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

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

RatingsS .....ovveeiiiieee e :

Trade MarK......ceevviiiiiiiiiiiiiieiieeee, : D
SUNPRO
upuwm
ManufacCturer .......ccoeeveeeeeeieeieieeeeeenen, :

Photovoltaic (PV) Module(s)

YUHUAN SUNPRO POWER CO., LTD

Qinggang Technological Ind.Zon, 317606 Yuhuan, Zhejiang
Province PEOPLE'S REPUBLIC OF CHINA

See page 9~14 of this report
See page 9~14 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.........ccccceeceviicinnnna

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

X |Associated Testing Laboratory:

Changzhou HuaYang Inspection and Testing Technology

Co., Ltd.

Testing location/address.........ccccccevevcicinnnna

No.8 Lanxiang Road, Wujin Economic Development Zone

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

Gang Huang

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

Rongwei Jing

‘Sﬁxg \Iﬂv]' wea

[] |Testing procedure: TMP/CTF Stage 1:

Testing location/address.........ccccceeeeeiiccnnnnn

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

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

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

Testing location/address.......cccccceveevievnnnnnn

Tested by (name + signature) .............c.e...u

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

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

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

Testing location/address.......cccccceeevvvicvnnnnnn. s

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

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

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

Supervised by (name + signature) ..............:
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List of Attachments (including a total number of pages in each attachment):

attachment number / number of pages

Installation manual

Version: SP202001

Drawings mechanical

Refer to Annex 2: 704062011501-00
part 2 of 2

Circuit diagram

Refer to Annex 2: 704062011501-00
part 2 of 2

Photographs

Attachment No.1: 11 pages

Component datasheets / certificates

Attachment No.2: 47 page

Others:

Product Description Sheet (Manufacturers and type references)

Annex 1, 3_ pages

Test table for verifying other stabilization procedure

Annex 2, N/A_pages

Lower and higher output power modules

Annex 3, 7_ pages

List of test equipment used

Annex 4, 2_ pages

Summary of testing:

Tests performed (name of test and test clause):

Test Item 1:
Basic testing performed on sample HA2020TL-
509-xxxA, see module group assignment.

Below models are added:

SPxxx-72M, xxx=370 to 410 in step of 5
SPxxx-60M, xxx=305 to 340 in step of 5
SPxxx-54M, xxx=280 to 310 in step of 5
SPxxx-48M, xxx=245 to 270 in step of 5
SPxxx-36M, xxx=185 to 205 in step of 5

XXX is standing for rated output power at STC

Full tests according to IEC 61215-1:2016, IEC
61215-1-1:2016, IEC 61215-2:2016 were
conducted on model SP390-72M

For qualification of power class above, MQT 19.1
Initial Stabilization & Performance at STC (MQT
06.1) are performed on higher end model SP410-
72M &lower end model SP370-72M.

Test Item 2:

Based on test item 1, testing performed on sample
HA2020TL-509-xxxC, see module group
assignment. Following modification were included:

1. Add new cell: Mono-Si, M1669BPERC,9BB, %
cut Cell, manufactured by Tongwei Solar
(HEFEI) CO., LTD.

2. Add new juction box: PV02, manufactured by
Taizhou Chuangda Electronic Co., Ltd.

3. Add new cell connector Base Cu, Purity

Testing location:

Changzhou HuaYang Inspection and Testing
Technology Co., Ltd.

No.8 Lanxiang Road, Wujin Economic Development
Zone

TRF No. IEC61215D_SE
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299.97%, Cross section: ®0.35mm, Coating:
Sn60Pb40

4. Add new models:
SPxxx-144M, xxx=410 to 460 in step of 5
SPxxx-120M, xxx=340 to 385 in step of 5
XXX is standing for rated output power at STC

Following tests according to IEC 61215-1:2016,
IEC 61215-1-1:2016, IEC 61215-2:2016 were
conducted on model SP430-144M

MQT 01 Visual inspection

MQT 03 Insulation test

MQT 06.1 Performance at STC

MQT 15 Wet leakage current

MQT 18.1 Bypass diode thermal test

MQT 18.2 Bypass diode functionality test
MQT 09 Hot spot endurance test

MQT 10 UV precondition test

MQT 11 Thermal cycling test 50 cycles

MQT 12 Humidity freeze test 10 cycles

MQT 14 Robustness of terminations

MQT 19.1Initial Stabilization

MQT 11 Thermal cycling test 200 cycles
MQT 13 Damp heat 1000 test

MQT 16 Static mechanical load test

For qualification of power class above, MQT 19.1
Initial Stabilization & Performance at STC (MQT
06.1) are performed on higher end model SP460-
144M &lower end model SP410-144M.

Test Item 3:

Based on test item 2, testing performed on sample
HA2020TL-509-xxxD, see module group
assignment. Following modification were included:

1. Add new cell: Mono-Si, M1589BPERC,9BB, V2
cut Cell, manufactured by Tongwei Solar
(HEFEI) CO., LTD.

2. Add new models:

SPxxx-144MG, xxx=380 to 415 in step of 5
SPxxx-120MG, xxx=315 to 345 in step of 5
xxX is standing for rated output power at STC

Following tests according to IEC 61215-1:2016,
IEC 61215-1-1:2016, IEC 61215-2:2016 were
conducted on model SP400-144MG

MQT 01 Visual inspection

MQT 03 Insulation test

MQT 06.1 Performance at STC

MQT 15 Wet leakage current

MQT 18.2 Bypass diode functionality test
MQT 09 Hot spot endurance test

MQT 19.1Initial Stabilization

MQT 11 Thermal cycling test 200 cycles

For qualification of power class above, MQT 19.1
Initial Stabilization & Performance at STC (MQT

TRF No. IEC61215D_SE
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06.1) are performed on higher end model SP380-
144MG &lower end model SP415-144MG.

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

The text of IEC 61215-1: 2016 was approved by CENELEC as EN 61215-1: 2016 without any
modification.

The text of IEC 61215-1-1: 2016 was approved by CENELEC as EN 61215-1-1: 2016 without any
modification.

The text of IEC 61215-2: 2016 was approved by CENELEC as EN 61215-2; 2017 without any
modification.

X The product fulfils the requirements of __ EN 61215-1: 2016/ EN 61215-1-1: 2016/ EN 61215-2: 2017
(insert standard number and edition and delete the text in parenthesis, leave it blank or delete the
whole sentence, if not applicable)

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.

(-/ POWER @ __~rower
Type SP3390-72M Type SP430-144M
Maximum Power (Prax) J00W Maximum Power (Pmax) 430W
Output Tolerance + 3% Output Tolerance +3%
Current at Pmax {imp) G 494 Current at Pmax {Imp) 10.59A
Voltage at Pmax (Vmp) 41.1v Voltage at Prmax {vmp) 40.6Y
Short-Circuit Current (Isc) 10.12A + 3% Short-Circuit Current (Isc) 1A + 3%
Open-Circuit Voltage (Voe) 49,3V +3% Open-Circuit Voltage {Voc) 49 4V + 3%
Weight 22KG Weight 23.5KG
Dimension 1979x1002x35mm Dimensian 2094x1038x35mm
Maximurm System Voltage 1500V Maximum System Voltage 1500V
Max Overcurrent Protection Rating 20A Max Overcurrent Protection Rating 204
Cell Technology MONO-SI Cell Technology MONO-SI
ALL VALUES ARE MEASURED UNDER STC ALL VALUES ARE MEASURED UNDER STC
AM=1.5 E=1000W/m"* TC=251T AM=1.5 E=1000W/m’ TC=25T
O € & ¥ A |O € & T A
PV Module Classification:CLASS T PV Module Classification:CLASS I
Do not disconnect under load Do not disconnect under load
YUHUAN SUNPRO POWER CO. LTD YUHUAN SUNPRO POWER CO.LTD
WWW.SUNpropower.com WWW.SUNPropower.com

TRF No. IEC61215D_SE
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ﬂ
SUNPRO
(—-ﬂ' POWER

Type SP400-144MG
Maximum Power (Pmax) 400w
QOutput Tolerance +13%
Current at Pmax (Imp) 9.91A
Voltage at Pmax (Vmp) 40.4V
Short-Circuit Current {Isc) 10.40A +3%
Open-Circuit Voltage (Vo) 49 3V +3%
Weight 22KG
Dimension 2008x1002x35mm
Maximum System Voltage 1500V
Max Overcurrent Protection Rating 20A
Cell Technology MONO-SI
ALL VALUES ARE MEASURED UNDER STC

AM=1.5 E=1000wW,/m’ TC=25T

O € & B A

PV Module Classification.CLASS I

Do not disconnect under load
YUHUAN SUNPRO POWER CO.LTD
WwWww SUI'IDIUPUWE!I'.CUITI

(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........ccccocvveviee v v . NA

Accessories and detachable parts included in the

EVAIUALION ... :

Mounting SYStem USEd..........ccceerierriereiie e . Refer to user manual
Other options included...........cccoovieriiiinee e, : 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(Falil)

Abbreviations used in the report:

Pmax - Maximum power HF — Humidity Freeze

Vmp — Maximum power voltage DH — Damp Heat

Imp  — Maximum power current TC — Thermal Cycling

Isc — Short circuit current a — Current temperature coefficient

Voc - Open circuit voltage B — Voltage temperature coefficient

FF — Fill factor d — power temperature coefficient

STC - Standard Test Conditions (25°C, NMOT — Nominal Module Operating Temperature
1 000 W/m?) (20°C, 800 W/m?)

MQT — Module Quality Tests VFMrated — Rated diode(s) forward voltage
VFM — Measured diode(s) forward voltage NP — Nameplate

m1 — the measurement uncertainty in % of laboratory m, — the measurement uncertainty in % of
for Pmax laboratory for Voc

ms — the measurement uncertainty in % of laboratory t1 — the manufacturer’s rated lower production
for Isc tolerance in % for Pmax

t2 — the manufacturer’s rated upper production ts— the manufacturer’s rated upper production
tolerance in % for Voc tolerance in % for Isc

r — Pmax measurement reproducibility

Testing Dates (YYYY-MM-DD)
Date of first test item received..........ccccocvveveevceeicenne . 2020-08-28
Dates of tests (beginning/end)..........c.ccooveveenicnieeneenn . 2020-09-01/2020-11-27

TRF No. IEC61215D_SE
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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.

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
Product Service GmbH.

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 ... :

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

Name and address of factory (factories) .................... :| YUHUAN SUNPRO POWER CO.,LTD
Qinggang Technological Ind.Zon, 317606 Yuhuan,
Zhejiang Province

TRF No. IEC61215D_SE
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PRODUCT ELECTRICAL RATINGS:

Module type SP370-72M SP375-72M SP380-72M SP385-72M
Voc [V] /Tolerance+ 3% 48.2 48.4 48.5 49.1

Isc [Adc] /Tolerance+ 9.72 976 9.82 9.92
3%

Vmp [V] 40.4 40.5 40.6 40.8
Imax [Adc] 9.16 9.26 9.36 9.44
Pmp [W] /Tolerance+ 370 375 380 385

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Product Electrical Ratings:

Module type SP390-72M SP395-72M SP400-72M SP405-72M
Voc [V] /Tolerancex 3% 49.3 49.5 49.8 50.1
!’3302 [Adc] /Tolerance+ 10.12 10.23 10.36 10.39
Vmp [V] 41.1 41.4 41.7 42.0
Imax [Adc] 9.49 9.55 9.60 9.65
Pmp [W] /Tolerance+ 390 395 400 405

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP410-72M SP305-60M SP310-60M SP315-60M
Voc [V] /Tolerancex 3% 50.2 39.9 40.5 40.7

IS¢ [Adc] /Tolerance 10.5 9.64 9.92 10.04
3%

vVmp [V] 42.3 32.6 33.0 33.2
Imax [Adc] 9.70 9.19 9.40 9.49
Pmp [W] /Tolerance: 410 305 310 315

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP320-60M SP325-60M SP330-60M SP335-60M
Voc [V] /Tolerancex 3% 40.9 41.5 41.8 42.2

TRF No. IEC61215D_SE
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Isc [Adc] /Tolerancex

3%

3% 10.15 10.17 10.25 10.32
Vmp [V] 334 33.6 33.8 34.0
Imax [Adc] 9.59 9.67 9.76 9.85
Pmp [W] /Tolerance+ 320 305 330 335
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP340-60M SP280-54M SP285-54M SP290-54M
Voc [V] /Tolerancex 3% 42.6 36.4 36.6 36.8
'350‘/’0 [Adc] /Tolerance+ 10.38 9.98 10.10 10.23
Vmp [V] 34.2 29.7 29.8 30.0
Imax [Adc] 9.94 9.43 9.56 9.67
Pmp [W] /Tolerance+ 340 280 285 290
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP295-54M SP300-54M SP305-54M SP310-54M
Voc [V] /Tolerance+ 3% 37.3 37.6 37.9 38.3
!’3302 [Adc] /Tolerance 10.27 10.36 10.45 10.50
Vmp [V] 30.2 30.4 30.5 30.7
Imax [Adc] 9.77 9.87 10.00 10.10
Pmp [W] /Tolerance+ 295 300 305 310
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP245-48M SP250-48M SP255-48M SP260-48M
Voc [V] /Tolerancex 3% 31.9 32.4 32.7 33.1
'35050 [Adc] /Tolerance+ 9.73 10.00 10.13 10.20
Vmp [V] 26.0 26.4 26.7 26.9
Imax [Adc] 9.43 9.47 9.56 9.67
Pmp [W] /Tolerance+ 245 250 255 260

TRF No. IEC61215D_SE
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Maximum system

voltage [V] 1500 1500 1500 1500
Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP265-48M SP270-48M SP185-36M SP190-36M
Voc [V] /Tolerance+ 3% 33.4 33.7 24.3 24.4
'3302 [Adc] /Tolerancex 10.30 10.41 9.89 10.12
Vmp [V] 27.0 27.1 19.8 19.9
Imax [Adc] 9.82 9.97 9.35 9.55
Pmp [W] /Tolerance+ 265 270 185 190

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP195-36M SP200-36M SP205-36M SP410-144M
Voc [V] /Tolerancex 3% 24.8 25.0 25.5 49.0
!’3302 [Adc] /Tolerance+ 10.22 10.39 10.45 10.76
Vmp [V] 20.16 20.27 20.52 40.2
Imax [Adc] 9.68 9.87 10.00 10.2
Pmp [W] /Tolerance+ 195 200 205 410

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP415-144M SP420-144M SP425-144M SP430-144M
Voc [V] /Tolerancex 3% 49.1 49.2 49.3 494
'3?(,2 [Adc] /Tolerances 10.85 10.95 11.01 11.11
Vmp [V] 40.3 40.4 40.5 40.6
Imax [Adc] 10.3 10.4 10.5 10.59
Pmp [W] /Tolerance+ 415 420 425 430

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP435-144M SP440-144M SP445-144M SP450-144M
Voc [V] /Tolerancex 3% 49.5 49.6 49.7 49.8

TRF No. IEC61215D_SE
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Isc [Adc] /Tolerancex

3% 11.23 11.34 11.45 11.56
Vmp [V] 40.7 40.8 40.9 41.0
Imax [Adc] 10.69 10.79 10.89 10.98
Pmp [W] /Tolerance+ 435 440 445 450
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP455-144M SP460-144M SP340-120M SP345-120M
Voc [V] /Tolerancex 3% 49.9 50.0 40.8 40.9
e [Adc] /Tolerance+ 11.65 11.69 10.72 10.85
Vmp [V] 41.1 41.2 33.5 33.6
Imax [Adc] 11.08 11.17 10.15 10.27
Pmp [W] /Tolerance+ 455 460 340 345
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP350-120M SP355-120M SP360-120M SP365-120M
Voc [V] /Tolerance+ 3% 41.0 41.1 41.2 41.3
!’3302 [Adc] /Tolerance 11.03 11.07 11.18 11.30
Vmp [V] 33.7 33.8 33.9 34.0
Imax [Adc] 10.39 10.51 10.62 10.74
Pmp [W] /Tolerance+ 350 355 360 365
3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current

Protection Rating [A] 20 20 20 20
Module type SP370-120M SP375-120M SP380-120M SP385-120M
Voc [V] /Tolerancex 3% 41.4 41.5 41.6 41.7
'35050 [Adc] /Tolerance+ 11.41 11.53 11.65 11.71
Vmp [V] 34.1 34.2 34.3 34.4
Imax [Adc] 10.85 10.97 11.08 11.20
Pmp [W] /Tolerance+ 370 375 380 385

3%

TRF No. IEC61215D_SE
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Maximum system
voltage [V]

1500

1500

1500

1500

Maximum Over-Current
Protection Rating [A]

20

20

20

20

Module type SP380-144MG SP385-144MG SP390-144MG SP395-144MG
Voc [V] /Tolerancex 3% 48.5 48.7 48.9 49.1

';,Z [Adc] /Tolerances 10.09 10.17 10.24 10.32
vmp [V] 39.6 39.8 40.0 40.2
Imax [Adc] 9.6 0.68 9.75 9.84
Pmp [W] /Tolerance+ 380 385 390 395

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current 20 20 20 20

Protection Rating [A]

Module type SP400-144MG SP405-144MG SP410-144MG SP415-144MG
Voc [V] /Tolerancex 3% 49.3 49.5 49.7 49.9

!’3302 [Adc] /Tolerance+ 10.40 10.48 10.55 10.64
Vmp [V] 40.4 40.6 40.8 41.0
Imax [Adc] 0.91 0.98 10.05 10.13
Pmp [W] /Tolerance+ 400 405 410 415

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current 20 20 20 20

Protection Rating [A]

Module type SP315-120MG SP320-120MG SP325-120MG SP330-120MG
Voc [V] /Tolerancex 3% 40.0 40.2 40.4 40.6

';,Z [Adc] /Tolerance+ 10.20 10.27 10.3 10.40
Vmp [V] 33.2 33.4 33.6 33.8
Imax [Adc] 9.51 9.60 9.69 9.76
Pmp [W] [Tolerance: 315 320 325 330

3%

Maximum system 1500 1500 1500 1500
voltage [V]

Maximum Over-Current 20 20 20 20

Protection Rating [A]

Module type

SP335-120MG

SP340-120MG

SP345-120MG

Voc [V] /Tolerancex 3%

40.7

41.1

41.2

TRF No. IEC61215D_SE




Page 14 of 123

Report No. 704062011501-00 part 1 of 2

Isc [Adc] /Tolerancex 10.50 10.60 10.62 _
3%

Vmp [V] 34.0 34.2 34.5 -
Imax [Adc] 9.85 9.94 10.00 -
Pmp [W] /Tolerance+ 335 340 345 _
3%

Maximum system 1500 1500 1500 _
voltage [V]

Maximum Over-Current _
Protection Rating [A] 20 20 20

Note: Further qualification for higher and/or lower output power see annex 3

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. ......cccccvvevveveivicrereinen. : N/A

Model differences and modification:

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

[ 4.2.1 Modification to frontsheet [ 4.3.1 Modification to frontsheet

[] 4.2.2 Modification to encapsulation system O 4.3.2 Modification to encapsulation system

X 4.2.3 Modification to cell technology O 4.3.3 Modification to front contact (e. g. TCO)

X 4.2.4 Modification to cell and string 0 4.3.4 Modification to cell technology
interconnect material or technique

[] 4.2.5 Modification to backsheet O 4.3.5 Modification to cell layout

X 4.2.6 Modification to electrical termination 1 4.3.6 Modification to back contact

[] 4.2.7 Modification to bypass diode 0 4.3.7 Modification to edge deletion

[[] 4.2.8 Modification to electrical circuitry O 4.3.8 Modification to interconnect material or

technique

] 4.2.9 Modification to edge sealing O 4.3.9 Maodification to backsheet

(] 4.2.10 Modification to frame and/or mounting 0 4.3.10 Modification to electrical termination
structure

[ 4.2.11 Change in PV module size 0 4.3.11 Modification to bypass diode

(] 4.2.12 Higher or lower output power (by 0 4.3.12 Modification to edge sealing

10 % or more) with the identical design and
size and using the identical cell process

[[] 4.2.13 Increase of over-current protection [ 4.3.13 Modification to frame and/or mounting
rating structure

[]4.2.14 Increase of system voltage 0 4.3.14 Change in PV module size

[] 4.2.15 Change in cell fixing tape 0 4.3.15 Higher or lower output power (by 10 %

or more) with the identical design and size

[0 4.3.16 Increase of over-current protection
rating

0 4.3.17 Increase of system voltage

Note: The clause references modifications extracted from IEC 62915

TRF No. IEC61215D_SE
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MODULE GROUP ASSIGNMENT:
Below samples are for test item 1

Sample # SamplltlejGroup Type/model Sample SIN Remark
HAZOgng'A;'Wg' Al SP390-72M 4082008221440059 Control module
HAzogng'A;'5°9' A2 SP390-72M 4082008221440054 LIR+Temp.coe
HAzogg;'A;'5°9' A3 SP390-72M 4082008221440062 LIR+Temp.coe
HAZOS(?I'A;'5°9' B SP390-72M 4082008221440052 HS+BD
HAzogg;k-sog- c1 SP390-72M 4082008221440063 UV15+TC50+HF
HAzogggk-sog- c2 SP390-72M 4082008221440057 UV15+TC50+HF
HA20§87T/&'509' D1 SP390-72M 4082008221440060 TC200
HAzogggk-so& D2 SP390-72M 4082008221440055 TC200
AT E1 SP390-72M 4082008221440050 DH1000+ML
HAZOS%X'509' E2 SP390-72M 4082008221440056 DH1000+Hail
HAZnggAL'Wg' _ SP370-72M 4082008221440001 Lower
HAZOS?;AL'WE" _ SP370-72M 4082008221440002 Lower
HAZOggAL'Wg' — SP410-72M 4082008231440001 Higher
HAZOSSAL'WE" — SP410-72M 4082008231440002 Higher

Below samples are for test item 2

Sample # Sampll%Group Type/model Sample S/N Remark
FAZ0Z0TL50%- Al SP430-144M 3082008180720008 Control module
HA20§82TCL-509' B SP430-144M 3082008180720010 HS+BD
HAZOgg;CL'wg' c1 SP430-144M 3082008180720004 UV15+TC50+HF
HAZOggICL'wg' c2 SP430-144M 3082008180720002 UV15+TC50+HF
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HAZOgggé'5°9' D1 SP430-144M 3082008180720003 TC200
HAzogggésog- D2 SP430-144M 3082008180720007 €200
HAZOS&T é‘5°9' E1 SP430-144M 3082008180720009 DH1000+ML
HAZOS(S);I(E-SOQ- E2 SP430-144M 3082008180720001 DH1000
HAZnglTé'wg' _ SP410-144M 3082008150720001 Lower
HA20§i)2T'6'509' — SP410-144M 3082008150720002 Lower
HA20§§)3T'6'509' — SP460-144M 3082008190720001 Higher
HA20§$I'(;509' — SP460-144M 3082008190720002 Higher
Below samples are for test item 3

Sample # Sampll?)Group Type/model Sample S/N Remark
FAZ020TL-50% A SP400-144MG 3082008281440002 Control module
HA20§82T'D-'509' B SP400-144MG 3082008281440004 HS
HA2058;$'509' D1 SP400-144MG 3082008281440001 TC200
HA20581$'509' D2 SP400-144MG 3082008281440003 TC200
HA2058;$'509' — SP380-144MG 3082008271440001 Lower
HAZOS(());'I[;—SOQ— — SP380-144MG 3082008271440002 Lower
HA2058;$-509' — SP415-144MG 3082008291440001 Higher
HAZO&S;;'W" — SP415-144MG 3082008291440002 Higher

Supplementary information: Further qualification for higher and/or lower output power see annex 3

Note (1)

Note (3)

Note (4)

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.

