required Resistance [MQ].........cccceviiiiieiieennnnnn, . 120.62 —
Sample Measured Required Dielectric breakdown Result
# MQ MQ Yes (description) No
M13 >5000 20.62 No dielectric breakdown No P
Supplementary information: the maximum resistance measurement range is 5000MQ.
TABLE 13.6: MQT 15 - Wet leakage current test after hot-spot endurance test P
Test Date [YYYY-MM-DD].....coocuririiiiieieiiieendd 2018-07-11 —
Test Voltage applied [V] ... 1500 —
Solution temperature [°Cl......cccovvvviiciiieieeeeeeeennndd 22.5 —
Size of module [M?] ..o, 1.94 —
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Required Resistance [MQ]..........ccovmiiiiiieieeeennnn, 20.62 —
Sample # Measured [MQ] Limit [MQ] Result
M13 404.3 20.62 P
Supplementary information: Solution resistivity 2715 [Q-cm].
TABLE 13.7: MQT 18.2 - Bypass diode functionality test after Hot-spot endurance test P
Test Date [YYYY-MM-DD].....cccvveeiiiiinaenee : |2018-07-11 —
(] Method A N/A
Ambient temperature [°C] ....ceeivieviiiinninnn, D= —
Current flow applied [A] .....ccovvvvvieeeiiiiiiennn, D= —
Sample # VFM VFMrated VEM = (N x VFMrated) = 10 % Result
M13 — — []Yes ] No —
Supplementary information: —
XI Method B P
IV curve after shading Result
Diode 1 Turn on P
Diode 2 Turn on P
Diode 3 Turnon P

Supplementary information: N/A
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TABLE 14: MQT 10 - UV preconditioning test P
Test Date (YYYY-MM-DD) start/end ............ : |12018-04-20/2018-04-23 —
Module temperature [°C] .......cccoeevireeinnnnee. . 605 —
UV irradiance (280-400nm) [W/m?] ............. . 1166.67 —
Ratio of UV irradiance (280-320nm) (%) ....... ‘767 P
UV dose (280-400nm) [kWh/ m?] ................ ;|15 —

Module operation condition

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.
UV preconditioning test was performed on front side of the module.

TABLE 14.1: MQT 01 - Visual inspection after UV preconditioning test P
Test Date [YYYY-MM-DD]......cccccevrriienennnnne : |2018-04-23 —
Sample # | Nature and position of initial findings — comments or attach photos —
M4 No major visual defects found
M5 No major visual defects found
TABLE 14.2: MQT 15 - Wet leakage current test after UV preconditioning test P
Test Date [YYYY-MM-DD].....cccvveeiiiieaennd 2018-04-23 —
Test Voltage applied [V] ......cccccceeeeeeeeeeeeeenneer | 1500 —
Solution temperature [°Cl........cccoevvivnceeeeel - [22.5 —
Size of module [M?] ....coovviiieiiiiicieieeeeeeees. [ 1,94 —
Sample # Measured [MQ] Required Resistance [MQ] Result
M4 299.3 20.62 P
M5 341.7 20.62 P
Supplementary information: Solution resistivity 2714 [Q-cm].
TABLE 14.3: MQT 02 — Max. power determination after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DD]........ccccceeeeierenns i —
Module temperature [°C] .......cooeeiiiiiiiinnnnnnn... o —
Irradiance [W/M?] c....coceeeeeeeeeeee e o —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
M4 - - - - —
M5 - - - - —

Supplementary information: —
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TABLE 14.4: MQT 03 - Insulation test after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DD]......ccccevveviiieinnnnns o —
Test Voltage applied [V] ......ccveeeiiiieiiinnnnn. i —
Size of module [M?] ....oovvreiiiiiiicecee e, — —
Required Resistance [MQ]...........ccvuvvvunnnnn... o —
Sample # Measured Dielectric breakdown Result
[MQ] Yes (description) No
Supplementary information: —
TABLE 15: MQT 11 - Thermal cycling 50 test P
Test Date [YYYY-MM-DD] start/end.........: | 2018-04-26/2018-05-06 —
Total cycles (50).......cuvvvevevereeeeeennvnneeennnnns | 50 —
During the heat up cycle from 9.8 —
Applied current (A) ........ccoeeveeeeenennnn..: |40 °C 10 80 °C
Other stages 0.05 —
Sample # Open circuits (yes/no) —
M4 No
M5 No
Supplementary information: N/A
TABLE 15.1: MQT 01 - Visual inspection after thermal cycling 50 test P
Test Date [YYYY-MM-DD].....cccovveeiiiienane . | 2018-05-06 —
Sample # [Nature and position of initial findings — comments or attach photos —
M4 No major visual defects found
M5 No major visual defects found
Supplementary information: N/A
TABLE 15.2: MQT 15 - Wet leakage current test after thermal cycling 50 test P
Test Date [YYYY-MM-DD].......ccccccevcveeeenns | 2018-05-07 —
Test Voltage applied [V] .......ccveieiiicinnnnens - | 1500 —
Solution temperature [°C] ..............ooon [22.5 —
Size of module [M?] ..ceeeveeeiiiiieee e, 1.94 —
Sample # Measured [MQ] Required Resistance [MQ] Result
M4 332.7 20.62 P
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M5

364.8

20.62

P

Supplementary information: Solution resistivity 2714 [Q-cm].

TABLE 15.3: MQT 03 — Max. power determination after thermal cycling 50 test - Optional

Test Date [YYYY-MM-DD].....o.orvverrerrrene, :

Module temperature [°C] ....ccooeveieeeiiiiiinnnn, :

Irradiance [W/m?) ......ccoeeeeeceeeeeeeeeeeeeee. ;

Sample #

Vmp [V] Pmax [W]

FF [%]

M4

M5

Supplementary information: —

TABLE 15.4: MQT 03 - Insulation test after thermal cycling 50 test - Optional

Test Date [YYYY-MM-DD]

Test Voltage applied [V]

Size of module [m?]

Required Resistance [MQ]

Sample

Measured

Dielectric breakdown

Result

#

MQ]

Yes (description) No

M4 |—

M5 [—

Supplementary information: —

TABLE 16: MQT 12 - Humidity freeze 10 test

Test Date [YYYY-MM-DD] start/end.............. :

2018-05-07/2018-05-17

Total cycles (10) ...uuuvivvirrrrerirrrernnnnneerennnnnann ;|10

Applied current (A) ....ceeeeeiieiiiieeeeeeeeee, :

0.05

Sample #

Open circuits (yes/no)

M4

No

M5

No

Supplementary information: N/A

TABLE 16.1: MQT 01 - Visual inspection after humidity freeze 10 test

Test Date [YYYY-MM-DD]....c.ovvrrerrrerrerenne. :

2018-05-17

Sample #

Nature and position of initial findings — comments or attach photos
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M4 No major visual defects found

M5 No major visual defects found

Supplementary information: N/A

TABLE 16.2: MQT 15 - Wet leakage current test after humidity freeze 10 test

Test Date [YYYY-MM-DD]......ccocvviriiieennne :

2018-05-17

Test Voltage applied [V] .......covvvvneeeeiennnininnnns :

1500

Solution temperature [°C]....................L

22.6

Size of module [M?] ..ceevveieiiiiieeeeeccci e :

1.94

Required Resistance [MQ]...........ccoeuvvvunnnnn... :

20.62

Sample # Measured [MQ]

Limit [MQ]

M4 371.8

20.62

M5 2845

20.62

Supplementary information: Solution resistivity 2714 [Q-cm].

TABLE 16.3: MQT 02 - Maximum power determination after humidity freeze 10 test -Optional

Test Date [YYYY-MM-DD]......ccccvvviiiriennnns :

Module temperature [°C] .......ceeeeriiiiiiininnnnn... :

Irradiance [W/M?) ......cceeeeeeeeeeeeeeeeeeeee, ;

Sample #

Vmp [V] Pmax [W]

FF [%]

Supplementary information: —

TABLE 16.4: MQT 03 Insulation test after humidity freeze 10 test) -Optional

N/A

Test Date [YYYY-MM-DD]......ccccvvviiiriiinnns :

Test Voltage applied [V] ......coovveeeiieneriininn. :

Size of module [M?] ....oovviiiiiiiicceieeeeee, :

Required Resistance [MQ]...........ccuvvvvunnnnn... :

Sample # Measured Required

Dielectric breakdown

MQ MQ

Yes (description)

No

Supplementary information: —
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TABLE 17: MQT 14 - Robustness of terminations test P
Test Date [YYYY-MM-DD] start/end.............. : 12018-05-17 —
TABLE 17.1: MQT 14.1 Retention of junction box on mounting surface P
Sample # M4 —
Supplementary information: A force of 40N applied.
TABLE 17.2: MQT 01 - Visual inspection after retention of junction box on mounting P
surface
Test Date [YYYY-MM-DD].....ccccvveririiiieeeiinenn. :[2018-05-17 —
Sample # Nature and position of initial findings — comments or attach photos —
M4 No major visual defects found P
Supplementary information: N/A
TABLE 17.3: MQT 15 - Wet leakage current test after retention of junction box on mounting P
surface
Test Date [YYYY-MM-DD].......ccocevevvveeeennnnns | 2018-05-17 —
Test Voltage applied [V] .......cevvvvueevvrrinnnnnnnns [ 1500 —
Solution temperature [°Cl.........ccvvcceeeeeeeeel | 22.5 —
Size of module [M?] ...cooviiiiiiiiiicceeeeeeee 1.94 —
Required Resistance [MQ]...........cccccvvvuennn..r [20.62 —
Sample # Measured [MQ] Limit [MQ] Result
M4 264.7 20.62 P
Supplementary information: Solution resistivity 2704 [Q-cm].
TABLE 17.4: MQT 14.2 - Test of cord anchorage N/A
Sample# |— —
1 Junction boxes intended to be used with cables specified by the manufacturer =
Cable[rfli;r]neter, Tension Force, [N] dispzimsesrimgk[amm] digoia:%:rl];\e:nt, oSl
Pull test 2mm
Cable diameter, Torque Force, Permissible angle [°] Measured angle | Result
[mm] [Nm] [l
Torque test 45°

[J Junction boxes intended to be used with generic cables
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Anchorage . Permissible Measured Result

. Test mandrel Tension . .

diameter range displacement displacement
[mm] Force, [N]
[mm] [mm] [mm]

Pull test Min 2mm

Anchorage Torque . Result

diameter range et el Force Pzrnm:ZS['g'e Measur[(:]d angle
[mm] it N o
Torque test | Max 45°
Supplementary information: —
TABLE 17.5: MQT 01 - Visual inspection after retention of test of cord anchorage N/A
Test Date [YYYY-MM-DD].......ccccveeeeeennes : — —
Sample # Nature and position of initial findings — comments or attach photos —
Supplementary information: —
TABLE 17.6: MQT 15 - Wet leakage current test after retention of test of cord anchorage N/A
Test Date [YYYY-MM-DD].....cccocvveereeriinnnnl - —
Test Voltage applied [V] .....ovveveevmiiiiiiiinnnn’ — —
Solution temperature [°Cl.........cccviieeeeennnniild — —
Size of module [M?] ...ccovviiniiiiiiiceeeeeeeeees — —
Sample # Measured [MQ] Required Resistance [MQ] Result
Supplementary information: —
TABLE 17.7: MQT 03 - Insulation test after test of cord anchorage N/A
Test Date [YYYY-MM-DD].......ccccvvunnnnnns o —
Test Voltage applied [V] ......oevvvvennnnnennnns o —
Size of module [M?] .....coovvveciiiiiiii, i —
Required Resistance [MQ].................... i —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No

Supplementary information: —
TABLE 18: MQT 11 - Thermal cycling 200 test P

Test Date [YYYY-MM-DD] start/end...........

