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Measurement principles for terrestrial photowoltaic (PV) solar devices with
reference spectral irradiance data

Test specification: IEC 60904-9:2007, Photowoltaic devices — Part 9:
Identificacdo dos testes e  Solar simulator performance requirements
normativas aplicaveis: IEC 60891:2009, Procedures for temperature and irradiance corrections to

measured |-V characteristics of photovoltaic devices
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Setting of tasks
Configuragdes de teste

According to the inquiry of the customer following measurements on the below listed crystalline PV modules
shall be performed:

De acordo com o requerido pelo cliente, para a lista de modulos cristalinos FV identificada na tabela abaixo,
serdo realizadas as seguintes medigdes:

Preconditioning (5.5 kWh/m2) according to IEC 61215:2005 (8 PV modules)
Pré-condicionamento (5.5 kWh/m?) de acordo com a IEC 61215:2005 (8 mddulos FV)
Visual inspection check according to IEC 61215:2005 (8 PV modules)

Inspecéo visual check de acordo coma IEC 61215:2005 (8 mddulos FV)

Insulation test according to IEC 61215:2005 (8 PV modules)

Teste de isolamento de acordo com a IEC 61215:2005 (8 médulos FV)

Wet leakage current test according to IEC 61215:2005 (8 PV modules)

Teste de fuga de corrente molhada de acordo com a IEC 61215:2005 (8 médulos FV)

Measurement of the IV curve at standard test conditions (STC) according to IEC 60904-1:2006
and IEC 60904-3:2008 (8 PV modules)

Medicédo da curva IV em condi¢des padrao (STC) de acordo com a IEC 60904-1:2006
e IEC 60904-3:2008 (8 mddulos FV)

Recording of electroluminescence images (8 PV modules)
Gravacéao de imagens de electroluminescéncia (8 modulos FV)

Remarks: none
Observagdes: henhuma

TUV Rheinland (Shanghai) Co., Ltd. CN21LKC6 001
Solar / Fuelcell Technology
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General information
Informagdes Gerais

Abbreviations used in the report:
Abreviaturas utilizadas no relatério:

STC — Standard Test Conditions Pmp — Maximum power
Condic¢0Oes de teste padréo Poténcia maxima
Vmp — Maximum power woltage Imp — Maximum power current
Voltagem na poténcia maxima Poténcia maxima de Corrente
Voc — Open circuit wltage Isc — Short circuit current
Tens&do em circuito aberto Corrente de curto circuito
FF — Fill Factor
Fator de preenchimento

Possible test case verdicts:
Possiveis vereditos em ensaios:

- test case does not apply to the test object: N/A — Not applicable
Ensaio ndo se aplica a objeto de teste: Nao aplicawel
- test object does meet the requirement: P —Pass
Objeto de ensaio cumpre a exigéncia Aprovado
- test object does not meet the requirement: F — Fall
Objeto de ensaio ndo preenche o requisito: N&o atende

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology CN21LKC6 001
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PV modules
Mdédulos FV
MS560M-HA for sample #1, 2
Module type MS410M-HA for sample #3, 4
Tipo de modulo MS510M-HA for sample #5, 6
MS670M6-DB69 for sample #7, 8
Cell type mono crystalline silicon
Tipo de célula silicio monocristalino mono
Sample number Serial number
Numero da amostra NUmero de serie
1 H27122201250559
2 H27122201250562
3 H271222022400004
4 H271222022400006
5 H271222022400011
6 H271222022400001
7 DY6HOM22401027367
8 DY6H9M?22401026398

Supplementary information: none
Informacgao suplementar: nenhuma

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology

CN21LKC6 001
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Visual inspection (10.1)
Inspecéo Visual (10.1)

Test date [DD.MM.YYYY] 22.06.2022 for sample #1, 2, 3,4, 5, 6
Data de realizacdo dos testes [DD.MM.AAAA] | 22.07.2022 for sample #7, 8