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
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IEC 61215-1
Clause Requirement + Test Result - Remark Verdict
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 Test Iltem 1
Visual inspection
MQT 19.1
Initial Stabilization
MQT 06.1
Performance at STC
MQT 03
Insulation test
MQT 15
Wet leakage current
A | B | c1 c2 D1 [ D2 El [E2
MQT 06.2 MQT 05 MQT 10 MQT 11 MQT 13
Performance Measurement of UV precondition Thermal cycling test Damp heat test
at NMOT NMOT test 200 cycles 1000 h
MQT 08 Outdoor 15 kWh/m? —40 °Cto 85 °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 °C to 85 °C
| I
MQT 04 MOT-19.2 MQT 12
Measurement Final Stabilization Humidity freeze
of test
temperature 10 cycles
coefficients —40°Cto 85 °C
85 % RH
1 module
module
MQT 06.1 MQT 14.1
Performance at Retention of
STC junction box test
I
MQT 09 MQT 14.2
Hot-spot Test of cord
endurance test anchorage
MQT 18.2 MOT19.2
Bypass diode Final stabilization
functionality test
|
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

TRF No. IEC61215D_SE
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IEC 61215-1
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MQT 01 Test Item 2
Visual inspection
MQT 19.1
Initial Stabilization
MQT 06.1
Performance at STC
MQT 03
Insulation test
MQT 15
Wet leakage current
A | B | C1 c2 D1 | D2 El |E2
MOT06.2 MOT05 MQT 10 MQT 11 MQT 13
Performance Measurement-of UV precondition Thermal cycling test Damp heat test
at NMOT NMOT test 200 cycles 1000 h
MQT 08 Outdoor 15 kWh/m? —40 °Cto 85 °C 85°C/85%RH
Exposure-Test
60-kWhim2 1 module 1 module
I
MOT-07 MQT 18.1 MQT 11 MQT 16 MOQT17
Performance Bypass diode Thermal cycling Static Yail-test
at-low thermal test test mechanical
irradiance 50 cycles load test
—40 °C to 85 °C
| I |
MOT04 MOFT19:2 MQT 12
Measurement Final Stabilization Humidity freeze
of test
temperature 10 cycles
coefficients —-40°Cto85°C
85 % RH
1 module
module
MQT 06.1 MQT 14.1
Performance at Retention of
STC junction box test
|
MQT 09 MOT 142
Hot-spot Festofcord
endurance test anchorage
MQT 18.2 MOT19.2
Bypass diode Final-stabilization
functionality test
|
measured together with modules
from sequences B-E as control and Performance at
to determine reproducibility r STC
2 modules MOQT 03 L MQT 15
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MQT 01 Test Item 3
Visual inspection
MQT 19.1
Initial Stabilization
MQT 06.1
Performance at STC
MQT 03
Insulation test
MQT 15
Wet leakage current
A | B | C1 c2 D1 | D2 El |E2
MOT06.2 MOT05 MOT10 MQT 11 MOT 13
Performance Measurement-of WV-precendition Thermal cycling test Damp-heattest
at NMOT NMOT test 200 cycles 1000h
MQT 08 Outdoor 15 KWhim? —40 °C to 85 °C 85°C/85%RH
Exposure-Test
60-kWhim2 1 module 1 module
I
MOT 67 MOT-18.1 MOT 11 MOT-16 MOT 17
: . . - :
at-low thermaltest test mechanical
irradiance 50-eycles load-test
40-°C t6-85-°C
| I |
MOT04 MOFT19:2 MOT12
of test
temperature 10 cycles
85-%RH
1 module
module
MQT 06.1 MOT14.1
Performance at Retention-of
STC junetion-box-test
| |
MQT 09 MOT14-2
Hot-spot Festofcord
endurance test anchorage
MQT 18.2 MOT19.2
Bypass diode Final-stabilization
functionality test
|
measured together with modules
from sequences B-E as control and Performance at
to determine reproducibility r STC
2 modules MOQT 03 L MQT 15
. Wet leakage current
Insulation test test
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Clause Requirement + Test Result - Remark Verdict
5. MARKING AND DOCUMENTATION P
51 Name Plate
All electrical data is shown as relative to standard Marked on label
test conditions (1 000 W/mz, 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 YUHUAN SUNPRO POWER P
trade mark of manufacturer CO.,LTD
b. Type or model number designation SP390-72M P
c. Serial number (unless marked on other part of |{4082008221440059 for p
product) example
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 P
g. Voltage at open-circuit or Voc including 49.3 *+ 3% for example P
tolerances.
h. Current at short-circuit or Isc including 10.12 + 3% for example =
tolerances
i. Module maximum power or Pmax including 390 + 3% for example p
tolerances
5.2 Documentation
521 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 P
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 €) to i) Refer to manual document P
b. Overcurrent protection device type and rating Refer to manual document p
are e.g. given in IEC 60269-6
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orientation, mounting means, cooling)

IEC 61215-1
Clause Requirement + Test Result - Remark Verdict

Maximum series/parallel module configuration is Refer to manual document 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- P
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) N/A
is specified

h. Performance at NMOT (MQT 06.2) is specified N/A

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

International symbols used where applicable P

Compliance checked by inspection and MQT 04 p

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 Refer to manual document p
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 p
used (if applicable)

g. limitations to the mounting situation (e.g., slope, | Refer to manual document =
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IEC 61215-1

Clause

Requirement + Test Result - Remark

Verdict

r. A statement indicating the fire rating(s) and the |Refer to manual document

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 | Designed load:

mechanical means for securing the module as | pgsitive: 3600Pa
Negative: 1600Pa

manufacturer the test load and/or the safety Safety factor for both sides:

evaluated during the static mechanical load test
according to MQT 16. At discretion of the

factor ym may be noted, too 15

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.”

523

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

7.2.1

Verification of rated label values (Gate No. 1)

Manufacturer’s tolerances and Laboratory uncertainties

T|0V |0V | T

t1 t2

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

measurement uncertainty in % of

laboratory 2.12 0.98

Laboratory reproducibility r...................  |HA2020TL-509-xxxA: +0.09
HA2020TL-509-xxxC: +0.06
HA2020TL-509-xxxD: +0.08

After stabilization, each individual module meets the requirements

Pmax See Table 03

N 0C e nnannnnnnnnnnn See Table 03
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IEC 61215-1

Clause Requirement + Test Result - Remark Verdict
L ettt ettt e et e e e e eaaaae e s See Table 03 P
After stabilization the arithmetic average P max of |See Table 03 P
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 p
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 N/A

Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
4. TESTING OVERVIEW
Initial examination All modules P
4.1 Visual inspection (MQT 01)) .......c.ccceeeeeeevvnvveeeee...s. | See Table 01 =)
4.19.5 Initial stabilization (MQT 19.1) ..........cccceeeeeeveneeennn. s | See Table 02 P
4.6 Performance at STC (MQT 06.1) See Table 03 P
4.3 Insulation test (MQT 03) .......ccccecvvveeviieeeevineeeenn . | See Table 04 P
4.15 Wet leakage current test (MQT 15) ....................... | See Table 05 P
Sequence | 3 Modules Samples Al, A2, A3 P
A
4.6 Performance at NMOT (MQT 06.2) ....................... | See Table 06
4.7 Performance at low irradiance (MQT 07)............... | See Table 07 P
4.4 Measurement of temperature coefficients (MQT See Table 08 P
Sequence | 1 Module Sample B P
B
4.5 Measurement of nominal module operating See Table 09 P
temperature (NMOT, °C) (MQT 05) .........ccceeeeel
4.8 Outdoor exposure test (MQT 08) ..........cccceevveeee..t | See Table 10
4.18.1 Bypass diode thermal test (MQT 18.1)
Maximum allowed junction temperature ................ | 200°C —
Calculated junction temperature .............ccccveveeeeeens. | See table 4.18.1 B P
Final measurements............ccccccccvvvivviieeeeeennnnennnn. . | 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)...........ccccceevvvveeennt | See Table 12.1 -12.3 P
49 Hot spot endurance test (MQT 09) ........................ | See Table 13.1 - 13.5 P
Sequence | 2 Modules Samples C1 C2 P
C
4.10 UV preconditioning test (MQT 10) .............cceeee.....t. | See Table 14.1 - 14.4
4.11 Thermal cycling test 50 cycles (MQT 11)............... | See Table 15.1 - 15.4
4.12 Humidity-freeze test (MQT 12)...........ccccceevvuveeee.t | See Table 16.1 - 16.4 P
Sequence | 1 Module Sample C1 P
C1
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

(MOT 4.1 oo

TRF No. IEC61215D_SE




Page 26 of 123

Report No. 704062011501-00 part 1 of 2
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Clause Requirement + Test Result - Remark Verdict
4.14.3 Test of cord anchorage (MQT 14.2) P
41431 This test omitted if junction box is qualified to IEC Refer to junction box —
B2790 ...uviiiiiieiiiieiiie et | CETTfiCATE
4.14.3.2.1 | Junction boxes intended to be used with cables — —
specified by the manufacturer.........................
4.14.3.2.2 | Junction boxes intended to be used with generic — —
CableS. ...
Sequence | 2 Modules Sample D1, D2 P
D
4.11 Thermal cycling test 200 cycles (MQT 11) ...........: | See Table 18.1 - 18.2 P
Sequence | 2 Modules Samples E1, E2 P
E
4.13 Damp heat test (MQT 13) .......cccevvvvvvvvvvvvvveveeeennnn.:. | See Table 19.1 - 19.4 P
Sequence | 1 Module Sample E1 P
E1l
4.16 Static mechanical load test (MQT 16).................... | See Table 19.5 - 19.7 P
Sequence | 1 Module Sample E2 P
E2
4.17 Hail test (MQT 17) See Table 19.8 - 19.10 P
Final measurement All modules for Sequence C, P
D, E; Control module for
Sequence A
4.19.6 Final stabilization (MQT 19.2)................cceceeeeeeeee.... | See Table 20.1 - 20.2 N/A
4.6 Performance at STC (MQT 06.1) ...........cceeeeeeeeee.:. | See Table 20.3
4.3 Insulation test (MQT 03) ..........ceeeevevvvvveveveeeeeeeeen.... | See Table 21 P
4.15 Wet leakage current test (MQT 15) ............e.........:. | See Table 22 P
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Clause Requirement + Test Result - Remark Verdict

TABLE 01: MQT 01 ini: Initial Visual inspection P

Test Date [YYYY-MM-DD]......cccccvvevrverunnn. : |2020-09-01 —

Sample # Nature and position of initial findings — comments or attach photos —

HA2020TL-509- No major visual defects found P
001A

HA2020TL-509- No major visual defects found P
002A

HA2020TL-509- No major visual defects found P
003A

HA2020TL-509- No major visual defects found P
004A

HA2020TL-509- No major visual defects found P
005A

HA2020TL-509- No major visual defects found P
006A

HA2020TL-509- No major visual defects found P
007A

HA2020TL-509- No major visual defects found P
008A

HA2020TL-509- No major visual defects found P
009A

HA2020TL-509- No major visual defects found P
010A

Supplementary information: N/A

TABLE 02: MQT 19.1 ini: Initial stabilization P

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

Test Date [YYYY-MM-DD].......ccccceveennenne : 12020-09-01 —

TeSt MEthOd ...c.ooveeeeeeeeee e . | X Simulator ] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%0] Result

HAZOgng 2991 10142 | 49381 9.552 41222 | 393.753 78.62 P

HAZOSSZT 2991 10182 | 49201 9.586 40936 | 392.412 78.33 P

HAZOSS; 2 %% 10180 | 49.426 9.545 41208 | 394.189 78.27 P

HAZOSSI'I&'SOQ' 10.144 49.523 9.589 41.303 396.054 78.84 P
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MAZOT %% | 10162 | 49.558 9.557 41334 | 395.029 78.44 P
MAZOZOT %% | 10120 | 49538 9.535 41391 | 394.663 78.72 P
AZOZOTL %% | 10104 | 40.410 9.616 41.044 | 394.679 78.36 P
HAZOSS;AL'SOS" 10.137 | 49.646 9.531 41.402 394.602 78.41 P
A0 A 07| 10213 | 49.386 9.651 41.054 | 396.212 78.55 P
A02DT 0% | 10180 | 49.573 9.540 41534 | 396.234 78.52 P

Supplementary information: N/A

TABLE 02.2: MQT 19.1 ini: Initial Stabilization procedure

Light exposure method

Xl Simulator

[] Natural sunlight

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

Stabilization criterion x per IEC 61215-1-x

Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
001A
Integrated . Module . Pmax (W) at b Stabl
Testcycle | irradiation Irz\%j;:]rlzc):e temperature Rﬁi':gve the end of PF',"aX P'("O'/"))/ v a/Ne
(kwh/m2) (°C) cycle waisa () (2]
Initial — — — — 393.753 — —
1 5 800~1000 50 4.3 392.001 — —
2 5 800~1000 50 4.3 390.465 0.84 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
002A
Integrated . Module o Pmax (W) at b Stabl
Testcycle | irradiation Irzs\(lj /',?1236 temperature Relzlzgve the end of Plg"a* P'("(;/"))/ v a/Ne
(KWh/m2) C) cycle average (%0) | (Yes/No)
Initial — — — — 392.412 — —
1 5 800~1000 50 4.3 390.672 — —
2 5 800~1000 50 4.3 389.962 0.63 Yes
3 — — — — — — —
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Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
003A
Integrated : Module - Pmax (W) at
Test cycle « — Pmi Stabl
v imradiation | 'Madiance temperature Re|5|st|ve the end of | ~™ Pmo”)/ avie
(KWh/m2) (W/m2) C) oad cycle Paverage (%) | (Yes/No)
Initial — — — — 394.189 — —
1 5 800~1000 50 4.3 392.164 — —
2 5 800~1000 50 4.3 391.632 0.65 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
004A
Integrated : Module _ Pmax (W) at b Stabl
Test cycle | irradiation Irradllance temperature ReIS'nge the end of | "™ Pm(;")/ ave
(KWh/m2) (W/m2) C) oal cycle Paverage (%0) (Yes/No)
Initial — — — — 396.054 — —
1 5 800~1000 50 4.3 394.091 — —
2 5 800~1000 50 4.3 393.276 0.70 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
005A
Integrated |\ jiance UL Resistive |PmaW)at) o Pmin) / | Stable
Test cycle | irradiation m2 temperature load the end of P o
(kWh/m2) (W/m2) C) oa cycle average (%0) (Yes/No)
Initial — — — — 395.029 — —
1 5 800~1000 50 4.3 393.891 — —
2 5 800~1000 50 4.4 391.739 0.84 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |[Test Date (YYYY-MM-DD) start/end ............: 2020-09-01/2020-09-09
006A
Testcycle | Integrated | o nce boellls Resistive | rxW)at) o Pmin) / | Stable
irradiation temperature | the end of A
(kWh/m2) (\N/m2) (OC) oad cycle Paverage (/0) (Yes/No)
Initial — — — — 394.663 — —
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1 5 800~1000 50 4.3 393.154 — —
2 5 800~1000 50 4.4 391.261 0.87 Yes
3 - J— J— J— N J— -
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
007A
Integrated : Module . Pmax (W) at = Stabl
Testcycle | irradiation Irradllar;ce temperature Re|5|sé|ve the end of PI:TaX Pm(;) d avie
(kWh/m2) (W/m2) C) oa cycle average (%0) | (Yes/No)
Initial — — — — 394.679 — —
1 5 800~1000 50 4.3 393.889 — —
2 5 800~1000 50 4.3 392.348 0.59 Yes
3 - J— J— — N J— N
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
008A
Testcycle | negrated | o 4o nce e Resistive | Pmex (W) at Pmax — Pmin) / | Stable
irradiation temperature | the end of .
(kWh/m2) (W/m2) (OC) oad cycle Paverage (/0) (Yes/No)
Initial — — — — 394.602 — —
1 5 800~1000 50 4.3 393.519 — —
2 5 800~1000 50 4.3 391.368 0.82 Yes
3 - J— J— J— N J— N
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
009A
Integrated . Module o Pmax (W) at b Stabl
Testcycle | irradiation Irradllance temperature ReIS'nge the end of | " Pmo'") d avle
(kWh/m2) (W/m2) °C) oa cycle Paverage (%) (Yes/No)
Initial — — — — 396.212 — —
1 5 800~1000 50 4.3 393.702 — —
2 5 800~1000 50 4.3 392.450 0.95 Yes
3 J— J— J— J— R J— J—
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Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
010A
Integrated : Module . Pmax (W) at
Test cycle « — Pmi Stabl
) irradiation |I’I’0¢’:/1\(/21/I:1r;(;e temperature Relzlzgve the end of PI:Ta PE};O))/ v a/Ne
(kwh/m2) (°C) cycle L (=it
Initial — — — — 396.234 — —
1 5 800~1000 50 4.3 394.982 — —
2 5 800~1000 50 4.3 392.835 0.86 Yes
3 — — — — — — —
Supplementary information: N/A
] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description:
Supplementary information:
TABLE 03: MQT 06.1 ini: Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD].......cccceveennenne : 2020-09-09 —
Pmax(lab) lower limit (W) ......c.ccooevrinnen. : 370.45 —
Ppax(Lab) lower limit (W) ...oocvcveverernenee. : 381.90 P
Voc(lab) upper limit (V) ..coccoovcveveiiiieeens : See table below: Voc [V] Max. calc. —
Isc (lab) upper limit (A) ...ccooeeeeviieeeciee, : See table below: Isc [A] Max. calc. —
Test Method ........ccccveveeeeeececeeeee e : X Simulator [] Natural sunlight —
Voc [V] Isc [A] Pmax [W]
Sample # Meas. Max. Meas. | Max. Vmp [V] | Imp [A] | pjeas. Min. FF [%] | Result
calc. calc. calc.
HA2020TL-
509-001A 49.138 | 50.29 |10.162 | 10.19 | 40.925 | 9.541 |390.465| 370.45 | 78.20 P
HA2020TL-
509-002A 49.140 | 50.29 |10.141| 10.19 | 40.838 | 9.549 |389.962| 370.45 | 78.25 P
HA2020TL-
509-003A 49.230 | 50.29 |10.134| 10.19 | 41.099 | 9.529 |391.632| 370.45 | 78.50 P
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HA2020TL-
509-004A 49.341 | 50.29 |10.153|10.19 | 41.185 | 9.549 |393.276| 370.45 | 78.50 P
HA2020TL-
509-005A 49.467 | 50.29 |10.165|10.19 | 41.327 | 9.479 |391.739| 370.45 | 77.91 P
HA2020TL-
509-006A 49.401 | 50.29 |10.077|10.19 | 41.294 | 9.475 |391.261| 370.45 | 78.60 P
HA2020TL-
509-007A 49.239 | 50.29 |10.101|10.19 | 41.002 | 9.569 |392.348| 370.45 | 78.89 P
HA2020TL-
509-008A 49.625 | 50.29 |[10.131 (10.19 | 41.257 | 9.486 |391.368( 370.45 | 77.85 P
HA2020TL-
509-009A 49.269 | 50.29 |[10.164 (10.19 | 41.077 | 9.554 |392.450( 370.45 | 78.37 P
HA2020TL-
509-010A 49.381 | 50.29 |[10.108 (10.19 | 41.338 | 9.503 |392.835( 370.45 | 78.70 P
Average — 391.734| 381.90 | — 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-DDJ..............: 2020-09-09 —
Test Voltage applied [V] ....ccccoueee: 8000/1500 —
Size of module [m?] ... 1.98 —
Required Resistance [MQ)]............ : 20.2 —
Sample # Measured Dielectric breakdown
— Result
MQ Yes (description) No
HA2020TL- >2000 No dielectrical breakdown X P
509-001A
HA2020TL- >2000 No dielectrical breakdown X P
509-002A
HA2020TL- >2000 No dielectrical breakdown X P
509-003A
HA2020TL- >2000 No dielectrical breakdown X P
509-004A
HA2020TL- >2000 No dielectrical breakdown X P
509-005A
HA2020TL- >2000 No dielectrical breakdown X P
509-006A
HA2020TL- >2000 No dielectrical breakdown X P
509-007A
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HA2020TL- >2000 No dielectrical breakdown P
509-008A
HA2020TL- >2000 No dielectrical breakdown P
509-009A
HA2020TL- >2000 No dielectrical breakdown P
509-010A
Supplementary information: The maximum resistance measurement range is 2000MQ
TABLE 05: MQT 15 ini: Initial Wet leakage current test P
Test Date [YYYY-MM-DDJ .......cccceevniiieenniinnnend 2020-09-09 —
Test Voltage applied [V]....ccccoviiiiinieiiieell 1500 —
Solution resistivity [Q/ cm) ......cccccvvvviiieienennnl [ <3,500 Qf cm at 22 + 2°C | 2461 —
Solution temperature [°Cl.....ccccoevvvieeeiiiieeenniieeen 23.4 —
Size of module [M2] ..o 1.98 —
Sample # Required Resistance [MQ] Measured [MQ] Result
HA2020TL-509-
001A 20.2 >2000 P
HA2020TL-509-
002A 20.2 >2000 P
HA2020TL-509-
003A 20.2 >2000 P
HA2020TL-509-
004A 20.2 >2000 P
HA2020TL-509-
005A 20.2 >2000 P
HA2020TL-509-
006A 20.2 >2000 P
HA2020TL-509-
007A 20.2 >2000 P
HA2020TL-509-
008A 20.2 >2000 P
HA2020TL-509-
009A 20.2 >2000 P
HA2020TL-509-
010A 20.2 >2000 P

Supplementary information: The maximum resistance measurement range is 2000MQ

TABLE 06: MQT 06.2 - Performance at NMOT

Test Date [YYYY-MM-DDJ.......ccccceveennenne :

2020-10-13
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Module temperature (°C) .....cccccevvvrvennn. : 42.8 —
TeStMethod ......ccooeeeeeeeee e : | X Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
HA2020T
L-509- 7.943 46.590 7.742 38.270 296.283 80.06 —
001A
HA2020T
L-509- 7.962 46.323 7.739 38.242 295.955 80.25 —
002A
HA2020T
L-509- 7.960 46.588 7.754 38.268 296.732 80.02 —
003A
Supplementary information:
TABLE 07: MQT 07 - Performance at low irradiance P
Test Date [YYYY-MM-DDJ .......ccocceevviiireiiiiiee i : 12020-10-13 —
Test method ..: |[] Outdoor measurement
Ambient air temperature [°C]: 25
Irradiance [W/m?]: 200 —
Module temperature [°C]: 25
X] Data corrected to a 25°C cell temperature and 200 W/m?2 irradiance
[] Directly measured —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%]
HA2020TL-
509-001A 45.969 2.019 39.339 1.921 75.563 81.43
HA2020TL-
509-002A 45.901 2.008 39.311 1.918 75.416 81.83
HA2020TL-
509-003A 45.929 2.017 39.335 1.927 75.807 81.83
Supplementary information: N/A
TABLE 08: MQT 04 - Measurement of temperature coefficients P

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

HA2020TL-509-001A: 2020-10-13
HA2020TL-509-002A: 2020-10-13
HA2020TL-509-003A: 2020-10-14

Ambient air temperature [°C] high/low

Irradiance [W/m?] high/low...................