... | 2018-04-20/2018-05-20 —
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Total cycles (200) ........uveeeeeerrereennnnneernnnnnennns : (200 —
During the heat up cycle from — (9.8 —
Applied current (A) .....c.coeeveeeeeeeeeeeeeeenes - [40°Cto80°C
Other stages 0.05 —
Sample # Open circuits (yes/no) —
M8 No P
M9 No
Supplementary information: N/A
TABLE 18.1: MQT 01 - Visual inspection after thermal cycling 200 test P
Test Date [YYYY-MM-DD].....cccoveeeiiiiienane : |2018-05-21 —
Sample # |Nature and position of initial findings — comments or attach photos —
M8 No major visual defects found
M9 No major visual defects found P
Supplementary information: N/A
TABLE 18.2: MQT 15 - Wet leakage current test after thermal cycling 200 test P
Test Date [YYYY-MM-DD]......ccccuvirviiireeeeiiinenn. :12018-05-21 —
Test Voltage applied [V] ..o : 11500 —
Solution temperature [°Cl..........cccceeeeieerieiininnn. 1 122.6 —
Size of module [M7] ... :11.94 —
Required Resistance [MQ]..........ccccovvvuceeeeennnn. :120.62 —
Sample # Measured [MQ] Limit [MQ] Result
M8 339.2 20.62 P
M9 365.4 20.62 P
Supplementary information: Solution resistivity 2718 [Q-cm].
TABLE 19: MQT 13 - Damp heat 1000 test P
Test Date [YYYY-MM-DD] start/end............. . [2018-04-18/2018-05-29 —
Total hours (1000h) .....cccvveeiiiiiiieeeieeeee : {1000 —
Sample # Open circuits (yes/no) —
M6 No
M7 No

Supplementary information: N/A
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TABLE 19.1: MQT 01 - Visual inspection after damp heat 1000 test P
Test Date [YYYY-MM-DD].....cccoveeriiinenanne : |2018-05-29 —
Sample # Nature and position of initial findings — comments or attach photos —
M6 No major visual defects found
M7 No major visual defects found P
Supplementary information: N/A
TABLE 19.2: MQT 15 - Wet leakage current test after damp heat 1000 test P
Test Date [YYYY-MM-DD].....ccccvvereriiieneennnnn : |2018-05-29 —
Test Voltage applied [V].......cuvveemmmmmierinneennnns . 11500 —
Solution temperature [°Cl..........cccceeeeeeeeeenes D224 —
Size of module [M?] ....covviiiiiiiieeieeeeeee, D 11.94 —
Required Resistance [MQ]...........ccoevvvvnnnnnn... . 120.62 —
Sample # Measured [MQ] Limit [MQ] Result
M6 681.3 20.62 P
M7 574.6 20.62 P
Supplementary information: Solution resistivity 2704 [Q-cm].
TABLE 19.3: MQT 02 - Maximum power determination after damp heat 1000 test - Optional N/A
Test Date [YYYY-MM-DD].......cccoevveiernnnnn. : — —
Module temperature [°C] ........ceeeeevieeennnnee. : — —
Irradiance [W/M?3) .....ccouveveeeieeee e N —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information: —
TABLE 19.4: MQT 03 - Insulation test after damp heat 1000 test - Optional N/A
Test Date [YYYY-MM-DD].....cccccevveeveviineeennnss | — —
Test Voltage applied [V] ....ccovvveeeeeeieniiiiieeeel [ — —
Size of module [M?] ... — —
Sample # Measured Required Dielectric breakdown Result
Resistance
MQ] [MQ] Yes (description) No
M6 — — — No —
M7 | — — — No |—
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Supplementary information: —
TABLE 19.5: MQT 16 Static mechanical load test P
Sample #: M6 —
Design load(front side/ back side)................ : 13600/ 1600 —
Safety factors ... ;1.5 —
Test Date [YYYY-MM-DD].....cccovveeiiiiinaenee 2018-06-08 —
Mounting method.........ccoooiiiiiiiiiii, : According to the installing manual —
[oT=To IR=To] o] 11=Te I (o TR : front side back side —
Mechanical load [Pa] ........ccceeeeeieeiiieieeeeee. : 15400 2400 —
First cycle time (start/end).............cceeeeeeennnn. ;|1 hour 1 hour —
Intermittent open-circuit (yes/no).................. :|No No P
Second cycle time (start/end)..........cccceeeeen... .| 1 hour 1 hour —
Intermittent open-circuit (yes/no).................. :|No No P
Third cycle time (start/end) ...........cccccvvvvvnnns : |1 hour 1 hour —
Intermittent open-circuit (yes/no)................. :|No No P
Supplementary information: N/A
TABLE 19.6: MQT 01 - Visual inspection after static mechanical load test P
Test Date [YYYY-MM-DD].......cccceevrreennnee. . |2018-06-11 —
Sample # |Nature and position of initial findings — comments or attach photos —
M6 No major visual defects found P

Supplementary information: N/A
TABLE 19.7: MQT 15 - Wet leakage current test after static mechanical load test P
Test Date [YYYY-MM-DD].....cccovveveriiienennnnnn : 12018-06-11 —
Test Voltage applied [V]......cccooeeeiieereriinnnnn. : 11500 —
Solution temperature [°Cl..........cccceeeeeeeenenns 1 122.6 —
Size of module [M?] ....covvveiiiiiicceeeeeee 1 11.94 —
Required Resistance [MQ]...........cccevvvunnnnn... : 120.62 —
Sample # Measured [MQ] Limit [MQ] Result

M6 293.3 20.62 P
Supplementary information: Solution resistivity 2713 [Q-cm].
TABLE 19.8: MQT 17 - Hail impact test P

Test Date [YYYY-MM-DD].......c.oovvenn... :

2018-05-31
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Sample # M7 —
1 2 3 4 5 6
25.0 | 25.1 24.9 25.0 25.1 24.9
Ice ball size [MM].....c.ccoooviiiiiiieiaininne. : —
7 8 9 10 11
249 | 25.0 | 251 25.0 25.0
1 2 3 4 5 6
7.53 | 7.59 | 7.47 7.53 7.59 7.47
Ice ball weight [g]......ccovvvvviviiiiiiiieenin —
7 8 9 10 11
7.47 | 753 | 7.59 7.53 7.53
1 2 3 4 5 6
23.0 | 231 22.9 22.8 23.0 23.2
Ice ball velocity [M/S]........ccovvvueeiiieinn. : —
7 8 9 10 11
231 | 232 | 229 23.0 23.1
Number of impact locations .................. 11 —
Supplementary information: (impact location descriptions)
| 4 Mounting points
8 l 9 and10
11
= I B
— - I
el E — -
— ] I,
1 — — N
[ | — L
I _—
I N D ) 1
1 R 1 | —
I D D DN SN S
1 = __§ R BN |
1 & 1 1 N |
[ 1T W 71T T W
& ® R N N ]
[ — -
1 N
= [ ]
i1 _L_L
// !,f T 1
Jand 4 2
TABLE 19.9: MQT 01 - Visual inspection after hail impact test P
Test Date [YYYY-MM-DD]........ccuvveuivnnnns : 12018-06-01 —
Sample # |Nature and position of initial findings — comments or attach photos —
M7 No major visual defects found P

Supplementary information: N/A
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TABLE 19.10: MQT 15 - Wet leakage current test after hail impact test P
Test Date [YYYY-MM-DD].......ccueevenneee : |2018-06-01 —
Test Voltage applied [V].......cevvvennnnnennnns . | 1500 —
Solution temperature [°C]...................... : 225 —
Size of module [m?] ... ;o |1.94 —
Sample # Measured [MQ] Required Resistance [MQ] Result
M7 274.8 20.62 P
Supplementary information: Solution resistivity 2704 [Q-cm].
TABLE 20: MQT 19.1 Fin: Final stabilization N/A
TABLE 20.1: MQT 06.1: Performance at STC before final stabilization —
Test Date [YYYY-MM-DD]..........ccuuuee..e D= —
Testmethod ........ooveeeeeeieeeeeee e : | [J Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Supplementary information: —
TABLE 20.2: MQT 19.1 Final Stabilization procedure N/A
Light exposure method: [ 1 Simulator 1 Natural sunlight
Stabilization criterion x per IEC 61215-1-x : —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # M10 Test Date (YYYY-MM-DD) start/end..: —
Test cycle :p:aec%;?c;(gg Irradianzce ter'r\l/I :edrglti | [eEElE Ft)rT;Xe(x\c/i);t Prmax — P'";”) g | St
(KWhim?) (W/m?) ) load sl Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
5 — — — — — — —
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3 — — — — — — —
4 — — — — — — —
Sample # M4 Test Date (YYYY-MM-DD) start/end —
Testoydle | inadation | IMmdiance | MO | Resistive | et (IS Pra— Py / | Stabie
(kwhm?) | (W/m) °C) load oycle | Pevrese (%) | (YesiNo)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 - — — — — = —
Sample # M5 Test Date (YYYY-MM-DD) start/end —
Test cycle g = Irradiance ten';":gr‘;'ti o | Resistive |Frx(W)al) p Prir) /| Stable
(kWhim2) | (W/m% °C) load eycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 - — — — — = —
Sample # M8 Test Date (YYYY-MM-DD) start/end..: —
Test cycle :p:aegi?c;fg Irradiar;ce ter'r\l/lr?edrualtire Resistive Tﬁgxéx\é);t Prmax — Pm;n) / | Stable
(kwhm?) | (W/m) C) load eyclo | Paversse (%) | (YesiNo)
Initial — — = — — — —
1 — — — — — — —
2 — — — — — — —
3 — — — — — — —
4 - — — — — = —
Sample # M9 Test Date (YYYY-MM-DD) start/end —
Test cycle :p:aegigce)g Irradiar;ce ter'r\l/I poedrualti re | Resistive Tr?gxe(x\c/i);t Prex — P"‘;") /| Stable
(KWh/m2) (W/m?) °C) load eycle Paverage (%) | (Yes/No)
Initial — — = — — — —
1 - — — — — — —
2 — — — — — — —
3 — — — — — — —
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4 — — — — — — —
Sample # M6 Test Date (YYYY-MM-DD) start/end.....: —
Test cycle :p:ae(?i:}c;(gg Irradiar;ce ten'\1/I Sgrl;ﬁre REEBIE Ft)rT;xe(x\c/i);t Prax — Pm;") /| =k
(KWhim?) (W/m?2) ) load o Paverage (%) | (Yes/No)
Initial - - - - - - -
1 — — — — — — —
5 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Sample # M7 Test Date (YYYY-MM-DD) start/end —
Test cycle :p:ae(?i?c;fg Irradiar;ce ten'\1/I Sgrlglti re | Resistive T;;xe(x\c/i);t Prax — P”‘;") /| Sehke
(KWhim?) (W/m?2) °C) load e Paverage (%) | (Yes/No)
Initial - - - - - - -
1 — — — — — — —
5 — — — — — — —
3 — — — — — — —
4 — — — — — — —
Supplementary information: —
[] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description: —
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE 20.3: MQT 06.1: Final Performance at STC P
Test Date [YYYY-MM-DD]..................... . | Different date —
Testmethod ........c.eeuveeeeeeeeeceeeceeeeene, X Simulator ] Natural sunlight —
Sample I Vimp . Pmax [W] Power. Result
4 sc[A] | Voc [V]| Imp [A] V] Pmax [W] | FF [%] (Lab Degradation
_GateNo.1) [%]
M10 9.595 | 47.957 | 9.315 | 39.110 | 364.307 79.17 359.665 +0.28 P
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M13 9.575 | 47.725( 9.240 | 38.721 | 357.781 76.83 365.719 -2.17 P
M4 9.691 | 47.789 | 9.247 | 38.766 | 358.485 77.41 364.548 -1.66 P
M5 9.669 | 47.867 | 9.393 | 38.644 | 363.003 78.43 364.762 -0.48 P
M8 9.785 | 47.935| 9.396 | 38.852 | 365.072 77.83 366.388 -0.36 P
M9 9.804 | 47.941| 9.401 | 38.866 | 365.392 77.74 366.875 -0.40 P
M6 9.668 | 47.483 | 9.125 | 38.103 | 347.692 75.74 365.944 -4.99 P
M7 9.638 | 47.636 | 9.229 | 38.425| 354.620 77.24 366.334 -3.20 P

control module.

Supplementary information: Pmax [W] (Lab_GateNo.1) is calculated by considering the reproducibility » of

TABLE 21: MQT 03 fin: Final Insulation test P
Test Date [YYYY-MM-DD]..........cc........ : Different date —
Test Voltage applied [V] ......ocvvvvenennninnnns : 8000/1500 —
Size of module [M?] .....coovvviiiiiiriii, : 1.94 —
Sample # Required Measured Dielectric breakdown Result
MQ MQ Yes (description) No
M10 20.62 >5000 No dielectric breakdown No P
M13 20.62 >5000 No dielectric breakdown No P
M4 20.62 >5000 No dielectric breakdown No P
M5 20.62 >5000 No dielectric breakdown No P
M8 20.62 >5000 No dielectric breakdown No P
M9 20.62 >5000 No dielectric breakdown No P
M6 20.62 >5000 No dielectric breakdown No P
M7 20.62 >5000 No dielectric breakdown No P
Supplementary information: the maximum resistance measurement range of Yangzhou Opto-Electrical
Products Testing Institute is 5000MQ.
TABLE 22: MQT 15 fin: Final Wet leakage current test P
Test Date [YYYY-MM-DD].......ccooeeririiiiiiinnnnnnn. : Different date —
Test Voltage applied [V].......ccuvvemeeemenirnnnninnnnnns : 1500 —
Solution temperature [°Cl.....ccccoevvvviiviciieiieeeees : 22+ 2 —
Size of module [M?] ... : 1.94 —
Required Resistance [MQ].........cooooeviiiiiiiinnnnn. : 20.62 —
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Sample # Measured [MQ] Limit [MQ] Result
M10 473.6 20.62 P
M13 3221 20.62 P
M4 264.7 20.62 P
M5 284.5 20.62 P
M8 339.2 20.62 P
M9 365.4 20.62 P
M6 293.3 20.62 P
M7 274.8 20.62 P

Supplementary information: Solution resistivity <3500 [Q-cm].
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Annex 1: Product Description Sheet (Manufacturers and type references)

A1.1 MODULE TYPE/S
UL-360M-72HV
A1.2 MODULE DESIGN
Module dimensions (L x W x H) [mm]................. | 1956*992*46
WEIGNES. ...t : |23 kg
Front/Rear cover bonding classification.............. . | X rigidlexible
[ rigid/rigid
] flexible/flexible
A1.3 SOLAR CELL
Cell type referenCe ........coveueeeeeeeeeeeeeeeeeeeeeeeeeeen : | Ningbo Ulica Solar
Science&Technology Co.,Ltd
Cell type: 156M-5BB, P type mono
crystalline silicon
Cell dimensions LxW x T (£ %) [mm]................. | 156.75 x 156.75
Cell thickness [HM].......ccevvevvvviiccciieieeeeeieiceeeeeenn . | 200220
Cell area [CmM?] ...ccvveeeeiiieeeeeeeeeicciee e eeeeeenn . | 244.32
A1.4 IDENTIFICATION OF MATERIALS

Front COVEN ... :

Henan Ancai Hi-tech Co., Ltd.