Sample # Nature and position of findings
Amostra # Natureza e localizagcdo dos desvios

No visual defects acc. To IEC 61215:2005

1 Sem Defeitos visuais de acordo com IEC 61215:2005

> No visual defects acc. To IEC 61215:2005 =
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

No visual defects acc. To IEC 61215:2005
Sem Defeitos visuais de acordo com IEC 61215:2005

Analysis of Pre-conditioning
Anélise de pré-condicionamento

Pre-conditioning has been performed with one light soaking cycle at 1000 W/m?2 with an irradiance
dose of 5.5 kWh/mz2,

A Pré-condicionamento foi realizada com recurso a um ciclo de “Exposi¢do solar prolongada” a 1000
W/m2 com uma irradiacéo de 5.5 kWh/mz2,

Test date [DD.MM.YYYY] 22.06.2022 for sample #1, 2, 3, 4, 5, 6
Data de realizagéo dos testes [DD.MM.AAAA]  |22.07.2022 for sample #7, 8
Sample No.

Amostra N°. 1,2,3,4,56,7,8

Average module temperature
during test
Temperatura media dos modulos
durante os testes[°C]

Irradiation applied | Average irradiance
Irradiag&o aplicada| !rradiag@o média
[KWh/mz] [W/m2]

Light source
Fonte de Luz

S 5.5 1000 50£10 P

Supplementary information:
Abbreviation: “s” for solar simulator as light source and “n” for natural sunlight as light source.
Informacgéo suplementar:

Abreviatura: “s” para simulador solar como fonte de luz e “n” para luz solar natural como fonte de luz.

TUV Rheinland (Shanghai) Co., Ltd.

Solar / Fuelcell Technology CN21LKC6 001
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Measurement at STC
Medicdo em condi¢des padrdo (STC)

Measurements were performed at standard test conditions (STC) with a flash light solar simulator class
AAA acc. to IEC 60904-9:2007.

As medic¢des foram realizadas em condi¢es padrdo (STC) com um simulador solar de flash (flasher)
classe AAA de acordo com a IEC 60904-9:2007.

MS560M-HA for sample #1, 2
Module type MS410M-HA for sample #3, 4
Tipo de médulo MS510M-HA for sample #5, 6
MS670M6-DB69 for sample #7, 8

Test date [DD.MM.YYYY] 25.06.2022 for sample #1, 2, 3, 4, 5, 6

Data de realizacéo dos testes [DD.MM.AAAA] | 28.07.2022 for sample #7, 8

Irradiance [W/n] Corrected to 1000* -

Irradiagdo W/m2] Corrigido a 1000*

Module temperature [°C] Corrected to 25*

Temperatura do médulo °C/ Corrigido a 25*

Sample #
Amosptra # | Pmpp[W] | Vmpp [V] Impp [A] Voc [V] Isc [A] FF [%]

1 546.5 42.15 12.966 49.80 13.742 79.9 P!
2 547.6 42.07 13.016 49.83 13.747 79.9 p?
3 410.2 31.44 13.049 37.62 13.850 78.7 P!
4 410.1 31.41 13.056 37.63 13.768 79.2 P!
5 494.2 38.17 12.946 46.04 13.709 78.3 P!
6 500.1 38.01 13.158 45.94 13.816 78.8 p?
7 655.5 38.69 16.941 47.55 17.898 77.0 p?
8 655.3 38.84 16.873 47.54 17.881 77.1 P!

Supplementary information:

*measured graphs see IV cunves in annex 2

The discrepancy between the labelled power value and the measured value shall not exceed the limit of -5% &
10%.

Informac&o suplementar:

* para os valores medidos ver curvas |V no anexo 2

A discrepancia entre o valor de poténciaindicada no rotulo e o valor medido n&o deve exceder o limite de -5%
& 10%.