1000
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Module temperature [°C] high/low...........ccoceeni HA2020TL-509-001A:55.1/25.0 —
HA2020TL-509-002A:54.9/25.0
HA2020TL-509-003A:55.0/25.1
Sample # a [%/°C] B [%/°C] 6 [%/°C] —
HA2020TL-509-001A 0.056 -0.255 -0.345 P
HA2020TL-509-002A 0.053 -0.246 -0.338 P
HA2020TL-509-003A 0.059 -0.250 -0.341 P
Supplementary information: N/A
TABLE 09: MQT 05 - Measurement of Nominal Module Operating Temperature (NMOT, °C) —
Test Date [YYYY-MM-DD]..............: 2020-09-11/2020-10-13
Electrical load: [ Restive load
X MPPT
All details for the measurements are kept on file and are available on request.
Sample # HA2020TL-509-004A
Calculated uo [W/(m2.°C)] 27.34
Calculated u1 [W.s/(m3.°C)] 7.75
Calculated NMOT 42.8
Supplementary information: N/A
TABLE 10: MQT 08 - Outdoor exposure test P
Test Date [YYYY-MM-DD] start/end ............: 2020-09-11/2020-10-13 —
Sample # HA2020TL-509-004A —
Total irradiation dosage [kWh/m?]............... 60.0 —
Angle of tilt the test module ............cccceoell 37°£5° —
Electrical load: [IRestive load —
X MPPT
Supplementary information: N/A
Table 10.1: MQT 01: Visual inspection after outdoor exposure test P
Test Date [YYYY-MM-DD].....ccccovvirinenienn’ 2020-10-13 —
Sample # Nature and position of initial findings — comments or attach photos —
HS%%B?S(())IL_- No major visual defects found P

Supplementary information: N/A
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Table 10.2: MQT 15: Wet leakage current test after outdoor exposure test P
Test Date [YYYY-MM-DD] ....ccccccoeeviinriennnn : 2020-10-13 —
Test Voltage applied [V] ..ot 1500 —
Solution temperature [°C] .....ccccoovvveveerinnnns! 22.7 —
Size of module [M?] .....oovviiiiiiiieeeeeeee : 1.98 —
Solution resistivity [Q/ cm) ......ccccovvviviinnnn, 1 1<3,500 Q/ cm at 22 + 2°C | 2366 —
Sample # Measured [MQ] Limit [MQ] Result

H5%29(_’§81k‘ >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ
Table 10.3: MQT 02 - Maximum power determination after outdoor exposure test - Optional N/A
Test Date [YYYY-MM-DD]J......cccceevvvvevicrnnnnnns — —
Module temperature [°C].......cccovvveviineeeiinnnas — —
Irradiance [W/M32) ........ccccoeieeieeiie e — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%]

Supplementary information: N/A
Table 10.4: MQT 03 - Insulation test after outdoor exposure test - Optional N/A
Test Date [YYYY-MM-DD].........ccoovvrrrrrrrnnn, : — -
Test Voltage applied [V] .....cccoovviniiniiiienn : — —
Size of module [M?] ....ccoviiiiiiirieeeee : — —
Required Resistance [MQ)]..........cccccoeevienenne : — —

Sample # [Measured| Required (MQ) Dielectric breakdown Result

(MQ) (MQ) Yes (description) No

Supplementary information: Size of module [m?]
TABLE 11: MQT 18: Bypass diode thermal test P
Test Date [YYYY-MM-DD] start/end ............. : 2020-10-16 —
Sample # HA2020TL-509-004A —
Module temperature [°Cl.......ccccevvveneeieennenn : 755 —
Number of diodes in junction box .................. : 3 —

Diode manufacturer ............ceeeveeeeeeeeeeeeevevennnns :

Taizhou Chuangda Electronic Co., Ltd.
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Diode type designation ............cccceeeveeieenenn : Schottky, PV3045 —
Max. permissible junction temperature T]max[ C] 200 —
(according to diode datasheet)...................... :
Detailed description of sample preparation Standard production module —
ProCEAUNE ...oviiiieiiieiiee ettt :
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 .....: 30.2 49.9 70.0 90.1
Pulsed current........cccooveiininicninneee 10.067 10.067 10.067 10.067
0.4572 0.4367 0.4116 0.3865
Voltage drop [V] ..oocoeeveeriniieeeeiee e 0.4483 0.4326 0.4092 0.3832
0.4548 0.4329 0.4103 0.3858
Diode 1: VD =-0.0012 TJ + 0.4943 —
VD versus TJ characteristic............cccooveveen Diode 2: VD =-0.0011 TJ + 0.4841
Diode 3: VD =-0.0011 TJ + 0.4900
Max. permissible junction temperature ijax[ C] 200 —
(according to diode datasheet)..................... :
Step 2, Bypass diode thermal test
Diode 1 Diode 2 Diode 3 Result
Current flow applied [A] ...ccooveeiiiee e, : 10.067 10.067 10.067 —
I[\/Ig? diode surface temperature allowed Tjmax 200 200 200 —
Voltage drop [V] after 1h.....cccceevieeeiiceeeee e, : 0.3558 0.3501 0.3532 —
Calculated max. junction temperature Tjcac [°C] ....: 116.540 121.694 118.973 —
Tjcalc < Tjmax (test passed)? yes/No........ccccceeveenennn : yes yes yes P
Current flow (1.25 * ISC) [A] vevvvvreiiiiiiiiiirieveee, : 12.584 12.584 12.584 —
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].....ccccevoiiiiiiiiiinnieeniees 1 12020-10-16 —
Sample # Nature and position of initial findings — comments or attach photos —
g%éogglk' No major visual defects found P

Supplementary information: N/A
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TABLE 11.2: MQT 15 - Wet leakage current test after bypass diode thermal test P
Test Date [YYYY-MM-DD] ....ccccocviiniiiiniienieeiieens : 2020-10-16 —
Test Voltage applied [V]....ccccooiieiiniieeeee 1500 —
Solution temperature [°C] ....ccccvevviireeriiiieeeiieeen, 21.3 —
Size of module [M?] ....cocoiiiiiie e : 1.98 —
Solution resistivity [Q/ cm) ......ccooveiiiiienee : < 3,500 Q/ cm at 22 + 2°C | 2325 —
Sample # Measured [MQ] Limit [MQ] Result
Josvodie >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 11.3: MQT 02 — Max. power determination after bypass diode thermal test - Optional N/A
Test Date [YYYY-MM-DD].......ccoevvrrrnnnns — -
Module temperature [°Cl.......cccceeveeivenennns — —
Irradiance [W/m?) .....ccooovvienineieeenenndd — —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] 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]......cccccevvvveeens : — —
Test Voltage applied [V] .ccocvevvceeeviieeees : — —
Size of module [Mm2].....cccoovciiiiiieeee, : — —
Required Resistance [MQ]..........cccceeeveene : — —
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]......cccccevoeiniiniiennnn 2020-10-16 —
[] Method A _
Ambient temperature [°C] ......ccoiiiiilll —
Current flow applied [A] ..oeovciiiil —
Sample # VEM VFMrated VFEM = (N X VFMrated) + 10 % Result
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_ — — ] Yes ] No —
Supplementary information:
X] Method B —
Sample # Diode IV curve after shading Result
Diode 1 Turnon P
3&2 A? 20TL-509- T5y;54e 2 Turn on P
Diode 3 Turnon 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-DDJ ......ccccoevevivnneeiinnnn: — —
TeStMEthod .......ccveeieeeeeeeeceee s [] Simulator ] 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..............coceeeeveveernnns [] Simulator [] Natural sunlight —
Stabilization criterion x per IEC 61215-1-X.....: — —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # Test Date (YYYY-MM-DD) start/end .......... : —
Test cycle Ii?rt:((i;igitgg Irradiance ten'\wﬂsgrl;lz o | Resistive Tﬁgxéx\é)oaft Pmax — Pmin) / | Stable
(KWh/m2) (W/m2) C) load oycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — J— — J— J— J— J—
2 — J— — J— J— J— J—
3 — J— — J— J— — —
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
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TABLE 13: MQT 09 - Hot-spot endurance test P
Test Date [YYYY-MM-DD] start/end ...................... |2020-10-24/2020-10-25 —
Sample # HA2020TL-509-004A —
Procedure of technology........c..ccccceveevevveeenennen s | [X] wafer-based technologies (WBT) MQT 09.1 —
] monolithically integrated (MLI) thin film
technologies MQT 09.2
Cell interconnection Circuit.........cccococeevvvvvceeeees. | XIS [1SP []SPS —
[ ] Pulse Simulator —
Type of light SOUrce .........cccceceveveeeveveeenerenenenn.t. | XJ Steady state Simulator
[] Natural sunlight
Module temperature at thermal equilibrium [°C].: |50.3 —
TABLE 13.1: MQT 09 - Hot-spot endurance test for WBT —
LOW LOW LOW HIGH —
shunt shunt shunt shunt
Selected hot-spot cells..........cccooevvvriiiniien, | resistance | resistance | resistance | resistance
202 215 230 1874
Shading rate [96]........ccoeeeviieeeeiiee e : 10 10 10 10 —
Max. measured cell temperature in each cell [°C]: 153.3 150.9 148.6 145.0 —
Test duration of each shading [h] ........ccocevevnneenn. : 1 1 1 1 —
Irradiance during shading [W/m?] ............... ..... : 1000 1000 1000 1000 —
Supplementray information: N/A
TABLE 13.2: MQT 09 - Hot-spot endurance test for MLI N/A
Selected hot-spot Cells.......ccccevvieeeiiieeecee e — —
Number of cells shaded ...........cccocovviiiiiinciendd — —
Max. measured cell temperature [°C] ..................: — —
Test duration during shading [h] .....cccceovvvveeiiiennl: — —
Irradiance during shading [W/m?] ............... ... — —
Supplementary information:
TABLE 13.3: MQT 01 - Visual inspection after hot-spot endurance test P
Test Date [YYYY-MM-DDJ.......ccccvcvrivrcnncnncnnenes. | 2020-10-25 —
Sample # Nature and position of initial findings — comments or attach photos —
'é%éogglk No major visual defects found P

Supplementary information: N/A
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TABLE 13.4: MQT 02 - Maximum power determination after hot-spot endurance test P
Test Date [YYYY-MM-DD]....cccceoeeriiiniirenieenieend 2020-10-25 —
Module temperature [°Cl........cocovviirenienieneeeens 25 —
Irradiance [W/M?) ..ol 1000 —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] —
e | 49158 | 10036 | 41030 0429 | 386.872 | 78.42 P
Supplementary information: N/A
TABLE 13.5: MQT 03 - Insulation test after hot-spot endurance test P
Test Date [YYYY-MM-DD].....ccccooevriiiiiiiinieenieend 2020-10-25 —
Test Voltage applied [V] ccoooevveeeiiieee e 8000/1500 —
Size of module [M2] ..o 1.98 —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
HS%gogglk >2000 20.2 No dielectric breakdown X P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.6: MQT 15 - Wet leakage current test after hot-spot endurance test P
Test Date [YYYY-MM-DD].....ccccooviriiiiiniieeee 2020-10-25 —
Test Voltage applied [V] ..ocovveeeiviieeeceee e 1500 —
Solution temperature [°Cl.........evvvvvvverrrrininnnnnnnnnn. : 21.6 —
Size of module [M2] ..o, 1.98 —
Solution resistivity [Q/ cm) ......cccoeevevivevievieneenel [<3,500 Q/ cm at 22 + | 2547 —
2°C
Sample # Measured [MQ] Limit [MQ] Result
Josvodie >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.7: MQT 18.2 - Bypass diode functionality test after Hot-spot endurance test P
Test Date [YYYY-MM-DDJ........cccceveevrevrvennnnt [ 2020-10-25 —
[ ] Method A _
Ambient temperature [°C] ....cccoovvvinieviiencenl | — —
Current flow applied [A] ...cocooviiniiiiiiiieens [— —
Sample # VEM VFMrated VFM = (N X VFMrated) + 10 % Result
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— — — []Yes ] No —
Supplementary information: —
X Method B —
Sample # Diode IV curve after shading Result
Diode 1 Turn on P
HA2020TL- .
509-004A Diode 2 Turnon P
Diode 3 Turnon P
Supplementary information: N/A
TABLE 14: MQT 10 - UV preconditioning test P
Test Date (YYYY-MM-DD) start/end...............: 2020-09-14 / 2020-09-18 —
Module temperature [°C] .......coovvvvvevevenennnn. : 605 —
UV irradiance (280-400nm) [W/m?] .............. : 157.3 —
Ratio of UV irradiance (280-320nm) (%) ........: 4.8 _
UV dose (280-400nm) [KWh/ m?] ................ : 15 —
Module operation condition ........................... |[X] Short circuited [ ] Pmax —
Supplementary information: N/A
TABLE 14.1: MQT 01 - Visual inspection after UV preconditioning test P
Test Date [YYYY-MM-DDJ........cccccvcvvrvvrennene s | 2020-09-18 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- S
509-005A No major visual defects found P
HA2020TL- _—
509-006A No major visual defects found P
Supplementary information: N/A
TABLE 14.2: MQT 15 - Wet leakage current test after UV preconditioning test P
Test Date [YYYY-MM-DDJ.......cccccevveeneerienene : 2020-09-18 —
Test Voltage applied [V] ...cccooveerenenienienee : 1500 —
Solution temperature [°Cl......ccccceviiererniienennt 22.5 —
Size of module [M?] ......coviiii : 1.98 —
Solution resistivity [Q/ €M) ...oooveiiiiieiee < 3,500 Q/ cm at 22 + 2°C |2456 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2020TL-
509-005A >2000 20.2 P
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HA2020TL-
509-006A >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 14.3: MQT 02 — Max. power determination after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DDJ......cccccovrivrirrrinnnnnn’ — —
Module temperature [°Cl.......cccoeieeiieneeneennen! — —
Irradiance [W/M2]......cooeeoeininenee e — —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
Supplementary information: N/A
TABLE 14.4: MQT 03 - Insulation test after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DD]......cccooerrrrrrrrrrnnnns — —
Test Voltage applied [V] .....coooovviniiniiiee! — —
Size of module [M?] ... — —
Required Resistance [MQ)]..........cccooveviennnt — —
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 ......... :12020-09-19/2020-09-28 —
Total cycles (50)..........cceeeeeeeeeeeeeeeee 2 |50 —
During the heat up cycle from 9.479 for HA2020TL- —
-40 °C to 80 °C 509-005A
Applied current (A) ......ccoceeveeeeeeeeeseenn 9.475for HA2020TL-
509-006A
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2020TL-509-
005A No P
HA2020TL-509-
006A No P
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Supplementary information: N/A
TABLE 15.1: MQT 01 - Visual inspection after thermal cycling 50 test P
Test Date [YYYY-MM-DDJ........ccccevvvevvnnnnnnsl 2020-09-28 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- S

005A No major visual defects found P
HA2020TL-509- _

006A No major visual defects found P
Supplementary information: N/A
TABLE 15.2: MQT 15 - Wet leakage current test after thermal cycling 50 test P
Test Date [YYYY-MM-DDJ.......cccccevvevreerienene : 2020-09-28 —
Test Voltage applied [V] «cocceevvevevicieeeciieeees : 1500 —
Solution temperature [°C] .........ccoeiiinini. 23.3 —
Size of module [M2] ..., 1.98 —
Solution resistivity [Q/ cmM) ...cocoveviiiiiiieieees < 3,500 Q/cm at 22 + 2°C 2285 —

Sample # Measured [MQ] Required Resistance [MQ] Result

HA2020TL-509-

005A >2000 20.2 P
HA2020TL-509-

006A >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 15.3: MQT 03 — Max. power determination after thermal cycling 50 test - Optional N/A
Test Date [YYYY-MM-DDJ......cccceeevvvevirnnnnn: — —
Module temperature [°C].......cccovvveviiiieeeiinnnas — —
Irradiance [W/M32) ........ccccoveieeieeciecee e — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%]

Supplementary information: —
TABLE 15.4: MQT 03 - Insulation test after thermal cycling 50 test - Optional N/A

Test Date [YYYY-MM-DD]

Test Voltage applied [V] ...

Size of module [m?]............
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Required Resistance [MQ]........cccccceevieniennne : — —
Sample Measured Dielectric breakdown Result
# -
MQ] Yes (description) No
Supplementary information: —
TABLE 16: MQT 12 - Humidity freeze 10 test P
Test Date [YYYY-MM-DD] start/end ...............; |2020-09-29/2020-10-09 —
Total cycles (10) ..ooooeeeeeiiii, . 110 —
Applied current (A) ... . 10.03 —
Sample # Open circuits (yes/no) —
HA2020TL-509-
005A No P
HA2020TL-509-
006A No P
Supplementary information: N/A
TABLE 16.1: MQT 01 - Visual inspection after humidity freeze 10 test P
Test Date [YYYY-MM-DD]........cccceevvvvvrvnnnnn s | 2020-10-09 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- L
005A No major visual defects found P
HA2020TL-509- L
006A No major visual defects found P
Supplementary information: N/A
TABLE 16.2: MQT 15 - Wet leakage current test after humidity freeze 10 test P
Test Date [YYYY-MM-DD]......ccccoovrvvrirrrirannn’ 2020-10-09 —
Test Voltage applied [V] ...cccooovveniiniieneeed 1500 —
Solution temperature [°C].........ccccoeiiiil 22.5 —
Size of module [M2] ... 1.98 —
Solution resistivity [Q/ €M) ... <3,500 Q/cmat22 +2°C |2481 —
Sample # Measured [MQ] Limit [MQ] Result
HA2020TL-509-
005A >2000 20.2 P
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HA2020TL-509-
006A >2000 20.2 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 16.3: MQT 02 - Maximum power determination after humidity freeze 10 test -Optional | N/A

Test Date [YYYY-MM-DDJ......cccccovvvvrirninnnnnnt

Module temperature [°Cl.......cccoeeieeiienenneennen!