Type: tempered glass with AR coating
Thickness: 3.2 mm

REAI COVEN ... :

Crown Advanced Materials Co.,Ltd

Type: Crown BE-xn, White, Material: PVDF
/PET/PO

Thickness: 22um/250um/50um, total: 350
+10%um

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

Shanghai HIUV New Materials Co., Ltd
Type: S201MT1,
thickness:0.5mm+0.1mm

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

Shanghai HIUV New Materials Co., Ltd
Type: S201W,
thickness:0.5mm=0.1mm

Frame parts ........cccoevveiviiiiiieeeeeecccee e :

Wuxi Zhongde Aluminum Product
Co,.Ltd

Anodized aluminum alloy, 6063-T5, silver
colour, Cross-section graph: 46mm*35mm

Mounting parts.......cc..eeeeeiieeiieiiiii e :

N/A
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Adhesive forframe .......coccoevvviiieiiiiiiieeeeeeee, :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-606

Edge sealing......ccoevvvieeieiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee :

N/A

Internal Wiring .......coooevviiiii :

N/A

Cell CONNECION ... e :

Suzhou Sanysolar Materials
Technology Corporation

Cross section: 0.25 x0.9 mm,

Material: Base Cu = 99.97%,

Coating Sn60%Pb40%, 0.025+0.005 mm
at each side.

String CONNECIOr......uuueiiiiiiieiiiee :

Suzhou Sanysolar Materials
Technology Corporation

Cross section: 0.25 x 7. mm,

Material: Base Cu = 99.97%,

Coating Sn60%Pb40%, 0.025+0.005 mm
at each side.

Soldering material ............ccccviceiiiiiii :

N/A

Fluxing agent.........couieiiiiiiiiicccee e, :

ASAHI Solder Technology CO,LTD
Type: SF56

JUNCHION DOX. e :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd

Type: PV-ZH011-6B, DC 1500 V, 15A, IP
67,-40°Cto 85°C

TUV Rheinland certified, No. R 50345461

(0721 o] [ 2N :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: H1Z2Z2-K 1x4mm?, 1500V DC,

-40 °C to 90 °C,

TUV Rheinland certified, No. R 50330654

(070] 110 1=Ye3 (o] NN :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: PV-ZH202B, DC 1500V, 30A, IP
67,-40 °C to 85 °C

TUV SUD Certified, No. R 50350557

Bypass diode .........couuiiiiiiiiiiii e :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: 20SQ045, Schottky,

Max. peak reverse voltage 45V,
Max. average forward current 20 A,
Max. junction temperature 200 °C.

Potting material.............c.ooooiiiiii :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-1184, Rated V-0 at min. 3.0 mm
thick, RTI=105, CTI=0,

UL certified, No. E335227

Adhesive for junction box ..........cccceeeiiieinn. :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-606, Rated V-0, at min. 3.0 mm
thick, RTI=105, UL certified, No. E335227
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Additional material (e. g. fixing tape, insulation

TAPE) e :

Fixing tape:

TERAOKA SEISAKOSHO Co., Ltd.
Type: 631S#38

Insulation sheet:

Crown Advanced Materials Co.,Ltd
Type: Crown BE-xn, White, Material:
PVDF /PET/PO

Thickness: 22um/250um/50um, total: 350
(-10%,+20%)um

A1.5 MODULE DESIGN - MINIMUM DISTANCES
Between CellS.......coucvvveueereeeiecieiecieeeieeeeeee s [ 1.5mm
Between cell and accessible surfaces................. - [17.75 mm
Between any current carrying part and acceSS|bIe 17.25 mm
SUMACES ...iiieiee ettt :

A1.6 MODULE DESIGN - ELECTRICAL CONFIGURATION
Total number of cells.........cccooiiiiiiiiis D72
Serial-parallel connection of cells........................ 1|24
Cells per bypass diode..........ccceevvvermneiniinnnnnnnnnnn. D |24
No. of bypass diodes..........ccevvviiiiiiiiiiiiiiiiiiiinennns D3
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Annex 2: Test table for verifying other alternative stabilization procedure
Step 1: Alternative stabilization N/A
Test Date (YYYY-MM-DD) start/end: — —
Test method description: —
Power before alternative stabilization (W) — — — —
Power after alternative stabilization (W) — — - —
Supplementary information: —
Step 2: Light exposure N/A
] Simulator U Natural sunlight
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample M10 Test Date (YYYY-MM-DD) start/end........ccccccoeevuirieennn. : —
Test cycle | Light source :?:a?(?i;atitgg Irradianzce ter'r\1/I :edr:ﬁre s aI?TIiXe(\e/;\r/])d P;ng;e:::n) SIElE
(kWh/im2) | (W/m9) (°C) load 1 "ot cycle %) |(Yes/No)
Initial - - - - - - - -
1 — — — — — — — —
> — — — — — — — —
Supplementary information: —
Sample M11 Test Date (YYYY-MM-DD) start/end........................: —
Test cycle | Light source !?:aegi;atitgg Irradiar;ce terw pO:r:It?Jre e aI?T;;(\g\)d P;nalga:e:::n) Sl
(kwh/im2) | (W/m9) (°C) load 1 "ot cycle %)  |(Yes/No)
Initial - - - - - - - -
1 — — — — — — — —
2 — — — _ — _ — —
Supplementary information: —
Sample M12 Test Date (YYYY-MM-DD) start/end...........ccccc.........l: —
Test cycle | Light source :?rtaegi;atitgg Irradianzce terg/I r?edrgltire Reasiie aTT;;(\elz\rI])d PTaI;a:e:;:n) SIElE
(kWh/m2) | (W/m%) (°C) load 1 "ot cycle %) |(Yes/No)
Initial - - - - - - - -
1 — — — — — _ — —
> — — — _ — _ — —

Supplementary information: —
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Step 3: Stabilization determination N/A
- - Result

Stable power Pmax1 after alternative stabilization (W) -

Stable power Pmax after light exposure (W)

Power change Pmaxz t0 Pmaxt (%)

Allowed power change Pmax2 t0 Pmax1 (%)

Is alternative stabilization method valid? (Yes/No) -

Supplementary information: —

TRF No. IEC61215D_SE




Page 54 of 58 Report No. 704061806602-00 part 1 of 2
IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
Annex 3: Lower and higher output power modules

TABLE A.4.1 Performance at STC before initial stabilization P
Test Date [YYYY-MM-DD]......ccoceeeennennt 2018-04-04 —
Testmethod ........cccvveveeeeereciciceees X Simulator ] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
Low 1 9.235 45.906 8.739 38.045 332.467 78.42 —
Low 2 9.273 45.871 8.994 37.798 332.380 78.14 —
High 1 9.911 48.205 9.533 39.366 375.260 78.55 —
High 2 9.891 48.264 9.427 39.858 375.746 78.71 —

Supplementary information: The limit value is calculated through considering the tolerance of rated label
values and lab measurement uncertainty.

TABLE A.4.2: MQT 19.1 ini: Initial Stabilization procedure P
Light exposure method ............ccccceeveuenenn.. X Simulator ] Natural sunlight —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Stabilization criterion x per IEC 61215-1-x .{ 1 —
Sample # Low 1 |TestDate (YYYY-MM-DD) start/end .........: 2018-04-04 / 2018-04-09
Test cycle ::‘::gigfg Irradiar;ce ten'\1/|:§rl;|‘$ o | Resistive Tﬁ;"éx\é) Oe}t Pis— Pm;n)/ Stable
(KWhim?) (W/m?) °C) load oycle Paverage (%) | (Yes/No)
Initial — — — — 332.467 — —
1 5 800~1000 50+ 10 4.1 331.358 — —
2 5 800~1000 50 + 10 4.1 331.664 0.33 Yes
Sample # Low2 |TestDate (YYYY-MM-DD) start/end ......... : 2018-04-04 / 2018-04-09
Tost Gk :p:ae(%:};ce)g Irradiar;ce ter'r\lﬂg):rglteu re | Resistive Tﬁgxéx\é);t Pmax — Pm;n) / | Stable
(KWhim?) (W/m?) C) load e Paverage (%) | (Yes/No)
Initial — — — — 332.380 — —
1 5 800~1000 50+ 10 4.1 331.716 — —
2 5 800~1000 50+ 10 4.1 331.707 0.20 Yes
Light exposure method ...........ccceceeveueenen.. X Simulator ] Natural sunlight —

Abbreviation: Regarding light source “S” for

Solar simulator and “N” for Natural sunlight

Stabilization criterion x per IEC 61215-1-x .{1
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Sample # High 1 |Test Date (YYYY-MM-DD) start/end .........: 2018-04-04 / 2018-04-09
Test cycle !?::C%Z;[ﬁg Irradiar;ce te r'r\l/l Sg r:',[i o | Resistive Tﬁgx e(x\(/j) ;t Pmax — Pm;n) / | Stable
(KWhim?) (W/m?) °C) load oycle Paverage (%) | (Yes/No)
Initial — — — — 375.260 — —
1 5 800~1000 50+ 10 4.1 374.916 — —
2 5 800~1000 50+ 10 4.1 374.969 0.09 Yes
3 — — — — — — —
Sample # High 2 |Test Date (YYYY-MM-DD) start/end .........: 2018-04-04 / 2018-04-09
Test cycle :p:aeg;?c?gg Irradiar;ce texsgrgli re [ [Resistive Tﬁgxém);t Prmax — Pr";") v
(KWhim?) (W/m?) °C) load e Paverage (%) | (Yes/No)
Initial — — — — 375.746 — —
1 5 800~1000 50+ 10 4.1 374.533 — —
2 5 800~1000 50+ 10 4.1 374.719 0.32 Yes
3 — — — — — — —
Supplementary information: —
[] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end ............ o=
Low 1 _
Low2 |—
High1 |—
High2 |—
Test method description: —
Supplementary information: see Annex 3 for verification of this alternative stabilization procedure
TABLE A.4.3: MQT 6.1 Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD].......ccvveeenneee : |2018-04-09 —
Lower end power class |Higher end power class —
Pmax(lab) (W) ..eeeeeiiieeeieeeeieee e - 314.132 p 356.968 —
Prax(Lab) (W) oo 2 323.529 2 367.647 —
Voc(1ab) (V) coeeeeeeeieeeeeeeee e N - 47.460 < 48.492 —
Isc (1ab) (A) oo, N - 9.461 < 10.288 —
Testmethod .......ccveeveeveeeeeeeeeee e . | X Simulator ] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
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Low 1 9.228 45.888 8.724 38.017 331.664 78.33 P
Low 2 9.276 45.806 8.832 37.558 331.707 78.07 P
High 1 9.899 48.168 9.436 39.740 374.969 78.64 P
High 2 9.824 48.240 9.447 39.664 374.719 79.07 P
Supplementary information: The limit value is calculated through considering the tolerance of rated label
values and lab measurement uncertainty.
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Annex 4: List of measurement equipment

Measurement 'I_'estlng / measuring Last Calibration | Calibration
Clause - equipment / material used,
/ testing . Range used date due date
(Equipment ID)
MQTO01 — SB08102 — December -14- December -
2017 14-2018
MQTO1 — SB08108 — April -29-2018 | April -29-2019
MQTO01 — SB08111 — June-20-2018 June-20-2019
MQTO01 — SB08092 — April -29-2018 April -29-2019
MQTO01 — SB08125 — April -26-2018 | April -26-2019
MQT02&M — SB08001 — April -07-2018 April -07-2019
QTO7&MOT
04&MQT09
MQTO03&M — SB10018 — May -26-2018 May -26-2019
QT15
MQT15 — SB08079 — April-20-2018 April-20-2019
MQT15 — SB08054 — April-20-2018 April-20-2019
MQTO04 — SB10022 — April -20-2018 April -20-2019
MQTO08 — SB08044 — April -20-2018 April -20-2019
MQTO08 — SB08038 — April-20-2018 April-20-2019
MQT18 — SB10022 — April-20-2018 April-20-2019
MQT18&M — SB08037 — December -28- December -
QTO09 2017 28-2018
MQTO09 — SB14002 — May -23-2018 May -23-2019
MQTO09 — SB08002 — May -23-2018 May -23-2019
MQT10 — SB16003 — April-20-2018 April-20-2019
MQT11(50) — SB08085 — April -20-2018 April -20-2019
MQT11(50) — SB12002 — December-14-2017| December-
14-2018
MQT11(50) — SB12011 — May -21-2018 May -21-2019
MQT11(50) — SB10013 — May -23-2018 May -23-2019
MQT12 — SB16004 — May -30-2018 May -30-2019
MQT12 — SB16006 — December -14- December -
2017 14-2018
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Measuremen 'I_'estlng / measuring Last Calibration | Calibration
Clause - equipment / material used,
t/ testing . Range used date due date
(Equipment ID)
MQT12 — SB16005 — May -23-2018 May -23-2019
MQT11(2 — SB08085 — April -20-2018 | April -20-2019
00)
MQT11(2 — SB08004 — December-14-2017| December-
00) 14-2018
MQT11(2 — SB08005 — December-14-2017| December-
00) 14-2018
MQT11(2 — SB08036 — December -28- December -
00) 2017 28-2018
MQT14 — SB08055 — Mar -20-2018 Mar -20-2019
MQT14 — SB08059 — Mar -20-2018 Mar -20-2019
MQT13 — SB08087 — December -28- December -
2017 28-2018
MQT16 — SB01009 — — —
MQT16 — SB10007 — May -21-2018 May -21-2019
MQT17 — SB08076 — May -20-2018 May -20-2019
MQT17 — SB08107 — April -28-2018 | April -28-2019
MQT17 — SB08112 — — —
MQT17 — SB08142 — April -20-2018 | April -20-2019
MQT17 — SB08143 — April -20-2018 | April -20-2019

For equipments details, please refer equipments’ list in YOT

TRF No. IEC61215D_SE




Test Report issued under the responsibility of:

TUV SUD Product Service GmbH
Ridlerstr. 65

D - 80339 Miinchen

Germany

TEST REPORT
IEC 61730
PV Module Safety Qualification

Part 1: Requirements for construction and Part 2: Requirements for testing

Report Number. ........cccnerreennnnnneee. 1 704061806602-00 part 2 of 2

Date of issue.........coccmmmmrrinniiisnnnnnns 1 2018-08-17

Total number of pages ..........ceuuueee 62

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

Applicant’s name.........ccccceeeeeeeenns . Ningbo Ulica Solar Science&Technology Co.,Ltd

Address.........cooieemrrinn : NO.181, SHANSHAN ROAD, WANGCHUN INDUSTRIAL

DISTRICT, NINGBO, CHINA

Test specification:

Standard ...........cccceeirrrer s : IEC 61730-1:2016
IEC 61730-2:2016
Test procedure ........ccceeeceeeceernnenn. : TUV SUD Mark
Non-standard test method ........... : NA
Test Report Form No.................... : |[EC61730a
Test Report Form(s) Originator.... : TUV SUD Product Service GmbH
Master TRF.......cccoovvvinnnnnnniiniiinnn : Dated 2016-12

General disclaimer:

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 CB Testing
Laboratory. The authenticity of this Test Report and its contents can be verified by contacting the NCB,
responsible for this Test Report.
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Test item description.........ccceveemnee : | Photovoltaic (PV) Module(s)
Trade Mark.....ccccooeerieemreerccenreenrnens : . ;o

ulice solard '«

ey
Manufacturer........cceevcevcenervccernenenne : | Ningbo Ulica Solar Science&Technology Co.,Ltd
AdAress.....coeieevececrrceeereeneceneannaes : |NO.181, SHANSHAN ROAD, WANGCHUN INDUSTRIAL

DISTRICT, NINGBO, CHINA
Model/Type reference........cceuunu.e. : | See page 8 of this report
Ratings.....cccomeeerinnnirininnisnnisncnnsnnns . | 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...........ccceeevennnennnt No. 151 Heng Tong Road, Shanghai 200070, P. R. China
] |Associated Testing Laboratory: Yangzhou Opto-Electrical Products Testing Institute
Testing location/address.......cuervvrivvriveeeneend No. 10 West Kaifa Road, Yangzhou, 225009 Jiangsu, P. R.
China J— »
Tested by (name + signature) ........ccccueen! Ning Tang /Z-W
. sttt L
Approved by (hame + signature) ................: Yaozhong Wu | 7<
V &
[J |Testing procedure: TMP/CTF Stage 1:
Testing location/address.........cccceecemreneennienlt

Tested by (name + signature)

.........

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

[

Testing procedure: WMT/CTF Stage 2:

Testing location/address.........cc....uc....

Tested by (name + signature)

----------------------

---------

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

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

O

Testing procedure:
SMT/CTF Stage 3 or 4:

Testing location/address..........c.c......

..........

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

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):
N/A

Summary of testing:

Add below modules with 1500 V DC system Testing location:

voltage: Yangzhou Opto-Electrical Products Testing Institute
UL-xxxM-72HV, xxx stands for power range from No. 10 West Kaifa Road, Yangzhou, 225009
330~375, in step of 5W, 1956 x 992 x 46mm; Jiangsu, P. R. China

UL-xxxM-60HV, xxx stands for power range from
275~310, in step of 5W, 1650 x 992 x 46mm;

UL-xxxM-54HV, xxx stands for power range from
245~280, in step of 5W, 1479 x 992 x 46mm;

UL-xxxM-48HV, xxx stands for power range from
220~250, in step of 5W, 1321 x 992 x 46mm;

All tests except final stabilization (MQT 19.2)
according to IEC 61730-2:2016 were conducted
on model UL-360M-72HV.

Requirements verified according to IEC 61730-1:
2016

Add below new models with 1000V DC system
voltage coverd by 1500 V DC system voltage
modules:

UL-xxxM-72, xxx stands for power range from
330~375, in step of 5W, 1956 x 992 x 46mm;

UL-xxxM-60, xxx stands for power range from
275~310, in step of 5 W, 1650 x 992 x 46mm;

UL-xxxM-54, xxx stands for power range from
245~280, in step of 5W, 1479 x 992 x 46mm;

UL-xxxM-48, xxx stands for power range from
220~250, in step of 5W, 1321 x 992 x 46mm;

No additional tests considered necessary here.

Besides,

1.Add a new junction box: PV-ZH011-6, used in
1000 V DC system voltage modules, supplied by
Zhejiang Zhonghuan Sunter

PV Technology Co., Ltd, which has been verified,
the details please refer to the junction box CDF
7040712115902-08 provided by TUV SUD. No
additional tests considered necessary here.

2. Add a new junction box: JM13D-1, used in 1000
V DC system voltage modules, supplied by
Zhejiang Jiaming Tianheyuan Photovoltaics
Technology Co., Ltd, which has been verified, the
details please refer to the junction box CDF
704071711905-00 provided by TUV SUD. No
additional tests considered necessary here.

TRF No. IEC61730a
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Summary of compliance with National Differences: N/A
List of countries addressed

[] The product fulfils the requirements of (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.

Ningbo Ulica Seolar

Science & Technology Co..Ltd.
Tel: 86-574-28828955

Fax: 86-574-28828973

Website:

vlica solari®-

L EROING IN TECHNOL GGy R § 8§

UL-360M-72 Mono Crystalline
Maximum Power 3BOW

Power tolerance 3%

Maximum Power Current 9.48A
Maximum Power Voltage 380V

Short Circuit Current 9.8814%A
Open Circuit Voltage 46.7Ed4%Y

All technical data at Standard Test Condition(STC)  1000W/ar AM1.5,25°C
Maximum System Voltage 1000VDC

Maximum Series Fuse 15A

Nominal module operating Temperature ~ 4742T

Frame Dimensions 1956mmX992mmX46mm
Panel Weight 225kg

L]

Place: Ningbo,china

C€

PV module classification:
I

E-mail: sales@ulsolar.com.cn
Address:No.181.Shanshan road,
Wangchun industrial district.Ningbo,China

www.ulsolar.com.cn

JAAN

This product generates electricity
when exposed to sunlight
or intense artificial lights.

Do not contact wirings
of open the terminal hox!

Ningbo Ulica Solar

Science & Technology Co..Ltd.
Tel: 86-574-28828955

Fax: 8657428828973

Website:

ulica solar®

L EaanG IN TECHNOLOCY R S N B

UL-360M-72 HV Mono Crystalline
Maximum Power 3BOW

Power tolerance +3%

Maximum Power Current 9484
Maximum Power Voltage 380V

Short Circuit Current 9.88+4%A
Open Circuit Voltage 46.7£4%V

All technical data at Standard Test Condition(STC)  1000W/m AM1.5,25C
Maximum System Voltage 1500VDC

Maximum Series Fuse 15A

Nominal module operating Temperature 47427

Frame Dimensions 1956mmX992mmX46mm
Panel Weight 225kg

q3

Place: Ningbo,china PV module classification:
I

E-mail: sales@ulsolar.com.cn
Address:No.181,5hanshan road.
Wangchun industrial district.Ningbo.China

www.ulsolar.com.cn

JAAN

This product generatas slectricity
when exposed to sunlight
or intense artificial lights.

Do not contact wirings
or open the terminal box!

TRF No. IEC61730a
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Test item particulars ...

Accessories and detachable parts included in the N/A

evaluation.......ccccvvriiiinniinnn

Mounting system used..........cccccccmmmmmmmmeeeennnee...... . Specified the user manual
Other options included.............ccccceeeirrirircicrcsnnnnnnena:. 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 — Partial 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..........cccccciiicnnnnes : 2018-04-04

Date (s) of performance of tests ........ccccccceeerrrnneee : 2018-04-04~2018-07-30

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 [ Yes

Certificate includes more than one factory location X 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..........ccoooiiiiii )

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

Name and address of factory (ies).......c.cueeeecunees : Ningbo Ulica Solar Science&Technology Co.,Ltd
NO.181, SHANSHAN ROAD, WANGCHUN
INDUSTRIAL DISTRICT, NINGBO, CHINA
Factory No.: 83334

TRF No. IEC61730a
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General product information:

PV module type reference...........ccceviiiiiiiiiiiinininnn, :

See page 7-12 in part 1 of this report

Product Electrical Ratings at STC

Nominal maximum power (Pmax, tolerance).............:
Nominal open circuit voltage at (Voc, tolerance).......:
Nominal short circuit current at (Isc, tolerance).........:
Nominal maximum power voltage (VMPp) ......cccceeeenuit

Nominal maximum power current (IMp)..........ccc.......:

See page 7-12 in part 1 of this report
See page 7-12 in part 1 of this report
See page 7-12 in part 1 of this report
See page 7-12 in part 1 of this report
See page 7-12 in part 1 of this report

Product Safety Ratings
Maximum systems operating voltage........................:

Maximum over-current protection rating....................:
Safety class in accordance with IEC 61140 ..............
Fire safety Class ...

Recommended maximum series/parallel module
configurations...........cccoee

1500vVDC
15A
Class I
Class C according to UL790

Refer to manual document

Scope of Module Safety Qualification Testing:
X Initial module safety qualification

X] Extension of module safety qualification

Original test reportref. no. .....cccccccvevvvviis. N/IA
Model differences and modification:
1 Change in cell technology [ Change in cell interconnect materials/technique
[] Modification to encapsulation system X] Modification to junction box/el. termination
[] Modification to superstrate [] Change in el. circuit of an identical package
1 Modification to backsheet/substrate [] Higher or lower output by 10 %
1 Modification to frame/mounting structure [1 Increase in module size
[J Removal of frame [ Modification to bypass diode
1 Modification to edge sealing [ 1 Increased max system voltage
[] Modification to cut cells [ ] Others
Module group assignment:

Sample # Type/model Sample S/N Remark
GDP180175-1 UL-360M-72HV U612MW1803T0013B Control module
GDP180175-4 UL-360M-72HV U612MW1803T0006B BD, HS, TT, RC
GDP180175-5 UL-360M-72HV U612MW1803T0022B UV Sequence
GDP180175-7 UL-360M-72HV U612MW1803T0029B TC200 Sequence
GDP180175-9 UL-360M-72HV U612MW1803T0026B DH Sequence
GDP180175-11 UL-360M-72HV U612MW1803T0014B Sequence B
GDP180175-12 UL-360M-72HV U612MW1803T0016B Sequence B1

TRF No. IEC61730a




Page 9 of 62

Report No. 704061806602-00 part 2 of 2

GDP180175-13 UL-360M-72HV U612MW1803T0018B Materials creep test
GDP180175-14 UL-360M-72HV U612MW1804T0051D Impulse voltage
GDP180175-15 UL-360M-72HV U612MwW1803T0019B Ignitability test
GDP180175-16 UL-360M-72HV U612MW1803T0028B MB
GDP180175-18 UL-360M-72HV U612MwW1803T0021B Fire test
GDP180175-19 UL-360M-72HV U612MW1803T0027B Fire test
GDP180175-20 UL-360M-72HV U612MwW1803T0023B 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

4 Classification, applications and intended use P

The PV modules shall be classified according to Class Il
IEC 61140 (Class O, I, IH) ...coooiiiiiiiiieeeeeee, :

The PV modules are marked in accordance with

5.2.2. P
5 Requirements for design and construction
5.1 General P

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 P

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 P
as tests specified in IEC 61730-2.

The provided assemblies of the product don’t
involve any action that is likely to affect compliance P
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 N/A
module from its originally evaluated form.

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 N/A
methods for their intended use, see IEC 61215.
These are subject to additional requirements or
local code requirements.

The construction of a PV module is such that
equipotential bonding continuity, if applicable, is P
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 N/A
such movement may result in a risk of fire,
electric shock, or injury to persons.

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 P
appear to be sharp by inspection, comply with the
sharp edge test (MST 06).

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

Clause Requirement + Test Result - Remark Verdict

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

specific tests described in the relevant standards or
screw connection test (MST 33).

Supplementary information:

5.2 Marking and documentation P
5.21 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
5.2.21 General P
Each PV module shall include the following clear and indelible markings —
Name: Ningbo Ulica Solar
Science&Technology Co.,Ltd
a) Name, registered trade name, or registered Trade mark: P
trade mark of manufacturer
vlica solar@-
VLEADING iN TECHNOLOG YN S N i |
b) Type or model number designation; UL-360M-72HV P
. For example
¢) Serial number UB12MW1803T0013B P
d) Date and place of manufacture; alternatively serial number allowing to
serial number assuring traceability of date and trace the date and place of P
place 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 at open-circuit” or “Voc” including 46.7+ 4% for example P
manufacturing tolerances;
i) “Current at short-circuit;” or “Isc” including 9.88 + 4% for example =
manufacturing tolerances;
j) “PV module maximum power” or “Pmax” including | 360 + 3% for example =
manufacturing tolerances;
k) Compliance “Maximum overcurrent protection 15A
rating”, is verified by reverse current overload test P
(MST 26).
All electrical data is shown as relative to standard
test conditions (STC) (1 000 W/m2, (25 + 2) °C, AM P
1.5 according to IEC 60904-3).

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

Clause Requirement + Test Result - Remark Verdict
International symbols is used where applicable P
Compliance is verified according to visual
inspection (MST 01) and durability of markings P
(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.

i’E marked on label
For Class Il and Class 0 PV modules, the

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

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

Class Il: IE

Class 0:  No symbol

Class Ill: @

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

:l: N/A
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 N/A
"Use copper wire only", "Cu only", or the
equivalent.

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 N/A
need to be marked.

5.2.2.2 Symbols

5.22.2.1 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.

5.222.2 Functional earthing

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

Clause

Requirement + Test

Result - Remark

Verdict

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

5.2.3

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:
1.5

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.