The measuring uncertainty of Pmax is <+ 3.0 %
The measuring uncertainty of Isc is <+ 2.8 %
The measuring uncertainty of Vocis <+ 0.9 %

Measuring uncertainty includes spectral mismatch error.

no espectro)

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology

(A incerteza de medigéo para Pmax é < +3.0 %)
(Aincerteza de medicdo para Isc é < + 2.8 %)
(A incerteza de medi¢do para Voc é < + 0.9 %)

(A incerteza de medic¢&o inclui os erros por desvios

CN21LKC6 001
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Insulation test (10.3)
Teste de isolamento (10.3)

Test date [DD/MM/YYYY]..oviiiiiiiiiieeeenndd 25.06.2022 for sample #1, 2, 3, 4, 5, 6 —

Data de realizacio dos testes [DD/MM/AAAA] 29.07.2022 for sample #7, 8

Maximum systemwoltage [Voc] ....cvvvvennnnnis 1500 —

Voltagem méaxima do sistema [Vpc]

High woltage applied [Vboc] ....cevvvvviveinineennnidl —

ghltage applied [ Vo] 4000

Alta tensao aplicada [Voc]

Insulation resistance measured at [Voc].......: 1500 —

Valor damedicdo da resisténcia de isolamento [Voc]

Measured Area Result* Dielectric breakdown
Sample # Medida Area Resultado* Quebra dielétrica
Amostra # . , GO * m? Yes (description) No
[GQ] [m?] [ m?] Sim (descricéo) Néo

1 3.59 2.58 9.26 - no )
2 3.36 2.58 8.67 - no P
3 12.0 1.94 23.28 - no P
4 115 1.94 22.31 - no P
S) 2.36 2.37 5.59 - no p
6 6.18 2.37 14.65 - no P
7 11.5 3.11 35.77 - no P
8 12.0 3.11 37.32 - no P

* Minimum requirement acc. to the standard is 0.04 GQ*n2.
Os requisitos minimos de acordo com a norma sdo 0.04 GQ*m2

Supplementary information: none
Informag&o suplementar: nenhuma

TUV Rheinland (Shanghai) Co., Ltd.

Solar / Fuelcell Technology CN21LKC6 001



Wet leakage current test (10.15)
Teste de fuga de corrente molhada (10.15)
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Test date [DD/MM/YYYY]...ooiiiiiiiiiiennlt 25.06.2022 for sample #1, 2, 3,4, 5, 6 —
Data de realizaco dos testes [DD/MM/AAAA] 29.07.2022 for sample #7, 8
Insulation resistance measured at [Vpc] —
Valor da medicéo da resisténcia de isolament 1500
Solgtlon r§3|st|v1ty [Q~cm] < 3.500
Resistenciada solugdo [Qcm]..........ccuuennis
Solution temperature [°Cl.........coeeevivnneennnndt P
N 22+2
Temperatura da solucéo [°C]
Measured Area Result*
Sample # Medida Area Resultado* —
Amostra #
[MQ] [m3] [MQ * m2]
1 1760 2.58 4540.8 P
2 143 2.58 368.9 P
3 5270 1.94 10223.8 P
4 11000 1.94 21340 P
5 4770 2.37 11304.9 P
6 4630 2.37 10973.1 P
7 4200 3.11 13062 P
8 4500 3.11 13995 P

* Minimum requirement acc. to the standard is 40 MQ*mz.
Os requisitos minimos de acordo com a norma séo 40 MQ*mz,

Supplementary information: none
Informag&o suplementar: nenhuma

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology

CN21LKC6 001
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Electroluminescence images
Imagens de eletroluminescéncia

Analysis of electroluminescence images with respect to micro cracks (annex 3)
Analise de imagens de eletroluminescéncia referente a Microfissuras

Test date [DD.MM.YYYY] 25.06.2022 for sample #1, 2, 3, 4,5, 6
Data de realizago dos testes [DD.MM.AAAA] | 28.07.2022 for sample #7, 8
Sample # Rewerse current applied [A] Attributes

Amostra# | Corrente inversa aplicada [A] Atributos

1 Isc + 5% N/A

2 Isc 5% N/A

3 Isc = 5% N/A

4 Isc + 5% N/A

5 Isc +5% N/A

6 Isc + 5% N/A

7 Isc + 5% N/A

8 Isc + 5% N/A
Supplementary information: none
Informag&o suplementar: nenhuma

TUV Rheinland (Shanghai) Co., Ltd.