Irradiance [W/m2) ...

surface

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] 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].....ccoocevvivveeiiiieeennss — —
Test Voltage applied [V] cccoeevveeevicieee e — —
Size of module [MZ] ... — —
Required Resistance [MQ]..........cccocvvvvvevnnnnnnn — —
Sample # Measured Required Dielectric breakdown Result

MQ MQ Yes (description) No

Supplementary information: —
TABLE 17: MQT 14 - Robustness of terminations test P
Test Date [YYYY-MM-DD] start/end ................ |2020-10-12 —
TABLE 17.1: MQT 14.1 Retention of junction box on mounting surface P
Sample # HA2020TL-509-005A —
Supplementary information: The applied force is 40N
TABLE 17.2: MQT 01 - Visual inspection after retention of junction box on mounting P

Test Date [YYYY-MM-DDJ......cccoccererrerrennennnnn :

2020-10-12
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Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- L
509-005A 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].......ccoevvververieerenn : 2020-10-12 —
Test Voltage applied [V] ....cccooveveeiieiieieeeeen : 1500 —
Solution temperature [°Cl......ccccceviiiereriiinnennt 23.2 —
Size of module [M?] .....cocviiiiiiiie, 1.98 —
Solution resistivity [QQ/ €M) ..c.oocvviviiii < 3,500 Q/cm at 22 + 2°C |2476 —
Sample # Measured [MQ] Limit [MQ] Result
HA2020TL-509-
005A >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 17.4: MQT 14.2 - Test of cord anchorage P
Sample # HA2020TL-509-005A —
XlJunction boxes intended to be used with cables specified by the manufacturer —
Cable diameter, . Permissible _Measured el
Tension Force, [N] : displacement,
[mm] displacement, [mm]
[mm]
Pull test 4 30 2 0.07 P
Cable diameter, Torque Force, . Measured angle | Result
Permissible angle [°] v
[mm] [Nm] ]
Torque test 4 0.1 45 3.6 P
[0 Junction boxes intended to be used with generic cables =
Anchorage . Permissible Measured Result
. Test mandrel Tension . .
diameter range displacement displacement
[mm] Force, [N]
[mm] [mm] [mm]
Pull test Min — — — — — —
Anchorage Torque L Result
diameter range Test mandrel Eoitie Pzrnmistgle Measur{t:]d angle
[mm] Il [Nm] ’
Torque test |Max — — — — — —

Supplementary information:N/A
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TABLE 17.5: MQT 01 - Visual inspection after retention of test of cord anchorage P
Test Date [YYYY-MM-DD].....ccccoovvrninerinnn’ 2020-10-12 —
Sample # Nature and position of initial findings — comments or attach photos —
HS'%%)OSS; k No major visual defects found P
Supplementary information: N/A
TABLE 17.6: MQT 15 - Wet leakage current test after retention of test of cord anchorage P
Test Date [YYYY-MM-DD]....cccccoeeviienniinennnen. : 2020-10-12 —
Test Voltage applied [V] «cocceevceveviceee e : 1500 —
Solution temperature [°Cl........ovvvvvvvvvvvrvinennnnn’ 23.1 —
Size of module [M2] ..., 1.98 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HAZOg(())ST'IA\_-SOQ— >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 17.7: MQT 03 - Insulation test after test of cord anchorage P
Test Date [YYYY-MM-DD].....ccccceovvernens : 2020-10-12 —
Test Voltage applied [V] «oeovcieveviiieeens : 1500 —
Size of module [Mm2]......c.ooviviivieeee, : 1.98 —
Required Resistance [MQ]...........cccceuene. : 20.2 —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
x| >2000 20.2 No dielectric breakdown X P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 18: MQT 11 - Thermal cycling 200 test P
Test Date [YYYY-MM-DD] start/end ...............: 2020-09-19/2020-10-23 —
Total cycles (200).......ueevvviveieiiiiiieeiieeee e 200 —
During the heat up 9.569A for HA2020TL-509- —
cycle from 007A.
Applied CUrrent (A) .......ccceeeeveeeeeeeeeeeereenens —40°Cto80°C 9.486A for HA2020TL-509-
008A.
Other stages 0.03 —

Sample #

Open circuits (yes/no)
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HA2020TL-
509-007A

No

HA2020TL-
509-008A

No

Supplementary information: N/A

TABLE 18.1: MQT 01 - Visual inspection after thermal cycling 200 test P

Test Date [YYYY-MM-DDJ........ccccevvverienennnl

2020-10-23

Sample #

Nature and position of initial findings — comments or attach photos —

HA2020TL-
509-007A

No major visual defects found P

HA2020TL-
509-008A

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-DDJ......ccccccevivriieriennnnnn

2020-10-23 =

Test Voltage applied [V] ccocevvcveeviiieeecee e,

1500 —

Solution temperature [°Cl......ccccovvvereiiiierennnne

21.2 —

Size of module [M2] ...,

1.98 —

Solution resistivity [Q/ cm) ......cocovviiiiiiiiene

< 3,500 Q/cm at 22 + 2°C

2417 —

Sample # Measured [MQ]

Limit [MQ] Result

HA2020TL-

509-007A >2000

20.2 P

HA2020TL-

509-008A >2000

20.2 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 19: MQT 13 - Damp heat 1000 test

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

2020-09-10/2020-10-22 —

Total hours (1000h) ........cceeiiiiiiiiiiiiieenie :

1000

Sample #

Open circuits (yes/no) —

HA2020TL-509-
009A

No

HA2020TL-509-
010A

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].....ccccoovvrninerinnn’ 2020-10-22 —
Sample # Nature and position of initial findings — comments or attach photos —
HAZOS(());"I&-SOQ- No major visual defects found P
HAzog(l)g'I&-SOQ- 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-DDJ........cccccvcvvrvvrcnnnnns | 2020-10-22 —
Test Voltage applied [V].......coeeeeeeeeeeeen. . [1500 —
Solution temperature [°Cl.......cccccvvvvvvrrnnnnnnnnn. c (214 —
Size of module [M?] ... 1.98 —
Solution resistivity [Q/ €M) .....cccvveviiiiiiieee < 3,500 Q/cmat22 +2°C |2388 —

Sample # Measured [MQ] Limit [MQ] Result
A 0 >2000 20.2 P
RAZOE T >0 >2000 20.2 p
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 19.3: MQT 02 - Maximum power determination after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DD].......c.covvvrrrrrrrnnnns — -
Module temperature [°Cl........ccccvvvrerriennnnn’ — —
Irradiance [W/m2) .....cocoeoeiinnieeeeese el — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
Supplementary information:
TABLE 19.4: MQT 03 - Insulation test after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DD].......cccoovvmrnrerrenn. — —
Test Voltage applied [V] ....cccooveeveenenieenienene : — —
Size of module [M?] .....cooviiiiiie, — —

Sample # Measured Required Dielectric breakdown Result

Resistance
[MQ] [MQ] Yes (description) No
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Supplementary information:
TABLE 19.5: MQT 16 Static mechanical load test P
Sample #: HA2020TL-509-009A —
Design load (front side/ back side) ..................: | 3600/ 1600 —
Safety factors .......cccccecveeevvcieee vt | 1.5 —
Test Date [YYYY-MM-DD].....ccccooeviiinnniiennen. 2020-10-23/2020-10-24 —
Mounting method ..........cccccvvvvvviviiviiiiiiiee, : Installed by 4 mounting holes —
[IoF=To I=T o] o] [ T=To i (o T : front side back side —
Mechanical load [Pa].......ccccccvvvvvvvivivivieiieeennnd 5400 2400 —
First cycle time (start/end).......cccccevvvvvvvveennnnnns 09:15/10:15 10:40/11:40 —
Intermittent open-circuit (yes/no) .................... no no P
Second cycle time (start/end) ..........cccccuvvnnnnnil 13:20/14:20 14:45/15:45 —
Intermittent open-circuit (yes/no) .................... no no P
Third cycle time (start/end) ............................ 16:00/17:00 08:15/09:15 —
Intermittent open-circuit (yes/no) .................... no no P
Supplementary information: clamp mounting method was used.
TABLE 19.6: MQT 01 - Visual inspection after static mechanical load test P
Test Date [YYYY-MM-DDJ.......ccccceveenennennnl 2020-10-24 —
Sample # Nature and position of initial findings — comments or attach photos —
HAZOSS; 'IA\"SOQ' 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-DDJ.......ccccceveenienenniennl 2020-10-24 —
Test Voltage applied [V]....ccccovviiiiiienennn : 1500 —
Solution temperature [°Cl.......ccccovivieeeiiinenenne : 21.0 —
Size of module [M?] .....cooviiii 1.98 —
Solution resistivity [Q/ €M) ...ccoooveiiiiiiieee < 3,500 Q/cm at 22 + 2°C 2528 —

Sample # Measured [MQ] Limit [MQ] Result
aavoia >2000 20.2 P

TRF No. IEC61215D_SE




Page 52 of 123

Report No. 704062011501-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 19.8: MQT 17 - Hail impact test P
Test Date [YYYY-MM-DD].....ccccoeovvernens : 2020-10-24 —
Sample # HA2020TL-509-010A —
1 2 3 4 5 6
) 249 | 245 25.2 25.7 24.3 25.8
Ice ball size [mMm] ..., : —
7 8 9 10 11 /
255 | 249 25.6 25.7 24.5 /
1 2 3 4 5 6
) 748 | 7.44 7.56 7.58 7.41 7.61
Ice ball weight [g] ...vvvvvrvrrrereriiiiiiiiiiiiinnnnns —
7 8 9 10 11 /
755 | 7.52 7.55 7.60 7.43 /
1 2 3 4 5 6
_ 23.2 | 234 235 22.8 23.8 225
Ice ball velocity [M/S].....cccvvvvvviviiiiiiieinnnnss —
7 8 9 10 11 /
22.1 | 23.8 231 22.6 22.9 /
Number of impact locations ................... = —
Supplementary information: (impact location descriptions)
4 Mounting points
8 9 and10
, 11 ",
\\‘ l' W ] A l
——— - —E N
1 I N |
- 1 1 | N -
] I N I —
I S — —
1 -
E== ——— E —
- 1 _-—
I . I I
I I I —
_— §-- 1|
- — 1 — -
I — I ____u |
=-§_—= - -
S —— - —
ot w— . {
7 I N ] [y 1
7 ' / :
5and 6 3 and 4 2
TABLE 19.9: MQT 01 - Visual inspection after hail impact test P
Test Date [YYYY-MM-DD].....ccccoeevrninrnnnst 2020-10-24 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- No major visual defects found P
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010A |

Supplementary information: N/A

TABLE 19.10: MQT 15 - Wet leakage current test after hail impact test P
Test Date [YYYY-MM-DDJ.......cccccevverienne : 2020-10-24 —
Test Voltage applied [V].....ccccoovieeennnns 1500 —
Solution temperature [°Cl.......ccccovvveeennn 21.0 —
Size of module [M?] ... : 1.98 —
Solution resistivity [Q/ M) .....cooovreiviiieienene <3,500 Q/cmat22+2°C |2528

Sample # Measured [MQ] Required Resistance [MQ] Result

A 0% >2000 20.2 P
Supplementary information: The maximum resistance measurement range is 2000MQ.

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].......c..cccvuunee. : -
Testmethod .......cccoevevevevceceeeeceeee . | O 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: [] Simulator ] Natural sunlight

Stabilization criterion x per IEC 61215-1-x :
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight

Sample # Test Date (YYYY-MM-DD) start/end..:

Test cycle :Prt;?i?[itgg Ir:il:c:a texggr:l:ne Relzi:gve Tr;ngxe(\r?(/j);t Pg‘z; Pr(";/”o))/ (fgglbl\lleo)

(KWh/m2) (W/m2) (°C) cycle 9e
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Initial — — — — — — —
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].........cccevvernenne : [2020-10-24 —
TeStMEtNOU .....veeeeeeeeeeeeeeee e, X Simulator [] Natural sunlight —
Pmax [W] Power Result
Sample # Voc [V] I[SA(]: Vmp [V] I[%) P[\TV?X FF [%] (Lab Degradation
_GateNo.1) [%0]
HA2020TL- 10.15
509-001A 49.142 1 40.919 | 9.534 | 390.122 | 78.21 390.465 +0.09 P
HA2020TL- 10.03
509-005A 49.004 5 40.853 | 9.372 | 382.874 | 77.88 391.386 +2.17 P
HA2020TL-
509-006A 49.024 |9.962 | 40.856 | 9.386 |383.474 | 78.52 390.909 +1.90 P
HA2020TL- 10.14
509-007A 49.091 5 40.841 | 9.527 | 389.092 | 78.11 391.995 +0.74 P
HA2020TL- 10.09
509-008A 49.514 8 41.170 | 9.416 | 387.657 | 77.53 391.016 +0.86 P
HA2020TL- 10.02
509-009A 48.934 4 40.659 | 9.427 |383.292 | 78.14 392.097 +2.25 P
HA2020TL-
509-010A 49.163 | 9.985| 41.081 | 9.378 | 385.258 | 78.48 392.481 +1.84 P

TRF No. IEC61215D_SE




Page 55 of 123

Report No. 704062011501-00 part 1 of 2

IEC 61215-2

Clause

Requirement + Test

Result - Remark

Verdict

control module.

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

TABLE 21: MQT 03 fin: Final Insulation test P

Test Date [YYYY-MM-DD].....ccccceovvrrnens : 2020-10-24 —

Test Voltage applied [V] .....cccooeeveeneenene : 8000/1500 —

Size of module [M?] ... : 1.98 —

Sample # Required Measured Dielectric breakdown Result
MQ MQ Yes (description) No

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
001A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
002A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
003A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
005A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
006A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
007A

HA2020TL-509-1 5 5 >2000 No Dielectrical breakdown X P
008A

HA2020TL-509-1 5 5 >2000 No Dielectrical breakdown X P
009A

HA2020TL-509-1 54 5 >2000 No Dielectrical breakdown X P
010A

Supplementary information: the maximum resistance measurement range is 2000MQ.

TABLE 22: MQT 15 fin: Final Wet leakage current test P

Test Date [YYYY-MM-DDJ .......ccoceeevrieeenninnenn. : 2020-10-24 —

Test Voltage applied [V]....ccccooviieiiiiiieniieen, : 1500 —

Solution temperature [°Cl.......ccccovveeeiiiiieennnne : 22+2 —

Size of module [M?].....ocoeiieiii : 1.98 —

Required Resistance [MQ].........ccccocovviviinnnnnn. : 20.2 —

Sample # Measured [MQ] Limit [MQ] Result

HA2020TL-509-

001A >2000 20.2 P
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A0 >2000 20.2 P
AT >2000 20.2 P
A o0 >2000 20.2 P
A o0 >2000 20.2 P
A0S0 >2000 20.2 P
RA0ZDT 509 >2000 20.2 P
HAZOSSJ'A-‘Sog‘ >2000 20.2 P
A0 20 >2000 20.2 P
Supplerll"n/ltga)ntary information: Solution resistivity <3500 [Q-cm]. The maximum resistance measurement range
is 2000MQ.
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TABLE 01: MQT 01 ini: Initial Visual inspection P

Test Date [YYYY-MM-DD].....ccccceevvevvrennnen. 1 12020-09-01 —

Sample # Nature and position of initial findings — comments or attach photos —

HA2020TL-509- No major visual defects found P
001C

HA2020TL-509- No major visual defects found P
002C

HA2020TL-509- No major visual defects found P
003C

HA2020TL-509- No major visual defects found P
004C

HA2020TL-509- No major visual defects found P
005C

HA2020TL-509- No major visual defects found P
006C

HA2020TL-509- No major visual defects found P
007C

HA2020TL-509- No major visual defects found P
008C

Supplementary information: N/A

TABLE 02: MQT 19.1 ini: Initial stabilization P

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

Test Date [YYYY-MM-DD].....cccccceecvvveenne . 12020-09-01 —

Testmethod ......ccccoeveveveeceeeeeeeeeeeeee | X Simulator [] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result

HAzogngé-sog- 11.113 | 49.486 10.635 40727 | 433.132 78.76 P

A0 0% | 11115 | 40.628 10.672 40.808 | 435503 78.95 P

MAZOZOT0% | 11133 | 49.663 |  10.630 40.839 | 434.119 78.52 P

MAZ0Z0T°0% | 11001 | 49.643 10.608 40.896 | 433.825 78.79 P

MAZOOTL®0% | 11165 | 49515 10.686 40549 | 433290 78.38 P

HAZOSS(STCL'F’OS)' 11.108 | 49.751 10.614 40907 | 434.187 78.57 P

MAZOZOTLS0% ) 11184 | 49.401 10.694 40559 | 433.738 78.36 P
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HAZOSS;-CI:"SOQ' 11.151 49.578 10.623 40.871 434.177 78.53 P
Supplementary information: N/A
TABLE 02.2: MQT 19.1 ini: Initial Stabilization procedure P
Light exposure method ............ccceeeeeveecreseseennn 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 .................t |1
Sample # | HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
001C
Integrated | - jiance HIelE Resistive | PmecW)at) o Pmin) / | Stable
Test cycle irradiation W/m2) temperature load the end of P %) | (vesN
(kwh/m2) (°C) cycle e i) | eI
Initial — — — — 433.132 — —
1 5 800~1000 50 3.8 431.099 — —
2 5 800~1000 50 3.8 429.826 0.77 Yes
3 — — — — J— — J—
Sample # | HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
002C
Integrated . Module o Pmax (W) at e Stabl
Testcycle | irradiation Irz\%j;r?]g(;e temperature Relzlggve the end of PF',"aX P'("O'/"))/ v a/Ne
(kWh/m?2) C) cycle waisa () (2]
Initial — — — — 435.503 — —
1 5 800~1000 50 3.8 433.597 — —
2 5 800~1000 50 3.8 431.819 0.85 Yes
3 — — — — J— — J—
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
003C
Integrated . Module I Pmax (W) at
Test cycle — Pmi Stabl
4 irradiation Ir{\r;t\t/:l/l;rge temperature Relzlj(tjlve the end of P;‘"‘" P’("(;/"))/ v a/Ne
(KWh/m2) C) cycle e () (e
Initial — — — — 434.119 — —
1 5 800~1000 50 3.8 433.358 — —
2 5 800~1000 50 3.9 431.570 0.59 Yes
3 — — — — J— — J—
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Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
004C
Integrated , Module o Pmax (W) at — P Stabl
Testcycle | irradiation Irzs\?/l;gc):e temperature Relilzgve the end of PFTaX P'("o'/"))/ v a/Ne
(KWh/m2) °C) cycle warsa () (esio)
Initial — — — — 433.825 — —
1 5 800~1000 50 3.8 432.636 — —
2 5 800~1000 50 3.9 431.798 0.47 Yes
3 - J— J— J— N J— -
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
005C
Integrated : Module _ Pmax (W) at b Stabl
Test cycle | irradiation Irz\%j;:qgge temperature Re;';gve the end of Plg‘ax P'("(;))/ v a/Ne
(KWh/m2) C) cycle aaga () (2]
Initial — — — — 433.290 — —
1 5 800~1000 50 3.8 432.611 — —
2 5 800~1000 50 3.8 431.418 0.43 Yes
3 J— N N N J— J— J—
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
006C
Integrated : Module _ Pmax (W) at
Test cycle . pes — Pmi Stabl
4 irradiation Irz\%j;r?]g(;e temperature Relzlggve the end of PF',"aX P'("O'/"))/ N a/Ne
(KWh/m2) C) cycle raEza i) | (EE)
Initial — — — — 434.187 — —
1 5 800~1000 50 3.8 432.975 — —
2 5 800~1000 50 3.9 431.374 0.65 Yes
3 J— J— J— J— N J— J—
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ............: 2020-09-01/2020-09-09
007C
Integrated . Module o Pmax (W) at b Stabl
Testcycle | irradiation IrE\?\? /'r?g;e temperature Relzlz(tjlve the end of P;‘ax P'("o'/"))/ v a/Ne
(kWh/m2) C) cycle average (%0) | (Yes/No)
Initial — — — — 433.738 — —
1 5 800~1000 50 3.8 432.854 — —
2 5 800~1000 50 3.8 431.671 0.48 Yes
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3 — — — — — — —
Sample# | HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ............: 2020-09-01/2020-09-09
008C
Integrated : Module . Pmax (W) at
Test cycle « — Pmi Stabl
J irradiation Irro?\(/j/lr?qrge temperature Relzlsgve the end of PI:Ta PE};O))/ v a/Ne
(kwh/m2) (°C) cycle L (=it
Initial — — — — 434.177 — —
1 5 800~1000 50 3.8 433.790 — —
2 5 800~1000 50 3.9 432.364 0.42 Yes
3 — — — — J— — J—
Supplementary information: N/A
] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description:
Supplementary information:
TABLE 03: MQT 06.1 ini: Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD].......cccceveennenne : 2020-09-09 —
Pmax(lab) lower limit (W) ......ccccoovrinnn. : 408.44 —
Pnax(Lab) lower limit (W) .....cccevevevernenee. : 421.07 P
Voc(lab) upper limit (V) .ccoceeveiereiiiieeens : See table below: Voc [V] Max. calc. —
Isc (lab) upper limit (A) ...ccooeeeeviieeeciee, : See table below: Isc [A] Max. calc. —
Test Method .......c.cccceveveeeeeeeee e, : X] Simulator ] Natural sunlight —
Voc [V] Isc [A] Pmax [W]
Sample # Meas. Max. Meas. | Max. Vmp [V] | Imp [A] | pjeas. Min. FF [%] | Result
calc. calc. calc.
HA2020TL-
509-001C 49.243 | 50.39 [11.133( 11.19 | 40.420 | 10.634 |429.826 | 408.44 | 78.40 P
HA2020TL-
509-002C 49.446 | 50.39 |11.084|11.19 | 40.730 | 10.602 [431.819| 408.44 | 78.79 P
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HA2020TL- 49.547 | 50.39 |11.118 |11.19 | 40.822 | 10.572 |431.570| 408.44 | 78.34 P
509-003C

HA2020TL-

509-004C 49506 | 50.39 |11.048 |11.19 | 40.859 | 10.568 |431.798 | 408.44 | 78.95 P
HA2020TL-

509-005C 49.344 | 50.39 |11.172|11.19 | 40.501 | 10.652 |431.418| 408.44 | 78.26 P
HA2020TL-

509-006C 49.730 | 50.39 |11.102|11.19 | 40.776 | 10.579 |431.374| 408.44 | 78.13 P
HA2020TL-

509-007C 49.374 | 50.39 |11.135|11.19 | 40.582 | 10.637 |431.671| 408.44 | 78.52 P
HA2020TL-

509-008C 49.486 | 50.39 |11.079|11.19 | 40.843 | 10.586 |432.364 | 408.44 | 78.86 P
Average — 431.48 | 421.07 — P

nameplate values and laboratory measurement uncertainties m.

Supplementary information: The limit values are calculated considering manufacturer’s tolerances t of rated

TABLE 04: MQT 03 ini: Initial Insulation test P
Test Date [YYYY-MM-DDJ..............: 2020-09-09 —
Test Voltage applied [V] .......c.e... 8000/1500 —
Size of module [M?]......ccoevviiiennn 2.17 —
Required Resistance [MQ]............ : 184 —
Sample # Measured Dielectric breakdown
— Result
MQ Yes (description) No
HA2020TL- >2000 No dielectrical breakdown X P
509-001C
HA2020TL- >2000 No dielectrical breakdown X P
509-002C
HA2020TL- >2000 No dielectrical breakdown X P
509-003C
HA2020TL- >2000 No dielectrical breakdown X P
509-004C
HA2020TL- >2000 No dielectrical breakdown X P
509-005C
HA2020TL- >2000 No dielectrical breakdown X P
509-006C
HA2020TL- >2000 No dielectrical breakdown X P
509-007C
HA2020TL- >2000 No dielectrical breakdown X P
509-008C

Supplementary information: The maximum resistance measurement range is 2000MQ
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TABLE 05: MQT 15 ini: Initial Wet leakage current test P
Test Date [YYYY-MM-DDJ .......ccccceevviiereiniinnnenil 2020-09-09 —
Test Voltage applied [V] ...ooeeviiiciiieneeeeeinn 1500 —
Solution resistivity [Q/ €M) .....cccovevviviiiinninnnnnl [ <3,500 Qf cm at 22 + 2°C | 2461 —
Solution temperature [°Cl.....ccccceveeeiiiiiiiieneeeeeeeen 23.4 —
Size of module [M?] .....ooeiiiiiiierre e 2.17 —
Sample # Required Resistance [MQ] Measured [MQ] Result
HA2020TL-509-
001C 18.4 >2000 P
HA2020TL-509-
002G 18.4 >2000 P
HA2020TL-509-
003C 18.4 >2000 P
HA2020TL-509-
004C 18.4 >2000 P
HA2020TL-509-
005C 18.4 >2000 P
HA2020TL-509-
006C 18.4 >2000 P
HA2020TL-509-
007C 18.4 >2000 P
HA2020TL-509-
008C 18.4 >2000 P
Supplementary information: The maximum resistance measurement range is 2000MQ
TABLE 06: MQT 06.2 - Performance at NMOT —
Test Date [YYYY-MM-DD].....ccccccevcvveeenne : — —
Module temperature (°C) .......cccceveevvnennn. : — —
Testmethod ......c.cccoeveveveecceeeeeeeeeeee | . 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]......