15A

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

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

temperature coefficient for voltage at open-circuit

Refer to IEC61215 report

temperature coefficient for maximum power;

Refer to IEC61215 report

temperature coefficient for short-circuit current.

Refer to IEC61215 report

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

International symbols are used where applicable

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
intended for field wiring

Refer to manual document

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

Clause

Requirement + Test

Result - Remark

Verdict

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

can be mated

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

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

limitations to the mounting situation (e.g. slope,
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
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
during the mechanical load test (MST 34));

a statement indicating the maximum altitude the PV
module is designed for. De-ratings can be applied.

Up to 2000m

The documentation for roof mounting shall include:

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

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

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

Clause Requirement + Test Result - Remark Verdict

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/m? and temperature below 25 °C may
raise JVoc.

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 P
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 =]

5.3.1 General —

PV modules consist of the following electrical components and insulation: P

T

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)

electrical connections (see 5.3.8)

encapsulant (see 5.3.9)

Tl U T©W W T© TV U T

bypass diodes (see 5.3.10)

T

5.3.2 Internal wiring

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

o

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 to 5.5.2.3

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

Clause Requirement + Test Result - Remark Verdict
Compliance is checked by inspection and by =
reverse current overload test (MST 26).

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

5.3.4 Connectors P
External DC connectors fulfil the requirements of Certificate according to IEC
IEC 62852. i i P

62852 is provided
Connectors are marked in accordance with 5.2.2. P

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

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).

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 P
for insulation in thin layers.

In addition, polymeric front- and backsheets used
as relied upon insulation meet the requirements of P
5.5.2.3.

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.

Tlis 113°C@20000h P

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.
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5.3.7 Insulation barriers N/A
An insulation barrier withstand all relevant
mechanical, electrical, thermal, and environmental N/A
stresses.
In general a polymeric insulation barrier meet the
. N/A
relevant requirements of 5.5.2.
Itis held in place and is not adversely affected to
the extent that its required electrical and
. . L N/A
mechanical properties fall below the minimum
acceptable values for the application.
The removal of the insulation barrier is only
. ) N/A
possible by using a tool.
Compliance is checked by passing the IEC 61730- N/A

2 test sequence.

5.3.8 Electrical connections P

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 P
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. P
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 P
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 P
impair electrical conductivity.

5.3.8.2 Terminals for external cables and PV connector ribbons N/A
Terminals for electrical connections are suitable for N/A
the type and range of conductor cross-sectional
areas according to specification of the
manufacturer.
They meet the requirements of IEC 62790. N/A
Insulated terminals is designed in a manner where N/A

a possible displacement that may resultin a
reduction of clearances and creepage distances is
prevented
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5.3.8.3 Splices and connections inside a PV module P
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 P
securely connected.

A soldered or conductively adhered joint is =
additionally mechanically secured.

5.3.9 Encapsulants P
The technical properties of encapsulant are suitable for the intended application. In .
particular:
the rated operating temperature range include the P
temperature range of the intended application;
the material group, the insulation resistance and P
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 =]
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:

5.4 Mechanical and electromechanical connections P

5.4.1 General —
Typically found in a PV module are the following mechanical connections: P
connections within a frame N/A
PV module mounting interfaces such as frame or P
backrail to glass or backsheet via adhesive
(silicone, rubber, etc.);
frame to clamp of a mounting system; frame to clamp
means for equipotential bonding; P
means for the attachment of junction box to the PV P
modules (silicone, tape, etc.);
mechanical connections within the laminate P
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Mechanical connections are able to durably
withstand the thermal, mechanical, and
environmental stresses occurring in the application P
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 P
37) and, if applicable, continuity of equipotential
bonding tests (MST 13).

Individual material requirements are given in 5.5 P

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 P
them. If the lid is removed correctly, the tool shall
not come into contact with the active parts.

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 N/A
constructions that provide an interference or form
fit to prevent unintended movement or rotation of
the component comply with this requirement.

5.4.2 Screw connections P

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

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

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

Screws used to provide mechanical stability and
continuity for equipotential bonding, e.g. fixing
screws in frames and other components, comply
with the requirement in the first paragraph of this
subclause. At least one screw per electrical N/A
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).

Screws used for mechanical and electrical Only found in junction box,
connections with a nominal diameter of less than which is certified according to P
3 mm is screw into metal. IEC 62790

For screws used for mechanical and electrical Only found in junction box,
connections two full threads engage into which is certified according to P
the metal. IEC 62790
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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, Only found in junction box,

d S . which is certified according to P
bending stresses, vibration, etc.,as may occur in
. ! . . IEC 62790
normal use. Compliance is checked by inspection
and by test for locking screws (MST 33b).
5.4.3 Rivets N/A
Rivets which serve as electrical as well as
mechanical connections are locked against
. : . N/A
loosening. A noncircular shank or an appropriate
notch may be sufficient.
5.4.4 Thread-cutting screws N/A
Thread-cutting screws and self-tapping screws are
not be used for the interconnection of current- N/A

carrying parts made of metal which is soft or liable
to creep, such as zinc or aluminum.

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

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

5.4.5 Form/press/tight fit =]

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

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

5.4.6 Connections by adhesives P

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.
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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 N/A
shear test (MST 36) are applied in 5.6.4.2 for
verification of cemented joints.

5.4.7 Other connections P

Other connections such as, for example, welded or
soldered, are investigated by visual inspection — P
(MST 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-
connections are appropriate for the intended use. 2 tests P

Supplementary information:

5.5 Materials

5.5.1 General

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

5.5.2 Polymeric materials

T| V| U | TVT| DO

5.5.2.1 General

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 =
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 cemented joint additionally comply with 5.6.4.2. NIA
5.5.2.2 Endurance to weathering stress P
Polymeric materials are durable to weathering =
stress occurring in the application
Components are evaluated to the relevant =
requirement in the applicable component standard.
5.5.2.3 Polymeric materials used as electrical insulation P
5.5.2.2 Endurance to electrical stress P

TRF No. IEC61730a



Page 22 of 62 Report No. 704061806602-00 part 2 of 2

IEC 61730-1: Part 1: Requirements for construction

Clause Requirement + Test Result - Remark Verdict

Materials used as electrical insulation withstand
electrical stresses which occur in the application

both in the unconditioned and preconditioned P
cases.
If relevant for clearance and creepage distance P

evaluation insulating materials are assigned a
materials group designation based on a CTI rating.

Insulating materials between conductive parts of P
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.

CTl rating is required from each surface, on which P
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 P
material layer (not along an interface or surface)
the concept of distance through insulation is
applicable and CTl is not required.

Additionally, the following PV module tests apply:
— Insulation test (MST 16) before and after
preconditioning, and

— Impulse voltage test (MST 14).

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

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 Tlis 113°C@20000h for
mounted) during the temperature test (MST 21), or backsheet

90 °C, whichever is higher. For open rack mounted | RT|(Str) for frame adhesive is
PV modules, the normalized measured maximum . P
PV module operating temperature can be assumed 105°C
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.

5.5.2.3.4 |Polymeric insulating materials used as external parts P

External polymeric parts of the PV module whose deterioration could impair the
safety meet the following additional requirements:
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a) flammability class minimum V-1 according to Junction box meet the IEC
IEC 60695-11-10 (not applicable to insulation in 62790 requirements
thin layers; those are covered only by MST 24); Connector meet the IEC
62852 requirements N/A
Cable meet the EN50618
requirements
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
insulation in thin layers); Connector meet the IEC
62852 requirements N/A
Cable meet the EN50618
requirements
c) ignitability test (MST 24) in final application =
(laminated or the PV module);
d) peel test for proof of cemented joints according N/A
to IEC 61730-2 (MST 35), where applicable;
e) lap shear strength test (MST 36), where N/A
applicable.
5.5.2.3.5 |Polymeric insulating parts supporting live parts P
Polymeric parts which are not components of the
laminate whose deterioration could impair the =
safety 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 Junction box meet the IEC
IEC 60695-11-10. 62790 requirements /A
Connector meet the IEC
62852
b) Ball pressure test according to IEC 60695-10-2 | junction box meet the IEC
W|th a tem perature Of 125 oC. 62790 requ"'ements
N/A
Connector meet the IEC
62852
c) Materials creep test (MST 37). Junction box meet the IEC
62790 requirements N/A
Connector meet the IEC
62852
5.5.24 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 Tl) in accordance with IEC 60216-5 or
IEC 60216-1 equal to or greater than the maximum o o
normalized operating temperature of the material RTI(Str) for adhesive is 105°C P
as measured in the particular mounting situation
(e.g. roof mounted) during the temperature test
(MST 21), or 90 °C, whichever is higher.

TRF No. IEC61730a




Page 24 of 62 Report No. 704061806602-00 part 2 of 2

IEC 61730-1: Part 1: Requirements for construction

Clause

Requirement + Test Result - Remark

Verdict

5.5.3

Metallic materials

P

5.5.3.1

General

P

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 Junction box meet the IEC
combinations are taken into consideration. 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.

5.5.3.2

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, ISO 1461, ISO 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

5.5.4

Adhesives
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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 P
(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 N/A
5.5.2.3.3.

Supplementary information: Specific requirements for adhesives are under consideration.

5.6 Protection against electric shock P

5.6.2 Protection against accessibility to hazardous live parts

5.6.2.1 General

PV modules are constructed to provide adequate
protection against accessibility to hazardous live P

parts (> 35V DC).

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

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 N/A

accessible parts is not needed.

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

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 P
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 P
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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 I, 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 lll, Protection required against direct
contact is not required. Besides, function insulation
between live parts and accessible metal parts,
function insulation between live parts and N/A
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

5.6.3.4 Clearances (cl) and creepage distances (cr) P

Minimum clearances (cl) and creepage distances
(cr) between internal live parts and outer 16.50mm P
accessible surfaces

Minimum clearances (cl) and creepage distances

(cr) between live parts of different potential inside a 1.5mm 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

Dielectric strength for basic insulation for each
layer
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c) Multi-layer sheets providing relied upon insulation if single layers are not
characterized individually:

Thickness of combined thickness of all layers 390.5 to 411.3um P
RTI/ RTE / Tl for combined layers as defined in 113°C =)
5.5.2.3.3

Dielectric strength of entire multi-layer sheet No test dielectric breakdown

providing relied upon insulation fulfill requirements at 8000V test voltage P

for reinforced insulation.

Supplementary information:
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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 ..........ccceceeveeerereeenne. . | see table 10.2 P
10.3 MST 02 — Performance at STC ........c..cccceeuennee. . |seetable 10.3 P
10.4 MST 03 — Maximum power determination .......... : | Same as table 10.3 P
10.5 MST 04 — Insulation thickness test .................... . |see table 10.5 P
10.6 MST 05— Durability of markings............ccccccue.n.... . |see table 10.6 P
10.7 MST 06— Sharp edge test........c.ccceeevrecrerereenen. . |seetable 10.7 P
10.8 MST 07- Bypass diode functionality test............. :  |see table 10.8 P
10.9 MST 11 — Accessibility test..........ccccccveeerenenen. . |see table 10.9 P
10.10 MST 12 — Cut susceptibility test..........cccceevvrnee. : | see table 10.10 P
10.11 MST 13 — Continuity test of equipotential bonding: | see table 10.11 P
10.12 MST 14 — Impulse voltage test .............ccocvee..... . |see table 10.12 P
10.13 MST 16 — insulation test............ccoeeveeeecreeinernennn, . |see table 10.13 P
10.14 MST 17 — Wet leakage current test..................... . |see table 10.14 P
10.15 MST 21 — Temperature test..........coceeevvererererennne. . |seetable 10.15 P
10.16 MST 22 — HOt-SPOt teSt....ccuveeieeeecree e : | see report no.: P
704061800602-00 part 1 of 2
10.17 MST 23 — Fire test......cccvevrerreeiecieeie e : | see table 10.17 P
10.18 MST 24 — Ignitability test .........cccevevveeeiciereeeaen. : | see table 10.18 P
10.19 MST 24 5- Bypass diode thermal test ................ : | see report no.: P
10.20 MST 26 — Reverse current overload Test............ . |see table 10.20 P
10.21 MST 32 — Module breakage test......................... . |see table 10.21 P
10.22 MST 33 — Screw connections test.............ccc....... . |see table 10.22 N/A
10.23 MST 34 — Static mechanical load test................. : | see report no.: P
704061800602-00 part 1 of 2
10.24 MST 35 — Peel test.....ocueeiriiiiiiiieieeeee e . | seetable10:24 N/A
10.25 MST 36 — Lap shear strength test....................... . |seetable 10.25 N/A
10.26 MST 37 — Materials creep test...........ccouveeeennnen. : | see table 10.26 P
10.27 MST 42 — Robustness of terminations test.......... ; ?g?tc;g?ggc?gdzz-oo part 1 of 2 P
10.28 MST 51 — Thermal cycling test .........cccceeuvuene.. : ??)i(ggggg(;&:zoo part 1 of 2 P
and table 10.28
10.29 MST 52 — Humidity freeze test..........ccccveveeunn.... : ??)i(;g?ggggd:z-oo part 1 of 2 P
and table 10.29
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10.30 MST 53 — Damp heat test.........ccovrrrererrrerererene ; | See report no.: P
704061800602-00 part 1 of 2

and table 10.30

10.31 MST 54 — UV preconditioning test ...................... . | see report no.: see report no.. P
704061800602-00 part 1 of 2

and table 10.31
10.32 MST 55 — Cold conditioning..........ccccccceeeeeiueeennne. . |see table 10.32