Solar / Fuelcell Technology CN21LKC6 001
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Sample # Module width | Module length l}/lodule,area Modulg power Module
Amostra # Largura do Comprlrmento area modulo poténcia e_sz!gler_lcy
modulo do modulo [m?] maodulo eficiéncia do
[mm] [mm] [W] maodulo
[%]
1 1134 2278 2.58 546.5 21.18
2 1134 2278 2.58 547.6 21.22
3 1134 1722 1.94 410.2 21.14
4 1134 1722 1.94 410.1 21.14
5 1134 2094 2.37 494.2 20.85
6 1134 2094 2.37 500.1 21.10
7 1303 2384 3.11 655.5 21.08
8 1303 2384 3.11 655.3 21.07

Supplementary information: none
Informac&o suplementar: nenhuma

Sample # Module type ngulg efﬁcierjcy Energy efﬁciencx class
Amostra # Tipo de modulo eficiéncia do médulo Classe de gf_|C|enC|a
[%6] energeética

1 MS560M-HA 21.18 A

2 MS560M-HA 21.22 A

3 MS410M-HA 21.14 A

4 MS410M-HA 21.14 A

5 MS510M-HA 20.85 A

6 MS510M-HA 21.10 A

7 MS670M6-DB69 21.08 A

8 MS670M6-DB69 21.07 A

Supplementary information: see requirements for energy class rating in annex 5
Informac&o suplementar: veja os requisitos para qualificacdo de classe da energia do Anexo 5

TUV Rheinland (Shanghai)
Solar / Fuelcell Technology

Co., Ltd.

CN21LKC6 001
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Anexo 1: Software de medicgéo
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Program name
Identificagdo do software

Date
Data

Version no.
Versao N°.

Application
Aplicacéo

Pulsed Solar Simulator Software

HighLight-

R2 A5 June 2021

Operating software pulsed solar
simulator

Software de operacéo do
simulador solar por pulso

SLAP Tester

2.1.2 January 2010

Operating software pulsed solar
simulator

Software de operacéo do
simulador solar por pulso

Mismatch.exe

1.2 February 1998

Mismatch calculation
calculo de desvios por “mismatch”

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology

CN21LKC6 001
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Annex 2. Measurement reports
Anexo 2: Relatério de medicOes

Serial number: H27122201250559

Numero de série: H27122201250559
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TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology
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Serial number: H271222022400004
Numero de série: H271222022400004
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Serial number: H271222022400011
Numero de série: H271222022400011
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Serial number: DY6H9M22401027367
Numero de série: DY6H9M22401027367
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TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology CN21LKC6 001
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Annex 3: Electroluminescence images
Anexo 3: Imagens de electroluminescéncia

Fig. 1: Sample # 1
Fig. 1: Amostra# 1

Fig. 2: Sample # 2
Fig. 2: Amostra # 2

TUV Rheinland (Shanghai) Co., Ltd. CN21LKC6 001
Solar / Fuelcell Technology
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Fig. 3: Sample #3
Fig. 3: Amostra# 3

Fig. 4: Sample #4
Fig. 4: Amostra # 4

TUV Rheinland (Shanghai) Co., Ltd.

Solar / Fuelcell Technology CN21LKC6 001
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Fig. 5: Sample #5
Fig. 5: Amostra#5
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Fig. 6: Sample # 6
Fig. 6: Amostra # 6

TUV Rheinland (Shanghai) Co., Ltd.