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?2 irradiance

[] Directly measured

Sample # Voc [V]

Isc [A] Vmp [V]

Imp [A]

Pmax [W]

Supplementary information: N/A

TABLE 08: MQT 04 - Measurement of temperature coefficients

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

Ambient air temperature [°C] high/low ...................

Irradiance [W/m?2] high/low.......

Module temperature [°C] high/low

Sample #

a [%/°C]

B [%/°C]

5 [%/°C]

Supplementary information: N/A

TABLE 09: MQT 05 - Measurement of Nominal Module Operating Temperature (NMOT, °C)

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

Electrical load:

] Restive load
[ MPPT

All details for the measurements are kept on file and are available on request.

Sample #

Calculated uo [W/(m2.°C)]

Calculated u1 [W.s/(m3.°C)]

Calculated NMOT
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Supplementary information: —

TABLE 10: MQT 08 - Outdoor exposure test

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

Sample #

Total irradiation dosage [kWh/m?]................

Angle of tilt the test module .............c..........:

Electrical load:

[ ]Restive load
[ MPPT

Supplementary information: N/A

Table 10.1: MQT 01: Visual inspection after outdoor exposure test

Test Date [YYYY-MM-DDJ.......cccccevveenennennnt

Sample #

Nature and position of initial findings — comments or attach photos

Supplementary information: N/A

Table 10.2: MQT 15: Wet leakage current test after outdoor exposure test

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

Test Voltage applied [V] .o

Solution temperature [°C] .....cccoovivveeiiinnens!

Size of module [M?] .....coovviiiiiiiieeeeee :

Solution resistivity [Q/ cm) .....cccevveeviiiienienne :

< 3,500 Q/cm at22 £ 2°C |—

Sample # Measured [MQ]

Limit [MQ]

Supplementary information: —

Table 10.3: MQT 02 - Maximum power determination after outdoor exposure test - Optional

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

Module temperature [°Cl.......ccoceerierrneeennnst

Irradiance [W/mM?2) .....cccccvvevinnienienie e

Sample #

Vmp [V] Pmax [W]

FF [%]

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-DDJ......cccccovvvrrirrrinennn : — —
Test Voltage applied [V] .....cccoovviniiiienienn : — —
Size of module [M?] .....ooeiiiiiieiiereeeeeee : — —
Required Resistance [MQ]........cccccveveeiennns : — —
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 ............. : 2020-10-16 —
Sample # HA2020TL-509-002C —
Module temperature [°Cl........ccoevevicvieeeiirnnnnn, : 755 —
Number of diodes in junction box................... : 3 —
Diode ManUFaCtUIer ..............ccooeevverrvereennenns. : Taizhou Chuangda Electronic Co., Ltd. -
Diode type designation ...........cccccceecvveeevvnennn, : Schottky, PV3045 —
Max. permissible junction temperature T]max[ C] 200 —
(according to diode datasheet)...................... :
Detailed description of sample preparation Standard production module —
o] f0o1=To (1] £ SR :
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 .....: 30.3 50.0 70.1 89.9
Pulsed current ... 11.084 11.084 11.084 11.084
0.4313 0.4186 0.4021 0.3886
Voltage drop [V] eooeveenenieieneenec e 0.4413 0.4256 0.4101 0.3962
0.4277 0.4147 0.3981 0.3845
Diode 1: /b =-0.0007 71+ 0.4538 —
VD versus TJ characteristiC..........c.ccevveerennil Diode 2: /b =-0.0008 73+ 0.4638
Diode 3: /b =-0.0007 73+ 0.4504
Max. permissible junction temperature T]max[ C] 200 —
(according to diode datasheet)..................... :
Step 2, Bypass diode thermal test
Diode 1 Diode 2 Diode 3 Result
Current flow applied [A] ... : 11.084 11.084 11.084 —
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[\:Igj(.. diode surface temperature allowed Tjmax 200 200 200 —
Voltage drop [V] after 1N ......ccccoveviiiieiieiiee e : 0.3650 0.3742 0.3647 —
Calculated max. junction temperature Tjcac [°C] ....: 122.044 118.195 116.492 —
Tjcalc < Tjmax (test passed)? yes/No ........cccccveveenenn. : yes yes yes P
Current flow (1.25 * ISC) [A] evvvvreiiiiiiiiiireeneee : 13.855 13.855 13.855 —
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-DDJ......ccccoevveeniveniennieneenieens : |12020-10-16 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- _
509-002C 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-DDJ .....cccocevreininnenniineenenn : 2020-10-16 —
Test Voltage applied [V]....ccccoovieiiiiee : 1500 —
Solution temperature [°C] ......ovvvvvvvevrveininirininininnn, : 21.3 —
Size of module [M2].....cccoeiiii e, : 2.17 —
Solution resistivity [Q/ cm) .....cccevvieiiiiienee : < 3,500 Q/ cm at 22 + 2°C| 2325 —
Sample # Measured [MQ] Limit [MQ] Result
HA2020TL-
509-002C >2000 18.4 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 11.3: MQT 02 — Max. power determination after bypass diode thermal test - Optional N/A

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

Module temperature [°Cl.......ccccevvrreenennns —

Irradiance [W/m?) .....ccooovvovieenrieieeenendd —

Sample # Vmp [V] Pmax [W] FF [%]

Supplementary information: —
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TABLE 11.4: MQT 03 - Insulation test after bypass diode thermal test - Optional N/A
Test Date [YYYY-MM-DDJ]........ccccevennn : — —
Test Voltage applied [V] .....ccccvevieieeienn : — —
Size of module [M?] ......cccoviiiiiiiiiiieee, : — —
Required Resistance [MQ]..........ccccvevvene : — —
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]......cccccevviriiirniinnnn 2020-10-16 —
[] Method A —
Ambient temperature [°C] .........cceeveininild —
Current flow applied [A] ....ccovceveiiininenat —
Sample # VFM VFMrated VFM = (N X VFMrated) = 10 % Result
_ — — ] Yes [1No —
Supplementary information:
X] Method B —
Sample # Diode IV curve after shading Result
Diode 1 Turnon P
gg‘zzg 20TL-509- I hinge 2 Turn on P
Diode 3 Turnon 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]......ccceveiniinnnennnd

Test method

[] Simulator [] Natural sunlight

Sample #

Imp [A]

Vmp [V]

Pmax [W]

FF [%]

Supplementary information: —
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TABLE 12.3: MQT 19.1 Final Stabilization procedure N/A
Light exposure method.............c.cccceevevevnnenns | L] Simulator ] Natural sunlight —
Stabilization criterion x per IEC 61215-1-X...... [— —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # Test Date (YYYY-MM-DD) start/end .......... : —
Test cycle :Rf(%:;igg Irradiance terﬁﬂsgrl;lteu o | Resistive Tﬁgxe%);t Pmax — Pmin) / | Stable
(KWh/m2) (W/m2) C) load cycle Paverage (%) | (Yes/No)
Initial — — — — — — —

1 — — — —_ —_ — —

2 — — — - - — —

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 13: MQT 09 - Hot-spot endurance test P

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

2020-10-24/2020-10-25

Sample #

HA2020TL-509-002C

Procedure of technology........ccccccovvvvvviviviiiiiennnnnn

X wafer-based technologies (WBT) MQT 09.1
] monolithically integrated (MLI) thin film
technologies MQT 09.2

Cell interconnection CirCUIt .........cooevvveeeeeiivineeeeennss

[1s [1sP

X sPs

Type of light SOUICe ......ccooiviiiiiiiiiee

[] Pulse Simulator
X] Steady state Simulator
[] Natural sunlight

Module temperature at thermal equilibrium [°C] .:

51.6

TABLE 13.1: MQT 09 - Hot-spot endurance test for WBT

LOW LOW LOW HIGH —
shunt shunt shunt shunt
SeleCted hOt'SpOt Ce"S .......................................... . resistance resistance resistance resistance
195 219 226 1847
Shading rate [%0]........coceereeeiieereeiee e : 30 30 30 30 —
Max. measured cell temperature in each cell [°C]: 155.1 152.9 148.3 144.6 —
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Test duration of each shading [] ..........ccccceenene :

1 1

Irradiance during shading [W/m?] .................... :

1000

1000

1000

1000

Supplementray information: N/A

TABLE 13.2: MQT 09 - Hot-spot endurance test for MLI

Selected hot-spot cells.........ccccccvevieiicie e

Number of cells shaded .............ccovvveeiiiiiiiiciiieennndd

Max. measured cell temperature [°C] ..................:

Test duration during shading [h] ......cceevvivevvinnnl:

Irradiance during shading [W/m?] ............... ...

Supplementary information:

TABLE 13.3: MQT 01 - Visual inspection after hot-spot endurance test

Test Date [YYYY-MM-DD].....ccoocevvivreeiiiieee e’

2020-10-25

Sample #

Nature and position of initial findings — comments or attach photos

HA2020TL-
509-002C

No major visual defects found

Supplementary information: N/A

TABLE 13.4: MQT 02 - Maximum power determination after hot-spot endurance test

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

2020-10-25

Module temperature [°Cl.....c.ccccvvveeiieeeiiieee e’

25

Irradiance [W/M?) ..ol

1000

Sample #

Imp [A]

Pmax [W]

FF [%]

HA2020TL-
509-002C

10.545

428.201

78.78

Supplementary information: N/A

TABLE 13.5: MQT 03 - Insulation test after hot-spot endurance test

Test Date [YYYY-MM-DDJ......cccocerernernennennennnns’

2020-10-25

Test Voltage applied [V] ....occvvreninnieienenen!

8000/1500

Size of module [M?] ..o

2.17

Sample # Measured Required

Dielectric breakdown

MQ MQ

Yes (description)

No

Result
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e | >2000 18.4 No dielectric breakdown X P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.6: MQT 15 - Wet leakage current test after hot-spot endurance test P
Test Date [YYYY-MM-DD]....cccceooviiiniiniieneneen 2020-10-25 —
Test Voltage applied [V] ....cocoveenienienieneeneeneen 1500 —
Solution temperature [°Cl.......ccccoveveeerriieeeenienn. : 21.6 —
Size of module [M?].....ccviiiiii e 2.17 —
Solution resistivity [Q/ cm) ......cccccevevvveviieviievieeeennl [<3,500 Qf/ cm at 22 + | 2547 —
2°C
Sample # Measured [MQ] Limit [MQ] Result
"'5%2(_’58;'6' >2000 18.4 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.7: MQT 18.2 - Bypass diode functionality test after Hot-spot endurance test P
Test Date [YYYY-MM-DD]........cccccevvvrnneenne.s. | 2020-10-25 —
[ ] Method A —
Ambient temperature [°C] .....cccooeviiiniieniiininnnl [ — —
Current flow applied [A] ..ol | — —
Sample # VFM VFMrated VEM = (N x VFMrated) = 10 % Result
— — — []Yes [ 1No —
Supplementary information: —
X] Method B —
Sample # Diode IV curve after shading Result
Diode 1 Turnon P
2&2%2} Diode 2 Turn on P
Diode 3 Turnon P
Supplementary information: N/A
TABLE 14: MQT 10 - UV preconditioning test P
Test Date (YYYY-MM-DD) start/end..............: 2020-09-14 / 2020-09-18 —
Module temperature [°C] ....ceeeiiiiiiiiieeeeeenn. : 6015 —
UV irradiance (280-400nm) [W/m?] .............. : 156.4 —
Ratio of UV irradiance (280-320nm) (%) ........: 4.9 _
UV dose (280-400nm) [kWh/ m?] ................ : 15 —
Module operation condition ........................... |[X] Short circuited [] Pmax —
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| Supplementary information: —

TABLE 14.1: MQT 01 - Visual inspection after UV preconditioning test P
Test Date [YYYY-MM-DD].........ccccvevvvcvrennnennns | 2020-09-18 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- R
509-003C No major visual defects found P
HA2020TL- N
509-004C No major visual defects found P
Supplementary information: N/A
TABLE 14.2: MQT 15 - Wet leakage current test after UV preconditioning test P
Test Date [YYYY-MM-DDJ.......cccccevvvrviverenninns : 2020-09-18 —
Test Voltage applied [V] «coccevceveviiieeeciieeees : 1500 —
Solution temperature [°Cl........uvvvvvvvvvvevvinennnnn’ 22.5 —
Size of module [MZ] ..o, : 2.17 —
Solution resistivity [Q/ €M) ...ccocoveviiiieieeieeee < 3,500 Q/cm at 22 + 2°C | 2456 —
Sample # Measured [MQ] Required Resistance [MQ] Result
HA2020TL-
509-003C >2000 18.4 P
HA2020TL-
509-004C >2000 18.4 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 14.3: MQT 02 — Max. power determination after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DD].....ccooceevivvvreiiiineens — —
Module temperature [°Cl......ccccvveveviiereeiiiieeennnss — —
Irradiance [W/MZ]........ccoooeeiieiieieceeeeeeee — —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
Supplementary information: N/A
TABLE 14.4: MQT 03 - Insulation test after UV preconditioning test - Optional N/A

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

Test Voltage applied [V] ..o
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Size of module [M?] ... — —
Required Resistance [MQ].........ccccocvviivinnnnn — —
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 ......... :12020-09-19/2020-09-28 —
Total cycles (50)..........ccceeeeeeeeeeeeeeeeee 2 |50 —
During the heat up cycle from |10.572 for HA2020TL- —
-40 °C t0 80 °C 509-003C
Applied current (A) ....cccooeevveeeeereeeea 10.568for HA2020TL-
509-004C
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2020TL-509-
003C No P
HA2020TL-509-
004C No P
Supplementary information: N/A
TABLE 15.1: MQT 01 - Visual inspection after thermal cycling 50 test P
Test Date [YYYY-MM-DD]..........ccccceevveneet | 2020-09-28 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- "
003C No major visual defects found P
HA2020TL-509- .
004C No major visual defects found P
Supplementary information: N/A
TABLE 15.2: MQT 15 - Wet leakage current test after thermal cycling 50 test P
Test Date [YYYY-MM-DDJ.......cccccevveeveerienene : 2020-09-28 —
Test Voltage applied [V] ....ccooveevieneninnienene : 1500 —
Solution temperature [°C] .........cocvveiiini 23.3 —
Size of module [M?] .....cooviiiiiie, 2.17 —

Solution resistivity [Q/ cm)

< 3,500 Q/cm at 22 + 2°C

2285
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Sample # Measured [MQ] Required Resistance [MQ] Result
HAZOS(());'CI:_-SOQ- 2000 18.4 =
HAZOS(())ICI:_-SOQ- 52000 18.4 =

Supplementary information: The maximum resistance measurement range is 2000MQ.

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

Test Date [YYYY-MM-DDJ........ccccevverienennnl — —

Module temperature [°Cl........ccceveerevrnnnnen’ — —

Irradiance [W/m2) .....cocoeveiinnneneenereneeeendd — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%]

Supplementary information: —

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

Test Date [YYYY-MM-DD].....ccooceevvvveeeiinnnnn. : — —

Test Voltage applied [V] «coccevveeeeiiieeeciee, : — —

Size of module [M2] ... : — —

Required Resistance [MQ].........ccccceevieeinenns : — —

Sample Measured Dielectric breakdown Result

# MQ] Yes (description) No

Supplementary information: —

TABLE 16: MQT 12 - Humidity freeze 10 test P

Test Date [YYYY-MM-DD] start/end ...............: |2020-09-29/2020-10-09 —

Total cycles (10) ..oovveeeiiiiiieeiiee e ;10 —

Applied current (A) .oeeveiie e : 10.03 =

Sample # Open circuits (yes/no) —

HA2020TL-509-

003C No P

HA2020TL-509-

004C No P

Supplementary information: N/A
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TABLE 16.1: MQT 01 - Visual inspection after humidity freeze 10 test P
Test Date [YYYY-MM-DD]......ccccoovvevriviirnnnnnn’ 2020-10-09 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- N

003C No major visual defects found P
HA2020TL-509- N

004C No major visual defects found P
Supplementary information: N/A
TABLE 16.2: MQT 15 - Wet leakage current test after humidity freeze 10 test P
Test Date [YYYY-MM-DD]......cccovueruerrrrrrrnnnns 2020-10-09 —
Test Voltage applied [V] cccoeevveeevicieee e 1500 —
Solution temperature [°C].........cccoeiiiill 22,5 —
Size of module [MZ] ... 2.17 —
Solution resistivity [Q/ €M) .....ccovvvviiiiieien, <3,500 Q/cmat22 +2°C |2317 —

Sample # Measured [MQ] Limit [MQ] Result

HA2020TL-509-

003C >2000 18.4 P
HA2020TL-509-

004C >2000 18.4 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

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

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

Module temperature [°Cl.......cccoveveviiveeeicineeennnss

Irradiance [W/M32) ..o

Sample # Voc [V] Isc [A] vVmp [V] Imp [A] 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]

Test Voltage applied [V] ..o

Size of module [M?] ....cooeiiiiiii el

Required Resistance [MQ)]..........cccooovenvennnnnt
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Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
Supplementary information: —
TABLE 17: MQT 14 - Robustness of terminations test P
Test Date [YYYY-MM-DD] start/end ................ [2020-10-12 —
TABLE 17.1: MQT 14.1 Retention of junction box on mounting surface P
Sample # HA2020TL-509-003C —
Supplementary information: The applied force is 40N
TABLE 17.2: MQT 01 - Visual inspection after retention of junction box on mounting P
surface
Test Date [YYYY-MM-DDJ.......ccoccevvrrvrrernnnnnnn :12020-10-12 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- _—
509-003C 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-DDJ.......ccccceveeneerienene : 2020-10-12 —
Test Voltage applied [V] ccccceevveeeiicieeeiiiieees : 1500 —
Solution temperature [°Cl........vvvvvvvvvrvevvevnnnnn’ 23.2 —
Size of module [M2] ..., 2.17 —
Solution resistivity [Q/ €M) .....cccvvcviiiiiiee < 3,500 Q/cm at 22 + 2°C |2419 —
Sample # Measured [MQ] Limit [MQ] Result
HA2020TL-509-
003C >2000 18.4 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 17.4: MQT 14.2 - Test of cord anchorage

Sample# |—

[1Junction boxes intended to be used with cables specified by the manufacturer
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Cable diameter, . Permissible .Measured RES
Tension Force, [N] : displacement,
[mm] displacement, [mm]
[mm]
Pull test — — — — —
Cable diameter, Torque Force, Permissi Measured angle | Result
ermissible angle [°] v
[mm] [Nm] ]
Torque test — — — — —
O Junction boxes intended to be used with generic cables =
Anchorage . Permissible Measured Result
. Test mandrel Tension . .
diameter range displacement displacement
[mm] Force, [N]
[mm] [mm] [mm]
Pull test Min — — — — — —
Anchorage Torque . Result
diameter range Test mandrel =T P(;rnmistgIe Measur[(j]d angle
[mm] il [Nm] ’
Torque test | Max — — — — — —
Supplementary information:
TABLE 17.5: MQT 01 - Visual inspection after retention of test of cord anchorage —
Test Date [YYYY-MM-DD]......cccccoeerrrerennnns — —
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 —
Test Date [YYYY-MM-DD].......c.cccccvverrerrnnnanee. : — —
Test Voltage applied [V] .....ccooeerininieneenee : — —
Solution temperature [°Cl......ccccoevviiireriiienennt — —
Size of module [M2] ..., — —
ample easure equired Resistance esult
Sample # M d [MQ] Required Resi [MQ] Resul

Supplementary information: —

TABLE 17.7: MQT 03 - Insulation test after test of cord anchorage

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

Test Voltage applied [V] ...cccooveenieenienns :

Size of module [m?]
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Required Resistance [MQ].........c.ccceevenne : — —
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 ...............: 2020-09-19/2020-10-23 —
Total cycles (200) ... 200 —
During the heat up 10.637A for HA2020TL- —
cycle from 509-005C.
Applied current (A) ......cccoceveererncsesnnennns. [40°C 1080 °C 10.586A for HA2020TL-
509-006C.
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2020TL-
509-005C No P
HA2020TL-
509-006C No P
Supplementary information: N/A
TABLE 18.1: MQT 01 - Visual inspection after thermal cycling 200 test P
Test Date [YYYY-MM-DD]..........cccoeeeveeneenet [ 2020-10-23 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- _
509-005C No major visual defects found P
HA2020TL- _
509-006C 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-DDJ......ccccocvrvurrirnireinsinenns 2020-10-23 —
Test Voltage applied [V] ..o 1500 —
Solution temperature [°Cl.......ccoovvieeiiiiiieeiieen 21.2 —
Size of module [M?] ....oooiiiiiiiee e 2.17 —
Solution resistivity [Q/ cm) .......c.ccoevevevievieveeeeennl [<3,500 Qf cm at 22 + 2°C 2417 =