10.33 MST 56 — Dry heat conditioning.......................... . |seetable 10.33

Supplementary information:
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10.2 TABLE: Visual Inspection - MST 01 (Initial) P
Test Date [YYYY-MM-DD] .....ccoeeviueennit 2018-04-04 —
Sample No. Nature and position of findings —
GDP180175-1 No major visual defects found P
GDP180175-4 No major visual defects found P
GDP180175-5 No major visual defects found P
GDP180175-7 No major visual defects found P
GDP180175-9 No major visual defects found P
GDP180175-11 No major visual defects found P
GDP180175-12 No major visual defects found P
GDP180175-13 No major visual defects found P
GDP180175-14 No major visual defects found P
GDP180175-15 No major visual defects found P
GDP180175-16 No major visual defects found P
GDP180175-18 No major visual defects found P
GDP180175-19 No major visual defects found P
GDP180175-20 No major visual defects found P
Supplementary information: N/A
10.3 TABLE: Performance at STC — MST 02 P
Test Date [YYYY-MM-DD]......ccccoeeeenne : 2018-04-04 —
Irradiance (W/m?) 1000 —
Module temperature (°C) 25 —
Test method ........cceeveeveeeeeeeceeeeeeeeeeeeeeeeeeeeneenennn s | X Simulator 1 Natural sunlight —
Sample # Voc [V] Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%]
GDP180175-1 47.879 39.319 9.728 9.245 363.513 78.05
GDP180175-4 | 47.973 39.081 9.735 9.336 364.868 78.13
GDP180175-5 | 47.907 39.083 9.758 9.302 363.545 77.77
GDP180175-7 | 47.993 39.054 9.794 9.356 365.398 77.74
GDP180175-9 | 47.940 39.344 9.810 9.299 365.867 77.80
GDP180175-11 | 47.884 39.259 9.773 9.267 363.824 77.74
GDP180175-12 | 47.939 38.816 9.783 9.371 363.745 77.56
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GDP180175-13 | 47.851 38.934 9.783 9.344 363.778 77.71
GDP180175-14 38.826 9.616 9.181 365.622 78.97
Supplementary information: N/A
10.9 TABLE: Accessibility Test - MST 11 (Initial) P
Test Date [YYYY-MM-DD]...........cccoeeunii 2018-04-04 —
Maximum system voltage [Vbc] .....c..covvevumeennnnnna: | 1500 —
Sample No. Result [MQ] —
GDP180175-5 >5000 P
GDP180175-7 >5000 P
GDP180175-9 >5000 P
GDP180175-11 >5000 P
GDP180175-12 >5000 P
GDP180175-13 >5000 P
Supplementary information: The maximum resistance measurement is 5000MQ
10.11 TABLE: Continuity Test of Equipotential Bonding - MST 13 (Initial) P
Test Date [YYYY-MM-DD].........ccoeeveenanilt 2018-04-04 for GDP180175-16 —
2018-04-04 for others
Maximum system voltage [Vpc] ....ceeveeeeevevnnnnnnnnnnn: 1500 —
Current applied [A].....ccoomiiiieiieeeeeeeeee e 50 —
Location of designated grounding point.................: | On the middle of the longest —
frame
Location of second contacting point............cccccee.. On the other middle of the —
longest frame
Sample No. Voltage [Vpc] Resistance [Q] —
GDP180175-5 0.20 0.004 P
GDP180175-7 0.20 0.004 P
GDP180175-9 0.20 0.004 P
GDP180175-11 0.20 0.004 P
GDP180175-12 0.20 0.004 P
GDP180175-13 0.20 0.004 P
GDP180175-16 0.25 0.006
Supplementary information: N/A
10.13 TABLE: Insulation Test - MST 16 (Initial) P
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Test Date [YYYY-MM-DD]...............o.ouit 2018-04-11 —
Maximum system voltage [Voc] ........ccccvveeernnneee s | 1500 —
Test voltage applied Vrest [Vbc] ....oeeeeeeeeeeeeeeeee. s | 8000/1500 —
Module area A[M?] .....coeeviiiiiiiiciieeeeeeeevceeeeeeeeeeenn: | 1.92 for GDP180175-14 —
1.94 for others
Sample No. b?;ilfgéﬁvsn relgizl:;?wt(i:znat Insulatio[rlcﬂlgiszt]ance XA —
Vrest [MQ]
GDP180175-1 ] >5000 >9700 P
GDP180175-4 ] >5000 >9700 P
GDP180175-5 ] >5000 >9700 P
GDP180175-7 ] >5000 >9700 P
GDP180175-9 [ >5000 >9700 P
GDP180175-11 [ >5000 >9700 P
GDP180175-12 ] >5000 >9700 P
GDP180175-13 ] >5000 >9700 P
GDP180175-14 ] >5000 >9600 P
Supplementary information: the maximum resistance measurement range is 5000MQ
10.14 TABLE: Wet Leakage Current Test - MST 17 (Initial) P
Test Date [YYYY-MM-DD].........ccvevninnnanild 2018-04-11 —
Maximum system voltage [Vbc] ...ccceeeeeeiiienrieeeeee..s | 1500 —
Test voltage applied V1est [Vbc] ....occvvvvveeeeeeeenenn: | 1500 —
Module area A[mM?] ....cccoeviiiviiiiiiciieeeeeeeeiiceeeeeeeeeenns | 1,92 for GDP180175-14 —
1.94 for others
Resistivity of wetting agent [Q-cm].........cccceeeuvennnn: | 2718 —
Average wetting agent temperature [°C] ...............: | 22.5 —
Sample No. Insulation resistance at Vest [MQ] Insulatio[rlclllg.srinszt]ance XA —
GDP180175-1 585.6 1136.06 P
GDP180175-4 738.1 1431.91 P
GDP180175-5 663.5 1287.19 P
GDP180175-7 682.0 1323.08 P
GDP180175-9 255.9 496.45 P
GDP180175-11 576.3 1118.02 P
GDP180175-12 449.2 871.45 P
GDP180175-13 543.6 1054.58 P
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GDP180175-14 462.5 888.00 P

Supplementary information: N/A

10.17 TABLE: Fire Test - MST 23 P

Test Date [YYYY-MM-DD]..........ccvvvenennnnil 2018-06-14 —

Module fire resistance class...............cccocceeeennal |C —

No. of modules provided to create the test 3 =

aSSEMDBIY.....ccoovviiiiiiiii

Testing method............... e | UL790 —

Sample No. Observations —
GDP180175-18

GDP180175-19 X Modules comply with the requirements for the fire resistance class P
GDP180175-20

Supplementary information: GDP180175-20 is for the burning brand test, GDP180175-18, GDP180175-19
are for the spread-of-flame test

10.18 TABLE: Ignitability Test- MST 24 P
Test Date [YYYY-MM-DD].........c.oceuvennneniid 2018-07-12 —
Testing operation.........c..cccceeerrersersessssessennennennst | X| Surface exposure —

1 Edge exposure

Sample No. Observations —

[ Ignition occurs;

GDP180175-15 [] 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]..........cccovvvenennnnid 2018-06-27 —

Weight of impactor [kg] .......-cccceeeiiiiiennneeennnnnnnnl 455 —

Thickness of sample [mm] .........cccceeceeriinneecceael [46mm —

Mounting technique used.................c..cseuueeeennna? | According user manual —

Sample No. —

X No break occurred

GDP180175-16

[ 1 The PV module separate from the mounting structure or from the framing
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n Breakage occurred, but no shear or opening large enough for a 76 mm
diameter sphere to pass freely has developed.

0 Breakage occurred, but no particles larger than 65 cm? have been ejected
from the sample.

Supplementary information: N/A

10.13 TABLE: Continuity Test of Equipotential Bonding - MST 13 P

Test Date [YYYY-MM-DD].........ccoevniennanild 2018-06-27 —

Maximum system voltage [Vbc] ..ccoceeeviivenniieennnendt 1500 —

Current applied [A]....cceveeeeviiieie e 50 —

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

frame
Location of second contacting point.............cccco.... On the other middle of the —
longest frame

Sample No. Voltage [Vbc] Resistance [Q] —

GDP180175-16 0.40 0.008 P
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] — —
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Arithmetic mean M2 of adhesion force of samples conditioned with sequence B [N] — —

Pass criteria: .
It M2

Loss of adhesion force: 0.5 = — o
Erm1

Supplementary information: —

10.24 TABLE: Lap shear strength test - MST 36 N/A

Sample # —

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] — —

wid M2
Pass criteria:Loss of breaking force: 0.5 < S35 "y
Ly 4

Supplementary information: —

10.26A TABLE: Materials Creep Test- MST 37 P
Test Date [YYYY-MM-DD] start/end ..................... : |2018-04-20/2018-04-28 —
Module temperature [°C]......ccccceiiiiiiiiieiiiieeeeeee, : | 10545 —
Mounting technique USed.............cccveveecucurerenenn. .| Be mounted vertically in the
test chamber. T
Sample No. GDP180175-13 -
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Meet the cr and cl distances as specified in P
Minimum cl and cr either Table 3 or Table 4 of IEC 61730-
1:2016
Between internal live parts and outer accessible XYes [ 1 No P
surfaces after MST 37
Between live parts of different potential inside a XYes [1No P
PV module after MST 37
Between terminals of different polarity of [lYes (] No N/A
rewireable junction boxes after MST 37
(10.2 Visual inspection after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD]......cccccoceveerinnne : 2017-09-26 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-13 |No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD]..........ccoeviiiiiiiiiiiiiiieeeeeeenn.l | 2018-04-28 —
Maximum system voltage [Vbc].........cooovvviiiiiiiiniininenn. | 1500 —
Test voltage applied Vtest [Vbc]-eeovvvveiiiiiiiiieiiiiieeeeenn. ... 800071500 —
Module area A[mM?]....ccoeiiiiiiiiiiieeeieee [ 1.94 —
Insulation ] '
Sample No. Dielectric breakdown resistance at Insulatlorlc/lrgswztance XA —
V1est [MQ] [MOQ-m?]
GDP180175-13 ] >5000 >9700 P
Supplementary information: N/A
(10.14 Wet leakage current test after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD].......ccooccveeeees ceieienieiiiennn.l | 2018-04-28 —
Test Voltage applied [V] .....ovvveviiiicir cevviiiiieeenn.0nl | 1500 —
Solution resistivity [Qcm)..............coeieiienl [ < 3500Q cm at 22 + 2°C 2718 P
Solution temperature [°Cl............coooiild 22.6 P
Sample # Measured [MQ] Insulation resistance x A [MQ-m?] Result
GDP180175-13 329.6 639.42 P
Supplementary information: N/A
(10.9 Accessibility Test after Materials Creep Test MST37) P
Test Date [YYYY-MM-DD].........ccoeoviiiiiiiiiiiiieiieieeeeeeennn | 2018-04-28 —
Maximum system voltage [Voc].........ccccovveiviiiiiniineenenn | 1500 —
Sample No. Result [MQ] —
GDP180175-13 >5000 P

Supplementary information: the maximum resistance measurement range is 5000MQ
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(10.11 Continuity Test of Equipotential Bonding after Materials Creep Test) P
Test Date[YYYY-MM-DD].......c.coviiiiiiiiiiiiieiieiieeeiie el | 2018-04-28 —
Maximum system voltage [Vbc] 1500 —
Current applied [A] 50 —

Location of designated equipotential bonding

) : On the middle of the longest frame
point................

Location of second contacting point On the other middle of the longest frame

Sample No. Voltage [Vpc] Resistance [Q] —

GDP180175-13 0.20 0.004 P

Supplementary information: N/A

10.30 B TABLE: Damp heat 200 test- MST53 P

Test Date [YYYY-MM-DD] start/end........... : 2018-04-18/2018-04-26 —
Total hours (200)........c.ccvieiiiiiiiiiene, : 200 —
(10.2 Visual inspection after MST53) P
Test Date [YYYY-MM-DD].....cccovevriinenane : 2018-04-26 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-11 | 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 ................. |2018-04-27/2018-05-15 —
Module temperature [°C] ......ccoeeeiiiiiiiinnnnnn... . |60+5 —
UV irradiance (280-400nm) [w/m?] ............... . |136.36 —
Ratio of UV irradiance (280-320nm) (%) ....... ©|7.66 P

UV irradiation (280-400nm) [kWh/ m?] .......... " 160 —
Module operation condition .......................... .. | [X] Short circuited ] Pmax —
Supplementary information: Front was exposed

(10.2 Visual inspection after MST 54) P

Test Date [YYYY-MM-DD].....cccovveeiiiienane : 2018-05-15 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-11 [ No major visual defects found P

Supplementary information: N/A
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10.29 B TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end........... : 2018-05-16/2018-05-26 —
Total cycles (10) .oouveueeeeieeiiiiiie e, : (10 —
Applied current (A) .......oeevveeivieiiiieiiiiiians : 10.05 —
Sample # Open circuits (yes/no) —
GDP180175-11 No P
Supplementary information: N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD]......ccovvvveriinenenns : 2018-05-26 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-11 | 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 ................. |2018-05-26/2018-06-04 —
Module temperature [°C] ......ccoeeviriiiiiinnnnnn... . 6015 —
UV irradiance (280-400nm) [w/m?] ............... . |267.86 —
Ratio of UV irradiance (280-320nm) (%) ....... ©|7.67 =]
UV irradiation (280-400nm) [kWh/ m?] .......... © 160 —
Module operation condition .......................... .. | [X] Short circuited ] Pmax —
Supplementary information: back was exposed
(10.2 Visual inspection after MST 54) P
Test Date [YYYY-MM-DD].....cccoeeviiiienane : 2018-06-04 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-11 [ No major visual defects found P
Supplementary information: N/A
10.29 B TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end........... : 2018-06-05/2018-06-15 —
Total cycles (10) ....uuveveeeeeeiiiiiiivreeeieans : (10 —
Applied current (A) ....ooooeeiiiiiiiiieee : 10.05 —
Sample # Open circuits (yes/no) —
GDP180175-11 No P
Supplementary information: N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD].....cccovveeeiiiienane : 2018-06-15 —
Sample # Nature and position of initial findings — comments or attach photos —
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GDP180175-11