CN21LKC6 001
Solar / Fuelcell Technology
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Fig. 7: Sample # 7
Fig. 7: Amostra# 7

Fig. 8: Sample # 8
Fig. 8: Amostra# 8

TUV Rheinland (Shanghai) Co., Ltd.

Solar / Fuelcell Technology CN21LKC6 001



Annex 4: Photosof modules
Anexo 4: Fotosdos médulos

Fig. 9: Front view of
module type MS560M-HA
Fig. 9: Vista frontal
do tipo de médulo MS560M-HA

MySOIar New Energy ISmarr Living
Model No.: MS560M-HA
Dimension: 2278x1134x35mm
Maximum Power (Pmax): 560W

Tolerance of Power: 0~+6W

Tolerance of Pmax,Voc and Isc +3%,+2%,+4%
Maximum Power Voltage (Vmp): 42.30v

Maximum Power Current (Imp) 13.24A

Open Circuit Voltage (Voc): 50.15V

Short Circuit Current (Isc): 14.12A

Maximum System Voltage: DC1500v

Maximum overcurrent protection rating: 25A

Class of protection against electrical shock: Class Il

weight: 28.50kg

Cell Type: Mone Silicon Half-cut

Electrical Rating At STC:

Iradiance=1000W/m’, AM=1.5, Temp=25°C

Warning Electrical Hazard

This module produces electricity when exposed to light!
Do net disconnect under load

CEAZL @O

Mysolar Manufacturing (Shanghai) Co. Ltd

Mysolar, a Mamibot band and company, all rights reserved
www.mamibot.com www, mamibot com
Room J8097, Bldg 2, No. 4268, Zhennan Rd, Jiading District, Shanghai
PRC

Designed in USA, Made in China

Fig. 11: Detail view of type label of module type

MS560M-HA

Fig. 11: Vista detalhada da placa de
caracteristicas do tipo de médulo MS560M-HA

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology
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Fig. 10: Rear view of
module type MS560M-HA
Fig. 10: Vista da parte traseira
do tipo de médulo MS560M-HA

MS560M-HA

tipo de modulo MS560M-HA

Fig. 12: Detail view of junction box of module type

Fig. 12: Vista detalhada da caixa de juncéo do

CN21LKC6 001
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Fig. 13: Front view of Fig. 14: Rear view of
module type MS410M-HA module type MS410M-HA
Fig. 13: Vista frontal Fig. 14: Vista da parte traseira
do tipo de médulo MS410M-HA do tipo de médulo MS410M-HA

MySOIar New Energy ISmarr Living

Model No.: MS410M-HA
Dimension: 1722x1134x30mm
Maximum Power (Pmax) 410W

Tolerance of Power: 0~+6W/

Tolerance of Pmax,Voc and Isc: 3%, +2%,+4%
Maximum Power Voltage (Vmp): 3145V

Maximum Power Current (Imp). 13.04A

Open Circuit Voltage (Voc): 3r.32v

Short Circuit Current (Isc): 13.95A

Maximum System Voltage: DC1500v
Maximum overcurrent protection rating: 25A

Class of protection against electrical shock: Class Il

weight: 21.50kg

Cell Type Mono Silicon Half-cut

Electrical Rating At STC:

Irradiance=1000W/m’, AM=1.5, Temp=25°C

Warning Electrical Hazard

This module produces electricity when exposed to light!
Do not disconnect under load

CEAES @O

Mysolar Manufacturing (Shanghai) Co.,Ltd

Mysolar, a Mamibot band and company, all rights reserved.
www.mamibot.com www.mamibot.com/mysolar sales@mamibot.com
Room J8097, Bldg 2, No. 4268, Zhennan Rd, Jiading District, Shanghai,
PRC