TRF No. IEC61215D_SE




Page 78 of 123

Report No. 704062011501-00 part 1 of 2

IEC 61215-2
Clause Requirement + Test Result - Remark Verdict
Sample # Measured [MQ] — Result
HA2020TL-
509-005C >2000 184 P
HA2020TL-
509-006C >2000 184 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 19: MQT 13 - Damp heat 1000 test P
Test Date [YYYY-MM-DD] start/end ..............: 2020-09-10/2020-10-22 —
Total hours (1000h) ..., ;1000 —
Sample # Open circuits (yes/no) —
HA2020TL-509-
007C No P
HA2020TL-509-
008C No P
Supplementary information: N/A
TABLE 19.1: MQT 01 - Visual inspection after damp heat 1000 test P
Test Date [YYYY-MM-DDJ.......cccccevvvrrennnnnnst 2020-10-22 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- L
007C No major visual defects found P
HA2020TL-509- L
008C 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]........cccccvevrevrnnnnns | 2020-10-22 —
Test Voltage applied [V]....cccccviiiiiiinennn : 11500 —
Solution temperature [°Cl.......ccccceeririiirineennnn. 1214 —
Size of module [M?] ..ol [ 217 —
Solution resistivity [Q/ €M) ..o < 3,500 Q/cm at 22 + 2°C {2388 —
Sample # Measured [MQ] Limit [MQ] Result
HA2020TL-509-
007C >2000 18.4 P
HA2020TL-509-
008C >2000 18.4 P

Supplementary information: The maximum resistance measurement range is 2000MQ.
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TABLE 19.3: MQT 02 - Maximum power determination after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DDJ........cccccvvvereeneennl — —
Module temperature [°Cl........ccccevvererrvnnnnn’ — —
Irradiance [W/M32) ........cccoeveiveieeiie e — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
Supplementary information:
TABLE 19.4: MQT 03 - Insulation test after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DD].....ccocceevvivreviiieennnns : — —
Test Voltage applied [V] ccoccevvevevicieeeiiieeees : — —
Size of module [M2] ..o, — —

Sample # Measured Required Dielectric breakdown Result

Resistance
[MQ] [MQ] Yes (description) No

Supplementary information:
TABLE 19.5: MQT 16 Static mechanical load test P
Sample #: HA2020TL-509-007C —
Design load (front side/ back side) ..................: | 3600/ 1600 —
Safety factors .......ccccccee e, 1115 —
Test Date [YYYY-MM-DD].....ccccoceviiinnnniennn. 2020-10-22/2020-10-23 —
Mounting method ..........cccoooeiiiii e : Installed by 4 mounting holes —
Load applied t0........cocceeeiiiiieiiiieee e : front side back side —
Mechanical load [Pa]........cccooeeeiiiiiiiiniiened 5400 2400 —
First cycle time (start/end)........cccccevevnienennd 13:05/14:05 14:30/15:30 —
Intermittent open-circuit (Yyes/no) ..................: no no P
Second cycle time (start/end) .........cccocceeennl 16:10/17:10 17:35/18:35 —
Intermittent open-circuit (Yyes/no) ...................: no no P
Third cycle time (start/end) .........ccccoevveeennnnn 18:50/19:50 08:15/09:15 —
Intermittent open-circuit (Yes/no) ...................: no no P

Supplementary information: clamp mounting method was used
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TABLE 19.6: MQT 01 - Visual inspection after static mechanical load test P
Test Date [YYYY-MM-DD].......cccceeenvnnnennsl 2020-10-23 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL-509- S

007C 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-DDJ........ccccevvevvernennnn 2020-10-23 —
Test Voltage applied [V].......ooeeeeeeeeeeeeen. : 1500 —
Solution temperature [°Cl.......ccccvvvvvrrennnnnnnnns : 21.0 —
Size of module [M2] ..o 2.17 —
Solution resistivity [Q/ €M) ...cccoveviiviiiiieeiee < 3,500 Q/cm at 22 + 2°C 2417 —

Sample # Measured [MQ] Limit [MQ] Result

HA2020TL-509-

007C >2000 18.4 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 19.8: MQT 17 - Hail impact test

Test Date [YYYY-MM-DD]

Sample #

Ice ball size [mm].............

Ice ball weight [d] ...........

Ice ball velocity [m/s]........

1 2 3 4 5
T o |5 [ | o
O R T AT R
T o |5 [ o o
F B T RN
T |5 o o

Number of impact locations ...................:

Supplementary information: —
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TABLE 19.9: MQT 01 - Visual inspection after hail impact test —
Test Date [YYYY-MM-DDJ.......cccccevvvrnnnnst — —
Sample # Nature and position of initial findings — comments or attach photos —
Supplementary information: —
TABLE 19.10: MQT 15 - Wet leakage current test after hail impact test —
Test Date [YYYY-MM-DD].....cccccceecvveeenne : — —
Test Voltage applied [V].........oeeeeeeeel — —
Solution temperature [°Cl.......cccccvvvvvnnnnnns — —
Size of module [Mm2]......c.ccoeeveiiieeee, : — —
Solution resistivity [Q/ €M) .....cccevveeviiiieiene < 3,500 Q/cm at 22 + 2°C —

Sample # Measured [MQ] Required Resistance [MQ] Result

Supplementary information: —
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].......c..cccooune.... : —
TeSt MEthOd ...c.ooveeeeeeeeee e . | L 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:

] Simulator

] Natural sunlight

Stabilization criterion x per IEC 61215-1-x :
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Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight

Sample # Test Date (YYYY-MM-DD) start/end..:
Integrated Irradia Module - Pmax (W) at ey
Test cycle irradiation nce | temperature Relzlsgve the end of PFT‘“ P?(;o))/ (22;),\'?0)
(KWh/m2) (W/m2) (°C) cycle average
Initial — — — — — — —

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]........ccccecvennenne. : |2020-10-24 —
Test Method ........cocveveveeeeeeeeeeee e X Simulator [] Natural sunlight —
Isc Pmax Pmax [W] Power Result
Sample # Voc [V] IA] Vmp [V] | Imp [A] W] FF [%] (Lab Degradation
_GateNo.1) [%0]
HA2020TL- 11.12
509-001C 49.247 5 40.424 | 10.627 | 429.586 | 78.43 429.826 +0.06 P
HA2020TL- 11.04
509-003C 49.139 3 40.358 | 10.495 | 423.557 | 78.05 431.311 +1.80 P
HA2020TL- 10.97
509-004C 49.229 5 40.461 | 10.499 | 424.800 | 78.61 431.539 +1.56 P
HA2020TL- 11.11
509-005C 49.196 8 40.356 | 10.614 [428.339 | 78.31 431.159 +0.65 P
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HA2020TL- 11.06

500-006c | 49619 | g 40.745 | 10.506 | 428.051 | 77.94 | 431.115 +0.71 P
HA2020TL- 11.09

509-007c | 49039 | g 40.064 | 10.590 | 424.278 | 77.98 | 431.412 +1.65 P
HA2020TL- 11.05

500-008c | 49-368 | g 40.676 | 10.529 | 428.269 | 78.46 | 432.105 +0.89 P

control module.

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

TABLE 21: MQT 03 fin: Final Insulation test P

Test Date [YYYY-MM-DDJ.......ccccceveennenne : 2020-10-24 —

Test Voltage applied [V] .....ccooveeveinieenene : 8000/1500 —

Size of module [M?] ..o : 2.17 —

Sample # Required Measured Dielectric breakdown Result
MQ MQ Yes (description) No

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
001C

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
003C

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
004C

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
005C

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
006C

HA2020TL-509-1 14 4 >2000 No Dielectrical breakdown X P
007C

HA2020TL-509-1 184 >2000 No Dielectrical breakdown X P
008C

Supplementary information: the maximum resistance measurement range is 2000MQ.

TABLE 22: MQT 15 fin: Final Wet leakage current test P

Test Date [YYYY-MM-DDJ .......ccoccvvrruieeenninnenn. : 2020-10-24 —
Test Voltage applied [V]....ccccoviieiiiiiiieiie, : 1500 —
Solution temperature [°Cl.......cccovveeeinieeennnnne : 22+2 —
Size of module [M?].....ocoeiieiii : 2.17 —
Required Resistance [MQ].........ccccoeovvivrinnnnnn : 18.4 —
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Sample # Measured [MQ] Limit [MQ] Result
A0 >% >2000 18.4 P
HAZOS(());'CI:_-SOQ- 2000 18.4 P
HAZOS(())ICI:_-SOQ- 2000 18.4 P
A0 >2000 18.4 P
HAzogggé-SOQ- 2000 18.4 P
HA20§(());’é-509- 2000 18.4 P
HAzogggé-sog- 2000 18.4 P

is 2000MQ.

Supplementary information: Solution resistivity <3500 [Q-cm]. The maximum resistance measurement range

TABLE 01: MQT 01 ini: Initial Visual inspection P

Test Date [YYYY-MM-DDJ........ccccevvvrnrnnnn : 12020-09-01 —

Sample # Nature and position of initial findings — comments or attach photos —

HA2020TL-509- No major visual defects found P
001D

HA2020TL-509- No major visual defects found P
002D

HA2020TL-509- No major visual defects found P
003D

HA2020TL-509- No major visual defects found P
004D

Supplementary information: N/A

TABLE 02: MQT 19.1 ini: Initial stabilization P

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

Test Date [YYYY-MM-DD].......ccccceveennenne 1 |2020-09-01 —

TeStMEthOd . .c.ooveeeeeeeeeeeeeeeee et . | X Simulator ] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%)] Result
HA20§8I’I:I)_-509- 10.437 49.321 9.952 40.458 402.638 78.22 P
HA20§8;’I:I)_-509- 10.422 49.333 9.966 40.484 403.464 78.47 P
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A0S 07| 10429 | 49.330 9.962 40.345 | 401.917 78.12 P
A0S 5 0% | 10396 | 49.373 9.945 40.448 | 402.255 78.37 P
Supplementary information: N/A
TABLE 02.2: MQT 19.1 ini: Initial Stabilization procedure
Light exposure method ............ccceeeeeveeereseseennn 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 .................t |1
Sample # | HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
001D
Integrated | - jiance HIelE Resistive | PmecW)at) o Pmin) / | Stable
Test cycle irradiation W/m2) temperature load the end of P %) | (vesN
(kwh/m2) (°C) cycle e i) | eI
Initial — — — — 402.638 — —
1 5 800~1000 50 4.1 401.370 — —
2 5 800~1000 50 4.1 400.847 0.45 Yes
3 — — — — J— — J—
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
002D
Integrated . Module o Pmax (W) at b Stabl
Testcycle | irradiation Irz\%j;r?]gc;e temperature Relzlg(tjwe the end of PF',“ax P'(“O'/"))/ v a/Ne
(kWh/m2) C) cycle ez () (OESNE)
Initial — — — — 403.464 — —
1 5 800~1000 50 4.1 401.844 — —
2 5 800~1000 50 4.1 401.159 0.57 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............. 2020-09-01/2020-09-09
003D
Integrated . Module I Pmax (W) at
Test cycle — Pmi Stabl
4 irradiation Ir{\r;t\t/:l/l;rge temperature Relzlj(tjlve the end of P;‘"‘" P’("(;))/ v a/Ne
(KWh/m2) C) cycle e () (e
Initial — — — — 401.917 — —
1 5 800~1000 50 4.1 401.265 — —
2 5 800~1000 50 4.1 400.306 0.40 Yes
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3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ............: 2020-09-01/2020-09-09
004D
Integrated : Module ot Pmax (W) at — Pmi Stabl
Test cycle | irradiation Irzs\?;;gc):e temperature Relzlz(tjlve the end of PFTaX P'("(;o))/ v a/Ne
(KWh/m2) °C) cycle B (ifeso)
Initial — — — — 402.255 — —
1 5 800~1000 50 4.1 401.351 — —
2 5 800~1000 50 4.1 399.162 0.77 Yes
3 — — — — — — —
Supplementary information: N/A
] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end
Test method description:
Supplementary information:
TABLE 03: MQT 06.1 ini: Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD].......cccceveennenne : 2020-09-09 —
Pmax(lab) lower limit (W) ......ccccoovvrernn. : 379.95 —
Bax (Lab) lower limit (W) ....cooveverereernee. : 391.70 P
Voc(lab) upper limit (V) ..coooeeveiiiiiienes : See table below: Voc [V] Max. calc. —
Isc (lab) upper limit (A) ..cccoovvreiriirieen, : See table below: Isc [A] Max. calc. —
TeStMEthod ...c.ooveeeeeeeeeeeeee e, : X Simulator ] Natural sunlight —
Voc [V] Isc [A] Pmax [W]
Sample # Meas. Max. Meas. | Max. Vmp [V] | Imp [A] Meas. Min. FF[%] | Result
calc. calc. calc.
HA2020TL-
509-001D 49.304 | 50.29 [10.378 | 10.48 | 40.351 | 9.934 |400.847| 379.95 | 78.34 P
HA2020TL-
509-002D 49.319 | 50.29 [10.399 | 10.48 | 40.419 | 9.925 |401.159( 379.95 | 78.22 P
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HA2020TL-
509-003D 49.317 | 50.29 |10.389 | 10.48 | 40.325 | 9.927 |400.306| 379.95 | 78.13 P
HA2020TL-
509-004D 49.182 | 50.29 |10.379| 10.48 | 40.356 | 9.891 |399.162(379.95 | 78.20 P
Average — 400.771 | 391.70 — 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-DDJ..............: 2020-09-09 —
Test Voltage applied [V] ............. 8000/1500 —
Size of module [M?] ..o 2.01 —
Required Resistance [MQ]............ : 19.9 —
Sample # Measured Dielectric breakdown
MQ Yes (description) No Result
HA2020TL- >2000 No dielectrical breakdown X P
509-001D
HA2020TL- >2000 No dielectrical breakdown X P
509-002D
HA2020TL- >2000 No dielectrical breakdown X P
509-003D
HA2020TL- >2000 No dielectrical breakdown X P
509-004D
Supplementary information: The maximum resistance measurement range is 2000MQ
TABLE 05: MQT 15 ini: Initial Wet leakage current test P
Test Date [YYYY-MM-DDJ .......ccocceeiniieeeiniinnend 2020-09-09 —
Test Voltage applied [V]....coooeveieiinin 1500 —
Solution resistivity [Q/ €M) ......cccovvvviviniinnnnnnnnl [ <3,500 Qf cm at 22 + 2°C | 2461 —
Solution temperature [°Cl........cvvvevevervininrniiininnnnnns 23.4 —
Size of module [M2] ... 2.01 —
Sample # Required Resistance [MQ] Measured [MQ] Result
HAzogngé-sog- 19.9 >2000 P
HA20§(());’$-509- 19.9 >2000 P
HA20§(());$-509- 19.9 >2000 P
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HA2020TL-509-

004D 19.9

>2000

Supplementary information: The maximum resistance measurement range is 2000MQ

TABLE 06: MQT 06.2 - Performance at NMOT

Test Date [YYYY-MM-DDJ........cccccveennenne :

Module temperature (°C) ......ccccevvvrvenenn. :

Testmethod.........oooovvviiiii :

[] Simulator

[] Natural sunlight

Sample # Isc [A] Voc [V]

Imp [A]

Vmp [V]

Pmax [W]

FF [%]

Supplementary information:

TABLE 07: MQT 07 - Performance at low irradiance

Test Date [YYYY-MM-DDJ] ..., :

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?2 irradiance

[] Directly measured

Sample #

Voc [V] Isc [A]

Vmp [V]

Imp [A]

Pmax [W]

FF [%]

Supplementary information: N/A

TABLE 08: MQT 04 - Measurement of temperature coefficients

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

Ambient air temperature [°C] high/low ..........

Irradiance [W/m?] high/low...........ccccvveeirenne.

Module temperature [°C] high/low.................
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Sample #

a [%/°C]

B [%/°C]

5 [%/°C]

Supplementary information: N/A

TABLE 09: MQT 05 - Measurement of Nominal Module Operating Temperature (NMOT, °C)

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

Electrical load:

] Restive load
[ MPPT

All details for the measurements are kept on file and are available on request.

Sample #

Calculated uo [W/(m2.°C)]

Calculated u1 [W.s/(m3.°C)]

Calculated NMOT

Supplementary information: —

TABLE 10: MQT 08 - Outdoor exposure test

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

Sample #

Total irradiation dosage [kWh/m?]....

Angle of tilt the test module ..............

Electrical load:

[]Restive load
[ MPPT

Supplementary information: N/A

Table 10.1: MQT 01: Visual inspection after outdoor exposure test

Test Date [YYYY-MM-DDJ.................

Sample #

Nature and position of initial findings — comments or attach photos

Supplementary information—

Table 10.2: MQT 15: Wet leakage current test after outdoor exposure test

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

Test Voltage applied [V] ...ccccoovveeeen.
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Solution temperature [°C]

Size of module [M?] .....ooiiiiiiieiieeeeeee :

Solution resistivity [Q/ cm) .....ccooveiiiiienene :

<3,500 Q/cm at 22 + 2°C |—

Sample #

Measured [MQ]

Limit [MQ]

Result

Supplementary information: —

Table 10.3: MQT 02 - Maximum power determination after outdoor exposure test - Optional

Test Date [YYYY-MM-DD]

Module temperature [°C]

Irradiance [W/m2)

Sample #

Vmp [V]

Pmax [W]

Supplementary information: N/A

Table 10.4: MQT 03 -

Insulation test after outdoor exposure test - Optional

Test Date [YYYY-MM-DDJ......cccccovvvvriirrnnnn :

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

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

Required Resistance [MQ)]...........ccccoeeiernene :

Sample # [Measured| Required (MQ)

Dielectric breakdown

Result

(MQ) (MQ)

Yes (description)

No

Supplementary information: —

TABLE 11: MQT 18: Bypass diode thermal test

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

Sample #

Module temperature [°Cl.......ccccevveneeieennenn :

Number of diodes in junction box.................. :

Diode manufacturer ............ceeeveeeeeeeeeeeeevevennnns :

Diode type designation ............cccoveeevieernennns :

Max. permissible junction temperature T]max[ C]
(according to diode datasheet)...................... :

Detailed description of sample preparation
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ProCEAUIE .....ccvveecieeiiee 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 .....:

Pulsed CUMeNt..........coovvcvveieieeeeeeieeee e

Voltage drop [V]

VD versus TJ characteristic...............ccoeeeel

Max. permissible junction temperature ijax[ C]
(according to diode datasheet)..................... :

Step 2, Bypass diode thermal test

Diode 1

Diode 2

Diode 3

Result

Current flow applied [A] ...coooveriieee e, :

Max. diode surface temperature allowed Tjmax
[°C]:

Voltage drop [V] after 1h......ccoceevieeevicee e, :

Calculated max. junction temperature Tjcac [°C] ....:

Tjcalc < Tjmax (test passed)? yes/No .......ccccccceveeeeennee. :

Current flow (1.25 * ISC) [A] vevvevreiiiiiiiiienee e, :

Bypass diode remain(s) functional (yes/no) ........... :

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.
that additional bypass diodes tests are performed the results shall be listed in an attachment.

In case

TABLE 11.1: MQT 01 - Visual inspection after bypass diode thermal test

Test Date [YYYY-MM-DD].....ccooccevvvveeiiiieee e :

Sample #

Nature and position of initial findings — comments or attach photos

Supplementary information: N/A

TABLE 11.2: MQT 15 - Wet leakage current test after bypass diode thermal test

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

Test Voltage applied [V] ..o :

Solution temperature [°C] ....ccccoevvivieeeiiiiieeeniieennn :

Size of module [M?]....ccceoiiiii :

Solution resistivity [Q/ €M) .....ccoeevveevieiieniene :

< 3,500 Q/ cm at 22 + 2°C

Sample # Measured [MQ]

Limit [MQ]

Result
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Supplementary information: —
TABLE 11.3: MQT 02 — Max. power determination after bypass diode thermal test - Optional N/A
Test Date [YYYY-MM-DDJ.......ccccovvvuvrinnnns — —
Module temperature [°Cl.......cccceevvveviieennnns: — —
Irradiance [W/M32) ..o — —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] 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]......cccccevvvvreenes : — —
Test Voltage applied [V] .ccccevvceeiviiieeens : — —
Size of module [M2] ..o, : — —
Required Resistance [MQ]..........ccceeevvene : — —
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 —
Test Date [YYYY-MM-DD]......cccooovrvrrrrrrrerinnns — -
[] Method A —
Ambient temperature [°C] .......ccooeieiiiinnil —
Current flow applied [A] ...cveviiiiil —
Sample # VEM VFMrated VFEM = (N % VFMrated) + 10 % Result
— — — [Yes [ 1No —
Supplementary information:
[ ] Method B —
Sample # Diode IV curve after shading Result
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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] ......cccceovvvveniiinnnnl [ — —
Testmethod ........cccccveveeeeeveeeeseeeeeneesseeeeeeeens. | L] Simulator ] 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.............c.ccccceeveveveeenens | L] Simulator ] Natural sunlight —
Stabilization criterion x per IEC 61215-1-X...... [— —
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # Test Date (YYYY-MM-DD) start/end .......... : —
Test cycle ::}f&ggﬁ Irradiance terw;:rlgﬁj o Resistive Tﬁgxe(x\clj);ft Pmax — Pmin) / | Stable
(KWh/m2) (W/m2) C) load cycle Paverage (%) | (Yes/No)
Initial — — — — — — —
1 — J— — J— J— J— J—
2 — J— — J— J— J— J—
3 — J— — J— J— J— J—
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 13: MQT 09 - Hot-spot endurance test P