No major visual defects found P

Supplementary information: N/A

(10.13 Insulation Test after MST52) P

Test Date [YYYY-MM-DD].....ccovviiiiiiiiiiiiiieiieeeen 2018-06-15 —
Maximum system voltage [Voc]..........cccvveeeeivereineeeainid 1500 —
Test voltage applied V1est [VDC]. ..o oveeeiieeeeiieeeieeeed 8000/1500 —
Module area A M.l 1.94 —
Sample No. b[r)eizll?gct)'xn régiz?el;\?\téznat Insulatic)[rlcﬂrgiszaance XA —
V7est [MQ]

GDP180175-11 O] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
(10.14 Wet leakage current test after MST52) P
Test Date [YYYY-MM-DD].....cccvveiiviiiiiiiiieeeneeeee. | 2018-06-15 —
Test Voltage applied [V] .....oeeveiiiiiii i 1500 —
Solution resistivity [Qem).........oooeiiiin | 2713 P
Solution temperature [°C].............coeeviiiiin 22,6 P

Sample # Measured [MQ] Insulation resistance x A [MQ-m?] Result
GDP180175-11 417.5 809.95 P
Supplementary information: Size of module 1.94[m?].
10.32 B1 |TABLE: Cold Conditioning - MST55 P
Test Date [YYYY-MM-DD] start/end........... : |2018-04-18/2018-04-20 —
Total hours (48h).......c.ccoviiiiiiiiiiiiel |48 —
Module temperature (-40£3°C)................... |-40£3°C —
(10.2 Visual inspection after MST55) P
Test Date [YYYY-MM-DD]......cccccevrviinenanne © |2018-04-20 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-12 | No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST55) P
Test Date [YYYY-MM-DD]...covvvreeieeeeeieeeeeeeeeeee 2018-04-20 —
Maximum system voltage [Vboc].........ccoooviiiiiininid 1500 —
Test voltage applied VTesT [VDC]. e eveviviiiiiiiiiiveel 8000/1500 —
MOAUIE r€a A M. ...eeeeeeeee e 1.94 —
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Sample No. b?(i,zllfgct):i/\c/:n régizg?\t(i:znat Insulatic;rlcﬂrgiszt]ance XA —
Vrest [MQ]

GDP180175-12 O] >5000 >9700 P
Supplementary information: N/A
10.33 B1 | TABLE: Dry Heat Conditioning- MST56 P
Test Date [YYYY-MM-DD] start/end........... : |2018-04-20/2018-04-28 —
Total hours (200)........ccvviiiiiiiiid 200 —
Module temperature (°C)................... 1055 —
(10.2 Visual inspection after MST56) P
Test Date [YYYY-MM-DD]......ccccceeivnennen : |2018-04-28 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-12 | No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST56) P
Test Date [YYYY-MM-DD].....oveveeeeeieeeeeieeeeeeeeeee 2018-04-28 —
Maximum system voltage [Voc].........cooooviiiiiinid 1500 —
Test voltage applied VTEST [VDC]--vvnveviiiiiiiiiiiieeeeed 8000/1500 —
MOAUIE r€a A M. ..o 1.94 —

. : Insulation ; ;
Sample No. bl:r)éillfgénv\?n r(\alsjsstfr[‘&%]at InSUIatIO[RA lg.sr:]szt]ance x A .

GDP180175-12 ] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
10.29 B1 TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end........... : |2018-04-28/2018-05-08 —
Total cycles (10) .oooeviiiiiiiiiieee, ;110 —
Applied current (A) ...ooovvvvvviiiiiiiie :10.05 —
Sample # Open circuits (yes/no) —
GDP180175-12 No P
Supplementary information: N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD]......cccevvvvuennnnnnnn. : 2018-05-08 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-12 [ No major visual defects found P

Supplementary information: N/A
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10.32B1 |TABLE: Cold Conditioning - MST55 P
Test Date [YYYY-MM-DD] start/end........... :  |2018-05-08/2018-05-10 —
Total hours (48).......ccccvvviiiiiiiin |48 —
Module temperature (-40+3°C)................... |-40+£3°C —
(10.2 Visual inspection after MST55) P
Test Date [YYYY-MM-DD]......cccccevivnennen : |2018-05-10 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-12 [ No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST55) P
Test Date [YYYY-MM-DD].....uvevreeeiiiieeeeieeeeeeaeeeeena 2018-05-10 —
Maximum system voltage [Voc]........covvveeeeeirrreeeeiiinnnnd: 1500 —
Test voltage applied VIEST [VDC]....oeveeeeeeeeieee e 8000/1500 —
Module area AmM?]....ccoririiii 1.94 —
Sample No. b?(i,zllfggiv:n r!gz?;itcizznat Insulaticn[rlcﬂrg)eiszt]ance XA —
Vrest [MQ]

GDP180175-12 O] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
10.29 B1 TABLE: Humidity freeze 10 test- MST52 P
Test Date [YYYY-MM-DD] start/end........... : 2018-05-11/2018-05-21 —
Total cycles (10) ....coevvcciiieeeeeeee e, 1110 —
Applied current (A) ......cooeeeeiierieeeee e :10.05 —
Sample # Open circuits (yes/no) —
GDP180175-12 No P
Supplementary information: N/A
(10.2 Visual inspection after MST 52) P
Test Date [YYYY-MM-DD]......ccccceeioiennen : |2018-05-21 —
Sample # Nature and position of initial findings — comments or attach photos —
GDP180175-12 | No major visual defects found P
Supplementary information: N/A
(10.13 Insulation Test after MST52) P
Test Date [YYYY-MM-DD].....oveveeeeiieeeeeeeeeeeeeeeee 2018-05-21 —
Maximum system voltage [Vpc].......cccovvviiiiiiiiinid 1500 —
Test voltage applied VIEST [VDC]...ccceeeereeeeeeeieee e 8000/1500 —
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Module area AmM?).....ccoeimiii 1.94 —
SempleNo. | Dlelesie | oqiey | InsdatonresisancexA |
Vrest [MQ]

GDP180175-12 O] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
(10.14 Wet leakage current test after MST52) P
Test Date [YYYY-MM-DD]........ccoooiiiiiiiiiene . 12018-05-21 —
Test Voltage applied [V] .....coovvvvvviiiee i | 1500 —
Solution resistivity [Qecm)..............coeieeeel [<3500Q cm at 22 + 2°C 2708 P
Solution temperature [°C]........ccccoovivveenennl [22.4 P

Sample # Measured [MQ] Insulation resistance x A [MQ-m?] Result
GDP180175-12 219.4 425.64 P
Supplementary information: Size of module area 1.94 [m?]

10.15F TABLE: Temperature Test - MST 21 P
Test Date [YYYY-MM-DD].........ccoeeiienanil 2018-06-11 —
SamPle NO. ..o . |GDP180175-4 —
Reference solar irradiance [W/m?]........................ : 11000 —
Reference ambient temperature [°C].................... : 150.2 —
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 — — — —
Module substrate below the centre cell 71.4 61.2 113 P
Terminal enclosure interior surface 78.4 68.2 90 P
Field wiring terminals 60.7 50.5 90 P
Insulation of the field wiring leads 59.6 49.4 90 P
External connector bodies 64.3 54.1 90 P
Diode bodies 74.5 64.3 200 P
Frame — — — —
Supplementary information: Tcon = Toss + (40 °C — Tawms),
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].....ovvvvveeeiinnrei 2018-06-11 —
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IEC 61730-2: Part 2: Requirements for testing
Clause Requirement + Test Result - Remark Verdict
Sample No. Nature and position of findings —
GDP180175-4 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]......cccovvniinnnnnnnl 2018-06-11 —
Maximum system voltage [Voc]....-ccceerereensssnnnes : | 1500 —
Test voltage applied V1est [Vocl-eeeeeeeeeemeeeeeeenenns : 1 8000/1500 =
Module area A [M?] .....cccvviiinnninnnnsnnnnssssseesssnnnns :11.94 =
Sample No. b[r)eiillfc?ct)ﬂvsn resisltgsr[%ej: :Ila?r{/TEST Insulatio[rlc/lrg.srinszt]ance XA —
GDP180175-4 ] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
10.14 TABLE: Wet Leakage Current Test - MST 17 (after MST 21) P
Test Date [YYYY-MM-DD].........cvevunennnaniid 2018-06-11 —
Maximum system voltage [Vbc] .......ceeeeveeeiirininnnee : 11500 —
Test voltage applied V1est [Vbc] .oooovveevveereeeeeeennnn. : 11500 —
Module area A[M?]....cooeeiiieieiiie e, D 11.94 —
Resistivity of wetting agent [Q-cm]......ccccceeveuneee... . |2704
Average wetting agent temperature [°C]............... 11223
Sample No. Insulation resistance at Vtest [MQ] Insulatic)[rlsﬂlgiiaance XA —
GDP180175-4 309.3 600.04 P
Supplementary information: N/A
10.2F TABLE: Reverse Current Overload Test - MST 26 P
Test Date [YYYY-MM-DD]..........ccccoveunnanilt 2018-07-12 —
Module over-current protection rating [A] ........ 1120 —
Test current [A] ......cccoviiiniinninnnn s P27 —
Range of applied voltage [V].......cccccuveememeeeenennns 1 156.7~50.4 —
Test duration[h]........ccccceriiiiiiirrrrrrr e 12 =
Sample No. —
GDP180175-4 g EZ ::2::2 Zfr ?i?a:izgucl)?the tissue paper P
Supplementary information: N/A
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IEC 61730-2: Part 2: Requirements for testing
Clause Requirement + Test Result - Remark Verdict
10.1 TABLE: Visual Inspection - MST 01 (after MST 26) P
Test Date [YYYY-MM-DD]......ccccovviennninil 2018-07-12 —
Sample No. Nature and position of findings —
GDP180175-4 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]........cooceemreernnnnee : 11500 —
Test voltage applied Viest [Vbc] -oooeeerrnnnnesnnnnnnns : |8000/1500 =
Module area A[Mm?] ....c...ccooviiimmmmmcmnnnnisneerennnnsnsnns 1 (1.94 =
Sample No. b?;'fggiv\?n resisltg?lt::/llez[ :Ila?r{/TEST Insulaticirl:ﬂrgiiaance XA —
GDP180175-4 [ >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
10.14 TABLE: Wet Leakage Current Test - MST 17 (after MST 26) P
Test Date [YYYY-MM-DD].............ccoeenni 2018-07-12 —
Maximum system voltage [Vbc]........cccovmmeeeeeeennnn. : 11500 —
Test voltage applied V1esT [VDC] .evrrereeeeeerinriinnns : 11500 —
Module area A[M?]..c..uueeiiiiiiiiiccee e 1 11.94 —
Resistivity of wetting agent [Q-cm].........ccceevverennnee 112714 —
Average wetting agent temperature [°C]............... 1 122.6 —
Sample No. Insulation resistance at Vtest [MQ] Insulatio{r&;gis%ance 30 —
GDP180175-4 330.2 640.59 P
Supplementary information:N/A
10.12G TABLE: Impulse Voltage Test - MST 14 P
Test Date [YYYY-MM-DD].........ccoeenvinnnanild 2018-05-31 —
Maximum system voltage [Voc].......ccceeeeeeeneinnnnnneat [ 1500 —
Impulse voltage [V] .....cccceeeevnvennneniiiiiiiienennnnns | 20000 —
Conductivity of conducting glue [€/625 mm?] ..........: | 0.065 P
Sample No.
GDP180175-14 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]............c.ceeeneennl [ 2018-05-31 —
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IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
Sample No. Nature and position of findings —
GDP180175-14 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] ...cceeeeereenssnnees : 11500 —
Test voltage applied Vrest [Vboc]....oceemmeeeereennnnes : 1 8000/1500 —
Module area A [M?]......cccceereernnnnnnnnnnsnssessneeseeeenas 1 11.94 =
Sample No. b?(i,;eallfggxn resisltl;?[m:(jlg %?Q/TEST Insulatio[rlsllrg.srinszt]ance XA —
GDP180175-14 O] >5000 >9700 P