Designed in USA, Made in China

Fig. 15: Detail view of type label of module type  Fig. 16: Detail view of junction box of module type
MS410M-HA MS410M-HA
Fig. 15: Vista detalhada da placa de Fig. 16: Vista detalhada da caixa de jun¢éo do
caracteristicas do tipo de médulo MS410M-HA tipo de moédulo MS410M-HA
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Fig. 17: Front view of
module type MS510M-HA
Fig. 17: Vista frontal
do tipo de médulo MS510M-HA

My s 0’ ar New Energy Isrnarr Living

Model No. MS510M-HA
Dimension: 2094x1134x35mm
Maximum Power (Pmax): 510W

Tolerance of Power: 0~+6W

Tolerance of Pmax,Voc and Isc: +3%, 2%, £4%
Maximum Power Voltage (Vmp): 3867V

Maximum Power Current (Imp): 13.19A

Open Circuit Voltage (Voc) 4584V

Short Circuit Current (Isc): 14.07A

Maximum System Voltage: DC1500v
Maximum overcurrent protection rating: 26A

Class of protection against electrical shock: Class Il

weight 26 30kg

Cell Type: Mono Silicon Half-cut

Electrical Rating At STC:

Irradiance=1000W/m’, AM=1.5, Temp=25°C

Warning Electrical Hazard

This module produces electricity when exposed to light!
Do not disconnect under load

CEAZ Q@O

Mysolar Manufacturing (Shanghai) Co. Ltd.

Mysolar, a Mamibot band and company, all rights reserved.
www.mamibot.com www.mamibot.com/mysolar sales@mamibot com
Room JB097, Bldg 2, No. 4268, Zhennan Rd, Jiading District, Shanghai,
PRC

Designed in USA, Made in China

Fig. 19: Detail view of type label of module type
MS510M-HA
Fig. 19: Vista detalhada da placa de
caracteristicas do tipo de médulo MS510M-HA

TUV Rheinland (Shanghai) Co., Ltd.
Solar / Fuelcell Technology

A TUVRheinland®

Precisely Right.

Fig. 18: Rear view of
module type MS510M-HA
Fig. 18: Vista da parte traseira
do tipo de médulo MS510M-HA

Fig. 20: Detail view of junction box of module type
MS510M-HA

Fig. 20: Vista detalhada da caixa de jun¢éo do
tipo de moédulo MS510M-HA
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Precisely Right.

Fig. 21: Front view of Fig. 22: Rear view of

module type MS670M6-DB69 module type MS670M6-DB69
Fig. 21: Vista frontal Fig. 22: Vista da parte traseira
do tipo de médulo MS670M6-DB69 do tipo de médulo MS670M6-DB69
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Designed in USA, Made in China Weight: 32.00KG Dono(dh:mnl:lundirlm when pmdm\ighl‘!

Fig. 23: Detail view of type label of module type MS670M6-DB69
Fig. 23: Vista detalhada da placa de caracteristicas do tipo de médulo MS670M6-DB69

Fig. 24: Detail view of junction box of module type MS670M6-DB69
Fig. 24: Vista detalhada da caixa de jun¢éo do tipo de modulo MS670M6-DB69

TUV Rheinland (Shanghai) Co., Ltd. CN21LKC6 001
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Precisely Right.
Annex 5: Requirement on energy efficiency class rating
Annex 5: Exigéncia de energia classificacdo classe de eficiéncia

The energy efficiency class of photowoltaic modules of crystalline silicon (mono-Si and poly-Si) should
be determined according to the following table:

A classe de eficiéncia energética dos médulos fotovoltaicos de silicio cristalino (mono-Siou poly-Si)
dewve ser determinada de acordo com a seguinte tabela:

Energy efficiency classes
Classe de Eficiéncia Energética

A>13,5%

13% <B £13,5%
12% < C=<13%
1% <D=<12%
E<11%

End of Test Report

TUV Rheinland (Shanghai) Co., Ltd. CN21LKC6 001
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