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

2020-10-18/2020-10-19

Sample #

HA2020TL-509-002D

Procedure of technology

] monolithically integrated (MLI) thin film
technologies MQT 09.2

X] wafer-based technologies (WBT) MQT 09.1

Cell interconnection circuit

O0s [Osp X spPs

Type of light source

] Pulse Simulator
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X Steady state Simulator
] Natural sunlight
Module temperature at thermal equilibrium [°C].: |51.3 —
TABLE 13.1: MQT 09 - Hot-spot endurance test for WBT —
LOW LOW LOW HIGH —
shunt shunt shunt shunt
Selected hot-spot cells..........ccooevriiiiiiiiiiien, . | resistance | resistance | resistance | resistance
192 203 229 1856
Shading rate [20]........cceveereerierierieneesee e : 30 30 30 30 —
Max. measured cell temperature in each cell [°C]: 151.2 149.8 144.0 136.3 —
Test duration of each shading [] ........c.ccceeeenee : 1 1 1 1 —
Irradiance during shading [W/m?] .................... : 1000 1000 1000 1000 —
Supplementray information: N/A
TABLE 13.2: MQT 09 - Hot-spot endurance test for MLI N/A
Selected hot-spot Cells.......ccccvevveeiiiiee e — —
Number of cells shaded ...........cccocovviiiiciiciecendd — —
Max. measured cell temperature [°C] ................... — —
Test duration during shading [h] .....cccccovvvvervinnnnl: — —
Irradiance during shading [W/m?] ............... ... — —
Supplementary information:
TABLE 13.3: MQT 01 - Visual inspection after hot-spot endurance test P
Test Date [YYYY-MM-DD].......ccccocvvvinnnnieeneennt | 2020-10-19 —
Sample # Nature and position of initial findings — comments or attach photos —
'é%éogggé 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]....ccccooieiiiiiiiiinieenieend 2020-10-19 —
Module temperature [°Cl......cccooeereeerieeiieenieeenees 25 —
Irradiance [W/M?) ......ooiiiiieee e 1000 —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] —
s | 49291 | 10379 40.414 9.891 399.735 78.13 P
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Supplementary information: N/A
TABLE 13.5: MQT 03 - Insulation test after hot-spot endurance test P
Test Date [YYYY-MM-DD]....cccceooeriiiniireiieenieend 2020-10-19 —
Test Voltage applied [V] ..o 8000/1500 —
Size of module [M2].....cooovviiii e 2.01 —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No
S | >2000 19.9 No dielectric breakdown X P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.6: MQT 15 - Wet leakage current test after hot-spot endurance test P
Test Date [YYYY-MM-DD].....ccccooviriiniiiiiienenee 2020-10-19 —
Test Voltage applied [V] coevvveivceee e 1500 —
Solution temperature [°Cl.........evvvvrrvererrininninnnnnnn. : 22.5 —
Size of module [M2] ..o 2.01 —
Solution resistivity [Q/ cm) ......ccceeveviievieiienieenes [<3,500 Q/ cm at 22 £ {2349 —
2°C
Sample # Measured [MQ] Limit [MQ] Result
Hs'gg‘_)gg;é‘ >2000 19.9 P
Supplementary information: The maximum resistance measurement range is 2000MQ.
TABLE 13.7: MQT 18.2 - Bypass diode functionality test after Hot-spot endurance test P
Test Date [YYYY-MM-DD]........ccoceveevrnenenne.s | 2020-10-19 —
(] Method A _
Ambient temperature [°C] ....ccccevvveveviiieeeiins | — —
Current flow applied [A] ..cocovvevvieeeieee el [ — —
Sample # VEM VFMrated VFEM = (N X VFMrated) + 10 % Result
_ — — ] Yes [1No —
Supplementary information: —
X Method B —
Sample # Diode IV curve after shading Result
Diode 1 Turn on P
g&z_gggy" Diode 2 Turn on P
Diode 3 Turn on P

Supplementary information: N/A
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TABLE 14: MQT 10 - UV preconditioning test

Test Date (YYYY-MM-DD) start/end...............:

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

UV irradiance (280-400nm) [W/m?] .............. :

Ratio of UV irradiance (280-320nm) (%) ........:

UV dose (280-400nm) [KWh/ m?] ............... :

Module operation condition .............ccccceeeen

[] Short circuited [ ] Pmax

Supplementary information: —

TABLE 14.1: MQT 01 - Visual inspection after UV preconditioning test

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

Sample #

Nature and position of initial findings — comments or attach photos

Supplementary information: N/A

TABLE 14.2: MQT 15 - Wet leakage current test after UV preconditioning test

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

Test Voltage applied [V] cccceevveeevicieeeeciieees :

Solution temperature [°Cl........oevvvvvvvervvvvevnnnnn’

Size of module [MZ] ..., :

Solution resistivity [Q/ €M) ...ooovieiiiiiiiee <3,500 Q/cmat22 +2°C |—

Sample #

Measured [MQ]

Required Resistance [MQ]

Result

Supplementary information: —

TABLE 14.3: MQT 02 — Max. power determination after UV preconditioning test - Optional

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

Module temperature [°Cl.......cccccevveereerieenene

Irradiance [W/M?)......coooeivieiiee e

Sample #

Imp [A]

Pmax [W]

FF [%)]

Result
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Supplementary information: N/A

TABLE 14.4: MQT 03 - Insulation test after UV preconditioning test - Optional N/A
Test Date [YYYY-MM-DDJ......cccccovrivrirrinnnnn’ — —
Test Voltage applied [V] .....cocovviniiieiee! — —
Size of module [M?] ... — —
Required Resistance [MQ)]..........cccoovevinnnnnt — —
Sample # Measured Dielectric breakdown Result

[MQ] Yes (description) No

Supplementary information: —

TABLE 15: MQT 11 - Thermal cycling 50 test

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

Total cycles (50)

Applied current (A)

During the heat up cycle from —

-1-40 °C to 80 °C

Other stages

Sample #

Open circuits (yes/no)

Supplementary information: N/A

TABLE 15.1: MQT 01 - Visual inspection after thermal cycling 50 test

Test Date [YYYY-MM-DD]

Sample #

Nature and position of initial findings — comments or attach photos

Supplementary information: N/A

TABLE 15.2: MQT 15 - Wet leakage current test after thermal cycling 50 test

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

Test Voltage applied [V] ..o, :
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Solution temperature [°C]

Size of module [m?]

Solution resistivity [/ cm)

..................................... <3,500 Q/cmat22+2°C |—

Sample #

Measured [MQ]

Required Resistance [MQ]

Result

Supplementary information: —

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

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

Module temperature [°C].......cccovveviinreeiinnnas

Irradiance [W/M32) ........cccoveieeieeiie e

Sample #

Vmp [V] Pmax [W]

FF [%]

Supplementary information: —

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

N/A

Test Date [YYYY-MM-DDJ......cccccovvvurriunnnnnn :

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

Size of module [M?] ....cooiiiiiiiiiieee :

Required Resistance [MQ)]...........ccccceiiinne :

Sample Measured

Dielectric breakdown

# MQ]

Yes (description) No

Supplementary information: —

TABLE 16: MQT 12 - Humidity freeze 10 test

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

Total cycles (10) ...ooooveiiiieeieeieeiiieeeee e :

10

Applied current (A) ..o :

Sample #

Open circuits (yes/no)
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Supplementary information: N/A
TABLE 16.1: MQT 01 - Visual inspection after humidity freeze 10 test —
Test Date [YYYY-MM-DDJ......cccccovvivnirninnnnnnt — —
Sample # Nature and position of initial findings — comments or attach photos —
Supplementary information: N/A
TABLE 16.2: MQT 15 - Wet leakage current test after humidity freeze 10 test —
Test Date [YYYY-MM-DD].....ccoocevvcvveeiiiieeennss — —
Test Voltage applied [V] cccoeevveeevicieee e — —
Solution temperature [°Cl.........coveiiill — —
Size of module [MZ] ... — —
Solution resistivity [Q/ €M) .....ccvvvvriiiiinien, <3,500 Q/cmat22+2°C |— —

Sample # Measured [MQ] Limit [MQ] Result

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 16.3: MQT 02 - Maximum power determination after humidity freeze 10 test -Optional | N/A

Test Date [YYYY-MM-DD]

Module temperature [°C]...

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

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] 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]

Test Voltage applied [V] ...

Size of module [m?]...........
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Required Resistance [MQ].........ccccocvvivinnnnn — —
Sample # Measured Required Dielectric breakdown Result
MQ MQ Yes (description) No

Supplementary information: Size of module [m?]

TABLE 17: MQT 14 - Robustness of terminations test —

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

TABLE 17.1: MQT 14.1 Retention of junction box on mounting surface —

Sample # — —

Supplementary information:

TABLE 17.2: MQT 01 - Visual inspection after retention of junction box on mounting —
surface

Test Date [YYYY-MM-DD].....ccooceevvvveeiiciieeernnn, = —

Sample # Nature and position of initial findings — comments or attach photos —

Supplementary information: N/A

TABLE 17.3: MQT 15 - Wet leakage current test after retention of junction box on mounting —
surface

Test Date [YYYY-MM-DD].....ccocceevevvreviiinnennns : — —

Test Voltage applied [V] «ccceevcevevicieeeiiieeees : — —

Solution temperature [°Cl........cevvvvvvvevvvnvennnnnn’ — —

Size of module [M?] .....cooviiiiiiie, — —

Solution resistivity [Q/ €M) ... <3,500 Q/cmat22 +2°C |— =

Sample # Measured [MQ] Limit [MQ] Result

Supplementary information: —

TABLE 17.4: MQT 14.2 - Test of cord anchorage —

Sample # — —

[1Junction boxes intended to be used with cables specified by the manufacturer —
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Cable diameter, . Permissible .Measured RES
Tension Force, [N] : displacement,
[mm] displacement, [mm]
[mm]
Pull test — — — — —
Cable diameter, Torque Force, . Measured angle | Result
Permissible angle [?] v
[mm] [Nm] ]
Torque test — — — — —

O Junction boxes intended to be used with generic cables =

Anchorage . Permissible Measured Result
diameter range et mEmele] Tension displacement displacement
9 [mm] Force, [N] P P
[mm] [mm] [mm]
Pull test Min — — — — — —
Anchorage Torque . Result
diameter range Test mandrel =T P(;rnmistgIe Measur[(j]d angle
[mm] [mm] Nm] :
Torque test | Max — — — — — —

Supplementary information:

TABLE 17.5: MQT 01 - Visual inspection after retention of test of cord anchorage —

Test Date [YYYY-MM-DDJ.......cccccevevnenninnnt — —

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 —

Test Date [YYYY-MM-DD]......ccoooovvverrrrrrernnnee. : — —

Test Voltage applied [V] ..ccceveeevceviieeeieeee, : — —

Solution temperature [°Cl......ccccoevviiireriiienennt — —

Size of module [M2] ..., — —

Sample # Measured [MQ] Required Resistance [MQ] Result

Supplementary information: —

TABLE 17.7: MQT 03 - Insulation test after test of cord anchorage —

Test Date [YYYY-MM-DD].....ccccooovvernens : — —

Test Voltage applied [V] ...cccooveenieeienns : — —

Size of module [M2]........cccviiiiiiiniiee, : — —
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Required Resistance [MQ].........c.ccceevenne : — —
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 ...............: 2020-09-19/2020-10-23 —
Total cycles (200) ... 200 —
During the heat up 9.927A for HA2020TL-509- —
cycle from 003D.
Applied current (A) ......cccoceveererncsesnnennns. [40°C 1080 °C 9.891A for HA2020TL-509-
004D.
Other stages 0.03 —
Sample # Open circuits (yes/no) —
HA2020TL-
509-003D No P
HA2020TL-
509-004D No P
Supplementary information: N/A
TABLE 18.1: MQT 01 - Visual inspection after thermal cycling 200 test P
Test Date [YYYY-MM-DD]..........cccoeeeveeneenet [ 2020-10-23 —
Sample # Nature and position of initial findings — comments or attach photos —
HA2020TL- _
509-003D No major visual defects found P
HA2020TL- _
509-004D 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-DDJ......ccccocvrvurrirnireinsinenns 2020-10-23 —
Test Voltage applied [V] ..o 1500 —
Solution temperature [°Cl.......ccoovvieeiiiiiieeiieen 21.2 —
Size of module [M?] ....oooiiiiiiiee e 2.01 —
Solution resistivity [Q/ cm) .......c.ccoevevevievieveeeeennl [<3,500 Qf cm at 22 + 2°C 2417 =
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Clause Requirement + Test Result - Remark Verdict
Sample # Measured [MQ] — Result
Jovyodie >2000 19.9 P
Jovyodie >2000 19.9 P

Supplementary information: The maximum resistance measurement range is 2000MQ.

TABLE 19: MQT 13 - Damp heat 1000 test —

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

Total hours (L000N) ......ccccvveiiiiiieiiiiieeee = —

Sample # Open circuits (yes/no) —

Supplementary information: N/A

TABLE 19.1: MQT 01 - Visual inspection after damp heat 1000 test —

Test Date [YYYY-MM-DDJ......cccceevvvvevicrnnnenn: — —

Sample # Nature and position of initial findings — comments or attach photos —

Supplementary information: N/A

TABLE 19.2: MQT 15 - Wet leakage current test after damp heat 1000 test —

Test Date [YYYY-MM-DD]......cocoomvrcvmrerernl | — —

Test Voltage applied [V]....cccccovieiiiiiiinenn L= —

Solution temperature [°Cl........ccccvvvvivrnnnnnnnnnn. = —

Size of module [MZ] ..o | — —

Solution resistivity [Q/ €M) ... <3,500 Q/cmat22+2°C |— —

Sample # Measured [MQ] Limit [MQ] Result

Supplementary information: —

TABLE 19.3: MQT 02 - Maximum power determination after damp heat 1000 test - Optional —

Test Date [YYYY-MM-DD].....ccccoviinienienn’ — —

Module temperature [°Cl........ccccevvvrevriennnnn’ — —

Irradiance [W/M2) .....cooceeeeieirieeeere el — —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
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Clause Requirement + Test Result - Remark Verdict
Supplementary information:
TABLE 19.4: MQT 03 - Insulation test after damp heat 1000 test - Optional —
Test Date [YYYY-MM-DDJ.......cccccevveeneeneeneene : — —
Test Voltage applied [V] .....ccoeevienienienieneene : — —
Size of module [M?] .....cccoiiiiiiiiee, — —

Sample # Measured Required Dielectric breakdown Result

Resistance
[MQ] [MQ] Yes (description) No

Supplementary information: —

TABLE 19.5: MQT 16 Static mechanical load test —

Sample #: — —

Design load (front side/ back side) ...........c......; | — —

Safety factors ......cccccce e [ — —

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

Mounting method ..........cccccevvvvviiiiiiiiiiiieee, : — —

[IoF=To I=T o] o] =T o i (o FO : front side back side —

Mechanical load [Pa].......ccccccvvvvvviviiiiiiiiiennnnd — — —

First cycle time (start/end)........ccccevvvvvvvevennnnnns — — —

Intermittent open-circuit (yes/no) .................... — — —

Second cycle time (start/end) ...........ccccvveee — — —

Intermittent open-circuit (yes/no) .................. — — —

Third cycle time (start/end) ........cccccvveeernnnnnl — — —

Intermittent open-circuit (Yyes/no) ...................: — — —

Supplementary information: N/A

TABLE 19.6: MQT 01 - Visual inspection after static mechanical load test —

Test Date [YYYY-MM-DDJ.......cccccevvverennennnt — —

Sample # Nature and position of initial findings — comments or attach photos —

Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict

TABLE 19.7: MQT 15 - Wet leakage current test after static mechanical load test —

Test Date [YYYY-MM-DDJ.......cccccevvenieniennennd — —

Test Voltage applied [V].....ccccooviveiiiiiinennn : — —

Solution temperature [°Cl........cccovvveeeiiineeenne : — —

Size of module [M?] ... — —

Solution resistivity [Q/ €M) ....ccovevviiiiiieee < 3,500 Q/cm at 22 + 2°C — —

Sample # Measured [MQ] Limit [MQ] Result

Supplementary information: —

TABLE 19.8: MQT 17 - Hail impact test —
Test Date [YYYY-MM-DD].....ccccccevvvveene : — —
Sample # — —
1 2 3 4 5 6
Ice ball size [MM] .cccovvvvvvviiiiiiiiiiiieieeeeeean — — — — — — —
7 8 9 10 11 /
— — — — — /
1 2 3 4 5 6
Ice ball weight [g] ..coooviveieiiiiiiie . 5 5 0 " ; —
— — — — — /
1 2 3 4 5 6
Ice ball velocity [M/S].....cccoviieiiiineinn — — — — — — —
7 8 9 10 11 /
— — — — — /
Number of impact locations ............c.......  |— —

Supplementary information: —

TABLE 19.9: MQT 01 - Visual inspection after hail impact test —

Test Date [YYYY-MM-DDJ......ccccccvrerrnnnnst — —

Sample # Nature and position of initial findings — comments or attach photos —

Supplementary information: N/A
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Clause Requirement + Test Result - Remark Verdict
TABLE 19.10: MQT 15 - Wet leakage current test after hail impact test —
Test Date [YYYY-MM-DDJ........cccccveennenne : — —
Test Voltage applied [V].....cccccovveeennnns — —
Solution temperature [°Cl.......ccccovvveeennn — —
Size of module [M?] ... : — —
Solution resistivity [Q/ cmM) .....ccoeevieviiiienene < 3,500 Q/cm at 22 + 2°C —

Sample # Measured [MQ] Required Resistance [MQ] Result
Supplementary information: —
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].....ccccccevvveeenne : —
Test method .......cccoeveveveceeeeeeeceeee . | [ 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: [] Simulator ] Natural sunlight
Stabilization criterion x per IEC 61215-1-x :
Abbreviation: Regarding light source “S” for Solar simulator and “N” for Natural sunlight
Sample # Test Date (YYYY-MM-DD) start/end..:

Irradia
Integrated Module " Pmax (W) at b
Test cycle irradiation (\r;\;: /?n temperature Re;l:gve the end of Plg,“a* PE‘(;O))/ (fégﬁ\l,%)
(kWh/m2) 2) (°C) cycle average
Initial — — — — — — —
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Clause Requirement + Test Result - Remark Verdict
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].......ccccceveeruenne : [2020-10-23 —
Test Method ........ccccveveveeeeeeeeeeee e X Simulator [] Natural sunlight —
Pmax Pmax [W] Power Result
Sample # Voc [V] | Isc [A] | Vmp [V]| Imp [A] W] FF [%)] (Lab Degradation
_GateNo.1) [%0]
HA2020TL-
509-001D 49.297 |110.418| 40.355 | 9.925 | 400.523 | 77.99 400.847 +0.08 P
HA2020TL-
509-003D 49.272 |110.332| 40.400 | 9.812 | 396.405 | 77.87 399.986 +0.90 P
HA2020TL-
509-004D 49.225 |10.335| 40.327 | 9.817 | 395.890 | 77.82 398.843 +0.74 P

control module.

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

TABLE 21: MQT 03 fin: Final Insulation test P
Test Date [YYYY-MM-DD].....ccccoeoveernens : 2020-10-23 —
Test Voltage applied [V] ...cccoovienieenienns : 8000/1500 —
Size of module [M2]........cccooiviiiiiiniiee, : 2.01 —
Sample # Required Measured Dielectric breakdown Result
MQ MQ Yes (description) No
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Clause Requirement + Test Result - Remark Verdict
HA2020TL-509-| 19 g >2000 No Dielectrical breakdown P

001D
HA2020TL-509-| 19 g >2000 No Dielectrical breakdown P

003D
HA2020TL-509-| 19 g >2000 No Dielectrical breakdown P

004D
Supplementary information: the maximum resistance measurement range is 2000MQ.
TABLE 22: MQT 15 fin: Final Wet leakage current test P
Test Date [YYYY-MM-DDJ .......ccoccvvrvireeenninnenn. : 2020-10-23 —
Test Voltage applied [V]....ccccooviieiniiiiiiiien, : 1500 —
Solution temperature [°Cl......ccccovvieeeniieeennnnn : 22+2 —
Size of module [M?].....cccooiiiiii : 2.01 —
Required Resistance [MQ)].........ccccocviiniiinnnn. : 19.9 —

Sample # Measured [MQ] Limit [MQ] Result

HA2020TL-509-

001D >2000 19.9 P
HA2020TL-509-

003D >2000 19.9 P
HA2020TL-509-

004D >2000 19.9 P

is 2000MQ.

Supplementary information: Solution resistivity <3500 [Q-cm]. The maximum resistance measurement range
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ANNEX 1: PRODUCT DESCRIPTION SHEET (MANUFACTURERS AND TYPE REFERENCES)

Al.l MODULE TYPE/S
a)SPxxx-72M, xxx=370 to 410 in step of 5,
b)SPxxx-60M, xxx=305 to 340 in step of 5,
C)SPxxx-54M, xxx=280 to 310 in step of 5,
d)SPxxx-48M, xxx=245 to 270 in step of 5,
€)SPxxx-36M, xxx=185 to 205 in step of 5,
f)SPxxx-144M, xxx=410 to 460 in step of 5,
g)SPxxx-120M, xxx=340 to 385 in step of 5,
h)SPxxx-144MG, xxx=380 to 415 in step of 5,
i)SPxxx-120MG, xxx=315 to 345 in step of 5,
XXX is standing for rated output power at STC
Al.2 MODULE DESIGN
Module dimensions (L x W x H) [mMm] .................: |2) 1979 x1002x 35 [mm]
b) 1665 x 1002 x 35 [mm]
) 1500 x 1002 x 35 [mm]
d) 1348 x 1002 x 35 [mm]
e) 1500 x 675 x 35 [mm]
f) 2094 x1038 x 35 [mm]
g) 1755 x1038 x 35 [mm]
h) 2008 x1002 x 35 [mm]
i) 1685 x 1002 x 35 [mm]
WEIGNES oot | 8) 22.0KG (aPPTOX)
b) 19.0kg (approx)
c) 16.1kg (approx)
d) 14.6kg (approx)
e) 11.7kg (approx)
f) 23.5kg (approx)
0)19.5kg (approx)
h)22.0 kg (approx)
i)18.0 kg (approx)
Front/Rear cover bonding classification ...............: |[X] rigid/flexible
[ rigid/rigid
] flexible/flexible
Al1.3-1 SOLAR CELL
Cell type referenCe ......ocoeevveeeereeeeeeeessseeennenn .| YONGWeI Solar (HEFEI) CO., LTD
Model: M1585BPERC SE,5BB
Cell technology: Mono-Si
Cell dimensions L X W X T (= %) [mm] ................ © |158.75x 158.75+0.25
Cell thickness [UM] ....ooveeiiiiiieiie e © 1190 £ 19
Cellarea [Cm2] .....oooiiiiieiiiee e . 1252.02
Al1.3-2 SOLAR CELL
Cell type reference ..........ccveeveeeeeveceeeeseesncenennnn s | YONGWe Solar (HEFEI) CO., LTD
Model: M1669BPERC,9BB, %2 cut Cell
Cell technology: Mono-Si
Cell dimensions LXW X T (x %) [mm] ................ : 1166x83+0.25
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Cell thickness [UM] ....ooeeeiiiiiiiiiee e © 1190 £ 19
Cellarea[Cm?] .....oooviiiiieiiiee e © 1137.09
A1.3-3 SOLAR CELL
Cell type reference ........ccocoveceeeeeeenvceeeerseesnennnnn s | 10NgWeI Solar (HEFEIN CO., LTD
Model: M1589BPERC,9BB, % cut Cell
Cell technology: Mono-Si
Cell dimensions LX W X T (x %) [mm] ................ © |158.75x79.38+0.25
Cell thickness [UM] ....ooeeeiiiiiiiiiee e © 1190 £ 19
Cellarea[Cm?] .....cooiiiiieiiiiie e © 1126.01
Al4 IDENTIFICATION OF MATERIALS

FroNt COVEN....uviiiiiii e

Changzhou Hongshida Energy
technology Co., Ltd.