Supplementary information: the maximum resistance measurement range is 5000MQ

10.10 TABLE: Cut Susceptibility Test - MST 12 P
Test Date [YYYY-MM-DD].........ccooevvienanild 2018-06-21 —

Applied force [N] ......coooiiiiiiiicccieeeeeeee e :18.9 —

Sample No. —

GDP180175-5 X No exposure of active circuitry of the module

GDP180175-7 X] No exposure of active circuitry of the module

GDP180175-11 X No exposure of active circuitry of the module

P

P

GDP180175-9 X] No exposure of active circuitry of the module P
P

P

GDP180175-12 X No exposure of active circuitry of the module

Supplementary information:N/A

10.6 TABLE: Insulation Test- MST 16 (after Cut Susceptibility Test) P
Maximum system voltage [Vpc]....--ceeeeeiriciiunnees : 11500 —
Test voltage applied Vrest [VDc] «eeeeeeeeererermmmnnnnns : | 8000/1500 =
Module area A [M?7].....ccccceeerrrnnnnnnnnnnsnssssneeeeeeeenas 1 (1.94 -
Sample No. O L
Vrest [MQ]
GDP180175-5 [ >5000 >9700 P
GDP180175-7 ] >5000 >9700 P
GDP180175-9 ] >5000 >9700 P
GDP180175-11 ] >5000 >9700 P
GDP180175-12 ] >5000 >9700 P
Supplementary information: the maximum resistance measurement range is 5000MQ
MST 17 TABLE: Wet Leakage Current Test - MST 17 (after Cut Susceptibility Test) P
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IEC 61730-2: Part 2: Requirements for testing
Clause Requirement + Test Result - Remark Verdict
Maximum system voltage [Vpc].....-seeereirassiunnnes : 11500 —
Test voltage applied V1est [Vpc] -weeeeeeeeeeemmereenenns : 1500 -
Module area A [M?]......ccccevrriiiiiiiinmmeenennn s sesnnnes 1 11.94 —
Resistivity of wetting agent [Q-cm]................... 1 | 2704 —
Average wetting agent temperature [°C]........... 11224 —
Sample No. Insulation resistance at Vtest [MQ] Insulatio[r':/llgsr:]s;t]ance R4 —
GDP180175-5 403.6 782.98 P
GDP180175-7 274.2 531.95 P
GDP180175-9 286.3 555.42 P
GDP180175-11 295.1 572.49 P
GDP180175-12 383.6 744.18 P
Supplementary information: N/A
10.13 Final | TABLE: Continuity Test of Equipotential Bonding - MST 13 P
Test Date [YYYY-MM-DD].........ccooeveenanild 2018-06-21 —
Maximum system voltage [Vbc]......ccceeveerrrriiiinnns : 11500 —
Current applied [A] ..coveeveieiiieeeeeeeecccee e 1150 —
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 [Vpc] Resistance [Q] —
GDP180175-5 0.30 0.006 P
GDP180175-7 0.30 0.006 P
GDP180175-9 0.25 0.005 P
GDP180175-11 0.35 0.007 P
GDP180175-12 0.25 0.005 P
Supplementary information: N/A
10.2 Final |TABLE: Accessibility Test - MST 11 P
Test Date [YYYY-MM-DD].............ccoeenii 2018-06-21 —
Maximum system voltage [Vbc].....-cceeeiiinciinnnnes 1 11500 —
Sample No. Result [MQ] —
GDP180175-5 >5000 P
GDP180175-7 >5000
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IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
GDP180175-9 >5000
GDP180175-11 >5000
GDP180175-12 >5000

Supplementary information: The maximum resistance measurement range is 5000MQ

10.3 Final | TABLE: Max. power determination— MST 02 (Final) P
Test Date [YYYY-MM-DD]......c.cceeeuneenne : 2018-07-16 —
Irradiance (W/m?) 1000 —
Module temperature (°C) 25 —
Testmethod ........ccceeveveeececceeee e eeeneenn.nt | X Simulator ] Natural sunlight —
Sample # Voc[V] | Vmp [V] Isc [A] Imp [A] Pmp [W] FF [%] Result
GDP180175-1 | 47.957 39.110 9.595 9.315 364.307 79.17 P
GDP180175-4 | 47.725 38.721 9.575 9.240 357.781 76.83 P
GDP180175-5 | 47.789 38.766 9.691 9.247 358.485 77.41 P
GDP180175-7 | 47.935 38.852 9.785 9.396 365.072 77.83 P
GDP180175-9 | 47.483 38.103 9.668 9.125 347.692 75.74 P
GDP180175-11| 47.891 38.580 9.798 9.435 364.001 77.57 P
GDP180175-12 | 47.910 38.685 9.769 9.366 362.334 77.41 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].......ccuveeenneee : 12018-07-16 —
Sample No. Nature and position of findings —
GDP180175-1 No major visual defects found P
GDP180175-4 No major visual defects found P
GDP180175-5 No major visual defects found P
GDP180175-7 No major visual defects found P
GDP180175-9 No major visual defects found P
GDP180175-11 No major visual defects found P
GDP180175-12 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].................. : |2018-07-16 —
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IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
Aromatics content in petroleum spirits by <0.1% P
volume [%)] (S0.1%0).--cceeeeeiiinriinmmerrreeiisennnnnnnens :
Kauri-butenol value in petroleum spirits by <29% P

volume [%](S29%)) ---ceeeeeeiinssssnmmeenseeiisssssnnnnnnnnes :
Initial boiling point [°C] (about 65) .................... : | About 65 P
Dry point [°C] (about 69) ...........ecevureeereresreeecsnns : | About 69 P
Mass per unit volume [kg/l] (about 0.7)............. 1 10.659 P
RUDDING tiME...eueeeeerrrccc e ssssssesessenensanes : | 15s with water P

15s with petroleum spirits

Sample No. Nature and position of findings —
GDP180175-1 Marking is legible, not be removed easily, no curling P
GDP180175-4 Marking is legible, not be removed easily, no curling P
GDP180175-5 Marking is legible, not be removed easily, no curling P
GDP180175-7 Marking is legible, not be removed easily, no curling P
GDP180175-9 Marking is legible, not be removed easily, no curling P
GDP180175-11 Marking is legible, not be removed easily, no curling P
GDP180175-12 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].................. 2018-07-16 —

Sample No. Nature and position of findings —
GDP180175-1 No sharp edge P
GDP180175-4 No sharp edge P
GDP180175-5 No sharp edge P
GDP180175-7 No sharp edge P
GDP180175-9 No sharp edge P

GDP180175-11 No sharp edge P
GDP180175-12 No sharp edge P

Supplementary information: N/A

10.8 Final [ TABLE Bypass diode functionality test - MST 07 P

Test Date [YYYY-MM-DD]............cc.e.ees : 2018-07-16 —

(] Method A N/A

Ambient temperature [°C] ....................

Current flow applied [A] ....ccovcenienennn.n.
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IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
Sample # VFM VFMrated VFM = (N x VFMrated) £ 10 % Result
— — - [1Yes [1No —
Supplementary information:
X Method B —
Sample # IV curve bend after shading Result
GDP180175-1 X P
GDP180175-4 X P
GDP180175-5 X P
GDP180175-7 X P
GDP180175-9 X P
GDP180175-11 X P
GDP180175-12 X P
Supplementary information: N/A
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-DD].........ccoovevenr — —

Nominal outer thread diameter of screw [mm].: | —

TOrQUE tYPC c.eeeereereererereesersesseesessessessnesssnssnnas 1| Type1 L] Type2 [] Type3 —

Sample No. _

n During the test, no damage impairing the further use of the fixing
or screwed connection occur

0 After the test, it is still possible to introduce the screw or nut made
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].........ccoovveeenrns —

Thread Size ......coiviimiiiiicrr e : —

T (e 11 - S :|[J2.5Nm[]5.0 Nm —

Sample No. —

0 No loosening shall occur.

Supplementary information:

10.5 Final |TABLE: Insulation thickness test— MST 04 P

Test Date [YYYY-MM-DD]..................... : 12018-07-30 —
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IEC 61730-2: Part 2: Requirements for testing

Clause Requirement + Test Result - Remark Verdict
Sample NO. ...coovvvieeieeicie e . |GDP180175-11 —
a) Single-layer sheet providing relied upon insulation N/A
Thickness of single layer e
b) Multi-layer sheets providing relied upon insulation if single layers are N/A
characterized individually :
Thickness of each layer, and sum thickness o
c) Multi-layer sheets providing relied upon insulation if single layers are not =
characterized individually:
Thickness of combined thickness of all layers 390.5 to 411.3um =)

Supplementary information: 12 positions are measured. Measurement uncertainty is 2%
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ANNEX 1: CONSTRUCTIONAL DETAILS
A1.1 MODULE TYPE/S
UL-360M-72HV
A1.2 MODULE DESIGN
Module dimensions (L x W x H) [mm].................. : 11956*992*46
WeIghts......coovieeeeeeceec e . |23 kg
Front/Rear cover bonding classification.............. : | rigid/flexible
[ rigid/rigid
] flexible/flexible
A1.3 SOLAR CELL
Cell type reference.........cccccuveeveeevvineeeeeennes : | Ningbo Ulica Solar
Science&Technology Co.,Ltd
Cell type: 156M-5BB, P type mono
crystalline silicon
Cell dimensions LXxW X T (£ %) [mm]................. | 156.75 x 156.75
Cell thickness [HM]......cccoeviiiiiiiicccieeieeeiiiieeeeeeee . | 200220
Cellarea[cm?] ....ccceeeiiiiiiiiiiiiicceeeeeeeeeevee e | 244,32
A1.4 IDENTIFICATION OF MATERIALS

Front COVEN ... :

Henan Ancai Hi-tech Co., Ltd.

Type: tempered glass with AR coating
Thickness: 3.2 mm

REAI COVEN ... :

Crown Advanced Materials Co.,Ltd
Type: Crown BE-xn, White, Material: PVDF
/PET/PO

Thickness: 22um/250um/50um, total: 350
(-10%,+20%)um

Encapsulation material............ccccceeeiiiiiinnnnnnn.n. :

Shanghai HIUV New Materials Co., Ltd
Type: S201MT1, (front side)
thickness:0.5mm+0.1mm

Type: S201W, (back side)
thickness:0.5mm+0.1mm

Frame parts ..o, :

Wuxi Zhongde Aluminum Product
Co,.Ltd

Anodized aluminum alloy, 6063-T5, silver
colour, Cross-section graph: 46mm*35mm

Mounting pamts.......cccceeeeiiiiiiiiice e, :

N/A

Adhesive forframe ........ocoevveiiiiiiiieiie e, :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-606
Edge sealing........cceeeviiiiiiiiiiiiiiieeeeeee o | N/A
Internal wiring ......ccooeeeiiiii : IN/A

Cell CONNECLON.....ceeii e :

Suzhou Sanysolar Materials
Technology Corporation

Cross section: 0.25 x0.9 mm,

Material: Base Cu = 99.97%,

Coating Sn60%Pb40%, 0.025+0.005 mm
at each side.
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String CONNECION.......uuueeiiiiiiiiieieieee :

Suzhou Sanysolar Materials
Technology Corporation

Cross section: 0.25 x 7 mm,

Material: Base Cu = 99.97%,

Coating Sn60%Pb40%, 0.025+0.005 mm
at each side.

Soldering material ..........cccccovviiiiiiiiiiiiiiinn. :

N/A

Fluxing agent........ccceiiiiiiiiccee e, :

ASAHI Solder Technology CO,LTD
Type: SF56

JUNCHION DOX.eninieiiei e :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd

Type: PV-ZH011-6B, DC 1500 V, 15A, IP
67, -40 °C to 85 °C

TUV Rheinland certified, No. R 50345461

(0721 o] [ 2N :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: H1Z2Z2-K 1x4mm?, 1500V DC,

-40 °C to 90 °C,

TUV Rheinland certified, No. R 50330654

(070] 51 41T (o) T :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: PV-ZH202B, DC 1500V, 30A, IP
67,-40°Cto 85°C

TUV SUD Certified, No. R 50350557

Bypass diode ..........coeevviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee :

Zhejiang Zhonghuan Sunter PV
Technology Co.,Ltd.

Type: 20SQ045, Schottky,

Max. peak reverse voltage 45V,
Max. average forward current 20 A,
Max. junction temperature 200 °C.

Potting material...............coooiiiiiiii :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-1184, Rated V-0 at min. 3.0 mm
thick, RTI=105, CTI=0,

UL certified, No. E335227

Adhesive for junction box .........ccceeiiiiiii. :

Hangzhou Zhijiang Silicone Chemicals
Co., LTD

Type: JS-606, Rated V-0, at min. 3.0 mm
thick, RTI=105, UL certified, No. E335227

Additional material (e. g. fixing tape, insulation

tape ,Label).......cc :

Fixing tape:

TERAOKA SEISAKOSHO Co., Ltd.
Type: 631S#38

Insulation sheet:

Crown Advanced Materials Co.,Ltd
Type: Crown BE-xn, White, Material:
PVDF /PET/PO

Thickness: 22um/250um/50um, total: 350
(-10%,+20%)um

A1.5 MODULE DESIGN - MINIMUM DISTANCES
Between cells.........oooiviiiiiiiiiiiiiiiiiiiiiiiieieeeieeeee : 1 1.5mm
Between cell and edge of laminate .................... : 116.25 mm
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Between any current carrying part and edge of 15.75 mm
[amiNAte .. ..vveeiiiii :

A1.6 MODULE DESIGN - ELECTRICAL CONFIGURATION
Total number of cells.........cccoovvviiiiiiiiiie. 2|72
Serial-parallel connection of cells ....................... 1|24
Cells per bypass diode........cccccceeeeeeiiiiiiiieeeeeen, 1|24
No. of bypass diodes.........ccevvevvveiiiiiiiieiiiiiiiiienns : |3
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ANNEX 2: CONSTRUCTURE DETAILS

72 CELLS MODULE (1500V OR 1000V)

FRAME DIMENSION
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Cell and conductor layout on the laminate
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60 CELLS MODULE (1500V OR 1000V)

FRAME DIMENSION
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Cell and conductor layout on the laminate
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54 CELLS MODULE (1500V OR 1000V)
FRAME DIMENSION
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Cell and conductor layout on the laminate
147641

TL'S 10~D
T

9t1

986+ 1

47+1

17.62541.5

Nt

17.75¢£1.5 )

Circuit diagram

Cornnector

-//Dioc:l@

| |

I ! Cells
o] e . e
= 5 -, T - —_1
= i L e L e
o T R . el 7 . AT T
il i =1 . — e ==
- T - G -— =
ool s ile ] i 1 -
o il N B Gl = i
_— 7 -~ .1 = —_
1 e 1 i 1 o
_— T _— G - o
1 il o min wd ——
_— = —_— o = —|—
2 - ok 1 —— = =
- 7 —— i — —_ 1
L . 1 - 1 i
-, T s R - T

TRF No. IEC61730a



Page 61 of 62 Report No. 704061806602-00 part 2 of 2

48 CELLS MODULE (1500V OR 1000V)

FRAME DIMENSION
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Cell and conductor layout on the laminate
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