Type:AR coating tempered glass,
Thickness: 3.2 mm

REAI COVET .ot

Jolywood (Suzhou) Sunwatt Co., Ltd.
Type:FFC-JW3010(plus)

Material: FFC (air side)/PET/FFC (cell
side), Thickness:13um(white)/285um/12u
m(white), total 310um,

Color: White

Encapsulation material ...........cccccovviiniiniinennnn

Changzhou Sveck PV New Material Co.,
Ltd.

Material: EVA, type:SV-15296P (front),
Thickness: 0.50mm

Material: EVA, type:SV-15297P(back)
Thickness: 0.50mm

Frame Parts ......ccoooviiiiiiiiiiiiin e

Yangzhou Yuxin metal products

Co., Ltd.

Anodized aluminum alloy, type 6063-T5,
assembled by key corners
Thickness:35mm

MoUNING PAItS ...

N/A

Adhesive for frame ........ccoeviiiiiiiiiiie e

Suzhou Tonsan Adhesive Ltd.
Type: TS1527

Edge sealing........occuvieeiiiiiiiieeeeeee

N/A

Internal Wiring ........ccuveiiiiieii e

N/A

Cell CONNECION.....ciiveeiiieie e

Wuxi Changliang Photoelectric
Technology Co., Ltd.

Base Cu, Purity 299.97%, Cross section:
0.25x1.0mm, Coating: Sn60Pb40

Wuxi Changliang Photoelectric
Technology Co., Ltd.

Base Cu, Purity 299.97%, Cross section:
@0.35mm, Coating: Sn60Pb40
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SHNG CONNECTON .ot

Wuxi Changliang Photoelectric
Technology Co., Ltd.

Base Cu (TU1). Purity 299.97%. Coating:
Sn60Pb40.Cross section: 6 x 0.35 mm

Soldering material............ocooeeiiiiiieiiee e

N/A

FIUXING A0ENT .....eoiiiiiiiieiiiee e

LANTRONIC
Type: SE/A603-2

JUNCHON DOX.uuiiiiiiiiie e

Taizhou Chuangda Electronic Co., Ltd.
Type: PV-JB08-A, DC1500V,15A, -40
t085°C, IP68(1m,1h)

Taizhou Chuangda Electronic Co., Ltd.
Type: PV02, DC1500V,18A, -40 to 85°C,
IP68(1m,1h)

CADIE oottt Taizhou Chuangda Electronic Co., Ltd.
Type: H1Z272-K 1x4mm2, DC 1500V, -
40 °C to 90 °C

CONNECLON «.e.veeeeeeeeeeeesereeesereesseeseseseeneenenennn s | 1@1ZHOU Chuangda Electronic Co., Ltd.

Type: PV-TT02,1500V DC,43A, -40 to
85°C, IP68(1m,1h),

Bypass diode ........ccooeiiiiiiiiiic e

for PV-JB08-A:Taizhou Chuangda
Electronic Co., Ltd.

Schottky, Type: 30PV045

Max. peak reverse voltage 45V,
Forward Rectified current 30A.
Max junction temperature 200°C

for PV02:Taizhou Chuangda Electronic
Co., Ltd.

Schottky, Type: PV3045

Max. peak reverse voltage 45V,
Forward Rectified current 30A.

Max junction temperature 200°C

Potting material..........cccccveeiiici e

Suzhou Tonsan Adhesive Ltd.
Type TS1521

Adhesive for junction box ........ccccciiiil

Suzhou Tonsan Adhesive Ltd.
Type TS1527

Additional material (e. g. fixing tape, insulation

Insulation material between string
connectors:

same as backsheet

Fixing tape:

3M

Anti-UV PET Tape, type: UV-1
Label:

Hangzhou TOKA INK CO, LTD
Type: UV 161 S series

Al5

MODULE DESIGN - MINIMUM DISTANCES

Between Cells........cooueeiiiiiicii e

a)b)c)d)e)f)g)2+1mm, h)i)1.8+0.5mm

Between cell and accessible surfaces..................:

a)13.0mm b)14.25mm ¢)13.75mm
d)14.25mm e)14.0mm f)12.25mm
0)12.75mm h)15.25mm i)15.25mm

Between any current carrying part and accessible
SUIMACES ..ot

a)12.0mm b)13.75mm ¢)13.75mm
d)14.0mm e)14.0mm f)12.25mm
0)12.75mm h)13.7mm i)14.05mm
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Al.6

MODULE DESIGN - ELECTRICAL CONFIGURATION

Total number of CellS ......coovviiiiiiiiiiee e, :

a)72, b)60, c)54, d)48, €)36,
f)144,9)120,h)144,i)120

Serial-parallel connection of cells......................... :

a)72-1, b)60-1, ¢)54-1, d)48-1, €)36-1,
f)24-2-3,9)20-2-3,h)24-2-3,i)20-2-3

Cells per bypass diode ..........cccvveiiiiiiiiiiiiiee :

a)724, b)20, c)18, d)16, €)18,
f)24x2,9)20x2,h)24x2,i)20x2

No. of bypass diodes ..........cooccvviveeiieeeiiiciiieeee, :

3
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Annex 2: Test table for verifying other alternative stabilization procedure

Step 1: Alternative stabilization

Test Date (YYYY-MM-DD) start/end:

Test method description:

Sample M10

Sample M11

Sample M12

Power before alternative stabilization (W)

Power after alternative stabilization (W)

Supplementary information:

Step 2: Light exposure

O Simulator O Natural sunlight

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

Sample Test Date (YYYY-MM-DD) start/end...........cccceevvvvreeicnnnnnn. :
Test cycle | Light source :Prtaegﬁitgr? Irz\a;\\;j/ir?qr;():e teri\lﬂp?grlejxlt?ue Reizizgve aTT;);(Z\rll)d PTT;ave:g:n) (\zz})l\lleo)
(kWh/m2) (°C) of cycle (%)
Initial — — — — — — — —
1 — — — — — — — —
2 — — — — — — — —
Supplementary information:
Sample Test Date (YYYY-MM-DD) start/end............cc.ccuvernne :
Test cycle | Light source :Prt;%ggg Irr(s\(lj/i;rlc):e texsgrlglsjre Re](sji:(tjive aTTﬁZ(\é\r/])d PTT;averI:(:Zn) (fézﬁ\lli)
(kWh/m?2) (°C) of cycle (%)
Initial — — — — — — — —
1 — — — — — — — —
2 J— J— — J— J— — — —
Supplementary information:
Sample Test Date (YYYY-MM-DD) start/end...........c.cceevennene. :
Test cycle | Light source :Prt:cgjgi;iitgg Irmﬁge terg/l:grl;ﬁre Relzisgve aFt)T;Z:(Z?d PTgave:;zn) (Eég?l\lleo)
(kWh/m2) (°C) of cycle (%)
Initial — — — — — — — —
1 — — — — — — — —
2 — — - — — - - -

Supplementary information:
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Step 3: Stabilization determination
Sample Sample Sample M Result
Stable power Pmax1 after alternative stabilization (W) — — — —
Stable power Pmaxz after light exposure (W) — — — —
Power change Pmaxz t0 Pmax1 (%) — — — —
Allowed power change Pmaxz t0 Pmaxi (%) — — — —
Is alternative stabilization method valid? (Yes/No) — — — —
Supplementary information:
Annex 3-1: Lower and higher output power modules
Test item 1
TABLE A.4.1 Performance at STC before initial stabilization P
Test Date [YYYY-MM-DD].......cccceeverennnne : 2020-09-01 —
Test Method ........coccveveeeeeececececeeee e ; X Simulator [] Natural sunlight —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
HA20§§)(‘3|1\.—509— 47.854 9.900 39.924 9.310 371.689 78.46 —
HA20§§);I’L\.—509— 47.804 9.921 39.945 9.296 371.325 78.30 —
A0OT 0% | 50841 | 10320 | 42484 9.709 412.477 78.62 _
A 7| 50887 | 10325 | 42503 9.686 411.684 78.36 _
Supplementary information: N/A
TABLE A.4.2: MQT 19.1 ini: Initial Stabilization procedure P

Light exposure method ..........ccccceevvvieeeiinennn, :

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 # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ........... : 2020-09-01/2020-09-09
016A
Integrated : Module Integrated B
Testcycle | irradiation Irzs\?;;r;c):e temperature | Test cycle |irradiation PFTaX PEI;O))/ (fégﬁ\l,%)
(KWh/m2) C) (kWh/m) | Faverage
Initial — — — — 371.689 — —
1 5 800~1000 50 4.3 371.147 — —
2 5 800~1000 50 4.3 369.228 0.66 Yes
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3 — — — — — — —
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ........... : 2020-09-01/2020-09-09
017A
Integrated | - diance Module Resistive | "W | b P )/ | Stabl
Testcycle | irradiation temperature | attheend | S "7 . a/Ne
(KWh/m2) (W/m2) °C) oad of cycle Paverage (%) | (Yes/No)
Initial — — — — 371.325 — —
1 5 Above 800 50 4.3 370.418 — —
2 5 Above 800 50 4.3 368.962 0.64 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-01/2020-09-09
018A
Integrated . Module Integrated e
Test cycle | irradiation IEEREES temperature | Test cycle |irradiation Pmex P"},'”) J ? ta/b,\lle
(KWh/m2) (W/m2) C) (KWh/m2) Paverage (%) (Yes/No)
Initial — — — — 412.477 — —
1 5 800~1000 50 4.3 411.031 — —
2 5 800~1000 50 4.4 408.694 0.92 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-01/2020-09-09
019A
Integrated . Module - Prmax (W) ,
Test cycle | irradiation Irradllance temperature Re|5|s(tj|ve at the end Pmax — Pﬁ;n) / fta;:)'\lle
(KWh/m2) (W/m2) °C) oa of cycle Paverage (%) | (Yes/No)
Initial — — — — 411.684 — —
1 5 Above 800 50 4.4 410.304 — —
2 5 Above 800 50 4.3 409.486 0.54 Yes
3 — — — — — — —
Supplementary information:
[] Other stabilization procedures
Sample # |Test Date (YYYY-MM-DD) start/end............... :
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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].....ccccceevvevnnnns : 2020-09-09 —

Lower end power class | Higher end power class —
Pmax(lab) (W) ..ccoeeieiiieece e : 2351.45 >389.44 —
PN 0.7, W) WO >362.32 >401.49 —
Voc(lab) (V) oo : <£49.16 <51.20 —
ISC (1ab) (A) coeeereiie e, : <9.79 <10.58 =
TEStMENOU c.vieveeeeeeeeee e X Simulator ] Natural sunlight —

Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result

HAZOSS;L"SOQ' 9.774 47.706 9.266 39.848 369.228 79.19 P
HA20§§);’A.—509— 9.770 47.750 9.267 39.815 368.962 79.09 P
HAZOS?;L"SOQ' 10.311 50.651 9.665 42.286 408.694 78.26 P
HAZOS?;L"SOQ' 10.335 50.579 9.706 42.189 409.486 78.34 P

Supplementary information: N/A

Annex 3-2: Lower and higher output power modules

Test item 2
TABLE A.4.1 Performance at STC before initial stabilization P
Test Date [YYYY-MM-DD]......cccccevvvveeens : 2020-09-01 —
Test Method.......c.cceveeveeeeeeeeeeeeeeeeean . X] Simulator ] Natural sunlight —
Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result
HAZnglTCL'509' 48632 | 10824 | 40.086 10.288 412.400 78.34 —
HAZOSSZTCL'F’OS)' 48682 | 10.809 | 40.065 10.302 412.745 78.44 _
HAZng;CL'5°9' 50578 | 11.496 | 41.651 10.965 456.703 78.55 _
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HAZOSSICI:"SOQ' 50.532 11.491 41.632 10.988 457.452 78.78 —
Supplementary information: N/A
TABLE A.4.2: MQT 19.1 ini: Initial Stabilization procedure P
Light exposure method ...........cccccvvciiiennennn . | 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 # | HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
011C
Integrated . Module Integrated o
Test cycle | irradiation Irz\?\;j /'r?qg():e temperature | Test cycle |irradiation PFr,"aX Pr(:;))/ (5 égf)l\lli)
(kWh/m?2) (°C) (KWh/m2) | averaee 170
Initial — — — — 412.400 — —
1 5 800~1000 50 3.9 411.447 — —
2 5 800~1000 50 3.9 409.904 0.61 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
012C
Integrated | - diance Module Resistive | P W) | p P in)/ | Stabl
Testcycle | irradiation (Wim2) temperature oad at the end Fr,"ax r(':;) (YeglN?))
(kwh/m2) (°C) of cycle average 170
Initial — — — — 412.745 — —
1 5 Above 800 50 3.9 412.134 — —
2 5 Above 800 50 3.9 409.507 0.79 Yes
3 J— — — J— — J— J—
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
013C
Integrated . Module Integrated ,
Test cycle | irradiation Irz\%j;r?]gc):e temperature | Testcycle |[irradiation P,;“ax a P(m(;))/ (22?'\"%)
(kWh/m2) (°C) (KWh/m2) | " averaee 170
Initial — — — — 456.703 — —
1 5 800~1000 50 3.8 455.044 — —
2 5 800~1000 50 3.8 453.674 0.79 Yes
3 — — — J— — J— J—
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
014C
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Integrated | - diance Module Resistive | "™ W) | b P )/ | Stable
Test cycle | irradiation (W/m2) temperature load at the end Pmax 2:,'/';) (Yes/No)
(KWh/m2) (°C) of cycle average
Initial — — — — 457.452 — —
1 5 Above 800 50 3.8 455.649 — —
2 5 Above 800 50 3.8 454,013 0.75 Yes
3 — — — — — — —
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 A.4.3: MQT 6.1 Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD]........ccccevverienne : 2020-09-14 —
Lower end power class [ Higher end power class —
Pmax(lab) (W) ..coovvriiiiiiieieee, : =2389.44 2436.94 —
Prax(Lab) (W) coooooeeceoeeecceee >401.49 2450.45 —
VOoc(lab) (V) weeveeieeiiesiecie e : <49.98 <51.0 —
ISC (1ab) (A) coveeieeieeieecee e : <10.84 <11.77 —
Test Method ........ccocveveeeeceeeeeeeeee e X Simulator [] Natural sunlight —
Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
MAZ0OTS™%% | 10803 | 48578 | 10250 | 30956 | 409.904 78.11 P
HAzogch-sog- 10777 | 48534 | 10241 39.989 409.507 78.29 P
HAZng;CL'509' 11.486 | 50.270 | 10.975 41.337 453.674 78.57 P
HAZngICL'509' 11.482 | 50342 | 10.958 41.434 454.013 78.55 P

Supplementary information: N/A
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Annex 3-3: Lower and higher output power modules

Test item 3
TABLE A.4.1 Performance at STC before initial stabilization P
Test Date [YYYY-MM-DD].....c..ccoveevvennenne. : 2020-09-01 —
TeSt MEthOd .....eveeeeeeeeeeeeeeee e : X Simulator [] Natural sunlight —

Sample # Voc [V] Isc [A] Vmp [V] Imp [A] Pmax [W] FF [%] Result

HA20§8;|I3_—509— 47.934 10.205 39.252 9.721 381.569 78.00 —
HA20§8;’|I3_—509— 47.938 10.202 39.282 9.734 382.371 78.18 —
HA20§8;’$—509— 50.505 10.547 41.492 10.069 417.783 78.43 —
HA20§8;I).—509— 50.393 10.542 41.298 10.089 416.656 78.43 —

Supplementary information: N/A

TABLE A.4.2: MQT 19.1 ini: Initial Stabilization procedure P

Light exposure method ...........c.cceceeeeveveeennns | 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 # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
005D
Integrated . Module Integrated ,
Test cycle | irradiation Irz\%j;r?]g():e temperature | Testcycle |[irradiation P,;“ax a P(m(;))/ (\izlbl\lli)
(KWh/m2) (°C) (KWh/m2) | "average 170
Initial — — — — 381.569 — —
1 5 800~1000 50 4.0 379.544 — —
2 5 800~1000 50 4.0 378.147 0.90 Yes
3 — — — — — — —
Sample # HA2020T
L-509- |Test Date (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
006D
Integrated | - diance Module Resistive | " W) | p Py )/ | Stabl
Testcycle | irradiation Wim2) temperature load at the end l;nax 2:;) (Yeleeo :
(KWh/m2) C) of cycle average 70
Initial — — — — 382.371 — —
1 5 Above 800 50 4.0 380.536 — —
2 5 Above 800 50 4.0 379.215 0.83 Yes
3 — — — — — — —
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Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
007D
Test cycle :Prt:c?iggg Irroz;l\(/j/i:gge terw;grgtire Test cycle :Prtaeo?i:ggg PP”":’; ; PE},‘/”O))’ (\22%%)
(kWh/m2) (°C) (kWh/m2) verage
Initial — — — — 417.783 — —
1 5 800~1000 50 4.1 414.654 — —
2 5 800~1000 50 4.1 414.357 0.82 Yes
3 — — — J— — J— J—
Sample # HA2020T
L-509- |TestDate (YYYY-MM-DD) start/end ........... : 2020-09-09/2020-09-14
008D
Integrated |\ yiance Module Resistive | mex (W) Pmax — Pmin) / | Stable
Test cycle | irradiation W/m2) temperature load at the end Paverage (%) | (Yes/No)
(kWh/m2) (°C) of cycle
Initial — — — — 416.656 — —
1 5 Above 800 50 4.1 415.308 — —
2 5 Above 800 50 4.1 413.613 0.73 Yes
3 J— J— J— J— J— J— J—
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 A.4.3: MQT 6.1 Performance at STC after initial stabilization P
Test Date [YYYY-MM-DD].....ccccoovvernens : 2020-09-14 —
Lower end power class [ Higher end power class —
PMax(1ab) (W) ...eeeeeeeeeeeseeeeeeeeseeeeene. : >360.95 >394.19 —
Briae(LAD) (W) oo >372.11 >406.38 —
Voc(lab) (V) weeveeveenieneeineeeeee e : <49.47 <50.90 —
ISC (1ah) (A) oeeereeiieee : <10.16 <10.72 —
TEStMENOU c.eeeveeeeeeeeee e X Simulator ] Natural sunlight —
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Sample # Isc [A] Voc [V] Imp [A] Vmp [V] Pmax [W] FF [%] Result
HAZOSC());ID_—SOQ— 10.104 47.904 9.673 39.093 378.147 78.13 P
HAZOSC())(;I'IID_—SOQ— 10.100 47.873 9.714 39.038 379.215 78.43 P
HAZOSC());I'IID_—SOQ— 10.524 50.384 10.040 41.271 414.357 78.14 P
HAZOSC())E;I'IID_—SOQ— 10.525 50.354 10.026 41.254 413.613 78.04 P
Supplementary information: N/A
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Annex 4: List of measurement equipment

Testing / measuring

Measurement / . - Last Calibration | Calibration
Clause . equipment / material used,
testing . Range used date due date
(Equipment ID)
Visual inspection table
HYJC-YS-033 / 2020.09.10 2021.09.11
MQT 01 |Visual inspection T "
umination photometer
HYJC-YS-070 / 2020.06.12 2021.06.11
Maximum power Module pulse simulator
MQT 02 determination HYJC-YS-021 AAA 2019.12.20 2020.12.19
Programmable control voltage
MQT 03 Insulation test insulation meter / 2020.09.10 2021.09.11
HYJC-YS-155
Measurement of Module pulse simulator
MQT 04 temp(_ar_ature HYJC-YS-021 AAA 2019.12.20 2020.12.19
coefficients
Performance at Module pulse simulator
MQT 06 STC and NMOT HYJC-YS-021 AAA 2019.12.20 2020.12.19
Performance at Module pulse simulator
MQT 07 low irradiance HYJC-YS-021 AAA 2019.12.20 2020.12.19
Outdoor Meteorological collector
MQT 08 Exposure Test HYJC-YS-034 / 2020.09.10 2021.09.11
Steady state simulator
HYJC-YS-014 / 2019.12.20 2020.12.19
Hot-spot i
MQT 09 endurance test Multichannel temperature
recorder / 2020.09.10 2021.09.11
HYJC-YS-073
uv UV test chamber
MQT 10 preco?gslttmnmg HYJC-YS-024 / 2020.01.17 2021.01.16
Thermal cycling test chamber
_ HYJC-YS-054 / 2020.09.10 2021.09.11
MOT 11 Thermal cycling - __
Q test Current continuity monitoring
system / 2020.09.10 2021.09.11
HYJC-YS-139
Humidity-freeze test chamber
. HYJC-YS-141 / 2020.09.10 2021.09.11
> Humidity-freeze - —
MQT 1 test Current continuity monitoring
system / 2020.09.10 2021.09.11
HYJC-YS-151
Damp-heat test chamber
HYJC-YS-135 / 2020.09.10 2021.09.11
MQT 13 Damp-heat test 5 " A—
amp-heat test chamber
HY JC-YS-001 / 2020.09.10 2021.09.11
Robustness of Terminations tester
MQT 14 terminations HYJC-YS-035 / 2020.05.25 2021.05.24
Wet leakage Programmable control voltage
MQT 15 9 insulation meter / 2020.09.10 2021.09.11

current test

HYJC-YS-155
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Conductance meter
HYJC-YS-171 / 2020.09.10 2021.09.11
Static . .
. Mechanical load test machine
MQT 16 mechaiglgtal load HYJC-YS-030 / 2020.09.10 2021.09.11
. Hail tester
MQT 17 Hail test HYJC-YS-036 / 2019.12.17 2020.12.16
Bvpass diode Diode electrostatic discharge
MQT 18.1 tzgrmal ot tester / 2020.09.10 | 2021.09.11
HYJC-YS-156
Bypass diode Module pulse simulator
MQT 18.2 functionality test HYJC-YS-021 AAA 2019.12.20 2020.12.19
MQT 19.1 | Stabilization Steady state simulator / 2019.12.17 | 2020.12.16

HYJC-YS-006
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